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PREFACE 

The IBM Personal Computer Technical Reference manual 
describes the hardware design and provides interface information 
for the IBM Personal Computer. This publication also has 
information about the basic input/output system (BIOS) and 
programming support. 

The information in this publication is both introductory and for 
reference , and is intended for hardware and software designers , 
programmers , engineers , and interested persons who need to 
understand the design and operation of the computer. 

You should be familiar with the use of the Personal Computer, 
and you should understand the concepts of computer architecture 
and programming. 

This manual has two sections: 

" Section 1: Hardware" describes each functional part of the 
system. This section also has specifications for power, timing, and 
interface . Programming considerations are supported by coding 
tables ,  command codes,  and registers . 

" Section 2:  ROM BIOS and System Usage" describes the basic 
input/output system and its use. This section also contains the 
software interrupt listing, a BIOS memory map, descriptions of 
vectors with special meanings , and a set of low memory maps.  In 
addition, keyboard encoding and usage is discussed. 

The publication has seven appendixes: 

Appendix A: 
Appendix B: 
Appendix C: 
Appendix D: 
Appendix E :  
Appendix F :  
Appendix G: 

ROM BIOS Listings 
8088 Assembly Instruction Set Reference 
Of Characters , Keystrokes , and Color 
Logic Diagrams 
Specifications 
Communications 
Switch Settings 

A glossary and bibliography are included. 
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Prerequisite Publication: 

Guide to Operations for the IBM Personal Computer 
Part Number 6025000 

Suggested Reading: 

BASIC for the IBM Personal Computer 
Part Number 60250 10 

Disk Operating System (DOS) for the IBM Personal Computer 
Part Number 602406 1 

Hardware Maintenance and Service for the IBM Personal 
Computer 
Part Number 6025072 

MACRO Assembler for the IBM Personal Computer 
Part Number 6024002 

Related publications are listed in the bibliography. 
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IBM Personal Computer System Unit 

The system unit is the standalone tabletop unit that contains the 
power supply, the speaker, and the system board. 

The system unit contains one of two system boards . One system 
board supports 1 6K to 64K of read/write memory . The other 
system board supports 64K to 256K of read/write memory . Both 
system boards are functionally identical .  

The power supply provides de voltage to the system board and the 
internal drive( s ) .  

System Board 

The system board fits horizontally in the base of the system unit 
and is approximately 8- 1 /2 by 1 2  inches.  It is a multilayer, 
single-land-per-channel design with ground and internal planes 
provided. DC power and a signal from the power supply enter the 
board through two six-pin connectors . Other connectors on the 
board are for attaching the keyboard, audio cassette , and speaker. 
Five 62-pin card edge-sockets are also mounted on the board. The 
1/0 channel is bussed across these five 1/0 slots. 

Two dual-in-line package (DIP) switches (two eight-switch packs) 
are mounted on the board and can be read under program control . 
The DIP switches provide the system software with information 
about the installed options , how much storage the system board 
has , what type of display adapter is installed, what operation 
modes are desired when power is switched on (color or 
black-and-white , 80- or 40-character lines) ,  and the number of 
diskette drives attached. 

The system board consists of five functional areas : the processor 
subsystem and its support elements , the read-only memory 
(ROM) subsystem, the read/write (R/W) memory subsystem, 
integrated I/0 adapters , and the I/0 channel. All are described 
in this section. 
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The heart of the system board is the Intel 8088 microprocessor. 
This processor is an 8-bit external bus version of Intel 's 1 6-bit 
8086 processor, and is software-compatible with the 8086. Thus , 
the 8088 supports 1 6-bit operations , including multiply and 
divide , and supports 20 bits of addressing ( 1 megabyte of storage) .  
It also operates in maximum mode, so a co-processor can be 
added as a feature . The processor operates at a 4. 77 MHz . This 
frequency, which is derived from a 1 4. 3 1 8 1 8-MHz crystal , is 
divided by 3 for the processor clock, and by 4 to obtain the 
3 . 5 8-MHz color burst signal required for color televisions . 

At the 4 .77-MHz clock rate , the 8088 bus cycles are four clocks 
of 2 1 0  ns , or 840 ns . 1/0 cycles take five 2 1 0-ns clocks or 1 .05 
microseconds . 

The processor is supported by a set of high-function support 
devices providing four channels of 20-bit direct-memory access 
(DMA), three 1 6-bit timer-counter channels , and eight prioritized 
interrupt levels . 

Three of the four DMA channels are available on the 1/0 bus and 
support high-speed data transfers between 1/0 devices and 
memory without processor intervention. The fourth DMA channel 
is programmed to refresh the system dynamic memory . This is 
done by programming a channel of the timer-counter device to 
periodically request a dummy DMA transfer. This action creates 
a memory-read cycle , which is available to refresh dynamic 
storage both on the system board and in the system expansion 
slots . All DMA data transfers , except the refresh channel, take 
five processor clocks of 2 1 0  ns , or 1 .05 µs if the 
processor-ready line is not deactivated. Refresh DMA cycles take 
four clocks or 840 ns . 

The three programmable timer/counters are used by the system as 
follows : Channel 0 is used as a general-purpose timer providing a 
constant time base for implementing a time-of-day clock; Channel 
1 is used to time and request refresh cycles from the DMA 
channel ;  and Channel 2 is used to support the tone generation for 
the audio speaker. Each channel has a minimum timing resolution 
of 1 .05 us . 
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Of the eight prioritized levels of interrupt, six are bussed to the 
system expansion slots for use by feature cards . Two levels are 
used on the system board. Level 0, the highest priority , is attached 
to Channel 0 of the timer I counter and provides a periodic 
interrupt for the time-of-day clock. Level 1 is attached to the 
keyboard adapter circuits and receives an interrupt for each scan 
code sent by the keyboard. The non-maskable interrupt (NMI ) of 
the 8088 is used to report memory parity errors . 

The system board supports both ROM and R/W memory . It has 
space for 48K x 8 of ROM or EPROM. Six module sockets are 
provided, each of which can accept an 8K by 8 byte device. Five 
of the sockets are populated with 40K bytes of ROM. This ROM 
contains the cassette BASIC interpreter, cassette operating 
system, power-on self-test, 1/0 drivers , dot patterns for 1 28 
characters in graphics mode , and a diskette bootstrap loader. The 
ROM is packaged in 24-pin modules and has an access time of 
250 ns and a cycle time of 375 ns . 

The difference between the R/W memory on the two system 
boards is shown in the following chart. 

System Board Mini m u m  Maximum Memory Soldered Plu ggable 
Storage Storage Modules (Bank 0 )  ( Ba n k  1-3) 

16K by 1 Bank 3 Banks 

1 6/64K 1 6K 64K 1 Bit of 9 of 9 

64K by 1 Bank 3 Banks 

64/256K 64K 256K 1 Bit of 9 of 9 

Memory greater than either system board's maximum is obtained 
by adding memory cards in the expansion slots . All memory is 
parity-checked and consists of dynamic 1 6K by 1 bit or ( 64 K by 
1 bit) chips with an access time of 250 ns and a cycle time of 
4 1 0  ns . 
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The system board contains circuits for attaching an audio cassette , 
the keyboard, and the speaker. The cassette adapter allows the 
attachment of any good quality audio cassette through the 
earphone output and either the microphone or auxiliary inputs . 
The system board has a jumper for either input. This interface 
also provides a cassette motor control line for transport starting 
and stopping under program control. This interface reads and 
writes the audio cassette at a data rate of between 1 ,000 and 
2,000 baud. The baud rate is variable and dependent on data 
content, because a different bit-cell time is used for O's and l 's .  
For diagnostic purposes , the tape interface can loop read to write 
for testing the system board's circuits . The ROM cassette 
software blocks cassette data and generates a cyclic redundancy 
check (CRC )  to check this data. 

The system board contains the adapter circuits for attaching the 
serial interface from the keyboard. These circuits generate an 
interrupt to the processor when a complete scan code is received. 
The interface can request execution of a diagnostic test in the 
keyboard. 

Both the keyboard and cassette interfaces are 5-pin DIN 
connectors on the system board that extend through the rear panel 
of the system unit. 

The system unit has a 2- 1 /4 inch audio speaker. The speaker's 
control circuits and driver are on the system board. The speaker 
connects through a 2-wire interface that attaches to a 3-pin 
connector on the system board. 

The speaker drive circuit is capable of approximately 1 /2 watt of 
power. The control circuits allow the speaker to be driven three 
different ways: 1 . ) a direct program control register bit may be 
toggled to generate a pulse train; 2 . )  the output from Channel 2 of 
the timer counter may be programmed to generate a waveform to 
the speaker; 3 . )  the clock input to the timer counter can be 
modulated with a program-controlled 1/0 register bit. All three 
methods may be performed simultaneously .  
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Number Usage 

N M I  Parity 

0 Timer  

1 Keyboard 

2 R eserved 

3 Asynchronous Commu nicati ons (Secondary ) 

SDLC Commun ications 

BSC (Secondary ) 

4 Asynch ron ous Commu n ications (Pr i mary )  

S DLC Commun ications 

BSC (Pr imary )  

5 Fixed Disk 

6 Diskette 

7 Pr inter 

8088 Hardware I nterrupt List ing 
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Hex 
Port 
Number 
0060 

0061 

0062 

0063 

I 
N 
p 
u 
T 

PAO 
1 
2 

3 

4 
5 
6 
7 

PBO 
0 1 
u 2 
T 3 
p 4 
u 5 
T 6 

7 

PCO 
I 1 
N 2 
p 3 
u 4 
T 5 

6 
7 

-

+Keyboard Scan Code O 
1 
2 

3 

4 
5 
6 
7 

-

+Timer 2 Gate Speaker 
+Speaker Data 

Or 

-
IPL 5-1/4 Diskette Drive 
Reserved 
System Board Read/Write 

Memory Size 
System Board Read/Write 

Memory Size 
+Display Type 1 
+Display Type 2 
No. of 5-1/4 Drives 
No. of 5-1I4 Drives 

� 

+(Read Read/Write Memory Size) or (Read Spare Key) 
+Cassette Motor Off 
-Enable Read/Write Memory 
-Enable 1/0 Channel Check 
-Hold Keyboard Clock Low 

(SW1-1) 
(SW1-2) 

*(SW1-3) 

*(SW1-4) 

**(SW1-5) 
**(SW1-6) 

***(SW1-7) 
***(SW1-8) 

-(Enable Keyboard) or + (Clear Keyboard and Enable Sense Switches) 

1/0 Read/Write Memory (Sw2-1)J- J [ 1/0 Read/ 
1/0 Read/Write Memory (Sw2-2) Binary Or Write 
1/0 Read/Write Memory (Sw2-3) Value Memory 
1/0 Read/Write Memory (Sw2-4) X 32K (Sw2-5) 
+Cassette Data In 
+Timer Channel 2 Out 
+I /0 Channel Check 
+Read /Write Memory Parity Check 

Command/Mode Register 
Hex 99 

Mode Register Value I 7 6 5 4 3 2 1 0 I 1--��������--l I 1 o o 1 1 o o 1 I 
PA3 PA2 Amount of Memory 

Sw1-4 Sw1-3 Located on System Board 
0 0 16K 
0 1 32K 
1 0 48K 
1 1 64 to 256K 

PAS PA4 Display at Power-Up Mode 
Sw1-6 Sw1-5 

0 0 Reserved 
0 1 Color 40 X 25 (BW Mode) 
1 0 Color 80 X 25 (BW Mode) 
1 1 IBM Monochrome (80 X 25) 

PA? PA6 Number of 5-1 /4'" Drives 
Sw1-8 Sw1-7 in System 

0 0 1 

0 1 2 
1 0 3 
1 1 4 

Note: A plus(+) indicates a bit value of 1 performs the specified function. 
A minus(-) indicates a bit value of O performs the specified function. 
PA Bit= 0 implies switch "ON." PA bit= 1 implies switch "OFF." 

8255A 1/0 Bit Map 
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Start Address 

Deci mal Hex Function 

0 00000 
16K 04000 1 6  to 64K Read/Write Memory 

32K 08000 on System Boa rd 

48K ocooo 

64K 1 0000 
80K 1 4000 
96K 18000 

112K l COOO 

128K 20000 
144K 24000 
160K 28000 
176K 2COOO 

192K 30000 
208K 34000 
224K 38000 
240K 3COOO Up to 576K R ead/Wr ite 

256K 40000 Mem ory in 1/0 C h anne l  

272K 44000 
288K 48000 

' 
304K 4COOO 

320K 50000 
336K 54000 
352K 58000 
368K 5COOO 

384K 60000 
400K 64000 
41 6K 68000 
432K 6COOO 

448K 70000 
464K 74000 
480K 78000 
496K 7COOO 

512K 80000 
528K 84000 
544K 88000 
560K 8cooo 

576K 90000 
592K 94000 
608K 98000 
624K 9COOO 

\ System Memory Map for 1 6/64K System Board ( Part 1 of 2 )  
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St�rt Address 

Decimal Hex Function 

640K AOOOO 

656K A4000 128K Reserved 
672K A8000 

688K ACOOO 

704K 80000 Monochrome 

720K 84000 

736K 88000 Col or/Graph ics 

752K 8COOO 

768K coooo 
784K C4000 

SOOK caooo Fixed Disk Control 

816K ccooo 
832K 00000 

848K 04000 192K Read On ly Memory 

864K 08000 Expansion and Con trol 
880K DCOOO 

896K EOOOO 

912K E4000 

928K E8000 

944K ECOOO 

960K FOOOO Reserved 

976K F4000 

992K F8000 48K B ase System ROM 

1008K FCOOO 

System Memory Map for 1 6/64K System Board ( Part 2 of 2 )  

\ 
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Start Address 

Decimal Hex Function 

0 00000 

1 6K 04000 

32K 08000 

48K ocooo 
64K 10000 

SOK 1 4000 

96K 1 8000 

1 1 2K 1 COOO 64 to 256K Read/Write Mem ory 

1 28K 20000 on System Board 

144K 24000 

160K 28000 

176K 2COOO 

192K 30000 

208K 34000 

224K 38000 

240K 3COOO 

256K 40000 

272K 44000 

288K 48000 

304K 4COOO 

320K 50000 

336K 54000 

352K 58000 

368K 5COOO 

384K 60000 

400K 64000 

4 1 6K 68000 Up to 384K Read/Write 

432K 6COOO Memory in 1/0 Channel  

448K 70000 
Up to 384K in 1/0 Channe l  

464K 74000 

480K 78000 

496K 7COOO 

5 1 2K 80000 

528K 84000 

544K 88000 

560K 8COOO 

576K 90000 

592K 94000 

608K 98000 

624K 9COOO 

System Memory Map for 64/256K System Board (Part 1 of 2) 
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Start Address 
Decimal Hex Function 

640K AOOOO 

656K A4000 
128K Reserved 

672K ASOOO 
688K ACOOO 

704K 60000 Mon och rome 

720K 64000 

736K 68000 Col or/Graph ics 

752K BCOOO 

768K coooo 
784K C4000 

SOOK csooo Fixed Disk Control 

816K ccooo 
832K 00000 

848K 04000 192K Read On ly Memory 
864K 08000 Expansion and Control 
880K DCOOO 

896K EOOOO 
912K E4000 
928K ESOOO 
944K ECOOO 

960K FOOOO Reserved 

976K F4000 

992K FSOOO 48K Base System ROM 
1008K FCOOO 

System Memory Map for 64/256K System Board (Part 2 of 2 )  

System Board Switch Settings 

All system board switch settings for total system memory, number 
of diskette drives , and type of display adapter are located in 
"Appendix G: Switch Settings ." 
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1/0 Channel 

The 1/0 channel is an extension of the 8088 microprocessor bus . 
It is , however, demultiplexed, repowered, and enhanced by the 
addition of interrupts and direct memory access (DMA) functions. 

The 1/0 channel contains an 8-bit, bidirectional data bus , 20 
address lines , 6 levels of interrupt, control lines for memory and 
1/0 read or write , clock and timing lines, 3 channels of DMA 
control lines , memory refresh timing control lines, a 
channel-check line , and power and ground for the adapters . Four 
voltage levels are provided for 1/0 cards : +5  Vdc, -5 Vdc, +12 
Vdc, and -12 Vdc . These functions are provided in a 62-pin 
connector with 100-mil card tab spacing. 

A 'ready' line is available on the 1/0 channel to allow operation 
with slow 1/0 or memory devices . If the channel's ready line is 
not activated by an addressed device, all processor-generated 
memory read and write cycles take four 210-ns clock or 840-ns/ 
byte . All processor-generated 1/0 read and write cycles require 
five clocks for a cycle time of 1.05 µs/byte . All DMA transfers 
require five clocks for a cycle time of 1.05 µs/byte . Refresh cycles 
occur once every 72 clocks (approximately 15 µs) and require 
four clocks or approximately 7% of the bus bandwidth. 

1/0 devices are addressed using 1/0 mapped address space . The 
channel is designed so that 512 1/0 device addresses are 
available to the 1/0 channel cards . 

A 'channel check' line exists for reporting error conditions to the 
processor. Activating this line results in a Non-Maskable Interrupt 
(NMI) to the 8088 processor. Memory expansion options use this 
line to report parity errors . 

The 1/0 channel is repowered to provide sufficient drive to power 
all five system unit expansion slots , assuming two low-power 
Schottky loads per slot. The IBM 1/0 adapters typically use only 
one load. 

The following pages describe the system board's 1/0 channel. 
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Sig nal Name 

G N D  

+RESET ORV 

+5V 

+IRQ2 

-5VDC 

+D RQ2 

-1 2V 

Reserved 

+ 1 2V 

GND 

-MEMW 

-M E M R  

-IOW 

- IOR 

-DACK3 

+D RQ3 

-DAC K 1  

+ D R Q 1  

-DACKO 

CLOCK 

+IRQ7 

+I RQ6 

+I RQ5 

+I RQ4 

+I RQ3 

-DACK2 

+TIC 

+ALE 

+5V 

+osc 

+G N D  

1 /0 Channel Diagram 
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Signal Name 

-1/0 CH C K  

+07 

+06 

+05 

+04 

tD3 

+02 

+0 1  

+DO 

+1/0 C H  R OY 

+AE N  

+A 1 9 

+A 1 8  

+Ap 
+A1 6  

+A1 5  

+A 1 4  

+A1 3 

+A1 2 

+A1 1 

+A1 0  

+A9 

+AS 

+A7 

+A6 

+A5 

+A4 

+A3 

+A2 

+A1 

+AO 

onent Side 
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I /0 Channel Description 

The following is a description of the IBM Personal Computer 1/0 
Channel .  All lines are TTL-compatible . 

Signal 1/0 Description 

osc 0 Oscillator: High-speed clock with a 70-ns 
period ( 1 4 . 3 1 8 1 8  MHz) .  It has a 50% 
duty cycle . 

CLK 0 System clock: It is a divide-by-three of the 
oscillator and has a period of 2 1 0  ns ( 4. 77  
MHz) .  The clock has a 3 3% duty cycle . 

RESET DRY 0 This line is used to reset or initialize 
system logic upon power-up or during a 
low line voltage outage . This signal is 
synchronized to the falling edge of clock 
and is active high. 

AO-A 1 9  0 Address bits 0 to 1 9 : These lines are used 
to address memory and 1/0 devices within 
the system. The 20 address lines allow 
access of up to 1 megabyte of memory. AO 
is the least significant bit (LSB) and A 1 9  is 
the most significant bit (MSB).  These lines 
are generated by either the processor or 
DMA controller . They are active high. 

DO-D7 1/0 Data Bits 0 to 7: These lines provide data 
bus bits 0 to 7 for the processor, memory, 
and 1/0 devices . DO is the least significant 
bit (LSB) and D7 is the most significant bit 
(MSB) .  These lines are active high. 
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Signal 

ALE 

1/0 Description 

0 

1/0 CH CK I 

1/0 CH RDY I 

IRQ2-IRQ7 I 

1 -20 System Unit 

Address Latch Enable : This line is 
provided by the 8288 Bus Controller and is 
used on the system board to latch valid 
addresses from the processor. It is 
available to the 1/0 channel as an indicator 
of a valid processor address (when used 
with AEN). Processor addresses are 
latched with the failing edge of ALE.  

-1/0 Channel Check: This line provides 
the processor with parity (error) 
information on memory or devices in the 
1/0 channel . When this signal is active 
low, a parity error is indicated. 

1/0 Channel Ready: This line, normally 
high (ready),  is pulled low (not ready) by a 
memory or 1/0 device to lengthen 1/0 or 
memory cycles . It allows slower devices to 
attach to the 1/0 channel with a minimum 
of difficulty. Any slow device using this 
line should drive it low immediately upon 
detecting a valid address and a read or 
write command. This line should never be 
held low longer than 1 0  clock cycles . 
Machine cycles (1/0 or memory) are 
extended by an integral number of CLK 
cycles (2 1 0  ns) .  

Interrupt Request 2 to 7 :  These lines are 
used to signal the processor that an 1/0 
device requires attention . They are 
prioritized with IRQ2 as the highest 
priority and IRQ7 as the lowest. An 
Interrupt Request is generated by raising 
an IRQ line (low to high) and holding it 
high until it is acknowledged by the 
processor (interrupt service routine) .  



\ 
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Signal 

IOR 

1/0 Description 

0 

0 

MEMR 0 

MEMW 0 

DRQ 1 -DRQ3 I 

DACKO
DACK3 

0 

-1/0 Read Command: This command line 
instructs an 1/0 device to drive its data 
onto the data bus . It may be driven by the 
processor or the DMA controller. 
This signal is active low. 

-1/0 Write Command: This command line 
instructs an 1/0 device to read the data on 
the data bus .  It may be driven by the 
processor or the DMA controller. This 
signal is active low. 

Memory Read Command: This command 
line instructs the memory to drive its data 
onto the data bus . It may be driven by the 
processor or the DMA controller. This 
signal is active low. 

Memory Write Command: This command 
line instructs the memory to store the data 
present on the data bus . It may be driven 
by the processor or the DMA controller. 
This signal is active low. 

DMA Request 1 to 3 :  These lines are 
asynchronous channel requests used by 
peripheral devices to gain DMA service . 
They are prioritized with DRQ3 being the 
lowest and DRQ 1 being the highest. A 
request is generated by bringing a DRQ 
line to an active level (high). A DRQ line 
must be held high until the corresponding 
DACK line goes active . 

-DMA Acknowledge 0 to 3 :  These lines 
are used to acknowledge DMA requests 
(DRQ 1-DRQ3) and to refresh system 
dynamic memory (DACKO). They are 
active low. 
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Signal 

AEN 

TIC 

1/0 Description 

0 

0 

Address Enable : This line is used to 
de-gate the processor and other devices 
from the 1/0 channel to allow OMA 
transfers to take place . When this line is 
active (high), the OMA controller has 
control of the address bus , data bus ,  read 
command lines (memory and 1/0), and the 
write command lines (memory and 1/0). 

Terminal Count: This line provides a pulse 
when the terminal count for any OMA 
channel is reached. This signal is active 
high. 

The following voltages are available on the system board 1/0 
channel :  

+5 Vdc +5%, located on 2 connector pins 
-5 Vdc + 10%, located on 1 connector pin 
+ 12 Vdc +5%, located on 1 connector pin 
- 12 V de + 10%, located on 1 connector pin 
GND (Ground) ,  located on 3 connector pins 
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Speaker Interface 

The sound system has a small, permanent-magnet, 2- 1 /4 inch 
speaker. The speaker can be driven from one or both of two 
sources :  

• An 8255A-5 PPI output bit. The address and bit are defined 
in the "1/0 Address Map ."  

• A timer clock channel, the output of which is programmable 
within the functions of the 825 3-5 timer when using a 
1 . 1 9-MHz clock input. The timer gate also is controlled by an 
825 5A-5 PPI output-port bit. Address and bit assignment are 
in the "1/0 Address Map."  

P P I  B i t  1 ,  1/0 Add ress H e x  006 1 -

1 . 1 9 M H z 
AND 

Clock Low 
In 2 T imer  Cl ock O ut 2 r--- - Driver - Pass � 

To 

Speaker 
Gate 2 

P P I  Bit  0, 1/0 Add ress Hex 006 1 

Speaker Drive System Block Diagram 

Channel 2 (Tone generation for speaker) 
Gate 2 - Control ler by 8255A-5 PPI  Bit 

(See 1/0 Map) 
Clock I n  2 - 1 .19318 - M Hz OSC 

Clock Out 2 - U sed to drive speaker 

Speaker Tone Generation 

Fi lte r  

The speaker connection i s  a 4-pin Berg connector. See "System 
Board Component Diagram," earlier in this section, for speaker 
connection or placement. 

Pin Function 

1 Data 

2 Key 
3 Ground 
4 · 5 Volts 

Speaker Connector 
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Power Supply 

The system power supply is located at the right rear of the system 
unit . It is designed to be an integral part of the system-unit 
chassis . Its housing provides support for the rear panel , and its fan 
furnishes cooling for the whole system. 

It supplies the power and reset signal necessary for the operation 
of the system board, installable options , and the keyboard. It also 
provides a switched ac socket for the IBM Monochrome Display 
and two separate connectors for power to the 5- 1 /4 inch diskette 
drives . 

It is a de-switching power supply designed for continuous 
operation at 63 . 5  watts . It has a fused 1 20-Vac input and provides 
four regulated de output voltages :  7 A of +5 Vdc, 2 A of+ 1 2  
Vdc, 0 . 3  A of -5  Vdc, and 0.25 A of - 1 2  Vdc. These outputs 
are over-voltage , over-current, open-circuit, and short-circuit 
protected. If a de overload or over-voltage condition occurs , all de 
outputs are shut down as long as the condition exists . 

The + 5 V de powers the logic on the system board and the 
diskette drives and allows approximately 4 A of + 5 V de for the 
adapters in the system-unit expansion slots . The + 1 2  V de power 
level is designed to power the system's dynamic memory and the 
two internal 5 - 1 /4 inch diskette drive motors . It is assumed that 
only one drive is active at a time. The -5 Vdc level is designed 
for dynamic memory bias voltage; it tracks the + 5 V de and + 1 2  
Vdc very quickly at power-on and has a longer decay on power-off 
than the +5 Vdc and+ 1 2  Vdc outputs . The+ 1 2  Vdc and - 1 2  
Vdc are used for powering the EIA drivers on the communications 
adapters . All four power levels are bussed across the five 
system-unit expansion slots . 
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Operating Characteristics 

Input Requirements 

The following are the input requirements for the system unit 
power supply . 

Frequency C u rrent 
Voltage (Vac) (Hz) (Amps) 

Nominal  M i n i m u m  Maximum +/. 3Hz Maximum 

1 20 1 04 1 27 60 2 . 5  at 1 04 Vac 

Vdc Output 

The following are the de outputs for the system unit power supply . 

Voltage 
(Vdc) Cu rrent (Amps)  Reg ulation (Tolerance) 

Nominal  M i n i m u m  M a x i m u m  +% -% 

+5.0 2 .3 7 .0 5 4 
-5.0 0.0 0.3 1 0  8 

+ 1 2 .0 0 .4 2 . 0  5 4 
- 1 2 .0 0.0 0. 2 5  1 0  9 

Vac Output 

The power supply provides a filtered, ac output that is switched on 
and off with the main power switch. The maximum current 
available at this output is 0.75 A. The recepticle provided at the 
rear of the power supply for this ac output is a nonstandard 
connector designed to be used only for the IBM Monochrome 
Display . 
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Power Supply Connectors and Pin 
Assignments 

The power connector on the system board is a 1 2-pin male 
connector that plugs into the power-supply connectors . The pin 
configurations and locations are shown below: 

c: c: c: c: c: c: c: c: 0:: 0:: 0:: 0:: 0:: 0:: 0:: 0:: 

·� c 
Q) 
t: � Q) 0 � t> c � .c c: t.l 0 -= u �t 
.- 3: ' 0 in CL. 

Power Supply and Connectors 
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Over-Voltage/Over-Current Protection 

The system power supply employs protection features which are 
described below. 

) Primary (Input) 

The following table describes the primary (input voltage ) 
protection for the system-unit power supply . 

Voltage (Nomina l  Vac) 

1 20 

Secondary (Output) 

Type Protection 

Fuse 

R ating (Al_llps) 

2 

On over-voltage , the power supply is designed to shut down all 
outputs when either the + 5 V de or the + 1 2  V de output exceeds 
200% of its maximum rated voltage . On over-current, the supply 
will turn off if any output exceeds 1 30% of its nominal value. 

Power-Good Signal 

When the power supply is turned on after it has been off for a 
minimum of 5 seconds , it generates a power-good signal which 
indicates that there is adequate power for processing. When the 
four output voltages are above the minimum sense levels , as 
described below, the signal sequences to a TTL-compatible up 
level (2 .4 V de to 5 . 5  V de) , which is capable of sourcing 60 µA. 
When any of the four output voltages is below its minimum sense 
level or above its maximum sense level , the power good signal will 
be a TTL-compatible down level (0.0 Vdc to 0.4 Vdc) capable of 
sourcing 500 µA. The power good signal has a turn-on delay of 
1 00 ms after the output voltages have reached their respective 
minimum sense levels . 
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Output Under-Voltage Over-Voltage 
Voltage Nomina l  Sense Level Nomina l  Sense Level 

+5 Vdc +4.0 Vdc +5.9 Vdc 
-5 Vdc -4.0 Vdc -5.9 Vdc 

+ 1 2 Vdc +9.6 Vdc + 1 4.2Vdc 

-12 Vdc -9.6 Vdc - 1 4.2Vdc 

Cassette Interface 

The cassette interface is controlled through software . An output 
from the 825 3 timer controls the data to the cassette recorder 
through pin 5 of the cassette DIN connector at the rear of the 
system board. The cassette input data is read by an input port bit 
of the 825 5A-5 programmable peripheral interface (825 5A-5 
PPI) .  This data is received through pin 4 of the cassette 
connector. Software algorithms are used to generate and read 
cassette data. The cassette drive motor is controlled through pins 
1 and 3 of the cassette connector. The drive motor on/off 
switching is controlled by an 8255A-5 PPI output-port bit 
(hex 6 1 ,  bit 3 ) .  The 825 5A-5 address and bit assignments are 
defined in "1/0 Address Map" earlier in this section. 

A 2 by 2 Berg pin and a jumper are used on the cassette 'data out' 
line . The jumper allows use of the 'data out' line as a 0.075-Vdc 
microphone input when placed across the M and C pins of the 
Berg connector. A 0.68-Vdc auxiliary input to the cassette 
recorder is available when the jumper is placed across the A and 
C pins of the Berg connector. The "System Board Component 
Diagram" shows the location of the cassette Berg pins . 

M A 

c c 

M icrophone I n put 
( 0 . 075 Vdc) 
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Cassette Circuit Block Diagrams 

Circuit block diagrams for the cassette-interface read hardware, 
write hardware, and motor control are illustrated below. 

GND 

0.047 µF 
Ca pacitor  

Data From 
Cassette 
Recorder 
E a rphone 
Jack 

1 8k O hm 
Resi sto r  

1 Bk O hm 
Resi stor 

1 000k Ohm 
Resi stor 

1 Bk O hm 
Resi stor 

GND 

+5V 

-5V 

GND 

) Cassette I nterface Read Hardware Block Diagram 

) 

82 5 3  Timer #2Lo 
Output 

0 

+5 V  

74LS 38 

O R  

o ��������• 
0. 678V 
to AUX 
In put 

o ��������-a 
0.075V 
to M I C  
I n put 

GND 

Cassette I nterface Write Hardware Block Diagram 

S i l i con 
D iode 
V I R=. 4V 

Cathode 
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74LS 3 8  

+sv 

4.7k 
Ohm 

+sv 

G N D  

+sv 

S N 75475 

Clamp 
5 1---
c 

vcc 
0 ut 1------1 

Cassette Motor Control Block Diagram 
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Rear Panel 

5 - Pin  D I N  Con nector 

Pin Signal  E lectrical Characteristics 

1 Motor Control Common from Re lay  

2 Ground 

3 Motor Control  Relay N.0. (6 Vdc at 1A) 

4 Data I n  500nA at ±1 3V - at 1,000 - 2,000 Baud  

5 Data Out  ( M icrophone or  250 µA at 0.68 Vdc 
Aux i l i a ry) o r  ** 

0.075 Vdc 

*Al l  voltages a nd c u rrents a re maxi m u m  rat i n g s  a nd s h o u l d  not be exceeded. 

* * Data out  can be chosen us ing  a j u mper  l ocated on the system board. 
(Auxi l i a ry - 0.68 Vdc or  M i crophone - 0.075 Vdc) 

I nterc h a nge of these voltages on the cassette recorder  cou ld  lead to da mage 
of recorder i n puts .  

Cassette Interface Connector Specifications 
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Notes: 
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I B M Personal Computer Math 
Coprocessor 

The IBM Personal Computer Math Coprocessor enables the IBM 
Personal Computer to perform high speed arithmetic, logarithmic 
functions , and trigonometric operations with extreme accuracy . 

The coprocessor works in parallel with the processor. The parallel 
operation decreases operation time by allowing the coprocessor to 
do mathematical calculations while the processor continues to do 
other functions . 

The first five bits of every instruction opcode for the coprocessor 
are identical ( 1 1 0 1 1 binary). When the processor and the 
coprocessor see this instruction opcode , the processor calculates 
the address ,  of any variables in memory, while the coprocessor 
checks the instruction. The coprocessor will then take the memory 
address from the processor if necessary . To access locations in 
memory, the coprocessor takes the local bus from the processor 
when the processor finishes its current instruction. When the 
coprocessor is finished with the memory transfer, it returns the 
local bus to the processor. 

The IBM Math Coprocessor works with seven numeric data types 
divided into the three classes listed below. 

• Binary integers ( 3 types)  

• Decimal integers ( 1 type) 

• Real numbers ( 3 types)  
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Programming Interface 

The coprocessor extends the data types ,  registers , and instructions 
to the processor. 

The coprocessor has eight 80-bit registers which provide the 
equivalent capacity of 40 1 6-bit registers found in the processor. 
This register space allows constants and temporary results to be 
held in registers during calculations , thus reducing memory access 
and improving speed as well as bus availability . The register space 
can be used as a stack or as a fixed register set. When used as a 
stack, only the top two stack elements are operated on: when used 
as a fixed register set, all registers are operated on . The Figure 
below shows representations of large and small numbers in each 
data type . 

Data Type Bits Sign ificant Approximate Range (decimal ) 
D igits ( Decimal ) 

Word I nteger 1 6  4 ·32.768 � X� +32,767 
Sh ort I nteger 32 9 ·2x 1 0 9 � X� +2x 1 0 9  
Long I nteger 64 1 8  ·9x 1 0 18 � X� +9x 1 0 18 
Packed Decimal  80 1 8  ·99 . . .  99  � X� +99 . . .  99 ( 1 8  d ig i ts) 
Sh ort Rea l *  32 6·7 8.43 x 1 0- 37 � : x :  � 3.37 x 1 038 
Long R ea l *  64 1 5- 1 6 4 . 1 9x 1 0- 307 � : x : � 1 . 67x 1 0:ni 
Temporary Real 80 1 9  3.4x 1 0- 4932 � : x : � 1 . 2x l 04932 

*The short and l ong real data ty pes correspond to the s ing le  a n d  doub le  p rec is ion 
data types 

Data Types 
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Hardware Interface 

The coprocessor utilizes the same clock generator and system bus 
interface components as the processor. The coprocessor is wired 
directly into the processor, as shown in the coprocessor 
interconnection diagram. The processor's queue status lines (QSO 

·) and QS 1 )  enable the coprocessor to obtain and decode 
instructions simultaneously with the processor. The coprocessor's 
busy signal informs the processor that it is executing; the 
processor's WAIT instruction forces the processor to wait until 
the coprocessor is finished executing (wait for NOT BUSY). 

When an incorrect instruction is sent to the coprocessor (for 
example; divide by zero or load a full register) ,  the coprocessor 
can signal the processor with an interrupt. There are three 
conditions that will disable the coprocessor interrupt to the 
processor: 

1 .  Exception and Interrupt Enable bits of the control word are 
set to l 's .  

2. System board switch block 1 switch 2 set in the On position. 

3 .  NMI Mask RE G  i s  set to zero. 

At power-on time the NMI Mask REG is cleared to disable the 
NMI . Any software using the coprocessor's interrupt capability 
must ensure that conditions 2 and 3 are never met during the 
operation of the software or an "Endless Wait" will occur. An 
"Endless Wait" will have the processor waiting for the "Not 
Busy" signal from the coprocessor while the coprocessor is 
waiting for the processor to interrupt. 

Because a memory parity error may also cause an interrupt to the 
8088 NMI line, the program should check that a parity error did 
not occur (by reading the 8255 port), then clear exceptions by 
executing the FNSAVE or the FNCLEX instruction. In most 
cases , the status word would be looked at, and the exception 
would be identified and acted upon. 
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The NMI Mask REG and the coprocessors interrupt are tied to 
the NMI line through the NMI interrupt logic . Minor conversions 
of software designed for use with an 8087 must be made before 
existing software will be compatible with the IBM Personal 
Computer Math Coprocessor. 

Memory 

ind 

System 

Boord 

8284 
Clock 

NMI I N T  

Logic 

I N T  

Generator 

C L K  
8088 
CPU 

R Q/GT1 

OSO OS I TEST 

Mith 

�------1 I N T  

R Q/GT1  

Coprocessor Interconnection 
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Control Unit 

The control unit (CU) of the coprocessor and the processor fetch 
all instructions at the same time , as well as every byte of the 
instruction stream at the same time. The simultaneous fetching 
allows the coprocessor to know what the processor is doing at all 
times .  This is necessary to keep a coprocessor instruction from 
going unnoticed. Coprocessor instructions are mixed with 
processor instructions in a single data stream. To aid the 
coprocessor in tracking the processor, nine status lines are 
interconnected (QSO, QS 1 ,  and SO through S6) .  

rc;;-ntral Unit
- - - �eric Execution Unit -- -- -- -- -- -- I 

Slltus 

Address 

Control Word 

Status Word 

N E U  Instruction 

Operands 
Queue 

Coprocessor Block Diagram 

E Kponent 
Module 

Microcode 
Con!rol Unit 

Fracuo• ..---
.. 

T1mpor1ry Rtgisurs 
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Register Stack 

Each of the eight registers in the coprocessor's register stack is 80 
bits wide , and each is divided into the "fields" shown in the figure 
below. The format in the figure below corresponds to the 
coprocessor's temporary real data type that is used for all 
calculations . 

The ST field in the status word identifies the current top-of-stack 
register. A load ("push") operation decreases ST by 1 and loads a 
new value into the top register. A store operation stores the value 
from the current top register and then increases ST by 1 .  Thus , 
the coprocessor's register stack grows "down" toward 
lower-addressed registers . 

Instructions may address registers either implicitly or explicitly . 
Instructions that operate at the top of the stack, implicitly address 
the register pointed to by ST. The instruction, FSQRT, replaces 
the number at the top with its square root ; this instruction takes no 
operands , because the top-of-stack register is implied as the 
operand. Other instructions specify the register that is to be used. 
Explicit register addressing is "top-relative ."  The expression, ST, 
denotes the current stack top, and ST(i) refers to the ith register 
from the ST in the stack. If ST contains "binary 0 1 1 "  (register 3 
is at the top of the stack) ,  the instruction, F ADD ST ,ST(2) ,  
would add registers 3 and 5 .  

Passing subroutine parameters to the register stack eliminates the 
need for the subroutine to know which registers actually contain 
the parameters . This allows different routines to call the same 
subroutine without having to observe a convention for passing 
parameters in dedicated registers . As long as the stack is not full , 
each routine simply loads the parameters to the stack and calls the 
subroutine . 

79 64 63 0 I ( Exponent Significand 

Sign 

Register Structure 
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Status Word 

The status word reflects the overall condition of the coprocessor. 
It may be stored in memory with a coprocessor instruction then 
inspected with a processor code . The status word is divided into 
the fields shown in the figure below. Bit 1 5  (BUSY) indicates 
when the coprocessor is executing an instruction (B= 1 )  or when it 
is idle (B=O). 

Several instructions (for example , the comparison instructions) 
post their results to the condition code (bits 1 4  and 1 0  through 8 
of the status word). The main use of the condition code is for 
conditional branching. This may be accomplished by first 
executing an instruction that sets the condition code, then storing 
the status word in memory, and then examining the condition code 
with processor instructions . 

Bits 1 3  through 1 1  of the status word point to the coprocessor 
register that is the current stack top (ST). Bit 7 is the interrupt 
request field, and bits 5 through 0 are set to indicate that the 
numeric execution unit has detected an exception while executing 
the instruction. 

1 5 

-� -�-

7 0 

I �L Exception Flags ( 1 = Exception Has Occunedl 

lnulid Oper1tion 

Denormalized Operand 

Zero divide 

Overflow 

Underflow 

Precision 

'-------- ( Resarvedl 

'--------- Interrupt Request 

'----l----'---------- Condition Code 

�----------- Stack Top Pointtr Il l 

'---------------- Bu� 

( 1 )  ST val ues: 

Status Word Format 

000 = register 0 is stack top 
001  = register 1 is stack top 

1 1 1  = register 7 is  stack top 
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Control Word 

The coprocessor provides several options that, are selected by 
loading a control word register. 

1 5 

-- -I ' - --

7 0 

~ 

( 1 )  I n terrupt-Enable Mask: 
0 = I n terrupts Enabled 

Exception Masks ( 1  = Exception is Masked ) 

I nval id Operation 

Denormalized Operand 

Zerodivide 

Overflow 

Underflow 

Precision 

( Reserved ) 

I nterrupt-Enable Mask ( 1 ) 
Precision Contro1 (2) 

Rounding Contro1 (J) 

Infinity Contro1 (4) 

( Reserved ) 

1 = I nterrupts D isabled (Masked ) 

(2 )  Precision Control : 
00 = 24 bits 
0 1  = (reserved ) 
1 0 =  53 bits 
11  = 64 bits 

(3) R ounding Control : 
00 = R ound to Nearest or Even 
0 1  = R ound D own (toward oo) 
10 = R ound Up !toward oo) 
1 1  = Chop (Truncate Toward Zero) 

(4) I nfi nity Contro l :  
0 = Projective 
1 = Affine 

Control Word Format 
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Tag Word 

The tag word marks the content of each register, as shown in the 
Figure below. The main function of the tag word is to optimize the 
coprocessor's performance under certain circumstances , and 
programmers ordinarily need not be concerned with it . 

1 5  7 0 

TA G (7 )  TA G (61 TA G (5)  TA G (41 TA G (J)  TAG (2) TA G ( 1 )  TA G (O) 

Tag va l u es:  

00 = Val i d  ( N o rmal  or U n n ormal ) 

0 1  = Zero (Tru e )  

1 0  = Special  ( N ot-A-N u m ber, 00 ,  or Denormal ) 
1 1  = Empty 

Tag Word Format 

Exception Pointers 

The exception pointers in the figure below are provided for 
user-written exception handlers . When the coprocessor executes 
an instruction, the control unit saves the instruction address and 
the instruction opcode in the exception pointer registers . An 
exception handler subroutine can store these pointers in memory 
and determine which instruction caused the exception. 

OPE RAN D A D D R Ess(1 ) 

I I NSTR U CTI O N  OPCO D E (2) 

INST R U CTI O N  A D O R Ess( 1 )  

( 1 1 20-b it  phys ica l  address 

1 0  0 

(2 ) 1 1  l east si gnif icant b i ts of opcode:  5 m ost sign if icant b its are always 
C O P R O C ESSO R H O O K  ( 1 1 0 1 1 8 ) 

Exception Poi nters Format 
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Number System 

The figure below shows the basic coprocessor real number system 
on a real number line (decimal numbers are shown for clarity , 
although the coprocessor actually represents numbers in binary) .  
The dots indicate the subset of real numbers the coprocessor can 
represent as data and final results of calculations . The 
coprocessor's range is approximately +4.19x 10-307 to 
+ 1.67x 103os. 

The coprocessor can represent a great many of, but not all ,  the 
real numbers in its range . There is always a "gap" between two 
adjacent coprocessor numbers , and the result of a calculation may 
fall within this space . When this occurs , the coprocessor rounds 
the true result to a number it can represent. 

The coprocessor actually uses a number system that is a superset 
of that shown in the figure below. The internal format (called 
temporary real)  extends the coprocessor's range to about 
+ 3 .4x l Q-4932 to + 1.2x 104932, and its precision to about 19 
(equivalent decimal) digits . This format is designed to provide 
extra range and precision for constants and intermediate results , 
and is not normally intended for data or final results . 

Neg1tive Ran111 
---- ( Normalized )  ------< 

-5 -4 -3 -2 -1 

L J 
-1 .67x10308 -4. 19x10- 307 

Coprocessor Number System 
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4. 1 9x 10- 307 

-2 • • • 

2.00000000000000000 
( N ot Representable) 
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Instruction Set 

On the following pages are descriptions of the operation for the 
coprocessor's 69 instructions .  

An instruction has two basic types of  operands - sources and 
destinations . A source operand simply supplies one of the 
"inputs" to an instruction; it is not altered by the instruction . A 
destination operand may also provide an input to an instruction. It 
is distinguished from a source operand, however, because its 
content can be altered when it receives the result produced by that 
operation; that is the destination is replaced by the result . 

The operands of any instructions can be coded in more than one 
way. For example , FADD (add real ) may be written without 
operands , with only a source, or with a destination and a source 
operand. The instruction descriptions use the simple convention of 
separating alternative operand forms with slashes; the slashes , 
however,  are not coded. Consecutive slashes indicate there are no 
explicit operands . The operands for F ADD are thus described as : 

source/destination, source 

This means that FADD may be written in any of three ways : 

FADD 

FADD source 

F ADD destination,source 

It is important to bear in mind that memory operands may be 
coded with any of the processor's memory addressing modes.  
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FAB S 

F ABS (absolute value) changes the top stack element to its 
absolute value by making its sign positive. 

FABS (no  operan ds) Exceptions: I 

Operands Execution Cl ocks Trans- Bytes Coding E xample 
fers 

Typical Range 8088 

(no operands) 1 4  1 0- 1 7  0 2 FABS 

FADD 

Addition 

F ADD I I source/destination,source 

F ADDP destination,source 

FIADD source 

The addition instructions (add real, add real and pop, integer add) 
add the source and destination operands and return the sum to the 
destination. The operand at the stack top may be doubled by 
coding F ADD ST,ST(O) .  

F A D D  Exceptions: I ,  D ,  0,  U ,  P 

Operands Execution Clocks Trans- Bytes 

fers Coding E xample 

Typical Range 8088 

//ST,ST(i )/ST(i ) ,ST 85 70- 1 00 0 2 FA D D  ST,ST(4) 
sh ort-real 1 05+EA 90-1 20+EA 4 2-4 FA D D  A I R_ TEMP [S I ] 
l ong-real 1 1 0+EA 95-1 25+EA 8 2-4 F A D D  [ B X ]  ,M EAN 
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FAD DP Exceptions: I ,  D ,  0,  U,  P 

O perands Execution Clocks Trans- Byt11s Coding E xample 

fers 

Typical Range 8088 

ST( l ) ,ST 90 75-1 05 0 2 F A D D  ST(2) ,  ST 

F I A D D  Exceptions: I ,  D, 0, P 

O perands Execution Cl ocks Trans- Bytes 

fers Coding E xample 

Typical Range 8088 

word-integer 1 20+EA 1 02-1 37+EA 2 2-4 F I A D D  D I STAN C E_ TRAV E L L E D  
short-i nteger 1 25+EA 1 08- 1 43+EA 4 2-4 F I A D D  PU LSE_ C O U NT [S I ]  

FBLD 

FBLD Source 

FBLD (packed decimal BCD) load)) converts the content of the 
source operand from packed decimal to temporary real and loads 
(pushes) the result onto the stack. The packed decimal digits of 
the source are assumed to be in the range X '0-9H'. 

F B L D  Exceptions: I 

O perands Execution Clocks Trans- Bytlls Coding E xample 

fers 

Typical Range 8088 

packed-decimal 300+EA 290-3 1 0+EA 1 0  2-4 F B L D  YTD_SALES 
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FB STP 

FBSTP destination 

FBSTP (packed decimal (BCD) store and pop) performs the 
inverse of FBLD,  where the stack top is stored to the destination 
in the packed-decimal data type . 

F BSTP Exceptions: I 

O perands Execution Clocks Trans· Bytes 
fars Coding E x1mple 

Typical Range 8088 
packed-decimal 530+EA 520-542+EA 1 2  2-4 F BSTP [ B X ]  . F O R CAST 

FCHS 

FCHS (change sign) complements (reverses) the sign of  the top 
stack element. 

F C HS (no operands) Exceptions: I 

O perands Execution Clocks Trans- BytlS 
firs Coding E x1mpl1 

Typical R1nge 8088 
(no operands) 1 5  1 0- 1 7  0 2 FCHS  

F CLEX/FNCLEX 

FCLEX/FNCLEX (clear exceptions) clears all exception flags , 
the interrupt request flag, and the busy flag in the status word. 

F C L E X/F N C L E X  (no operands) Exceptions: None 

Operands Execution Clocks Trans- Bytas 
fen Coding Example 

Typical Range 8088 
(no operands) 5 2·8 0 2 F N C L E X  
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F COM 

FCOM/ /source 

FCOM (compare real) compares the stack top to the source 
operand. This results in the setting of the condition code bits . 

FCOM 

Operands Execution Clocks 

Typical Range 

//ST( i )  45 40-50 
short-real 65+EA 63-70+EA 
l ong-real 70+EA 65-75+EA 

Cl co Order 

0 0 ST > source 
0 1 ST < source 
1 0 ST = source 
1 1 ST ? source 

NANS and 00 (proj1ctiv1) cannot be compared 
and return Cl=CO=l es sh own above. 

F COMP 

FC6MP/ /source 

Exceptions: I, 0 
Trans- Bytes 
fers Coding E xample 
8088 

0 2 F C O M  ST( l )  
4 2-4 F C O M  [ BP.] UPPE R _  LI M I T  
8 2-4 F C O M  WAV E L E N GTH 

FCOMP (compare real and pop) operates like FCOM, and in 
addition pops the stack 

FCOMP Exceptions: I ,  D 

O perands Execution Clocks Trans- Bytes 

fers C oding E xample 
Typical Range 8088 

//ST( i )  47 42-52 0 2 F C O M P  ST(2) 
sh ort-real 68+EA 63-73+EA 4 2·4 F C O M P  ( BP) .N_ R E A D I N G S  
long-real 72+EA 67·77+EA 8 2-4 F C O M P  D E NS ITY 
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FCOMPP 

FCOMPP/ /source 

FCOMPP (compare real and pop twice) operates like FCOM 
and, additionally , pops the stack twice , discarding both operands . 
The comparison is of the stack top to ST( 1 ); no operands may be 
explicitly coded. 

FCOMPP (no operands) Exceptions: I ,  0 
Operands Execution Clocks Trans· Bytes 

fen Coding E xample 

Typical Range 8088 

(n o  operands) 50 45.55 0 2 F C O MPP 

F DEC STP 

FDECSTP (decrement stack pointer) subtracts 1 from ST, the 
stack top pointer in the status word. 

F D ECSTP (no operands) Exceptions: None 

O perands Execution Clocks Trans· Bytes 

fers Coding Example 

Typical Range 8088 

(no operands)  9 6-1 2 0 2 F D E CSTP 

FDI Sl/FNDISI 

FDISI/FNDISI (disable interrupts) sets the interrupt enable 
mask in the control word. 

F O ISl/F N O ISI (no operands) Exceptions: None 

O perands Execution Clocks Trans- Bytes 

fers Coding E xample 

Typical Range BOBB 
(no operands) 5 2-8 0 2 F D I S I 
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F DIV 

Normal division 

FDIV I /source/ destination,source 

FDIVP destination,source 

FID IV source 

The normal division instructions (divide real, divide real and pop, 
integer divide) divide the destination by the source and return the 
quotient to the destination. 

F D I V  Exceptions: I ,  D ,  Z ,  0,  U ,  P 

Operands Execution Clocks Trans- Bytes 

fers Coding E X1mple 

Typical Range 8088 

//ST( i ) .ST 1 98 1 93-203 0 2 F D I V 
sh ort-real 220+EA 2 1 5-225+EA 4 2-4 F O I V D I STAN C E  
long-real 225+EA 220-230+EA 8 2-4 F O I V  A R C ( D I ]  

F D IVP Exceptions: I ,  D ,  Z, 0,  U ,  P 

O perands Execution Clocks Trans- Bytes 

fers Coding E xample 

Typical Range 8088 

ST( i ),ST 202 1 9 7-207 0 2 F D I V P  ST(4), ST 

F I D I V  Exceptions: I ,  D ,  Z ,  0 ,  U ,  P 

Operands Execution Clocks Trans- Bytes 

fers Coding E xample 

Typical Range 8088 
word-i nteger 230+EA 224-238+EA 2 24 F I D I V  S U R V EY . O BSE RVATI ONS 
sh ort-integer 236+EA 230-243+EA 4 24 F I D I V  R E LAT I V E_AN G L E ( D I ]  
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FDIVR 

Reversed Division 

FDIVR I /source/ destination,source 

FDIVRP destination,source 

FIDIVR source 

The reversed division instructions (divide real reversed, divide 
real reversed and pop, integer divide reversed) divide the source 
operand by the destination and return the quotient to the 
destination. 

F D I V R  Exceptions: I ,  D ,  Z ,  0 ,  U ,  P 

Operands Execution Clocks Trans- Bytes 

fers Codin9 E xample 

Typical Range 8088 I 
//ST,ST( i )/ST( i ) ,ST 1 99 1 94-204 0 2 F O I V R  ST(2) .  ST 
sh ort-real 221+EA 21 6-226+EA 6 2-4 F O I V R  [ BX }  .PU LSE_ RATE 
long-real 226+EA 221 -23 1 +EA 8 2-4 F O I V R  R E C O R D E R . F R E Q U ENCY 

FD IVRP  Exceptions: I ,  D ,  Z,  0 ,  U ,  P 

Operands Execution Clocks Trans· Bytes 

fers Coding E xample 

Typical Range 8088 

ST( i ) ,ST 203 1 98-208 0 2 FD IV RP ST( l ) , ST 

F I D I V R  Exceptions: I ,  D ,  Z ,  0 ,  U ,  P 

O perands Execution Cl ocks Trans· Bytes 

fen Coding E xample 

Typical Range 8088 

word-integer 230+EA 225-239+EA 2 2-4 F I D I V R  [ BP} .X_CO D R D  
short-integer 237+EA 231 -245+EA 4 2-4 F I D I V R  F R E QU E N CY 
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FENl/FNENI 

FENl/FNENI (enable interrupts ) clear the interrupt enable mask 
in the control word. 

F E N l /F N E N I  (no operands) Exceptions: None 

Operands Execution Clocks Trans· Bytes 
fers Coding Eumple 

Typical Range 8088 

(no operands) 5 2·8 0 2 F N E N I 

FF REE 

FFREE destination 

FFREE (free register) changes the destination register's tag to 
empty; the content of the register is not affected. 

F F  R E E  Exceptions: None 

Operands Execution Clocks Trans- Bytes 
fen Coding E xample 

Typical Range 8088 

STf i )  1 86 9- 1 6  0 2 F F R E E  ST( l )  

FI COM 

FICOM source 

FI COM (integer compare) compares the source to the stack top . 

F I COM Exceptions: I ,  D 

Operands Execution Clacks Trans· Bytn 
ftrs Coding E xample 

Typical Range 8088 
word-integer 80+EA 72-86+EA 2 2-4 F I C O M  TOO L.N_PASSES 
sh ort·i nteger 85+EA 78-9 1 +EA 2 2-4 F I C O M  (8P+4 1 1 .PARM_C O U NT 
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FI COMP 

FICOMP source 

FICO MP (integer compare and pop) operates the same as 
FICOM and additionally pops the stack. 

F l  COMP Exceptions: I ,  D 

Operands Exec:ution Clocks Trans- Bytes 
ters Coding E xample 

Typical Range BOBB 
word-integer 82+EA 74-BB+EA 2 2-4 Fl C O M P  [ BPI . L I M I T  [S I )  
short-i nter 87+EA 80-93+EA 4 2-4 Fl C O M P  N_SAM PLES 

FILD 

FILD source 

FILD (integer load) loads (pushes) the source onto the stack. 

F I L O  Exceptions: I 

Operands Execution Clocks Trans- Bytes 
tars Coding E xample 

Typical Range 8088 
word-integer 50+EA 46-54+EA 2 2-4 F I L O  [ B X ] .SE O U E N C E  
short�nteger 56+EA 52-SO+EA 4 2-4 F I LO STAN O O F F [ O I )  
long-integer 64+EA 60-68+EA 8 2-4 F I LO R ESPO NSE.COUNT 

FINC STP 

FINCSTP (increment stack pointer) adds 1 to the stack top 
pointer (ST) in the status word. 

F I N CSTP (no operands) Exceptions: None 

Operands Execution Clocks Trans- Bytes 
tars Coding E xample 

Typical Range 808B 
(no operands) 9 6- 1 2  0 2 F I N CSTP 
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FINIT /FNINIT 

FINIT /FNINIT (initialize processor) performs the functional 
equivalent of a hardware RESET. 

F I N IT/F N I N IT (no operands) Exceptions: None 

Operands hecution Clocks Trans- Bytes 
feB Codin1 E x1mple 

Typical Range 8088 

(no operands) 5 2-8 0 2 F I N IT 

Field V1lue l nt1rpret1tion 

Control Word 
I nfinity Control 0 Projective 
Rounding Control 00 Round to nearest 
Precision Control 1 1  64 bits 
I nterrupt-enable Mask 1 Interrupts disabled 
Exception Masks 1 1 1 1 1 1  Al l  exceptions masked 

Status Word 
Busy 0 N ot Busy 
Condition Code ??11 ( I ndeterminate ) 
Stack Top 000 Empty stack 
Interrupt Request 0 No interrupt 
Exception Flags 000000 No exceptions 

Tag Word 
Tags 1 1  Empty 

Registers N .C .  Not  changed 

Exce'ption Pointers 
Instruction Code N.C.  Not changed 
Instruction Address N.C. N ot changed 
Operand Address N.C.  Not changed 
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FIST 

FIST destination 

FIST (integer store) stores the stack top to the destination in the 
integer format. 

F IST Exceptions: I, P 

Oper1nds Exec:ution Clocks Trans· Bytes 
fers Coding E Xlmple 

Typie1I Range 8088 

word-i nteger 86+EA 80-90+EA 4 2-4 F I ST OBS. C O U NT[S I ) 
short- integer 88+EA 82-92+EA 6 2-4 F I ST [ B P )  . FACTO R ED_PU LSES 

FI STP 

FISTP destination 

FISTP (integer store and pop) operates like FIST and also pops 
the stack following the transfer. The destination may be any of the 
binary integer data types. 

F ISTP Exceptions: I ,  P 

O perands Execution Clocks Tr1ns· Bytes 
fen Coding E xample 

Typie1I Range 8088 

word-integer 88+EA 82-92+EA 4 2-4 F I STP [ BX J .A LPHA_CO U N T [ S I )  
short-integer 90+EA 84-94+EA 6 2-4 F I STP C O  R R E CTEO_ TI M E  
long-integer l OO+EA 94- 1 05+EA 1 0  2-4 F I STP PAN E L. N _ R EAD I N GS 
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FLD 

FLD source 

FLD (load real) loads (pushes ) the source operand onto the top of 
the register stack. 

F L O  Exceptions: I ,  D 

Operands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 

ST( i )  20 1 7-22 0 2 F L O  ST (O) 
short-real 43+EA 38-56+EA 4 2-4 F L O  R E A O I N G [S l l .PRESSU R E  
long-real 46+EA 40-60+EA 8 2-4 F L O  [ B PI .TEMPE R ATU R E  
temp-real 57+EA 53-65+EA 1 0  2-4 F L O  SAV E R EA O I N G  

FLDCW 

FLDCW source 

FLDCW (load control word) replaces the current processor 
control word with the word defined by the source operand. 

F L D CW Exceptions: None 

pperands Execution Clocks Trans- Bytes 
fers Coding Example 

Typical Range 8088 

2-bytes I O+EA 7- 1 4+EA 2 2-4 F L O CW CONTR O L_WO R O  
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FLDENV 

FLDENV source 

FLDENV (load environment) reloads the coprocessor 
environment from the memory area defined by the source 
operand. 

F L D ENV Exceptions: None 

Operands Execution Clocks Trans- Bytes 
fers Coding E xample 

Typie1I R1nge 8088 

1 4-bytes 40+EA 35-45+EA 14 2-4 F L D E N V  [ B P+6] 

F LDLG2 

FLDLG2 (load log base 10 of 2) loads (pushes) the value of ' 
LOGI02 onto the stack. 

F L D LG2 (no operands) Exceptions: I 

Oper1nds Execution Clocks Trans· Bytes 
fers Coding Eumple 

Typie1I Range 8088 

(no operands) 21 1 8-24 0 2 F L D L G 2  

FLDLN2 

F LDLN2 (load log base e of 2) loads (pushes ) the value of 
LOG.2 onto the stack. 

F L D LN2 (no operands) Exceptions : I 

Op1r1nds Execution Clocks Trans· Bytes 
fers Coding E xample 

TypiCll Range 8088 

(no operands) 20 1 7-23 0 2 F L D L N 2  
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F LDL2E 

FLDL2E (load log base 2 of e)  loads (pushes) the value LOG2e 
onto the stack. 

F L D L2E (no operands) Exceptions: I 

Operands Executi on Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 

(no operands) 1 8  1 5·2 1  0 2 F L D L2E 

F LDL2T 

FLDL2T (load log base 2 of 10) loads (pushes) the value of 
LOG) O onto the stack. 

F L D L2T (no operands) Exceptions: I 

O perands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 . 

(no operands) 1 9  1 6·22 0 2 F L D L2T 

FLDPI 

FLDPI (load rr) loads (pushes ) rr onto the stack. 

F L DPI (no operands) Exceptions: I 

Operands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 

(no operands)  1 9  1 6·22 0 2 F L DP I  
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FLDZ 

FLDZ (load zero) loads (pushes) +O.O onto the stack. 

F L DZ (no operands) Exceptions: I 

Operands Execution Clocks Trans· Bytes 
fen Coding E xample 

Typical Ranga 8088 
(no operands) 1 4  1 1 - 1 7  0 2 F L D 1  

F LD I  

FLD 1 (load one) loads (pushes) + 1 .0 onto the stack. 

F L D 1  (no operands) Exceptions: I 

Operands Execution Clocks Trans· Bytes 
fin Coding E xam,t1 

TypiCll Ranga 8081 
(no operands) 1 8  1 5-21  0 2 F L D Z  

\ 
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FMUL 

Multiplication 

FMUL I /source/destination,source 

FMULP destination,source 

FIMUL source 

The multiplication instructions (multiply real , multiply real and 
pop, integer multiply) multiply the source and destination 
operands and return the product to the destination. Coding FMUL 
ST ,ST(O) square the content of the stack top . 

FM U L  Exceptions: I ,  D ,  0 ,  U ,  P 

Operands Execution Clocks Tnns- Bytes 
firs Coding E xample 

Typical Range BOBB 
//ST( i )  ,ST /ST ,ST ( i ) '  97  90- 1 05 0 2 F M U L ST,ST(3) 
//ST(i ) ,ST /ST,ST(i )  1 3 8  1 30- 1 45 0 2 F M U L ST,ST(3) 
sh ort-real 1 1 8+EA 1 1 0- 1 25+EA 4 2-4 FM U L  SPEED_ FACTOR 
l ong·real 1 1 20+EA 1 1 2-1 26+EA 8 2-4 F M U L  [ BPI . H E I G H T  
long-real 1 6 1 +EA 1 54-1 68+EA 8 2-4 F M U L  [ B PI . H E I G H T  

1 occurs when one or both operands i s  "short" · it has 4 0  tra i l ing zeros in i ts fraction. 

FMULP  Exceptions: I ,  D,  0 ,  U,  P 

Operands Execution Clocks Tr1ns· Bytes 
fen Coding E xample 

Typical Range BOBB 
ST(i) ,ST1 1 00 94- 1 08 0 2 FM U LP ST(l ),ST 
ST(i ) ,ST 142 1 34-1 48 0 2 FM U LP ST( l ),ST 

1 occurs when one or both operands is "short" · it has 40 tra i l ing zeros in its fraction.  

F IM U L  Exceptions: I ,  D,  0 ,  P 

Oper1nds Execution Clocks Trens· Bytes 
fers Coding E xample 

Typical Range 8088 
word-integer 130+EA 1 24-1 38+EA 2 2-4 F I M U L B EA R I N G  
short-integer 1 36+EA 130.144+EA 4 2-4 F I M U L POSITI O N.LAX IS  
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FNOP 

FNOP (no operation) stores the stack top to the stack top (FST 
ST,ST(O)) and thus effectively performs no operation. 

FNOP  (no operands) Exceptions: None 

Operands Execution Clocks Trans· Bytes 
firs Coding E xample 

" Typical Range 8088 

(no operands) 1 3  1 0· 1 6  0 2 F N O P  

FPATAN 

FP AT AN (partial arctangent) computes the function 
() =ARCTAN (Y/X). X is taken from the top stack element and 
Y from ST( I ) . Y and X must observe the inequality O<Y <X < 00 •  

The instruction pops the stack and returns () to the (new) stack 
top, overwriting the Y operand. 

FPATAN (no operands) Exceptions: U,  P (operands not checked) 

Operands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 

(no operands) 650 250-800 0 2 FPATAN 

FPREM 

FPREM (partial remainder) performs modulo division on the top 
stack element by the next stack element, that is , ST( I )  is the 
modulus . 

FPREM (no operands) Exceptions: I ,  0, U 

Oper1nds Execution Clocks Trans· Bytlls 
fin Coding E xample 

Typical R1n91 8088 
(no operands) 1 25 1 5· 1 90 0 2 FPREM 
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FPTAN 

FPTAN (partial tangent) computes the function Y/X =TAN(O) .  
(} i s  taken from the top stack element; i t  must lie in  the range 
0<0<7T/4. The result of the operation is a ratio; Y replaces (} in 
the stack and X is pushed, becoming the new stack top. 

F PTAN Exceptions: I, P (operands not checked) 

Operands Execution Clocks Tr1ns· Bytes 
hrs Coding Example 

Typical Range 8088 
(no operands) 450 30-540 0 2 FPTAN 

FRNDINT 

FRNDINT (round to integer) rounds the top stack element to an 
integer. 

F A N  D I NT (no operands) Exceptions: I ,  P 

O per1nds Execution Clocks Trans- Bytes 
fers Coding E x1mple 

Typical Range 8088 
(no operands) 45 1 6-50 0 2 F R N D I N T 

FRSTOR 

FRSTOR source 

FRSTOR (restore state) reloads the coprocessor from the 94-byte 
memory area defined by the source operand. 

F RSTO R  Exceptions: None 

O perands Execution Clocks Trans- Bytes 
fers Coding E xample 

Typical Range 8088 
94-bytes 2 1 0+EA 205-2 1 5+EA 96 24 F R STO R ( BP) 
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F SAVE/FN SA VE 

FSA VE/FNSA VE destination 

FSA VE/FNSA VE (save state) writes the full coprocessor state -
environment plus register stack - to the memory location defined 
by the destination operand. 

FSAVE/F NSAVE .  Exceptions: None 

Operands Execution Clucks Trans- Bytes 
fen Coding E xample 

Typical Range 8088 
94-bytes 2 1 0+EA 205-21 5+EA 94 2-4 FSAV E [ BP) 

F SCALE 

FSCALE (scale) interprets the value contained in ST( l )  as an 
integer, and adds this value to the exponent of the number in ST. 
This is equivalent to: 

ST-- ST· 25T( I ) 

Thus, FSCALE provides rapid multiplication or division by 
integral powers of 2 .  

FSCAL E  ( n o  operands) Exceptions: I ,  0, U 

Operands Execution Clocks Trans- Bytes 
fers Coding E xample 

Typical Range 8088 
(no operands) 35 32-38 0 2 FSCA L E  

FSQRT 

FSQRT (square root) replaces the content of the top stack 
element with its square root. 

Note: the square root of -0 is defined to be -0. 

FSQRT (no operands) Exceptions: I, D ,  P 

Operands Execution Clocks Trans- Bytes 
fen Coding E xample 

Typical Range 8088 
(no operands) 1 83 1 80- 1 86 0 2 FSQRT 
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F ST 

FST destination 

FST (store real) transfers the stack top to the destination, which 
may be another register on the stack or long real memory operand. 

FST Exceptions: I, 0, U, P 

Operands Execution Clocks Trans· Bytes 
fen Codina Example 

Typical Ranae 8088 
ST( i )  1 8  1 5·22 0 2 FST ST(3 ) 
short-real 87+EA 84·9D+EA 6 2·4 FST C O R R E LATI O N  ( D I ]  
long·real l OO+EA 96·1 04+EA 1 0  2·4 FST M EAN_ R EAD I N G  

F STCW/FN STCW 

FSTCW /FNSTCW destination 

FSTCW /FNSTCW (store control word) writes the current 
processor control word to the memory location defined by 
the destination. 

FSTCW/F NSTCW Exceptions: None 

Op•r1nds Execution Clocks Trans· Bytes 
fen Coding Example 

Typical Ranae 8088 
2-bytes 1 5+EA 1 2· 1 B+EA 4 2-4 FSTCW SAVE_CONTR O L  
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F STENV /FNSTENV 

FSTENV /FNSTENV destination 

FSTENV /FNSTENV (store environment) writes the coprocessor's 
basic status - control , status and tag words, and exception pointers 
- to the memory location defined by the destination operand. 

FSTE NV/FNSTENV Exceptions: None 

Operands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 

1 4-bytes 45+EA 40-SO+EA 1 6  2-4 FSTE NV [ BPI 

F STP 

FSTP destination 

FSTP (store real and pop) operates the same as PST, except that 
the stack is popped following the transfer. 

FSTP Exceptions: I ,  0 ,  U,  P 

Oper1nds Execution Clocks Tr1ns· Bytes 
fen Coding E xample 

Typical Range 8088 

ST( i )  20  1 7-24 0 2 FSTP ST(2 )  
short·real 89+EA 86·92+EA 6 2-4 FSTP [BX)  .ADJUSTE D_ RPM 
long-real 1 02+EA 98· 1 06+EA 1 0  2-4 FSTP TOTA L_D OSAGE 
temp-real 55+EA 52·58+EA 1 2  2-4 FSTP R E G_SAV E [ S I )  
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FSTSW /FNSTSW 

FSTSW /FNSTSW destination 

FSTSW /FNSTSW (store status word) writes the current value of 
the coprocessor status word to the destination operand in memory . 

FSTSW/FNSTSW Exceptions: None 

Operands Execution Clocks Tr1ns· Bytes 
fen Coding E xample 

Typie1I Range 8088 
2·bytes 14+EA 1 2- l B+EA 4 2-4 FSTSW SAV E_STATUS 

F SUB 

Subtraction 

FSUB I /source/destination,source 

FSUBP destination,source 

FISUB source 

The normal subtraction instructions (subtract real , subtract real 
and pop, integer subtract) subtract the source operand from the 
destination and return the difference to the destination. 

FSU B Exceptions :  I ,  D, 0, U, P 
Operands Execution Clocks Trans- Bytes 

fers Coding Example 
Typical Range 8088 

//ST,ST( i ) /ST( i ) ,ST 85 70- 1 00 0 2 FSU B ST,ST(2 )  
sh ort-real 1 05+EA 90- 1 20+EA 4 2·4 FSU B B ASE_ V A L U E 
l ong-real 1 1 0+EA 95-1 25+EA 8 2-4 FS U B  C O O R D I N AT E.X 
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FSU BP Exceptions: I ,  D ,  0 ,  U,  P 

Operands Exec:ution Clocks Trans· Bytes 
fers Coding Example 

Typical Range 8088 

ST( i ) ,ST 90 75- 1 0 5  0 2 FSU BP ST(2) ,ST 

F ISUB  Exceptions: I ,  D ,  0 ,  P 

Operands Execution Clocks Trans· Bytes 
fers Coding Example 

Typical Range 8088 

word-integer 1 20+EA 1 02· 1 37+EA 2 2·4 F ISU B BASE_ F R E QU E N C Y  
sh ort-integer 1 25+EA 1 08- 1 43+EA 4 2·4 F I S U B  T R A I N_SI Z E [ D I ]  

F SUBR 

Reversed Subtraction 

FSUBR I /source/destination,source 

FSUBRP destination,source 

FISUBR source 

The reversed subtraction instructions (subtract real reversed, 
subtract real reversed and pop, integer subtract reversed) subtract 
the destination from the source and return the difference to the 
destination. 

FSU BR Exceptions: I ,  D,  0,  U,  P 

Operands Execution Clocks Trans· Bytas 
fers Coding E xample 

Typical Range 8088 

//ST,ST( i )/ST(i ),ST 87 70- 1 00 0 2 FSU B R  ST,ST( I )  
short-real 1 05+EA 90-1 20+EA 4 2·4 FSU B R  V E CTO R [S I ]  
l ong-real 1 1 0+EA 95-1 25+EA 8 2-4 FSU B R  [ BX]  . I N D E X  
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FSU BRP  Exceptions: I ,  D ,  0 ,  U ,  P 

Operands Execution Clocks Tnns· Bytes 
fers Codin1 E xample 

Typical Range BOBB 
ST( i ) ,ST 90 75-1 05 0 2 FSU B R P  ST( l ) ,ST 

F ISUBR  Exceptions: I ,  D ,  0 ,  P 

Operands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range BOBB 
word-integer 1 20+EA 1 03·1 39+EA 2 2-4 F I SU B R  F L O O R [ B X ]  [S I ] 
short- integer 1 25+EA 1 09· 1 44+EA 4 2-4 F ISU B R  BALANCE 

FTST 

FTST (test) tests the top stack element by comparing it to zero.  
The result is posted to the condition codes . 

FTST (no operands) Exceptions: I ,  D 

Operands Execution Clocks Tr1ns· Bytes 
fers Codin1 E Xlmple 

Typical Range BOBB 
(no operands) 42 38-48 0 2 FTST 

CJ co Result 

0 0 ST is positive and nonzero 
0 1 ST is negative and nonzero 
1 0 ST is zero (+ or -) 
1 1 ST is n ot comparable (that 

is, it is a NAN or projective 00 ) 
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FWAIT 

FW AIT (processor instruction) 

FW AIT is not actually a coprocessor instruction, but an alternate 
mnemonic for the processor WAIT instruction. The FW AIT 
mnemonic should be coded whenever the programmer wants to 
synchronize the processor to the coprocessor, that is , to suspend 
further instruction decoding until the coprocessor has completed 
the current instruction. 

FWAIT (no operands) Exceptions: Non (CPU instruction)  

Op111nds Execution Clocks Trans· Bytes 
fen Coding Example 

Typical Range 8088 
(no operands) 3+5n 3+5n 0 1 FWAIT 

FXAM 

FXAM (examine) reports the content of the top stack element as 
positive/negative and NAN/unnormal/denormal/normal/zero, or 
empty . 

F XAM Exceptions: None 

Operands Execution Clocks Tr1ns· Bytes 
firs Coding E xample 

Typical Range 8088 
(no operands) 1 7  1 2-23 0 2 FXAM 
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Condition Code 

CJ C2 C 1  co Interpretation 

0 0 0 0 + U nnormal 

0 0 0 1 + N AN 

0 0 1 0 - Unnormal 

0 0 1 1 - NAN 

0 1 0 0 + Normal 

0 1 0 1 + oo 

0 1 1 0 - Normal  

0 1 1 1 - 00 
1 0 0 0 + O  

1 0 0 1 Empty 

1 0 1 0 - 0  

1 0 1 1 Empty 

1 1 0 0 + Denormal 

1 1 0 1 Empty 

1 1 1 0 - Denormal 

1 1 1 1 Empty 

FXCH 

FXCH/ /destination 

FXCH (exchange registers ) swaps the contents of the destination 
and the stack top registers . If the destination is not coded 
explicitly , ST( 1 )  is used. 

FXCH Exceptions: I 

Operands EKecution Clocks Trans- Bytes 
fers Coding E xample 

Typical Range 8088 

//ST( i )  1 2  1 0· 1 5  0 2 F X C H  ST(2) 
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FXTRACT 

FXTRACT (extract exponent and significant) "decomposes" the 
number in the stack top into two numbers that represent the actual 
value of the operand's exponent and significand fields contained in 
the stack top and ST( 1 ) .  

FXTRACT Exceptions: I 

Operands Execution Clocks Trans· Bytes 
fers - Coding Example 

Typical Range BOBB 
(no operands) 50 27-55 0 2 FXTRACT 

FYL2X 

FYL2X (Y log base 2 of X) calculates the function Z=Y · LOG2• 
X is taken from the stack top and Y from ST( 1 ). The operands 
must be in the ranges O<X < 00 and - 00 <Y < + 00 • The 
instruction pops the stack and returns Z at the (new) stack top, 
replacing the Y operand. 

F Y L2X Exceptions: P (operands not checked ) 

Oper1nds Execution Clocks Trans· Bytes 
fers Coding Ex1mpl1 

Typical Range BOBB 
(no operands) 950 900- 1 1 00 0 2 FY L2X 
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FYL2XP I 

FYL2XP 1 (Y log base 2 of (X + 1 )) calculates the function 
Z = Y· LOG2(X+ l ) . X is taken from the stack top and must be 
in the range O< I X I  <( 1 -(y'2/2)) .  Y is taken from ST( l )  and 
must be in the range - 00 <Y< 00 • FYL2XP 1 pops the stack and 
returns Z at the (new) stack top, replacing Y. 

F V L2XP1 Exceptions: P (operands not checked) 

Operands Execution Clocks Tnns· Bytes 
fers Coding E xample 

Typical Range 8088 

(no operands) 850 700- 1 000 0 2 F Y L2XP1  

F2XM I 

F2XM 1 (2 to the X minus 1 )  calculates the function Y=2•- 1 .  
X is taken from the stack top and must be in the range O<X <0.5 . 
The result Y replaces the stack top. 

This instruction is designed to produce a very accurate result even 
when X is close to zero. To obtain Y=2' , add 1 to the result 
delivered by F2XM 1 .  

F2XM1 Exceptions: U,  P (operands not checked ) 

Operands Execution Clocks Trans· Bytes 
fers Coding E xample 

Typical Range 8088 

(no operands) 500 31 0-630 0 2 F2XM1  
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IB M Keyboard 

The keyboard has a permanently attached cable that connects to a 
DIN connector at the rear of the system unit . This shielded 
four-wire cable has power (+5 Vdc), ground, and two bidirectional 
signal lines . The cable is approximately 6-feet long and is coiled, 
like that of a telephone handset. 

The keyboard uses a capacitive technology with a microcomputer 
(Intel 8048) performing the keyboard scan function. The keyboard 
has three tilt positions for operator comfort (5- ,  7-, or 1 5-degree 
tilt orientations ) .  

The keyboard has 83  keys arranged in three major groupings . The 
central portion of the keyboard is a standard typewriter keyboard 
layout. On the left side are 1 0  function keys . These keys are 
user-defined by the software. On the right is a 1 5-key keypad. 
These keys are also defined by the software, but have legends for 
the functions of numeric entry, cursor control , calculator pad, and 
screen edit. 

The keyboard interface is defined so that system software has 
maximum flexibility in defining certain keyboard operations . This 
is accomplished by having the keyboard return scan codes rather 
than American Standard Code for Information Interchange 
(ASCII) codes . In addition, all keys are typematic and generate 
both a make and a break scan code . For example, key 1 produces 
scan code hex 0 1  on make and code hex 8 1  on break. Break codes 
are formed by adding hex 80 to make codes . The keyboard 1/0 
driver can define keyboard keys as shift keys or typematic, as 
required by the application. 
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The microcomputer (Intel 8048) in the keyboard performs several 
functions , including a power-on self-test when requested by the 
system unit . This test checks the microcomputer ROM, tests 
memory, and checks for stuck keys . Additional functions are : 
keyboard scanning, buffering of up to 1 6  key scan codes,  
maintaining bidirectional serial communications with the system 
unit, and executing the hand-shake protocol required by each 
scan-code transfer. 

The following pages have figures that show the keyboard, the scan 
codes , and the keyboard interface connector specifications . 
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Keyboard 1 -7 5 



-I ...J Q'I 

� � a. 0 � 
Q. A ft> 

< 
CT 
0 
.. 
... a. 
0 
iii' (Q 
ii.l 
3 

r=r - - - - - - - - - - - - - - -5[LJJEJJ iEJf [] J[] irD f []l� i(] i[[] J(]J[]1[]1EJ1[]J0BOD§010�' 
6(EJYEJJ ljgU�IEJilJI�I[JI�lEJlEJ1�1[JIITJlOOJT � 7 1�IlJI�IEJJ '[EJIEJ J 'iE]EJitlTEJ'f[JIEJTEJJEJIEJIDTDJOID 1§lu1[JI[]''� 
6fEJiEJJ 1u@]fDIEJ1EJrB1EJr[]1tJtEJ1EJrEJ1[]1tJEIJ101[J1TIJrrg1 I +  
6 7EJ68n sf17.Q[ 5 7 r c s:-ro=roon-, l F9 l CJ J wuL � L:�: [lJeJLfil eu. 

N ote : Nome nclature is on both the top and front face of the keybutton as shown . The n u m ber to the upper left designates the button 
position . 



Key Positi on Scan Code i n  Hex Key Positio n  S c a n  C o d e  i n  H ex 

1 01  43 2 8  
2 02 44 2C 
3 03 45 2 0  
4 04 46 2E 
5 05 47 2 F  
6 06 48 30 
7 07 49 3 1  
8 08 50 32 
9 09 5 1  33 

1 0  OA 5 2  3 4  
1 1  OB 5 3  3 5  
1 2  oc 54 36 
1 3  OD 55 3 7  
1 4  OE 56  38  
1 5  OF 57 39 
1 6  1 0  58 3A 
1 7  1 1  59 38 
1 8  1 2  60 3C 
1 9 1 3  6 1  3 0  
20 1 4  6 2  3 E  
2 1  1 5  63 3F  
22  1 6  64 40 
23 1 7  65  41  
24  1 8  66  42 
25 1 9  67 43 
2 6  l A  68 44 
27  1 8  69 45 
28 l C  70 46 
29 1 0  7 1  47 
30 l E  7 2  4 8  
3 1  1 F  73  49 
32  20 74 4A 
33 2 1  7 5  4 8  
34 2 2  76 4C 
35 23  77  40 
36 24 78 4E 
37 25 79 4F 
38 26 80 50 
39 27  8 1  5 1  
40 28 8 2  5 2  
4 1  2 9  8 3  5 3  
42 2A 

Keyboard Scan Codes 
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Rear Panel 

Keyboard 
Connector 

5 - Pi n  D I N  Con nector 

Pin TTL Signal  S ignal  Level 

1 +Keyboard C lock +5 Vdc 

2 +Keyboard Data +5 Vdc 

3 -Keyboard Reset ( N ot u sed by keyboard) 

Power Supply Voltages Voltage 

4 Grou nd 0 

5 +5 Volts +5 Vdc 

Keyboard I nterface Connector Specifications 
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Expansion Unit 

The expansion unit option upgrades the IBM Personal Computer 
by adding expansion slots in a separate unit. This option consists 
of an extender card, an expansion cable, and the expansion unit. 
The expansion unit contains a power supply, an expansion board, 
and a receiver card. This option utilizes one expansion slot in the 
system unit to provide seven additional expansion slots in the 
expansion unit . 

Expansion Unit Cable 

The expansion unit cable consists of a 56-wire , foil-shielded cable 
terminated on each end with a 62-pin D-shell male connector. 
Either end of the expansion unit cable can be plugged into the 
extender card or the receiver card. 

Expansion Board 

The expansion board is a support board that carries the 1/0 
channel signals from the option adapters and receiver card. These 
signals , except 'osc, '  are carried over the expansion cable .  
Because 'osc ' i s  not sent over the expansion cable , a 
1 4. 3 1 8 1 8-MHz signal is generated on the expansion board. This 
signal may not be in phase with the 'osc' signal in the system unit . 

Decoupling capacitors provided on the expansion board aid in 
noise filtering. 
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Expansion Board Block Diagram 
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Expansion Channel 

All signals found on the system unit's 1/0 channel will be 
provided to expansion slots in the expansion unit, with the 
exception of the 'osc' signal and the voltages mentioned 
previously . 

A 'ready' line on the expansion channel makes it possible to 
operate with slow 1/0 or memory devices . If the channel 's '1/0 
ch rdy' line is not activated by an addressed device , all processor
generated memory cycles take five processor clock cycles per byte 
for memory in the expansion unit . 

The following table contains a list of all the signals that are 
redriven by the extender and receiver cards , and their associated 
time delays . The delay times include the delay due to signal 
propagation in the expansion cable . Assume a nominal cable 
delay of 3 ns . As such, device access will be less than 260 ns . 

Nomina l  Max imum 
Delay Delay 

Signal  ( ns)  ( ns) D i rection ( * )  

A O  - A 1 9 27  39 O utput  
AEN 27 39 O u tput  
DACKO - DACK3 27  39 O u tput  
M E M R  2 7  39 O u tput  
M E MW 5 1  7 5  O u tput  
I O R  5 1  75 O utput  
IOW 27 39 O u tput  
ALE 27  39 O u tput  
C LK 27  39 O u tput  
TIC 27 39 O u tput  
R E SET 27 39 O u tput  
I R Q2 - I R Q7 3 6  ( * * ) I n p ut 
D R Q 1  - D RQ3 36 ( 0 4 ) I n p u t  
1/0 C H  R DY 3 6  5 1  I n p ut 
1 / 0  CH CK 3 6  5 1  I n put  
DO - D7 (Read )  84 1 3 3 I n p u t  
DO - D7 (Wr ite) 1 9  27  O utput  

( * ) With respect to the  system u n i t .  

( . .  ) Asynchronous n a t u r e  o f  i nterru pts a n d  o t h e r  requests are more dependent on  
processor recog n i t ion  t h a n  e lect r ica l  s i g n a l  propagat ion  t h ro u g h  expa ns ion 
log ic .  
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Power Supply 

The expansion unit de power supply is a 1 30-watt, 4 voltage level 
switching regulator. It is integrated into the expansion unit and 
supplies power for the expansion unit, and its options . The supply 
provides 1 5  A of +5  Vdc, plus or minus 5%, 4 .2A of + 1 2  Vdc, 
plus or minus 5%,  300 mA of -5 Vdc, plus or minus 1 0%, and 
250 mA of - 1 2  V de, plus or minus 1 0%.  All power levels are 
regulated with over-voltage and over-current protection. The input 
is 1 20 Vac and fused. If de over-load or over-voltage conditions 
exist, the supply automatically shuts down until the condition is 
corrected. The supply is designed for continuous operation at 
1 30 watts . 

The power supply is located at the right rear of the expansion unit . 
It supplies operating voltages to the expansion board, and provides 
two separate connections for power to the fixed disk drives . The 
nominal power requirements and output voltages are listed in the 
following tables :  

Voltage Frequency Cu rrent 
(Vac at 50/60 H z ) ( H z ) {Amps) 

Nominal  I M i n i m u m  I Maximum +/- 3 Hz Maximum 

1 1 0 I 90 I 1 37 50/60 4. 1 at 90 Vac 

I nput Requ i rements 

Voltage Current Regulation 
(Vdc) (Amps) (Tolera nce) 

Nominal  Min imum Maximum +% -% 

+5.0 2 . 3  1 5 .0  5 4 
-5.0 0 .0 0 .3  1 0  8 

+ 1 2.0 0 .4 4. 2 5 4 
- 1 2.0 0.0 0 .25  1 0  9 

Vdc Output 

Voltage C u rrent Voltage Li mits 
{Vaci (Amps) (Vaci 

Nominal  M i n i m u m  I Maximum M i n i m u m  I Maximum 

1 20 0 .0 I 1 .0 88 I 1 37 

Vac Output 
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Power Supply Connectors and Pin Assignments 

The power connector on the expansion board is a 1 2-pin male 
connector that plugs into the power-supply connectors . The pin 
configurations and locations are shown below: 

c: c: c: c:  c: c: c: c:  
a: a: a: a: a: ii: ii: ii: 

Q) > · ;:  0 "' ..:.: 0 "' .. ·- (,,) 0 Q) c: "O c: Q) 0 .� C..) u.. ... 
� Q) 
0 � ... a.. 

Power Supply and Connectors 

"' 0 .. (,,) Q) c: c: c: 0 0 
· - C..) "' ... c: Q) � � )( 0 w a.. 

0 
.. .. ·c: � :::> c: (S) c: c: 0 0 ·u; C..) c: ... "' Q) c. � 

/�� ' (S) <( � 
C! � ... c: 

• 0 (,,) C..) > a; 0 � N 0 ... a.. 
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O ver-Voltage/Over-Current Protection 

Voltage Nomina l  Vac Type Protection R ating Amps 

1 1 0 Fuse 5 

Power On/Off Cycle: When the supply is turned off for a 
minimum of 1 .0 second, and then turned on, the power-good 
signal will be regenerated. 

The power-good signal indicates that there is adequate power to 
continue processing. If the power goes below the specified levels , 
the power-good signal triggers a system shutdown. 

This signal is the logical AND of the de output-voltage sense 
signal and the ac input voltage fail signal . This signal is 
TTL-compatible up-level for normal operation or down-level for 
fault conditions . The ac fail signal causes power-good to go to a 
down-level when any output voltage falls below the regulation 
limits . 

The de output-voltage sense signal holds the power-good signal at 
a down level (during power-on) until all output voltages have 
reached their respective minimum sense levels . The power-good 
signal has a turn-on delay of at least 1 00 ms but no greater than 
500 ms . 

The sense levels of the de outputs are : 

Output M i n i m u m  Sense Voltage N o m i nal Maximum 
(Vdc) (Vdcl (Vdc) (Vdc) 

+5 +4 . 5 + 5.0 +5.5 
-5 -4 . 3  -5 . 0 -5 . 5  

+ 1 2 + 1 0 .8 + 1 2.0 + 1 3 . 2  
- 1 2  - 1 0. 2 - 1 2.0 - 1 3 . 2  
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Extender Card 

The extender card is a four-plane card. The extender card redrives 
the 1/0 channel to provide sufficient power to avoid capacitive 
effects of the cable. The extender card presents only one load per 
line of the 1/0 channel . 

The extender card has a wait-state generator that inserts a 
wait-state on 'memory read' and 'memory write ' operations 
(except refreshing) for all memory contained in the expansion 
unit. The address range for wait-state generation is controlled by 
switch settings on the extender card. 

The DIP switch on the extender card should be set to indicate the 
maximum contiguous read/write memory housed in the system 
unit. The extender card switch settings are located in "Appendix 
G: Switch Settings . "  Switch positions 1 through 4 correspond to 
address bits hex A 1 9  to hex A 1 6 , respectively . 

The switch settings determine which address segments have a wait 
state inserted during 'memory read' and 'memory write ' 
operations . Wait states are required for any memory, including 
ROM on option adapters , in the expansion unit. Wait states are 
not inserted in the highest segment, hex addresses FOOOO to 
FFFFF (segment F) .  
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Extender Card Programming Considerations 

Several registers associated with the expansion option are 
programmable and readable for diagnostic purposes . The 
following figure indicates the locations and functions of the 
registers on the extender card. 

Location Function 

M e mory FXXXX( * )  Write t o  memory to l a t c h  address bits 
Port 2 1 0  Write to latch expa ns ion  b u s  data (E DO - E D7 ) 
Port 2 1 0 Read to verify expa ns ion b u s  data ( E DO - E D7 ) 

Port 2 1 1 Read h i g h -order  address b its (A8 - A 1 5 ) 

Port 2 1 1 Write to c lear  wa it  test latch 
Port  2 1 2  Read low-order address b its (AO - A7) 

Port 2 1 3  Write 00 to d isa b le  expa ns ion  u n i t  

Port 2 1 3 Write 0 1  to enab le  expa ns ion  u n i t  
Port 2 1 3  R ead status  of expa ns ion  u n i t  

DO = e nab le/d i sa b l e  
0 1  = wa it -state req uest f l ag  
D 2 - D 3  = not used 
D4- D7 = switch pos i t ion  

1 = Off 
O = O n 

( * )  Exa m p l e :  Write t o  memory l ocat ion  F 1  2 3 :4=00 
Read Port 2 1 1 = 1 2 
Read Port 2 1 2 = 34 

(Al l  va l ue s  in hex) 

The expansion unit is automatically enabled upon power-up. The 
extender card and receiver card will both be written to, if the 
expansion unit is not disabled when writing to FXXXX. However, 
the system unit and the expansion unit are read back separately . 
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Control Bus Control / ff f Bus // 

Buffer 1 / 0  CH R O Y  

AO-A 1 9 

en ::i m 
E � 
en > (/) 

D0-07 

,..--

--

-

M E MW, l'iiiE"iinR.DACKO 

Add ress 
Buffer 

Data 
Buffer 

A 1 6-� 
; ; ; 
� 

� 

D I R  ENABLE 

Extender Card Block Diagram 

- ...... 
Wait- State AO-A9 1 / 0  Address -

"'"""'··� � 
Decode 

'//. . � en 
':" "V :;· () 0 , p ::i ::i .. � � Data Latch Q r 

and Disable :?Z2 Circu its l I 
EXT D I SABLE 

, .  
' ,,,,,,,,, 
T 

L Bus Direction 
and Enable 
Control 

-
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R eceiver Card 

The receiver card is a four-plane card that fits in expansion slot 8 
of the expansion unit. The receiver card redrives the 1/0 channel 
to provide sufficient power for additional options and to avoid 
capacitive effects . Directional control logic is contained on the 
receiver card to resolve contention and direct data flow on the 1/0 
channel . Steering signals are transmitted back over the expansion 
cable for use on the extender card. 

Receiver Card Programming Considerations 

Several registers associated with the expansion option are 
programmable and readable for diagnostic purposes.  The 
following figure indicates the locations and functions of the 
registers on the receiver card. 

Location Function 

M e mory FXXXX( * )  Write to memory to latch address b its 
Port 2 1 4  Write to latch data bus  b its ( DO - 07)  
Port  2 1 4  Read data bus  bits ( DO - 07)  
Port 2 1 5 R ead h i g h -order  address bits (AS - A 1 5 )  
Port 2 1 6 R ead low-order address b its (AO - A7) 

( * ) Exa mp l e :  Write t o  memory l ocat ion  F l  23 :4=00 
Read Port 2 1 5 = 1 2 
Read Port 2 1 6 =34 

(Al l va l u e s  in hex) 

The expansion unit is automatically enabled upon power-up. The 
expansion unit and the system unit will be written to, if the 
expansion unit is not disabled when writing to FXXXX. However, 
the system unit and the expansion unit are read back separately . 
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Control  B u s  Control  , / ,, ////// B u s  // , , / // /// / .//// 

B uffer __, 

\ I 

� /� B u s  D i rect ion 

a n d  Enable ..__ 
C o ntrol 

, 

L , 
m >< 

E D O - D 7  Data ..,, "' [// // B u s  //// /// :l " en "' B uffer 0 c: :l c: 0 (") u / ,,. c: "' :l ii: / 22 :l 
N Data Latch z !!. <D .. C i r c u it 

" 
/ .. � 
v t:: .. 

/z4 1 / 0  A d d ress :zzz Decode 

� � Control  S i g n a l  

'/ 
AO- A 1 9 

" //// ,, ,, A d d ress I/// , , , ,, '// , / 
B uffer 

- -

Receiver Card Block Diagram 
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E xpansion Unit Interface Information 

The extender card and receiver card rear-panel connectors are the 
same. Pin and signal assignments for the extender and receiver 
cards are shown below. 

21 �@ • • • • • • • • • • • • • • • • • • •  @ 1 1  42 @ • • • • • • • • • • • • • • • • • • • @ 22 62 @ • • • • • • • • • • • • • • • • • • @ 43 
Pin Signal  Pin Signal  P in Signal  

1 +E I R Q6 22  +E 05 43 +E I R 07 
2 +E DRQ2 2 3  +E D R Q 1  44 +E 06 
3 +E D I R  24 +E D R03 45 +E 1/ 0 C H  R OY 
4 +E E N A B LE 25  R E S E RVED 46 +E I R 03 
5 +E C LK 26 +E ALE 47 +E 07 
6 -E M E M  I N  EXP 27 +E TIC 48 +E D 1  
7 +E A 1 7 28 +E R ESET 49 -E 1/0 C H  CK 
8 +E A 1 6 29 +E A E N  50 +E I R 02 
9 +E A5 30 +E A 1 9 5 1  + E  DO 

1 0  -E  DACKO 3 1  + E  A 1 4 5 2  +E 02 
1 1  + E A 1 5 3 2  +E A 1 2 53 +E 04 
1 2  +E A 1 1 33 +E A 1 8 54 +E I R 05 
1 3  +E A 1 0 34 -E M E M R  5 5  +E I R Q4 
1 4  +E A9 35 -E M E MW 5 6  +E 03 
1 5  +E A 1  3 6  +E AO 57 G N D  
1 6  +E A3 37 -E DACK3 58 G N D  
1 7  -E  DACK 1  3 8  +E A6 59 G N D  
1 8  +E A4 39 -E I O R  6 0  G N D  
1 9  -E  DACK2 40 +E A8 6 1  G N D  
20 -E IOW 41  +E A2 62 G N D  
2 1  +E A 1 3 42 +E A7 

E = Extended 

Connector Specifications 
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IBM 80 CPS Printers 

The IBM 80 CPS (characters-per-second) Printers are self
powered, stand-alone, tabletop units . They attach to the system 
unit through a parallel signal cable, 6 feet in length. The units 
obtain ac power from a standard wall outlet ( 1 20 Vac ). The 
printers are 80 cps , bidirectional, wire-matrix devices .  They print 
characters in a 9 by 9 dot matrix with a 9-wire head. They can 
print in a compressed mode of 1 32 characters per line, in a 
standard mode of 80 characters per line , in a double width, 
compressed mode of 66 characters per line, and in a double width 
mode of 40 characters per line . The printers can print double-size 
characters and double-strike characters . The printers print the 
standard ASCII, 96-character, uppercase and lowercase character 
sets . A printer without an extended character set also has a set of 
64 special block graphic characters . 

The IBM 80 CPS Graphics Printer has additional capabilities 
including: an extended character set for international languages , 
subscript, superscript, an underline mode, and programmable 
graphics . 

The printers can also accept commands setting the line-feed 
control desired for the application. They attach to the system unit 
through the printer adapter or the combination monochrome 
display and printer adapter. The cable is a 25-lead shielded cable 
with a 25-pin D-shell connector at the system unit end, and a 
36-pin connector at the printer end. 
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1 1 1 Print Method : Ser ia l - i m pact dox matr ix  

12 )  Print Speed :  8 0  cps 

131 Print Direction:  B i d i rect i o n a l  wi th  log ica l  seek ing 

141 Number of Pins in Head : 9 

15 1 Line Spacing : 1 / 1 6  inch  (4 .23  m m )  or progra m mable  

16 1 Printing Characteristics 
Matr ix :  9 x 9  
Character Set :  F u l l  96-cha racte r ASCI I  with descenders 

p l u s  9 i nternat iona l characters/symbols .  
Graph ic  C h a racte r :  See  "Add it ion a l  Pr i nter Specif icat ions"  

17) Printing Sizes 

Maxi m u m  
Characters cha racters 

per  i nch  per inch  
Norma l :  1 0  80 
Doub le  Widt h :  5 40 
Compressed : 1 6 .5  1 3 2 
Doub le  Width-Compressed: 8 . 2 5  66  

181  Media Handling 
Paper Feed : Adj usta b le  sprocket p i n  feed 
Paper Width R a nge :  4 inch 1 1 0 1 . 6  mm)  to 10  i nch (254 mm)  
Copies :  O n e  or ig i n a l  p lus two carbon copies (tota l 

th ickness not to exceed .0.0 1 2  inch  (0. 3 
m m )) .  M i n i m u m  paper th ickness is 0.0025 
i nch (0.064 m m) .  

Paper  Path : Rear  
19)  Interfaces 

Sta ndard:  Para l l e l  8-bit  
Data and Control  L ines 

1 1 0) Inked R i bbon 
Color :  B lack 
Type :  Cartr idge 
L i fe Expecta ncy: 3 m i l l ion  characters 

( 1 1 ) Environmental Conditions 
Operat i n g  Temperat u re Ra nge:  4 1 to 95° F ( 5  to 3 5 ° C)  
Operat i ng H u m id ity: 1 0  to 80% non -conde ns ing  

( 1 2)  Power Requirement 
Voltage :  1 20 Vac, 6 0  Hz  
C u rrent :  1 A maxi m u m  
Power Consu m pt io n :  1 00 V A  maxi m u m  

( 1 3) Physical Characteristics 
H e ight :  4 . 2  i nches ( 1 07 mm)  
Widt h :  1 4 .7  i nches ( 3 7 4  m m )  
Depth :  1 2 .0 i nches (305 m m )  
We ight :  1 2  pounds (5 .5  kg)  

Printer Specifications 

\ 
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(6 )  Printing Characteristics 
I B M  80 CPS Matr ix  Pr i nter 
Graph ics :  

( 6 )  Printing Characteri stics 

64 block characters .  

IBM 80 CPS Graph ics Pr i nter Set 1 
Extra C h a racter Set :  

G r a p h ics :  

(7)  Pr int ing Sizes 

S u bscr ipt :  
S u perscr ipt :  

Additional Pri nter Specifications 

Add it ion a l  ASCI I  n u m bers 1 60 to 1 7 5 
conta i n  E u ropean cha racters . N u m bers 1 76 
to 223  conta i n  g raph ic  characters.  N u mbers 
224 to 239 conta i n  se l ected G reek 
c h aracters.  N u mbers 240 to 255 co nta i n  
m a t h  a n d  ext ra symbols .  

Set 2 
The d ifference i n  set 2 are ASCI I  n u m bers 3, 
4, 5,  6 ,  a nd 2 1 . ASCI I  n u m bers 1 28 to 1 75 
co nta i n  E u ropea n cha racters . 

There are 20 b lock cha racters a nd 
p rogra m m ab le  graph ics .  

C h a racters 
per i n c h  

1 0  
1 0  

M axi m u m  
cha racters 

per l i n e  
80 
80 
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Setting the DIP Switches 
There are two DIP switches on the control circuit board. In order 
to satisfy the user's specific requirements , desired control modes 
are selectable by the DIP switches. The functions of the switches 
and their preset conditions at the time of shipment are as shown in 
the following figures . 

D I P  Switch 2 D I P  Switch 1 

D 
0 

D D 0 D 
Location of Printer D I P  Switches 

Switch 
N u m ber Function On Off 

1 - 1 Not Appl icable - -

1 - 2 C R  Pr i nt O n l y  P r i n t  & 
Li ne Feed 

1 -3 B uffer F u l l  P r i n t  O n l y  P r i n t  & 
L ine  Feed 

1 -4 Ca ncel Code I n va l i d  Va l id  

1 - 5 De lete Code I n va l i d  V a l i d  

1 - 6 E r ror  B u zze r Sou nds Does Not 
Sound  

1 -7 C h a racter G e nerator N .A.  G r a p h i c  
Patterns 
S e l ect 

1 -8 S LCT I N  S i g n a l  F ixed Not F ixed 

Functions and Conditions of D I P  Switch 1 (Matr ix)  
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Switch Factory-Set 
N u m ber Fu nction On Off Condition 

2- 1 Not App l i cab le  - - O n  

2-2  Not  App l i cab le - - O n  

2 - 3  A u to Feed X T  S i g n a l  F ixed Not F ixed Off 
I ntern a l l y  I nterna l l y  

) 2-4 Cod i ng Table Se lect N A  Sta ndard Off 

Functions and Cond itions of D I P  Switch 2 (Matr ix)  

Switch Factory-Set 
N u m ber Function On Off Condition 

1 - 1 Not App l i cab le  - - On -
1 - 2 C R  Pr i nt O n l y  Pr int  & O n  

Li ne  Feed 

1 - 3 B uffer F u l l  Pr i nt O n l y  P r i n t  & Off 
L i n e  Feed 

1 -4 Ca ncel  Code I n va l i d Va l i d  Off 

1 - 5 N ot App l i cab le - - O n  

1 - 6 E r ror  B u zze r Sou nd Does Not On 
S o u n d  

1 - 7 Character G e n erator Set 2 Set 1 Off 

1 - 8 S LCT IN S i g n a l  F ixed Not F ixed On 
I nterna l l y  I ntern a l l y  

Functions and Cond itions of  DIP  Switch 1 (Graphics ) 

Switch Factory-Set 
N u m ber Function On Off Condition 

2- 1 Form Length 1 2  I nches 1 1  I nches Off 

2 -2  L i n e  Spac i ng 1 / B l n c h  1 /6  I nch Off 

2-3  Auto Feed XT S i g n a l  F ixed Not F ixed Off 
I nterna l l y  I ntern a l l y  

2 - 4  1 I nch  Sk ip  Over Perforat ion Va l i d  Not Va l i d  Off 

Functions and Conditions of D I P  Switch 2 (Graphics ) 

Printers 1 -95 



Parallel Interface Description 

Specifications : 

• Data transfer rate : 1 000 cps (maximum) 

• Synchronization: By externally-supplied STROBE pulses . 

• Handshaking ACKNLG or BUSY signals . 

• Logic level :  Input data and all interface control signals are 
compatible with the TTL level . 

Connector: Plug: 5 7-30360 (Amphenol) 

Connector pin assignment and descriptions of respective interface 
signals are provided on the following pages . 

Data transfer sequence :  

A C K N LG 
0 . 5  µ s  ( Min imum)  

0 . 5  µ s  ( M i n i m u m )  

0 . 5  µ s  ( M i n i m u m )  

Para l le l  I nterface Timing Diagram 
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Sig nal  R eturn 
Pin No.  P in  No.  S ignal  Di rection Descri ption 

1 1 9  STR O B E  I n  S T R O B E  p u lse to read 
data in.  P u l se width m u st 
be more t h a n  0 .5  µs at 
rece iv ing  term i n a l .  The 
s i g n a l  leve l is  norm a l l y  
" h i g h "; read - i n  o f  data is  
performed at the  " low" 
l evel of th is  s i g n a l .  

2 20 DATA 1 I n  These  s i g n a l s  represent 
3 2 1  DATA 2 I n  i nformat ion o f  t h e  1 st to 
4 22  DATA 3 I n  8t h bits o f  p a r a  I l e l  data 
5 23  DATA 4 I n  respect ive ly .  E a c h  s i g n a l  
6 24 DATA 5 I n  i s  at " ' h i g h "  level  when 
7 25  DATA 6 I n  data i s  log ica l  " 1 " and  
8 26 DATA 7 In  " low . . when log i c a l  "O. " 
9 27 DATA B I n  

1 0  28 ACK N LG Out  Approx imate ly 5 µs  p u lse; 
" low " ind icates that  data 
has been received a nd 
the pr i nter is ready to 
accept ot her data.  

1 1  29 BUSY Out  A "h igh"  s i g n a l  i n d icates 
that the  pr i nter can not 
receive data . The s i g n a l  
becomes " h i g h "  i n  t h e  
fol l owi ng cases:  
1 .  D u r i ng data e ntry.  
2 .  D u r i n g  pr int i n g  

operat i o n .  
3 .  In  "offl i ne"  state. 
4 .  D u r i n g  pr i nter error 

status .  

Connector Pin Assignment and Descri ptions of I nterface Signals 

(Part 1 of 3) 

Printers 1 -97 



Signal  Return 
Pin N o .  Pin N o .  Signal  D i rection Description 

1 2  30 PE Out A " h i g h "  s i g n a l  i nd icates 
that the pr i nter i s  out of 
pa per .  

1 3  - S LCT O u t  T h i s  s i g n a l  i nd icates t h at 
the pr i nter is in the 
se lected state.  

1 4  - AUTO In With this s i g n a l  being at 
F E E D  XT " l ow" leve l ,  the paper is 

a utomat ica l l y  fed one l i n e  
after  p r i nt i n g .  (The s i g n a l  
l evel can b e  f ixed to 
" l ow 

. .  w i t h  D I P  SW p i n  
2 -3  provided on the 
control  c i rcu i t  board . )  

1 5  - N C  Not used.  

1 6  - ov Log ic  G N D  leve l .  

1 7  - C HASS I S - - Pri nter chass is  G N D . I n  
G N D  the pr i nter, the  chass is  

GND a nd the log ic  G N D  
are i sol ated from each 
other .  

1 8  - N C  - Not used. 

1 9 -30 - G N D  - "Twisted- Pa i r  Ret u r n "  
s i g n a l ;  G N D  l eve l .  

3 1  - I N I T  In  When the leve l o f  th i s  
s i g n a l  becomes " l ow" the 
pr i nter contro l l e r  is  reset 
to its i n it i a l  state and the 
pr in t  buffer is  c leared. 
This s i g n a l  i s  norma l l y  at 
" h i g h "  l eve l .  a n d  its 
p u lse widt h  m u st be 
more tha n 50 µs at the  
rece iv ing  ter m i n a l .  

Connector Pi n Assignment a n d  Descriptions o f  I nterface Signals 

(Part 2 of 3) 
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Sig nal  Return 
Pin  N o .  P in  N o .  S igna l  D i rection Descriptio n  

32 E R R O R  O u t  T h e  leve l o f  t h i s  s i g n a l  
becomes ' ' low' "  w h e n  t h e  
pr i nter is  i n  ' "Paper E n d " "  
state. "Offl  i ne · ·  state a nd 
"Error ' "  state. 

33 - G N D  - S a m e  as with  p i n  
n u m bers 1 9  t o  30. 

34 - N C  - Not used.  

35 P u l led u p  to +5 Vdc 
through  4 .7  k -ohms 
res i sta nce.  

36 - S LCT I N  I n  Data e ntry t o  the pr i nter 
i s  poss i b l e  only when the 
l evel  of th is s i g n a l  is  
' " low."  ( I nter n a l  f ix ing  ca n 
be ca rr ied out with  D I P  
SW 1 - 8 .  T h e  condi t ion a t  
the  t i m e  o f  s h i p m e nt i s  
set " l ow' "  f o r  t h i s  s i g n a l . )  

N otes: 1 .  " ' D i rect ion · ·  refers to the  d i rect ion  o f  s i g n a l  f low as v iewed from 
the  pr i nter .  

2 .  "Ret u r n ' "  de notes "Twi sted- Pa i r  Ret u r n ' "  a nd i s  to be connected at 
s i g n a l -g round  l eve l .  
W h e n  w i r i n g  the i nterface. be s u re t o  u s e  a twi sted- pa i r  c a b l e  for 
each s i g n a l  a nd never fa i l  to complete connect i o n  on the  ret u r n  
s ide .  To p revent no ise effect i vely .  these cab les s h o u l d  b e  s h i e l ded 
a nd connected to the chass is  of the syste m u n it and pr i nter.  
respect ive ly .  

3 .  A l l  i nterface condit ions a re based  o n  TTL  leve l .  Both  the r ise and  
f a l l  t imes  of each s igna l  m u st be  less  t h a n  0 .2  µs . 

4. Data t ra nsfer m u st not be carr ied out by i g n o r i n g  the ACK N LG or  
B U S Y  s i g n a l .  ( Data tra n sfer to th is  pr i nter ca n be carr ied out  on ly  
a fter conf i r m i n g  the ACK N LG s i g n a l  or  when t h e  l evel  of the  
B U S Y  s igna l  i s  " low. ' " )  

Connector Pin Assignment and Descriptions of I nterface Signals  

(Part 3 of 3)  
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P rinter Modes for the IBM 80 C PS 
Printers 

The IBM 80 CPS Graphics Printer can use any of the 
combinations listed below, and the print mode can be changed at 
any place within a line . 

The IBM 80 CPS Matrix Printer cannot use the Subscript, 
Superscript ,  or Underline print modes .  The Double Width print 
mode will affect the entire line with the matrix printer. 

The allowed combinations of print modes that can be selected are 
listed in the following table. Modes can be selected and combined 
if they are in the same vertical column. 

Pri nter Modes 

N o r m a l  x x x 

Compressed x x x 

E m p h a s ized x x x 

Doub le  Str ike x x x 

S u bscr ipt x x x 

S u perscr ipt x x x 

Doub le  Width x x x x x x x x x 

U n der l i n e  x x x x x x x x x 
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Printer Control Codes 

On the following pages you will find complete codes for printer 
characters , controls ,  and graphics . You may want to keep them 
handy for future reference . The printer codes are listed in ASCII 
decimal numeric order (from NUL which is 0 to DEL which is 
1 27) .  The examples given in the Printer Function descriptions are 
written in the BASIC language . The "input" description is given 
when more information is needed for programming considerations . 

ASCII decimal values for the printer control codes can be found 
under "Printer Character Sets . "  

The descriptions that follow assume that the printer DIP switches 
have not been changed from their factory settings . 
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Printer 
Code 

N U L  

Printer Fu nction 

Nul l  
Used with E S C  B a nd ESC D as a l i st te r m i n ator .  NUL i s  a lso used 
with oth er  pr i nter control  codes to se lect opt ions  (for exa mp le, 
ESC S )  
Exa m p l e :  
LPA I N T  C H A S  (0); 

B E L  Bell 
Sou nds the pr i nter buzzer for 1 second.  
Exa mple :  
LPA I NT CHAS (7) ;  

HT Horizonta l  Tab 
Tabs to the  next hor izonta l tap stop. Tab stops are set with ESC D.  
N o  tab stops are set  when the pr i nter i s  powered o n .  ( G ra p h ics 
Pr i nter sets a tab stop every 8 col u m n s  when powered o n . )  
Exa m p l e :  
LPA I N T  C H A S  (9 ); 

LF Line Feed 
Spaces the  paper up one l i n e .  Li ne  spa c i n g  is 1 / 6 - i nch u n less 
reset by ESC A, ESC 0, ESC 1 ,  ESC 2 or  ESC 3. 
Exa m p l e :  
LPA I N T  C H A S ( 1 0); 

VT Vertical Tab 
Spaces t h e  paper to the next vert ica l tab pos i t ion .  ( G ra p h ics Pr i nter 
does not a l low vert ica l  tabs to be set; therefore, the VT code is 
t reated as  L F . )  
Exa m p l e :  
LPA INT C H A S  ( 1 1 ) ;  

FF Form Feed 
Adva nces the  paper to the top of the next page.  
N ote : The locat ion of the paper,  when the  pr i nter i s  powered on,  

dete r m i nes the top of the page .  The next top of page i s  1 1  
i nches from that  pos i t ion . ESC C ca n be used to cha nge the 
page le ngth .  

Exa m p l e :  
LPA I N T  C H A S  ( 1 2) ;  

CR Ca rriage Return 
Ends the l i n e  that the pr i nter i s  on  a nd pr i nts the data rema i n i ng in 
the pr i nter b uffer. (No L i n e  Feed operat ion ta kes p l ace. ) 
Note: IBM Person a l  Comp uter BASI C  adds a Li ne  Feed u n l ess 

1 28 is added [for exa mple ,  C H A S  ( 1 4 1  ) ] .  
Exa mp le :  
LPA I N T  CHAS ( 1 3) ;  

1 - 1 02 Printers 



) 

Printer 
Code 

so 

S I  

Printer Function 

Shift Out ( Double Width) 
Cha nges the pr i nter to the Doub le  Width p r i nt mode. 
Note: A Ca rr iage Return ,  L ine  Feed or  DC4 cancels  Doub le  Width  

p r i nt mode. 
Exa m p l e :  
LPR INT C H R $ ( 1 4); 

Shift In  (Compressed) 
Cha nges the pr i nter to the Compressed Cha racter pr in t  mode. 
Exa mp le :  
LPR INT C H R $ ( 1 5 ); 

DC1 Device Control 1 ( Printer Selected) 
(Graph ics Pr i nter ig nores D C 1 ) 
Pr i nter accepts data from the  syste m u n it .  Pr i nter D I P  switch 1 -8 
m ust be set to the Off pos i t ion .  
Exa mp le :  
LPR I NT C H R $ ( 1 7); 

DC2 Device Control 2 (Compressed Off) 
Stops pr in t ing  i n  the Compressed pr int  mode.  
Exa m p l e :  
LPR INT C H R ( l  8) ;  

DC3 Device Control 3 (Printer Deselected) 
(Graph ics Pr i nter ig nores DC3)  
Pr i nter does not  accept data  from the syste m u n i t .  The syste m u n it 
m ust have the pr i nter se lect l i n e  low, a nd D I P  switch 1 - 8 m ust be i n  
t h e  Off posit i o n .  
Exa m p l e :  
LPR INT C H R $( 1 9); 

DC4 Device Control 4 (Double Width Off) 
Stops pr in t ing  in the  Doub le  Width p r i nt mode.  
Exa mp le :  
LPR I NT C H R $ ( 20); 

CAN Cancel 
C l ears the pr i nter buffer. Control  codes, except SO, rem a i n  in effect . 
Exa mp le :  
LPR INT CHR$ (24); 

ESC Escape 
Lets the  pr i nter know that the  next data sent i s  a pr i nter comma nd. 
(See the fol lowi ng l i st of com ma nds . )  
Exa mp le :  
LPR INT C H R $(2 7); 
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Printer 
Code Printer Function 

ESC - Escape Minus ( U nderline) 
Fo rmat :  ESC -; n;  
(Graph ics Pr i nter o n l y) 
E S C  - fol lowed by a 1 ,  pr i nts a l l  of the fo l lowi n g  data with a n  
u nder l i ne. 
ESC - fo l lowed by a 0 (zero), ca ncels the U nder l i n e  p r i nt mode. 
Exa mp le :  
LPR INT C H R $ (27); C H R $(45); C H R $( 1 ) ;  

ESC O Escape Zero ( 1  /8- lnc.h Line Feeding) 
Cha nges paper feed i n g  to 1 /8 i nch .  
Exa mp le :  
LPR I N T  C H R $(27); C H R $ (48); 

ESC 1 Escape 1 (7/72-lnch Line Feeding) 
Cha nges paper  feed to 7172 inch .  
Exa mp le :  
LPR INT C H R $(27 ); C H R $(49); 

ESC 2 Esca pe Two (Starts Variable Line Feed ing) 
ESC 2 i s  an exec ut ion com m a nd for ESC A.  If no ESC A com m a nd 
has  been g i ve n ,  l i n e  feed i n g  ret u r n s  to 1 / 6 - i n c h .  
Exa mp le :  
LPR I N T  C H R $(27); C H R $( 50); 

ESC 3 Escape Three (Variable Line Feeding) 
Format :  ESC 3 ; n ;  
( G raph ics Pr i nter o n l y) 
Cha nges the  paper feed i n g  to n / 2 1 6 - i n c h .  The exa m p l e  be low sets 
the paper feed i n g  to 54/2 1 6 (1 /4) i n c h .  The va l u e  of n m u st be 
between 1 a nd 255 .  
Exa m p l e :  
LPR I N T  C H R $(27); C H R $ ( 5 1  ); C H R $( 54); 

ESC 6 Escape Six ( Select Character Set 2)  
( G raph ics Pr i nter o n l y) 
Se lects character set 2. (See "Pr i nter Cha racter Set 2. " )  
Exa mp le :  
LPR I NT C H R $(27); C H R $ (54); 

ESC 7 Esca pe Seven (Select Character Set 1 . ) 
( G raph ics Pr i nter on ly) 
Se lects character set 1 .  (See " Pr i nter Cha racter Set 1 .  " )  
Character set  1 i s  se lected when the  pr i nter is  powered on or  reset . 
Exa m p l e :  
LPR I N T  C H R $(27); C H R $ ( 55 ); 

ESC B Escape Eight ( Ignore Paper End) 
A l l ows the pr i nter to pr int to the  end of the paper .  The pr i nter 
i g nores the  Paper End switc h .  
Exa mp le :  
LPR I N T  C H R $(27 ); C H R $(56); 
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Printer 
Code 

ESC 9 

ESC < 

ESC A 

ESC B 

Printer Function 

Escape Nine (Ca ncel Ignore Paper End) 
Ca ncels the  Ig nore Paper End com ma nd.  E S C  9 i s  se lected when 
the pr i nter i s  powered on or  reset. 
Exa mp le :  
LPR INT C H R $(27 ); C H R $(5 7); 

Escape Less Than (Home Head) 
(Graph ics Pr i nter o n l y) 
The p r i nt head wi l l  ret u r n  to the  l eft m a rg i n  to pr i nt the  l i ne 
fol l owi ng E S C  <. T h i s  wi l l  occ u r  for one  l i n e  on ly .  
Exa m p l e :  
LPR INT C H R $(27 ); C H R $(60); 

Escape A (Sets Variable Line Feeding) 
Format :  ESC A; n ;  
Escape A sets the  l i ne-feed to n/72- i nch .  The exa m p l e  be low te l l s  
the  pr i nter to set  l i ne  feed i n g  to 24/72 - i n c h .  ESC 2 m u st be sent to  
the  pr i nter before the  l i n e  feed i n g  wi l l  cha nge.  For  exa m p l e, ESC 
A;24 (text) ESC 2 (text). The text fo l lowing  E S C  A;24 wi l l  space at  
the  p revious ly  set  l i ne-feed i ncrements .  The text fol l ow i n g  ESC 2 
w i l l  be pr i nted with  new l i n e-feed i ncrements of 24/72- i n c h .  Any 
i n crement betwee n  1 /72 a nd 85/72 may be used.  
Exa mp le :  
LPR INT C H R $(27); C H R $(65); C H R $( 24); C H R $(27 ); C H R $(50); 

Escape B (Set Vertical Ta bs) 
Format :  ESC B ; n 1 ; n2 ; . . .  nk; N U L; 
(Graph ics Pr i nter ig nores ESC B )  

� 

Sets vertic a l  tab stop posit ions .  Up to 64 vert ica l tab stop pos i t ions 
a re recog n i zed by the  pr i nter .  The n 's ,  in  the  format  above, a re used 
to i nd icate tab stop pos it ions .  Tab stop n u mbers m ust be rece i ved in  
ascend i n g  n u mer ic  o rder .  The tab stop n u m bers wi l l  not become 
va l i d  u n t i l  the N U L  code i s  entered.  Once vert ica l tab stops a re 
esta b l i shed, they wi l l  be va l i d  u nt i l  new ta b stops a re specif ied.  ( I f  
the pr i nter i s  reset or  powered Off, set  tab  stops are c leared . )  If no  
tab stop i s  set ,  the  Vert ica l  Tab comma nd behaves as  a L i n e  Feed 
com m a nd .  ESC B fol l owed o n l y  by N U L  wi l l  ca ncel  tab stops. The 
form length m ust be set by the ESC C com m a nd prior to sett i n g  
tabs .  
Exa mp le :  
LPR I NT CHR $ (27); CHR $ (66); C H  R $(  1 0); C H  R $ (20); C H  R $ (40); C H R  $(0); 
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Printer 
Code Printer Function 

ESC C Escape C (Set Lines per Page) 
Format :  ESC C ; n ;  
Sets the page l e n g t h .  The E S C  C com m a nd m u st h a v e  a va l u e  
fo l lowing i t  t o  spec ify the  length o f  p a g e  desi red. ( M ax i m u m  form 
l ength for the  pr i nter i s  1 27 l i nes . )  
The exa mple  be low sets the  page l e ngth to  55  l i nes .  The pr i nter 
defa u l ts  to 6 6  l i nes per  page when powered on or  reset .  
Exa mp le :  
LPR INT C H R $(27); C H R S(67); C H R $( 55);  

Escape C ( S et I nches per Page) 
Format :  E S C  C ; n ; m ;  
(Graph ics Pr i nter o n l y) 
Escape C sets t h e  length of the page i n  i nches .  Th i s  com m a nd 
req u i res a va l u e  of 0 (zero) for  n, a nd a va l u e  betwee n  1 a nd 22 for 
m. 
Exa m p l e :  
LPR INT C H R S(27); C H R $(67); C H R $(0); C H R $ ( 1 2) ;  

ESC O Escape D (Set Horizonta l  Tab Stops) 
Format :  ESC D ; n 1 ; n2 ; . . .  nk; N U L; 
Sets the hor izo nta l ta b stop posi t ions .  The exa mp le  be low s h ows 
the hor izonta l tab stop pos i t ions  set at  pr i nter col u m n  pos i t ions  of 
1 0, 20, a nd 40. They a re fol lowed by C H R $(0), the N U L  code. They 
m u st a lso be in ascen d i n g  n u mer ic  order  as  s h own .  Tab stops ca n 
be set betwee n  1 a nd 80. When i n  the  Compressed pr in t  mode, ta b 
stops c a n  be set up to 1 3 2 .  
The maxi m u m  n u mber of  tabs  that  c a n  be set  i s  1 1 2 . The Graph ics 
Pr i nter ca n have a max i m u m  of 28 t1:1b stops. The HT (C H R $(9) )  is 
used to execute a tab  operat i o n .  
Exa mp le :  
LPR I N T  C H R $(27 ); C H R $(68); C H R $( 1  O)C H R $ ( 20)CHR $(40); C H R $(0); 

ESC E Escape E (Emphasized) 
C h a nges the pr i nter to the E m p h a s i zed pr in t  mode. The speed of the 
pr i nter i s  red uced to h a lf speed dur ing the E m p h as i zed pr in t  mode .  
Exa mp le :  
LPR I N T  C H R $(27 ); C H R $(69); 

ESC F Escape F (Emphasized Off) 
Stops pr in t ing  i n  the Emphas ized pr in t  mode.  
Exa mple :  
LPR I N T  C H R $( 2 7 ); C H R $(70); 

ESC G Escape G ( Double Strike) 
Cha nges the  pr i nter to the Doub le  Str ike pr in t  mode.  The paper is 
spaced 1 /2 1 6  of an i nch  before the second pass of the p r i nt head.  
Exa m p l e :  
LPR INT C H R $(27); C H R $ ( 7 1  ) ;  
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Printer 
Code 

ESC H 

ESC J 

ESC K 

Pri nter Fu nction  

Escape H ( Double Strike Off) 
Stops pr in t ing  in the Doub le  Str ike mode. 
Exa m p l e :  
LPR INT C H R$(27); C H R $(72);  

Escape J (Set Variable Li ne Feeding) 
Format :  E SC J ; n ;  
(Graph ics Pr i nter o n l y) 
When ESC J i s  sent to the pr i nter,  the paper w i l l  feed i n  i ncrements 
of n/2 1 6 of an i nch .  The va l u e  of n m u st be betwee n  1 a nd 255 .  
The exa mple  be low g i ves a l i n e  feed of  50/2 1 6- i nc h .  E S C  J i s  
ca nceled after the l i n e  feed takes p lace .  
Exa mp le :  
LPR INT C H R$(27 ); C H R $(74); C H R $ (50); 

Escape K (480 Bit-I mage G raphics M ode) 
Format ESC K ;n 1 ; n2 ;v 1 ; v2; . . .  vk; 
(Graph ics Pr i nter on ly )  
Cha nges f rom the Text mode to  the B i t - I mage G ra ph ics mode .  n 1 
a nd n2 a re one byte, wh ich spec ify the n u mber of b i t - image data 
bytes to be tra nsferred. v1 through vk a re the bytes of the b i t - image 
data . The n u mber of  b i t - image data  bytes (k )  i s  e q u a l  to  n 1 +256n2 
a nd ca n not exceed 480 bytes.  At every hor izonta l pos i t ion .  each 
byte ca n p r i nt u p  to 8 vert ica l dots .  B i t - i mage data may be m i xed 
with text data on the sa me l i n e .  

Note: Ass i g n  va l u e s  to n 1 a nd n2 as fol l ows: 
n 1 represents va l u e s  from 0 - 255 .  
n2 represents va l u e s  f rom 0 - 1 x 256 .  

M S B  i s  most  s i g n if ica nt b i t  a nd LSB i s  least s i g n if icant  b i t .  

n2 I M S B  L S B  I 
1 5  1 4  1 3  1 2  1 1  1 0  9 8 

2 2 2 2 2 2 2 2 

n , I M S B  L S B  I 
7 6 5 4 3 2 1 0 

2 2 2 2 2 2 2 2 
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Data sent to the pr i nte r .  

Text (20 cha racters) ESC K n =360 B i t - i mage data Next data 

I n  text mode, 20 characters in text mode correspond to 1 20 b i t - image  
pos i t ions  (20 x 6 = 1 20).  The pr i nta b l e  port ion l eft i n  B i t - Image mode i s  360 
dot pos i t ions  (480 - 1 20 = 3 60).  

Data sent to the pr i nter .  

Data  A ESC K n 1 

Text Length of 
data data 

n2 

n 1 n2 

Data B Data C 

B i t -
i mage Text 
data data 

n 1 n2 

ESC K n , n2 Data D 

I Bi t -
Length  of i m age 
data data 

i-.--------- 480 b i t - image dot pos i t ions --------.. • 

Exa m p l e :  

TYPE B : G RA P H . TXT 
' O P E N  P R I N T E R  IN RAN DOM M O D E  WITH LEN GTH OF 255 

2 O P E N  "LPT 1  : " AS #1  
3 WIDTH "LPT 1  : " , 2 5 5  
4 P R I NT # 1 . C H R $( 1 3 ); C H R $ ( 1 0); 
5 S LAS H $ =C H R $ ( 1 )+C H R $(02)+C H R $(04)+ C H R $(08) 
6 S LAS H $ =S LAS H $ + C H R $ ( 1 6)+C H R $(3 2)+C H R $( 64)+C H R $ ( 1 28)+C H R $(0) 
7 GAP$=C H R $(0)+C H R $(0)+C H R $(0) 
8 N D OTS=480 
9 'ESC K N 1 N 2  
1 0  P R I N T  # 1 , C H R $ (27); "K"; C H R $ ( N DOTS M O D  256); C H R $ (F IX ( N D OTS/256)); 
1 1  ' S E N D  N D OTS N U M B E R  O F  BIT I MAG E BYTE S 
1 2  FOR 1 = 1  TO N D OTS/ 1 2  ' N U M B E R  OF S LA S H E S  TO P R I N T  U S I N G  

G RA P H I C S  
1 3  PR INT # 1 , S LA S H $ ; GAP$;  
1 4  N EXT I 
1 5  C LO S E  
1 6  E N D  

T h i s  exa m p l e  wi l l  g i ve y o u  a row o f  s l a s h e s  pr i nted i n  the  4 8 0  B i t - I mage mode. 
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Pri nter 
Code 

ESC L 

ESC N 

ESC 0 

ESC S 

ESC T 

ESC U 

Printer Fu nction 

Escape L (960 Bit-Image Gra phics Mode) 
Format :  ESC L; n 1 ; n2 ;v 1 ; v2 ; . . .  vk ; 
(Graph ics Pr i nter  o n ly)  
Cha nges from the  Text mode to the  B i t - I m a g e  G r a p h ics mode.  The 
i nput  i s  s i m i l a r  to ESC K .  The 960 B i t - I mage mode pr i nts at h a lf the  
speed of  the 480 B i t - I mage G r a p h ics mode,  but  ca n produce a 
denser  g raph ic  i m a ge.  The n u mber of bytes of b i t - image  Data (k )  i s  
n 1 + 256n2 but  c a n not exceed 960. n 1 i s  i n  the  ra nge o f  0 to 2 5 5 .  

Escape N (Set S k i p  Perforation) 
Format ESC N ; n ;  
(Graph ics Pr i nter o n ly)  
Sets the  Sk ip  Perforat ion  fu nct i o n .  The n u mber fol l owi ng ESC N 
sets the  va l u e  for the  n u mber of l i nes  of S k i p  Perfora t i o n .  The 
exa mple  s h ows a 1 2- l i ne sk ip  perforat i o n .  Th is  wi l l  pr int  54 l i nes 
a nd feed the paper  1 2  l i nes .  The va l u e  of n m ust be between 1 a n d  
1 2 7 .  ESC N m u st be reset a nyt i m e  the  p a g e  length ( E S C  C )  i s  
cha nged.  
Exa mp l e :  
C H R $ (27); C H R $ (78); C H R $( 1 2) ;  

Escape 0 (Ca ncel Skip Perforation) 
( G r a p h ics Pr inter  o n ly)  
Ca ncels  the  Sk ip  Perforat ion  fu nct i o n .  
Exa m p l e :  
LPR I N T  C H R $(27); C H R $ (79); 

Escape S (Subscript/S uperscript) 
Format :  ESC S ; n ;  
(Graph ics Pr i nter o n l y) 
Cha nges the pr i nter to the  S u bscr ipt p r i n t  mode when ESC S i s  
fol l owed by  a 1 ,  as  i n  the  exa mple  be low.  When ESC S i s  fol l owed 
by a 0 (zero), t h e  pr i nter wi l l  p r i n t  in the S u perscr ipt p r i n t  mode.  
Exa m p l e :  
L P R I N T  C H R $(27); C H R $(83); C H R $( 1 ) ;  

Escape T (Su bscript/Superscript Off) 
(Graph ics Pr inter  o n ly)  
The pr i nter  stops p r i n t i n g  i n  the  Su bsc r i pt o r  S u perscr i pt p r i n t  
mode.  
Exa m p l e :  
LPR INT C H R $(27); C H R $ (84); 

Escape U (Unidirectional Printing) 
Format :  ESC U ; n ;  
(Graph ics Pr i n te r  o n ly)  
The pr i nter wi l l  pr int  from l eft to r ight  fol l owi ng the input  of ESC 
U ;  1 .  When ESC U i s  fol l owed by a 0 (ze ro), t h e  left to r ight  p r i n t i n g  
operat ion i s  ca nceled .  The U n i d i rect i o n a l  p r i nt m o d e  ( E S C  U )  
e n s u res a more acc u rate pr i nt -start pos i t ion  for better p r i n t  q u a l i ty .  
Exa m p l e :  
LPR I N T  C H R $(27); C H R $(85); C H R $( 1  ) ;  
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Printer 
Code 

ESC W 

ESC Y 

ESC Z 

DEL 

Printer Fu nction 

Escape W (Double Width) 
Format:  ESC W; n ;  
(Graph ics Pr i nter o n ly) 
C h a nges the pr i nter to the Double Width pr int  mode w h e n  ESC W i s 
fo l lowed by a 1 .  Th is  mode is not ca nceled by a l i ne-feed operat ion 
a nd m u st be ca nceled with  ESC W fol lowed by a 0 (zero).  
Exa m p l e :  
LPR I NT C H R S(27); C H R S(87); C H R S( 1 ); 

Escape Y (960 Bit-Image Graphics Mode Normal Speed) 
Format:  ESC Y n 1 ; n2;v1 ;v2; . . .  vk; 
(Graph ics Pr i nter o n ly) 
C h a nges from the Text mode to the 960 B i t - I m a g e  G ra p h ics mode. 
The pr i nter pr i nts at norma l speed d u r i n g  this operat ion a nd can not 
pr int  dots on consecutive dot posit ions .  The i n p u t  of data is s i m i la r  to 
ESC L. 
Escape Z ( 1 920 Bit-Image Graphics Mode) 
Format:  ESC Z; n 1 ; n2;v1 ;v2; . . .  vk; 
(Graph ics Pri nter o n ly) 
C h a nges from the Text mode to the 1 920 B i t - I mage G r a p h ics mode. 
The i nput i s  s i m i la r  to the oth er B i t - I mage G r a p h ics modes. ESC Z 
ca n p r i n t  o n l y  every t h i rd dot pos i t i o n .  

Delete (Clear Printer Buffer) 
(Graph ics Pri nter ig nores D E L) 
C l e a rs t h e  pr i nter buffer .  Control codes, except SO,  sti l l  re m a i n  i n  
effect. D I P  switch 1 -5 m ust b e  i n  t h e  Off posit i o n .  
Exa m p l e :  
LPRINT C H R $ ( 1 27);  
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Matrix Pri nter Character Set (Part 2 of 2 )  
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I B M  Printer Adapter 

The printer adapter is specifically designed to attach printers with 
a parallel port interface , but it can be used as a general 
input/output port for any device or application that matches its 
input/output capabilities . It has 1 2  TTL-buffer output points , 
which are latched and can be written and read under program 
control using the processor In or Out instruction. The adapter also 
has five steady-state input points that may be read using the 
processor's In instructions . 

In addition, one input can also be used to create a processor 
interrupt. This interrupt can be enabled and disabled under 
program control . Reset from the power-on circuit is also ORed 
with a program output point, allowing a device to receive a 
power-on reset when the processor is reset. 

The input/output signals are made available at the back of the 
adapter through a right-angled, PCB-mounted, 25-pin, D-shell 
connector. This connector protrudes through the rear panel of the 
system or expansion unit , where a cable may be attached. 

When this adapter is used to attach a printer, data or printer 
commands are loaded into an 8-bit, latched, output port, and the 
strobe line is activated, writing data to the printer. The program 
then may read the input ports for printer status indicating when 
the next character can be written, or it may use the interrupt line 
to indicate "not busy" to the software . 

The output ports may also be read at the card's interface for 
diagnostic loop functions . This allows faults to be isolated 
between the adapter and the attaching device . 

This same function is also part of the combination IBM 
Monochrome Display and Printer Adapter. A block diagram of 
the printer adapter is on the next page . 
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Programming Considerations 

The printer adapter responds to five 1/0 instructions : two output 
and three input. The output instructions transfer data into 2 
latches whose outputs are presented on pins of a 25-pin D-shell 
connector. 

Two of the three input instructions allow the processor to read 
back the contents of the two latches . The third allows the 
processor to read the real time status of a group of pins on the 
connector. 

A description of each instruction follows . 

I B M  Monochrome Display & 
Printer Ada pter Printer Ada pte r 

Output  to add ress hex 3 B C  O u t p u t  t o  address h e x  3 7 8  

B i t  7 B i t  6 B i t  5 B i t  4 B i t  3 B i t  2 B i t  1 B i t  0 

P i n  9 Pi n 8 P in  7 P i n  6 P i n  5 P i n  4 P in  3 P i n  2 

The instruction captures data from the data bus and is present on 
the respective pins . These pins are each capable of sourcing 
2 .6 mA and sinking 24 mA. 

It is essential that the external device not try to pull these lines to 
ground. 

I B M  Monoch rome D i splay & 
Printer Ada pter  Printer Ada pter 

Output  to address hex 3 B E  Output  t o  address hex 37A 

- - --

B i t  4 B i t  3 B i t  2 B i t  1 B i t  0 

I R O  P i n  1 7  P i n  1 6  P i n  1 4  P i n  1 
E n a b l e  

Printer Adapter 1 - 1 1 9 



This instruction causes the latch to capture the five least 
significant bits of the data bus . The four least significant bits 
present their outputs , or inverted versions of their outputs , to the 
respective pins shown above . If bit 4 is written as 1 ,  the card will 
interrupt the processor on the condition that pin 1 0  transitions 
high to low. 

These pins are driven by open collector drivers pulled to +5 Vdc 
through 4. 7 k-ohm resistors . They can each sink approximately 
7 mA and maintain 0 .8  volts down-level . 

I B M  M o n ochrome Display & 
Pri nter Ada pter Printer  Ada pte r  

I nput  f rom address hex  3 B C  I n put  f r o m  address h e x  3 7 8  

This command presents the processor with data present on the 
pins associated with the out to hex 3BC . This should normally 
reflect the exact value that was last written to hex 3BC . If an 
external device should be driving data on these pins (in violation 
of usage ground rules)  at the time of an input, this data will be 
ORed with the latch contents . 

I B M  M o n ochrome D isplay & 
Printer Adapte r Printer  Ada pte r  

I n p u t  f rom add ress hex 3BD I n p u t  f rom address hex  379 

This command presents realtime status to the processor from the 
pins as follows . 

I B i t  7 B i t  6 I B it 5 B i t  4 B i t  3 B i t  2 B i t  1 B i t  0 

I P in  1 1  P i n  1 0  I Pi n 1 2 P i n  1 3  Pi n 1 5  - - -

1-120 Printer Adapter 
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I B M  M o n oc h rome Display & 
Printer Ada pter Pri nter Ada pter 

I n put  from address hex 3 B E  I n p u t  from address hex 37A 

This instruction causes the data present on pins 1 ,  1 4, 1 6 , 1 7 , and 
the IRQ bit to read by the processor .  In the absence of external 
drive applied to these pins , data read by the processor will exactly 
match data last written to hex 3BE in the same bit positions . Note 
that data bits 0-2 are not included. If external drivers are dotted 
to these pins , that data will be ORed with data applied to the pins 
by the hex 3BE latch. 

B i t  7 B i t  6 B i t  5 B i t  4 B it 3 B i t  2 B i t  1 B i t  0 
-- -- --

I R Q  P i n  1 7  P in  1 6  P i n  1 4  P i n  1 
E n a b l e  

Po r=O Po r=1  Por=O Po r=1  Por=1  

These pins assume the states shown after a reset from the 
processor.  

Printer Adapter 1 - 1 2 1  
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+ Data Bit  1 
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+Data Bit  7 

- Acknowledge 

+ B usy 

+P. End (out of paper) 

+Select 

- Auto Feed 

- Error 

- In itia l ize Printer 

- Select I nput 

Ground 

Connector Specifications 
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IBM Monochrome Display and 
Printer Adapter 

This chapter has two functions . The first is to provide the 
interface to the IBM Monochrome Display.  The second provides 
a parallel interface for the IBM 80 CPS Printer. This second 
function is fully discussed in the "IBM Printer Adapter" section. 

The monitor adapter is designed around the Motorola 6845 CRT 
controller module . There are 4K bytes of static memory on the 
adapter which is used for the display buffer. This buffer has two 
ports and may be accessed directly by the processor. No parity is 
provided on the display buff er. 

Two bytes are fetched from the display buffer in 5 5 3  ns , providing 
a data rate of l . 8M bytes/second. 

The monitor adapter supports 256 different character codes . An 
SK-byte character generator contains the fonts for the character 
codes . The characters , values , and screen characteristics are given 
in "Appendix C: Of Characters , Keystrokes ,  and Color ."  

This monitor adapter, when used with a display containing P39 
phosphor, will not support a light pen. 

Where possible , only one low-power Schottky (LS) load is 
present on any 1/0 slot . Some of the address bus lines have two 
LS loads . No signal has more than two LS loads . 

Characteristics of the monitor adapter are listed below: 

• 80 by 25 screen 

• Direct-drive output 

• 9 by 1 4  character box 

• 7 by 9 character 

• 1 8  kHz monitor 

• Character attributes 
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Programming Considerations 

The following table summarizes the 6845 internal data registers , 
their functions , and their parameters . For the IBM Monochrome 
Display ,  the values must be programmed into the 6845 to· ensure 
proper initialization of the device . 

I B M  Monochrome 
R egister Register Prog ra m D isplay 
N u m ber File U n it (Address i n  hex) 

RO Hor izonta l Tota l Cha racters 6 1  
R 1  Hor i zonta l D i sp l ayed C h a racters 50 
R2 Hor i zonta l Sync Pos i t ion Cha racters 52 
R3 Hor i zonta l Sync Widt h Cha racters F 
R4 Vert ica l  Tot a l  Cha racter Rows 1 9  
R5 Vert ica l  Tota l Adj ust Sca n L ine  6 
R6  Vert ica l D i sp layed Cha racter Row 1 9  
R7 Vert ica l Sync Pos i t ion  C h a racter Row 1 9  
RB I n ter l ace Mode - - - - - - - - 02 
R9 Max i m u m  Sca n L i n e  Sca n L ine  D 

Address 
R l O  C u rsor Sta rt Sca n L i n e  B 
R l  1 C u rsor End  Scan L i n e  c 
R 1 2  Sta rt Address ( H )  - - - - - - - - 00 
R 1 3  Sta rt Add ress ( L) - - - - - - - - 00 
R 1 4  C u rsor ( H )  - - - - - - - - 00 
R 1 5  C u rsor (L)  - - - - - - - - 00 
R 1 6  Reserved - - - - - - - - - -

R 1 7  Reserved - - - - - - - - - -

To ensure proper initialization, the first command issued to the 
attachment must be to send to CRT control port 1 (hex 3B8) ,  a 
hex 0 1 ,  to set the high-resolution mode . If this bit is not set, then 
the processor access to the monochrome adapter must never 
occur. If the high-resolution bit is not set, the processor will stop 
running. 

System configurations that have both an IBM Monochrome 
Display Adapter and Printer Adapter, and an IBM 
Color/Graphics Monitor Adapter, must ensure that both adapters 
are properly initialized after a power-on reset .  Damage to either 
display may occur if not properly initialized. 
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The IBM Monochrome Display and Printer Adapter supports 256 
different character codes . In the character set are alphanumerics 
and block graphics .  Each character in the display buffer has a 
corresponding character attribute . The character code must be an 
even address ,  and the attribute code must be an odd address in the 
display buff er. 

7 6 5 4 3 

7 6 5 4 3 

2 0 

2 0 

Character Code 
Even Address ( M )  

Attribute Code 
Odd Add ress ( M + 1 ) 

I I I I --------� �n��e:�::nd 

_ 

- - Backgrou n d  

'------------------ B l i n k  

The adapter decodes the character attribute byte as defined above. 
The blink and intensity bits may be combined with the foreground 
and background bits to further enhance the character attribute 
functions listed below. 

Background Foreg round 
R G B R G B Function 

0 0 0 0 0 0 N o n - D i sp l ay 
0 0 0 0 0 1 U nder l i ne 
0 0 0 1 1 1 Wh ite C h a racte r /B lack Background 
1 1 1 0 0 0 Reverse Video 
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The 4K display buffer supports one screen of 25 rows of 80 
characters , plus a character attribute for each display character. 
The starting address of the buffer is hex BOOOO. The display 
buffer can be read from using DMA; however, at least one 
wait-state will be inserted by the processor. The duration of the 
wait-state will vary , because the processor/monitor access is 
synchronized with the character clock on this adapter. 

Interrupt level 7 is used on the parallel interface .  Interrupts can be 
enabled or disabled through the printer control port. The interrupt 
is a high-level active signal . 

The figure below breaks down the functions of the 1/0 address 
decode for the adapter. The 1/0 address decode is from hex 3BO 
through hex 3BF . The bit assignment for each 1/0 address 
follows : 

1 / 0  Register 
Address Function 

380 Not Used 
3 8 1  N ot U sed 
382 N ot Used 
383 N ot Used 
384* 6845 I ndex Reg ister 
3 8 5 *  6845 Data Reg ister 
386 N ot Used 
387 N ot U sed 
388 CRT Contro l  Port  1 
389 Reserved 
3BA CRT Statu s  Port 
3 B B  Reserved 
3 B C  Para l l e l  D a t a  Po rt 
3 B D  Pr i nter Stat us  Port 
3 B E  Pr i nter Cont rol Port 
3 8 F  N ot Used 

*The 6845 I ndex a nd Data Reg i ste rs are 
u sed to program the C RT control ler  to 
i nterface the h i g h - resol ut ion I B M  
Monochrome D i sp lay .  

1 /0 Address and Bit Map 
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Bit 
N u m ber Fu n ction 

0 + H i g h  Resol u t ion  Mode 
1 Not Used 
2 Not Used 
3 +Video E n a b l e  
4 Not Used 
5 +Enab le  B l i n k  
6 ,7  Not  U sed 

6845 CRT Control Port 1 (Hex 388 )  

Bit 
N u m ber F u n ction 

0 +Hor izo nta l D r i ve 
1 Reserved 
2 Reserved 
3 +B lack/Wh ite Video 

6845 CRT Status Port ( Hex 3 BA)  

( 
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Rea r  Pane l  

At  Sta ndard TTL Levels 

Ground 

Ground 

Not Used 

Not Used 
I B M  
Monochrome Not Used 

D i splay + Intensity 

+Video 

+ H o rizonta l  

- Vertical  

1 

2 

3 

4 

5 

6 

7 

8 
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6 

9 

I B M  
Monochrome 
D i splay and 
Printer Ada pter 

Note :  S ignal  voltages are 0 . 0  t o  0 . 6  Vdc a t  d own level a n d  + 2 . 4  t o  3 . 5  
Vdc a t  h igh  leve l .  

Connector Specifications 
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Notes:  
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IBM Monochrome Display 

The high-resolution IBM Monochrome Display attaches to the 
system unit through two cables approximately 3 feet (9 1 4  
millimeters ) in length. One cable is a signal cable that contains the 
direct drive interface from the IBM Monochrome Display and 
Printer Adapter. 

The second cable provides ac power to the display from the 
system unit . This allows the system-unit power switch to also 
control the display unit. An additional benefit is a reduction in the 
requirements for wall outlets to power the system. The display 
contains an 1 1 -Y2 inch (283  millimeters) ,  diagonal 90° deflection 
CRT. The CRT and analog circuits are packaged in an enclosure 
so the display may either sit on top of the system unit or on a 
nearby tabletop or desk. The unit has both brightness and 
contrast adjustment controls on the front surface that are easily 
accessible to the operator. 

Operating Characteristics 

Screen 

• High-persistence green phosphor (P 39) .  

• Etched surface to reduce glare. 

• Size is 80 characters by 25 lines .  

• Character box is 9 dots wide by 1 4  dots high. 

Video Signal 

• Maximum bandwidth of 1 6 .25 7 MHz . 
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Vertical Drive 

• Screen refreshed at 50 Hz with 350 lines of vertical resolution 
and 720 lines of horizontal resolution. 

Horizontal Drive 

• Positive-level, TTL-compatibility at a frequency of 
1 8 .432 kHz. 
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IB M Color/Graphics Monitor 
Adapter 

The IBM Color/Graphics Monitor Adapter is designed to attach 
to the IBM Color Display,  to a variety of television-frequency 
monitors , or to home television sets (user-supplied RF modulator 
is required for home television sets ) .  The adapter is capable of 
operating in black-and-white or color. It provides three video 
interfaces : a composite-video port, a direct-drive port, and a 
connection interface for driving a user-supplied RF modulator. In 
addition, a light pen interface is provided. 

The adapter has two basic modes of operation: alphanumeric 
(A/N) and all-points-addressable graphics (APA).  Additional 
modes are available within the A/N and APA modes . In the A/N 
mode, the display can be operated in either a 40-column by 
25-row mode for a low-resolution monitor or home television, or 
in an 80-column by 25-row mode for high-resolution monitors . In 
both modes, characters are defined in an 8-wide by 8-high 
character box and are 7-wide by 7-high, with one line of 
descender for lowercase characters . Both uppercase and lowercase 
characters are supported in all modes . 

The character attributes of reverse video, blinking, and 
highlighting are available in the black-and-white mode . In the 
color mode , sixteen foreground and eight background colors are 
available for each character. In addition, blinking on a 

-

per-character basis is available . 

The monitor adapter contains 1 6K bytes of storage . As an 
example , a 40-column by 25-row display screen uses 1 000 bytes 
to store character information, and 1 000 bytes to store 
attribute/color information. This would mean that up to eight 
display screens can be stored in the adapter memory . Similarly , in 
an 80-column by 25-row mode , four display screens may be 
stored in the adapter. The entire 1 6K bytes of storage on the 
display adapter are directly addressable by the processor, which 
allows maximum software flexibility in managing the screen. 
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In A/N color modes,  it is also possible to select the color of the 
screen's border. One of s ixteen colors can be selected. 

In the AP A mode, there are two resolutions available : a 
medium-resolution color graphics mode ( 320 PELs by 200 rows) 
and a high-resolution black-and-white graphics mode (640 PELs 
by 200 rows ) .  In the medium-resolution mode, each picture 
element (PEL) may have one of four colors . The background 
color (color 0) may be any of the 1 6  possible colors . The 
remaining three colors come from one of the two 
software-selectable palettes . One palette contains green/red/ 
brown; the other contains cyan/magenta/white . 

The high-resolution mode is available only in black-and-white 
because the entire 1 6K bytes of storage in the adapter is used to 
define the on or off of the PELs . 

The adapter operates in noninterlace mode at either 7 or 1 4  MHz , 
depending on the mode of operation selected. 

In the A/N mode, characters are formed from a ROM character 
generator. The character generator contains dot patterns for 256 
different characters . The character set contains the following 
major groupings of characters : 

• 1 6  special characters for game support 

• 1 5  characters for word-processing editing support 

• 96 characters for the standard ASCII graphics set 

• 48 characters for foreign-language support 

• 48 characters for business block-graphics support (allowing 
drawing of charts , boxes , and tables using single and double 
lines)  

• 1 6  selected Greek characters 

• 1 5  selected scientific-notation characters 
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The color/graphics monitor adapter function is packaged on a 
single card. The direct-drive and composite-video ports are 
right-angle mounted connectors on the adapter, and extend 
through the rear panel of the unit. The direct-drive video port is a 
9-pin D-shell female connector. The composite-video port is a 
standard female phono-jack. 

) The display adapter is implemented using a Motorola 6845 CRT 
controller device. This adapter is highly programmable with 
respect to raster and character parameters . Therefore , many 
additional modes are possible with clever programming of the 
adapter. 
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Descriptions of Major Components 

Motorola 6845 CRT Controller 

This device provides the necessary interface to drive a raster-scan 
CRT. 

Mode Set Register 

This is a general-purpose, programmable , 1/0 register. It has 1/0 
ports that may be individually programmed. Its function in this 
attachment is to provide mode selection and color selection in the 
medium-resolution color-graphics mode . 

Display Buffer 

The display buffer resides in the processor-address space , starting 
at address hex B8000. It provides 1 6K bytes of dynamic 
read/write memory . A dual-ported implementation allows the 
processor and the graphics control unit to access the buffer. The 
processor and the CRT control unit have equal access to this 
buffer during all modes of operation, except in the high-resolution 
alphanumeric mode . In this mode, only the processor should 
access to this buffer during the horizontal-retrace intervals . While 
the processor may write to the required buffer at any time , a small 
amount of display interference will result if this does not occur 
during the horizontal-retrace intervals . 

Character Generator 

This attachment utilizes a ROM character generator. It consists of 
8K bytes of storage that cannot be read from or written to under 
software control . This is a general-purpose ROM character 
generator with three different character fonts . Two character fonts 
are used on the color/graphics adapter: a 7-high by 7-wide 
double-dot font and a 5-wide by 7-high single-dot font . The font is 
selected by a jumper (J.>3 ). The single-dot font is selected by 
inserting the jumper; the double-dot font is selected by removing 
the jumper. 
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Timing Generator 

This generator produces the timing signals used by the 6845 CRT 
controller and by the dynamic memory . It also resolves the 
processor/graphic controller contentions for accessing the display 
buffer. 

Composite Color Generator 

This generator produces base band video color information . 

Alphanumeric Mode 

Every display-character position in the alphanumeric mode is 
defined by two bytes in the regen buff er (a part of the monitor 
adapter), not the system memory. Both the color/graphics and the 
monochrome display adapter use the following 2-byte 
character/attribute format. 

D i splay-Character Code Byte Attribute Byte 

7 6 5 4 3 2 0 7 6 5 4 3 2 0 

The functions of the attribute byte are defined by the following 
table : 

Attri bute Function Attrib u te Byte 

7 6 5 4 

B R G B 

FG Background 

N o r m a l  B 0 0 
Reverse Video B 1 1 
N o n d i sp lay ( B lack)  B 0 0 
Nond isp lay (Wh i te) B 1 1 

I = H i g h l i g hted Foreg rou n d  (Cha racter) 
B = B l i nk i n g  Foreg ro und (Character) 
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The attribute byte definitions are : 

7 6 5 4 3 2 1 0 

I I I 
Foreground Color  

�- ______ .,.,... Intensity 

'---------: :�����=und Color 

In the alphanumeric mode , the display mode can be operated in 
either a low-resolution mode or a high-resolution mode . 

The low-resolution alphanumeric mode has the following features : 

• Supports home color televisions or low-resolution monitors 

• Displays up to 25 rows of 40 characters each 

• ROM character generator that contains dot patterns for a 
maximum of 25 6 different characters 

• Requires 2,000 bytes of read/write memory (on the adapter) 

• Character box is 8-high by 8-wide 

• Two jumper-controlled character fonts are available :  
5-wide by 7-high single-dot character font with one descender 
7-wide by 7-high double-dot character font with one descender 

• One character attribute for each character 

The high-resolution alphanumeric mode has the following 
features :  

• Supports the IBM Color Display or other color monitor with 
direct-drive input capability 

• Supports a black-and-white composite-video monitor 

• Displays up to 25 rows of 80 characters each 
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• ROM displays generator that contains dot patterns for a 
maximum of 256 different characters 

• Requires 4,000 bytes of read/write memory (on the adapter) 

• Character box is 8-high by 8-wide 

• Two jumper-controlled character fonts are available : 
5-wide by 7-high single-dot character font with one descender 
7-wide by 7-high double-dot character font with one descender 

• One character attribute for each character 

Monochrome vs Color/Graphics 
Character Attributes 

Foreground and background colors are defined by the attribute 
byte of each character, whether using the IBM Monochrome 
Display and Printer Adapter or the IBM Color/Graphics Monitor 
Adapter. The following table describes the colors for each 
adapter: 

Attribute Byte Monochrome Color /Graphics 
7 6 5 4 3 2 1 0 Disp lay Adaph!r Monitor Adapter 

B R G B I R G B Background Character Background Character 
FG Background Foreground Color Color Color Color 

B 0 0 0 I 1 1 1 B l ack  Wh ite B l ack  Wh i te 
B 1 1 1 I 0 0 0 Wh ite B lack  Wh i te B lack  
B 0 0 0 I 0 0 0 B l ack  B l ack  B lack  B l ack  
B 1 1 1 I 1 1 1 Wh ite Wh ite Wh i te Wh i te 

The monochrome display adapter will produce white characters 
on a white background with any other code . The color/graphics 
adapter will change foreground and background colors according 
to the color value selected. The color values for the various red, 
green, blue , and intensity bit settings are given in the following 
table . 
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R G B I Color  

0 0 0 0 B lack  
0 0 1 0 B l u e  
0 1 0 0 Green 
0 1 1 0 Cya n 
1 0 0 0 Red 
1 0 1 0 Mage nta 
1 1 0 0 Brown 
1 1 1 0 Wh ite 
0 0 0 1 Gray 
0 0 1 1 L ight  B l u e  
0 1 0 1 L ight  G reen 
0 1 1 1 L ight  Cya n 
1 0 0 1 L ight  Red 
1 0 1 1 L ight  Mage nta 
1 1 0 1 Yel low 
1 1 1 1 Wh i te ( H i g h  I n ten sity)  

Code written with an underline attribute for the IBM 
Monochrome Display, when executed on a color/graphics monitor 
adapter, will result in a blue character where the underline 
attribute is encountered. Also, code written on a color/graphics 
monitor adapter with blue characters will be displayed as white 
characters on a black background, with a white underline on the 
IBM Monochrome Display.  

Remember that not all monitors recognize the intensity (I) bit . 

G raphics Mode 

The IBM Color/Graphics Monitor Adapter has three modes 
available within the graphics mode . They are low-resolution color 
graphics , medium-resolution color graphics , and high-resolution 
color graphics . However, only medium- and high-resolution 
graphics are supported in ROM. The following table summarizes 
the three modes . 
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Mode Horizonta l  Vertical  N u m ber of Colors Ava i lab le  
( P E Ls )  ( R ows) ( I n c ludes Backgrou n d  Color)  

low Reso l ut ion 1 60 1 00 1 6  ( I n c l udes b lack-a nd-wh ite) 

Med i u m  320 200 4 Co lors Tota l 
Resol ut ion 1 of  1 6  for Background a nd 

1 of G reen,  Red, or Brown or  
1 of Cya n, Magenta, o r  Wh ite 

H i g h  Reso l ut ion 640 200 B l ack-a nd-wh ite o n l y  

Low-Resolution Color-Graphics Mode 

The low-resolution mode supports home television or color 
monitors . This mode is not supported in ROM. It has the 
following features :  

• Contains a maximum of 1 00 rows of 1 60 PELs ,  with each 
PEL being 2-high by 2-wide 

• Specifies 1 of 1 6  colors for each PEL by the I, R, G,  and 
B bits 

• Requires 1 6 ,000 bytes of read/write memory (on the adapter) 

• Uses memory-mapped graphics 

Medium-Resolution Color-Graphics Mode 

The medium-resolution mode supports home televisions or color 
monitors . It has the following features :  

• Contains a maximum of 200 rows of 320 PELs ,  with each 
PEL being I -high by 1 -wide 

• Preselects one of four colors for each PEL 

• Requires 1 6 ,000 bytes of read/write memory (on the adapter) 

• Uses memory-mapped graphics 

1 - 1 42 Color/Graphics Adapter 



• Formats 4 PELs per byte in the following table: 

7 6 5 4 3 2 0 

C 1  co C 1  co C 1  co C 1  co 

F i rst Second T h i rd Fourth 
D isp lay  D i sp lay  D i sp lay  D i sp lay 
PEL PEL PEL PEL 

• Organizes graphics storage in two banks of 8 ,000 bytes , using 
the following format : 

Memory 
Address 
(in hex) 

88000 

B9F3F 

BAOOO 

B B F 3 F  

B B F F F  

Fu nction 

Eve n Sca ns  
(0, 2 ,4 ,  . .  1 98)  
8,000 bytes 

Not Used 

Odd Sca ns  
( 1 , 3 , 5  . . .  1 99)  
8,000 Bytes 

Not Used 

Address hex B8000 contains PEL instruction for the upper-left 
corner of the display area. 

• Color selection is determined by the following logic: 

C 1  co Fu nction 

0 0 Dot ta kes on the color of 1 of 1 6  preselected background colors 

0 1 Selects f i rst co lor  of prese lected Co lor  Set 1 or Co lor  Set 2 

1 0 Selects second co lor  of p rese lected Color  Set 1 or Color  Set 2 

1 1 Selects t h i rd co lor  of preselected Color  Set 1 or Co lor  Set 2 
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C I  and CO will select 4 of I 6 preselected colors . This color 
selection (palette) is preloaded in an 1/0 port. 

Tow two colors sets are : 

Color Set 1 Color Set 2 

Color 1 i s  Green Co lor  1 i s  Cya n 
Color 2 is Red Co lor  2 i s  Magenta 
Color  3 is B rown Co lor  3 i s  Wh ite 

The background colors are the same basic 8 colors as defined 
for low-resolution graphics , plus 8 alternate intensities defined 
by the intensity bit, for a total of I 6 colors , including black and 
white . 

High-Resolution Black-and-White Graphics 
Mode 

The high-resolution mode supports color monitors . This mode has 
the following features :  

• Contains a maximum of 200 rows of 640 PELs , with each 
PEL being I -high by I -wide . 

• Supports black-and-white mode only. 

• Requires 1 6 ,000 bytes of read/write memory (on the adapter). 
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• Addressing and mapping procedures are the same as 
medium-resolution color graphics , but the data format is 
different. In this mode, each bit in memory is mapped to a 
PEL on the screen. 

• Formats 8 PELs per byte in the following manner: 

Fi rst Display P E L  

Second Display P E L  

Third Display P E L  

Fourth D i splay PE L 

Fifth D i splay P E L  

S i xth D i splay P E L  

Seventh D i splay P E L  

Eig hth Display P E L  

"" 
"" 
"" 
"" 
-

-

I I I I 
Description of Basic Operations 

In the alphanumeric mode , the adapter fetches character and 
attribute information from its display buff er. The starting address 
of the display buffer is programmable through the 6845 , but it 
must be an even address . The character codes and attributes are 
then displayed according to their relative positions in the buffer. 

( Even)  
Sta rti ng 
Ad d ress 

Memory 
Address 
( i n  hex)  

B8000 

B8001 

B8002 

B8003 

B 8 7 C E  

Last B87CF 
Add ress 

Di splay Buffer 

Character Code A 

Attri bute A 

Character Code B 
( Example of a 40 by 25 Screen )  

A B  
Attribute B 

x 

Character Code X Video Screen 

Attribute X 
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The processor and the display control unit have equal access to 
the display buffer during all the operating modes, except the 
high-resolution alphanumeric mode . During this mode, the 
processor should access the display buff er during the vertical 
retrace time. If it does not, the display will be affected with 
random patterns as the processor is using the display buffer . In the 
alphanumeric mode, the characters are displayed from a prestored 
ROM character generator that contains the dot patterns of all the 
displayable characters . 

In the graphics mode, the displayed dots and colors (up to 1 6K 
bytes ) are also fetched from the display buffer. The bit 
configuration for each graphics mode is explained in "Graphics 
Mode." 

I R G B Color 

0 0 0 0 B lack 
0 0 0 1 B l u e  
0 0 1 0 G reen 
0 0 1 1 Cya n 
0 1 0 0 Red 
0 1 0 1 Magenta 
0 1 1 0 Brown 
0 1 1 1 Wh ite 
1 0 0 0 G ray 
1 0 0 1 Light  B l ue 
1 0 1 0 Light  G reen 
1 0 1 1 Light  Cya n 
1 1 0 0 Light  Red 
1 1 0 1 Light  Magenta 
1 1 1 0 Yel l ow 
1 1 1 1 H i g h  I nte ns i ty Wh ite 

N ote : " I "  provides extra l u m i n a nce (br ig htness) to 
each ava i lab le  shade .  Th is  resu l ts i n  the 
l i ght  co lors l i sted above. except for  
m o n itors that do not  recog n i ze the " I"  b i t .  

Su mmary of Ava i lable Colors 
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Programming Considerations 

Programming the 6845 CRT Controller 

The 6845 has 1 9  accessible internal registers , which are used to 
define and control a raster-scan CRT display . One of these 
registers , the Index register, is actually used as a pointer to the 
other 1 8  registers . It is a write-only register, which is loaded from 
the processor by executing an 'out' instruction to 1/0 address hex 
3D4. The five least significant bits of the 1/0 bus are loaded into 
the Index register. 

In order to load any of the other 1 8  registers , the Index register is 
first loaded with the necessary pointer ; then the Data Register is 
loaded with the information to be placed in the selected register. 
The Data Register is loaded from the processor by executing an 
Out instruction to 1/0 address hex 3D5 . 

The following table defines the values that must be loaded into the 
6845 CRT Controller registers to control the different modes of 
operation supported by the attachment: 
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40 by 25 80 by 25 
Address Register  Reg i ster A lpha- A lpha- Graphic 

Reg ister Number Type U n its 1/0 numeric numeric Modes 

0 RO H o rizonta l  Character Write 38 71 38 
Total  O n l y  

1 R 1  H o rizonta l  Ch aracter Write 28 so 28 
D i sp l ayed O n l y  

2 R2 H o rizonta l  Character Write 2D SA 2D 
Sync Pos i t i on  O n l y  

3 R3 H o rizonta l  Character Write OA OA OA 
Sy nc Wid th  On ly  

4 R4 Vert i ca l  Total Cha racter Write 1 F  1 F  7F 
Row O n l y  

s RS Vert i ca l  Tota l  Scan Wr i te 06 06 06 
Adjust  L ine  O n l y  

6 R6 Vert i ca l  Character Write 1 9  1 9  64 
D i sp l ayed Row O n l y  

7 R7 Vert i ca l  Character Write 1 C  1 C  70 
Sync Pos i t i on  Row On ly  

8 RB In ter lace - Write  02 02 02 
M ode  On ly  

9 R9 M ax i m u m  Scan Wr i te 07 07 01 
Scan  L i n e  L i ne  On ly  
Add ress 

A R 1 0  Cursor  Start Scan Wr i te 06 06 06 
L ine  O n l y  

B R 1 1  Cu rsor  End  Scan  Wr i te  07 07 07 
L i ne  On ly  

c R 1 2  Start - Write  00 00 00 
Add ress (H )  On ly  

D R 1 3  Start - Write  00 00 00 
Add ress (L)  O n l y  

E R 1 4  C u rso r  - Read / xx xx xx 
Add ress (H )  Wr i te  

F R 1 S  C u rso r  - Read / xx xx xx 
Add ress (L)  Wr i te  

1 0  R 1 6  L i g ht Pen (H )  - Read xx xx xx 
O n l y  

1 1  R 1 7  L i g ht Pen (L) - Read xx xx xx 
O n l y  

Note: A l l  reg ister  v a l u e s  a r e  g i ven  i n  hexadec ima l  

6845 Register Descr iption 
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Programming the Mode Control and Status 
Register 

The following 1/0 devices are defined on the color/graphics 
adapter. 

Hex 
Address A9 AB A7 AH A5 A4 A3 AZ A l  AO Fu nction of Reg ister 

3D8 1 1 1 1 0 1 1 0 0 0 Mode  Contro l  Reg i ster (DO) 

3D9 1 1 1 1 0 1 1 0 0 1 Co l o r  Se lect  Reg i ster (DO) 

3DA 1 1 1 1 0 1 1 0 1 0 Status  Reg i ster ( D 1 )  

3DB 1 1 1 1 0 1 1 0 1 1 C l ear  L i gh t  Pen Latch 

3DC 1 1 1 1 0 1 1 1 0 0 Preset L i gh t  Pen Latch 

3D4 1 1 1 1 0 1 0 z z 0 6845 I ndex  Reg iste r 

3D5 1 1 1 1 0 1 0 z z 1 6845 Data Reg i ster 

300 1 1 1 1 0 1 0 z z 0 6845 Reg isters 

30 1  1 1 1 1 0 1 0 z z 1 6845 Reg i sters 

Z = don't care cond i t i on  

Color-Select Register 

This is a 6-bit output-only register (cannot be read).  Its 1/0 
address is hex 3D9, and it can be written to by using the 8088 
1/0 Out command. 
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Bi t  0 Se lects B ( B l ue )  Border Color  i n  40 x 25 Alpha n u mer ic  Mode 
Se lects B ( B l u e)  Backg round Color in 320 x 200 Graph ics Mode 
Se lects B ( B l ue )  Foreg rou nd Color in 640 x 200 G r a p h ics Mode 

Bit 1 Se lects G ( G reen)  Border Color  i n  40 x 25 A lpha nu mer ic  Mode 
Se lects G ( G reen )  Backg round Color in 320 x 200 Graph ics Mode 
Se lects G ( G reen)  Fo reg round Color  in 640 x 200 Graph ics Mode 

Bit 2 Se lects R (Red)  Border Color i n  40 x 25 A lpha n u mer ic  Mode 
Se lects R (Red) Background Color in 320 x 200 G r a p h ics Mode 
Se lects R (Red) Foreg round Color in 640 x 200 Graph ics Mode 

Bit 3 Se lects I ( I ntens if ied)  Border Color  i n  40 x 25 A lph a n u mer ic  Mode 
Se lects I ( I nten sif ied)  Background Color in 320 x 200 Graph ics Mode 
Se lects I ( I nte nsif ied)  Foreg round Color  in 640 x 200 G ra p h ics Mode 

Bit 4 Se lects Alternate,  I nte nsif ied Set of Colors i n  Graph ics Mode 
Se lects Backg ro u nd Co lors in the  A lpha n u mer ic  Mode 

Bit 5 Se lects Act ive Color  Set i n  320 x 200 G r a p h ics Mode 

B i t  6 Not Used 

Bit 7 Not Used 

Bits 0, 1 ,  2,  3 These bits select the screen's border color in the 
40 by 25 alphanumeric mode . They select the 
screen's background color (CO-C l ) in the 
medium-resolution ( 320 by 200) color-graphics 
mode . 

Bits 4 This bit, when set, will select an alternate, 
intensified set of colors . Selects background colors 
in the alphanumeric mode . 

Bit 5 This bit is only used in the medium-resolution 
( 320 by 200) color-graphics mode . It is used to 
select the active set of screen colors for the 
display .  

When bit 5 i s  set to 1 ,  colors are determined as  follows : 

C 1 co Set Selected 

0 0 Backgro u nd (Def ined by bits 0-3 of port hex 309)  
0 1 Cya n 
1 0 Magenta 
1 1 Wh ite . 
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When bit 5 is set to 0, colors are determined as follows : 

C 1  co Set Selected 

0 0 Background  (Def ined by b i ts 0-3 of port hex 309)  
0 1 G reen 
1 0 Red -
1 1 Brown 

Mode-Select Register 

This is a 6-bit output-only register (cannot be read). Its 1/0 
address is hex 3D8 ,  and it can be written to using the 8088 1/0 
Out command. 

The following is a description of the register's functions : 

Bit  0 80 x 25 A lpha n u mer ic  Mode 
B i t  1 Graph ics Se lect 
B i t  2 B lack/White Se lect 
B i t  3 Enab le  Video S i g n a l  
B i t  4 H i g h - Reso l ut ion (640 x 200) B l a ck/Wh ite Mode 
Bit 5 Cha nge Backg ro u nd I nten sity to B l i n k  B i t  
B i t  6 Not  Used 
Bit 7 Not Used 

Bit 0 A 1 selects 80 by 25 alphanumeric mode 
A 0 selects 40 by 25 alphanumeric mode 

Bit 1 A 1 selects 3 20 by 200 graphics mode 
A 0 selects alphanumeric mode 

Bit 2 A 1 selects black-and-white mode 
A 0 selects color mode 

Bit 3 A 1 enables the video signal at certain times when modes 
are being changed. The video signal should be disabled 
when changing modes . 
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Bit 4 A 1 selects the high-resolution (640 by 200) 
black-and-white graphics mode . One color of 8 can be 
selected on direct-drive sets in this mode by using register 
hex 3D9. 

Bit 5 When on, this bit will change the character background 
intensity to the blinking attribute function for 
alphanumeric modes . When the high-order attribute bit is 
not selected, 1 6  background colors (or intensified colors ) 
are available . For normal operation, this bit should be set 
to 1 to allow the blinking function. 

M ode Register Summary 

Bits 

0 1 2 3 4 

0 0 1 1 0 

0 0 0 1 0 

1 0 1 1 0 

1 0 0 1 0 

0 1 1 1 0 

0 1 0 1 0 

0 1 1 1 1 

z = do n 't care condit ion 

5 

1 

1 

1 

1 

z 
z 
z 

40 x 25 A lpha n u mer ic  B l ack-a nd-Wh ite 

40 x 25 A lpha n u mer ic  Co lor  

80 x 25 A lpha n u mer ic  B l ack-and-Wh ite 

80 x 25 A lpha n u mer ic  Color  

320 x 200 B l ack-a nd-White G r a p h ics 

320 x 200 Color  G r a p h ics 

640 x 200 B lack-a nd-Wh ite Graph ics 

Enable B l i n k  Attr ibute 

640 x 200 B lack-a nd-Wh ite 

Enab le  Video S i g n a l  

Se lect B lack-a nd-Wh ite Mode 

Se lect 320 x 200 Graph ics 

80 x 25 A l p h a n u mer ic  Se lect 

Note :  T h e  low-resol ut ion ( 1 60 b y  1 00) mode req u i res spec ia l progra m m i ng a nd i s  
set u p  a s  the  4 0  by 25  a l p h a n u mer ic  mode. 
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Status Register 

The status register is a 4-bit read-only register. Its 1/0 address is 
hex 3DA, and it can be read using the 8088  1/0 In instruction . 
The following is a description of the register functions : 

B i t  0 D i sp lay Enab le  
B i t  1 Light-Pen Tr igger Set 
Bit 2 Lig ht -Pe n  Switch M ade 
Bit 3 Vert ica l  Sync 
Bit 4 Not Used 
Bit 5 Not Used 
Bit 6 Not Used 
Bit 7 Not Used 

Bit 0 This bit, when active, indicates that a regen buffer memory 
access can be made without interfering with the display. 

Bit 1 This bit, when active, indicates that a positive-going edge 
from the light-pen has set the light pen's trigger. This 
trigger is reset upon power-on and may also be cleared by 
performing an 1/0 Out command to hex address 3DB. No 
specific data setting is required; the action is 
address-activated. 

Bit 2 The light-pen switch status is reflected in this status bit. 
The switch is not latched or debounced. A 0 indicates 
that the switch is on. 

Bit 3 This bit, when active, indicates that the raster is in a 
vertical retrace mode . This is a good time to perform 
screen-buffer updating. 

Sequence of Events for Changing Modes 

1 .  Determine the mode of operation. 

2 .  Reset 'video enable' bit in  mode-select register. 

3 .  Program 6845 to select mode. 

4.  Program mode/color select registers including re-enabling 
video. 
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Memory Requirements 

The memory used by this adapter is self-contained. It consists of 
l 6K bytes of memory without parity . This memory is used as 
both a display buff er for alphanumeric data and as a bit map for 
graphics data. The regen buffer's address starts at hex B8000. 

Read /Write Memory 
Address Space ( i n  hex)  

System 
Read/Write 
Memory 

D isplay B uffer 
( 1 6 K  Bytes) 

0 1 000 

AOOOO 

BBOOO 

BCOOO 

coooo 
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Rear Panel 

I B M  Color D 
or other D i re 
Monitor 

isplay 
ct- D rive 

Video 
Monitor 

-

At Sta ndard TTL Levels 

G round 1 

Ground 2 

Red 3 

G reen 4 

Blue 5 

I ntensity 6 

Reserved 7 

Horizontal  Drive 8 

Vertical D rive 9 

Com posite Phono Jack 
Hookup to M onitor 

Com posite Video Signal  of 
Approximately 1 . 5 Volts 

_ Peak to Peak Ampl itude 1 

Chassis G round 2 

Connector Specifications ( Part 1 of 2) 

9 

Color D i rect 
Drive 9- Pin 
D - S hel l  Con nector 

Color/G 
D i rect - D  
Ada pter 

ra phics 
r ive 

Color/G ra phics 
ite Jack Compos 
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P 1  (4-Pin  Berg Stri p )  

Color  I Gra phics 
Adapter 

R F  
M o  d ulator 

+ 1 2 Volts 

( key) N ot U sed 

Com posite Video Output 

Logic  G round 

RF Modulator Interface 

ht Lig 
Pe n 

-

- Light  Pen I n put 

( key) Not U sed 

- Light Pen Switch 

Chassis G round 

+5 Volts 

+ 1 2 Volts 

Light Pen Interface 

Connector Specifications (Part 2 of 2 )  
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Ada pte r  



I B M  Color Display 

The IBM Color Display attaches to the system unit by a signal 
cable that is approximately 5 feet ( 1 .5 meters ) in length. This 
signal cable provides a direct-drive interface from the IBM 
Color/Graphics Monitor Adapter. 

A second cable provides ac power to the display from a standard 
wall outlet . The display has its own power control and indicator. 
The display will accept either 1 20-volt 60-Hz , or 220-volt 50-Hz 
power. The power supply in the display automatically switches to 
match the applied power. 

The display has a 1 3-inch (340 millimeters ) CRT. The CRT and 
analog circuits are packaged in an enclosure so the display may sit 
either on top of the system unit or on a nearby tabletop or desk.  
Front panel controls and indicators include : Power-On control, 
Power-On indicator, Brightness and Contrast controls . Two 
additional rear-panel controls are the Vertical Hold and Vertical 
Size controls . 

Operating Characteristics 

Screen 

• High contrast (black) screen . 

• Displays up to 1 6  colors , when used with the IBM 
Color/Graphics Monitor Adapter. 

• Characters defined in an 8-high by 8-wide matrix . 

Video Signal 

• Maximum video bandwidth of 1 4  MHz. 

• Red, green, and blue video signals and intensity are all 
independent. 
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Vertical Drive 

• Screen refreshed at 60 Hz with 200 vertical lines of 
resolution. 

Horizontal Drive 

• Positive-level, TTL-compatibility, at a frequency of 
1 5 .75  kHz . 
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IBM 5- 1 /4" Diskette Drive Adapter 

The 5 - 1 /4 inch diskette drive adapter fits into one of the 
expansion slots in the system unit . It attaches to one or two 
diskette drives through an internal ,  daisy-chained flat cable that 
connects to one end of the drive adapter. The adapter has a 
connector at the other end that extends through the rear panel of 
the system unit. This connector has signals for two additional 
external diskette drives ;  thus the 5 - 1 /4 inch diskette drive adapter 
can attach four 5- 1 /4 inch drives - two internal and two external . 

The adapter is designed for double-density , MFM-coded, diskette 
drives and uses write precompensation with an analog phase-lock 
loop for clock and data recovery. The adapter is a general-purpose 
device using the NEC µPD765 compatible controller. Therefore , 
the diskette drive parameters are programmable . In addition, the 
attachment supports the diskette drive's write-protect feature . The 
adapter is buffered on the 1/0 bus and uses the system board's 
direct memory access (DMA) for record data transfers . An 
interrupt level is also used to indicate when an operation is 
complete and that a status condition requires processor attention. 

In general , the 5 - 1 /  4 inch diskette drive adapter presents a 
high-level command interface to software 1/0 drivers . A block 
diagram of the 5 - 1 /4 inch diskette drive adapter is on the 
following page . 
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Functional Description 

From a programming point of view, this attachment consists of an 
8-bit digital-output register in parallel with an NEC µPD765 or 
equivalent floppy disk controller (FDC). 

\ In the following description, drive numbers 0, 1 ,  2, and 3 are 
·' equivalent to drives A, B ,  C,  and D .  

Digital-Output Register 

The digital-output register (DOR) is an output-only register used 
to control drive motors , drive selection, and feature enable . All 
bits are cleared by the 1/0 interface reset line . The bits have the 
following functions : 

Bits 0 and 1 These bits are decoded by the hardware to 
select one drive if its motor is on: 

Bit 1 0 

0 0 
0 1 
1 0 
1 1 

Drive 

0 (A) 
1 (B) 
2 (C) 
3 (D) 

Bit 2 The FDC is held reset when this bit is clear. 
It must be set by the program to enable the 
FDC.  

Bit 3 This bit allows the FDC interrupt and DMA 
requests to be gated onto the 1/0 interface . If 
this bit is cleared, the interrupt and DMA 
request 1/0 interface drivers are disabled. 

Bits 4, 5 ,  6, and 7 These bits control, respectively , the motors of 
drives 0, 1 ,  2 (A, B ,  C) ,  and 3 (D). If a bit is 
clear, the associated motor is off, and the 
drive cannot be selected. 
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Floppy Disk Controller 

The floppy disk controller (FDC) contains two registers that may 
be accessed by the main system processor: a status register and a 
data register. The 8-bit main status register contains the status 
information of the FDC and may be accessed at any time . The 
8-bit data register (actually consisting of several registers in a 
stack with only one register presented to the data bus at a time) 
stores data, commands , parameters , and provides floppy disk 
drive (FDD)  status information. Data bytes are read from or 
written to the data register in order to program or obtain results 
after a particular command. The main status register may only be 
read and is used to facilitate the transfer of data between the 
processor and FDC. 

The bits in the main status register (hex 34F) are defined as 
follows : 

Bit 
N u mber Name Symbol Description 

D BO FOO A B u sy DAB FOO n u mber 0 i s  in the Seek mode. 

D B 1  F O O  B B u sy D B B  FOO n u mber 1 i s  i n  t h e  Seek mode.  

DB2 FOO C B u sy D C B  F O O  n u mber 2 i s  i n  the S e e k  mode.  

DB3 FOO D B usy D O B  F O O  n u mber 3 i s  i n  the S e e k  mode.  

DB4 F D C  B u sy C B  A read or  write com m a nd i s  i n  process . 

DBS N o n - O MA N D M  T h e  F D C  i s  i n  t h e  n o n - O MA mode.  
Mode 

DB6 Data I n put/ 010 I nd icates d i rect ion  of data tra nsfer 
O u tput  between FDC a nd processor. If 0 1 0  = " 1 , "  

then tra nsfe r i s  from F D C  data reg ister to 
the  p rocessor.  If 0 1 0  = "O, " t h e n  tra nsfer 
is from the p rocessor to FDC data reg iste r .  

DB7 Request for  RQM Ind icates data  reg ister i s  ready to send  or  
Master rece ive data to or  from the processor .  Both 

bits 0 1 0  a nd RQM s h o u l d  be used to 
perform the ha ndsh a k i n g  fu nct ions  of 
"ready" a nd "di rect ion"  to the processor .  
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The FDC is capable of performing 1 5  different commands . Each 
command is initiated by a multi-byte transfer from the processor, 
and the result after execution of the command may also be a 
multi-byte transfer back to the processor. Because of this 
multi-byte interchange of information between the FDC and the 
processor, it is convenient to consider each command as 
consisting of three phases:  

Command Phase 

The FDC receives all information required to perform a particular 
operation from the processor. 

Execution Phase 

The FDC performs the operation it was instructed to do. 

Result Phase 

After completion of the operation, status and other housekeeping 
information is made available to the processor. 
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Programming Considerations 

The following tables define the symbols used in the command 
summary, which follows . 

Symbol Name Description 

AO Add ress Line 0 AO contro ls  select ion of m a i n  status  
reg ister (AO = 0) or  data  reg ister (AO = 1 ) .  

c Cyl i nder N u mber  C sta nds for the c u r re nt/se lected cyl i nder 
(track)  n u mber of the medi u m .  

D Data D sta nds for the data pattern  that i s  go ing  
to be written i nto a sector .  

D 7 - DO Data B u s  8 - b i t  data bus ,  where D7 sta nds f o r  a 
m ost s i g n if ica nt b it, a nd DO sta nds for a 
least s ign if icant  b i t .  

DTL Data Length When N i s  def ined as  00, DTL sta nds for 
the data length that users are going to 
read from o r  wr ite to the sector .  

EOT End of Track EOT sta nds for the f i n a l  secto r n u mber on 
a cy l i nder .  

G P L  G a p  Length G PL sta nds for the length of g a p  3 
(spac ing  between sectors exc l u d i n g  VCO 
sync f ie ld ) .  

H Head Add ress H sta nds for head n u mber 0 o r  1 ,  as  
specif ied i n  ID  f ie ld .  

HD Head H D  sta nds for a se lected head n u m be r  0 
or 1 .  ( H  = H D i n  a l l  com m a nd word s . )  

H LT Head Load Ti me H L  T sta nds for the head load t i m e  i n  the 
F D D  (4 to 5 1 2 ms  i n  4-ms i ncre m e nts) .  

HUT Head U n l oad Ti me HUT sta nds for the head u n load t i m e  after 
a read or  write operat ion has occ ur red (0 
to 480 ms in 3 2 - m s  i ncre m ents) .  

MF FM o r  MFM Mode If  MF i s  low, FM mode i s  se lected; i f  i t  is 
h ig h ,  MFM m ode i s  se lected only i f  M FM 
is i mpl emented.  

M T  M u lt i -Trac k  If M T  i s  h i g h ,  a m u lt i -track operat ion i s  to 
be performed.  (A cyl i nder  u nder  both H DO 
a nd H D l  w i l l  be read or wr i tte n . )  

N N u mber N sta nds for the n u mber of  data bytes 
wri tte n in a secto r .  

Symbol Descri ptions ( Part 1 of 2) 
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Symbol Name Description 

N C N  N e w  Cyl i nder  N C N  sta nds for a n ew cyl i nder  n u mber ,  
N u mber  w h i c h  i s  g o i n g  to be reac h ed as  a res u l t  

o f  the  s e e k  operat i o n .  ( De s i red pos i t ion  of 
t h e  head . )  

N D  Non - D MA Mode N D  sta nds for opera t ion  in t h e  n o n - D M A  
mode.  

PCN Prese nt Cyl i nder  PCN sta nds for  cy l i nder  n u mber  at the  
N u mber  comp let ion  of se nse- i nter rupt -stat us 

com m a nd i nd icat ing  t h e  pos i t ion  of the 
head at p resent t i m e .  

R Record R sta nds for the  secto r n u mber ,  wh ich  
w i l l  be read  or  wr i tten .  

R/W Read/Write R/W sta nds for  e i t h e r  read (R)  o r  wr i te 
(W) s i g n a l .  

S C  Sector SC i nd icates the  n u mber  of sectors per  
cyl i nder .  

S K  S k i p  S K  sta nds f o r  s k i p  de leted-data address 
m a r k .  

S RT Step Rate T i m e  S RT sta nds for  the  ste pp i n g  rate f o r  the  
F D D  ( 2  to 3 2  ms i n  2 -ms i nc re m e nts) .  

ST 0 Sta tus  0 ST 0-3 sta nd for  one  of fou r reg i sters that  
ST 1 Sta tus  1 store the  stat us  i nformat ion after a 
ST 2 Sta tus  2 com m a nd has been exec uted.  T h i s  
ST 3 Sta tus  3 i nformat ion  is ava i l ab le  d u r i n g  the resu l t  

p h a se afte r com m a nd exec ut ion .  These 
reg i sters s h o u l d  not be confused wi th  the 
m a i n  sta t u s  reg i ster  (se lected by AO =0 ) . 

ST 0-3 may be read o n l y  afte r a comma nd 
has  been executed a nd conta i n  
i nformat ion  re l eva nt t o  that  part ic u l a r  
c o m m a n d .  

STP Sca n Test D u r i n g  a sca n operat i o n ,  i f  STP = 1 , the 
data i n  cont ig uous  sectors is compa red 
byte- by-byte with data sent from the  
p rocessor (or  D MA), a nd i f  STP =2, then  
a l ternate sectors a re read  a nd compa red.  

U SO, U n i t  Se lect U S  sta nds for a se lected d r i ve n u m be r  
US 1 encoded the  sa m e  as b i ts  0 a nd 1 of the  

d ig ita l output  reg i ste r ( D O R ) . 

Symbol Descri ptions ( Part 2 of 2 )  
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Command Summary 

In the following table ,  0 indicates "logical O" for that bit, 1 means 
"logical l ," and X means "don't care ."  

Data Bus 
Phase R / W  D7 D6 D5 D4 D3 D2 D1 DO R emarks 

Read Data 

C o m m a nd w M T  M F  S K  0 0 1 1 0 Co m m a nd Codes 
w x x x x x H D  U S 1  USO 
w c Sector I D  i nformat ion 
w H pr ior  to com mand 
w R exec ut ion .  
w N 
w EOT 
w G P L  
w DTL 

Exec ut ion Data t ra nsfer 
between the FDD 
a nd ma in  syste m .  

Resu l t  R ST O Status  i nformat ion 
R ST 1 after command 
R ST 2 exec ut ion . 
R c Sector I D  i nformation 
R H after com m a nd 
R R exec ut ion .  
R N 

Read Deleted Data 

Com m a nd w MT M F  S K  0 1 1 o ·  0 Com m a nd Codes 
w x x x x x H D  U S 1  USO 
w c Sector I D  i nformation 
w H pr ior  to com mand 
w R exec ut io n .  
w N 
w EQT 
w G PL 
w DTL 

Exec ut ion Data t ra nsfer 
betwee n  the FDD 
a nd ma in  syste m .  

Resu l t  R ST O Stat us  i nformat ion  
R ST 1 after com ma nd 
R ST 2 exec utio n .  
R c Sector I D  i nformat ion 
R H after com m a nd 
R R exec ut ion .  
R N 
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Data Bus 
Phase R / W  D 7  D 6  D 5  D 4  D 3  D 2  D 1  D O  Remarks 

Write Data 

Co m m a nd w MT MF 0 0 0 1 0 1 Co m m a nd Codes 
w x x x x x H D  U S 1  USO 
w c Sector I D  i nformat ion 
w H to com m a nd 
w R execut ion .  
w N 
w EQT 
w G PL 
w DTL 

Exec ut ion Data tra nsfer 
betwee n  the m a i n  
syste m a nd F D D .  

Resu l t  R ST O Stat us  i nformat ion 
R ST 1 after com m a nd 
R ST 2 execut ion .  
R c Sector I D  i nformat ion 
R H after com m a nd 
R R execut io n .  
R N 

Write Deleted Data 
Co m m a nd w MT MF 0 0 1 0 0 1 Com m a nd Codes 

w x x x x x H D  U S 1  U SO 
w c Sector I D  i nformat ion 
w H pr ior  to com m a nd 
w R execut io n .  
w N 
w EQT 
w G PL 
w DTL 

Exec ut ion Data tra nsfer 
between FDD a nd 
m a i n  syste m .  

Resu l t  R ST O Status  I D  i nformat ion 
R ST 1 after com m a nd 
R ST 2 exec utio n .  
R c Sector I D  i nformat ion 
R H after com m a nd 
R R exec ut ion . 
R N 
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Data Bus 
Phase R /W D7 D6 D 5  D4 D3 D2 D 1  DO Remarks 

Read a Track 
Com m a nd w 0 M F  S K  0 0 0 1 0 Com m a nd Codes 

w x x x x x H D  U S l  USO 
w c Sector I D  i nformation 
w H pr ior  to command 
w R exec ut i o n .  
w N 
w EOT 
w G PL 
w DTL 

Execut ion Data tra n sfer 
between the FDD 
a nd m a i n  syste m .  
FDC reads a l l  of 
cyl i nder 's  contents 
from i ndex hole to 
EOT. 

Resu l t  R ST O Stat us  i nformat ion 
R ST 1 after command 
R ST 2 exec ut ion . 
R c Sector I D  i nformation 
R H afte r command 
R R exec ut io n .  
R N 

Read I D  
Com m a nd w 0 M F  0 0 1 0 1 0 Com m a nd Codes 

w x x x x x H D  U S l  USO 
Exec ut ion The f i rst correct ID 

i nformat ion on the 
cyl i nder  i s  stored in  
data reg i ste r .  

Resu l t  R ST O Status  i nformation 
R ST 1 after command 
R ST 2 exec ut ion .  
R c Sector I D  i nformation 
R H d u r i ng exec ut ion 
R R phase .  
R N 
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Data Bus 
Phase R / W  D7 D6 D5 D4 D3 D 2  D 1  DO Remarks 

Format a Track 
Comma nd w 0 M F  0 0 1 1 0 0 Co m m a n d  Codes 

w x x x x x H D  U S 1 U SO 
w N Bytes/Sector 
w SC Sector /Track 
w G PL G a p  3 
w D f i l l e r  byte. 

Exec ut ion FDC formats an 
ent i re cy l i nder .  

Resu l t  R ST O Stat us i nformat ion  
R ST 1 after com m a n d  
R ST 2 exec ut ion .  
R c I n  t h i s  case, the I D  
R H i nformat ion  has no 
R R mea n i n g .  
R N 

Scan Equal 
Command w MT MF S K  1 0 0 0 1 Co m m a nd Codes 

w x x x x x H D  U S 1  USO 
w c Sector I D  i nformat ion 
w H pr ior  to com m a nd 
w R exec ut io n .  
w N 
w EOT 
w G PL 
w STP 

Exec ut ion Data compared 

between the F OO 
and the main  system. 

Resu l t  R ST O Status i nformati on 
R ST 1 after command 
R ST 2 execut ion .  
R c Sector I D  information 
R H after Command 
R R execut ion .  
R N 
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Data Bus 
Phase R / W  D 7  D 6  D S  D4 D3 D2 D1 DO Remarks 

Scan Low or Equal 
Com m a nd w M T  M F  S K  1 1 0 0 1 Com m a nd Codes 

w x x x x x H D  U S 1  USO 
w c Sector I D  i nformat ion 
w H pr ior  to command 
w R exec ut ion .  
w N 
w EQT 
w G P L  
w STP 

Execut ion Data compa red 
between the F D D  
a nd m a i n  system .  

Resu l t  R ST O Stat us  i nformat ion 
R ST 1 after command 
R ST 2 exec ut ion .  
R c Sector I D  i nformat ion 
R H after com m a nd 
R R exec ut io n .  
R N 

Scan High or Equal 
Com m a nd w MT M F  S K  1 1 1 0 1 Com m a nd Codes 

w x x x x x H D  U S 1  USO 
w c Sector I D  i nformat ion 
w H pr ior  to com mand 
w R exec ut io n .  
w N 
w EQT 
w G P L  
w STP 

Execut ion Data compared 
. 

between the FDD 
a nd ma in  system .  

Resu l t  R ST O Stat us  i nformat ion 
R ST 1 after com m a nd 
R ST 2 execut ion .  
R c Sector I D  i nformat ion 
R H after com m a nd 
R R exec ut ion .  
R N 

1 - 1 70 Diskette Adapter 



Data Bus 
Phase R / W  07 D6 DS D4 D3 D 2  D 1  D O  Rema rks 

Recal i brate 
Com m a nd w 0 0 0 0 0 1 1 1 Com m a nd Codes 

w x x x x x 0 U S 1  USO 
Exec ut ion Head retracted to 
No Resu l t  track 0 
Phase 

Sense Interrupt Status 
Command w 0 0 0 0 1 0 0 0 Com m a nd Codes 
Resu l t  R ST O Status  i nformat ion at 

R PCN the e nd of seek 
operat ion a bout the 
FDC 

Specify 
Com ma nd w 0 0 0 0 0 0 1 1 Com m a nd Codes 

w -SRT H UT -

w --- H LT N D  
N o  Res u l t  
Phase 

Sense Drive Status 
Com m a nd w 0 0 0 0 0 1 0 0 Com m a nd Codes 

w x x x x x H D  U S 1  U SO 
Resu l t  R ST 3 Stat us  i nformat ion 

about  FDD.  

Seek 
Co m m a nd w 0 0 0 0 1 1 1 1 Com m a nd Codes 

w x x x x x H D  U S 1  USO 
w N C N  

Exec ut ion Head i s  pos i t ioned 
ove r p roper cy l i nder 
o n  d i skette . 

No Res u l t  
Phase 

I nval id 
Co m m a nd w I n va l i d  Codes I n va l i d com ma nd 

codes (NoOp - FDC 
g oes i nto sta ndy 
state) .  

Res u l t  R ST O ST 0 = 80. 
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Bit 
N o .  Name Symbol Description 

07 07 = 0 a nd 06 = 0 
I nterrupt I C  N o r m a l  te r m i nat ion o f  com ma nd (NT) .  
Code Co m m a nd wa s completed a nd p rope r ly  

exec uted. 
D6 07 = 0 a nd D6 = 1 

Abnorm a l  te r m i nat ion of com m a nd (AT) . 
Exec ut ion of comma nd was sta rted, but  
wa s not  successf u l l y  completed. 
07 = 1 a nd 06 = 0 
I n va l id com m a nd issue ( IC ) .  Co m ma nd 
that wa s i ssued was never sta rted. 
D7 = 1 a nd 06 = 1 
Abnorm a l  te r m i nat ion beca use,  d u r i n g  
com m a nd exec ut ion ,  the  ready s i g n a l  
f r o m  F D D  cha nged state . 

05 Seek End S E  W h e n  t h e  F O C  completes the  seek 
comma nd, t h i s  f lag i s  set to 1 ( h ig h ) .  

D4 Eq u ipment  E C  If a fa u l t  s i g n a l  i s  rece ived f r o m  t h e  
Check FOO,  o r  i f  the track  0 s i g na l  fa i l s  to occ u r  

after 77 ste p p u l ses ( reca l ibrate 
comma nd).  then  t h i s  f l ag  i s  set. 

D3 Not Ready N R  When t h e  F O O  i s  i n  t h e  not-ready state 
a nd a read or  write com m a nd is i ssued,  
th is  f l ag  i s  set .  If a read or  write com ma nd 
i s  i ss ued to side 1 of a s i ng le-s ided dr ive ,  
t h e n  t h i s  f l a g  i s  set. 

02 Head Add ress H D  T h i s  f lag  i s  used to i nd icate the state of 
the  head at i nterrupt .  

D 1  Unit  Select  1 us 1 These f lags  are used to ind icate a dr ive 
DO Unit  Selec t  0 us 0 u n i t  n u mber at i nterrupt .  

Command Status Register 0 
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Bit 
No.  Name Symbol  Description 

D7 End of E N  W h e n  t h e  FDC tr ies t o  access a sector 
Cyl i nder  beyo nd the f ina l  sector of  a cyl i nder,  t h i s  

f l ag  i s  set. 

D6 - - Not used.  T h i s  b it  is a lways 0 ( l ow). 

D5 Data Er ror  DE When the F D C  detects a C R C  error in  
e i ther  the  ID f ie ld  or  the data f ie ld ,  t h i s  
f lag  i s  set. 

D4 Over R u n  O R  If  t h e  F D C  i s  not serviced b y  the  m a i n  
syste m d u r i ng data tra nsfers with i n  a 
certa i n  t i m e  i nterva l ,  t h i s  f lag  is set.  

D3 - - Not used.  Th is  b i t  is a lways 0 ( l ow) .  

D2 No Data N D  D u r i ng execut ion of a read data,  write 
de leted data,  or  sca n comma nd, if  the 
F D C  ca n not f ind  the sector specif ied in 
the  ID register,  th is f lag  is  set.  D u r i n g  
execut ion o f  the read I D  comma nd, if  t h e  
FDC c a n not r e a d  the I D  f ie ld without  a n  
er ror ,  t h e n  t h i s  f l a g  i s  set. D u r i n g  t h e  
execut ion o f  the r e a d  a cy l i nder  
comma nd, i f  the sta rt i ng sector c a n not be 
found,  then  th is  f l ag  is  set . 

D 1 Not Writa b le  NW D u r i n g  execut ion of a write data,  write 
de leted data , or format-a-cyl i nder 
comma nd, i f  the FDC detects a 
write-p rotect s i g n a l  from the FDD,  then  
t h i s  f lag  i s  set .  

DO M i ss i ng MA If the FDC ca nnot detect the ID address 
Address ma rk, t h i s  f lag i s  set. Also,  at the  sa me 
Mark  t i me,  the  M D  ( m i ss i ng address mark  i n  

the  data f ie ld)  o f  status  reg ister 2 i s  set. 

Command Status Register 1 
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Bit 
No.  Name Symbol Description 

D7 - - Not used.  Th i s  b i t  i s  a lways 0 ( l ow).  

D6 Control  Mark CM D u r i n g  execut ion of the read data or  sca n 
com m a nd, if the FDC encou nters a sector 
that conta i n s  a de leted data address 
ma rk, t h i s  f lag i s  set. 

D5 Data Error in  DD If the FDC detects a C R C  er ror i n  the  data, 
Data F i e ld then t h i s  f l ag  is set. 

D4 Wrong WC Th is  b i t  i s  related to the ND bit. a nd when 
Cyl i nder the contents of C o n the m ed i u m  a re 

d iffe rent from that stored i n  the I D  
reg ister, t h i s  f l a g  i s  set . 

D3 Sca n Eq u a l  S H  D u r i ng exec ut ion o f  t h e  sca n com ma nd, i f  
H i t  the condi t ion o f  "eq u a l "  i s  sat i sf ied, t h i s  

f l a g  i s  set 

D2 Sca n Not S N  D u r i n g  execut ion o f  the sca n comma nd, 
Sat i sf ied if  the FDC c a n not f ind  a sector on the 

cyl i nder that meets the condit ion ,  then 
t h i s  f lag i s  set. 

D l  Bad Cyl i nder BC This b it  i s  re lated to the ND bit ,  a nd when 
the  contents of C o n the med i u m  are 
d ifferent from that stored i n  the I D  
reg i ste r, a nd t h e  contents of C i s  FF,  then 
t h i s  f lag i s  set . 

DO M i ss ing MD When data  i s  read f rom the medi u m ,  i f  
Address Mark the FDC can not f i nd a data add ress mark  
i n  Data  F ie ld  or  de leted data  address mark ,  then  th is  

f lag  i s  set. 

Command Status Register  2 
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Bit 
No. Name Symbol Description 

D7 Fa u l t  FT T h i s  b it  is the  status  of the fa u l t  s i g n a l  
f r o m  the F D D .  

D6 Write WP This b i t  i s  the stat us of the 
Protected write -protected s igna l from the F D D .  

D 5  Ready RY This b i t  i s  the  sta tus  of the ready s i g n a l  
f rom the  F D D .  

D4 Track 0 TO T h i s  b it  is the  sta tus  of the track  0 s i g n a l  
f r o m  the F D D .  

D 3  Two S ide TS T h i s  b i t  i s  the  sta tus  of  the two-s ide 
s i g n a l  from the F D D .  

D2 Head Add ress H D  T h i s  b i t  i s  t h e  status  of the s ide-se lect 
s i g n a l  from the F O O .  

D 1  U n i t  Se lect 1 us 1 T h i s  b i t  is the  status  of the  u n i t -se lect - 1 
s i g n a l  from the  F O O .  

DO U n i t  Se lect 0 u s  0 Th is  b it  is t h e  status  of the u n i t -se lect -0 
s i g n a l  from the F D D .  

Command Status Register 3 

Programming Summary 

FDC Data Reg i ste r 

FDC M a i n  Status  Reg i ster 

D ig ita l Output Reg ister 

1/0 Address Hex 3F5 

1/0 Address Hex 3F4 

1/0 Address Hex 3F2 

Bit 0 D r i ve 00: D R  #A 1 0: DR #C 
1 Se lect 0 1 : D R  # B  1 1 :  D R  #D 
2 Not FDC Reset 
3 Enab le  I NT & OMA Requests 
4 Dr ive A Motor Enab le  
5 Dr ive B Motor Enab le  
6 D r i ve C Motor Enab le  
7 D r i ve D Motor Enab le  

A l l  b i ts c leared with c h a n n e l  reset . 

DPC Registers 
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FDC Constants (in hex) 

N: 02 GPL Format: 05 
SC: 08 
HUT: F 
SRT: C 

GPL R/W: 2A 
HLT: 0 1  
( 6 m s  track-to-track) 

Drive Constants 

Head Load 
Head Settle 
Motor Start 

Comments 

35 ms 
1 5  ms 

250 ms 

• Head loads with drive select, wait HD load before R/W. 

• Following access, wait HD settle time before R/W. 

• Drive motors should be off when not in use. Only A or B and 
C or D may run simultaneously. Wait motor start time before 
R/W. 

• Motor must be on for drive to be selected. 

• Data errors can occur while using a home television as the 
system display. Locating the TV too close to the diskette area 
can cause this to occur. To correct the problem, move the TV 
away from, or to the opposite side of the system unit. 

System 1/0 Channel Interface 

All signals are TTL-compatible :  

Most Positive Up Level 
Least Positive Up Level 
Most Positive Down Level 
Least Positive Down Level 
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The following lines are used by this adapter. 

+DO-7 (Bidirectional , load: 1 7 4LS , driver: 7 4LS 3-state ) .  
These eight lines form a bus by which all commands , 
status, and data are transferred. Bit 0 is the low-order 
bit . 

+A0-9 (Adapter input, load: 1 74LS) 
These ten lines form an address bus by which a 
register is selected to receive or supply the byte 
transferred through lines DO-7 .  Bit 0 is the low-order 
bit . 

+AEN (Adapter input, load: 1 74LS) 
The content of lines A0-9 is ignored if this line is 
active . 

-IOW (Adapter input, load: 1 74LS) 
The content of lines DO-7 is stored in the register 
addressed by lines A0-9 or DACK2 at the trailing 
edge of this signal . 

-IOR (Adapter input, load: 1 74LS) 
The content of the register addressed by lines A0-9 
or DACK2 is gated onto lines DO-7 when this line is 
active.  

-DACK2 (Adapter input, load: 2 74LS) 
This line being active <legates output DRQ2, selects 
the FDC data register as the source/destination of 
bus D0-7,  and indirectly gates TIC to IRQ6.  

+TIC (Adapter input, load: 4 74LS) 
This line and DACK2 being active indicates that the 
byte of data for which the DMA count was initialized 
is now being transferred. 

+RESET (Adapter input, load: 1 74LS) 
An up level aborts any operation in process and 
clears the digital output register (DOR) . 
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+DRQ2 (Adapter output, driver: 74LS 3-state) 
This line is made active when the attachment is ready 
to transfer a byte of data to or from main storage . 
The line is made inactive by DACK2 becoming 
active or an 1/0 read of the FDC data register. 

+IRQ6 (Adapter output, driver: 74LS 3-state) 
This line is made active when the FDC has 
completed an operation. It results in an interrupt to a 
routine which should examine the FDC result bytes 
to reset the line and determine the ending condition. 

Drive A and B Interface 

All signals are TTL-compatible : 

Most Positive Up Level 
Least Positive Up Level 
Most Positive Down Level 
Least Positive Down Level 

5 . 5  Vdc 
2 .4 Vdc 
0.4 Vdc 

-0.5 Vdc 

All adapter outputs are driven by open-collector gates .  The 
drive(s ) must provide termination networks to Vee (except motor 
enable , which has a 2000-ohm resistor to Vee) .  
Each adapter input is terminated with a 1 50-ohm resistor to Vee . 

A dapter Outputs 

-Drive Select A and B (Driver: 7438)  
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These two lines are used by drives A 
and B to <legate all drivers to the 
adapter and receivers from the 
attachment (except motor enable) when 
the line associated with a drive is 
inactive . 



-Motor Enable A and B (Driver: 7438)  
The drive associated with each of these 
lines must control its spindle motor 
such that it starts when the line 
becomes active and stops when the line 
becomes inactive . 

-Step (Driver: 7438)  
The selected drive moves the 
read/write head one cylinder in or out 
per the direction line for each pulse 
present on this line . 

-Direction (Driver: 7438)  
For each recognized pulse of the step 
line , the read/write head moves one 
cylinder toward the spindle if this line 
is active , and away from the spindle if 
inactive . 

-Head Select (Driver: 7438)  
Head l (upper head) will be selected 
when this line is active (low).  

-Write Data (Driver: 7438)  
For each inactive to active transition of 
this line while write enable is active , 
the selected drive causes a flux change 
to be stored on the diskette . 

-Write Enable (Driver: 7438)  

Adapter Inputs 

-Index 

-Write Protect 

The drive disables write current in the 
head unless this line is active .  

The selected drive supplies one pulse 
per diskette revolution on this line . 

The selected drive makes this line 
active if a write-protected diskette is 
mounted in the drive . 
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-Track 0 

-Read Data 
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The selected drive makes this line 
active if the read/write head is over 
track 0. 

The selected drive supplies a pulse on 
this line for each flux change 
encountered on the diskette . 



34-P in  Keyed 
Edge Connector 

Component 
Side 

N ote : La nds 1 - 3 3  (odd n u m bers) a re on the back of the 
board . La nds 2-34 (even n u m bers) a re o n  the front, or 
component side.  

At Sta ndard TTL Leve ls La nd N u mber 

Ground-Odd N u m bers 1 - 3 3  

U n u sed 2 , 4 , 6  

I ndex 8 

M otor Enable  A 1 0  

Drive Select B 1 2  

D ri ve Select A 1 4  

M otor Enable  B 1 6  

D i rection ( Stepper Motor) 1 8  
D i skette Step Pulse 2 0  Drive 
D ri ves 

Write Data 22 
Ada pte r  

Write Enab le 2 4  

Track 0 2 6  

Write Protect 2 8  

R ead Data 30 

Select Head 1 3 2  

U n u sed 34 

Connector Specifications ( Part 1 of 2 )  
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C!l 

At Sta ndard TTL Levels 

U n used 

I ndex 

_ M otor Enable C 

D rive Select D 

Dr ive Select C -

M otor Enable  D 

D i rection ( Stepper Motor) 
Externa l  S t e p  Pulse 
D ri ves 

Write Data 

Write Enable 

Track 0 

Write Protect 

R ead Data 

S elect Head 1 

G round 

Connector Specifications (Part 2 of 2)  
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37-Pin  D - She l l  

P in  

N u m ber 

1 - 5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5 

1 6  

1 7  

1 8  

20-37 

D rive 
Ada pte r 

• 20 
• 

• 

• 
• 
• 

• 

• 
• 

• 
• 

• 
• 

• 

• 
• • 
• 

• 
• 

• 
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IBM 5- 1 /4" Diskette Drive 

The system unit has space and power for one or two 5 - 1 /4 inch 
diskette drives . A drive can be single-sided or double-sided with 
40 tracks for each side, is fully self-contained, and consists of a 
spindle drive system, a read positioning system, and a 
read/write/erase system. 

The diskette drive uses modified frequency modulation (MFM) to 
read and write digital data, with a track-to-track access time of 6 
milliseconds . 

To load a diskette, the operator raises the latch at the front of the 
diskette drive and inserts the diskette into the slot . Plastic guides 
in the slot ensure the diskette is in the correct position. Closing the 
latch centers the diskette and clamps it to the drive hub. After 250 
milliseconds , the servo-controlled de drive motor starts and drives 
the hub at a constant speed of 300 rpm. The head positioning 
system, which consists of a 4-phase stepper-motor and band 
assembly with its associated electronics , moves the magnetic head 
so it comes in contact with the desired track of the diskette. The 
stepper-motor and band assembly uses one-step rotation to cause 
a one-track linear movement of the magnetic head.  No operator 
intervention is required during normal operation . During a write 
operation, a 0.0 1 3-inch (0. 33  millimeter) data track is recorded, 
then tunnel-erased to 0.0 1 2  inch (0.030 millimeter) .  If the diskette 
is write-protected, a write-protect sensor disables the drive 's 
circuitry, and an appropriate signal is sent to the interface .  

Data i s  read from the diskette by the data-recovery circuitry , 
which consists of a low-level read amplifier, differentiator, 
zero-crossing detector, and digitizing circuits . All data decoding is 
done by an adapter card. 

The diskette drive also has the following sensor systems: 

1 .  The track 00 switch, which senses when the head/carriage 
assembly is at track 00. 
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2.  The index sensor, which consists of an LED light source and 
phototransistor. This sensor is positioned so that when an 
index hole is detected, a digital signal is generated. 

3 .  The write-protect sensor disables the diskette drive's 
electronics whenever a write-protect tab is applied to the 
diskette . 

For interface information, refer to "IBM 5- 1 /4" Diskette Drive 
Adapter" earlier in this section . 

Media 

Tracks per i nch 

N u mber of  tracks 

D i mens ions  
He ight  
Width 
Depth 
Weight 

Temperat u re 
(Exc l u s i ve of media )  
Operat i n g  
Non operat ing  

Re lat ive h u m id ity 
(Exc l u s i ve of med ia )  
Operat i n g  
Non operat ing  

Seek T ime 

Head Sett l i ng T ime 

Er ror  Rate 

Head Life 

Media Life 

D i sk Speed 

I n sta nta neous Speed Va r iat ion  

Sta rt/Stop Ti me 

Tra nsfer Rate 

Record i ng Mode 

Power 

Ind ustry-compat i b le  5 - 1  /4 i nch  d i skette 

48 

40 

3 . 3 8  i nches (85 .85  m m )  
5 . 8 7  i nches ( 1 49 . 1 0  m m )  
8 .00 i nches (203 . 2  m m )  
4 . 5 0  pounds ( 2 .04 kg) 

50° F to 1 1 2° F  ( 1 0° C  to 44° C)  
-40° F to 1 40° F (-40° C to 60° C)  

20% to  80% (non  conden s i n g )  
5% to 95% ( non conde n s i n g )  

6 ms  track-to-track  

1 5  ms  ( l ast t rack  addressed) 

1 per 1 09 ( recove rab le )  
1 per  1 0 1 2  ( non recoverab le )  
1 per 1 os (seeks) 

20, 000 h o u rs ( no r m a l  use)  

3 .0  x 1 os pa sses per track 

300 rpm +/- 1 . 5% ( long ter m )  

+!- 3 .0% 

250 ms ( max i m u m )  

250K b its/sec 

M F M  

+ 1 2 Vdc +/- 0 . 6  V ,  900 mA average 
+5 Vdc +/- 0 .25 V, 600 mA average 

Mechanica l  and Electrical Specifications 
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Diskettes 

The IBM 5- 1 /4" Diskette Drive uses a standard 5 .25-inch 
( 1 3 3 .4-millimeter) diskette . For programming considerations , 
single-sided, double-density , soft-sectored diskettes are used for 
single-sided drives . Double-sided drives use double-sided, 
double-density , soft-sectored diskettes .  The figure below is a 
simplified drawing of the diskette used with the diskette drive . 
This recording medium is a flexible magnetic disk enclosed in a 
protective jacket . The protected disk, free to rotate within the 
jacket, is continuously cleaned by the soft fabric lining of the 
jacket during normal operation . Read/write/erase head access is 
made through an opening in the jacket. Openings for the drive hub 
and diskette index hole are also provided. 

I J I 

0 . 1 40 I n c h  _J L 0 . 2 5  ± 0 .01 I nch ( 3 . 56 mm) �I lf6. 30 ± 0 . 2 5  mm) 
I 

_ Sealed 

J acket 

Oxide Coated 
Mylar  D isk 

........ ....... 
'\. I - --0c --..:

J:. E g E I Protective 

\ 
\ 

I @ 

m - -

[_5 . 2 5  I n c h_] r--------( 1 33 .4 miTI)j 
I 

Recording Med ium 

;: LC'> 5 . 2 5  I n c h  � �  1(1 33 .4 mm ) 
0 � Liner 
C:O IO . c:o � 

Head 
Aperture 

I 
I 

I 
I 
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Notes:  
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IBM Fixed Disk Drive Adapter 

The fixed disk drive adapter attaches to one or two fixed disk 
drive units , through an internal daisy-chained flat cable 
(data/control cable) .  Each system supports a maximum of one 
fixed disk drive adapter and two fixed disk drives . 

The adapter is buffered on the 1/0 bus and uses the system board 
direct memory access (DMA) for record data transfers . An 
interrupt level also is used to indicate operation completion and 
status conditions that require processor attention . 

The fixed disk drive adapter provides automatic 1 1 -bit burst error 
detection and correction in the form of 32-bit error checking and 
correction (ECC).  

The device level control for the fixed disk drive adapter is  
contained on a ROM module on the adapter. A listing of this 
device level control can be found in "Appendix A: ROM BIOS 
Listings ."  

WARNING: The last cylinder on the fixed disk drive is 
reserved for diagnostic use. Diagnostic write 
tests will destroy any data on this cylinder. 

F ixed Disk Controller 

The disk controller has two registers that may be accessed by the 
main system processor: a status register and a data register. The 
8-bit status register contains the status information of the disk 
controller, and can be accessed at any time . The 8-bit data 
register (actually consisting of several registers in a stack with 
only one register presented to the data bus ) stores data, 
commands , parameters , and provides the disk controller's status 
information . Data bytes are read from, or written to the data 
register in order to program or obtain the results after a particular 
command. The status register is a read-only register, and is used 
to help the transfer of data between the processor and the disk 
controller. The controller-select pulse is generated by writing to 
port address hex 322.  
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Programming Considerations 

Status Register 

At the end of all commands from the system board, the disk 
controller returns a completion status byte back to the system 
board. This byte informs the system unit if an error occurred 
during the execution of the command. The following shows the 
format of this byte . 

0 d 0 0 0 e � I 6 5 4 3 2 

Bits 0, 1 ,  2, 3 ,  4 ,  6 ,  7 These bits are set to zero . 

Bit 1 When set, this bit shows an error has 
occurred during command execution . 

Bit 5 This bit shows the logical unit number of 
the drive . 

If the interrupts are enabled, the controller sends an interrupt 
when it is ready to transfer the status byte . Busy from the disk 
controller is unasserted when the byte is transferred to complete 
the command. 

Sense Bytes 

If the status register receives an error (bit 1 is set) ,  then the disk 
controller requests four bytes of sense data. The format for the 
four bytes is as follows : 

Bits 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

Rema rks 

d = dr ive 

7 6 

Address I 0 I Va l i d  

0 0 

Cyl i nder  H i g h  

5 4 3 2 1 0 

Error  Type I Er ror  Code 

d Head N u mber 

Sector  N u mber  

Cyl i nder  Low 
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Byte 0 Bits 0, 1 ,  2,  3 

Byte 0 Bits 4, 5 

Byte 0 Bit 6 

Byte 0 Bit 7 

Error code . 

Error type . 

Set to 0 (spare ) .  

The address valid bit . Set only when 
the previous command required a disk 
address , in which case it is returned 
as a l ;  otherwise , it is a 0.  

The following disk controller tables list the error types and error 
codes found in byte 0:  

Error Type Error Code 

Bits 5 4 3 2 1 0 Description 

0 0 0 0 0 0 The contro l l e r  d id  not detect a n y  er ror  
d u ri ng the exec ut ion of the p rev ious 
operat ion .  

0 0 0 0 0 1 The control ler  d id  not detect a n  i ndex s i g n a l  
f r o m  the d r i ve .  

0 0 0 0 1 0 The control l e r  d i d  not get a seek-comp lete 
s i g n a l  from the dr ive after a seek operat ion 
( for  a l l  non-b uffered step seeks) .  

0 0 0 0 1 1 The contro l l e r  detected a write fa u l t  from 
the dr ive d u ri ng the last operat ion .  

0 0 0 1 0 0 After the contro l l e r  se lected the dr ive. the  
dr ive d id  not respond with a ready s igna l .  

0 0 0 1 0 1 Not used.  

0 0 0 1 1 0 After stepp ing  the max i m u m  n u mber of 
cy l i nders.  the  control l e r  d id not rece ive the 
track 00 s i g n a l  from the dr ive .  

0 0 0 1 1 1 Not used.  

0 0 1 0 0 0 The dr ive is sti l l  seek ing .  T h i s  status  i s  
reported b y  the Test Dr ive Ready com m a nd 
for a n  ove r l a p  seek condit ion when the 
d r i ve has  not completed the seek. No 
t ime-out  i s  measured by the contro l l e r  for 
the  seek to complete.  
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Error Type E rror Code 

Bits 5 4 3 2 1 0 Description 

0 , 0 0 0 0 I D  Read Er ror :  The control l e r  detected a n  
E C C  error i n  t h e  ta rget I D  f ie ld  on t h e  d isk .  

0 , 0 0 0 , Data Error :  The control l e r  detected a n  
u ncorrecta b le  E C C  error i n  the ta rget sector 
d u r i n g  a read operat i o n .  

0 , 0 0 , 0 Address Mark :  The contro l le r  d id  not detect 
the ta rget address m a rk (AM )  on the d isk .  

0 1 0 0 , , Not used.  

0 , 0 , 0 0 Sector Not Fo u nd :  The contro l l e r  found t h e  
correct cy l i nder a nd head, but  not t h e  
ta rget sector .  

0 1 0 , 0 , Seek Error :  The cyl i nder or head address 
(either or  both )  d id  not compare with the 
expected ta rget address a s  a res u l t  of a 
seek.  

0 , 0 , , 0 Not used.  

0 , 0 1 1 1 Not used.  

0 1 1 0 0 0 Correcta b le Data Error :  The control l e r  
detected a correcta b le  ECC er ror  i n  the  
target  f ie ld .  

0 1 , 0 0 1 Bad Track :  The control l e r  detected a bad 
track  f lag d u r i ng the last operat i o n .  No 
ret r ies a re atte mpted on th is  er ror .  
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Error  Type Error Code 

Bits 5 4 3 2 1 0 Description 

1 0 0 0 0 0 I n va l id  Co m m a nd :  The contro l l e r  has  
rece i ved a n  i n va l id  comma nd f rom the 
syste m u n i t .  

1 0 0 0 0 1 I l l ega l  D i sk Address:  The control l e r  
detected a n  address t h a t  i s  beyond t h e  
max i m u m  ra nge.  

Error Type Error Code 

Bits 5 4 3 2 1 0 Description 

1 1 0 0 0 0 RAM Error :  The contro l l e r  detected a data 
error d u r i ng the RAM sector-b uffer 
d iag nost ic test. 

1 1 0 0 0 1 Prog ram M e mory Checks u m  Error :  D u r i ng 
t h i s  i nte r n a l  d iag nost ic test, the  contro l l e r  
detected a prog ra m - m emory c h ecksum 
error .  

1 1 0 0 1 0 ECC Po lynom i na l  Er ror :  D u r i ng the 
control ler 's  i nte r n a l  d iag nost ic tests, the  
h a rdwa re ECC ge nerator fa i led i t s  test. 
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Data Register 

The processor specifies the operation by sending the 6-byte device 
control block (DCB) to the controller . The figure below shows the 
composition of the DCB, and defines the bytes that make up the 
DCB . 

Bit 7 6 5 4 3 2 1 0 

Byte 0 Co m m a nd Opcode 
C l a ss 

Byte 1 0 0 d Head N u mber 

Byte 2 Cyl i nder  H i g h  I Sector N u mber 

Byte 3 Cyl i nder  Low 

Byte 4 I n ter leave or B lock  Co u n t  

Byte 5 Control  F ie ld  

Byte 0 - Bits 7 ,  6 ,  and 5 identify the class of the command. 
Bits 4 through 0 contain the Opcode command. 

Byte 1 - Bit 5 identifies the drive number.  
Bits 4 through 0 contain the disk head number to be 
selected . 
Bits 6 and 7 are not used . 

Byte 2 - Bits 6 and 7 contain the two most significant bits of the 
cylinder number. 
Bits 0 through 5 contain the sector number. 

Byte 3 - Bits 0 through 7 are the eight least significant bits of the 
cylinder number. 

Byte 4 - Bits 0 through 7 specify the interleave or block count . 

Byte 5 - Bits 0 through 7 contain the control field . 
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Control Byte 

Byte 5 is the control field of the DCB and allows the user to select 
options for several types of disk drives .  The format of this byte is 
as follows : 

I Bits  I 7 6 5 4 3 2 0 Remarks  

a 0 0 0 s s s r = retr ies 
s = step opt ion  
a = retry opt ion on data  ECC 

error 

Bit 7 Disaples the four retries by the controller on all 
disk-access commands . Set this bit only during the 
evaluation of the performance of a disk drive. 

Bit 6 If set to 0 during read commands , a reread is 
attempted when an ECC error occurs . If no error 
occurs during reread, the command will complete 
with no error status . If this bit is set to 1 ,  no reread is 
attempted. 

Bits 5, 4, 3 Set to 0. 

Bits 2 ,  1 ,  0 These bits define the type of drive and select the step 
option . See the following figure . 

Bits 2 ,  1 ,  0 

0 0 0 Th is  d r ive is not spec if ied a nd defa u l ts to 3 m i l l i seconds per 
ste p .  

0 0 1 NIA 

0 1 0 NIA 

0 1 1 N/A 

1 0 0 200 m i croseconds per  step .  

1 0 1 70 m i c roseconds per ste p (specif ied by B I O S) .  

1 1 0 3 m i l l i seconds per  step .  

1 1 1 3 m i l l i seconds per step .  
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Command Summary 

Command Data Control B lock Rema rks 

Test Dr ive B i t  7 6 5 4 3 2 1 0 d = d r ive (0 or 1 )  
Ready Byte 0 0 0 0 1 0 0 0 0 0 x = d o n 't care 
(C lass  0 ,  Byte 1 0 0 d l x x x x x Bytes 2, 3, 4, 5 = do n 't 
Opcode 00) care 

Reca l i brate B i t  7 6 5 4 3 2 1 0 d = d r ive (0 o r  1 )  
(C lass 0, Byte 0 0 0 o l o 0 0 0 1 x = don 't care 
Opcode 0 1 ) Byte 1 0 0 d I x  x x x x r = retr ies 

Byte 5 r 0 0 0 0 s s s s = Step Opt ion 
Bytes 2 ,  3 ,  4 = don 't 
care 
c h = cy l i nder  h i g h  

Rese rved T h i s  Opcode is not 
(C lass  0, u sed.  
Opcode 02)  

Request S e n se B i t  7 6 5 4 3 2 1 0 d = d r i ve (0 or 1 )  
Stat us  Byte 0 0 0 o l o 0 0 1 1 x = d o n 't care 
(C lass  0 ,  Byte 1 0 0 d I x x x x x Bytes 2, 3, 4, 5 = d o n 't 
Opcode 03) care  

Format Dr ive B i t  7 6 5 4 3 2 1 0 d = d r i ve (0 or 1 )  
(C lass  0, Byte 0 0 0 0 1 0  0 1 0 0 r = ret r ies  
Opcode 04) Byte 1 0 0 d I Head N u mber  s = s tep  opt ion 

Byte 2 ch  l o 0 0 0 0 0 c h  = cy l i nder  h i g h  
Byte 3 Cy l i nder  Low 
Byte 4 0 0 o l I n te r l eave I n te r leave:  1 to 1 6  
Byte 5 r 0 0 0 0 s s s for 5 1 2 -byte sectors .  

Ready Ver i fy B i t  7 6 5 4 3 2 1 0 d = d r i ve (0 o r  1 )  
(C lass  0, Byte 1 0 0 o l o 0 1 0 1 r = retr ies 
Opcode 05)  Byte 1 0 0 d I Head N u mber  s = step opt ion 

Byte 2 ch  I Sector N u mber  a = ret ry  opt ion  on 
Byte  3 Cyl i nder  Low data ECC 
Byte 4 B l ock  Count  ch  = cy l i nder h igh  
Byte 5 r a 0 0 0 s s s 
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Command Data Control B lock Remarks 

Format Track B i t  7 6 5 4 3 2 1 0 d = dr ive (0 or 1 )  

( C lass 0, Byte 0 0 0 o l o  0 1 1 0 r = retr ies 

Opcode 06) Byte 1 0 0 d I Head N u mber s = ste p opt ion 

Byte 2 ch l o 0 0 0 0 0 c h  =cyl i nder h i g h  

Byte 3 Cyl i nder Low 

Byte 4 0 0 ol Inter leave In ter leave : 1 to 1 6  

Byte 5 r 0 0 0 0 s s s for 5 1 2-byte sectors 

Format Bad B i t  7 6 5 4 3 2 1 0 d = dr ive (0 or 1 ) 

Track Byte 0 0 0 o l o  0 1 1 1 r = retr ies 

(Class 0, Byte 1 0 0 d I Head N u mber s = step opt ion 

Opcode 07)  Byte 2 ch I o  0 0 0 0 0 c h = cyl i nder h i g h  

Byte 3 Cyl i nder Low 

Byte 4 0 0 o l Inter leave I nter leave:  1 to 1 6  

Byte 5 r 0 0 0 0 s s s for 5 1 2-byte sectors 

Read Bit  7 6 5 4 3 2 1 0 d = dr ive (0 or 1 )  

(C lass 0, Byte 0 0 0 o l o 1 0 0 0 r = retr ies 

Opcode 08) Byte 1 0 0 d 1 Head N u mber a = retry opt ion o n  

Byte 2 ch l Sector N u mber data ECC error 

Byte 3 Cyl i nder  Low s = step opt ion 

Byte 5 r a 0 0 0 s s s ch =cyl i nder h i g h  

Reserved T h i s  Opcode i s  not 

( C lass 0, used 

(Opcode 09) 

Write Bit  7 6 5 4 3 2 1 0 d = dr ive (0 or 1 )  

(C lass 0, Byte 0 0 0 o l o 1 0 1 0 r = retr ies 

Opcode OA) Byte 1 0 0 d I Head N u m ber  s = s tep  opt ion 

B yte 2 ch  I Sector N u mber ch  = cy l i nder h i g h  

Byte 3 Cy l i nder Low 

Byte 4 B l ock Co u nt 

Byte 5 r 0 0 0 0 s s s 

Seek Bit  7 6 5 4 3 2 1 0 d = dr ive (0 or 1 )  

(C lass  0, Byte 0 0 0 o l o 1 0 1 1 r = retr ies 

Opcode OB) Byte 1 0 0 d l Head N u m ber  s = s tep  opt ion 

Byte 2 ch I o  0 0 0 0 0 x = don 't care 

Byte 3 Cyl i nder Low ch = cy l i nder h i g h  

Byte 4 x x x x x x x x 

Byte 5 r 0 0 0 0 s s s 
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Command Data Control B lock R ema rks 

I n i t i a l i ze B i t  7 6 5 4 3 2 1 0 Bytes 1 ,  2, 3, 4, 5 = 

D r i ve Byte 0 0 0 0 0 0 0 d o n 't care 
C h a ra cte r i st ics*  
(C lass 0, 

Opcode OC) 

Read ECC B u rst B i t  7 6 5 4 3 2 0 Bytes 1 ,  2, 3, 4, 5 = 

E r ror  Le ngth Byte 0 0 0 0 0 0 d o n 't care 
(C lass 0,  

Opcode OD)  

Read Data from B i t  7 6 5 4 3 2 0 Bytes 1 ,  2, 3, 4, 5 = 

Sector B uffer Byte 0 0 0 0 0 1 0 d o n 't care 
(C lass  0,  

Opcode OE)  

Write Data to B i t  7 6 5 4 3 2 0 Bytes 1 ,  2, 3, 4, 5 = 

Sector B uffe r Byte 0 0 0 0 0 don 't care 
(C lass  0,  

Opcode OF)  

RAM B i t  7 6 5 4 3 2 1 0 Bytes 1 ,  2, 3, 4, 5 = 

Diag nost ic  Byte 0 0 0 0 0 0 don 't care 
(C lass 7,  

Opcode 00) 

Reserved Th i s  Opcode i s  not 
(C lass  7,  used 
Opcode 0 1 ) 

Reserved T h i s  Opcode i s  not 
(C lass  7, us·ed 
Opcode 02) 

* I n i t i a l i ze D r i ve C h a racter i st ics :  The DCB m u st be fo l lowed by e i g ht add i t i ona l  bytes .  

M ax i m u m  n u mber  o f  cyl i nders 
M ax i m u m  n u mber  of heads 
Start  reduced wr ite c u rrent cyl i nder 
Start  wr i te precom pe nsat i o n  cy l i nder  
M ax i m u m  ECC data b u rst length 

(2  bytes)  
( 1  byte) 
(2  bytes) 
(2  bytes)  
( 1  byte) 
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Command Data Control Block 

Dr ive B i t  7 6 5 4 3 2 1 0 

D i a gnostic Byte 0 1 1 1 I o  0 0 1 1 

(C lass 7, Byte 1 0 0 d I x x x x x 

Opcode 03) Byte 2 x x x x x x x x 

Byte 3 x x x x x x x x 

Byte 4 x x x x x x x x 

Byte 5 r 0 0 0 0 s s s 

Contro l l e r  B i t  7 6 5 4 3 2 1 0 

I nterna l Byte 0 1 1 1 I o  0 1 0 0 

D i a gnostics 

( C lass 7, 

Opcode 04) 

Read Lon g *  B i t  7 6 5 4 3 2 1 0 

( C lass 7, Byte O 1 1 1 I o 0 1 0 1 

O pcode 05) Byte 1 0 0 d I Head N u mber 

Byte 2 ch I Sector  N u mber 

Byte 3 Cyl i nder Low 

Byte 4 B lock Count 

Byte 5 r 0 0 0 0 s s s 

Write Lon g * *  B i t  7 6 5 4 3 2 1 0 

( C lass 7, Byte 0 1 1 1 I o  0 1 1 0 

Opcode 06) Byte 1 0 0 d I Head N u mber 

Byte 2 ch I Sector N u mber 

Byte 3 Cyl i nder Low 

Byte 4 B lock Co u nt 

Byte 5 r 0 0 0 0 s s s 

* Retu rns 5 1 2 bytes p l u s  4 bytes of ECC data per sector .  

* * R eq u i res 5 1 2 bytes p lus 4 bytes of ECC data per  sector .  
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Remarks 

d = dr ive (0 or  1 )  

s = step opt ion 

r = retr ies  

x = d o n 't care 

Bytes 1 ,  2,  3 ,  4, 5 = 

d o n 't care 

d = dr ive (0 or  1 ) 

s = step opt ion  

r = ret r ies 

ch  = cy l i nder h i g h  

d = d r ive (0 or  1 )  

s = step opt ion 

r = retr ies 

ch  = cy l i nder h i g h  



Programming Summary 

The two least-significant bits of the address bus are sent to the 
system board's 1/0 port decoder, which has two sections . One 
section is enabled by the 1/0 read signal (-IOR) and the other by 
the 1/0 write signal (-IOW). The result is a total of four 
read/write ports assigned to the disk controller board. 

The address enable signal (AEN) is asserted by the system board 
when DMA is controlling data transfer. When AEN is asserted, 
the 1/0 port decoder is disabled. 

The following figure is a table of the four read/write ports : 

R / W  Port Add ress Fu nction 

Read 320 Read data (from contro l l e r  to syste m u n it ) .  
Write 320 Write data (from syste m u n i t  to control le r ) .  

Read 321  Read contro l l e r  h a rdwa re stat u s .  
Write 3 2 1  Contro l l e r  reset.  
Read 322 Reserved .  
Wr i te  322 G e n e rate contro l le r -se lect p u lse .  

Read 323 Not used.  
Write 323 Write patte rn to D M A  a nd i nter rupt mask 

reg i ster .  
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System 1/0 Channel Interface 

The following lines are used by the disk controller: 

AO-A 1 9  

DO-D7 

AEN 

RESET 

IRQ 5 

Positive true 20-bit address . The least-significant 1 0  
bits contain the 1/0 address within the range of hex 
320 to hex 323 when an 1/0 read or write is 
executed by the system unit . The full 20 bits are 
decoded to address the read-only memory (ROM) 
between the addresses of hex C8000 and C9FFF . 

Positive 8-bit data bus over which data and status 
information is passed between the system board and 
the c.ontroller. 

Negative true signal that is asserted when the system 
board reads status or data from the controller under 
either programmed 1/0 or DMA control . 

Negative true signal that is asserted when the system 
board sends a command or data to the controller 
under either programmed 1/0 or DMA control . 

Positive true signal that is asserted when the DMA in 
the system board is generating the 1/0 Read (-IOR) 
or 1/0 Write (-IOW) signals and has control of the 
address and data buses . 

Positive true signal that forces the disk controller to 
its initial power-up condition . 

Positive true interrupt request signal that is asserted 
by the controller , when enabled to interrupt the 
system board on the return ending status byte from 
the controller . 
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DRQ 3 Positive-true DMA-request signal that is asserted by 
the controller when data is available for transfer to or 
from the controller under DMA control . This signal 
remains active until the system board's DMA 
channel activates the DMA-acknowledge signal 
(-DACK 3) in response . 

DACK 3 This signal is true when negative ,  and is generated by 
the system board DMA channel in response to a 
DMA request (DRQ 3) .  
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IB M l OMB F ixed Disk Drive 

The disk drive is a random-access storage device that uses two 
non-removable 5 - 1 /4 inch disks for storage . Each disk surface 
employs one movable head to service 306 cylinders . The total 
formatted capacity of the four heads and surf aces is 1 0  megabytes 
( I  7 sectors per track with 5 1 2 bytes per sector and a total of 
1 224 tracks ) .  

An impact-resistant enclosure provides mechanical and 
contamination protection for the heads , actuator, and disks . A 
self-contained recirculating system supplies clean air through a 
0. 3-micron filter. Thermal isolation of the stepper and spindle 
motor assemblies from the disk enclosure results in a very low 
temperature rise within the enclosure . This isolation provides a 
greater off-track margin and the ability to perform read and write 
operations immediately after power-up with no thermal 
stabilization delay .  

0 

S c r u b b i n g  
F i lter 

D i s k  
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Media  

N u mber of Tracks 

Track  Dens i ty  

D i mens ions  
H e i g ht 
Width 
Depth 
We ight  

Te mperatu re 
Opera t i n g  
N on operat ing  

Re la t i ve H u m i d ity 
Operat i n g  
M a xi m u m  Wet B u l b  

S h ock  
Operat i n g  
N on operat i ng 

Access T ime  

Average Latency 

E r ror  Rates 
Soft Read Errors 
Ha rd Read Errors 
Seek Er rors 

Des ign  Life 

D i sk Speed 

Tra nsfer Rate 

Record ing  Mode 

Power 

Max i m u m  R i p p l e  

Mechanical and Electrical Specificati ons 

1-204 Fixed Disk Drive 

R i g i d  med ia  d i sk 
1 224 

345 tracks per  i nc h  

3 . 2 5  i nches ( 8 2 . 5 5  m m )  
5 . 7 5  i nches  ( 1 46 .05 m m )  
8 .0 i nches ( 203 . 2  m m )  
4 . 6  l b  ( 2 . 0 8  k g )  

40° F to 1 22 ° F (4° C to 50° C )  
-40° F to 1 40° F (-40° C to 60° C)  

8% to 80% ( n on condensi ng )  

78° F (26° C )  

1 0  G s  
20 G s  

3 ms  t ra c k-to-track 

8 .33 ms 

1 per  1 0 1 0  b i ts  read 
1 per  1 01 2  b i ts  read 
1 per  1 06 seeks 
5 -years (8 ,000 h o u rs MTF) 

3 600 rpm ± 1 % 

5 . 0  M b its/sec 

M F M  

+ 1 2 Vdc ± 5% 1 . 8 A ( 4 . 5  A max i m u m )  
+5 Vdc ± 5% 0 . 7  A ( 1 . 0 A m ax i m u m )  

1 % wi th  e q u i va lent  res i st ive load 



IB M Memory Expansion Options 

Three memory expansion options ( 32KB, 64KB , and 64/256KB) 
and two memory module kits ( 1 6KB and 64KB) are available for 
the IBM Personal Computer. Memory expansion is described in 
the following chart : 

Nu mber of Nu mber of Memory 

M i n i m u m  Maxi mum 1 6 K  Memory 64 K Memory Module 

Memory Mem ory Module Kits Module Kits Type 

1 6/64K 1 6 K  64K 1 ,  2 ,  or 3 1 6 K  by 1 B i t, 

System B oard 1 6  p i n  

64/256K 64K 256K 1 ,  2 ,  or 3 64K by 1 B it, 

System Board 1 6 p i n  

64/256K 64 K 256K 1 ,  2 ,  or 3 64K by 1 B i t ,  

Memory Opt ion 16 pin  

32 K 32K 16K by 1 B it, 

Mem ory O ption 16 p i n  

64 K 64K Stacked 32K 
Memory O pt ion by 1 B it ,  

18 pin 

The system board must be fully populated before any memory 
expansion options can be installed.  An expansion option must be 
configured to reside at a sequential 32K or 64K memory address 
boundary within the system address space.  This is  done by setting 
the DIP switches on the option. 

All memory expansion options are parity checked. If a parity 
error is detected, a latch is set and an 1/0 channel check line is 
activated, indicating an error to the processor. 
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In addition to the memory modules , the memory expansion 
options contain the following circuits : bus buffering, dynamic 
memory timing generation, address multiplexing, and card-select 
decode logic . 

Dynamic-memory refresh timing and address generation are 
functions performed on the system board and made available in 
the 1/0 channel for all devices . 

To allow the ·system to address 32K, 64K, or 64/256K memory 
expansion options , refer to "Appendix G: Switch Settings" for the 
proper memory expansion option switch settings . 

Operating Characteristics 

The system board operates at a frequency of 4.  77  MHz, which 
results in a clock cycle of 2 1 0  ns . 

Normally four clock cycles are required for a bus cycle so that an 
840-ns memory cycle time is achieved. Memory-write and 
memory-read cycles both take four clock cycles , or 840 ns . 

General specifications for memory used on all cards are : 

1 6 K by 1 Bit  32K by 1 Bit 64K by 1 Bit  

Access 250 ns 250 ns 200 ns 

Cyc le  4 1 0 ns 4 1 0 ns  345 ns  

Memory Module Description 

Both the 32K and the 64K options contain 1 8  dynamic memory 
modules . The 32K memory expansion option utilizes 1 6K by 1 
bit modules , and the 64K memory expansion option utilizes 32K 
by 1 bit modules . 
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\ .1 

) 

The 64/256K option has four banks of 9 pluggable sockets . Each 
bank will accept a 64K memory module kit , consisting of 9 (64K 
by 1 )  modules . The kits must be installed sequentially into banks 
1 ,  2, and 3 .  The base 64/256K option comes with modules 
installed in bank 0, providing 64K of memory . One , two, or three 
64K bits may be added, upgrading the option to l 28K, 1 92K, or 
256K of memory . 

The 1 6K by 1 and the 32K by 1 modules require three voltage 
levels : +5  Vdc,  -5  Vdc , and + 1 2  Vdc . The 64K by 1 modules 
require only one voltage level of +5 Vdc . All three memory 
modules require 1 28 refresh cycles every 2 ns . Absolute 
maximum access times are : 

1 6 K by 1 Bit 32K by 1 Bit 6 4 K  by 1 Bit 

From RAS 250 ns 250 ns  200 n s  -
From CAS 1 65 n s  1 65 ns  1 1 5  n s  

1 6 K  b y  1 B i t  Module 32K by 1 Bit Module 64 K by 1 Bit Module 
Pin (used on 32 K option (used on 64 K option ) (used on 64/256 K option 

and 1 6/64 K and 64/256 K 

system board ) system board ) 

1 -5 Vdc -5 Vdc NIC 
2 Data I n * *  Data I n * *  Data I n * * *  
3 -Wr ite -Write -Wr ite 
4 -RAS -RAS 0 -RAS 
5 AO -RAS 1 AO 
6 A2 AO A2 
7 A l  A2 A l  
8 + 1 2 Vdc Al +5 Vdc 
9 +5 Vdc + 1 2 Vdc A7 

1 0  A5 +5 Vdc A5 
1 1  A4 A5 A4 
1 2  A3 A4 A3 
1 3 A6 A3 A6 
1 4  Data O u t * *  A6 Data O u t * * *  
1 5  -CAS Data O u t • •  -CAS 
1 6  G N D  -CAS 1 G N D  
1 7 . -CAS 0 . 
1 8  . G N D  . 
* 1 6K by 1 a nd 64K by 1 b i t  mod u l e s  have 1 6  p i ns .  

* * Data I n  a nd Data  Out  a re t ied together  ( th ree-state bus ) .  
* * * Data I n  a nd Data  Out  a re t ied together  o n  Data  B i ts  0-7 (t h ree- state bus ) .  

Memory Mod ule Pin Configurati on 
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Switch-Configurable Start Address 

Each card has a small DIP module ,  that contains eight switches . 
The switches are used to set the card start address as follows : 

N u mber 32K and 64K Options 6 4 / 2 5 6 K  Options 

1 O N :  A 1 9=0; OFF  A 1 9= 1  O N :  A 1 9 =0; O F F  A 1 9 = 1  
2 O N : A 1 8 =0; 0FF : A 1 8 = 1  O N : A 1 8 =0; O F F  A 1 8 = 1  
3 O N :  A 1 7=0; OFF :  A 1 7= 1  O N : A 1 7 =0; O F F : A 1 7 = 1  
4 O N : A 1 6=0: 0FF : A 1 6 = 1  O N : A 1 6 =0; O F F : A 1 6 = 1  
5 O N :  Al 5 =0; OFF :  A 1 5 = 1  * O N :  Se lect 64K 
6 Not used O N :  Se lect 1 28 K  
7 Not used O N :  Se lect 1 92K 
8 Used o n l y  i n  64K RAM Card*  O N :  Se lect 256K 

* Switch 8 may be se t  on t h e  64K memory expa ns ion  opt ion  to use on ly  ha l f  the  
m e mory on t h e  c a rd ( tha t  i s, 32K) .  I f  switch 8 i s  on ,  a l l  64K i s  access ib le .  I f  
sw i tch  8 i s  off, address b i t  A 1 5  (as se t  by  switch 5 )  i s  u sed to dete r m i n e  wh ich  
3 2 K  are  a ccess ib le ,  a nd the  64K opt ion  behaves as  a 3 2 K  opt i o n .  

DIP  Modu le  Start Address 

Memory Option Switch Settings 

Switch settings for all memory expansion options are located in 
"Appendix G :  Switch Settings ."  
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The fol lowi ng method can be used to determine th e switch sett ings for the 3 2 K  
memory expansion optio n .  

Sta rti ng Add ress = xxxK 

= Decimal  va lue 
3 2 K  lxxx K 

') Convert decimal  va lue to b inary 

Bit  . . . . . . . .  4 3 2 1 0 
Bit  va lue . . .  1 6 8 4 2 

Switch 

bit 

,__ _____ o 

.__ ______ 2 (off = logical  1 )  
.__ ______ 3 

,__-------� 4 

The fol lowing method can be used to determine the switch sett ings for the 64K 
memory expansion opti o n .  

Sta rti ng Address = xxxK 

= Decimal  value 
64K l xxxK 

Convert deci mal  va lue to b i nary 

Bit . . . . . . . .  3 2 1 0 
Bit  va lue . . .  8 4 2 

Switch 

bit 

'------- 0 

L-------- 2 (off = logical  1 )  

'--------- 3 
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The fol lowing method can be used to determine the switch setti ngs for the 
6 4 / 2 5 6 K  memory expansion option .  

Sta rti ng Address = xxx K 

=Decimal  va lue 
64K lxxxK 

Convert decimal va lue to binary 

Bit . . . . . . . .  3 2 1 0 
Bit va lue . . .  8 4 2 1 

Switch 

Amount of memory 
i n sta l led on option 

'---- 2 5 6 K  

'----- 1 9 2 K  (on = logical  1 )  

.._---- 1 2 8 K  

64K 

bit 

-------- 0 

..._ _______ 2 (off = log ical  1 )  

--------- 3 

1-210 Memory Expansion Options 



IBM Game Control Adapter 

The game control adapter allows up to four paddles or two joy 
sticks to be attached to the system. This card fits into one of the 
system board's or expansion board's expansion slots . The game 
control interface cable attaches to the rear of the adapter. In 
addition, four inputs for switches are provided. Paddle and joy 
stick positions are determined by changing resistive values sent to 
the adapter .  The adapter plus system software converts the 
present resistive value to a relative paddle or joy stick position . 
On receipt of an output signal , four timing circuits are started . By 
determining the time required for the circuit to time-out (a 
function of the resistance ), the paddle position can be determined. 
This adapter could be used as a general purpose 1/0 card with 
four analog (resistive) inputs plus four digital input points . 

A9-AO 

1 0  

A E N  

I OW 

I O R  

D7- DO 

8 

I n struction 
Decode 

Data Bus 
Buffer/ 
D river 

Game Control Adapter Block Diagram 

Convert 
R esi sta nce 
D ig ital 
Pulse 

Typical  Freq uency 
833 Hz 

4 

R esistive I n put 

4 

Dig ital  I n puts 
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Functional Description 

Address Decode 

The select on the game control adapter is generated by two 
74LS 1 38s as an address decoder. AEN must be inactive while 
the address is hex 20 1 in order to generate the select .  The select 
allows a write to fire the one-shots or a read to give the values of 
the trigger buttons and one-shot outputs . 

Data Bus Buffer/Driver 

The data bus is buffered by a 74LS244 buffer/driver. For an In 
from address hex 20 1 ,  the game control adapter will drive the data 
bus ;  at all other times , the buff er is left in the high impedance 
state . 

Trigger Buttons 

The trigger button inputs are read by an In from address hex 20 1 .  
A trigger button is on each joy stick or paddle. These values are 
seen on data bits 7 through 4. These buttons default to an open 
state and are read as " 1 . " When a button is pressed, it is read as 
"O." Software should be aware that these buttons are not 
debounced in hardware . 

Joy Stick Positions 

The joy stick position is indicated by a potentiometer for each 
coordinate . Each potentiometer has a range from 0 to 1 00 k-ohms 
that varies the time constant for each of the four one-shots . As this 
time constant is set at different values , the output of the one-shot 
will be of varying durations . 

All four one-shots are fired at once by an Out to address hex 20 1 .  
All four one-shot outputs will go true after the fire pulse and will 
remain high for varying times depending on where each 
potentiometer is set .  

These four one-shot outputs are read by an In  from address hex 
20 1 and are seen on data bits 3 through 0.  
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1/0 Channel Description 

A9-AO: 

D7-DO: 

IOR, IOW: 

AEN: 

+5 Vdc : 

GND: 

A 1 9-A 1 0: 

MEMR, MEMW: 

DACKO-DACK3:  

IRQ7-IRQ2:  

DRQ3-DRQ I :  

ALE, T/C : 

CLK, OSC : 

I/O CH CK: 

l/O CH RDY: 

RESET DRV: 

Address lines 9 through 0 are used 
to address the game control adapter. 

Data lines 7 through 0 are the data 
bus . 

1/0 read and 1/0 write are used 
when reading from or writing to an 
adapter (In, Out) .  

When active ,  the adapter must be 
inactive and the data bus driver 
inactive . 

Power for the game control adapter. 

Common ground. 

Unused. 

Unused. 

Unused. 

Unused. 

Unused. 

Unused. 

Unused. 

Unused. 

Unused. 

Unused. 

-5 Vdc, + 1 2  Vdc, - 1 2  Vdc : Unused. 
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Interface Description 

The game control adapter has eight input lines , four of which are 
digital inputs and 4 of which are resistive inputs . The inputs are 
read with one In from address hex 20 1 .  

The four digital inputs each have a 1 k-ohm pullup resistor 
+5  Vdc. With no drives on these inputs , a 1 is read. For a 0 
reading, the inputs must be pulled to ground. 

The four resistive pullups , measured to +5 Vdc, will be converted 
to a digital pulse with a duration proportional to the resistive load, 
according to the following equation: 

Time = 24.2 µ,sec + 0.0 1 1 (r) µ,sec 

The user must first begin the conversation by an Out to address 
hex 20 1 .  An In from address hex 20 1 will show the digital pulse 
go high and remain high for the duration according to the 
resistance value . All four bits (bit 3-bit 0) function in the same 
manner; their digital pulse will all go high simultaneously and will 
reset independently according to the input resistance value . 

B i t  7 B i t  6 I B i t  5 B i t  4 Bi t  3 B i t  2 I B i t  1 B i t  0 

Dig i ta l  I n puts  Res ist ive I nputs  

The typical input to the game control adapter is a set of joy sticks 
or game paddles . 

The joy sticks will typically be a set of two (A and B) .  These will 
have one or two buttons each with two variable resistances each, 
with a range from 0 to 1 00 k-ohms . One variable resistance will 
indicate the X-coordinate and the other variable resistance will 
indicate the Y-coordinate . This should be attached to give the 
following input data: 

B i t  7 B i t  6 B i t  5 B i t  4 B it 3 Bi t  2 Bi t  1 B i t  0 

B-#2 B-#1  A-#2 A-#1  B-Y B-X A-Y A-X 
B u tton B u tton B utton B utton Coord i nate Coord i nate Coo rd i nate Coord i nate 
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The game paddles will have a set of two (A and B)  or four (A, B ,  
C ,  and D) paddles . These will have one button each and one 
variable resistance each, with a range of 0 to 1 00 k-ohms . This 
should be attached to give the following input data: 

B i t  7 B i t  6 B i t  5 B i t  4 B i t  3 B i t  2 B i t  1 B i t  0 

D c B A D c B A 

B utton B u tton B u tton B utton Coord i nate Coord i nate Coord i nate Coord i nate 

Refer to "Joy Stick Schematic Diagram" for attaching game 
controllers . 

Joy Stick B 

1 5 - Pi n  M a l e  D - S he l l  
Con nector 

Joy Stick A � - - - - - - - - - - - - ,  _ _ _ -- , ..... , ,- -- I 
r - - - - - - - - - - - - - -

I .---------1---...._ 2 I X - Coordi nate 
X-Coord i nate I 9 ••-;I--+--. :

1 1
•
0 3 

!' �rt-
B utton 

Butto� i 

i !�1 ; : I 
Y- Coord i nate I 1 2 � I 

I : Y - Coordi nate 
� I 1 1 3 

' •  
1 1 4 7 • 

I 
I 
I 

.. I I I 
I 
I 
I 

I 
, .  8 • 

I I 

L _ _ _ _ _ _ _ _ _ _ _ _ _  J 1 1 5  I ' -- - - I 
_ _  _,, 

I I L _ _ _ _ _ _ _ _ _ _ _ _ _ .J 

N ote : Pote ntiometer for X- and Y- Coordi nates has a ra nge of 0 
to 1 00 k - o h m s .  B utton is normal ly  open;  c losed when 
pressed . 

Joy Stick Schematic D iagram 
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Rear Panel  

At Standard TTL Levels 

Voltage 

+5 Vdc 

Button 4 

Position 0 

G round 

G round 

Position 1 

Button 5 
External +5 Vdc 
Devices +5 Vdc 

B utton 6 

Position 2 

G round 

Position 3 

Button 7 

+5 Vdc 

Connector Specifications 
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Pin N o .  

1 

2 

3 

4 

5 

6 

7 -

8 

9 

1 0  

1 1  
-

1 2  

1 3  
-

1 4  -

1 5  

1 5- Pi n  D - Shel l  
Connector 

9 

Game Control 
Adapte 



IB M Prototype Card 

The prototype card is 4 .2  inches ( 1 06 .7  millimeters ) high by 1 3 .2  
inches ( 3 3 5 . 3  millimeters ) long and plugs into an expansion unit 
or system unit expansion slot. All system control signals and 
voltage requirements are provided through a 2 by 3 1  position 
card-edge tab . 

The card contains a voltage bus ( + 5 V de) and a ground bus ( 0 
V de) .  Each bus borders the card, with the voltage bus on the back 
(pin side) and the ground bus on the front (component side) .  A 
system interface design is also provided on the prototype card. 

The prototype card can also accommodate a D-shell connector if 
it is needed. The connector size can range from a 9 to a 3 7 
position connector. 

Note: Install all components on the component side of the 
prototype card. The total width of the card including components 
should not exceed 0 .500 inch ( 1 2 .7  millimeters) .  If these 
specifications are not met, components on the prototype card may 
touch other cards plugged into adjacent slots . 
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1 / 0  R ead /Write 

M e mory Read /Write 

Spare- E 1 8 

Address Bit 0 

+ . 2 Add ress Bit 

Address Bit  3 

+ . 9 Address Bit 

Address Enabl 

Bit 0- 7 Data Bus 

Command 

and 

Address 
Buffer 

Address 
Buffer 

Prototype Card Block Diagram 
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Data B u s  

Buffer 
Transceiver 

Bus Direction 

E2 

E5 

D I R  
G 

B uffered 
Address 
Lines 

Data 
Bus 

Data 
Select 

Log ic 

6 1 / 0  Address 
t---1'-��--i

Decode �--• E 1 1 
Logic 

- 1 / 0  Decode 
( H ex 300 - 31 F I ncl usive) 



1/0 Channel Interface 

The prototype card has two layers screened onto it (one on the 
front and one on the back). It also has 3 ,909 plated through-holes 
that are 0.040 inch ( 1 0 . 1 millimeters ) in size and have a 0.060 
inch ( 1 .5 2  millimeters ) pad, which is located on a 0. 1 0  inch (2 . 54  
millimeters ) grid . There are 37  plated through-holes that are 
0.048 inch ( 1 .22 millimeters ) in size . These holes are located at 
the rear of the card (viewed as if installed in the machine).  These 
3 7 holes are used for a 9 to 3 7 position D-shell connector . The 
card also has 5 holes that are 0. 1 25 inch ( 3 . 1 8  millimeters) in 
size.  One hole is located just above the two rows of D-shell 
connector holes , and the other four are located in the comers of 
the board (one in each comer) .  

Prototype Card Layout 

The component side has the ground bus [0.05 inch ( 1 .27 
millimeters ) wide] screened on i t  and card-edge tabs that are 
labeled A 1 through A3 1 .  

G round Bus 

! 
Card - Edge Ta bs 

Component Side 

2�1 
D - S h e l l  Con nector 

Hole for Option 
Reta in ing  B racket 
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The component side also has a silk screen printed on it that is 
used as a component guide for the 1/0 interface . 

Component Side 

C4 = E 1 0  : 
E5 • : E2 • : E 1  

The pin side has a +5 Vdc bus [0.05 inch ( 1 .27 millimeters ) 
wide] screened onto it and card-edge tabs that are labeled B 1 
through B3 1 .  

D - Shel l  Connector 
Pin Positi ons 

B1  B 3 1  

H o l e  for Opti on Card - Edge Ta bs 
Reta i n i n g  Bracket 

Pin Side 
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Each card-edged tab is connected to a plated through-hole by a 
0.0 1 2-inch (0. 3-millimeter) land. There are three ground tabs 
connected to the ground bus by three 0.0 1 2-inch (0.3-millimeter) 
lands . Also, there are two + 5  Vdc tabs connected to the voltage 
bus by two 0.0 1 2-inch (0.3-millimeter) lands . 

For additional interfacing information, refer to "1/0 Channel 
Description" and "1/0 Channel Diagram" in this manual . Also, 
the "Prototype Card Interface Logic Diagram" is in Appendix D 
of this manual . If the recommended interface logic is used, the list 
of TTL type numbers listed below will help you select the 
necessary components . 

Component TTL N u m ber Description 

U l  74LS245 Octa l Bus Tra nsce ive r  

U 2 ,  U 5  74LS 244 Octa l Buffers L ine  D r i ve r  / L i n e  Rece i ve rs 

U4 74LS04 Hex I n ve rters 

U3 74LS08 Qu a d r u p l e  2 - I n p u t  
Pos i t i ve - A N D  Gate 

U 6  74LS02 Quadrup le  2 - I n p u t  
Pos i t i ve - N O R  Gate 

U7 74LS 2 1  D u a l  4 - I n p u t  
Pos i t ive - A N D  Gate 

C l  1 0 .0  µ F  Ta nta l u m  Capac i tor  
C2 , C3 , C4 0.047 µF Cera m i c  Capac i tor  

System Loading and Power Limitations 

Because of the number of options that may be installed in the 
system, the 1/0 bus loading should be limited to one Schottky 
TTL load. If the interface circuitry on the card is used, then this 
requirement is met .  

Refer to the power supply information in this manual for the 
power limitations to be observed. 
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Prototype C ard External Interface 

If a connector is required for the card function, then you should 
purchase one of the recommended connectors (manufactured by 
Amp) or equivalent listed below: 

Con necto r S ize Part N u mber (Amp)  

9-p in  D-st:ie l l  ( M a le)  205865- 1 
9 - p i n  D-she l l  ( Fema le )  205866- 1 

1 5- p i n  D - s h e l l  ( M a le )  205867- 1 
1 5- p i n  D-she l l  (Fe m a l e )  205868- 1 
2 5 - p i n  D-she l l  ( M a l e  205857 - 1  
2 5 - p i n  D-she l l  ( Fema le )  205858- 1 
3 7 - p i n  D-she l l  ( M a le )  205859- 1 
37-p i n D-she l l  (Fema le )  205860- 1 

The following example shows a 1 5-pin, D-shell, female connector 
attached to a prototype card. 

Component Side 
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IBM Asynchronous 
Communications Adapter 

The asynchronous communications adapter system control signals 
and voltage requirements are provided through a 2 by 3 1  position 
card-edge tab. Two jumper modules are provided on the adapter. 
One jumper module selects either RS-232C or current-loop 
operation. The other jumper module selects one of two addresses 
for the adapter, so two adapters may be used in one system. 

The adapter is fully programmable and supports asynchronous 
communications only. It will add and remove start bits , stop bits , 
and parity bits . A programmable baud rate generator allows 
operation from 50 baud to 9600 baud. Five, six, seven or eight bit 
characters with 1 ,  1 - 1 /2,  or 2 stop bits are supported. A fully 
prioritized interrupt system controls transmit, receive, error, line 
status and data set interrupts . Diagnostic capabilities provide 
loopback functions of transmit/receive and input/output signals . 

The heart of the adapter is a INS8250 LSI chip or functional 
equivalent . Features in addition to those listed above are : 

• Full double buffering eliminates need for precise 
synchronization. 

• Independent receiver clock input. 

• Modem control functions :  clear to send (CTS), request to 
send (RTS),  data set ready (DSR), data terminal ready 
(DTR), ring indicator (RI), and carrier detect. 

• False-start bit detection. 

• Line-break generation and detection. 

All communications protocol is a function of the system 
microcode and must be loaded before the adapter is operational . 
All pacing of the interface and control signal status must be 
handled by the system software . The following figure is a block 
diagram of the asynchronous communications adapter. 
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Address B u s  Address 
L::C;.;.;h�i P;....._---.1w 

Decode Select 

Data B u s  

I n terrupt 8 2 5 0  .._ ___________ ____. Asynchronous 

O s c i l lator C o m m u n icat ions 

1 . 84 3 2  M Hz ...._ __ _... E lement 

E I A  
R eceivers 

A 

C u rrent Loop 

A 

2 5 - Pi n  D - S he l l  
C o n n ector 

Asynchronous Communications Adapter Block Diagram 

Modes of Operation 

E I A  
D rivers 

The different modes of operation are selected by programming the 
8250 asynchronous communications element. This is done by 
selecting the 1/0 address (hex 3F8 to 3FF primary, and hex 2F8 
to 2FF secondary) and writing data out to the card. Address bits 
AO, A l ,  and A2 select the different registers that define the modes 
of operation. Also, the divisor latch access bit (bit 7)  of the line 
control register is used to select certain registers . 
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1 / 0  Decode ( in  Hex)  
Pri mary Alte rnate 
Ada pter Ada pter Reg ister Selected D LA B  State 

3 F8 2F8 TX B uffer D LAB=O (Wr ite)  
3F8 2F8 RX Buffer D LAB=O ( Read)  
3F8 2F8 D iv i sor  Latch LSB D LA B = 1  
3F9 2F9 D i v i sor  Latch M S B  D LA B = l  
3F9 2F9 In ter rupt Enable R e g i ste r 
3FA 2FA In ter rupt Ident i f icat i o n  Reg i sters 
3 F B  2 F B  Li ne Control  Reg i ste r 
3FC 2FC Modem Contro l  Reg i ste r 
3 F D  2 F D  Li ne  Stat u s  Reg i ster 
3 F E  2 F E  M o d e m  Status  Reg i ste r 

1 /0 Decodes 

Hex Address 3F8 to 3 F F  and 2F8 to 2 F F  

A 9  A B  A 7  A 6  A5 A4 A3 A2 A1 AO D LA B  Register 

1 1 /0 1 1 1 1 1 x x x 

0 0 0 0 Rece ive B uffer ( read), 
Tra nsmi t  
H o l d i ng Reg .  (wr i te)  

0 0 1 0 I nter rupt E n a b l e  

0 1 0 x I n te r rupt Ident i f icat ion  

0 1 1 x L i n e  Contro l  

1 0 0 x Modem Contro l  

1 0 1 x L i n e  Status  

1 1 0 x Modem Stat us  

1 1 1 x None 

0 0 0 1 D i vi so r  Latch (LSB)  

0 0 1 1 D i vi so r  Latch ( M S B )  

Note: B i t  8 w i l l  be log ica l  1 for  the  adapter des ig nated as  p r i m a ry or  a log i c a l  0 
for  the ada pter des ignated as a lternate (as  def ined by the  address j u mper  
mod u l e  on the adapter) .  

A2, A 1 a nd AO b i ts  are "don't  cares" and are u sed to se lect the  d ifferent 
reg i ste r of the  com m u n icat i o n s  c h i p .  

Address Bits 
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I nterrupts 

One interrupt line is provided to the system. This interrupt is 
IRQ4 for a primary adapter or IRQ 3 for an alternate adapter, and 
is positive active .  To allow the communications card to send 
interrupts to the system, bit 3 of the modem control register must 
be set to 1 (high). At this point, any interrupts allowed by the 
interrupt enable register will cause an interrupt. 

The data format will be as follows: 

Transmit Start 
Data Marking Bit  

DO D l  D2 D3 D4 D5 D6 D7 

Parity Stop 
B i t  B its 

Data bit 0 is the first bit to be transmitted or received. The 
adapter automatically inserts the start bit, the correct parity bit if 
programmed to do so, and the stop bit ( 1 ,  1 - 1 /2 ,  or 2 depending 
on the command in the line-control register) .  

Interface Description 

The communications adapter provides an EIA RS-232C-like 
interface. One 25-pin D-shell , male type connector is provided to 
attach various peripheral devices .  In addition, a current loop 
interface is also located in this same connector. A jumper block is 
provided to manually select either the voltage interface, or the 
current loop interface . 

The current loop interface is provided to attach certain printers 
provided by IBM that use this particular type of interface . 

Pin 1 8  + receive current loop data 
Pin 25 - receive current loop return 
Pin 9 + transmit current loop return 
Pin 1 1  - transmit current loop data 
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I Tra nsmit C i rcuit J 
+5 Vdc 

� .... _4_9_. s_o_h_m 
_____ • Pin 9 

Tx Data ---- Xl�-.....,.l'v----------· P in 1 1  

+5 Vdc 

I Receive Circuit 
5 . 6  k - O h m  

O PTO Isolator 

P in  1 8  

Pin 25 

+5 Vdc 

Current Loop I nterface 

The voltage interface is a serial interface . It supports certain data 
and control signals , as listed below . 

Pin 2 
Pin 3 
Pin 4 
Pin 5 
Pin 6 
Pin 7 
Pin 8 
Pin 20 
Pin 22 

Transmitted Data 
Received Data 
Request to Send 
Clear to Send 
Data Set Ready 
Signal Ground 
Carrier Detect 
Data Terminal Ready 
Ring Indicator 

The adapter converts these signals to/from TTL levels to EIA 
voltage levels . These signals are sampled or generated by the 
communications control chip . These signals can then be sensed by 
the system software to determine the state of the interface or 
peripheral device . 
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Voltage Interchange Information 

I nte rface 
Interchange Voltage B inary State Signa l  Cond ition Co ntrol Function 

Pos i t i ve Vo ltage = B i nary (0) = Spac ing  =On 

Negat ive Vo l tage = B i n a ry ( 1 ) = M a r k i n g  =Off 

I n va l id Levels 

+ 1 5 Vdc 

On Function 

+3 Vdc 

O Vdc I nva l id Levels 

-3 Vdc 

Off F unction 

- 1 5 Vdc 

I n va l id Levels 

The signal will be considered in the "marking" condition when the 
voltage on the interchange circuit , measured at the interface point, 
is more negative than -3 Vdc with respect to signal ground. The 
signal will be considered in the "spacing" condition when the 
voltage is more positive than + 3 V de with respect to signal 
ground. The region between + 3  Vdc and -3  Vdc is defined as the 
transition region, and considered an invalid level . The voltage that 
is more negative than - 1 5  V de or more positive than + 1 5  V de 
will also be considered an invalid level . 

During the transmission of data, the "marking" condition will be 
used to denote the binary state " l "  and "spacing" condition will 
be used to denote the binary state "O." 

For interface control circuits , the function is "on" when the 
voltage is more positive than +3  Vdc with respect to signal ground 
and is "oft'' when the voltage is more negative than -3 V de with 
respect to signal ground. 
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INS8250 Functional Pin Description 

The following describes the function of all INS8250 input/output 
pins . Some of these descriptions reference internal circuits . 

Note: In the following descriptions , a low represents a logical 0 
(0 Vdc nominal) and a high represents a logical I (+ 2.4 Vdc 
nominal). 

Input Signals 

Chip Select (C SO, C S l ,  C S2) , Pins 1 2- 1 4: When CSO and 
C S I  are high and CS2 is low, the chip is selected. Chip selection 
is complete when the decoded chip select signal is latched with an 
active ( low) address strobe (ADS) input. This enables 
communications between the INS8250 and the processor. 

Data Input Strobe (DI STR, DI STR) Pins 22 and 2 1 :  When 
DISTR is high or DISTR is low while the chip is selected, allows 
the processor to read status information or data from a selected 
register of the INS8250.  

Note: Only an active DISTR or DISTR input is required to 
transfer data from the INS8250 during a read operation. 
Therefore, tie either the DISTR input permanently low or the 
DIS TR input permanently high, if not used. 

Data Output Strobe (DO STR, DO STR) , Pins 1 9  and 
1 8: When DOSTR is high or DOSTR is low while the chip is 
selected, allows the processor to write data or control words into a 
selected register of the INS8250. 

Note: Only an active DOSTR or DOSTR input is required to 
transfer data to the INS8250 during a write operation. Therefore , 
tie either the DOSTR input permanently low or the DOSTR input 
permanently high, if not used. 
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Address Strobe (ADS) ,  Pin 25 :  When low, provides latching 
for the register select (AO, A l ,  A2) and chip select (CSO, CS l ,  
CS2) signals .  

Note: An active ADS input is required when the register select 
(AO, A l ,  A2) signals are not stable for the duration of a read or 
write operation. If not required, tie the ADS input permanently 
low. 

Register Select (AO, A l ,  A2) , Pins 26-28: These three inputs 
are used during a read or write operation to select an INS8250 
register to read from or write to as indicated in the table below. 
Note that the state of the divisor latch access bit (DLAB),  which 
is the most significant bit of the line control register, affects the 
selection of certain INS8250 registers . The DLAB must be set 
high by the system software to access the baud generator divisor 
latches . 

D LA B  A2 A1 AO Registe r 

0 0 0 0 Receiver B uffer ( R ead) .  Tra nsm itte r 
Ho ld ing  Reg i ster (Write) 

0 0 0 1 I nterrupt Enab le  

x 0 1 0 I n te rrupt Ident i f icat ion ( Read On ly)  

x 0 1 1 L ine  Control  

x 1 0 0 Modem Control  

x 1 0 1 L ine  Status  

x 1 1 0 Modem Contro l  Stat us 

x 1 1 1 None 

1 0 0 0 Div isor  Latch (Least S i g n if ica nt B i t )  

1 0 0 1 D i visor  Latch ( Most S i g n if i cant  B i t )  

Master Reset (MR) ,  Pin 35: When high, clears all the registers 
(except the receiver buffer, transmitter holding, and divisor 
latches), and the control logic of the INS8250. Also, the state of 
various output signals (SOUT, INTRPT, OUT 1 ,  OUT 2,  RTS,  
DTR) are affected by an active MR input. Refer to the 
"Asynchronous Communications Reset Functions" table. 

Receiver Clock (RCLK) , Pin 9: This input is the 1 6  x baud 
rate clock for the receiver section of the chip. 
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Serial Input (SIN) ,  Pin 1 0: Serial data input from the 
communications link (peripheral device, modem, or data set) . 

Clear to Send (CTS) ,  Pin 36: The CTS signal is a modem 
control function input whose condition can be tested by the 
processor by reading bit 4 (CTS) of the modem status register. Bit 
0 (DCTS) of the modem status register indicates whether the CTS 
input has changed state since the previous reading of the modem 
status register. 

Note: Whenever the CTS bit of the modem status register 
changes state , an interrupt is generated if the modem status 
interrupt is enabled. 

Data Set Ready (DSR) ,  Pin 37 :  When low, indicates that the 
modem or data set is ready to establish the communications 
link and transfer data with the INS8250.  The DSR signal is a 
modem-control function input whose condition can be tested by 
the processor by reading bit 5 (DSR) of the modem status register. 
Bit 1 (DDSR) of the modem status register indicates whether the 
DSR input has changed since the previous reading of the modem 
status register. 

Note: Whenever the DSR bit of the modem status register 
changes state , an interrupt is generated if the modem status 
interrupt is enabled. 

Received Line S ignal Detect (RLSD) , Pin 38:  When low, 
indicates that the data carrier had been detected by the modem or 
data set. The RLSD signal is a modem-control function input 
whose condition can be tested by the processor by reading bit 7 
(RLSD) of the modem status register. Bit 3 (D RLSD) of the 
modem status register indicates whether the RLSD input has 
changed state since the previous reading of the modem status 
register. 

Note: Whenever the RLSD bit of the modem status register 
changes state , an interrupt is generated if the modem status 
interrupt is enabled. 
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Ring Indicator (RI) ,  Pin 39 :  When low, indicates that a 
telephone ringing signal has been received by the modem or data 
set. The RI signal is a modem-control function input whose 
conditon can be tested by the processor by reading bit 6 {RI) of 
the modem status register. Bit 2 (TERI) of the modem status 
register indicates whether the RI input has changed from a low to 
high state since the previous reading of the modem status register. 

Note: Whenever the RI bit of the modem status register changes 
from a high to a low state , an interrupt is generated if the modem 
status register interrupt is enabled. 

VCC,  Pin 40: + 5  Vdc supply . 

VS S,  Pin 20: Ground (0 Vdc) reference . 

Output S ignals 

Data Terminal Ready (DTR) , Pin 3 3 :  When low, informs the 
modem or data set that the INS8250 is ready to communicate . 
The DTR output signal can be set to an active low by 
programming bit 0 (DTR) of the modem control register to a high 
level .  The DTR signal is set high upon a master reset operation. 

Request to Send (RTS) , Pin 32: When low, informs the modem 
or data set that the INS8250 is ready to transmit data. The RTS 
output signal can be set to an active low by programming bit 1 
(RTS) of the modem control register. The RTS signal is set high 
upon a master reset operation. 

Output 1 (OUT 1 ) ,  Pin 34: User-designated output that can be 
set to an active low by programming bit 2 (OUT 1 )  of the modem 
control register to a high level . The OUT 1 signal is set high upon 
a master reset operation. 

Output 2 (OUT 2) , Pin 3 1 :  User-designated output that can be 
set to an active low by programming bit 3 (OUT 2) of the modem 
control register to a high level . The OUT 2 signal is set high upon 
a master reset operation. 
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Chip Select Out (C SOUT) , Pin 24: When high, indicates that 
the chip has been selected by active CSO, CS l ,  and CS2 inputs . 
No data transfer can be initiated until the CSOUT signal is a 
logical 1 .  

Driver Disable (DDI S) , Pin 23 :  Goes low whenever the 
processor is reading data from the INS8250. A high-level DDIS 
output can be used to disable an external transceiver (if used 
between the processor and INS8250 on the D7-DO data bus ) at 
all times, except when the processor is reading data. 

Baud Out (BAUDOUT) , Pin 1 5 : 1 6  x clock signal for the 
transmitter section of the INS8250.  The clock rate is equal to the 
main reference oscillator frequency divided by the specified 
divisor in the baud generator divisor latches . The BAUDOUT 
may also be used for the receiver section by typing this output to 
the RCLK input of the chip. 

Interrupt (INTRPT) , Pin 30: Goes high whenever any one of 
the following interrupt types has an active high condition and is 
enabled through the IER: receiver error flag, received data 
available , transmitter holding register empty, or modem status . 
The INTRPT signal is reset low upon the appropriate interrupt 
service or a master reset operation. 

Serial Output (SOUT) , Pin 1 1 : Composite serial data output to 
the communications link (peripheral , modem, or data set) . The 
SOUT signal is set to the marking (logical I )  state upon a master 
reset operation. 

Input/Output Signals 

Data Bus (D7-DO) , Pins 1 -8: This bus comprises eight tri-state 
input/output lines . The bus provides bidirectional communications 
between the INS8250 and the processor. Data, control words , 
and status information are transferred through the D7-DO data 
bus . 

External Clock Input/Output (XTALl , XTAL2) , Pins 1 6  and 
1 7: These two pins connect the main timing reference (crystal or 
signal clock) to the INS8250.  

Asynchronous Adapter 1 -233  



Programming Considerations 

The INS8250 has a number of accessible registers . The system 
programmer may access or control any of the INS8250 registers 
through the processor. These registers are used to control 
INS8250 operations and to transmit and receive data. A table 
listing and description of the accessible registers follows . 

Reg ister/Signal  R eset Control Reset State 

I nterrupt Enab le  Reg ister  Master R eset A l l  B i ts Low (0·3 Forced a nd 
4- 7 Perma ne nt) 

I nterrupt Ident if icat ion  Master Reset Bit 0 is H ig h ,  B i ts 1 a nd 2 Low 
R eg i ster B i ts  3- 7 are Perma nent ly  Low 

Li ne  Control  Reg ister Master Reset All B i ts Low 

M ode m Control Reg ister Master R eset A l l  B i ts Low 

Li ne  Status Reg i ste r Master R eset Except B i ts 5 a nd 6 a re H i g h  

Modem Status  Reg i ster Master Reset B i ts 0-3 Low 
B i ts 4- 7 - I n p u t  S i g n a l  

S O U T  Master Reset H i g h  

I N TR PT ( R CVR Errors)  Read LS R / M R  Low 

I NTRPT ( R CVR Data Ready) Read R B R / M R  Low 

I NT R PT ( R CVR Data Ready) Read l l R/ Low 
Write T H R/M R 

I NTRPT ( Modem Sta t u s  Read M S R / M R  Low 
C h a nges)  

O UT 2 Master Reset H i g h  

RTS Master Reset H i g h  

DTR Master Reset H i g h  

O UT 1 Master Reset H i g h  

Asynchronous Communications Reset Functions 
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Line-Control Register 

The system programmer specifies the format of the asynchronous 
data communications exchange through the line-control register. 
In addition to controlling the format, the programmer may retrieve 
the contents of the line-control register for inspection. This feature 
simplifies system programming and eliminates the need for 
separate storage in system memory of the line characteristics. The 
contents of the line-control register are indicated and described 
below. 

B i t  7 6 5 4 3 2 0 

Line-Control Register ( LC R )  

Wo rd Length Se lect B i t  0 (WLSO) 

Word Length Se lect Bit 1 (WLS 1 )  

N u mber of Stop B its (STB) 

Pa r i ty Enable ( P E N )  

Eve n Par ity Se lect ( E PS)  

St ick  Par i ty 

Set Break 

Div isor  Latch Access B i t  ( D LAB)  

Bits 0 and 1 :  These two bits specify the number of bits in each 
transmitted or received serial character. The encoding of bits 0 
and 1 is as follows : 

Bit 1 Bit 0 Word Length 

0 0 5 B i ts  
0 1 6 Bits  
1 0 7 B i ts  
1 1 8 Bits  
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Bit 2 :  This bit specifies the number of stop bits in each 
transmitted or received serial character. If bit 2 is a logical 0, one 
stop bit is generated or checked in the transmit or receive data, 
respectively . If bit 2 is logical 1 when a 5-bit word length is 
selected through bits 0 and 1 ,  1 - 1 /2 stop bits are generated or 
checked. If bit 2 is logical 1 when either a 6-, 7-, or 8-bit word 
length is selected, two stop bits are generated or checked. 

Bit 3: This bit is the parity enable bit. When bit 3 is a logical 1 ,  
a parity bit is generated (transmit data) or checked (receive data) 
between the last data word bit and stop bit of the serial data. (The 
parity bit is used to produce an even or odd number of l 's when 
the data word bits and the parity bit are summed. )  

Bit 4 :  This bit i s  the even parity select bit. When bit 3 i s  a 
logical 1 and bit 4 is a logical 0, an odd number of logical l 's is 
transmitted or checked in the data word bits and parity bit . When 
bit 3 is a logical 1 and bit 4 is a logical 1 ,  an even number of bits 
is transmitted or checked. 

Bit 5: This bit is the stick parity bit. When bit 3 is a logical 1 
and bit 5 is a logical 1 ,  the parity bit is transmitted and then 
detected by the receiver as a logical 0 if bit 4 is a logical 1 ,  or as a 
logical 1 if bit 4 is a logical 0. 

Bit 6:  This bit is the set break control bit. When bit 6 is a logical 
1 ,  the serial output (SOUT) is forced to the spacing (logical 0) 
state and remains there regardless of other transmitter activity . 
The set break is disabled by setting bit 6 to a logical 0. This 
feature enables the processor to alert a terminal in a computer 
communications system. 

Bit 7 :  This bit is the divisor latch access bit (DLAB).  It must be 
set high (logical 1 )  to access the divisor latches of the baud rate 
generator during a read or write operation. It must be set low 
(logical 0) to access the receiver buffer, the transmitter holding 
register, or the interrupt enable register. 
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Programmable Baud Rate Generator 

The INS8250 contains a programmable baud rate generator that 
is capable of taking the clock input ( 1 . 8432 MHz) and dividing it 
by any divisor from 1 to ( 2 1 6- l ). The output frequency of the 
baud generator is 1 6  x the baud rate [divisor # = (frequency 
input)/(baud rate x 1 6) ] .  Two 8-bit latches store the divisor in a 
1 6-bit binary format. These divisor latches must be loaded during 
initialization in order to ensure desired operation of the baud rate 
generator. Upon loading either of the divisor latches ,  a 1 6-bit 
baud counter is immediately loaded. This prevents long counts on 
initial load. 

Hex Address 3F8 D LAB = 1 

B i t  7 6 5 4 3 2 0 

I � ::: � 
B i t  2 

'---------11 B i t  3 
�---------- B i t  4 

'------------- B i t  5 
'--------------- B i t  6 

'----------------- B i t  7 

Divisor Latch Least Significant Bit ( D L L )  
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Hex Add ress 3F9 D LA B  = 1 · 

B i t  7 6 5 4 3 2 0 

I I L ::� : L-==. B i t 1 0  

--------- B i t  1 1  

----------- B i t  1 2  

'-------------- B i t  1 3  

'----------------- B i t  1 4  

--------------------1� B i t  1 5  

Divisor Latch Most Significant Bit ( O L M )  

The following figure illustrates the use of the baud rate generator 
with a frequency of 1 .8432 MHz. For baud rates of 9600 and 
below, the error obtained is minimal . 

Note: The maximum operating frequency of the baud generator 
is 3 . 1  MHz . In no case should the data rate be greater than 9600 
baud. 

Desi red D ivisor U sed Percent Error 
Baud to Generate D iffere nce Betwee n 
R ate 1 6x Clock Desi red and Actual 

( Decimal )  ( Hex) 

50 2304 900 -

75 1 53 6  600 -

1 1 0 1 047 4 1 7 0.026 
1 34 . 5  857 359 0.058 
1 50 768 300 -

300 384 1 80 -

600 1 92 oco -

1 200 96 060 -

1 800 64 040 -

2000 58 03A 0.69 
2400 48 030 -

3 600 3 2  020 -

4800 24 0 1 8 -

7 200 1 6  0 1 0 -

9600 1 2  ooc -

Baud Rate at 1 .843 MHz 
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Line Status Register 

This 8-bit register provides status information on the processor 
concerning the data transfer. The contents of the line status 
register are indicated and described below: 

Hex Address 3FD 

B i t  7 6 5 4 3 2 0 

I I ., Data Ready ( D R )  � Ove r r u n  Er ror ( O R )  

Pa r ity Error ( P E )  

.....__ _______ ..,. Fra m i n g  Error  ( F E )  

----------- Break I nte r rupt ( B l )  

'------------- Tra nsm itter Ho ld ing  
Reg ister E m pty 
(TH R E )  

......_ ______________ Tx Sh ift Reg i ster 
E m pty (TS R E )  

---------------- = 0 

Line Status Register ( LSR ) 

Bit 0: This bit is the receiver data ready (DR) indicator. Bit 0 is 
set to a logical 1 whenever a complete incoming character has 
been received and transferred into the receiver buffer register. Bit 
0 may be reset to a logical 0 either by the processor reading the 
data in the receiver buffer register or by writing a logical 0 into it 
from the processor. 

Bit 1 :  This bit is the overrun error (OE) indicator. Bit 1 
indicates that data in the receiver buffer register was not read by 
the processor before the next character was transferred into the 
receiver buffer register, thereby destroying the previous character. 
The OE indicator is reset whenever the processor reads the 
contents of the line status register. 

Bit 2: This bit is the parity error (PE) indicator. Bit 2 indicates 
that the received data character does not have the correct even or 
odd parity, as selected by the even parity-select bit . The PE bit is 
set to a logical 1 upon detection of a parity error and is reset to a 
logical 0 whenever the processor reads the contents of the line 
status register. 
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Bit 3 :  This bit is the framing error (FE) indicator. Bit 3 
indicates that the received character did not have a valid stop bit. 
Bit 3 is set to a logical 1 whenever the stop bit following the last 
data bit or parity is detected as a zero bit (spacing level) . 

Bit 4: This bit is the break interrupt (BI) indicator. Bit 4 is set to 
a logical 1 whenever the received data input is held in the spacing 
(logical 0) state for longer than a full word transmission time (that 
is, the total time of start bit + data bits + parity +stop bits) .  

Note: Bits 1 through 4 are the error conditions that produce a 
receiver line status interrupt whenever any of the corresponding 
conditions are detected. 

Bit 5: This bit is the transmitter holding register empty (THRE) 
indicator. Bit 5 indicates that the INS8250 is ready to accept a 
new character for transmission. In addition, this bit causes the 
INS8250 to issue an interrupt to the processor when the transmit 
holding register empty interrupt enable is set high. The THRE bit 
is set to a logical 1 when a character is transferred from the 
transmitter holding register into the transmitter shift register. The 
bit is reset to logical 0 concurrently with the loading of the 
transmitter holding register by the processor. 

Bit 6:  This bit is the transmitter shift register empty (TSRE) 
indicator. Bit 6 is set to a logical 1 whenever the transmitter shift 
register is idle . It is reset to logical 0 upon a data transfer from the 
transmitter holding register to the transmitter shift register. Bit 6 is 
a read-only bit. 

Bit 7 :  This bit i s  permanently set to logical 0 .  

I nterrupt Identification Register 

The INS8250 has an on-chip interrupt capability that allows for 
complete flexibility in interfacing to all the popular 
microprocessors presently available . In order to provide minimum 
software overhead during data character transfers , the INS8250 
prioritizes interrupts into four levels :  receiver line status (priority 
1 ) , received data ready (priority 2) ,  transmitter holding register 
empty (priority 3 ), and modem status (priority 4 ) .  
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Information indicating that a prioritized interrupt is pending and 
the type of prioritized interrupt is stored in the interrupt 
identification register. Refer to the "Interrupt Control 
Functions " table . The interrupt identification register (IIR), when 
addressed during chip-select time, freezes the highest priority 
interrupt pending, and no other interrupts are acknowledged until 
that particular interrupt is serviced by the processor. The contents 
of the IIR are indicated and described below. 

Hex Address 3FA 

Bit 7 6 5 4 3 2 0 

0 If I nter rupt Pend ing 

In ter rupt I D  B i t  (0) 

I n te r rupt I D  B i t  ( 1 )  
-------- = O 

"-----------;• = 0 
....__ __________ = 0 

------------.• = 0 
....__ ____________ = 0 

I nterrupt Identification Register ( l l R ) 

Bit 0: This bit can be used in either a hard-wired prioritized or 
polled environment to indicate whether an interrupt is pending and 
the IIR contents may be used as a pointer to the appropriate 
interrupt service routine . When bit 0 is a logical 1 ,  no interrupt is 
pending and polling (if used) is continued. 

Bits 1 and 2: These two bits of the IIR are used to identify the 
highest priority interrupt pending as indicated in the "Interrupt 
Control Functions ' '  table . 

Bits 3 through 7 :  These five bits of the IIR are always logical 0 .  
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I nterrupt I D  
Regi ster I nterrupt Set and R eset Functions 

Priority Interrupt I nterrupt I nterrupt 
Bit 2 Bit 1 Bit  0 Level Type Source R eset Control 

0 0 1 - None None -

1 1 0 H i g hest Receiver  Ove r r u n  Error  Reading the 
Li ne  Stat us  or  L ine Stat us  

Par i ty E r ror  Reg i ster 
or  

Fra m i ng Er ror 
or  

Break  I nterrupt 

1 0 0 Second Rece i ved Receiver Read i n g  the 
Data Ava i l a b l e  D a t a  Ava i l ab le  Receiver B uffer 

Reg ister 

0 1 0 Th i rd Tra nsm itter Tra nsm itter Read ing  the l l R  
H o l d i n g  H o l d i n g  Reg i ster ( i f  
Reg ister Reg ister sou rce of 
E m pty E m pty i nterrupt )  

o r  
Wr i t i n g  i nto the 
Tra nsmi tter 
H o l d i n g  R eg i ster 

0 0 0 Fou rth Modem Clear to Send Read i n g  the 
Status or Modem Sta t u s  

D a t a  Set Ready Reg i ster 
or 

R i ng I n d icator 
or  

Received Li n e  
S i g n a l  D i rect 

Interrupt Control Functions 
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Interrupt Enable Register 

This eight-bit register enables the four types of interrupt of the 
INS8250 to separately activate the chip interrupt (INTRPT) 
output signal . It is possible to totally disable the interrupt system 
by resetting bits 0 through 3 of the interrupt enable register. 
Similarly , by setting the appropriate bits of this register to a 
logical 1 ,  selected interrupts can be enabled. Disabling the 
interrupt system inhibits the interrupt identification register and 
the active (high) INTRPT output from the chip. All other system 
functions operate in their normal manner, including the setting of 
the line status and modem status registers . The contents of the 
interrupt enable register are indicated and described below: 

Hex Address 3F9 D LA B  = O 

B i t  7 6 5 4 3 2 0 

L 1 = Enab le  Data 
Ava i l ab le  I nterrupt 

1 = Enable Tx Ho ld ing  Reg ister 
E m pty Interrupt  

....._ __ ___,-..,. 1 = Enab le  Receive L ine  
Status  I nterru pt 

....._ ____ -1-� 1 = E n a b l e  Modem Status  
I n terrupt 

....._ _____ ___, ... = 0 
....._ __________ = 0 

....._ _________ ..,. = 0 
....._ ____________ = 0 

Interrupt Enable Register ( I E R )  

Bit 0 :  This bit enables the received data available interrupt when 
set to logical 1 .  

Bit 1 :  This bit enables the transmitter holding register empty 
interrupt when set to logical 1 .  

Bit 2 :  This bit enables the receiver line status interrupt when set 
to logical 1 .  
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Bit 3 :  This bit enables the modem status interrupt when set to 
logical 1 .  

Bits 4 through 7 :  These four bits are always logical 0 .  

M odem Control Register 

This eight-bit register controls the interface with the modem or 
data set (or peripheral device emulating a modem). The contents 
of the modem control register are indicated and described below: 

Hex Address 3FC 

B i t  7 6 5 4 3 2 0 

I I_ ... Data Term i n a l  Ready ( DTR)  � Req uest to S e nd ( RTS) 

Out  1 

Out  2 

------- Loop 

--------- = 0 
....__ _________ = 0 

-----------� = 0 

Modem Control Register (MCR ) 

Bit 0: This bit controls the data terminal ready (DTR) output . 
When bit 0 is set to logical 1 ,  the DTR output is forced to a 
logical 0. When bit 0 is reset to a logical 0, the DTR output is 
forced to a logical 1 .  

Note: The DTR output of the INS8250 may be applied to an 
EIA inverting line driver (such as the DS 1 488)  to obtain the 
proper polarity input at the succeeding modem or data set. 

Bit 1 :  This bit controls the request to send (RTS) output. Bit 1 
affects the RTS output in a manner identical to that described 
above for bit 0. 
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Bit 2: This bit controls the output 1 (OUT 1 )  signal , which is an 
auxiliary user-designated output. Bit 2 affects the OUT 1 output 
in a manner identical to that described above for bit 0. 

Bit 3: This bit controls the output 2 (OUT 2)  signal , which is an 
auxiliary user-designated output. Bit 3 affects the OUT 2 output 
in a manner identical to that described above for bit 0. 

Bit 4: This bit provides a loopback feature for diagnostic testing 
of the INS8250.  When bit 4 is set to logical 1 ,  the following 
occurs : the transmitter serial output (SOUT) is set to the marking 
(logical 1 )  state ; the receiver serial input (SIN) is disconnected; 
the output of the transmitter shift register is "looped back" into 
the receiver shift register input; the four modem control inputs 
(CTS , DRS , RLSD, and RI) are disconnected; and the four 
modem control outputs (DTR, RTS,  OUT 1 ,  and OUT 2) are 
internally connected to the four modem control inputs . In the 
diagnostic mode, data that is transmitted is immediately received. 
This feature allows the processor to verify the transmit- and 
receive-data paths of the INS8250.  

In the diagnostic mode , the receiver and transmitter interrupts are 
fully operational . The modem control interrupts are also 
operational but the interrupts ' sources are now the lower four bits 
of the modem control register instead of the four modem control 
inputs . The interrupts are still controlled by the interrupt enable 
register. 

The INS8250 interrupt system can be tested by writing into the 
lower four bits of the modem status register. Setting any of these 
bits to a logical 1 generates the appropriate interrupt (if enabled) .  
The resetting of  these interrupts i s  the same as in  normal 
INS8250 operation . To return to normal operation, the registers 
must be reprogrammed for normal operation and then bit 4 of the 
modem control register must be reset to logical 0. 

Bits 5 through 7: These bits are permanently set to logical 0. 
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Modem Status Register 

This eight-bit register provides the current state of the control 
lines from the modem (or peripheral device) to the processor. In 
addition to this current-state information, four bits of the modem 
status register provide change information. These bits are set to a 
logical 1 whenever a control input from the modem changes state . 
They are reset to logical 0 whenever the processor reads the 
modem status register. 

The content of the modem status register are indicated and 
described below: 

Hex Address 3 F E  

B i t  7 6 5 4 3 2 0 

De lta C lear  to S e nd (DCTS) 

Delta Data Set Ready ( D D S R )  

Tra i l i ng Edge R i n g  
I n d i cator (TE R I )  

------- De lta Rx L ine  S i g n a l  
Detect ( D R  LS D)  

-------- Clear  to S e nd (CTS) 

'---------- Data Set Ready ( D S R )  

----------..-. R i ng I nd icator ( R I )  

'------------� Receive L ine  S i g n a l  
Detect ( R LS D )  

Modem Status Register (MSR ) 

Bit 0: This bit is the delta clear to send (DCTS) indicator. Bit 0 
indicates that the CTS input to the chip has changed state since 
the last time it was read by the processor. 

Bit 1 :  This bit is the delta data set ready (DDSR) indicator. Bit 
l indicates that the DRS input to the chip has changed since the 
last time it was read by the processor. 

Bit 2: This bit is the trailing edge of ring indicator (TERI) 
detector. Bit 2 indicates that the RI input to the chip has changed 
from an on (logical 1 )  to an off (logical 0) condition. 
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Bit 3 :  This bit is the delta received line sigQal detector 
(DRLSD) indicator. Bit 3 indicates that the RLSD input to the 
chip has changed state . 

Note: Whenever bit 0, 1 ,  2, or 3 is set to a logical 1 ,  a modem 
status interrupt is generated. 

Bit 4:  This bit is the complement of the clear to send (CTS) 
input. If bit 4 (LOOP) of the MCR is set to a logical 1 ,  this is 
equivalent to RTS in the MCR. 

Bit 5: This bit is the complement of the data set ready (DSR) 
input. If bit 4 of the MCR is set to a logical 1 ,  this bit is 
equivalent to DTR in the MCR. 

Bit 6: This bit is the complement of the ring indicator (RI) input . 
If bit 4 of the MCR is set to a logical 1 ,  this bit is equivalent to 
OUT 1 in the MCR. 

Bit 7: This bit is the complement of the received line signal 
detect (RLSD) input. If bit 4 of the MCR is set to a logical 1 ,  this 
bit is equivalent to OUT 2 of the MCR. 

Receiver Buffer Register 

The receiver buffer register contains the received character as 
defined below: 

Hex Address 3F8 D LA B  = 0 Read O n l y  

B i t  7 6 5 4 3 2 0 

Data B i t  0 

Data B i t  1 

Data B i t  2 

Data B i t  3 

'-------- Data B i t  4 

'---------- Data B i t  5 

'------------ Data B i t  6 

------------ Data B i t  7 

Receiver Buffer Registe r ( R B R )  

Bit 0 i s  the least significant bit and i s  the first bit serially received. 
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Transmitter Holding Register 

The transmitter holding register contains the character to be 
serially transmitted and is defined below: 

Hex Address 3F8 D LAB = 0 Write O n l y  

B i t  7 6 5 4 3 2 0 � Data B i t O 

Data B i t  1 
Data B i t  2 

Data B i t  3 

'----------i� Data B i t  4 

--------- Data B i t  5 

,____ ________ ___,. Data B i t  6 

------------ Data B i t  7 

Transmitter Holding Register (TH R )  

Bit 0 i s  the least significant bit and i s  the first bit serially 
transmitted. 
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Selecting the Interface Format and 
Adapter Address 

The voltage or current loop interface and adapter address are 
selected by plugging the programmed shunt modules with the 
locator dots up or down. See the figure below for the 
configurations . 

M o d u l e  P o s i t i o n  M o d u l e  Posit i o n  
f o r  P ri m a ry Asy n c h ro n o u s  

A d a p t e r  
f o r  A l t e r n a te A s y n c h ro n o u s  

A d a p t e r  

D 
D 

D D  
0 0  D D 

-g: D o D o O D D 
0 

Async h ro n o u s  

C o m m u n i c a t i o n s  

A d a p t e r  

C u rrent Loop 
I n te rface 
Dot Down 

���...._����""""+'-�� 

Voltage I nterface 
Dot Up 
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Rear Panel 

E xternal  
Device 

-

At sta ndard RS-232C Levels 
(with exception of current loops) 

Description Pin 

N C  1 

Tra nsmitted Data 2 

R eceived Data 3 

R equest to Send 4 

Clear to Send 5 
-

Data Set R eady 6 

Signal  Ground 7 

Received Line Signal  D etecto r 8 

+Tra nsmit C urrent Loop Data 9 

N C  1 0  

-Tra nsmit C u rre nt Loop Data 1 1  

N C  1 2  

N C  1 3  

N C  1 4  

N C  1 5  

N C  1 6  

N C  1 7  

+ R eceive C u rrent Loop Data 1 8  
-

N C  1 9  

_ D ata Terminal  Ready 20 
-

N C  2 1  

R i ng I n d icato r 2 2  

N C  2 3  

N C  2 4  

- Receive Current Loop R eturn 25 

2 5 - P i n  D - S hell  
Connector 

• 

• 

• 

• 
• 

• 

Asynch r onous 
n ications Com mu 

Ada pter 
( R S - 2 3 2  C )  

2 5  

1 4  

Note:  To avoid i n d ucing voltage surges on interchange c i rcu its ,  s ignals from 
interchange c i rc uits shal l  be used to d rive ind uctive devices.  such as 
re lay coi ls .  

Connector Specifications 
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Binary Synchronous 
Communications Adapter 

The binary synchronous communication (BSC) adapter is a 
4-inch high by 7 . 5-inch wide card that provides an 
RS232C-compatible communication interface for the IBM 
Personal Computer. All system control , voltage , and data signals 
are provided through a 2- by 3 1 -position card-edge tab. External 
interface is in the form of EIA drivers and receivers connected to 
an RS232C,  standard 25-pin, D-shell connector. 

The adapter is programmed by communication software to 
operate in binary synchronous mode. Maximum transmission rate 
is 9600 bits per second (bps) .  The heart of the adapter is an 
Intel 825 1 A Universal Synchronous/ Asynchronous 
Receiver/Transmitter (USART). An Intel 8255A-5 
programmable peripheral interface (PPI) is also used for an 
expanded modem interface, and an Intel 825 3-5 programmable 
interval timer provides time-outs and generates interrupts . 

The following is a block diagram of the BSC adapter. 

TI M E R  
E I A  
Drivers/ 

8253 Receivers 
Data 

System Communication 
Bus Equipment 

r 1  Data r ....., I I 

I Bus I I 
I Control USA R T  I I 
I I I I I I 825 1 A  I I I I I 
I I I 
I Address Programmable I I 

I L .J  Peri pheral L....J 
I nterface 

BSC Adapter Block Diagram 
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Functional Description 

825 lA Universal Synchronous/ Asynchronous 
Receiver /Transmitter 

The 825 l A operational characteristics are programmed by the 
system unit's software, and it can support virtually any form of 
synchronous data technique currently in use. In the configuration 
being described, the 825 l A is used for IBM's binary synchronous 
communications (BSC ) protocol in half-duplex mode . 

Operation of the 825 1 A is started by programming the 
communications format, then entering commands to tell the 
825 l A  what operation is to be performed. In addition, the 825 l A  
can pass device status to the system unit by doing a Status Read 
operation. The sequence of events to accomplish this are mode 
instruction, command instruction, and status read. Mode 
instruction must follow a master reset operation. Commands can 
be issued in the data block at any time during operation of the 
825 1 A. 

A block diagram of the 825 I A  follows : 

Data 
B u s  
B u ffer 

RESET �-=----:"::-:-:-:c---i 
C LK 
C_LQ 
_RD 
WR -.a.----,,,.-----' 

CS ---' 
DSA ______,--------, 
OTA Modem 

Co ntro l CTS 
RTS �---__J 

I N T E R NAL 
DATA BUS 

8251 A Block Diagram 
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Tra nsmit  
B u ffer 
( P-S) 

Tra n s mit 
C o ntrol 

Rece ive 
B uffe r 
(S-P) 

Receive 
C o ntrol 

TxD 

TxRDY 
TxE 
TxC 

RxD 

RxRDY 
RxC 
SYN DET 



Data Bus Buffer 

The system unit's data bus interfaces the 825 1 A through the data 
bus buffer. Data is transferred or received by the buff er upon 
execution of input or output instructions from the system unit. 
Control words , command words , and status information are also 
transferred through the data bus buff er. 

Read/Write Control Logic 

The read/write control logic controls the transfer of information 
between the system unit and the 825 lA .  It consists of pins 
designated as RESET, CLK, WR, RD , CID, and CS .  

RE SET: The Reset pin i s  gated by Port B, bit 4 of the 825 5 ,  
and performs a master reset of the 825 1 A .  The minimum reset 
pulse width is 6 clock cycles .  Clock-cycle duration is determined 
by the oscillator speed of the processor. 

CLK (Clock) : The clock generates internal device timing. No 
external inputs or outputs are referenced to CLK. The input is the 
system board's bus clock of 4 .77  MHz . 

WR (Write) : An input to WR informs the 825 l A  that the 
system unit is writing data or control words to it. The input is the 
WR signal from the system-unit bus . 

RD (Read) : An input to RD informs the 825 l A  that the 
processing unit is reading data or status information from it. The 
input is the RD signal from the system-unit bus .  

CID (Control/Data) : An input on this pin, in conjunction with 
the WR and RD inputs , informs the 825 l A  that the word on the 
data bus is either a data character, a control word, or status 
information. The input is the low-order address bit from the 
system board's address bus . 

C S  (Chip Select) : A low on the input selects the 825 lA .  No 
reading or writing will occur unless the device is selected. An 
input is decoded at the adapter from the address information on 
the system-unit bus . 

B SC Adapter 1 -25 3 



Modem Control 

The 825 l A  has the following input and output control signals 
which are used to interface the transmission equipment selected 
by the user. 

DSR (Data Set Ready) : The DSR input port is a 
general-purpose , 1 -bit, inverting input port. The 825 1 A can test 
its condition with a Status Read operation. 

CTS (Clear to Send) : A low on this input enables the 825 l A  
to transfer serial data if the TxEnable bit in the command byte is 
set to 1 .  If either a TxEnable off or CTS off condition occurs 
while the transmitter is in operation, the transmitter will send all 
the data in the USART that was written prior to the TxDisable 
command, before shutting down. 

DTR (Data Terminal Ready) : The DTR output port is a 
general-purpose ,  1 -bit , inverting output port. It can be set low by 
programming the appropriate bit in the command instruction 
word. 

RTS (Request to Send) : The RTS output signal is a 
general-purpose ,  1 -bit, inverting output port. It can be set low by 
programming the appropriate bit in the Command Instruction 
word. 

Transmitter Buffer 

The transmitter buff er accepts parallel data from the data-bus 
buffer, converts it to a serial bit stream, and inserts the 
appropriate characters or bits for the BSC protocol . The output 
from the transmit buffer is a composite serial stream of data on the 
falling edge of Transmit Clock. The transmitter will begin 
transferring data upon being enabled, if CTS = 0 (active). The 
transmit data (TxD) line will be set in the marking state upon 
receipt of a master reset, or when transmit enable/CTS is off and 
the transmitter is empty (TxEmpty ) .  
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Transmitter Control 

Transmitter control manages all activities associated with the 
transfer of serial data. It accepts and issues the following signals, 
both externally and internally, to accomplish this function: 

TxRDY (Transmitter Ready) : This output signals the system 
unit that the transmitter is ready to accept a data character. The 
TxRDY output pin is used as an interrupt to the system unit 
(Level 4) and is masked by turning off Transmit Enable. TxRDY 
is automatically reset by the leading edge of a WR input signal 
when a data character is loaded from the system unit. 

TxE (Transmitter Empty) : This signal is used only as a status 
register input. 

TxC (Transmit Clock) : The Transmit Clock controls the rate 
at which the character is to be transmitted. In synchronous mode, 
the bit-per-second rate is equal to the TxC frequency. The falling 
edge of TxC shifts the serial data out of the 825 lA .  

Receiver Buffer 

The receiver accepts serial data, converts it to parallel format, 
checks for bits or characters that are unique to the communication 
technique, and sends an "assembled" character to the system unit. 
Serial data input is received on the RxD (Receive Data) pin, and 
is clocked in on the rising edge of RxC (Receive Clock). 

Receiver Control 

This control manages all receiver-related activites . The 
parity-toggle and parity-error flip-flop circuits are used for 
parity-error detection, and set the corresponding status bit. 
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RxRDY (Receiver Ready) : This output indicates that the 
825 1 A has a character that is ready to be received by the system 
unit. RxRDY is connected to the interrupt structure of the system 
unit (Interrupt Level 3) .  With Receive Enable off, RxRDY is 
masked and held in the reset mode. To set RxRDY, the receiver 
must be enabled, and a character must finish assembly and be 
transferred to the data output register. Failure to read the received 
character from the RxData output register before the assembly of 
the next RxData character will set an overrun-condition error, and 
the previous character will be lost. 

RxC (Receiver Clock) : The receiver clock controls the rate at 
which the character is to be received. The bit rate is equal to the 
actual frequency of RxC.  

SYNDET (Synchronization Detect) : This pin i s  used for 
synchronization detection and may be used as either input or 
output, programmable through the control word. It is reset to 
output-mode-low upon reset. When used as an output (internal 
synchronization mode) ,  the SYNDET pin will go to 1 to indicate 
that the 825 I A  has found the synchronization character in the 
receive mode. If the 825 I A  is programmed to use double 
synchronization characters (bisynchronization as in this 
application) ,  the SYNDET pin will go to 1 in the middle of the 
last bit of the second synchronization character. SYNDET is 
automatically reset for a Status Read operation. 

825 5A- 5 Programmable Peripheral Interface 

The 8255A-5 is used on the BSC adapter to provide an expanded 
modem interface and for internal gating and control functions . It 
has three 8-bit ports , which are defined by the system during 
initialization of the adapter. All levels are considered plus active 
unless otherwise indicated. A detailed description of the ports is in 
"Programming Considerations" in this section. 
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825 3 - 5  Programmable Interval Timer 

The 825 3-5 is driven by a divided-by-two system-clock signal . Its 
outputs are used as clocking signals and to generate inactivity 
timeout interrupts .  These level 4 interrupts occur when either of 
the timers reaches its programmed terminal counts . The 825 3-5 
has the following outputs : 

Timer 0: Not used for synchronous-mode operation. 

Timer 1 :  Connected to port A, bit 7 of the 825 5 and Interrupt 
Level 4. 

Timer 2: Connected to port A, bit 6 of the 825 5 and Interrupt 
Level 4. 

Operation 

The complete functional definition of the BSC adapter is 
programmed by the system software . Initialization and control 
words are sent out by the system to initialize the adapter and 
program the communications format in which it operates .  Once 
programmed, the BSC Adapter is ready to perform its 
communication functions. 

Transmit 

In synchronous transmission, the TxD output is continuously at a 
mark level until the system sends its first character, which is a 
synchronization character to the 825 lA.  When the CTS line goes 
on, the first character is serially transmitted. All bits are shifted 
out on the falling edge of TxC .  When the 825 lA is ready to 
receive another character from the system for transmission, it 
raises TxRDY, which causes a level-4 interrupt. 
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Once transmission has started, the data stream at the TxD output 
must continue at the TxC rate . If the system does not provide the 
825 l A  with a data character before the 825 l A  transmit buffers 
become empty, the synchronization characters will be 
automatically inserted in the TxD data stream. In this case , the 
TxE bit in the status register is raised high to signal that the 
825 l A  is empty and that synchronization characters are being 
sent out . (Note that this TxE bit is in the status register, and is not 
the TxE pin on the 825 lA). TxE does not go low when SYNC is 
being shifted out . The TxE status bit is internally reset by a data 
character being written to the 825 lA.  

Receive 

In synchronous reception, the 825 lA will achieve character 
synchronization, because the hardware design of the BSC adapter 
is intended for internal synchronization. Therefore , the SYNDET 
pin on the 825 1 A  is not connected to the adapter circuits . For 
internal synchronization, the Enter Hunt command should be 
included in the first command instruction word written. Data on 
the RxD pin is then sampled in on the rising edge of RxC .  The 
content of the RxD buff er is compared at every bit boundary with 
the first SYNC character until a match occurs . Because the 
825 l A  has been programmed for two synchronization characters 
(bisynchronization) ,  the next received character is also compared. 
When both SYNC characters have been detected, the 825 lA  
ends the hunt mode and i s  in character synchronization. The 
SYNDET bit in the status register (not the SYNDET pin) is then 
set high, and is reset automatically by a Status Read. 

Once synchronization has occurred, the 825 lA begins to 
assemble received data bytes.  When a character is assembled and 
ready to be transferred to memory from the 825 lA ,  it raises 
RxRDY, causing an interrupt level 3 to the system. 

If the system has not fetched a previous character by the time 
another received character is assembled (and an interrupt-level 3 
issued by the adapter), the old character will be overwritten, and 
the overrun error flag will be raised. All error flags can be reset by 
an error reset operation . 
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Programming Considerations 

Before starting data transmission or reception, the BSC adapter 
is programmed by the system unit to define control and gating 
ports , timer functions and counts , and the communication 
environment in which it is to operate . 

Typical Programming Sequence 

The 8255A-5 programmable peripheral interface (PPI) is 
initialized for the proper mode by selecting address hex 3A3 and 
writing the control word. This defines port A as an input, port B 
as an output for modem control and gating, and port C for 4-bit 
input and 4-bit output. The bit descriptions for the 825 5A-5 are 
shown in the following figures . Using an output to port C, the 
adapter is then set to wrap mode, disallow interrupts , and gate 
external clocks (address=3A2H, data=ODH). The adapter is 
now isolated from the communication interface, and initialization 
continues .  

Through bit 4 of 8255 Port B ,  the 825 l A  reset pin is brought 
high, held, then dropped. This resets the internal registers of the 
825 1 A. 
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8255 Port A Assi gn ments Address : hex 3AO for BSC 

I nput Port hex 380 for Al ternate BSC 

Bit 7 6 5 4 3 2 1 0 

I I I I I L_____:: 0 = R ing  Ind icate is on from Interface 
0 = Data Carrier Defect is on from I n terface • Osci l lat ing =  Transmit C lock Active • 0 = Cl ear-to-Send is on from I nterface 

• Osci l lat ing =  Receive C lock Active 
• 1 = Tx R D Y  Active 
• 1 = Timer 2 Output Active 

1 = Timer 1 Output Active 

8255 Port B Assign ments Address : hex 3A 1 for BSC 

Output Port hex 381 for Al ternate BSC 

Bit 7 6 5 4 3 2 1 0 

I I I � 0 , '"'" '" ... ..... .... "''"" ' 0 = Turn on Select Standby 
0 = Turn on Test 
1 = Not Used 
1 = Reset 8251 A 
1 = Gate Timer 2 
1 = Gate Timer 1 
1 = Gate Ti mers 1 and 2 to I nterrupt Level 4 

8255 Port C Assign ments Address : hex 3A2 for BSC 

hex 382 for Alternate BSC 

Bit 7 6 5 4 3 2 1 0 

I I '-----=: 1 = Gate I nternal C lock ( Output B it )  
1 = Gate External C lock (Output Bit )  

• 1 = Electronic Wrap (Output Bit )  • 0 = Enable Timer 1 and 2, I nterrupt 6 and 
Receive I nterrupt 3 

Osci l lat ing = Receive Data ( I nput B it )  
Osc i l lat ing = Timer 0 Output ( I nput B i t )  
0 = Test I nd icate Active ( I nput B i t )  
0 = BSC Adapter 

The 825 3-5 programmable interval timer is used in the 
synchronous mode to provide inactivity time-outs to interrupt the 
system unit after a preselected period of time has elapsed from the 
start of a communication operation . Counter 0 is not used for 
synchronous operation . Counters 1 and 2 are connected to 
interrupt-level 4, and are programmed to terminal-count values , 
which will provide the desired time delay before a level-4 interrupt 
is generated . These interrupts will indicate to the system software 
that a predetermined period of time has elapsed without a TxRDY 
(level 4) or RxRDY (level 3) interrupt being sent to the system 
unit . 
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The modes for each counter are programmed by selecting each 
timer-register address and writing the correct control word for 
counter operation to the adapter . The mode for counters 1 and 2 is 
set to 0. The terminal-count values are loaded using control-word 
bits D4 and D5 to select "load."  The 825 3-5 Control Word 
format is shown in the following chart . 

Control Word Format Address hex 3A7 

� Ds Ds D4 D3 D2 D1 Do I SC 1 I sco I R L  1 I R L O  I M2 I M 1 I MO I B C D  I 
Definit ion of Control 

SC - Select Counter : 

SC 1 SCO 

0 0 

0 1 

1 0 

1 1 

R L  - Read/Load : 

R L  1 R LO 

Select Cou nter 0 

Select Cou n ter 1 

Se lec t  Cou nter 2 

I l legal 

0 0 Cou nter Latc h i ng operat ion 

1 0 Read/Load m ost s ign if icant byte on ly  

0 1 R ead/ Load l east s ign i f icant byte on l y  

1 1 Read/Load l east si gn i ficant byte f i rst, 

then most s ign if ica n t  byte 

M - Mode : 

M2 M 1  M O  

0 0 O I Mode 0 I Terminal Count 
Interrupt 

BC D :  

0 B i n ary Cou nter 1 6-bits 

1 B i nary Coded Decimal  ( B C D )  Cou n ter  

(4 Decades) 

8253-5 Control Word Format 
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825 IA Programming Procedures 

After the support devices on the BSC adapter are programmed,  
the 825 lA i s  loaded with a set of control words that define the 
communication environment . The control words are split into two 
formats , mode instruction , and command instruction . 

Both the mode and command instructions must conform to a 
specified sequence for proper device operation. The mode 
instruction must be inserted immediately after a reset operation , 
before using the 825 1 A for data communications . The required 
synchronization characters for the defined communications 
technique are next loaded into the 825 l A  (usually hex 32 for 
BSC) .  All control words written to the 825 lA after the mode 
instruction will load the command instruction . Command 
instructions can be written to the 825 lA at any time in the data 
block during the operation of the 825 lA.  To return to the mode 
instruction format , the master reset bit in the command instruction 
word can be set to start an internal reset operation which 
automatically places the 825 lA back into the mode instruction 
format . Command instructions must follow the mode instructions 
or synchronization characters . The following diagram is a typical 
data block , showing the mode instruction and command 
instruction . 

3A9 C/D = 1 

3A9 C/D = 1 

3A9 C/D = 1 

3A9 CID = 1 

3A8 C/D = 0 

3A9 C/D = 1 

3A8 C/D = 0 

3A9 C/D = 1 

.� ' 

' 
,,, 

Mode I nstruction 1 

SY NC Character 1 

SY NC Character 2 

Command I nstruction 

Data 

Command I nstruction 

Data 

Command I nstruction 

Typical Data Block 
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Mode Instruction Definition 

The mode instruction defines the general operational 
characteristics of the 825 l A .  It follows a reset operation (internal 
or external ) .  Once the mode instruction has been written to the 
825 l A  by the system unit , synchronization characters or 
command instructions may be written to the device . The following 
figure shows the format for the mode instruction . 

Mode I nstructi on Format Address : Hex 3A9 for BSC 

Bit 7 6 5 

Hex 389 for Alternate BSC 

4 3 2 1 0 

I I : ... U•d lAIM" O J  
Not Used (Always 0) 
Character Length Bit  - - - - - - -, 
Character Length Bit - - - - - 1 I I o p.,;,. '"'"'' m 1 = Even Parity 
1 = SY N D ET is an I nput 0 1 

0 = D ouble SY N C  Character 1 0 
1 1 

Bit 0 Not used; always = 0 

Bit 1 Not used ; always = 0 

5 Bits 

6 B its 

7 Bits 

8 Bits 

Bit 2 These two bits are used together to define the character 
and length . With 0 and 1 as inputs on bits 2 and 3 ,  
Bit 3 character lengths of 5 ,  6 ,  7 ,  and 8 bits can be 

established , as shown in the preceding figure . 

Bit 4 In the synchronous mode , parity is enabled from this 
bit . A 1 on this bit sets parity enable . 

Bit 5 The parity generation/check is set from this bit . For 
BSC , even parity is used by having bit 5 = 1 .  

Bit 6 External synchronization is set by this bit . A 1 on this 
bit establishes synchronization detection as an input . 

Bit 7 This bit establishes the mode of character 
synchronization . A 0 is set on this bit to give double 
character synchronization . 
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Command-Instruction Format 

The command-instruction format defines a status word that is 
used to control the actual operation of the 825 lA.  Once the mode 
instruction has been written to the 825 lA,  and SYNC characters 
loaded, all further "Control Writes"  to 1/0 address hex 3A9 or 
hex 389 will load a command instruction . 

Data is transferred by accessing two 1/0 ports on the 825 lA,  
ports 3A8 and 388 .  A byte of  data can be read from port 3A8 and 
can be written to port 388 .  

Address : Hex 3A9 for BSC 

Hex 389 for Alternate BSC 

Bit 7 6 5 4 3 2 1 0 

I I I I � Transmit Enable 
Data Terminal  Ready 

• Receive Enable 
• Sen d  Break Character • Error Reset 
• Request to Send 

I nternal Reset 
Enter Hunt  Mode 

Command I nstruction Format 

Bit 0 The Transmit Enable bit sets the function of the 825 lA 
to either enabled ( 1 )  or  disabled (0). 

Bit 1 The Data Terminal Ready bit , when set to 1 will force 
the data terminal output to 0. This is a one-bit inverting 
output port . 

Bit 2 The Receive Enable bit sets the function to either 
enable the bit ( 1 ), or to disable the bit (0). 

Bit 3 The Send Break Character bit is set to 0 for normal 
BSC operation . 

Bit 4 The Error Reset bit is set to 1 to reset error flags from 
the command instruction . 

Bit 5 A 1 on the Request to Send bit will set the output to 0. 
This is a one-bit inverting output port . 
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Bit 6 The Internal Reset bit when set to 1 returns the 825 l A  
to mode-instruction format . 

Bit 7 The Enter Hunt bit is set to 1 for BSC to enable a 
search for synchronization characters . 

Status Read Definition 

In telecommunication systems , the status of the active device must 
often be checked to determine if errors or other conditions have 
occurred that require the processor's attention . The 825 lA has a 
status read facility that allows the system software to read the 
status of the device at anytime during the functional operation . A 
normal read command is issued by the processor with 1/0 address 
hex 3A9 for BSC , and hex 389 for Alternate BSC to perform a 
status read operation . 

The format for a status read word is shown in the figure below. 
Some of the bits in the status read format have the same meanings 
as external output pins so the 825 l A  can be used in a completely 
polled environment or in an interrupt-driven environment . 

Address : Hex 3A9 for BSC 

Hex 389 for Alternate BSC 

B i ts 0 - Tx R DY (See N ote Below) 

1 R x R DY 

2 - TxE mpty 

3 Par ity E rror ( P E  F l ag On when a Par i ty E r ror Occu rs) 

4 Overrun E rror ( O E  F lag On when Overru n E rror Occu rs) 

5 F raming  E rror ( N ot Used for Synchronous Com m u n i cations)  

6 _ S Y N D E T  

7 Data Set Ready ( I nd icates that DS R is at 0 Level ) 

Note : Tx R DY statu s  b i t  does not have the same mea n i ng as the 825 1 A  
Tx R DY output p i n .  T h e  former i s  not con d i t i oned b y  CTS and Tx E nable .  

The l atter i s  cond i tioned by both CTS and TxE nable .  

Status Read Format 

Bit 0 See the Note in the preceding chart . 

Bit 1 An output on this bit means a character is ready to be 
received by the computers 8088 microprocessor. 
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Bit 2 A 1 on this bit indicates the 825 l A  has no characters to 
transmit . 

Bit 3 The Parity Error bit sets a flag when errors are 
detected. It is reset by the error reset in the command 
instruction . 

Bit 4 This bit sets a flag when the computers 8088 
microprocessor does not read a character before another 
one is presented. The 825 l A  operation is not inhibited 
by this flag, but the overrun character will be lost . 

Bit 5 Not used 

Bit 6 SYNDET goes to 1 when the synchronization character 
is found in receive mode . For BSC, SYNDET goes 
high in the middle of the last bit of the second 
synchronization character . 

Bit 7 The Data Set Ready bit is a one bit inverting input. It 
is used to check modem conditions , such as data-set 
ready . 

Interface S ignal Information 

The BSC adapter conforms to interface signal levels standardized 
by the Electronics Industry Association (EIA) RS232C Standard. 
These levels are shown in the following figure . 

Additional lines , not standardized by the EIA, are pins 1 1 , 1 8 , 
and 25 on the interface connector. These lines are designated as 
Select Standby , Test , and Test Indicate . Select Standby is used to 
support the switched network backup facility of a modem that 
provides this option . Test and Test Indicate support a modem 
wrap function on modems that are designated for 
business-machine , controlled-modem wraps . 
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Driver E I A  RS232C/CC I TT V24-V28 Signal Levels 

+ 1 5  Vdc -----------� 

+5 Vdc 

+5 Vdc 

-5 Vdc 

-5 Vdc 

- 1 5 Vdc 

Receiver 

Active/ Data = 0 

I nva l i d  Leve l 

I nactive/ Data = 1 

E I A  RS232C/CC I TT V24-V28 Signal Levels 

+25 Vdc -----------...., 

+3 Vdc 

+3 Vdc 

-3 Vdc 

-3 Vdc 

-25 Vdc 

Interface Voltage Levels 

Active/Data = 0 

I I nva l id  Leve l 

I nact ive/D a ta = 1 
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Interrupt Information 

Interrupt Level 4: Transmitter Ready 
Counter 1 
Counter 2 

Interrupt Level 3 :  Receiver Ready 

Hex Address 

Device Register Name 
Pri mary Alternate 

3A O 380 8255 Port A Data 

3A 1 38 1 8255 Port B Data 

3A 2 382 8255 Port C Data 

3A 3 383 8255 Mode Set 

3A4 384 8253 Cou nter 0 LS B 

3A4 384 8253 Cou nter 0 MSB 

3A 5 385 8253 Counter 1 LSB 

3A 5 385 8253 Cou n ter 1 MS B 

3A6 386 8253 Cou n ter 2 LS B 

3A 6 386 8253 Cou nter 2 MS B 

3A 7 387 8253 Mode R egister 

3A8 388 8251  Data Select 

3A9 3 8 9  8251  Comman d/Statu s 

Dev ice Address Su mmary 
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Functi on 

I n ternal / E x ternal  Sensing 

E xterna l  M odem I n terface 

I ntern a l  Control 

8255 M ode I n i t ia l i zat ion 

N ot Used i n  Sy nch M ode 

N ot Used i n  Synch M ode 

I nact iv i ty T i me-Outs 

I nacti v i ty T i me-Outs 

I nactivity T i me-O uts 

I nactivity T i me-O uts 

8253 M ode Set 

Data 

M ode/C ommand 

USA R T  Status 



Rear Panel 

Signal N a me - Description 

No Con nection 

Tra nsmitted Data . 

Received Data 

Request to Send 
-

Clear to Send 

Data Set R eady 

Signal  G round 

Received Li ne S igna l  Detector 

No Connection 

No Con nection 

External Select Stand by• 
Device No Con nection 

No Con nection 

No Con nection 

Tra nsmitter Signal  E lement Ti ming 

No Con nection 

R eceiver Signal  Element Timing 

Test ( I B M  Modems O n ly)• 

No Con nection 

Data Terminal  Ready 

N o  Con nection 

R i n g  I n d icator 

Data Signal  R ate Selector 

N o  Con nection 

Test Ind icate ( I B M  Modems Only )*  

P in  

1 

2 

3 

4 

5 

6 

7 

B 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 B  

1 9  

20 

2 1  

2 2  

2 3  

24 

25 

2 5 - Pi n  D - S hel l  
Con nector 

Binary 
Synchron 
Comm uni  
Adapter 

2 5  

1 4  

ous 
cations 

* Not sta ndard i zed by E I A  ( E lectronics Ind ustry Association ) .  

Connector Specifications 
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Notes: 
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IB M Synchronous Data Link Control 
(S DLC ) C ommunications Adapter 

The SDLC communications adapter system control , voltage , and 
data signals are provided through a 2 by 3 1  position card edge 
tab . Modem interface is in the form of EIA drivers and receivers 
connecting to an RS232C standard 25-pin , D-shell , male 
connector . 

The adapter is programmed by communications software to 
operate in a half-duplex synchronous mode . Maximum 
transmission rate is 9600 bits per second, as generated by the 
attached modem or other data communication equipment . 

The SDLC adapter utilizes an Intel 8273 SDLC protocol 
controller and an Intel 8255A-5 programmable peripheral 
interface for an expanded external modem interface . An Intel 
825 3 programmable interval timer is also provided to generate 
timing and interrupt signals . Internal test loop capability is 
provided for diagnostic purposes . 

The figure below is a block diagram of the SDLC communications 
adapter . 

System 

Bus 

Data 

B u s  
Butter 

8273 
...___ ....... S D LC 

....__ __ .,, Protocol 

____ 91 Controller 

SDLC Communications Adapter Block Diagram 

EIA 

D rivers 

R eceivers 

M odem 

Change 

Logic 

DC E 
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The 8273 SDLC protocol control module has the following key 
features : 

• Automatic frame check sequence generation and checking . 

• Automatic zero bit insertion and deletion . 

• TTL compatibility . 

• Dual internal processor architecture , allowing frame level 
command structure and control of data channel with minimal 
system processor intervention .  

The 8273 SDLC protocol controller operations , whether 
transmission , reception , or port read, are each comprised of three 
phases : 

Command Commands and/or parameters for the required 
operation are issued by the processor . 

Execution Executes the command, manages the data link , and 
may transfer data to or from memory utilizing direct 
memory access (DMA), thus freezing the processor 
except for minimal interruptions . 

Result Returns the outcome of the command by returning 
interrupt results . 

Support of the controller operational phases is through internal 
registers and control blocks of the 827 3 controller . 
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827 3 Protocol Controller Structure 

The 8273 module consists of two major interfaces : the processor 
interface and the modem interface .  A block diagram of the 8273 
protocol controller module follows . 

R e g i sters 

T x l / R  

R x l / R  

R e set 

C o m m a n d  

P a r a m e t e r  

S t a t u s  

R e s u l t  

D a t a  

B u s  

B u ffer 

Tx D R Q  ------. 

Tx D A C K  -----. 

R x D R O ---� 

R x D A C K ---

Tx l N T 

R x l N T 

R D  

W R  

R e a d  

Write 

O M A  

A0 C o ntrol  

A
, 

R E S E T  

Log ic 

c s----' 
C L K ------' 

I n t e r n a l  D a t a  B u s  --

Processor I n terface 

8273 S D LC Protocol Control Block Diagra m 

Tx Logic  

C o n t r o l  

Log i c  

R x  Log ic 

Tx D 

TxC 

DPLL 

32 x C L K  

R T S  

P B 1 4  

CTS 

C D  

PA2 4 

R x D  

R x C  

'----� F LA G  D ET 

M od e m  I n terface 
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Processor Interface 

The processor interface consists of four major blocks : the 
control/read/write logic (C/R/W), internal registers , data transfer 
logic , and data bus buffers . 

Control/Read/Write Logic 

The control/read/write logic is used by the processor to issue 
commands to the 8273 .  Once the 8273 receives and executes a 
command, it returns the results using the C/R/W logic. The logic 
is supported by seven registers which are addressed by AO, A 1 ,  
RD ,  and WR, in addition to CS .  AO and A l  are the two 
low-order bits of the adapter address-byte . RD and WR are the 
processor read and write signals present on the system control 
bus . CS  is the chip select, also decoded by the adapter address 
logic .  The table below shows the address of each register using the 
C/R/W logic . 

Address I n p uts Contro l  I n p uts Register 

AO A 1  cs WR RD 

0 0 0 0 1 Co m m a nd 
0 0 0 1 0 Status  
1 0 0 0 1 Para meter 
1 0 0 1 0 Resu l t  
0 1 0 0 1 Reset 
0 1 0 1 0 Txl / R  
1 1 0 0 1 None 
1 1 0 1 0 Rxl / R  

8273 SDLC Protocol Control ler  Register Selection 
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8273 Control/Read/Write Registers 

Command 

Status 

Parameter 

Immediate Result 
(Result) 

Transmit Interrupt 
Results (TxI/R) 

Receiver Interrupt 
Results (Rx/l/R) 

Reset 

Operations are initialized by writing the 
appropriate command byte into this register . 

This register provides the general status of 
the 8273 .  The status register supplies the 
processor/adapter handshaking necessary 
during various phases of the 8273 operation . 

Additional information that is required to 
process the command is written into this 
register .  Some commands require more than 
one parameter . 

Commands that execute immediately 
produce a result byte in this register , to be 
read by the processor. 

Results of transmit operations are passed to 
the processor from this register. This result 
generates an interrupt to the processor when 
the result becomes available . 

Results of receive operations are passed to 
the processor from this register. This result 
generates an interrupt to the processor when 
the result becomes available .  

This register provides a software reset 
function for the 8273 .  

The other elements of the C/R/W logic are the interrupt lines 
(RxINT and TxINT) .  Interrupt priorities are listed in the 
"Interrupt Information" table in this section . These lines signal 
the processor that either the transmitter or the receiver requires 
service (results should be read from the appropriate register) ,  or a 
data transfer is required. The status of each interrupt line is also 
reflected by a bit in the status register , so non-interrupt driven 
operation is also possible by the communication software 
examining these bits periodically . 
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Data Interfaces 

The 8273 supports two independent data interfaces through the 
data transfer logic : received data and transmitted data. These 
interfaces are programmable for either DMA or non-DMA data 
transfers . Speeds below 9600 bits-per-second may or may not 
require DMA, depending on the task load and interrupt response 
time of the processor . The processor DMA controller is used for 
management of DMA data transfer timing and addressing. The 
8273 handles the transfer requests and actual counts of data-block 
lengths . DMA level 1 is used to transmit and receive data 
transfers . Dual DMA support is not provided. 

Elements of Data Transfer Interface 

TxDRQ/RxDRQ This line requests a DMA to or from 
memory and is asserted by the 8273 .  

TxDACK/RxDACK This line notifies the 8273  that a request 
has been granted and provides access to 
data regions . This line is returned by the 
DMA controller (DACK 1 on the system 
unit control bus is connected to 
TxDACK/RxDACK on the 8273) .  

RD (Read) This line indicates data is to be read from 
the 8273 and placed in memory . It is 
controlled by the processor DMA 
controller . 

WR (Write) This line indicates if data is to be written to 
the 8273 from memory and is controlled 
by the processor DMA controller. 

To request a DMA transfer, the 8273 raises the DMA request 
line . Once the DMA controller obtains control of the system bus ,  
it notifies the 8273  that the DRQ is granted by returning DACK, 
and WR or RD , for a transmit or receive operation , respectively . 
The DACK and WR or RD signals transfer data between the 
8273 and memory, independent of the 8273 chip-select pin (CS) .  
This "hard select" of data into the transmitter or out of the 
receiver alleviates the need for the normal transmit and receive 
data registers , addressed by a combination of address lines , CS ,  
and WR or  RD . 
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Modem Interface 

The modem interface of the 8273 consists of two major blocks : 
the modem control block and the serial data timing block. 

Modem Control B lock 

The modem control block provides both dedicated and 
user-defined modem control function . EIA inverting drivers and 
receivers are used to convert TTL levels to EIA levels . 

Port A is a modem control input port . Bits PAO and PA 1 have 
dedicated functions . 

8273 Port A ( Modem Control I n put Port) 

Bit PA 

Bit PAO 

Bit PA I 

Bit PA2 

Bit PA3 

7 6 5 4 3 2 1 0 

I �  PAO C lear  to Send 

PA 1 Carr ier  Detect 

PA2 Data Set Ready 

PA3 CTS Cha nge 

PA4 DSR Cha nge 

'----'---''------------ Not Used 

This bit reflects the logical state of the clear to 
send (CTS) pin . The 8273 waits until CTS is 
active before it starts transmitting a frame. If 
CTS goes inactive while transmitting, the frame 
is aborted and the processor is interrupted. A 
CTS failure will be indicated in the appropriate 
interrupt-result register .  

This bit reflects the logical state of the carrier 
detect pin (CD).  CD must be active in 
sufficient time for reception of a frame 's 
address field . If CD is lost (goes inactive) while 
receiving a frame , an interrupt is generated with 
a CD failure result . 

This bit is a sense bit for data set ready (DSR). 

This bit is a sense bit to detect a change in 
CTS . 
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Bit PA4 This bit is a sense bit to detect a change in data 
set ready . 

Bits PAS to PA 7 These bits are not used and each is read as a 1 
for a read port A command . 

Port B is a modem control output port . Bits PBO and PBS are 
dedicated function pins . 

8273 Port B ( M odem Control Output Port) 

Bit PB 7 6 5 4 3 2 1 0 

PBO - Req uest to Send 

PB 1 - Reserved 

PB2 - Data Ter m i n a l  Ready 

�------;-� PB3 - Reserved 

'---------- PB4 - Reserved 
�-------_, __ PB5 - F lag  Detect 

�----------; PB6 - Not Used 

�------------- PB7 - N ot Used 

Bit PBO This bit represents the logical state of request to send 
(RTS) .  This function is handled automatically by the 
8273 .  

Bit PB 1 Reserved . 

Bit PB2 Used for data terminal ready . 

Bit PB 3 Reserved . 

Bit PB4 Reserved. 

Bit PBS This bit reflects the state of the flag detect pin . This pin 
is activated whenever an active receiver sees a flag 
character . 

Bit PB6 Not used. 

Bit PB7 Not used . 
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Serial Data Timing B lock 

The serial data timing block is comprised of two sections : the 
serial data logic and the digital phase locked loop (DPLL). 

Elements of the serial data logic section are the data pins TxD 
(transmitted data output) and RxD (received data input) ,  and the 
respective clocks . The leading edge of TxC generates new 
transmitted data and the trailing edge of RxC is used to capture 
the received data . The figure below shows the timing for these 
signals . 

TxC 

Tx D 

R x C  

R x D  

8273 SDLC Protocol Control ler  Transmit/Receive Ti m i ng 

The digital phase locked loop provided on the 8273 controller 
module is utilized to capture looped data in proper 
synchronization during wrap operations performed by diagnostics . 

SDLC Adapter 1 -279 



8255A-5 Programmable Peripheral 
Interface 

The 8255A-5 contains three 8-bit ports . Descriptions of each bit 
of these ports are as follows : 

8 2 5 5 A- 5  Port A Assign ments* Hex Add ress 380 

Bit 7 6 5 4 3 2 1 0 

~ 
0 = R i ng I n d icator is on from I nterface 

0 = Data Carr ier  Detect i s  on  from I n terface 

Osc i l l a t ing = Tra nsmi t  C lock Act ive 

0 = C lear  to S e nd is on from I n terface 

Osc i l l a t ing  = Receive C lock Act ive 

1 = Modem Status Cha nged 

1 = Ti mer 2 Output  Acti ve 

- 1 = Ti mer  1 Output  Acti ve 

* Port A is def i n ed as a n  i nput  port 

8 2 5 5A-5 Port B Assig nments* Hex Add ress 3 8 1  

B i t  7 6 5 4 3 2 1 0 

~ 
0 = Tu r n  On Data S i g n a l  Rate Se lect at 

Modem I nterface 

0 = Tu rn  O n  Se lect Sta ndby at Modem 
I nterface 

0 = Tu rn  O n  Test 

1 = Reset Modem Status C h a n ged Log ic  

1 = Reset 8 2 7 3  

1 = Gate T imer  2 

1 = G ate Ti mer  1 

1 = Enab le  Leve l 4 I n terrupt 

* Port B is def i n ed as a n  output  port 
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8 2 5 5 A - 5  Port C Assig n ments* Hex Address 382 

Bit 7 6 5 4 3 2 1 0 1 1 1  : 1 ° G"" ' "'" ' " ' '  C lock (O"'P"'  B i < ]  
1 = Gate Externa l C lock  (Output  B i t )  
1 = E l ect ron ic  Wra p (Output  B i t )  
0 = Gate I nter rupts 3 a nd 4 (Output  B i t )  

- Osc i l l a t i n g  = Rece ive Data ( I n p ut B i t )  
Osc i l l a t i n g = T i m e r  0 Output  ( I nput  b i t )  
0 = Test I n d icate Act i ve ( Input  B i t )  
Not Used 

* Port C i s  def ined for i nte rna l  contro l  a nd g a t i n g  fu nct ions .  It has  t h ree i nput  
a nd fou r output  b i ts .  The four  output  b i ts  are  def i ned dur ing  i n i t i a l i za t ion ,  but  
on ly  t h ree are used .  

8253-5  Programmable Interval Timer 

The 825 3-5 is driven by a processor clock signal divided by two. 
It has the following output : 

Timer 0 Programmed to generate a square wave signal , used as 
an input to timer 2. Also connected to 825 3 port C ,  
bit 5 .  

Timer 1 Connected to 8255 port A, bit 7 ,  and interrupt level 4. 

Timer 2 Connected to 8255 port A, bit 6 ,  and interrupt level 4. 

P rogramming Considerations 

The software aspects of the 8273 involve the communication of 
both commands from the processor to the 8273 and the return of 
results of those commands from the 8273 to the processor . Due to 
the internal processor architecture of the 8273 ,  this system 
unit/8273 communication is basically a form of interprocessor 
communication, and must be considered when programming for 
the SDLC communications adapter. 
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The protocol for this interprocessor communication is 
implemented through use of handshaking supplied in the 8273 
status register. The bit defintions of this register are shown below . 

8273 Status Register Format 

B i t  7 6 5 4 3 2 1 0 

Hex Add ress 388 

I l:- Txl RA 1 = Tx l N T  Res u l t  Ava i l a b l e  

Rx lRA 1 = Rx lNT Res u l t  Ava i l ab le  

Tx l N T  1 = Tx  Interrupt 

Rx lNT 1 = Rx I n ter rupt 

�----;- C R B F  1 = Co m m a nd Resu l t  B uffer F u l l  

'--------- C PB F  1 = Co m m a nd Para meter B uffer F u l l  

,___ _______ .,. C B F  1 = Co m m a nd B uffer F u l l  

�-------,,..- C B SY 1 = Co m m a nd B u sy 

Bit 0 This bit is the transmitter interrupt result available 
(TxIRA) bit . This bit is set when the 8273 places an 
interrupt-result byte in the Txl/R register, and reset 
when the processor reads the Txl/R register. 

Bit 1 This bit is the receiver interrupt result available 
(RxIRA) bit. It is the corresponding result-available bit 
for the receiver. It is set when the 8273 places an 
interrupt-result byte in the Rxl/R register and reset 
when the processor reads the register. 

Bit 2 This bit is the transmitter interrupt (TxINT) bit and 
reflects the state of the TxINT pin. TxINT is set by the 
8273 whenever the transmitter needs servicing, and 
reset when the processor reads the result or performs 
the data transfer. 

Bit 3 This bit is the receiver interrupt (RxINT) bit and is 
identical to the TxINT, except action is initiated based 
on receiver interrupt-sources .  

Bit 4 This bit is the command result buffer full (CRBF) bit . 
It is set when the 8273 places a result from an 
immediate-type command in the result register, and 
reset when the processor reads the result or performs 
the data transfer. 
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Bit 5 This bit is the command parameter buffer full (CPBF) 
bit and indicates that the parameter register contains a 
parameter . It is set when the processor deposits a 
parameter in the parameter register, and reset when the 
8273 accepts the parameter. 

Bit 6 This bit is the command buffer full (CBF) bit and,  when 
set ,  it indicates that a byte is present in the command 
register . This bit is normally not used . 

Bit 7 This bit is the command busy (CBSY) bit and indicates 
when the 8273 is in the command phase .  It is set when 
the processor writes a command into the command 
register, starting the command phase .  It is reset when 
the last parameter is deposited in the parameter register 
and accepted by the 8273 ,  completing the command 
phase .  

Initializing the Adapter (Typical Sequence) 

Before initialization of the 8273 protocol controller, the support 
devices on the card must be initialized to the proper modes of 
operation . 

Configuration of the 825 5A-5 programmable peripheral interface 
is accomplished by selecting the mode-set address for the 8255 
(see the "SDLC Communications Adapter Device Addresses " 
table later in this section) and writing the appropriate control word 
to the device (hex 98)  to set ports A, B ,  and C to the modes 
described previously in this section . 

Next, a bit pattern is output to port C which disallows interrupts , 
sets wrap mode on, and gates the external clock pins (address = 
hex 382 ,  data = hex OD) .  The adapter is now isolated from the 
communications interface . 

Using bit 4 of port B ,  the 8273 reset line is brought high, held and 
then dropped.  This resets the internal registers of the 8273 .  
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The 825 3-5 's counter I and 2 terminal-count values are now set 
to values which will provide the desired time delay before a level 
4 interrupt is generated .  These interrupts may be used to indicate 
to the communication software that a pre-determined period of 
time has elapsed without a result interrupt (interrupt level 3 ) .  
The terminal count-values for these counters are set for any time 
delay which the programmer requires . Counter 0 is also set at this 
time to mode 3 (generates square wave signal , used to drive 
counter 2 input) .  

To setup the counter modes , the address for the 825 3 counter 
mode register is selected (see the "SDLC Communications 
Adapter Device Addresses " table, later in this section),  and the 
control word for each individual counter is written to the device 
separately . The control-word format and bit definitions for the 
825 3 are shown below . Note that the two most-significant bits of 
the control word select each individual counter , and each counter 
mode is defined separately . 

Once the support devices have been initialized to the proper 
modes and the 8273 has been reset , the 8273 protocol controller 
is ready to be configured for the operating mode that defines the 
communications environment in which it will be used. 
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Control Word Format 

I S C 1  sco R L 1  R LO 

Definitions of Control 

S C  - Select Cou nter :  

S C 1  SCO 

0 0 

0 1 

1 0 

1 1 

R L  - Read / Load : 

R L  1 R LO 

Se lect Counter  0 

Se lect Counter  1 

Se lect Counter  2 

I l l ega l 

M 2  

0 0 Cou nte r Latc h i ng opera t ion  

D ,  

M 1  MO 

1 0 Read/Load m ost s i g n if ica nt byte ( M S B )  

0 1 Read/Load least s i g n i f i ca nt byte (LSB)  

1 1 Read/Load least s i g n i f i cant  byte f i rst, 
t h e n  most s i g n if ica nt byte . 

M - Mode:  

M2 M 1  MO Mode 

0 0 0 Mode 0 

0 0 1 Mode 1 

x 1 0 Mode 2 

x 1 1 Mode 3 

1 0 0 Mode 4 

1 0 1 Mode 5 

B C D :  

0 B i n a ry Cou nter 1 6 -b i ts 

B i n a ry Coded Dec i m a l  ( B C D )  Counter  (4 Decades)  

8253-5 Programmable I nterval Timer Control Word 

B C D  
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Initialization/Configuration Commands 

The initialization/configuration commands manipulate internal 
registers of the 8273 ,  which define operating modes . After chip 
reset, the 8273 defaults to all l 's in the mode registers . The 
initialization/configuration commands either set or reset specified 
bits in the registers depending on the type of command. One 
parameter is required with the commands . The parameter is 
actually the bit pattern (mask) used by the set or reset command 
to manipulate the register bits . 

Set commands perform a logical OR operation of the parameter 
(mask) of the internal register . This mask contains l 's where 
register bits are to be set . Zero (O's ) in the mask cause no change 
to the corresponding register bit . 

Reset commands perform a logical AND operation of the 
parameter (mask) and internal register . The mask 0 is reset to 
register bit , and 1 to cause no change . 

The following are descriptions of each bit of the operating, serial 
1/0, one-bit delay , and data transfer mode registers . 

Operating Mode Register 

8273 Operating M ode Registe r Format 

B i t  7 6 5 4 3 2 1 0 

1 = F l ag  Stre a m  Mode 
1 = Two Prefra me Sync C h a racters 
1 = B uffered Mode 
1 = Enab le  Ear ly Tx In ter rupt 

�------ 1 = E O P  In ter rupt E n a b l e  
'------- 1 = H D LC Abort E n a b l e  

'--------- Not Used 

'--------- Not Used 
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Bit 0 If bit 0 is set to a 1 ,  flags are sent immediately if the 
transmitter was idle when the bit was set. If a transmit 
or transmit-transparent command was active,  flags are 
sent immediately after transmit completion. This mode 
is ignored if loop transmit is active or the one-bit-delay 
mode register is set for one-bit delay . If bit 0 is reset (to 
0), the transmitter sends idles on the next character 
boundary if idle or, after transmission is complete , if the 
transmitter was active at bit-0 reset time . 

Bit 1 If bit 1 is set to a 1 ,  the 8 2 7 3 sends two characters 
before the first flag of a frame . These characters are hex 
00 if NRZI is set or hex 5 5  if NRZI is not set .  (See 
"Serial 1/0 Mode Register," for NRZI encoding mode 
format . )  

Bit 2 If bit 2 is set to a 1 ,  the 8273 buffers the first two bytes 
of a received frame (the bytes are not passed to 
memory) .  Resetting this bit (to 0) causes these bytes to 
be passed to and from memory . 

Bit 3 This bit indicates to the 8273 when to generate an 
end-of-frame interrupt . If bit 3 is set ,  an early interrupt 
is generated when the last data character has been 
passed to the 827 3 .  If the processor responds to the 
early interrupt with another transmit command before 
the final flag is sent ,  the final-flag interrupt will not be 
generated and a new frame will begin when the current 
frame is complete . Thus , frames may be sent separated 
by a single flag. A reset condition causes an interrupt to 
be generated only following a final flag. 

Bit 4 This is the EOP-interrupt-mode function and is not used 
on the SDLC communications adapter . This bit should 
always be in the reset condition . 

Bit 5 This bit is always reset for SDLC operation, which 
causes the 8273 protocol controller to recognize eight 
ones (0 1 1 1 1 1 1 1 1 )  as an abort character .  
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Serial 1/0 Mode Register 

8273 Serial 1 / 0  Mode Registe r Format 

B i t  7 6 5 4 3 2 1 0 

L 1 = N RZI  Mode 
1 = C l ock Loopback 
1 = Data Loopback 
Not Used 

�----- Not Used 
'-------- Not Used 

�------- Not Used 

'--------- Not Used 

Bit 0 Set to 1 ,  this bit specifies NRZI encoding and decoding. 
Resetting this bit specifies that transmit and receive 
data be treated as a normal positive-logic bit stream. 

Bit 1 When bit 1 is set to 1 ,  the transmit clock is internally 
routed to the receive-clock circuitry . It is normally used 
with the loopback bit (bit 2). The reset condition causes 
the transmit and receive clocks to be routed to their 
respective 8273 1/0 pins . 

Bit 2 When bit 2 is set, the transmitted data is internally 
routed to the received data circuitry . The reset 
condition causes the transmitted and received data to be 
routed to their respective 8273 1/0 pins . 

Data Transfer Mode Register 

8273 Data Tra n sfer Mode Register Format 

B i t  7 6 5 4 3 2 1 0 

I I I I I I / L 1 = I nte rrupt Data Tra nsfers 
�...__...___...__ ___ ., Not Used 
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When the data transfer mode register is set , the 8273 protocol 
controller will interrupt when data bytes are required for 
transmission , or are available from a reception . If a transmit or 
receive interrupt occurs and the status register indicates that there 
is no transmit or receive interrupt result , the interrupt is a transmit 
or receive data request, respectively . Reset of this register causes 
DMA requests to be performed with no interrupts to the 
processor . 

One-B it Delay Mode Register 

8273 One-Bit  Delay Mode R eg ister Fo rmat 

B i t 7 6 5 4 3 2 1 0 

I I I I I I I .. Not Used 
�--------., 1 = O ne- B i t  De lay  Enab le  

When one-bit delay is set ,  the 8273 retransmits the received data 
stream one-bit delayed. Reset of this bit stops the one-bit delay 
mode . 

The table below is a summary of all set and reset commands 
associated with the 8273  mode registers . The set or reset mask 
used to define individual bits is treated as a single parameter . No 
result or interrupt is generated by the 8273 after execution of 
these commands . 

Hex 
Reg ister Command Code Parameter 

O n e - B i t  De lay Mode Set A4 Set Mask 
Reset 64 Reset Mask 

Data Tra nsfer Mode S et 97 Set Mask 
Reset 57 Reset Mask 

Operat i ng Mode Set  9 1  Set Mask 
R eset 5 1  Reset Mask 

Ser ia l  1 / 0  Mode Set  AO Set  Mask  
Reset 60 Reset Mask 

8273 S D LC Protocol Control ler  Mode Register Commands 
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Command Phase 

Although the 8273 is a full duplex device , there is only one 
command register. Thus, the command register must be used for 
only one command sequence at a time and the transmitter and 
receiver may never be simultaneously in a command phase . 

The system software starts the command phase by selecting the 
8273 command register address and writing a command byte into 
the register . The following table lists command and parameter 
information for the 8273 protocol controller. If further information 
is required by the 8273 prior to execution of the command, the 
system software must write this information into the parameter 
register. 
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Command Result Co mpletion 

Command Description (Hex] Parameter Results Port I nterrupt 

Set One-B i t  De lay A4 Set Mask  None  - No 

Reset One-B i t  De lay 64 Reset M as k  N o n e  - No 

Se t  Da ta  Transfer 97 Set M ask  None  - No 
Mode  

Reset Data Transfer 57 Reset M ask  None  - No 
Mode 

Set Operat i ng  Mode  91 Set M ask  None  - No 

Reset Operat i ng  Mode  51  Reset  M ask  None  - No 

Se t  Ser ia l  1 /0  Mode  AO Set  M as k  N o n e  - N o  

Reset Ser ia l  1 / 0  Mode  60 Reset M ask  None  - N o  

Genera l  Rece ive co 80,8 1  R I C , RO , R 1 , RX l / R  Yes 
A ,C  

Se lect ive Rece ive C 1  80,81 ,A1 , R IC , RO , R 1 ,  RX l / R  Yes 
A2 A ,C  

Rece i ve D i sab le  cs None  None  - No 

Transm i t  Frame ca LO, L1 ,A ,C  T IC  TXl / R  Yes 

Transm i t  Transparent  C9 LO, L1 TIC TXl / R  Yes 

Abo rt Transm i t  Frame cc None T IC TXl / R  Yes 

Abo rt Trans m i t  CD None T IC TXl / R  Yes 
Transparent 

Read Port A 22 None  Po rt Va lue  Resu l t  No 

Read Port B 23 None  Po rt Va lue  Resu l t  No 

Set Port  B B i t  A3 Set M as k  N o n e  - No 
Reset Po rt B B i t  63 Reset M ask  None  - No 

8273 Command Summary Key 

BO - Least s i g n i f i cant byte of the rece i ve r  buffe r l eng th .  
B l  - M o s t  s i g n i f i cant  byte o f  t h e  rece i ve r  b uffe r l ength .  
LO - Least s i g n i f i cant  byte of the Tx f rame l eng th .  
L 1  - Most  s i g n i f i cant  byte of the Tx  f rame l eng th .  
A l  - Rece ive fra me add ress m atch f i e l d  one .  
A2 - Rece ive f rame add ress match f i e ld  two .  
A - Ad d ress f i e l d  of recei ved frame .  If n o n-buffered mode i s  spec i f i ed ,  t h i s  

resu l t  i s  not  p rov ided .  
c - Contro l  f i e l d  of recei ved f rame .  If non-buffered mode  is s pec i f ied ,  t h i s  

resu l t  i s  no t  p rov ided .  
RX l/R  - Rece i ve i nterrupt  resu l t  reg i ste r .  
TXl/R - Transm i t  i n terrupt  resu l t  reg i ster .  
RO - Least s i g n i f i cant  byte of the le ngth of the frame  rece i ved .  
R l  - Most s i g n i f i cant  byte of the l ength of the f rame rece i ved .  
R IC  - Rece i ve r  i n te r rupt  resu l t  code .  
TIC - Transm i tter i n te rrupt  resu l t  code.  

8273 SD LC Protocol Control ler  Commands 
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A flowchart of the command phase is shown below. Handshaking 
of the command and parameter bytes is accomplished by the 
CBSY and CPBF bits of the status register . A command may not 
be written if the 8273 is busy (CBSY = 1 ) . The original command 
will be overwritten if a second command is issued while 
CBSY = 1 .  The flowchart also indicates a parameter buffer full 
check. The processor must wait until CPBF = 0 before writing a 
parameter to the parameter register. Previous parameters are 
overwritten and lost if a parameter is written while CPBF = 1 .  

Start 

N o  

E n d  

E n d  of C o m m a n d  Phase 

8273 S D LC Protocol Control ler  Command Phase F lowchart 
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Execution Phase 

During the execution phase , the operation specified by the 
command phase is performed.  If DMA is utilized for data 
transfers , no processor involvement is required.  

For interrupt-driven transfers the 8273 raises the appropriate INT 
pin (TxINT or Rx.INT).  When the processor responds to the 
interrupt, it must determine the cause by examining the status 
register and the associated IRA (interrupt result available) bit of 
the status register . If IRA = 0, the interrupt is a data transfer 
request. If IRA = 1 ,  an operation is complete and the associated 
interrupt result register must be read to determine completion 
status . 

Result Phase 

During the result phase, the 8273 notifies the processor of the 
outcome of a command execution . This phase is initiated by 
either a successful completion or error detection during execution . 

Some commands such as reading or writing the 1/0 ports provide 
immediate results . These results are made available to the 
processor in the 8273 result register . Presence of a valid 
immediate result is indicated by the CRBF (command result 
buffer full) bit of the status register . 

Non-immediate results deal with the transmitter and receiver . 
These results are provided in the Txl/R (transmit interrupt result) 
or Rx.I/R (receiver interrupt result) registers , respectively . The 
8273 notifies the processor that a result is available with the 
TxIRA and Rx.IRA bits of the status register . Results consist of 
one-byte result interrupt code indicating the condition for the 
interrupt and, if required, one or more bytes supplying additional 
information . The "Result Code Summary" table later in this 
section provides information on the format and decode of the 
transmitter and receiver results . 

The following are typical frame transmit and receive sequences . 
These examples assume DMA is utilized for data transfer 
operations . 
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Transmit 

Before a frame can be transmitted,  the DMA controller is 
supplied, by the communication software , the starting address for 
the desired information field . The 8273 is then commanded to 
transmit a frame (by issuing a transmit frame command) .  

After a command, but before transmission begins , the 8273 needs 
some more information (parameters ) .  Four parameters are 
required for the transmit frame command; the frame address field 
byte , the frame control field byte , and two bytes which are the 
least significant and most significant bytes of the information field 
byte length. Once all four parameters are loaded, the 8273 makes 
RTS (request to send) active and waits for CTS (clear to send) to 
go active from the modem interface . Once CTS is active , the 8273 
starts the frame transmission . While the 8273 is  transmitting the 
opening flag, address field, and control field, it starts making 
transmitter DMA requests . These requests continue at character 
(byte) boundaries until the pre-loaded number of bytes of 
information field have been transmitted . At this point , the requests 
stop, the FCS (frame check sequence) and closing flag are 
transmitted, and the TxINT line is raised, signaling the processor 
the frame transmission is complete and the result should be read. 
Note that after the initial command and parameter loadine;, no 
processor intervention was required (since DMA is used for data 
transfers ) until the entire frame was transmitted . 

General Receive 

Receiver operation is very similar .  Like the initial transmit 
sequence , the processor's DMA controller is loaded with a 
starting address for a receive data buffer and the 8273 is 
commanded to receive.  Unlike the transmitter, there are two 
different receive commands ; a general receive , where all received 
frames are transferred to memory, and selective receive , where 
only frames having an address field matching one of two 
preprogrammed 8273 address fields are transferred to memory . 
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(This example covers a general receive operation . )  After the 
receive command, two parameters are required before the receiver 
becomes active ; the least significant and most significant bytes of 
the receiver buffer length . Once these bytes are loaded, the 
receiver is active and the processor may return to other tasks . The 
next frame appearing at the receiver input is transferred to 
memory using receiver DMA requests . When the closing flag is 
received, the 8273 checks the FCS and raises its RxINT line . The 
processor can then read the results , which indicate if the frame 
was error-free or not. (If the received frame had been longer than 
the pre-loaded buffer length, the processor would have been 
notified of that occurrence earlier with a receiver error interrupt . 
Like the transmit example ,  after the initial command, the 
processor is free for other tasks until a frame is completely 
received. 

Selective Receive 

In selective receive, two parameters (A l and A2) are required in 
addition to those for general receive . These parameters are two 
address match bytes . When commanded to selective receive, the 
8273 passes to memory or the processor only those frames having 
an address field matching either A l  or A2. This command is 
usually used for secondary stations with A 1 designating the 
secondary address and A2 being the "all parties " address .  If only 
one match byte is needed, A 1 and A2 should be equal . As in 
general receive, the 8273 counts the incoming data bytes and 
interrupts the processor if the received frame is larger than the 
preset receive buffer length. 
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Result Code Summary 

Hex Code R esult  Status After I nterru pt 

T oc Ear l y  Tra nsm i t  In ter rupt Tra nsm itter Act i ve 
r OD F rame Tra nsm i t  Complete Id le o r  F l a g s  
a OE O MA Under run  Abort 
n OF C lea r  to Send Error  Abort 
s 1 0  Abort Complete Id le  o r  F l ags  
m 
i 
t 

XO A 1 M atch or Genera l  Rece i ve Act i ve 
R X 1  A 2  M atch Act i ve 
e 03 C R C  Error Active 
c 04 Abort Detected Act i ve 
e 05 Idle Detected D i sab led  
i 06 E O P  Detected D i sa b led 
v 07 Frame Less Than 32 B i ts Act i ve 
e 08 O M A  Ove r r u n  D i sa b led 

09 M e m ory B uffe r Overf low D i sa b led 
OA Ca rr ier  Detect Fa i l u re D i sab led 
OB Rece iver  I nter rupt Ove r r u n  D i sa b led 

N ote : X decodes to n u mber of b i ts  in pa rt i a l  byte rece ived.  

The first two codes in the receive result code table result from the 
error free reception of a frame . Since SD LC allows frames of 
arbitrary length (>  32 bits ) ,  the high order bits of the receive result 
report the number of valid received bits in the last received . 
information field byte . The chart below shows the decode of this 
receive result bit . 

x Bits Received in Last Byte 

E A l l  E i g ht B i ts of Last Byte 
0 B i tO O n l y  
8 B i t 1 - B i t0 
4 B i t2 - B it0 
c B i t3 - B it0 
2 B i t4 - B i t0 
A B i t5 - B i t0 
6 B i t6 -B i t0 
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Address and Interrupt Information 

The following tables provide address and interrupt information for 
the SDLC adapter : 

Hex Code Device Register Name Fu nction 

380 8255 Por t  A Data I nterna l / Exter n a l  Sens ing  
381  8255 Port B Data Exte r n a l  Modem I nterface 
382 8255 Port C Data I n te r n a l  Contro l  
383 8255 Mode Set 8255 Mode I n i t i a l i zat ion  
384 8253 Counter  0 LS B Sq uare  Wave Generator 
384 8253 Counter  0 M S B  Sq u a re Wave Gen erator 
385 8253 Cou nter 1 LSB I n act iv i ty T i me-Outs  
385  8253 Counter  1 MSB I nact iv i ty  T i m e - O uts 
386 8253 Counter  2 LS B I n act iv i ty T i m e- O uts 
386 8253 Cou nter 2 M S B  I n a ct i vity T ime-O uts 
387 8253 Mode  Reg i ster 8253 Mode Set 
388 8273 Co m m a nd/ Stat us  O ut=Co m m a nd l n =Sta tus  
389 8273 Pa ra meter  /Resu l t  O u t=Para meter l n =Sta tus  
3 8A 8273 Tra nsmi t  I N T  Sta tus  OMA/ INT 
3 8 8  8 2 7 3  Rece ive I N T  Sta tus  OMA/INT 
38C 8273 Data  D PC ( D i rect Prog ram Contro l )  

SDLC Communications Adapter Device Addresses 

I n terrupt Leve l 3 Tra nsm i t/Rece ive I n terrupt 

I n terrupt Leve l 4 Ti mer  1 I n ter rupt 
T imer  2 I nter rupt 
C l e a r  to Send C h a nged 
Data Set Ready C h a nged 

O M A  Leve l O n e  i s  used for Tra nsm i t  a nd Rece ive 

I nterrupt I nformation 
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Interface Information 

The SDLC communications adapter conforms to interface signal 
levels standardized by the Electronics Industries Association 
RS-232C Standard . These levels are shown in the figure below . 

Additional lines used but not standardized by EIA are pins 1 1 , 
1 8 , and 25 . These lines are designated as select standby, test and 
test indicate , respectively . Select Standby is used to support the 
switched network backup facility of a modem providing this 
option. Test and test indicate support a modem wrap function on 
modems which are designed for business machine controlled 
modem wraps . Two jumpers on the adapter (P 1 and P2) are used 
to connect test and test indicate to the interface ,  if required (see 
Appendix D for these jumpers ) .  

D r i vers 

+ 1 5 Vdc -------------i 
+5 Vdc __j 
-5 Vdc -------------i 
- 1 5 Vdc __j 
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Act ive Leve l :  Data = 0 

I n va l i d  Leve l 

I nact ive Leve l :  Data = 1 

Rece i ve rs 

C +25 Vdc 

+3 Vdc 

C -3 Vdc 

-25 Vdc 



R ea r  Panel 

Signal Name - Descri ption 

No Con nection 

Tra nsm itted Data 

R eceived Data 

Request to Send 
-

Clear to Send 

Data Set R eady 

Signal G round 

R eceived Li ne Signal  Detecto r 

No Con nection 

N o  Con nection 

External  Select Sta ndby* 
Device No Con nection 

No Con nection 

No Connection 

Tra nsmitte r Signal Element Ti ming 

No Con nection 

R eceiver S igna l  Element Ti m i n g  

Test ( I B M  M o d e m s  Onlyl*  

No Con nection 

Data Term inal  Ready 

No Con nection 

R i n g  I nd icator 

Data Signal  R ate Selector 

No Con nection 

Test Ind icate ( IBM Modems O n l y) *  

P i n  

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20 

21 

2 2  

2 3  

24 

2 5  

2 5 - Pi n  D - S hell  
Con nector 

Synchro nous 
Data Link 
Control 
Commun ications 
Ada pter 

* N ot sta ndard i zed by E I A  ( E lectronics Ind ustry Associatio n j .  

Connector Specifications 
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Notes: 
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IB M C ommunications Adapter C able 

The IBM Communications Adapter Cable i s  a ten foot cable for 
connection of an IBM communications adapter to a modem or 
other RS-232C DCE (data communications equipment) .  It is fully 
shielded and provides a high quality , low noise channel for 
interface between the communications adapter and DCE . 

The connector ends are 25-pin D-shell connectors . All pin 
connections conform with the EIA RS-232C standard. In addition , 
connection is provided on pins 1 1 , 1 8  and 25 . These pins are 
designated as select standby , test and test indicate , respectively ,  
on some modems . Select standby is  used to support the switched 
network backup facility , if applicable . Test and test indicate 
support a modem wrap function on modems designed for business 
machine controlled modem wraps . 

Communications Cable 1 - 30 1  



The IBM Communications Adapter Cable connects the following 
pins on the 25-pin D-shell connectors . 

1 3  

. . 

. . 

1 4  

2 5  

Commu nications 
Ada pter 
Con nector 

Commun ications 

M odem 
Con nector 

Ada pter Con nector 
Pin # Name 

NC Outer  Cab le  S h ie ld  
2 Tra nsm i tted Data 
3 Rece ived Data 
4 Request to S e nd 
5 C lea r  to Send 

6 Data Set Ready 
7 S i g n a l  Ground  ( I n n e r  Lead S h ie lds )  
8 Rece ived  Li ne  S i g n a l  Detector 
N C  
N C  

1 1  Se lect Sta ndby 
NC 
N C  
N C  
1 5  Tra nsm itter S i g n a l  E l e m e ni T i m i ng 

N C  
1 7  Rece ive r  S i g n a

·
I E lement  T i m i n g  

1 8  Test 
N C  
20 Data Term i n a l  Ready 

NC 
22  R ing  I n d icator 
23  Data S igna l  Rate  Se lector 
NC 
25  Test  I n d icate 

Connector Specifications 
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1 4  

2 5  1 3  

Modem 
Con nector 

Pin # 

1 
2 
3 
4 
5 

6 
7 
8 
N C  
N C  

1 1  
N C  
N C  
N C  
1 5  

N C  
1 7  
1 8  
N C  
20 

N C  
22  
23 
NC 
25  
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ROM B I O S  

The basic input/output system (BIOS) resides in ROM on the 
system board and provides device level control for the major 1/0 
devices in the system. Additional ROM modules may be located 
on option adapters to provide device level control for that option 
adapter. BIOS routines enable the assembly language programmer 
to perform block (disk and diskette) or character-level 1/0 
operations without concern for device address and operating 
characteristics . System services , such as time-of-day and memory 
size determination, are provided by the BIOS.  

The goal i s  to provide an operational interface to the system and 
relieve the programmer of the concern about the characteristics of 
hardware devices .  The BIOS interface insulates the user from the 
hardware, thus allowing new devices to be added to the system, 
yet retaining the BIOS level interface to the device . In this 
manner, user programs become transparent to hardware 
modifications and enhancements . 

The IBM Personal Computer MACRO Assembler manual and 
the IBM Personal Computer Disk Operating System (DOS) 
manual provide useful programming information related to this 
section. A complete listing of the BIOS is given in Appendix A. 

Use of BIOS 

Access to BIOS is through the 8088 software interrupts . Each 
BIOS entry point is available through its own interrupt, which can 
be found in the "8088 Software Interrupt Listing. " 

The software interrupts , hex 1 0  through hex lA,  each access a 
different BIOS routine . For example, to determine the amount of 
memory available in the system, 

INT 1 2H 
will invoke the BIOS routine for determining memory size and 
will return the value to the caller. 
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Parameter Passing 

All parameters passed to and from the BIOS routines go through 
the 8088 registers . The prolog of each BIOS function indicates the 
registers used on the call and the return. For the memory size 
example, no parameters are passed. The memory size , in l K  byte 
increments , is returned in the AX register. 

If a BIOS function has several possible operations, the AH 
register is used at input to indicate the desired operation. For 
example, to set the time of day, the following code is required: 

MOV 
MOV 
MOV 
INT 

AH, 1 
CX,HIGH_COUNT 
DX,LOW _COUNT 
lAH 

To read the time of day: 

MOV AH,O 

INT l AH 

;function is to set time of day. 
;establish the current time . 

;set the time . 

;function is to read time of 
day . 
;read the timer. 

Generally, the BIOS routines save all registers except for AX and 
the flags . Other registers are modified on return only if they are 
returning a value to the caller. The exact register usage can be 
seen in the prolog of each BIOS function. 
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Add ress I n terrupt 
{ Hex)  N u m ber Name B I O S  Entry 

0-3 0 D i v ide by Zero D_E O I  
4 -7  1 S i n g le Step D_E O I  
8 - B  2 N o n m a skab le  N M l_ INT 
C - F  3 Breakpo i n t  D_EO I  
1 0- 1 3 4 Overflow D_E O I  
1 4- 1 7 5 Pr in t  Screen P R I N T_S C R E E N  
1 8 - 1  B 6 R ese rved D_EO I  
1 D - 1  F 7 R ese rved D_ E O I  
20-23 8 T i m e  of Day TI M E R_I NT 
24-27 9 Keyboa rd KB_ INT 
2 8 - 2 B  A Reserved D_E O I  
2 C - 2 F  B Com m u n icat i o n s  D_E O I  
30- 3 3  c Co m m u n icat ions  D_EO I  
34-37  D D i sk D_ E O I  
38 - 3 8  E D i skette D I S K_I NT 
3 C - 3 F  F Pr i nter D_EO I  
40-43 1 0  Video V I D E O_ IO  
44-47 1 1  Eq u i p ment  Ch eck EQU I P M E NT 
48-4B 1 2  Memory  M E M O RY_SIZE_D ETE R M I N E  
4C-4F 1 3  D i skette / D i sk D I S K E TIE_I O  
50-53 1 4  Co m m u n icat i o n s  R S 232_ 10 
54- 5 7  1 5  Ca ssette CASSETIE_I O 
58- 5 8  1 6  Keyboard KEYBOA R D_IO 
5 C - 5 F  1 7  Pr in te r  P R I NTE R_I O 
60-63 1 8  Res ident  BASIC F600:0000 
64- 67 1 9  Bootst ra p BOOT_STRAP 
68-6B 1 A  T i m e  of Day T IM E_O F_DAY 
6C-6F  1 B  Keyboa rd Break  D U M M Y_R ETU R N  
70-73 1 C  T imer  T ick  D U M M Y_RETU R N  
74- 7 7  1 D  Video I n i t i a l i zat ion V I D E O_PA R M S  
7 8 - 7 8  1 E  D i skette Para meters D I S K_BASE 
7 C - 7 F  1 F  Video Graph ics Chars  0 

8088 Software I nterru pt Listing 
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Vectors with Special Meanings 

Interrupt Hex 1 B - Keyboard Break Address 

This vector points to the code to be exercised when the Ctrl and 
Break keys are pressed on the keyboard. The vector is invoked 
while responding to the keyboard interrupt, and control should be 
returned through an IRET instruction. The power-on routines 
initialize this vector to point to an IRET instruction, so that 
nothing will occur when the Ctrl and Break keys are pressed 
unless the application program sets a different value . 

Control may be retained by this routine , with the following 
problems . The Break may have occurred during interrupt 
processing, so that one or more End of Interrupt commands must 
be sent to the 8259 controller . Also, all 1/0 devices should be 
reset in case an operation was underway at that time . 

I nterrupt Hex 1 C - Timer Tick 

This vector points to the code to be executed on every system
clock tick. This vector is invoked while responding to the timer 
interrupt, and control should be returned through an IRET 
instruction. The power-on routines initialize this vector to point to 
an IRET instruction, so that nothing will occur unless the 
application modifies the pointer. It is the responsibility of the 
application to save and restore all registers that will be modified. 

Interrupt Hex l D  - Video Parameters 

This vector points to a data region containing the parameters 
required for the initialization of the 6845 on the video card. Note 
that there are four separate tables , and all four must be 
reproduced if all modes of operation are to be supported. The 
power-on routines initialize this vector to point to the parameters 
contained in the ROM video routines . 
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Interrupt Hex l E  - Diskette Parameters 

This vector points to a data region containing the parameters 
required for the diskette drive .  The power-on routines initialize the 
vector to point to the parameters contained in the ROM diskette 
routine . These default parameters represent the specified values 
for any IBM drives attached to the machine . Changing this 
parameter block may be necessary to reflect the specifications of 
the other drives attached. 

Interrupt Hex 1 F - Graphics Character Extensions 

When operating in the graphics modes of the IBM Color/Graphics 
Monitor Adapter (320 by 200 or 640 by 200), the read/write 
character interface will form the character from the ASCII code 
point, using a set of dot patterns . The dot patterns for the first 1 28 
code points are contained in ROM. To access the second 1 28 
code points , this vector must be established to point at a table of 
up to l K  bytes, where each code point is represented by eight 
bytes of graphic information. At power-on, this vector is 
initialized to 000:0, and it is the responsibility of the user to 
change this vector if the additional code points are required. 

Interrupt Hex 40 - Reserved 

When an IBM Fixed Disk Drive Adapter is installed, the BIOS 
routines use interrupt hex 40 to revector the diskette pointer. 

Interrupt Hex 4 1  - Fixed Disk Parameters 

This vector points to a data region containing the parameters 
required for the fixed disk drive . The power-on routines initialize 
the vector to point to the parameters contained in the ROM disk 
routine .  These default parameters represent the specified values 
for any IBM Fixed Disk Drives attached to the machine . 
Changing this parameter block may be necessary to reflect the 
specifications of the other fixed disk drives attached. 
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O ther Read/Write Memory Usage 

The IBM BIOS routines use 256 bytes of memory starting at 
absolute hex 400 to hex 4FF . Locations hex 400 to 407 contain 
the base addresses of any RS-232C cards attached to the system. 
Locations hex 408 to 40F contain the base addresses of the 
printer adapter. 

Memory locations hex 300 to 3FF are used as a stack area during 
the power-on initialization, and bootstrap, when control is passed 
to it from power-on. If the user desires the stack in a different 
area, the area must be set by the application. 

Add ress I n terrupt 
( Hex) ( H ex) Function 

80-83 20 DOS Prog ra m Term i nate 
84-87 2 1  DOS Fu nct ion  Ca l l  
8 8 - 8 B  22 DOS Term i nate Address 
8 C - 8 F  23  DOS Ct r l  Break Ex i t  Address 
90-93 24 DOS Fata l E r ror  Vector 
94-97 25  DOS Abso l ute D i sk Read  
98-9B  26 DOS Absol ute D i sk Wr i te  
9C-9F 27 DOS Ter m i n ate, F ix  I n  Storage 
AO- F F  28-3F Reserved for DOS 
1 00- 1 7F 40- 5 F  Reserved 
1 80- 1 9F 60-67 Reserved for User Softwa re I nter rupts 
l A0- 1 FF 68-7F Not Used 
200- 2 1 7  80-8 5  Reserved b y  BAS I C  
2 1 8 - 3 C 3  8 6 - FO Used by BASI C  In terpreter w h i l e  BAS IC  i s  

r u n n i ng 
3C4-3FF  F l - F F  N o t  Used 

BAS I C  and DOS Reserved I nterru pts 
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Add ress 
( Hex) M ode Function 

400-48F ROM B I O S  S e e  B I O S  L ist i n g  
490- 4 E F  Rese rved 
4F0-4FF Reserved a s  I n t ra -App l i cat i o n  

Co m m u n icat ion  A r e a  f o r  a ny app l i ca t ion  
500- 5 F F  Reserved f o r  D O S  a nd BAS I C  
500 DOS Pr in t  Screen  Stat u s  F l a g  Store 

0-Pr in t  Screen Not Active or  S u ccessf u l  
P r in t  Screen Ope rat ion  
1 - Pr in t  Screen I n  Progress 
255- Error  Encou ntered d u r i n g  Pr int Screen 
Operat ion  

504 DOS S ing le  Dr ive Mode Sta t u s  Byte 
5 1 0- 5 1 1 BAS I C  BAS I C ' s  Segment  Address Store 
5 1 2 - 5 1 5  BAS I C  C l ock  I nter rupt Vector S e g m e nt :  Offset Store 
5 1 6 - 5 1 9  BAS I C  Break Key In ter rupt Vector Segment :  Offset 

Store 
5 1 A-5 1 D BAS I C  D i sk E r ror  I nter rupt Vector Segment :  Offset 

Store 

Reserved Memory Locations 

If you do DEF SEG (Default workspace segment):  

Offset 
( H ex Value) Length 

Line n u mber of c u rrent l i ne be i n g  executed 2E 2 
L ine  n u mber of l a st e rror 347 2 
Offset i nto seg ment  of start of p rog ra m text 30 2 
Offset i nto seg ment  of sta rt of va r i ab les 3 5 8  2 

(end of p rog ra m text 1 - 1 )  
Keyboa rd buffe r contents 6A 1 

if 0 -no  cha racters i n  b uffer 
i f  1 -c h a racters i n  b uffer 

C h a racter co lor  i n  g ra p h ics mode 4E 1 
S et to 1 ,  2, or 3 to get text i n  co lors 1 to 3 .  
Do n o t  set to 0 .  
( Defa u l t  = 3)  

Exa mp le  

1 00 Pr i n t  P E E K  (&H2E )  + 2 5 6 * P E E K  ( & H 2 F )  

) L H 

1 00 I Hex 64 I Hex 00 I 
BAS I C  Workspace Variables 
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Sta rti ng Address in Hex 

00000 B I O S  
I nterrupt 
Vectors 

00080 Ava i la b l e  
I nter rupt 
Vectors 

00400 B I O S  
Data 
Area 

00500 User  
Read/Write 
M e mory 

C8000 D i sk 
Adapte r 

FOOOO Read 
O n l y  
M e mory 

F EOOO B ios  
Prog ra m 
Area 

B I OS Memory Map 

B IO S  Programming Hints 

The BIOS code is invoked through software interrupts . The 
programmer should not "hard code" BIOS addresses into 
applications . The internal workings and absolute addresses within 
BIOS are subject to change without notice . 

If an error is reported by the disk or diskette code , you should 
reset the drive adapter and retry the operation. A specified 
number of retries should be required on diskette reads to ensure 
the problem is not due to motor start-up. 

When altering 1/0 port bit values , the programmer should change 
only those bits which are necessary to the current task. Upon 
completion, the programmer should restore the original 
environment . Failure to adhere to this practice may be 
incompatible with present and future applications . 
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Adapter Cards with System-Accessible 
RO M Modules 

The ROM BIOS provides a facility to integrate adapter cards with 
on board ROM code into the system. During the POST, interrupt 
vectors are established for the BIOS calls . After the default 
vectors are in place , a scan for additional ROM modules takes 
place . At this point, a ROM routine on the adapter card may gain 
control . The routine may establish or intercept interrupt vectors to 
hook themselves into the system. 

The absolute addresses hex C8000 through hex F4000 are 
scanned in 2K blocks in search of a valid adapter card ROM. 
A valid ROM is defined as follows : 

Byte 0: 
Byte 1 :  
Byte 2 :  

Hex 55 
Hex AA 
A length indicator representing the number of 5 1 2 byte 
blocks in the ROM (length/5 1 2) .  
A checksum is also done to test the integrity of the 
ROM module . Each byte in the defined ROM is 
summed modulo hex 1 00 .  This sum must be 0 for 
the module to be deemed valid. 

When the POST identifies a valid ROM, it does a far call to byte 
3 of the ROM (which should be executable code) .  The adapter 
card may now perform its power-on initialization tasks . The feature 
ROM should return control to the BIOS routines by executing a 
far return. 
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Keyboard Encoding and Usage 

Encoding 

The keyboard routine provided by IBM in the ROM BIOS is 
responsible for converting the keyboard scan codes into what will 
be termed "Extended ASCII ."  

Extended ASCII encompasses one-byte character codes with 
possible values of 0 to 25 5 ,  an extended code for certain extended 
keyboard functions , and functions handled within the keyboard 
routine or through interrupts . 

Character Codes 

The following character codes are passed through the BIOS 
keyboard routine to the system or application program. A "- 1 "  
means the combination is suppressed in the keyboard routine . The 
codes are returned in AL. See Appendix C for the exact codes .  
Also, see "Keyboard Scan Code Diagram" in Section 1 .  

Key 
Nu mber Base Case Upper Case Ctr I Alt 

1 Esc Esc Esc - 1  
2 1 ! - 1  Note 1 
3 2 @ N u l  (000) N ote 1 Note 1 
4 3 # - 1  Note 1 
5 4 $ - 1  Note 1 
6 5 % - 1  Note 1 
7 6 " R S(030) Note 1 
8 7 & - 1  Note 1 
9 8 * - 1  N ote 1 

1 0  9 ( - 1  Note 1 
1 1  0 ) - 1  Note 1 
1 2  - - U S(03 1 )  Note 1 
1 3  = + - 1  Note 1 
1 4  Backspace (008) Backspace (008) De l  ( 1 27 )  - 1  
1 5  -1 (009) f+- ( Note 1 )  - 1  - 1  
1 6  q Q D C 1  (01 7 )  N ote 1 
1 7  w w ETB (023)  N ote 1 

Character Codes (Part 1 of 3 )  
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Key 
N u m ber Base Case U pper Case Ctrl Alt 

1 8  e E E N O  (005)  N ote 1 
1 9  r R DC2 ( 0 1 8 )  N ote 1 
20 t T D C4 (020) N ote 1 
2 1  y y E M  (025)  Note 1 
2 2  u u NAK (02 1 )  N ote 1 
23  i I HT (009) Note 1 
24 0 0 SI (0 1 5 ) Note 1 
2 5  p p D L E  ( 0 1 6)  N ote 1 
26 [ ! Esc (027) - 1  
27 l l G S  (029 - 1  
28 CR CR LF (0 1 0) - 1  

2 9  Ctr l  - 1  - 1  - 1  - 1  
30 a A S O H  (00 1 ) N ote 1 
3 1  s s DC3 ( 0 1 9 )  N ote 1 
3 2  d D EOT (004) N ote 1 
3 3  f F ACK (006) N ote 1 
34 g G B E L  (007) N ote 1 
3 5  h H B S  (008) Note 1 
3 6  j j LF (0 1 0) Note 1 
3 7  k K VT (01 1 )  N ote 1 
38  I L FF (0 1 2 )  Note  1 
39  - 1  - 1  
40 . .  - 1  - 1  
4 1  - - 1  - 1  

4 2  S h ift - 1  - 1  - 1  - 1  
43 \ I FS (028) - 1  

I 

44 z z S U B  (026)  N ote 1 
45 x x CAN (024) N ote 1 
46 c c ETX (003) N ote 1 
47 v v SYN (022) N ote 1 
48 b B STX (002) N ote 1 
49 n N so (0 1 4) Note 1 
50 m M C R  (0 1 3 ) Note 1 
5 1  < - 1  - 1  
5 2  > - 1  - 1  
5 3  I ? - 1  - 1  

5 4  S h ift - 1  - 1  - 1  - 1  
5 5  * ( Note 2 )  ( N ote 1 )  - 1  

5 6 Al t  - 1  - 1  - 1  - 1  
5 7  S P  S P  S P  S P  

5 8  Caps Lock - 1  - 1  - 1  - 1  
59  Nu l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
60 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
6 1  N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
62 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
63 Nu l  ( Note 1 )  N u l ( N ote l )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  
64 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  

Character Codes ( Part 2 of 3 )  

2- 1 4  Keyboard Encoding 



Key 
N u m ber Base Case U pper Case Ctrl Alt 

65 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
66 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
67 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  
68 N u l  ( Note 1 )  N u l  ( N ote 1 )  N u l  ( N ote 1 )  N u l  ( Note 1 )  

69 N u m  Lock - 1  - 1  Pause ( N ote 2 )  - 1  
7 0  Scro l l  Lock - 1  - 1  B reak  ( N ote 2 )  - 1  

N otes: 1 .  Refer to " Exte nded Codes" i n  t h i s  sect i o n .  
2 .  Refer to "Spec i a l  H a nd l i n g "  i n  th is  sect i o n .  

Character Codes (Part 3 of  3 )  

Keys 71  to 83  have meaning only in  base case,  in  Num Lock (or 
shifted) states , or in Ctrl state . It should be noted that the shift key 
temporarily reverses the current Num Lock state . 

Key N u m  
N u m ber Lock Base Case Alt Ctrl  

7 1  7 Home ( Note 1 )  - 1  C lea r  Screen 

72  8 t ( Note 1 )  - 1  - 1  

7 3  9 Page Up (Note 1 )  - 1  Top o f  Text a nd Home 

74 - - - - - - - - - - - - - - - - - - - - - - 1  - 1  

75  4 - ( Note 1 )  - 1  Reverse Word (N ote 1 )  

76 5 - 1  - 1  - 1  

77  6 - ( Note 1 )  - 1  Adva nce Word (Note 1 )  

78 + + - 1  - 1  

79 1 End  (Note 1 )  - 1  E rase to E O L  ( N ote 1 )  

80 2 ' ( Note 1 )  - 1  - 1  

8 1 3 Page Down ( N ote 1 )  - 1  E rase to EOS (Note 1 )  

82  0 I n s  - 1  - 1  

83 D e l  (Notes 1 , 2 )  Note 2 N ote 2 

N otes:  1 .  Refer to "Exte nded Codes" i n  t h i s  sect i o n .  

2 .  R efer to "Spec i a l  H a n d l i n g "  i n  t h i s  sect i o n .  
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Extended Codes 

Extended Functions 

For certain functions that cannot be represented in the standard 
ASCII code, an extended code is used. A character code of 000 
(Nul) is returned in AL. This indicates that the system or 
application program should examine a second code that will 
indicate the actual function. Usually, but not always, this second 
code is the scan code of the primary key that was pressed. This 
code is returned in AH. 

Second Code Function 

3 N u l  C h a racter 
1 5  -

1 6- 2 5  A l t  Q ,  W ,  E ,  R, T ,  Y ,  U ,  I ,  0 ,  P 
30-38 Al t  A, S ,  D ,  F, G ,  H,  J,  K, L 
44-50 Alt  Z, X, C, V, B ,  N ,  M 
59-68 F 1  to F l  0 Fu nct ion Keys B a se Case 

7 1  Home 
72 t 
73 Page Up a nd Home C u rsor 
75  -

7 7  -

79 End  
80 • 
8 1  Page Down a nd Home C u rsor 
82  I n s  ( I nsert) 
83 Del (De lete)  

84-93 F 1 1 to F20 (Uppercase F l  to F 1 0) 
94- 1 03 F2 1 to F30 (Ctr l  F 1  to F l  0)  

1 04- 1 1 3  F3 1 to F40 (Alt F l  to F 1 0) 
1 1 4 Ctr l  PrtSc (Sta rt/Stop Echo to Pr i nter)  
1 1 5 Ctr l - (R everse Word) 
1 1 6 Ctr l -(Adva nce Word) 
1 1 7 Ctr l  E n d  [ E rase  to E nd of L i n e  ( E O L) ]  
1 1 8 Ctr l  PgD n  [ E rase to End  of Screen (EOS) ]  
1 1 9 Ctr l  H o m e  (C lear  Screen a nd Home)  

1 20- 1 3 1 A l t  1 ,  2, 3, 4, 5, 6, 7, 8, 9, 0, -, = (Keys 2 - 1 3 )  
1 32 Ctr l  PgUp (Top 25 Li n es of Text a nd Home C u rsor) 

Keyboard Extended Functions 
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Shift States 

Most shift states are handled within the keyboard routine, 
transparent to the system or application program. In any case, the 
current set of active shift states are available by calling an entry 
point in the ROM keyboard routine . The following keys result in 
altered shift states :  

Shift 

This key temporarily shifts keys 2- 1 3 , 1 5-27, 30-4 1 ,  43-5 3 ,  5 5 ,  
and 59-68 to upper case (base case i f  in Caps Lock state) .  Also, 
the Shift key temporarily reverses the Num Lock or non-Num-1..ock 
state of keys 7 1 -73 ,  7 5 ,  77 ,  and 79-83 .  

Ctr I 

This key temporarily shifts keys 3 ,  7 ,  1 2, 1 4, 1 6-28, 30-38 ,  43-50, 
5 5 ,  5 9-7 1 ,  73 ,  75 ,  77, 79, and 8 1  to the Ctrl state . Also, the Ctrl 
key is used with the Alt and Del keys to cause the "system reset" 
function, with the Scroll Lock key to cause the "break" function, 
and with the Num Lock key to cause the "pause"  function. The 
system reset, break, and pause functions are described in "Special 
Handling" on the following pages . 

Alt 

This key temporarily shifts keys 2- 1 3 , 1 6-25 , 30-38 ,  44-50, and 
5 9-68 to the Alt state . Also, the Alt key is used with the Ctrl and 
Del keys to cause the "system reset" function described in 
"Special Handling" on the following pages . 

The Alt key has another use . This key allows the user to enter any 
character code from 0 to 255 into the system from the keyboard. 
The user holds down the Alt key and types the decimal value of 
the characters desired using the numeric keypad (keys 7 1 -7 3 ,  
7 5-77 ,  and 79-82) .  The Alt key i s  then released. If more than 
three digits are typed, a modulo-256 result is created. These three 
digits are interpreted as a character code and are transmitted 
through the keyboard routine to the system or application 
program. Alt is handled internal to the keyboard routine . 
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Caps Lock 

This key shifts keys 1 6-25 , 30-38 ,  and 44-50 to upper case.  A 
second depression of the Caps Lock key reverses the action. Caps 
Lock is handled internal to the keyboard routine . 

Scroll Lock 

This key is interpreted by appropriate application programs as 
indicating use of the cursor-control keys should cause windowing 
over the text rather than cursor movement. A second depression 
of the Scroll Lock key reverses the action. The keyboard routine 
simply records the current shift state of the Scroll Lock key . It is 
the responsibility of the system or application program to perform 
the function. 

Shift Key Priorities and Combinations 

If combinations of the Alt, Ctrl , and Shift keys are pressed and 
only one is valid, the precedence is as follows : the Alt key is first, 
the Ctrl key is second, and the Shift key is third . The only valid 
combination is Alt and Ctrl , which is used in the "system reset" 
function. 

Special Handling 

System Reset 

The combination of the Alt, Ctr! , and Del keys will result in the 
keyboard routine initiating the equivalent of a "system reset" or 
"reboot ."  System reset is handled internal to the keyboard. 
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B reak 

The combination of the Ctrl and Break keys will result in the 
keyboard routine signaling interrupt hex lA .  Also, the extended 
characters (AL = hex 00, AH = hex 00) will be returned. 

Pause 

The combination of the Ctr] and Num Lock keys will cause the 
keyboard interrupt routine to loop, waiting for any key except the 
Num Lock key to be pressed. This provides a system- or 
application-transparent method of temporarily suspending list, 
print, and so on, and then resuming the operation . The "unpause" 
key is thrown away . Pause is handled internal to the keyboard 
routine .  

Print Screen 

The combination of the Shift and PrtSc (key 5 5) keys will result 
in an interrupt invoking the print screen routine . This routine 
works in the alphanumeric or graphics mode , with unrecognizable 
characters printing as blanks . 

Other Characteristics 

The keyboard routine does its own buffering. The keyboard buff er 
is large enough to support a fast typist. However, if a key is 
entered when the buffer is full , the key will be ignored and the 
"bell" will be sounded. 

Also, the keyboard routine suppresses the typematic action of the 
following keys : Ctrl , Shift, Alt, Num Lock, Scroll Lock, Caps 
Lock, and Ins . 
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K eyboard Usage 

This section is intended to outline a set of guidelines of key usage 
when performing commonly used functions . 

Fu nction Key(s) Comment 

Home C u rsor Home Ed i tors; wo rd p rocessors 

R et u r n  to outermost m e n u  Home M e n u  dr ive n  a pp l icat ions 

Move c u rsor up t F u l l  screen editor ,  wo rd p rocessor  

Page  up ,  scro l l  backward 25 Pg U p  Ed i tors;  word processors 
l i nes a nd home 

Move c u rsor left - Key 75 Text, com m a nd e ntry 

Move c u rsor r ight  - Text, com m a n d  e ntry 

Scrol l to end of text End  Ed itors; word processors 
P lace c u rsor at  e nd of l i n e  

Move c u rsor down ' F u l l  screen editor ,  word processor 

Page down, scro l l  forwa rd Pg D n  Ed i tors; word processors 
25 l i nes a nd home 

Sta rt/Stop i n sert text at c u rsor,  I n s  Text, com m a nd entry 
s h ift text r ight  in  b uffer 

De lete cha racter at c u rsor Del Text,  com m a nd e ntry 

Destruct i ve backspace - Key 1 4  Text, com ma nd e ntry 

Tab forward -t Text e ntry 

Tab reverse I-- Text e ntry 

Clear screen a nd home Ctr l  Home Comma nd e ntry 

Scrol l up t I n  scro l l  lock mode 

Scro l l  down ' I n  scro l l  lock mode 

Scro l l  l eft - I n  scro l l  lock mode 

Scro l l  r ight  - I n  scro l l  lock mode 

De lete from c u rsor to E O L  C t r l  End  Text, com m a nd e ntry 

Ex it/Escape Esc Editor, 1 leve l of m e n u ,  and so on 

Start/Stop Echo screen to Ctrl Prt Sc Any t i m e  
pr i nter ( Key 55) 

De lete from c u rsor to EOS Ctr l  Pg D n  Text, comma nd e ntry 
Adva nce word Ctr l - Text entry 

R everse word Ctr l - Text e ntry 

Wi ndow R i g ht Ctr l - When text is too wide to f i t  screen 

W i ndow Left Ctr l - When text is too wide to f i t  screen 

Enter  i n sert mode I n s  L i n e  editor 

Keyboard - Commonly Used Functions ( Part 1 of 2) 
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Function Key(s)  Comment 

Exit  i n sert mode Ins L ine edi tor  

Ca nce l  c u r re nt l i n e  Esc Co m m a nd e ntry, text entry 

S uspend system (pa use)  Ctr I Stop l i st ,  stop prog ra m ,  a nd so o n  
N u m  Lock Resumes o n  a ny key 

Break  i n te r rupt Ctr l  Break  I nter rupt c u rrent p rocess 

Syste m reset Alt Ctrl Reboot 
De l  

Top  of docu ment  a nd home Ct r l  PgUp Ed itors,  word processors 
c u rsor 

Sta ndard f u nct ion  keys F l - F l O P r i m a ry f u nct ion  keys 

Secondary f u nct ion keys S h ift Fl - F l  0 Extra fu nct ion  keys if 1 0  a re not 
Ctr l  F l - F l O suff ic ient  
Al t  F l - F l O  

Extra fu nct ion  keys Alt Keys Used when st ickers a re put a long  
2- 1 3  top of keyboard 

( 1 -9 ,0, - ,= )  

Extra fu nct ion  keys A l t A-Z Used when  fu nct ion  sta rts with 
same lette r a s  one of the  a l p h a  
keys 

Keyboard - Commonly Used Functions ( Part 2 of 2 )  
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Function Key 

Carr iage ret u r n  _...J 
L ine  feed Ctr l _...J 
B e l l  C t r l  G 
Home Home 
C u rsor u p  J t 
C u rsor down 
C u rsor l eft -

C u rsor r i gh t  -

Adva nce o n e  word Ctrl -
Reverse one  word Ctrl -
I n sert I n s  
De lete Del  
Clear screen Ctr l  Home 
Freeze output  Ctr l  N u m  Lock  
Tab adva nce -t 
Stop execut ion (b rea k) Ctrl Break 
De lete c u rrent l i n e  Esc 
De lete to end of l i n e  Ctr l  E n d  
Pos i t ion cu rsor t o  end o f  l i n e  End  

BAS I C  Screen Editor Special Functions 

Function Key 

Suspend Ctr l  N u m  Lock  
Echo to pr i n ter Ctr l  PrtSc 

( Key 5 5  a ny case) 
Stop echo to pr i nter Ctrl PrtSc 

(Key 5 5  a ny case) 
E x i t  cu rrent  fu nction Ctr I 
( brea k )  Break 
Backspace - Key 1 4  
Line feed Ctrl __. 
Cancel l ine  Esc 
Copy character Fl o r -
Copy u n t i l  match F2 
Copy rema i n i n g  F3  
S k i p  character Del  
Sk ip  u n ti l  match F4 
E n te r  skip mode I n s  
E x i t  i nsert mode I n s 
Make new l ine  the template F5 
Str i n g  separator in R E P LACE F6 
End of fi le i n  keyboard input  F6 

DOS Special Functions 
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B IO S  Cassette Logic 

Software Algorithms - I nterrupt Hex 1 5  

The cassette routine will be called by the request type in AH. The 
address of the bytes to be read from or written to the tape will be 
specified by ES:BX and the number of bytes to be read or written 
will be specified by CX. The actual number of bytes read will be 
returned in DX. The read block and write block will automatically 
tum the cassette motor on at the start and off at the end. The 
request types in AH and the cassette status descriptions follow: 

R equest Type Function 

A H  = O  T u r n  Cassette Motor O n  
A H = 1 Turn  Cassette Motor Off 
AH = 2  Read Tape B l oc k  

Read CX bytes i nto me mory sta rt i n g  at  Address E S : B X  
Ret u r n  a ct u a l  n u m ber  o f  bytes read i n  DX 
Ret u r n  Ca ssette Stat u s  i n  AH 

AH = 3 Write Tape B lock  
Wr i te CX bytes onto cassette start i n g  at  Address D S : BX 
Ret u r n  Ca ssette Sta tus  i n  AH 

Cassette Status Description 

A H  = 00 No Er rors 
AH = 0 1 Cyc l i c  Redu nda ncy Check (CRC )  Error  i n  Read B l ock 
A H  = 02 No Data Tra ns i t ions  
A H  = 04 No Leader  
A H  = 80 I n va l i d Co m m a nd 

N ote : The car ry f l ag  wi l l  be set on a ny error .  
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C assette Write 

The write-block routine writes a tape block onto the cassette tape . 
The block is described in "Data Record Architecture" later in this 
section. 

The write-block routine turns on the cassette drive motor and a 
synchronization bit (0) and then writes the leader (256 bytes of all 
1 's ) to the tape . Next, the routine writes the number of data blocks 
specified by CX. After each data block of 256 bytes , a 2-byte 
cyclic redundancy check (CRC)  is written. The data bytes are 
taken from the memory location pointed at by ES.  

The write-byte routine disassembles and writes the byte a bit at a 
time to the cassette . The method used is to set Timer 2 to the 
period of the desired data bit. The timer is set to a period of 1 .0 
millisecond for a 1 bit and 0.5 millisecond for a 0 bit. 

The timer is set to mode 3, which means the timer outputs a 
square wave with a period given by its counter register. The 
timer's period is changed on the fly for each data bit written to the 
cassette . If the number of data bytes to be written is not an 
integral multiple of 256 ,  then, after the last desired data byte from 
memory has been written, the data block is extended to 256 bytes 
of writing multiples of the last data byte . The last block is closed 
with two CRC bytes as usual . After the last data block, a trailer 
consisting of four bytes of all 1 bits is written. Finally, the cassette 
motor is turned off, if there are no errors reported by the routine .  

f4-250 µ s  -+j 
Zero B i t  

""'l4L---- 5 0 0  µ s  ----1)1 

.__ _ __.I . O n e  B i t  

.._-------- 1 000 µs -------_.. 
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Cassette Read 

The read-block routine turns on the cassette drive motor and then 
delays for approximately 0.5 second to allow the motor to come 
up to speed. 

The read-block routine then searches for the leader and must 
detect all 1 bits for approximately 1 I4 of the leader length before 
it can look for the sync (0) bit . After the sync bit is detected, the 
sync byte (ASCII character hex 1 6) is read. If the sync byte is 
read correctly, the data portion can be read. If a correct sync byte 
is not found, the routine goes back and searches for the leader 
again. The data is read a bit at a time and assembled into bytes.  
After each byte is assembled, it is written into memory at location 
ES :BX and BX is incremented by 1 .  

After each multiple of 256 data bytes is read, the CRC is read and 
compared to the CRC generated. If a CRC error is detected, the 
routine will exit with the carry flag set to indicate an error and the 
status of AH set to hex 0 1 .  DX will contain the number of bytes 
written memory. 

The time of day interrupt (IRQO) is disabled during the cassette
read operation. 
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Data Record Architecture 

The write-block routine uses the following format to record a tape 
block onto a cassette tape : 

Leader Sync 

Motor 
On 

B i t  

Component 

Leader 
Sync B i t  
S y n c  Byte 
Data B l ocks 
C R C  

Sync 
Byte 

Data C R C  
B lock  

Description 

256 Bytes (of Al l  1 's) 
One 0 B i t  
ASC I I  C h a racter Hex  1 6  
256  Bytes i n  Le ngth 
2 Bytes for each Data B lock 

Data Record Components 

Error Recovery 

Data CRC 
B l ock  

M otor 
Off 

Error recovery is handled through software . A CRC is used to 
detect errors . The polynomial used is G(X) = X16 + X12  + Xs + 1 ,  
which is the polynomial used by the synchronous data link control 
interface . Essentially , as bits are written to or read from the 
cassette tape , they are passed through the CRC register in 
software . After a block of data is written,  the complemented value 
of the calculcated CRC register is written on the tape. Upon 
reading the cassette data, the CRC bytes are read and compared 
to the generated CRC value . If the read CRC does not equal the 
generated CRC, the processor's carry flag is set and the status of 
AH is set to hex 0 1 ,  which indicates a CRC error has occurred. 
Also, the routine is exited on a CRC error. 
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APPENDIX A: ROM B IOS 
LI STING S 

System ROM BIOS 

Equates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

8088 Interrupt Locations . . . . . . . . . . . . . . .  . 

Stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Data Areas . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Power-On Self-Test . . . . . . . . . . . . . . . . . . . .  . 

Boot Strap Loader . . . . . . . . . . . . . . . . . . . . .  . 

1/0 Support 
Asynchronous Communications 
(RS-232C) . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Keyboard . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Diskette . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Printer . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Display . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . 

System Configuration Analysis 
Memory Size Determination . . . . . . . . . .  . 

Equipment Determination . . . . . . . . . . . . .  . 

Cassette 1/0 Support . . . . . . . . . . . . . . . . . . .  . 

Graphics Character Generator . . . . . . . . . . .  . 

Time of Day . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Print Screen . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Fixed Disk ROM BIOS 

Line 
Page Number 

A-2 1 2  
A-2 34 
A-2 66 
A-2 74 
A-5 229 
A-2 1 1 493  

A-22 1 5 5 1  
A-26 1 8 1 8  
A-36 2426 
A-46 320 1  
A-47 3 327 

A-73 5 1 77 
A-73 5 208 
A-74 525 3  
A-80 5 769 
A-82 5903 
A-84 6077 

Fixed Disk 1/0 Interface . . . . . . . . . . . . . . . . A-87 1 
Boot Strap Loader . . . . . . . . . . . . . . . . . . . . . . A-92 399 

System BIOS A- 1 



LOC OBJ 

0060 

0061 

0062 

oou 

0020 

0 0 2 1  

0020 

0040 

0041 

0040 

0 0 0 1  

0 0 0 8  

0 0 0 0  

0540 

0 4 1 0  

0 0 6 0  

0002 

OObO 

0061 

0000 

0008 

0008 

0 0 1 4  

0 0 1 4  

0020 

0020 

0 0 2 0  

0040 

0040 

0074 

OQ7<t 

0060 

0060 

0 0 78 

0 0 78 

0 0 7t  

0 0 7t 

0 1 0 0  

0 1 0 0  ! ? ! !  

0 1 0 2  ? ! ? !  

0400 

0400 

0400 

7CO O  

7t 0 0  

0000 ( 1 2 8  

? ? ? ?  

0 1 0 0  

A-2 

L I N E  S O U R C E  

tTITLEl &IOS FOR Iett PERSONAL COHPUTER I 

, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 

TH E  BIOS ROUTINES ARE MEANT TO BE ACCESSED TIIROUGH 

SOFn.IARE INTERRUPTS ON L Y .  A.HY ADDRESSES PRESENT JN 

TH E  LISTINGS ARE IMCLUJED ONLY FOR COHPlf:TEHESS . 

NOT FOR R E F ERENCE . ltPPLICA.TIONS ... lCH R E F EAEHCE 

ABSOLUTE ADDRESSES WITIUN TH E  CODE SEGHENT 

VIOLATE TH E  STRUCTUIE At«> DESIGN OF BIOS . 

1 0  , _ _ _ _ _ _ _ _ _ _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1  

1 2  l - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 3  EQUATES 

l •  

1 5  

1 6  

1 7  

I &  

1 9  

2 0  

2 1  

2 2  

2 l  

. .  

, .  

; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

,. 

27 

28 

, .  

30 

3 1  

" 

33 

PORT_A 

PORT_B 

PORT_C 

Cf1D_PORT 

lNTAOO 

INT.lO l 

EOl 

TI/1ER 

Til"l_CTL 

TIHEAO 

T,,INT 

011A08 

OMA 

MAX_ PERIOD 

HIN_PEIHOD 

KBD_IH 

KBDIHT 

KB_DATA 

KB_CTL 

EOU 

EOU 

EQU 

EOU 

EQU 

EOU 

EQU 

EOU 

EQU 

EOU 

EOU 

'"" 

EOU 

EQU 

'"" 

EOU 

'"" 

EQU 

EQU 

. .,. ; 8255 PORT A ADDA 

UH I 8255 PORT 8 ADDA 

6ZH I 8255 PORT C ADDA 

6JH 

Z OH I 8259 PORT 

2 1 H  I 8259 PORT 

20H 

•OH 

.,,, I 8253 TIHER CottntOL POAT ADDR 

•OH ; 8253 Til"IER/CMTU 0 PORT ADDA 

0 1  ; Tll"IEA 0 IHTR Af:CVD 11.lSK 

o• I OMA STATUS REG PORT ADDA 

00 I Dl"IA CHANNEL 0 ADDA REG POAT ADDA 

540H 

4 1 0H 

60H I KEYBOARD DATA IN ADDA POAT 

o z  I KEYBOARD INTA tu.SK 

60H ; KEYBOARD SCAN CODE PORT 

UH ; CONTROL BITS FOR KB SENSE DATA 

14 ; .. - - - - --- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

l S  8 0 8 8  IKTERRUPT LOCA TI OHS 

36 

37 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

"' 

J9 

•o 

• 1  

. ,  

4 3  

•4 

45 

46 

. ,  

4 &  

•• 

•• 

51 

52 

5 1  

. .  

5 5  

56 

57 

•• 

• •  

•• 

6 1  

. ,  

. ,  

•• 

•• 

A8SO 

STG_LDCO 

J.t'II_PTR 

IHTS_PTR 

INT_ADDR 

INT_PTR 

VIDEO_ INT 

PARl1_PTR 

BASIC_PTR 

DISK_ POINTER 

EXT_Pnt LABEL 

ID_ROH_INIT 

ID_ROH_SEG 

DATA_ARU 

DATA_WDRD 

BOOT_LOCN 

.... 

SEGMENT AT 0 

LABE L 8YT( 

ORG , .. 

LAB E L  """" 

ORG ... 

LABE L "°"D 

ORG ... 

LABE L "°"D 

LAB E L  owooo 

ORG I OH•4 

LABEL WORO 

ORG IDHa4 

LABEL OWOllO I POINTER TO VIDEO PARl1S 

ORG l &H  .. 

LABE L """0 ENTRY POINT fOA CASSETTE BASIC 

ORG O I EH•4 INTERRUPT l EH 

LABEL OWOllO 

OR& 0 1 FH•4 I LOCATION Of POINTER 

DIDIO I POINTER TO EXTENSION 

ORG 040HIJ<\ I ROUTINE 

ow 

ow ; OPTIONAL ROH SE6"ENT 

ORG <tOOH 

LABEL 8Ylf I ABSOLUTE LCICATIOH OF DAU. SESl'IENT 

LAB E L  WOR D  

OR G  7COON 

LABEL ... 

,,., . 

66 ' ------------------------ -- - - - --- --- -- - - - - - - - - - - - - - - - ----

'7 STACK - - USED D�ING lNITU.lIZATIOH ONLY 

68 1 - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - --- -- - - --- - - - - - - -

69 STA.CK SEGf1EHT A.T lOH 

70 

71 

72 

7l 

TOS 

STACK 

ow 1 2. 8  DUPl ? I  

LABE L MORO 
Et«JS 

74 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - --- - --

75 ROH BIOS DATA AAUS 

76 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

77 DATA SEGf1EHT AT 40tt 

System BIOS 



LDC OBJ 

DDOO 14 
0008 ( 4  

0 0 1 0  ? ? ? ?  
O O l Z  ??  
0 0 1 3  ? ? ? ?  
0 0 1 5  ? ? ? ?  

1;10 1 7  ??  

0080 

0040 

0020 

0 0 1 0  

0008 

0004 

0002 

0001 

0018 ?? 
0080 
OOC.D 

0020 

0 0 1 0  

0008 

o o n  ? ?  

D O U  ??!? 
O O l C  ???? 
O D I E  1 1 6 

003E 

0045 

0046 

0038 

0 0 1 0  

003A 

OOZA 

0 0 36 

0052 

0053 

DD3E ?? 
0080 

0 0 3F ?? 
0040 ? ?  

0 0 2 5  

0 0 4 1  ? ?  

0080 

0040 

0020 

0 0 1 0  

0 0 0 9  

0008 

0004 

OOOl 0002 

L INE 

7 0  

79 

80 

8 1  

82 

., 

SOURCE 

RSZU_BASE 

PRIHTER_BASE DM 

EQUIP _FLAG 

t1FG_TST 

t1EMORY_SIZE 

IO_U.t1_SIZE 

DW 

DB 

DW 

DW 

4 DUPt ? )  

4 DUP< ? J 

I ADDRESSES OF RSU2 ADAPTERS 

J ADDRUSES OF PRINTERS 

I INSTALLED HARDWARE 

I INITIALIZATION F U.G 

I HEMORl' SIZE IN K BYTES I nEl10RY JN I/O CHA�E L 

84 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

85 KEYBOARD DATA ARUS 

•• 

87 

•• 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

KB_FU.G OB 

89 ; - ---- SHIFT F LAG EQUATES WITHIN KB_FUG 

., 

•t 

•2 

.. 

94 

•5 

•• 

97 

•• 

•• 

1 0 0  

I O I  

1 0 2  

1 0 3  

I 0 4  

1 0 5  

. . .  

1 0 7  

1 0 8  

1 0 •  

1 1 0  

1 1 1  

1 1 2  

1 1 3  

INS_ STATE EQU 

CAPS_ STA.TE EQU 

HUt1_STATE EQU 

SCROLL_ STATE EQU 

ALT_SHlFT EQU 

CTL_SHIFT EQU 

LEFT_SHIFT EQU 

RlGHT_StUFT EQU 

KB_FU.G_l DB 

INS_SHIFT EQU 

CAPS_SH IFT EQU 

tu'l_SHIFT EQU 

SCR!OLL_SHIFT EQU 

HOLD_STATE EQU 

A.LT_INPVT 

BUFFH_HUD 

BUFFER_ TAIL 

KB_BUFFER 

DO 

DW 

OW 

DW 

OOH 

40H 

ZOH 

!OH 

OBH 

04H 

02H 

O I H  

OOH 

40H 

ZOH 

! OH 

OBH 

16 DUPC ? )  

KB_BUFfER_EtlJ LABEL NORD 

I INSERT STATE IS ACTIVE I CAPS LOCK STATE HAS BEEN TOGGLED 

I HUt1 LOCK STATE HAS BEEN TOGGLED I SCROLL LOCK STATE HAS BEEN TOGGLED I ALTERNATE SHIFT KEY DEPR ESSED 

I CDHTRDL SHIFT KEY D E PRESSED 
1 LEFT SHIFT KEY D E PRESSED 

I RIGHT 5"UT KET D E PRESSED 

i SECDtCI BYTE Of KEYBOARD STATUS 

I INSERT KEY I S  DEPRESSED I CAPS LOCK KIEY IS DEPRESSED 

I tut LOCK KEY I S  DEPRESSED I SC�D L L  LOCK K'fY IS DEPRESSED 

I SUSPEND KEY HAS BEEN TOGGLED 

I STORAGE FOR A L  TERNA.TE KEYPAD Etmn I POINTER TO HUD OF KEYBOARD BUFFER I POINTER TO TAIL OF KETBOARD BUFFER I Rootl FDR 1 5  ENTRIES 

1 1 4  1 - - - - - HE.l.D = TAIL INDICATES TH A T  TH E  BUFFER IS U1PTY 

1 1 5  

1 1 •  

1 1 7  

1 1 8  

1 1 9  

" '  

I Z 1  

I Z Z  

I Z l  

1 2 4  

1 2 5  

. . .  

1 2 7  

1 2 8  

1 2 9  

1 30 

1 3 1  

n 2  

I l l  

l l4 

l l5 

l l• 

l l7 

1 38 

l l •  

1 4 0  

1 4 1  

142 

1 4 3  

144 

145 

14• 

147 

I .. 

SCROLL_ KEY 

ALT_KET 

CTL_KlY 

CAPS_KEY 

LEFT_KEY 

RIGHT_KEY 

INS_KEY 

D E L_KEY 

EQU 

EQU 

EOO 

EOO 

EQU 

'"" 

EOO 

EQU 

EOU 

•• 

70 

.. 

. .  

58 

42 

54 

82 

83 

I SCAN CODE FDR tl..teER LOCK 

I SCROLL LOCK KEY 

I ALTERNATE SHIFT KEY SCAN CCX>E I SCAN CODIE FDR CCM'ROL KEY I SCAN COOE FOR SHIFT LOCK I SCAN CODE FOR LEFT SHIFT 

I SCAN CODE FOR RIGHT SHIFT I SCAN CODE FOR INSERT KEY 

I SCAN CODE FOR DE LETE KEY 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DISKETTE DA.TA A.REAS 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEEK_STA.T\JS DB I DRIVE RECA LIBRATION STA.TI.JS 

I 

INT_Fl.AG EQU 

ttOTDR_STATUS DB 

I 

HOTOR_COltfT 

t10TOR_MAIT 

DB 

EQU 

D I SKETTE_snrus DB 

TIHE_OUT EQU 

BAD_SEEK EQV 

8.1.D_NEC EQV 

BAD_CRC EQU 

011.l_BOUHDARY EQU 

B.l.D_D11A EQU 

RECORD_NOT_HI> EQU 

WR ITE_PRDTECT EQU 

8.1..D_ADOR_tu.RK EQU 

BIT J-0 a DRIVE 3-0 HEEDS RIECAL eEFOlil'E 

NEXT SUK I F  BIT IS = D 

D8DH I INTERRUPT OCC�REHCE F LAG I t10TOR STATUS 

BIT l -0 = DRIVE l-0 IS CLRREHTL Y Al.HUNG 

BIT 7 = C�RENT DP IS A WRITE , REQUIRES D E LAY I TIHE OUT CotMTER FOR DRIVE TURN OFF 

J7 I TWO SEC OF COUNT FOR l'IOTOR �N OFF 

OOH 

40H 

ZOH 

! O H  

0 9H  

.... 

D4H 

''" 

OZH 

I BYTE OF RETURN COOE INFO FDR STATUS 

; ATTACHHENT FAILED TO RESPC»I> 

I SEEK OPERATION FAI LED I NEC COKTROLLER HAS FAILED 

I BAD CRC ON D I SK'ETTE READ 

; .l.TTEHPT TO Dt1A ACROSS 64K BOl.HJ.l.RY 

I Dl1A OVERRl..J.I OH OPERATION 

; REQl.JESTEO SECTOR HOT FOLN> 

I WRITE ATTEHPTED OH WRITE PROT DISK I ADDRESS ft.l.JtK NOT FOlHJ 

System BIOS A-3 



LOC OBJ 

0 0 0 1  

0 0 4 2  1 7  . .  

0049 ? ?  

004A ? ? ? ?  

004C ? ! ? ?  

0 0 4 E  ? ? ? ?  

0 0 5 0  1 8  

0060 ? ? ? ?  

0 0 6 2  ? ?  

006] ? ? ? ?  

0 0 6 5  ? ?  

0 0 6 6  ? ?  

0 0 6 7  ? ? ? ?  

0 0 6 9  ? ? ? !  

0 0 6 8  ? ?  

0 0 6 C  ? ? ? ?  

006E ? ? ? ?  

0070 ? ?  

0 0 7 1  ? ?  

0072 ? ? ? ?  

0 0 74 ? ? ? ?  

0076 ? ? ? ?  

0 0 7 8  1 4  

I 
0 0 7C ( 4  

0080 ? ? ? ?  

0 0 8 2  ? ? ? ?  

0000 ? ?  

A-4 

L I N E  SOURCE 

149 BAO_tr'I> EQU O I H  i BAD Cottu.� PASSED TO DISKETTE I/O 

150 

1 5 1  mc_sn.rus DB 7 OUPl ? J  I STATUS BYTES fAOf'f HEC 

152 

151 I -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

154 VIDEO DISPLAY DATA AREA 

155 • - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

156 

157 

158 

159 

1 6 0  

CAT_l"IODE DB J Cl.RRENT CAT HOOE 

CRT_COLS DW J HLHmi OF COLl.H-tS ON SCREEN 

CRT_LEN OW I LENGTH Of REGEN IN BYTES 

CRT_START DW ; STARTING ADDRESS IN REGEN BUFFER 

161 

1 6 2  

1 6 3  

16� 

165 

166 

CIA'SOR_POSH 

C�SOR_HODE 

ACTIVE_ PAGE 

AODR_6845 

CRT_HODE_SET 

c1n_PALETTE 

OW 

DW 

DB 

DW 

DB 

DB 

8 OVPC ? J  J CURSOR FOR EACH O f  U P  TD 8 PAGES 

I CURRENT Cl.RSOR HOOE SETTING 

I CURRENT PAGE B'fIHG DISPLAYED 

J BASE ADDRESS FOR ACTIVE D ISPLAY CARD 

; CURRENT SETTING OF TliE 3)(8 REGISTER 

; CURRENT PALETTE SETTING COLOR CARD 

16 7 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

168 CASSETIE DATA AREA 

1•• 

1 70 

1 7 1  

1 72 

; - - - -- - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - -

1 73 

EOGE_CNT 

CRC_REG 

UST_VAL 

DW 

DW 

DB 

J TIME COUNT AT DATA EDGE 

; CRC REGISTER 

; LAST INPUT VALUE 

1 74 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 75 TIMER DATA AREA 
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

TlttER_lDW OW I LOW WORD OF TIMER Cot.MT 

186 SYSTEM DATA AREA 

187 

1•• 

1•9 

BIOS_BREAK 

AESET_FLAG 

DB 

DW 

; HIGH WORD OF TIMER Cot.NT 

I TIMER HAS ROLLED OVER SINCE LAST RUD 

I BIT 7 = 1 I F  BRUK KEY WAS DEPRESSED 

; WOAD = 1 2 34H I F  KB RESET LH>ERWAY 

1 9 0  1 - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9 1  F I X E D  DISK DATA ARU 

192 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

193 

1 94 

DW 

DW 

1 95 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 96 PRINTER At«> RSZl2 TIMEOUT CWS : 

1 9 7  

1 98 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AUNT_TIM_OUT DB 4 OUPI ? )  I PR INTER TIME OUT COLNTER 

199 RS2l2_TIM_DUT DD ; RSUZ TittE OUT COlffTER 

zoo · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 0 1  E XTR A  KEYBOARD DATA AREA 

2 0 2  ; - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -- -- - - - - - - -

2 0 3  

204 

205 

BUfFER_START OW 

BUFFER_EtlJ OW 

DATA Et«>S 

206 ; --- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 0 7  EX'mA DATA AREA 

20• 

2 0 9  

2 1 0  

2 1 1  

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

XXDATA SEGMENT AT S O H  

STATIJS_&YTE DB 

XXDATA ..... 
2 1 2  ; 
z l l 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - ---

2 1 4  VIDEO DISPLAY BUFfEA 

z 15 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 1 6  VlOEO_RAtl SEGMENT AT 06800H 

System BIOS 



LDC OBJ 

0 0 0 0  

0000 

ODDO I 16384 

0 0 0 0  1 5 7344 

EOOO 3 1 353031 343736 

Z 0434F5052 Z E Z O  

494240 2 0 3 1 3938 " 

E 0 1 6  D l E O  

E 0 1 8  

E D 1 8  890040 

E D l B  

E O l B  F C  

E O l C  8809 

E D I E  B8AAAA 

E O Z l  BASSFF 

EOZ4 ZBFF 

£026 F3 

EOZ7 AA 

EOZ8 

E028 4F 

E 0 2 9  FD 

E02.l 

E D U  8BF 7  

E O Z C  88CB 

EOZE 

EOZE AC 

EOZF lZC4 

£ 0 3 1  7525 

£033 8ACZ 

£035 AA 

£036 EZF6 

£ 0 18 22£4 

E D 3A 74 16 

E 0 3C 8AEO 

EOJE 86FZ 

£040 ZZE4 

£042 7504 

£044 8AD4 

£046 EBEO 

.... 

L I N E  

2 1 7  

2 1 •  

2 1 9  

" '  

SOURCE 

REGEN 

REGENW 

VIOEO_RAH 

LAB E L  BYH 

LAB E L  WORD 

DB 1 6 384 DUPI ? )  

ENOS 

2 2  I ; ------------------ - - - - - - - - - - - - - - - - - - - - - -

2 2 2  ROM R E S I D E NT  C OO E  

2 2  J 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

224 CODE SEGl1ENT AT OFOOOH 

225 

ZZ6 

2 2 7  

228 

DB 

OB 

57344 DUPI ? J 

' 1 5 0 1 476 COPR . IBM 1 9 '!> 1 ' 

� F I L L  LOWEST 56K 

I COPYRIGHT NOTICE 

z 29 ; - ----------------- - -- - - - - - - - - - - - - -- --- - - - - - - - - - - - - - - - - - - - - - - - - - -

2:30 INITIAL R E LIABILITY TESTS - - PHASE 1 

2 31  ; - - - - - - - - - ---- ----- - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2:32: ASSl.J1E C S : COO E , SS : COO E , E S : A.BSO , O S : DATA 

2 33 1 - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -

234 DA.TA DEF INITIONS 

Z35 

"' 

' - - - - - - - - - - -- - - - - - --- - - - - - - - - - - - - - - - - - - - -

C l  ON C l l  ; RETIJRN ADDRESS 

Z37 

238 , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
2:19 nus SUBROUTINE PERFORHS A READ/WAITE STORAGE TEST DH 

240 A 161<; BLOCK OF STORAGE . 

2:41 I ENTRY REQUIREMENTS : 

242 ES = ADDRESS OF STORAGE SEGMENT BEING TESTED 

243 OS = ADDRESS OF STORAGE SEGHENT BE ING TESTED 

244 loltEN EKTERJNG AT STGTST_CNT .  ex HUST BE LOADED WITH 

245 THE BYTE COU«. 

24� I EXIT PARA.HETER5: 

247 ZERO F LAG : 0 I f  STORAGE ERROR ( DATA COf'1PARE OR PARITY CHECK . 
248 AL ; 0 DENOTES ... PARITY CHECK . HSl AL=� ' ED BIT 

249 PATTERN OF TH E  EXPECTED DATA PATTERN VS TH E  

Z S O  ACTUAL D A. T A  READ . 

251 A.X , ex , cx , o x , o I .  ANO SI A.RE A L L  DESTROYED . 

zsz J - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

251 

STGTST PRDC NEAR 

t10V C X , 4 0 D D H  I SETUP CNT TD T E S T  A 16K B L K  

STGTST_CNT: 

CLO I SET DJR F L.AG TD INCAEHENT 

254 

255 

256 

257 

250 

259 

Z60 

' 6 1  

262 

l<OV ax .ex I SAVE BlTE CNT (t tK FOR VIDEO OR 16K J 

'" 

264 

265 

Z66 

267 

268 

Z69 

Z70 

2 7 1  

Z7Z 

273 

Z74 

2 75 

2 76 

277 

Z 7• 

279 

... , .. ,., ,., 

... ... 

C l :  

C4 : 

c s :  

C6 : 

MOV 

l<OV 

SUB 

REP 

DEC 

STD 

""' 
l<OV 

LOO SB 

XOR 

JNE 

MOV 

STOSB 

LOOP 

ANO 

JZ ""' 
XCHG 

ANO 

JNZ 

ttOV 

JMP 

AX , OAMAH 

D X , OFFSSH 

O J , O I  

STOS8 

D I  

51 , D I  

e x . Bx 

A L 1 AH 

C7 

A L , D L  

c s  

AH . AH 

C6X 

AH , A L  

DH , D L  

AH 1 AH 

C6 

D L , AH  

C J  

; GET D A T A  PATTERN TO WR I T E  

; S E TU P  O nt E R  D A T A  PATTERNS TO USE i DI = OFFSET 0 R E LATIVE TD ES REG 

; WRITE STORAGE LOCATIONS 

I ST6 0 1  

; PO I N T  TO U S T  B Y T E  J US T  WRITTEN i SET D I R  F LAG TO GO BACKWARDS 

J SET\JP 8YTE CNT 

I I�ER UST LOOP 

I READ OLD TST BYTE FRott STORAGE ( SI h 
; DATA READ AS EXPECTED ? 

I NO - GO TO ERROR ROUTINE 

I GET NEXT DATA PATTERN TO WRITE 

I WRITE INTO LOCATION JUST READ ( O i l + 

I DECREtlENT BYTE COlffT At-I) LOOP ex 

I ENDING ZERO PATTERN WRITTEN TO STG ? 

I l'ES - AETI.RN TD CALLER Wint Al=O 

i SETUP mw VALUE fOR COt'IPA.R! 

; 110VE NEXT DATA PATTERN TO U L  

J READING ZERO PATTIERN THIS PASS ? 

I CONTINJE TEST SEQUENCE T I L L  ZERO DATA 

I E LSE SET ZERO FOR EMJ READ PATTERH 

I AtlJ t\AKE FINAL BACKWARDS PASS 

System BIOS A·S 



LOC OBJ 

E048 re 

l!G49 't7 

EO'tA 74DE 

Eo<tC <tF 

EO<tD BAD l O O  

E 0 5 0  E806 

EDSZ 

E052 E46Z 

EOS<t 24CO 

f056 BODO 

£05& 

fOS& FC 

E059 C J  

£058 

£058 

EOSB 

E058 FA 

EG5C 8405 

EOSE 9f 

EOSF 7l4C 

E061 754A 

E06J 7848 

E065 7946 

E067 9F 

E068 8 1 0 5  

E06A DZEC 

E06C 7llF 

(06f 8040 

E070 OOEO 

E07Z 7119 

EG74 lZE't 

E 0 76 9E 

E077 76Vt 

E 0 7 9  7832 

E 0 7B  7.ltlO 

E 0 7D  9F 

E07E 8 1 0 5  

E080 D2EC 

EOH 7 2 2 9  

E 0 6 4  0 0 £ 4  

E O e 6  7 0 2 5  

EO&e 88 F F F F  

EO&a F 9  .. .,, 
EO&C 3ED8 

t:oer acoe 

Eno eEtl 

Enz ecc 1 

£094 8EDl 

E096 6COZ 

E098 eBEZ 

E09A 88EC 

£09C NFS 

EOU 88FE 

EGAO 7107 

EOAt JJC7 
EU.4 7Sl7 

EOA.6 F8 

EOA7 EMJ 

EO.U 

EOA9 oec7 

EOA8 7lt0 1  

EOAD F lt  

L I N E  

2•• 

287 

268 

289 

290 

291 

,., 

,., 

, .. 

2 95 

••• 

,., 

298 

••• 

SOURCE 

C6X : 

C 7 :  

C LD  

I HC  

J Z  

D E C  

HOV 

J"P 

IN 

.,., 

HOV 

CLO 

RET 

300 ST6TST EICIP 

DI 

co 

DI 

o x . 0 0 0 0 1 H  

C J  

A L , PORT_C 

A L , OCOH 

A L o OOOH 

l SET DIA HAG TO 90 FOAWAAD 

' SET PDINUR TO MG LOCATION 

i READ/NUTE F�WARO IN STG I ADJUST POINTER 

I SETUP 01 FOR PARITY BIT I AND 00 FOR UC> I READ/1ill1TE BACKWARD JN STG 

; DID A PARITY ERROR OCCUR ? 

I ZERO F LAG WILL BE OFF PARITY ERROR J AL=O DATA COf1PAAt: OK 

; SET DEFAULT DIRCTM FUG BACK TO INC 

30 I ' - - - - - - - - - - - - - - - - - - - -- - ---------------------------- - - - - - - - - - - - - - -

]OZ I 8088 PROCESSOR TEST 

303 I DESCRIPTION 

]Oct VERIFY 8088 F U.GS , REGISTERS AND CCN>ITIDNAL JLttPS 

lOS J - - - - - - - - - - - - --------- --------- -------------- ----------- ----- - - - -

106 ASSUME C S : COOE , D S : NOTHING , E S : HOntING,SS : HOTHIHG 

]07 

308 

••• 

3 1 0  

3 1 1  

3 1 '  

3 1 3  

3 1 4  

3 1 5  

3 1 6  

3 1 7  

3 1 8  

3 1 9  

. . .  

3 2 1  

' "  

3Z3 

3Z4 

325 

... 

'" 
... 
... 

330 

]31 

'" 

333 

3]4 

]35 

]36 

ORG OE OSBH 

RESET U.M L FAR 

START: 

C L I  

l'IOV AH , OQ5H 

SAHf 

JNC ERA O l  

J NZ  ERROi 

JNP ERR O i  

JNS UROl 

LA Hf /'IOY C L , 5  

SHA AH , C l  

J NC  ERA O l  l10Y AL ,C+OH 

SHL Al o i  

JNO ERR O i  

XOR AH , AH 

SAHF 

JBE ERR O i  

JS ERROi 

JP EAA O l  

UHf 

HOY C l o S  

SH A  AH , C l  

JC ERROl 

SHL AH , l  

JO ERR O i  

I DISABLE INTERRUPTS 

; SET SF , C l" ,  ZF , AHO AF F LAGS ON 

I GD TD ERR ROUTINE IF CF NDT SET 

I GD TD ERR ROUTINE IF ZF NOT SET 

; GO TO EAR ROUTINE IF PF HOT SET 

I GO TO ERR ROUTINE I f  SF NOT SET 

I LO.t.D F LAG IMAGE TO AH I LOAD CNT REG WITH SH IFT CNT 

I SHIFT AF INTO CARRY BIT PCS 

; GO TO EAR ROUTINE If AF MOT SET 

1 SET THE OF F LAG ON I SETUP FOR TESTIHG I 60 TO ERR ROUTINE I F  OF HOT SET I SET AH : 0 

; CLEAR SF , C F ,  ZF , Ahl> PF I GO TO EAR ROUTINE IF Cf ON 

I OR TO TO EAR ROUTINE IF ZF ON ; 60 TO ERR ROUTIHE IF SF ON 

I 60 TO ERR ROUTINE IF PF ON 

I LOAD F LAG IHA.GE TO AH I LOAD CNT REG WITM SHIFT CNT 

I SHlfT ' A f '  INTO CAQY BIT POS 

I GO TO ERR ROUTINE If ON I CHECK THAT ' OF '  IS ClUR I 60 TO ERA ROUTINE I F  OH 

337 1 - - - - - READ/WRITE TH E  8088 GENERAL AN> SEGHENTATION REGISTERS 

338 WITH A L L  ONE ' S  AH> ZEADES ' S  • 
... 

]40 

]41 

,., 

]4] 

344 

]45 

... 

]47 

]48 

349 

350 

351 

352 

]5] 

354 

355 

... 

357 

]58 

... 

... 

36 1 

C 8 :  

C 9 :  

HOV AX , OFFFFH 

STC 

l10V D S , AX  /'IOY BX ,QS t10v E s . ex 110Y e x . e s  ttOV ss,cx l10V DX , SS l10V SP,DX MOY BP,SP 

MDV SI , BP 

MDV D I , SI 

JHC C9 XDR A:X. , QI 
JMZ EHO l 

CLC 

JMP ce 

DO 
JZ 

AX , D I  

C l O  

EltRO l :  HLT 

I SETUP ONE ' S  PATTERN IN AX 

I "'ITE PATTERN TO All REGS 

I TSTU 

I PATTERN tw<.E IT TMAU ALL l!H 
I NO - GO TO UR RCIUTJHE 

I TSTU 

I ZERO PATTERN HAKE IT TKRU? 

I YES - 60 TO NEXT TEST 

I HALT SYSTE" 

362 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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LDC OBJ L INE SOURCE 

l U  R O S  CHECKS'-tt T E S T  I ... I DESCRIPTION ... A CHECKSUf"I IS OOHE FOR TH E  8K ROS t'IODULE 

3&& CONTAINING POO All> BIOS . ,., 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EOAE ... C I O :  ... I ZERO IM A l  Al.READY 

EOAE E6AO 170 OUT GA.OH . A l  I DISABLE N'll IHTEAAUPTS 

£080 E683 371 OUT 8JH , A l  I 1HITIAL2E Ot1A PAGE REG 

) EDB2 BA.0803 )72 t10V Q X , lD&H 

EOB5 EE 373 OUT D X o A L  I DISA8LI!! COLClt VIDEO 

EOB6 FECO 174 INC AL 

EOBe 11288 17• l10V D l , 088H 

EOBA EE 37& Ot1T DX , A l  I DISABL'E B IN  VIDEO , EH H I &H  R E S  

E O B B  8099 )77 MOY A L o 'IW  I S E T  8255 A , C-INP\IT , 8-DUTPlIT 

EOBD E663 )78 OUT CtlJ_POA T , A L  I WR I T E  8 2 5 5  Ct'IJ/HOOE R E G  

EOeF B O F C  1 7 9  MO Y  A L , OFCH I DISABLE PARITY CHECKERS AttJ 
EOCl E661 380 OUT PORT_B o A L  I GATE SNS SWSoCASS ttDTOR OFF 

EOC3 8CC8 381 l10V AX . cs 1 SETUP SS SEG REG 

EOCS 8EDO 382 HOV 55 , A)(  

E O C 7  8ED8 381 HOV a s . AX I SET UP DATA. SEG TD POINT TO 

384 I ROH ADDRESS 

385 ASSUttE ss : CODE 

EOCt 87£0 38& l10V BH 1 0lOH I S!TVP STARTING ROS ADDA C fOOQO I 
EDl:B 8Cl6EO 387 HOV S P . OFFSET C l  l SETUP R E T\RH  ADDRESS 

EOCE E97BOB 388 JMP ROS_CHECKSlm 

E O D l  ... C l l :  

E O D l  750A 190 JNE ERR O l  J H A L T  SYSTEH I F  ERROR 

191 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -"' 62:37 Ott.A IHITULIZATION CHA..,.EL REGISTER TEST 

191 I DESCRIPTION 

194 DISABLE THE 82:37 Ott.A CONTROLLER . VERIFY THAT TIMER 1 

395 fLNCTIONS OK. ""lTEIREAD TH E  CURRENT ADDRESS AH> MORD 

396 COl.>IT REGISTERS FOR ALL CHA..ins. INITIALIZE At-IJ 

397 START DIU. FOR rtEl'IORY REFRESH . 

398 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EOD3 8004 , .. l10V A l , 04 ; Dl3A8lE DnA C�DLlER 

EOD5 E608 400 OUT DrtA0 8 . A l  

4 0 1  

402 1 - - - - - VERIFY THAT TirtER 1 FLN:TIONS OK . ., 
EOD7 8054 •o• 110V A l , 54H J SEL TlrtER l , LSB ,HCJDE 2: 
EOD9 E643 405 Ol1T TlM!R • J , A L  

E O O B  8AC1 40& 110V A l , C L  J S E T  IHITU.L TIMER CHT T O  0 

EODD E641 407 OUT TirtER • l , A L  HO• ••• C l 2: :  I TlrtERl_BITS_DH 

EODF 901l0 ... l10V A L , 40Jt J LATCH U"ER 1 COi.NT 
E O E l  E643 • 1 0  OUT TirtEA • l . A L  

E D E J  eDFBFF 4 1 1  CMP B L , OFFH I YES - SEE If ALL BITS GD OFF 

EDE6 7407 ... J E  C l l  I TlrtEAl_BITS_DFF 

EOE8 £44 1 4 1 3  IN A l , TlrtER• l  J READ TirtEA l COUNT 

EOEA OAD8 ... OR B l o Al J All BITS DH IH TirtER 

EOEC E Z F l  • • •  LOOP C l 2  I TIHERl_BITS_DH 

E D E E  F4 • • •  H LT I TIHER 1 FAilt.R E ,  HALT SYS 

E D E F  4 1 7  C l 3 :  I TlttERl_BITS_OFF 

EOEF 8AC3 • • •  HOV A l . B l  I S E T  TIMER I CHT 

E O F l  2:BC9 4 1 9  .... e x . ex 

E O F 3  E641 420 Ot1T Tltt£R H , A L  

EOfS 4 2 1  C l lt :  1 Tlf'IER_LOOP 

EOFS 8040 .,, t10V A L , 40H I LATCH TittER 1 COUfT 

E O F 7  £643 423 OUT TIMER • 3 , A L  

E O F 9  9 0  ... NO P  I D E LAY FOR Tlt1ER 

EOF.t. 90 .,. NOP 

EOFB E44 1 ... IN A L ,  Tlttf:R4 l I READ TIMER 1 COl.NT 

EOFD 2:2:08 427 .... B L , A L  

E O F F  7403 ... JZ C l 5  I 60 T D  �AP_D11A_REG 

E l O l  E Z f Z  ... LOOP t i •  J TIHEA_lDOP 

E l O l  F4 ... HLT I Til1ER ERROR - HALT SYSTEH 

431 .. , 1 - - - - - INITIALIZE Til1ER l TO REFRESH l'IEl10RY 

03 

£ 1 04 434 C l S :  I WR A P  _otu._REG 

E 1 04 8 0 1 2  435 110V A L . 1 1  I SETUP DIVISOR FOR REFRESH 

E l 06 E641 ... OUT TIP1Ut• l o A L  I � I T E  Til1ER I CHT R E G  

E l oe E60D 437 OUT DttA•OOH , A L  I S E ICI  PU.STER CLE.t.R T O  Ott.A ... 
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LOC OBJ LINE SOURCE 

., . 1 - - - - - WRAP OIU. CHA....,ELS AOOAE55 .lt-1) COl.NT REGISTERS ... 
E l OA BOH .. , 110V , U , OfFH 1 lilUTE PATTERH f f  TO A l l  AE6S 

E l OC .. , C l 6 :  

E l OC 8.t.08 . ., l10V B L . A l  I SAVE PATTERN FOR COf1PARE 

E I O E  8U8 ••• 110V BH , A L  

E l l O  890800 ••• MOY c x , e  I SETUP LOOP CNT 

El 13 2802 ••• SUB o x . o x  ; S E T\J P  I / O  PO A T  A O O R  OF REG ( 0000 I 
E l l S  ••1 C l 7 :  

E l l 5  E E  ••• OUT D X , A L  I WR I T E  PATTERN TO R E G ,  LS8 

El 16 50 ••• PUSH AX 

E l 1 7  £f ••• OUT ox .. u I "58 OF 16 BIT REG 

E l l& BaO l O l  451 l10V A.X , 0 1 0 1 H  I A X  T O  ANOTHER PU BEFORE A D  

E lli &  E C  .. , IN A L , OX 1 READ 1 6 -BIT Otu. CH REG , LSB 

E l l e  8AEO ... MOY AH , A l  I SAVE lSB OF 1 6 -BIT R E G  

E l l E  E C  ••• IN A L . O X  I R E A D  HSB OF O M A  CH R E G  

E l l F  )808 ••• CHP ex . AX I PATTERN READ AS WRITTEN? 

£ 1 2 1  740 1 ••• JE C l 8  I Y E S  - CHECK N E XT  A(G 

El23 Flt 457 HLT I HO - HALT THE SYSTEH 

£ 1 2 4  ••• C l & :  I HXT_OHA_CH 

£ 1 2 4  42 ••• INC ox I SET l/0 POAT TO NEXT CH AES 

El25 E2EE ••• LOOP C l 7  ; WRITE PATTERN T O  NEXT REG 

El27 FECO .. , INC AL I SET PATTERN TO 0 

E l 2 9  74E l .. , JZ C l 6  I WR I T E  T O  CHAN*:: l AUS ••> 
••• 1 - - - - - IHITIALIZE Atfl START Dl1A FOR 11D10RT REFRESH • 
••• 

E l 2 8  BEDB ••• 110V o s , ex ; SET UP ABSO INTO DS Atfl ES 

E 1 20 BECl 467 110V E s . ex 

••• ASSU'IE O S :  ABSO , ES : ABSO 

••• 

E 1 2 f  BOff 470 HOV A L , OFFH I SET CNT Of 641( FOR RAH REFRESH 

f l l l  ff>Ol  471 OUT Ot'IA.+ l , A L  

E l l l  SD 472 PUSH AX 

E l l4 £ 6 0 1  • n  OUT DMA+ l , AL 

E l 36 IZDB .,. l10V D L , OBH 1 ox:DODB 

E l le 8058 475 MDV A L , 058H I SET DtU. t100E , CH O , RUD , AIJTDINT 

E l lA f E  476 OUT D X , A L  I WR I T E  D H A  l'IOOE R E G  

E 1 38  8 0 0 0  477 MOY AL , O  I ENABLE DHA CONTROLLER 

EllO Efo08 478 OUT DHA+8 , A l  I S�TUP DtU. C OHt'tA P«)  R E G  

E l 3F 50 .,. PUSH AX 

El4D E6DA ••• OUT DMA+ l O , AL I ENABLE CHAl+IE L 0 FOR AEFRESH 

E l 4 2  8 1 0 3  .. , 110V C L , 3  

E 1 44 8041 .. , 110V A L , 4 1 H  I S E T  11DDE FOR CHAM U L  l 

E l 46 ... C I B A :  

E 1 46 E E  ••• OUT D X , A l  

£ 1 47 fECO 485 INC AL I POINT TO NEXT CHA,..E l  

E l 4 9  E2f& 486 LOOP C 1 8A . ., 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- ---- - - - - - - - - - - --- - - - - - - --- - - - - - - -

••• I &ASE lfoK R E AD/WRITE STORAGE TEST 

••• I DESCRIPTION 

••• WRITE/READ/VERIFT DATA PATTERNS F F , SS , AA , 0 1 ,  AND 00 

491 TO lST 16K OF STORAGE . VERIFT STORAGE ADDRESSABILITY.  .. , INITIALIZE THE 8259 INTEARUPT CONTROLLER CHIP FOR 

493 CHECl<.ING MANUFACTURING TEST 2 l'IODE .  ... ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

••• 

••• 1 - - - - - DETERMINE l'IEl10AY SIZE AK) FILL HEttORY Wint DATA 

497 

E l 48 IAUDZ ••• l10V OX , O Z 1 3H  J ENABLE EXPANSION BOX 

E 1 4E B O D I  • • •  110V A L , O l H  

U S O  E E  5 0 0  OlJT O X , A L  

E 1 5 1  882E7204 5 0 1  HO V  B P , O ATA_NOAD I OFFSET RESET_FLAG J J SAVE ' R ESET_FLAG ' IM BP 

E l 55 8 1 FD 3 4 1 2:  5 0 2  CHP BP , 1 2 34H I WA.AH START? 

E J 59 740.\ 5 0 3  JE C l 88 I BYPASS STG TST . 

E l 58 BC4 1 F 0 90 504 HOV S P , OFFSET C 2  

E 1 5 f  E96f> F E  5 0 5  J H P  STGTST 

E 1 6 2  5 0 6  C 2 4 :  

E 1 6 2  740 1  507 J E  C 1 8B I PROCEED If STGTST OK 

E 1 6 4  F4 ••• H LT I HALT IF NOT 

E l H  s o •  C l ea :  

E l f>S 2BFF 5 1 0  ,... D I , D I  

E l 6 7  E4t.O 5 1 1  IH A L , PORT_A 1 OETERl'IINE BASE RAH SIZE 

E169 240C 5 1 2  AHD A L o OCH I ISOLATE RAH SIZE SNS 

E 1 6 B  0404 5 1 3  AD D  A L ,  4 J CALCULATE HE�Y SIZE 

E16D B I OC 5 1 4  HO V  C l ,  1 2  

A-8 System BIOS 



LDC OBJ 

El6F 03£0 

u 1 1  eeca 

E l 7l FC 

E l 74 

E 1 74 AA 

El 75 EZFD 

E 1 77 692E7204 

E 1'7B 80F8 

E l 7D  EUl 

E l 7F EC.62 

El61 2401 

El83 B I OC 

E l 85 03CO 

E l 87 BOFC 

E 1 89 E66 1 

E 1 8B E462 

E 1 80 240F 

E l 8F OAC4 

£191 6A08 

E l 93 8420 

E l 95 F6E4 

E l 97 A 3 1 504 

E l 9A 74 1 8  

E l 9C BAOO I O  

E l 9F 8AEO 

E I A I  BOOO 

E U .3 

EU.3 8EC2 

E US 890080 

E U .8 ZBFF 

E I AA F 3  

E l AB A A  

E I AC 8 1 C 2 0 0 0 8  

E I BO F E C B  

E I B2 7 5 E F  

E l B4 

E I B4 80 1 3  

E l B6 E620 

E l B8 8008 

E l BA E 6 2 1  

E l BC 8009 

E l BE E 6 2 1  

E l C O  2BCO 

E l C 2  eECO 

E I C4 883000 

EIC7 BEOO 

EIC9 BCO O O I  

E I CC 8 1 F C 3 4 1 2  

E l D O  7425 

E 1 02 2BFF 

E 1 04 BEDF 

E l 06 BB2400 

E I D 9  C70747FF 

E I OD 4 3  

E I D E  4 3  

E I OF 8 C O F  

E I E l  EBSF04 

E l E4 80 F865 

E I E 7  7SOE 

E I E 9  BZFF 

E l EB 

E l EB £86 2 0 4  

E I E E  BAC3 

E l F O  AA 

L I N E  

5 1 5  

. . .  

5 1 7  

5 1 8  

S l 9  

5 ' 0  

5 ' 1  

S22 

SOURCE 

e n :  

SHL 

1"1V 

C LD 

STOSB 

,t,X, C L  

ex . AX 

LOOP C l 9  

I SH O J R  F U.6 T O  INCR 

; F I L L  BASE RAH WITH DATA I LOOP Tll All ZERO 

1"1V DATA_WORO ( OFFSET RESET_FLlG J ,EIP 

521 1 - - - - - DETERl1IHE IO tHANNE l  RAl1 SIZE 

52• 

52S 

si. 

527 

.,. 

S'9 

S30 

Sll 

"' 

SH 

.,. 

SlS 

Sl• 

Sl7 

SlO 

.,. 

540 

S41 

S4' 

S4l 

... 

S4S 

s•• 

S47 

S48 

549 

550 

551 

.. , 

553 

S54 

SSS 

S56 

S57 

S58 

5S• 

5•0 

S• I 

,., 

563 

c z o :  

HOV 

OUT 

IN 

ANO 

HOV 

ROL 

HOV 

OUT 

IN 

A"1 

OR 

110V 

HOV 

HUL 

HOV Jl 
MOV 

HOV 

MOV 

MOV 

MOV 

SUB 

REP 

AOO 

OEC 

JNZ 

A L , OF&H 

PORT_B , A L  

A l , PORT_C 

A L , 0 0 0 0 0 0 0 1 8  

C l , 1 2 0  

AX , C l  

A L , OFCH 

PORT_B , A L  

A l , PORT_C 

A l . OFH 

A l , AH 

B l , A l  

AH o lZ 

AH 

I EHA8lE SWITCH 5 

I READ SWITCHES 

i ISOU.TE SWITCH 5 

; DISABLE SW. S 

; COtmINE SWITCH VALUES 

; SAVE 

I CALC . LENGTH 

OAT A_ NORD I OFFSET ID_RA11_SIZE ] ,  AX 

C Z I  

J S.AYE I T  

DX . I OOOH 

AH , A l  

A L , O  

E S , D X  

CX , 8000H 

0 1 , 0 1 

STOS8 

OX , 800H 

BL 

c z o  

I SEGt1EITT FOR I/O RAl1 

I f l ll_IO:  

; f l l l  l2K BYTES 

i NEXT SE6"EHT VALUE 

t F l lL_IO 

; - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C 2 1 : 

IHITU.lIZE THE 8259 INTERRUPT CONTROLLER CHIP 

MOV 

O\JT 

l10V 

O\JT 

110V 

OUT 

sue 

110V 

AL , l lH 

INUO O , A. L  

A L . 8  

IITTA O l  , A l  

A l , 9  

INTA O l  , A l  

AX , AX 

E S . AX 

; ICWI - EOGE , SNG l ,  ICW4 

I SETIJP JCW2 - INT TYPE 8 1 8-f ) 

; SET\JP ICM4 - BUFFRO 08086 l100E 

I POINT ES TD 8E6IN 

; OF R/W STORAGE 

564 ; - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -- - - -
565 CHECK fDR tut«JFACTIJRING TEST 2 TO LOAD TEST PROGRAMS FROH KEYBOARD . :  

566 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
SH 

568 ; - - - - - SET\JP STACK SEG At,IJ SP 

••• 

S70 

S 7 1  

.,, 

AX . STACK 

$ $ , AX 

S P , OFFSET TOS 

8 P ,  l 2 )4H 

C Z 5  

D I . D I  

O S ,  D I  

ex, Z4H 

I GET STACK YA.LUE 

I SET THE STACK UP 

; STACK IS RUO't' TO GO 

I RESET_FUG SET? 

I YES - SKIP 11FG TEST 

57' 

S74 

57S 

S7• 

S77 

S78 

S79 

S80 

S81 

582 

S81 

584 

S8S 

58• 

S87 

S88 

S89 

110V 

HOV 

110V 

CMP 

JE 

sue 

110V 

MOV 

MOV 

INC 

INC 

MOV 

WORD PTR C BX J ,OFFSET 0 1 1  ; S'ET UP KB INTERRUPT 

c22 : 

BX 

BX 

I BX J , C S  

CAI.I.. KBO_RESET 

CHP 8 L , 06SH 

JNZ C25 

MOY D l , 255 

CALL SP_ TEST 

HOV A l o  Bl 

STOSB 

i READ IN KB RESET CODE TO Bl 

I IS THIS t'tf.t«JFACTURING TEST 2 ?  

; J UM P  IF NOT t"IAH . TEST 

I READ IN TEST PROGRAl"'I 

System BIOS A-9 



LOC OBJ LINE SOURCE 

U l' l  FlC.t. 590 DEC DL 

U F l  75F6 591 JHZ C 2 2  1 JlJ'IP IF HOT DOHE YIET 

E I FS COJE 59' INT lEH I SET INTERRUPT TYPE 6? ADDRESS FaH 

U f 7  59) C 2 5 :  

594 

595 1 - - - -- SET UP THE BIOS INTERRUPT YECTIJRS TO TEt1P INTERRUPT 

596 

E l f 7  89ZOOO 597 "°" C X , )Z I FILL ALL 12 INTERRUPTS 

E l FA 28ff 598 ""' Q I , 0 1  I FIRST INTERRUPT LOC.UOIN 

E l fC 599 Q ] :  

E l fC 8647FF 600 ttOV AX . OFFSET 0 1 1  I HOVE ADDA OF IITTR flR OC  T O  TB L  

U F F  AB 6 0 1  STOSW 

uoo acce 6 0 2  l10V AX , CS I HT ADDA OF IHTR PROC SEG 

EZOZ AB 603 STOSM 

E Z O l  E Z F 1  6 0 4  LOOP ., I VECTBLO 

605 

606 1 - - - - - SET UP OTHER INTERRUPTS AS NECESSARY 

6 0 7  

nos c1oueoocn2 608 tlOV tl"II_PTA , OF FSET N1I_INT ; tl"II INTERRUPT 

E208 C706ol40054FF 609 ttOV INT5_PTR , OFFS£T PRUIT_SCREEN ; PRINT SCRUM 

E 2 1 1  C70bb20000F6 6 1 D  HOV BASIC_PTA+Z , Of600H ; SEGMENT FOR CASSETTE BA.SIC 

6 1 1  

6 1 2  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 1 '  8259 INTERRUPT CONTROLLER TEST 

6 1 4  I DESCRIPTIOH 

6 1 5  RUD/WAITE TH E  INTERRUPT "ASK REGISTER ( Il1A I MITH A l l  

6 1 6  ONES A.tll ZEROE S .  ENA8lf SYSTEM INTERRUPTS. MA.SK DEVICE 

6 1 7  INTERRUPTS OF F .  CHECK F OR  HOT INTERRUPTS ( UNEXPECTED J .  
6 1 8  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - - -- - - - - - - - - - - - - -
6 1 9  

6 2 0  t - - - - - TEST TH E  It1A REGISUR 

6 2 1  

E U 7  BA.2: 1 0 0  '" ttO V  D X , O O Z l H  I PO I NT  nm . C H I P  AD D R  Z l  

E Z U  B O D O  6 2 '  "°" A. l . O  I s n  I� TO ZfRO 

f Z l C  E E  624 D\JT D X . A l  

U I D  fC 625 '" A L . DX I READ ll'lt 

E Z l E  OACO 626 .. A L . A l  ; Il'R : O ?  

E Z Z O  75 1 S  6 2 7  J HZ  06 I GO TO ERA AOUTIHE IF NOT 0 

E 2 2 2  BOFF 620 tlOV A L , OFFH I DISABLE DEVICE IHTURUPTS 

UZ't U 6 2 9  OU T  D X , A. l  I WR I T E  TO I l'IA  

EZ25 EC ••• IH A L , DX I READ Il"IR 

E22' 040l 6!1 ADD AL , 1  ; A l l  I l"IR  BIT ON? 

E 2 2 8  7500 6'2 JHZ •• ; NO - GO TO ERR ROUT lNE 

63' 

634 1 - - - - - CHECK FOR HOT INTERRUPTS 

635 

636 1 - - - - - INTERRUPTS ARE MASKED OFF . CHECK ntAT Nl INTERRUPTS ota. .  
637 

EZZA JU4 630 ... A.H , A.H  I C LEAR AH R E G  

UZC F B  6'9 STI I ENABLE EXTERHA.l INTERRUPTS 

EZZO 28C9 640 SUB ex.ex ; WAIT 1 SEC FOR A.HY INnS THAT 

E Z Z F  641 .,., 
E Z Z F  EZFE 642 LOOP •• I HIGHT OCC\.R 

E 2 1 1  64! 05: 

EZll E Z F E  6 4 4  LOOP OS 

E233 OAE4 645 .. AH , AH  I DID ANY INTERRUPTS OCCLR? 

E235 7408 646 JZ 07 I HO - 60 TD NEXT TEST 

EU7 647 06 : 

E237 &AD l D I  640 ttOV D>C o l D I H  ; B E E P  SPEAKER 1' ERROR 

EZ3A f892DJ 649 CALL ERR_BEEP ; GO TO BEEP SUBROVTIHE 

E Z 30 FA 650 CLI 

EZ31E f4 651 H LT I HALT THE SYSTEH 

652 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

65' 8253 TIMER CHECKOUT 

654 I DESCRIPTION 

655 VERIFY THAT TH E  SYSTEH Tll1E:R l 0 I 
656 DOESN ' T  COUNT TOO FAST OA TOO SLOW . 

657 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EZ3F 650 07; 

U3F IOFE 659 ttOV A l o OFEH I HA.SK A.LL IHTRS EXC(PT LVL 0 

E 2 4 1  E E  6 6 0  D\JT D X , A. l  I WA I T E  lltf 8 2 5 9  l l'WI  \. EZ42 8 0 1 0  6 6 1  11DV A. l , 0 0 0 1 00008 I SEL TIH O ,  lSB , HOOE O ,  BINA.RY 

E2lt't E643 662 lllJT TIH_CTl o A L  I WR I T E  TIHEA CONTROL '100E R E G  

E Z 4 6  8 9 1 6 0 0  663 tlOV CX , 16H I SET PGH LOOP CNT 

E249 8A.C l 664 MDV A L . C l  I S E T  TitlER 0 CNT R E G  

E24B E640 665 OUT TitlERO , A l  I WR I T E  Til'fEA 0 CNT AH 

A- 10 System BIOS 



LDC OBJ L I N E  SOURCE 

E2:4D D8:  

TEST A>i, OFFH I DID Tll"IER 0 IITTERRUPT OCCUR? E24D F6C4FF 

EZSO 7504 

EZ52 £ Z F 9  

£254 EBE i 

E256 

666 

667 

668 

669 

670 

6 7 1  

672 

673 

674 

675 

676 
677 

6 78 

679 

680 

681 

JNZ 09 I YES - CHECK Til1ER OP FOR SLOM TIME 

£256 8 1 1 2  

£258 BOFF 

E25A £640 

EZSC 88F E O O  

E25F H 
E260 F6C4FF 

E263 7502: 

£265 E 2 F 9  

0 9 :  

0 1 0 :  

LOOP 

JMP 

tfJV 

ttOV 

OUT 

MDV 

OUT 

TUT 

JNZ 

LOOP 

o• J NA.IT FOR I NTR  FOR SPECIFIED Tlt1E 

o• I TIMER 0 INTR DION ' T OCCUR - ERR 

C l o l 8  I SET PGtt LOOP CNT 

A l o OfFH I WRITE TlttER 0 CHT REG 

TIHERO , A L  

AXo OFEH 

O X . A l  

A.H , OFFM I DID Tltif.R 0 INTERRUPT OCCLlt! 

06 I TES • Tll1EA CHTIHG TOO FAST , ERR 

D I D  I WAIT FOR I NTR  F OR  SPECIFIED Tll"'IE 

682 1 - ---- ESTABLISH BIOS SUBROUTINE CALL INTERRUPT VECTtRS 

£267 IE 

£268 BF4 0 0 0  

£ 2 6 8  OE 

E2:6C lF 

£260 BE03FF90 

e 2 1 1  e91
'
0 0 0  

E 2 71't BOFF 

£ 2 76 E E  

£277 8036 

£279 £643 

£278 8000 

£ 2 70  £640 

EZ7F 

£27f AS 

EZBO 47 

H 8 1  47 

£282 EZFB 

£284 £640 

£2:86 lf 

681 

684 

685 

686 

687 

688 

689 

••• 

•91 

•9Z 

.. , 

... 

695 

696 

697 

698 

•99 

700 

70l 

70Z 

7 0 3  

7 0 4  

705 

70• 

PUSH OS 

t10V DI . OFFSET VIDEO_INT 

PUSH CS 

J SAVE POINTER TO DATA AREA i SETUP ADDA TO IHTR AREA 

POP 

MDV 

MDV 

OS ; SETUP ADDA OF VECTOR TABLE 

SI . OFFSET VECTOR_TABlh 1 6  J START WITH VIDEO EtmtY 

CX , 1 6  

; ---- - SETUP Tit'IER 0 TD MOD E  l 

MDV A l , OFFH I DISABLE A l l  DEVICE INTERRUPTS 

OUT ox • . u 
HOV A l o l6H ; SEL TIH O , LSB , HSB , HOD E  l 

OUT TJHElh l , AL I WRITE TIMER HOOE REG 

MDV u . o  
OUT TIMER , A l  I liR I T E  lS8 TO TIMER 0 REG 

E l A :  

HOYSW I t'IOVE VECTOR TABLE TO RAH 

INC D I  I ttO V E  PAST SEGl"IENT POINTER 

INC DI 

LOOP U A  

OUT TIIUR , A l  I WR I T E  "58 TD TJt1ER 0 R E &  

POP OS I RECOVER DATA SE& POINTER 

707 1 - - - - - SETUP TIMER 0 TO BLII« LED I F  t1Ai'l.JFACTURIN& TEST 11CXJE 

708 

E287 E8B901 709 

E28A 80F5AA 7 1 0  

E28D 74 1 E  7 1 1  

E28F 803C 7 1 2  

E291  Et.61 713 

E293 90 714 

E294 90 7 1 5  

E n s  E460 7 1 6  

E Z n  24FF 7 1 7  

E 2 9 9  750E 7 1 8  

CALL 

CMP 

Jf 

MDV 

OUT 

NOP 

NOP 

IN 

ANO 

JNZ 

KBD_RESET I SEt«> SOFTWARE RESET TO KEYBRD 

B L . OAAH I SCAN CODE ' AA '  R ET\11NEO? .. I YES - CONTit-AJE (NON MFG l10D E ) 

A L o lCH 1 EH K80 , SET KBD C U<.  LINE LOW 

POltT_B , A L  ; '-R I T E  1 2 5 5  P OR T  8 

A L , PORT_A I WAS A BIT CLOCKED IH? 

A L o OFFH " I YES - CONT IN.IE I NOH HF6 HOOE I 
E298 F E 0 6 1 2 0 4  7 1 9  I NC  DATA_AREA( OFFSET HF&_TST J ; E LSE SET SW FOR t1F6 TEST l'IXIE 

E 2 9F C706 2 0 0 06DE6 720 tfJV IHT_ADDR , OFFSET BLil«_INT f SET\JP TIMER Itmt TO BLII« LED 

E2A5 BOFE 721 

E2A7 E62 1 722 

E2A9 723 

E2A9 BOCC 724 

E2AB E66 1 725 ,,. 

ttOV 

OOT 

E 2 :  

MOV 

OUT 

A L , OFEH ; ENABLE TIMER INTERRUPT 

INTA.0 1 , A.L I Jlt1PEA_HOT_ I H :  

A l , OCCH ; RESET THE KEYBOARD 

POAT_B o A L  

7 2  7 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - -

E2AD 

EZAO E460 

E2Af 8400 

E281 All004 

E284 

E2B4 2430 

UM 7529 

728 INITIALIZE AHO START CRT CONTROLLER 1 6845 J 
729 TEST VIDEO READ/WRITE STORAGE . 

730 I OESCR IPTIOH 

731 RESET lllE VIDEO ENABLE SIGNA L .  

'" 

7ll 

7l4 

7l5 

7l• 

737 

730 

739 

7•0 

741 

74Z 

SE LECT A.LAiA..__,,ERIC l100E ,  40 • 25, 8 & W, 

REA.D/�ITE DA.TA. PATTERNS TO STG . CHECK STG 

AODRESSA.BILITT' . 
J - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

£6:  

E6A : 

IN tfJV 
ttOV 

ANO 

JNZ 

A L , POAT_A J READ SEHSE SNITCHES 

AH , O  

OATA_MOADI OFFSET EQUIP_fl.AG J , AX J STORE SENS� SM INFO 

A L , 30H 

E 7  

I ISOLATE VIDEO SWS 

I VIDEO SWS SET TD O ?  

System BIOS A- 1 1  



LOC 08J L INE SOURCE 

uaa c10Hooos1FF 743 HOV YlOEO_Itn' . OFFSET Dllt1Y_RETURH 

Ult £9.t.ZOO ,.. JMP E 1 8_ 1  I S K I P  V I D E O  TESTS FOR 9�N- IM 

745 

EZCJ 1•• DOG OE2CJH 

EZCJ 747 .-,I_INT PROC NEAR 

EZCl SO 748 PUSH AX I SAYE ORIG CONTEKTS OF AX 

EZClt f4t.:l: 749 IN A L , PORT_C 

E2C6 A&CO 750 TEST . U , OCOH I PARITY CHECf(? 

E2C8 74 1 5  7 5 1  JZ 0 1 4  I NO , EXIT FRott ROUTINE 

E2C.l BEDAFFtO 752 MDV SI , OFFSET D I  I ADDA O F  ERAOA HSG 

EZCE "840 753 TEST A L , 40H I I/O PARITY CHECK 

UDO 7504 754 JNZ O i l  I DISPLAY ERROR HSG 

EZDZ 8EUFf90 755 HOV S I 1 0ffSET D Z  ; l'IU S T  BE Pl.AMAR 

E2D6 756 D l J ;  uo• zeco 757 '"" AX , AX  I INIT A N>  S E T  tm E  FDA VIDEO 

EZ08 CD l O  758 IHT ! O H  I CALL VIDEO_IO PROCED�E 

E2DA EBDD03 759 CALL P_HSG I PRINT ERROR MSG 

E200 FA. 760 C L I  

E2DE flt 76 1 HLT I HALT SYSTEM 

EZOF 762 0 1 4 :  

E Z D F  54 763 POP AX I RESTORE ORIG CONTENTS OF AX 

EZEO Cf 764 IAET 

765 )l"fl_J:t.IT ENDP 

E Z IE l  766 E 7 :  I TEST_ VIDEO: 

UEl XlO 767 CMP A L . JOH ; 8/W CARO ATTACHED? 

E Z U  7'tOS 768 JE E8 I TES - SET l'tOOE fOR 9/N CARD 

EZES FEC't 769 IHC AH I SET COLOR MOOE FOR COLOR CO 

E Z E 7  XZO 770 CMP A L , 20H ; 80X25 MODE SE LECTED? 

E2.E9 7502. 771 JHE ,8 I NO - SET MOOE FOR 40XZ5 

E2EB B'tOJ 77Z HOV .lH , 3  I SET MOD E  FOR eox2s 

EZED 773 £ 8 :  

E2ED 86£0 774 XCHG AH , A L  I SET_HOOE 

E 2 E F  SD 775 PUSH AX ; SAVE VIDEO HOOE ON STA.CK 

E 2 ' 0  2A.E4 776 ..... AH , AH ; INITIALIZE TO ALPtUJ.u1EAIC tG 

IE2.F2 CD l D  777 INT ! OH I CALL VIDEO_IO 

u'" sa 778 POP AX I RESTOIU YIOEO SENSE SMS IN AH 

U.FS SD 779 P\ISH AX I AES.AVE VALUE 

UF6 880080 780 MDV BX , OBOOOH I BEG VIDEO RAl1 ADDA 8/W CD 

un BA880l 781 MOY O X , 3B&H ; l10DE REG FOR 8/W 

£2FC 8900 1 0  782 MDV CX , 4096 I RAM BYTE CNT FOR 8/W CD 

EZFF 8 0 0 1  7 8 3  HO V  A L , 1  ; SET MODE FDA B W  CARD 

E301 80FCJD 784 CMP AH , 30H I 8/W VIDEO CARD ATIACHED? 

E304 7408 785 JE E9 I YES - 60 TEST VIDEO ST& 

UH 8788 786 HOV BH , OB8H I BEG VIDEO RAH ADOR COLOR CD 

E1G8 8208 787 MDV D L , OD8H ; MOOE REG FOR COLOR CD 

nu. es40 788 HOV CH , 40H I RAH BYTE CHT FOR COLOR CD 

nae FEta 789 DEC AL I SET HOOE TO D FOR COLOR CD 

ElOE 790 n: 1 TEST_YIOEO_STG: 

El0£ EE 791 OUT D X , .l l  I DISABLE VIDEO FOR COLOR C D  

E 3 0 F  8 1 FO Vt l Z  79Z CMP BP, 1 2 34H I POD INITIATED BY KBO RESET! 

Elll 8ECJ 793 MDV E S . BX I POINT ES TO VIDEO RAJ1 STG 

E 3 1 5  7407 794 JE E l O  I Y E S  - SKIP VIDEO RAJ1 TEST 

U l  7 BEDB 795 HOV os , ex I POINT OS TO VIDEO RAl1 STG 

796 ASSltlE O S :  HOTH I NG •  E S :  HOTIUNG 

E l l 9  E8f'FFC 797 CALL STGTST_CNT I 60 TEST VIDEO A/W Sl6 

E l l C  7512 798 JHE E 1 7  ; A /W  STG FAILURE - BEEP SPK 

799 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

800 SEl\JP VIDEO DATA OH SCRUM FOR VIDEO LIN£ TEST . 

8 0 1  I DESCAIP'TIOH 

eoz ENABU'. VIDEO SIGHAL AN) sn l'IODE . 

803 DISPLAT A HORIZONTAL BAR OH SCR E E N .  

8 0 4  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - -

n u  8 0 5  £ 1 0 :  

E l 1 E  58 806 POP l.J( I GET VIO'EO S'ENS'E SWS I AH ) 
E l l f  50 807 PUSH AX I SAV'E IT 

E320 8400 808 l10V AH , O  I 'ENABLE VIDEO AN) SET ttOOE 

El22 CO l O  8 0 9  I HT  ! OH I VIDEO 

El2't 862070 8 1 0  l10V AX,  7020H I WR T  BLAtl<.S IN IUVl:ASE VIDEO 

El27 2BFF 8 1 1  .... D I , D I  I SETUP STARTING L DC  

El29 892800 8 1 2  l10V C X , 4 0  I HO .  OF BLAtl<.S TO DISPLAY 

El2C Fl 8 1 3  R E P  SlOSM I NIUTE VIDEO STORAGE 

U20 Alt 
. , .  ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

815 CAT INT'EAF AC'E LINES T'EST 

8 1 6  ; DESCRIPTION 

8 1 7  SENSE ON/OFF TRANSITION DF Tli E  VIDEO ENABLE 

A- 1 2  System BIOS 



LOC OBJ L INE  SOURCE 

8 1 8  A1'CI HORIZONTAL S 'l' MC  LINES . 

8 1 9  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ElZE 58 820 POP >JI. I GET VIDEO SENSE SW INFO 

ElZF 50 821 P\JSH AX I SAVE IT 

El30 80FC30 8" CHP AH , JOH ; B/W CARD ATTACHED? 

Ell3 BABA.03 823 HOV D X , O JBAH I SETUP ADDA Of BW STA.TVS PORT 

E l36 7402 824 JE E l l  I YES - G O  TEST LINES 

E l38 BZDA 825 HOV O L . OOAH I COLOR CARD IS ATTACHED 

E llA 826 E l l :  I LIHE_TST: 

E llA 8408 827 HOV AH t 8  

\ EllC 820 n z :  I DFLOOP_CHT: 

E l3C 2BC9 ... s uo  ex . ex 

E33E 030 E l l :  

E H E  E C  8 ' 1  IH A l . OX I READ CRT snrus PORT 

E33F Z2C4 032 AHO A L . AH I CHECK YIDEO/HORZ LINE 

El41 7504 8'3 JHZ E 1 4  1 I T S  ON - CHECK I F  IT GOES OFF 

E l43 EZF9 834 LOOP E l l  I LOOP T i l l  O H  OR TIMEOIJT 

El45 EB09 835 JHP SHORT E l ?  I G O  PR INT ERROR MSG 

El47 836 E l 4 :  

E 347 28C9 837 SUB ex . ex 

El49 838 E I S :  

E l49 E C  030 IH . u . ox I READ CAT STA rus PORT 

E l4A ZZC4 840 . .., . u . A.H  I CHECK VIDEO/HORZ LINE 

E l4C 740A 841 JZ E 1 6  I I T S  OH - OIECK NEXT LINE 

E l4E EZF9 842 LOOP E 1 5  I LOOP I f  O F F  T I L L  I T  GOES OH 

E lSO 04' E l 7 :  I CIH_EAR 

E350 BA0 2 0 1  844 HOV ox . 1 0 2H 

E353 E87902 845 CALL ERR_ BEEP I 60 BEEP SPEAKER 

E35b EBOb 846 JHP SHORT E l 8  

E 358 847 E l 6 :  I tl)(T_LINE 

E 358 8 1 0 3  848 HOV C L , ]  J GET NEXT B I T  T O  CHECK 

E 35A DZEC 849 SHR AH , C L  

E 35C 75DE 850 JHZ E 1 2  J G O  CHECK HORIZONTAL LINE 

E 35E 051 E 1 8 :  I DISPLAY_CLRSOR: 

E35E 58 852 POP >JI. I GET VIDEO SENSE SWS ( AH )  

E 3SF 8400 053 HOV .. . . ; SET HOOE AND DISPLAY CURSOR 

Elbl CO I O  054 INT I OH I CALL VIOEO I/O PROCEOLRE 

855 

Elbl 856 E l 8_ 1 : 

E363 8AOOCO 857 HOV o x . ocoooH 

E366 850 E l 8 A :  

E 366 8EDA 059 HOV o s . o x  

E 368 2808 860 suo ex . ex 

E36A 8807 06 1 HOV AX , I BX ) I GET fIAST 2: LOCATIONS 

E36C 53 062 PUSH BX 

E 360 SB 063 POP BX I LET BUS SETILE 

E 36E 1055.U 864 CHP AXo O.USSH J PRESENT? 

E371 7505 065 JHZ . ,  .. I HO? 60 LOOK FOA OTHER l'IODULES 

E373 E60E03 066 CALL ROH_CHECK I GO SCAN K>OULE 

E 376 E804 867 JHP SHORT E l8C 

E378 868 E 1 8B :  

E 378 8 1 C28000 869 AOD O X , 0080H J POINT TO NEXT 2:K BLOCK 

E 37C 870 E l 8C :  

E 37C 8 1 FAOOC8 871 CHP o x , oceooH I TOP Of VIDEO ROH AREA YET? 

E380 7CE4 872 J L  E l 8A I GO SCAN FOR ANOTHER l'IODULE 

873 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

074 J EXPANSION I/O BOX TEST 

075 CHECK TO SEE I f  EXPANSION BOX PRESENT - J F  JmTAl.LED , 

876 TEST DATA AtlJ ADDRESS BUSES TO JIO BOX . 

877 I ERROR= ' 1 80 1 '  

078 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

879 

880 ; -- --- OETERl"IINE I f  BOX IS PRESENT 

881 

E382 802 EXP_IO :  J ( CARD MA S  ENABLED EARLIER > 

E 382: BA1002: 883 HOV OX , 0 2: J OH I CONTROL PORT ADDRESS 

E 385 B85555 804 HOV AX , SSSSH J SET DATA PATTERN 

E366 EE 885 rur o x . A L  

Ela9 B O D I  006 HOV A L , O l H  

E388 E C  . ., IH u , ox J RECOVER DATA 

nae lAC4 808 CHP A l o AH I REPLY? 

E38E 7534 .. 9 JHE E 1 9  J HO RESPONSE , 60 T O  N E XT  TEST 

£390 f7DO 090 NOT >JI. I KAKE DATA;A.U.A 

E l92 EE 891 rur Q X , A l  !1'1 BOil ... HOV A L , O I H  

E395 E C  093 IH A L , DX I RECOVER DATA E.39' )AC- ... CHP AL ,AH 

System BIOS A- 1 3  



LOC OBJ LINE SOURCE 

El'fe 7SU. 095 JNE ( 1 9  1 NO ANSWER:HEXT UST 

896 

897 1 - - - - - CHECK ADDRESS AttJ DATA 9'15 
890 nu, 099 U<Pl : 

U9A 8808 900 110V ex , Ax 

E39C BAl402 9 0 1  110 V  DX , 0 2 14H I LOAD DATA REG ADDRESS 

£ 39f 2£8807 902 l10V CS : ( ex l . A L  I -.RITE ADDRESS FOOOO•BX 

'flA2 H 9 0 3  OUT O X , A L  I � I T E  DA.TA 

E lA3 � 904 NOP 

E3A.4 EC 905 IN . u , ox I READ DATA 

E lAS 3A.C7 906 C"P A. L , BH 

UA7 7 5 1 4  907 JNE EXP _ERR 

E lA9 42 900 INC DX I DX=2:15H ( A.DOR . H I  REG ) 

El.I.A EC 909 IN A. l , OX 

E lAB lAC«t 9 1 0  C"P . U , .t.H I COHPARE TO HI ADDRESS 

ElA.O 750E 9 1 1  JNE EXP_ERR 

E lAF 42 9 1 2  INC DX I DX-2 1 6 H  I ADDA . LOW RE& > 

£380 EC 9 1 3  I N  A. l , D X  

fl81 lAC4 9 1 4  C"P A L , AH I A.DOR . LOW OK! 

£ 38] 7508 9 1 5  JNE EXP _ERR 

E lflS f7DD 9 1 6  NOT AX I INVERT AX 

£387 lC.U 9 1 7  C"P A L , OAAH I BACK TO STARTING VALUE ( U.il) YET 

1!:389 7409 910 JE E l 9  ; G O  OH T O  NEXT TEST I F  SO 

E3BB lBOD 9 1 9  J"P EXPI ' LOOP BACK THROUGH MITH DATA OF 5555 """ 920 EXP_ER R :  

£ 380 BEEDFE90 9 2 1  "Dv SI , OFFSET f38 

E3Cl E8F602 922 CA.LL P_HSG 

92> · ----------------------------------------------------------------
924 I ADDITIONAL READ/WRITE STORA.GE TEST 

9'5 J DESCRIPTION 

926 WRITE/READ DATA PATTESfNS TO A.NY READ/WAITE STORAGE 

927 AFTER TI-IE BASIC 16K. STORAGE ADDRESSABILITY IS CHECKED . 

920 · ----------------------------------------------------------------
929 A.SSU11E D S : OATA nc• ... n • :  

9'1 

9JZ ; ----- DfTERt'IINE RAt'I SIZE OH Pu.HAR BOARD 

9" 

E 3C4 £87718 9'4 CALL DDS 

EJC7 A O l O O O  9'5 110V A L , BYTE PTR EQUIP _FLAG I GET SENSE SWS INFO 

E 3CA Z40C 9'6 AND A L , OCH I ISOLATE RA.t'I SIZE SWS 

nee &404 9'7 l10V AH , 4  

f lC E  f6E4 ... ""L AN 

E lO O  0410 9'9 ADD A L , 1 6  I ADD BASIC 16K 

E lDZ 8800 940 llOV DX , AX  ; SA.VE PLANAR RAH Sllf IN DX 

no4 88Da 94 1  llOV BX , AX  I Atc> IN ex 

942 .. , 1 - - - - - DETEAt'llNE IO CHA�EL RA.tt SIZE ... 
1£ 306 A l l 5 0 0  945 "°v A.X o lO_RAtt_SIZE I GET ID CH...,.,IE l  RAH SIZE 

f309 8lfB40 946 C"P BX ,40H 1 PLANA.A RAH SIZE = 64K? 

nae 1402 947 JE '" I YES - ADD IO CHH RA.ft SIZE 

f lDf ZBCO ... Sl<I A.X , A.X I NO - DON ' T  ADD ANY ID RA.11 

ElEO 949 fZO : ; A.DD_IO_SIZE : 

flfO OJCl 950 ADD AX . ex I SUt'I TOTAL RAl'I SIZE 

ElfZ A. 3 1 3 0 0  951 llOV HEt10RY_SIZf 1 AX  ; SETVP t'IEt10RY SIZE PA.Rl1 

UES 8 1 FD34 1 2  95' C"P BP, 1 2 34H I POD INITIATED BY K8D RESET! nn lE 951 PUSH DS I SAYE DATA SEGtU:NT nu 744F 954 J( TST l Z  1 YES - S K I P  t'IEl10RY TEST 

955 

95& J - - --- TEST ANY OTHER REAO/loRITE STORAGE AVAILABLE 

957 

E 3EC 880004 958 110V BX ,400H 

IEJff 8 9 1 0 0 0  959 110V CX , 16 

flfZ 960 U: l :  
IEJF2 1801 96 1 C"P ox.ex J ANY 110RE STG TO 8£ TESTED? 

E3f4 7621> .. , JBE '" J NO - GO TO NEXT TEST 

f3F6 eEDB 96' llOV os ,ax 1 SETUP STG ACOR IN DS A.tcJ ES 

E3f8 8EC3 964 l10V E S , BX nu a x u o  965 ADD C:)( . 16 I INCl'i!EPtENT STG 8Yll COUl'TER 

UFO 8 1 C 30004 966 ADD B X , 400H I SET POINTER TO NEXT l6K BLK 

£40 1 5 1  967 PUSH ex I SAYE REGS 

£402 SJ 960 PUSH BX 

£401 52 969 PUSH DX 

£404 E81 1 fC 970 CA.LL STGTST I 60 TEST A 16K Bl.K OF STG 

U07 SA 971 PDP DX 

A- 1 4  System BIOS 



\ 

LOC OBJ 

E•OI 58 
E409 59 

E40A 74E6 

E40C 8CDA 

E40E 8AE8 

E 4 1 0  8AC6 

E 4 1 2  E 8 1 0 0 2  

E415 8ACS 

E 4 1 7  E80BOZ 

E4U, BE67FA90 

E41E E89902 

E421 

E42 l EBl8 

E42l 

E42:3 lf 

E424 IE 

E425 88161500 

E429 0802 

E428 740E 

E420 8'0000 

E4l0 81FB0 0 1 0  

E434 7705 

E4J6 880 0 1 0  

E 4 3 9  £887 

E4JB 

E438 l F  

E43C eOlE l Z O O O l  

£ 4 4 1  742:.l 

E44J ESFDOl 

E446 E l l E  

£448 8040 

E44A E66 1 

E44C 80FBU 

E44F 75 1 5  

E 4 5 1  BOCC 

E453 £661 

£455 804C 

E457 E661 

E459 28C9 

E4SB 

E458 E Z F E  

£450 E460 

E4SF JCOO 

E46 1 740A 

E46J ESBF O l  

E466 BE33FF90 

E46A Ee4D02 

£460 

£460 2BCO 

E46F eeco 

E471 890800 

E47� I E  

E475 O E  

E476 I F  

£477 8EFlFE90 

£478 8F2:000 

E47E 

E47E AS 

E47f "7 
e:.a• 0 

L I N E  

9 7 2  

9 7 3  

974 

975 

976 

977 

978 

979 

980 

981 

982 

983 

984 

985 

986 

987 

988 

989 

990 

991 

992 

993 

994 

995 

996 

997 

998 

999 

1000 

1 0 0 1  

l O O Z  

l O O J  

1 0 0 4  

1 0 0 5  

1 0 0 6  

1 0 0 7  

1 0 0 8  

1 0 0 9  

1 0 1 0  

1 0 1 1  

1 0 1 2:  

1 0 1 3  

1 0 1 4  

1 0 1 5  

1 0 1 6  

1 0 1 7  

1 0 1 e  

1 0 1 9  

l O Z O  

1 0 2 1  

1 0 2 2  

1 0 2 1  

1 0 2 4  

1 0 2 5  

1 0 26 

1 0 2 7  

1 0 2 8  

1 0 2: 9  

1 0 3 0  

1 0 3 1  

1 0 12 

1 0 ] ]  

1 0 J4 

I O JS 

1 0 J6 

1 0 J 7  

l O Je 

1 0 3 9  

1 040 

1041 

1 042 

1 043 

1 044 

1D45 

1 046 

1047 

1 0  .. 

SOURCE 

POP BX I RUTC.E REGS 

POP ex 

J E  E 2 l  I CHECK I F  f'tlR E  STG T O  TEST 

J ----- PRINT FAILING ADDRESS NG XOA ' ED PATTERN IF' DATA COtlPARE ERROR 

110V ox,os I CONVERT FAILING HIGH-ORDER l10V C H , A L  J SAVE FAILING BIT PATTERN 

l10V A L ,OH I GET FAILING ADDR 

CALL XPC_BYTE I CONVERT ANl PRINT CODE 

HOV A L , CH I GET FAILING BIT PA TTEAN 

CALL XPC_BYTE I CONVERT At«> PRINT CODE 

HOV S I , OFFSET E l  I SETUP ADDRESS O F  ERROR 115& 
CALL P_"SG t PRINT ERROR HSG 

E Z Z :  

JHP SHOAT TST 1 2  I GO T O  N E XT  TEST 

E U :  I STG_TEST_DONE 

POP DS I POINT OS TO DA TA SE GHENT 

PUSH DS 

l10V o x , 10_1:u.11_SIZE t GET IO CHA�E L A.111 SIZE 

DR o x . o x  I SET F LAG A E S U L  T 

JZ TST l Z  I HO IO RAH , GO T O  NEXT TEST 

HOV cx , o  

CHP BX . I DOOH I HAS IO RA" BEEH TESTED 

JA TST l Z  I YES - 60 TO N E XT  TEST 

110V BX, l OOOH 1 SETUP BEG LOC FOR IO R.ut 

JHP E 2 l  I GO TEST IO CHA ... E L  RAl"I · --------------------------------------------------------
KE'f90.Uta TEST I DESCRIPTION 

RESET TH E  kEYBOARD AtCJ CHECk THAT SCAN CODE 

' A A '  IS R E TIJRNEO TO TH E  C PU .  CHECK FOR STUCK 

KEYS. 

) ----------------------------------- ---------------------
ASSltlE D S : DATA 

TST l Z :  

PDP DS 

CHP t1FG_TST, 1 I ttANUFAC�IHG TEST l100E ?  

J E  F 7  ; YES - SKIP KEYBOARD TEST 

CALL kBO_RESET I ISSUE SOFTWARE RESET TO kEYBRD 

JCXZ ,. I PRINT ERR t1SG I f  NO INTERRUPT 

l10V A L o 4DH I ENABLE KEYBOARD 

OUT PORT_B , A L  

CHP B L , O.O.H I SCAN CODE AS EXPECTED? 

JHE ,. I NO - D I SPLAY ERROR "56 
1 - - - - - CHECK FOR STUCK kEYS 

110V A L , OCCH I C l.A  KBO , SET C LJ(  LINE HIGH 

OUT PORT_B , A L  

l10V A L , 4CH I ENABLE kBO ,CLK IH NEXT BYTE 

OUT PORT_B , A L  

..... ex . ex 

F S :  I KBO_MAIT 

LOOP FS I D E LAY FOR A tilt l l E  

IN A L , KBD_IN I CHECK FOR STUCK tc.EYS 

CHP A L , O  I SCAN C OD E  = O ?  

JE F 7  I YES - COHTitf.JE TESTING 

CALL XPC_BYTE ; CONVERT At«l PR INT 

F6 : HOV S I , OF FSET F l  I GET HSG ADDA 

CALL P_tTSG I PRIMT tfSG OH SCREEN 

; - ---- SETUP INTERRUPT VECTOR TABLE 

F 7 :  I SETUP_INT_TABLE : 

.... AX , AX  

l10V E S . AX 

l10V cx , e  I G E T  VECTOR C NT  

PUSH DS I SAVE DATA SEGf1ENT 

PUSH cs I SETUP OS SEG REG 

POP DS 

l10V SI , OFFSET VECTOR_ TABLE 

l10V D I , OF FSET IHT_PTR 

F7A:  

110VSW 

INC D I  I Ste.IP OVER SEGttENT 
INC DI 

System BIOS A- 1 5  



LOC OBJ 

E48l EZFB 

£48) 

E48l If 

f.C.&4 IE 

E485 8040 

E487 £661 

E489 BOFF 

E4&8 E 6 2 1  

f480 8086 

E48F E643 

(491 880304 

E494 £642 

E4% 8AC4 

E4n E642 

E49A E462 

E49C 2 4 1 0  

E4U A26BOD 

E4A.I E305 1 4  

E4A41 EeD 2 1 4  

E 4 A 7  HOC 

(4A9 8 1 FB4D05 

E4AO 7306 

E4Af 8 1 FB 1 0 0 ft  

E 4 8 J  7 3 0 7  

E485 

£485 8El9FF90 

E489 E8F E 0 1  

••ec 

E48C 8AOOC8 

E4BF 

E4BF &EDA 

E4CI 2.BDB 

E4Cl 8807 

E4C5 3055.U 

E4C8 7505 

(4CA EeB70 1 

E4CD E80lt 

E4Cf 

E'tCF 8 1 C28000 

E4DJ 

EltDJ 8 1 FAOOF6 

E4D7 7CE6 

£409 EBOno 

E40C 

E4DC 

f4DC 2808 

£4DE SEDA 

E'tEO E86907 

A- 1 6  

L INE 

1 049 

SOURCE 

LOOP F7A 

I OSO i - - - - - - - - - - - - - - - - - - - - - - - --- - - --- - - - - --- --- - - - - --- - - - - - - - -

1 0 5 1  CASSETTE DATA WR A P  TEST 

1 052 t DESCRIPTION 

1 051 TI.lfN CASSETTE ttOTOA Of f .  WRITE A BIT OUT TO nu: 

1 054 CASSETTE DATA BUS . VERIFY TltAT CASSETTE DATA 

1 055 READ IS WITIUN A VALID RANGE . 

1 056 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1057 

1 058 • - - - - - TURN TltE CASSETTE HOTOR OFF 

1 059 

TST l 3 :  

POP OS 

PUSH OS 

1 060 

1061 

1 062 

1 063 

1 06<\ 

1 065 

1 066 

1 067 

1 068 

1 069 

1 0 70 

1 0 7 1  

1 0 72 

1 0 7:5  

1 0 74 

1 0 75 

1 0 76 

1 0 7 7  

1 0 78 

1 0 79 

1 080 

1 0 8 1  

1 082 

1 083 

1 084 

1 085 

1 086 

1 087 

1 088 

1 0&9 

1 0 9 0  

1 0 9 1  

t•lV A l , O'tDH I SET Til"IER 2 SPK OUT , At«> CA.SST 

OUT PORT_B ,. U  I OU T  BITS ON ,  CASSETTE MOT OFF 

; - - -- - WRITE A BIT 

ltDV A L , O FFH I D I SABLE Til"IER INTERRUPTS 

OUT JITTAO l o AL 

ltOV A l , OBbH I SEL Til"I 2, LSfl , "58 , l'IJ 3 

OVT TIHER + J , A l  i WR I T E  8 2 5 3  CHD/l100 E R E G  

ltOV AX , 1215 I SET TIHER 2 CNT FOR 1 0 0 0  USEC 

OUT Til"IER+ Z , Al I WRITE Til"IER 2 Cou-IT£R REG 

MOV A L , AH ; WRITE l"ISB 

OUT Til"IER + Z , A l  

; ----- READ CASSETTE INPVT 

IN A L , POAT_C I READ YA.LUE OF CASS IN BIT 

All> A L . l OH ; ISOLATE FROl"I OTHER BITS 

MOV LAST_YAL , A L  

CA.LL AEAD_HALF _en 

CALL RUD_HALF _BIT 

JCXZ ,. I CAS_ERA 

CMP BX , tu.)(_ PERIOD 

JNC ,. I CAS_ERR 

CMP BX ,HIN_PEAIOO 

JNC ROH_ SCAN I GO TD NEXT TEST IF DK 
f 8 :  I CAS_ERR 

ltOV SI , OFFSET F2: ; CASSETTE WRAP FAI LED 

CALL P_HSG I GO PRINT ERROR "56 

1 0 9 2  1 - - -- - --- - -- - -- - - ---- - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----- - - - - --- - - -

1 0 9 1  CHECK F O R  OPTIONAL ROH FROl"I C80 0 0 - >F4000 lH 2K INCAEl"IENTS 

1 0 94 IA VALID 1'00ULE HAS ' SSA.A ' IN THE F IRST 2 LOCATIONS, lEMGTlt 

1 0 95 INCICATOA t lENGTlt/5 1 Z ) IN THE 3RD LOCATION AICI TEST/INI T .  

1 0 96 CODE STARTING IN Tli E  ltllt LOCATION. I 
1 097 

1 098 

1 0 99 

1 1 0 0  

1 1 0 1  

1 1 0 2  

1 1 0 1  

1 1 04 

l l O!i 

1 1 06 

1 1 0 7  

1 1 0& 

1 1 0 9 

1 1 1 0 

1 1 1 1  

1 1 1 2 

1 1 1 3  

' - - - - - - - - - - - - - - - - ---- - - --- - - - - - - - - - - ----- - --- ------ - --- - - - - - - - - - - - - - - - - - -

RC>t1_SCAN: 

P10V o x . oceooH I SET BEGINHNG ADDRESS 

RCWl_SCAN_ I :  

HOV 

SUB 

ltOV 

CMP 

JNZ 

CALL 

JMP 

NEXT_ROf'I: 

ADD 

ARE_WE_DONE : 

CMP 

JL 

JMP 

c s . o x  

ex . ex 

AX , ( BX I 

AX, OAA55H 

NEXT_ROl"I 

ROH_ CHECK 

SHORT ARE_1u_oc.1E 

O X , OO&OH 

D X , OF600H 

R011_SCAH_l 

6ASE_AOf1_CHK 

I SET BX=OOOO 

; GET ! ST WOAD FRCl'I f100ULE I : TO ID WOAD ? 

I PROCEED TO NEXT RDf1 IF MDT 

i GO 00 CHECKSIA't AN> CALL 

i CHECK ftll' UCI OP RQ1 SPACE 

I POINT TO NEXT 2K ADDRESS 

I AT F6000 YET? 

I GO CHECK ANOTltER ADD . I F  HOT 

; GO CHECK BASIC RCl'I 

1 1 1 4 ; - - - - --- - - - - - - - - - - -- ----- - - - - - - --- - - - - --- -- - - --- -

1 1 1 5 ROS CHECK SUH I I 

1 1 1 6 ; DESCRIPTION 

A CHECl<Sutt IS DONE FOR TH E  4 ROS 

P'l)QULES CONTAINING llliASIC CODE 

1 1 1 7  

1 1 1 8 

l l l 'il  

1 1 2 0  

1 1 2 1  

1 1 2 2  

1 1 2 1  

1 1 2� 

6.lSE_ROM_C�K : 

System BIOS 

Sl.8 

ltOV 

ex . ex 

DS,DX 

CALL ROS_att:CKsut 

I SETUP STARTING ROS ADDA 

I CHECK ltOS 

( 



LOC OBJ L INE 

E4EJ 7403 1 1 25 

E4ES E82 1 0 l  J I U 

E'tE& 1 1 2 7  

frt£8 80C602 1 1 28 

E4EB 80FEFE l l Z 9  

E4EE 75EC 1 1 10 

E4FO l f  1 1 1 1  

1 1 12 

l l H  

1 1 34 

1 1 15 

1 1 36 

1 1 37 

1 1 >0 

1 1 19 

E4F l 1 1 40 

E 4 F l  A. 0 1 000 l l lt l  

E4r4 A.80 1 1 1 4Z 

E4F6 750.A 1 1 41 

E4F8 803E l 2 0 0 0 1  1 1 44 

E4FD 7530 1 1 45 

E4FF E959F8 1 1 46 

E502: 1 1 47 

£502 £ 4 Z l  1 1 48 

£504 Z48F 1 1 49 

E506 E6ZI 1 1 50 

ESO& 8400 1 1 5 1  

ESOA 8A04 I I S Z  

£ S O C  C D 1 3  1 1 5 1  

ESOE 7 2 2 1  1 1 54 

1 1 55 

1 1 56 

1 1 57 

E510 BAF 2 0 l  1 1 58 

E 5 J l  52: 1 1 5 9  

£ 5 1 4  B O l C  1 1 6 0  

£516 u: 1 1 6 1  
£ 5 1 7  ZBC9 1 1 6 2  

£ 5 1 9  1 1 6 1  

E 5 1 9  E Z F E  l l 64 

£518 1 1 65 

£518 E 2 F E  1 1 66 

E S I D  llD2 1 1 6 7  

E S l F  850 1 1 1 68 

£521 8816lEOO un 
E525 E85509 1 1 70 

E52:8 7207 1 1 7 1  

E52A 8522 1 1 72 

E52C E84E09 1 1 71 

£52F 7107 I J 74 

ESll 1 1 75 

£511  BEEAFF90 1 1 76 

£515 E88 Z O I  1 1 77 

1 1 78 

1 1 79 

1 1 80 

£518 1 1 8 1  

£518 !ODC 1 1 82 

ESlA SA l l 8l 

ES3B E E  1 1 84 

1 1 85 

I I  .. 

1 1 87 

ESX 1 1 88 

E53C B E l lE O O  1 1 89 

£53F Ml6 UOO 1 1 qo 
E54l 89l6 1COO 1 1 9 1  

E547 89368000 1 1 92 

£548 83C6 Z O  1 1 91 

f54E 89368Z O O  1 1 94 

E552 E42 l 1 1 95 

ES54 Z4FC 1 1 96 

E556 E 6 2 1  1 1 97 

esse BD3DE690 1 1 98 

ESSC 28F6 1 1 99 

E5SE 1 2 0 0  USIE !E8156DO l t o l  

SOURCE 

J( ES I CONTI�E I F  Cl( 
CALL ROl"l_ERR I POST ERROR 

E S :  

ADD DH , OZH I POINT TO NEXT BK t10CDULE 

CMP O H , OFEH 

JNZ E4 I YES - CONTUIJE 

PDP OS ; RECOVER DATA SEG PT1' 

; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DISKETTE ATTACHl1EMT TEST I DESCRIPTION 

CHECK I F  IPL DISKETTE DRIVE IS ATTACHED TO SYST E l1 .  I F  ATTACHE D ,  

VERIFY S T  A TVS  OF N E C  F O C  AFTER A R E S E T .  ISSUE A RECAL A ICI  SEEK 

Ctt.:I TO FDC At«) CHECK SU.T\IS. COMPLETE SYSTEl1 IHITIALIZATIOH 

THEN PASS COKTROL TO Tli E  BOOT LOADER PROGf:U,H , 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
F 9 :  

MDV A L , BYTE PTR EQUIP _FLAG I GET SENSE SWS INFO 

TEST A l , O I H  I I P l  DISKETTE DRIVE ATTCH ? 

JNZ F l O  I NO -SK I P  THJS TEST 

CMP t1FG_TST, I ; t1ANUFAC:Tl1UNG TEST lt'JD E ?  

JNE F l 5A ; NO - GO TO BOOT LOADER 

JMP START ; YES - LOOP POWER-ON-OIAGS 

F l O :  

IN A l , IHTAOl J OISK_TEST 

ANO A l o OBFH I ENABlE D ISKETTE INTERRUPTS 

OUT INT AO I . A L  

MDV AH , O  I RESET NEC FDC 

MDV O l , AH I I POINT TO DISKETTE I 
INT "" ; VERIFY ST.ATVS AFTER RESET 

JC " '  
; - - - - - TI.R N  DRIVE 0 HOTOR ON 

MOV D X , 03F2H J GET ADDA Of FDC CARO 

PUSH ox I SAYE IT 

MOV A L , lCH ; TURN l10TOR ON • EH 011.VINT 

OUT O X . A l  I WR I U  FOC tclfTR O l  R E 6  .... ex , ex 

F l l :  I HOTOR_WA I T :  

LOOP F i l  I MAIT FOR l SECOM> 

F l Z :  ; HDTOR_W.U T l  : 

LOOP F l 2  

XOR o x . o x  ; SE LECT DRIVE 0 

MOV C:H , 1  I SE LECT TRACK I 

MOV SEU_STA'T\JS , D L  

CALL SU:K I RECA Lil!RATE DISKETTE 

JC '" 1 GO TO UR SUBROUTINE I F  ERR 

MDV CH , 34 I SELECT TRACK 14 

C:All SEEK I SEEK TO TRACX 14 

JNC F 1 4  ; OK ,  TIJRN MOTOR OFF 

F 1 3 :  ; DSK_ERR : 

MDV S I , OFFSET F 3  ; G E T  ADDA Of HSG 
CALL P_HSG ; GO PRINT ERROR HSG 

1 - - - - - Tl.RN DRIVE 0 HOTOR OFF 

F 14 :  I DRO_OF F :  l10V A L o OCH ; TURN CRIVE 0 l"IOTDR OFF 

POP OX I RECOVER FCC CTL ADDRESS 

Ol/T D X , A L  

1 - - - - - S E TU P  PR I NT E R  Ate R S 2 3 Z  BASIE ADDRESSES I F  D E V I C E  ATTACHED 

F l S A :  l10V 
MOV 

MDV 

MDV 

ADD 

MOV 

IN 

At«> 

O<JT 

MDV .... 
F 1 6 :  

HOV 

S I . OFFSET KB_BUFFER 

BUFFER_HEAC , S I  

BUFFER_TA J L , SI 

BUF F ER_START , S I  

SI , 32 

BUF FIER_Et.., , SI 

A l 1 IHTA O l  

A l , OFCK 

INTA D l  , A l  

BP , OFFSET Flt 

SI , S I  

o x . c s :  I BP I 

I SETUP KEYBOARD PARAMETERS 

I DE FAULT TO STANJARD 8UFFER I ( 31: BYTES LONG ) 

I ENABLE TitlER AN> !(BO INTS 

I PRT_SRC_T8l 

I PRT_BASE : 

I GET PRINTER BASE ADDA 
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LOC OBJ L INE SOURCE 

E56Z e o .u.  1202 111)11 A L , OAAH J lil'llTE DATA TO PORT A 

ES64 E E  1 2 0 1  OUT C )( , A L  

E S 6 5  52 1 2 0 4  PU SH  DX 

ES66 EC 1205 IN A L . DX I READ PORT A 

E567 SA 1 2 0 6  POP DX 

ES68 lC.U. 1 2 0 7  CMP . u . o.u.H I DAU PATT£RH SAN: 

ES6A 7505 1 2 0 8  JNE F l 7  I N O  - CHECK NEXT PRT CD 

ES6C 895408 uo t MDV PAINTEA_BAS£1 SI I , D X  I YES - S T OR E  P R T  B A S E  ADOR 

ES6F 46 1 2 1 0  I NC  SI ; INCREt1ENT TD HfXT WOAD 

ES70 46 1 2 1 1  INC SI 

t:511 1 2 1 2  F 1 7 :  I NO_STORE :  ( E57l ftS 1 2 1 3  INC BP I POINT TO NEXT BA.SE ADDA 

H72 45 1 2 1 4 INC BP 

ES7J 8 1 FDOE6 1 2 1 5  tMP B P , OFFSET f4E I ALL POSSIBLE "°""' otfCUD! 
E577 75U U H  JN( F l 6  I PRT_BASE 

ES79 zeoe 1 2 1 7  s ... ex . ex I POINTER TO RSZlZ TABLE 

E57B BAFA.03 1 2 1 8  MDV D X , 3FAH I CHECK IF RSZJZ CD I ATTCH ! 

E57E EC 1 2 1 t  I N  A l o  DX I READ IHTR ID REG 

E57F A8F8 1 2 2 0  TEST A L , OF8H 

E581 7506 1 2 2 1  JNZ F l •  

ESeJ C707F80l 1 2 2 2  MDV ASZ 32_BASE I BX ) , JF&H I SETUP RS2:32 CD e l  ADDA 

f5a7 43 12.21 INC BX 

(563 43 1 2 2 4  I NC  B X  

(589 1 2 2 5  F l 8 :  

£ 5 8 '  8602 1 2 2 6  MDV DH 1 02H 1 CHECK IF RSUZ CO 2 ATICH I A.T ZFA I 
E588 EC 1 2 2 7  I N  A L , 0)( I READ INTERRUPT ID REG 

ES&c A8F8 1 2 2 8  TEST A L , OfeH 

E58E 7506 1 2 2 9  J NZ  F l 9  I IBASE_EHD 

E590 C707F802 1210 MDV RS232_1BASEI BX I , 2F8H I SETUP RS232 CO 12 

ES94 4 3  1 Z 3 1  I NC  B X  

E 5 9 S  43 1 2 3 2  I NC  e x  

1 2 33 

1 2 34 ; --- - - SET UP EOUIP F U/INDICATE ..... ER OF PRINTERS AKI RS232 CARDS 

1 2 .15 .... 1 2 16 F U :  I BASE_um: 

E5'6 18C6 1 2 17 111)11 AX , SI 1 SI HAS 2• .ueEA OF AS2.l2 

U98 IB l O l  1 2 38 MDV C L , J  I SHIFT COUNT 

E59A 02C8 1 2 1 9  ... A L . C L  I ROTATE RIGHT l POSITIONS 

E59C OACl 1 240 OR A L , B L  I O R  IH TtiE PR I NT E R  COl..l'4T 

E59E .t.2 1 1 0 0  1 2 4 1  MDV IBYTE F1lf EQUIP_Fl.AG+ l , Al I STORE AS SECCM) BYTE 

E5AI B2.0l  1 242 MDV O L , O l H  I DX= 2 0 1  

ESAJ E C  1 243 IN A L . O X  

ESA.4 A&OF 1 2.44 TEST A L , OFH 

E5Af:. 7505 1 245 JNZ F20 I HO_GAHE_CARO 

E5A8 800E 1 1 0 0 1 0  1 246 OR BYTE PTII EQUIP _F LA6+ 1 ,  1 6  

ESAD 1 247 F 2. 0 :  

1 248 

1 2.49 1 - - - - - SET D E FAULT Til'IECNT VALUES FOR PRINTER At«> RS2l2 

1 250 

'fSAD I E  1 2 5 1  PUSH DS 

ESAE 07 1 252 POP ES 

E5Af 8F7800 1 2 5 3  MDV D I  , OFFSET PRINT_ Tll"l_(JUT 

E582 88 1 4 1 4  1 254 111)11 AX , 1 4 1 4H I PRINTER DEFAULTS I Cot.NT= 2 0 ) 

E585 AB 1 255 STOSW 

E586 AB 1 256 STOSW 

ES87 880 1 0 1  1 257 MDV AX , O l O l H l RS2l2 O EFAULTS=Ol 

ESBA AB 1 25" STOSW 

E588 AB 1 259 STOSW 

1 2. 6 0  

1 2 6 1  J - - - - - ENABLE tl1l INTERRUPTS 

1 Z 6 2  nee aoeo 1 Z 6 3  MDV A L , 80H I EHAIBLE tl1I INTERRUPTS 

E58E E6AO 1 264 OUT OAOH . A L  

U C O  80lE 1 2 0 0 0 1  1 265 tMP HFG_TSTo l 1 HFG HOOE !  

ESCS 7406 1 266 JE FU I LOAD_BOOT_STRAP 

ESC7 BAO l O O  1 267 MDV ox , 1  

E5CA E80200 1 268 CALL ERR_IBHP I BEEP l SHmlT TONE 
1 26'9 

ucn 1 2 7 0  F 2. l :  I LOAO_IBOOT_STIIAP:  
ESCO CD 1 9  1 2 7 1  INT 1 9H  ; BOOTSTIIAP 

1 2 7 2  ( 1 273 · - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 2 74 INITIAL RE LIAIBIUTY TEST -- SUIBROUTINES 

1 2 75 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 2 76 ASSl.l1E C S : COO E . o s : OATA 

1 2 7 7  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 2 78 I SLaRCIUTINU fOR POWER ON DIAIHD9TICS 
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LOC OBJ LINE SOURCE 

1279 THIS PROCtDlltE WILL ISSUE OHE LONG TONE (3 S£CS > Atf) ONE Cit 
IZ8D l"IOR E  SHORT TONES 11  SEC ) TO INJICATE A FAll� E  OH TH E  PL»U.R 

I ZB I  I BOARD , A BAD RAH t'IODULE , OR A PAOBLEtt Mint ntE CRT. 

l t82 J ENTRY PARAMETERS: 

1281 DH : Jf..IJ'eER OF LONG TOHES TO BEEP 

1 28lt D L  = tfJEER Of SHORT TONES TO BEEP 

l285 I - - - - - - - - - - - - --- - - - - - ---- - - - - • • - - - - - - - ----- --- - - ----- ----------- --- ------
ESCF 1 286 ERR_BEEP PROC HEAR 

ESCF 9C l t8 7  PUSHF I SAVE FU.GS 

ESDD FA 1 2  .. C L I  J DISABLE STSTEtt INTERRUPTS 

ESD1 1 E  1 289 PUSH OS I SAVE DS REG CCHTENTS 

ESDZ £86 9 1 9  1 2 9 0  C A L L  DDS 

ESDS OAF6 1 2 9 1  '"' DH 1 DH J Atll LOH6 OHES TO BEEP 

£507 7418 1 2 9 2  J Z  ., ; NO ,  00 TH E  SHORT ONES 

E509 1 2 9] G t : ; LOHG_B H P :  

E S D 9  8106 I Z 94  "ov B L , 6  I COUNTER FOR B E E PS  

ESOB £82500 1 2 '95 CALL BEEP I DO TH E  BEEP 

ESDE E Z F E  1 2 96 GZ : LOOP 62 ; D E LAY BUMEEN BEEPS 

ESEO FECE 1297 DEC DH I ANT HOR E  TO DO 

ESE2 75FS 1 2 98 JNZ Gl I DO IT 

E5E4 803£ 1 2 0 0 0 1  1 2 9 9  C"P HFG_TST o l  ; HFG TEST HOOE ?  

E5E9 7506 1 10 0  JNE "' I YES - CONTit«JE MEPING SPEAKER 

ESEB 80CD l l O l  ... v . U , OCDH I STOP BLINC.ING LED 

ESED E66 1 noz OUT PORT_l . A L  

E S H  EBE8 1 3 0 J  J"P SHORT GI 

ESFl  1 304 GJ: 1 SHORT _IB'E E P :  

E S F l  8J01 nos ... v B L , I  J COltfTER F OR  A SHORT B E E P  

ESFJ E80DOO l l06 CALL BEEP J DO TlfE SOtHJ 
ESF6 1 10 7  G4 : 

E5F6 E Z F E  I J08 LOOP .. I D E LAY BEllilEEN BEEPS 

ESF8 FECA l l0 9  D E C  D L  I DONE WI T H  SHORTS 

ESFA 75FS 1 1 1 0  J NZ  . ,  I DO SOl'lf t10R f  

ESFC 1 1 1 1  65:  

ESFC E Z F E  I J l Z  LOOP 65 J LON6 D E L..AY BEFORE RETUfN 

ESFf l l l l  .. , 
ESFE E Z F E  1 1 1 4  LOOP .. 
E600 I F  I J 1 5  POP OS I RESTORE ORIG CDHTENTS OF DS 

E 6 0 1  9D l l 16 POPF I RESTORE FU.GS TO ORIG SETIINGS 

E60Z CJ I J 1 7  RET I RETl.RN TO CALLER 

I J 1 8  ERR_BEEP EHDP 

I J 1 9  

l lZO 1 ----- ROlJTINE TO SOlH) BEEPER 

I J Z l  

£613 I JZ Z  BEEP PROC ...... 
E6H BOM l lZ l  - A L , 1 0 1 1 1 1 1 DB  ; S E L  T I H  2 . LSl h l158 , BINARY 

E6DS E64l l lZ4 DU'T TIHEA • l . A L  I WRITE THE UHER HOOE REG 

E607 883305 I U S  ... v AX,SJlH /' 01VI5'"' .... IOOO HZ 

E6DA E6ltZ I JZ6 DU'T TI"ER • Z , A L  
, 

I MUTE TIHfR Z CNT - LSB 

£60C 8AC4 l lZ7 ... v A L , AH 

E60E £642 l l28 DU'T TI"ER • Z , A l  I WR ITE TIHU 2 CNT - HS8 
£ 6 1 0  E461 l l Z 9  IH A l , PORT_B I GET C�REHT SETTIN& OF POAT 

E 6 1 Z  8AEO 1 1]0 "°v AH , A L  I SAVE TH A T  SETIIH& 

£614 OCOJ l l J I  '"' A L . O J  I TUR N  SPEAKER OH 

E616 £66 1 nu OUT PORT_B , A l  

E 6 1 8  2BC9 1133 ,... c x , cx ; SET CNT TO WAIT 500 HS 
E 6 1 A  ""' 67: 

E 6 1 A  EZFE l ll5 LOOP G7 I D E LAY BEFORE 'TUINING OFF 

UlC FECB 1n• DEC B L  I D E LAY Ctn' tl(PIRED? 

E61E 75FA l l l 7  J NZ  G7 i HO - CONTINUE BEEPING SPK 

E620 8AC4 ' "" "°v A l o  AH I RECOVER VALUE OF PORT 

E62Z E661 l lJ9 OUT PORT_B , A l  

E 6 2 lt  C l  1 340 RET i AETl.RH TO CALLER 

I J41 BEEP EHDP 

1 342 

1 '4l ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 '4• I CotNERT AND PAINT ASCII CODE 

1 345 A l  tl.IST CONTAIN Nl.ttBEA TO BE CC»NEATED . ' 
l l4f> AX A.NI BX DESTROYED . 

1 147 ; - - - - -- - - - - - - - - - - - - - - - - - - ---- -- - - - - - - - -- - - --- - - - -HU 1 :14• XPC_8YT£ PROC t>IEAR 

[625 50 l llt9 PUSH ""' I RESAVE fOR lOW HIBBLE DISPLAY 

E626 8 1 0 4  l lSO t10V C l . �  I SHifT C OUfT  

E6Z8 0ZE8 1151 SHR A L o C L  I HIBBLE SWAP 

E62A E80300 I J52 CALL Xl.AT_PA i DO TH E  HIGH NIBBLE DISPLAY 

E62D 58 I JSJ POP AX I RECOVER TM E  NIBBLE 

E62f 240F I JS4 AJ<I A l , OFH I ISOLATE TO LOW NIBBLE 

USS I FALL INTO LOW HIBBLE COHVERSIOH 
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LOC OBJ 

E630 

E6JO 0490 

E63Z Z 7  

EUJ 1440 

E6J5 Z 7  

.... 

E6l6 8<tOE 

Ena e100 

E6lA CDIO 

E63C Cl 

E630 E•lO BCOJ 

Ulf 7803 

Ultl 780Z 

H41 

(64] 

E641 BOOC 

U45 £661 

(647 895629 

E64A 

U4A EZFE 

E64C BOCC 

H41f £661 

USO 

USO 804C 

E652: E66 1 

U� BOFD 

E656 U Z I  

E658 FB 

E659 8400 

USB Z8C9 

USO 

£650 f6C4FF 

£660 7502 

£662 £tF9 

E664 

(664 £460 

H66 8A08 

E668 BOCC 

U6A E66 1 

E66C Cl 

(660 

U60 F8 

E66E SD 

E66F E461 

E671 BAEO 

E67l f6DO 

E675 2440 

£677 80E48F 

E67A OAC4 

E67C £66 1 

(67( 802:0 

£680 E6ZO 

£682 sa 

E683 CF 

.... 
UM 8&4000 

E687 8ECO 

A-20 

L I N E  

1 356 

1 357 

1 358 

1 359 

1 36 0  

1 3 6 1  

1 36 2  

1 36 1  

1 164 

1 365 

1 366 

1 36 7  

1 368 

1 36'11 

1 370 

1 3 7 1  

1 37Z 

1 373 

1 374 

1 375 

SOURCE 

XU.T_PR PROC NEAR 

ADD A L , 090H ... 
ADC A L , 040H ... 

AtT_HEX PROC HEAR 

ltDV 

t10V 

INT 

RET 

AH , 14 

.. . .  

! OH 

JIRT_HEX Et.EP 

XUT_PR f:t.l) P  

XPC_BYTE .. 
.. , 

ENDP 

LABE L MORO 

OW 3BCH 

ow 378H 

DW 278H 

LABE L WOAD 

I CDHVERT OO•OF TO ASC I I  CHARACTER I ADD F IRST CONVERSION FACTOR I ADJUST FOR Nl.11EA1C A>C> ALPHA RANGE I ADD CONVERSION AtG ADJUST LOW HIBBLE 

I ADJUST H I  HIBBLE TO ASC I I  RANGE 

I DISPLAY CHAR . IN A L  

I CALL VIDEO_IO 

I PRINTER S�CE TABLE 

1 176 • - - - - - - - - - --- - - - - - - - - - - - - - - - - - ----- - - - - - - ------ -- - - - - - - - - - --- - - - - --- - - ---

1 377 THIS PROCEDURE WlLL SUI> A SOFTWARE RESET TO TH E  KEYBOA.IH>. 

1 378 SCAN COOE ' AA '  SHOULD 8£ RETURNED TO Tl-IE C PU .  

1 1 7'11 · - - - - - - - - - - - - - - - - - - - - - - - - - - -- --- --- - - --- - - - - - - - - - --- - - - - --- - - -- - - - - - --- - -

1 380 

1 18 1  

1 182 

1 303 

K8D_AESET 

11DV 

PROC NIEASI 

A L , OCH 

OUT PORT_B 1 A l  

HOV e x ,  l ose:z: 

1 384 &8 :  
1 385 

1 3e6 . 

1 387 

1 388 

1 369 

1 390 

1 1 9 1  

1 392 

1 391 

1 394 

1 395 

1 396 

l l97 

1 398 

l l99 

1400 

1 4 0 1  

1402 

1401 

1404 

1405 

1406 

1407 

SP _TEST : 

6 -J :  

6 1 0 :  

LOOP 68 

HOV A l ,  OCCH ----
OUT 

11DV 

OUT 

11DV 

OUT 

STI 

11DV SUB 

PORT_B , A L  

A L , 4CH 

PORT_B , A L  

A L , DFDH 

INTAO l , A L  

AH , O  

ex . ex 

TEST AH , OFFH 

JHZ 6 1 0  

LOOP G9 

lN 

MOV 

t10V 

OUT 

RET 

B L . A l  

A L , OCCH 

POAT_B , A L  

KBD_RESET El<lP 

I SET KBD C LK LINE LON I WRITE 8:Z:55 PORT 8 I HOLD KBD C LK LOW FOR :Z: O  HS 

I LOOP FOR Z O  rtS 

o SET C U< ,  ENABLE llHES HIGH 

I ENTRY FOR HAl-AJFACTt.RING TEST :Z: 

I SIET KBO CU<. HIGH , EMABLE LOW 

I ENABLE KEYBOARD INTERRUPTS 

; WRITE 8259 I'°" 

; IENABLE SYSTIEH INTIERRUPTS 

J RESET INTERRUPT ncn:CATOR 

; SET\JP INTERRUPT TIHEOUT eNT 

; DID A KEYBOARD INTII OCCLR? 

; YES - READ SCAN COOE REnJRNED 

I HO - LOOP TILL TlrtEOUT 

I AUD KEYBOARD SCAN COOE I SAVE SCAN CODIE JUST READ 

; C LEAR KEYBOARD 

I RETURN TO CALLER 

1408 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - -

1409 BLit« LED PROCEDUAE FOR ttFG BURN-IN AHD RUH-IN TESTS 

1 4 1 0  I F  L E D  IS QH ,  n.JRN IT Off . IF OFF , T UR N  ON . 

1 4 1 1  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - -

1412 

1413 

1 4 1 4  

1 4 1 5  

1 4 1 6  

1 4 1 7  

1 4 1 8  

1 4 1 9  

1420 

1 4 2 1  

1422 

1421 

1424 

1425 

142& 

1427 

Bllt«_IMT 

STI 

PROC NEAR 

PUSH AX 

IN A L , PORT_B 

HOV AH , A l  

HO T  A L  

AND A L , 0 1 0000008 AND AH , 1 0 1 1 1  l l  lB 

OR A L , AH 

OUT PORT_B , A L  

HO V  A l , EOI 

OUT IHTAOO 1 A L  

POP AX 

IRET 

Bllt«_INT ENOP 

I SAVIE AX REG COHTEHTS 

; READ CURRENT VAL OF PORT B 

I F L I P  All BITS I ISOLATE CONTROL BIT I rtASK OUT OF ORIGINAL VAL 

; OR NEW CONTROL BIT I N  

I R IE S T OR E  AX REG 

14Z8 1 - -- - - CHECKSUH AN> CALL INlT CODE IN OPTIONAL ROHS 

1 4 2 9  

1 4 1 0  

1411 

lltl2 

ROH_otECK ltDV l1DV 

System BIOS 
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LOG OBJ 

1689 U.f4 
E68B 6A470Z 

E6eE 8 1 0 9  

E 6 9 0  0 3 E O  

E6n eece 

E694 51 

E695 8104 

E697 D3E8 

E699 0300 

E698 59 

L I N E  

1 4 3 3  

1 4 34 

1435 

1436 

1437 

14'8 

1419 

1440 

1441 

1442 

1443 

E69C E8B005 1444 

E69F 7405 14U 

E6Al E8650l llt46 

E6A4 E B 1 3  1447 

E6A6 1448 

E6A6 52 1449 

E6A7 26C706000 1 0 300 1450 

E6AE 268C I E 0 2 0 1  1451  

E683 26 F F I E 0 0 0 1  1 4 5 2  

E 6 B S  SA 1453 

E689 1454 

E6B9 Cl 1455 

1(e56 

1457 

SOURCE 

.... 
l10V 

MOV 

SHL 

MOV 

PUSH 

MOV 

SHR 

ADO 

POP 

CALL 

JZ 

CALL 

JMP 

ROl1_CHECK_ l :  

PUSH 

MDV 

ttOV 

CALL 

POP 

ROl1_CHECK_Etl> : 

RET 

ROM_ CHECK 

J.H , AH I ZERO (lJT AH 
A L , I BX•Z I ; GET lEHGnt ltl>ICATOR 

C L , O �  ; l'IULTIPLY BY 5 1 2  

AX , C l  

e x . AX I SET COl.HT 

ex 

C L , 4  

AX , C L  

o x . AX  I SET POINTER TO N E XT  HODULE 

ex 

ROS_CHECKSLH_CNT I DO CHECKSCM 

Rot1_CHECK_l 

Rot1_ERR I PRINT ERROR INFO 

SHORT Rot1_CHECK_Et«J 

ox I SAVE POIKTER 

E S :  IO_RCl'l_lNIT , 0003H I LOAD OFFSET 

ES: IO_ROt1_SEG ,OS I LOAD SEGHENT 

DWORD PTR ES: IO_ll0t1_INIT ; CALL IHIT A lli .  

ox 

EtCIP 

1458 ; - ------------ ------------------------ - - - ---- --- - --------

1459 I THIS SUBROUTINE Mill PRINT A MESSAGE OH TH E  DISPLAY 

1460 

1461 ENTRY REQUIREMENTS : 

1462 SI = OFFSETC ADDR ESS J OF MESSAGE BUF F E R  

146 l ex = MESSAGE BYTE COUNT 

1464 HAXItU1 MESSAGE LENGTH IS 16 CHARACTERS 

1465 1 - - - - - - - - - - - - - - - - - - - - - ---- --- -- ---------------- - ---------
EbBA 1 466 

E6BA £88 1 1 6  1467 

E6BO 80lE l 2 0 0 0 1  1468 

EbCZ 7505 1469 

E6C4 B6 0 l  1 4 7 0  

E6Cb E90bFF 1471 

E6C9 147Z 

E6C9 2E6A04 14 7l 

EbCC 4b l<t74 

EbCD SO 1475 

EbCE E8b5FF 1476 

EbDl 58 1477 

E6D2 lCOA 1478 

E604 75Fl 1479 

EbDb Cl 1480 

E607 20524f4D 

EbDB OD 

E6DC DA 

E6DD 

EbDD 50 

E6DE BOZO 

E6EO E620 

E6E2 58 

E6E3 CF 

1481 

1482 

1481 

1484 

1485 

. ... 

l<t87 

14M 

1489 

1490 

1491 

1492 

P_MSG PROC 

CALL 

CMP 

JHE 

MDV 

JMP 

6 1 2 :  

MDV 

INC 

PUSH 

CALL 

POP 

CMP 

JNE 

RET 

P_MS& EHOP 

F3A OB 

D_EOI PROC 

PUSH 

MDV 

OUT 

POP 

IRET 

D_EDI EHOP 

NEAR 

ODS 

MFG_TST, l 1 MFG TEST l'QJf:! 
G l 2  I N O  - D ISPU. Y ERROR "5G 

DH , 1  J YES - SET\JP TO BEEP SPEAKER 

ERR_BE E P  I Y E S  - BEEP SPEAKER 

; WRITE_HSG : 

.l l , CS : ( SI J  I PUT CHAR I N  A l  51 I POINT TD NEXT CHA.A 

AX ; SAVE PAINT CHAR 

PRT_HEX ; CALL VIDEO_IO 

AX ; RECOVER PRINT CHAR 

A L , 1 0  I WAS IT LINE FEED 

612 l NO o K E E P  PRINTING STRING 

' ROf"I ' , 1 1 , 1 0  

NEAR 

AX 

A L , 20H 

ZOH , A L  

AX 

1491 1 - - - INT 1 9  -------------- ----- - - - - - - ------- ---- --- - - - - - - - - - --- - -

1 494 ; BOOT STRAP LOADER 

1495 IF A 5 1 /4" DISKETTE DRIVE IS AVAI U.BLE ON THE SYSTEH,  

1496 TRACK Do SECTOR l IS READ INTO TI-IE BOOT LOCATION 

1497 ( SEGMENT o, OFFSET 7COO I .um CotfTROl IS TRANSF ERRED 

1498 TliER E .  

1499 

1500 1 '  TliE R E  IS NO DISKETTE DRIVE , OR I F  THERE IS A 

1 5 0 1  HARDWARE ERROR COtlTROL IS TRANSFERRED TO TH E  RESIDENT 

1502 BASIC ENTRY POI NT .  

1501 

1504 I P L  ASSLt1PTIOHS: 

1505 8255 PORT 60H BIT 0 = 1 I F  I P L  FROM DISKETTE 

I 506 1 - - - - - - - - - - - - - - - - - - - ---------- - - - - - - -------- --- - - -------- -- - - - - - -
1507 ASSLt1E c s : COOE , o s : ABSO 
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LOC OBJ L INE 

1 5 0 8  

1509 

1 5 1 0  

£6E4 1 5 1 1 

£6E4 EA007CODOO 1 5 1 2  

E6f2 1 5 1 1  

E6f2 1514 

E6FZ FB 1515 

U F J  28CO 1516 

HFS 8ED6 1 5 1 7  

1 5 1 8  

1 5 1 9  

1 5 2 0  

£ 6 f 7  C7067800C7Ef 1 5 2 1  

UfD SCOE7AOO 1522 

£701 A l 1 004 lSU 

E704 A80 1 1524 

E70ft 74 1 E  1525 

1526 

1527 

1528 

E708 890400 1529 

E706 1530 

l708 51 1511 

E70C 8400 1512 

E70E C D l 3  1511 

E710 7ZOF 1534 

£712 880 1 0 2  1535 

£ 7 1 5  ZBOZ 1536 

f 7 1 7  8EC2 1537 

E719 88007C 1 5 '8 

E 7 1 C  890 1 0 0  1539 

E71F C D l l  1540 

E721 59 1541 

E 7 2 2  73CO 1542 

1!724 EZES 1543 

1544 

1545 

1546 

E726 1547 

£72'> CD 1 8  1 548 

1 549 

1550 

1551 

1552 

1551 

1554 

1 555 

1556 

1557 

1558 

1559 

1560 

1561  

1562: 

1561 

1564 

1565 

1 566 

1567 

1568 

1569 

1570 

1571 

1572 

1573 

1 5 74 

1 575 

1576 

1577 

1 5 78 

1579 

1580 

1581 

1 582 

1581 

1 584 

SOURCE 

1 - - - - - I P L  MAS SUCCESSFUL 

H4 : 

JMP BOOT_LOCN 

ORG OE6FZH 

BOOT_STRAP PROC NEAR 

STI I ENABLE INTERRUPTS 

SUB AX , A.X 

MOV O S . AX 

1 - - - - - RESET D I SKETTE PARAtt£TH TA&lE VECTOR 

110V WORD PTA DISK_ POINTER , OFFSET DISK_BASI!: 

MDV WORD PTA DlSK_POINTER+Z ,CS 

MDV AX, DATA_WOAD C OfFSET EQUIP _F LAG ) I GET nu: EQUIP't1ENT SWITCHES 

TEST A L ,  1 

JZ HJ 

J ISOLATE IPL SENSE SWITCH 

; GO TO CASSETTE BA.SIC ENTRY POINT 

; - - - - - tt.JST LOAD SYSTEM FROtt DISKETTE - - ex HAS RETRY COUNT 

MOV C X , 4  ; S E T  RETIIY COUNT 

; IPL_SYSTEtt 

PUSH ex I SAVE RETRY COlHT 

110V AH , Q  I RESET THE DISKETTE SYSTl!:l'I 

INT I JH ; DISKETTE_IO 

JC H2 ; IF ERROR , TRY AGAIN """ AX , Z O l H  I READ IN THE SitGlE SECTOR SUB ox . ox 

t!OV ES,DX 

l10V BX, OFFSET BOOT_LOCN 

110V cx , 1  I SECTOR l o  TRACK Q 

INT I JH ; DISKETTE_IO 

H Z :  POP ex ; RECOVER RETRY C�T 

JNC H4 ; CF SET BY WSUCCESSFUL READ 

LOOP HI ; DO lT FOR RETRY TIMES 

J ----- �ABLE TO IPL FROf'I THE DISKETTE 

H J :  I CASSETTE_JlWWI :  

I NT  IOH ; USE INTERRUPT VECTOR TO &ET TO BASIC 

BOOT_STRAP ENDP 

1 -----INT 14- - - - -- ------------------------- ------------. - - - - - - - - - - - - - - - - -

1 RSZ32_IO I THIS RDln"INE PROVIDES BYTE STRUtt I/O TO THE COtHMICA.TlON5 

POAT ACCORDING TO lltE F>.tJUJ1ETEA S :  

I AH l = O  INITU1.IZE THE COf'l'IUHICATlONS POA T  

I A L )  H A S  PASUJ1HERS FOR INITIALIZATION 

----- BAUD RATE - -

000 - 1 1 0  

- PARITY-

XO - NONE 

0 1  - 000 
11 - EVEN 

STOPBIT - -NORD LENGTH- -

0 - 1 10 - 7 BITS 

001 - 150 

010 - 300 

0 1 1  - 600 

100 - 1 2 0 0  

1 0 1  - 2400 

l l O  - 4800 

1 1 1  - "600 

1 - Z l l - 8 BITS 

OH R E � N ,  COtCIITIOHS SET AS IN CALL TO COl'l10 STATUS I AH = l J  

! AH l = l  S E ND  TllE CHARACTER IN ! A l l  OVER ll1E C otT10  LINE 

( A.L) REGISTER IS PRESERVED 

OH EXITo 811 7 OF AH IS SET I F  THE ROUTINE WAS UNABLE 

TO TRANSMIT TH E  BYTE OF DATA OVER ntE LINE . 

If BIT 7 OF AH IS NOT SET , THE RUU.IMDER OF AH 

IS SET AS IN A STATUS REQUEST , R E F LECTING THE 

Cl.RREMT STATUS OF THI! LINE . 

I AH J � 2  Rl!:CUVE A CHARACTER IN I AL I FROH C0tt10 UHE BEFORI!: 

RETI.RHING TO CALLER 

OH EXI T ,  AH HAS TH E  CURRENT LINE STAT\ISo AS SET BY THE 

TllE STATUS ROUTINE , EXCEPT THAT TH E  ONLY BITS 

LEFT OH ARE THE ERROR BITS ( 7  , 4 ,  ] ,  t 1 1 1  

I F  AH HAS BIT 7 OH I TIME OUT I nl E  REl1AINING 

BITS ARE HOT PREDICTABLE . mus. AH IS HOH ZERO tliLY NHEH AH ERROR 

A-22 System BIOS 
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LOG OBJ L INE SOURCE 

l S&S OCCIA'Rf D .  

1 586 I AH > = l  RETWH TH E  C Ol'l10  PORT STATU'S IH U J O  
l587 AH CONTAINS THE LINE STAnJS 

1 588 BIT 7 = TI"E OUT 

1589 BIT 6 ::: TRANS SHIFT REGISTER EMPTY 

1590 BIT 5 : TR.AH HOLDING REGISTER f"PTY 

1591  BIT 4 = BREAK DETECT 

1592 BIT J = FRAMING ERROR 

1593 BIT 2 : PARITY ERROR 

1594 BIT I : OYEARLl-I ERROR 

1 595 BIT 0 = DATA READY 

1596 Al CONT AIMS THE ttOOEft STA rus 

1597 BIT 7 = RECEIVED LIN! SIGNAL onttT 

1 598 en 6 • RING INDICATOR 

1599 BIT 5 = DATA SET R E ADY 

1600 BIT 4 = CLEAR TO SEt-11 

1 6 0 1  B I T  J = D E LTA RECEIVE L I N E  S I GH.A l  DETECT 

1 6 0 2  BIT l = TRAILING E D G E  R I N G  DETECTOR 

1 6 0 3  B J T  I = D E LTA DATA SET READY 

1604 BIT 0 : D E LTA CLEAR TO SEND 

1605 

1606 I D X J  : PARAHETER Itl>ICATIHG lolilCH RS2l2 CARD I D t l  ALLOWED ) 

1607 

1608 1 DATA AREA RS2l2_8ASE COITTAINS THE BASE ADDRESS OF TH E  8250 ON TH !  

1609 CARD LOCATION 400H CONTAINS UP TO 4 RSZ32 ADDRESSES POSSIBlE 

1 6 1 0  DATA A R E A  UBEL RS2U_Til"l_Ol1T l BYTE I CONTAINS OUTER LOOP C ot.tl'T  

1 6 1 1  VALUE FOR TIHEOUT I DEFAULT= l )  

1 6 1 2  I OllTPUT 

1 6 l l  AX MOD I F IED ACCORDING T O  PARl1S OF CALL 

1 6 1 4  ALL OTHERS IMCHANGED 

1 6 1 5  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - -

1616 ASSLl1E CS : CODE ,os : DATA 

E729 1 6 1 7  ORG O E 72: 9H  

E 7 Z 9  1 6 1 8  A l  U.B! L WOl!O I TA15LE OF INIT YA.LUE 

E729 1 704 1 6 1 9  o w  1 047 I 1 1 0  BAl.R> 

E 728 0001 162:0 OW 760 I 1 5 0  

E 720 8 0 0 1  1 6 2 1  o w  ''" I lOO 

E72F COOO 1622 ow 1 9Z I 600 

E73l 6000 1623 ow .. I l Z O O  

E73l 3000 1624 ow •• I Z400 

E735 1800 1625 OW ,. I 4800 

E737 OCOO 16Z6 ow I Z  I 9600 

1 6 2 7  

E 7 3 9  1628 RS232_IO PROC FAR 

162:9 

1630 ; ----- VECTOR TO APPROPRIATE ROUTINE 

1 ' 3 1  

E 7 3 9  F B  1 6 3 2  STI I INTERRUPTS BACK OH 

E73.t. I E  1633 P\JSH OS ; SAVE SEGMENT 

£ 738 52 1634 PUSH ox 

E 73C 56 1635 PUSH Sl 

eno 57 1 6 16 PUSH D I  

E 7 3 E  5 1  1637 PUSH ex 

E7JF Sl 1638 PUSH ex 

E 740 8BF2 1639 HOV s t . OX I RS232 VALUE TO SI 

£ 742 8BF.t. 1640 HOV D I ,DX 

E744 D l E6 1641 SHL S I , t  I WOA D  OFFSET 

E746 E8F 5 1 7  1642 CALL oos no ee1• 1643 HOY DX oRS232_8ASE [ SI J I &ET BASE ADDRESS 

£7•1!1 oeoz 1644 OR ox . ox I UST FOR 0 8.t.SE .t.DORESS 
E740 74 1 3  1645 JZ Al I RE�K 
E74F OAE4 1646 OR ... . .. I TEST FOR UH l = O  
E751 7416 1647 JZ • •  I Cotn.JH INIT 
E753 FECC 1648 OEt AH I TEST FOR I AH l = l  
£755 7445 1649 JZ •• I SDll Al 
£757 FECC 1650 DEC .. I TEST FOR (AH 1 = 2  
E759 746.t. 1651  JZ A I Z  i RECEIVE I NT O  A L  
E 75B 1652 AZ : 

E 758 FECC 1653 DEC .. I TEST FOR UH l = 3  
E 750 7503 1654 JNZ Al 

E75F E98l00 1655 JHP . . .  I CO!ft.NICATION SUTlJS I £762 1656 .t.]: I RE�H fROl1 RS232 \ E762 SB 1657 POP BX 

E763 59 1658 POP ex 

E 764 SF 1659 POP 01 
E765 SE 1660 POP SI 

£766 5.t. 1 6 6 1  PO P  D X  
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LOC OBJ L INE SOURCE 

E767 l f  1662 POP 05 

£ 768 CF 1663 IR[T 1 RE�N TO CALLER , HO ACTION 

1664 

1665 1 - - - - - INITIALIZE Tl'I E  COlft.JHICUIOHS PORT 

1666 

£769 1667 A4:  

£ 76 '  8AEO 1668 HOY AH , A L  I SAVE INIT PARt15 JN AH 

£768 8lC 2 0 3  1 6 6 9  AOO DX , 3  I POINT T O  8250 COHTAOL REGISTER 

E76E 8080 1670 HOY A. L , BOH 

£770 EE 1 6 7 1  OUT D X , A l  I S E T  D L.AB = l  ( 1672 

1611 1 - - - - - D ETER11INE BA!Al RATE O IYISOA 

1 6 74 

E771  8l04 1675 HOY D L , A.H I GET PARMS TO D l  

( 7 7 ]  8 1 04 1 6 76 11ClY C L , 4  

£775 DZCZ 1677 ROL D L , C L  

£ 7 7 7  8 1 £ 2 0 £ 0 0  1678 ANO O X , OEH ; ISOLATE THEM 

£778 BF29E7 1679 HOY D I  ,OFFSET Al  I BASE OF TABLE 

E77E OlFA 1680 AOO D I . OX ; PUT INTO INDEX REGISTER 

E 780 8814 1681 HOY DX oRS2 32_BASEI SI J ; POINT TO H IGH ORDER OF DIVISOR 

£782 42 1682 INC ox 

£783 2E8A4501 1683 HOY A L . C S :  I O I  h i  ; GET HIGH ORDER Of DIVISOR 

£787 EE 1684 OUT O X , A l  ; SET 115 OF DIV T O  0 

£76& "" 1685 DEC DX 

E 7n ZEeAOS 1686 HOY A L , CS : I O i l I GET LOW 0110ER OF DIVISOR 

E78C EE 1667 OUT D X , A l  I S E T  lDW Of" DIVISOP 

E780 8XZD3 1668 AOD ox , 1  

E790 8AC4 1669 HOY A L , AH I 6ET P.ARl'tS BACK 

E792 2 4 1 F  1 6 9 0  . .., A l , O l FH ; STR I P  OFF THE BAl..O BITS 

E794 EE 1691  OUT OX,Al ; LINE CONTROL TO 8 BITS 

E 795 4.l 1692: D E C  o x  

E 7 9 6  't A  1691 OEC DX 

E797 BDOO , ... HOY A L , O  

E 799 E E  1695 OUT O X , .l l  I INTERRUPT ENABLES A l l  OFF 

E79A E849 169$ JHP SHORT A l 8  I COl"l_STATIJS 

1697 

1 6 96 ; ----- SEt«> CHARACTER IN I AL I OVER COtl"IO LINE 

1699 

E7'C 1700 A 5 :  

£7� 50 1 70 1  PUSH AX I SAVE CHAR TO SEl'I) 

E 790 8lC2:04 1 702: ADO DX , 4  i MODEM CONTROL REGISTER 

E 7AO BOOl 1 701 HOY A L , l  ; OTA A ND  ATS 

E7A2 E E  1 704 OUT D X , A L  ; DATA TERMINAL READY , REQUEST T O  S DI>  

E 7A 3  42: 1 705 INC DX ; MODEM STATUS REGISTER 

E7A4 42: 1 706 INC DX 

E7A5 8730 1 7 0 7  HOY BH , lOH ; DATA SET READY & C LEAR TO SEt«> 1!7J.7 £84800 1 708 CALL WAIT_FOR_STATUS ; ARE BOTH TRUE 

E 7.0. 7408 1 709 JE •• I TES, READY TO T'R.t;HSl1IT CHAR 

E7.t;C 1 7 1 0  A 7 ;  

E7AC 5 9  1 7 1 1  PO P  ex 

E7AO 8AC l 1 7 1 2:  l10Y A L , C l  I RE LOAD DATA BYTE 

E 7AF 1 7 1 3  A8: 

E 7AF 80CC80 1 7 1 4  OR AH , 60H I Itll ICATE TIME OUT 

E7B2: EBAE 1 7 1 5  JHP A3 ; RETURN 

E784 1716 A9:  ; CLEAR_ TO_SEND 

E7Blt 4A 1 7 1 7  DEC DX I LINE STATUS REGISTER 

E785 1 7 1 6  A l O :  ; WAIT_SEND 

£785 9720 1 7 U  HOY BH , 2: 0H I IS TRANSt1ITTER SJUDY 

E7B7 £83800 1 72 0  C A L L  MAIT_FOR_STATUS 1 TEST FOR TSJANSHITTER READY 

E7BA 7SFO 1 72.1 JNZ ., 1 RETURN WITH TIHf. OUT SET E78C 1 72 2  A l l :  ; OUT_CHAR 

£7BC 83EA05 1 7 Z l  SUB O X , 5  I DATA PORT 

E7BF 59 1 724 POP ex ; RECOVER IH ex n:"PORAR i l  y 
E 7C O  8AC 1 1 7Z5 HOY A L , C l  I MOVE CHAR T O  A l  FOR OUT ,  STATIJS IH AH 
E 7C 2  E E  1 726 OUT D X , A l  I OUTPUT CHARACTER 

E7Cl EMO 1 72 7  JHP A3 I RETURN 

1 726 

1 7 2 9  ; - - - - - R E C E I V E  CHARACTER F R O l1  C0tt10 LINE 

1 730 

E7C5 1 7 1 1  A l t :  

E7CS 83C204 1 732 ADD DX , 4  I HODEH COKTROL R£GISTER 

E7C8 8001 1 711 HOY A l , l  ; DATA TERMINAL R E AD Y  

E 7CA E E  1 73't OUT Q X , A l  

E7CB 't 2  1 735 INC DX J MODEM STATUS REGISTER 

E7CC 42 1 716 INC ox 

E7CD 1 737 A l l :  ; NAIT_DSR 

E7CO &720 17'8 HOY 8H , 20H J DATA Sf:T READY 
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LOC OBJ 

E 7CF E82000 

E 7D 2  75DB 

E 704 

[ 704 4.l "'" 
E 7D 5  8 7 0 1  

E 7D 7  E81800 

E 7DA 7503 

E 7DC 

E 70C 80E4 1 E  

E 7D F  &814 

E7El EC 

E7EZ E970Ff 

E 7ES 

E7ES 68 1 4  

E 7 E 7  83C205 

E7EA EC 

E7EB 6AEO 

E7ED 42 

E7EE EC 

E7EF E970FF 

E7f2 

nrz eASon: 

E7F5 

E7F5 2BC9 

[ ;' f 7  

E 7 F 7  EC 

E7F8 8AEO 

E 7FA ZZC7 

E7FC 3AC7 

E7FE 7408 

E800 E2F5 

E802 FECB 

E804 75EF 

£806 OAFF 

E808 

E808 C l  

£ 8 0 9  

[809 52 

E80A 50 

£808 8CDA 

£800 8 1 FAOOC8 

E 6 l l  7 £ 1 3  

E 8 l l  8AC6 

E815 EBOOFE 

E 8 1 8  8AC2 

U U .  E808FE UUD BED7E6 
£820 E897FE 

E8Zl 

E8Zl 58 

E8Z4 SA 

£825 Cl 

£826 

£826 BA02 0 1  

[829 E8A3FD 

E82C EBFS 

L I N E  S O U R C E  

A I S :  

A l b :  

A l 7 :  

C A L l  WAIT_fOR_STATUS 

JHZ A8 

DEC OX 

l10V BH , I  

CA.LL WAIT _fOR_su.rus 

JNZ A8 

1 TEST FOA DSA I RETl.."1N WITH ERROR I MAIT _OSR_[N) 

I LINE STATUS REGISTER I WAIT_RECV 

; RECE IVE 8Uf fER FULL 

i TEST FOR R E C .  BUF F .  FULL I SET TIME OUT ERROR I GET_CHAR 

1 719 

1 740 

1741 

1 742 

1 741 

1 741'.t 

1 745 

1 74b 

1 747 

1 748 

1 749 

1 75 0  

1 7S I  

1 752 

AND 

HOV 

AH , O O O l l l lOB 

C X , RS2l?_BAS E I S I  J 

I TEST FOR ERR CCHlITIONS OH RECV CHAR I DATA. PORT 

IN 

JMP 

A L , DX 

Al 

1 75 1  1 - - - - - COtl'tO PORT STATIJS ROUTINE 

J 754 

1 755 

1 75b 

1 75 7  

1 758 

1 759 

1 76 0  

1 76 1  

1 76Z 

A l 8 :  

110V 

ADO 

IN 

HOV 

INC 

IM 

JMP 

OX , R52 JZ_BASE [ SI I 
ox , s  

A L , C X  

AH 1 A l  

O X  

A L . OX 

Al 

i GET CHAIU.CTER FROt1 LINE 

I RETURN 

I CONTROL POAT I GET LINE CONTROL ST A TUS 

i PVT IN AH FOR RETUIN I POINT TO HOOEl1 STATUS A EGI!TER 

1 GET HOOE" CONTROL STATUS 

; REl"UR'H 

1 76 l 1 - - - - - - --- - - - --- - - - - --- - - - - - - - - - - - - - - - - - -

1 764 ; WAIT FOR STATUS ROUTINE 

1 765 

1 766 I EITTRY :  

1 76 7  BH=STATUS BIH S I  10  L OOK  FOR , 

1 768 OX=ADDR . OF STATUS REG 

1 769 EXIT:  

1 770 ZERO F LAG OH = STATUS FOUND 

1 77 1  ZERO F LAG O F F  = Tl11EOlJT . 

1 772 AH= LAST STATUS READ 

1 771 · - - - - - - - - - -- - - - - - - - - - ------ - - - - - - -- - - - - - -

1 774 

1 775 

1 776 

1 777 

1 776 

1 779 

1 760 

1 78 1  

1 762 

1 761 

1 764 

1 765 

1 766 

J 767 

1 766 

1 769 

WAIT_FOR_STATUS PROC HEAR 

WFSO : 

WF Sl : 

WFS_Et-ll : 

HOV Bl ,RSZ JZ_ Tl11_0UT [ D I  J 

SUB ex . ex 

IN A L , DX 

HOV AH o A L  

A.HD A L , BH 

CHP A l o BH 

JE WFS_Et«> 

LOOP WFSI 

DEC B L  

JNZ 

OR 

RET 

WFSO 

BH , BH 

1 790 WAIT_FOR_STATUS Et«>P 

1 791 RS2 32_IO Et-IJP 

1 792: 

; LOAD OUTER LOOP COUfr 

I GET STATUS 

; HOVE TO AH 

; ISOLATE BITS TO TEST 

; EXACTL '( : TO 11ASK I RETURN WITH ZERO F U& OH ; nn AGAIN 

I SET ZERO F U.6 OFF 

1 791 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------ ------- --- --- - --- --- - - --- ---- ---- - - - - -

1 794 PRUIT ADDRESS At«> ERROR MESSAGE FOR ROH CHECKSU1 ERRORS 

1 795 

1 796 

1 791 

1 7'16 

1 799 

1 8 0 0  

1 6 0 1  

1 8 0 2  

1 8 0 1  

1 6 0 4  

1805 

1806 

1607 

1808 

1609 

1 6 1 0  

1 8 1 1  

1 8 1 2:  

1 8 1 3  

1 8 1 4  

1 8 1 5  

R011_ERR PROC NEAR 

PUSH OX 

PUSH AX 

t10V O X , D S  

CMP D X ,  Oe800H 

JLE ROt1_ERR_8E E P  

HO V  A. L , DH 

CALL XPC_BYTE 

110V A L , O l  

CALL XPC_9'1'T£ ttOY SI ,QfFS[T FlA 

CALL P _HSG 

POP 

POP 

RET 

ROM_ERR_B E E P :  

A X  

OX 

/10V DX , O lOZH 

CALL ERR_BEEP 

JHP SHORT ROH_ERR_EJ.IJ 

I SAVE POINTER 

I GET ADORns POINTER 

; SPECIAL ERROR It-l> ICATIOH 

I D ISPLAY ADDRESS 

J OISPU.Y fRROR l1'S& 

I BEEP I LONGo 2 SHORT 
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LOC OBJ L INE  SOURCE 

1816 RDH_ERR EtCIP 

1 8 1 7  

1 8 1 8  I - - - - I N T  1 6  - - - - - - - - - - - ----- - - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 8 1 9  I KEYBOARD I/O 

1820 THESE ROUTINES PROVID£ kElBDARD SUPPORT 

1 8 2 1  I INPUT 

1822 I AH l = O  R E AD  THE N E XT  ASCI I  CHARACTER STRUCK F R Ot1  T'HE KEYBOARD 

1823 RETURN TH E  RESULT lH I A U ,  SCAN CODE IN I AH I  

1824 I AH l = l  S E T  T H E  Z F UG T O  HIJICATE I F  A H  ASC I I  CHARACTER I S  

1825 AVAIU8U: TO 8£ RUD . \ 
1826 I ZF l = l  -- HO CODE AVAILABLE '; 
1 8 2 7  r ZF l : O  - - C O D E  15 AVAILABLE 

1828 IF ZF = 0, THE NEXT CHARACTER IH TH E  BUF FfR TO BE RUD 

18Zfl IS IN AX ,  A1«J TH E  ENTRY REMAINS IN TH E  BUF FER 

1830 I AH l = 2  RETURN T H E  CURRENT SHIFT STATUS IN A l  REGISTER 

1831 THE BIT SETTINGS FOR THIS CODE ARE ItlJICATED IN 111£ 

1832 THE EQUATES FOR KB_FLAG 

1831 t OUTPUT 

1834 AS NOTED ABOVE , ONLY AX AM> FLAGS CHANGED 

1835 .UL REGISTERS PRESERVED 

1 836 1 - - - - - - - - - - - - - - - - - - - - - - - ------------ - - - - - - - - - --- - -------- - - ----------- ---

1837 ASSUl1E CS : COOE , O S : OATA 

E82E 1838 ORO OE82EH 

E82E 1819 K£l90ARO_JO PROC ... 
E82E FB 1840 STI ; INTERRUPTS BACK OM 

E82F l E  1841 PUSH DS J SAVE CURRENT OS 

UJO 5 3  1842 P\JSH BX I SAVE BX TEMPORARI LY 

E831 E80A l 7  184'3 CALL DDS 

E8Yt OAE4 1844 OR AH , AH J AH=O 

E8:U.. 740.l 1845 JZ Kl ; ASCII_READ 

E8l8 FECC 1846 DEC AH ; AH= l 

E83A 7 4 1 E  1 847 JZ KZ J ASCII_STAlUS 

EUC fECC 1848 DEC AH ; AH=Z 

E83E 7428 1849 JZ K] ; SHIFT_STA..TUS 

E840 E82C 1850 '"" SHOAT INTt O_EtC> ; EXIT 

1851 

1852 1 - - - - - READ THE KEY TO FIGURE OUT lililT TO DO 

1853 ... , 1854 K l : ; ASC I I  READ 

E842 f8 1855 STI ; INTERRUPTS BACK OH OIA'IHG LOOP 

E843 90 1856 NOP ; ALLOW AH INTERRUPT TO OCCUR 

£844 FA 1857 CLI I INTERRUPTS llACK OFF 

£845 88 1 £ UO O  1 858 110V 8X ,BIJFF ER_HEAD I GET POINTER TO HEAD OF BUF FER 

£849 JB l f lCOO 1859 cnP BX , llUFFER_TAi l  ; TEST E t«>  OF BllffEA 

£840 74f3 1860 JZ Kl ; LOOP LNT I L  90t1ETMING IN 9UF FER 
(84, 8807 1 86 1  nov AX , ( 8X J J GET SCAN CODIE AHJ ASCII CODE 

- E851 UlDOO 1862 CALL •• ; "OVE POINTER TO HEXT POSITION 
UY. 8 9 1 E l .l 0 0  1 8 6 3  no v  BUFFER_HEAO , B X  ; STORE VALUE IN \l'ARUBLE 
£8� EBllt 1864 JnP SHORT INTlO_EM> ; RET\JlH 

1865 

1866 1 - - - - - ASCI I  STATUS 

1867 

E85A 1868 K Z :  

E85A F A  1869 CLI I INTERRUPTS OFF 

E858 881 £ UOO 1870 l10V B X , BUFFER_HEAD ; GET HEAD POINTER 
E85f 18 1 E 1 CO O  1 8 7 1  CnP 8X , 8UFFER_TA..I l  I IF EQUAL 1 Z= 1 1 TH E H  HOTltlHG TltERE 
£863 8807 1872 nov AX . I BX J  

E865 F8 1873 STI J INTERRUPTS BACK OH 
£866 58 1874 POP BX I RECOVER REGISTER 
E867 IF 1875 POP DS ; RECOVER SEG"EHT 

£868 CAOZOO 1876 RET ; THROW ANA Y FLAGS 

1877 

1878 1 - - - - - SHIFT STATUS 

1879 

£868 1880 K l :  

E868 4 0 1 70 0  1 8 8 1  l10 V  A l o l<B_FLAG I GET THE SHIFT STATUS FLAGS .... 1882 INTIO_DE : 
fa6E 5& 188'3 POP ex ; RECOVER REGISTER 
E86r If 1884 POP DS 1 RECOVER REGISTERS 
l870 Cf u ses IRET ; RETURN TO CAll.ER 

1e86 KEYBOARD_lD El«JP 

1887 

1 88e 1 - - - - - IHCREHEITT A BUFFER POINTER 

1889 

£871 1890 •• PROC HEAR 

E871 <tl 169 1  INC BX I HOVE TO NEXT WORD IN LIST 
E872 4 l  1 8 9 2  INC BX 
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LOC OBJ 

H7J J81Ht00 

E877 7504 

E879 eB I E8000 

E87D 

E87D C l  

E87E 

E87E 52 

E87F 3A 

£880 45 

[881 46 

E882 38 

E81B 10 

E8&4 2A 

£885 36 

0008 

£686 

EaB6 80 

£887 40 

£888 20 

£889 10  

ESSA 08 

£688 04 

E88C 02 

£880 01  

£88£ 1 8  

E 8 8 F  F F  

£ 8 9 0  00 

£891 F F  

£ 8 9 2  F F  

£893 F F  

£ 6 9 4  I E  

£895 F F  

£ 8 9 6  F F  

E8'97 F F  

£898 F F  

£699 I F  

£89.l F F  

£898 ? F  

E89C F F  

£690 1 1  

E89E 1 7  

£8<;lf 05 

E8A.O 1 2  

E8Al 1 4  

E 8 A 2  1 9  

£ 8 .4.l  1 5  

E8A4 0 9  

ESAS O F  

E8A6 1 0  

E8.l7 1 8  

E8A8 ID 

EeA9 OA 

£8.U. F F  

E 8 A B  0 1  

E8AC 1 3  

£6AO 04 

E8AE 06 

E6AF 07 

£880 08 

£881 OA 

£882 08 

£883 oc 

£684 F F  

£885 F F  

£ 8 86  FF 

£887 F F  

EMS I C  

L I N E  

1 8 9 3  

1 894 

1 895 

1 896 

1897 

1 898 

1 899 

SOURCE 

KS : 

•• 

C"P 

JHE 

'10V 

RET 

EHDP 

BX , BUFFEl_Ete> 

•• 

BX , BUFFEA_START 

I AT Etl) OF BUFFER? 

I HO ,  COHTINUE 

; YES, RESET TO BUFFER BEGIN.UNG 

1 9 0 0  ; - -- -- TABLE OF SH IFT K E Y S  A t«>  11A S K  VALUES 

1 9 0 1  

1 9 0 2  

1 90 3  

1 904 

l 90 5  

1 906 

1 90 7  

• •  

K6L 

LAB E L  BYTE 

I INSERT KEY DO 

DB CAPS_KEY ,NU'l_KEY ,$CAOll_KEY o Al.T_KEl oCTL_KE'I' 

DB LEFT_KH , IHGHT_KEY 

EOU $-1(6 

1 908 ; -- - - - SHIFT MASK TABLE 

1 9 0 9  

1 9 1 0  

1 9 1 1  

1 9 1 2  

1 9 1 1  

1 9 1 4  

K7 LABEL BYTE 

DB IN�_ SHIH I INSERT t'IOO E SHIFT 

DB CAPS_Sffl f l  ,HUl'l_SHIFT , SCRC LL_SH ifT , A LT_SHIFT , en_ SHIFT 

DB LE FT_SH IFT , RIGHT_SH IFT 

1 9 1 5  1 - - - - - SCAN CODE TABLES 

1 9 1 6  

1 9 1 7  •• DO 

1 9 1 8  D B  - 1 . - 1 . - 1 , 3 1 . - 1 . 1 2 1 . - 1 . 1 1  

DB 2 1 , s ,  1 a ,  zo , 2 s  . z  1 ,  9 ,  1s 

DB J 6 , 2 7 , Z 9 ,  1 0 , - l , I ,  1 9  

1 9 2 1  D B  4 , 6 ,  7 , B , 1 0 ,  l l ,  1 2 , - 1 , - 1  

1 9 2 2  DO - 1 . - 1 , 2a , 26 , 24 , 3 , 1 2 , 2  

System BIOS A-27 



LOC OBJ LINE SOURCE 

E&et 1 A  

[88.t. 1 8  

£888 0 3  

f8BC 1 6  

E860 0 2  

E88E OE 192] OB 1 4 , I J , - l , - 1 , - 1 , - l , - l , - l 

E8BF 00 

E8CO FF 

E8Cl FF 

E8C2 FF 

E8Cl FF 

E8Clt FF 

E8CS FF 

E8C6 20 1 924 OB . - l 

E8C7 F F  

1 925 1 ----- CTL TABLE SCAN 

E8C8 !<il26 K9 LABEL BYTE 

E8C8 SE 1 9 2 7  O B  94 1 95 0  9 6  0 97 I 98, 9 9 ,  1 0 0 ,  1 0 1  

[ 8 C 9  SF 

E6CA 6 0  

E8CB 6 1  

E8CC 6 2.  

E8CD 6 1  

E8CE 6 4  

E8CF 6 5  

[600 66 1928 OB 1 0 2 ,  1 0 1 ,  - 1 . - 1 . 1 1 9 ,  - 1 . 1 3 2 .  - 1 

E8D l  6 7  

E602 F F  

E 6 0 l  F F  

£804 7 7  

[805 F F  

[ 8 0 6  8 4  

£ 8 0 7  F F  

£808 7 ]  1 9 2 9  O B  1 1 s . - 1 . 1 u  • • - 1 , 1 1 1 , - 1 ,  1 1 e , - 1 

£809 F F  

E8DA 74 

E808 F F  

f60C 75 

£800 F F  

E80E 76 

E80F FF 

E8EO FF 1 930 OB - l 

1 9 3 1  1 ----- LC TABLE 

E8El 1 932 K I O  LAB E L  BYTE 

EeE I I B  1 931 OB O l BH , ' 1 2 34567890 -= '  , o&H , 09H 

E8E2 3 1 3 2 31343516!7 

3819302:030 

E8EE 08 

E8EF 0 9  

E B F O  7 1 7 76572 747975 1 934 08 ' qwedyuiop( 1 '  , OOH , - 1 ,  ' •sdfghjkl ; ' , 0 2 7H  

6 96 F 705BSD 

EBFC OD 

UFO FF 

E8FE 6 1 7364666 7686A 

686C3B 

noe 21 

E909 60 1 935 08 6 0 H , - l , SC H ,  ' zxcvtw. , . / '  , - 1 ,  ' • '  , - 1 , ' 

E90A F F  

E 9 0 8  S C  

n o c  7A786376626E6D 

2CZEZF 

E 9 1 6  F F  

£ 9 1 7  2A 

E 9 1 8  F F  

E 9 1 9  2 0  

E 9 1 A  F F  1 936 08 - 1 

1 937 J - - - - - UC TABLE 

E 9 1 B  1 938 K l l  LABEL BYTE 

E 9 1 B  lB 1 939 08 271 ' ! �•• • , 31 , osEH , . ,., I_• ' 1 0 8H . O  

E 9 1 C  2 1402324 

E920 2 S  

E 9 2 1  SE 

E 9 2 2  262.l2829SF2B 

E928 08 

E 9 2 9  O D  

E 9 2 .l  5 1 5745S2545955 , ... OB ' QWERTYUIOP() ' , DOH , - 1 ,  ' .lSOFGHJKL : " '  

494F50 787D 
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LOC OBJ 

E 936 OD 

E937 F F  

E938 4 1 5 3444647484.t. 

4B4C3AZZ 

E'il43 7E 

E 944 FF 

E 945 7CSA5843S6424E 

403C3E3F 

E950 FF 

) E951 00 

E 952 F F  

E 9 5 3  20 

E 954 F F  

E955 

E'ilSS 54 

f956 55 

E 957 56 

E 'il58 57 

E959 58 

E 'ilSA 59 

E 958 SA 

E95C SB 

E 950 SC 

nsE SD 

E 95F 

E95F 68 

E960 6 9  
E 96 1  6 A  

E962 68 

E963 6C 

E 9t.4 60 

£ 965 6E 

£ 966 6F 

£967 70 

£ 968 7 1  

£969 

£969 37383920343536 

2831 3233302£ 

£ 976 

£ 976 4 7  

E 'il 7 7  4 8  

£ 1H8 4 9  

En9 F F  

£ 97.l C. 8  

E 97B F F  

£ 97C 4 0  

£ 970 F F  

E97E 4F 

E97F 50 

£980 51 

£981 52 

£ 982 5 3  

£ 987 

£ 987 

E987 FB 

£ 988 50 

£ 989 5 3  

£ 9 8 .l  5 1  

E98B 5 2  

E98C 56 

£980 57 

£ 98£ I E  

E98F 0 6  

£ 990 F C  

£ 9 9 1  £8.U I S  

£ 994 £460 

£ 996 50 

£997 £'+61 

£999 8.lEO 

£998 OC80 

L I N E  S O U R C E  

1 94 1  D B  07EH , - 1 , '  I ZXCVBNH< > ? ' , - 1 , 0 ,  - 1 , '  ' ,  - 1 

1 ?42 ; - - -- - UC TAB LE SCAN 

1 94 3  

1 944 

1 945 

1 946 

1 947 

1 948 

1 949 

1 950 

1 9 5 1  

1 952 

1 951 

1 954 

1 955 

1 956 

1 95 7  

l 958 

1 959 

1 960 

1961  

1 96 2  

1 9 6 1  

1 964 

1 965 

1 966 

1 96 7  

1 968 

1 9{>9 

1 970 

1 9 7 1  

1 972 

1 973 

1 974 

1 975 

1 976 

1 977 

K I Z  LAB E L  BYTE 

OB � . M , M , 8 7 , 88 , 89 , 90 

DB 11H , 9Z , 93 

; ----- ALT TABLE SCAN 

K l 3  LAB E L  BYTE 

DB 1 0 4 ,  1 0 5 ,  1 06 ,  1 0 1 ,  108 

DB 1 0 9 . I 1 0 . 1 1 1 . 1 1 2 , 1 1 3 

; ----- HUl1 STATE TABLE 

K l 4  LAB E L  BYTE 

DB ' 789-456 + 1 2 3 0 . '  

; - - - - - BASE CASE TABLE 

K I S  LAB E L  fl HE 

DB 7 1 ,  72 , 1 1 . - 1 .  7 5 , - 1 ,  7 7  

DB - 1 .  7 9 , 80 . 8 1 , 8 2 , 83 

; -- --- KEYBOARD INTERRUPT ROIJTINE 

ORG 

KB_INT Pl!OC 

STI 

PUSH 

PUSH 

PUSH 

PUSH 

PUSH 

PUSH 

PUSH 

PUSH 

CLD 

CALL 

IN 

PUSH 

IN 

l10V Dll 

OE987H 

FAR 

AX 

BX 

ex 

DX 

S I  

D I  

D S  

E S  

DDS 

A L , KB_DATA 

AX 

A l o KB_CTL 

AH , A l  

A L , 80H 

; ALLOW FURTliER INTERRUPTS 

I FORWARD D I R ECTION 

I READ IN TH E  CHARACTER 

I SAVE IT 

I GET THE COH'TRO L  PORT 

l SAVE VALUE 

I RESET en FOR KEYBOARD 
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LOC OBJ L I N E  S O U R C E  

l990 l H l  1 978 OUT K8_CT L , A l  

E 9 9 f  M E O  1 979 XCHG AH . A L  J G E T  BACK ORIGINAL COH'flfDl 

E9Al E661 1 980 OUT KB_CTl , A l  J K B  HAS BEEN RESET 

E9Al 58 1 98 1  POP AX I RECOVER SCAN CODE 

E9A4 8AEO 1 982 HOV AH , A l  I SAVE SCAN C OD E  IN A H  ALSO 

1 983 

1 98C'f 1 - - - - - TEST FOR OVEAAl.M SCAN CODE FAot1 KEYBOARD 

1 985 

E9A6 lCFF 1 986 CHP A L , OFFH I IS TliIS AH OYfAA\M CHAR 

E9A8 7503 1 987 JNZ K l 6  I H0 1  TEST FOR S H I F T  KEY 

1 E9.U. E 9 7A02: nee JHP K62 1 BUF FEA_FULL_BE EP 

1 '&9 
I 

1 990 1 ----- TEST FOR SHIFT KEYS 

1 99 1  .... 1 992 K 1 6 :  I TEST_SHI F T  

E 9 A O  Zft7f 1 993 AHO A L , 07FH I TIJRN OFF TH E  BRUK BIT 

E9AF O E  1 9'il4 PIJSH cs 

£980 07 1 995 POP ES ; ESTABLISH ADDRESS Of SHIFT TABLE 

E981 BF7EE8 1 996 HOV D I  , OFFSET K6 I SHIFT KEY TABLE 

E964 890800 1 997 110V C X , K 6 L  I LENGTH 

nB7 F !  1 998 REPNE SCA SB I LOOK THROUGH THE TABLE FDR A ttATCH 

EtM AE 

E999 8A.CCt 1 99'1 HOV A L 1 AH 1 RECOVER SCAN CODE 

£988 7403 2 0 0 0  JE K l 7  I JUHP I f  "ATCH FOUND 

E'90 08500 2 0 0 1  JHP KZS I I F  HO l"IATCH , THUi SHIFT NOT FOlHJ 

2002 

2003 1 - - - - - SHIFT KEY FQLH) 

2 0 0 4  

E9CO 8 l E F 7F E 8  2 0 0 5  K l 7 :  SUB D I , OFFSET K6•1  ; ADJUST PTR TO SCAN CODE HTCH 

E9C4 2E8.U.Se6E8 2006 HOV AH , C S : K 7 ( D I 1 I GET MASK INTO AH 

E9C9 A&aO 2 0 0 7  TEST A L , 80H ; TEST FOR BREAK KEY 

£9C8 7551 2008 JNZ K23 I BREAK_SHIFT_FOlHl 

2 0 0 '1  

2 0 1 0  ; - -- - - SHIFT tu.KE FOUNC , DETEAHINE SET OR TOGGLE 

2 0 1 1  

E 9CD 8 0 F C I O  2 0 1 2  CHP AH , SClilOLL_SHIFT 

noo 1101 2 0 1 3  JAE K I O  IF SCROLL S H I F T  OQ ABOVE , TOGGLE K E Y  

2 0 1 4  

2 0 1 5  ; - - --- PLAIN SHIFT K E Y ,  S E T  SHIFT ON 

2 0 1 6  

E 90 2  0826 1 70 0  2 0 1 7  OR KB_FLAG ,AH ; TURN ON SHIFT en 

E906 £ 98000 2 0 1 8  JHP .,. I INTERRUPT_RETl.lm 

2 0 1 9  

2 0 2 0  1 - - --- TOGGLED S H I F T  KEY , TEST FOR ! S T  tu. K E  OR NOT 

2 0 2 1  .... 2 0 2 2  K l & :  I SHIFT-TOGGLE 

n o •  n o 6 1 10004 2 0 2 3  TUT KB_H.AG, CTL_SHIFT I CHECK CTL SHil'T STATE 

E9DE 7565 2 0 2 4  JNZ KZS ; JUMP I F  CTL STATE 

£9EO lC52 2 0 2 5  C H P  A L ,  INS_KEY I CHECK FOR INSERT KU 

E9E2 7522 2026 JNZ K22 I JUHP I F  NOT INSERT KEY 

E9E4 1606 1 70008 2027 TEST KB_ F LAG ,  ALT_SHIFT ; CHECK FOR ALTERNATE SHIFT 

E9E9 755A 2028 JNZ K'5 I JUMP I F  A l  TERNATE SHIFT 

E9EB F 6 0 ft l 7 0 0 2 0  2 0 2 9  K t 9 :  TEST KB_FU.6, MUtt_STATE I CHECK FOR BASE STATE 

E9FO 7500 2030 JNZ K 2 1  ; JUMP I F  NUl'I LOCK IS OH 

E9F2 F606 1 7 0 0 0 3  2 0 3 1  TEST KB_FLAG, LEFT_SHIFTt RIGHT_SHIFT 

E9f7 7ltOD 2032 JZ K22 ; JUMP I F  BASE STATE 

2 0 3 3  

E 9 f t  2 0 34 K Z O :  I M1.11EAIC Z E R O ,  HO T  INSERT K E Y  

1! 9 f 9  IJ.831;152 2 0 35 l10V AX, 5230H ; PUT OUT AN ASCII ZERO 

E9FC E 90 6 0 l  2 0 36 JHP K57 ; BUFFER_F I L L  

E9FF 2017 K Z I : I MIGHT BE MUl'IERIC 

E9FF Fft06l 7000l 2038 TEST KB_F LAG , LEFT_SHIFT• RIGHT_SHIFT 

U04 74FJ 2 0 3 9  JZ K 2 0  I J UH P  NUMER I C ,  NOT INSERT 

2040 

UOft 2041 K 2 2: : I SH IFT TOGGLE KEY HIT I PROCESS IT 

U.06 842 6 1 80 0  20lt2 TEST AH , KB_FLAG_l I IS KEY ALREADY DEPRESSED 

U.OA 754D 2:0lt3 JNZ .,. I JU11P I F  KEY ALREADY DEPRESSED 

u.oc 0826 1800 2044 OR KB_FLAG_l , AH I INDICATE THAT THE KEY IS DEPRESSED 

U.10 30261700 2:045 XOR KB_ F LAG , AH I TOGGLE ntE SHIFT STATE 

Ul4 lC52 2:046 C"P A L , IHS_KEY I TEST FOR 1 $T tu.KE OF INSERT KEY 

U16 7Sltl 2047 JNE ••• ; JUl'IP I F  NOT INSERT KEY 

U 1 8  1180052: 2048 HOV AX, lNS_KEY•256 I SET SCAN CODE IHTO AH , 0 IHTO A l  

U 1 8  £ 9870 1 <!Olt9 JMP K57 I PUT INTO OUTPUT BUFFER 

2050 

2051 1 - - - - - BREAK SHIFT FOLt«> 

2052: 

U l f  2053 K Z J :  f BREAK-SHIFT•FOLIC 
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LOC OBJ 

EAU 80FC 1 0  

EA21  7 3 1 A  

EAZl F604 

EA25 2 0 2 6 1 7 0 0  

EAU 3CB8 

EA.28 752C 

EA2D A 0 1 90 0  

E A 3 0  8400 

EA32 8826 1 9 0 0  

E U 6  3COO 

U.38 74 1 F  

EA3A E9.l 1 0 1  

EA30 

EA30 F604 

EA3F 2 0 2 6 1 8 0 0  

E A 4 3  EB14 

EA.45 

EA.45 3C80 

E.t.C.7 7 3 1 0  

EA49 F606180008 

EA4E 74 1 7  

EA50 3C45 

E.l.52 7405 

E.l.54 80261800F7 

EA.59 

EA59 FA 

EA.SA 5020 

EA.SC Et.20 

EASE 

EASE 0 7  

E A S F  I F  U 6 0  S f  

EA6 1 S E  

EA62 SA 

EA63 59 

EA64 SB 

EA65 58 

EA66 CF 

EA67 

EA67 F606170008 

EA6C 7503 

EA6E £ 9 9 1 0 0  

E A 7 1  

EA.71 F606 1 70004 

EA.76 7433 

EA.78 3CS3 

E.t.7A 752F 

EA7C C7067Z 0 0 34 1 2  

EA82 EASBE OOOFO 

EA87 

EA87 52 

EA88 4F 

EA89 50 

EA8.l 5 1  

EA68 48 

EA8C 4C 

EA80 40 

EA8E 47 

EA8F 48 

L INE 

2 054 

ZOSS 

2. 056 

2057 

2.058 

2059 

2060 

SOURCE 

CHP 

JAE 

HOT 

AHD 

CHP 

JNE 

AH ,$CROLl_5HIFT I IS nns A TOGGLE KEY 

••• I YES, HAN)l£ BREAK TOGGLE 

AH I INVERT t\ASK 

ti:;8_F U.G , AH I TURN OFF SHlFT BIT 

A l , A lT_KEY+80H I IS THIS AlTEAHATE SHIFT R E LEASE 

... I INTERRUPT_RETURN 

2. 0 6 1  1 - - - - - ALTERNATE SHIFT KEY R E LEASED , G E T  THE YA.LUE INTO BUFFER 

2062. 

2.061 

2.064 

2:065 

2066 

2067 

2068 

2.069 

2.070 

2071  

Z07Z 

2. 0 7 ]  

K 2 4 :  

HOV 

HOV 

HOV 

CHP 

JE 

JHP 

NOT 

At<l 

JMP 

A. L , A LT_INPUT 

AH , O  

ALT_IHPUT , AH  

A l o O  

... 

••• 

AH 

KB_FlAG_l , AH  

SHORT K26 

Z 0 7lt ; - - - - - TEST FOR HOLD STATE 

2 0 75 

K 2 5 :  

CHP A L . 80H 

I SCAN CODIE OF 0 

I Zf.RO OUT THIE F I E LD  

I WAS T H £  IHPUT:Q 

I INTERRUPT_RETUAH 

I IT WASH' T, SO PUT IN BUFFER 

I BREAK-TOGGLE 

I INVERT HA.SK 

I It«IICATIE HO LONGER DEPRESSED 

I INTERRUPT_RETURH 

I NO-SHIFT-FotNJ 

I TEST FOR BREAK K[Y 

2 0 76 

2077 

2 0 715 

2 0 79 

2080 

2081  

2082: 

2081 

2084 

Z08S 

.... 

2087 

2: 088 

2089 

20'il0 

2091 

Z09Z 

2091 

2 0'illt 

2095 

2. 0 96 

2 0 97 

2 0 98 

JAE 

TEST 

••• 

KB_FU.G_l ,HOLD_STATE 

I NOTHING FOR BREAK CHARS fROf'I HERE OH 

I ARE WE IH HOLD STATE 

JZ 

CMP 

JE 

.,. 

A L , tl.Jtt_KE Y  

• • •  

I BRANCH A R OLHJ  T E S T  If HO T  

1 CAN ' T  EfC> H O L D  OH tu'l_LOCK 

At<l KB_FU.G_l , HOT HOLD_STATIE J TURN OFF THE HOLD STATE BIT 

K 2 6 :  1 IHTEARUPT-RET\RN 

CLI I TUAN Off INTERRUPTS 

HOV I U.IJ OF INTERRUPT Cott1Atl> 

OUT 

K Z: 7 :  

A L , IEOI 

020H , A L  I s u m  COt?IAtl> TO I N T  C ONTR O L  PORT 

I IHTERIWPT-RETUAN-HO-EOI 

POP 

POP 

POP 

POP 

POP 

POP 

POP 

POP 

IRET 

2 0 99 

ES 

OS 

DI 

SI 

DX 

ex 

BX 

AX I RESTORE STATE 

I R E TUR N ,  INTERRUPTS BACK ON 

I WITH F L.AG CHAN&E 

2 1 0 0  I · · · · ·  HO T  lH H O LD  STATE , TEST F OR  SPECIAL CHARS 

2 1 0 1  

Z l 0 2  

2 1 0 3  

Z l O lt  

2 1 05 

2 1 06 

K 2 8 :  

TEST kB_fl.AG , A LT_SHI F T  

J NZ  K29 

J/1P Kl8 

; HO-HOLD-STATE 

I ARIE ME IH ALTERNATE SHIFT 

I JUMP I F  ALTERNATE SHI F T  

I Jll1P If NOT ALTERNATE 

2 1 0 7  1 - - - - - TEST FOR RESET K E Y  SEQUENCE ( CT l  A L T  D E U  

2 1 08 

2. 1 0 9  

2. 1 1 0  

2. 1 1 1  

2 1 1 2  

2 1 1 3  

2 1 1 4 

K 2 9 :  

TEST K!_F LAG , CTL_SHIFT 

JZ K 3 1  

Cl'IP A L . D E L_KEY 

JHE Kll 

I TEST-RESET 

I ARE WE IN t�DL SH IFT ALSO 

; HO_RESET 

I SHIFT STATE IS THERE , TEST KEY 

1 NO_A ESET 

2 1 1 5  1 - - - - - CTL-ALT-D E L  HAS BEEN FDUt«I . DO I/O CLEAMJP 

2 1 H t  

2 1 1 7  

2 1 1 8  

2 1 1 9  

2 1 2 0  

2 1 2 1  

2 1 2 2:  

2 J 2 1  

HOV 

JHP 

RESET_F U.G , 1 2 14H 

RESET 

1 - - - - - ALT- INPUT-TABLE 

K30 LAB E L  e n E  

D B  82 , 79 , 80 , 8 1 , 75 , 76 , 77 

DB 7 1 , 72 , 73 

; SET F LAG FOR RESET FUNCTION I JUHP TO POWER ON DIAGNOSTICS 

I 10 HltmERS OH KEYPAD 

System BIOS A- 3 1  



LOC OBJ 

U.90 tt9 
E.t.9·1 l O  

U.92 l l  

U9J 1 2  

U.94 1 3  

EAU 1 4  

U.96 1 5  

U . 9 7  l b  

U . 9 8  1 7  

U.99 1 8  

U.9A 1 9  

U.'8 l t  

U� I F  
U90 2 0  

U 9 f  Z 1  

EA9F 2 2  

E U O  2 1  

E U I  2 4  

UA2 2 5  

UAl 26 

EU.It 2C 

UAS 2D 

fM6 ZE 

UJ.7 2F 

E.U.8 JO 

EU9 31 

EAU li? 

UA8 

E.UB Jen 

E.U.O 7505 

UAF 8020 

E.l&l H2 1 0 1  

..... 
UB4 8Fa7EA 

U.87 HOA.DO 

UBA FZ 

U.88 AE 

UBC 75 1 2  

UBE & l E FMEA 

ucz . t.0 1 90 0  

U C S  840A 

UC7 F6E4 

UC9 IHC7 

UCB AZ 1 90 0  

U C E  E889 

UDO 

UDO C606 1 9 0 0 0 0  

E A D S  8 9 U . O O  

u o e  F Z  

U D 9  AE 

EAOA 7505 

UDC 8000 

UDE E9F400 

un 

UEI lCOZ 

un 12oc 

UES JCOE 

UE7 7J08 

EAU 60C476 

UEC 8000 

EA.EE E9E400 

L I N E  S O U R C E  

2 1 25 DB 1 6 . 1 7 , 1 8 , 1 9 , 2 0 . 2 1 , 2 2 , 2 3  I A-Z TYPEWRITER CHARS 

2 1 26 DB 24 • 25 0 30 t 3 1 o 12 0 ]] I 34'  15 

DB 

2 1 28 DB 4 9 , 5 0  

2 1 2 9  

2 1 30 1 - - - - - IN ALTERNATE SHIFT , RESET NOT FOUt«J 

2 1 3 1  

2 1 32 

2 1 33 

2 1 l4 

2 1 l5 

2 1 16 

2 1 17 

Z 1 38 

Z l llil 

2 140 

2 1 4 1  

2 1 42 

2 1 4 3  

2 1 44 

2 1 45 

2 1 46 

2 1 4 7  

2 1 4 8  

2 1 49 

2 1 5 0  

2 1 5 1  

2 1 5 2  

K l l : 

CMP 

JNE 

MOV 

JMP 

A. L , 5 7  

K32 

A L , ' 

KS7 

; - - - - - LOOK FOR KEY PAO ENTRY 

KJZ : 

11QV DI , OFFSET KlO 

MCV cx , 1 0  

REPNE SCA.SB 

JNE K33 

SUB D I . OFFSET KlO • l  

MOV A L , A. LT_INPIJT 

MCV AH , 1 0  

11UL AH 

AOD A.X , O I  

MCV ALT_INPUT , A l  

JMP K26 

2 1 5 1  1 - - - - - LOOK F O R  SUPERSH I F T  ENTRY 

2 1 54 

2 1 5 5  

2 1 56 

2 1 5 7  

2 1 5& 

2 1 59 

2 1 6 0  

2 1 6 1  

2 1 6 2  

K l l :  

HOV ALT_INPUT , o  

t'tOV C X , 2 6  

REPNE SCASB 

JNE 

110V 

JMP 

K34 

A L , O  

K57 

i NO-RESET 

; TEST FOR SPACE KEY 

; NOT THERE 

; SET SPACE CHAii 

; BUFFEA_F I L L  

; ALT-KEY - PAD 

I ALT- lNPUT-TA5lE 

I LOOK FOR ENTRY USING KEYPAD 

; LOOK FOR HATCH 

; HO_ALT_KEYPAD 

; D I .-HOW HAS ENTRY VALUE 

1 GET THE CURIUNT BYTE 

I MUlT IPLY l!IY 1 0  

; ADD I N  THE LATEST ENTRY 

STORE I T  AWAY 

; THROW AWAY THAT KEYSTROKE 

I NO-ALT-KEYPAD 

I ZERO ANY PREVIOUS ENTRY INTO INPUT 

; D I . E S ALREADY POIMTING 

; LOOK FOR MA TCM IH ALPHABET 

I HOT FOUHD , FUNCTION KEY OR OTHER 

; ASC I I  CODE OF ZERO 

; PUT IT IN THE BUFFER 

2 1 6 1  1 - - - - - LOOK FOR T O P  ROW OF ALTERNATE SHIFT 

2 1 64 

2 1 65 

2 1 66 

2 1 6 7  

2 1 6e 

2 1 6 9  

2 1 70 

2 1 7 1  

2 1 72 

2 1 7 3 

Kl4 :  

CMP 

JO 

CMP 

JAE 

ADD 

MDV 

JMP 

A l , 2  

Kl5 

A l o l 4  

KlS 

AH . 1 1 8  

A L , O  

K57 

; ALT-TOP-ROW 

; KEY WITH ' l '  ON IT 

I NOT ONE Of INTERESTING KEYS 

; IS IT lH THE REGION I AlT·Fl.IHCTIOH 

; CONVERT PSVEDO SCAN CODE TO RANGE 

; INDICATE AS SUCH 

; BUF FEA_ F I L L  

2 1 74 1 -- - - - TRANSLATE ALTERNATE SHIFT PSEUDO SCAN CODES 

2 1 75 
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LDC OBJ 

Uf' I 

EAF l 3C3B 

EAF3 7303 

EAFS 

EAFS E 96 1 F F  

EAF8 

EAF8 3C47 

EAFA 73F'il 

EAFC BB5F E 9  

E A. F F  E ' H B O I  

EBOZ 

EB02 F606 1 70004 

EB07 7456 

EB09 3C46 

EBDB 7 5 1 8  

EBDD 8 B I E 8 0 0 0  

E B l l B t;1 1 E U .O O  

£ 8 1 5  891 E I C O O  

E B 1 9  C606 7 I O Oeo 

E B l E  C O I B  

EB20 2BCO 

EB22 £98000 

£825 

EB25 3C45 

£827 752 1 

£829 800£ 160008 

E B Z E  8020 

£830 £ 6 2 0  

£832 803£490007 

EBJ7 7407 

EB39 BAD803 

EBJC A06500 

EB3F EE 

£640 

£840 F60ftl80008 

£845 75f9 

E847 E 9 1 4 F F  

E84A 

EB4A 3C37 

EMC 7506 

EB4E 880072 

£651 £ 98 1 0 0  

£854 

£854 BBBEEB 

£857 3C38 

£859 7276 

£858 

EBSB BBC8E8 

EBSE E 9BCOO 

£BU 

£861 3C47 

£863 732C 

£865 F 6 0 6 1 7 0 0 0 3  

E B 6 A  745A 

L I N E  

ti  76 n n  
2 1 78 

2 1 79 

; n eo 

2 1 8 1  

2 1 82 

2 1 8 3  

2 1 84 

2 1 85 

2 1 66 

SOURCE 

1(35 : 

IC% :  
K 3 7 :  

C"P 

JAE 

J"P 

CHP 

JAE 

HOV 

JMP 

A l , 5 9  

K l 7  

.,. 

A l . 7 1  

.,. 

BX , Qf F S E T  K U  

• • •  

2 1 87 1 - - - - - HOT IN At.URNATE SH I F T  

2 1 88 

2 1 89 

Z l 'ilO 

Z l ' H  

Z l 'n 

1 o e :  

TEST KB_F LA.G , C T L_SH I F T  

J Z  1<44 

; A LT- FUNCTION I TEST FQq IN TABLE I ALT -CONTINUE 

; C LOSE -R E TURN 

; IGNORE THE KEY 

; ALT-CONTINUE 

I IN K E Y PAD REGION 

; I F  SO,  IGNORE 

I ALT SH I F T  PSEUDO SCAN TABLE I TRANSLATE THAT 

I HOT-ALT-SH I F T  

I ARE ME JN CONTROL SH I F T  

; HOT-CTL- SH IFT 

Z l ' H 1 - - - - - CONTROL SH I F T ,  TEST SPECIAL CHARACTERS 

2 1 '�4 ; - - - - - TEST FOR BllEAK Atl> PAUSE KEYS 

2 1 95 

1( 3 9 :  

CHP 

JNE 

MV 

HOV "°v 
MOV 

IITT 

SUB 

J"P 

.AL , SCllOLL_KEY 

. .. 
BX . BUFF Ell_START 

BUF F E R_H EAD . ex 

BUF F E R_ TAI L .ex 

BIOS_BR EAK , eOH ... A,)( , A,)( 
K57 

AL , t«A1_KEY 

K41 

KB_FUG_l ,HOLD_STA.TE 

; TEST FOR BRE..tJC 

I NO-BRUK 

I T\JRN ON BIOS_BREAK BIT 

; BREAK INTERRUPT VECTOR 

; PUT OUT 0Ut'l1Y CHARACTER 

; BUF F ER_F l l l  

; NO-BREAK 

; LOOK FOR PAUSE KEY 

; NO- PA.USE 

; T�H ON THE HOLD F LAG 

2 1 96 

2 1 9 7 

2 1 98 

2 1 99 

2 2 0 0  

2 2 0 1  

2 2 0 2  

2 2 0 3  

2 2 0 4  

2 2 0 5  

2206 

2207 

2208 

2209 

2 2 1 0  

2 2 1 1  

C"P 

JNE 

OR 

HOV 

OUT 

A l o  E D I  

020H , A l  

i E tll Of INTERRUPT T O  CONTROL POR T  

; ALLOW FUATliEll KEYSTROKE IHTS 

2 Z 1 2  1 - - - - - O�IHG PAUSE INTERVA L ,  TUR N  C R T  BA.CK OH 

2 2 1 l  

CHP 

JE 

CRT_t100 E ,  7 

••• 

D X , Ol08H 

; IS THIS BUCK A.ND i.IUTE CARD 

; Y E S ,  NOTHING TO 00 

I PORT FOR COLOR CARD 

2 2 1 4  

2 2 1 5  

2 2 1 6  

2 2 1 7  

2 2 1 e  

2 2 1 9  

2 2 2 0  

2 2 2 1  

2 2 2 2  

2 2 2 3  

2 Z Z 4  

HOV "°v 
OUT 

A. L , CllT_HOOE_SET ; GET THE VALUE OF TH E CURRENT HOOE 

K4Q : 

K41 : 

D X , A L  

TEST KB_F LA.G_l , HOLD_STA.TE 

JNZ 

J"P 

••• 

KZ7 

Z Z Z S  ; - - - - - T E S T  SPEC I A L  C A S E  K E Y  5 5  

2 2 2 6  

2 2 2 7  

2 2 2 e  

2 2 2 9  

Z 2 l 0  

2 2 .l l  

CMP 

JNE 

HOV 

JHP 

A L , 55 

••• 

A.X , 1 14•256 

K57 

2232 1 - - - - - SET UP TO TRANSLATE CONTROL SHIFT 

2233 

2 2 34 

2235 

2 2 3& 

Z 2 l 7  

2 2 38 

2 2 3 9  

2240 

2241 

2242 

1(42 : 

K 4 3 :  

l10V 
CMP 

JB 

HCV 

JMP 

BX , OFFSET Ke 

••• 

BX.OFFSET K9 .. , 
2243 ; - - - - - HOT IN CONTROL SHI F T  

2244 

K44 : 

C"P 

JAE 

A l . 7 1  

••• 

; SET THE CRT l"IODE 1 SO THAT CRT IS Dtf 
; PAUSE - LOOP 

I LOOP lMT I L  F LAG Tl.JRNED OFF 

I IHTERAUPT_RETI.JRH_NO_EOI 

i HO- PA.USE 

I NOT-KEY-55 

; START/STOP PRINTING SMITCH 

; BUFfER_F I L L  

I NOT-K E Y-SS 

; SET UP TO TRANSLATE CTL J IS I T  IN TABLE 

; CTL-TAB LE -TRAHSLATE 

I Y E S ,  GO TRANSLATE CHAR 

I CTL-TABLE -TRA.NSLATE 

I CTL TABLE SCAN 

; TRANSLATE_SCAN 

I NOT-CTL-SHIFT 

J TEST FOR KEYPAD REGION 

; HANDLE K ETPAD RE"GION 

2245 

2246 

2247 

2 24e 

2249 

2 2 5 0  

T E S T  

J Z  

KB_FUG, LEFT _SH I F T  +RIGHT _SH IFT 

••• 

2 2 5 1  1 - - - - - UPPER CASE , HAICI LE S P E C I A L  CASES 

2252 

; TEST FOR SH I F T  STATE 
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LOC OBJ L INE  SOURCE 

EMC JCOF 2253 C"P A L . I S  I 8ACk TAB KEY 

'E86E 7505 2254 JME ••S l HOT·BACK-U.8 

t:870 B&OOOF 2255 l10V AX . 15•256 ; SET PSEUCO SCAN CODE 

E87J £860 2256 J"P SHORT K57 ; BUF FEA_ F l l l  

EB75 2257 Klt5 : ; NOT-BACK-TAB 

(875 lCl7 2258 C"P . u . ss ; PRINT SCR EEN KEY 

EB77 750t 2259 JME ••• ; NOT-PRINT-SCREEN 

2Zt.0 

2261 1 - - - - - ISSUE INTERRUPT TO INDICATE PRINT SCREEN FUNCTION 

2262 

(879 8 0 2 0  2263 MOY A L , EOI I END OF CURRENT INTERRUPT 

EIEl78 H Z O  2 2 6 4  OUT OZOH , A l  ' SO FURTHER THINGS CAN HAPPEN 

f.870 coos 2265 INT SH ISSUE PRINT SCREEN INTERRUPT 

IE87F f 90CFE ZZ66 J"P K27 ; GO BACK WITHOUT (01 OCCURRING 

£882 2 2 6 7  Klt6 : I NOT-PRINT-SCR EEN 

(882 3C38 2268 C"P u , 59 ; FltlCTION KEYS 

£884 7206 2269 JB . ., ; NOT-UPPER -FUNCTION 

EB86 8855E9 2 2 7 0  "ov BX , QFFSIET K l Z  ; UPPER CASE PSE\JOO SCAN CODES 

EB89 U 9 1 0 0  2 2 7 1  JMP .. , I TRANSLATE_SCAN 

£B8C 2272 K47: ; HOT-UPPER - FUNCTIOH 

EB&C 881BE9 2271 110V BX , OFFSET K i i  ; POINT T O  UPPER CASE TABLE 

EBef EB40 2 2 74 JMP SHORT K56 ; OK , TRANSLATf: THE CHAR 

2 2 75 

2 2 76 > · · · · ·  KEYPAD KEYS, HJST TEST tUt LOCK FOR DETUPUNATIOH 

2277 

EB91 2 2 78 K48 : I KE YPAD -REGION 

EB9l f606 1 70 0 2 0  2279 TEST KB_F U.G, .....,_STATE ; ARE WE IN NUl"'l_LOCK 

EB96 7520 2280 JMZ ... i TEST FOR SURE 

EBM f606 1 70 0 D l  2281  TEST KB_F LAG , LEFT _SH I FHR IGHT _SH I FT ; ARE WE IN SHIFT STATE 

EB90 752 0  2282 JMZ KS3 i IF SHIFTED , REALLY Nl.111 STATE 

2283 

2284 1 ----- BASE CASE FOR KEYPAD 

2285 

EB9f 2286 K49 : ; BASE -CASE 

E89f lC4.4. 2287 CMP A L , 74 ; SPECIA� CASE FOR A COUPLE OF KEYS 

EBAl 7408 2288 JE KSO ; MlNUS 

EBA] lC'tE 2289 CMP A L. , 78 

EBAS 740C 2290 J E  KSI 

EBA7 2C47 2 2 9 1  SUB A L. , 7 1  I CONVERT ORIGIN 

EBA.9 8876U 2 2 n  MDV BX , OFFSET K 1 5  ; BASE CASE TABLE 

EBAC EB71 22\13 JMP SHORT K64 ; CONVERT TO PSE�O SCAN 

HAE 2 2 94 K50 : 

EBAE 88ZD1U 2 2 �5 MDV AX, 74•256 + ' - ' I Mlt-AJS 

E.881 £822 2 2 %  JMP SHORT K57 J BUF FER_ F I L L  

£883 2 2 9 7  K51 : 

E88l Be284E 2 2 98 110V � . 7!1•256 + ' + '  ; PLUS 

(886 EBlD 2299 JnP SHORT KS7 ; 8UF FER_ F I L L  

2 3 0 0  

2 3 0 1  1 - - - - - MIGHT BE HUf'I LOCK , T E S T  SHIFT STATIJS 

2302 

£BM 2303 K52 : i AU10ST-NUH-STATE 

EBBa Ft.0& 1 70 0 0 3  2304 TEST KB_F LAG , lE FT _SHI FT +R IGHT _SH IFT 

E880 75EO 2305 JMZ ••• ; SHIFTED TEMP OUT OF HUH STATE 

EBBf 2306 KSJ : ; REAL.lY_NUH_STATE 

EBBf tt46 2307 SUB A L , 70 I CONVERT ORIGIN 

EBCl 8869E9 230!1 MOY BX, OFFSET K 1 4  i Nl.Jl1 STATE TABLE 

E8C4 EBOB 2309 J"P SHORT K56 I TRANSLATE_CHAR 

2 1 1 0  

2 3 1 1  ; - - --- PLAIN O L D  LQl.IER CASE 

2 3 1 2  

£8C6 2 3 U  KS" : I HOT-SHIFT 

EBC• 3C39 2 3 1 4  C"P A L , 59 ; TEST FOR FlNCTIOH KEYS 

EBC8 7204 2 3 1 5  J B  KSS ; NOT- LOWER- fUNCTIOH 

EBCA 8000 2 3 1 6  110V A L , O  ; SCAN CODE IN A H  ALREADY 

fl!CC £807 2 3 1 7  JMP SHORT K57 ; BUFFER_F I L L  

£BC£ 2 3 1 8  K55 : I NOT-LOWER -fl.1-ICTIOH 

EBCE 1!8E l E8 2 3 1 9  l10V BX , OFFSET tc. I O  I L C  TABLE 

2320 

2321  1 - - - - - TRANSLATE THE CHARACTER 

2 1 2 2  

£80 1 2 1 2 3  KS6 : 1 TRANSLATE-CHAR 

E80 1 FEtB 2l2lt DEC A L  I CONVERT ORIGIN 

E803 ZED7 2125 XL.AT CS : K l l  I CONVERT THE SCAii C OD E  T O  ASCII 

2326 

2327 1 - - - - - PUT CHARACTER INTO BUFFER 

23Z8 

(805 23Z9 tc.57:  I BUFFER- F I L L  
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LDC OBJ 

EBOS 3CFF 

EBD7 74 1 F  

EB09 80FCFF 

EBDC 74 1 A  

EBOE 

EBOE F606 1 70040 

EBEl 7420 

EBE5 F606 1 7 0 0 0 3  

E B E A  740F 

EBEC JC4 1 

EBEE 7 2 1 5  

E B F O  3CSA 

EBF2 771 1 

Eef4 0420 

£8F6 EBOO 

EBF8 

EBF8 E95EFE 

EBFB 

EBFB JC6 1 

EBFO 7206 

EBFF JC7.l 

E C O i  7702 

ECOl 2C20 

ECOS 

ECOS 88 1 E lCOO 

EC09 8BF 3 

ECOB E863FC 

ECOE JB l E l A. 0 0  

E C 1 2  74 1 3  

E C l 4  8904 

EClb 8 9 1 E l C O O  

E C l A  E 93CFE 

E C I D  

E C I D  2Cl8 

E C: l f  

E C I F  2£07 

ECU 8.lEO 

EC2l 8000 

ECZS EBA.£ 

ECZ7 

EC27 8020 

EC29 £620 

EC28 &88000 

ECZE £46 1 

ECJO 50 

ECll  

ECll 24FC 

EC33 £661 

ECJS 894800 

EC38 

EC38 E Z F E  

E C J A  OCOZ 

ECJC £661 

EClE M4800 

EC41 

EC41 EZFE 

ECiftl 48 

L INE  

2]30 

Z J J l  

Z]}l 

Ull 

2ll4 

SOURCE 

tl<P 

JE 

CMP 

JE 

A L o - 1  

... 

AH , - 1  

••• 

2 ll5 1 - - - - - HAKI LE TH E  CAPS LOCK PROBLEH 

2 3J6 

21]7 

2 '18 

ZJ]9 

" U40 

K58:  

TEST l<.B_F U..G , C A.PS_SU.TE 

JZ l<. 6 1  

U 4 l  1 - - - - - IN CAPS L OC K  STATE 

2l42 

I IS THIS AH IGl-"ORE CHAR 

I YES, DO NOTHING WITH IT 

I LOOK FOR - l PSEUDO SCAH 

I HEAR_INTERRUPT_RETUlH 

I BUFfEA-F I L L-HOTEST 

I ARE WE lH UPS UXK STATE 

I SKIP I f  NOT 

TEST K8_fUG , LEFT_SHIFT+RIGHT_SHifT I TEST FOR SHIFT STATE Z J4' 

2344 

Z l45 

JZ K60 I I F  NOT SHIFT , CC»NERT LOWER TO UPPER' 

2J46 1 - - - - - COHl/EAT ANY UPPER CASE TO LOWER CASE 

ZJ47 

ZJ48 

2149 

2 150 

2151  

U52 

Z)SJ 

2154 

2 155 

2 156 

K59:  

CMP 

JB 

CMP 

JA 

ADD 

JMP 

JMP 

Al, ' A '  

• • •  

A l ,  ' Z '  

• • •  

A L , ' a " - ' A '  

SHORT K 6 1  

. , .  

; Flt«> OUT l f  A LPHABETIC 

; NOT_CAPS_STATE 

I CONVERT TO LOWER CASE 

I NOT_CAP$_$TATE 

I NEAA-INTERRUPT-RET\.RN 

I INTERRUPT_RET\.RN 

2357 1 - - - - - CONVERT ANY LOWER CASE TO UPPER CASE 

2 358 

2159 

, ,. ,  

2 3 6 1  

,,., 

,,., 

2 J6it 

, ... 

2J66 

2167 

, .. . 

, .. . 

2170 

2 3 7 1  

2 1 7 2  

2 J 7 J  

2 174 

K60 : 

KU : 

CMP 

JB 

CMP 

JA SUB 

A l ,  • a •  
... 

A l , ' z '  

K 6 1  

A L ,  ' • ' - ' A '  

HOV B X , BUfFER_TA i l  

110 V  S I , BX 

CALL K4 

Ct1P B X , BUffER_HEAD 

JE K62 

110V I SI J ,AX 

HOV BUFFER_TA I L , BX 

JHP K26 

I LOWER-TO-UPPER 

J FIND OUT IF ALPHABETIC 

; NOT_CAPS_STA.TE 

i NOT_CAPS_STATE 

I COKVERT 10 UPPER CASE 

I NOT-CAPS-STATE 

I GET TH E  Et«> POINTER TO THE BUFFER 

; SAVE TH E  VALVE 

J ADVANCE TH E  TAIL 

; HAS THE BUFFER �APPED AROl.Ht 

I BUFFER_FULL_BEEP 

; STOSlE Tl4 E  VALUE 

I HOVE THE POINTER UP 

J IHTERRUPT_RET\.RN 

2 175 ; - - --- TRANSLATE SCAN FOR PSEIA>O SCAN CCIJES 

2 176 

2177 

2 J78 

2179 

Zl80 

Zl81 

Zl8Z 

2 J8J 

2184 

K6 J :  

K6it : 

..... A l , 5 9  

XLAT c s : K 9  

HO V  AH , A l  

t10 V  

JMP 

A L , O  

K57 

2.385 KB_INT U«JP 

2186 

2 187 1 - - - - ·  BUF FER IS FULL,  SOUi) TH E  DEEPER 

, ,.. 

2)89 

2390 

2n1 

2192 

2191 

'394 

2 195 

, ,  .. 

2197 

2198 

2)99 

2400 

2401  

2402 

2401 

2404 

2405 

, ... 

K62 : 

1(65 : 

K66 :  

K67:  

l10V A L , EOI 

OUT 2 0 H , A L  

t10V BX, 080H 

IN A L , KB_CTL 

l'.JSH AX 

...., 

OUT 

t10V 

A L , OFCH 

KB_CT L , A L  

C X , 4&H 

LOOP K66 

OR A L , 2  

OVT KB_CTL , A l  MOY C X , 43ff 

LOOP K67 

D E C  B X  

I TRAHSLATE -St:AN 

; CONVERT ORIGIN TO Fl.HCTIOH KEYS 

i TRANSLATE-SCAN-ORGO 

; CTL TABLE SCAN 

I PlJT VALUE INTO AH 

I ZERO ASC I I  CODE 

I PVT IT INTO llt E  BUF FER 

I BUF FER - FULL-M E P  

; EtCJ Of INTERRUPT Cot'l'IAN) 

; SEP«> Cot9toU«> TO IHT t:ONTROL PORT 

; NUHBER OF CYCLES FOR 1 / 1 2  SEt:CNJ TOHE 

i GET CONTROL INF OR HA TION 

I SAVE 

; BEEP-CYCLE 

; TUAN OFF TIMER GATE AN> SPEAKER DATA 

I OUTPUT TO CONTROL 

I HALF CYCLE TI"E FOR TONE 

; SPEAKfR O F F  

I T UR N  ON SPEAKER BIT 

; OUTPUT TO CONTROL 

I SET UP CIJU'fl 

I ANOTHER HALF CYCLE 

J TOTAL Tl"E COlMT 
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LOC OBJ 

£C44 7SEB 

EC46 58 

ECct7 E661 

EClt9 UIZFE 

EC4C 

EC4C 890020 

EC4f 

£C4f 32CO 

fCSl 

ECSl 0207 

EC53 0 
EC54 UFB 

EC.56 OACO 

EC.58 C l  

EC59 

EC59 

EC59 fB 

A-36 

L INE  

2:407 

2408 

2409 

2: 4 1 0  

SOURCE 

JNZ 

POP 

OUT 

JMP 

K65 

AX 

KB_CT L , A l  

K 2 7  

l DO ANOTitER CTCU 
I RECOVER CONTROL 

I OUTPUT THE CONTROL 

24 1 1  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2412 ROS CHECKSUM SUBROUTINE 

2 4 1 3  

2 4 1 4  

2 4 1 5  

2416 

2417 

2 4 1 8  

2 4 1 9  

2420 

242 1 

2422 

2423 

2424 

2425 

ROS_CHECKSUl'I PROC NEAR 

MDV C X , 8 1 92 

ROS_CHECKSUH_CNT: 

C26 : 

XOR A L . A L  

ADD . u . os : ( BX I 

INC BX 

LOOP C26 

OR A L , A L  

R E T  

ROS_CHECKSUH ENDP 

I NEXT_ROS_MDDULE 

I NUl1BER OF BYTES TD ADD 

I ENTRY FOR OPTIONAL ROS TEST 

I POINT TO NEXT BTU 

I ADD All BYTES I N  ROS HOOUlE 

I SUH = O? 

242b ; - - INT 13 - - - - - - - - - - - - - - - - - - - - ----------- - - -- - - - - - - - - - - - - - - - - - - - - - -- - - --

2427 I DISKETTE l/O 

2428 nus INTERFACE PROVIDES ACCESS TO THE 5 1/4" DISKETTE DRIVES 

2421f I INPUT 

2:430 C AH ):0 RESET DISKETTE STSTEH 

2:431 

2:432: 

2433 

HARD RESET TO NEC t PREPARE COMtlAt.ll t RECAL REQUIRED 

ON A l l  DRIVES 

C AH l = l  READ THE STATUS OF TH E  SYSTEM INTO C A L I  

2:434 D ISKETTE_STATUS FROH LAST OPERATION IS USED 

2435 

2436 I REGISTERS FOR REAOIWRITE/VERlf'l'/FORHAT 

2437 I D L I  - DRIVE NUMBER 1 0 -3 A L LOWED , VALUE CHECKED I 
2:438 ( QH I - HEAD t-A.lt1BER 1 0 - 1 A L LOWE D ,  NOT VALUE CHECKED ! 

2439 I CH I - TRACK to1BER I 0 - 3 9 ,  NOT VALUE CHECKED I 

2.440 C C L I  - SECTOR NtttBER u -e .  NOT VALUE CHECKED , 

2:441 NOT USED FOR FORl1AT I 

2442 I Al) - M...R'IBER OF SECTORS C t1AX = 8, NOT VALUE CHECKED , HOT USED 

244 3 FOR F�MAT I 

2444 l ES : BX I  - ADDRESS O F  BUFFER I NO T  REQUIRED FOR VERIFY J 

2445 

2446 UH 1=2 READ TH E  DESIRED SECTORS IITTO MEMORY 

2447 I AH l = l  WRITE TH E  DESIRED SECTORS FROl1 t1E/1QRY 

2448 I A.H l =4 VERIFY TH E  DESIRED SECTORS 

2449 UH 1=5 FORMAT TH E  DESIRED TRACK 

2:450 FOR THE FORMAT OPERATION, THE BUF FER POIITTER I ES , 8)( 1  

2451 HUST POINT TO TH E  COLLECTION OF DESIRED ADDRESS FIELDS 

2452. FOR TH E  TRACK . EACH f I'E LD IS COl1POSED Of 4 Bl'TES, 

2453 I C , H , R , N I ,  lol1ERE C = TRACK >«JHBER , H=HUD NJHBER , 

2454 R " SECTOR t«..1'1BE R ,  N= NUMBER OF BYTES PER SECTOR 

2455 l 00 = 1 2 8 ,  0 1 = 256 , 0 2 =5 1 2 ,  01= 1 0 2 4 1 .  THERE f'IJST BE ONE 

2456 ENTRY FOR EVERY SECTOR OH THE TRACK . THIS IHfOR11ATIOH 

2457 IS USED TO fit«J TH E  REQUESTED SECTOR DI.RING READ/MUTE 

2458 ACCESS . 

2459 

2460 i DATA VARIABLE - - DISK_POIHTER 

2461 I DOUBLE MORD POINTER TO ntE CUl:REITT SET Of D ISKETTE PARAJ"IETERS 

2462 I OlJTPUT 

2.461 AH = STATUS OF OPERA.TIOH 

2:464 STATUS ens ARE D [ f' INED IN TH E  EQUAT£S FOR 

2:465 DISKETTE_STA.TUS VARIABLE IN THE DATA SEGMENT OF THIS 

2466 MODULE . 

2467 

2468 

2469 

2470 

2471 

2472: 

2473 

2474 

2475 

2476 

2477 

2478 

2479 

2480 

2481 

2482 

2481 

CY = 0 SUCCESSFUL OPERATION t AH = O  OH REnJRN I 

CY = l FAILED OPERATION UH HAS ERROR REASON I 

FOR READ/WRITE/VERIFY 

D S , B X , OX , C H , C L  PRESERVED 

Al = NUMBER OF SECTORS ACTUALLY READ 

***** At rtAY NOT BE CORRECT I F  TIME Ol1T ERROR OCCl.RS 

NOTE : I F  AH ERROR IS R E PORTED BY TltE DISKETTE CODE , THE 

APPROPRIATE ACTION IS TO RESET THE D ISKETTE , THEN RElliY : 

THE OPERATION . OH READ ACCESSES, NO ttOTOR START DELAY 

IS TAKEN , SO THAT THR E E  RETRIES ARE REQUIRED ON READS 

TO ENSURE THAT lliE PROBLEM IS HOT DUE TO rtOTOR 

STA.RT-UP. 
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ASSUME C S : COO E .OS: DATA , E S : DAT.l 

ORG OEC59H 

DISKETTE_ IO 

STI 

PROC FAR 

J INTERRUPTS BACK OH 
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LDC OBJ 

ECSA S1 

ECSB 5 1  

ECSC l E  

ECSD 56 

ECSE 57 

ECSF 55 

EC60 52 

EC61 8BEC 

EC63 E808 1 Z  

EC66 E S I C O O  

EC69 BB0400 

EC6C EBFD O I  

E C 6 F  8BZ64000 

EC73 8AZ64 1 0 0  

E C 7 7  80FC01 

EC7A FS 

EC7B SA 

EC7C SD 

EC70 SF 

EC7E SE 

EC7F I F  

EC80 59 

EC81 SB 

ECSZ CAOZOO 

EC85 

EC85 8AFO 

EC87 80Z63F007F 

ECBC OAE4 

ECSE 7427 

EC90 FECC 

EC92 7473 

EC94 C6064 1 0 0 0 0  

E C 9 9  80FA04 

EC9C 7 3 1 3  

E C 9 E  FECC 

ECAO 7469 

ECAZ FECC 

ECA4 7503 

ECA6 E 99500 

ECA9 

EC.A.9 FECC 

ECAB 7467 

ECAD FECC 

ECAF 7467 

ECBl 

ECBI C6064 1 0 0 0 1  

ECB6 C 3  

ECB7 

ECB7 BAF203 

ECBA FA 

ECBB A.DlFOO 

ECBE 8 1 04 

ECCO 02EO 

ECCZ A820 

ECCo\ 750C 

ECC6 A840 

ECCB 7506 

ECCA A860 

ECCC 7406 

ECCE FECO 

ECOO 

ECDO FECO 

ECDZ 

ECD2 FECO 

ECD4 

eco4 ocoa 

EC06 EE 

ECD7 C606JE O O O O  

E C O C  C6064 1 0 0 0 0  

E C E l  OC04 

E C E l  E E  

L I N E  SOURCE 

PUSH BX 

PUSH ex 

PUSH OS 

PUSH SI 

PUSH D I  

PUSH BP 

PUSH DX 

MOV B P , SP 

CALL DOS 

CALL Jl 

MOV ex . 4  

CALL GET_Pi.RH 

l'IOV t10TOR_COVHT , AH 

MOV AH o DISKETIE_STATUS 

CMP AH , 1  

CMC 

POP DX 

POP BP 

POP DI 

POP SI 

POP DS 

POP ex 

POP BX 

RET 2 

DISKETTE_ IO '""" 

JI 

J 2 :  

J 3 :  

PR OC  NEAR 

MOV DH o A L  

AND MOTOR_STATIJS , 07FH 

OR AH o AH 

JZ DISK_AESET 

DEC 

JZ 

MOY 

CMP 

JAE 

DEC 

JZ 

DEC 

JHZ 

JMP 

DEC 

JZ 

DEC 

JZ 

AH 

DISK_su.rus 

DISKETTE_STA.nJS , 0 

J ]  

AH 

DISK_ READ 

AH 

JZ 

DISK_�ITE 

AH 

DISK_VEAF 

AH 

DISK_FORMAT 

l SAVE ADDRESS 

I SAVE SEGHENT REGISTER VALUE 

I SAVE All REGISTERS DURING DPERATIOH 

I SET UP POINTER TO HEAD PARM 

I CALL TitE REST TO ENSURE OS RESTORED 

I GET THE HOTDR WAIT PARAMETER 

I SET lll'E TU1ER COUNT FDR THE l'tOTOR 

I GET STATUS OF OPERATION 

I SET TH E  CARRY FLAG TO ItllICAU: I SUCCESS OR FAILURE 

; RESTORE All REGISTERS 

I RECOVER AOORESS I THROW AMAT SAVED F LAGS 

I SAVE I SECTORS IH DH I INDICATE A READ OPERATIOH 

; AH=O 

I AH = l  

I RESET ntE STA.TIJS It-l:JICATDR 

I TEST FOlt DRIVE IN 0·3 RANGE 

; ERROR l F  ABOVE 

; AH=Z 

; AH=3 

I TEST_DISK_VERF 

; TEST_DISK_YERF 

I AH=4 

I AH=5 

I BAD_ COf't'WI) 

2484 

2485 

2486 

2487 

2488 

Zct89 

24-JO 

2491 

2492 

2493 

.... 

2495 

2496 

2497 

2498 

2499 

2500 

2 5 0 1  

250Z 

2501 

2504 

2505 

2506 

2507 

2508 

2509 

2 5 1 0  

2 5 1 1  

2 5 1 2  

2 5 1 3  

2 5 1 4  

2 5 1 5  

2 5 1 6  

2 5 1 7  

2 5 1 8  

2 5 1 9  

2 5 2 0  

2 5 2 1  

2 5 2 2  

2523 

2524 

2525 

2526 

2527 

2528 

2529 

2530 

2531 

25n 

2533 

MOY 

RET 

.. ., .  

DISKETIE_sTArus. eAO_CtlJ I ERROR COD E .  HO SECTORS TRANSFERRED 

J I  

2534 

2535 ; - ---- RESET TH E  DISKETTE SYSTEM 

2536 

2537 

2.538 

2539 

2540 

2541 

2542 

2543 

2544 

2545 

2546 

2547 

2.548 

2549 

2550 

2551 

2552 

2553 

2554 

2555 

2556 

2557 

2558 

2559 

2560 

OISK_RESET PROC NEAR 

J 4 :  

J S :  

J6 : 

HOV OX , 0 3F2H 

C L I  

HOV A l . MOTOR_snnrs 

MOY C l o 4  

SAL A L , C l  

TEST AL, ZOH JHZ JS 
TEST Al, 40H 

JNZ J4 

TEST AL, 80H 

JZ J6 INC Al 

INC 

INC 

"" 
OUT 

MOY ..,y "" 
OUT 

A L  

. u , a  

O X , A l  

SEEK_STATIJS , O  

DISKETTE_STATUS o O  

A L , 4  

D X , A l  

I lNJ E F it-IEO OPERATION 

I ADAPTER CONTROL PORT 

; NO IHTE�UPTS 

; WHICH tlOTOR IS ON 

1 SHIFT Cot.HT I MOVE t10TOR VALUE TO HIGH NYBBLE I SELECT CORRESPOtl>IHG DRIVE 

I Jl.tlP I F  t10TOR ONE IS OH 

J Jl.tlP IF ttOTOR TWO IS ON 

I JLttP IF nQTOR ZERO IS ON 

I TURN OH IKTEARUPT ENAaLE 

I RESET TH E  ADAPTER 

; SET RECAL REQUIRED ON All DRIVES 

I SET OK STATUS FOR DISKETIE I TURN OFF RESET 

I TUlH OFF Tli E  RESET 
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LOC OBJ 

ECE4 F9 

IECES IE8ZAD2 

ECE8 AOltZDO 

ECEB lCCO 

ECED 7406 

ECEF 800£4 1 0 0 2 0  

E C F 4  C l  

l!CfS 

ECFS 840 1  

E C F 7  IE847 0 1  

E C F A  880 1 DO 

ECFD E86CDI 

EOOO 880100 

EDDl E866 0 1  

ED06 

£006 C J  

ED0 7  

E D 0 7  AOft l D O  

E D D A  CJ 

fDOB 

E D D &  8 0 "6  

EDOD 

EDOD H88 0 1  

E D l O  84E6 

£D U t:8J6 

ED l� 
E D 1 4  8042 

£016 EBFS 

f 0 1 8  

E O l 8  800ElFD080 

E D l D  804.A 

E D I F  E8A6 0 l  

ED22 8440 

ED24 £824 

ED2 6  

ED26 880700 

E 0 2 9  E 8 4 D 0 l  

EOZC 880900 

ED2F E8ll0 1 

ED3 2  B80FOO 

ED3 5  £814 0 1  

£ 0 3 8  88 1 1 0 0  

E O l8  UABOO 

EDU 

EDlE 800£3F0080 

E04] 80.C.A 

£045 E&&OOI 

£ 0 4 8  B4C5 

L INE  SOURCE 

STI 

CALL CHK_STAT_2 

t'IOY . U , NEC_su:n.rs 

CHP A L , OCOH 

JZ J 7  

; R E ENABLE THE tNTrnuns 
I DO SENSE INTERRUPT STATIJ5 

i FOLLOWING RESET 

I IGNORE ERROR R U\JRN AND DO � TEST 

i TEST FOR DRIVE RUDY TRANSITION 

I EVERYTHING OK 

256 1 

25U 

2563 

2564 

2565 

2566 

2567 

2568 

OR 

AET 

DISKETTE_STATIIS ,BAD_NEC 1 SET ERROR CODE 

2569 

2570 1 ---- - SEND SPECIFY Cort'IAt-1> TO NEC 

2571 

2572 

257] 

2574 

2575 

2576 

2577 

2578 

2579 

2580 

2581 

2582 

J 7 :  "')V 
CALL .. ov 
CALL 

t10V 

CALL 

J 8 :  

A E T  

DISK_ RESET 

AH . O lH  

NEC_OllTPUT 

BX . 1 

GET_PARl1 

BX . 3  

GET_PAR/1 

ENDP 

2583 1 ----- DISKETIE surus ROUTINE 

2584 

25es 

2se6 

2587 

2588 

2589 

DISK_ STATUS 

t10V 

AET 

DISK_STAT\JS 

PROC HEAR 

A L , DISKETTE_STAT\JS 

ENDP 

2590 ; ----- DISKETTE READ 

2591 

2592 

2593 

2594 

2595 

2596 

2597 

2598 

2599 

DISK_ READ 

110V 

J 9 :  

CALL 

t10V 

J"P 

DISK_READ 

PAOC HEAR 

A L , 046H 

01'\A_SETUP 

AH . OE6H 

SHOAT RM_OP1'4 ,..,. 
2600 J - ---- DISKETIE VERIFY 

2601 

DISK_VERF PROC NEAR 

I DRIVE_REAOY 

J SPECtFY COf'l'IAtCI 

I OUTPUT THE COt1J'UNJ 

; F IRST BYTE PARtt IN BLOCK 

J TO THE NEC C�OllER 

I SECO� BYTE PARt1 IN BLOCK 

J TO THE NEC CONTROLLER 

I AESET_AET 

; RETURN TO CALLER 

I READ COl"lt1ANO fOR DHA 

; DISK_READ_CONT 

; SET UP THE Ot1A 

; SET UP RO COtt1Al'C) fOR HEC CONTROLLER 

I 60 DO THE OPERATION 

2602 

2 6 0 3  

2604 

2605 

260• 

l10V 

JHP 

A L , 042H I VERIFY COl't"IAt-1> fOR DrtA 

J9 ; DO AS I f  DISK READ 

DISK_VEAF ENDP 

2607 J ----- DISKETIE FDRrtAT 

2608 

2 6 0 9  

2 6 1 0  

26 1 1  

26 1 2  

2 6 1 3  

2 6 1 4  

2 6 1 5  

2 6 1 6  

26 1 7  

2 6 1 8  

2 6 1 9  

2 6 2 0  

2 6 2 1  

2 6 2 2  

2 6 2 3  

2624 

2625 

2626 

2627 

2628 

2 6 2 9  

2630 

2611 

2632 

2 6 3 3  

2634 

DISK_FOAMAT PAOC HEAR 

OR rtOTOR_STAT\JS , 80H 

l10V A L , 04AH 
CALL D11A_SEnJP 

110V AH , 040H 

JHP SHORT AW_DPH 

J I O :  

HOV BX , 7  

CALL GET_PAAH 

HOV BX , 9  

CALL GET_PARrt 

t10V BX . 1 5 

CALL GET_PAAl1 

HOV BX . 1 7  

JHP J l 6 

DJSK_FOAHAT ENDP 

1 - - - - - DISKETTE WRITE ROOTINE 

OISK_�ITE PROC NEAR 

OR 110TOR_STAT\IS , 80H 

11DV A. L o 04AH 

CALL Dr'IA_SET\JP 

HOV Att , OCSH 

DJSK_MR'ITE ENDP 

I Il'C)ICATE MUTE OPfAATION 

; WILL WRITE TO THE OISKETIE 

I SET UP THE DHA 

I ESTABLISH THE FORttAT COl'flA� 

I 00 THE OPERATION 

I CONTINUATION Of RW_09M FOR FHT 

I GEY THE 

I BYTES/SECTOR VALUE TD NEC 

I GET THE 

I SECTOAS/l'RACK VALUE TD NEC 

; GET THE 

J GAP LENGTH VALUE TO HEC 

; GET THE F I LLER BYTE 

; TO THE CONTROLLER 

; Itm lCATE WRITE OPERATION 

; DrtA loll lTE COl'9WC) 

; NEC CDl'l"JANO TD WRITE TO DISKETIE 

2635 1 - - - - - A L LOW loRITE ROUTINE TO FALL INTO AM_OPH 

2636 

2637 1 - - ---- --------------- -- -------------- ---------------------------
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LOG OBJ LINE SOURCE 

2638 I RW_OPH 

2639 THIS ROUTINE PERFORl1S TH E  READ/MUTE/VERIFY OPERATION 

2640 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
ED4A 2641 RW_OPN PROC HUR 

ED4A 7308 2642 JNC J l l  I TEST f OR  0 11A  ERROR 

ED4C C6064 1 0 0 0 9  2641 HOY DISKEnE_STATIJS, DHA._BOU-l)ARY I SET ERROR 

EDSl 8000 2644 HOY A l , O  I HO SECTORS TH.NSFERRED 

EDSl CJ 2645 RET I RETURN TO l"IAIN ROUTINE 

ED54 2646 J l l :  I DO_AW_OflN 

ED54 50 2647 PUSH >JI. I SAVE TH E  CCHUJI> 

2648 

260 1 - - - - - ruRN ON THE HOTOA .lJ.I) SE LECT TH E  DRIYf 

2650 

fD55 5 1  2651 PUSH ex I SAVE lltt: T/S PARMS 

E056 8ACA 2652 HOY C l o D l  I G E T  DRIVE Nl.te E A  A S  SH I F T  COlHT 
ED58 5001  265] HOY A l . I  I MASK FOR DETERMINING MOTOR BIT 

EDSA 02.EO 2654 SAL A l o C l  I SHIFT TH E  tlASK BIT 

EDSC FA 2655 CLI I NO INTERRUPTS liliILE D E TERl1ININ6 

2656 ' MOTOR SUTIJS 

EDSD C6064000ff 2657 HOY t10TOR_COUNT I OFFH I SET LARGE COUNT DI.RING OPERATIOH 

ED62 8406 3FOO 2658 TEST A l , HOTOR_STA.TlJS J TEST THAT t10TOR FOR OPERATING 

ED66 7531 2659 JNZ J l 4  I I F  Rll-IHIMG, SKIP T H E  WAIT 

ED68 80263FOOFO 2660 AND 110TOR_STA.T1JS , OFOH I TURN OFF AL.L 11QTOR BITS 

ED60 06063FOO 266 1 OR t10TOR_STA.T\.IS , A L  I T UR N  ON THE Cl.mRENT l'IOTOR 

E071 FB 2662 STI I INTERRUPTS BACK OH 

ED72 8 0 1 0  26U HOY A l , JOH I !'tASK BIT 

ED74 02EO 2664 SAL A l . C l  J DEVE LOP B I T  HASK FOR ttOTOR ENABLE 

ED76 OAC2 2665 OR A L , D L  I G E T  DRIVE SE LECT BITS IH 

ED78 OCOC 2666 OR A L , OCH I NO RESE T ,  ENABLE 011.l/IHT 

ED7A 52 2667 P\JSN DX J SAYE REG 

ED78 BAF 2 0 3  2668 l10Y OX , OlF2H ; CONTROL PORT ADDRESS 

ED7E EE 2669 OlJT O X o A L  

E D 7 F  S A  2670 POP DX J RECOVER REGISTERS 

2671 

2672 1 - - - - - WAIT FOR ttOTOR I F  WRITE OPERATION 

2673 

ED80 f6063f0080 2674 TEST 110TDR_STAT\.IS ,80H I IS TitlS A MRITE 

£085 74 1 2  2675 JZ J l 4  I NO ,  CotfTit«JE WITltOllT WAIT 

£087 881400 2676 MOY ex , 2 0  J G E T  T H E  l1010R WAIT 

E08A E8DFOO 2677 CALL 6ET_PARl1 ' PARAtlETER 

£080 OAE4 2678 OR AH , AH I TEST FOR NO WAIT 

ED8F 2679 J 1 2 :  J TEST_WAlT_Til'tE 

ED8F 7408 2680 JZ J l 4  I E X I T  W I TH  Til1E EXPIRED 

ED91 28C9 2681 SU! ex . ex J SET UP 118 SECCMJ LOOP Til1E 

ED93 2682 J l l :  

ED93 E 2 F E  2681 LOOP J l l  I WAIT FOR THE REQUIRED TIME 

ED95 F ECC: 2684 DEC AH I OEC:REHENT Tl11E VALUE 

£097 EBF6 2685 JMP J I Z  I A R E  WE D ON E  YET 

ED99 2686 J 1 4 :  I ttOTOR_RlHUNG 

ED99 FB 2687 STI J INTERRUPTS BACK ON FOR BYPASS WAIT 

ED9A 59 2688 POP ex 

2689 

2690 1 - - - - - DO THE SEEK OPERATION 

2691 

E098 E8DFOO 2692 CALL SEEK I 110VE TO CORRECT TRACK 

ED9E 58 2691 POP AX I RECOVER COttU.ND 

ED9F 8AFC 2694 l'ICY .. . .. I SAYE COtflAND IN 8H 

EDA! 8600 2695 l10Y DH , O  I SET NO SECTORS READ I N  CASE O F  ERROR 

EOAl 7248 2696 JC J 1 7  I I F  ERROR , TH E N  EXIT AFTER l'«JTOR OfF 

EDAS BEFOED90 2697 HOY SI , OFFSET J l  7 I DUHttY RETURN DH STACK FOR NEC_OVTPUT 

EDA9 56 269& PVSH SI SO THAT IT WILL RETURN TO MOTOR OFF 

2699 I LOCATION 

2700 

270 1 l ----- SEl-IJ OllT THE PA.RAHETERS TO TH E  CONTROLLER 

2702 

EDA.A E89400 2703 CALL NEC_ OUTPUT ; OUTPUT TltE OPERATION COHHA1'1J 

EDAD 8A.66 0 1  2 704 HOY AH , f BP + l l I GET TH£ CURRENT HEAD Nt.Jl'EER 

ED80 DOE4 l705 SAL ... . .  I HOVE I T  T O  BIT 2 
ED82 DOU 2706 SAL ... . . 

EDB4 80E404 2707 AND .. . . I ISOLATE THAT BIT 

E087 OAU 2708 OR AH o D L  I OR lH TH E  DRI\'f: trul'IBEA 

EOB9 Eeesoo 2709 CA.LL NEC_OUTPUT 

2 7 1 0  

Z 7 1 1 J ----- TEST FOR FOAHAT Cotl1ANJ 

Z 7 1 2  

EDBC 80FF40 2 7 l l  CMP BH , OltDH I IS THIS A FORMAT OPERATION 

EDBF 7503 2 7 1 4  JNE J I S  I NO .  CONTltl.JE WITH R/M/V 
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LOC OBJ L I N E  S O U R C E  

ECCi U 6 Z f f  2 7 1 5  J"P J I O  1 I F  SO , HAN'Dl..E SPECIAL 

EDC't 2716 J l 5 :  

EDC4 8AE5 2 7 1 7  110V AH ,CH ; CTLINDEA NJl1BER 

EDC6 E87&00 2 7 1 8  C A L L  NEC_OUTPUT 

EOC9 8A66 0 1  2 7 1 9  t10V AH , I BP + l  I ; HEAD NUl1BER FROl't STACK 

EDCC [87200 272:0 CALL NEC_OUTPUT 

EDCF 8AE I 2 7 2 1  l10V AH , C L  ; SECTOR t.\JteER 

EDD I E86DO O  2722 CALL NEC_ OUT PVT 

EDD4 880700 27Zl "OV BX , 7  I BYTES/SECTOR PARl"I FR01 BLOCK 

EDD7 E89200 2724 CALL GET_PARl"I I TO TlfE NEC 

EDDA 980900 2725 l10V BX , 9  ; EDT PARM FROH BLOCK 

EDOO EMCOO 2726 CALL GET_PARH ; TO TH E  NEC 

EDU BBOBOO 2727 l10V ex . 1 1  I GAP LENGTH PARl"I FROl1 BLOCK 

EDU Ee3600 27Z8 CALL GET_PARr1 ; TO THE HEC 

EDU 880000 2729 110V BX , 1 3  ; DTL PARM FRON BLOCK 

EDE9 2730 J l 6 :  I RM_OPH_FINISH 

ED£9 E88000 2711 CALL GET_PARH I TO THE NEC 

EDEC SE 2732 POP SI ; CAN NOW O I SC.lRD THAT DUMl"IY 

2713 I RETURN ADDRESS 

Z 7l4 

2735 1 - ---- LET THE OPERATION HAPPEN 

2736 

EDED EM3D 1 2717 CALL WAIT_INT I WAIT FOR THE INlERRUPT 

EDfO 2 738 J P : ; P10TOR_OFF 

EOFO 7Z45 2739 JC J 2 1  ; LOOK F O R  ERROR 

EOFZ [8740 1 2 740 CALL RESULTS ; GET THE NEC STATUS 

EOFS 7ZlF 2741 JC J20 ; LOOK FOR ERROR 

2 742 

2 74 3  1 - - - - - CHECK TliE RESULTS RETURNED BY TliE CONTROLLER 

2 744 

EDF7 FC 2745 CLO I SET THE CORRECT D IRECTION 

EDF8 8£4200 2746 "ov SI ,OF FSET NEC_STATUS ; POINT TO STATUS F I E LD 

EDF8 AC 2 747 LOOS NEC_STAnr.i ; GET STO 

EDFC 24CO 2748 AMO A L , OCOH I TEST FOR NORMAL TfRHINATION 

EDFE 7438 2 749 JZ JZ2 i OPN_OK 

EEOO 3C40 2 750 C"P A L , 040H ; TEST FOR ABNORMAL TERl1IHATlON 

EE02 75?9 2751 JHZ J I O  i NOT ABNORMA L ,  BAD NEC 

2 752 

2 753 1 ----- ABHORHAL TERMINATION , Fite OVT ht!Y 

2754 

U.04 AC 2 75S LOOS NEC_STATUS ; GET Sll 

EE05 D O E O  2756 SAL A L , 1  ; TEST FOR EDT FOlNJ 

E E 0 7  B4D4 2 757 110V AH , R ECDRD_NOT_FtlJ 

EEn 7224 2758 JC J l 9  I RW_FAIL 

HOB O D E D  2759 SAL A L , 1  

H O D  D U O  2 7 b 0  S A L  A L . 1 I UST FOR CRC ERROA 

E E O F  84 1 0  2761 11QV AH , BAD_CRC 

E f l l  7 Z J C  2762 JC J l 9  I RM_FA I L  

E E l 3  D O E O  2 7 6 3  S A L  A L , l I TEST FOR OMA OVERRIM 

U.15 8408 2 764 "ov AH , BAD_DMA 

E E 1 7  7 2 U o  2765 JC J l 9  ; RW_FAIL 

EE19 DOEO 2766 SAL AL , l  

E E l 8  D O E O  2 7 6 7  SAL A L , l I TEST FOR RECORD HOT fott«I 

E E I D  8404 2768 "ov AH ,RECORD_NOT_f't«J 

E f l f  72:0E 2769 JC J l 9  I RW_FAIL 

EE21 DOEO 2 770 SAL A L , l 

( £ 2 3  8401 2771 MOV AH , WRITE_ PROTECT ; TEST FOR WRITE_PROTECT 

Ef25 7208 2772 JC J l 9  ; Rl.l_FA i l  

E E 2 7  D O E O  2 7 7 3  SAL A L o l ; TEST MISSING ADDRESS r\ARK 

H29 8402 2 774 l10V AH , BAD_AODR_rtAJIK 

E £ Z B  7 2 0 2  2775 JC J 1 9  ; Rl.l_FAIL 

2 776 

2 777 ; - ---- NEC l'WJST HAVE FAILED 

2778 

EUD 2779 J t 8 :  ; RW-NEC-F A I L  

E E 2D 8 4 2 0  2 780 l10V AH , BAO_NEC 

E E 2 F  2781 J n :  I RW-F A I L  

E E 2 F  08264 1 0 0  2 762 .. DISKETTE_STATUS , AH 

E E 3 3  E&780 1 2781 CALL HUH_ TRANS l HOW HANY WERE R U L L  Y TllANSHRREO 

EU6 2784 J 2 0 :  ; RW_ERR 

E E l6 Cl 2785 RET I RETURN TO CALLIER 

E E l 7  2786 J Z l ;  I RW_ERR_RES 

EEl7 E 8 2 F 0 1  2 767 CALL RESULTS I FLUSH THE RESULTS BUF F E R  

E E lA C J  2786 RET 

2789 

2790 1 ----- OPERATION WAS SUCCESSFUL 

2791 
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) 

LOC OBJ 

EBB 

EE38 E870 0 1  

E E l E  32E4 

EE40 C3 

EE41 

E E 4 t  52 

EE42 51 

EE43 BAF403 

EE46 l3C9 

EE48 

EE48 EC 

EE49 A840 

EE4B 740C 

EE4D E 2 F 9  

E E 4 F  

EE4F 800E4 1 0 080 

EES4 n 
EESS SA 

EE56 58 

EE57 F9 

EE58 Cl 

EE59 

EE59 llC'il 

EESB 

EESB EC 

EESC A880 

EESE 7504 

EE60 E 2 F 9  

EE62 EBEB 

EE64 

EE&4 8AC4 

EE66 B2FS 

EE68 EE 

EE69 59 

EE6A SA 

EE6B Cl 

EE6C 

EE6C IE  

Ht>D ZBCD 

EE&F 8ED8 

EE71 C5367800 

E E 75 D l E 8  

EE77 8A20 

L I N E  

2 792 

279) 

, ,  .. 

2 795 

SOURCE 

C A L L  tU't_ TRANS 

XOR AH , AH  

RET 

2 796 RW_OPH EtlJP 

I OPN_OK 

I HOM MANY GOT l10VED 

I NO ERRORS 

2797 1 - - - - - - - - - - - - - - - - - --- - - - - ------ - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - ---- - - - - - -

2 793 I NEC_OUTPIJT 

2 799 THIS AOVTINE Sft«JS A BYTE TO THE NEC C()t(JROLLEA AFTER TESTING 

2800 FOR CORRECT DIRECTION At«> CON'TAOLLER READY THIS ROUTINE W I L L  

280 1 TIHE OUT IF Tli E  BYTE IS NOT ACC EPTED WITHIN A REASONABLE 

2:802 AHOUNT OF TJHE . SETTING THE DISKETTE STATUS ON conPLETIOH. 

2803 I INPUT 

I OUTPUT 

I AH J  BYTE TO B E  OUTPUT 

CY = 0 SUCCESS 

Z80ct 

2:805 

2806 

2807 

2808 

2809 

2 8 1 0  

281 1 

2: 8 1 2:  

2 8 l l  

2: 8 l 4  

2815 

2:81b 

2817 

2: 8 1 8  

2: 8 1 9  

2: 8 2: 0  

282 1 

282:2: 

2823 

2:824 

2825 

282:6 

2:827 

2:828 

2:82:9 

2830 

28]1 

2832 

283] 

2:8]4 

2835 

Z8lb 

2837 

2838 

2839 

2:8ct0 

2841 

Z8ctZ 

284] 

2844 

2:845 

284b 

CY : l FAIL�E - - D ISKETTE STATUS UPDATED 

I F  A F A I LURE HAS OCC�RED , TH E  RETURN IS tu.DE ONE LEVE L : 

HIGHER THAN THE CALLER OF NEC_OUTPUT. 

THIS REHOVES THE REQUIREMENT OF TESTING AFTER EVERY 

CALL OF NEC_OUTPUT. t A.L I DESTROYED 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

NEC_OUTPUT PROC NEAR 

J 2 3 :  

J Z 4 :  

PUSH OX 

PUSH CX 

MOV 

XOR 

IN 

D X , OJF4H 

e x . ex 

A L . DX 

TEST A l o 040H 

JZ J25 

LOOP J Z J  

I SAVE REGISTERS 

I STATUS PORT 

I COUNT FOR TIME OUT 

I GET STATUS 

I TEST D IRECTION BIT 

I DIRECTION OK 

I TIME_ERROA 

OR 

POP 

POP 

POP 

STe 

RET 

OISKETTE_STATUS , TIME_ OUT 

ex 

OX I SET ERROR COOE ANJ RESTORE REGS 

AX I DISCARD TH E  RETUfN ADDRESS 

; IND ICATE ERROR TO CALLER 

J 2: 5 :  

XOR e x . ex I RESET THE CotHT 

J 2 6 :  

J 2 7 :  

IN A L , OX 

TEST A L , 080H 

JNZ J 2 7  

LOOP JZ6 

JMP JZ4 

MOV 

t10V 

OUT 

POP 

POP 

RET 

A L , AH 

O L , OFSH 

O X , A l  

ex 

ox 

NEC_OUTPUT Etl>P 

I GET TH E  STATUS 

I lS IT READY 

I YES, GO OUTPUT 

I col.NT D<N-1 AND TRY A&AIN 

1 ERROR COtl>ITION 

I OUTPIJT 

; GET BYTE TO OUTPUT 

I DATA PORT I lFS I 
; OUTPUT THE BYTE 

I RECOVER REGISTERS 

; CY = 0 FAott TEST INSTRUCTION 

284 7 ; - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - --- - ---

2848 I GET_PARl1 

2:849 n u s  ROUTINE FETCHES TH E  INDEXED POINTER FROH TH E  DlSK_BASE 

2850 BLOCK POIHTEO AT BY THE DATA VARUBLE OISK_POINTEA . A BYTE FROl'I : 

2851 THAT TABLE IS THEN t10VED INTO AH , TH E  Il'«JEX OF THAT BYTE BEING 

Z85Z I TH E  PARM IN BX 

2851 ; ENTRY - -

2854 BX = It«:IEX OF BYTE TO BE F E TCHED * 2 

2855 IF TH E  LOW BIT OF BX IS ON , TH E  BYTE 15 Itl1£01ATELY OUTPUT 

2856 TD THE NEC CONTROLLER 

2857 I EXIT - -

2858 AH = ntA.T BYTE FAOf1 BLOCK 

2859 ; - - - - - - --- - - - - - --- - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - --- - - - ---- -

2860 

286 1 

... , 

, .. , 

.... 

2865 

.... 

.... 

.... 

GET_PARM PAOC NEAR 

PVSH OS 

SUB A.X , A.X  

110V O S , AX 

ASSUHE OS: A850 

LOS SI , D ISK_POIHTER 

SHR Bx . 1  

t10V AH , ' 5h8X I 

I SAVE SEGttENT 

I ZERO TO AX 

I POINT TO 8lOCK 

I DIVIDE BX BY t , At«:I SET F L.AG 

I FOR EXIT 

I 6ET THE WORD 

System BIOS 
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LOG OBJ 

U7' IF 

E E 7A ncs 

E E 7C Cl 

.. ,. 
EE7D 8001 

EE7F 5 1  

E E H  8ACA. 

EE82 D2CO 

EE84 59 

EUIS 9'106UOD 

EE8' 75 1 1  

E E M  080blEOO 

EE8f 8407 

EE91 E8A.DF F  

E E 9't 8AU 

EE% E8A8Ff 

EE99 IE876 0 0  

E E 9C  7 2 2 9  

.... 
EUE 8'tOF 

EEAO E89EFF 

EEAJ 8AU 

EEAS E899FF 

EE.H &AES 

EEli f894FF 

EU.O £86200 

UBO .C 
££81 881 2 0 0  

EEB4 E885FF 

££87 51  

.... 

EEM 892602 

EEB8 OA.£4 

EEBO 7406 

EEBF 

EEBF U F E  

u : c 1  nee 

EECl t:Bf'J 

EECS 

EECS H 
EEC6 90 

EEC7 

EEC7 Cl 

EEC8 

EEC8 51 

LINE 

2 8 & 9  

2 8 7 0  

2 8 7 1  

287Z 

2873 

SOURCE 

POP DS 

ASSUt1!: D S : DATA 

JC NEC_OUTPUT 

AET 

GfT_PARl1 Et«JP 

J RESTORE SE&l'IEHT 

J IF F LAG SET • OUTPUT TO CONT1'0LLEA 

l RE�N TO CALLER 

2874 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - -

2875 l SEEK 

2876 nus ROUTINE WILL HOVE ntE HEAD ON THE NAMED DRIVE TO THE 

2877 NAMED TllACK . I F  THE DRIVE HAS NOT BEEN ACCESSED SINCE TME 

2878 DRIVE RESET COl1tU.tlJ WAS ISSUED , THE DRIVE WILL Bf RECALIBRATED . 

2879 I INPUT 

2880 I D L I  : DRIVf TO SEEK OH 

2881 I CH )  • TRACK TO SEEK TO 

2HZ i OUTPUT 

2881 CY = 0 SUCCESS 

2884 CY = 1 FAILURE -- DISKETIE_STATIJS SET ACCORDINGLY 

2885 I AX ) DESTROYED 

2886 

2887 

2888 

2889 

2&90 

2891 

2892 

2891 

Z894 

2895 

2896 

2897 

2898 

2899 

2900 

2 9 0 1  

2902 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SEEK PROC NEAR 

HOV . u , 1 

PUSH ex 

HOV C l , D L  

AOL A L , C L  

POP ex 

TEST A L , SEEK_STATUS 

JNZ ,.. 
OR SEEK_STATVS , A L  

HO V  AH , 0 7H  

CALL NEC_OUTPUT 

HOV AH , D l  

CALL NEC_OUTPUT 

CALL CHK_STAT_2 

JC J32 

I ESTABLISH HASK FOR RECAL TEST 

I SAVE INPUT VALUES 

I GET DRIVE VALUE INTO Cl 

; SHI"f IT BY nn DAIVE VALUE 

l AECOVU TRACK VALUE 

I TEST FOR REC.Al REQUIRED 

I HD_RECAL 

; TURN ON THE NO AECAL BIT IN FU.G 

; RECALIBRATE COf'l'UtcJ 

I OUTPUT TliE DRIVE tu18EA 

I GET THE INTERUPT Ate> SENSE INT STATIIS I SEEK_ERROR 

Z•Ol 1 - - - - - DRIVE IS IH SYNCH WITH CONTitOLLER , SEEK TO Til'.lCK 

2 904 

2905 

2 906 

Z907 

2 908 

2909 

2 9 1 0  

2 9 1 1  

2 9 1 2  

2 9 1 3  

2 9 l ft  

2 9 1 5  

2''16 

2 9 1 7  

2 9 1 8  

2 9 1 9  

2 9 2 0  

2 9 2 1  

2 9 2 2  

2 9 2 3  

2924 

2925 

292;6 

2927 

2928 

2929 

2 930 

2911  

2932 

2933 

2 914 

J 2 8 :  

HO V  AH , Of'H 

CALL NEC_ OUTPUT 

HOV AH , D l  

CALL NEC_OUTPUT 

HOV AH ,CH 

CALL NEC_ OUTPUT 

CALL CHK_STAT_2 

1 ----- WAIT FOA HUD SETILE 

PUSHF 

110V BX , 1 8  

CALL GET_PAAH 

PUSH ex 

J 2 9 :  """ cx , sso 

OR AH , AH 

JZ J31 

JlO:  

LOOP J)O 

DEC AH 

JMP ,,. 
J l l : 

POP ex 

POPF 

J U :  

RET 

SEEK ENDP 

I SEEK Cot11AtCI TO NEC 

I DRIVE HUt1BER 

I TltACK HUl'IBEA 

I &ET Etl)lNG INTERRUPT Atm 

I SENSE STATIJS 

I SAVE STA.TI.JS FLAGS 

I GET HEAD SETILE PAAAm:TEA' 

I SAVE REGISTER 

I HEAD_SETILE 

I 1 l"IS LOOP 

I TEST FDR TIHE EXPIRED 

) 1)£1,.AY FOA 1 "5 

; DECREl"IEMT THE CCIU'fl 

I DO IT SOME l"IOAE 

; RECOVER STATE 

I SEEK_ERROR 

; RETURN TO CALLER 

2 935 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 916 I DN._SET\IP 

2937 I ntlS ROUTINE SETS UP ™E ON. FOR AEADl1rllIT£/'VERlf'Y OPERATIONS. 

2918 I lHPVT 

2939 I AU • MODE BYTE FOR TltE Ot1A 
2 940 I I ES : BX )  - ADDRESS TO REAO/loRITE ntE DATA 

2941 I OUTPUT 

2 942 U J O  DESTROYED 

2943 

, ... 

2945 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - · - - - - -

DttA_SEllJP PROC NEAR 

PUSH ex I SA.Vt: TIIE REGISTER 

A-42 System BIOS 



LOC OBJ L I N E  S O U R C E  

EEC9 FA .... CLI I HO ttOR E  JNTERAUPTS 

EEC.l UOC ... , OUT C1'1A• J Z . A L  I S E T  TH E  FIRST/LAST f/f 

EECC 50 .... PUSH AX 

EECD 58 . ... POP AX 

EECE E60B nso OlfT DHA + l l  tAl J OUTPllT TH E  t'IODE BYTE 

EEDO ecco ZUl l10Y AX , ES I GET TH E  ES VALUE 

EED2 8 1 0 4  2952 HOY C L , 4  ; SHIFT C OUNT  

E ED4 03CO 2953 ROL AX . C l  I ROTA TE LEFT 

EED6 6AE8 2954 l10Y CH , Al 1 GET HIGHEST NYBLE OF ES TO CH 

EEDS 26f0 2955 AND A l . OFOH I ZERO THE LOW NYBBLE FAot1 SEGMENT 

EEDA 03C3 . ... ADD AX , BX I TEST FOR CARRY FRDH ADDITION 

EEOC 7302 2957 JNC Jll 

EEDE FECS 2958 INC CH I CARRY "EANS HIGH 4 BITS f'IJST 191! INC 

E E E O  2959 J 3 1 :  

E E E O  5 0  Z960 PUSH AX I SAVE START ADDRESS 

E f E l  £604 Z961 OUT OP1A+ 4 o A l  ; OUT PU T  LOW ADDRESS 

E E E 3  6AC4 29&2: HOY A l o  AH 

EEES E604 2961 OUT Dtu.•4 , A L  I OUT P UT  H I G H  ,t.OOAESS 

EEE7 SACS 2 964 HOY A L , Ctt ; GET Hl6H o\ BITS 

EEE9 240F 2965 AND A L , OfH 

EEEB E68l 2966 OUT 08 1 H , A l  I OUTPUT THE HIGH o\ BITS T O  

Z967 I THE PAGE REGISTER .... .... I · · · · - DET£RHIN£ COUNT 

2'70 

EEED 8AE6 2971 l10Y AH ,DH I Nl..Hm:I Of SECTORS 

EEEF UCO Z97Z SUB A L , A l  I TIMES Z56 INTO AX 

E E F I  D I E8 2973 SHR AX . I  I SECTORS • 1 2 8  IHTO AX 

E E F 3  50 Z'Hlt PUSH AX 

EEFct 860600 Z975 HOY BX , 6  I G E T  TH E  BYTES/SECTOR PAR" 

E E F 7  E872FF l97b CALL GET_PARH 

EEFA 8ACC 2977 HOY C L . AH I USE AS SHJFT CotNT ( 0 = 1 2 8 ,  l =Z56 ETC l 

EEFC 58 Z978 POP AX 

EEFD DlEO Z979 SHL AX , C l  I lt.JL TIPU' I n  CORRECT Al1Dltrr 
E E F F  48 2980 DEC AX I - 1 FOR DIU VALUE 

EFOO SO Z981 PUSH AX I SAVE COUNT VALUE 

E F O l  E605 Z 98Z OlfT DMA+ S ,. U  ; LOW B T U  OF COUNT 

E F O l  8AC4 Z96] HOY A L . AH 

EFOS E605 Z984 OUT oru.+s .. u I HIGH BYTE OF COUNT 

E F 0 7  FB Z 'i85 STI ; INTERRUPTS BACK OH 

EF08 59 Z986 POP ex I RECOVER COUIT VALUE 

E F 0 9  58 Z987 POP AX ; RECOVER ADDRESS VALUE 

E F OA OlCl Z988 AOO Ax . ex I ADO , TEST FOR 64K OVE R F LOW 

E F OC 59 2989 POP ex ; RECOVER REGISTER 

E F OD BOOZ 2990 HOY A L , 2  I HOOE F O R  8Zl7 

E F O F  UOA Z991 O\JT DMA+ I O o A L  ; INITIALIZE THE DISKETTE CHANNE L  

E F l l  Cl 2992 R<T i RETURN TO CALLER , 

299] I C F L  SET BY ABOVE IF ERROR 

z n4 DMA_SET\JP Et«JP 

2995 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Z996 ; CHK_STAT_Z 

2997 THIS ROUTINE H.t.N:ILES THE INTERRUPT RECE IVED AFTER A 

2998 RECALIBRATE , SEEK , OR RESET TO THE ADAPTER .  

2999 THE INTERRUPT JS WAITED FOR , THE INTERRUPT STATUS SENSED , 

1000 ANO THE RESULT RETIJINEO TO THE CALLER . 

3 0 0 1  I INPUT 

3002 NONE 

1001 ; OIJTPUT 

3004 CY : 0 SUCCESS 

)005 CY = I F A I L�E - - ERROR IS IH DISKETIE_surus 

3006 I AX I O E  STROY ED 

3007 ; - -- - - - - - - --- - - - - - - - - - - - - - - --- --- - -- - - ----- - - - ---- - - -- - --- - - - - - - - - - - - - - - -
E F I Z  3008 CHK_STAT_Z PROC HEAR 

E F 1 2  E81EOO 1009 CALL WAIT_IHT I WAIT FOR TH E  IHTEJ:1RUPT 

E F I S  7 2 1 4  1 0 1 0  J C  H 4  ; I F  ERROR , R E � H  IT 

E F 1 7  8408 30 1 1  HOY AH , 08H I SENSE INTERRUPT STA.TVS C01t1At«> 

E F l 9  E825FF 3 0 1 2  CALL NEC_ OUTPUT 

EFIC E84AOO 3 0 1 1  CALL RESULTS I READ IN THE R E  SUL TS 

E F I F  7ZOA 3 0 1 4  J C  J l 4  I CHK2_RETURH 

EF21 A04200 3015 HOY A l ,  NEC_ STA.TI.JS I GET THE f JRST STAT\JS !YTE 

EF24 2460 l0l6 AICI A l o 060H 1 ISOLATE 1"£ BITS 

EFZ6 3C60 1 0 1 7  CHP .t.L , 060H I TEST FOR CORRECT VALUE 

fFZ8 74 0Z 1 0 1 8  J Z  J l 5  I I F  ERROR , G O  MARK I T  

EFZA F 8  1 0 1 9  CLC ; GOOO RET�N 

EF2B lOZO Jl4:  

EFZB C l  lO Z l  RET I RETURN TO CAllER 

EFZC 3022 J l5 :  I CHKZ_ERROR 
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LOC OBJ 

Ef2C 4DCE•10040 

EF31 F9 

EflZ C l  

E F l l  

Efll FB 

E f l4 S l  

E F J S  5 1  

( f ] b  8102 

E F l4 llC9 

E f lA 

E f lA F6063E0080 

EFJF 750C 

EF41 E Z F 7  

E F 4 l  FECB 

Ef45 75f3 

EF47 800E4100&0 

EF4C F 9  

EF40 

EF40 9C 

EfteE 80263E007F 

Ef5l 90 

EfS4 59 

EFSS 58 

EF56 Cl 

EF57 

EF57 

L I N E  

3021 

3024 

3025 

3026 

SOURCE 

OR 

STC 

RET 

CHK_STAT_Z 

DISKETIE_STA.TUS ,BA.D_SHK 

l ERROR AETIJRH COOE 

£HOP 

3027 . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3028 ; WAIT IHT 

3029 TlfIS ROUTINE WAITS FOR AN INTERRUPT TO OCCUR . A Tit1E OUT 

3030 ROUTINE TAKES PLACE D�lNG THE WAIT , SO THAT AN ERROR 11A'I' BE 

3031 RETURNED I F  TliE DRIVE IS HOT READ Y .  

3032 INPUT 

3033 5 NONE 

3034 l OUTPUT 

3035 CY : 0 SUCCESS 

3016 CY : l F.U U.IR E  -- OlSKETIE_ST.lT1JS 15 SET ACCORDIHGLT 

3037 I AX J  DESTROYED 

3038 

3019 

3040 

3041 

1042 

3043 

3044 

3045 

1046 

3047 

3048 

3049 

3050 

3051 

3052 

3053 

3054 

3055 

3056 

3057 

3058 

JOS'f 

3060 

306 1 

J - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

WAIT_INT PROC NEAR 

J ]6 :  

J ] 7 :  

STI ; TWN ON INTERRUPTS, JUST IN CASE 

PUSH ex 

PUSH ex 

MDV 8 L , 2  

xoR ex . ex 

; SAVE REGISTERS 

I C LEAR THE COl.tlTERS 

I FOR 2 SECOND WAIT 

TEST SEEK_surus. nrr_FL..4.G ; TEST FOR INTERRUPT DCCLRA JNG 

JNZ J37 

LOOP J36 I COUNT DOWN WHILE WAITING 

DEC BL ; SECOND LEVEL COUNTER 

JNZ J36 

OR D I SKETTE_STATUS, TIME_OUT ; NOTHING HAPPENED 

STC I ERROR RETURN 

PUSHF I SAVE CURRENT CARRY 

AND SEEK_STATUS,NOT INT_FLAG i TURN OFF INTERRUPT F LAG 

POPF ; RECOVER CARRY 

POP ex 

POP ex ; RECOVER R EGISTERS 

OET ; GOOD RETURN COOE COt'IES 

; FR011 TEST INST 

WAIT_INT ENDP 

3062 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3063 I DISK_INT 

3064 THIS ROUTINE HANDLES THE DISKETTE INTERRUPT 

3065 ; INPUT 

3066 NONE 

306 7 ; OUTPUT 

3068 THE INTERRUPT F LAG IS SET IS SEEK_STATUS 

l06'f 

1070 

3071 

ORG 

OISK_INT 

OEF57H 

PROC FAR 

EF57 F8 307Z STI ; R E  ENABLE INTERRUPTS 

Ef58 I E  3073 

EF59 50 3074 

EF5A EeE l O F  3075 

EFSO 800E3E0080 3076 

EF62 BOZO 3077 

Ef64 E 6 2 0  3078 

EF66 58 3079 

EF67 IF 3080 

EF68 Cf 3081 

3082 

PUSH 

PUSH 

CALL 

DR 

HOV 

OUT 

POP 

POP 

IRET 

DU:K_INT 

OS 

AX 

DDS 

SE EK_ STATUS , JNT_FU.G 

A L , 20H ; END OF INTERRUPT HARKER 

ZOH , A l  ; INTERRUPT CONTROL PORT 

AX 

OS I RECOVER SYSTEH 

I RETURN FROt1 INTERRUPT ,..,. 
3083 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EF6' 

EF6' Ft 

EFU BF'tZOO 

EF6D 51 

EF6E 52 

A-44 

3084 I RESUl TS 

3085 THIS ROUTINE Wlll READ ANYTHING THAT THE NEC Cat-"TROLLER HAS 

3086 TO SAY FOLLOWING AN INTERRUPT . 

3087 I INPUT 

3088 NONE 

3089 I OUTPUT 

3090 CY = 0 SUCCESSFUL TRANSFER 

3091  CY = 1 FAI LURE - - Tlf1E OUT IN WAITING FOR STATUS 

3092 NEC_STATUS AREA HAS STA.T\JS BYTE LOADED INTO IT 

3093 I AH) DESTROYED 

3094 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3095 

.... 

3097 

3098 

�09lt 

R E  SUL TS PROC NEAR 

C LD 

t10V DI ,OFFSET NEC_ STATUS 

PUSH ex 

PUSH DX 

System BIOS 
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LOG OBJ L INE  SOURCE 

Ef" 53 l l O O  PUS H  B X  

EF70 8 3 0 7  3 1 0 1  HOV B L , 7  1 HAX STATUS BTTE:S 

1 1 0 2  

3 1 0 3  ; ---- - WAIT FOR AEQVEST FOR HASTEA 

l l 0 4  

E f 7 2  1 1 0 5  J38 : I INPUT_lOOP 

EF72 33C9 1 1 06 XOR e x . ex I CottnfR 

E f 74 BAF403 3 1 0 7  HOV D X , OlF4H I STATUS PORT 

EF77 3 1 08 J ] 9 :  I W A I T  F O R  HASTEA 

EF77 EC 1 1 0 9  IN u , ox I GET STATUS 

) E F 76 A660 3 1 1 0  TEST A l , OSOH I t1ASTER READY 

E F 7A 750C 3 1 1 1  JHZ J40A i TEST_DIR 

E F 7C E 2 f 9  3 1 1 2  LOOP Jl9 I WAIT_tu.STU 

E F 7E 800E410080 ] I l l  "" DISKETTE_surus. Tlt1E_CIU'T' 

EF83 3 1 1 4  J40 : I RESUl TS_ERROR 

EF8l F9 3 1 1 5  STC ; SET ERROR AETI.RH 

E F 64 SB 3 1 1 6  POP BX 

EF85 SA 3 1 1 7  POP DX 

EF86 59 3 1 1 8  POP ex 

EF87 Cl 3 1 1 9  RET 

1 1 2 0  

3 1 2 1  ; - - --- TEST ntE DIRECTION BIT 

3 1 2 2  

E F 88 3 1 2 3  J40A : 

EF88 EC 3 1 2 4  IH A l , OX ; GET STANS REG AGAIN 

EF89 A840 3 1 2 5  TEST A L , 040H I TEST DIR ECTION BIT 

E F SB 7507 3126 JHZ J4Z ; OK TO READ STA rus 

EF80 1 1 2 7  J4 1 :  ; NEC_FAil 

EF80 8DOE410020 3 1 2 8  OR DISKETTE_STATIJS,BAD_NEC 

E F 9Z EBEF 3 1 2 9  JMP J40 I AESUL TS_EAROR 

1 1 3 0  

1 1 3 1  ; - - - - - R E A D  IN ntE surus 

1 1 1 2  

E F 94 ]1)] J42 : I INPllT_STAT 

E F 94 4Z 1 1 34 INC DX I POINT AT DATA PORT 

E F 95 EC l l 35 lH u . o x  I G E T  T H E  DUA 

EF96 8805 ] 1 )6 110V I D i l  • .U I STORE TIIE BTTE 

E F 98 47 1 1 1 7  I HC  D I  I INCREf1£NT TltE POINTER 

EF99 B90AOO 1 1 18 HOV cx . 1 0  I LOOP TO !( I l l  TIME FOR NEC 

E F 9C EZFE 3 1 39 J41 : LOOP ,., 
EF9E 4A 1140 OEC ox I POINT AT STATUS PORT 

EF9F EC 3 1 4 1  l H  A L , DX I GET STATVS 

EFAO A8 1 0  3142 TEST A L , O l OH I TEST FOR NEC STI L L  BUSY 

EFA2 7406 3143 JZ J44 ; AESUL TS DONE 

E FA4 FECB 3144 DEC B l  I OECAEHENT T H E  STAT\JS CDlMER 

EFA6 75CA 1145 JHZ JJB I GO 8ACK FOR HORE 

EFA8 EBEl 1146 JMP J41 I CHIP HAS FAILED 

3147 

3148 1 - ---- RESULT OPERATION IS DONE 

3149 

EFAA. 3 1 5 0  J44 : 

EFAA 58 3 1 5 1  POP BX 

EFA8 SA 3 1 5 2  POP DX 

EFAC 59 1 1 5 1  POP ex ; RECOVER REGISTERS 

E F AD Cl 3 1 54 RET ; GOOO RET\.RN COOE FAOt1 TEST INST 

1155 · ----------------------------------------------------------------
3156 ; Nltl_TRANS 

1 1 5 7  T H I S  ROUTINE CALCULATES nt E  MUr1BER OF SECTORS ntA.T 
l158 WERE ACTUALLY TRANSFERRED TO/FROH TH E  D ISKETTE 

1 1 5 9  ; INPUT 

3 1 6 0  I CH I = C Y L I ND E R  OF OPERATION 

1 1 6 1  I C L I  = START SECTOR OF OPERATION 

3162 ; OUTPUT 

3 1 6 3  I A L )  : HUteER ACTUALLY TRANSFERRED 

3164 NO OTHER REGISTERS MOD I F I E D  

3 1 6 5  ; ----------------------------------------------------------------
EFAE 3166 tl..IH_TRANS PROC NEAR 

EFAE A04500 3 1 6 7  t10 V  A L , NEC_STATUS+l I GET CYLit«JER ENDED UP ON 

E F B l  3ACS 3168 CMP A L , CH I SAME AS ME STARTED 

EF83 A04700 l l b 9  MCV A L , NEC_STA.TUS+S I GET EN>IHG SECTOR 

E FB6 740A 3 1 70 JZ J4S I I F  OH SA.ME CYL, T1UH NO ADJUST 

EF88 880800 3 1 7 1  HOV ex . e  

EF8B E8AEFE 3 1 7 2  C A. L L  GET_PARM I GET EDT VALUE 

EFBE 8AC4 3 1 7 3  MDV A L , AH I INTO A l  

E F C O  FECO 3 1 74 INC Al I USE EOT+l FOR CALCULI.TION 

EFC2 3175 J45 : 

EFCZ ZACl 3 1 76> "'"' A L , C l  I SlllTRACT START F R OH  E NJ  

System BIOS A-45 



LOC OBJ 

EFC4 C l  

EFC7 

EFC7 

EFC7 CF 

EFC8 O Z  

EFC9 2 5  

E F C A  O Z  

E F C 8  08 

EFCC 2A 

EFCD f'F 
EFCE 50 

EFCF F6 

EFOO 1 9  

E F D l  04 

EFDZ 

EFDZ 

EFDZ FB 

EF03 J E  

EFD4 S Z  

EFDS 56 

EFD6 51 

EFD7 SJ 

EFD8 E86lOF 

EFDB 88F2: 

EFDD 8A5C78 

E1f0 D J U  

E F £ 2  &85408 

u n  oeoz 

EFE7 740C 

EFE9 OAE4 

EFEB 740E 

EFED FECC 

E F E F  74lF 

A-46 

L I N E  

3 1 7 7  

3 1 78 

SOURCE 

RET 

�-TR.t.m 

3 1 7 9  R E  SUL TS Et-IJP 

..... 
3 1 8 0  ; - - - - - - - - - - - -- - - - - - -- - - - --- - - - - - -- -- - - - - - - - - - - -- - - -- - - - - - - - - - - -- - - - - - - -- -

3 1 8 1  I DlSK_BASE 

3182 THIS IS THE SET OF PARArtET£RS REQUIRED FOR DISKEnE OPERATIDH. 

3 1 8 3  THEY A R E  POINTED AT BY T H E  DATA V.AllU.BlE DISK_POINTER. T O  

3 1 84 ttOD I F Y  THE PARAMETERS , BUILD ANOTHER PARAMETER BLOCK AtlJ POINT 

3 1 85 DISK_POINTER TO I T .  

3 1 86 

3 1 8 7  

3 1 88 

119' 

3 1 '10 

3 1 9 1  

3 1 92 

3 1 9 1  

3 M 4  

3 1 95 

3 1 96 

3 1 9 7  

1 n e  

3 M 9  

3 2 0 0  

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0RG OEFC7H 

DJSK_BASE LABE L BYT!' 

DB 1 1 0 0 1 1 1 1 8 

DB 

DB HOTOR_WAJT 

DB 

DB 

DB 02AH 

DB OFFH 

DB 050H 

DB OF6H 

DB ZS 

DB 4 

f SRT= C ,  HD l.tROAO=OF - 1 $T SPlCI F Y  BYTE 

I HO LDAD = l . MOOE:DMA - :iot•.-i !iPH: J F Y  �YTF 
I WAIT AFTER OPN Tl l "°TOR OFF 

; 5 1 2  BYTES/SECTOR 

I EOT I U.ST SECTOR OH TRACK t 
I GAP LENGTH 

I DTL 

J GAP LENGTH FOR FOR HAT 

I FILL BYTE FOR FORHAT 

t HEAD SEnLE TIHE I MILLISECoteS I 

I t10TOA ST ART TIHE I 118 SECONDS I 

3 2 0 1  s - - - IMT 1 7  ---------- ------ --- --- -------- ---- ------- - - -- - -- - ------------

3202 I PRIHTER_IO 

3203 THIS ROUTINE PROVIDES COf91llUCATIOH WITH THE PRINTER 

3204 J JHPUT 

3205 I AH l = O  PRINT THE CHARACTER IH I A L I  

3206 

3207 

3208 

32011 

3 2 1 0  

32 1 1  

32 1 2  

32 1 1  

3 2 1 4  

3 2 1 5  

3 2 1 6  

3 2 1 7  

3 2 1 8  

32 1 11  

O H  RETURN , AH = l  J F  CHARACTER COULD HO T  B E  PR IKTED 

C TIME OUT I .  OTHER BITS SET AS ON NORMAL STATUS CALL 

I AH l = l  INITIALIZE THE PRINTER PORT 

RETURNS WITH I AH I  SET WITH PRINTER STATUS 

I AH l = 2  READ THE PA INTER STATUS INTO I AH I  

6 5 4 3 2 - 1 0 

I I I I I l _Tl"E OUT ' 

I I I 1 I _ Ut«JSED I 1 = I/O ERROR 

1 = SELECTED I _ 1 : O\JT OF PAPER 

1 = ACKNOWLEDGE 

1 = HOT BUSY 

3220 I DX ) = PRINTER TO BE USED I 0 ,  1 , 2 1  CORRESPONDING TO ACTUAL 

3 2 2 1  VALUES IN PAIHTER_BA.SE AREA 

3 2 2 2  I 

3 2 2 3  1 D A T A  A R E A  PRJNTEA_8ASE CON'TAJHS THE DASE ADOA'E55 OF TH E  PAINTER 

1224 I CAA'D I S I  AV.t.IU8Lf I LOCATED AT BUltl-llHG OF CATA SEGMENT, 

3225 I 40eH ABSOLUT E ,  3 WOADS I 

3226 J 

3227 J DATA AA'EA PRINT_TIM_OUT I BYTE J MAY BE CHANGEO TO CAUSE OIFf[fUNT 

3z2e I TIHE -OUT WAITS . DEFAULT=20 

I 

I REGISTERS AH IS HOOIFIED 

ALL OTHERS l.INCHAHGED 

32211 

3230 

3231 

3232 

3233 

3234 

3235 

3 2 36 

3237 

3238 

3239 

3240 

3241  

3242 

3243 

3244 

3245 

3246 

3247 

3248 

32411 

32SO 

32Sl 

3252 

3ZS3 

J - -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- ----

ASSLR1E cs : CQOE , Q S : QATA 

DAG OEFD2H 

PRIHTEA_IO PROC FAA' 

STI 

PUSH DS 

PUSH DX 

PUSH SI 

PUSH ex PUSH BX 

CALL DDS 

"DV SI , OX """ B l , PAINT TI" OUTI SI J 

SH L  Sl o l  

t10V Q X , PRUtrEA'_BAS!I SJ I 
DR e x . o x  

JZ Bl 

DR AH , AH 

JZ 82 

DEC AH 

JZ •• 

System BIOS 

; INTERRUPTS BACK OH 

' SAVE SEGMENT 

I GET PRINTER PARM 

I LOAD TIHE-OVT PAAH 

I WORD OFFSET INTO TABLE 

a GET BASE AD01fES5 FOR PRINTER CARD 

l TEST DX FOR Z!A'D o 
1 INOICATIHG HO PRINTER 

I RETURN 

I TEST FOR I AH ):Q 

1 PIHNT_AL 

I TEST FOR I AH l = l  

I IHJT_PAT 



LOC OBJ L INE SOURCE 

H f l  F E C C  1254 DEC AH I TEST FOR ( AH 1=2 

E F F l  74Z8 3Z55 JZ 85 I PRIMTER STATUS 

EFFS lZ56 8 1 : I RETUm 

EFFS SB 3257 POP BX 

EFF6 59 3258 POP ex 

EFF7 SE 3259 POP SI ; RECOVER REGISTERS 

EFF8 SA 3260 POP DX I RECOVER REGISTERS 

EFF9 I F  3261 POP DS 

EFFA CF 3262 IRET 

3263 

1244 1 - - - - - - PAIKT ntE CHARACTER IN I A L J  

3265 

EFF8 3Z66 ez : 

EFFB 50 JZ67 PUSH AX I SAVE VALUE TO PR I NT  

EFFC EE lZ68 OUT o x , . u  I OUTPUT CHAR TO PORT 

EFFD 4Z 3269 INC DX I POINT TO STATUS PORT 

E F F E  JZ70 Bl: 

EFFE 28C9 3271 SUB e x . ex i W.UT_BUSY 

FOOO 327Z Bl_ l : 

FOOO EC 3271 IN A L , DX I GET STAlUS 

F O O i  8A£0 3274 l10Y AH • • U ; STATUS TO AH ALSO 

FOOl A880 JZ75 TEST A l o 80H I IS THE PRINTER CLIUlENTl Y BUSY 

FOOS 750£ 1276 JHZ •• ; O\I(_STR08E 

F 0 0 7  E 2 F 7  l Z 7 7  LOOP Bl_l I TRY AGAIN 

F 0 0 9  FECB 3Z78 DEC Bl I DROP LOOP COi.MT 

FOOB 75F l  1279 JHZ ., I GO TI L L  Tit1£0UT EtfJS 

FOOD BOCC O I  3260 "" AH , l  I SET ERROR F LAG 

F O I O  60E4F9 3261 Al«> AH , OF 9H  ; T UR N  OFF nlE OTHER BITS 

F O i l  £ 8 1 3  3282 JHP SHORT 87 ; RET\.RN Wint ERROR F LAG SET 

F O I S  1283 B4 : ; CIUT_Stli'OBE 

F O I S  8000 32S4 l10Y A L . OOH ; SET THE STROBE HIGH 

F 0 1 7  42 1285 INC DX I STROBE IS BIT 0 OF POA T  C OF 8255 

FOl8 EE 1286 OUT D X , A l  

F O l 9  BOOC 1287 HOY A l o  OCH I SET Tlt E  STROBE LOW 

F O I B  EE 3288 OUT Q X , A l  

F D I C  58 32M POP AX ; RECOVER Tlt E  OUTPUT CHA.A 

3290 

32'U 1 - - - - - - PRINTER STATUS 

3292 

F O l D  1293 85: 

FOlD 50 3294 PUSH AX I SAVE Al REG 

F O I E  3295 86 : 

F O I E  685408 3 2 96 l10Y OX , PRINTEA_BA.SE( SI l 
F O Z l  42: 1297 INC DX 

FOZZ EC 3298 IN A l o D X  ; 6ET PR I NT E R  snrus 
F 0 2 l  8A.EO un l10Y AH , A l  

F025 80E4F8 3300 Al«> AH , OF8H 1 TUR N  OFF lNJSED BITS 
F 0 2 8  3301 87: I STAT\JS_SET 
F028 SA. 3302 PDP DX I RECOVER A l  REG 
F O Z 9  BA.CZ 3303 HOY A l , D l  I G E T  CHARACTER I NT O  A l  
F O Z B  BOF448 ]]04 XOR A.H , 48H ; F L I P  A COUPLE OF BITS 

F02E EBCS 1105 JHP Bl I AEnJAN FRDf1 ROUTINE 

1106 

ll07 1 - - - - - - INITIALIZE THE PRINTER PORT 

3308 

FOlO ll09 BB:  

FOlO SO 3 3 1 0  PUSH AX I SAVE Al 

F 0 3 1  42 331 1 INC DX I POINT TO OUTPllT PORT 

F032 42 3 3 1 2  IHC DX 

FOll BOOB l l l l  HOY A l , 8  I S E T  I N I T  L I N E  LON 

F 0 3S EE 3314 OUT DX , A l  

F036 BBEB03 l l l S  HOY A.X . 1 0 0 0  

FOl9 1116 89 :  INIT_LOOP 

F039 4B 1 1 1 7  D E C  A X  L OO P  FOR RESET TO TA.KE 

F 0 3A 7SFD 3 3 1 8  J HZ  •• I INIT_LOOP 

F O lC BOOC 3 1 1 9  HOY A L , OCH ; NO INTERRUPTS, HON AUTO LF , 

3120 ; INIT HIGH 

F03E EE 332 1 OUT o x . A L  

FD3F EBOD 3322 JHP .. I PRT_STA.1\IS_l 

:na PRINTER_ IO Et«lP 

3324 

F04l 6 2 E l  3325 C Z  DW C24 1 AE�H ADORES$ F� DLmY STACK 

1326 

1327 I - -- INT 1 0  ------ -- -- ---- -- - - - - - ----- - - - - - - - - - - - --- - - - -- - --- --- - - - - - - - - -

3328 I VIDEO_IO 

1329 THESE ROUTINES PROVIDE Tlt E  CAT INTERFACE 

3330 THE FOLLOWING FUNCTIONS ARE PROVIDED : 

System BIOS A-47 



LDC OBJ L I N E  SOURCE 

3311 

3112 

n n  

3334 

3335 

3336 

3337 

3338 

3339 

3340 

3341 

3342 

3343 

)344 

3345 

3146 

3347 

3348 

3349 

:nso 

3351 

3352 

3353 

ll54 

3355 

3356 

3JS7 

3356 

3359 

3360 

336 1 

3362 

HU 

H64 

3365 

3366 

336 7 

3368 

3369 

3370 

3371 

3372 

3373 

3374 

3375 

3376 

3377 

3376 

3379 

HBO 

H81 

338Z 

3383 

3384 

3385 

3386 

3387 

nee 

338'f 

3390 

3391 

3392 

3393 

3394 

3395 

3396 

33117 

33<;16 

]399 

3400 

34 0 1  

3qoz 

3403 

3404 

3405 

3406 
llt0 7  

A-48 System BIOS 

I AH l =O SET ttODE I A U CONTAINS l10DE VALUE 

I A L l = O  40X25 BW I POWEA OH CEFAUl.T I 

I A L l = l  40XZS COLOR 

1 .t.L 1=2 eoxzs ew 

f A L l = l  80X25 COLOR 

GRAPHICS HOOES 

L l l l = 4  320X200 COLOR 

I A L l =S 320X200 8W 

l .ll l = b  b40X200 BW 

CRT HOO E = 7  80X25 B&W CARD ! USED INTERNAL TO VIDEO ONLY ) 

*** NOTE 8W HODES OPERATE SAHE AS COLOR HOOE S ,  BlJT 

COLOR Bl.llST IS MOT EH.A.BLED l AH I :  1 SET CURSOR TYPE 

I CH I = ens 4 � 0  = START LINE FDR CURSOR 

** HARDWARE WILL ALWAYS CAUSE BLIH 

** SHTING BIT 5 OR 6 W I L L  CAUSE ERRATIC 

Blltl<.IHG OR NO CURSOR AT ALL 

I C l l  = BITS 4-0 = EHD llNE FOR CURSOR 

C AH l =2 SET CURSOR POSITION 

I OH , O L I  = RQW ,COL\Jt'H 1 0 , 0 1  IS UPPER LEFT 

I BH I = PAGE tu'IBER I tt.JST BE 0 FOR GRAPH ICS HODES I 

I AH l = l  READ CURSOA POSITION 

I BH J = PAGE f<U'eER I l'IUST BE 0 FOR GRAPHICS HOO ES I 

ON EXIT I O H , D L I  = R OW , COLun-i OF CURRENT CURSOA 

I CH 1 C L I  = CURSOR t'IOOE CURR ENTLY Sf.T 

I AH 1 = 4  READ LIGHT PEH POSITION 

ON EXIT : 

I AH I  = 0 - - llGHT PEN SWITCH HOT DOWN/NOT lRIGGERED 

I AH I = 1 -- VALID LIGHT PEN VALUE IN REGISTERS 

I O H , D L I  : ROW ,COLU11N OF CHARACTER LP POSH 

I CH I  = RASTER LINE 1 0 - 1 9 9 ) 

I BX J  : PIXEL COLUHN t 0 - 3 1 9 , 6 39 1  

I AH l =S SE LECT ACTIVE DISPLAY PAGE f VALIO ONLY F DA  ALPHA l'IODES ) 

I A L ) =NEW PAGE VAL 1 0 -7 FOR MODES 0 1 1 , 0 - 3 fOQ MODES 2 U I :  

I AH l =6 SCROL L  ACTIVE PAGE UP 

I A L I  = N1.11BEA Of LINES, INPUT LINES 9LAl+c.ED AT BOTTOt1 

OF Wlt«>OW 

AL = 0 11'fAH'S BLAHK ENTIRE WINOOW 

I C H , C L I  = ROW , COL\A1N OF UPPER LEFT CORNER Of SCRO LL 

I O H , D L J  = ROW , COLl..ll'Wi Of LOWER RIGHT CORNEA Of SCROLL 

I BH J = ATTRIBUTE TO BE USED OH BLANK LINE 

( AH l = 7  SCROLL ACTIVE PAGE DOWN 

I A L I  = NU1BER OF LINE S ,  INPUT LINES BLAt-l<ED AT TOP 

OF WUGOW 

AL = 0 nEANS BL.A.ti< ENTIRE WINDOW 

l C H , C L I  = AQW , COLtH-1 Of UPPER LEFT CORNEA OF SCRO LL 

I DH , Q L I  = RQW , COltmH OF LOWER RIGHT CORNER OF SCROLL 

I BH J : ATTIUBUTf TO 8E USED ON BLANK LINE 

CHARACTER HANDLING ROUTINES 

I AH I = 8 READ ATTRIBUTE/CHARACTER AT CURRENT CURSOR POSITION 

l BH l  = DISPLAY PAGE ! VALID FOR ALPHA t100ES ONLY I 

ON EXIT : 

( A L l : CHAR READ 

I AH I  = ATTRIBUTE Of CHARACTER READ I ALPHA t100ES ONLY I 

I AH J  : 9 WRITE ATTlUBUTE/CHARACTER AT CURRENT CURSOR POSITION 

I BH I  = D ISPLAY PAGE l \IALID FOR ALPHA HODES ONLY I 

I ex I : COUNT OF CHARACTERS TO WAITE 

I Al I : CHAR 10 WRJTE 

I Bl I = ATTRIBUTE OF CHARACTER I ALPHA I/COLOR OF CHAR 

{ GRAPHICS I 
SEE NOTE OH WR ITE DOT FOR BIT 7 Of Bl = l .  

I A.H I  = 1 0  WRITE CHARACTER OHLY AT CURRENT CURSOR POSITION 

! BH I  = D I SPLAY PAGE I VALID FOR ALPHA HODES ONLY I 

( ex I = CCILl-IT OF CHARACTERS TO WRITE 

l A L  l = CHAR TO WRITE 

FOR READ/WRITE CHARACTER INTERFACE WH I L E  IN GRAPHICS l100E ,  TH E  

CHARACTERS A R E  fORHED FROH A CHARACTER GENERATOR IMAGE 

MAINTAINED JH THE SYSTEM ROH . ONl.Y THE lST 12& CHARS 

ARE CONTAINED THERE . TO RUD/WRITE THE SECOt«> l U  

CHARS , T H E  USER ttJST INITIALIZE THE POINTER AT 

INTERRUPT lFH C LOCATION 0 0 0 7CH J TO POINT TO THE lK BYTE : 

TABLE CONTAINING THE CODE POINTS FOR THE SECOM> 

128 CHARS I 1 2 8- 255 1 .  

F OR  �ITE CHARACTER INTERFACE I N  GRAPHICS 11DOf , nt E  R EPLICATION : 

HCTOR CONTAIM£0 IN I ex ) OH ENTRY WILL PRODUCE VALID 



LOC OBJ 

F045 

F045 

F045 FCFO 

F047 COF l 

F049 E E F l  

F04B 3 W 2  

F04D 9CF7 

F04F 17FZ 

F O S l  9bfiZ: 

F053 J8F3 

FOSS 74Fl 

FD57 89F3 

F059 ECFl 

FOSB 4 E F 2  

FOSD 2FF4 

FOSF I E F 4  

F 0 6 1  1 8 F 7  

F063 7 4 F 2  

0 0 2 0  

F 0 6 5  

F 0 6 5  

FObS FB 

F066 FC 

F 0 6 7  06 

F068 IE 

f069 52 

F06A. 5 1  

F O & I  5] 

LINE 

Y.08 

3409 

Jct I D  

)4 1 1  

J'e l ?  

14 1 1  

3414 

1 4 1 5  

3416 

'4 1 1  

' 4 1 8  

l4 l '  

1420 

34 Z I  

J4ZZ 

"'" 

3424 

)425 

3426 

1427 

)428 

1429 

J4JO 

J4Jl 

JftJZ 

J4H 

J4)4 

J4J5 

3416 

14)7 

J4l8 

SOURCE 

RESULTS O N L Y  F O R  CHAIUCTER'S COHTA.INED OH TH E  S Al't f  R OW .  

CONTJHU.t.TION TO SUCCEEDING LINES W i l l  HOT PRODUCE 

CORRECT LY . 

GRAPHICS INTERFACE 

I A.H I  = 11 SET COlOR PALETTE 

C BH I = PALETTE COLOR IO BE ING SET I 0- 1 2 7  I 

t B L I  = COLOR VALUE TO BE USED WITH THAT COLOR ID 

NOTE : FOR TH E  CURRENT COLOR CARD . nus E�Y POINT 

HAS HEANIHG ONLY FOR JZOXZOO GRAPHICS . 

COLOR ID = 0 SELECTS THE BACKGRQU.ID COLOR I 0 - 1 5 1 :  

COLOR I D  = 1 SE LECTS THE PALEnE TO B E  USED : 

0 : GREEN! 1 l/REOC 2 J/TELLOWI ) I 

1 = CTA.N( 1 I/MAGENTA( Z I /WH I T E !  l I 
IN 4DXZ5 OR eoxzs ALPHA HOD E S .  TliE VALUE SET 

{ AH ) : 12: �ITE DOT 

FOR PALETTE COLOR 0 11'1J ICATES THE 

BORDEf:1 COLOR TO BE USED ! VALUES 0 - 3 1 , 

WHERE 1 6 - l l  SELECT THE HIGH INTENSITY 

BACKGROUND S E T .  

I DX I : R O W  NUt!B E R  

( e x )  = C O l ut1N  NUHB E R  

{ A l I = COLOR VALUE 

I f  BIT 7 Of A L  : 1 ,  THEN TH E  COLOR VALUE IS 

EXCLUSIVE OR ' D  WITH THE CURRENT CONTENTS Of 

THE DOT 

I A.H I  = l l  READ DOT 

I DX ) = ROM NUHBER 

! ex ) : CO LUHN NUMBER 

( A L )  RETURNS THE DOT READ 

3439 ; ASC I I  TE LETYPE ROUTINE FOR OUTPUT 

1440 

3441 

3442 

,.., 

3444 

3445 

1446 

3447 

3448 

1449 

3450 

3451 

I AH I = 1 4  WRITE TE LETYPE TO ACTIVE PAGE 

f Al I : CHAR TO WIUTE 

(BU : FOREGROUtlD COLOR IN GRAPHICS HOOE 

NOTE - - SCREEN WIDTH IS CONTROLLED BY PREVIOUS MOOE SET 

( AH I = 1 5  CURRENT VIDEO STATE 

RETURNS THE CURRENT VIDEO STATE 

I A L I  = mlDE CURRENTLY SET I SEE AH=O FOR EXPLANATION ) I AH I = 1'M"IBER OF CHARACTER COLUHNS OH SCREEN (Bti I = CURRENT ACTIVE DISPLAY PAGE 

1452 c s . s s , D s , E s , e x . c x , D x  PRESERVED DUR ING CALL 

1453 All OTHERS DESTROYED 

1454 ; ---- ---- - - - - --- - -- - - ---- ----- - --- --- ------- - --- -------------------------
ASSUME c s :  CODE , a s :  DAT A .  E S ;  VIOEO_RAl'1 

ORG OF 045H 

3455 

3456 

l'o57 

3'o58 

3459 

3460 

, .. , 

"' LABE L  "°"o I TAB LE OF ROUTINES WITHIN VIDEO I/O 

3462 

,.. ,  

]464 

3465 

,. .. 

3467 

34 ::.e 

3469 

3470 

1471 

347Z 

1473 

3474 

Y.75 

,.,. 
]477 

3478 

3479 

3480 

3481 

,.., 

348] 

1484 

OW 

OW 

ow 

ow 

OW 

ow 

ow 

OW 

ow 

ow 

ow 

ow 

ow 

OW 

ow 

OW 

M I L  '"" 
ORG 

VIDEO_ IO 

STI 

CLO 

P\JSH 

PUSH 

PUSH 

PUSH 

PUSH 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

OFFSET 

s -11 1  

OF 065H 

PROC 

ES 

OS 

ox 

ex 

BX 

SET_l100E 

SET_CTYPE 

SET_CPOS 

READ_ClllSOR 

READ_LPEN 

ACT_DISP _PAGE 

SCROLL_ UP 

SCROLL_ DOWN 

RUO_AC_CURRENT 

WRITE_AC_CURRENT 

WRITE_C_CURRENT 

SET_COLCJR 

WRITE_OOT 

REAO_OOT 

WRITE_ TTY 

VIDEO_ STATE 

NEAR i INTERRUPTS BACK OH 

l SET DIRECTION FORWARD 

; SAVE SEGt\fHT REGISTERS 
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LOC OBJ LINE SOURCE 

f06C 56 1485 POSH SI 

F06D 57 3486 PUSH D I  

FOM SO 3487 PUSH AX I SAVE AX VAlUE 

f06F 8AC't 3488 MOV A l . AH I GET INTO LOW BYTE 

F071 JZE4 3481il XOR AH , AH ; ZERO TO HIGH BYlE 

f07) D l E O  3490 SAL AX , 1  ; • Z  FOR TABLE LOOKUP 

F075 8BFO 3491 HOV SI , AX ; PUT INTO 51 FOR BRANCH 

f 0 77 lOZ O O O  3492 CMP AX , f1 l l  I TEST F O R  WITHIH RANGE 

F 0 7A 7204 3491 JB "' I BRANCH AAOlH) BRANCH 

F 0 7C 58 3494 POP AX I THROW AWAY THE PAAAl1ETER 

F 0 70 E 9450 1 3495 JMP YIDEO_AETI.llN ; DO NOTHING If HOT IN RANGE 

FD80 3496 112 : i Foao neeoe 3497 CALL DD5 

FO&l 890088 3498 HOV AX , OMOOH ; SEGMENT FOR COLOR CARD 

F086 8BlE I O O D  3499 MDV DI , EQUIP _F LAG ; GET EQUIPMENT SETTING 

F08A 8 1 £73000 3500 AHO OI , JOH I ISOLATE CRT SWITCHES 

F08E 83FF30 3501 CMP 0 1 , JOH ; I S  SETTING FOR 6W CARD? 

F091 7502 3502 JNE "' 
F09J 8480 3503 MOV AH , OBOH I SEGMENT FOR BM CARD 

F095 3504 H J :  

F095 8ECO 3505 MDV E S , AX J SET UP TO POINT AT VIDEO AAl1 AREAS 

F097 58 3506 PDP AX I RECOVER VALUE 

FH8 8A2649DO 3507 MOV AH , CRT_ttOOE ; GET CURRENT HOOE INTO AH 

F 0 9C 2 E f f.t.t.4SFO 3508 JMP WORD PTR CS : I SI+OHSET H l  I 
3509 VIOEO_IO EHDP 

35 1 0  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
35 1 1  I SET_t'IODE 

35 1 2  THIS ROUTINE INITIALIZES THE ATTACHMENT TO 

35 1 3  TH E  SE LECTED HOO E .  T H E  SCREEN IS BLAHKEO . 

3514 INP\IT 

3 5 1 5  I A L J  = l10 0 t  SE LECTED I AAHGE 0 - 9 1  

3 5 1 6  I OUTP\IT 

35 1 7  NONE 

3 5 1 8  , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
35 1 9  

3520 ; ----- TA8Lts fOR USE IN SETIIHG Of 1'10Df: 

3521 

FOA't 3SZ2 DRG O F OA4H 

f0A4 3523 VlDED_PARMS LAB E L  BYTE 

3524 ; - - - - - INIT_TABLE 

FOA't J8 3525 DB 38H . 2eH , 2 DH , OAH , 1 F H  , 6  o l 9H ; SET UP FOR 40X25 
FOAS 28 

FOA6 20 

FOA7 DA 

FOA8 lf 

FOA9 06 

FO.U. 19 

FOAD lC 3526 DB I CH , 2 , 7 , 6 . 7  

FOAC 0 2  

F OAO 0 7  

FOAE 06 

FOAF 0 7  

FOBO 0 0  3 5 2 7  DB o , o . o , o  
F 0 8 1  0 0  

FOBZ 0 0  

FOBJ 0 0  

0 0 1 0  3528 ... '"" S -VIDEO_PARHS 

3529 

FOB4 7 1  3530 OB 7 1 H  , SOH o S.lH , OAH ,  l fH , 6 ,  J 9H I SET llfl FOA 80X25 
FOBS SO 

FOB6 SA 

FOB7 DA 

FOBS l f  

FOB9 0 6  

FOBA 1 9  

FOl!B J C  3531 DB I CH , 2 , 7 , 6 , 7  

FOBC O Z  

FOBO 0 7  

FOBE 06 

FOBF 0 7  

FOCO 0 0  3532 DB o , o , o , o  
F O C l  0 0  

FOCZ 0 0  

FOCJ 0 0  

3531 

FOC4 3a 3534 DB 38H ,  28H , 2DH , O AH ,  7FH 06 o 6t+H I SET UP FOR GRAPHICS 
FOC5 za 
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LDC OBJ L INE SOURCE 

F O C 6  Z D  

FOt7 OA 

FOC8 7F 

FOC9 06 

FOCA 64 

FOCB 70 1515 DB 70H , Z . 1 1 6 , 7  

FOCC OZ 

FDCD 01 

FDCE 06 

FOCF 07 

FDDO DD 3536 DB o . o . o , o  

F O O i  0 0  

FOOZ 00 

FODJ 00 

lSJ7 

FOD4 6 1  ]5]8 DB 6 IH . sOH , SZH , OFH . 1 9H , 6 .  n H  I S E T  UP FOR 80X25 B&W CARD 

FOOS 50 

F006 52 

FOD7 OF 

FOOS 19 

FDD9 06 

FOOA 19 

f ODB 19 )539 •• 1 *t , Z , DDH , DBH , OCH 

FODC 02 

F OOD OD 

FODE OB 

FODF DC 

F O E O  0 0  1540 DB o , o , o , o  

F O E l  0 0  

F O E Z  0 0  

F O E l  00 

1541 

FDE4 1542 115 LABEL worm ; TABLE OF RE&EN LENGTHS 

FOE4 0008 ]541 DW 2048 ; 40X25 

FOE6 0 0 1 0  3544 ow .... i eoxzs 

FOE& OC4Q 3545 ow 1 6 364 ; GRAPHICS 

FOEA OOltO 3546 OW ,., .. 
1547 

1548 1 ----- COLUl1HS 

3549 

FOEC 1550 116 LABE L BYTE 

FOEC ze 3551 DB 40 , 4 0 , eo , e o  , ft. 0 , 4 0  , e o  , e o  

FOEO 26 

F O E E  50 

F O E F  50 

F D F O  2 8  

F O F I  28 

F O F Z  SD 

F O F 3  50 

3552 

3551 1 - ---- C_REG_TAB 

1554 

f0f4 1555 H7 LABEL BYTE I TABLE OF 10lf SETS 

FOF4 ZC 3556 DB 2CH , Z8H , ZD H ,  29H , 2 AH , 2E H ,  l E H ,  29H 

F O F S  28 

FOF6 20 

FOF7 29 

FOF8 i?A 

FOF9 2.E 

FOFA l E  

FOFB 2 9  

1557 

FOFC 3558 SET_l'tOOE PROC NEAR 

FOFC BA040l 3559 HOV D X , O l04H ; ADDRESS OF COLOR CARD 

F O F F  8300 3560 HOV BL , O  ' HOOE SET fOR COLOR CARD 

F l O l  83FF30 356 1 CHP D I , ]OH ' IS BW CARD INSTALLED 

F l 04 7506 356 2 JNE "" ; OK WITH COLOR 

F l 06 8007 !563 HOV A L , 7  ; It«>ICATE 8 W  CUD l'tODE 

F l 08 8284 1504 HOV D l , 084H I ADDRESS OF BW CARD I 384 1 

F I O.l FECl 1505 INC •• ; MOOE sn FOR BM CARD 

F I OC 3566 "8 ; 

F I OC 8AEO 3567 HOV AH , A l  I SAVE f'fJD E  IH A H  

F I O E  A24900 1508 HOV CRT_ttOOE ,AL I SAVE IN GLOBAL VARIABLE 

F i l l  89166300 3569 HOV AOOR_6845 ,OX ; SAVE ADDRESS OF 8.lSE 

F 1 1 5  IE 3570 PUSH DS • SAVE POINTER TO DATA SEGl1ENT 

F l 1 6 50 3571 PUSH AX ; SAVE MOOE 

F 1 1 7  52 JS7Z: PUSH DX I SAVE OUTPUT PORT VALUE 
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LOC OBJ L INE SOURCE 

f l l8 8X2:04 1573 ADD D X . 4  I POINT T O  CONTROL REGISTU 

F l 1 8  8AC1 3574 t10V A L . B L  ; G E T  l"IOD E  SET FOR CARD 

F l l O H 3575 DUT D X , A l  I R E S E T  VIDEO 

F l l E  5A 3576 POP DX I BACK TO BASE REGISTER 

F l l f  2BCO 3577 SUB AX , AX  I S E T  U P  F O R  AIBSO SEGt1EHT 

F l Z l  8ED8 3578 MDV O S , AX I ESTABLISH VECTOR TA8LE ADDRESSING 

3579 ASSLl1E O S : ABSO 

F l 2 3  C 5 l E 7400 3580 LOS B X , PA.Rl"l_PTR ; 6ET POINTER TO VIDEO PARHS 

F 1 2: 7  58 3581 POP AX I RECOVER PAAt1S 

3582 ASSLl1E D S : CODE 

f128 11 9 1 0 0 0  3583 MDV CX , H4 I LENGTH OF EACH ROW OF TABLE 

F 1 28 80FCD2: 3584 CMP AH , 2  I DETEAHIHE WHICH CIN£ T O  USE 

F 1 2 E  7 U O  1585 JC M• I HODE I S O OA l  

F l 30 0 30 9  3586 ADD ex .ex I HOVE TO NEXT ROW Of" INIT TABLE 

F l l2 80FC04 3587 CMP AH , 4  

F l lS 7 2 0 9  3588 JC M• I l"IOOE IS 2 OR 3 
F l l7 0109 3589 ADD ex . e x  I HOVE TO GRAPHICS ROW OF IHIT_TABLE 

f l 39 80FC07 3590 CMP AH , 7  

F I X  7 2 0 2  3 5 9 1  J C  M 9  I l"I OD E  IS 4 , 5 ,  OR • 

F l lE 0 30 9  3592 ADO ex . ex ; HOVE TO BW CARD ROW OF INIT _TABLE 

3593 

3594 ; - - - - - 8)( POINTS TO CORRECT ROW OF lNITULlZATlON TABLE 

3595 

F 1 4 0  3596 tt 9 :  ; OUT_lNlT 

F 1 4 0  50 lS97 PUSH AX ; SAVE l'IOOE I H  AH 

Fl41 l2E4 3598 XOR AH , AH ; AH W I L L  SERVE AS REGISTER 

3599 ; HUMBER DURING LOOP 

3600 

3601 ; - - - - - LOOP THROUGH TABLE , CIUTPUTTTING AEG ADDRESS, THEN VALUE FAOH TABLE 

3602: 

F 14 3  36 0 3  n t o :  J IHIT LOOP 

F 1 4 3  8AC4 3604 MDV A L , AH ; GET 6845 REGISTER Hll1BEA 

F l 45 EE 3605 OUT Q )( , A L  

F 146 42: 3606 INC DX J POINT TO DATA PmT 

' 147 FEC4 3607 INC AH J NE)(T REGISTER \/All.If 

F l4' 9A07 3608 MDV .u . c ax r  ; GET TAl!LE VALUE 

F l4B U: 3609 DUT Q )( , A L  ; OU T  T O  C H I P  

f l C.C: 4 1  36 1 0  I NC  BX i 'IEXT IN UBLF. 

F 14D 4A 36 1 1  DEC DX ; BACK TO POINTER AECISTEA 

Fl4E U F J  36 1 2:  LOOP M I O  ; DO T H E  WH O L E  TABLE 

F l SO 58 36 1 1  POP AX ; GET HOOE BACK 

f l 5 1  l f  3 6 1 4  POP OS I AECO\IEA SEGMENT VAUit 

3 6 1 5  ASSLl1E o s : DATA 

36 1 6  

36 1 7  1 - - - - - F I L L  REGEN AREA W I TH  BLAt« 

36 1 8  

F 1 5 Z  J J F F  36 1 9  XOR D I . D I  I S E T  UP POINTER F O R  REGEN 

F 1 54 89lE4EDO 3620 MDV CRT_STAR T , Q I  ; START ADDRESS SA\IED IN GLOBAL 

F 1 58 C6066ZDDDD 3621 MDV ACTIVE_PAGE , O  I SET PAGE VALUE 

F I SO 890020 3622 MDV C X , 8 1 92 l NUt18ER OF WORDS IH COLOR CARD 

F l 6 0  80FC04 3623 CMP AH , 4  l TEST FOR GRAPHICS 

F l 6 3  7208 3624 JC M l 2  ; HD_GAAPH ICS_IHIT 

Fl65 80FC07 3625 CMP AH , 7  ; TEST FOR B W  CARD 

F 1 68 7404 3626 JE M l l  I BW_CARO_IHIT 

F16A 3JCO 3627 XOR AX , AX ; F I L L  FOR GRAPHICS f'IOOE 

F 1 6 C  EBOS 3628 JMP SHORT H 1 3  I CLEAA_BUF F E R  

F 1 6 E  36 2 9  H i t :  ; BW_CARD_IHIT 

F16E 8508 3630 MDV CH , 06H • BUF FER SIZE OH aw CARD 

F l 7 0  3631 " I Z :  I HO_GRAPH ICS_lHIT 

F 1 70 B8Z 0 0 7  3612 MDV .. . . ' + 7•256 1 F I L L  CHAR FOR ALPHA 

F 1 7 3  3633 H J 3 :  ; CLEAR_BUFFEA 

F l 73 F l  3634 R E P  STOSW ; F I L L  THE REGEN BUF F E R  WITH Bu.HKS 

F 1 74 AB 

3635 

3636 ; - - - - - ENABLE \IIDEO Atl> CORRECT PORT SETTING 

3637 

F 1 7S C70660000706 3638 MDV CUASOR_l10DE , 6 0 7H  I SET C l.M A E NT  C l.M SOR  ttOO E 

F l 78  A04900 3639 MOV A L , CAT_t100f I GET THE l10DE 

Fl 7f 32E4 3640 XOR AH , AH I INTO A)( R EGISTER 

F180 88FO 3641 MDV SI 1 AX I TABLE POINT E R ,  Il'EIEX(D B't' t1DDE 

f 1 8Z 88166300 364Z MDV D X , AODR_6845 I PREPARE TO OIJTPUT TO 

3643 ' VIDEO ENABLE PORT 

F l e6 exzo<+ 3644 ADO D X , 4  

F 18,i Z E 8.l84F4FO 3645 MDV A L , C S :  ( SI+DfFSET " 7 l  

F 1 8E E E  3646 OUT D X , A L  J SET \IIOEO ENABLE PORT 

F l8F AZ6500 3647 MOV CRT_HOOE_S E T , A l  I SA\IE THAT VALUE 

3648 
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LOG OBJ 

F l  qz 2E6A84ECFO 

F l 9 7  32E4 

F199 A34AOO 

L I N E  SOURCE 

l649 , _____ DETER"INE NJl'1BER OF cou.n.., , BOTM FOR ENTIRE DlSPU't' 

l6SO 1 - - - - - AN> Tli E  HU'eER TO BE USED FOR TTY INTERFACE ,.., ,.., ,.., ,. .. ,. .. 
110V 

XOR 

110V 

. u , cs : I Sl • OFFSET 116 )  
AH , AH 

CRT_COLS ,AX 

1656 1 ----- SET CURSOR POSITIONS ,.., 
I Nll1BER OF COLUflS IN THIS SCREEN 

F 1 9C 8 1 E6 0 E O O  3658 All> S I , OEH I WOAD Dff5ET INTO CLEAR lEHGTH TABLE 

FUD 2E8B8CE4FO 1659 110V c x . cs : I SI • OFFSET HS I  ; LENGnt T O  CLEAR 

F US MOE4COO 3660 MOV CRT_lEH,CX I SAVE LENGTll OP' CAT - - NOT USED FOR eM 
F l A. 9  890800 l66 l 

F IAC BFSOOO 3662 

F U F  lE 366] 

flBO 07 J664 

F I B I  33CO 3665 

F l 83 F3 3666 

F l 84 AB 

F l B S  42 

F l 86 8010 

3667 

MOV c x , e  

t10V DI ,OFFSET CURSOR_POSH 

PUSH OS 

POP ES 

XOR A X , AX 

REP STOSW 

1 ----- SET UP OVERSCAN REGISTER 

?NC OX 

MOY A L , lOH 

CMP CRT_HOOE , 6  

I C LEAR A l l  CURSOR POSITIONS 

I ESTABLISH SEGHENT 

ADDRESSIH6 

I F I L L  Nint Z'EROES 

1 SET OVERSCAN PORT TO A D E FAULT 

I VALUE OF JOH FOR ALL MODES 

; EXCEPT 640XZOO 

; SEE I F  THE HOOE IS 640X200 BW F l 88 803E490006 

F I BD 7502 

F I BF 803F 

3668 

3669 

3670 

3671 

3672 

3673 

3474 

U75 

3676 

1677 

367& 

3679 

JNZ 

MOV 

M l 4  

A L , 3FH 

I IF IT ISNT 640X2 0 0 ,  THEN GOTO REGULAR 

I I F  I T  IS 640Xt0 0 ,  ntEN PUT IN lFH 

f l  C l  

F I C l  EE 

FICZ .l.26600 

F I CS 

F I CS SF 

F I C6 SE 

F I C 7  58 

F I C8 

F I CB 59 

F I C9 SA 

F I CA I F  

F l CB 0 7  

F l CC C F  

F I CO 

F lCD 840.A. 

F I CF MOE6000 

Fl03 E80200 

F 1 0 6  EBED 

F I D8 

F IDB 88166300 

F I DC 8AC4 

F I D E  EE 

F l D F  42 

F l E O  8AC5 

F l E 2  EE 

F l E J  ..... 

P'lt• eAC4 

f l E6 FECO 

F I E8 E E  

F I E 9 42 

F I EA 8AC 1 

F l EC EE 

F l ED C l  

t1 t 4 :  OtJT O X , A l  

110V CRT_PALETTE , A L  

; OUTPUT T H E  CORRECT VALUE TO 309 PORT 

I SAVE ntE VALUE FOR FUT1..RE USE 

J6b0 ; ----- NORl'IAL RETURN FROH A L L  VIDEO RETtlRMS 

J6bl 

l68t 

l68l 

J68ct 

3685 

3686 

1687 

3688 

16&9 

]690 

3691 

]692: 

VIOED_RETURH: 

POP 

POP 

POP 

t1 t 5 :  

POP 

POP 

POP 

POP 

IRET 

SET_t«>DE 

01 
SI 

SX 

I VIDEO_AETUfN_C 

ex 

ox 

OS 

ES I RECOVER SEGMENTS 

; ALL OOHE 

ENOP 

l69l ; - - ------------- --- - - --- - - ---- - - - - - --- -- - - --- - - -- - --- ----------- -
3691'.f I SET_CTYPE 

1695 THIS ROUTINE SETS TH E  CURSOR VALUE 

3696 I INPUT 

l697 ( ex I HAS CIJRSQq VALUE CH -START LINE . C L-STOP LINE 

3698 I OUTPUT 

ln9 NONE 

3 7 0 0  ; - - - - - - - - - - ---- - - ------ ----- - - - -- ------------ - - - - ------ - --- - - ----
3 7 0 1  

1 7 0 2  

l70l 

3704 

]705 

]706 

SET_CTYPE PROC NEAR 

l'IOV AH , 1 0  

HOV CURSOR_HOOE , ex 

CALL Hl6 

Jl'IP YIDEO_AElUUl 

J 6845 REGISTER FOR CURSOR SET 

I SAYE IN DATA AREA 

; OUTPUT ex RE& 

3707 1 - - - - - THIS ROUTINE OUTPUTS Tlt E  ex REGISTER TO THE 6845 REGS HAl'IED IN AH 

3708 

3709 

3 7 1 0  

3 7 1 1 

1 7 1 2  

] 7 1 ]  

3714 

1 7 1 5  

]716 

3717 

]718 

3 7 1 9  

1 7 2 0  

J7Z I 

']722 

]72] 

3724 

1'1 1 6 :  

l10V 

110V 

OUT 

INC 

MOV 

OUT 

DEC 

t10V 

IN<: 

OUT 

INC 

MOV 

OUT 

RET 

SET_CTYPE 

D X , ADDR_6845 

A L , AH 

D X 1 A l  

o x  

A L . CH 

D X , A l  

o x  

A l 1 AH 

Al 

D X . A l  

o x  

A l , C L  

D X , A L  

E>«>P 

I ADDRESS R'EGISTEA 

I GET VALUE 

I REGISTER SET 

; DATA REGISTER I DATA 

I POINT TO OTHER DATA REGISTER 

; SET FOR SECONJ REGISTER 

; SECONJ DATA VALVE 

I ALL DOHE 
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LOC OBJ 

F l E E  

F I E E  8ACF 

f J f O  JZEO 

F l F Z  D I E i  

F l f't 8BF 1  

F I F 6  895450 

F 1 f 9  l8lE6 2 0 0  

F I FO 7505 

F l f f  8BC2 

F201 E80200 

F204 

f204 Ee&F 

F206 

fZ06 £67COD 

F209 &BC8 

F208 OlOE4EOO 

F Z O F  D l F 9  

F 2 l l  84DE 

F21 l E&C 2 F F  

f 2 1 6  C l  

F 2 1 7  

F 2 1 7  A.26200 

F21A a80E4CO O  

F l t £  98 

F Z I F  50 

F Z Z O  F 7 E l  

F 2 2 2  Al4EOO 

F 2 2 5  89C8 

f 2 2 7  D 1 F 9  

F 2 2 9  840C 

F228 E8.U.FF 

F22f 58 

F 2 2 F  D I E 3  

F 2 l l  884750 

F 2 Jlt E8CFFF 

F237 E88C 

f 2 l 9  

n n  8ADF 

F 2 38 l2FF 

f 2 1D D l E J  

L I N E  SOURCE 

1725 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3726 ' SET_CPOS 

1727 THIS ROUTIH£ SETS TME Cl.RRENT CURSOR 

3728 POSITION TO TH E  NEW )(-Y VALUES PASSED 

3729 1 IHP\IT 

3730 OX - ROM, COLut1H Of HfW C\mSOR 

3731 BH - DISPLAY PAGE OF 0...-SOR 

3732 ; OUTPUT 

1733 CUASOA IS SET AT 6845 IF DISPLAY PAGlf 

IS CURRENT DISPLAY 1734 

3735 

3736 

3737 

1738 

3739 

37't0 

3741 

3742 

3741 

1744 

3745 

3746 

1747 

3748 

3749 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SET _CPOS PROC NUR 

t10V C L , BH 

C H o C H  

cx . 1  

I [STABLISH LOOP COUNT 

I MORD OFFSET 

XOR 

SAL 

MOV 

MOV 

CMP 

JNZ 

MOV 

CALL 

SI ,ex ; USE INDEX REGISTER I SI+OFFSET CURSOR_POSN I oDX I SAVE THE POINTER 

11 1 7 :  

JMP 

SET_CPOS 

ACTIVE_ PAGE , B>t  "" 
AX ,DX 

M 1 8  

VIDEO_RETI.llN 

.. .,. 

I SET_CPOS_RETURN I GET ROW/COLLH4 TO AX 

; CURSOR_SET 

I SET_CPOS_RETURN 

3750 ; ----- SET CURSOR POSITION, AX HAS ROW/COL� FOR CURSOR 

3751 

3752 

3753 

3754 

3755 

3756 

3757 

3758 

3759 

3760 

M l 8  

MIO 

PROC 

CALL 

MOV 

AOO 

SAR 

MOV 

CALL 

RET 

ENOP 

NEAR 

POSITION 

e x . Ax 

C X , CRT_START 

cx , 1  

AH , 1 4 

M l 6  

I DETERHINE LOCATION IN R E G E N  BUFFER 

; ADD IN THE STA.RT A.DOR FOR THIS PAGE 

I DIVIDE BY 2 FOR CHAR ONLY COUNT 

; REGISTER NLl1BER FOR CURSOR 

; OUTPUT THE VALUE TO THE 6845 

3 761 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ 

3762 I ACT_DISP _PAG'f 

3763 THIS ROUTINE SETS THE ACTIVE DISPLAY PAGE , A L LOMJHG THE 

3764 FULL USE OF THE RAH SET ASIDE FOR THE VIDEO ATTACHHENT 

3765 INPUT 

3766 Al HAS TH E  NEW ACTIVE DISPLAY PAGE 

376 7 ; OUTPUT 

37'8 THE 6845 IS RESET TO DISPLAY THAT PAGE 

3 769 • - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - -

ACT_DISP_PAGE PROC NEAR l10V 
MOV 

CBW 

ACTIYE_PAGf , A. L  

CX, CRT_U:H 

PUSH AX 

t'IJL ex 

HOY CRT_STJ.fn ,J.X 
e x . AX  

c x . 1 

AH , 1 2  

M 1 6  

1 SAVE ACTIVE PAGE VALUE 

I GET SJ.YEO lEHGTH OF REGEN BUFFER 

; CONVERT J.l TO WORD 

; SAVE PAGE VAlU'f 

I DISPLAY PAGE Tlt1ES REGEN LENGTH 

; SJ.VE STA.RT ADOAESS FOR 

; LATER REQUIREHENTS 

; START ADDRESS TO ex 

; DIVIDE BY 2 FOR 6845 HANDLING 

; 6845 REGISTER FOR START ADDRESS 

3770 

3771 

3772 

3773 

3774 

3775 

3776 

3777 

3778 

3779 

3780 

3781 

3782 

3781 

3784 

37e5 

3786 

MOV 

SAR 

MOV 

CALL 

POP 

SAL 

MOV 

BX ; RECOVER PAGE VJ.LUf 

BX o l I •2 FOR WORD OFFSET 

AX, I BX + OffSEf CURSOR_POSN I ; GET C�SOR fOR THU PAGE 

CALL 11 1 8  

JHP SHORT VIDEO_RET\AfH 

3787 ACT_DISP_PAGE ENDP 

; SET TH E  Cl.mSOR POSITION 

3788 ; - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3789 I READ_CURSOR 

3790 THIS ROUTINE READS THE CURRENT CURSOR VALUE FRot1 THE 

3791 6645 , fORl"lATS IT o At«> SEl-IJS IT BACK TO THE CAll'ER 

3792 INPUT 

3793 SH - PA.GE Of CURSOR 

3794 I OllTPVT 

37q5 DX - ROW . COt.Utt-1 or nt! tl.IAR[MT CURSOR POSITION 

3796 ex - CURRENT CURSOR f100E 

3797 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

REAO_CURSOR 

MOV 

XOR 

SAL 

PROC HEAR 

B L , BH 

BH , BH 

ex , 1  I WOR D  OFFSET 
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LDC OBJ 

f'Uf' 8&5750 

F242 8BOE6000 

FZct6 5F 

F247 5E 

F248 SB 

F24� 58 

F24A 58 

F24B l F  

F24C 0 7  

F Z 4 D  C F  

F24E 

F24E 88166300 

FZSZ 83C205 

F255 .4.06600 

F258 OAFF 

F25A 750E 

F25C 24£0 

FZSE 8 0 E l l f  

F 2 6 1  O.AC3 

F263 

F263 EE 

F264 A.26600 

F267 E95BFF 

FZ6A 

FZ6.t. 24DF 

F26C DOEB 

F26E 73F3 

F270 OCZO 

F272 EBEF 

F Z 74 

F274 8A264AOO 

F 2 78 A04900 

F 2 78  8A3E6 2 0 0  

F27F SF 

FZ80 SE 

F281  59 

F282 n43FF 

L INE  

3802 

]803 

3804 

1eos 

3806 

3807 

3808 

3809 

38 1 0  

3& 1 1  

38 1 2  

SOURCE 

HOV 

IOJV 

POP 

PDP 

PDP 

PDP 

POP 

PDP 

PDP 

IRET 

READ_CURSOR 

D X , UX•OffSET CURSCIR_POSH I 

c x . c�SOA_t100E 

D I  

S I  

e x  

AX 

AX 

OS 

ES 

.. .,. 

I D I SCARD SAVED ex � DX 

381 3 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3314 1 SET COLOR 

]815 THIS ROUTINE W I L L  ESTABLISH nu: BACKGROlH> COLOR , THE DYERSCAH 

3816 COLOR , A1CI TltE fOREGROUtl) COLOR SET FOR "EDillt RESOLUTIOH 

3817 �A�I� 

3818 I INPUT 

3819 C BH I  HAS COLOR ID 

3820 IF BH: O ,  lli E  BACK6ROUtlJ COLOR VALUE IS SET 

182 1 FROM THE LOW BITS OF Bl 1 0 -l l J 

l82Z IF BH= l ,  TH E  P.UETTE SE LECTION I S  HADE 

!82 1 BASED OH TitE LOW BIT OF B l :  

3824 O=GREEH, REO, YE LLOW FOR COLORS l , Z , 1  

MZS l =BLUE , CYAN , K.4.GENU. FOR COlmtS l , f , J  
382• 1 I Bl I HAS THE COLOR VALUE TO BE Ir.JED 

)827 I Olrt'P\IT 

3828 TH E  COLOR SE LECTION IS UPDATED 

3829 

3830 

3811 

38lZ 

1833 

3834 

3815 

3831> 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - -

SET _COLOR PROC NEAR 

HOV OX, ADDR_6845 

ADD ox . s  

110V A L , CRT_PALETTE "" "" ·"" 
JNZ H20 

I I/O PORT FOR P.UETTE 

; OVERSCAN PORT 

I GET ntE CURRENT P.UETTE V.UUE 

I IS THIS COLOR O? 

I OUTPUT COLOR l 

3837 1 - - - - - HAt«ILE COLOR 0 BY SETTING TH E  BACtc.GRoutCJ COLOR 

Je38 

AICJ A L , OEOH I T\JRN OFF LOW 5 BITS OF ClllREHT 3839 

'8•• 

3841 

3842 

38•3 

38•• 

3845 

3846 

AICJ B L , O l f H  ; T UR N  OFF H I G H  3 B I T S  Of INPUT VA.WE 

OR A l , B l  ; PUT VALUE INTO REGISTER 

" 1 9 :  J OUT PU T  TH E  PALETTE 

OUT O X , A l  I OUTPUT COLOR SE LECTION TD 30 9  POR T  

110 V  CAT_PALETTE , A l  I SAVE T H E  COLOR VALUE 

JHP VIDEO_RET\.IRN 

1847 1 ----- HAt«ILE COLOR l BY SE LECTING TH E  PALETTE TO Bf USED 

38•• 

38•9 

3850 

3851 

1852 

3853 

3854 

3855 

"2 0 :  AND 
SHA 

JHC 

OR 

JHP 

SET_COLOR 

A l , ODFH I T\JRN OFF PALETTE SELECT BIT 

Bl o l  ; TEST TIU :  LOW ORDER BIT O F  Bl 

Hl9 J ALREADY DONE 

A L , 20H ; T\.IRN ON PALETTE SELECT BIT 

Hl9 ; GO DO IT ..... 
3851> ; - - - - - - - - - - - - --- - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - -

3657 ; VIDEO STATE 

1858 I RETURNS THE CURRENT VID!:D STATE IN AX 

3859 J AH : tu'IBER OP: COllft.jS ON THE SCREEN 

381> 0 1 A l  : Cl.mREHT VIDEO t10DE 

186 1 I BH = C�RENT ACTIVE PAGE 

186Z 

386 3 

3864 

3665 

1866 

386 7 

1868 

186 9 

1870 

3871 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

VIDEO_STATE PROC NEAR 

MOV AH , BYTE PTA CRT_COLS 

MOV A L , CRT_l10DE 

ttOV BH , ACTIVE_PAGE 

PDP D I  

PDP SI 

POP ex 

JHP H 1 5  

VIDEO_ STATE , .... 

I GET tu1BER OF COll.tflS i CURRENT HOOE I GET CURS1EHT ACTIVE PAGE 

I RECOVER HGISTERS 

I DISCARD SAVED 8X 

I RE�N TO CALLER 

3872 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1671 I POSITION 

1874 THIS SERVICE ROUTINE CALCULATES TH E  REGEN 

1875 BUFFER ADDRESS OF A CHARACTER IN TllE ALPHA tfOOE : 

1876 ; INPUT 

1877 AX = ROW, CQllft.j POSITION 

la7B ; OOTPUT 
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LOC OBJ 

F285 

FZ85 SJ 

FZ&6 6808 

F2&6 8ACft 

f28A F6264AOO 

f28E l2FF 

FZ•O 0 3C l  

f292 D I ED 

f294 56 

f295 C J  

.... 
F 2 '6  8AD& 

FZ98 8DFC04 

F 2 9B  7208 

f 2 90  80FC07 

f2AO 740 3  

F U . 2  UFOD 1 

,,.. 

FU.5 S J  

F U 6  88Cl 

FZA8 £81700 

FUB 74ll 

FUD OJFO 

FU.f 8AE6 

FZBI UEJ 

FZBl 

F2el [87200 

fZB6 OJF5 

FZ&a OJFD 

f28A FECC 

FZ&c 75F5 

FZBE 

fZBE 58 

FZBF 8020 

F Z C I  

FZCl U6DOO 

f2C4 O lfD 

f2C6 FEC& 

FZC8 75F7 

FZCA 

FZCA U7JOC 

FZCO 803£490007 

FZDZ 7407 

FZ04 A06500 

F207 BA.D80l 

FZOA EE 

FZOB 

FZDB UE7FE 

FZDE 

FZDE 8ADE 

FZEO EBDC 

F Z U  

F Z E Z  80JE490002 

f2E7 7 2: 1 8  

L INE  SOURCE 

3879 AX : OFFSET OF CHAR POSITION IN REGEN BUF FER 

3880 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -

3881 

3862 

3683 

388't 

3885 

3886 

3687 

3688 

3889 

3890 

3891 

POSITION PROC NEAR 

PUSH BX 

t10V 

MDV 

111JL 

XOR 

ADD 

SAL 

POP 

RET 

POSITION 

ex . AX 

A L , AH 

BYTE PTR CAT_COLS 

BH , BH 

AX ,BX 

AX . 1  

BX 

ENOP 

I SA\IE REGISTER 

; ROWS TO AL 

J DETERMINE BYTES TO ROW 

I ADD IN COlut't4 \IA.LUE 

I * 2 FOR A.TTAIBtJTf BYTES 

3892 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

189] o SCROLL UP 

3&94 nus ROUTINE t'IOVES A BLOCK OF CHARACTERS UP 

3&95 ON THE SCR EEN 

3896 INPUT 

3&97 I AH I = CURRENT CRT PmE 

3898 I A l  I = Nllt18ER OF ROWS TO SCROLL 

38'19 ( e x )  = ROW/COL� O F  UPPER LEFT CORNER 

3900 I DX I = ROW/COLUMN OF LOWER RIGHT CORNEA 

390 1 I BH I  = ATTRIBUTE TO BE USED OM BLANKED LINE 

3902: I OS I : DATA SEGHEHT 

3903 f ES I : REGEN BUF FER SEGl1ENT 

390't I OVTPVT 

l'il05 NONE -- THE REGEN BUFFER IS MODIFIED 

3906 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 9 0 7  ASSUHE C S : COOE , O S : DATA , E S : DATA 

3908 

3909 

3 9 1 0  

391 1 

3 9 1 2:  

3 9 1 3  

3 9 1 4  

3 9 1 5  

3916 

3917 

391& 

3 9 1 9  

3920 

392 1 

39Z2 

3921 

3924 

3925 

3926 

3927 

392& 

3929 

3'130 

3931 

3932 

3933 

3914 

1'135 

3936 

3937 

3938 

3'H9 

39't0 

39'tl 

1942 

3943 

3944 

3945 

]ljl46 

1947 

3948 

3949 

3950 

SCROLL_ UP 

t10V 

CMP 

JC 

CMP 

JE 

JMP 

PROC NEAR 

B L , A L  

AH , 4  

N I  

AH , 7  

N I  

GAAPHICS_UP 

H I : 

NZ : 

H3 : 

PUSH BX 

MDV Ax . ex 

CALL SCROLL_POSITIOH 

JZ N7 

ADD S I , AX 

HOV AH , OH 

SUB AH , B L  

C A L L  N l O  

ADO Sl , B P  

ADD O l , 8P 

DEC AH 

JHZ NZ 

POP AX 

HOV A L ,  

CALL N l l  

ADO D I ,BP 

DEC BL 

JNZ N4 
CALL DDS 

Cr1P CRT _t'IODE , 7 

JE H6 

HOV A L , CRT_HOOt:_SET 

HOV D X , 0 308H 

OUT O X , A l  

JMP VIDEO_RETUAH 

MDV 

JMP 

SCROLL_ UP 

8 L , OH 

N3 .. .,. 
3951 ; - - - - - HAJCILE C0t1t10N SCROLL SET UP HERE 

3952 

3953 

3954 

3955 

salOLL_POSITIOH PROC Nt:AR 

CHP CRT_ttODE , 2  

JB N9 

I SAVE LINE COlHT IN Bl 

; TEST FOR GRAPHICS HOOE 

; HANDLE SEPARATELY 

; TEST FOR BW CARO 

; UP _CONTINUE 

i SAVE F i l l  ATTRIBUTE IN 8H 

; UPPER LEFT POSITION 

i DO SETUP FOR SCROLL I BLANK_FIELO 

; FROH ADDRESS 

I I ROWS IN BLOCK 

; I ROWS TO BE t10VEO 

; ROW_LOOP 

I HOVE OHE ROW 

; POINT TO NEXT LINE IN BLOCK 

I COUNT OF LINES TO HOVE 

; ROW_LOOP I CLEAR_ENTRY I RECOVER ATTRIBUTE IN AH 

; F i l l  WITH BLAt«S 

; CLEAR_LOOP I C LEAR THE ROW 

; POINT TO NEXT LINE 

; COUNTER OF LINES TO SCROLL 

; CLEAR_LOOP 

i SCAOLL_EHD 

I IS THIS THE BLACK AM> WHITE CARD I IF SO, SKIP THE HOOE RESET 

; GET THE VALUE OF THE HOOE SET 

I ALWAYS SET COLOR CARD PORT 

; VIDEO_RET_HERE 

; BLANK_F I E LD 

; GET AOW COUNT 

; GO CLEAR THAT !RU 

I TEST FOR SPECIAL CASE HERE 

I HAVE TO HAt«>Lf eaxu SEPARATELY 
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LOC OBJ 

F 2 E 9  801£490 0 0 1  

F Z E E  771 1 

F 2 F O  52 

F Z F I  BADAOl 

F Z F 4  50 

F 2 F 5  

F 2 F S  EC 

F2F6 .t808 

F2F8 74FB 

FZFA 8025 

FZFC 8208 

F2FE EE 

F 2 F F  58 

F 3 0 0  SA 

F l O I  

F l O l  E88 1 F F  

F l04 03064EOO 

f 308 8BF8 

F lOA 8BFO 

F 3 0C 280 1 

f lOE FEC6 

F310 FECZ 

FJ12 12ED 

F314 6B2E4AOO 

F 3 1 8  OlED 

FJU 8AC 3 

F l l C  F6264AOO 

F l 2 0  O lC O  

Fl22 06 

F3l3 IF 

F l24 80FBOO 

FJZ7 C l  

F328 

F328 BACA 

FlZA 56 

F 32B 57 

F l2C F3 

F32D AS 

F32E SF 

F32F SE 

FHO C3 

F H I  

F 3 3 1  8ACA 

F333 57 

F314 F 3  

F H S  A B  

F 3 3 6  S F  

F 3 3 7  C l  

.... 

L I N E  

1956 

1957 nse 

SOURCE 

C"P 

JA H• 

3959 1 ----- 80X25 COLOR CARO SCROLL 

l960 

PUSH DX H6 l 

3962 

1961 

, ... 

, .. , 

1966 

1967 

3968 

3%9 

1971) 

1971 

1972: 

1973 

1974 

1975 

1976 

1977 

3978 

3979 

3980 

1981 

l'i'BZ 

3'183 

l'184 

1985 

1986 

3987 

1988 

l98'J 

]990 

MOV 0)( ,  JOAH I GUARANTEED TO BE COLOR CARD HERE 

PUSH AX 

H 8 :  I WAl.'.T_DISP_fHABLE 

IH '- L , D X  I GET PORT 

TEST A L , 8  I WAIT F O R  VERTICAL R£TRACE 

JZ He I WAIT_DISP_EHABLE 

l10V A L , 25H 

110V O L , OD8H t DX=lD8 

OUT O X , A l  ; TURN OFF VIDEO 

POP AX ; DURING VERTICAL RETRACE 

POP DX 

H 9 :  

C A L L  POSITION ; CONVERT TO REGEN POINTER 

ADO AX , CRT_SU.RT I OFFSET OF ACTIVE PAGE 

MOV O I , AX ; TO ADDRESS F OR  SCROLL 

HOV SJ , AX I FROl1 ADDRESS FOR SCROLL 

SUB o x , cx ; OX = IRQMS, ICOLS IN BLOCK 

IHC DH 

IHC DL I INCR EMENT FOR 0 ORIGIN 

XOR CH ,CH ; SET HIGH BYTE OF Cot.HT TO ZERO 

MOV BP , CAT_COLS ; GET NUtteER OF COLutlNS IN D ISPU.Y 

ADD BP,BP ; TIMES 2 FOR ATTRIBUTE BYTE 

MOV A L , B l  l G E T  LINE COUNT ""' BYTE PTA CRT_COLS ; OETERP"IIHE OFFSET TO FROl1 ADDRESS 

ADD AX , AX I •2 FOR ATTRIBUTE BYTE 

PUSH .. I ESTABLISH ADDRESSING TO REGEN BUFF E R  

POP DS 

CHP B L , O  

RET 

3991 SCROLL_POSITlOH ENDP 

)99J ; - - - - - HOVE_ROM 

4 0 0 0  

4 0 0 1  

4 0 0 2  

H l O  

4 0 0 J  N l O  

4 0 0 4  

PRDC 

HOV 

PUSH 

PUSH 

REP 

POP 

POP 

RET 

ENOP 

HEAR 

C L , D l  

S I  

D I  

HOVS>I 

D I  

S I  

4005 ; - - - - - CLEAR_ROW 

4006 

4007 

4008 

4009 

4 0 1 0  

4 0 1 1  

4 0 1 2  

4 0 l l  

N l l  

H l l  

PROC NEAR 

HOV C L , O l  

PUSH DI 

REP STOSW 

POP 

RET 

EHOP 

DI 

I FOR BOTH POINTERS 

; 0 SCROLL MEANS BLANK F I E LD  

I RETURN WITH F U.GS SET 

I GET I OF COLS TD HOVE 

; SAVE START ADDRESS 

; HOVE THAT LINE OH SCR EEN 

1 RECOVER ADDRESSES 

I GET I COlltff.i TO C LEAR 

; STORE THE F I L L  CHARACTER 

4 0 1 4  ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4015 SCROLL_DOWN 

4 0 1 6  THIS ROUTINE ttOVES TH E  CHARACTERS W I TH I N  A 

4 0 1 7  D E F INED BLOCK 01)&.1-! O N  TH E  SCR E E N ,  F I LLING THE 

4 0 1 8  T O P  LINES WITH A D E F INED CHARACTER 

4 0 1 9  I INPUT 

4 0 2 0  ( AH J = Cl.RRENT CRT HOOE 

4 0 2 1  I A U = MR1BER Of L I N E S  TO SCROLL 

402:2 I ex I = UPPER LEFT CORNEA OF REGION 

4023 f OX I = LOWER RIGHT CORNER OF REGION 

4024 I BH I  = FILL CHARACTER 

4025 1 05 1  = DATA SEGHEHT 

4026 ( ES I = REGEH SEGMENT 

402 7 ; OUTPUT 

4028 HONE -- SCREEN IS SCROLLED 

4029 1 - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - -- - - --- - - - - - - - - - - ---

4010 SCROLL_DDtrli PAOC NEAR 
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LDC OBJ LINE SOURCE 

'na 10 4031  STD I DIAECTJOH FOR SCPOLL DOltol 
Fll9 8AD8 4012 ..,. B L , , U  I L I N E  CQUtff TO I L  

F l l &  80ft04 ltOH tMP AH , •  I TEST FOR GRAPHICS 

f33E 7208 4014 Jt H 1 2  

F 340 80FCD7 4035 tMP AH , 7  I TEST F OR  B W  CARO 

F34l 7403 4036 JE H l 2  

f 345 nA6 0 1  4037 JMP GRAPHICS_DCW4 

Fl48 4038 N l 2 :  I CONTit«JE DCM-I 

Fllt& 51 403' PUSH BX I SAYE ATTRIBUTE IN 9H 
Fl49 aac2 4040 ttOV AX ,DX I LOWER RIGHT CORNER 

fY+e E894FF 4041 CALL SCROLL_POSITJOM I GET REGEN LDCATJON 

f]4( 7420 4042 Jl H I •  

n s o  taFO 4043 SUB SI . AX I SI IS FRDr'I ADDRESS 

nsz e.u6 4044 110V AH ,OH I GET TOTAL • ROW'5 

Fl54 2AEl 4045 SUB AH , B l  ; C OLH T  TO l10 V E  IN �Dl l " .. 4046 N l J :  

Fl56 E8CFFF 4047 CALL H l O  I t10VE ONE R OW  

Fl59 ZBFS 4048 SUB S I , BP 

FlSB 2BFD 4049 SUB Dl oBP 

F350 FECC 4050 OEt AH 

FlSF 7SF5 4051 JHZ HU 

F :U. l  4052 M l 4 :  

Fl6 1  5 8  4051 POP AX I RECOVER ATTRIBUTE IM AH 

nu eozo 4054 tlOV AL 1 '  

Fl<• 4055 H I S :  

fl64 E8CAFF 4056 CALL N l l  I CLEAR ON E  R OW  

f 3 6 7  ZBFD 4057 SUB D I , BP I GO TO NEXT ROW 

f369 FECB 4058 OEt BL 

FJ68 75F7 4059 JNZ N l S  

F 36D nsAFF 4060 JMP NS ; SCROLL_Et-1> 

fl70 4061 M l 6 :  

f l 7 0  8AOE 4062 110V B L ,OH 

F37Z £8ED 4061 JMP Nl• 

4064 SCRDLL_DDWH ENOP 

4065 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -- - - - - -- - - - -

lt066 I READ_AC_CURREMT 

4067 TitIS ROUTINE REAOS TME ATTRIBUTE Atl> CHARACTER ' 
4068 AT THE CURRENT Cl..lfSOR POSITION AN) RE1U1NS THE" 

4069 TO THE CALLER 

4070 ; INPUT 

4 0 7 1  f AH J = CURRENT C R T  rtDDE 

4072 C BH )  = OISPLAY PAGE f .UPHA ttOIJES OHL Y I 
tton I OS I = DATA SEGHENT 

4074 I ES I  = REGEN SEGl'lfNT 

4075 I OllTPllT 

4076 I A l  I : CHAR READ 

4017 I AH I = ATTR18UTE RUO 

4078 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4079 ASSU1E C S : COO E  ,OS : DATA , ES ; DATA 

F 374 4080 READ_AC_CLRRENT PROC NEAR 

F 37" 8DFC04 4081 tMP AH , 4  I IS THIS GRAPHICS 

Fl77 7208 4082 JC Pl 

Fl79 80FC07 4081 tMP AH , 7  I I S  THIS 8W CARO 

Fl7C 740] 4084 JE Pl 

Fl7t UA802 4085 JMP 6RAPHICS_RUD 

f le l  4086 P l :  J READ_At_COHTita.JE 

Fl81 E81AOD 4087 CALL Flt«J_PO'SITION 

Fl64 88Fl 4088 110V SI 1 BX I ESTABLISH ADDRESSING IN SI 

4089 

4090 1 - - - - - WAIT FOR HORIZONTAL RURACE 

4091 ,� 88 166300 4092 110V O X , AODR_6845 I GET BASE ADORE!S 

Fl&A 8lt206 4093 ••• D X , 6  I PO I NT  AT STATUS POR T  

Fl80 06 .... PUSH ES 

Fl8E I F  4095 POP OS I GET SEGf'tENT Ftlf QUICK ACCESS 

Fl&f 4096 PZ : J WAIT FOR RETRACE LOW 

f l&F EC 4097 IN AL,DX I GET STAT\JS 

' 390 A80 1 4098 TEST A L , 1  ; l5 HORZ RETRACE LOW 

fl9Z 75FB 4099 JHZ P2 I WAIT \.NTil IT I S  

F l 9 4  FA 4 1 0 0  t L I  ; NO l'IOAE INTERRUPTS 

Fl'95 4 1 0 1  P J :  ; WAIT Ftlf RETRACE H I GH  

f l 9 5  EC 4 1 0 Z  I N  A l , DX I GET STATUS 

f396 A80 l 4 1 0 1  TEST A l 1 l  o IS I T  HIGH 

Fl96 7ctf8 4 1 04 JZ .. I WAIT IMTi l  IT IS 

Fl9A AD 4105 LOO SW I GET THE CHAR/ATTlt 

fl98 E.'JZ7FE 4 1 06 JMP YIDEO_RET\.RN 

4 1 0 7  RUD_AC_CURREHT EtlJP 
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LDC OBJ 

F39E 

F 39E 8.t.Cf 

F 3AO lZED 

F l.t.2 8BF 1 

F3A4 D 1 E6 

F 3A6 884450 

F 3A9 3308 

FlAB E306 

F 3AD 

F3AD 0 3 1 E4COD 

F3Bl E2FA 

F38l 

F383 E8CFFE 

F3B6 0308 

F3B8 C3 

F 389 

F389 80FC04 

FlBC 7208 

FlBE 80FC07 

F3Cl 7403 

F lC l  E'8201 

FlC6 

F 3C6 8AE3 

nee s o  

FlC9 S I  

FlCA E8D I F F  

FlCD 8BFB 

FlCF 59 

F300 SB 

FlDl 

F lD I  68 166300 

FlDS 83C206 

nos 

F308 EC 

F3D'il .t.80 1 

F lDB 75F8 

F lDD FA 

F lDE 

F lOE EC 

F3Df A80 1 

F l E l  74FB 

FlEl 6BC3 

FlES AB 

F3E6 FB 

F3E7 E2E8 

F3E9 E909FD 

L I N E  S O U R C E  

4 1 08 

FlND_POSITIOH 

P10V 

XOR 

110V 

SAL 

PROC NEAR 

C l 1 M  ' DISPLAY PAGE TD ex 

C H , CH 

st .ex J HOVE TO 51 FOR INDEX 

SI, 1 I * 2 FOR WORD OFFSET 

4 1 0 9  

lt l l O  

4 1 l l  

4 1 1 2  

4 1 l l  

4 1 1 4  

4 1 1 5  

4 l 1 6  

4 1 1 7  

4 1 1 8  

4 1 1 9  

4 1 2 0  

4 1 2 1  

4 1 2 2  

4 1 2 3  

110V AX . I Si +  OFFSET CURSOR_POSN I I GET ROW/COll.1"4 OF THAT PAGE 

XOR sx . ex I SET START ADDRESS TO ZERO 

JCXZ 

.. , 

ADD 

LOOP 

p5:  

CALL 

ADD 

RET 

PS 

BX1 CAT_LEN 

P4 

POSITION 

ex . AX 

4 1 2 4  E�P F I ND_POSITION 

I HO_PAGE 

; PAGE_LOOP 

I LENGTH Of BUF FER 

i NO_PAGE 

i DETERt'IIHE LOCATION IN AE6EN 

I ADD TO ST ART OF REGEN 

4 1 2 5  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4126 ; liRITE_AC_CURRENT 

4 1 2 7  THIS ROUTINE WRITES THE ATTRIBUTE 

4 1 2 8  AND CHARACTER AT THE CURRENT CURSOR 

4 1 2: 9  POSITION 

4 1 30 INPUT 

4 l ll I AH I : CURRENT CAT HODE 

4 1 32 I BH I : DISPLAY PAGE 

4 1 33 I C X I  = COU'MT O F  CHARACTERS T O  WRITE 

4 1 34 I A L I  : CHAR T O  WRITE 

4 1 35 I B L I  = ATTRIBUTE OF CHAR TO WRITE 

4 l l6 I O S I  : DATA SEGMENT 

4 1 1 7  ( ES I = REGEN SEGl1ENT 

4 1 38 ; OUTPUT 

4 1 1 9  NONE 

4 1 4 0  ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 1 4 1  

4140! 

4 1 4 1  

4 1 44 

4145 

4 1 46 

4 1 4 7  

4148 

4149 

4 1 5 0  

4 1 5 1  

4 1 5 2  

4 1 5 3  

4 1 54 

4 1 5 5  

4 1 56 

4 1 5 7  

4 1 5 8  

4 1 5 9  

4 1 6 0  

4 1 6 1  

4 1 6 2  

4 1 6 3  

4 1 6 4  

4 1 6 5  

4 1 6 6  

4 1 6 7  

4 1 6 8  

4 1 4 9  

4 1 70 

4 1 7 1  

4 1 72 

4 1 7 3  

4 1 74 

4 1 75 

WRITE_AC_CURRENT PROC NEAR 

CMP AH , 4  

J C  P6 

CMP AH , 7  

J E  •• 

JMP GRAPttICS_liRITE 

P6 : 

110V AH , B l  

PUSH AX 

PUSH ex 

CALL FitCJ_POSITIOH 

HOV DI ,BX 

PDP ex 

PDP BX 

P7 : 

; - - - - - WAIT F<m HORIZONTAL RETRACE 

HOV DX , AODR_6845 

ADD D X , 6  

P8 : 

IH A L , OX 

TEST A l o i  

JHZ pg 

C L I  

P9 : 

IN A L 1 DX 

TEST A l . I  

JZ P• 

MDV Ax . ex 

STOSW 

STI 

LOOP P7 

JMP VIDEO_AETt.IRN 

WRITE_AC_CURRENT EHDP 

IS THIS GRAPHICS 

IS TH IS 8W CARD 

J WRITE_AC_CONTil'«JE 

i GET ATTRIBU'Tf TO AH 

J SAVE OH STACK 

; SAVE WRITE COUNT 

i ADDRESS TO 01 REGISTER 

I WRITE C�T 

; CHARACTER IM BX AEG 

I WRITE_LOOP 

I GET llASE ADDRESS 

; POINT AT STATUS PORT 

I GET STArus 

; IS IT LOW 

I WAIT ltHil IT IS 

I NO HORE INTfRRUPTS 

; GET STATUS 

; IS IT HIGH 

; WAIT UNTIL lT IS 

I RECOVER THE CHAR/ATTA 

; PUT THE CHAR/ATTR 

I INTERRUPTS BACK ON 

I AS t'IANY Til1ES AS REQUESTED 

4 1 76 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 1 77 I WRITE_C_CURAENT 

4 1 78 THIS ROllTINE WAITES THE CHARACTER AT 

4 1 7 9  T H E  CURRENT C UR SOR  POSITION ,  ATTRIBU'TE 

4 1 8 0  ltlCHANGEO 

4 1 8 1  INPUT 

4 1 8 2  I AH I = C UR R E NT  C A T  t'IOOE 

4 1 8 3  I BH I  = D ISPLAY PAGE 

4 1 84 I C X J  = COl.HT OF CHARACTERS TO WAITE 
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LOC OBJ 

FlEC 

FlEC 80FC04 

F3EF 7Z08 

f 3 f 1  60FC07 

flf4 7401 

F3F6 07f 0 1  

f 3 f 9  

f l f t  5 0  

F lFA 5 1  

Flf8 £8AOFF 

FJfE 88FB 

F400 59 

F401 58 

F40Z 

f4Q2 68166>300 

f406 8X206 

f409 

F4H EC 

F40A A8Dl 

F40C 75FB 

F40E FA 

f40F 

F40F EC 

F 4 1 0  A8Dl 

F 4 1 2  74F8 

f414 8AC3 

F416 .U. 

F 4 1 7  FB 

F418 47 

f419 f Z E 7  

flt18 E9A7FD 

flt)( 

F4 1 E  E831H 

f421 268.lOlt 

f424 22C4 

f426 D Z E O  

F428 8ACE 

FftU DZCO 

F4ZC f9%FD 

F42f 

f42f 50 

f410 50 

F43l £ 8 1 E D D  

f lt �  D2E8 

F4l6 2 2Clt 

F4le 268.t.OC 

f4l8 58 

f4lC F6Cl80 

A-60 

L I N E  

4 1 85 

4 1 66 

lt l 8 7  

SOURCE 

4 1 88 I Ol/TPVT 

f A L  I : CHAR TO WRITE 

! 05 1 : DATA SEGMENT I ES I = REGEN SEGMENT 

4169 NONE 

4 1 9 0  ; - - ---- - - - - - - --- - -- - - - - - - - -------- - - - - - - - - - - - - -

4 U l  

4 1 9 2  

4 1 9 3  

4 1 94 

4 1 95 

4 1 96 

4 1 9 7  

4 1 98 

4 1 '9 

4200 

4 2 0 1  

4z
'
o 2  

4 2 0 3  

4 2 0 4  

4 2 0 5  

4206 

4207 

4209 

4209 

4210 

4 2 1 1  

4 2 1 2  

4 2 1 3  

4 2 1 4  

4 2 1 5  

4 2 1 6  

4 2 1 7  

4 2 1 8  

42 1 9  

4220 

lt22l  

4 2 2 2  

4 2 2 3  

4 2 2 4  

4 2 2 5  

WRITE_C_CURRENT PROC NEAR 

CHP AH , 4  

J C  P I O  

CHP AH , 7  

J E  P I O  

JHP GRAPtncs_•rlHTE 

P l O :  

PUSH AX 

PUSH ex 

CALL Fil\O_POSITION 

HOV D I , BX 

POP ex 

POP BX 

PU : 

; -- - - - WAIT FOR HORIZOtlUL RETRACE 

P l Z :  

P l ] :  

HOV D X , AOOR_6&45 

ADD O X , 6  

IN A L , OX 

TEST A L , 1 

JNZ P 1 2  

C L I  

I N  A L , O X  

TEST A L . !  

JZ P l l  

HOV A L . B L  

STOSB 

STI 

INC DI 

LOOP P 1 1  

JMP VIOEO_RE�H 

MRITE_C_CURRENT ENDP 

I IS THIS GRAPHICS 

t IS ntIS BW CARO 

I SAVE OH STACI( 

I SAVE WRITE CCMfT 

; ADDRESS TO DI 

I WRITE COUNT 

; B L  HAS CHAR TO WR ITE 

; WIHTE_LOOP 

; GET BASE ADDRESS 

; POINT AT STATUS PORT 

; GET STATUS 

; IS IT LOW 

; WAIT UNTI L  IT IS 

; HO HORE INTERRUPTS 

; GET STATUS 

; IS IT HIGH 

I WAIT UNTI L  IT IS 

; RECOVER CHAR 

; PUT THE CHAR/ATTA 

I INTERRUPTS BACK ON 

I BUHP POINTER PAST ATTIUBUTE ' AS HA.NY TIMES AS REQUESTED 

42 Z6 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

422:7 ; READ DOT - - WRITE DOT 

4228 TliESE ROUTINES WILL .-ITE A DOT , OR READ THE DOT AT 

4229 TliE INDICATED LOCATION 

4210 EtlTRY - -

4 2 3 1  OX : R O W  I D - 1 9 9 1  < THE ACTIJAL YA.LUE D E P E ND S  ON THE HOD £ > 

4232 ex ; COLlA'IN I 0 -639 1 ( THE VALUES ARE HOT RANGE CHECKED ) 

4213 Al : DOT YA LUE TO WRITE • 11  Z OR 4 BITS D EPENDING ON HOOE ,  

42J4 REQ ' D  FOR WRITE DOT ONLY , RIGHT JUSTIFIED I 
4235 BIT 7 OF A L : l  Il\OICATES XOR TliE VALUE INTO THE LOCATION : 

42: 16 OS : DAT A SEGMENT 

42:17 ES = REGEH SEGMENT 

4218 

4219 EXIT 

4240 A L  = DDT VALUE READ , RIGHT JUSTIFIED , READ ONLY 

4241 

4242 

4243 

4244 

4245 

4246 

4Z47 

4248 

4249 

4250 

4251 

4252 

4ZS3 

42S4 

4255 

42:56 

4257 

4258 

4259 

4260 

426 1 

1 - - - - - - - - - - - - - - - - - - - - - - --- --- -- - -- - -- - - - ----- - - - - - - - - - - - - - - - - - - - -

.lSSIA'iE cs : CQOE . O S : OAT.l . ES : DA.TA. 

RUD_DOT PROC NEAR 

CALL R l  

HOV A L , ES : I SI J 

AND A L , AH 

SHL A L , C L  

HOV C L , DH 

ROL A L , C L  

JHP VIOEO_RETUUI 

READ_OOT ENDP 

.-nE_DOT POOC NEAR ""'" AX """' AX 

CALL R l  

SHR .l l , C L  

AND .l l , AH 

HOV C L , ES : I Si l  

POP BX 

TEST B L , 8DH 

System BIOS 

1 DETERMINE BYTE POSITION O F  DOT 

; GET THE BYTE 

I MASK OFF THE OTHER BITS I N  TH E  BYTE 

I LEFT JUSTIFY THE VALUE 

I GET NUt1BER Of BITS IN RESULT 

I RIGHT JUSTIFY THE AESUL T 

; RETURN FROH VIDEO IO 

I SAYE DOT YALU£ 
1 TWIC!: 

I DETERMINE BYTE POSITION OF ntE DOT 

I SHIFT TO SET UP THE BITS FOR OllTPllT 

I STR IP OFF ntE OTHER BITS 

I GET THE CURRENT BYTE 

I RECOVER XOR F LAG 

I IS IT ON 



LOC OBJ 

F • l F  7500 

F"41 F604 

F443 22CC 

F445 OACl 

F447 

F447 268804 

f44A 58 

f44B E977FD 

F44E 

f44E l2Cl 

F4SO EBFS 

F4n 

F45Z 51 

F45l 50 

F454 802& 

F456 52 

F457 SOEZFE 

F4SA F6EZ 

f"SC SA 

f"50 F6eZ O l  

F460 7401 

F462 0 5 0 0 2 0  

F4&5 

F465 88FO 

F467 58 

F468 8801 

L INE  

4 2 6 2  

ft263 

4264 

4265 

"266 

4267 

4268 

4269 

4270 

4 2 7 1  

4 2 7 2  

4271 

SOURCE 

JHZ 

NOT 

AND o• 
A l :  

"ov 

POP 

J"P 

A Z :  

XOR J"P 

�ITE_DOT 

.. I YES,  XOR THE DDT 

AH J SET THE l1ASK TO REt1DVE TH E  

C L , AH I INC IC.A. UD BITS 

A L , C l  I OR IN T H E  N E M  VALUE OF THOSE BITS 

J FINISH_OOT 

E S : I Si l . A L  I RESTORE THE BYTE IN MEMORY 

AX 

VIDEO_AE�N I RETURN FAOH VIDEO IO 

I XOR_DOT 

A L , C L  ; EXCLUSIVt: O R  T H E  DOTS . ,  I F INISH U P  TltE ltmlTING ,..,. 
4274 ; - - - -- - - -- - - - - - - - --- - --- - - - - - - - - - - - - - - --- - - - - -- - - - - - - - - - -

4275 ; THIS SUBROUTINE DETEAl'UNU THE REGEN BYTE LOCATION 

4276 ; OF TH E  INDICATEO ROW COLLtlN VALUE IN GRAPHICS MOO E .  

4277 I ENTRY - -

4278 ; DX = ROM VALUE 1 0- 1 9 9 1  

4279 ; ex = COLUttN VALUE ( 0 -619 1 

4280 ; EXIT - -

4 2 8 1  SI = OFFSET INTO REGEN BUF FER FOR BYTE Of INTERt:ST 

4282 AH = ft.A.SK TO STR IP OFF THE BITS OF INTEREST 

4283 C l  = BITS TO SHIFT TO RIGHT JUSTIFY THE ft.A.SK IN AH 

4284 

4285 

4:Z86 

4287 

4l88 

4289 

DH :: • BITS IN RESULT 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---

Al PROC NEAR 

PUSH ex 

PUSH AX 

; SAVE BX DURING OPERATION 

I MILL SAYE A l  DURING OPERATION 

4290 ; - - - - - OETERftINE l ST BYTE IN IOICATED ROW BY t«JLTIPLYING ROW VALUE BY 40 

4l91 1 - - - - - ( LOW BIT Of ROW DETERMINES EVEN/QOQ , 80 BYTES/ROW 

4292 

4291 

.... 

"295 

"29'> 

4297 

"298 

"299 

4300 

430 1 

4lOZ 

4103 

4304 

"105 

"106 

R4: 

t10V 

PUSH 

At«! "'" 
POP 

TEST JZ 
ADO 

t10V 

POP 

t10V 

A L , 40 

DX 

D L , Of'fH 

OL 

ox 

O l . 1  •• 
A X o 2 0 0 0H 

Si o AX 

AX 

o x , cx 

J SAVE ROW VALUE 

I STR IP OFF 000/fVfN BIT I AX HAS ADDRESS OF l ST BYTE 

I Of ll'()ICAT£D ROM 

J RECOVER IT 

; TEST FOR EVEN/ODD I JUl'1P I F  EVEN ROW I OFFSET TO LOCATION OF ODD ROWS I EVEN_ROW 

I MOVE POINTER TO SI I RECOVER A L  VALUE I COLU1'fl VALUE TO DX 

"107 > - ---- OETERftINE GRAPHICS l10DE Cl'IREHTLY I N  EFFECT 

4108 

4]0'J J - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 3 1 0  ; S E T  UP THE REGISTERS ACCORDING T O  THE MOOE 

411 1 CH :: MASK FOR LOW Of COllJl'H ADDRESS I 7/3 FOR HIGH/l1ED R E S J  

lt l l 2  C l  = • OF ADDRESS BITS IN COLUNN VALUE I 3 / 2  fOR H /l1 1  

4 l l l  J Bl = MASK TO SELECT BITS F R OM  POINTED BYTE I 80H/COH FOR H/l1 I 

4 1 1 4  BH = NUMBER OF VAUD BITS IN POINTED BYTE I 112 fOR H/H I 

4 l l  s 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - - -

4 l 1 6  

F 4 6 A  BBCOOZ 4 1 1 7  t10V BX, 2COH 

F46D 890201 4118 

F470 80lE490006 4 1 1 9  

F 4 7 5  7206 4120 

F477 888 0 0 1  4 1 2 1  

F 4 7 A  B90l07 ftl22 

43?3 

"ov 
CHP 

JC 

t10V 

t10V 

CX , 302H J SET PARf'tS FOR MED RES 

CRT_HOO E o 6  

R S  ; HAl'()LE I f  H E D  ARES 

BX , 1 80H 

ex, 103H J SET PARMS FOR HIGH RES 

ltl24 1 - - - - - DETEAHINE BIT OFFSET IH BYTE FROtt COll.lt1H t1ASK 

F47D 

F47D ZZEA 

F47F DlEA 

F"481 03F2 

F48l 8AF7 

f485 2AC9 

f4a7 

025 

4326 

4127 

4328 

RS: 

A ... CH , D l  I ADDRESS Of P E L  WITHIN BYTE T O  CH 

4129 J - ---- DETERftlNE BYTE OFFSET FOR THIS LOCATION IN COL� 

4310 

4311 

ft3l? 

ft33l 

4]}4 

SHR 

AOO l10V 
D X . C L  

S I , DX 

D H , BH 

1 SHIFT BY CORRECT Al10LNT' 

I INtREftENT THE POINTER 

; GET THE I Of BITS IN RESULT TO DH 

035 1 - - - - - t«.ILTIPLY BH ( VALID BITS IN BYTE ) BY CH I BI T  OFFSE T )  

4Jl6 

4]]7 

4338 R6 : 

SUB C L , C L  ; ZERO I NT O  STORAGE LOCATIOH 

• 

System BIO S A-6 1 



LOG OBJ 

F487 DOC8 

F489 02CD 

F<te8 FECF 

f48D 75F8 

f48F 8AEJ 

F4n D2:EC 

f49] 58 

F49't C J  

F 4 n  

f lt 9 5  8A08 

F497 68C l 

f499 E8002 

f49C 88F8 

F49E Z8Dl 

F4AO 81CZ0 1 0 1  

fU,lt DOE6 

f4A6 DOE6 

f4A8 &0)[490006 

FOO 7104 

f4AF D O E Z  

F 4 B l  D I E 7  

f4Bl 

f4Bl 06 

f484 I F  

F4B5 UED 

F487 D O E J  

F489 D O E J  

F4B8 7420 

F480 8ACl 

F48F 8450 

f4C 1 F6E4 

F4Cl 88F 7  

F4CS O l F O  

f 4 C 7  fllAE6 

F4" U.El 

F4CB 

F4CB EMOOO 

F4CE 81 EEB0 1 F  

flt02 8 1 El'BO I F  

L INE 

4 3 3 9  

lt)40 

4]41 

4342: 

4]4] 

4344 

4]45 

4146 

4347 

4148 

4349 

SOURCE 

.. 

""" A L . I  

ADD C L , CH 

DEC OH 

JNZ •• 

HOV AH , B L  

SHR A.H , C L  

PDP BX 

RET 

ENDP 

I LEFT JUSTifY nt E  VAl.UE 

I IN Al I FOR liRITE J 

I ADD IH THE BIT OFFSET VALUE 1 LOOP CONTROL 

I OH EXIT, CL HAS SHIFT COUNT 

I TO RESTORE BITS 

i GET HA.SK TO AH 

I HOVE Tli E  MASK TO CORRECT LOCATION 

I RECOVER REG 

; RETURN WITH EVERYTHING SET UP 

4350 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -.. - -- - - - - - - - - -
4lS1 I SCROLL UP 

4352 THIS ROUTINE SCROLLS UP lli E  INfDRttATIOH OH THE CRT 

4353 ; ENTRY 

4354 CH ,CL : UPPER LEH CORNER Of REGION TO SCROL L  

4355 DH . C L  = LOWER RIGHT CORNER OF REGION TO SCROL L  

4356 BOTH OF THE ABOVE ARE IN CHARACTER POSITIONS 

4357 BH = f l L L  VALUE FOR BLAl«ED LINES 

4358 A L  : I LINES TO SCROLL I Al=O MEANS BUtl<. THE ENTIRE 

4359 F I E LO J 

4360 OS : DATA SEGMENT 

436 1 ES = REGEN SEGMENT 

4362 ; EXIT 

tf363 NOTHING, ntf SCREEN IS SCROLLED 

4364 

4365 

4366 

4367 

4368 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
GRAPHICS_UP PROC NEAR 

t10V 

MDV 

B L , A L  

Ax . ex 

; SAVE LINE CO\R{T IH BL 

; GET UPPER LEFT POSITION INTO AX REG 

4369 ; ----- USE CHARACTER SUBROllTINf FOR POSITIONING 

4370 ; --- - - ADDRESS RETURNED IS ,.._.LTIPLIED BY 2 FROM CORRECT VALUE 

4371 

4372 

4373 

4374 

CALL GRAPH_POSN 

HOV DI . AX 

4375 ; ----- DETERMINE SIZE Of WINDOW 

4376 

4377 

4378 

4379 

4380 

4381 

4382 

SUB 

ADD 

SAL 

SAL 

o x . ex 

DX , 1 0 1 H  

OH , 1  

OH , 1  

4383 1 - - - - - DETUlt1INE CRT HOOE 

4384 

4385 

4386 

4387 

CMP 

JHC R7 

4388 1 - - - - - f1EDiltl RES UP 

4389 

4390 

4391 

4392 

SAL 

SAL 

O L , 1  

O I , 1  

I SAVE RESUl.T A S  DESTINATION ADDRESS 

I ADJUST VALUES 

i 11UL TI PLY I ROWS BY 4 

I SINCE 8 VERT DOTS/CHAR 

I AHO EVEN/000 ROWS 

I TEST FOR l'IEDil.l'I RES 

I flNJ_SO\JRCE 

I I COLl.HtS * 2, SINCE 2: BYTES/CHAR 

I OFFSET *Z SINCE 2 BYTES/CHAR 

4393 1 ----- DETERHINE THE SOURCE ADDRESS IN TliE BUF FER 

4394 

4395 

4396 

4397 

431i18 

43n 

4400 

440 1 

4402: 

4403 

4404 

tf405 

4406 

4407 

4408 

4409 

R 7 :  

PUSH 

PDP 

SUB 

SAL 

SAL 

JZ 

MDV 

ttOV 

l<JL 

MOV 

ADD 

HOV 

SUB 

ES 

OS 

C H o CH 

81. , l  

01. , 1  

0 1 1  

A l o  Bl 

AH , 8 0  

A H  

S I , D I  

SI , AX 

AH , DH 

AH .BL 

I FIND_50l.RCE 

I GET SEGHENTS 80nt POINTING TD REGEN 

I ZERO TO HIGH Of COltll' REG 

I HUI. TIPL T Nllt1BER Of LINES BY 4 

I IF ZERO , THEN BUN< ENTIRE F I E LD  

I G E T  tM'tB E R  Of LINES IN A l  

I 80 BYTES/ROW 

I DETERHINE OFFSET TO SOURCE 

I SET UP SOURCE I ADD IN OFFSET TO IT 

I NIJHBER OF ROWS IN F I E LD 

I DETERl11NE tUe!R TO tlOV! 

44 1 0  J ---- - LOOP THROUGH , HOVING ONE R OW  A T  A Til1f , BO nt  EVEN AtlJ 00 0  f I E LDS 

441 1 

4412: 

44 1 3  

4414 

4415 

R8:  

CALL R l 7  

SUB 

SUB 

S I ,  2 0 0 0H-80 

D i o ZOOOH -tlO 

J ROW_LOOP 1 l"IOVE ONE ROW 

J HOVE TO NEXT ROW 

A-62 System BIOS 



LOC OBJ 

F4D6 P'[CC 

FftD8 75F l  

F40A. 

F4DA 8AC7 

F40C 

F4DC EM800 

F4DF 8 1 EFB0 1 F  

F4El FECB 

F4ES 75F5 

F4£7 E9DBFC 

F'tEA 

F4EA BADE 

F4EC EBEC 

F4EE 

F4EE FD 

F4EF 8AD8 

f4fl 6BC2 

F4Fl E80F02 

F4F6 8BF8 

F4F8 280 1 

F4FA 8 l t 2 0 M l  

F lt F E  DOE6 

FSOO OOE6 

FSOZ 801E490006 

F507 7305 

FSOCJ OOEZ 

FSOB D l E 7  

FSOD 47 

FSOE 

FSDE 06 

FSOF lF 

FSlD 2AED 

FSlt 8 l C7FOOO 

F516 D O E J  

F518 D O E 3  

F S l A  742E 

FSIC 8AC3 

FSlE 8450 

FS.20 FU4 

L INE 

.. ,. 

"4 1 7  

.. , .  

SOURCE 

D £ C  

J HZ  

.. 

•• 

44l'J 1 ----- F I L L  IN THIE VACATED LINE I S I  

4420 

442 1 

4422 

4421 

4424 

4425 

4426 

4427 

... ,. 

44Z9 

""" 

4431 

4432 

4411 

R9: 

R I O :  

R l l : 

A L . mt  

CALL R 1 8  

S �  D I •  ZOOOH-80 

DEC BL 

JHZ R I O  

JrtP VIDEO_RETWH 

JMP 

GRAPHICS_ UP 

•• 

. ..,. 

I tl.leER Of stCllS TO PIWE 
J COHTINJE TILL ALL l'IOYEO 

I ClEAR_ENlltY 

I ATTWIBUTt TO F I L L  Wint 

I CLEAR lHAT ROW 
I POINT 10 HEXT LINE 

i N.HUA Of LINES TO F I L L  

I CLEAR_LOOP I EYl!RYntlNC DONE 

I 8UH<_FJU.D I SET BUH( Ctw.MT TO 

I EVEAYTillN6 IN f" I E LD  I C L E AR  TH E  F I E LD  

4414 ; - -- - -- ----------------------------------------------------- - - ---
4435 I SCROLL DCN-1 

4436 I THIS AOJTIHE SCROLLS D°""' THE INFDRttATIOH ON ntE CRT 

4437 1 Etmn 

4433 CH , C l  • UPPt:R LEFT CORNEA DF REGION TO SCROLL 

4419 DH o D l  : LOWER RIGHT CUIHER OF REGION TO SCROLL 

<t440 80TH Of ntE MOVE ARE IN CHARACTER POSITICIHS 

4441 BH = F I L L  VALUE FOR BLANKED LIHIES 

444Z A l  = 8 LIN:S TO SCROLL I AL=O "EANS Bl.Al« TKE ENTIRE 

4443 F I E LD J 
4444 OS = DATA SE6"ENT 

4445 I ES = REGEN SEGf1ENT 

4446 1 EXIT 

NOTHI NG ,  THE SCWEEN IS SCROLLED 

I - ------ ---- - --- --- ----- - - - ---------------- - - ------- - ------------
GRAPHICS _DOWN PAOC: NEAR 

STD I SET DIRECTION 

ttOV I L o A l  i SAvt U..: C OLN1'  JN BL 

4447 

4448 

4449 

4450 

4451 

445Z 

4453 

l'IOV AX . ox I GET LOWER RIGHT POSITION INTO AX REG 

4454 1 ----- USE CHARACTER steROUTINE FCll POSITIOHIN6 

4455 ; ----- ADDRESS RETURNED IS lt.JL TIPLIED IY 2 FROl1 CORRECT YA.LUE 

CALL GRAPH_ POSH 

4456 

<t457 

4458 

4459 

110V D I , AX  I SAVE RESULT A S  DESTINATION ADDRESS 

4460 1 ----- DETEA"IN£ SIZE D F  NlttlJDW 

446 1 

4462 

44U 

4464 

4465 

4466 

4467 

SLe 
ADD 

SAL 

SAL 

o x . ex 

D X , l O J H  

DH , 1 

DH , l 

4468 1 ----- DETERMINE CRT rlJOE 

4469 

4470 

4471 

4472 

CMP 

JNC 

an_rtJO E , 6  

R 1 2  

447J 1 - - - - - "EDllJ1 RES Om.t 

4474 

4475 

4476 

4477 

4478 

lt479 

SAL 

SAL 

INC 

D l . 1  

Dl , 1  

D I  

I ADJUST VALUES 

I ltJLTIPLY 8 R� IY 4 

J SINCE 8 YtRT DOTS/CHAR ; AKI EVEN/tJDO ROWS 

J TEST FOR 11EDil.l1 RES 

J FIN>_SOUK:E_oo..tt 

I 8 COl\ftfS • 2 ,  SINCE 

I 2 IYTES/otAR I OFFSET OK J 
I OFFSET •2 SINCE 2 BYTES/CHAR 

I POIKT TO UST BTTE 

lt480 1 ----- DETERHINE THE sa.JKE ADDRESS IN TH E  BUFFER 

lt48l 

R I Z :  I FIN>_SOl.llCE_DOlil'f 

PUSH ES I BOnt SEGl1EJfTS TD REGEN 

POP DS ..... CH , tH I ZIERO TO HIGM Of COLN1' REG 

ADD 01 1 24 0  I PO I NT  T O  UST ROW OF PJ>cUS 

SAL BL , l  I ltJ L  TIPL l N..teER OF LINES BY 4 

SAL B L , l  

4482 

448J 

4484 

4485 

.... 

... , 

.... 

4489 

4490 

4491 

4492 

JZ ... I I f  ZERO, ntEN BLANK ENTIRE F I E LD  t10V A L , B l  I G E T  tu'eEA Of LINES IN A l  

ltO V  AH , 8 0  I 80 BYTES/ROW 

ltJL ... I DETERttlMIE OFFSET TO �CE 

System BIOS A-63 



LOC OBJ L I N E  SOURCE 

,522 88F7 449] MOV S J , 0 1  I S E T  UP SOURCE 

F524 28FO 4494 SUB SI . AX I SUBTRACT THE OFFSET 

F526 8lE6 4495 MOV AH ,DH I HUt1BEA OF ROWS IH F I E LD 

f528 ZAEJ 4496 SUB AH , B L  I DETERMINE NJME t A  TO 110VE 

44'il7 

4498 ; ----- LOOP THROUGH , MOVING ONE ROW AT A TIME , BOTH EVEN AN> ODD F I E LD S  

4499 

F52A 4500 A l l :  I AOM_LOOP _DOWN 

F52A £62 1 0 0  4501 CALL R l 7  ; HOVE ON E  ROW 

F52D 8 1 ££5020 4502 SUB S I , 2 0 00H+80 I 110VE TO NEXT ROW 

FSll 8 l E F 5 0 2 0  4 5 0 3  SUB O I , 2 0 0 0H+60 \ 
FSlS HCC 4504 DEC AH ; NUl18EA OF ROWS TO nove ! 
f5l7 75Fl 4505 JNZ A l l  1 CONTINUE T I L L  A l l  l10VED 

4506 

4507 ; ----- F I L L  IH THE VACATED lINE ( S )  

4508 

F5l9 4509 R l 4 :  I CLEAR_ENTAY_DOWH 

F5l9 8AC7 4 5 1 0  110V A L , BH I ATTRIBUTE TO F I L L  WITH "'" 45 1 1  R I S :  ; CLEAR_LOOP_DOWH 

FSlB £82900 4512 CALL • • •  ; C LEAR A ROW 

FSlE 8 1 EFS020 4513 SUB Q I , 2000H+80 ; POINT TO NEXT LJHE 

F542 FEC8 4514 DEC BL I NUHBEA OF LINES TO fill 

F544 7SFS 4 5 1 5  JNZ R I S  ; CLEAR_LOOP _DOWN 

'546 FC 4516 CLO ; RESET THE D IRECTION F UG 

F547 U7BFC 4 5 1 7  JMP VlOEO_RET\IRN ; EVERYTHING DONE 

f54A 4 5 1 8  R l 6 :  ; BLAHK_FIElD_O� 

f54A 8 ... DE 4 5 1 9  110V B L , OH ; SET BLANK COUNT TO 

4520 I EVERYTHING IH F I E LD 

F5'te EBEB 452 1 JHP • • •  I CLEAR THE F I E LD 

4522 GRAPHICS_OOWN ENOP 

4521 

4524 1 - ---- ROUTINE TO l10VE ONE ROW OF INFORHATIOH 

4525 

F54£ 4526 R l 7  PR DC  NEAR 

F54E 8ACA 4527 HOV C L . C L  ; NU'1B E R  OF BYTES IN ™E R OW  

F550 S6 4528 PUSH SI 

F551 57 452<.I PUSH DI ; SAVE POINTERS 

f552 Fl 4510 REP HOY SB ; HOVE THE EVEN F I E LD 

FSSl A4 

F551t SF 4531 POP D I  

f 5 5 5  SE 4512 POP SI 

f556 8 1 ct. 0 0 2 0  4511 AOO SI , 2000H 

FSSA 81C70020 4514 ADO D I , 2 0 0 0H I POINT TO THE 000 f I E LD 

f55E 56 4515 PUSH SI 

FSSf 5 7  4536 PUSH DI ; SAVE nu: POINTERS 

f560 8ACA. 4517 HOV C L o D L  ; COUNT BACK 

F562 FJ 4538 REP l10VS8 1 MOYE THE 000 F I E LD 

F563 A4 

F564 SF 4519 POP 01 

F565 SE 4540 POP SI ; POINTERS BACK 

F566 Cl 4541 RET I RETURN TO CALLER 

4542 R l 7  ENDP 

4543 

4544 1 - ---- C LEAR A SINGLE ROW 

4545 

FS67 4546 • • •  PR OC  NEAR 

FS67 &ACA. 4S47 HOV C L , D L  I NUP"e E R  Of BYTES IN F I E LD 

F'569 57 4548 PUSH D I  t SAYE POINTER 

FSU Fl 4549 REP STOSB ; STORE THE NEW VALUE 

F56B AA 

f56C SF 4550 POP DI ; POINTER BACK 

FS6D 8lC70020 4551 ADD D I , 2 0 0 0H ; POINT TO 000 F I E LD 

f57l  57 4552 PUSH D I  

f572 8A.CA. 4553 HOV C L , O l  

f574 f l  4554 REP STOSB I F I L L  TH E  000 f I L E LO 

F575 AA 
F576 SF 4555 POP D I  

F577 Cl 4556 RET I RET\.RH TO CALLER 

4557 . . .  ENOP 

4558 J ------ - - - - ----- - - - - - ------------------ --- - - - - - - - - - -- ------- - - - - -
4559 o GRAPHICS WRITE 

4S60 THIS ROUTINE WRITES THE ASCI I  CHARACTER TO THE 

456 1 CURRENT POSITION OH TI(( SCR E E N .  

4562 ENTRY 

4563 A l  = CHARACTER TO WRITE 

4564 Bl : COLOR ATTRIBUTE TO BE USED FOR FOREGROUND COLOR 

4565 I F  BIT 7 IS SET , THE CHA.A IS XOR ' 0 INTO THE REGfH 

A-64 System BIOS 



LDC OBJ LINE 

4506 

4567 

4568 

'9569 

4570 

4571 

4572 

4573 

4574 

4575 

) 4576 

4577 

4578 

4579 

4580 

4581 

4582 

4583 

4584 

4565 

4586 

4587 

4588 

4589 

4590 

F578 4591 

F578 8400 4592: 

F57A 50 4593 

4594 

4595 

4596 

F57B E884 0 1  4597 

FS7E 88F8 4598 

lt599 

4600 

4 6 0 1  

F 5 8 0  5 8  4 6 0 2  

FSIH 3C80 4603 

FS83 7306 4604 

4605 

4606 

4607 

FS85 BE6EFA 4608 

F588 OE 4609 

F589 EBOF 4 6 1 0  

46 1 1  

46 1 2  

46 1 3  

FS88 4 6 1 4  

F568 2C80 4 b 1 5  

F 5 8 D  I E  46 1 6  

F S 8 E  2BF6 46 1 7  

F590 8EOE 46 1 8  

46 1 9  

F S n  C536 7COO 4620 

F596 BCDA 46 2: 1  

4622 

FS98 IF 4623 

F599 52 4624 

4625 

4626 

4627 

FS9A 4628 

F59A D I E D  4629 

F59C D I E D 4630 

F59E D l E O  4631 

FSAO 03FO 4632 

FSA2 803E490006 4633 

FSA.7 IF 4634 

FSA8 722C lt63S 

4636 

4637 

4638 

FSA.A 4639 

FS.U. 57 4640 

FSAB 56 4ft41 

FSAC MH ... , 

SOURCE 

E X I T  

BUF FER t 0 IS U S E D  Fe$ THE B.lCK�OUttJ COLOR ) 

ex = HIJl'1BER OF CHI.RS TO WRITE 

OS = DATA SEGMENT 

ES = REGEN SEGMENT 

NOTHING IS RETt.RNEO 

I GRAPHICS READ 

; ENnY 

; EXIT 

I 

THIS ROUTINE READS TliE ASC I I  CHARACTER AT lliE CLRRENT 

CURSOR POSITION ON THE SCREEN BY MATCHING THE DOTS ON 

THE SCR EEN TO THE CHARACTER GENERATOR CODE POINTS 

NOHE ( 0 IS ASSUMED AS THE BACKGRotNJ COLOR 

A L  = CHARACTER R EAD AT THAT POSITION t 0 RE�NED IF 

NONE FOUt«> I 
; FOR BOTH ROUTINES .  lliE IMAGES USED TO FORM CHARS ARE 

J CONTAINED IN ROH FOR TltE lST 1 2 6  CHAR S .  TO ACCESS CHARS 

IN THE SECCNI HAlF , Tl!E USER HUST INITIALIZE THE VECTOR AT 

INTERRUPT IFH t LOCATION 0 0 0 7CH ) TO POIITT TO THE USER 

SUPPLIED TAB LE Of GRAPHIC IMAGES I &X& BOXES ) .  

FAILURE TO 0 0  SO W I L L  CAUSE I N  STRANGE RESULTS 
I • • • • • • • • • • • • • · - - · - - - - - - - - - - - · · · · · · - · · · - · · · · · · · · · · · · · · · · · · · · · · · · · 

ASSUME C S : COO E , O S : DATA , ES : DATA 

GRAPHICS_WRITE PROC NEAR 

HOV AH , O  

PUSH AX 

; ZERO TO HIGH OF CODE POIKT 

; SAVE CODE POINT VALUE 

1 ----- DETERMINE POSITION IN REGEN BUFFER TO PUT CODE POINTS 

CALL 526 

HOV 0 1 , AX  I F l t«!  LOCATION IN REGEN 15UF FER 

; REGEN POINTER IN D I  

; - - - - - DETERMINE REGION TO G E T  CODE POINTS FROH 

POP 

CMP 

JAE 

AX 

A L o 80H 

S I  

; R ECOVER CODE POINT 

I IS IT IN SECOND HALF 

; YES 

1 -- --- IMAGE I S  IN F IRST HALF , CONTAINED IN ROl't 

HOV SI , OFA6EH 

PUSH CS 

JMP SHORT S2 

; CRT_CHAR_GEH ! OFFSET OF Il1AGES I 

I SAVE SEGtlENT ON STACK 

; DETERHINE_HODE 

I · · · · ·  IMAGE IS IN SECOl'<I HALF , IN USER RAM 

S I :  I EXTEt«J_atAR 

sue A L , BOH I ZERO ORIGIN FOR SECOND HALF 

PUSH DS ; SAVE DATA POINTER 

SUB S I , SI 

HOV os .sI I ESTABLISH VECTOR ADDR ESSING 

ASSUME DS : ABSO 

LOS SI , E XT_PTR I GET THE OFFSET OF TliE TABLE 

MOV D X . O S  I GET T H E  SEGMENT OF T H E  TABLE 

ASSlJ1E D S : DA.TA 

POP DS I RECOVER DATA SEGMENT 

PUSH DX I SAVE TABLE SEGMENT OH STACK 

1 ---- · DETERl'1IHIE GRAPffICS MOOE IH OPERATION 

S2 : 

SAL AX , I  

SAL AX , l  

SAL AX . I  

ADD S i o AX 

CMP CRT_HOOE , 6  

POP DS 

JC S7 

1 - - - - - HIGH llESOLUTION l'IOD E  

S l :  

PUSH O I  

PUSH SI 

MDV DH o 4  

I DETEmtlNE_MOOE 

I HU L  TJPLY' CODE POINT 

; VALUE BY & 

I S I  HAS OfFSET OF DESIRED CODES 

I llECOVER TABLE POINTER SEGMENT 

i TEST FOR HEDilJ1 RESOLUTION 110DE 

I HIGH_CHAR 

I SAVE REGEN POINTER 

I SAVE CODE POIHTEll 

I N\.lt'IBEA OF TIMES THROUGH LOOP 

System BIOS A-65 



LOC OBJ 

fSAf. 

FSAE AC 

f5AF F6Cla0 

F582 75U� 

FSB't AA 

FSBS AC 

.... 

F 586 26aa85FF I F  

FSBB UC7'tf 

f58E FECE 

FSCO 75EC 

f5C2 5E 

FSCJ SF 

FSC<tt 47 

FSCS un 
FSC7 E9FBFB 

FSCA 

FSCA 263205 

FSCO .U 
FSCE AC 

FSCF 2&3285FF 1 F  

FSDlt EBEO 

FSD6 

f506 &ADJ 

F508 D 1 E 7  

FSDA E80 1 0 0  

FSDD 

FSDO 57 

'50£ 56 

FSOF 8604 

FSU 

FSU AC 

FSE2 EeDEOO 

f5E5 2lCJ 

FSE7 f6C28D 

fSEA 71t07 

FSEC 26lZ25 

FSEF 26124501 

fSfl 

FSfl 26MZS 

f5f6 26884501 

FSFA AC 

FSFB E&CSOO 

FSFE 2 3CJ 

F600 F6C28D 

F6 0 J  740.l 

f605 ZUZA.50020 

,,o. 263Z850 1 2 0  

f60F 

F60F 2688J.50020 

F6 1 4  2688850 1 2 0  

F6 l 9  8JC750 

F61C FECE 

f61( 75Cl 

F6ZO SE 

F62l SF 

F6 2 2  47 

f62l 4 7  

F 6 2 4  £Z87 

F626 E99CFB 

f62' 

F629 £80600 

f62C 88FO 

FUE encoe 

f6 l l  88EC 

L INE SOURCE 

464] 54 : 

4644 

4645 

4646 

4647 

4648 

4649 

4650 

4651 

4652 

4651 

4654 

4655 

4656 

4657 

4658 

4659 

4660 

4661 

4662 

4663 

4664 

4665 

SS: 

lCIDS8 

TEST 8 L , 80H 

JHZ S6 
STOS8 

LOO SB 

HOY E S : I D I+20 00H- l l , A L  

ADD D I , 79 

DEC DH 

JHZ 54 

POP SI 

POP DI 

INC DI 

LOOP Sl 

Jt1P YIDEO_RET\JRH 

XOR A L , ES : I D I J 

STOSB 

L0058 

XOR A L , E S : I D I + Z OOOH- 1 1 

Jt1P SS 

466b 1 ----- P1EOILtl RESOLUTION WAITE 

4667 

4668 

46b9 

4670 

lt67l 

467Z 

4671 

467/t 

4675 

4676 

4677 

lt678 

467' 

.... 

4681 

4682 

4681 

4684 

4685 

4686 

4687 

4688 

4689 

4690 

4b91 

4692 

4691 

4694 

4695 

4696 

4697 

4698 

.... 

4700 

4701 

4702 

4703 

4704 

4705 

4706 

4707 

S7: 

59: 

5 1 0 :  

Sl l :  

HOY D L , B l  

SAL D I . I  

CALL S l 9  

PUSH DI 

PUSH SI 

t10Y DH , 4  

LOO SB 

CALL S Z l  

A t«>  AX , BX 

TEST D L , eOH 

JZ S l O  

XOR AH , ES : I DI I 

XOR A L . ES :  I D I + l  I 

t10Y ES : I D I J , AH 

t10Y E S :  I D I + l  J , A L  

LODSB 

CALL S 2 1  

AHO AX 1 8X 

TEST D l 1 80H 

JZ S i l  

XOR AH , E S : I OI+2 000H J 

XOR A l , ES : [ D l • 2 0 0 1 H I 

t10Y ES : I D I + ZOOOH J , AH  

HO Y  ES : ( D l + 2 0 0 0 H • I  ) , A l  

ADD DI , a o  

DEC DH 

JHZ 59 

POP SI 

POP DI INC DI 

INC D I  

LOOP se 
Jt1P YIDEO_RE�H 

GRAPHIC5_9"'ITE EHDP 

4708 1 - - - - - - - - - - - - - - - - - - - - - - - -

4709 

4710 

471 1 

4 7 1 2  

4 7 1 3  

4 7 1 1t  

lt 7 1 5  

4 7 1 6  

4 7 1 7  

I GRAPHICS READ 
1 - - - - - - - - - - - - - - - - - - - - - - - -

GRAPHICS_READ PROC HUR 

CALL 526 

t10Y S I . AX  SUB S P , 8  

HOY B P , SP 

4 7 1 8  1 ----- DETERMINE GRAPHICS 110D E S  

't 7 1 9  

A-66 System BIOS 

I e n  BYTE FROtt CODE POINTS 

1 SHOULO ME USE TH E  flMCTICIH 

J TO Pl1T CHAR IN 

I STORE IN REGEN BUFFER 

I STORE IN SECOtCI HALF 

i HOYE TO NEXT ROW IN REGEN 

I ODHE MITH LOOP 

1 RECOVER REGEN POINTER 1 POINT TO NEXT CHAR POSITION I l10RE CHARS TO 9"'1TE 

I EXCLUSIVE OR MITH C�REHT 

I STORE THE CODE POINT 

; AGAIN FOR ODO f l E lD 

I BACK TD t1AINSTRU.t1 

I t1ED_RES_WRITE 

I SAYE HIGH COLOR BIT 

; OFFSET*2 SINCE 2 BYTES/CHAR 

I EXPAND Bl TO FULL MORO OF COLOR 

I HED_CHAR 

; SAYE REGEN POINTER 

I SAVE niE CODE POINTER 

; NU15ER OF LOOPS 

I &ET CODE POINT 

I DOUBLE UP ALL THE BITS 

I CONVERT THEM TO FCIREGROl.IG 

I COLOR ( 0 BACK I I IS THIS XOR FUNCTION 

; NO , STORE IT IN AS IT IS 

; 00 FUNCTION Mini HALF 

I A.NJ MITH OTHER HALF 

I STORE FIRST BYTE 

I STORE SECOtCI BYTE 

I GET CODE POINT 

I CONYUT TO COLOR 

I AGAIN. IS nus XOR FLN:TIOH 

; NO , JUST STORE THE VALUES 

; FUNCTION MITH F IRST HALF 

I At«> MITH SECOtCI HALF 

I STORE IN SECOtCI PORTION OF BUF FER 

; POINT TO NEXT LOCATION 

I KEEP GOING 

I RECOVER CODE PONTER 

I RECOVER REGEN POINTER 

I POINT TO NEXT CHAR POSITION 

1 MORE TO WRITE 

1 CONVERTED TO OFFSET IN AECEN 

I SAYE IN SI 

I ALLOCATE SPACE TO SAYE Tli E  

I R E A D  COOE POINT 

; POINTER TO SAYE AREA 



LOC OBJ 

F63l 803£490006 

f638 0 6  

F63' I F  

F 6 3 A  7 2 U  

F 6 lC 8604 

F63E 

FUE 8.U4 

F640 8846 0 0  

F643 45 

F644 8.l.84 0 0 2 0  

F 6 4 8  8846 0 0  

F64B 4 5  

F64C 83C6SO 

F64F FECE 

F651 75EB 

F653 E B l  790 

F6S6 

F656 D I E 6  

F658 8604 

F65.A. 

F65A E88800 

F6SD 8 1 C 6 0 0 2 0  

Fb61 E88 1 0 0  

F 6 6 4  8 1 EEBO I F  

F668 FECE 

F66A 75EI! 

F66C 

F66C BF6EFHO 

F670 OE 

F6 71 0 7  

F 6 7 Z  83ED08 

F675 8BF5 

F677 FC 

F678 8000 

F67A 

F67A 1 6  

F678 I F  

F67C BA.800 0  

F67F 

Fb7F 56 

F680 57 

Fb8l MOBOO 

Ft.a4 F l  

F685 A. 6  

F686 S F  

f b 8 7  S E  

F688 74 1 E  

F68A FECO 

F68C 83C708 

F68F 4A 

Fb90 7SED 

F692 JCOO 

f694 74 1 Z  

F696 2BCO 

F6'8 8ED8 

F6U C43E7C O O  

F 6 9 E  ecco 
FUO OBC7 

F6A2 7404 

F6Aft 8080 

L I N E  

4 7 2 0  

47Zl  

47Z2 

47Zl 

4724 

SOURCE 

Cl"IP CRT_l100E , 6  

PUSH ES 

POP DS 

JC S l l  

4725 1 ----- HIGH RESOLUTION READ 

47Z' 

I POINT TO REGEH SEGf1EHT 

I l"IEDiltt RESOLUTION 

4727 1 ----- GET VALU'f5 FROl1 REGEN BUFF E R  AtG CONVERT TO CODE POINT 

4728 

472t 

4710 

47Jl 

't732 

47]] 

47J4 

4715 

473ft 

4737 

4738 

lt739 

"740 

4741 

5 1 2 :  

HOV 

"°v 

"°v 

INC 

HOV 

HOV 

INC 

ADD 

DEC 

JHZ 

JMP 

DH , 4  

AL , I S I I  

l 9 P ) , A l  

B P  

. u , 1 Sh2000H J 

I BP J , A l  

B P  sI . eo 
DH 

S 1 2  

S I S  

4742 1 -- - - - l"IEDil.lt RESOl.UTIOM READ 

4743 

4744 

4745 

4746 

4747 

47ct8 

4749 

4750 

4751 

4752 

4753 

4754 

ct755 

s n :  

S l 4 :  

SAL 

MDV 

Sl o l  

DH , 4  

CALL S 2 l  

ADD S I ,  2000H 

CALL 521 

SUB S I , 2 0 0 0 H-80 

DEC OH 

JHZ 5 1 4  

I l«Jte E R  OF PASSES 

I GET F IRST ene 1 SAVE IN STORAGE AREA 

I NEXT LOCATION 

I GET lOWER REGION BYTE 

I ADJUST AND STORE 

I POINTER INTO REGEN 

I LOOP CONTROL 

I DO IT SOHE HORE 

I GO l"IATCH TltE SAVED CODE POINTS 

I MED_RES_READ 

I OFFSET•2 SINCE 2 BTTES/CHAR 

; N\J18ER OF PASSES 

I GET PAIR BYTES FROl"I REGEN I INTO SINGLE SAVE 

; 60 TO LOWER REGION 

I GET nns PAIR INTO SAVE I ADJUST POIKTER BACK INTO UPPER 

I KEEP GOING l.ln'IL ALL 8 DONE 

4756 1 ----- SAVE AREA HAS CHARACTER IH I T ,  KATCH IT 

s i s :  I FUIJ_CHAR 

110V D I 1 0FFSET CRT_CHAA_GEH I ESTABLISH ADDRESSING 

PUSH CS 

P<>P 

SUB 

ES 

B P , 8  

Sl oBP 

I CODE POINB IH CS 

; ADJUST POINTER TO eEGit-1-!ING I OF SAVE AREA 

; ENSURE OIRfCTIDH 

4757 

lt758 

4759 

4760 

.C.76 1 

4762 

4763 

4764 

"765 

4766 

.C.767 

4768 

476" 

4770 

4771 

4772 

4773 

4774 

4775 

HOV 

CLO 

MOV A L , O  1 Cl.RllEHT C OD E  PO i l'IT  BEING l'IATCHED 

4776 

4777 

4778 

4779 

4780 

4781 

4782 

478] 

5 1 6 :  

S 1 7 :  

PUSH SS 

POP OS 

HOV ox , 1 2& 

PUSH SI 

PUSH DI 

HOV e x . a  

REPE Cl"IPSB 

POP DI 

POP SI 

JZ 5 1 8  me A L  

ADD DI , 8  

DEC DX 

JNZ 5 1 7  

; ESTABLISH ADDRESSING T O  STACK 

; FOR THE STRING COl"IPARE 

; Hl.l'l.\ER TO TEST AGAINST 

I SAVE SAVE AREA POIITTER 

; SAVE CODE POINTER 

; MlltEER OF BYTES TO HATCH 

I COHPARE TH E  8 8YlES 

1 RECOVER THE POltnERS 

I I F  zt:RO F LAG SET , TMEN HATCH OCCllfRED 

I HO MATC H ,  HOVE OH TO NEXT 

I NEXT CODE POINT 

I LOOP CONTROL 

> DO ALL OF THEl1 

4784 1 - ---- CHAR NOT HATCHE D .  l"IIGHT BE IH USER SUPPLIED SECCHJ HALF 

4785 

., .. 

087 

.C.788 

4789 

4790 

4791 

4792 

4793 

4794 

4795 

Cl"IP A L . O  

J f.  S l l  

51..15 AX , AX  

l"IOV DS , AX 

ASSlttE O S :  ABSO 

LES 

MOV 

DR 

JZ 

HOV 

0 1 , EXT_Pn 

AX , E S  

AX , 0 1  ... 
A L , 1 28 

I Al <> 0 Jf ONLY l 9T HALF SCA ... ED 

I I f  11 O. THEN A.LL HAS 8£UI SCDi'IED 

I £STABLISH ADDRESSING TO VECTOR 

J GET POINTER 

I SEE IF THE POINTER REA.LL Y EXISTS 

; I F  ALL O, THEN DOESN ' T  EXIST 

I HO SEHSE LOOKING 

I DRIGIH FOR SECOM> HALF 
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LOC OBJ 

F6A6 EBD2 

.... 
f6A8 81C408 

f6AB t: 9 1 7FB 

f6AE 

FU.£ 80£101 

F681 4ACl 

F6Bl 5 1  

F6B4 890SOO 

F6B7 

f6B7 D O E O  

F 6 B 9  D 0 £ 0  

F 6 88  0408 

F6BO E Z F 8  

F 6 B f  8Af8 

F6Cl 59 

f6C2 CJ 

f6Cl 

FM:J 52 

f6C4 51  

f6C5 5 1  

F6C6 2 80 2  

f'6C8 8 9 0 1 0 0  

UCB 

F6CB 8808 

F6CD U 0 9  

F 6 C F  0801 

F60 1 D l E O  

F 6 D J  D l f l  

F6D5 880 8  

f 6 0 7  2 109 

F6D9 0801 

F6DB D I E i  

f6DD 7l£C 

F6DF 68C2 

f 6 E l  58 

F6E2 59 

F6U SA 

F6E4 C l  

A-68 

LINE 

4796 

4797 

4798 

SOURCE 

JMP S 1 6  1 6 0  BACK .ltfl T R T  F O R  l T  

ASSlktE D S :  DAT A 

47'9 1 - ---- CHARACTER IS FOLNJ ( Al=O I f  NOT FQUN) I 
4800 

5 1 8 !  

ADD S P , 8  

JHP VIOEO_AETURN 

GRAPttlCS_AEAD EtllP 

I READJUST ntE STACK, ntROW AWAY SAYE 

I A l l  DONE 

480 1 

4802 

4803 

4804 

4805 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4806 i EXPANl_l1ED_C0lOR 

4807 THIS ROUTINE EXPAtc:IS THE LOW 2 BITS IN B L  TO 

'-808 I F I L L  THE ENTIRE BX REGISTER 

4809 I ENTRY 

4810 8 L  = COLOR TO BE US'ED I LOW 2 BITS I 
48 1 1  ; EXIT 

4812 BX = COLOR TO BE USED ( 8 REPLICATIONS OF THE 

48 1 3  2 COLOR BITS > 

48 1 4 I -- - --- - - - - - - --- - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - -

4815 

4816 

4817 

4818 

4819 

4820 

482 1 

482' 

4823 

4824 

4825 

4826 

4827 

4828 

S l 9  

S 2 0 :  

S l 9  

PR OC  

At«> 

MOV 

PUSH 

l10V 

SAL 

SAL 

OR 

LOOP 

110V 

POP 

AET 

ENDP 

NEAR 

B L , 3  ; ISOLATE T H E  COLOR BITS 

A L . B l  ; COPY T O  A l  

e x  ; SAYE REGISTER 

cx . 1  1 MUl18ER O F  Til"IES T O  0 0  THIS 

A L , 1  

A L , 1  ' LEFT SHIFT BY 2 

B L . A l  ; ANOTHER COLOR VERSION INTO B l  

S20 ; FILL All OF Bl 

BH , B l  ; F I L L  UPPER PORTION 

ex ; REGISTER BACK 

; All DONE 

4829 · - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -

4830 l EXP.ltll_BYTE 

4831 THIS ROUTINE TAKES TH E  BTTE IN A l  AND DOUBLES 

4832 A l l  OF THE BITS , TURNING THE 8 BITS INTO 

4833 1 6  BITS . THE RESULT IS LEFT IN AX 

4834 j - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4835 

4836 

4837 

4838 

4839 

4840 

4841 

4842 

4843 

4844 

4845 

4846 

4847 

4848 

4849 

4850 

4851 

4852 

4853 

4854 

4855 

4856 

4857 

4858 

S 2 1  

sz z :  

S 2 1  

PROC 

PUSH 

PUSH 

PUSH 

SUB 

MOV 

MOV 

AND 

DR 

SH L 

SH L 

MOV 

At«> 

OR 

SHL 

JNC 

MOV 

PDP 

POP 

POP 

RET 

Et«>P 

NEAR 

DX 

ex 

BX 

o x . o x  

cx , 1  

BX . AX 

ax . ex 

o x . ex 

AX , l  

cx , 1  

BX , AX 

ex.ex 

o x . ex 

CX . 1  

szz 

Ax .ox 

BX 

ex 

DX 

I SAVE REGISTERS 

I RESULT REGISTER 

I 11ASK REGISTER 

1 BUE INTO UMP 

; USE l'IASK TO EXTRACT A BIT 

; PUT INTO RESULT REGISTER 

; SHIFT BASE At-I> ttASK BY 1 

I BASE TO TEl1P 

; EXTRACT THE SAl1E BIT 

; PUT INTO RESULT 

I SHIFT ONLY t1ASK NOW , ' r10YING TO NEXT BASE 

I USE 11ASIC BIT CON I HG OUT TO TERHIHA TE 

; RESULT TO PARl1 REGJSTER 

I RECOVER REGISTERS 

I A l l  DONE 

4859 ; -- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - --- - - - - - - - - -

4860 ; ttED_READ_BYTE 

486 1 THIS ROUTINE W I L L  TAKE 2 BYTES FROt1 THE REGEN 

4862 BUF FER , COl1PARE AGAINST THE CLRRENT FOREGROUt«> 

486 1 COLOR , AND PLACE THE COARESPCN>ING OM/OFF BIT 

4864 PATTERN INTO THE Cl.llRENr POSITION IN THE SAVE 

4865 AREA 

4866 ; EHTR'Y 

4867 SI , OS = POINTER TO Rf.GEN AREA OF INTEREST 

4868 BX = EXPAt«>ED FOREGRO\.HJ aJLOR 

4869 I BP = POINTER TD SAVE AREA 

4870 I EXIT 

4871 BP IS INCREMENT AFTER SAVE 

48 72 1 - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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LOG OBJ 

F6U 
Ft.ES 8.424 

F6E7 6A440 1  

F6EA 8900CO 

F6ED 8200 

F6EF 

F6EF BSC l 

F 6 F l  FB 

F6F2 740 1  

F6F4 F 9  

F6F5 0002 

F6F7 D l n  

F6F9 D l E 9  

F6FB 73F2 

F6FD 6656 0 0  

F700 45 

F701 C3 

F702 

F702 .usooo 
F 7 0 S  

F 705 5 3  

F706 8808 

F708 6A.C4 

F70A F6 264AOO 

F70E D l E O  

F 7 1 0  D l E O  

F 7 1 Z  2AFF 

F714 OlCl 

F 7 1 6  SB 

F717 C l  

F 7 1 8  

F 7 1 6  5 0  

F 7 1 9  50 

F 7 1 A  8401 

F 7 1 C  8A.U62 0 0  

F720 CD I O  

F721!: 58 

L INE  SOURCE 

SZl PROC ..... 
MOV AH , t S I I  I G E T  F JRST BYTE MOV Al , I SH l l I GET SECOM> BYTE 

MOV c x , ocoooH J 2 BIT HASK TO TEST THE ENTlHfS 

HOV D L . O  ; RESUlT REGISTER 

524 : 

TEST A X . ex I IS Tttl S  SECTION BACKGROl.NJ? 

487J 

41574 

4875 

4676 

4877 

4878 

4879 

4680 

4881 

4682 

4M! 

4884 

4885 

4866 

4887 

4888 

4889 

4890 

C LC J C LEAR CARRY IN HOPES THAT IT IS 

JZ S25 I I f  ZERO , IT IS BACKGROlHJ 

STC I WASH ' T ,  SO SET CARRY 

525 : RCL D L , 1  ; t10Vf THAT BIT INTO TH E  RESULT 

SHR cx , 1  

SHR c x , t i l'tOVE TH E  ttASK TO 111£ RIGHT BY 2 ens 

JNC SZ4 ; DO IT AGAIN I F  tu.SK DIDN ' T  FALL OUT 

MOV l BP J , D L  I STORE RESULT IH SAYE AREA 

INC BP J ADJUST POINTER 

RET I A l l  DC»4E 

SZl ENIJP 

4891 ' -- ------- ------ - - - --- - --------------------------

4892 I V4_POSITIOH 

4893 THIS ROUTINE TAKES THE Cl.RSOR POSITION 

4M4 CONTAINED IN TH E  MEl10RY LOCATION, At«> 
4895 CotNEATS IT INTO AN OFFSET INTO THE 

4896 REGEN BUFFER , ASSU1ING ONE HTE/CH AA .  

4897 FOR l'IEOIUtt RESOLUTION GRAPHICS, 

4898 I THE NUl'18£R �ST BE DOUBLED . 

4899 ; ENTRY 

4900 NO REGISTERS , MEHORY LOCATION 

4901 Cl.RSOR_POSH IS USED 

4902 I EXIT 

4903 AX CONTAINS OFFSET INTO REGEN BUFFER 

4904 ; - ------- - - - - --- --- ----------------------- -------
4905 

4906 

4907 

4908 

4909 

4 9 1 0  

491 1 

4 9 1 Z  

4 9 1 3  

4 9 1 4  

4 9 1 5  

4 9 1 6  

lt 9 1 7  
4918 

S26 PROC 

HCV 

GRAPH_POSN 

PUSH 

MOV 

MOV ..,, 
SHL 

SH L 

SUB 

ADD 

PDP 

RET 
526 [NDP 

HEAR 

AX ,Cl.Ii SOR_ POSH i GET CIAIREtn' Ct.RSOR 

LAB E L  HEAR 

BX J SA.VIE REGISTER 

BX , AX  I SAVE A COPY 0 ,  ClllREtn' Cllt� 

A L , AH ; GET ROWS TD A l  

BYTE PTR CRT_COLS I ttJl TIPLT BY BTTES/COllft.I '' " '  I ttJ l  TIP L Y  * 4 SINCE it ROWS/BTTE 

AX , 1  

BH ,BH I ISOUTIE CDLLH-1 VALUE 

A X , BX I DETERHINE OFFSET 

ox I RECOVfR POINTER 

; A l l  DONE 
lt 9 1 9  1 - - - - - - - - - - ·-------------------------------------------------------------
4920 1 wsnTE_nY 

492 1 THIS INTERFACE PROVIDES A TE LETYPE LIH INTERFACE TO THE VIDEO 

4922 CARD . TltE INPVT CHARACTER IS WR I TTEN TO TH E  Cl.RRENT Cl.RSCIR 

4923 POSITION, AND TltE CURSOR IS MOVED TO Tit E  N'fXT POSITION. I F  TH E  

4924 CURSOR LEAVES THE LAST COLutfl OF TH E  F I E LD ,  TH E  COU.11-1 I S  SET 

4925 TO ZERO , ANJ lli E  ACM VALUE IS INCREMENTED . I F  TH E  AON VALUE 

4926 LEAVES TH E  F I E LD ,  Tli E  Cl.RSOR IS PL.ACED OH TliE LAST RON, F I RST 

lt927 COLUl'flo MG TH E  ENTIRE SCREEN. IS SCROLLED UP ONE LINE . NiEN 

4928 TliE SCREEN IS SCROLLED UP, TH E  ATTRIBlnE FOR F I LLIN& TH E  NEWLY 

4929 BLANKED LINE IS READ FAOtt TH E  Cl.RSOR POSITION ON TliE PREVIOUS 

4930 LINE BEFORE TH E  SCR O L L ,  IN CHARACTER ttOOE .  IN GRAPHICS ftOOE ,  

4931 1 TitE 0 COLOR IS USE D .  

493z , Etmn 

4933 ( AH I :: CUSIRENT CRT t'IODE 

4934 < A l l  : CHARACTER TO BE WRITTEN 

4935 NOTE THAT BACK SPAC E ,  CAR RET, BELL AMJ LINE FEED AR E  HMGLED 

4936 AS CotrlAt«>S RATI1ER THAN AS DISPLAYABLE GRAPHICS 

4937 I 8 l l  : FOREGROl.H) COLOR FOR CHAR a.RITE I f  Cl.RRENTLT IN A 

4938 GRAPHICS t100E 

lt939 I EXIT 

lt940 All R E GISTERS SAVED 
1 - - - - - - - - ----------------------------------------------------------------

ASSlJ1E CS : C OD E . D S : DATA 

WRITE_ nY PROC NEAR 

PUSH .,,. 
PUSH .,,. 
MOV ... . . 
llOV llH o ACTIVE_PAGE 

I SAVE REGISTERS 

I SAVE CHAR TO lilflTE 

I 6ET nt f  Cl.RAEKT ACTIVE PA6E 

lt941 

... , 

49lt) 

.... 

.... 

4946 

4947 

.... 

.... INT J Oit  I R E AD  ntE Ct.RREKT Clll!SCIR POSITION 

POP .,,. I RECOVH CHAR 
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LOC OBJ LINE SOURCE 

4950 

4951 1 ----- DX NOW HAS TH E  C�AEHT CURSOR POSITION 

4952 

F7Zl lCD8 lt953 CHP A L , 8  1 IS IT A BACKSPACE 

f7Z5 702 4954 JE uo I BACK_SPACE 

F727 XOD 4955 CHP . U , ODH I IS IT CARRIAGE AETlltN 

f72' 7457 4956 JE u• I CAA_AET 

f72B lCDA 4957 CHP ,l l , OAH I IS IT A LINE FUD 

f'72D 7457 4958 JE U J O  I LINE_FEED 

F72f lCD7 4959 CHP A L , 0 7H  I IS IT A B E L L  

f7J1 74SA 4%0 JE U I I  I BELL 

49& 1 

4962 1 - - - - - WRITE ntE CHAR TO TH E  SCREEN 

4963 

4964 

F733 MOA 4%5 HOV AH , 1 0 I '-RITE CHA.R ONLY 

F735 890 1 0 0  4966 HOV cx . 1  ; OHL Y ONE CHAR 

f738 C D I O  4967 INT JOH I WRITE THE CHAR 

4968 

4969 1 - - - - - POSITION ni E  Cl.RSOR FOR NEXT CHAR 

4970 

F ?lA F£C2 4971 INC D L  

F7lC JA.164AOD 4972 CHP D L , 8YTE PTR CRT_COLS I TEST FOR COLI.ff.I OVERFLOW 

'740 7533 4973 JNZ U7 I SET _CURSOR 

F 742 8200 4974 HOV D L , O  ; COLUl'1N FOR CURSOR 

f744 8 0 f E l 8  4975 CHP OH , 24 

f71t7 75ZA 41i176 JNZ U6 I SET_CURSOA_INC 

4977 

4978 1 ----- SCROLL REQUIRED 

4979 

f71t• 4980 U I :  

f749 840 2  4981 110V AH , 2  

F748 CD l O  4982: IHT J OH I SET THE CIJlSOA 

4981 

084 1 ----- DEURt1lHE VALUE TO FILL Wlnt DI.MING SCRO L L  

4985 

F 74D 404900 4986 HOV A L , CRT_MODE I &ET THE CURRENT ttOOE 

f750 JCD't "987 CMP A L . 4  

F 7 5 2  7206 4988 JC U2 ; READ -CURSOR 

f754fl; JCD7 4989 CHP A L , 7  

F756 8700 4990 tlOV 8H o 0  I F I L L  Wint BACKGROlN) 

F758 7506 4991 JNE U3 I SCROLL-UP 

F7SA 4992 °' ' I READ-ClRSOR 

F75A 8408 4993 110V AH , 8  

f75C CO l O  4994 INT J OH I READ CH.lR/.lTlll AT C\.llRENT Cl.RSOR 

F7SE 8AFC 4995 l10V ... . ... I STORE IN ISH 

f760 4996 U J :  I SCROLl.·UP 

F760 880 106 4997 HOV .lX o 6 0 l H  I SCROLL ONE LlH' 

F763 ZBC9 4998 SUB ex . ex ; UPPER LEFT CORH£A 

F765 8618 4999 MOY DH , Z4 LOWER RIGHT ROW 

F767 8A164AOO 5 0 0 0  l10 V  O L , BYTE PTR CAT_COLS I LOWER RIGHT COL""'4 

f 768 FEC.l 5 0 0 1  O E C  O L  

F 76D 500Z .,., I VIOEO-CALL-AETUAH 

f760 CD l O  5 0 0 3  I HT  JOH ; SCROLL UP THE SCREEN 

F76f 5004 us : I TTY-RETURN 

f 76 f  58 5005 POP AX I RESTORE THE CHARACTER 

F770 USZFA 5006 JHP VIOEO_RETlJAN I RETURN TO CALLER 

f77] 5 0 0 7  "'" I SET-CLllSOR-lNC 

F773 fEC6 5008 INC DH I NEXT ROW 

f775 5 0 0 9  U 7 :  i SET •CURSOR 

F775 840Z 5 0 1 0  110V AH , 2  

F777 f8F4 5 0 1 1  JMP U4 I ESTABLISH TH E  HEW O.SOR 
5 0 1 2  

5 0 l l  1 ----- BACK SPACE F OLNJ  

5 0 1 4  

F779 5 0 1 5  U8 ' 

f779 l!IOFAOO 5 0 1 6  CHP O L , o  I ALREADY A T  E t&!  Of' LIME 

F 77C 74f7 5 0 1 7  J E  U7 I SET_CUASOR 

F77E f£CA 5018 OEC O L  I NO -- JUST HCI V E  IT BACK 

F780 Ufl 5 0 1 9  JHP U7 I SET_Cl.SISOA 

5020 

5 0 2 1  1 ----- C.lARI.lGE RETURN F OlNJ  

S O Z 2  

f 782 5 0 2 l  U 9 :  

f 782 8200 5024 MOY D L , O  I l10VE T O  F IRST COU.ftf 

f784 EBf.F 5025 JHP U7 I SET_CLRSOR 

5026 
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LOC OBJ 

F766 

f786 8 0 F E 1 8  

F 769 75E8 

F78B EBBC 

F78D 

F76D BJO:!: 

f 78F E071EE 

F792 EBDB 

F 794 

F 794 0 3  

F 7 9 5  0 3  

F7% O S  

F 7 9 7  05 

F798 O l  

f 799 Ol 

F 79A 0 3  

f 79B 0 4  

F 79C 

f79C 9400 
F 79E 88166300 

F 7A2 83C206 

F 7AS EC 

F7A6 A804 

F 7A8 757E 

F 7U. A.802 

F 7AC 7503 

F7AE E98 1 0 0  

F 78 1  

f 7Bl 84 1 0  

F 78 3  88166300 

F787 8AC4 

F789 EE 

F 7BA 42 

F7BB EC 

F7BC 8.U8 

F 78E 4A 

F 7BF FEC4 

F7Cl 8AC4 

F7Cl EE 

F7C4 42 

F7C5 EC 

F7C6 8AES 

LINE SOURCE 

son , _ _ _ _ _  LINE FEEO fot.H) 

5028 

5029 

SOJO 

SOJI 

SOJZ 

50]] 

U l O :  

CHP 

JHE 

JHP 

D H , 2 Ct  

U6 

Ul 

5 0 34 1 - - - - - BHL FOLH> 

5035 

5036 

5037 

5038 

5039 

5040 

Ul l :  

t'IOV B l t 2  

CA.LL BEEP 

JHP us 

WRITE_ TTY .. .,. 

J 80TTOf1 OF SCREEN 

I YES, SCROLL lli E  SCREEN 

; NO ,  JUST SET TH E  CLRSOR 

I SET UP COlMT FOR BEEP 

I 50\.HI THE POD BELL 

I TTY .. RETUlH 

SO ct I 1 - - - - - - - - - - - - - - - - - - --- --- - - --- - - - - - - - - - ---- - - - - - - - - --- - - - - - - - --- -

5042 LIGHT PEN 

5041 THIS ROUTINE TESTS ntE LIGHT PEN SWITCH AN> nt E  LIGHT 

5044 PEN TRIGGER . I F  80Tlt ARE SET, TH E  LOCATION OF THE LIGHT : 

5045 PEN I S  DETEAHINE D .  OTHERWIS E ,  A RETURN WITH NO 

5046 INFORttJ.TION IS HAD E .  

504 7 ; ON EXIT 

504a ( AH I "' 0 I ,  NO LIGHT PEN INFORl'U.TIOH IS AVAIU.8U'. 

5049 ex . e x . o x  ARE DESTROYED 

5050 ( AH I : 1 IF LIGHT PEN IS AVA I LABLE 

5051  I OH . D U  "' R DW o tOLUl't<I 01'" CURRENT ll6HT PEH 

50SZ POSITION 

5053 ( CH J  :: RASTER POSITION 

5054 f 8X I  :: BEST GUESS AT PIXE L HORIZONTAL POSITION : 

5055 1 - - - - - - - - - - - - - - - - - -- - - - - - - --- - - - - - - - - - - - - - ------ ------- - - --------
5056 ASSUtlE cs : coo E , o s : DATA 

5057 

5058 

5059 

5060 

5061 

1 - - - - - SUBTRACT_TABLE 

Vl LABE L BYTE 

DB 

READ_LPEN 

l , 1 . s , 5 , 3 , 1 , 3 , 4  ' 

PROC NEAR 

5062 , _____ WAIT FOR LIGHT PEN TO BE DEPRESSED 

5063 

5064 
5065 

5066 

5067 

506!� 

5069 

5070 

HOV 
HOV 

ADO 

lH 

TEST 

JHZ 

... . .  
o x . ADOR_6MS 

D X , 6  

u , o x  

A l , 4  

V 6  

5071  ; ----- NOW TEST FOR LI&HT PEN TRIGGER 

507Z 

TEST A L , 2  

' S E T  NO LIGHT P E N  RET\.RN CODE 
; GET BASE ADDR ESS OF 6845 

I POINT TO STATVS REGISTER 

I GET STATUS REGISTER 

; TEST LIGHT PEN SWITCH 

I NOT SET , RETIJRN 

I TEST llGHT PEN TRIGGER son 

5 0 74 

5075 

5 0 76 

JNZ V7A I RETURN WITHOUT RESETTING TRIGGER 

JHP V7 

5077 ; - - - - - TRIGGER HAS BEEN SET , READ TltE VALUE IN 

5078 

5079 

5080 

5081 

Y7A : 

HOV AH . 1 6 I lll�T PEN REGISTERS OH 6845 

5082 ; - - - - - INPUT REGS POINTED TO BY AH, AND CONVERT TO lrOW CDLUtW-1 IN OX 

5083 

5084 

5085 

5086 

soa7 

5088 

soa9 

5090 

5091 

son 

son 

5 0 94 

5095 

.... 

HCV 

HOV 

OUT 

lHC 

lH 

HOV 

DEC 

lHC 

HOV 

OUT 

lHC 

lH 

HOV 

O X , AODA_6845 

A L . AH 

O X , A l  

o x  

A L . O X  

CH , A L  

DX 

AH 

A L , AH 

D X , A l  

DX 

A L , DX 

AH . CH 

; ADDRESS REGISTElr FOR 6645 

I REGISTER TO READ 

I SET IT UP 

I DATA AEGISTU 

I GET THE VALUE 

I SAYE JN ex 

1 ADDRESS REGISTER 

J SECot«l DATA REGISTER 

I POINT TO DATA REGISTER 

J GET SECON> DATA VALUE 

I AX HAS INPUT VALUE 

System BIOS A-7 1  



LOC OBJ L I N E  SOURCE 

5097 

5098 J · - --- AX HAS TH E  VALUE RUO IN FR0'1 THE 6845 

5099 

F 7C8 8A1Eft900 5 1 0 0  110V B L , CRT_l100 E 

f 7CC ZAFF 5 1 0 1  SUB BH , BH I HOOE VALUE TO BX 

F 7C E  U'8A9F 94F7 5 1 0 2  l10V B L , C S : V H BX I ' DETERMINE AM°'-"l'T TO �TllACT 

f 7D ]  t9Cl 5 1 0 3  SUB AX,BX I TA.KE IT AWAY 

f705 681 E4EOO 5 1 04 MOV 8X , CRT_START 

F7D9 D l E B  5 1 0 5  SHR ex , 1  

F7DB 28Cl 5 1 06 SUB AX , BX 

f7DD 790Z 5 1 0 7  JNS V2 ; IF POSITIVE , DETERHINE HOO E 

F 70f 2BCO 5 1 0 8  SUB AX , AX I <O PLAYS AS 0 

5 1 0 9  

5 1 1 0  ; - - - - - DETERMINE MOOE OF OPEAATIOH 

5 1 1 1  

f7El  5 1 1 2  vz : I DETERMINE_MODE 

F7El 8 1 0 3  5 1 1 1  MOV C L , l  ; SET •S SHIFT COUNT 

F7E3 80lE490004 5 1 1 4  CMP CRT_HOO E , 4  ; DETERMINE IF GRAPHICS OR ALPHA 

F7E8 722:.4. 5 1 1 5  JB V4 ; ALPHA_PEN 

F7EA 801£4900 0 7  5 1 1 6  CMP CIH_HOD E , 7  

F7Ef 742 3 5 1 1 7  J E  V4 ALPHA_PEN 

5 1 1 8  

5 1 1 9  ; - - - - - GR.tPHICS HOOE 

5 1 2 0  

F 7 F l  8228 5 1 2 1  MOV D L , 40 i DIVISOR FOSI Gf!APHJCS 

f7fl F6FZ 5 1 2 2  D I V  O l  ; DETERMINE ROM( AL ) A t«J  COLU'1HI A H  I 
5 1 Z l  ; AL RANGE 0 -9 9 ,  AH RAHGE 0 - 3 9  

5 1 2 4  

5 1 2 5  ; - - - - - O ETERl11HE GRAPHIC ROW POSITION 

5 1 2 6  

F7F5 8AE8 5 1 2 7  110V CH . A L  ; SAVE R O W  VALUE IN C H  

F 7 F 7  OZED 5128 AOO CH . C H  ; 11 2  F O R  EVEN/OOD F I E LD 

F7F9 8ADC 5 1 2 9  HOV B L , AH I COLUHN VALUE TO BX 

F7FB ZAFF 5 1 30 SUB BH , BH ; t1Ul TIPL Y BY 8 FOR HEDIIA'I RES 

F 7FO 80lEft90006 5 1 3 1  CMP CRT_l'IOOE ,6 ; OET£Rt1INE t1EOILn1 OR HIGH RES 

1'802 7504 5 1 3 2  JNE Vl ; NOT_HIGH_RES 

F604 B l O 't  5 1 ] ]  l10V C L , 4  ; SHIFT VALUE FOR HIGH RES 

f806 DOE4 5 1 J4 SAL AH , l  J C O UJMH  VALUE TIMES 2 FOR HIGH RES 

F608 5 1 35 VJ : ; NOT_HIGH_RES 

f808 DJEJ 5 1 36 SHL BX . C l  ; MULTIPLY • 1 6  FOR HIGH RES 

5 1 3 7  

5 1 38 t - - - - - DETERt11HE ALPHA CHAR POSITION 

5 1 39 

fllOA 8AD't 5 1 4 0  MCV D l 1 AH ; COU.Jtf.j VALUE FOR RETUlM 

F80C 8AFO 5 1 4 1  MOV DH , A L  ; ROW VALUE 

F80E DOEE 5 1 4 2  SHR DH , l  ; DIVIDE B Y  4 

F 8 1 0  D O E E  5 1 4 3  SHR OH , 1  FOR VALUE I N  0 - 2 4  RANGE 

F 8 1 2  £ 8 1 2  5 1 44 JMP SHORT VS i LIGHT_PEN_RETURH_SET 

5145 

5146 1 - - - - - ALPHA t10D E  ON LIGHT PEN 

5147 

f814 5148 V4:  I ALPHA_PEN 

f814 F6l64AOO 5 1 4 9  DIV BYTE PTR CRT_COLS ; DETERMINE R OW , C O U."4  VALUE 

f818 8AFO 5 1 5 0  110 V  DH , A L  i ROWS T O  D H  

F 8 1 A  8AD4 5 1 5 1  MOV D L , AH i COLS TO O L  

f 8 1 C  0 2 £ 0  5152 SAL A L , C L  ; MULTIPLY ROWS • 8 

F 6 1 E  8AE6 5 1 5 3  l10V CH , A L  ; G E T  RASTER \IALUE TO RET\.RM REG 

f820 8ADC 5 1 54 MOV 8 L 1 AH t COUJHH \IALUE 

F822 l2FF 5 1 5 5  XOR BH , BH TO BX 

F824 D l E l  5 1 56 SAL BX . C L  

1'826 5 1 5 7  vs : I LIGHT_PEH_RETUIN_SET 

F826 840 1  5 1 58 l10V AH . 1  INDICATE EVERTHIHG SET 

FB28 5 1 5 9  Vt. : LIGHT_PEN_RETURN 

f628 52 5 1 6 0  PUSH ox ; SAYE RETURN VALUE ( IN CASE ) 

1'829 88 166300 5 1 6 1  110V OX o AODR_6845 ; GET BASE ADDRESS 

f82D 8 X 2 0 7  5 1 6 2  ADD ox , 1  I POINT T O  RESET PAAf'I 

FaJO EE 5 1 6 3  OUT O X , A L  ; ADDRESS , HO T  DATA , JS 111PORTANT 

F831 5.A 5164 POP ox ; RECOVER VALUE 

F832 5 1 6 5  Y 7 :  ; RETURN_HO_RESET 

flll2 Sf 5 1 66 POP D I  

1'833 SE 5 1 6 7  PDP SI 

F834 l F  5 1 6 8  PDP OS I DISCARD SAVED ex . e x . o x  

f 8 3 5  I F  5 1 6 9  POP OS 

F8l6 I F  5 1 70 PDP OS 

5 1 7 1  

1' 8 3 7  I f  5 1 72 POP OS 

F818 0 7  5 1 7 3  POP ES 
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) 

LDC OBJ 

f8l9 CF 

F84 1 

F841 

F841 FB 

F842 lE 

F843 E8F806 

F846 A l l 30 0  

F 8 4 9  l f  

f84A CF 

F84D 

F64D 

F84D FB 

F84E l E  

F84F E8EC06 

F852 A l l O O O  

F 8 5 5  l F  

F 8 56  CF 

L I N E  

5 1 74 

5 1 75 

5 1 7& 

SOURCE 

lRET 

READ_LPEN ,..,. 
5 1 7 7 1 - - - INT lZ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5 1 78 ; HEHORY_SIZE_DET 

5 1 79 THIS ROUTINE DETERMINES THE AHOttlT OF m-toY IN TH E  SYSTEH 

5 1 80 AS R E PRESENTED BY rn E  SWITCHES ON TllE PL.AHAA . HOTE THAT TH E  

S l ! U  SYSTEH H A Y  HOT BE ABLE TO U S E  1 / 0  t1 E HCR Y  �LESS THERE IS A F U L L  : 

5 1 8 2  COMPLEMENT OF 6 4 K  BYTES OH TH E  PU.NJ.A . 

5 1 83 INPUT 

NO REGISTERS 5 1 84 

5 1 85 THE HEHOA'l'_SIZE VARIABLE IS SET DURING Pelr'U OH DIAGN)STICS 

5 1 86 ACCOROIHG TO TH E  FOLLOWING HARDWARE ASSUHPTIONS: 

5 1 87 POAT 60 BITS 3 , 2  = 0 0  - 16K BASE RAH 

5 1 88 0 1  - 32K BASE RAH 

5 1 8 9  1 0  - '+a K  BASE RAtt 

5 1  'JO 1 1  - 64K BASE AAl"I 

5 1 9 1  PORT 6 2  BITS l-0 It<IICATE A MOUNT  OF 1 / 0  A.lit IN 3 2 K  IHCREHENTS 

5 1 9Z E . G . , 0 0 0 0  - NO RAH IN I/O CHAN-I E L  

5 1 9 3  0 0 1 0  - 64K RAH IN I/O CHAi.tE L .  ETC . 

5 1 94 i OUTP\IT 

5 1 95 f AX I  = Nll18ER OF CONTIGUOUS lK BLOCKS Of HEHORY 

5 1 96 ; - - - - - - - - - - - - - - ------ -------- ----- - - - - - - - - - - - - - - - - - - - - - ----------- - - - -- - -

5 1 9 7  

5 1 98 

5 1 9 9  

5 Z O D  

5 2 0 1  

5 2 0 2  

5 2 0 3  

5 2 0 4  

5 2 0 5  

ASSUHE CS: COOE , O S : DATA 

ORG OF84 lH 

MEHORY_SIZE_OET PROC FAR 

STI 

PUSH OS 

CALL ODS 

HOV AX , NEMORY_SIZE 

POP OS 

IRET 

5206 HEl10RY_SIZE_OET EtmP 

S Z 0 7  

; IHTERRUPTS BACK ON 

; SAVE Sf6'1ENT 

; &ET VALUE 

; RECOVER SEGl1ENT 

; RETLRN TO CALLER 

5208 ; - - - INT 11 · · · · · · · · · - - - - - - - - · · · · · · · - · · · - - - - - - --- - - · · · · - · - · · · · - - -

5 2 0 9  ; EQUIPMENT O ETERHINATIOH 

5 2 1 0  TH IS ROUTINE ATTEMPTS T O  DETERMINE N-IAT OPTIONAL 

5 2 1 1  DEVICES ARE ATTACHED T O  THE SYSTEM. 

5 2 1 2  INPUT 

5 2 1 3  HO REGISTERS 

5 2 1 4  THE EQUIP _f lAG VARIABLE IS S E T  O LR I HG  TH E  POW E R  ON 

5 2 1 5  DIAGNOSTICS USING T H E  FOLLOWING HARDWARE ASst.nPTIDNS: 

5 2 1 6  POAT 6 0  = LOW ORDER BYTE OF EQUPHENT 

5 2 1 7  POAT 3 F A  = INTERIWPT ID REGISTER OF 8250 

5 2 1 8  BITS 7- 3 A R E  ALWAYS 0 

5 2 1 9  PORT 3 7 8  ;:: OUTPUT PORT O F  PRINTER - - 8255 PORT TH A.T  

5 2 2 0  C A N  BE R E A D  AS WELL AS '°"ITTEN 

5 2 Z l ; OIJTPUT 

5 2 2 2  I A.X I IS SET , BIT SIGNI F I C ANT ,  TO UfJICATE ATTACHED I/O 

5 2 2 3  

5 2 2 4  

5225 

52 2 6 

52 2 7 

5 2 2 8  

5 2 2 9  

5 2 3 0  

5 Z 3 1  

snz 

5 2 3 3  

5234 

5235 

5 2 36 

5 2 3 7  

5 2 3 8  

5 2 3 9  

BIT 1 5 ,  1 4  ;:: HltEER OF PRIHTEAS ATTACHED 

BIT 13 NOT USED 

BIT 12 = GAME I/O ATTACHED 

BIT l l o l 0 , 9 ;:: t<U18EA OF RS232 CARDS ATTACHED 

BIT 8 UNUSED 

BIT 716 ;:: Nll1BER OF DISKETTE DRIVES 

OO = t ,  0 1 = 2 ,  1 0;:: 3 ,  1 1 =4 ONLY I f  BIT 0 = 1 

BIT 5 ,4 = INITIAL VIDEO 110DE 

0 0  - UNUSED 

O l  • 40X25 BW USING COLOR CARD I 0 - 80X25 BM USING COLOR CARD 

1 1  - 80X25 BM USING BM CARO 

BIT 3 , 2  ;:: PLANAR RAl't SIZE I OO;:: J 6K , 0 1 ;:: 32t< , 1 0;::48K • l l ;::64K I 

BIT 1 NOT USED 

BIT 0 = IPL FROt1 DISKETTE - - THIS BIT IN>ICATES THAT 

THERE ARE DISKETTE DRIVES ON THE SYSTEH 

5240 NO OTHER REGISTERS AFFECTED 

5241 l - --- ------------------------- -----------------------------------

5242 

S24l 

5244 

5245 

SZ46 

5247 

5248 

5249 

5250 

ASSUHE 

ORG 

EQUIPNENT 

STI 

PUSH 

CALL 

HOV 

POP 

IRET 

CS:CODE . o s : DATA 

OF84DH 

PROC ••• 
; INTERRUPTS BACK OH 

OS I SAVE SEGf1EHT REGISTER 

oos 

.t.X , fQUIP _ F L.AG ; GET nt f  C�RE HT  SETTINGS 

OS I RECOVER SEGH.ENT 

; AETLRH TO CALLER 
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LOC OBJ LINE 

5251 

5252 

SOURCE 

(QUIPl'IENT ElllP 
5251 •--- IHT 15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -

5254 > CASSETTE I/O 

5255 { AH J = 0 T\JRN CASSETTE NJTOR ON 

5256 { AH I : l TURN CASSETTE l10TOR OFF 

5257 ( AH I = 2 READ 1 OR HORE 256 BYTE BLOCKS FRott CASSETTE 

5258 ( ES , BX I = POINTER TO DATA BUF FER 

5259 I ( ex I = COLHT OF BYTES TO READ 

5260 I ON EXIT 

5261 • I ES , BX I : POINTER TO LA.ST BYTE READ + l 

5262 I DX I : COUNT OF BYTES ACTUAU Y READ 

5261 I en = 0 IF HO ERROR OCCURRED 

5264 : 1 IF ERROR OCCl.RRfD 

5265 l AH I = ERROR IETUIN I F  C C Y J :  l 

5266 = 0 I IF CRC ERROR WAS DETECTED 

5267 = 02. IF DATA TIIAHSITIONS ARE LOST 

5268 = 04 I F  NO DATA WAS Fout«> 

5269 (AH I : l WRITE 1 OR HORE 256 BYTE BLOCKS TO CASSETTE 

5270 I ES , BX I  = POINTER TO DATA BUF FER 

5271 I I CX I  = COUNT Of BYTES TO WA ITE 

s212 1 OH n:n 

5273 I EX ,ax I = POINTER TO LAST IYTf WRITTEN • 1 

5274 I C X I  ,. 0 

5275 I AH I  : ANY OTHER THJ.H ABOVE VALUES CAUSES ( C Y J ::  l 

5276 ANJ ( AH 1= ao TO 8£ RETURNED ( INVALID COtt'W«J J .  

52 77 I - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5278 ASSUHE D S : DATA , E S : NOTHING , SS : NOTHING , C S : CODE 

f85' 5279 ORG OF859H 

F859 5280 

f859 fB 5281 

F85A U: 5282 

f858 E8£006 5281 

F85E 80267l007F 5284 

f86J £60400 5285 

f866 lf 5286 

F867 CA0200 5287 

5288 

f86A 5289 

CASSETIE_IO 

STI 

PUSH 

CALL 

A.., 

CALL 

POP 

RET 

CASSETTE_IO 

Ml PROC 

PROC FAR 

; INTERRUPTS BACK OH 

OS ; ESTABLISH ADDRESSING TO QA.TA 

DDS 

BIOS_BAUJ( , 7'H � t1A.KE SURE BRUK f l.AG IS OFF 

Ml I CASSETTE_IO_CON'T 

OS 

I INTERRUPT RETURN 

EHDP 

NEAR 

5290 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - -

f86A OAE4 

f86C 74 1 1  

F 86 E  fECC 

f87D 74 1 8  

f872 fECC 

F874 74U 

F876 FECC 

f87e 750J 

f87A IE9240l 

F870 

f87D B't80 

f87f ,, 

F880 Cl 

F88l 

FMl ( "6 1  

f88l 2 4 F 7  

f885 

f885 '£66 1 

f887 ZAE4 

F889 CJ 

F88A 

A-74 

5291 I PURPOSE : 

5292 I TO CALL APPROPRIATE ROUTINE DE PENDIHG OH REG AH 

5291 

5294 ROUTINE 

52 95 ; - - - ---- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - -

5296 l"IOTOR OH 

5297 

SZ.98 

5299 

5100 

5101 

5302 

5103 

5104 

5305 

5306 

5307 

5308 

5309 

5 1 1 0  

5 3 1 1  

5 1 1 2  

5 1 1 1  

5314 

5315 

I l 

I Z 

MOTOR OFF 

RUD CASSETTE BLOCK 

WAITE CASSETTI! 8l00( 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

wz : 

Ml 

0R AH , AH ; TURN OH MOTOR? 

JZ 

DEC 

JZ 

DEC 

JZ 

DEC 

JNZ 

JMP 

HOV 

STC 

RET 

EtllP 

tfOTOR_ON I Y E S ,  DO IT 

AH 

HOTOR_Off 

AH 

READ_BLOCK 

AH 

M2 

MJUTE_BLOCK 

AH , 080H 

I TURN OFF HO TOA! 

; YES, DO IT 

I R EAD CASSETTE BLOCK? 

; YES, OD IT 

; I.RITE CASSETTE BLOCK! 

I NQT_DHIN'EQ 

; YES, D D  IT 

; COMMA HD HOT DEF INf:O 

l ERROR , UNDEF INED OPERATION 

I ERROR F LAG 

HOTCR_OH PROC NEAR 

5116 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5 1 1 7  ; PlMPOSE : 

5118 TO lUtN OH CA95ETTE f10TGt 
5 3 1 9  

5120 

5JZ.I 

53Z.Z 

53Zl 

5324 

5325 

5326 

5327 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wl:  

IH A L , PORT_B 1 READ CASSETTE OUTPUT 

A.., A L , HOT O&H 

OUT POAT_B , A L  

SU9 AH ,AH 

RET 

I C LEAR BIT TO TURN ON HDTOR 

i WAITE IT OUT 

I C LEAR AH 

HOTOR_OH EHllP 

t"OTOR_Off PROC NEAA 
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LOC OBJ L I N E  SOURCE 

5328 ; ------ - - - - -- -- -- - -- --- - - - - -- - - -- - - ·-- -- -

Sl29 I PURPOSE : 

s:no TO TIJRH CASSIETU rlOTOR Of'f 

S l l l  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - --- - - -

F&eA E461 5132 IN A l . PORT_lt I READ CASSETTE OUTPllT 

FMC Otoe 5!31 OR A L , 08H i SET BIT TD 1\JRH OFF 

F88E EBFS 5114 JMP Nl i �ITE IT, C LEAR ERROR , RE�N 

s:ns l10TOR_OFF ft«>P 

F890 5116 READ_BLOCK PROC NEAR 

5117 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5118 I Pl.RPOSE : 

5119 TO READ 1 OR l"IORE 256 BYTE BLOCKS FROH CASSEnE 

5340 I 
5141 1 OH ENTIIY ;  

5342 ES IS SEGHU« FDR t1El10RY BUF FER I FOR COf1PACT CODE ) 

53ct3 BX POINTS TO START OF t1Et10R'I' BUF FER 

5344 ex CONTAINS t«Jl"EER OF BYTES TO READ 

5345 I ON EXIT: 

5346 BX POINTS I BYTE PAST U.ST BYTE PUT IH HEH 

5147 ex CONTAINS DECREHENTED BYTE COUNT 

5348 DX CONTAINS N\.lt1BER OF BYTES ACTUALLY AUD 

5349 

5350 CARRY HAG IS C LEAR IF NO ERROR OETECTED 

5151 CARRY F LAG IS SET I F  CRC ERROR DETECTED 

53SZ ; - - - -- - - - - - - - - - - - - - - - - - - - - - -- - - - - - -- - - - - - - - - - - - - - - -- - - - - --- - - - - --

f890 53 5353 PUSH BX I SAVE BX 

F81H 5 1  5354 PUSH ex I SAVE C)( 

F8n 56 5355 PUSH SI ; SAVE SI 

F893 BE0700 Sl56 t10V S f .  7 ; SET UP RElltY COUNT FOR LEADER 

F896 E8BF 0 1  5357 CALL BEGIN_ OP I BEGIN BY STARTING HOTOR 

F899 5358 W4 : J SEARCH FOJf LEADER 

FM9 E462 5359 IN A L , PORT_C ; GET INTUL VALUE 

F89B 2 4 1 0  5360 . .., A L o O l OH I HASK OFF EXTllANEOUS BITS 

f89D AZ6800 5361 MOV UST_VA L , A L  I SAVE IN L OC  LA.ST_ VAL 

FbAO BA7UF 5362 MOV O X . 16250 ; I OF TRANSITIONS TD LOOK FOR 

f8A3 53U ws : 1 WAIT_FOR_EDGE 

f8A3 F606 7 1 0 080 5364 TEST BlOS_BRUK , 80H ; CHECK FOR BREAK KEY 

F8A8 7503 5365 JNZ ... ; JUHP J F  NO BREAK K E Y  

5366 I JUHP IF BREAK KEY HIT 

F8.U 5367 W6 : 

F8.U 4A. 5368 OfC DX 

F8AB 7503 5369 JNZ N7 ; JLtlP I F  BEGUIUNG OF LEADER 

F8AD 5370 W6A.: 

F8AD E98400 5371 JMP N 1 7  ; J UH P  I F  HO LEADER F OlNJ  

..... 5372 W7: 
F8BO E8C600 5173 CALL llEAD_H.llf _BIT I IGNOf1E FIRST EDGE 

F883 E 3 E E  5174 JCXZ NS I JUHP J F  NO EDGE DETECTED 

F8B5 BA.7801 5375 MOV o x . o neH I CHECK FOR HALF BITS 

Fe.BB 890002 Sl7b t10V CX, ZOOH ; HUST HAVE .lT LEA.ST THIS r\t.NY ONE SIU 

5377 ; PULSES BEFORE CHCKNG FOR SYNC BIT f 0 )  

F88B E4Z l 5378 IN AL, 0 2 1 H  I INTERRUPT MASK REGISTER 

F8BD OCOl 5179 OR A L . I  I DISABLE TIMER INTERRUPTS 

F8BF E 6 2 1  5380 OOT 0 2 1 H , Al 

F8C l  5381 ... , I SEARCH - LOA 

F8Cl F60671 0080 5182 TEST BIOS_BR EAK , 80H I CHECK FOR BREAK KEY 

F8C6 756C 5183 JNZ N l 7 ; JUHP IF BREAK KET HIT 

Face 5 1  5384 PUSH ex ; SAVE REG ex 

f8C9 EBADOO 5185 CALL READ_HALF _an ; GET PULSE WlD™ 

F8CC OBC 9 538b o• ex, ex 1 CHECK FOR TRANSITION 

FeCE 59 5187 POP ex ; RESTORE ONE BIT COUNTER 

F8Cf 74C8 5388 JZ ... I J\Jt1P If HO TRANSITION 

f80 1 3B03 5389 CMP o x . ex I CHECI( PULSE WIDTit 

f803 El04 5390 JCXZ •• I IF CX;O TitEN WE CAN LOOK 

5191 ; FOR SYNC BIT ( 0 I 
F805 73CZ 5192 JNC N4 I J\.l1P IF ZERO en I NOT GOOD LEADER ) 

F807 E Z E 8  S 3 9 3  LOOP W8 ; DEC CX Ahl> READ A.NO™ER HALF ONE BIT 

F8D9 5194 W9: I FIHD -SYt«: 

f809 7ZE6 5395 JC N6 I JUHP I F  OHE BIT ( ST I L L  LEADER I 
5396 

Sl'H ; - - - - - A SYNCH BIT HAS BEEN FOlN> . RUD SYN CHARACTER : 

5198 

F8DB E89BOO 5399 CALL RU.D_HALF _BIT ; SKIP OntER HALF OF SYNC BIT C 0 I 
F8QE E8bAOO 5400 CALL RUO_BYTE I READ SYN BYTE 

FeEl 3C 1 6  5401 CMP A l ,  • • •  I SYNCHROHIZATION CHARACTER 

f8El 7549 540Z JNE Wl 6 ; JUHP IF BAD LEADER F DlMJ .  

5403 

5404 ; - - - - - GOOD CRC SO READ DATA BLDCK I S J  
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LOC OBJ LINE SOURCE 

5405 

Fan SE 5406 POP SI I RESTORE REGS 

fH6 59 5407 POP ex 

F8(7 58 5it08 POP BX 

540'il ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

54 1 0  ; READ 1 O R  l'IOR E  2 5 6  BYTE BLOCKS F R OH  CASSETTE 

54 1 1  ' 
54 1 2  I OH ENTR Y :  

54 1 3  E S  I S  SEGNENT FOR t1ft10RY BUFF E R  ( FOR COHPACT COOE J 
541<\ BX POINTS TO START Of 11EHORY BUFFER 

54 1 5  ex CONTAINS tU'e E A  OF BYTES T O  READ ( 5 4 1 6  I OH EXIT : 

54 1 7  B X  POINTS 1 BYTE PA$T UST BYTE Pl.n' IN HEH 

5 4 1 6  ex CONTAINS DECAEt1EHTEO B Y T E  COUNT 

54 1 9  D X  CONTAINS HUt15ER O F  BYTES ACTUALLY READ 

5420 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F8E8 51 54Z l PUSH ex I SAVE BYTE CO\MT 

F8U 5422 w 1 0 :  ; COHE H E R E  BEFORE EACH 

5421 I 256 BYTE !LOCK IS READ 

f8f9 C7066900 F F F F  5424 MOV CRC_A E 6 , 0 F F F F H  I INIT C A C  REG 

F8ff BA.0 0 0 1  5425 t!OV OX , 256 I SET DX TO DATA BLOCK SIZE 

FeFZ 5426 W l l :  I RD_BLK 

f8f2: f6D6 7 1 D D8D 5427 TEST 8IOS_8RUK • 8Dtt ; CHECK FOR BREAK KU 

F8F7 7523 5426 JNZ W l 3  ; J UM P  I F  BREAK k U  H I T  

F8F9 E84FDD 5429 CALL RUD_BYTE ; READ BYTE FROl"I CASSETTE 

FeFC 7 2 1 E  5430 JC W l 3 ; CY SET IND ICATES HO DATA TRANSITIONS 

F8fE ElDS 5411 JCXZ W l 2  ; I F  WE ' VE ALREADY REACHED 

5412 ; END OF MEMORY BUFFER 

54ll ; SK I P  REST OF BLOCK 

f90tl 268807 5414 MOV E S : [ BX J , A L  I STORE DA.TA B Y T E  AT B Y T E  PTR 

f90] 41 5435 INC BX ; INC 8UF FER PTA 

F 904 lt9 5436 DEC ex i DEC BYTE COUHTER 

f905 5437 N l 2 :  I LOOP UNTIL DA.TA BLOCK HAS BEEN 

S438 ' READ FROM CASSETTE . 

F905 4A S439 DEC ox ; DEC BLOCK CNT 

f906 7FU 5440 JG W 1 1  ; RD_Bt.K 

F901 (84000 544 1 CALL REAO_BYTE 1 NOW READ TWO CAC BYTES 

F908 UlOOO 5442 CALL READ_BYTE 

f90E 2.AE4 5443 s ... AH . AH I C LEAR AH 

f 9 1 0  8 1 lE690 0 0 f l D  5444 CMP CRC_R E G ,  lDOFH ' IS THE CRC CORRECT 

F916 7S06 S445 JNE W l 4  ; I F  NOT EQUAL C R C  IS BAD 

F 9 1 8  ElD6 5446 JCXZ W I S  I I F  BYTE COUNT IS ZERO 

S447 I THEN WE HA.VE RUD ENOUGH 

5448 I SO WE Wll l E)(IT 

f�UA E8CD 5449 JMP W I O  I STI L L  HOR E ,  SO READ ANOTHER BLOCK 

F 9 1 C  S450 M l l : J HISSING-DATA 

5451 ; NO DATA TRANSITIONS SO 

F 9 1 C  8401 54S2 t!OV AH o O l H  1 S E T  AH ; 0 2  T O  UCl lCAT£ 

5453 I DATA TIMEOUT 

f 9 1 [  54S4 M l 't :  I BAD-CRC 

F91E FEC4 5't55 INC AH ; EXIT EARLY OH ERROR 

5456 ; SET AH = O l  TO UGICATE CRC ERROR 

F920 5457 M I S :  ; RO -BLK-EX 

F920 SA 5't58 POP ox ; CA l.CULATE COUNT OF 

FUl 280 1 5459 S'-" o x , cx ; DATA BYTES ACTUALLY READ 

S46 0  ; RETURN COUNT IN REG DX 

F92l 5 0  546 1 PUSN AX ; SAVE AX I RET CODE I 
F9Zie. F6C490 5462 TEST AH , 90H ; CHECK FDR ERRORS 

F927 75 1 ]  5463 JNZ W I &  ; J UH P  IF ERROR DETECTED 

f 9 2 9  E 8 1 F O O  5464 CALL READ_BTTE 1 READ TRAILER 

f 9ZC EBOE 5465 JMP SHORT Nl8 ; SK I P  TO TURN Off f10TOR 

F9ZE 5466 W l6 : ; BAO - LEADER 

F'ilZE 4E S467 DEC SI ; CHECK RETRIES 

F9ZF 740 3  S468 JZ W l 7  ; J lt'I P  I F  T OO  ttANY RETRIES 

f9Jl E9f.5FF 5469 JMP W4 ; JUt1P I F  NOT TOO ttANY RETRIES 

F9J4 5470 W l 7 :  i NO VALID DATA F OUi>  

5471 

5472 ; - - - - - NO DATA FROH CASSETTE ERROR , I . E .  TIMEOUT 

5473 

f9l4 SE 5474 POP SI I RESTORE REGS 

F9lS 59 5475 POP ex 1 RESTORE REGS 

F9l6 58 5476 POP BX 

f9l7 ZBDZ 5't77 S'-" D X , DX 1 ZERO HUl1BER OF BYTES READ 

F9l9 8404 5478 HOV AH , 04H ; TIHE OUT ERROR (HQ LEADER ) 

f9l8 50 5479 PUSH AX 

f9JC 5460 W l 8 : I HOT-OFF 
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LDC OBJ 

F 93C E421 

F93E 2 4 F E  

F940 E 6 2 1  

F942 E845Ff 

F 945 58 

F946 8 0 F C 0 1  

F949 FS 

F 94A Cl 

F 94B 

F 94B 53 

F94C 5 1  

F94D 8 1 0 8  

F 94F 

F 94 F  51 

F950 ES2600 

F 95l E320 

F 955 53 

F956 E82000 

F959 58 

F95A E l l 9  

F95C 0308 

F95E 8 1 FBF006 

F 96 2  FS 

F9bl 9F 

F9b4 59 

F 965 DOCS 

F'�67 9E 

F9b8 E80900 

F 9b8 FEC9 

F%0 75EO 

F 96 F  8AC5 

F971 F8 

F972 

F972 59 

F973 SB 

F974 Cl 

f975 

F975 59 

F976 F 9  

F 9 7 7  EBF9 

F979 

F979 896400 

f 97C 8A266800 

L I N E  

546 1 

546Z 

5463 

5464 

5cte5 

5466 

5487 

5468 

5489 

SOURCE 

IN . .., 
OllT 

CALL 

POP 

CMP 

CMC 

RET 

READ_BLOCK 

A l o  D U H  I RE_EHA8LE INTERRUPTS 

Al, OFFH- 1 

O Z J H , A L  

HOTOR_OFF I Tl.RN OFF MOTOR 

AX I RESTORE RETI.RN CODE 

AH , D l H  I S E T  CARR'f I F  ERROR I AH>O J 

; F INISHED 

£NOP 

5490 1 - - - - - - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - - - -

5491 ; PURPOSE : 

5492 TO READ A BYTE FROt1 CASSETIE 

5491 ; OH EXIT 

REG A l  COHTAIHS READ DATA BTTE Sct94 

5495 

5496 

5497 

5498 

5499 

5500 

5501 

5502 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

READ_BYTE PROC NEAR 

PUSH BX ; SAVE R E GS ex .ex 

W 1 9 :  

PUSH ex 

HOV C L , 8H 

PUSH ex 

5503 ; READ DATA BIT FROH CASSETTE 

5504 l - - - - - ------ - - - - - - - - - - - - - - - - ---- -

5505 

5506 

5507 

5506 

5509 

55 1 0  

55 1 1  

55 1 2  

5 5 l l  

5 5 1 4  

5 5 1 5  

5 5 1 6  

5 5 1 7  

5 5 1 6  

5 5 1 9  

5 5 2 0  

5521  

5522 

5523 

5524 

CALL 

JCXZ 

PUSH 

CALL 

POP 

JCXZ 

ADD 

CMP 

CMC 

LAHF 

POP 

READ_HALF _BIT 

M Z l  

B X  

READ_HALF _BIT 

AX "" 
BX , AX 

ex . 06FOH 

ex 

I SET BIT COUNTER FOR e BITS 

; BYTE -Astt 

; SAVE ex 

I READ ONE PULSE 

J I F  CX:O THEN TIMEOUT 

; BECAUSE OF NO OAT A TRANSITIONS 

I SAVE IST HALF BIT ' S  

; PULSE WIDnt ( I H  BX ) 

I READ Cot1PlEt1ENTARY PULSE 

I Cot1PUTE DATA BIT 

; I F  CX=O THEH TIHEOlJT DUE TO 

I NO DA TA TlUNSITIOHS 

I PERIOD I CHECK FOR ZERO BIT 

I CARRY I S  SET I F  ONE BIT 

; SAVE CARRY IN AH 

; RESTORE ex 

I NOT E :  I l'tS B I T  O F  BYTE I S  READ FIRST. 

REG CH IS SHIFTED L E F T  WITH 

I CARRY BEING INSERTED INTO LS 

BIT OF C H .  

; AFTER All 8 B I T S  H A V E  BEEN 

5525 

5526 

READ , THE 11S BIT OF THE DATA BYTE 

WILL BE IN THE 115 BIT OF REG CH 

5527 

5528 

5529 

5530 

5531 

5532 

5533 

5534 

5535 

5536 

5537 

5536 

5519 

5540 

5541 

5542 

5543 

5544 

RCL CH . I  i ROTATE REG C H  LEFT WITH CARRY TO 

SAHF 

CALL CAC_GEH 

DEC CL 

JNZ M 1 9  

MOY A l . CH 

CLC 

W 2 0 :  

POP ex 

POP BX 

•£T 

w2 1 :  

POP ex 

STC 

JMP MZO 

READ_BYTE ENDP 

LS BIT OF R E G  CH 

; RESTORE CARRY FDA CRC ROUTINE 

I GENERATE CRC FOR BIT 

; LOOP Till ALL 6 BITS OF DATA 

I ASSE"8LED IN R E G  CH 

I BYTE_ASH 

I RET�H DATA BYTE IN RE& AL 

I RO-BYT-EX 

; RESTORE REGS ex . ex 

I F INISHED 

il NO-DATA 

; RESTORE ex 

; It«J ICATE ERROR 

I RD_BYT_fX 

5545 ; - - - - - - -- - - - - - - - --- - - --- - - - - - - - -- - --- - - - - - - - - - - - -

5546 I P\.RPOSE : 

5547 TO CDf"IPUTE TIME TILL NEXT DATA 

5548 I TRANSITION ( EDGE I 

5549 I OH ENTRY : 

5550 EOGE_CNT CONTAINS LAST EDGE COUNT 

5551 ; ON EXIT : 

5552 AX CONTAINS OLD LAST EDGE COUNT 

5553 BX CONTAINS PULSE WIDTH ! HALF BIT I 

5554 

5555 

5556 

5557 

; --- - - - - - - - - - - - - - - - --- -- - - - - - --- - - - - - - - - - - - - - - - - -

READ_HALF _BIT PROC NEAR 

HOV ex, 1 0 0  

MOY AH , L.AST_VAL 

I SET TIHE TO WAIT FOR BIT 

; GET PffESEHT INPUT VALUE 
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LOC OBJ 

"so 

F 9eO (462 

F 9e2 2 4 1 0  

F 984 lAC4 

F 9M E I FB 

f 988 A26BOO 

F9eB 8000 

F9&0 £641 

F 98f 881£6700 

F993 l440 

F99S 8A.EO 

F997 (440 

F999 86C4 

f 998 ZBDB 

F 990 A36700 

FUO Cl 

F9Al 

F9AI S J  

f 9AZ S I  

F 9Al E 4 6 1  

f 9AS 24FD 

f 9A7 OC.0 1 

F 9A9 E 6 6 1  

F 9AB 8086> 

1' 9AD E64l 

F 9AF E8A600 

F 9BZ 881004 

f96S E68500 

F9B8 890008 

F95e 

f 988 n 
F9BC £86800 

F 98F E Z F A  

F 9 C l  f 8  

F 9CZ £86 2 0 0  

F 9CS 5 9  

F 9C6 5 8  

F 9C 7  8 0 1 6  

f (JC 9  E84400 

L INE 

5558 

5559 

5560 

556 1 

5562 

5563 

5564 

5565 

5566 

5567 

5568 

5569 

5570 

5571 

5572 

5571 

5574 

SOURCE 

NZ2 : 

IH 

. .., 
CMP 

LOO PE 

MOV 

MOV 

OUT 

MOV 

IH 

MOV 

IH 

XCHG 

SUB 

MOV 

•ET 

AEAD_HALF _BIT 

A L , POlll'T_C 

A L , O l OH 

A l o  AH 

W22 

LAST_VAL , A l  

. u , o  

TIM_cn • ..u 
BX , EOGE_CHT 

A l o  TIMERO 

AH , A L  

A l , TIMUO 

A l o  AH 

BX ,AX 

EDGE_CNT , AX 

EHOP 

1 AD·H ·BIT 

> lHPVT DAT A BIT 

; MASK OFF EXTRANEOUS ens 

I SAME AS B E F OR E ?  

1 LOOP T I L L  I T  CHAHGIES 

I UPDATE LAST_YAl NITlt HEM VALUE 

; READ TIMER ' S  COUNTER COHt'IAtll 

I LATCH COUNTER 

I BX GETS LAST EDGE rot.NT 
; GET LS BYTE 

I SAVE IN AH 

> GET MS BYTE 

I XCHG A L , AH 

o SET BX EQUAL TO HALF BIT PERIOD 

; UPDATE EDGE COi.MT I 

5575 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -

5576 I P\.RPOSE 

5577 WRITE l OR HORE 256 BYTE BLOCKS TO CASSETTE . 

5578 THE DATA IS PADDED TO fill OUT lli E  LAST 256 BYTE BLOCK . 

55 79 ; OH ENTR Y :  

5580 BX POINTS TO HEl"IORY BUFFER ADDRESS 

5581 ex CONTAINS HUHBER OF 8YTES TO WRITE 

5582 ; OH EXIT: 

5583 BX POINTS l BYTE PAST UST BYTE WRITTEN TO CASSETTE 

5584 ex IS ZERO 

5585 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - --

5586 

5587 

5588 

5589 

5590 

5591 

5592 

5593 

5594 

5595 

5596 

5597 

5598 

5599 

5600 

5601 

5602 

5603 

5604 

5605 

5606 

5607 

5608 

WRITE_BLOCK 

PUSH 

PUSH 

IH 

AHO 

o• 

OUT 

MOV 

OUT 

CALL 

MOV 

CALL 

MOV 

WZ J :  

STC 

CALL 

LOOP 

C LC 

CALL 

POP 

POP 

MOV 

CALL 

PROC NEAR 

ex 

ex 

A l , PORT_B 

A L , NOT 02H 

A l o  O l H  

PORT_B , A l  

A L , OB6H 

TU1_CTL. , A L  

BEGIN_OP 

AX , 1 184 

W3l 

C X , 0800H 

WRITE_ BIT "" 
WA ITE_BIT 

ex 

ex 

A L ,  16H 

WRITE_ BYTE 

; DISABLE SPEAKER 

; ENABLE TIHER 

1 SET UP TIMER - - 11DO E l SQUARE WAVE 

i START MOTOR At«> D E LAY 

I SET NORMAL BIT SIZE 

; SET_TIMER 

; SET ex FOR LEADER BYTE CotNT 

1 WRITE LEADER 

i WRITE ONE BITS 

I LOOP ' T I L  LEADER IS WRITTEN 

l WRITE SYNC BIT ( 0 )  

I RESTORE REGS ex . ex 

; WRITE SYN CHARACTER 

5609 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - -

56 1 0  I �POSE 

56 1 1  WRITE I O R  HORE 256 BYTE BLOCKS T O  CASSETTE 

5 6 1 2  I ON ENTR Y :  

56 1 3  B X  POINTS T O  HEMORY BUFF E R  ADDRESS 

5 6 1 4  CONTAINS t-M'IB E R  OF B Y T E S  TO WR I T E  

5 6 1 5  I OH EXI T :  

5 6 1 6  B X  POINTS 1 BYTE PAST U S T  BYTE WRITTEN TO CASSETIE 

56 1 7  e x  IS ZERO 

56 1 8  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

f(JCC 56 1 9  MR_BLOC K :  

f 9CC C706690 0 F F F F  5 6 2 0  

f 9D2 BAO O O l  5 6 2 1  

F905 5622 

f 905 268A07 5623 

F 908 E8l500 5624 

F 90B E l 0 2  5625 

f9DO 4 ]  5626 

f 90 E  4 9  5 6 2 7  

F 90F 5628 

F 90 F  4A 5629 

F9EQ 7 F F J  5 6 3 G  

56 1 1  

w2� : 

w2s : 

MOV 

MOV 

MOV 

CALL 

JCXZ 

INC 

DEC 

DEC 

JG 

CRC_R E G , O F F F FH I INIT CRC 

D X , ZS6 I FOR 256 BYTES 

; WR -BLK 

A l o E S : [ BX J  I READ BYTE FROtt '1Et1 

WR ITE_BYTE I WAITE I T  TO CASSETIE 

W25 I UNLESS CX= O ,  ADVANCE PTRS & DEC COUNT 

BX I I NC  BUFF ER POINTER 

ex I DEC eYn COUNTER 

I SKIP-ADY 

DX ; DEC BLOCK CNT 

W'4 I LOOP TILL 256 BYTE BLOCK 

I I S  WRITTEN TO TAP( 

5632 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A-78 

5633 I WRITE CRC 

5634 WRITE 1 'S CDHPLEHENT OF CRC REG TO CASSETTE 

System BIOS 



LOC OBJ L I N E  SOURCE 

5635 I WHICH I S  CHECKED FOR CORRECTNESS WHEN THE BLOCK I S  RUD : 

5636 I R E G  AX IS noD J F I E D  

5637 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F9E2 A.16900 563& MOV AX , CRC_REG I WRITE TiiE ONE ' S  COMPLEHENT OF Tll'E 

5639 I TWO BHE CRC TO TAPE 

F9E5 F700 5640 NOT AX I FOR I ' S  COHPLEHENT 

F9E7 50 5641 PUSH AX I SAVE I T  

F9E8 8 6 E O  5642 XCHG AH , A l  I WRITE HS B Y T E  FIRST 

F9EA E82300 5643 CALL WAITE_BYTE I WRITE I T  

F 9ED 58 5644 POP AX I GET I T  BACK 

F9EE E 8 1 F O O  5645 CALL WRITE_BYTE I NOW WRlTE LS BYTE 

F9Fl 0BC9 5646 o• e x . e x  I I S  BYU C Oi.M T  EXHAUSTED? 

F9f3 7507 5647 JNZ MR_BLOCK I JUMP IF NOT DONE YET 

F9FS 5 1  5648 PUSH ex I SAVE R E G  ex 

F9F6 892000 Sb49 MOV ex, 32 I WRITE OUT TRAILER BITS 

F9F9 5650 M26 : I TRA I L- LOOP 

F9F9 F9 5651 STC 

F9FA E62AOO 5652 CALL WRITE_BIT 

F9FO E 2 F A  5653 LOOP .,. I WRITE t.HTI L  llfAILER WRITTEN 

F 9 F F  5 9  5654 POP ex I RESTORE REG ex 

F.&.oo eoeo 5655 HOV A l ,  OBOH I T\JRH Til'fERZ OFF 

F.6.02 E64l 5656 OUT ntt_cn, A L  

F A 0 4  880 1 0 0  5657 MOV A)(, l 

FA07 £81]00 5658 CALL WJI I SET_TJHER 

FAOA E870FE 5659 CALL tlOTOR_OFF 1 TtllH l'90TOR OFF 

FA.OD 2BCO 5660 SU& AX . AX I HO URORS R E PORUD ON .-In OP 

FA.OF Cl 566 1 OET ; F INISHED 

5662 WRITE_BLOC:K EHDP 

5661 ) - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5664 ; WRITE A BYTE TO CASSETTE . 

5665 ; BYTE TO WRITE IS IH REG A l .  

5666 J - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F A. I D  5667 WRITE_BYTE POOC HEAR 

FAIO 51 5668 P\JSH ex I SAYE REGS e x . AX  

FA i l  50 5669 P\JSH AX 

F .6.1 2  8AE8 5670 MDV CH , A L  I Al=BYTE TO WRITE . 

5671 I O'tS BIT WRITTEN F IRST ! 

F A 1 4  B I O S  5672 MOV C l , 8  I FOR 8 DATA BITS IN BYTE . 

567] NOTE : TWO EDGES PER BIT 

FAl6 5674 W27:  I DISASSEteLE TH E  DATA BIT 

F A. 1 6  0005 5675 OCL CH , !  I ROTATE t1S BIT IHTO CARRY 

FA.18 9C 5676 PUSHF I SAVE F LAGS . 

5"77 NOTE : DATA BIT I S  IN CARRY 

FAl9 E80BOO 5678 CALL WRITE_BIT I WAITE DATA BIT 

FA.IC 90 5679 POPF I RESTORE CARRY FOR CRC CUC 

FA.ID £82400 5680 CALL CRC_GEM I COHPUTE CRC ON DATA BIT 

FAZO FEC9 5681 O Ee C l  I l.OOP T i l l  A l l  8 B I T S  DONE 

FAZ2 75F2 5682 JNZ WZ7 I JUHP I f  MOT DONE YET 

FA24 58 568] POP AX ; R£STOA£ REGS Ax .ex 

FA25 59 5664 POP ex 

FA26 Cl 5685 RET I WE ARE F INISHED 

5686 WRITE_BYTE EHDP 

5687 1 - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5688 PURPOSE : 

5689 TO �ITE A DATA BIT TO CASSETTE 

5690 CARRY F LAG CONTAINS DATA BIT 

5691 I . E .  I F  SET DATA BIT I S  A ONE 

5692 I F  CLEAR DATA BIT IS A ZERO 

5693 

5694 I NOTE : TMO EDGES ARE WRITIEN P'fR BIT 

5695 ONE BIT HAS 5 0 0  USEC BETWEEN EDGES 

56% FOR A 1000 USEC PERIOD ( 1 ttILLISEC J 

5697 

5698 ZERO BIT HAS 250 USEC BETWEEN EDGES 

5699 I FOR A 500 USEC PERIOD 1 . 5 ttILLISEC l 
5700 I CARRY F L.AG I S  DATA BIT 

5 7 0 1  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - -
F A 2 7  5702 WRITE_BIT POOC NEAR 

5703 I ASSUttE I T ' S  A ' l '  
FA27 88A004 5704 MOV AX , l l 84 I SET AX TO NOHIMAL ONE SIZE 
FAZA 7 2 0 3  5705 JC W26 I JUttP I f  ONE BIT 
FAZC 8&5 0 0 2  5 7 0 6  MDV AX . 592. ; NO ,  SET TO Not1IMAL ZERO SIZE 
FA2F 5707 N28: I ""ITE -BIT-AX 
FA2F 50 5708 PUSH AX I WRITE BIT MITH PERIOD EQ TO VALUE AX 
FA30 5709 N 2. 9 :  

F.6.30 £462 5 7 1 0  I H  A L . PORT_C INPUT TittER_O OUTPUT 
F.A.32 2 4 2 0  571 1 AHO A L 1 020H 
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LOC OBJ 

FA34 71.iFA 

••36 

FA36 E46Z 

FAl& Z4ZO 

FAlA 75FA 

FAX S8 

FAJO 

FAlO E642 

fAlf 8AC4 

FA41 U42 

FA4J CJ 

FA44 

FA44 AlHOO 

FA47 0108 

FA.49 D IDO 

FA48 F8 

FA4C 7 1 0 4  

F A 4 E  1 5 1 0 0 8  

F A S l  f 9  

FASZ 

FASZ 0 1 0 0  

FA5't A36900 

FA57 C J  

FA58 

FA58 E826FE 

FA58 8142 

FASO 

FASO 890 0 0 7  

F A 6 0  E 2 F E  

F .t.t. Z  FECB 

FA.64 75F7 

FA66 CJ 

FJ..6 7  2 0 1 2 3 0 3 1  

F A 6 8  OD 

FA6C OA 

FA6E 

FA6E 

FA6E 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

F A 7 6  7£8U561BD998 1 7E 

FA7E 7EFFDBFFC3E 7 F F 7 E  

F A M  6�F E F E F E 7Cl8 1 0 0 0  

FA8E 1 0 l87CF E 7Cl8 1 0 0 0  

F A %  l87Cl8 F E F E 7C387C 

FAU 1 0 1 0 l87CFE 7Cl87C 

FAA6 O O O O l 8lClC 1 8 0 0 0 0  

F A A E  F F f F E 7ClC3E 7FFFF 

FAB6 OOJC664242663COO 

FABE FFC399BDB099C3FF 

FAC6 O F 0 7 0 F 7DCCCCCC78 

FACE 1C.b666663C 187E 1 8  

L I N E  

S'.".i <:: 
5 7 1 3  

5 7 1 4  

5 7 1 5  

5 7 1 6  

5 7 1 7  

5 7 1 8  

5 7 1 9  

5 7 2 0  

572 1 

5722 

5723 

5724 

5725 

SOURCE 

Jl 
WJO : 

IN 

AND 

JHZ 

POP 

Wll : 

OUT 

MOV 

OUT 

• E T  

WR I T E_BIT 

"" 1.00P TILL HIGH 

, U , PCRT_C ; NOW WAIT T I L L  TI"Ul ' S  OUTPUT IS LOW 

A L , OZOH "" 
I R E LOAD Til'IER Wllll PERIOD I FOR NEXT DATA. BIT 

AX ; RESTORE PER IOD COtMT 

; SET TIMER 

042H , A L  ; SET L O W  B Y T E  OF TIMER 2 

A L ,  AH 

042H , AL ; SET HIGH BYTE OF TIMEA Z 

EHOP 

5726 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5727 UPDATE CRC REGISTER WITH Ht:XT DATA BIT 

5726 CAC IS USED TO DETECT READ EAAORS 

57Z9 ASSlJM[S DATA BIT IS IN CAAAY 

5730 

5731  AEG AX IS tfOO I F I E D  

573Z 

5733 

5734 

5735 

5736 

57]7 

57J8 

5739 

5740 

5741 

5742 

5743 

5744 

5745 

5746 

5747 

5748 

5749 

5750 

5751 

5752 

5753 

5754 

5755 

5756 

5757 

5758 

5759 

5760 

5761 

5762 

5763 

5764 

5765 

5766 

5767 

5768 

F LAGS ARE t10D I F I E D  
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CRC_GEN PAOC NEAR 

MOV A X , CRC_REG 

oc• AX , l  

• t L  AX , l  

CLC 

JHO "" 
XOR AX , Ol H OH 

STC 

WJ2 : 

OCL AX . I  

MOV CAC_AEG , AX 

• E T  

CRC_GEN EHOP 

BEGIN_OP PAOC HEAR 

CALL MOTOR_ OH 

MOV B L , 4 2H 

WJJ : 

MOV C X , 700H 

Ml4 : LOOP w,. 

OEC BL 

JHZ "" 
OET 

BEGJN_OP El<lP 

E l  OB 2 0 1  • . n . 1 0  

; THE FOLLOWING ]HSnJCTIOHS 

; Wlll SET THE OVERF LOW F LAG 

; I f  CARRY ANO MS BIT OF CRC 

; ARE UNEQUAL 

; C LEAR CARRY 

i SKIP I F  NO OVERF LOW 

; I F  DATA BIT XOAED WITH 

; CRC AEG BIT 15 IS OHE 

; THEN XOR CRC REG W l fH O B O l H  

; SET CARRY 

; ROTATE CARRY I OATA B i l l 

; INTO CAC REG 

; UPDATE CRC_REG 

i F INISHED 

I START TAPE At«! O E L.l.l' 

; TURN OH MOTOR 

; DE LAY FOR TAPE DRIVE 

; TO GET UP TO SPEED f 1/2 SEC ) 

; INNER LOOP:: APPROX . 10 "I LLJSEC 

5 76 9 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5770 CHARACTER GENERATOR GRAPHICS FOR 320XZOO ANO 640X200 GRAPHICS 

5771 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5772 

577J 

5774 

5775 

5776 

5777 

5 7 78 

5779 

5780 

5781 

5782 

5783 

5784 

5785 

5786 

DAG OFA6EH 

CAT_CHAA_GEH LABEL BYTE 

OB OOOH ' OOOH . OOOH . OOOH , O OOH . OOOH , O OOH , O OOH I o_oo 

08 07EH , 08 1 H , OASH , 08 1 H , OBDH , 0 99H , 08 1 H , 07EH I 0_0 1 

DB 07EH , O FFH , 008H , O FFH , OC 3H , O E 7H , O F FH , 07EH I 0_02 

OB 06CH , OFEH , O F EH , OFEH , 07CH , 0 38H , O l OH , OOOH I D_Ol 

OB O I O H , 038H , 0 7CH , O FEH , 0 7CH , O J8H , 0 1 0H , O OOH I 0_04 

08 0 38H , 0 7CH , O l8H , O FEH , OFEH . 0 7CH , 0 38H , 0 7CH i o_os 

08 O I O H , O l O H , Ol6H . 0 1CH . O f E H , 0 7CH 1 0 3GH , 0 7CH I 0_06 

08 OOOH , OOOH , 0 1 3" , 0JCH , 0 3CH , 0 1 8H , OOOH , OOOH I 0_07 

DB OFFH , O FFH . O E 7H , OC3H . OC3H , O E 7H , O FFH , O FFH ; o_oe 

OB OOOH , OlCH , 06f>H o 04ZH , 042H , 066H , 03CH , O OOH ; 0_09 

DB OFFH , OC3H , 0 9�H , OBOH , OBOH , 0 99H , OC3H 1 0 FFH ; O_OA 

DB OOFH , 00 7H , O OFH , 0 7DH , OCCH , OCCH , OCCH , 0 78H I 0_08 

OB 03CH , 066H , 066H , 066H , 0 3CH , O l 8H , 0 7EH , O l aH  I o_oc 

A-80 System BIOS 

( 



LOG OBJ 

F .&06 3 F H 3 F l 0 3 0 7 0 F O E O  

FADE 7 F 6 J 7 F b 36 J6 7 E 6 C O  

F.lE6 995AJC E 7 E 7JCSA.99 

F A E E  6 0 E O F 6 F E F 6 E 0 6 0 0 0  

FAF6 O Z O E J E F E l E O E O Z O O  

F A. F E  183C7E l 8 1 87 E lC l 6  

FB06 66666b666 6 0 0 6 6 0 0  

FBOE 7FOBDB78 1 8 1 8 1 B O O  

F B 1 6  3E6 ll86C6C38CC78 

F B I E  0 0 0 0 0 0 0 0 7 E 7 E 7 E O O  

FB26 183C7E l 8 7 E J C 1 8 F f  

F B Z E  18JC7E 1 8 1 8 1 8 1 80 0  

F B 3 6  1 6 1 8 1 8 1 8 7 E lC 1 60 0  

F B J E  0 0 180CF E O C 1 6 0 0 0 0  

F 8 4 6  O O J 0 6 0 F E 6 0 J O O O O O  

F B 4 E  DOOOCOCOC O F E O O O O  

F B 5 6  O O Z 4 6 6 F F 6 6 Z 4 0 0 0 0  

FBSE 0 0 1 8 3C 7 E F F F F O O O O  

F B 6 6  O O F F F F 7 E JC l 80 0 0 0  

F B 6 E  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

F B 7 6  J0787l H O J O O O J O O O  

FB7E 6C6C6 C O O O O O O O O O O  

F B 6 6  6C6C F E 6CF E6C6COO 

FB8E 307CC 0 760CF83000 

F896 OOC6CC 183066C600 

FB9E 386CJ876DCCC7600 

FB.l6 6 0 6 0 C O O O O O O O O O O O  

F B A E  1 630606 0 6 0 3 0 1 8 0 0  

F B B 6  6 0 3 0 1 8 1 8 1 83 0 6 0 0 0  

F B B E  00663CF F JC66 0 0 0 0  

F B C 6  O O J O J O F C J O J O O O O O  

F B C E  O O O O O O O O O O l O l O b O  

F B 0 6  O O O O O O F C O O O O O O O O  

FBOE 0 0 0 0 0 0 0 0 0 0 3 0 1 0 0 0  

FBEb 060C l8lObOC08000 

FBEE 7CCbC EDEFbEb7COO 

FBF6 l070l0l0l0l0FCOO 

FSFE 78CC OCl8bOCC FCOO 

FCOb 78CC OCl80CCC7800 

FCOE I C lCbCCCF EOC l E O O  

F C 1 6  FCCOF80COCCC7800 

FCIE l86 0COF8CCCC7800 

FC26 FCCCOC 1 6 3 0 3 0 3 0 0 0  

F C 2 E  78CCCC78CCCC7800 

FC36 76CCCC7C O C l 8 7 0 0 0  

FClE 0 0 30 3 0 0 0 0 0 3 03000 

FC46 0 0 l 0 3 0 0 0 0 0 30 l 0 6 0  

FC4E 1 6 30bOCOb 0 3 0 1 8 0 0  

F C S 6  OOOOFCOOOOFCOOOO 

FCSE 6 0 l 0 1 60 C l 6 3 0 6 0 0 0  

FCbb 78CCOC 1 6 ) 0 0 0 3 0 0 0  

FC6E 7CC60 EOEOEC07800 

FC76 30 76CCCCFCCCCCOO 

FC7E FC6666 7C6666FCOO 

FC8b 3CbbC OCOC066lCOO 

FC8E F8bC6666666CF800 

FC96 FE6 26678686 2 F E O O  

FC9E F E 6 26878686 0 F O O O  

F C A 6  lC66COCOCE66JEOO 

FCAE CCCCCCFCCCCCCCOO 

FCS6 7830 3 0 3 0 3 0 3 0 7800 

FCBE I E OCOCOCCCCC7800 

FCC6 f66b6C78bCbb E 6 0 0  

FCCE F 0 6 0 6 0 b 0 6 2 6 6 F E O O  

FCOt> C 6 E E F E F EDbCbC6 0 0  

FCOE C6EbfbOECEC6C600 

FCE6 l66CC6C6C6t.Cl800 

FCEE FC6666 7C6 0 6 0 F O O O  

F C F 6  78CCCCCCDC78 1 C O O  

F C F E  FC666'7C6C66E600 

FOO!> 76CCE 0 7 0 1 CCC7800 

F D O E  FCB4 3 0 3 0 30l07800 

FOl6 ccccccccccccrcoo 

f O l E  CCCCCCCCCC763000 

F026 Ct.C6C606 F E E EC600 

F 0 2 E  C6C66C l8386CC6 0 0  

FD36 ":CCCCC 76301076CIO 

L I N E  

S787 

5766 

S769 

5790 

5791 

S792  

S793 

5 7 94 

S795 

S796 

S 7 9 7  

5 7 9 6  

5799 

s8oo 

S601 

5802 

S803 

5804 

5eos 

5606 

S807 

5608 

S609 

S 8 1 0  

58 l J  

5 8 1 2  

5 8 1 3  

5 8 1 4  

56 1 5  

5 8 1 6  

58 1 7  

5 8 1 8  

581 9 

5820 

582 1 

5822 

582) 

5824 

5825 

5826 

5827 

5828 

5829 

5830 

5831 

58'2 

5833 

5834 

5835 

5836 

5837 

5838 

5839 

5840 

584 1 

5842 

S84l 

5844 

5845 

5846 

5847 

5848 

5849 

5850 

5851 

5852 

585) 

5854 

5855 

.... 

5857 

5858 

5859 

58b0 

586 1 

5862 

SOURCE 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

08 

O B  

08 

08 

08 

08 

OB 

08 

OB 

08 

OB 

OB 

OB 

DB 

OB 

O B  

OB 

OB 

OB 

OB 

OB 

O B  

OB 

OB 

OB 

OB 

OB 

08 

O B  

O B  

O B  

O B  

O B  

DB 

OB 

08 

OB 

OB 

OB 

DB 

OB 

OB 

OB 

03FH , O l JH , 0 3 F H , O lOH , 030H , 0 70H , O F OH , O E OH I o_oo 

07FH , Ob lH ,  07FH , 06 lH ,  0 6 3H , O b  7H ,  OE6H , OCOH ; O_OE 

0 9 9H , 05AH , 0 3CH , O E 7H , O E 7H o 0lCH , 05.lH , 0 99H ; O_OF 

080H , O EOH , O F8H , O F E H , O F 8H , O EOH , 080H , O OOH ; 0_ 1 0  

0 0 2 H , O O E H , O lEH , Of EH , 0 3E H , O O EH , 0 0 2 H , OOOH ; 0_ 1 1  

0 1 8H , 0 3CH . 0 7 E H .  0 1 8H I 0 1 8H , 0 7EH . OlCH . 0 1 8H I 0_ 1 2  

066H , 066H , 066H , 066H , 06bH , O OOH , 066H , O OOH I 0_ 1 3  

07FH , OOBH , ODBH , 07BH , O l BH , O I BH , O l BH , OOOH ; D_ 1 4  

03EH , Ob3H , 038H , 06CH , 06CH o 038H , OCCH , 0 78H ; 0_ 1 5  

OOOH , O OOH , OOOH , O OOH , 0 7 E H , 07EH , 0 7EH , OOOH I O_I() 

0 1 8 H , 03CH , 07EH , O l 8H , Q 7E H , 03CH , O l 8H , O F F H  ; 0_ 1 7  

0 1 8H , 0 3CH , 0 7EH , 0 1 8H , 0 1 8H , 0 1 8H , 0 1 8H , OOOH I 0_ 1 8  

0 1 8H , 0 1 8H , O l 8H , 0 1 8H , 0 7 E H , 0 3CH , 0 1 8H , QOOH ; 0_ 1 9  

O O OH , 0 1 8H , OOCH , O f E H , OOCH . 0 1 8H , O OOH , OOOH I o_u 

OOOH , 030H , ObOH , O F EH , ObOH , O lOH , OO O H , OOOH I 0_ 1 8 

OOOH , O O OH , OCOH , OCOH , OCOH , O F E H , O O O H , OOOH I O_ I C  

OOOH , OZ4H , 066H , OF FH , 066H , OZ4H , O OOH , OOOH I 0_ 1 0 

OOOH , 0 1 8 H , 03CH , 0 7EH , O f f H , O F F H , OOOH , OOOH ; O_ l E  

OOOH , O F FH , O F F H , 07EH , 0 3CH , 0 1 8H , OOOH , O OOH ; D _ l f  

OOOH , OOOH , O O O H  , O OOH , O O O H  , O OOH , O O O H  , OOOH ; SP 0_20 

030H , 0 78H , 078H , 0 30 H , 030H , OOOH , 0 30H , OOOH I ! 0_2 1  

ObCH , 06CH , 06CH , OOOH , O OOH , O OOH , OOOH , OOOH I " 0_2.2 

06CH , 06CH , OF EH , 06CH , O F EH , 06CH , 06CH , OOOH I 8 0_23 

030H , Q7CH , OCOH , 0 78H , OOCH o O F8H , OlOH , OOOH I $ 0_2 4  

OOOH , QC6H , OCCH , 0 1 8H , 0 30H , 066H , OC6H , OOOH I P E R  C E NT  0_25 

0 18H , 06CH , 0 38H , 0 7t.H , ODCH , OCCH , 0 76H , OOOH ; I 0_26 

Ob OH , 060H , OCOH , OOOH , OOOH , O OOH , OOOH , OOOH I ' 0_27 

0 1 8H , 0 3 0H , 060H , 060H , 060H , O l OH , O l 8H , OOOH I ( D_28 

060H , 0 3QH , O l 8H , 0 1 8H , O l 8H , 0 30H , 060H , OOOH I J 0_29 

OOOH , 066H , 0 3CH , OF F H , 03CH , 066H , O OOH , OOOH I * D_2A 

OOOH , 030H , 0 30H , OFCH , 0 30H , 0 30H , O OOH , OOOH ; t 0_28 

OOOH , O OOH , O OOH , OOOH , O OOH , 0 30H , OlOH , 060H ; • 0_2c 

OOOH , O OOH , OOOH , OFCH , OOQH , OOOH , OO O H , OOOH I - 0_20 

OOOH ' OOOH , o ooH . OOOH . O OOH . 03 0H , 0 30H . OOOH I . D_2E 

OObH , OOCH , 0 1 8H , O lOH , 060H , OCOH , 080H , OOOH I / D_2F 

0 7CH , OC6H , OCEH , OOEH , O F6H , OE6H , 0 7CH , OOOH I 0 0_30 

030H , 0 70H , 0 30H , 030H , 0 30H , 0 30H , OFCH , OOOH I 1 0_3 1 

078H , OCCH , O OCH , 0 38H , 060H , OCCH , OFCH , OOOH I 2 0_12 

0 78H , OCCH , O OCH , 0 38H , OOCH , OCCH , 0 78H , OOOH I 3 0_33 

0 1 C H , 03CH , 06CH , OCCH , O F E H , OOCH , 0 1 E H , OOOH J 4 D_J4 

OFCH , OCOH , O F8H , O OCH , QOCH , OCCH , 0 76H , O OOH I 5 0_35 

038H , 060H , OCOH , OF8H , OCCH , OCCH , 0 78H , O OOH I 6 0_36 

O FCH , OCCH , O OCH , O l 8 H , 030H , O lOH , 0 30H , OOOH ; 7 0_37 

0 78H , OCCH , OCCH , 078H , OCCH , OCCH , 0 78H , OOOH ; 8 0_3& 

0 78H , QCCH , OCCH , 0 7CH , Q OCH , 0 1 8H , 0 70 H , OOOH I 9 0_39 

OOOH , 0 30H , 030H , OOOH , Q OOH , 0 30H , 030H , OOOH I : 0_3A 

OOOH , 0 30H , 0 30H , O OOH , O OOH , 0 30H , 0 30H , 060H ; I 0_38 

0 1 8H , O lOH , 06 0H , OCOH , Q6 0H , 0 3 0H , 0 1 8H , OOOH i < D_JC 

OOOH , O OOH , OFCH , OOOH , tJO O H , O f CH , OO O H , OOOH ; : 0_30 

060H , 030H , 0 1 8 H , OOCH , O l 6H o 030H , 060H , OOOH I > 0_3E 

0 78H , OCCH , OOCH , 0 1 8H , O lOH , O O OH , 0 30H , O OOH I '? 0_3F 

0 7CH , OC6H , OD E H , ODEH , OD E H , OCOH , 076H , OOOH I a 0_40 

030H , 0 78H , OCCH , OCCH , OFCH , OCCH , OCCH , OOOH J A 0_41 

OFCH , 066H , 066H , 07CH , 066H , 066H , O FC H , OOOH I B 0_42 

0 3CH , 066H , OCOH , OC OH , OCOH , 066H , 0 3CH , OOOH I C 0_41 

Of8H , ObCH , 066H , 066H , 066H , 06CH , Of8H , OOOH I 0 0_44 

O F E H , Ob2H , 068H , 0 78H , 06 8H , 06 2 H , O F E H , OOOH J E 0_45 

O F E H o 06 2 H , Ob8H , 0 78H , 06 8H o 060H , OF O H , OOOH I f 0_46 

0 3CH , 066H , OCOH , OCOH , OC E H , 066H , 0 3EH , OOOH I 6 0_47 

OCCH , OCCH , OCCH , O FCH , OCCH , OCCH , OCCH , OOOH ; H 0_48 

078H , 0 30H , O l O H , 030H , 0 30H , 0 30H , 0 78H , OOOH t I 0_49 

0 1 E H , OOCH , OOCH , OOCH , OCCH , OCCJl , 0 78H , O OOH ; J D_4A 

OE6H , 066H , 06CH , 0 78H , 06CH , 066H , O E6H , OOOH I K 0_48 

OFOH , 060H , 060H , 060H , 06 2 H , 066H , O F E H , OOOH ; L D_4C 

OCbH , OEEH , O FEH , O F E H , 006H , OCbH , OC6H , OOOH I n 0_40 

OC6H , OE6H , OF bH , OOEH o OC E H , OC6H , OC6H , OOOH I N 0_4E 

038H , 06CH , OC6H , OC6H , OC6H , 06CH , 036H , OOOH ; 0 D_4f 

OFCH , 066H , Ob6H , 0 7CH , 060H , ObOH , OFOH , OOOH I p o_so 

0 76H o OCCH , OCCH , OCCH , OOCH o 078H o 0 1 0t . OOOH J Q 0_51 

OFCH , 066H , 066H , 07CH o 06Cff , 066H , OE6H , OO t H  I R 0_52 

078H , OCCH , OE OH , 070H , 0 1 CH , OCCH , 0 78H , OOOH I S 0_53 

OFCH , 084H , Q 30H o 030H , 030H , Ol OH , 0 78H , OOOH I T 0_54 

OCCH . OCCH , QCCH , OCCH , OCCH , OCCH . OFCH , O OOH I u o_ss 

OCCH , OCCH , OCCH , OCCH , OCCH , 0 78H , 0 30H , OOOH I Y 0_56 

OC6H . OC6H , OC 6 H , 006H , OF EH o OE EH , OC6H , OOOH I W 0_57 

OC6H , OC6H , 06CH , 0 38H , 038H o 06CH , OC6H , OOOH I X 0_58 

OCCH , OCCH , OCCH , 076H , 030!-l , t'l30H , 0 71H , OOOH ! T {" 45• 

System BIOS A-8 1  



LOC OBJ 

fD3E FECUC 1 8l266F E O O  

FD46 7860606060607800 

fD4E t06030180C060200 

fD56 7 8 1 8 1 8 1 8 1 8 1 87800 

FOSE 1 0 38&CC6 0 0 0 0 0 0 0 0  

f 0 6 6  O O O O O O O O O O O O O O F F  

F06E 3 0 3 0 1 8 0 0 0 0 0 0 0 0 0 0  

FD76 0 0 0 0 780C7CCC76 0 0  

F07E f060607C6666DCOO 

f086 0 0 0 0 78CCCOCC7800 

FD8E ICOCOC7CCCCC 7600 

f096 0 0 0 0 78CCFCC07800 

FOU Ja6CbOF06060FOOO 

FO.t.6 0 0 0 0 76CCCC7COCF8 

fDAf E0606C766666E600 

F086 }000703030307800 

FDBE OCOOOC OCOCCCCC78 

FDC6 E 0 6 0666C786CE600 

FDCE 7030303030 307800 

FOD6 O O OOCCFEFED6C600 

FODE O O O OFSCCCCCCCCOO 

FOE6 O O O D 78CC:CCCC7MO 

FDEE O OOODCb666 7C6 0 F O  

F O F 6  D 0 0 0 76CCCC7CO C 1 E  

FOH O O O OOC766U· D F O O O  

FE06 0 0 0 07CC0780CF800 

FEDE I O J07C3030341800 

FE16 O O O OCCCCCCCC7600 

F E J E  O O OOCCCCCC783000 

F E Z 6  O O O OC606 F E F E6COO 

F E 2 E  O O O OC66C366CC600 

FU6 O O O OCCCCCC7COCF8 

FUE O O O OFC983064FCOO 

FE46 I C 3 0 3 0 E 0 3 0 3 0 1 C O O  

ff4E 1 8 1 8 1 8 0 0 1 8 1 81800 

fE56 E 0 3 0 3 0 J C 3030EOOO 

FESE 760COOOOOOOOOOOO 

FE6' O O l O J86CC6C6 F E O O  

F U E  

F U E  

ff:6E FB 

FE6F l E  

F E 7 0  ESCBOO 

fE7l OAE4 

FE75 7407 

ff77 F ECC 

FE79 74 Ut 

f' E 78 

F E 78  f8 

F E 7C I F  

F E 7D  C F  

F E 7 E  

F E 7 E  FA 

F E 7 F  A07000 

FE8Z C606700000 

FE87 880 E6EOO 

FE68 8Bl66COO 

L I N E  

5864 

5865 

5866 

5867 

5868 

5869 

5870 

5871 

587Z 

5871 

5874 

5875 

5876 

5877 

5878 

5879 

5880 

5881 

5882 

5883 

5884 

5865 

5886 

5887 

5888 

5889 

5890 

58'1 

5892 

5893 

5894 

5895 

5896 

5897 

5898 

5899 

5900 

5 9 0 1  

590Z 

SOURCE 

DI 

DI 

DB 

DI 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DI 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DI 

DB 

DI 

DB 

DB 

DB 

DB 

DB 

DB 

DB 

DI 

DB 

DB 

DB 

OfEH , OC6H , O&CH . 0 1 8H , 0 32H o D66H , OF E H o OOOH t l D_!U. 

078H o 060H , 060H , 060H , 060H 1 06 0 H , 078H o 000H • ( D_SB 

OCOH , 060H . 0 30H . O l 8H , OOCH o 006H , O OZH , OOOH ; 8ACK5L.A5H D_5C 

078H , 0 1 8H , 0 1 8H , O l 8H . O l 8H , 0 1 8H , 078H , O OOH I 1 0_50 

0 1 0 H , 038H , 06CH . OC6H , O OOH , O OOH , OOOH , OOOH I ClACU1FLfX D_SE 

OOOH , OOOH , OOOH , OO OH , O O OH , OOOH , O OOH , OFFH I _ D_SF 

030H , 0 30H , 0 18H , OOOH , OD OH 1 000H , O OOH , OODH I ' 0_60 

OOOH , O OOH , 078H , D OCH , 0 7CH , OCCH , 0 76H , OOOH I LOWER CASE A D_6l 

0EOH , 060H , Ot.OH , 07CH , 066H , 066H , ODCH , O OOH I l . C .  B D_62 

OOOH , O O OH , 0 78H , OCCH 1 0COH , OCCH , 0 78H , OOOH I L . C .  C D_63 

0 1 CH , OOCH , O OCH , 07CH 1 0CCH , OCCH , 0 76H , O OOH I l . C .  0 D_64 

OOOH , O OOH , 078H , OCCH 1 0FCH , OCOH , 078H , O OOH I L . C .  E 0_65 

038H 1 06CH 0 06 0H , OF OH , 06DH , Ot.OH , OFOH , OOOH L . C .  F D_66 

OOOH 1 0 00H , 074H o OCCH . OCCH , 0 7CH , O OCH , OF8H t . t .  G 0_6 7 

OEOH o 060H , 06CH o 0 76H , 066H , 066H , O E6H 1 000H I l . C .  H 0_68 

030H , O OOH , 0 70H , 0 30H , 0 30H , 0 30H , 078H , OOOH I L . C .  I 0_69 

OOCH , 00 0 H o 00CH , O OCH , O OCH , OCCH , OCCH , 0 78H I L C .  J D_6A 

OEOH , 06 0 H , 066H , 06CH , 0 78H , 06CH , OE6H , OOOH I L . C .  K D_6B 

070H , 0 30H o 0 30H , 030H , 0 30H , 0 30H , 0 76H 1 0 00H l . C .  L D_6C 

O O OH , O OOH , OCCH , OFEH , OFEH , OD6H , OC6H , OOOH I l . C .  tt 0_60 

OOOH , OOOH , O F6H o DCCH , OCCH , OCCH , OCCH , OOOH I l . C .  H D_6E 

OOOH , O OOH , 078H , OCCH , OCCH , OCCH , 0 78H , OOOH ; l . C .  0 D_6F 

O O OH , OO OH o ODCH , 066H , 066H , 0 7CH , 060H , OFOH I L . C .  P D_70 

OOOH , O OOH , 0 76H , OCCH , OCCH , 0 7CH , O OCH , O t EH I L . C .  Q 0_71 

OOOH , O OOH , OOCH , 0 76H . 066H , 060H , O FOH , OOOH I L . C .  R 0_72 

OOOH , OOOH 1 07CH , OCOH , 0 78H , OOCH , O F6H , OOOH ; l . C .  S D_73 

0 1 0H o 0 30H , 0 7CH , 0 30H , 030H 1 0 34H , O l l!H , OOOH I L . C .  T D_7<t 

OOOH , O O OH , DCCH , OCCH , OCCH , OCCH , 0 76H , OOOH L . C .  U 0_75 

OOOH , OOOH , OCCH o OCCH , OCCH , 078H , 0 30H , OOOH I 

OOOH , OOOH , OC6H , 006H , OFEH , OF EH , 06CH , OOOH 

OOOH 1 OOOH , OC6H o 06CH , 038H , 06CH , OC6H , OOOH 

OOOH , OOOH , OCCH , OCCH , OCCH , 07CH , OOCH , OF8H 

OOOH 1 OOOH , O FCH o 0 9aH , 0 30H , 064H , OFCH , OOOH I 

L . C .  

l . C .  

L . c .  

l . C .  

l . C .  

V D -
W D -
X D -y D -
Z D -

O l CH .  030H , a  JOH . OEDH , 0 30H . 0 30H ' O l C H . OOOH ( o_ 78 

0 1 8 H ,  0 1 8H , O  18H ,  OOOH , O l8H , 0 1 6H , 0 1 6H , O OOH I D_7C 

O E O H , 0 30H , 0 30H , O l CH , 0 30H , 030H , OEOH , OOOH ) 0_70 

76 

77 

78 

79 

7A 

076H , ODCH , O OOH , OO OH , O OOH , OOOH , O OOH , OOOH I TILDE D_7E 

OOOH , 0 1 0 H o 018H . 06CH , OC6H , OC6H , O F E H , OOOH I DE LTA 0_7f 

5903 1 - - - IHT I A  ---- - - - - --- -- - - - --- --- -- - - - - - - - - - - - - - - - - - - - - -

5 9 0 4  ; TlttE_OF _DAY 

5905 nus ROUTINE ALLOWS TH E  Clotl( TO BE SET/READ 

5906 

5907 INPUT 

5906 I AH ) = 0 READ THE CURRENT C LOCK SETTING 

5909 

5910 

591 1 

5 9 1 Z  

RETURNS C)( "' HIGH PORTION Of COlMT 

DX = LOW PORTION OF COl.f.IT 

Al 11 0 IF TlttER HU NOT PASSEO 

Z'+ HOUl'S SIHCf LAST READ 

5 9 1 3 '<>O If OH ANOTHER DAY 

5 9 1 4  I .I.H J  = l SET TH E  CURRfHT C LOCK 

5 9 1 5  ex = H I G H  PORTION OF CO\..tfT 

5 9 1 6  I DX = LOW PORTION Of Cott4T 

5 9 1 7  I NOTE : COi.MTS OCCUR AT THE R A T E  O F  

5 9 1 8  1 1 93 1 60/65536 CDLtn5/SEC 

5 9 1 •  I OR  ABOUT 1 6 . 2  P E R  SECDtlJ -- SEE EQUATES BE LOM I 

59ZO 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -

5 9 Z l  

59Z2 

5 9 2 3  

59Z4 

5925 

5926 

59Z7 

5928 

59Z• 

5930 

5931 

5932 

5931 

5934 

5915 

5936 

5937 

5938 

5939 

.... 

ASSUttf 

ORG 

TlttE_OF_DAY 

SYI 

PUSH 

CALL 

DR 

JZ 

DEC 

JZ 

T l :  

SYI 

POP 

lRET 

Tt : 

cu 

t10V MOV 
MOV 

HOV 

cs : CODE , os : DATA 

O F E61!H 

••oc "" 

OS 

DOS 

AH , AH  

T Z  

AH 

T3 

•• 

A l o  TittEA_DF L 

TIMfR_Of L , O  

ex, TIMER_H IGH 

D X ,  TIMER_LOW 

I INTERRUPTS BACK OH 
; SAVf SEGMENT 

; AH=O 

i READ_TIME 

I AH = l  

I SET_TittE 

I TOO_RETURH 

> INTERRUPTS BACK ON I RECOVER SEGMENT 

; RETURN TO CALLER 1 READ_TIME I HO TIMER INTERRUPTS loliILE R E .I.D I NG  

I GET OVERF L OW ,  AN> RESET TltE F U.6 
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LDC OBJ L INE  SOURCE 

FE8F EBEA 5941 JHP T l  I TOD_RIETURH 

F E 9 l  5942 T 3 :  I SET_TIHE 

F E 9 l  FA 5943 C L I  l ND INTERRUPTS lil1 I LE WR I T I NG  

F E 9 2  89166COO 591f4 ltOV TIHfR_ U>W , D X  

F E 96 890E6EOO 5945 110V TilifR_HIGH , ex I SET THE TIME 

F E 9A C606700000 S94b HOV Tltt£R_OF L o O  J RESET OYtR FLOW 

F E 9 F  EBDA 5947 JMP Tl ; TOO_RETURN 

FUS 

FE.AS 

FE.AS FB 

F EA6 IE 

FEA.7 5 0  

F EA.8 52 

FEA.9 E&9200 

F E AC FF066COO 

FEBO 7504 

FEBZ F F 066EOO 

F EB6 

5946 

sew� 

TIHE_OF _DAY ENlP 

5950 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - -

5 9 5 1  I THIS R OIJT I H E  HAtl)LES nu T l tt E R  INTERRUPT l'ROl'I 

5952 CH.ll+IH 0 OF THE 8253 TIMER . INPUT FREQUENCY 

5953 I I S  1 . 1 9 3 1 8  t'lfZ At«> THE DIVISOR IS 65536 , R E SULTING 

5954 IN APPROX . 1 8 . 2  INTERRUPTS EVERY SECOHO . 

5955 

5956 I THE INTERRUPT HAN>LER t1AINTAIHS A COUNT OF INTERRUPTS : 

5957 I SINCE POWER OH Tlt\f: , ).ltlCH HAY BE USED TO ESTABLISH 

5958 I TINE OF DAY . 

5U9 i THE INTERRUPT HANDLER ALSO DECREl'IENTS THE l'\OTOR 

5960 J CONTROL COLHT OF THE DISKETTE , AND WHEN I T  EXPIR E S ,  

596 1 ; W I L L  TURN OFF THE DISKETTE HOTOR, AND RESET THE 

5962 J t10TOR RUNHING F LAGS . 

59b3 l THE INTfRRUPT H.lt«>LU WILL ALSO INVOKE A USER ROUTINE 

5964 TltROUGH INTERRUPT lCH AT !!'.VERY TittE TIC!<. . TltE USER 

5965 l 11UST CODE A ROUTINE A.HD PLACE THE CORRECT ADDRESS IN : 

S966 ; TI-IE VECTOR TABLE . 
1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0RG OF EASH 

Til'IER_IHT JIAOC FAR 

STI 

PUSH DS 

PUSH AX 

PUSH DX 

CA.LL 00$ 

INC TittER_LOM 

JNZ H 
IHC TIKEA_HIGH 

T4 : 

; INTERRUPTS BACI<. ON 

I SAVE tu.CHINE ST.I.TE 

; INCRU"IENT Tll'IE I TEST_DAY 

I INCREt1£NT HIGH WORD OF TlttE 

; TEST_DAY 

FEB6 8HE6 E 0 0 1 8  

F E B B  7S 1 S  

5967 

5968 

5969 

5970 

5971 

5972 

5973 

5974 

5975 

5976 

5977 

s•na 

5'H9 

5'i180 

5981 

5982 

598] 

CMP TIHER_HIGH , 0 1 8H ; TEST FOR COUNT EQUALING 24 HOURS 

FEBO 8 1 3E6COOBOOO 

FEC3 7SOO 

JNZ 

CMP 

JNZ 

T5 

TIHEA_LOW , OBOH 

T5 

59&4 t - - - - - - Til1EA HAS GONE 24 HOURS 

5985 

FEC5 2BCO 598& 

FEC7 A36 E O O  5987 

FECA A36COO S986 

F ECD C60& 7 0 0 0 0 1  5989 

5990 

..... 
ltOV 

ltOV 

MDV 

A)( , AX 

TlM'ER_HIGH , A.X  

Til'IEA_LON ,AX 

TIMA_OF L , 1  

5991 1 - - - - - - TEST FOR DISKETTE TIME Ol1T 

FED2 

FED2 F E O E 4 0 0 0  

FED6 7508 

FED8 80263FOOFO 

F EDD BOOC 

f'EDF BAF 2 0 3  

F E E 2  E E  

F E E 3  

5992 

TS : 

T& : 

DEC HDTOR_CDl.NT 

JNZ T6 

ANO l10TOR_snrus . OFOH 

l10V . u . ocH 

MOV D X , 03F2H 

OVT o x . A L  

I DISKETTE_CTL 

; D ISKETTE_CTL 

; DISKETTE_CTL 

I RETLl'H I F  COlNT NOT OVT 

I TURN OFF MOTOR Rl.MHING BITS 

1 FCC CTL POAT I TUPN OFF THE MOTOR 

I TIMER_R E T :  

F E E 3  C D l C  

F E E S  8 0 2 0  

F E E 7  E 6 2 0  

F E E 9  S A  

FHA 58 

FEEB l F  

FEEC C F  

5993 

5994 

599S 

5996 

5997 

5998 

5999 

6 0 0 0  

& 0 0 1  

6 0 0 2  

6 0 0 3  

6 0 0 4  

6 0 0 S  

6 0 0 6  

6 0 0 7  

INT ICH I TRANSFER CONTROL TO A USER ROUTINE 

FEED 3 1 383031 

FEF'l OD 

FEF2 OA 

6008 

6 0 0 9  

6 0 1 0  

6 0 1 1  

MDV 

OUT 

POP 

POP 

POP 

IRET 

Til'IER_IHT 

... •• 

A L , EOl 

0 2 0H , .l l  Et-I> OF INTERRUPT TO 8259 

ox 

AX 

OS I RESET HA.CHINE STATE 

; RETLl'N FROl1 INTERRUPT ,..,. 
· 1 a o 1 · , u . 1 0 

6 0 1 2  ' - - - - - - - - - - - - - - - - - - - -- - -- - - - - - -- - - - - - --- - - - - - - - -. - - - - ---- - - - - - - - -

6 0 1 3  THESE A R E  TlfE VECTORS loltICH A R E  ttOVEO INTO 

6 0 1 4  T H E  eG86 INTERRUPT AREA DURING POWER ON . 

6 0 1 5  ON L Y  THE OFFSETS A. R E  DISPLAYED H E R E , CODE SEGl'IENT 
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LOC OBJ LINE SOURCE 

6 0 1 6  W I L L  BE •DDEO FOR A L L  OF TltEl'h EXCEPT YiERf: NOTED 

6 0 1 7  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 0 1 '1  ASSLt!E cs : CQDE 

f ( f ]  6 0 1 9  ORG O F E F 3H 

f ( F J  6 0 2 0  VECTOR_ TABLE LAB E L  WORO ; VECTOR TABLE FOR HOVE TO INTERRUPTS 

fEf'l ASFE 6 0 2 1  o w  OFFSET TlttEA_IHT I INTERRUPT 8 

f E f §  87[9 6022 ow OFFSET KB_INT INTERRUPT 9 

F E f 7  DDE6 6023 ow OFFSET D_EOI INTERRUPT A 

F f f 9  ODEt� 6024 OW OFFSET D_EOI INTERRUPT B 

f(fB DDE6 6025 ow OFFSET D_EOI INTERRUPT C ' I 
fEFD 00£6 6026 ow OFFSET D_EOI I INTERRUPT 0 I 
F E F F  57£F 6 0 2 7  ow OFFSET DISK_nn I INTERRUPT E 

f f O I  ODE6 6028 OW OFFSET D_EOI INTERRUPT F 

F F 0 3  65FO 6 0 2 9  ow OFFSET VIDEO_JO INTERRUPT 1 OH 

FFOS ft0f8 6030 ow OFFSET EQUIPHEHT INTERRUPT 1 lH 

FF07 4 1 f'8 6 0 3 1  O W  O F F S E T  ttEl10RY_SJZE_OET INTERRUPT 1 2H 

F F 0 9  S9EC t.032 ow OFFSET DISKETTE_IO INTERRUPT l lH 

FFOB nn 6 0 3 3  o w  O F F S E T  R S 2 3 2  -JO INTERRUPT 14H 

F F OD 59f8 6034 ow OFFSET CASSETTE_ID INTERRUPT l 5H 

F F O F  2 E E 8  6035 ow OFFSET 1<.EYBOAAD_IO INTERRUPT 16H 

F f l l  D 2 f f  6 0 36 ow OFFSET PRINTEA_IO INTERRUPT 1 711 

6017 

F F U  0 0 0 0  6 0 3 8  OW O O O O OH I INTERRUPT 18H 

6 0 3 9  ow O f 6 0 0 H  I 11!.JST BE INSERTED INTO TABLE LATER 

6040 

F F l 5  F 2 E 6  6 0 4 1  o w  O F F S E T  BCXJT_STRAP I INTERRUPT l 9H 

F F l 7  U F E  6042 OW TIME_OF _DAY INTERRUPT l.l.H - - TIME OF DAY 

F F l 9  5lFF 6043 OW DUMMY_AETVRN INTERRUPT IBH -- l<EYBOARD BREAK ADDA 

F F I B  S J F F  6 0 4 4  ow DUHMY_RETVRN INTERRUPT IC - - TIMER BREAK ADDA 

F F l D  A4FO 6045 OW VIDEO_PARMS INTERRUPT ID - - VIDEO PARAMETERS 

F F I F  C7EF 6046 ow OFFSET OISK_BASE INTERRUPT IE - - DISK PARMS 

F F 2 1  0 0 0 0  6047 ow INTERRUPT lf - - POINTER TO VIDEO EXT 

6048 

Ff2l 501tl5249545920 6049 •• DB ' PARITY CHECK I '  . 1 3 . 1 0  

4348454348 2 0 ]. l  

F f l l  OD 

FFJ2 OA 

F f l l  20333031 6050 f l  DB 3 0 1 ' , 1 1 , 1 0 

F F 3 7  OD 

F F J8 OA 

F f ] 9  1 1 3331 6051 F 2  OB ' 1 3 1 ' , 1 3 , 1 0  

F F lC OD 

F f lO OA 

6052 

ff3E 6051 DDS POOC NEAR 

f f 3 E  SO 6054 PUSH AX ' SAVE AX 

f f 3 f  884000 6055 "ov AX , OATA 

ff42 8£08 6056 "ov OS . AX ' SET DATA SEGMENT 

ff44 58 6057 POP AX I RESTORE AX 

FF45 C l  6058 RET 

6059 DOS ENDP 

6060 

6061 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 0 6 2  TEMPORARY INTERRUPT SERVICE ROUTINE 

6 0 6 3  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ff47 6064 ORG OFF47tl 

ff47 6065 O i l  PROC NEAR 

ff47 9401 6066 ""v AH . I  

ff49 50 6 0 6 7  PUSH AX I SAVE REG AX COHTENTS 

FF4A 8 0 F f  6 0 6 8  "ov A L , OFFH I HASK A L L  INTERRUPTS OFF 

FF4C E 6 2 1  6 0 6 9  OlJT IHTA O l  o . U  

f f 4 E  8 0 2 0  6 0 7 0  "ov A L , EOI 

FFSO E 6 2 0  6 0 7 1  OUT IHTA O O , A L  

F f 5 2  5 8  6072 POP AX ; RESTORE REG AX CONTENTS 

\ FFSl 6071 Dlltl'1Y_RETURN: I NEED IRET FOR VECTOR TABLE 

FFSl Cf 6074 IRET 

6075 O i l  ENDP 

6076 

6 0 7 7  o - - INT 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - · · · - - - - - - - - - - - - - - - - - - - - - - - - -

6078 THIS LOGIC W I L L  BE ItNOKED BY IKTERRUPT OSH TO PRINT nn 
6 0 7'ill SCR E E N .  THE CURSOR POSITIOH AT THE T I H E  TH IS ROUTINE IS INVOKED ' 

6080 WILL BE SAVED AHO RESTORED UPON COMPLETION . THE ROUTINE IS 

6 0 8 1  INTENDED TO RUN W I T H  INTERRUPTS ENABLED . If A SUBSEQUENT 

6082 ' PRINT SCR E E N '  tc;El' IS DEPRESSED DURING TllE T I H E  T H I S  ROUTINE 

6083 IS PRINTING IT WILL BE IGNORED . 

6084 ADDRESS 50 : 0  CONTAINS THE STAT\JS Of THE PRINT SCR E E N :  

6085 
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LDC OBJ L I N E  SOURCE 

6086 so : o  , , EITHER PR I NT  SCREEN HAS HO T  BEEN CALLED 

f.067 OR UPON RETIJRH FROM A CALL THIS ltl>ICATES 

6 088 A SUCCESSFUL OPERATION. 

6069 , , PRINT SCR EEN IS IN PROGRESS 

6090 =255 ERROR ENCOUNTERED DURIHG PRINTING 

6 0 9 1  ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 0 9 Z  ASSUl1E cs : COOE , os : XXDATA 

FF54 6093 ORG Of f54H 

F F54 6 0 94 PRINT_SCREEN PROC FAR 

) FFS4 F8 6095 STI I l'lJST RIM MITM INTERRUPTS ENABLED 

FFSS l E  6096 PUSH OS I HUST USE 50 : 0  FOR DATA AREA $TORA.GE 

FF56 SO 6 0 97 PUS>< AX 

FF57 53 6096 P\JSH ex 

F F58 51 6099 PUSH ex I NIU USE TltIS LATER FOR CURSOR littITS 

FF59 52 b l O O  PUSH DX ; NILL HOLD CURRENT CURSOR POSITION 

FFSA 885 0 0 0  6 1 0 1  MDV AX , XXD.UA ; HEX 50 

FFSO 8ED8 6 1 0 Z  MDV Q S , AX 

FFSF 803E 0 0 0 0 0 1  6 1 0 ]  CMP STATVS_BYT E ,  1 I SEE IF PRINT ALREADY IN PROGRESS 

FF64 745F 6 1 0 4  J Z  EXIT I JUHP IF PRINT A LR EADY IN PROGRESS 

FF66 C6060 0 0 0 0 1  6 1 0 5  MDV ST.UU5_8YTE , 1 ' IND ICATE PRINT NOW IN PROGRESS 

FF6B B40F 6 1 06 MDV AH , 1 5 I W I L L  REQUEST THE CURRENT SCR EEN HOOE 

FF6D CD I O  6 1 0 7  I NT  l O H  U l l =HOD E 

6 1 08 I A.H ) :tl.Jl18ER COL"1NS/LINE 

6 1 0 9  I BH J =VISU.U PAGE 

6 1 1 0  I - - - - - - - - - - - - - - - - - - - - ---- - ---- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - -----

6 1 1 1  A.T THIS POINT W E  KNOW Tlt E  COLUHNS/LINE A.R E  IN 

6 1 1 2  I AX ) A l«J  THE PAGE I F  APPLICABLE I S  I N  I B H  J .  THE STACK 

6 1 1 3  HAS os , Ax , ex , cx , Dx PUSHED . I A l l  HAS VIDEO t100E 

6 1 1 4  ; - - --- - - - - - - - - - --- --- - - - - - - - - - - - - - - - --- - --- - - - --- - - - - - - - - - - - - - - - -

FF6F 6ACC 6 1 1 5 MDV C L , AH ' W I L L  l'IAKE USE OF I C X I  REGISTER TO 

F F 7 1  85 1 9  6 1 1 6  MOV CH , 2 5  ' CONTROL ROW & COLltlNS 

FF73 E65500 6 1 1 7  CALL CALF ; CARRIAGE AET\.RN LINE F E E D  ROl.ITINE 

F F 76 51 6 1 1 6 P\JSH ex ' SAVE SCREEN eOlNlS 

F F 7 7  8403 6 1 1 9  MDV AH o l  I W I L L  NOW READ THE CURSOR . 

F F 7 9  C D l O  6 1 2 0  INT l OH I AND PRESERVE THE POSITION 

F F 7B sq 6 1 2 1  POP ex I RECALL SCR EEN !OUHDS 

F F 7C 52 6 1 2 2  PUSH ox ' RECALL I BH ) .::VISUAL PAGE 

FF7D 3302 6 1 2 3  XOR o x . o x  I W I L L  SET C�SOR POSITION TO I 0 ,  0 I 
6 1 2lt ; --- - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - ---- - - - ---- - - - - - - - - - - - - - - - - - -

6125 THE LOOP FAott PR U O  TO THE INSTRUCTION PRIOR TO PRI20 

6 1 26 I S  THE LOOP TO READ EACH CURSOR POSITION FROH THE 

6 1 2 7  SCREEN A l«J  PR I NT .  

6 1 2 6  ; --- - ----- - - - - - - - - - - - - - - - - - - - --------------------------- ---------
F F 7 F  6 1 2 9  PAU O :  

F F 7 F  Blt02 6 l l 0  MOV AH , 2  I TO Il'[) ICATE CURSOR SET REQUEST 

FF61 CD I O  6 1 3 1  INT l OH ' NEW CURSOR POSITION ESTABLISHED 

FF83 8408 6 1 32 MDV AH , 6  I TO INDICATE READ CHARACTER 

FFe5 C D l O  6 l ll INT l OH ' CHARACTER HOW IN I A l  I 

FF67 OACO 6 1 3lt OR A L , A l  I SEE IF VALID CHAR 

FF69 7502 6 1 35 JHZ PR U S  ' JUMP lF VALID CHAR! 

F F68 8 0 2 0  6 1 16 MDV A l ,  I MAKE A BLAHK 

FF60 6 1 17 PR U S :  

FF6D 5 2  6 l l8 PUSH ox ; SAVE Ct.RSOR POSITION 

FF6E 33D2 6 1 1 9  XOR o x . o x  I lt-l>ICATE PRINTER 1 

F F 9 0  3 2 E 4  6 1 4 0  XOR AH , AH I TO IND ICATE PRINT CHA.A IN ( A l l  

F F 9 2  CD 1 7  6 1 4 1  INT l 7H I PAINT THE CHARACTER 

F F 94 SA 6 14 2  POP ox ' RECALL Cl..RSOA POSITION 

F F 9S F6C42S 6 1 4 3  TEST AH , tsH I TEST FOR PRINTER ERROR 

F F l16 752 1 6 1 ltlt JHZ ERR l O  ' JUMP IF ERROR DETECTED 

F F 9A FEC2 6lltS INC O l  ; ADVAt«:E TO NEXT COLlA'IN 

F F 9C 3ACA 6 1 46 eMP C l , O l  ' SEE IF AT El'IJ OF LINE 

FF9E 75DF 6 1 4 7  JHZ PR i l O  ' IF NOT PROCEED 

FFAO 3202 6 1 46 XOR O l o D L  ' BACK TO COUJ11N 0 

FFA2 8AE2 6 1 4 9  MDV AH , D L  ' I AH J =O 

FFA4 52 6 1 5 0  P\JSH ox ; SAVE NEW CURSOR POSITION 

FFA5 E62300 6 1 5 1  CALL CALF I LINE f E E O  CARRIAGE RETURN 

F FA6 SA 6 1 52 POP ox ' RECALL C\RSOR POSITION 

FFA9 fEC6 6 1 5 3  IHC OH ' ADVANCE TO NEXT LINE 
··. FFAB 3AEE 6 1 54 CMP CH . OH F INI SHIED? 

fFAD 75DO 6 1 5 5  J HZ  PR i l O  I IF NOT COHTIHUE 

FFAF 6 1 56 PR I 2 0 :  

F F A F  S A  6 1 57 POP OX I RECALL C'-'lSOR POSITION 

FFBO 8402 6 1 56 MDV AH . 2  I TO IND ICATE CURSOR SET REQUEST 

FFB2 CD I O  6 1 59 INT l O H  I C�SOR POSITION RESTORED 

FFB4 C606 0 0 0 0 0 0  6 1 6 0  MCV STATUS_BYTE , O  I INDICATE FINISHED 

FFB9 EBOA 6 1 6 1  JMP SHORT EXIT I EXIT ntE ROUTINE 

FFBB 6 16 2  ERR l O :  

System BIOS A-85 



LDC OBJ LINE SOURCE 

"B8 SA 6 1 6 3  PO P  O X  1 G E T  Cl.llSOR POSITJQN 

l' FBC 8402 6 1 6 4  "ov AH , 2  1 T O  REQVEST CURSOR SET 

FFBE CD I O  6 1 6 5  INT !OH I ClmSOR POSITION RESTORED 

FFCO 6 1 6 6  t:RR Z O :  

F F C O  C606 0 D O O F F  6 1 6 7  HOV STA.TIJS_BYTE , O F F H  I Ull ICATE ERROR 

FFCS 6168 EXIT : 

FFC5 SA 6 1 6 9  POP ox I RESTORE A l l  Tlt E  AfGISTERS USED 

ffU 59 6 1 7 0  POP ex 

FFC7 58 6 1 7 1  POP BX 

FFC8 58 6 1 72 POP AX 

HC9 I F  6 1 7 3 POP OS 

F F C A  CF 6 1 74 IRET 

6 1 75 PRIMT_SCREEN ENOP 

6 1 76 

6 1 77 ; - - - - - - CARRIAGE RETURN , LINE FEED SUBROUTINE 

6 1 78 

FFCB 6 1 79 CALF PROC HEAR 

F FC8 1102 6 1 S O  XOR o x . o x  I PRINTER O 

FFCD l2E4 6 1 8 1  XOR AH , AH ; WILL NOW SEtm INITIAl LF ,CR 

6 1 82 ' TO PRINTER 

FFCF BOO.A. b l 8 l  "ov A L , 12Q I Lf 

FFDl CD l 7  6 1 84 INT 1 7H ; SEND THE LINE HED 

F F D l  Jl?E4 6185 XOR AH , AH ; NOW FOR lli.E CR 

FFDS 8000 6 1 86 MOV A l o l SQ ; CR 

FFD7 co t 1 6 1 8 7  INT 1 7N  ; SEND THE CARRIAGE AE1\JRH 

FFD9 Cl 6 1 88 R E T  

6 1 8 9  CRLF ENOP 

6 1 90 

FFOA 5041 5249545920 6 1 9 1  0 1  OB ' PARITY CHECK 2 ' , 1 1 , 1 0  

ftl48454l4B20lZ 

fFE8 00 

fFE9 OA 

f F U .  363031 6 1 92 F l  •• ' 6 0 1 ' , 1 3 . 1 0  

f F E D  O D  

f F E E  O A  

6 l < n  

6 1 9't CODE ,..,s 

6 1 95 

6 1 96 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
6 1 97 POWER ON RESET VECTOR 

6 1 98 ; - - - - ----- - - - - - - --- - - - - - - - - - - - - - -
6 1 99 VECTOR SEGMENT AT O F F F F H  

6200 

6201 ; ----- POWER OH RESET 

6202 

0 0 0 0  EASBEO O D F O  6 2 0 3  JMP RESET 

6204 

OOOS l l J0 2 f 3 2 372F38 6205 OB ' 1 0/27/8 2 '  I RE LEASE !'IA.AKER " 
6206 VECTOR ENOS 

6 2 0 7  END 

A-86 System BIOS 



LDC OBJ LINE 

• 

SOURCE 

t T I T l ! (  FIXED D ISK 8 1 0 5  FOR IM D ISK COHTROLLER l 

1 - - IHT 13 -------- - - ------ --------- ----------------- - -- --- ------
I F IXED D I SK  1 / 0  INTERFACE 

THIS IHTERFACE PROVIDES ACCESS TO 5 l/�" F IXED DISKS 

THROUGH ntE 1811 F IXED DISK C:>NTROLLER • 

1 0  1 - - - - - - - - - - - - - - - - - - - - - - ---- -- --- ------ ------------------ -- -------

1 1  

1 2  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - ------- - -- -------- - - - ---- -- ---------
13 J TIIE l!IIOS JIWflNES ARE rtUHT TO BE ACCESSED THROUGH 

l'- SOFTWARE INTERRUPTS OHL1' . ANY ADDRESSES PRES£HT IN 

15 THE LISTIUGS ARE INCLUDED OHLY FOR Cor'fPlUEHESS 1 
16 

1 7  

HO T  FOR REFERENCE . APPLICATIONS ..itCH REFEREHCE 

ABSOLUTE ADDRESSES WITHIN THE CODE SEGtlEHT 

18 VIOLATE THE STRUCT�E AND DESIGN Of BIOS . 

1 9  1 - - - - - - - - - - - - - - - - - ------- ------- - - ------ ----- -------- - - ---- - -----" 2:1 i INPUT UH .: HEX VA.LUE J " " 
.. 

.. 

26 

2 7  

,. 

2 9  

3 0  

3 1  

" 

ll 

34 

35 

36 

37 

38 

39 

40 

4 1  

., 

43 

44 

45 

46 

47 

40 

•• 

50 

51 

52 

UH l = O O  RESET DISK I D L  = 80H , 8 1 H J I D ISKETTE 

< AH J .: O I  RUD nlE STANS D F  THE LA.ST DlSk OPERA.TlOH INTO U L )  

HOT( : D L  < eoH • D ISKETTE 

D l  > 80H - DISK 

I A.H J = 0 2  R£AD TilE DESIRED SECTORS INTO HEHORl 

1 All l = 0 3  WRITE TltE DESIRED SECTORS FROl1 HEttORl 

I AH l = O tt  VERIFY THE DESIRED SECTORS 

I A.H ) =OS f0Rf'1AT THE DESIRED TRACK 

I AH l = 06 FORMAT THE DESIRED TRACK Atc) SET BAD SECTOR F LA.GS 

I AH l = 0 7  fORl1AT THE DRIVE STARTING AT THE DESIRED TRACK 

I A.H l -=08 RETl.RN THE C�REHT DRIVE PAAAHETEAS 

I AH l=H INITIALIZE DRIV'E PA.IR CHARACTERISTICS 

IN'JERRVPT tt l  POINTS TO DA.TA BLOCK 

I AH l=OA READ LOHG 

I AH J =OB WRllE LONG 

NOTE : READ Atc) MRITE LONG EHCOl1PA.SS 5 1 2  t 4 BYTES ECC 

( AH l=OC SE£K 

I A.H J =OD ALTERNATE D ISK RESET l SE E  DU 

I A.H l = O E  RUD SECTOR BUFF E R  

I AH l = O f  WSlITE SECTOR BUF FER , 

I RECott1EN>ED PRACTICE BEFORE FOAl1ATTING I 

I A.H ) :: 1 0  TEST DRIVE READ'( 

I A.H J = l l  RECALIBRATE 

I AH l = l 2  CONTROLLER RAH DIAGNOSTIC 

I AH l = l 3  DRIVE DIAGNOSTIC 

I AH J ; J ft  CONTROLLER mTERNAL DIAGNOSTIC 

R'EGISTERS USED FOR FIXED DISK OPERATIONS 

53 

54 

55 

56 

57 

I D L I  DRIVE tu'EER 1 80H-87H FOR D I SK ,  VA.LUE CHECtc.ED J 

50 

59 

•• 

6 1  

. ,  

6 ]  

6 4  

6 5  

6 6  

I DH J  HEAD tu'IBER 1 0 - 7  ALLOWED , NOT VALUE CHECKED I I C� I  C l LIHDER IM1BER 1 0 - 1 0 2 3 ,  NOT VALUE CHECKED I t  SEE C U  

\ C L J  - SECTOR HUl1BER 1 1 - 1 1 ,  MOT VALUE CHECKED ) 

U L J  

NOT E :  HIGH 2 BITS OF C'fllt«>ER NUl18ER A R E  PLACED 

IN THE HIGH 2 HTS Of THE C L  REGISTER I l 0 BITS TOU. L J  

NUNB E R  O F  SECTORS C HAXUMt POSSIBLE RANGE 1 -60H , 

FOR READ/WRIT£ LotlG l -7 9H J  

I IHTERLEAVE VA.LUE FOR FORl1AT l - 16D J 

C E S : BX J  - ADDRESS OF BUFFER FDA READS AND WRITES, 

I HOT REqUIRED FOR VfR I F 'f J 

61 I OUTPUT 

6& AH = STAT\IS OF C�llENT OPERATION 

•• 

70 

7 1 

7l 

73 

,. 

75 

76 

77 

STATUS BITS A.RE D E F INED IN THE EQUATES BE LOW 

C'( = 0 SUCCESSFUL OPERATION U H = O  DH REllR N >  

CV :: 1 FA.ll£0 OPERATION I AH H A S  ERROR REASOtU 

HOTE : Umost l l H INDICATES THAT THE DATA READ HAO A. RECOVERABLE 

ERROR loliICH MAS CORRECTED B'f TH'E ECC ALGOR ITHl1 . TilE DATA 

IS PROBABL'( GOOD , HOWEVER THE BIOS ROIJTIHE WD ICATES AH 
ERROR TO ALLOW THE CONrROL LIHG PAOGRAl1 A CHANCE TO DECIDE 

FOR ITSE L F . THE ERROR HA'f NOT RECUR I F  THE DATA. IS 

Fixed Disk BIOS A-87 



LOG OBJ 

O O F F  

.... 

00&0 

0040 

0 0 2 0  

0 0 1 1  

O O I Q  

O O O B  

0 0 0 9  

0 0 0 7  

0005 

0004 

oooz 

0001 

0 0 34 

..... 

004C 

004C 

0064 

0064 

0078 

0078 

0 1 0 0  

0 1 0 0  

0 1 04 

0 1 04 

7C O O  

7C O O  

0042 

0042 

0042 17  ? ?  ) 

006C 

006C ? H ?  

0072 

0072 ? ? ? ?  

0074 

0074 ?? 

0 0 75 ? ?  

0 0 76 ? ?  

0077 ?? 

A-88 

L I N E  

7 0  

7 9  

• •  

• 1  

., 

., 

84 

85 

86 

., 

•• 

89 

90 

. .  

. ,  

., 

94 

SOURCE 

A U I U T T E H .  I A. L I  CONTAINS THE 81..RST LEUGTH . 

IF DRIVE PARAtlETERS MERE RE�ESTE D ,  

D l  = tl.Jl'IBER Of COHSECUflVE ACKUOMLEDGltlG D R I V E S  ATTACHED I 0 -2 1  

! CONTROLLER CARO ZERO TALLY OtlLY I 

DH = MAXIl"lll1 USE.ABLE VALUE FOR HEAD Hl.J1BER 

CH = MAXlt1Uf1 USE.ABLE VALUE F OR  C Y l lttDER Nll1BER 

C L  : l"IAXItM1 USEABLE VALUE FOR SECTOR IU'1BER 

AHO C Y L it-IJER l«..t'mE R  HlGll ens 

Sf E G I STERS M i l l  BE PR E SERVED EXCEPT i.iEH THEY ARE USED TD RETLRH 

l t lFOR11A r I OH .  

HOTE : I F  AN ERROR I S  R E POR T E D  l H  T H E  D I SK COD E , Tll( APPROPI H A T E  

ACTIOH I S  TO R E S E T  TH E  D I SI< ,  THEH RETRY THE O P E R A T I ON  . 

95 , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
96 

97 

98 

.. 

I O O  

I O I  

1 0 2  

1 0 ]  

1 0 4  

1 0 5  

1 0 6  

1 0 7  

1 0 •  

1 0 9  

1 1 0  

1 1 1  

SEHSE_F A I L  

UhU E F  _ERR 

TIME_OUT 

8AD_SEEK 

8AD_CHTLR 

DAT.l_CORAECTED 

8.t.D_ECC 

B.t.D_TAACK 

DtlA_BOUNDAR't 

JNIT_ f" A I L  

BAD_P E S £ T  

RECORD_uor_rno 

8AD_.lDDR_tlARK 

BAD_Ctl> 

£QU 

£QU 

£ QU  

£ QU  

£QU 

£ QU  

£ Q U  

£ O U  

£ O U  

£ 0 \J  

£0\J 

£QU 

£QU 

EQU 

O f F H  I S E t l S E  OPEIU.TIOU r A I LE D  

08BH I l.HJCF lll£D ERROR OCCURRED 

••• I ,UTAt:tlMENT F .& l lED TO RESPOm 

40ff I SEEK OPERATION F A I L E D  

, . .  I COUlROLLER HAS r A i l £ D  

l l H  I ECC COllR ECTED D A U  ERROR 

IOH I 8.lD Et:C OH DIS!< R E AD 

OBH ; BAD TA ACK HAG D E TECTED 

0 '111 I A H EMPT TO DflA ACPOSS 64K BOUt«>AR't 

07H I D P I V E  PAl:!.ll1f 1 E R  ACT I V I H  F A I L E D  

05H I R E S E T  F A I L E D  

04H ; REQUESTED SECTOR llCH F OUl lJ  

0 2 H I ADDRESS HARtc llOT rwo 

O I H  ; BAD COtlHAtlD PASSED 10 D I SK l/O 

1 1 2  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 1  Itll[RRUPT A.m 'SlATUS AREAS 

1 1 4  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 5  

1 1 6  

1 1 7  

1 1 8  

1 1 9  

I Z O  

1 2 1  

1 2 2  

1 2 '  

1 2 4  

1 2 5  

1 2 6  

1 2 7  

1 2 8  

1 2 9  

n o  

" '  

"' 

"' 

1 '4 

1 '5 

1 '6 

1 '7 

. ,. 

1 ' 9  

140 

1 4 1  

142 

1 4 >  

1 • •  

1 4 5  

1 4 6  

1 4 7  

1 4 8  

149 

DUtWIY SEGMENT AT O 

ORG ODH•4 

H D I SK_Il'IT LABEi.  

ORG l 3H *4 

OR&_ VECTOR LAB E L  

••• l 9H *4 

800T_VEC LAB E L  

OOG 1 EHt14 

D I SK E TTE_FlARH LAB E L  

ORG 040H•4 

D I SK_ VECTOR LAB E L  

ORG 041H•4 

H f  _TBL_VEC LAB E L  

ORG 7COOH 

BOOT_LOCH LABE L 

0'"1Y ,,.,. 

DATA SEGMENT AT 4011 

OflG 42H 

CMD_BLOCK LABE L 

HO_ERROR D8 

ORG 06CH 

TI MElf_LOW D" 

ORG 72H 

RESET_FUG ow 

ORG "" 

D I SK_STATUS DB 

Hf _tU1 D8 

COtnROL_BYTE D B  

PORT_Off D8 

DATA EtllS 

COO£ SEGMENT 

DWORO 

OWOIOO 

OWORO 

...... 

DWORD 

DWOllD 

,.. 

BYTE 

7 DIJPI ? I 

I F I X E D  D I SK JIHERRUPT V C C T OR  

I D I SK llfrERRUPT VECTOR 

; BOOT STRAP ltrT ERRUPT VEC TOR 

I D l SKETTE PARAMETERS 

I NEW O l Sfo:: E TTE ItlT ERRUPT VECTOR 

I FIXED D I SK PARAMHER VECTOR 

J BOO T STRAP LOAD ER VECJOR 

I OVEA lAYS D I SKETTE STATUS 

J TIMER LOW WORD 

J 1 2 34H IF K E YBOARD RESET UNJERWAY 

; F IXED D I SK Sl ATUS BfTE 

I C OUNT  OF F I X E D  D I SK DRIVES 

; CotUROL BYTE DRIVE OPTIONS I POAT O F F S E T  

1 5 0  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 5 1  I HARDWARE SPEC I F I C  VALUES 

. .  , 

1 5 1  COtllWOLLEA l / O  PORT 

154 > MtlEH READ F R OM :  

Fixed Disk BIOS 



LOC OBJ 

OlZO 

0 0 0 8  

0 0 0 4  

0 0 0 2  

0 0 0 1  

0 0 4 7  

0048 

0 0 0 0  

0 0 8 2  

0 0 0 0  

0 0 0 1  

0 0 0 3  

0 0 0 4  

0 0 0 5  

0 0 0 6  

0 0 0 7  

0 0 0 8  

0 0 0 .l  

0008 

o o o c  

DODD 

DODE 

OOOF 

O D E D  

O O E l  

O O E 4  

O D E S  

O O E 6  

0 0 2 0  

o o z o  

0 0 0 8  

0 0 0 2  

0 0 0 0  

0 0 0 0  55 

O O O I U 

0 0 0 2  1 0  

0 0 0 3  

0 0 0 3  E B l E  

0 0 0 5  l 5 3 0 ) 0 l 0 l 0 3 5 3 9  

2 D Z843294l4F50 

595249474854 2 0  

2 0494240 2 0 3 1  H 
3632 

0 0 2 1  

0 0 2 3  2 B C O  

0 0 2 5  8ED8 

L I N E  S O U R C E  

t S S  HF_POR T • O  - R U D  D U A  I FAOtt COHTRO�lER' 10 CPU I 

156 H F  _PORT• l - READ CONTRO L L f:Sl  HAROMARE STATUS 

1 5 7  I COUTRO L L E R TO CPU J 

1 58 HF _ POf H t 2  - RUD COUFIGURATicti SWITCHES 

IS9 HF _POR T t l  - NOT USED 

lftO > WllUI WR I TTEH TO: 

l b l  H F  POR T t O  - M H T E  DATA I FROH C PU  T O  CONTROLLER ) 

1 6 2  H F  _POfiT t l  - COHTll'OLLER R E S E T  

1 6 3  H F  _PORT t 2  - GftlERATE CONTROLLER S E L E C T  PULSE 

164 llf _PORhl - � I T E  PATTERN TO DtU, At-«> IHTERRUPT 

165 MASK REGISTER 

166 

l 6 7 1 - - - - - - - - - - - - - - -- - - --- - - --- - - - - - - - - -- - - --- - - - - - - - - - - - - - - -

1 6 6  

1 6 9  

1 7 0  

1 7 1  

"' 

1 73 

1 74 

1 75 

1 76 

1 7 7  

1 76 

1 79 

1 0 0  

1 6 1  

l 8 Z  

1 6 3  

1 6 4  

165 

166 

1 6 7  

1 08 

• • •  

1 9 0 

1 9 1  

. .. 

. .  , 

. .. 

. .. 

. .. 

1 9 7  

. .. 

. . .  

z o o  

2 0 1  

z o z  

. . .  

. .. 

z o s  

. . .  ,.,  
Z 0 8  

. . .  

Z I O  

Z l l  

HF _PORT 

R l_BUSY 

R l_BUS 

R l _ IOMOO E 

R l _AEQ 

Ot1A_AEAO 

OMA_WR I T E  

D " •  

OMA_HIGH 

TST_SmY_CttJ 

RECAL_CMD 

srnse_cHD 

FMlOAV_CMO 

CHK_ TAK_ctm 

FHTTRK_CMD 

FMTBAD_Crtl 

A E A.O_CHD 

WR I TE_CHD 

SEEK_C111l 

ItUT_DRV_CttJ 

RD_ECC_CMO 

RO_BUFF _Ctll 

�_BUFF_CMD 

RAM_DUG_Ctm 

CHK_DRV_CHO 

CNTLR_DUG_C/"IJ 

RD_LONG_CMD 

loR_LOHG_Ctm 

IUT_CTL_PORT 

EDI 

l'l.t.X_ F I L£ 

S_MAX_ F I L E  

ASSUME 

DRG 

DB 

DB 

DB 

(QU 

(QU 

(QU 

(QU 

(QU 

EQU 

EQU 

EQU 

EQU 

E OU 

EQU 

EOU 

(QU 

EQU '"" 
EOU 

EQU 

EQU 

EQU 

EOU 

E OU 

EOU 

EQU 

(QU 

EOU 

EQU '"" 
E QU  

E QU  

EQU 

EOU 

EQU 

c s : COOE '" 
05SH ..... 
l •D 

0 3 2 0 H  I DISK P OSH  

0 0 0 0 1 0 0 0 8  I DISK PORT I BUSY B I T  

0 0 0 0 0 1 0 0 8  COHHAUO/DATA B I T  

0 0 0 0 0 0 1 08 1100E B I T  

0 0 0 0 0 0 0 1 8  REQUEST B I T  

0 1 0 0 0 1 1 1 8 I CHAt+lf l l ( 047H I 
0 1 0 0 1 0 1 1 8  ; Ct!A�E l l f 04BH J D I OMA ADDRESS 

082H I POR T  FOA H I GH 4 B I T S  Of OtlA 

D O O O O O O O B  I C HT UI'  REAOl f 0 011 I 
0 0 0 0 0 0 0 1 8  A E C A L  t O J H I 
0 0 0 0 0 0 1 1 8 SENSE l O !H t 

0 0 0 0 0 1 008 DRIVE 1 04H t 

0 0 0 0 0 1 0 1 8  T C H K  I 05tl J 

0 0 0 0 0 1 1 08 TRACK I OOH I 

0 0 0 0 0 1 1 1 8 BAD f 0 7H I 
0 0 0 0 1 0 0 0 8  R E A D  I OSH I 

0 0 0 0 1 0 1 08 � I T E  I OAH I  

0 0 0 0 1 0 1 1 8 S E E K  I OBH J 

0 0 0 0 1 1 0 08 IHlf I OCH I 
0 0 0 0 1 1 0 1 8  eURST t OOH l 
0 0 0 0 1 1 1 08 BVf F R  l O E H ) 

0 0 0 0 1 1 1 1 8 BUffR t O F H  I 
1 1 1 0 0 0 0 08 RAH I E OH I 
1 1 1 0 0 0 1 1 8  DAV C E JH J 

1 1 1 0 0 1 0 08 CHTLR I E411 1 

I J l O O I O I B  ALOUG I E SH I 

1 J l 0 0 1 1 08 MLOHG I Ef>H I 

2 0 H  ; 8259 COtflROL PORT , ... I E t«>  Of INTERRUPT COtt'tAND 

I GENERIC BIOS HEADER 

2: 1 2:  ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 1 l  I F I X E D  D I SK 1/0 SETUP 

. . . 

Z I S  ESTABLISH TRAllSrER V E C T ORS F OR  TH! F I XEC D I SK 

Z l 6  PERFORl1 POWER ON D I AGNOSTICS 

2 1 7  SHOULD A N  fRROR OCCUR A " 1 7 0 1 "  11ESSAGE I S  D I S P LAYED . . . 
Z l 'J  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 2 0  

D I Sl<_SETVP 

JMP 

PROC FAR 

SllORT lJ Z Z l  

' "  

' " DB ' 50 0 0 0 5 9  I C  I COPYRIGH T  tet1 1 98 2 ' J COPYRIGHT HOTICE 

2 ;; 4  l l :  

' " ASSUME D S : D'-"1W' 

... SLIB AX , A.X I ZERO "' MOV D S , AX 

Fixed Disk BIOS A-89 



LOC OBJ LINE SOURCE 

0 0 2 7  ,.. , , .  C L !  

o o z e  • 1 1tc o o  Z 2 9  nov AX , WORD PTR ORG_VECTOR I 6ET DISKETTE VECTOR 

ooze u o o o 1  2'0 nov WORD PlR DISl<_VECTOR , AX I IHTO IHT 40H 

OOZE A 1 4 E O O  2 3 1  110V Ax , wo1m PTR OAG_VECTOR + 2  

0 0 3 1  U O Z O I  2 J 2  l10V WORD PTA DlSK_ VECTOl h Z  , AX 

00l4 C7064C005602 2ll MOV MORD PTR OAG_VECTOR , OFFSET OISK_IO ; HOISK HAt«>LU 

001.A BCOE'tEOO 2J4 110V WORD PTR ORG_ VECTOA + Z  ,CS 

oou Be60 0 7  2J5 MOV AX , OF F Sf.T 11D_IlfT I HOISK INTERRUPT 

0041_ AJ3400 , ,. MDV WORD PTR HOISK_INT ,AX 

QQi,r,lt 8COE3600 2J7 MOV WORD PlR HDISK_ I H T t Z  ,CS 

0048 C706640086 0 1  , , .  l10 V  WO R D  P T R  BOOT_ V E C  , O F F S E T  B OO T  _STRAP ; BOOJSTRAP 

004E ICOE6600 23' MOV WORD f'ITR eoor_VEC • Z . CS 

0052 C70�04 0 l E 7 0 l  2 ' 0  nov · WORD PTA HF_ 18l_ VEC , OFFSET FO_ TBL I PARAf1ET U TBl 

0058 &C O E 0 6 0 1  241  MOV MORD PTA H f  _TBL_VEC+Z ,CS 

005C fB '" 5Tl 

24] 

244 ASSLl1E D S : DATA. 

0050 88'tODO 2'5 MOV AX, OATA I ESTABLISH SEG/'1Etn 

t'IOH 8E08 24• MOV DS , AX 

OG6Z C606 740 0 0 0  2 4 7  MOV OISK_ST.UUS , O  I RESET THE STATUS ltlJICA.TOR 

006 7 C606 75 0000 240 MOV llF_t.ft.JT1 , 0  I ZERO COl..tlT O F  DRIVCS 

006C C6064l0000 249 MDV Ct<l_BLOCK• l ,O I DRIVE ZERO,  �ET VA.LUE IN BLOCK 

0071 C606770000 Z50 MCV PORT_OF F , 0  1 ZERO CAAO OFFSET 

251 •  

0076 89ZSOO Z5Z MCV CX , ZSH I AE TAT COU"IT 

0079 25l l't : 

007'il C8FZOO 254 CA.LL HD_RESET_l I RESET CotllROLlER 

007C 7305 255 Jr�c L7 

007f £ 2 F 9  ... LOOP L4 l TRY RESET A(;;A.lH 

0060 n e F O O  257 JMP EPROR_EX 

008] 258 L 7 :  

0 0 8 1  890 1 0 0  2 5 9  MOV cx , 1  

00&6 8A8DOO 2•0 MCV ox , eoH 

2• 1 

0089 880 0 U  •u tl()V AX , 1 2 0011 ; COU1R O l l f R  OUGNOST ICS 

o oec co n , . .  ! H T  " "  

0 0 8 [  7 ) 0 ]  Z • 4  "IC P7 

0090 UAF OO 2b5 JMP ERRClR_EX 

oon , .. P7: 

009) 880 0 1 4  2 b 7  MOV AX , 140011 I COIHROLLER OUGM'jSfICS 

0 0 96 C O i l  Z • 8  INT l lll 

0098 7lDJ 269 JtlC P9 

009A UA.500 270 JMP ERROR_EX 

. . ..  2 7 1  P9 : 

0090 C7066COOOOOO "' MOV T l�ER_LOM , O  I ZERO TIHER 

00.ll A l 72 0 0  273 l10V AX,RESET_F LAG 

OOA6 30 )4 1 2  ,,. CMP AX . 1 2 1411 I l<.EYOOA.RO RESET 

00"9 7506 275 JUE •• 

00.t.8 C7066C009A.O l 27• MCV TIMER_LOM , 4 1 00 I 51".IP WAIT ON RESET 

0081 277 P8:  

0081 £42 1 278 m A L , 0 2 1 H  I TIHER 

0081 24FE 279 Atll A L , OFEH I ENABLE 1 It1ER 

0085 uu 2 8 0  OUT 0 2 1 H , A. l  i SlAR T TIMER 

0087 261 P4 : 

0087 £88400 202 CALL HO_RESET_l i RESET comROLLER 

0084 n.01 , . ,  JC P I O  

o oec 8800 1 0  204 MOV AX , l OOOH i READY 

o oeF co n  2 8 5  rn1 1 311 

o o c 1  noa 2•• JttC ., 

OOCl Z87 P I O :  

OOCl A 1 6COO , .. 110V AX , TitlER_LOM 

OOC6 30BEOJ 289 CHP AX , 4460 I 25 SECOUDS 

OOC9 7ZEC , . ,  J B  r 4  

o o c e  f.87590 29 1 JMP ERROR_EX 

OOCE 292 PZ : 

OOCE 890 1 0 0  , . , MOV cx . 1  

0001  BABO O O  2 9 4  MOV Dx , eoH 

2 95 

OOO't 8800 1 1  ,.. tlOI/ AX , l l O OH ; R'ECAlIBRATE 

0001 c o n  2 9 7  INT 1311 
0009 7t67 . . .  JC ERROR_EX 

Z99 

0008 880009 300 110V AX , 0 900H I SET DRIVE PARAl1ET£AS 

DODE c o n  30 1 INT 13H 
00£0 7260 302 JC ERROR_£X 

'" 

0 0 E 2  eaooca 304 110V AX , OC800H I CHA TO BUFf ER 
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LDC OBJ L I N E  S O U R C E  

o o n  eEco 305 l10V [S , AX I SET SIEGHEHT 

OOE7 ZBD8 ,.. "'"' ex .ex 

OOE'9 88000F ' "  l10V ,l, X , O F O Oll I WRITE SECTOR BUF FER 
O O E C  CD l l  ,.. INT "" 

O D E E  7252 , . .  JC ERROR_EX 

3 1 0  

O O F O  FE 067SOO 3 1 1  I NC  H F  _tu1 ; DRIVE zt:AO R ESPOtl>ED 

' "  

O O F 4  BAllOZ ' "  MDV D X , Z U H  I EXPA.HSIOH BOX 
O D F 7  8 0 0 0  ] 1 4  110 V  . u . o  

0 0 f 9  E E  ] 1 5 OUT OX . A l  I T � N  IBOX Off 
O O F A  B.\2 1 0 1  J l 6  tlOV CI X o l2: l H  i TEST l f  CotlTIIOLLER 
OOFO EC ] 1 7  I N  . u , o x  I . . .  I S  IH THE SYSTEM UNIT 
O O f E  Z40F . . .  .. .. A l , OFH 

0 1 0 0  3COF . . .  CMP A L , OFH 

0 1 0 2  7406 , , .  JE e o x  o o  

0 1 04 C7066COOA4 0 1  " '  MOV TIHER_LOW , 4 2 0 0  I CotITROllER IS IN SYSTEM LIUT 
O I O A '" BOX_ON: 

O I OA BA 1 3 02 '" t10V DX , U lH I EXPANSION BOX 

0 1 00 BOFF ]24 MDV A L , OFFH 

O I O F E E  ,,. OUT D X , A l  ; TUUl 6 0 X  ON 

, , .  

0 1  I D  8�0 1 0 0  ' "  MOV cx , 1  I ATTEHPT HEXT DRIVES 

0 1 1 3  BA8 1 0 0  ,,. MOV ox , oe t H  

0 1 1 6  ,, .  P l :  

0 1 1 6  2BCO ' "  SUS ,t,)( , JJ(  I RESIET 

0 1 1 8 CO l l  HI IUT I JH 

O I I A  7240 ' "  JC POO_OOtlE 

O l l C 8800 1 1  " '  MOV AX , O l l O OH I RECAL 

O l l F  C D 1 3  ]]4 UIT I JH 

0 1 2 1  HOB ]]5 JNC PS 

0 1 2 3  A l 6 C O O  ,,. MDV AX , 1 ll1ER_ LOW 

0 1 <'.6 30BE O I  " '  CNP AX , 44f.D ; 2 5  SECONDS 

O I Z 9  72:£8 , ,. JS Pl 

0 1 28 EDZF90 ' "  JNP POO_DONE 

O I Z E  ]40 PS : 

O I Z E  680 0 0 9  ] 4 1  MDV A.X o HOOH I IHITULIZE CllA.RA.t TER ISTitS 

0 \ 3 1  CD 1 3  J4Z INT I JH  

0 1 3 3  7 Z 2 7  ] 4 ]  J C  POO_OOtlE 

0 1 35 FE067500 144 ItlC HF _ttUM ; TALLY ANOTHER DRIVE 

0 1 19 8 1 F A8 1 0 0  ]45 CMP o x . 1 eoH • s_nAx_ F I L E  - 1 > 
0 1 30 7 3 1 0  346 JAE POO_DONE 

0 1 3F 42 ]47 IHC ox 

0 1 4 0  ED04 3'•8 JMP PJ 

]49 

JSD ; - - -- - POD ERROR 

]51 

0 1 4 2  ' "  ERQOA_Uc : 

0 1 4 2  BOOFOO ,. , MOV B P , OFH I POU ERROR F LAG 

0 1 45 ZBCO ]54 SUS AX , AX 

0 1 4 7  SBFO "' MDV SI , AX 

0 1 4 9  89060090 ,.. t10V CX , f l 7 L  ; MESSAGE CHARACTER COUiT 

0 1 40 8700 ]57 MDV Bll , O  I PA.GE ZERO 

O l 'tf 158 OUT_CH : 

0 1 4 F  Z E SA.646 8 0 1  ,.. MDV u . c s : n 1 1 s1 1 I GET BYTE 

0 1 54 M O E  , . ,  MDV A.H , 140 I VIDEO OUT 

0156 CO l O  • • 1  IHT !OH I DISPLAY CHARACTER 

0 1 5 8  46" ,., IHC SI I NEXT CHAR 

0 1 5 9  E Z F 4  ,. , LOOP OUT_CH I DO t'IOR( 

0 1 58 F 9  ,.4 STC 

0 1 5 C  ••• POO_DOHE : 

0 1 5 C  FA. , .. C L I  

0 1 50 E42 1 ,. , IN A L , 0 2 1 H  ; BE S I.m l  TINER IS D I SA.8LED 

0 1 5 F  O C O l  , .. OR A L , O I H  

0 1 6 1  E6Z l , . . OUT 0 2 1 H , .l l  

0 1 6 3  F B  ]70 STI 

0164 ESASOO ]71 CA.LL DSOL 

0167 CB '" R E T  

' "  

0 1 68 3 1 1 7 3 0 3 1  ]74 F l 7  DO ' 1 701 ' , 00H , OAH 
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LOC OBJ 

016C DD 

OlH OA 

0006 

016£ 

016E 51 

0 1 6 '  52 

0 1 7 0  F 8  

0 1 7 1  8900 0 1  

0 1 74 

0 1 74 E80706 

0171 fE 

0 1 78 ft.0 106> 

0 1 78 EC 

0 1 7C 2402 

O l 7f 7C.03 

OHIO E2F2: 

018Z F9 

O I U  

0 1 81 S A  

0 1 84 59 

0 1 85 C J  

0 1 66 

0 1 &6 zeco 

fil l 8e MD8 

0 1 8A FA 

0 1 68 C 706040 1 E 70 l  

0 1 ' 1  8COE06 0 1  

0 1 95 C706780 0 0 1 0 2  

o n e  8C OE 7AOO 

O J 9f FD 

O I AO 890300 

0 1 0  

O I U  5 1  

O U4 2802 

O U6 ZBCO 

O U8 CD l l  

O U .A 720F 

o uc 880 1 0 2  

O UF 28DZ 

0 1 8 1  8EC2 

0 1 8 1  B8DD7C 

L I N E  

" '  

l76 

"' 

l78 

379 

380 

381 

382 

381 

184 

185 

366 

,., 

, .. 

389 

390 

3 9 1  

3 9 2  

3 9 1  

394 

395 

396 

397 

398 

SOURCE 

F l 7L EQV 

HD_R ESET_l 

PUSH 

PUSH 

CLC 

ttOV 

l6 : 

CALL our 
Cll.L 

IN 

.,., 
JZ 

LOOP 

src 

R J :  

POP 

POP 

RET 

HO_IUSET_l 

DlSK_SETUP 

$ -f 1 7  

PROC NEAR 

ex I SAVE REGISTER 

DX 

I C LEAR CARR'( 

cx , 0 1 00H I RETRY CC>l.MT 

PORT_l 

O X , A l  I R E S E T  CARD 

PORT_l 

A l o  OX ; CHECK STATUS 

. u , 2  I ERROR BIT 

R 3 

L6 

DX I RESTORE REGISTER 

ex 

'""p 

EtllP 

399 ; - ---- IHT 19 -- - - - - - - - - - - - - - -- - - - - - -- - - - - - - -- - - --- - - - - - - - - - - - - - -

400 

40 I I IHTERRUPT 19 BOOT STRAP LOADER .. , 
4 0 ]  T H E  FIXED DISK B I O S  RE PLAC ES THE Ill TERRUPT 1 9  

404 BOOT STRAP VECTOR MITH A POINTER T O  THIS BOOT AOUTU/f 

405 RESET THE DEFAULT OISK AhU DISKETTE PARAMETER VECTORS 

40b THE BOOT BLOCK TO BE ROD IN M I L L  BE ATTEt1PTfO FRott 

407 CYlltl>ER 0 SECTOR 1 OF THE DEVIC E .  

408 ntE BOOTSTRAP SEQUENCE IS: 

409 > ATTEMPT TO LOAD FAOl1 THE DISKETTE INTO THE BOOT 

4 1 0  LOCATION C O O C 0 : 7COO J .f.tl) TRAtlSFER COtfTROl THERE 

4 1 1  > I F  THE O ISl':ETTE F A i lS T H E  FIXED D ISK I S  TRIED F OR  A 

4 1 2  VALID BOOTSTRAP BLOCK . A VALID DOOT BLOCK O H  THE 

41 l F I XED D ISK CONSISTS OF THE BYTES 055H OAAH AS THE 

4 1 4  LAST TWO BYTfS OF TU E BLOCK 

4 1 5  > I F  T H E  ABOVE FAILS CONJAOl IS PASSED T O  RESIDENT BASIC 

4 1 6  

4 1 7  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

. ,.  
4 1 9  

4 2 0  

4 2 1  

4 2 2  

4 2 3  

eoor_snu. P :  

A55Ll'IE o s : OUl'l1Y . u : out1Y 

SUB A X , AX 

t10V O S , AX 

424 ; - - - - - RESET PARAMET ER VECTORS 

4�S 

I ESTABlISll SEGMENT 

.,. 

., , 

C L I  

110V 

HOV 

HOV 

HOV 

STI 

WOAD PTII' Hf_ TBl_ VEC , OFFSET FD_ Te l  

4 2 8  

429 

430 

431 

• 1 2  

WOAD P T A  Hf_TBL_VEC• 2 ,  CS 

MOAD PTA 0151CETTE_PAR l1 ,  OFFSET DISKETTf_TBL 

WOAD PTA OISKETTE_PARH• 2 ,  CS 

4}] ; - - - - - ATTEMPT BOOTSTRAP FRott OISKETrE .,. 
4l5 

.,. 

437 

438 

.,. 

440 

441 

442 

443 

444 

••• 

446 

. ., 

H l : 

l10V 

PUSH 
sue 

SUB 

ItlT 

JC 

HOV 

SUB nov 
HOV 

cx . 1  I SET RETRY COl>IT 

; IPL_SYSTCl1 

ex I SAVE RETRY COIMT 

o x . o x  I DRIVE ZERO 

AX , AX I RESET THE DISKETTE l:IH ; F I LE I O  CALL 

H2 I I F  ERROR , TAY AGAIN 

AX , 0 2 0 1 H  I R E A D  IN TH[ 5It .. lf SECTOR 

o x . o x  

E S , D X  I ESTABLISH SEGttEHT 

BX , Of FSET BOOT_ LOCH 

0 1 86 810 1 00 446 HOV cx . 1  I SECTOR 1 ,  TRACK 0 

0 1 8 9  CD I J  449 INT 

A-92 Fixed Disk BIOS 
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) 

LDC OBJ 

O I BO 5 9  

O I BC 7lOA 

O I BE 80FC60 

O I C l  740A. 

O l C l  HOE 

OIC5 EBOl.90 

OIC8 

O I C 8  E A 0 0 7 C O O O O  

O I CD 

0 1 co zeco 

OICF 2802 

D I D I  CO i l  

O I D J  890300 

0 1 06 

0 1 06 S I  

0 10 7  8.l.8000 

O I DA 2BCO 

O t oe CD l 3  

O I D E  72 1 2  

O I E O  880 1 0 2  

O I E l  2608 

O I E S 8 E C J  

O I E 7  B6007C 

O I EA 8.4.8000 

O I ED 890 1 0 0  

O I F O  CD l l  

0 1 F 2  5 9  

O l f l  7208 
O I F S A l F E70 

O I F 8  1055.U. 

O I FB 74C8 

O l F D  

o t r o  e 2 0 1  

O l F F  C 0 1 8  

0 2 0 1  

0 2 0 1  CF 

0 2 0 2  0 2  

0 2 0 3  2 5  

0 2 0 4  0 2  

0 2 0 5  0 8  

0206 2 A.  

0 2 0 7  F F  

0 2 08 5 0  

0 2 0 9  F6 

O Z O A  1 9  

0 2 0 8  0 4  

o z o c  

0 2 0 C  l E  

0 2 0 0  8840 0 0  

O Z I O  8ED8 

0 2 1 2  8A267700 

0216 so 

0 2 1 7  C606770000 

OZIC E86905 

0 2 1 F  UCO 

0 2 2 1  E E  

0 2 2 2  C606 770004 

0227 E85EOS 

0 2 2 .l  ZACO 

022C EE 

0220 C606 770008 

0232 E6Sl05 

0 2 3 5  ZACO 

L I N E  

450 

451 

452 

451 

454 

455 

456 

457 

••• 

SOURCE 

H Z :  

H 4 :  

POP 

JllC 

CHP 

ex 

H4 

AH , M H  

J Z  HS 

LOOP H l  

JMP HS 

JHP BOOT_LOCH 

459 1 ----- ATTEl'IPT BOOTSTRAP FROM F IXED DI SK 

.. , 
•• • 

.. , 

••1 

464 

465 

466 

467 

4•• 

••• 

.,, 

4 7 1  

4 7 2  

4 7 1  

474 

475 

476 

477 

HS : 

H6 : 

H 7 :  

SUB 

Sl"' mr 
HOV 

AX , AX 

OX , DX 

l 1H 

c x , 1  

PUSH ex nov D X .  0080H 

SUB .AX , AX rnr nH 

JC H7 

NOV AX , O Z O I H  

SUB BX , BX 

t10V E S o 6X 

HOV BX , OFFSET 800T_LOCH 

HOV o x , eoH nov cx , 1  

UlT U H  
POP 

JC 

ex 

H• 

I RECOVER RETRY COUlT 

I C F  SET BY '>!SUCC ESSFUL R E AD 

; IF TIME OUT , HO RETRY 

; TflY F IXED DISK 

I DO I T  FOR RETRY TIMES 

I lt!ABLE TO I P L  FRDn TliE D I SKETTE 

I I P L  WAS SUCCESSFUL 

I RESET D I SKETTE 

; S E T  RETRY COUil 

l I P L_SYSTEH 

J SAVE RETRY CotltU 

I F IXED DISK ZERO 

I RESET THE F I X E D  D I SK 

I F I L E  I O  C A L L  I I F  ERROR , TRY AGAIH 

I READ I H  THE Slt!GLE SECTOR 

I TO THE BOOT LOCA TIOH 

I DRIVE tutiDER 

I SECTOR 1 ,  TRACK 0 

I F I L E  I O  C A L L  

; R ECOVER RETRY COUH 

478 

479 

.. , 
4 • 1  

4 8 2  

481 

••4 

485 

486 

HOV 

CHP 

AX , WO!m PTA BOOT_l0Cth 5 1 00 

H 8 :  

AX , 0.0..SSH 

JZ H4 

LOOP H6 

I TEST FOR GENERIC BOOT BLOCK 

I DO I T  FOR RETRY TIMES 

487 1 - - - - - - LIHABlE TO I P L  FROM THE D ISKETTE OR F IX E D  D ISK 

INT .... I R ES IDENT BASIC 

O I SKETTE_TB L :  

488 

489 

490 

491 

492 

491 

494 

... 

496 

497 

498 

499 

5 0 0  

5 0 1  

5 0 2  

5 0 1  

DB 

DB 

OB 

DB 

DB 

OB 

08 

OB 

OB 

OB 

OB 

t l O O l l l l B 

' 

25H 

I SRT=-C , HD UHLOAD=OF - ! ST SPEC BYTE 

I HO LOAD= I ,  t'JOO E =OMA - 21'«J SPEC BYTE 

; WAI T  AFTER OPH T l l  ttOTOR OFF 

504 

OZAH 

OFFH 

OSOH 

Of6H 

2 5  

I 5 1 2  BYTES PER SECTOR 

I EDT I LAST SECTOR OH TRACK ) 

I GAP LENGTH 

I O T L  

I GAP LEHGTlt FOR FORMAT 

I F i l l  BYTE FOR FORMAT 

I HEAD SETTLE TIME ( M I L L IS ECOt.tlS J 
I HOTOR START TIME 1 1 /6 SECOtC)) 

505 ; - - - - - 11AKE SURE nu.r A L L  HOUSEKEEPING I S  OOtlE BEFORE E X I T  

5 0 6  

5 0 7  

s o •  

5 0 9  

5 1 0  

S i l  

s t •  

5 1 1  

s t 4  

s t S  

s t 6  

5 1 7  

s t 8  

s t •  

5 2 0  

5 2 1  

5 2 2  

5 2 1  

5 2 4  

s z s  

526 

DSB L PAOC NEAR 

ASSUtlE O S : OAU. PUSH OS 

HOV 

HOV 

AX , OATA 

o s , AX 

HOV AH , PORT_OFF PUSH AX 

ttOV PORT_DFF , OH 

C A L L  POAT_J 

SUll 

OUT 

. u  .. u 

o x , . u  

HOY PORT_OFF .�H 

C ALL PORT_J 

SUB , U , .ll 
OUT O X ,. l l  

MOY PORT_OFF ,eH 
C A L L  PORT_J 

SUB ,tl , , U  

I SAVE SEGMENT 

I SAVE O F F S E T  

I R E S E T  INT/DH.A HA.SK 

I R E S E T  INT /OMA MASK 

Fixed Disk BIOS A-93 



LOG OBJ LINE SOURCE 

0 2 3 7  u: 5 2 7  OU T  D X . A l  I RESU IHT/Dt1A KA SI(  

o n e  c•0677oooc 528 MOV PORT_Off , OCH 

0230 E84805 5 2 9  CALL PORT_1 

0240 UCO 5 3 0  S UB  A l , A l  

0 2 4 2  E E  5 l l  OU T  O X . A l  I R E S E T  I U T  / D IU.  t\A SK  

02'tl 8 0 0 7  5 3 2  HO V  A L , 07H 

0245 E60A 5 3 3  OU T  OHA+ l O , A L  I S E T  O M A  t100E 10 D I SABLE 

0247 FA 5l4 eu I D I SABLE INTERRUPTS 

0248 E 4 2 1  5 l 5  IH . U , O Z I H  

024.l oczo 536 °" , U , 020H 

OZ4C E6U 5l7 O\JT O Z I H , .l l  ; O l SABLE IHTERAUPT 5 

024E FB 538 STI I EtlAl!JlE ltn"ERRUPTS 

OZ4F 58 539 roP AX I RESTORE OHSET 

0250 1826 7700 540 MDV PORT_OFF , ,lH  
0254 I F  541 FOP 05 I RE STORE SEGMENT 

OZSS Cl 54' RET 

543 DSBL WO P  

544 

545 , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
546 F IXED DISK BIOS rnTRl' ro1HT 
547 & - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
548 

0256 549 DISK_IO PROC ... 
550 ASSUME O S :  HOlHIHG , U : HOTHltlG 

0256 80FA&O 551 eHP D L , 80H I TEST FOR FIXED D ISK DRIVE 

0259 7305 552 JAE HARD_OISK ' YES, HA�mu: HERE 

OZ58 CD40 553 IHT 40H I D ISKETTE HJ.tl>l£R 

0250 554 RET_Z : 

0 2 50 C.lOZOO 555 RET I BACK TO CALLER 

0260 556 HARD_D I SK : 

557 ASSl.tlE D S : DATA 

0 2 6 0  flt 558 STI I EN.lBLE Itll EARUPIS 

0261 OAE4 559 "" AH ,AH 

02n 7509 560 JUZ .. 
0 2 6 5  CD40 561 IHT 40H I RESET NEC .. IEN AH :: O  

0 2 6 7  2 .l E 4  562 see AH ,AH 

0 2 ' 9  80f.l81 561 eHP D L . t eoH • s_HAX_f I L E  - • •  
026C 77EF 564 JA RET_2 

026( 565 Al: 

0 2 H  80fC08 566 eHP AH . 08 I GET PARAMETERS IS .l SPECl.lL CASE 

0 2 7 1  7501 567 JHZ ., 
0 2 7 1  E 9 1 .l 0 1  568 JMP 6ET_PAAM_H 

0 2 76 569 AZ : 

0276 SJ 570 PUSH BX J SAVE RESISTERS D�ING OPERATION 

0277 51 5 7 1  PUSH ex 

0 2 78 5 2  5 7 2  PUSH DX 

0 2 7 9  l E  51] PUSH DS 

027.l 06 574 PUSH ES 

0278 56 575 PUSH SI 

0 2 7C 5 7  576 PUSH 01 

577 

0 2 7D  E86AOO 578 CALL DISK_IO_COKT I PERFORM THE OPEAATIOH 

579 

0280 50 580 PUSH AX 

0 2 6 1  E888FF 581 CALL DSBL J BE St.RE 015.lDlES OCC�RED 

0284 884000 582 MOV A X , Q.lT.l 

0287 8ED8 583 MOV as . AX  I ESTABLISH SEGMENT 

0289 58 584 POP AX 

028A 8.t.247400 585 HOV .l H , O I SK_ST.l.TUS I G!T STATUS FROt1 DPEA'AnON 

028£ &OFCOl 586 eHP AH o l  I SET THE CARRY f l.lG T O  IND ICATE 

ozH rs 587 e11t I SUCCESS OR FA.I ll.RE 

02'2 Sf 588 POP 0 1  J R E S T OR E  REGISTERS 

02•n SE 589 POP SI 

0 2 94  0 7  590 POP ES 

0295 lf 591 POP DS 

0296 SA 592 FOP 0, 

0297 59 591 POP ex 

0298 58 594 POP BX 

0299 CA.0200 595 RET I THROW AWAY SAVED FLAGS 

596 D l SK_IO Efl)P 

597 

029C 598 HI LABEL WOllO I FIMCTIOH Tl'AHSFEA TABLE 

029C 1801 599 DW D I SK_RESET J OOOH 

02'£ ftDOJ 600 DW RETl.-"H_ST.lT\IS I O D I H  

O Z A O  5601 601 ow DISK_READ I 002H 

02A2 6003 6 0 2  o w  D I SK_WRITE I OOlH 
02A4 U O J  6 0 l  DW DISK_VERf I 004H 
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LDC OBJ LINE SOURCE 

0 2 A 6  7 2 0 1  •o• D W  FKT_TRI<. 1 OOSH 

OZA8 7903 ... DW FtfT_B.lD I 006H 

02.U. 8003 •o• DW ftfT_ORV I 0 0 7H  

O Z A C  1003 607 DW BAD_Cot9WIJ J DOSH 
OZAE 2704 •o• DW lHIT_DRY J 0 0 9H  

02BO C F 0 4  •o• DW RO_LONG I OOAH 

OZB2 0004 6 1 0  DW WR_LONG ! O oeff 

0284 F204 6 1 1 DW DISK_SEEK I OOCH 

0286 3601 6 1 2  DW DISK_ RESET I OODH 

ozee F 9D4 6 1 3  DW RD_BUFF I ODEH 

02BA 0705 ••• DW NA_BUFF I OOFH 

ozec 1sos ... DW TST_RDY I O I OH 

028E ICDS • • •  D W  HDISK_RECAL I O l l H  

02CD 2305 . , ,  D W  R'-"_OIAG I 0 1 2 H  

02C2 ZAOS • • •  D W  CHK_DRV J D U H  

02C4 1 1 0 5  • • •  DW CHTLA_DIAG I 0 1 4H 

002.t. 6 2 0  " "  EO\J •-n1 

62 1 

OZC6 622 SETUP _A PROC HEAR 

6 2 3  

O Z C 6  C606740 000 62' MDV otSK_su.rus . o  I RESET llt E  STATUS lt.OICATOR 

02CB 51 625 PUSH ex I SAVE ex 

626 

627 I ····· CALCULATE lHE PORT OFFSET 

628 

OZCC 8AE.l. . . .  MO V  CH , D l  I SAVE D l  

OZCE 80CA0 l 630 OR D l . I  

0 2 0 1  HCA 6 J I  D E C  D L  

0203 DOEZ .,, Siil D l . I  I GEllERATE OFFSET 

0205 "816 7700 .,, MDV PORT_OFF , C L  I STORE DFfSET 

OZ09 8AD5 . .. "av D L ,CH I RESTORE Dl 

0208 80£ 2 0 1  ... . .., D L . I  

. .. 

OZDE B I OS 6 3 7  MC V  C L , 5  I SH I F T  Co.MT 

02EO 0 2 E 2  . . .  S H L  D t. . C l  I DRIVE � E R  1 0 , 1 1  

OZEZ OAD6 ... "" O t. , DH I HEAD tt.ll"eER 

02Eft 8816ft300 6•0 MCV CrG_BlOCK + l , D L  

0 2 E 8  59 6 ' 1  POP ex 

02E9 C3 64' AET 

6•3 SETUP _A EHDP 

6•• 

02EA 6•5 OISK_IO_CUNT PROC NEAR 

02EA 50 6•• PVSff AX 

02EB 064000 647 MOV AX, DATA 

02EE eED8 6•• MCV DS , AX I ESTABLISH SEGMENT 
ozro 58 6•• POP AX 
02Fl 80F C 0 1  6 5 0  C"P AH , O tH I RUl..llH STATUS 
O Z F 4  7503 651 JHZ •• 

02F6 E855'f0 652 JMP RET�H_5TAT1JS 
0 2 F 9  6 5 3  A4 :  

0 2 F 'f  80EA80 654 SUB D L , 80H I CONVERT DRIVE t«.HIER T D  0 BASED RANGE 
02FC 80FA08 655 CMP D L , tu.X_F I L E  I LEGAL DR IVE TEST 
02FF 7J2F 656 JAE BAO_CotflAt«> 

657 

0301 E8C2FF 650 CALL SETUP _A 

659 

660 1 - - - - - SET UP CottW«J BLOCK 

6 6 1  

0 3 0 4  FEC9 662 DEC CL I 5ECTORS 0-16 FOR CONTROLLER 

0306 C606't20000 ... MCV Crw>_BLOCK+ O , O  

OJOB 880E4400 66• MOV Crw>_BLOCK+Z ,Cl I SECTOR At«> HIGH z ens CYLINJER 

OlOF 882E4500 665 MOV CtlJ_BLDCK + l , CH I CYLlt«IER 
0111 A24600 666 MOV Ct1J_BLOCK + 4 , A L  I INTER LEAVE I BLOCK COltlT 
0 3 1 6  A.07600 667 MOV A L . COtml'OL_BYTE ; CONTROL BYTE I STEP OPTION J 
0 3 1 9  A.24700 660 MCV Ct'll_BLOCK + S , A l  
0 3 J C  50 669 PUSH AX I SA\IE AX 

0 3 1 0  8AC4 670 MOV A L . AH I GET INTO LON BYTE 

O l l F  J2E4 671 XOR AH , AH I ZERO H IGH BYTE 

0321 D I E D  6 7 2  SAL AX , t  I • 2  FOR TABLE LOOKUP 

0323 88FO 673 MCV S I , AX 1 PUT INTO SI FOR BRANCH 

0325 3DZAOO .,. C"P AX o"t l I TEST WITHIN RANGE 

0328 58 6 75 POP AX I RE5TORf" AX 

0329 7105 676 JNB eAO_CotflAtl) 

0328 2 E F FA49C02 HT JMP WOAD PTA C S : [ SI + OFFSET "I I 

0330 6 78 BAO_Cott1A� : 

0330 C60674 0 0 0 1  6 7 •  MC V  DISK_ST ATUS o BAD_Ctl> I Cot1t1Atu ERROR 

0335 8000 680 MCV A L , O  
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LOG OBJ 

0337 C J  

0138 

03]8 (84104 

0 138 [ [  

OllC £61F04 

Ollf" EC 

0140 21tDZ 

0342 7lt06 

0144 C606 740005 

0 349 C J  

Ol4A 

Ol4A E�AOO 

0140 

0340 A07lt00 

0150 C406 7400 0 0  

0 155 CJ 

0]56 

0 156 8047 

0158 U064Z0008 

0350 1£9£5 0 1  

0 160 

0360 8048 

0362 C60642DDOA 

O lU E'°BOl 

03U 

OlU. C606420005 

Ol6F E9C40l 

0372 

0372 C60642000b 

0377 EBOC 

0379 

0379 C6t ...... 20007 

037( E&OS 

0380 

0 180 C6064Z0004 

L I N E  SOURCE  

6 8 1  R E T  

6 8 2  O lSK_lO_COHT EH!J P 

683 

684 · - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

665 RESET l H E  DISK SYSTEM UH = OOOH J 

66b , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
687 

688 

••• 

• •o 

6 9 1  

69' 

,., 

694 

695 

696 

6?7 

••• 

. . .  

700 

D l SK_R f S E T  

C A L L  

OUT 

C ALL 

IN 

'"" 

JZ 

t10V 

R E T  

O R I : 

JHP 

0 1 5K_A E 5 E T  

PROC HEAR 

PORT_ l I RESET PORT 

O X , A L  I ISSUE R E S E T  

POR T_ l I CONTROLLER HAAOMARE STATUS 

A l o  DX ; G E T  STATUS 

A l o 2  ; ERROR B I T  

O R I  

O I SK_STATUS , eAD_A E S E T  

ItllT_ORV I SET THE DRIVE PAAAHE 1 £ A 5  

E tfOP 

701 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

702 DISK S T A TU S  ROUTINE L AH = OO I H I  

701 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

704 

705 

706 

707 

708 

lf£TURH_SUTUS PROC HE AR 

MOV 

HOV 

R E T  

A l , O I Sl(_STATVS 

O I SK_STATUS , O  

709 A£Tl.RH_STATUS E HD P 

7 1 0  

; 081'.IN PREVIOUS ST.I.TVS 

; RESET STATUS 

7 1 1  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 1 2  D I S K  R E A D  A OU T HI E  U H  = 002H ) 

7 1 1  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 1 4  

7 1 5  

7 1 6  

7 1 7  

7 1 0  

7 1 9  

7 2 0  

O I SK_AEAD 

HOV 

HOV 

JHP 

D I Sl<._READ 

PAOC HEAR 

A L ,  011fl_AEA0 

cno_BL!JC.1( • 0 , A U.O_Ct'I) 

OMA_O� 

EllD P 

I l'IDOE &YTE f OR  011.t. RUO 

721 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

722 D ISK \.I H T E  AOUl lNE UH = O O lH I 
721 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

724 

O I SK_WIU T E  PAOC NEAR 725 

726 

727 

728 

12• 

730 

HOV 

HOV 

JHP 

A l , Dr1A_� I T E  I t1 0 0 E  BYTE fOR DI U .  M U T E  

Ctm_BLOC K • O  , MR J T E_Cl1) 

Ot1.l_OPH 

..... 

731 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

732 DISK V E R I F Y  l .l.H = 004" 1 

733 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

734 

735 

736 

737 

756 

739 

O I SK_VERr 

HOV 

JHP 

D I SK_VEAF 

PROC HEAR 

Cl1D_8LOC.K • O  , CHK_TRK_Ct10 

HDllA_OPN 

,,.,. 

740 , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
741 rDRMATTI14G ( AH :: 00511 OOt>H 007H l 
742 ; - - - - ---- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

743 

744 

745 

746 

F"'-TRK PAOC HEAR 

HOV 

JHP 

747 f11f_TIU< E...:J P 

C.11D_Bl0CI( , Ft1TTAK_Ctll 

SHORT FMT_COHT 

748 

749 

750 m 
ftfl_BAD PROC NEAR 

HOV 

JHP 

752 f11T_8AD Et.UP 

Cl10_BLOC:K , f '1TBAD_Ct'O 

SHOAT Ft1T_COtCT 

753 

754 

7'5 

F MT_DAV PROC tlEAA 

HOV 

756 fl1T_OAV HIJP 

757 

Cl'IJ_BlQCI( , FMUJAV _ Ctll 

I FORMAT TRACI( I AH = DOSH ) 

I FORMAT BAD TRACK UH = 006H I 

I fORHAT DRIVE I AH :: 01>7H I 
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LDC OBJ 

0 365 

0 365 .t.04400 

0 366 24CO 

O J6A A24400 

0 360 E 9Ab 0 l  

0 3 9 0  

0 1 9 0  

0 3 9 0  I E  

0 3 9 1  06 

0392 S J 

O l ' H  2BCO 

0395 6E08 

0 1 9 7  C4 1 E 04 0 1  

0 3 ?8 864 0 0 0  

OJq[ M06 

OJAO 60EAeo 

03'3 60FA06 

0 3A6 7l2F 

O JA6 E 8 1 B F F  

O JAB E60 F O J  

O JAE 7 2 2 7  

0 380 0306 

0382 266807 

0 385 200200 

0 386 6AE6 

03BA 250003 

0380 O I E6 

O JBF D I E6 

O J C I  OC l l  

OJCJ 8AC6 

DJCS 266A7702 

OJC9 FECE 

O JCB 6 A l 6 75 0 0  

o Jc F  z e c o  

0 30 1  

0 30 1  58 

0 30 2  07 

OJOJ If 

0 304 CAOZOO 

0 3 0 7  

0 3 0 7  C 6 0 6 7 4 0 0 0 7  

O JDC 8 4 0 7  

OlDE UCO 

0][0 2802 

O J E Z  ZBC9 

O J E 4  F9 

O J E S  EBEA 

L I N E  S O U R C E  

756 Fr1T_CONT : 

759 

, . .  

7& 1 

7&2 

7&3 

MOV 

,.., 

MOV 

JMP 

A l , CnJ_BLCX: K • Z  

A l o  1 1 0 0 0 0 0 0 8  

Ct'IJ_BlOCK + Z , A L  

NJHA_DPH 

I ZERO OUT SECTOR F I E LD 

764 ; - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

765 GET PAU.ttETEAS I AH = 8 )  

766 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 6 7  

768 

7 . .  

7 7 0  

7 7 1  

772 

7 7 3  

774 

775 

77& 

777 

778 

11• 

,., 

781 

782 

783 

704 

785 

706 

787 

708 

78• 

"' 

791 

792 

7 U  

7 9 4  

, .. 

, .. 

7 9 7  

7 ' 8  

7 9 9  

. . .  

0 0 1  

0 0 2  

0 0 3  

8 0 4  

805 

00& 

007 

800 

8 0 9  

8 1 0  

0 1 1  

8 1 2  

0 1 3  

8 1 4  

• 1 5  

0 1 6  

0 1 7  

8 1 8  

GET_PAA11_N 

GET_PAAH 

PUSH 

PUSH 

PUSH 

ASSUl1E 

SU8 

t"1V 

LES 

AS SI.kif 

t"1V 

MOV 

sue 

CMP 

JAE 

CALL 

C-'Ll 

JC 

ADO 

MOV '"" 
MOV 

.... 
SHR 

SHO 

OR 

MOV 

110V 

DEC 

MOV 

SU8 

65 : 

POP 

POP 

POP 

O E T  

64 : 

MOV 

MOV '"" 
SUB '"" 
STC 

JMP 

U.8H "'"' 
PROC ... 
DS 

E S  

• •  

D S : DUMl1Y 

AX , AX 

0 5 , AX 

8X , H F  _T8L_VEC 

D S ; DAU. 

A. X , D.UA 

O S , AX 

D l , 80H 

O l , nAX_f l l E  

G 4  

SETUP _ A  

SWZ_O F F S  

0 4  

BX , A X  

AX , fS : I BX I  

CH , A L  

AX , O JOOH 

AX , I  

AX , I  

A l , O l l H  

C l , A l  

OH , E S : l 8X l l 2 l  

DH 

D L o HF_tM1 

AX . AX 

•• 

E S  

DS 

I GET DRIVE PAIUttE TER5 

1 SAVE AE6151ERS 

I ESTAB L I SH  ADDRESSIN& 

I ESTABLISH SEGMENT 

; TEST MJTfllN RANGE 

; IUX ..,.,ER OF C Y llt.OERS 

I ADJUST FOR 0-N 

; Af«J R E SERVE LAST TRACI( 

I HIGH 1lilO 8115 OF C Y L  

I SECTORS 

; HU.OS 

I 0 - N  RANGE 

; DAJVIE COUHT 

I R E STORE REGISTERS 

DISK_SU.TOS , JNIT_FAI L I OPERATION F A I LED 

AH , INIT_F A. I L  

A L . A l  

o x . o x  

e x . e x  

G S  

I S E T  E R R OR  F U. G  

8 J 9  Etl>P GET_PARl1 

8 2 0  

8 2 1  1 - - - - - - - - - - - - - - - - - - - - --- -- - - - --- - - - - - - -- - - - - - - - - - - - - - - - --
8 2 2  I I H I T I A L I Z E  DRIVE CHARACTERISTICS 

6 2 3  

824 I F I X E D  D I SK  PAAAHETER TABLE 

625 

f'Z6 J • THE TABLE IS CONPOSED OF A BLOCK D E FINED A S :  

8 2 7  

0 2 8  

0 ' 9  

030 

631 

832 

133 

034 

... 

1 1  WOOO I - ... )(If'U1 to1BER OF C Y l UtJ E R S  

1 1  BYTE I • n .l l< l l'M1  tf.Jt'IBER OF H E A O S  

1 1  �O I - STARTING REOUC:ED WR ITE C UR R E N T  C Y L  

1 1  MO R O  J • STARTING lol! I T E  PR ECOHPENSATIOH C Y L  

1 1  BYTE I • nAXIl'U1 E C C  D A T A  B UR S T  LENGTH I I BYTE I - CONTROL BYTE I DRIVE STEP OPTION I 
B I T  7 D I SABLE D I SK-ACCESS R E T R I E S  : 

B I T  6 D I SABLE ECC R E T R I E S  
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LOC OBJ 

OJU 

O U 7  1 2 0 1  

Olf9 0 2  

O J U .  320 1 

ouc 0000 

OJU GB 
03Ef 0 0  

O J F O  O C  

01' 1 Bit 
OlfZ ZS 

OlfJ 00000000 

03f7 7701 

Olft 08 

UFA 770 1 

OlFC ODDO 

OJFE 08 

Olff OS 

0400 oc 

01101 84 

0402 ze 

0403 00000000 

0407 1201 

0409 °' '"°" eooo 

040C 0 0 0 1  

0 4 0 1  0 8  

0 4 0 f  0 5  

O 't l O  OC HU 8't 

L INE  

.,. 

07 

.,. 

"" 

840 

••• 

.. , 
••• 

••• 

••• 

••• 

847 

••• 

849 

... 

...  

SOURCE 

e 5 2  I 

BITS 5• 3 ZERO 

8115 2 - 0 DRIVE OPTION 

1 1  BYTE J - STAttJAAD Tl"E OUT VALUE l S E E  BELOW J t 1 BYTE J - TIME CJVT VAlUf FOR FORr1AT DRIVE 

1 1  BYTE J - Til11E OUT VALUE FOR CHECK DRIVE 

14 8YTES I 

- R ESERVED FOR FUTUrE USE 

- TO DYNAMICALLY D E F INE A SE T  OF PAAAl1E1ERS 

BUILD A TABLE OF VALUES MC PLACE TH E  

CORRESPOllUHG VECTOR IHTO INTERRUPT 4 1  • 

NOTE : 

THE DEFAULT TABLE I S  VECTORED IH FOR 

AH INTERRUPT 19H I BOOTSTRAP I 
es1 I OH ntE CARO SWITCH SETTIHGS 

854 

855 

85• 

857 

858 

859 

860 

86 1 

.. , 

... 

864 

••• 

866 

86 7 

868 

869 

870 

871 

DRIVE 0 DRIVE l 

: - 1 - - 2 - I - J- -4 - : 

OFF I 

TRANSU.TJON TABLE 

1/3 : Z/ft : Tl.Bl£ ENTRY 

OH 

OH 

OFF 

OFF 

OFF 

OH 

Off 

872 , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
873 

8 7' 

875 

fD_TB L :  

ll76 1 ----- DRIVE TYPE 00 

877 

.,. 

879 

880 

881 

882 

... 

... 

885 

88• 

887 

••• 

ow 

OB 

ow 

ow 

OB 

DB 

DB 

DB 

DB 

DB 

0 3060 

OZD 

01060 

OOOOD 

OBH 

0011  

OCH 

OB4H 

02:eH 

o . o , o , o  

llH 1 ----- DRIVE TYPE 01 

890 

891 

892 

893 

894 

895 

896 

897 

898 

899 

900 

9 0 l  

D M  

OB 

DM 

DM 

DO 

DB 

DB 

DB 

OB 

DO 

0 1750 

080 

0 3750 

0 0 0 00 

OOH 

OSH 

OCH 

OB4H 

, ,  .. 

o , o , o , o  

•oz · ----- DRIVE TYPE oz '" 
904 

905 

906 

907 

908 

909 

9 I O  

9 1 1  

DM 

DB 

OM 

DM 

DB 

DB 

DB 

DB 

03060 

06D 

0 1 2eo 

02560 

OllH 

OSH 

OCH 

084H 

i SU.tllARD 

I fORt'IAT DRIVE I CHECK DRIVE 

I STAtllARO 

I f0Rl1AT DRIVE 

I CHECK DRIVE 

I STAtl)ARO 

I fORt\AT DRIVE 
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LOC OBJ LINE SOURCE 

0 4 1 2  28 912 08 ..... I CHECK DRIVE 

041] 0 0 0 0 0 0 0 0  9 1 3  0 8  o , o . o . o  

9 1 4  

9 1 5  1----- D R I V E  TYPE O l  

9 1 6 

0 4 1 7  1 2 0 1  91 7 OW 0 1060 

04lt 04 ... 08 040 

041A ] 2 0 1  9 1 9  O W  0306D 

041C 0000 ... DW 00000 

0 4 1 E  08 92 1 DB .... 

0 4 I F  OS 9" 08 05H 

0420 oc 92] OB OCH I ST.ul)ARD 

042 1 84\ 9'4 OB 084H I FOAl'tAT DRIVE 

0422 28 9'5 08 028H 1 CHECK DRIVE 

01tZJ 00000000 9'6 08 o , o , o , o  

9'7 

0427 ... IHIT_DRY PROC HEAR 

9'9 

930 1 - ---- DO DRIVE ZERO 

931 

0427 C60642000C 93Z HOV CHD_BLOCK+ O , IHIT_DAV_Cf'tD 

04ZC C606410000 933 HOV cm_BLOCK + l , O  

0411 E 8 1 0 0 0  934 CALL IHIT_DAY_R 

004 7200 935 JC JNIT_DRV_OUT 

936 

937 1 - ---- DO DRIVE ONE 

930 

0436 C60642000C 939 HOV Cl'IJ_BLOCK•O , IHIT_DRY_CtlJ 

0438 C6064]00ZD ... HOV Ctll_BLOCK+ l , 0 0 1 000008 

0440 E80 1 0 0  941 CALL IHIT_DRY_R 

044] .. , INIT_DRV_OUT! 

0441 Cl 943 RET 

944 UUT_DRV .. .,. 

945 

0444 946 INIT_DRV_A PAOC NEAR 

947 ASSIA1E E S : CODE 

O<t44 ZACO 948 Sl" . u  • . u 

0446 E 6 1 9 0 1  949 CALL COl1llAIOl I ISSUE Tlt E  COl'l1AfC) 

0449 7101 950 JNC 8 1  

0448 CJ 95 1 R E T  

044C 952 8 1 : 

044C I E  953 PUSH OS t SAVE SEGNENT 

954 ASSLt'IE OS : Ol.tt1Y 

044D z.eco 955 SLOI AX , A.X 

044F &£08 956 HOV DS , AX I ESTABLISH SEGHEHT 

0451 C41E0401  957 LES 8 X , H F  _TBL_VEC 

0455 l f  958 POP OS t RESTORE SE6f"IENT 

959 ASSl.11E D S : DATA 

0456 E83403 960 CALL SW2_0FFS 

0459 7257 96 1 JC 83 

0458 OlD8 ... ADO ex . AX  

9b 3 

9b4 1 - ---- SUI> DRIVE PlRAHETERS l10ST SIGfUflCANT BYTE F IRST 

965 

0450 BFO I O O  .. .  HOV DI . I  

0460 E85F O O  967 CALL IHIT_DRV_S 

046] 7240 9b8 JC .. 

.. 9 

0465 BFOOOO 970 l10 V  0 1 . 0  

0468 £85700 971 CALL IHIT_DRV_S 

0'968 7245 97' JC B3 

973 

0460 8F0200 974 l10V 0 1 , 2  

0470 E84F O O  975 CALL INIT_DRV_S 

047] 7230 '76 JC B3 

977 

0475 BF0400 .,. HOV 0 1 . 4  

0478 E84700 979 CALL INIT_ORV_S 

047& 7235 980 JC B3 

901 

0470 BF0300 982 HOV D I , J 

0480 E1'JFOO 983 C.lll INIT_DRV_S 

0481 7220 984 JC 83 

985 

0485 BFOt.00 906 HOV 0 1 . 6  

048& E83700 987 CAll IHIT_DRV_S 

0488 7225 908 JC 83 
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LDC OBJ 

0490 8f05DO 

0490 E&ZFOD 

0.\9J 7UD 

0495 BF0700 

008 E82700 

0498 71 1 5  

0 4 90  BFD800 

04AO 268A.O l 

04AJ At7600 

0416 2BC9 

.... 

04A8 E60l02 

04.t.8 EC 

04AC 1i802 

04Af 7509 

0480 E2F6 

.... 

0482 UD6 740007 

D4B7 n 
041M C J  

0489 

0489 E88502 

O'tBC EC 

0480 2 4 0 2  

0 4 8 F  7 5 F l  

04Cl C J  

04C2 

04C2 E8C501 

04C5 7 ? 0 7  

0 4 C 7  E8"702 

04CA 268A0 1 

04CD E E  

04CE 

04CE Cl 

04CF 

04CF £ 8 1 90 0  

0 4 0 2  7268 

0404 C6064200E5 

0409 8047 

0408 EBU 

0400 

0400 £80800 

04(0 7Z!t0 

04£2 C6064200E6 

04£7 8048 

Oltf.9 £85A 

04E8 

04E8 .l04600 

04EE 1C80 

0 4 F O  F S  

04f l C J  

L I N E  

••• 

... 

... "' "' ... 

... ... '" 

... 

... 

1000 

1 0 0 1  

I O U  

1 0 0 3  

1 0 0 4  

1 0 0 5  

1 0 0 6  

1 0 07 
1 0 0 8  

1 0 0 9  

1 0 1 0  

1 0 1 1  

l O I Z  

1 0 1 3  

1 0 1 4'  

1 0 1 5  

1 0 1 6  

1 0 1 7  

1 0 1 8  

1 0 1 9  

1 0 2 0  

l O Z l  

i a a  

I O U  

1 0 2 4  

1 0 2 5  

1 0 26 

1 0 2 7  

1 0 2 8  

1 0 2 9  

1 0 3 0  

1 0 3 1  

1 0 32 

1 0 3 3  

1 0 34 

1 0 35 

1 0 36 

1 0 3 7  

1 0 3& 

1 0 39 

1040 

1041 

1 042 

1 04 1  

1044 

1 045 

1 046 

SOURCE 

e s :  

8 1 :  

"°y DI , 5  

CAL L  INIT_DRY_S 

JC Bl 

t10Y D I , 7  

CAL L  UIIT_DRY_S 

JC Bl 

..... 

D I , 8  

A L , ES : l ex + O i l  

CONTROL_BYTE o A l  

cx , cx 

CAL L  POIH_l 

J N  A L , DX 

TEST A L , R l_Iot100E 

JtlZ 86 

LOOP 85 

I DRIVE STEP OPTION 

I STATUS INPVT HOOE 

nov 

STC 

AET 

OISK_STATUS , INIT_F A I L  I OPERATION FAI LED 

.. , 
CAL L  PORT_O 

IH u , ox 

AtlJ A L , 2  

JHZ 

A E T  

., 
ASSIA'tE E S : NOTHIUG 

IHIT_DRV_R EtlJP 

I ttASK ERROR BIT 

J - - - - - SUI> TH E  BYTE OUT TO THE CONTROLLER 

mn_DRV_S PROC NEAR 

D l :  

CALL HD_WAIT_REQ 

JC 0 1  

CALL PORT_O 

HOV A L , ES : ( BX + O i i 

OUT ox , u  

AET 

Ittll_DRV_S Etl>P 

1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R E A D  L ON G  I AH : OAH )  
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

RO_LOHG PROC NEAR 

RD_lOHG 

CAL L  CHK_LONG 

JC 

nov 

nov 

JnP 

•• 

Ct1D_BLOCK+O oRD_lONG_Cr.> 

A t , DHA_READ 

SHORT DttA_OPN .. .,. 
1 0 4 7  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0-.a WRITE LOUG UH = OBH J 

l 049 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - --------- - - --
1 050 

1 0 5 1  

1 0 5 2  

1 05 ]  

1 054 

1 055 

1 056 

1 0 5 7  

1 058 

1 05 9  

1 0 6 0  

1 0 6 1  

1 0 6 2  

1 0 6 3  

1 06 4  

1 065 

NR_LOH& f'ROC HEAR 

CALL CHK_LONG 

JC G& 

tKlV nov 
JnP 

CHK_LOHG 

nov 

CtlP 

enc 

A E T  

CHK_LOHG 

C�_BLOCK + O  ,NR_lONG_Cr.> 

A L , OHA_NRITt: 

SHOAT DttA_OPH .. .,. 
PROC HEAR 

A L , Cl'IJ_BLOC:Kt� 

u . oeoH 

E>IJP 
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LDC OBJ 

04F2 

04F2 C60642000B 

04F7 EBlD 

04F9 

04F9 C60642000E 

04FE C60646 0 0 0 l  

0501 8047 

0505 EB3E 

0507 

0 5 0 7  C60642000F 

OSOC C60646 0 0 0 1  

0 5 1 1 B04B 

0 5 1 3  EBlO 

0 5 1 5  

O S J  5 C606420000 

O S I .A  EBIA 

OSIC 

0 5 1 C  C60642 0 0 0 1  

052 1 EB l l  

OSZl 

0523 C606420 0 E O  

052& EBOC 

052A 

OSZA C60642 0 0 E 3  

052F E B O S  

0 5 1 1  

0 5 3 1  C 6 0 6 4 2 0 0 E 4  

LINE SOURCE 

l 066 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---

1 0 6 7  SEEK U H  : OCH ) 

1 06 8  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 06 9  

1 0 7 0  

1 0 7 1  

1 0 72 

1 0 71 

1 0 74 

DISK_SEEK 

MOV 

JMP 

OISK_S£EK 

PROC NEAR 

cm_BLOCK . S E EK_Ct'IJ 

SHORT t-l>�_OPH 

EHDP 

1 0 75 ' - - - - --- - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 76 READ SECTOR BUFFER I AH = OEH I 
1 0 7 7  • - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - -

1 0 78 

1 0 79 

1 080 

1 0 8 1  

1 062 

1 08 3  

RD_BUFF PROC HEAR !101/ CttJ_BlOCK + O , RD_BUFF _CMD 

MOV 

MDV 

JMP 

CtlJ _BlOCK + 4 ,  1 

, U , Dt1A_READ 

SHORT DHA_OPH 

1 064 RD_BUFF Et-IJP 

1 0&5 

1 OHL Y DHE BLOCK 

1 08b 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - -

1 0 8 7  WR I T E  S E C T OR  BUF FER I AH = OFH ) 

1 08a 1 - - - - - - ------ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0&9 

1 o q o  

1 n 1  

1 0 9 2  

1 0 9 1  

1 0 94 

1 0 95 

1 o q6 

WR_BUFF PROC HfAP 

MOY 

MOV 

MDV 

cm_B lOCK + O .�_BUF F  _CtlJ 

CtlJ_BlOCK +4 , l  ; ONLY ON E  BLOCK 

Jt1P SHORT DHA_OPN 

WR_BUFF Etll P 

1 0 9 7  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 9& TEST  D I SK READY Ult = O l OH )  

l 0 9 9  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 0 0  

1 1 0 1  

l l O Z  

1 1 0 3  

1 1 04 

1 1 05 

TST_RDY PROC NEAR 

l'10V Cl'tJ_BLOCK+ O , TST_RDY_Cl'tJ 

Jl'IP SHORT ,_.,ttA_OPH 

TST_RDY EtllP 

1 1  0 6  1 - - - - - - - - - - - - - - - - - - - - - --- - - --- - - - - - - - - - - - - - - - - - - -

1 1 0 7  RECALIBRATE I A H  = O l lH )  

1 1  oa 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

l l  0 9  

1 1 1 0  

1 1 1 1  

1 1 1 2  

1 1 1 3  

l l l lft 

HOISK_R ECAL 

MOV 

JMP 

HDISK_RECAL 

PPOC HEAR 

Cf'l)_BLOCK , R ECAL_Crtl 

SHORT NDttA_OPH 

EHOP 

1 1 1 5  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -J l l b CONTROLLER A4'1 DIAGNOSTICS ( AH = O l ZH )  

1 1 1 7  1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 1 8 

1 1 1 9  

1 1 Z O  

1 1 2 1  

1 1 2 2  

1 1 2 3  

R.A.11_0146 

MDV 

JMP 

R AH_ DUG 

PAOC HEAR 

CtO_B LDCK+ O , R4H_DIA6_Ct'IJ 

SHORT tllHA_OPN 

EHDP 

1 1 24 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - -- - -

1 1 2 5  DRIVE OUGHOSTICS f.l H  = O l lH J  

1 1 2& 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 2 7  

1 1 2 &  

1 1 2 9  

l l lO 

1 1 3 1  

1 1 32 

CHK_DRY PROC HUR 

JHP SHORT t-IJH.l_OPH 

CHK_DAY Et-IJP 

1 1  ]] 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 34 COH'TROLLER JHTERUAL DIAGNOSTICS I AH = O l 4H I 
1 1  35 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 36 

1 1 37 

1 1 38 

1 1 39 

1 1 40 

CHTLR_Dl.lG 

MOV 

CHTLR_DIAG 

PAOC HEAR 

CtG_BlOCK+ O , CHT LR_D U.6_Cl1J 

UGP 
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LOG OBJ LINE SOURCE 

1 1 4 1  · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

l l4l SUPPORT llfOUTlNU 

1 1 41 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 44 

0536 1 145 HDt1A_OPN: 

0536 8002 1 146 t10V A L , 0 2H 

0538 t:flHOO 1 1 4 7  CALL C0111Ut«J ' ISSUE THE C� 

0518 72U 1 148 JC 6 1 1  

05l0 E 8 1 6  1 1 49 JHP SHORT ., 

05JF 1 1 50 .,,, 

05lf C606740009 1 1 5 1  t10V DlSK_STATUS o 0t1A_8DtH>.lA1' 

0544 CJ 1 1 52 •n 

0545 1 1 51 �.DPN: 
05�5 l85701 1 1 54 CALL OMA_ SETUP ' SET UP FOR QIU QP(AA TlON 

0548 7Zf5 1 1 55 JC •• 

054.t. 1100] 1 1 56 HOV .l L , OlH 

054C (81 100 1 1 57 CA LL CO�t() ' ISSUE nu: COttlANJ 

054f 7200 1 1 58 JC G l l  

0551 BOOJ 1 1 59 HOV . U , 0 3H 

055] EHA. 1 1 6 0  OOT Otu.+ 1 0 , .l l  ' INITIALIZE THE DISK CH.lll�EL 

0555 1 1 6 1  6] : 

0555 ( 42. l  1 1 6 2  I N  A L , 0 2 1 H  

0557 24DF 1 1 6 3  . .., .l l , OO F H  

055' H U  1 1 6"4 OUT 0 2 1 H , .l l  

0558 te.0.01 l l 6S CALL WAIT.INT 

OSSE 1 1 66 G U : 

OSSE U3800 1 16 7  CALL ERROR_CllK 

0561 Cl 1 16& RET 

1 1 6 9  

1 1 70 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 7 1 I COtl1AttJ 

1 1 72 nus ROUTINE OUTPUTS THE Cotl1.l.HD BLOCK 

1 1 71 ' INPUT 

1 1 74 AL :: COHTROLLER DttA/IHTERRUPT REGISTER l'IASK 

1 1 75 

1 1 7• · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 77 

.... 1 1 78 COf'f1AJCI PROC HUR 

OSU BE't200 1 1 79 HOV S I , OFFSET CtCl_BlOCK 

0565 H l 8 D 2  1 1 80 CALL PORT_2 

0568 n: 1 1 81 OUT O X , A L  ' CONTROLLER SELECT PULSE 

056' t e 1 C 0 2  1 1 82 CAL L PORT_l 

056C U 1 1 81 OUT DX , A L  

0560 Z8C9 1 1 8ft SUB e x . ex I WAIT COL.tlT 

056f f8DCD2 1 1 85 CALL PORT_l 

0572 1 1 86 NAIT_BUS 'f :  

0 5 7 2  E C  1 1 87 I N  u . ox 1 GET STATUS 

OS7J 2ttDF 1 1 88  .... A L , OFH 

0575 lCOD 1 1 89 CHP A L , R l_BUSY OR Al_WS OR R l _REQ 

0577 7ft09 1 1 90 JE C l  

0579 ( Z F 7  1 1 9 1 LOOP WAIT_BUS'f 

0578 C60f> 7itD080 l n2 HOV DISK_ STATUS , TI"'E_OUT 

0580 f 9  1 1 91 STC 

0581 C J  1 1 94 AET ' ERROR RETURN 

0582 1 1 95 C l :  

0582 fC 1 1 96  C LO 

0581 890600 1 1 97 HOV C X , 6  I BYTE C OLHT  

.... 1 1 98 tnl : 

0586 HHO l 1 1 99 CALL PORT_O 

OSH AC 1 2 0 0  LOO SB f GET lllE NEXT Cattu.tl) BYTE 

058A U 1 2 0 1  OU T  D X , A L  1 0\JT IT GOES 

0588 UF9 1202 LOOP CH3 I DO MORE 

1 2 0 1  

o s eo  U E E O I  1 2 0 4  CALL PORT_l I STATUS 

0590 EC 1 2 0 5  IN A L 1 DX 

05'1 A801 1 2 06 TEST A L , R l_REQ 

0591 7it06 1 2 0 7  JZ CH7 

059S C6067ft 0 0 2 0  1 2 08 "'1V D I SK_ STATUS ,BAD_CNTut 

059A " 1 2 0 9  STC 

.... 1 2 1 0  cn7 :  

0598 C J  1 2 1 1  RET 

I Z l Z  COtl'IAJCI EJCIP 

1 2 1 1  

l 2 1 ft  1 - - - - - - - - - - - - - - - - - - - - - - - - -- - -- -- - - - -- - - - - - - - - - -- -

1 2 1 5  SENSE STATUS BYUS 

1 2 1 6  

1 2 1 7  I BYTE 0 
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LOG OBJ L INE SOURCE 

l U e  B I T  ADDRESS YA LID . MHEH sn 

1 2 1 9  B I T  SPAR E ,  SET TO Z E R O  

I Z Z O  BITS 5 - 4  ERROR T T P E  

l H l  BITS l - 0  E R R OR  C OD E  

1 2 2 2  

1 2 2 3  I BYTE l 

I Z 2 4  BITS 7 - 6  ZERO 

1 2 2 5  B I T  5 DRIVE 1 0 - 1 )  

I Z 2 6  BITS 4 - 0  H E A D  t«..t'SE R  

1 2: 2 7  I 

1 2 2 8  I B Y T E  Z 

1 2 2 9  B I T S  7-5 C'fll"l>U HIGH 

IUD ens 1t-o SECTOR ..aJHBER 

1 2 3 1  I 

1 2 3Z I BYTE 3 

l t ll BITS 7- 0 Cllitt:IER LOW 

l Z l't 

1 2 35 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 2 36 

059C 1 2 17 ERROR_CHK PROC HEAR 

1 2 18 ASSLl1E E S : OAT.t. 

DS1C .A.07400 1 2 3 9  110V A l , D I Sl<_STATUS I CHECK I F  THERE WAS AN ERROR 

059F OACO 1 2 4 0  OR A L  • • U 
OSAl 7 5 0 1  a4l JHl 6 2 1  

0 5 .t.3  Cl 1 242 AET 

l l 4 3  

1 244 1 - - - - - PERFORH SE»SE su.rus 

1 245 

05A4 1 246 62 1 :  

05A4 884 0 0 0  1 Z 4 7  r10 V  A X , OATA 

05A7 BECO 1 2415 HOV E S , AX ESTAB L I SH  SE611EHT 

OSA9 2BCO U :49 s ... AX . AX 

05.tB 8BF8 1 2 5 0  r10 V  D I . AX 

OSAD C6064 2 0 0 0 3  1 2 5 1  HOV Ctfl_B lOCK• O , SEHSE_Cf'I> 

0582 ZACO 1 2 5 2  .... A l . A l  

0584 E.UBFF l .?S l  CALL C:Ot1HAND i tssue SENSE STATUS CDtl'tANJ 

0567 7 2 2 3  1 254 JC SEHSE_ABORT I CAl'HlT RECOVER 

0589 890400 1 255 r10V ex . It  

osec l l S6 Ci22 : 

OSBC E8CBOO 1 2 5 7  C A L L  llD_W,UT_REQ 

OSBF 7220 1 258 JC .,. 
05C l E6.l0 0 1  1 2 5 9  CJ.LL PORT_O 

05C4 EC 1 2 6 0  I H  .l l , DX 

oscs 26864542 l Z b l  HOV E S : HD_ERR OR ( D l ) , A l  ; STORE AW A Y  SENSE BYTES 

OSC9 4 7  1 2 6 2  IHC DI 

OSCA EBI H O l  1 2 6 3  C A L L  PORT_l 

D5CD EZEO 1 264 LOOP 622 

DSCF E8B800 1 265 CAll HO_WAIT_REQ 

OSDZ 7200 1 266 JC .,. 
0504 E89A0 1 1 2 6 7  C A L l  PORT_O 

0507 EC 1 268 IH A l , D X  

0 5 0 6  AeDZ 1 2 6 9  TEST A l , Z  

OSDA 740F 1 2 70 JZ STAT_ERR 

OSOC 1 2 7 1  SEHSE_ABOR T :  

05DC C606 7400FF 127Z HOV DlSK_STAllJS , SEUSE_ F A I L  

O S E I  1 2 7 ]  624 : 

OSE I F 9  1 2 7 4  STC 

05E2 Cl 1 2 75 A E T  

1 2 76 fRAOR_CHIC .. .,. 
1 2 77 

05El IA06 1 2 78 T_O DW TYPE_O 

05£5 2706 1 2 7 9  T_ I  DW lYP[_I 

05£7 6.l06 I Z 8 0  T_Z ow TYPE_2 

05£9 7706 1 28 1  T_3 ow TYPE_l 

1 282 

OSEB 1 2 8 3  STAT_ERR : 

OSEB 26eA l E4200 1 284 HOV B l , ES : HD_ERROR ; GET ERROR BYTE 

OSFO 8AC3 1 285 HOV A L , B l  

o s n :  Z4DF 1 Z86 AHO A l , OFH 

05F4 80El3D 1 287 .,., B l , O O l l ODDDB I ISOLA TE TYPE 

OSF7 ZAFF 1 289 sue "" · "" 

OSF9 B l O l  1 289 HOV C l , 3  

OSFB DlEB 1 2 90 SHA ex . c t  I ADJIJST 

05FD ZEF FA7El05 1 Z 9 1  JHP NORD PTA C S : I BX + OFFSET T_O I 

1 Z9Z ASS\Jt1E E S : HOTHIHG 

1 2 9 ]  

0602 . ... TYPEO_TABLE LAB E L  BYTE 
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LOC OBJ L I N E  SOURCE 

0602 0 0 2 04020800020 1 2 95 DB 0 ,BAD_CNTUr , BAO_SEEK ,BAD_CHTLA , Tl11E_OVT , 0 ,BAO_CNTLA 

0609 0040 J Z 96 DB Q , BAD_SEEK 

0 0 0 9  1 2 97 TYPEO_lEH EQU t -TYPEO_TABLE 

0608 1 2 98 TYPEl_ TABLE LAB E L  B Y T E  

0 6 0 8  1 0 1 0 0 2 0 0 0 4  1 2 9 9  DB BAD_ECC , BAD_ IECC , BAD_ADDA_11ARK , 0 ,  AECOAO_NOT _FM> 

0 6 1 0  4 0 0 00 0 1 1 08 1 30 0  DB BAD_SEEK , 0 ,  0 . DATA_CORIUCTED ,BAD_ TRACK 

OOOA 1 1 0 1  TYPf l_lEH EQU $-TYPE I_ TABLE 

0 6 1 5  1 3 0 2  TYPE Z_TADLE LAB E L  BYTE 

0615 0 1 0 2  l l O l  DB BAD_Crtl ,BAD_ADDA_HARK 

0 0 0 2  1 104 nrEz_LEll EOU t -TYPEZ_l.lBLE 

0 6 1 7  1 305 TYPEl_TABLE LABE L BYTE 

0617 2 0 2 0 1 0  1 )06 DB BAO_CHT LA , BAD_CHT LA , DAD_ECC 

OOOJ 1 10 7  TYPEl_LEH EQU t-Tl PB_TABLE 

l l08 

1 10 9  1 - - - - - T Y P E  0 ERROR 

1 3 1 0  

O b i  A 1 3 1 1  TYPE_O : 

06U 880206 1 1 1 2  MOV BX , OFFSET TYPE O_TA.BLE 

0610 ](09 l l l l  CMP A l ,  TYPED_ LEH I CHECK If ERROR IS DEF mED 

061F 7161 1 1 1 4  JlE lHJ E f  _EAA_l 

0621 2 £ 0 7  1 1 1 5  XLAT c s : T Y PEO_TABLE ; l ABLE LOOKUP 

0621 AZ7400 1 3 1 6  MOV DISK_STATUS . A L  I S E T  ERROR COOE 

06Z6 Cl l l l 7  RET 

1 3 1 &  

l l l 'f  1 - - - - - - TYPE l ERROR 

1 32 0  

0627 llU TYPE_I : 

0627 8BOe06 1 32 2  MO V  8:< ,0FFSET TYPEl_TA8LE 

062A eec8 l ]Z J  110Y e x . Ax 

062C lCOA l l24 CMP A L , TYPEl_lEH I CHECK If ERROR IS D l F ltlED 

062£ 7l54 1 32 5  JAE UNJEF _ERA_l 

0610 2ED7 } ]26 XLAT C S : TYPEl_TA8LE ; TAeLE LOOl<UP 

0632 A.27400 1 32 7  "DV OISK_STATUS , A l  I S E T  ERROR CODE 

0635 80E 1 0 8  1 328 .,., C L , 08H I CORRECTED ECC 

0638 80F908 1 12 9  CMP C l , OSH 

0638 752A 1 330 JNZ "' 

1 3 3 1  

1 132 1 - - - - - OBTAIN ECC ERROR 8'-"Sl LU.JGTH 

l l3 3  

0630 C60642:0000 I J ]4 MOV Cf"IJ_BLOCK•O ,AD_ECC_Crt) 

0642: ZACO 1 3 35 SUB A L , A L  

0644 E8l8Ff 1 1 36 CALL COMHAUD 

0647 7 2 1 £  1 337 JC 630 

0649 E83EOO 1 3 38 CALL HD_WAIT_REQ 

064C 72 1 9  1 1 ]9 JC G30 

064£ [82 0 0 1  1 34 0  CALL POfn_o 

0651 EC 1 3 4 1  I N  A l . OX 

0652 8AC8 1 342 MOV C L o A L  

0654 £83300 l l4 l  C A L L  HD_WAIT_REq 

0657 7 2 0 E  l l44 JC GlO 

0659 l 8 l 5 0 1  1 345 CALL POIH_O 

065C EC 1 346 "' . u , o x  

0650 A.80 1 1 34 7  TEST A l , O I H  

06SF 7406 1 348 JZ &JO 

066 1 C606 740 0 2 0  1 34 9  MDV DISK_ST.lTUS ,B.lD_CHTLR 

0666 f 9  J l50 STC 

0667 U51 630 : 

0667 BA.C l 1 352 MOV A l , C l  

0 6 6 9  C l  1 35 3  RET 

1 354 

1 355 t - - - - - TYPE 2: ERROR 

1 156 

066A 1 357 TYPE_2 : 

066A 881506 l l58 l10V BX , OFFSET TYPE2_TABLE 

0660 lCOZ 1 359 CMP A l ,  TYPE2_LEH I CHECK I F  ERROR IS 0EF ll4ED 

066F 7 l l l  1 ]6 0  JAE l.HJEF _ERR_L 

0671 ZED7 1 3 6 1  XLAT C S :  TYPE I_ TABLE I TABLE LOOKUP 

0 6 7 ]  A.27400 1 36 2  MOV DISK_STATUS o .l l  I SET ERROR CODE 

0676 Cl 1 16 3  RET 

1 364 

1 165 I · · - · ·  TYPE l ERROR 

1 166 

0677 1 36 7  T YPE_J : 

0677 881706 1 368 MOV BX . OF F SET TYPEl_TABLE 

067A lCO l  1 36 9  CMP A l ,  TTPEl_LEH 

067[ 7306 1 370 ,,, l.HJ E F  _ERR_l 

067£ 2:£07 1 37 1  XLAT CS : TYPEl_TABlE 
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LDC OBJ LINE SOURCE 

0 6 8 0  A.27400 1 3 72 HOV OJSK_SU.TIJS , A L  

0 6 8 3  CJ 1 ) 7) RET 

1 }74 

0684 1 175 l.Hl E F  _'ERR_ L :  

0684 C 6 0 6  7400BB 1 176 MOV DISK_ST.A.TUS , lHJ E F  _ERR 

0689 CJ 1 1 77 RET 

l l78 

OMA 1 379 HD_WAIT_REQ PROC NEAR 

068A 51 l l80 PUSH ex 

0668 2BC9 l lB l  S UB  ex . ex 

OMO E M E O O  l lBZ CALL PORT_I ) 0690 1 31H l 1 :  

0690 EC 1 3!4 !H A l . OX 

0691 ABOl 1 385 TEST A L , R l_REQ 

0693 7506 l l86 JHZ l2 

0695 E Z F 9  1 387 LOOP LI  

0697 C606740080 J l88 HOV DI SK_STATUS , TI11E_Ol1T 

069C f9 l l69 STC 

0690 1 310 L 2 :  

0690 5 9  1 3 91 POP ex 

069E C l  1 3 9Z RET 

1 393 HO_WAIT_REQ El4> P  

1 3 94 

1 395 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -, ,  .. I DNA_SETUP 

B97 THIS ROUTINE SETS UP FOR Dl1A OPERATIONS . 

1 398 I INPUT n�n t Al I = MOOE BYTE FOR TIIE DHA 

1400 I ! E S : B X l  = AOORESS TO READ/WR I T E  THE DATA 

1 4 0 1  I OUTPUT 

1402 I AX I  DESTROYED 

1403 ; - --- - - - - - - --- - --- - - - - --- - - - - - - --- - - - - - - - - - - - - - - - - - - --- --
Ob9F 1404 DtU,_SETUP PROC HEAR 

Ob9F 50 1405 MJSH AX 

ObAO A04b 0 0  1406 HOV Al , CHD_BLOC:K•lt 

06A.l 3C8 1 1 4 0 7  CHP A l , 8 1 H  I I L OC M.  COtMT OUT OF RAHGE 

06A5 58 1408 PCP AX 

06A6 7202 1409 JB J I  

06A8 F 9  1 4 1 0  STC 

06A9 CJ 1 4 1 1  RET 

06AA 1 4 1 2  J J :  

06AA 5 1  1 4 1 3  PUSH ex I SA\IE THE REGISTER 

06AB FA 1 4 1 4  C L I  ; HO t'IORE INTERRUPTS 

06AC EMC 1 4 1 5  OUT DMAf l Z , A L  ; SET T H E  F IR ST/LAST f/F 

ObAE 50 1 4 1 6  PUSH AX 

ObAF 58 1 4 1 7  POP AX 

Ob80 E&OB 1418 OVT Otth l l , A I.  ; OU T PU T  THE l"IOOE BYTE 

0&82 8CCO 1 4 1 9  HOV AX , E S  I G E T  THE ES VALUE 

Ot-B4 8 1 0 4  1 4 2 0  HOV C L , 4  i SHIFT COUHT 

ObBb D lC O  1 4 2 1  R O L  AX , C L  J ROTAU l E F T  

0688 8AE8 1 4 2 2  l10V C H , A l  ; G E T  HIGHEST NYBBLE OF ES TO C H  

O&BA 2 4 F O  1 4 Z J  A HO  A l , OFOH I ZERO THE LOW NlBBLE FRot1 SEGMENT 

068C 0 3C3 1424 ADD AX , BX I TEST Fell CARRY FROt1 ADD ITIOH 

06BE 7302 1425 JNC J!l 

O&CO FECS 1426 !Ht CH I CARRY t1(ANS HIGH 4 BITS Pl.JST BE lHC 

ObCZ 1 4 2 7  J l l :  

0 6 C 2  5 0  1428 P\JSH AX I SAVE START ADDRESS 

06C3 E60f) 1429 OUT DttA•f) , A L  I OUTPUT Lmi ADDRESS 

O&CS 8AC4 1430 l10V A l , AH 

06C7 E6'06 1 4 3 1  OUT DnA•b o A L  I OU T PUT  N IGH ADDRESS 

06C9 8AC5 1432 HOV Al .CH J GET HIGH 4 BITS 

06CB 240F 1413 .. ., , U , O F H  

0 6 C O  Eb82 1 4 34 OUT DHA_N I GH , A L  I OUTPUT ntE NIGH It B I T S  TO PAGE REG 

1435 

1 436 1 - ----- D ETERHINE COUNT 

1 4 1 7  

0 6 C F  A.04600 1438 HOV A L , Ctm_BLOCK•4 J RECOVER BLOCK COUNT 

0602 D O E O  1 4 3 9  S H L  A L . l I Pl.IL TIPLY BY S i l  BYTES PER SECTCIA 

06D4 F EC8 1440 DEC A l  At-I> DECREl1ENT VALUE BY ONE 

06D6 8AEO l'i41 HOV A.H , A L  

0 b D 8  & O F F  1442 HOV A L , O F F H  

1441 

1 444 ; --- -- HA.tfJ LE RUD ANO WRITE LONG C 5 1 6D BYTE BLOCKS ) 

1445 

06DA 50 1 446 PUSH AX I SAVE REGISTER 

0608 A.04200 1447 HOV A L , Cl'l>_BLOCK•O I GET COtl'1AtfJ 

ObDE lCE5 1448 CHP A l , RD_lOHG_CtlJ 
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LOG OBJ LINE SOURCE 

06EO 7 4 0 7  1 4 4 9  J E  ADD4 

06U XU 1450 CMP Al . ..  _ LONG_Cf'CI 

06E4 7401 1451 JE A.004 

06f:6 58 llt52: POP AX I RESTORE REGISTER 

06E7 EB l l  1451 JMP SHORT J20 

.... 1454 ADO't : 

06E9 54 1455 POP AX I RESTORE REGISrER 

06U r.80402: 1456 MOV A X , 5 1 60 I ONE BLOCK 1 5 1 2 1 PlUS 4 BYTES ECC 

06ED S J  1 '9 5 7  PUSH BX 

06EE UFF 1458 Sl>I BH , BH 

06f0 &AI E4600 1459 MOV B L , CHD_BLOO:.•" 

06F4 52 llt60 PVSH DX 

06'5 F 7 t J  1461 "'' BX 1 BLOCK COi.HT Ttf'1ES 5 1 6  

06F7 S A  1 4 6 2  POP DX 

06FI 58 1461 r<>P BX 

06F9 48 1464 DEC AX I ADJUST 

06fA 1465 J20 : 

1466 

06FA 50 1467 PUSH AX I SAVE COUHT VALUE 

06FB H07 1468 OUT Dtu. + 7 , .l l  I L OW  BYTE OF CCIOHT 

ObFD 8AC4 14&9 MOV A L , AH 

06Ff U07 1470 OUT DHA+ J , A L  I H I GH  BYTE OF COUtU 

0701 F8 1 4 7 1  S T l  I INTERRUPTS 8ACI( OH 

0702 59 147: POP ex J RECOV'EA CIJl.MT VALUE 

0703 58 1473 POP AX ; RECOVER AOORE5S VALUE 

0704 0 3C l  1 4 74 ADD 1.x ,cx I ADD , TEST F OR  64.-; OVERFLOW 

0706 5 9  1 4 7 5  POP ex ; RECOVER REGISTER 

0707 CJ 1 4 76 R E T  J RETURH TO CALLER , C F L  SET Bl ABOVE IF ERROR 

1477 DN._SETlJP ,..,p 
1478 

1479 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

1480 I NAIT_INT 

1481 nus ROUTINE WAITS '°" THE F IXED DISK 

l 't82 COtrnOLLER TO SIGNAL THAT AN INTERRUPT 

1483 HAS OCCURRED . 

1484 · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0708 1485 INAlT_IHT PRDC HEAR 

07Ge F8 1486 STl I T�H OH ltHDRUPTS 

0109 n 1487 l'IJSH BX I PRESERVE REGISTERS 

070A 51 1488 PVSH ex 

0708 06 1489 PVSH ES 

070C 56 1490 PUSH SI 

0700 IE 1491 PUSH OS 

14'2 ASSl..t1E D S : DlH'l't 

0 70 E  ZBCO 14'] .... AX,A>< 

0710 8ED8 1494 MOV D S , AY.. I ESU.eLISH SEGNEtfT 

07U C4l6040l 14'5 LES S I . H f  _TlU._vrc 

1 4  .. ASSl.t'IE D S : DATA 

0716 IF 107 POP 05 

1498 

1499 1 - - - - - SET TIMEOUT VALUES 

1 5 0 0  

0 7 1 7  2 A f f  1 5 0 1  s ... BH , 8H  

0 1 1 •  268A.5C09 1502 MOV B L , DHE PTR E.S : I Si l l 9 1  I STA�ARD nnE OUT 

0 7 1 0  8.l.264200 1 5 0 ]  l10V 

0 7 2 1  80FC04 1504 CMP All , Ff1TDRV_CHD 

072:4 7506 1505 JNZ ws 

0726 26aASCOA 1506 MOV B L . BYTE P1A ES : I S i l l DAH I  I fORttA T DRIVE 

07U. E809 1507 JnP SHOOT ... 

one IOFCU 1508 W5 ! CMP AH , CHK_DRV_OIJ 

072' 7504 1 5 0 9  JHZ W4 

0711 268A.5C08 1 5 1 0  MO V  B L , BTTE PTR f.S ; I Sl l l OBH J  ; CHECK DRIVE 

0735 1 5 1 1 "" '  

0735 28C9 1 5 1 2  ..... ex .ex 

1 5 l l  

1 5 1 4  1 - - - - - WAIT FOR INTERRUPT 

1 5 1 5  

0717 1 5 1 6  W I : 

0737 f84400 1 5 1 7  CALL PORT_l 

07lA EC 1 5 1 8  l H  A.L , 0 )(  

on& 2 4 2 0  1 5 1 9  ND A L , OZOH 

0730 JC2!J 1520 CMP A L , 0 2 0H I DID INTERRUPT OCCl.Jt 

073F 740.l 1 5 2 1  J Z  " '  

0 74 1  U F 4  1 5 2 2  LOOP W I  I I�ER LOOP 

07ft] 48 1523 DEC BX 

07ft� 751 1 152ft JHl WI I OUTER LOOP 

0746 C606740080 1525 MOV D ISK_STATUS , Tll1E_CUT 

0 7  ... 1526 wz: 
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LDC OBJ L INE SOURCE 

0 7 4 8  ! 8 Z 3 0 0  1 5 2: 7  C A L L  PORT_O 

0 74£ EC 1 52:8 '" A \. , DX 

074, 2:402 1 5 2 9  AICJ A l o t  I ERROR BIT 

0751  08067400 1530 '"' O ISK_STATUS , A L  I SAV'E 

0 755 E&lOOO 15]1 CALL PORT_) J INTERRUPT MASK REGISTER 

0758 32CO 1532 XC>I A L , A L  I ZERO 

0 75A EE 1531 OUT D X , A l  I R E S E T  "ASK 

0 758 SE 1 5 31t PDP SI I '1ESTOAE REGISTERS 

0 75C 07 l53S PDP ES 

0 750 5� 15]6 PDP ex 

075£ 58 1517 POP ex 

075F Cl 1538 RET 

1 5 ] 9  WAH_IHT £1CJP 

1540 

0760 1541 HD_IHT PROC HEAR 

0 76 0  50 1542 PUSH AX 

0761 8020 I Sftl "ov A l , EOI I EN> OF INTERRUPT 

07bl £620 I S4ft our IHT_CTL_PORT , A l  

0 7 6 5  8007 1545 MDV . u , o7H J SET ON. t100E TO D ISABLE 

0767 E60A 1546 our DHA• I O , , U  

0 7 6 '>  £ 4 2 1  1547 '" A l , 02 1 H  

0 768 oczo 1 548 OR A L , 02:0H 

0760 £ 6 2 1  1 5 4 9  ou r  O Z J H , A l  

0 76F 5 8  1550 POP AX 

0770 CF 1551 IRET 

1552 HD_IHT EHDP 

155] 

1 554 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1555 I PORTS 

1 556 GENERATE PROPER POAT VALUE 

1557 BASED OH THE PORT OFFSET 

1 558 , _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 5 5 9  

0 7 7 1  15b0 PORT_O PROC NEAR 

0771 8A2 0 0 3  1561 "ov o x . H F  _PORT I BASE VALUE 

0774 50 l S U  PUSH AX 

0775 2AE4 1561 SUB AH , AH  

0777 A.07700 I S64 '10V A l . PORT_Off J ADD lH lli [  OFFSET 

077A OlOO 1 565 ADO ox . AX  

0 77C .58 1 566 PDP AX 

0770 Cl 1567 RET 

1568 PORT_O EJ.IJP 

150 

0 77E 1570 PORT_ l  PROC NEAR 

077E E8fOFF 1571 CALL PORT_O 

0781 42 1572 INC ox I lHCRENEHT TO PORT ONE 

0782 Cl 157l RET 

1 5 74 PORT_l EHDP 

1 5 75 

0783 1 576 PORT_Z PROC NEAR 

0783 E8F8FF 1577 CALL PORT_l 

0 786 42 1578 IHC DX I IHCREttEHT TO PORT TWO 

0 787 Cl 1579 RET 

1580 PORT_Z EICJP 

1581 

0788 1582 PORT_l PROC NEAR 

0 788 E8F8FF 15&! CALL PORT_t 

0788 42 1 584 INC DX I IHCREHENT TO PORT THREE 

078C Cl 1 585 RET 

l .586 PORT_l EHDP 

1 587 

I S88 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 589 I SW2_0FFS 

1590 OETERNINE PAiRANETER TABLE OFFSET 

1 5 9 1  U S U"6  CONTROLLER PO R T  TW O  Ai tl>  

1592 OR IVE tu18ER SPEC IFIER t 0 - 1 )  

1 5'1 ! - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

.... ""° 1595 SW2_0F FS PROC HEAR 

0780 E8FJFF 1 596 CALL PORT_Z 

0790 EC 1597 lH A l . OX 1 RUD PORT 2 

0791 50 1 598 PUSH AX 

0 792 E8E9ff 1599 CALL PORT_ I  

0 7 9 5  E C  1600 I N  A l . O X  

0 7 96 2 4 0 2  1 6 0 1  A HO  A l , 2  ; CHECK FOR UROR 

0798 58 1 6 0 2  POP AX 

0799 7516 1601 JNZ SWZ_OF FS_ERR 

0 798 8A264100 1604 "'v AH , cm_BLOC K + l  
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LOG OBJ LINE SOURCE 

079F 80E4U 1605 AHO AH , 0 0 1 000008 J DRIVE 0 OR 1 

07A2 7504 1606 JHZ SWZ_AtCJ 

07A" DOE8 1607 SHA A l . l J ADJUST 

07•6 DOE8 1608 ... AL . l  

07A8 1 6 0 9  SMZ_At«J : 

07A8 240] 1 6 1 0  AND A L , 0 1 1 8  I ISOLATE 

07.t.A 8 1 04 1 6 1 1  110V C l , 4  

07AC D Z E O  1 6 1 2  "' L A l , C l  I ADJUST 

07AE 2AE" 1 6 1 ]  sue AH , AH 

0780 C J  1 6 1 4  AET 

0781 1 6 1 5  SWZ_OFFS_ERA : 

0781 F 9  1 � 1 6  STC 

0782 CJ 1 6 1 7  A H  

1 6 1 8  SW2_DFFS EtfJP 

1 6 1 9  

0 78 1  lDl82F l l 36 2 F l8  1 6 Z O  D B  ' 08/1 6/82 . ; RE LEASE MARKER 

l2 

1 6 Z I  

0788 1 6 2 2  U«>_AODRESS LAB E L  BYTE 

1 6 2 3  COOE ENDS 

1 6 2 4  E ND  
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AX:  

BX :  

ex 
DX: 

AH 

BH  

C H  

D H  

8088 
Register Model 

AL 

BL  

C L  

DL  

Accum u l ator  

Base  

Coun t  

Data 

SP I Stack Po i nte r 

BP  Base  Po in ter  
1-------S-I ----------1 

Sou rce I ndex  ============DI=========== Dest i nat i o n  I n dex 1--------.IP _____ --tl I n st ruct ion  Po i nte r 

FLAGSH FLAGSL Status  F lags 

�----�-----� 

Genera l  
Reg i ster F i l e  

CS I Code Seg ment  

OS Data Seg ment ============s=s========== Stack  Segment  

ES Ext ra  Seg ment .___ __________ __. 

} Seg ment 
Reg i ster F i l e  

I n st ruct i o ns  w h i c h  refe rence the  f l ag  reg is ter  f i l e  as a 1 6-b i t  o bject 
use the symbo l  FLAGS to r ep resent the f i l e :  

1 5  7 0 I x I x I x I x I O F I O F I 1 F I TF I SF I ZF I x I AF I x I PF I x I CF I 
x = Don ' t  Ca re 

AF:  Aux i l i a ry  Carry - BCD } CF :  Carry F lag  

PF :  Par i ty F lag 8080 F lags 

SF :  S ign  F lag  

ZF :  Ze ro  F lag  

OF :  D i rect i o n  F lag  (St r i ngs) } I F : I n te r ru pt Enab le  F lag  
8088 F lags  

OF :  Over f low F lag  (CF EB SF)  

TF :  Trap - S i n g le Step F lag  
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Operand Summary 

" reg  f i e l d  B i t  As s i g n m e n t s :  

1 6-B i t  (w= l )  8-Bil  ( w=OJ Segment 

000 AX 000 A L  00 ES 
001 ex 001  CL  0 1  cs 
01 0 DX 0 1 0  D L  1 0  S S  
0 1 1 B X  0 1 1 B L  1 1  OS  
1 00 S P  1 00 AH 
1 01 B P  1 0 1 C H  
1 1 0  S I  1 1 0  D H  
1 1 1  D I  1 1 1  B H  

Second I nstruct ion  Byte Summary 

I m o d  I x x x  I r i m I 
mod D isp l acement 

00 D I S P=o· .  d i s p- l ow and d i s p- h 1 g h  are a b s e n t  
0 1  D I S P=d i s p - l o w  s i g n-ext e n d e d  to  1 6- b i t s .  d i s p- h i g h  i s  a b s e n t  
1 0  D I S P = d i sp -h i g h  d i s p- l o w  
1 1  r I m  i s  t reated  as  a " r e g "  f i e l d  

r /m Operand Address 

000 (BX )  + ( S I )  + D I S P  
001  ( B X )  + ( D I )  + D I S P  
0 1 0  ( B P) + ( S I )  + D I S P  
0 1 1 ( B P) + ( D I )  + D I S P  
1 00 ( S I )  + D I S P  
1 0 1 ( D I )  + D I S P  
1 1 0 ( B P) + D I S P* 
1 1 1  ( B X ) + D I S P  

D I S P  f o l l o ws 2 n d  byte of  i n st r u ct i o n  ( be f o re d ata  i f  r eq u i re d ) .  
·e xcep t  i f  m o d = 0 0  a n d  r / m  = 1 1 0  t h e n  EA = d i s p - h i g h  d i s p- l o w .  
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M emory Seg mentat ion Mode l  

Logica l  
Memory Space 

Offset 
Add ress 

I 
I 1 5 : 

1 5  

Selected CS 

0 

7 

..( 
f 

6 4 K B  

0 

0 :t F F F F F H  } Code Segmm' 

XXXX O H  } S'°'' Sogmoo' 

M S B 
LS B 

BYTE 
Segment 1----s_s_, ............ �-.. 
Reg ister t-------e+----t 

} D • "  Sogmoo'  

C S .  S S .  O S .  E S  ---=:;.j �""""".;;..;.."f 
or none 1 

for 1 / 0 ,  I N T : 
I 
I 
I 
I 

I 
I 

1 9  

Segment Overr ide Prefix 

I 0 0 1 reg 1 1 O 

Adder 

Physical  
Address 
Latch 

L" 

Use of Segment Overr ide 

Operand Register Defau lt 

IP (Code Add ress) cs 
SP  (Stack Add ress) SS 
B P  (Stack  Add ress o r  Stack M arker) SS 
S I  o r  D I  (not  i n c l u d i n g  str i ngs )  OS 
S I  ( I m p l i c i t  Sou rce Add ress for Str i ngs) DS 
D I  ( I m p l i c i t  Dest i nat ion  Add ress for  St r i ngs )  ES  

B-4 8088 Instruction Reference 
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S e g m e n t  

y OOOOOH 

With Overr ide Pref ix 

Never  
Never  
BP + OS o r  ES ,  o r  CS 
ES,  SS .  or CS 
ES,  SS .  o r  CS 
Never  



Data Transfer 

MDV = Move 
Reg i s te r /memo ry to / f rom reg i ster 

I 1 0 0 0 1 0 d w mod reg r / m  

I mmed iate t o  reg is te r / memory 
I 1 1 0 0 0 1 1 w I mod 0 0 0 r im  

Immed i ate t o  reg i ster 
I 1 0 1 1 w reg data 

Memo ry to acc umu l at o r  
l 1 0 1 o o o o w l add r- l ow 

Acc umu l ato r to memo ry 
l 1 0 1 0 0 0 1 w l add r- l ow 

Reg i ste r /memo ry to segmen t reg i ster 
I 1 0 0 0 1 1 1 0 I mod O reg r I m  

Segment reg is ter t o  reg is te r /memo ry 
I 1 0 0 0 1 1 0 0 mod 0 reg r / m  

PUSH = Push 
Reg ister I memory 

1 1  1 1 1 1 1 1 1 

Reg i ster 
I 0 1 0 1 0 reg 

Segment reg is te r 
I 0 0 0 reg 1 0 I 

POP = Po p 
Reg i ster I memo ry 

mod 1 1 0 r /m  

I 1 0 0 0 1 1 1 I mod 0 0 O r /m  

Reg i ster 
I 0 1 0 1 1 reg 

Segmen t reg i ster 
I 0 0 0 reg 1 

data I d ata if w=1 I 

data if w= 1 I 
add r-h i g h  

add r- h i g h  
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XCHG = Exchange 
Reg is te r /memory w i th  reg i ster  I 1 0 0 0 0 1 1 w I mod reg r I m  

Reg i ster w i th  acc u m u l ato r  

I 1 0 0 1 0 reg I 
IN = I n pu t  to AL /  AX from 
Fixed po rt 

I 1 1 1 0 0 1 0 w I po rt 

Var iab le  po rt (DX)  

l 1 1 1 0 1 1 o w l 
OUT = Output  f rom AL/  AX to 
F ixed po rt 

I 1 1 1 0 0 1 w I po rt 

Var iab le  po rt ( DX) 

l 1 1 1 0 1 1 o w l 
XLAT = Trans late byte to A L  

1 1 1 0 1 0 1 1 1 

LEA = Load EA to reg ister  

I 1 0 0 0 1 1 0 1 mod  reg r I m  

LOS = Load po i nter  t o  O S  

I 1 1 0 0 0 1 0 1 mod  reg r I m  

LES = Load po i nter to  E S  

I 1 1 0 0 0 1 0 0 I mod reg r I m  I 
LAHF = Load AH w i th  f lags  

1 1 0 0 1 1 1 1 1 1 
SAHF  = Sto re AH i nto f lags  

1 1 0 0 1 1 1 1 0 

PUSHF = Pus h  f lags  

1 1 0 0 1 1 1 0 0 

POPF = Pop f lags  

1 1 0 0 1 1 1 0 1 
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Arithmetic 

ADD = Add 
Reg i ste r /memory w i th  reg i ster to e i ther  I 0 0 0 0 0 0 d w I mod reg r / m  

I m med iate t o  reg iste r / memory  1 0 0 0 0 0 s w I mod 0 0 0 r / m  d ata I data if s : w =0 1  

I m med iate t o  acc u m u l ato r  l o o o o o 1 o w l data d ata i f  w=1  

ADC = Add w i th  car ry  
Reg i ster / me m o ry w i th  reg ister  to e i ther  I 0 0 0 1 0 0 d w I mod reg r i m  

I m med iate t o  reg i ste r / memory I 1 0 0 0 0 0 s w I mod 0 1 0 r / m  d ata 

I m med iate to acc u m u lato r l o o o 1 0 1 o w l d ata data i f  w=1  

I N C  = I n c rement 
Reg i ster / m e m o ry 1 1 1 1 1 1 1  w I mod 0 0 O r / m  

Reg i ster I 0 1 0 0 0 reg 

AAA = ASCII adj ust for add  1 0 0 1 1 0 1 1 1 1 
DAA = Dec ima l  adjust  f o r  add  1 0 0 1 0 0 1 1 1 1 
S U B  = Su btract 
Reg i ster  / m e m o ry and reg ister to e i the r  I 0 0 1 0 1 0 d w I mod reg r / m  

I m med iate f rom reg i ster / memory I 1 0 0 0 0 0 s w I mod  1 0 1 r / m  

I m med iate f r o m  acc u m u l ato r  I o o 1 O 1 1 O w I data data i f  w=1 

d ata 

d ata i f  s :w=01 

data i f  s :w=01 
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see = Su btract w i th  bor row 
Reg i ster I memory and reg i ster to  e i ther  I 0 0 0 1 1 0 d w I mod reg r I m  

I m med iate f rom reg iste r / m e m o ry I 1 0 0 0 0 0 s w I mod 0 1 r i m  d ata 

I m med i ate f rom accu m u l ato r  l o o O 1 1 1 o w l data data i f  w=1  

DEC = Decrement 
Reg ister  / m e m o ry 1 1 1 1 1 1 1  w I mod  0 0 1 r /m  

Reg i ster I 0 1 0 0 1 reg 

NEG = Change  s i g n  1 1 1 1 1 0 1  w I mod 0 1 1 r / m  

CMP  = Compare 
Reg iste r /memory and  reg ister  I 0 0 1 1 1 0 d w l mod reg r I m  

I m m ed iate w i th  reg i ster / memory I 1 0 0 0 0 0 s w I mod  1 1 r i m  

I m med iate w i t h  accu m u l ato r  

data 

I 0 0 1 1 1 1 0 w I data d ata if w=1  

AAS = ASCI I  adjust  f o r  su btract l o o  1 1 1 1 1 1 I 
DAS = Dec i m a l  adjust  fo r  s u btract 1 0 0 1 0 1 1 1 1 1 
MUL  = Mu l t i p l y  ( uns i g ned) I 1 1 1 1 0 1 1 w I mod 1 0 0 r I m  

I M U L  = In teger  m u l t i p l y  ( s i g ned)  I 1 1 1 1 0 1 1 w I mod 1 O 1 r I m  

A A M  = ASC I I  ad just  f o r  mu l t i p l y  1 1 1 0 1 0 1 0 0 ! 0 0 0 0 1 0 
DIV = D iv i de  ( uns i g ned)  I 1 1 1 1 0 1 1 w I mod 1 1 0 r I m  I 
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I D IV  = I ntege r d i v i d e ( s i g ned) j 1 1 1 1 0 1 1 w I mod 1 1 1 r / m  

AAD = ASC I I  ad just f o r  d i v i d e  1 1 1 0 1 0 1 0 1 1 0 0 0 0 1 0  o l 
CBW = Conve rt byte to wo rd 1 1 0 0 1 1 0 0 0 ! 
CWD = Convert wo rd to do u b le wo rd 1 1 0 0 1 1 0 0 1  

NOT = I n vert 

Log ic  

I 1 1 1 1 0 1 1 w mod 0 1 0 r /m  

SHL/SAL = Sh ift l o g i c a l / a r i t hmet i c l eft I 1 1 0 1 O 0 v w I mod 1 O O r /m  

SHR  = Sh ift l o g i ca l  r i g ht I 1 1 0 1 0 0 v w I mad 1 0 1 r Im  

SAR = Sh ift ar i t hmet i c r i g h t  I 1 1 0 1 0 0 v w mod 1 1 1 r im  

ROL = Rotate l eft I 1 1 0 1 0 0 v w mod 0 0 0 r /m  

R O R  = Rotate r i g h t  · I 1 1 O 1 0 O v w mod 0 0 1 r /m 

R C L  = Rotate th rough car ry l eft I 1 1 0 1 0 0 v w I mod 0 1 0 r /m  

R C R  = Rotate th roug h  car ry r i gh t j 1 1 0 1 0 0 v w I mod O 1 1 r /m  

AND = And 
Reg i s te r /memo ry and reg is ter to e i t he r I 0 0 1 0 0 0 d w I mod reg r Im  

I mmed iate t o  reg i ste r / memo ry I 1 0 0 0 0 0 0 w mod 0 0 r /m  

Immed i ate t o  accum u l ato r  

d ata 

l o o 1 o o 1 o w data d ata if w=1 

data i f w=1 
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TEST = And f u nct i o n  to f lags ,  n o  resu l t  
Reg i ste r / m e m o ry and  reg i ste r I 1 0 0 0 0 1 0 w I mod  reg r / m  

I m m ed iate d ata and  reg is te r / memory I 1 1 1 1 0 1 1 w I mod  O 0 0 r / m  data 

I m m ed iate d ata and acc u m u lator  j 1 0 1 0 1 o o w l data d ata i f  w=1 
OR = OR 
Reg i ster  / me m o ry and  reg is te r  to e i t he r  I 0 0 0 0 1 0 d w I mod reg r / m  

I m med iate t o  reg i ste r / me m o ry I 1 0 0 0 0 0 0 w I mod 0 0 1 r / m  d ata 

I m m ed iate to acc u m u l ato r I O O O O 1 1 O w I data data i f  w=1 
XOR = Exc l u s i ve o r  
Reg i s te r / m e m o ry a n d  reg i ste r t o  e i ther  I 0 0 1 1 0 0 d w I mod reg r / m  

I m med iate to reg ister  / memory I 1 0 0 0 0 0 0 w I mod 1 1 0 r / m  d ata 

I m med iate to accu m u lato r l o o 1 1 o 1 o w  data data i f  w=1 
String Manipu lat ion 

REP = Repeat 1 1  1 1 1 0 0 1 z 

MDVS = M o ve Str i n g  l 1 0 1 0 0 1 o w l 
CMPS = Compare St r i ng  1 1  0 1 0 0 1 1 w 
SCAS = Scan Str ing  1 1  0 1 0 1 1 1 w 
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LODS = Load Str i ng  l 1 0 1 0 1 1 o w l 
STOS = Store St r i ng  1 1 0 1 0 1 0 

Control Transfer 

CALL = Ca l l  
D i rect w i t h i n  seg ment 

I 1 1 1 0 1 0 0 0 I d i sp- low d i sp- h i g h  

I n d i rect w i th i n  seg ment  I 1 1 1 1 1 1 1 

D i rect i n te rseg ment  1 1 0 0 1 1 0 1 0  

I n d i rect i nterseg ment  1 1 1 1 1 1 1 1  

J M P  = Uncond i t i ona l  J u m p  
D i rect w i t h i n  seg ment  

mod  0 1 0 r im 

offset- l ow offset-h i g h  

seg- low seg- h i g h  

mod 0 1 1 r /m  

I 1 1 1 0 1 0 0 1 I d i sp- Jow d is p- h i g h  

D i rect wi th i n  seg me nt-sh o rt I 1 1 1 0 1 0 1 d i s p  

I n d i rect w i t h i n  seg ment  I 1 1 1 1 1 1 1 mod  1 0 0 r / m  

D i rect i n terseg ment  1 1 1 1 0 1 0 1 0  offset- low offset- h i g h  

seg- J ow seg- h i g h  

I n d i rect i nterseg ment  1 1 1 1 1 1 1 1  mod  1 0 1 r / m  
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RET = Retu rn from CALL 
Wi th i n  seg ment  1 1 1 0 0 0 0 1 1 1 
With i n  seg ment  add i ng  i m med i ate to SP  I 1 1 0 0 0 0 1 0 I data- low 

l n te rseg ment  1 1  1 0 0 1 0 1 1 I 
l n terseg ment ,  add i ng  i m med iate to SP  I 1 1 0 0 0 0 1 0 I d ata- low 

J E/JZ = J u m p  on  equa l / zero 1 o 1 1 1 o 1 o o I d i s p  

JL/J NGE = J u m p  on  less / n ot g reater  o r  equa l  1 o 1 1 1 1 1 o o 1 d i s p  

J LE/JNG = J u m p  on  less o r  equa l / n ot g reater 1 o 1 1 1 1 1 1 o I d i sp  I 
JB/J NAE = Ju m p  on be l o w / n ot above o r  equa l  I o 1 1 1 o o 1 o I d i sp  I 
J BE/JNA = Ju m p  on be low o r  equa l / not a bove I o 1 1 1 o 1 1 o I d i s p  I 
J P/JPE = J u m p  on par i ty / p ar i ty even I o 1 1 1 1 o 1 o I d i s p  

JO = J u m p  on  overf low 

l o 1 1 1 0 0 0 o I d i sp  

J S = Jump o n  s i gn  l o 1 1 1 1 0 0 o I d i sp  

J N E/J NZ = J u m p  on  not  equa l / n ot ze ro  I o 1 1 1 o 1 o 1 1 d is p  

J N L/JGE = J u m p  on  not  less /g reate r o r  equa l  

I o 1 1 1 1 1 o 1 I d i s p  I 
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J N LE/JG = J ump  o n  not l ess o r  e q ua l / g reate r I o 1 1 1 1 1 1 1 1 d i sp 1 
J N B/JAE = J um p  on not be l ow/a bove o r  equa l  I o 1 1 1 o o 1 1 1 d i s p  1 
J N BE/JA = J ump  on no t be low o r  equa l / a bove 1 o 1 1 1 o 1 1 1 I d i s p  

J N P/JPO = J ump  on no t par i ty / pa r i ty odd I o 1 1 1 1 a 1 1 I d i sp 

J N O  = J ump  on no t overf low I o 1 1 1 o o o d i sp 

J N S  = J um p  on not s i g n  I o 1 1 1 1 o o d i sp 

LOOP = Loop ex t imes I 1 1 1 0 0 0 1 O d i s p  

LOOPZ/LOOPE = Loop wh i l e  zero / equa l  1 1  1 1 o o o o 1 I d i s p  

LOOPNZ/LO O P N E  = Loop wh i l e  n o t  ze ro / n ot equa l  1 1  1 1 o o o o o I d i s p  1 
J CXZ = J ump  on ex ze ro j 1 1 1 0 0 0 1 1 d i s p  
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8088 Condit ional  Transfer Operations 

I nstruction Condit ion Interpretati on 

J E  or JZ ZF = 1 "equa l "  o r  "ze ro" 
JL or JNGE  (SF  xo r  OF) = 1 " l ess" or "not  g reater o r  equa l "  
J LE o r  J N G  ( (SF  xo r  OF) o r  " less o r  equa l "  o r  " n o t  g reater" 

ZF) = 1 
J B  or JNAE o r  JC C F = 1 "be low" o r  "no t  above or equa l "  
JBE  o r  JNA (CF o r  ZF) = 1 "be low o r  equa l "  o r  "not  above" 
JP o r  JPE PF = 1 "parity" o r  " par i ty even"  
JO  OF = 1 "overf l ow"  
J S  SF = 1 "s i gn"  
J N E  o r  JNZ ZF = 0 " n ot equa l "  o r  " not zero" 
JNL o r  JGE (SF  xor OF) = 0 "not  less" or "g reater  o r  equa l "  
J N LE o r  JG  ( (SF  xo r  OF) o r  " n o t  less o r  equa l "  o r  "g reater" 

ZF) = 0 
J N B  o r  JAE o r  JNC CF = 0 "not  be l ow" o r  "above o r  equa l "  
J N B E  o r  JA (CF o r  ZF) = 0 "not  be low o r  equa l "  o r  "above" 
JNP o r  J PO PF = 0 "not  par i ty" o r  " par i ty odd"  
JNO  OF = 0 "not  overf low" 
J N S  SF =  0 "not  s i g n "  

•"Above" and "be low" refer to the  re lat i o n  between two  u ns ig ned va l u es ,  wh i l e  
"g reater" and  " less" refe r to  the  re lat i o n  between two  s i g ned va lues .  

I N T = I nterrupt  
Type spec i f ied I 1 1 O O 1 1 O 1 type 

Type 3 1 1  1 o o 1 1 o o l 
I N TO = I nterrupt  o n  overf l ow 1 1 1 0 0 1 1 1 0 1 
I RET = I n terrupt  retu rn  1 1  1 0 0 1 1 1 
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Processor Control 

CLC = Clear ca r ry STC = Set ca r ry 
1 1 1 1 1 o o o l 1 1 1 1 1 1 0 0 1  

C M C  = Comp l ement car ry NOP = No operat i o n 
1 1 1 1 o 1 o 1 I 1 1 0 0 1 0 0 0 0 1 
CLD  = C l ear d i rect i o n  STD = Se t  d i rect i o n 
1 1 1 1 1 1 o o l 1 1 1 1 1 1 1 0 1  

C U  = C lea r i n te r rup t STI = Set i nte r rupt 

�1 _1_1_1_1_0 __ 0_1 I 1 1 1 1 1 0 1 1 

HLT = Ha l t  WA IT = Wa i t 
1 1 1 1 0 1 0 0 1 1 1 0 0 1 1 0 1 1 

LOCK = Bus l o ck p ref ix ESC = Escape (to externa l dev i ce) 
1 1 1 1 0 0 0 0 1 1 0 1 1 x x x I mod x x x r i m  I 

Footnotes : 
i f  d = 1 then "to" ;  i f  d = 0 then "from "  
i f  w = 1 t h e n  wo rd i n st ruct i o n ;  i f  w = 0 t h e n  byte i ns truct i o n  
i f s :w = 0 1 then 1 6  b i ts of i mmed i ate data f r om the o perand 
i f s :w = 1 1 then an i mmed i ate data byte i s  s ign extended to form the 1 6-b i t  o perand 
i f  v = 0 then "cou nt" = 1 ;  i f  v = 1 then "count" i n  ( Cl) 
x = d on't care 
z i s  used fo r some str i ng p r im i t i ves to compa re w i th ZF FLAG 
A L = 8-b i t  acc umu l ato r 
AX = 1 6-b i t  acc umu l ato r 
CX = Coun t reg i ste r 
OS = Data segment 
DX = Var iab l e p o rt reg is ter 
ES = Extra segmen t 
Above / be low refers to u n s i g ned va l ue 
Greater = mo re pos i t ive ; 
Less = less pos i t i ve (mo re negat i ve) s i g ned va l ues 
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8088 I nstruct ion Set M atr ix 

LO 
0 1 

0 ADD ADD 
b , f , r  Im w, f , r l m  

1 ADC ADC 
b , f , r l m  w ,f , r l m  

2 AND AND 
b , f , r l m  w,f , r l m  

3 XOR XOR 
b , f , r I m  w,f , r l m  

4 I N C  I N C  
A X  ex 

5 PUSH PUSH 
AX ex 

6 

7 JO  JNO  

8 I m  med Im med 
b , r l m  w , r l m  

9 NOP XCHG 
ex 

A MOV MOV 
m AL  m A L  

B MOV MOV 
i A L  i C L  

c 

D Sh ift Sh ift 
b w 

E LOOPNZI LOOPZI 
LOOPNE LO OPE 

F LOCK 

b = byte operati o n  
d = d i rect 
f = from CPU reg 
i = i m med iate 
i a  = i m med .  to acc u m .  
i d  = i n d i rect 

2 

ADD 
b , t , r l m  

ADC 
b , t , r l m  

A N D  
b , t , r l m  

XOR 
b , t , r l m  

I N C  
D X  

PUSH 
DX 

J B I  
JNAE  

I m  med  
b , r l m  

XCHG 
DX 

MOV 
A L  m 

MOV 
i DL  

RET 
( i +SP) 

Sh ift 
b , v  

LOOP 

REP 

i s = i m med .  byte, s ign ext .  
I = l ong  i e .  i nterseg ment  

3 4 5 6 

ADD ADD ADD PUSH 
w , t , r l m  b , i a  w , i a  E S  

ADC ADC ADC PUSH  
w , t , r l m  b , i  w , i  S S  

AND  AND AND SEG 
w , t , r l m  b , i  W , i  =ES 

XOR XOR XOR SEG 
w , t , r l m  b , i  w , i  =SS 

INC  INC  INC  I N C  
B X  SP BP  S I  

PUSH PUSH PUSH PUSH 
BX SP  BP  S I  

J N B I  J E I  J N E I  J B E I  
JAE JZ JNZ JNA 

I m  med  TEST TEST XCHG 
i s . r i m  b , r l m  w , r l m  b , r l m  

XCHG XCHG XCHG XCHG 
BX SP  BP  S I  

MOV MOVS MOVS C M PS 
AL m b w b 

MOV MOV MOV MOV 
i BL i AH  i CH  i DH  

RET LES LDS MOV 
b , i , r l m  

Sh ift AAM AAD 
w ,v  

J CXZ IN I N  O U T  
b w b 

REP H LT CMC Grp 1 
z b , r l m  

m = memory 
r I m  = EA i s  second byte 
s i  = sho rt i n trasegment 
sr = segment  reg ister  
t = to CPU reg 
v = var i ab l e  
w = word operat i o n  
z = zero 
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POP 
ES 

POP 
SS 

DAA 

AAA 

INC  
D I  

PUSH 
D I  

J N B E I  
J A  

XCHG 
w , r l m  

XCHG 
D I  

C M PS 
w 

MOV 
i BH  

MOV  
w , i , r l m  

XLAT 

OUT 
w 

Grp 1 
w , r l m  

( 



8088 I nstruct ion Set Matr ix 

LO 8 9 A B c D E F 
H I  

0 OR OR OR OR OR PUSH 
b , f , r / m  w , f , r / m  b , t , r / m  w , t , r /m  b , i  w , i  c s  

1 SBB SBB SBB SBB SBB SBB PUSH POP 
b , f , r /m  w , f , r / m  b , t , r / m  w , t , r /m  b , i  w , i  O S  OS  

2 SUB SUB SUB SUB SUB SUB SEG = DAS 
b , f , r / m  w, f , r / m  b , t , r / m  w , t , r /m  b , i  w , i  cs 

3 CMP CMP CMP CMP  CMP  CMP  SEG = AAS 
b , f , r / m  w , f , r / m  b , t , r / m  w , t , r /m  b , i  w , i  cs 

4 DEC DEC DEC DEC DEC DEC DEC DEC 
AX ex DX BX SP BP S I  D I  

5 POP POP POP POP POP POP POP POP 
AX ex DX BX SP BP SI D I  

6 

7 JS JNS J P /  JNP /  J L /  J N L /  J L E /  J N LE /  
J PE J PO JNGE  JGE  JNG J G  

8 MOV MOV MOV MOV MOV LEA MOV POP 
b , f , r / m  w , f , r / m  b , t , r / m  w , t , r / m  s r , t , r I m  s r , f , r I m  r / m  

9 CBW CWD CALL WAIT PUS HF POPF SAH F  LAHF 
l , d  

A TEST TEST STOS STOS LOOS LOOS SCAS SCAS 
b , i  w , i  b w b w b w 

B MOV MOV MOV MOV MOV MOV MOV MOV 
i AX i ex i DX i BX i SP i BP i S I  i D I  

c RET RET INT INT I NTO I R ET 
l , ( i +SP) I Ty pe 3 (Any) 

D ESC ESC ESC ESC ESC ESC ESC ESC 
0 1 2 3 4 5 6 7 

E CALL JMP  JMP  JM P  I N  I N  OUT OUT 
d d l , d  s i , d  v , b  v ,w v , b  V , W  

F CLC STC c u  STI C LO STD Grp 2 G rp 2 
b , r /m  w , r /m  

whe re :  
modo r /m 000 001 0 1 0  01 1 1 00 1 01 1 1 0  1 1 1  

I m  med ADD OR ADC SBB AND SUB XOR CMP 
Sh ift ROL ROR RCL RCR SHL /SAL SHA - SAR 
Grp 1 TEST - NOT NEG MU L  I M U L  D IV I O I V 
Grp 2 I N C  DEC CALL CALL JM P  JM P  PUSH -

i d  I . i d  i d  I . i d  

8088 Instruction Reference B- 1 7  



I nstruct ion Set I ndex 

M nemonic Page M nemonic Page Mnemonic  Page 

AAA B-7 J G  B- 1 3  MDV B-5 
AAD B-9 JGE B- 1 2  MOVS B-1 0 
AAM B-8 J L  B- 12  M U L  B-8 
AAS B-8 J LE B- 1 2  NEG B-8 
ADC B-7 J M P  B-1 1 NOP  B-1 5 ( ADD B-7 J N A  B-1 2 NOT B-9 
AND  B-9 JNAE B-1 2  O R  B- 1 0  
CALL B-1 1 J N B  B- 1 3  OUT  B-6 
CBW B-9 JNBE  B-1 3 POP B-5 
C LC B- 1 5  J N E  B- 1 2  POPF B-6 
CLO B-1 5  JNG  B-1 2 PUSH B-5 
c u  B-1 5 JNGE  B - 12  PUSHF  B-6 
C M C  B- 1 5  J N L  B - 12  R C L  B-9 
C M P  B-8 JNLE B - 13  RCA B-9 
C M PS B-1 0 JNO  B- 1 3  REP  B-1 0 
CWD B-9 J N P  B- 1 3  RET B-12 
DAA B-7 JNS  B- 1 3  AOL  B-9 
DAS B-8 JNZ B- 1 2  ROA  B-9 
DEC B-8 JO  B- 1 2  SAHF  B-6 
D IV  B-8 J P  B- 1 2  SAL  B-9 
ESC B-1 5 J PE B- 1 2  SAR  8-9 
H LT B- 1 5  J PO B-1 3 S B B  8-8 
I D I V  8-9 JS B- 1 2  SCAS B-1 0 
I M U L  B-8 JZ B- 1 2  S H L  �-9 
I N  B-6 LAHF B-6 S H A  B-9 ( I N C  B-7 LDS B-6 STC B-1 5 
I N T  B- 14  LEA B-6 STD B-1 5 
I NTO 8-1 4 LES B-6 STI B-1 5 
I R ET B-1 4 LOCK B- 1 5  STOS B-1 1 
JA  8-1 3 LOOS B-1 1 S U B  B-7 
JAE  B-1 3 LOOP B-1 3  TEST B- 1 0  
J B  8- 1 2  LO OPE B-13 WAIT B-1 5 
J BE B-1 2  LOOPNE B-1 3  XCHG B-6 
J CXZ B- 1 3  LOOPNZ B-1 3  XLAT B-6 
J E  B-1 2  LOOPZ B-1 3 XOR B-1 0 

( 
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APPENDIX C :  O F  CHARACTERS,  
KEYSTROKE S ,  AND COLOR 

Value 

Hex Dec 

00 0 

0 1  1 

02 2 

03 3 

04 4 

05 5 

06 6 

07 7 

08 8 

09 9 

OA 1 0  

OB 1 1  

oc 1 2  

OD 1 3  

OE 1 4  

OF 1 5  

1 0  1 6  

1 1  1 7  

1 2  1 8  

1 3  1 9  

1 4  20 

1 5  2 1  

1 6  22 

1 7  23 

As Text Attrib utes 

Color I Graphics I B M  

A s  Characters M onitor Ada pter Monochrome 

Symbol 

B l a n k  

( N u l l )  

� 
• 
• 
• 
4" 
• 
• 

0 

cf 
� 
Jl 
� 
-M-
.... 
� 
! 
I I  . . 

IT 
� 

-

j_ 

Display 

Keystrokes Modes Background Foreg round Ada pter 

Ctrl 2 B l a c k  B l a c k  N o n - D i sp l a y  

Ctr l A B l a c k  B l u e  Under l i ne 

Ctr l  B B l ack G reen N o r m a l  

C t r l  C B lack  Cya n N o r m a l  

C t r l  D B l a c k  R e d  N o r m a l  

C t r l  E B l a c k  Magenta Normal  

Ctr l  F B l ack B rown N o r m a l  

Ctr l  G B lack  L ight  G rey N o r m a l  

C t r l  H ,  B lack  Dark  G rey Non - D i sp l a y  

Backspace.  
S h ift 

Backspace 

Ctr l  I B l a c k  L ight  B l u e  H i g h  I ntens ity 
Under l i n e  

C t r l  J ,  B l a c k  L ight  G reen High I ntens i ty  

Ctr l ...J 

Ctr l  K B l ack L ight  G reen H igh I ntens ity 

Ctr l  L ,  B lack  L ight  Red H igh  I ntens ity 

Ctr l  M, ._J , B l ack  L ight  H igh I ntens ity 

S h ift._.J Magenta  

Ctr l  N B l a c k  Y e l l ow H i g h  I ntens i ty 

Ctr l  0 B l ack White  H igh I ntens i ty 

Ctr l  P B l u e  B l a c k  Norma l 

Ctr l  Q B l u e  B l u e  Under l i n e  

C t r l  R B l u e  Green N o r m a l  

C t r l  S B l u e  Cya n N o r m a l  

Ctr l  T B l u e  Red N o r m a l  

Ctr l  U Magenta  Normal  

Ctr l  V B l u e  B rown N o r m a l  

Ctr l W B l u e  L i g h t  G rey Norma l 

Of Characters, Keystrokes, and Colors C- 1 



As Text Attri butes 

Color/ G raphics 

Value As C h a racters Mon itor Ada pter 

Hex Dec Sym bol Keystrokes Modes Background Foreg round 

1 8  24 t Ctr l  X B l u e  D a rk G rey 

1 9  25 I Ctr l  Y B l u e  L ight  B l u e  

1 A  26 - Ctr l  Z B l u e  L ight  G reen 

1 8  27 Ctr l  [ ,  B l u e  L ight  Cya n 

Esc,  S h ift -
Esc, Ctr l  
Esc 

l C  28 L Ctr l  \ B l u e  L i g h t  Red 

l D  29 Ctr l  I B l u e  L ight  +---+ 
Magenta 

l E  30 ... Ctr l  6 B l u e  Yel low 

l F  3 1  ,. Ctr l - B l u e  Wh ite 

20 3 2  B l a n k  Space B a r, G reen B l ack 

Space S h ift, 

Space,  

Ctr l  Space,  

Alt S pace 

2 1  33 ! ! S h ift Green B l u e  

22 34 
" , ,  

S h ift G reen G reen 

2 3  3 5  # # S h ift G reen Cyan 

24 36 $ $ S h ift G reen R ed 

2 5  3 7  % % S h ift G reen M a genta 

26 38 & & S h ift Green B rown 

27 39 G reen Light G rey 

28 40 ( ( S h ift G reen D a rk G rey 

29 41  ) ) S h ift Green L ight  B l u e 

2A 42 . Note 1 G reen Light G reen 

28 43 + + S h ift G reen L ight Cya n 

2 C  44 G reen L i g h t  Red 

2D 45 - - G reen L ight  

Mag enta 

2E 46 Note 2 G reen Yel low 

C-2 Of Characters, Keystrokes, and Colors 

I B M  

Monoc h rome 

D i splay 

Ada pter 

H i g h  I ntens i ty 

H i g h  I ntens ity 

U nder l i n e  

H i g h  I ntens ity 

H i g h  I ntensity 

H i g h  I ntens i ty 

H i g h  I ntensity 

H i g h  I ntens ity 

H i g h  I ntens ity 

N o r m a l  

U nder l i n e  

N o r m a l  

N o r m a l  

N o r m a l  

N o r m a l  

N o r m a l  

N o r m a l  

H i g h  I ntensity 

H i g h  I ntens ity 

U n d e r l i n e  

H i g h  I ntens i ty 

H i g h  I ntensity 

H i g h  I ntens ity 

H i g h  I ntens i ty 

H i g h  I ntens ity 

( 



Va l u e  

H e x  D e c  Sym bol 

2F 47 I 
30 48 0 

3 1  49 1 

32 50 2 

3 3  5 1  3 

34 52 4 

3 5  5 3  5 

36 54 6 

3 7  5 5  7 

38 5 6  8 

3 9  57 9 

3A 58 

38 5 9  

3 C  6 0  < 
3 D  6 1  = 

3 E  6 2  > 
3 F  6 3  ? 
40 64 @ 
4 1  6 5  A 

42 66 B 

43 67 c 
44 68 D 

45 69 E 

46 70 F 

47 7 1  G 

48 72 H 

49 73 I 

4A 74 j 

As Text Attri butes 

Color I G raphics I B M  

A s  C h a racters Mon itor Adapter Monochrome 

D i splay 

Keystrokes Modes Background Foreground Ada pter 

I G reen White  H igh I ntens i ty 

0 N ote 3 Cya n B l a c k  Norma l 

1 N ote 3 Cya n B l u e  U nder l i n e  

2 N ote 3 Cya n G reen N o r m a l  

3 N ote 3 Cya n Cya n N o r m a l  

4 N ote 3 Cya n Red N o r m a l  

5 N ote 3 Cya n Magenta  N o r m a l  

6 N ote 3 Cya n B rown N o r m a l  

7 N ote 3 Cya n L ight  G rey N o r m a l  

8 N ote 3 Cyan D a rk G rey H i g h  I ntens i ty 

9 N ote 3 Cya n L ight  B l u e  · H i g h  I n tens i ty 

U nder l i n e  

S h ift Cya n L ight  G reen H i g h  I ntens i ty 

Cya n L ight  Cyan H i g h  I ntens i ty 

< S h ift Cya n L ight  Red H i g h  I ntens i ty 

= Cya n L i g h t  H i g h  I ntens ity 

Magenta  

> S h ift Cya n Yel low H i g h  I ntens i ty  

? S h ift Cyan White  H igh I ntens i ty  

@ S h ift Red B l a c k  Norma l 

A N ote 4 Red B l u e  Under l i n e  

B Note 4 Red G reen N o r m a l  

c N ote 4 Red Cya n Norma l 

D N ote 4 Red Red N o r m a l  

E N ote 4 Red Magenta  N o r m a l  

F N ote 4 Red B rown Norma l 

G Note 4 Red Light G rey N o r m a l  

H N ote 4 Red Dark  G rey H i g h  I ntens i ty 

I Note 4 Red Light B l u e  H i g h  I ntensity 

U nder l i n e  

j N ote 4 Red Light G reen H i g h  I ntens i ty 

Of Characters, Keystrokes, and Colors C-3  



As Text Attri butes 

Color/ Graphics 
Value As Characters Monitor Adapter 

Hex Dec Symbol Keystrokes Modes Background Foreg round 

4B 75 K K Note 4 Red L ight  Cyan 

4 C  76 L L Note 4 Red L ight  Red 

40 77 M M Note 4 Red L ight 

Magenta 

4E 78 N N Note 4 Red Ye l l ow 

4 F  79 0 0 Note 4 Red Wh ite 

50 80 p p Note 4 Magenta B lack  

51  81  Q Q Note 4 Magenta B l u e  

52 82 R R N ote 4 Mage nta G reen 

53  83 s s Note 4 Magenta Cya n 

54 84 T T N ote 4 Mage nta Red 

55 85 u u Note 4 Magenta Magenta 

56 86 v v Note 4 Magenta B rown 

57 87 w w Note 4 Mage nta L ight  G rey 

58 88 x x Note 4 Magenta Dark  G rey 

59 89 y y Note 4 Mage nta Light B l u e  

5 A  90 z z N ote 4 Mage nta Light G reen 

5 B 9 1  [ [ Magenta Light Cyan 

5C 92 \ \ Mage nta Light Red 

50 93 l l Magenta L ight  

Magenta 

5E 94 A A S h ift Magenta Ye l low 

5 F  95 - - S h ift Magenta Whi te 

60 96 Ye l l ow B lack 

6 1  97 a a Note 5 Yel low B l u e  

6 2  9 8  b b Note 5 Ye l low G reen 

63 99 c c Note 5 Ye l l ow Cyan 

64 1 00 d d N ote 5 Yel l ow Red 

65 1 0 1 e e Note 5 Yel low Magenta 

66 1 02 f f Note 5 Ye l l ow B rown 

C-4 Of Characters, Keystrokes, and Colors 

I BM 
Monochrome 

Display 
Adapter 

H i g h  I ntens i ty 

H i g h  I ntens i ty 

H i g h  I ntens ity 

H igh I ntens ity 

H i g h  I ntens i ty 

N o r m a l  

U n d e r l i n e  

N o r m a l  

N o r m a l  

N o r m a l  

Norma l  

N o r m a l  

N o r m a l  

H i g h  I ntens ity 

H i g h  I ntens ity 

U n d e r l i n e  

H i g h  I ntensity 

H i g h  I ntens ity 

H i g h  I ntensity 

H i g h  I ntens i ty 

H i g h  I ntens ity 

H i g h  I ntensity 

Norma l  

Under l i n e  

N o r m a l  

N o r m a l  

N o r m a l  

Norma l  

N o r m a l  

( 



Va lue 

Hex Dec 

67 1 03 

68 1 04 

69 1 05 

6A 1 06 

6 B  1 07 

6C 1 08 

6 D  1 09 

6 E  1 1 0 

6 F  1 1 1  

70 1 1 2 

7 1  1 1 3 

72 1 1 4 

7 3  1 1 5  

74 1 1 6 

7 5  1 1 7 

7 6  1 1 8 

7 7  1 1 9 

78 1 20 

79 1 2 1 

7A 1 2 2 

7 B  1 2 3 

7 C  1 24 

7 D  1 2 5 

7 E  1 2 6 

7 F  1 27 

As Text Attri b utes 

Color I Graphics I B M  

A s  C h a racte rs M o n itor Ada pter Monochrome 

Sym bol 

9 
h 

i 

j 
k 

I 

m 

n 

0 
p 

q 
r 

s 

f 

u 

v 

w 

x 

y 

z 
I 
I 
I 

I 

-

A 

Display 

Keystrokes Modes Background Foregrou nd Ada pter 

g Note 5 Ye l low L ight  G rey N o r m a l  

h N ote 5 Ye l low D a rk G rey H i g h  I ntens ity 

i N ote 5 Ye l low L ight  B l u e  H i g h  I ntensity 

U n d e r l i n e  

j N ote 5 Yel low Light G reen High I ntens ity 

k N ote 5 Yel low Light Cyan H i g h  I ntens ity 

I N ote 5 Yel low Light Red H i g h  I ntens i ty 

m N ote 5 Yel low L ight  H igh  I ntensity 

Magenta 

n Note 5 Yel low Yel l ow H i g h  I ntens ity 

0 N ote 5 Yel low Wh ite H i g h  I ntens ity 

p N ote 5 White B l ack Reverse Video 

q N ote 5 Wh ite B l u e  Under l i n e  

r N ote 5 Wh ite G reen N o r m a l  

s N ote 5 Wh ite Cyan N o r m a l  

f N ote 5 Whi te Red N o r m a l  

u N ote 5 Whi te Mage nta N o r m a l  

v N ote 5 Wh ite B rown N o r m a l  

w N ote 5 Wh ite Light G rey N o r m a l  

x Note 5 White Dark  G rey Reverse Video 

y N ote 5 Whi te L ight  B l u e  H i g h  I ntens ity 

U nder l i n e  

z Note 5 White L ight  G reen H i g h  I ntens i ty 

I S h i ft Whi te L ight  Cyan H igh  I ntens ity 

I S h ift Whi te L i g h t  Red H i g h  I ntens ity I 

I S h i ft Whi te L ight  H igh  I ntens ity 

Mag enta 

- S h i ft Wh ite Yel low H i g h  I ntens i ty 

Ctr l - Wh ite Wh ite H i g h  I ntens ity 

Of Characters, Keystrokes, and Colors C-5  



Va lue 

Hex 

. . 

so 
S l  

S2 

S3 

S4 

S5 

S6 

S7 

SS 

S9 

SA 

S B  

sc 
S D  

S E  

8 F  

90 

9 1  

9 2  

9 3  

9 4  

9 5  

96 

97 

9S 

99 

9A 

D e c  

. .  

1 2S 

1 29 

1 30 

1 3 1 

1 3 2 

1 33 

1 34 

1 3 5 

1 3 6 

1 37 

1 3S 

1 39 

1 40 

1 4 1 

1 42 

1 43 

1 44 

1 45 

1 46 

1 47 

1 48 

1 49 

1 50 

1 5 1 

1 5 2 

1 5 3 

1 54 

As Text Attri b utes 

Color I Graphics I B M  

A s  C h a ra cters M onitor Adapter M o nochrome 

Display 

Symbol Keystrokes M odes Backg round Foreg round Adapter 

80 to FF Hex a re Flashing i n  both Color & I B M  Monochrome • • • • 
<;: Alt 1 2S N ote 6 B lack  B l ack N o n - D i sp lay  

u Alt 1 29 N ote 6 B l a c k  B l u e  Under l i n e  

e Alt 1 30 Note 6 B l ack G reen N o r m a l  

a Alt 1 3 1 Note 6 B l ack Cya n N o r m a l  

ii Alt 1 3 2 N ote 6 B lack  Red Norma l  

a Alt 1 33 N ote 6 B l a c k  M a g e nta N o r m a l  

� Alt 1 34 Note 6 B l a c k  B rown N o r m a l  

c Alt 1 3 5 N ote 6 B l ack L ight  G rey N o r m a l  

e Alt 1 3 6 N ote 6 B l a c k  D a rk G rey N o n - D isp lay  

e Alt 1 37 N ote 6 B lack  L ight  B l u e  H i g h  I ntens i ty 

U nder l i n e  

e Alt 1 3S N ote 6 B l a c k  L ight  G reen High I ntens ity 

'I Alt 1 39 N ote 6 B l a c k  L ight  Cya n H i g h  I ntens ity 

i Alt 1 40 N ote 6 B lack  L ight  Red H igh  I ntens i ty 

l Alt 1 4 1 N ote 6 B l a c k  L ight  H igh  I ntens i ty 

Magenta 

A Alt 1 42 N ote 6 B lack  Ye l low H i g h  I ntens i ty 

A Alt 1 43 N ote 6 B l a c k  Wh ite H i g h  I ntensity 

E Alt 1 44 N ote 6 B l u e  B lack  Norma l  

ae Alt 1 45 N ote 6 B l u e  B l u e  U nder l i n e  

AE Alt 1 46 N ote 6 B l u e  G reen N o r m a l  

6 Alt 1 47 Note 6 B l u e  Cyan N o r m a l  

6 Alt 1 48 N ote 6 B l u e  Red N o r m a l  

b Alt 1 49 N ote 6 B l u e  Magenta N o r m a l  

u Alt 1 50 N ote 6 B l u e  B rown N o r m a l  

u Alt 1 5 1 N ote 6 B l u e  L i g h t  G rey N o r m a l  

y Alt 1 5 2 N ote 6 B l u e  D a rk G rey H i g h  I ntens ity 

6 Alt 1 53 Note 6 B l u e  L i g h t  B l u e  H i g h  I ntens i ty 

U n der l i n e  

u Alt 1 54 N ote 6 B l u e  L i g ht G reen H i g h  I ntensity 

C-6 Of Characters, Keystrokes, and Colors 

I 
I 



Value 

Hex Dec Symbol 

9 B  1 5 5 

9C 1 5 6 

9D 1 5 7 

9E 1 58 

9F 1 5 9 

AO 1 60 

A l  1 6 1 

A2 1 6 2 

A3 1 63 

A4 1 64 

A5 1 6 5 

A6 1 66 

A7 1 67 

A8 1 68 

A9 1 69 

AA 1 70 

AB 1 7 1 

AC 1 7 2 

AD 1 73 

AE 1 74 

AF 1 7 5 

BO 1 76 

B 1  1 77 

B2 1 78 

B3 1 79 

B4 1 80 

B5 1 8 1 

B6 1 82 

¢ 
£ 

Pt 

f 

y, 

<< 
>> 
. . .  . . .  
. . .  . . .  

I 
-

-
-

-

As C h a racters 

As Text Attrib utes 

Color / G ra phics 

M onitor Ada pter 

Keystrokes M odes Background Foreg round 

I B M  

Monochrome 

D i splay 

Adapter 

Alt  1 5 5 

Al t  1 56 

Alt  1 57 

Al t  1 58 

Al t  1 59 

Al t  1 60 

Alt  1 6 1 

Al t  1 62 

Al t  1 63 

Alt  1 64 

Alt  1 65 

Alt  1 66 

Alt  1 67 

Alt  1 68 

Alt  1 69 

Alt  1 70 

Alt  1 7 1 

Alt  1 72 

Alt  1 73 

Alt  1 74 

Alt  1 75 

Alt  1 76 

Alt  1 77 

Alt  1 78 

Alt  1 79 

Alt  1 80 

Alt 1 8 1 

Alt  1 82 

N ote 6 B l u e  

N ote 6 B l u e  

Note 6 B l u e  

N ote 6 B l u e  

N ote 6 B l u e  

N o t e  6 G reen 

N ote 6 G reen 

N ote 6 G reen 

Note 6 G reen 

N ote 6 G reen 

N ote 6 G reen 

N ote 6 G reen 

Note 6 G reen 

N ote 6 G reen 

N ote 6 G reen 

N ote 6 G reen 

N ote 6 G reen 

N ote 6 G reen 

Note 6 G reen 

Note 6 G reen 

Note 6 G reen 

N ote 6 Cyan 

N ote 6 Cyan 

N ote 6 Cya n 

N ote 6 Cyan 

N ote 6 Cya n 

N ote 6 Cya n 

N ote 6 Cya n 

L ight  Cya n H i g h  I ntens i ty  

L ight  Red H i g h  I ntens i ty 

L i g h t  H i g h  I ntens i ty 

Magenta 

Ye l l ow H i g h  I ntens i ty 

White H i g h  I ntens i ty  

B lack N o r m a l  

B l u e  Under l i n e  

G reen N o r m a l  

Cyan N o r m a l  

Red N o r m a l  

Magenta N o r m a l  

B rown N o r m a l  

L ight  G rey Norma l 

D a r k  G rey H i g h  I ntens i ty 

L ight  B l u e  H i g h  I ntens i ty  
U nder l i n e  

L ight  G reen H i g h  I ntens i ty  

L ight  Cya n H igh I ntens i ty  

L ight  Red H igh I ntens i ty  

L ight  H i g h  I ntens i ty  

Magenta 

Ye l l ow H i g h  I ntens i ty  

White  H igh I ntens i ty 

B lack  Normal  

B l u e  Under l i n e  

G reen N o r m a l  

Cya n N o r m a l  

R e d  N o r m a l  

Magenta N o r m a l  

B rown N o r m a l  

Of Characters, Keystrokes, and Colors C-7 



As Text Attri b utes 

Color I Graphics 

Va l u e  As C h a ra cters Mon itor Adapter 

Hex Dec Sym bol Keystrokes Modes Background Foreg rou n d  

87 1 83 --n Alt 1 83 N ote 6 Cya n L ight  G rey 

88 1 84 ===i Alt 1 84 N ote 6 Cyan Dark G rey 

B 9  1 85 _J Alt 1 85 Note 6 Cya n L ight  B l u e  

I 
BA 1 86 Alt  1 86 Note 6 Cyan L ight  G reen 

BB 1 87 � Alt 1 87 Note 6 Cya n L ight  Cya n 

B C  1 88 dJ Alt 1 88 Note 6 Cya n L ight  Red 

B D  1 89 LJJ Alt 1 89 Note 6 Cya n L ight  

Magenta 

B E  1 90 p Alt 1 90 Note 6 Cyan Ye l l ow 

B F  1 9 1 11 Alt 1 9 1 Note 6 Cya n White 

co 1 92 L__ Alt 1 92 Note 6 Red B lack  

C l  1 93 Alt  1 93 Note 6 Red B l u e  

C 2  1 94 I Alt 1 94 Note 6 Red G reen 

C 3  1 95 f------ Alt 1 95 N ote 6 Red Cyan 

C4 1 96 Alt  1 96 N ote 6 Red Red 

C5 1 97 Alt 1 97 N ote 6 Red Magenta 

C6 1 98 - Alt 1 98 N ote 6 Red B rown -
C 7  1 99 I - Alt 1 99 Note 6 Red Light G rey 

CB 200 L-== Alt 200 Note 6 Red Dark  G rey 

C 9  2 0 1  rr== Alt 201  Note 6 Red Light B l u e  

CA 202 _J L__ Alt 202 Note 6 Red Light G reen 

CB 203 --, r-- Alt 203 Note 6 Red Light Cyan 

cc 204 I �  Alt 204 N ote 6 Red Light Red 

CD 205 Alt  205 N ote 6 Red L ight  
Mage nta 

C E  206 1--l [__ Alt 206 N ote 6 Red Yel low r--i r-
C F  207 I Alt  207 N ote 6 Red Wh ite 

DO 208 I Alt 208 N ote 6 Magenta Black 

C-8 Of Characters, Keystrokes, and Colors 

I B M  

M onochrome 

D i splay 

Ada pter 

N o r m a l  

H i g h  I ntens ity 

H i g h  I ntens ity 

U n der l i n e  

H i g h  I ntens ity 

H i g h  I ntens ity 

H i g h  I ntens ity 

H i g h  I ntens i ty 

H i g h  I ntens ity 

H i g h  I ntens ity 

N o r m a l  

U n d e r l i n e  

N o r m a l  

N o r m a l  

Norma l 

Norma l 

N o r m a l  

N o r m a l  

H i g h  I ntens ity 

H i g h  I ntens ity 

U nder l i n e  

H i g h  I ntens ity 

H i g h  I ntens ity 

H i g h  I ntens ity 

H i g h  I ntens ity 

H i g h  I ntens ity 

H i g h  I ntensity 

Norma l  



Va lue 

Hex Dec 

D 1  209 

D2 2 1 0  

D 3  2 1 1 

D4 2 1 2 

D 5  2 1 3 

D 6  2 1 4  

D 7  2 1 5 

D B  2 1 6 

D 9  2 1 7  

DA 2 1 B  

D B  2 1 9 

D C  2 2 0  

D D  2 2 1  

D E  222 

DF 223 

EO 224 

E 1  2 2 5  

E2 226 

E 3  2 2 7  

E 4  22B 

E5 229 

E 6  230 

E7 231  

EB 232 

E 9  2 3 3  

EA 234 

EB 235 

As Text Attri b utes 

Color / G raphics I B M  

A s  C h a racters M o n itor Adapter Monochrome 

Sym bol 

1 1  
u_ 
t::::: 
i== 
r-
I 
I 

-

"' 
/3 
I' 
Tr 
� 
a 
µ 
T 
<I> 
(} 

!l 
a 

Display 

Keystrokes M odes Background Foreground Ada pter 

Alt 209 Note 6 Magenta B l u e  Under l i n e  

Alt  2 1 0  N ote 6 Mage nta G reen N o r m a l  

Alt 2 1 1 N ote 6 Mage nta Cyan N o r m a l  

Alt 2 1 2 N ote 6 Mage nta Red N o r m a l  

Alt 2 1 3 N ote 6 Mage nta Magenta N o r m a l  

Alt 2 1 4  N ote 6 Magenta B rown N o r m a l  

Alt 2 1 5 N ote 6 Magenta L ight  G rey N o r m a l  

Alt 2 1 6 N ote 6 Magenta D a rk G rey H i g h  I ntens ity 

Alt 2 1 7  N ote 6 Magenta L ight  B l u e  H i g h  I ntensity 

U nder l i n e  

A l t  2 1 B N ote 6 Mage nta Light G reen High I ntens ity 

Alt 2 1 9  N ote 6 Magenta L ight  Cya n H i g h  I ntens ity 

Alt 220 N ote 6 Magenta L ight  Red High I ntens ity 

Alt 2 2 1  N ote 6 Mage nta L ight  H igh  I ntensity 

Magenta 

Alt 222 N ote 6 Magenta Yel low H i g h  I ntens ity 

Alt 223 N ote 6 Magenta Wh ite H i g h  I ntens ity 

Alt 224 N ote 6 Yel low B lack N o r m a l  

Alt 225 N ote 6 Yel low B l u e  U nder l i n e  

A l t  2 2 6  N ote 6 Ye l low G reen N o r m a l  

Alt 2 2 7  Note 6 Yel low Cya n N o r m a l  

Alt 2 2 B  N o t e  6 Yel low Red N o r m a l  

Alt 229 N ote 6 Yel low Magenta Norma l 

Alt 230 N ote 6 Yel low B rown N o r m a l  

A l t  2 3 1  Note 6 Yel low Light G rey N o r m a l  

Alt 232 N ote 6 Yel low Dark G rey H i g h  I ntens ity 

Alt 2 3 3  N o t e  6 Yel low L ight  B l u e  H i g h  I ntensity 
Under l i n e  

A l t  234 N ote 6 Yel low L ight  G reen H i g h  I ntens ity 

Alt  2 3 5  N ote 6 Yel low Light Cyan H igh I ntens ity 

Of Characters, Keystrokes, and Colors C-9 



Va lue As C h a racters 

As Text Attrib utes 

Color I G raphics 

Mon itor Ada pter 

Hex Dec Sym bol Keystrokes Modes Background Foreg round 

I B M  

Monochrome 

D i splay 

Ada pter 

EC 236 Alt 2 3 6  

E D  2 3 7  Alt  2 3 7  

E E  238 Alt 238 

E F  2 3 9  n Alt 239 

FO 240 -= Alt 240 

Fl 241  ± Alt 241  

F2 242 Alt  242 

F 3  243 Alt  243 

F4 244 r Alt 244 

F5 245 J Alt 245 

F6 246 Alt 246 

F7 247 Alt  247 

F8 248 0 Alt 248 

F9 249 • Alt 249 

FA 250 • Alt 250 

F B  2 5 1  A l t  2 5 1  

F C  2 5 2  T) Alt 2 5 2  

F D  2 5 3  2 Alt  2 5 3  

F E  254 I Alt 2 5 4  

FF  2 5 5  B LA N K  Alt 2 5 5  

Note 6 Ye l l ow 

N ote 6 Yel low 

N ote 6 Ye l l ow 

N ote 6 Yel low 

Note 6 White 

Note 6 Whi te 

Note 6 Whi te 

N ote 6 White 

Note 6 White 

Note 6 White 

Note 6 White 

Note 6 White 

N ote 6 White 

Note 6 Wh ite 

Note 6 Whi te 

N ote 6 White 

N ote 6 White 

N ote 6 White 

Note 6 White 

N ote 6 Wh ite 

Light Red 

L ight  
M a g e nta 

Yel low 

Wh ite 

B l a c k  

B l u e  

G reen 

Cya n 

Red 

Magenta 

B rown 

H i g h  I n tens ity 

H i g h  I n tens i ty 

H i g h  I ntens i ty 

H i g h  I n tens i ty  

Reverse Video 

U nder l i n e  

Nor m a l  

Nor m a l  

N o r m a l  

N o r m a l  

N o r m a l  

L ight  G rey N o r m a l  

D a rk G rey Reverse Video 

Light B l u e  H i g h  I n tens i ty  
U n der l i n e  

L i g h t  G reen H i g h  I ntens ity 

Light Cya n H i g h  I ntens i ty  

L ight  Red H i g h  I ntens ity 

L ight  H igh  I ntens ity 

Magenta  

Yel low H i g h  I ntens i ty 

Wh ite H i g h  I ntens ity 
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N OTE 1 Aster i sk ( ' )  can  e a s i l y  be keyed u s i n g  two methods 
1 )  h i t  t h e  � key or  2 )  i n  s h ift mode h i t  the II] key .  

NOTE 2 Per iod ( . )  can  e a s i l y  be keyed u s i n g  two methods :  

1 )  h i t  t h e0 key or  2 )  i n  s h ift o r  N u m  Lock 

m ode hit the  lo� i I key.  

N OTE 3 N u mer ic  c h a racters (0-9) can  e a s i l y  be keyed 
u s i ng two methods :  1 )  hit the n u mer ic  keys on t h e  

top r o w  of the  typewri ter  port ion  o f  the  keyboard 

or  2 )  i n  s h ift or  N u m  Lock mode hit  t h e  n u m e r i c  

keys i n  t h e  1 0-key pad port ion  o f  the keyboa rd .  

N OTE 4 Upper  case a l p h a bet ic c h a racters (A-Z) can e a s i l y  

be keyed i n  t w o  modes:  1 )  i n  s h ift m o d e  t h e  

a ppropr iate a l p h a bet ic  k e y  or  2 )  i n  Caps Lock 

mode hit the appropr i ate a l p h a bet ic  key.  

NOTE 5 Lower case a l p h a bet ic  c h a racters (a-z)  can  e a s i l y  

be keyed i n  t w o  m o d e s :  1 )  i n  "nor m a l "  m o d e  h i t  

t h e  appropr iate  k e y  or  2 )  i n  C a p s  Lock 

comb ined with s h ift mode hit the appropr iate a l p h a bet ic  
key .  

N OTE 6 The 3 d i g i ts  after t h e  Alt key m u st be typed from 

t h e  n u m er ic  key pad ( keys 7 1 -73.  75-77,  79-82) .  
C h a racter codes 000 t h ro u g h  2 5 5  can  be ente red in 

t h i s  fa s h i o n .  (With Caps Lock act ivated,  C h a racter 
codes 97 t h ro u g h  1 2 2 wi l l  d i s p l a y  upper  case 

rather  than l ower case a l p h a bet ic  cha racte r s . )  

Of Characters, Keystrokes, and Colors C- 1 1  



Character Set ( 00-7F) Quick Reference 

D E C I M A L  .. 0 1 6  3 2  4 8  6 4  80 VA L U E  
H E X A  

• D E C I M A L  0 I 2 3 4 5 V A L U E  

0 0 B L A N K  � B L A N K 0 @ p I N U L L I  ISP AC E l  

I I g ...... I I A Q . 

2 2 - ! 1 1  2 B R 
3 3 • I I  # 3 c s . .  

4 4 + 1T $ 4 D T 
5 5 4- § <J'o 5 E u 
6 6 • - & 6 F v 
7 7 • J_ ' 7 G w 
8 8 f ( 8 H x 
9 9 0 ! ) 9 I y 

&l J z 1 0  A * • 

-+ . 

B d + • K [ l l +--- ' 

I 2 c � L ' < L "' 
1 3  D ) +---+ - - M ] 
1 4  E � ... • > N /\ 
1 5  F -¢- T / ? 0 . -

C- 1 2  Of Characters, Keystrokes, and Colors 

9 6  1 1 2 

6 7 
' p 
a q 
b r 
c s 
d t 
e u 
f v 
g w 
h x 

. 
1 y 
. 

J z 
k { 
I I 

I 

m } 
n � 

0 � 



Character Set (80-FF) Quick Reference 

D E C I M A L  • V A L U E  
H E X A  

• D E C I M A L  
V A L U E  

0 0 

I I 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

1 0  A 

I I B 

1 2  c 

I 3 D 

1 4  E 

1 5  F 

1 2 8 1 44 1 6 0 1 7 6 1 9 2 2 0 8  2 2 4 2 40 

8 9 A B c D E F 

� , , . . .  

E . . .  -

a . . .  oc -
. . .  

-
. . .  

• •  , ::::: /3 + u cE 1 . . .  
····· 
·=·=· -

, fE , PJ r� > e 0 .�t I -

A A , lL rr < a 0 u -
-

• •  • •  "'V b L r a 0 n -

' ' -._, J a 0 N = F a 
0 /\ a � 1  - y . a u - -- . 

� ' 0 T ,....,,_,. u ni ,....,,_,. 

/\ • •  • Q 0 e y (, A • •  u • • •  0 8 e I -

' • •  __J L  n e u ---, • 

• •  
¢ Yi 0 1 Fi - -r 

A 1 £ � LJ CX) n 
' . u cP 2 1 ¥ • 

• •  bd _J A R « E I I 
0 n A f )) B L A N K  n ' F f '  

Of Characters; Keystrokes ,  and Colors C- 1 3  



Notes:  
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A PPENDIX D: LOGIC DIAGRAM S 

System Board ( 1 6/64K) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D-2 
System Board (64/256K) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D- 1 2  
Keyboard - Type 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-22 
Keyboard - Type 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-24 
Expansion Board . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D-25 
Extender Card . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D-26 
Receiver Card . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-29 
Printer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-32  
Printer Adapter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-35  
Monochrome Display Adapter . . . . . . . . . . . . . . . . . . . . . . . D-36  
Color/Graphics Monitor Adapter . . . . . . . . . . . . . . . . . . . . .  D-46 
Color Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D-5 2 
Monochrome Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-54 
5-1 /4 Inch Diskette Drive Adapter . . . . . . . . . . . . . . . . . . . D-5 5 
5-1 /4 Inch Diskette Drive - Type 1 . . . . . . . . . . . . . . . . . . .  D-5 9 
5-1 /4 Inch Diskette Drive - Type 2 . . . . . . . . . . . . . . . . . . .  D-62 
Fixed Disk Drive Adapter . . . . . . . . . . . . . . . . . . . . . . . . . . . D-64 
Fixed Disk Drive - Type 1 . . . . . . . . . . . . . . . . . . . . . . . . . . D-70 
Fixed Disk Drive - Type 2 . . . . . . . . . . . . . . . . . . . . . . . . . .  D-73 
32K Memory Expansion Option . . . . . . . . . . . . . . . . . . . . . . D-76 
64K Memory Expansion Option . . . . . . . . . . . . . . . . . . . . . . D-79 
64/256K Memory Expansion Option . . . . . . . . . . . . . . . . . .  D-82 
Game Control Adapter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D-86 
Prototype Card . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  D-87 
Asynchronous Communications Adapter . . . . . . . . . . . . . . .  D-88 
Binary Synchronous Communications Adapter . . . . . . . . . . D-89 
SDLC Communications Adapter . . . . . . . . . . . . . . . . . . . . . D-9 1 
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APPENDIX E :  S PECIFICATION S 

System Unit 

Size :  
Length-- 1 9 .6 in (500 mm) 
Depth-- 1 6 . 1  in (4 1 0  mm) 
Height--5 . 5  in ( 1 42 mm ) 

Weight : 
20.9 lb (9 .5  kg) Without a diskette drive unit 
25 .0 lb ( 1 1 .4 kg) With one diskette drive unit 

Power Cable : 
Length--6 ft ( 1 . 8 3  m) 
Size-- 1 8  A WG 

Environment : 
Air Temperature 

System ON, 60° to 90° F ( 1 5 .6 °  to 32 .2°  C)  
System OFF, 50° to 1 1 0° F ( 1 0° to 43°  C)  

Humidity 
System ON, 8% to 80% 
System OFF, 20% to 80% 

Heat Output : 
1 083  BTU/hr 

Noise Level : 
5 6  dB Without printer 
66 dB With printer 

Electrical : 
Nominal-- 120 Vac 
Minimum-- 1 04 Vac 
Maximum-- 1 27 Vac 
kVA--0 .3 1 75 (maximum) 

Keyboard 

Size :  
Length-- 1 9 .6 in (500 mm ) 
Depth--7 .87 in (200 mm) 
Height--2 .2  in ( 57  mm) 

Weight : 
6 .5  lb (2 .9  kg) 

Specifications E- 1 



Color Display 

Size :  
Length-- 1 5 .4 in (392 mm) 
Depth-- 1 5 .6 in (407 mm) 
Height-- 1 1 .7 in (297 mm ) 

Weight : 
26 lb ( 1 1 . 8 kg) 

Heat Output : 
240 BTU/hr 

Power Cable : 
Length--6 ft ( 1 . 83  m) 
Size-- 1 8  A WG 

Signal Cable : 
Length--5 ft ( 1 .5 m) 
Size--22 A WG 

Expansion Unit 

Size :  
Length-- 1 9 .6 in (500 mm) 
Depth-- 1 6 . 1  in (4 10  mm) 
Height--5 . 5  in ( 1 42 mm) 

Weight : 
3 3  lb ( 1 4.9  kg) 

Power Cable : 
Length--6 ft ( 1 .83  m) 
Size- 1 8  AWG 

Signal Cable: 
Length--3 .28 ft ( 1  m) 
Size-22 AWG 

Environment: 
Air Temperature 

System ON, 60° to 90° F ( 1 5 .6° to 32 .2° C)  
System OFF, 50° to  1 1 0° F ( 10° to 43°  C)  

Humidity 
System ON, 8% to 80% 
System OFF, 20% to 80% 

Heat Output : 
7 1 7  BTU/hr 

Electrical : 
Nominal-- 1 20 Vac 
Minimum-- 1 04 Vac 
Maximum-- 1 2  7 Vac 
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Monochrome Display 

Size :  
Length-- 1 4 .9 in ( 380 mm ) 
Depth-- 1 3 .7  in (350 mm) 
Height-- 1 1  in (280 mm) 

Weight : 
1 7 . 3  lb (7 .9  kg) 

Heat Output : 
325 BTU/hr 

Power Cable : 
Length--3 ft (0.9 1 4  m) 
Size-- 1 8  A WG 

Signal Cable :  
Length--4 ft ( 1 .22 m) 
Size-22 AWG 

80 C PS Printers 

Size :  
Length-- 1 5 .7 in (400 mm) 
Depth-- 1 4.5  in ( 370 mm) 
Height--4. 3 in ( 1 1 0 mm) 

Weight : 
1 2 .9  lb ( 5 . 9  kg) 

Power Cable : 
Length--6 ft ( 1 . 83  mm ) 
Size-22 AWG 

Heat Output: 
34 1 BTU/hr (maximum) 

Electrical : 
Nominal-- 1 20 Vac 
Minimum-- 1 04 Vac 
Maximum-- 1 27 Vac 

Specifications E-3 
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APPENDIX F: COMMUNICATIONS 

Information processing equipment used for communications is 
called data terminal equipment (DTE).  Equipment used to 
connect the DTE to the communications line is called data 
communications equipment (DCE). 

An adapter is used to connect the data terminal equipment to the 
data communications line as shown in the following illustration: 

Data 
Term i n a l  
E q u i pment 

E I A / C C I TI 
Ada pter 

Data  
C o m m u n i ca t i o n s  
E q u i pment 

C a b l e  Conform i n g  to E I A  
or C C I TI  Sta n d a rd s  

C o m m u n i c a t i o n s  
Li ne 

The EIA/CCITT adapter allows data terminal equipment to be 
connected to data communications equipment using EIA or 
CCITT standardized connections . An external modem is shown 
in this example ; however, other types of data communications 
equipment can also be connected to data terminal equipment using 
EIA or CCITT standardized connections .  

EIA standards are labeled RS-x (Recommended Standards-x ) and 
CCITT standards are labeled V.x or X.x, where x is the number 
of the standard. 

The EIA RS-23 2  interface standard defines the connector type,  
pin numbers , line names , and signal levels used to connect data 
terminal equipment to data communications equipment for the 
purpose of transmitting and receiving data. Since the RS-232 
standard was developed, i t  has been revised three times . The three 
revised standards are the RS-232A, the RS-232B, and the 
presently used RS-232C. 

The CCITT V.24 interface standard is equivalent to the RS-232C 
standard; therefore, the descriptions of the EIA standards also 
apply to the CCITT standards . 
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The following is an illustration of data terminal equipment 
connected to an external modem using connections defined by the 
RS-232C interface standard: 

Data 
Terminal  
Equi pment 

Data 
Communications 
Equipment Communications 

Line � ,,,," ...... ,, .................. _ Ada pter ,/ Cable Conforming � ,..,..,..,,,-" To R S-232C Standards 
'

' .... ,,, 
,.. E IA/CC ITT Telephone Co.  ----r Line Name Lead Number 

Data 
Terminal  
Equip
ment 

Protective Ground -------0--AA / 1 0 1 

Signal Ground 0- AB/ 1 02 

Transmitted Data @- BA/ 1 03 

Received Data ©- e B / 1 04 

Req uest to Send � CA/ 1 05 

Clear to Send @- c e 1 1 06 

Data Set Ready 6 C C / 1 07 

Data Terminal Ready -----1 
Connect Data Set to Line 

Received Line Signal Detector 

Speed Select 

C D / 1 08 . 2  

* * / 1 08 . 1  

C F / 1 09 

C H / 1 1 1  

Transmit Signal  E lement Timing � D B / 1 1 4  

Receive Signal E lement Timing � D D / 1 1 5  

Select Sta ndby ----@-- • •  / 1 1 6  ---

R i ng Ind icator � D E / 1 25 

Test � * * / * * *  

I 
External Modem Cable Connector 

1 3 1 2 1 1 1 0 9 8 7 6 5 4 3 2 1 \o o o o o o o o o o o o o/ \ 0 0 0 0 0 0 0 0 0 0 0 0 /  
25 24 23 22 2 1  20 1 9  1 8  1 7 1 6  1 5  1 4  

Modem 

L _ _ _ , Dat� Termmal · - - - Data Communications --1 . + ( Modem) DCE 

I Equi pment Equi pment -I 
Pin Nu mber 

* Not used when busi ness machine clocking is used . 
* *Not standardized by EIA ( E lectronics I ndustry Association) .  

* * * Not standard ized by CCITT 
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Establishing a Communications Link 

The following bar graphs represent normal timing sequences of 
operation during the establishment of communications for both 
switched (dial-up) and nonswitched {direct line) networks . 

Switched T i m i n g  Sequence 

Data Term i n a l  Ready 

Data Set Ready 

Request to Send 

C lear  to Send 

Tra nsm itted Data 

N o n switched Ti m i ng Sequence 

Data Term i n a l  Ready 

Data Set Ready 

Request to Send 

C lear  to Send 

Tra nsm itted Data 

The following examples show how a link is established on a 
nonswitched point-to-point line , a nonswitched multipoint line , 
and a switched point-to-point line . 
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Esta b l i s h i n g  a L ink on a N o n switched Point-to- Point Li ne 

1 .  

2 .  

3 .  

4 .  

T h e  term i n a l s  a t  both locat ions act i vate t h e  'data term i n a l  ready' 
l i nesDa ndll . 

Norma l l y  the 'data set ready' l i nes lla ndllfrom the modems are 
act ive whenever the modems are powered on.  

Term i n a l  A act ivates the ' request to send'  l i ne El. which causes 
the modem at ter m i n a l  A to generate a carr ier  s igna l .  

Modem B detects the carr ier. a nd act ivates t h e  'received l i ne 
s i g n a l  detector ' l i n e  (somet i mes ca l led data carr ier  detect ) II. 
Modem B a lso  act ivates the 'rece ive r  s igna l  e lement t i m i n g '  l i n e  
(somet i mes ca l l ed rece ive c lock)mto send rece ive c lock s i g n a l s  to 
the term i n a l .  Some mode m s  act ivate the clock s igna ls  whe never 
the modem is powe red o n .  

5 .  After a specif ied de lay ,  modem A act ivates the ' c lear  to send '  l i ne a which i nd icates to term i n a l  A that the  modem is ready to 
t ra nsmit  data . 

6 .  Term i n a l  A ser ia l i zes  the data to be tra nsm itted (th rough the 
serdes) a nd tra nsm its the data one b i t  at a t ime (synchron ized by 
the tra nsmit  c lock) onto the 'tra nsm itted data ' l i ne llto the 
mode m .  

7 .  T h e  modem modu lates the ca rr ier  s i g n a l  w i t h  t h e  data a nd 
tra nsm its it to the modem B ii . 

8 .  Modem B demod u lates the data  f rom the car r ie r  s i g n a l  a nd sends 
it  to term i n a l  B o n the 'rece i ved data ' l i ne lJ . 

9 .  Term i n a l  B deseri a l i zes  the data (th rough the serdes) us ing  the  
rece ive c lock  s i g n a l s  (on the 'rece iver s i g n a l  e l e m e nt t i m i ng '  l i ne) mfrom the modem .  

1 0. After term i n a l  A completes its t ra nsm i ss ion ,  i t  deact ivates the 
' request to send'  l i ne El .wh ich ca uses the modem to turn off  the 
carr ier a nd deact ivate the 'c lear  to send'  l i ne II. 

� 

1 1 .  Term i n a l  A a nd modem A now become rece ivers and wait  for a 
respo n se from term i n a l  B. i nd icat ing that a l l  data has reached 
term i n a l  B. Modem A beg i n s  a n  echo delay (50 to 1 50 
m i l l i seconds) to ensure that a l l  echoes on the l i n e  have 
d i m i n ished before it  beg i n s  rece iv ing .  An echo i s  a reflect ion of 
the tra nsm itted s igna l .  If the tra nsm itt ing  modem cha nged to 
rece ive too soo n ,  it  cou ld  rece ive a reflect ion (echo) of the s igna l  it 
j u st t ra nsm itted. 

1 2 . Modem B deactivates the 'rece ived l i n e  s i g n a l  detector '  l i nell!I 
a nd, if necessa ry. deact ivates the rece ive c lock s igna ls  on the 
' receiver s igna l  e lement  t i m i ng,  l i ne m . 

1 3 . Term i n a l  B now becomes the  tra nsm itter to respond to the 
request from term i n a l  A.  To t ransmit  data, term i n a l  B act ivates the 
'req uest to send'  l i nelEI . which ca uses modem B to tra nsmit  a 
carr ier  to modem A. 

1 4 . Modem B beg i n s  a delay that  i s  longer  than the echo delay at 
modem A before t u r n i ng on the 'c lear  to send'  l i ne .  The longer 
de lay (ca l l ed request-to-send to c lear-to-send delay)  ensu res that 
modem A i s  ready to rece ive when term i n a l  B beg i n s  tra nsm itti r;).11. 
data.  After  the delay,  modem B act ivates the 'c lear  to send'  l i n em 
to i nd icate that term i n a l  B ca n beg i n  t ra nsm itti ng its response. 

1 5 . After the echo delay at modem A, mode m A se nses the carr ier  
from modem B (the carr ier  was act ivated i n  step 1 3  when ter m i n a l  
B act ivated the 'request to s e n d '  l i ne) and  act ivates the 'rece ived 
l i ne s i g n a l  detector '  l i neB to te r m i n a l  A. 

1 6 . Modem A a nd term i n a l  A a re now ready to rece ive the response 
from ter m i n a l  B .  Remember,  the response was not tra nsm itted 
u n t i l  after the req uest-to-send to c lea r-to-send de lay at modem B 
(step 1 4) .  
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E stabl ishing a Li n k  on a N o n switched M u lt ipoint Li ne 

1 .  The control stat ion  seria l izes the  address for the tr ibutary or  
secondary stat ion  (AA) a nd sends its address to the  modem on the 
'tra nsmitted data '  l i ne g . 

2 .  S i nce the 'request to send'  l i ne a nd, therefore, the  modem carr ier, 
is act ive conti n uous ly. , the modem i m mediate ly mod u l ates the  
carr ier  with the  address, a nd, th us,  the address i s  tra nsmitted to  
a l l  modems on the  l i ne .  

3 .  A l l  t r ibuta ry modems, i nc l u d i n g  t h e  modem f o r  stat ion  A, 
demod u l ate the address a nd se nd i t  to the i r  term i n a l s  on the 
'rece ived data ' l i ne ll . 

4 .  O n l y  stat ion A responds to the  address; the  other stat ions  ignore 
the  address a nd conti n u e  monitor ing the i r  ' rece ived data ' l i ne .  To 
respond to the pol l ,  stat ion A act ivates its ' request to send'  l i nell. 
wh ich  ca uses the modem to beg i n  t ra nsmitt ing a carr ier s i g n a l .  

5 .  T h e  contro l stat i o n 's modem receives t h e  carr ier  a nd act ivates the 
'rece ived l ine  s igna l  detector, l i nelJ a nd the 'rece iver  s i g n a l  
e l ement t i m i n g '  l i nell (to s e n d  c lock s igna ls  to the control 
stat ion ) .  Some modems act ivate the c lock s igna ls  as soon as they 
are powered o n .  

,,,,..--- . 

6 .  After a s hort de lay  to a l l ow the control stat ion  modem to rece ive 
the carr ier, the tr ibutary modem activates the 'clear to send' l i ne 

a. 
7 .  When stat ion  A detects the  act ive 'c lear  to send '  l i ne, i t  tansmits 

its response. (For th is  exa mple ,  assume that stat ion  A has no data 
to send; therefore, i t  tra nsmits an E OTll . l  

8 .  After transm itti ng the EQT, stat ion A deactivates the 'request t o  
s e n d '  l i n ell . Th is  ca uses the modem to deact ivate the carr ier a nd 
the  'c lear to send' l i ne D . 

9 .  When the modem at the control stat ion  (host)  detects the absence 
of the carrier, it deact ivates the 'rece ived l i n e  s igna l  detector'  l i n e  

•• 
1 0. Tri butary stat ion A i s  n o w  i n  receive mode wa it ing for the next 

pol l or select t ra nsmiss ion from the control stat ion .  
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i.._ J  1 1  

1 1  I J IRocol� Doto 
1 1 I I  
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E sta b l i s h i n g  a L ink on a Switched Poi nt-To- Point Li ne 

Term i n a l  A i s  i n  com m u n i cat ions mode; therefore, the 'data 
term i n a l  ready' l i ne D i s  active. Term i n a l  B i s in com m u n icat ion 
mode wa i t ing  for a ca l l  from term i n a l  A.  

When the term i n a l  A operator l i fts the te lephone ha ndset, the 
'switch hook'  l i ne f rom the  coup ler  i s  act ivated El· 
Modem A detects the  'switch hook '  l i ne a nd act ivates the 'off 
hook' l i neD . wh ich  ca uses the coupler  to con nect the t�hone 
set to the l i ne a nd act ivate the 'coup ler  c ut-t h ro u g h '  l i neg to the 
modem .  

Modem A act i vates t h e  'data modem ready' l i nellto t h e  coup ler  
( the 'data modem ready'  l i ne i s  on  cont i n uous ly  in  some modems) .  

The term i n a l  A operator sets the exc lus ion  key or  ta l k/data switch 
to the ta l k  posi t ion to con nect the  ha ndset to the com m u n icat ions 
l i ne .  The operator then d ia ls the  term i n a l  B n u mber .  

When the te lephone at term i n a l  B r i ngs.  the  coup ler  act i vates the 
' r i ng  i nd icate' l i ne to modem Bii . Modem B i nd icates that  the 
' r ing  i nd icate' l i ne was act i vated by act i vat ing  the ' r ing  ind icator'  
l i neal to term i n a l  B.  

Term i n a l  B act ivates the  'data term i n a l  ready' l i ne to modem sm. 
which act ivates the a utoa nswe r c i rc u its in modem B .  (The 'data 
term i n a l  ready' l i ne m ight  a l ready be act i ve in some term i n a l s . )  

� 

8 .  

9 .  

1 0. 

1 1 . 

The a utoa nswer c i rc u its i n  modem B act ivate the 'off hook' l i ne to 
the  coup ler  II. 
The coupler  connects modem B t�e commu n i cations l i ne th rough 
the 'data t ip '  a nd 'data r i n g '  l i nesllla nd act ivates the 'coupler cut
through '  l i n ell to the mode m .  Modem B then tra nsmits a n  
a n swer tone t o  term i n a l  A .  

T h e  term i n a l  A operator hears t h e  tone a nd sets t h e  exc lus ion key 
or  ta l k/data switch to the data pos i t ion (or performs an equiva lent 
operat ion )  to con nect modem A to the com m u n icat ions l i ne 
through the 'data t ip '  a nd 'data r i n g '  l i nesD . 

The coupler  at term i n a l  A deact ivates the 'switch hook' l i ne D 
Th is  ca uses modem A to act ivate the 'data set ready' l i nelJ 
i nd icat ing to term i n a l  A that the modem is connected to the 
com m u n icat ions l i ne .  

The seq uence of  the rema i n i ng steps to estab l i sh  the data  l i n k  is  
the  same as the sequence req u i red on a nonswitched poi nt-to
point l i ne .  When the term i n a l s  have completed the i r  t ra nsmiss ion,  
they both deact i vate the 'data term i n a l  ready' l i ne to d iscon nect 
the modems from the l i ne .  
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APPENDIX G: SWITCH 
SETTINGS 

The following switch settings are divided between two groups .  The 
first group contains the switch settings for the 1 6/64K system 
board. The second group contains the 64/256K system board 
switch settings . 

Determine the system board type and refer to the appropriate 
group of switch settings for all applications . 

Switch Settings ( 1 6KB-64KB CPU) . . . . . . . . . . . . . . . . . .  G-3 

Switch Settings (64KB-256KB CPU) . . . . . . . . . . . . . . . . .  G-29 

Switch Settings G- 1 



Notes:  

G-2 Switch Settings 
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Switch S ettings ( 16KB-64KB C PU) 

System Board Switch Settings . . . . . . . . . . . . . . . . . . . . . . G-5 
System Board Switch Settings . . . . . . . . . . . . . . . . . . . . G-5 
5- 1 /4" Diskette Drives Switch Settings . . . . . . . . . . . .  G-6 
Display Type Switch Settings . . . . . . . . . . . . . . . . . . . . G-6 
Math Coprocessor Switch Settings . . . . . . . . . . . . . . . . G-7 

Memory Option Switch Settings . . . . . . . . . . . . . . . . . . . . G-8 
1 6K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-8 
32K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-8 
48K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-8 
64K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-8 
96K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-9 
1 28K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 0  
1 60K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G- 1 1 
1 92K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 2  
224K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 3  
256K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 4  
288K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 5  
320K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 6  
3 52K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 7  
384K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 8  
4 1 6K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G- 1 9  
448K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-20 
480K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-2 1 
5 1 2K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-22 
544K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-23 
5 76K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-24 
608K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-25 
640K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-26 

Extender Card Switch Settings . . . . . . . . . . . . . . . . . . . . . .  G-27 

Switch Settings G- 3 
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Switch Setting Charts 

System Board Switches 

WARNING: Before you change any switch settings, 
make a note of how the switches are 
presently set. 

Switch Block 1 

�0 0 0 0 0 0 0 0  
Switch 

1 ,7 ,8  
2 
3 ,4 
5 ,6 

Function 

Number of 5 - 1 /4 inch diskette drives installed 
Math Coprocessor 
System board memory switches 
Type(s) of display(s )  connected 

Switch Block 2 

Switch 

1 ,2 ,3 ,4,5 
6 ,7 ,8  

Function 

Amount of memory options installed 
Always in the Off position 

Switch Settings G-5 



Number of 5- 1 /4 Inch 
Diskette Drives Installed 

Switch Block I 
1 1 J ' !> 6 1 a 

0 - Drives i� D D D D D��  
, 2 J .  5 6 1 ti 

I - Drive i� D D DOD��  
1 2 3 .  5 6 1 8 

2 - Drives ;� D O DOO��  

Switch Block 2 

1 2 J • 5 6 7 8 moooo���  
1 2 l .  5 6 t 8 moooo���  
1 2 J <1 5 6 1 8 moooo���  

Type(s) of display(s) connected 

WARNING: If an IBM Monochrome Display is , 
connected to your system. Switch Block 
1 ,  switches 5 and 6, must always be Off. 
Damage to your display can result with 
any other switch settings. 

Switch B lock I Switch Block 2 

IBM Monochrome 
Display (or IBM 
Monochrome Display 
plus another display) 

Switch B lock I Switch Block 2 

Color Display (Do not etD D OOQ�oo use if an IBM 
Monochrome , , ' · , • , • 

Display is connected) mooo��DD  
;o o oooQQ Q 
;o o oooQ QQ 

40x25 
Mode 

80x25 
Mode 

Note: The 40x25 mode means there will be 40 characters 
across the screen and 25 lines down the screen. The 80x25 mode 
means there will be 80 characters across the screen and 25 lines ( 
down the screen. The 80x25 mode, when used with home 
televisions and various displays, can cause loss of character 
quality . 

G-6 Switch Settings 



Math Coprocessor 

Switch Block 1 Switch Block 2 

With Math Coprocessor �O � D 0 DD D D 
without Math coprocessor �O Q O D D D D D 

�o o o o o Q Q Q  
iD D oooQ QQ 

Switch Settings G-7 
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System B oard Switches 

System B oard Switches 

System B oard Switches 

System B oard Switches 

� 

Memory Switch Settings 
( 1 6KB-64l<.B CPU) System Board 

1 6 K  Total Memory 

Switch B l ock 1 liO O ��DDDD I 
32K Total Memory 

Switch B l ock 1 1�0 0 Q �oooo 1 
48K Total Mem ory 

switch B l ock , l�OO� Q o o o o I 
64K Total Memory 

switch B l ock , l �O o Q Q o ooo I 

Switch B l ock 2 l �� � � ��QQQ I 

Switch B l ock  2 l�� � � � �QQQ I 

Switch B l ock 2 li� � � ��QQQ I 

Switch B l ock 2 l i� �� ��QQQ I 
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I IC 

System B oard Switches 

1 - 32K opt i on 

96K Total Memory 
32K + ( 64K on System Board ) 

Switch B l oc k  1 l�O oQQOOOO I Switch B l oc k  2 l�Q � � � �QQQ I 

64/256K Option 64K Option 32K Option 
Card Switches Card Swi tches Card Swi tches 

l�� ��Q���� I 

D X!PUJddy 



0 
I -

0 

{/) 
� ;:::;.· n :r' 
{/) � 
a. ::s (Jtl Cll 

System B oard Switches 

1 - 64/256K option with 64K i nsta l l ed 

1 - 64K opti on 

2 - 32K options 

� 

1 28K Total Memory 
64 K + ( 64 K  on System Board) 

Switch B l oc k  1 l�o OQQOooo I 
64/256K Option 

Card Switches 

l�� � �Q�Q Q Q  I 

Swi tch B lock 2 l�� Q � � �Q Q Q  I 
64K Option 32K Option 

Card Switches Card Switches 

l�� � �Q ����  I 
l�� � �Q ���� I 
l�� � � QQ� �� I 
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System B oard Switches 

1 - 64/256K option with 64K i nsta l led 
1 - 32K option 

1 - 64K opt ion 
1 - 32K option 

3 - 32K options 

1 60K Total Memory 
96K + (64K on System Board )  

Switch B l ock 1 1 �o o a�oooo 1 
64/256K Option 

Card Switches 

l �� � �Q�QQQ  I 

Switch B l ock 2 l �Q Q ���Q Q Q  I 
64K O ption 32K Option 

Card Switches Card Switches 

f�� � Q����� I 
l�� ��Q � ���  I f�� � Q����� I 

f�� �� Q����  I 
l�� � �QQ��� I 
l���Q����� I 
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System B oard Switches 

1 - 64/256K option with 64K option i nstal led 
1 - 64K option 

2 - 64K opti ons 

1 - 64/256K opt ion with 64K instal led 
2 - 32K opt ions 

1 - 64K option 
2 - 32K opt i ons 

1 - 64/256K opt ion with 1 28 K  i nsta l l ed 

,----_ 

192K Total Memory 
1 28K + (64K on System Board) 

swi tch B lock 1 liO OQQOOOO I Switch B l ock 2 J;� �Q��QQQ I 
64/256K Option 64K Option 32K Option 

Card Switches Card Swi tches Card Switches 

li���Q�QQQ I l;� �Q����� I 
l ;� � �Q ���� I 
l;� � Q����� I 

l;� � Q����� I l;� ��Q�QQQ I 
l;� � Q�Q��� I 
l ;� �Q����� I l;� � � Q � � � �  I l;� �Q�Q��� I 

l ;� � �Q Q�QQ I 
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System Board Switches 

1 - 64/256K option with 64K insta l led 
1 - 64K option 
1 - 32K opt ion 

2 - 64K opt i ons 
1 - 32K opti on 

1 - 64/256K opt ion with 128K i nsta l l ed 
1 - 32K opt ion 

224K Total Memory 
1 60K + ( 64K on System Board l 

Switch B l ock , [�O o Q Qoooo I Switch B l oc k  2 

64/256K Option 64K Opti on 
Card Switches Card Switches 

l�� � ���QQQ I li� �Q����� I 
l�� � � Q ����  I 
li� �Q��� �� I 

li��� QQ�QQ I 

9 X!PUJddy 

l�Q � Q � �QQQ I 
32K O ption 

Card Switches 

l�� � Q Q�� � � I 

li� �QQ���� I 
li� �QQ���� I 
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System B oard Swi tches 

1 - 64/256K option with 1 92K i nstal led 

1 - 64/256K option with 1 28K i nsta l led 
1 - 64K opt ion 

1 - 64/256K opti on with 64K i nsta l l ed 
2 - 64K opti ons 

3 - 64K opt i ons  

1 - 64/ 256K option with  1 28K i n sta l l ed 
2 - 32K opt ions  

,.,---

256 K Total Memory 
1 92K + (64 K on System Board) 

Swi tch B l ock  1 1;0 0 QQ 0000 
64/256K Opti on 

Card Switches 

l ;� � �QQQ �Q I 
l;� � � QQ �Q Q I 
J;� � � Q� Q Q Q  I 

l;� � �Q Q� Q Q  I 

Switch B lock 2 1 ;� QQ��QQQ 
64K Option 32K Option 

Card Swi tches Card Switches 

l;� � Q Q���� I 
l;�� Q��� � � I 
l;� �Q Q �� �� I 
l;� ��Q���� I 
l;� � Q ���� � I 
l;� � Q Q�� �� I 

l;�� Q Q �� �� I 
l;�� QQ Q���  I 
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System B oard Switches 

1 · 64/256K option with 1 92K i nstal led 
1 · 32K opti on 

1 · 64/256K option with 1 28K i nsta l l ed 
1 · 64K option 
1 · 32K option 

288 K Total Memory 
224 K + (64 K on System Board)  

Switch B l ock 1 l �O o Q Q o o O o  I 
64/256K Option 

Card Switches 

l�� � �QQQ�Q I 

Switch B l ock 2 

64K Option 
Card Switches 

l �� ��QQ�QQ I l�� �QQ���� 

D X!PUJddy 

l �Q QQ� �QQQ I 
32K O ption 

Card Switches 

l�� Q������ I 
l�� Q �� ��� �  I 
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System B oard Switches 

1 - 64/256K option with 1 28K instal led 
2 - 64K options 

1 - 64/256K option with 1 92 K  instal led 
1 - 64K option 

1 - 64/256K option with 1 92K insta l led 
2 - 32K opt ions 

1 - 64/256 K  option with 256K i nstal led 

,,---

320K Total Memory 
256K + (64K on System Board ) 

Switch B l ock 1 l�o oQQ oooo I Switch Block 2 l �� ��Q �QQQ I 
64/256K O ption 

Card Switches 

l�� ��QQ�QQ 

l i���QQQ�Q I 
l����Q QQ�Q I 
l �� ��QQQQ� I 

64K Option 
Card Switches 

l�� �QQ ���� I 
l�� Q ������ I 
l�� Q������ I 

32K Option 
Card Switches 

l�� Q ������ I 
l�� Q ��Q�� �  I 
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System B oard Switches 

1 - 64/256K opti on with 1 92K i nsta l l ed 
1 - 64K option 
1 - 32K option 

1 - 64/256K option with 256K i nstal led 
1 - 32K option 

352 K Total Memory 
288K + (64K on System Board ) 

Swi tch B l ock 1 l�O o QQOOoo I Switch B l ock 2 

64/256K Option 64K Option 
Card Switches Card Swi tches 

l �� ��QQQ�Q I l��Q������ I 

l����QQQQ� I 

D X!PU�ddy 

l�Q ��Q�QQQ I 
32K Option 

Card Sw itches 

l��Q� Q� ��� I 
l�� Q�Q���� I 
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System B oard Swi tches 

1 - 64/256K option with 1 92K i nsta l l ed 
2 - 64K options 

1 - 64/256K option with 256K i nsta l l ed 
1 - 64/256K option with 64K i nstal led 

1 - 64/256K option with 256K i nstal l ed 
1 - 64K option 

1 - 64/256K option with 256K instal led 
2 - 32K options 

,,--.. 

384K Total Memory 
320K + (64K on System Board ) 

Switch B l ock 1 liO O QQooOo I Swi tch B l ock  2 

64/256K Option 64K Option 
Card Swi tches Card Switches 

f ;� Q ���� � � I l;� � �Q QQ� Q I 
l;� Q � Q�� �� I 

l;� � �Q QQQ� l 
f;� ����ooo 1 
l;� � �Q Q QQ �  I f ;� Q �Q���� I 
l;� � � QQ Q Q � I 

li� Q � Q�QQQ I 
32K Option 

Card Switches 

l;� Q �Q � �� � I 
J;� Q � QQ�� � I 
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System Board Switches 

1 - 64/256K option with 256K i nsta l led 
1 - 64/256K option with 64K insta l l ed 
1 - 32K opt i on 

1 - 64/256K option with 256K i nsta l l ed 
1 - 64K option 
1 - 32K opti on 

4 1 6 K  Total Memory 
352 K + (64K on System Board ) 

Switch B l ock 1 1�0 0 Q Q 0 0 0 0 1 Swi tch B l ock  2 

64/256K Option 64K Opti on 
Card Switches Card Switches 

l;� � � QQQQ� I 
- l;� Q � Q � Q QQ I 
f;� ��QQQQ� I l�� Q �Q���� I 
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l;Q Q � Q � Q � Q  

32K O p tion 
Card Switches 

J;� Q Q����� I 

l;� Q Q � � ��� I 
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System Board Switches 

1 - 64/256K option with 256K instal led 
1 - 64/256K option with 64K instal led 
1 - 64K option 

1 - 64/256K option with 256K instal led 
2 - 64K opti ons 

1 - 64/256K opt ion with 256K instal led 
1 - 64/256K option with 1 28K i nstal led 

,,------

448K Total Memory 
384K + (64K on System Board ) 

switch B lock 
1 [iO OQQOOOO J Switch Block 2 

64/256K Option 64K Option 
Card Switches Card Swi tches 

l i� ��QQQQ� I 
l�� QQ����� I 

l��Q �Q�Q �Q I 
l ��Q�Q���� I 

l�� ��QQQ�� I 
li� QQ����� I 

l�� ��QQQQ� I 
liQ ��QQ�QQ I 

l���QQ�QQQ I 
32K Option 

Card Switches 
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System B oard Switches 

1 - 64/256K opt ion with 256K i nsta l led 
1 - 64/256K option with 1 28 K i nsta l led 
1 - 32K opt ion 

480K Total Memory 
416K + (64K on System Board ) 

Switch B l ock 1 l �O OQQooOo I Switch B l ock  2 

64/256K Option 64K Option 
Card Switches Card Swi tches 

f�� � �QQQQ� I 
l�� Q�QQ�QQ I 

D X!PUJddy 

l�Q �Q Q �QQQ I 
32K Option 

Card Switches 

l�� Q QQ���� I 
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System B oard Switches 

1 - 64/256K option with 256K i nsta l led 
1 - 64/256K option with 1 28 K  i nsta l led 
1 - 64K opti on 

1 - 64/256 K opti on with 256K i nsta l led 
1 - 64/256K option with 1 92K i nstal led 

,..--

5 1 2 K  Total Memory 
448K + (64K on System Board l 

Switch B l ock 1 1 �0 0 QQ0000 1 Switch B l oc k  2 

64/256K Opti on 64K Option 
Card Switches Card Swi tches 

l�� � �QQQ Q�  I 
l �� Q QQ���� I 

l�� Q �Q�� 

l����QQ QQ � I 
l��Q �QQ Q�Q I 

l�� Q Q Q�QQQ I 
64K Option 

Card Switches 
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System B oard Switches 

1 - 64/256K opti on with 256K i nsta l led 
1 - 64/256K option with 1 92K i nsta l led 
1 - 32K opt ion 

544K Total Memory 
480K + (64 K on System Board ) 

Switch B l ock 1 1�0 0 QQ0000 1 
64/ 256K Option 

Card Switches 

l�� � � QQQQ� l 
l �� Q �QQQ�Q I 

D X!PUJddy 

Switch B l ock 2 l�Q Q Q Q � Q Q Q  I 
64K Option 32K Option 

Card Switches Card Switches 

l�Q � �� �� �� I 
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System B oard Switches 

1 - 64/256K option with 256K i nsta l led 
1 - 64/256K opti on with 1 92 K  i nsta l led 
1 - 64K opti on 

2 - 64/256 K option with 256K i nstal led 

,,.-----. 

576 K  Total Memory 
5 1 2 K  + (64K on System Board ) 

Switch B l ock 1 1;0 0 QQ0000 I 
64/256K Opt i on 

Card Switches 

Switch B l oc k  2 

64K Option 
Card Switches 

l;� � � QQQQ� I 
l;Q � ������ I l;� Q�QQQ�Q I 

l ;� � �QQQQ � I 

l;�Q�QQQQ� I 

l;� � ��QQQQ I 
32K Option 

Card Switches 
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System Board Switches 

2 - 64/256K opti on with 256K instal led 
1 - 32K opti on 

608 K Total Memory 
544K + (64K on System Board) 

Switch B l ock  1 1 ;0 0 Q o oooo 1 Switch B l ock  2 l;Q � ��QQ�Q I 
64/ 256K Opti on 64K Option 32K Option 

Card Switches Card Swi tches Card Switches 

l;� � �O O OQ� I l ;Q � � Q��� �  I 
l;� Q�OOOQ� I 

D X!PU;Jddy 
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System B oard Switches 

2 - 64/256K option with 256K i nsta l led 

1 - 64K option 

2 - 64/256 K opt i on with 256K i nsta l led 

1 - 64/256K opt ion w i th 64K insta l led 

� 

640 K Total Memory 
576 K  + (64K on System Board I 

swi tch B l ock 1 l�O o Q QooOo I 
64/256K Opt ion 

Card Switches 

Switch B l ock 2 

64K Option 
Card Switches 

l ;� � � Q QQ Q� I l �Q � � Q� � � �  I 
l�� Q � Q QQQ� I 
l ;� � � Q Q Q Q�  I 
l;� Q �QQQQ� I 
l�Q � �Q� Q Q Q  I 

l�� Q��QQQQ I 
32K Opt ion 

Card Switches 



Extender Card Switch Settings 

System Memory 
Extender Card 

Memory Segment Switch Block 

1 6K to 64K 11 � � � � I 1 

0 ' l 1 4 

96K to 1 28K i � � Q � 2 

1 60K to 1 92K 11 D � Q � I 3 

224K to 25 6K 11 D � � D I  4 

288K to 320K 11 D � D � I 5 

352K to 384K 1 o � Q D I  6 

0 , ] l 4 

4 1 6K to 448K i D Q Q � 7 

480K to 5 1 2K 
0 I 1 ) 4 i D � � D 8 

O I l l 4 

544K to 5 76K i D D D D 9 

608K to 640K 1 � o Q o A 

Switch Settings G-27 
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G-28 Switch Settings 



Switch Settings (64KB-256KB C PU) 

System Board Switch Settings . . . . . . . . . . . . . . . . . . . . . . G-3 1 
System Board Switch Settings . . . . . . . . . . . . . . . . . . . . G-3 1 
5 - 1 /4" Diskette Drives Switch Settings . . . . . . . . . . . . G-32  
Display Type Switch Settings . . . . . . . . . . . . . . . . . . . . G-32 
Math Coprocessor Switch Settings . . . . . . . . . . . . . . . .  G-32  

Memory Option Switch Settings . . . . . . . . . . . . . . . . . . . . G-34 
64K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-34 
1 28K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-34 
l 92K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-34 
256K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-34 
288K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-35  
320K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-36  
3 52K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-37 
3 84K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-3 8  
4 1 6K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-39  
448K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-40 
480K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-4 1 
5 1 2K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-42 
544K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-43 
5 76K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-44 
608K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . .  G-45 
640K Total Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . G-46 

Extender C ard Switch Settings . . . . . . . . . . . . . . . . . . . . . .  G-47 

Switch Settings G-29 



Notes: 

G- 30 Switch Settings 



Switch Setting Charts 

System Board Switches 

WARNING: Before you change any switch settings, 
make a note of how the switches are 
presently set. 

Switch Block I 

�0 0 0 0 0 0 0 0  
Switch 

1 ,7 ,8  
2 
3 ,4 
5 ,6 

Function 

Number of 5 - 1 /4 inch diskette drives installed 
Math Coprocessor 
System board memory switches 
Type(s )  of display(s )  connected 

Switch Block 2 

Switch 

1 ,2 ,3 ,4,5 
6 ,7 ,8  

Function 

Amount of memory options installed 
Always in the Off position 

Switch Settings G- 3 1  



Number of 5- 1 /4 Inch 
Diskette Drives Installed 

0 - Drives 

I - Drive 

2 - Drives 

Switch Block 1 Switch Block 2 

�� 0 0000�� 
�QOOOoo�� 
�QoOOOOQ� 

�o oOOOQQQ 
�ooOOOQQQ 
�o o oooQQQ  

Type(s) of display(s) connected 

WARNING: 

IBM Monochrome 
Display (or IBM 
Monochrome Display 
plus another display) 

Color Display (Do not 
use if an IBM 
Monochrome 
Display is connected) 

If an IBM Monochrome Display is 
connected to your system. Switch Block 
I ,  switches 5 and 6,  must always be Off. 
Damage to your display can result with 
any other switch settings. 

Switch B lock 1 Switch Block 2 

Switch Block 1 Switch Block 2 

1 2 3 • S I  1 8 1 2 3 '  5 6 7 8 mooo��oo  moooo���  
1 2 3 '  s 6 7 8 I 2 3 4 5 ti 7 8 mooo��oo  moooo���  

40x25 
Mode 

80x25 
Mode 

Note: The 40x25 mode means there will be 40 characters 
across the screen and 25 lines down the screen. The 80x25 mode 
means there will be 80 characters across the screen and 25 lines 
down the screen. The 80x25 mode, when used with home 
televisions and various displays, can cause loss of character 
quality . 

G-32 Switch Settings 



Math Coprocessor 

Switch Block 1 Switch Block 2 

With Math Coprocessor �D � O O D D D D ;o ooooQQQ 
;oo oooQQQ without Math coprocessor �O Q OODDD D 

Switch Settings G- 3 3  
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System B oard Switches 

System B oard Switches 

System B oard Swi tches 

System B oard Switches 

� 

Memory Switch Settings 
(64KB-256KB CPU) System Board 

64K Total Memory 

switch B l ock 1 l;o o Q Q O o o �  I 

128K Total Memory 

Switch B l ock 1 lm o Q Q O O o �  I 
1 92K Total Memory 

Switch B l ock 1 lm o � Q � O o c  I 
256 K Total Memory 

Swi tch B l ock  1 l �o o Q Q o o o o  I 

Switch B l ock 2 /;� � � �� � �� I 

Switch B l ock  2 l ;� Q � � � Q �� I 

Switch B l ock  2 l;�� Q �� Q � ;  I 

Switch B l oc k  2 l;� � � ��Q�Q / 
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0 
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System B oard Switches 

1 - 32K option 

288 K Total Memory 
32K + (256 K on System Board ) 

Switch B l oc k  1 rio o Q Qo o o o  1 Swi tch B l oc k  2 liQ Q Q � �Q�Q I 
64/256K Opt ion 641< Opt ion 32K Option 

Card Swi tches Card Switches Card Swi tches 

r�� Q�����t I 

D x�pu;Jddy 
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System B oard Switches 

1 - 64/256K option with 64K i nsta l l ed  

1 - 64K opti on 

2 - 32K opti ons 

� 

320K Total Memory 
64K + (256K on System Board ) 

Switch B l oc k  1 r�o o QQoooo l 
64/256K Option 

Card Swi tches 

l�� Q ��� Q�Q I 

Switch B lock 2 l����Q�QQQ l 
64K Option 32K Option 

Card Switches Card Swi tches 

l�� Q � �� ���  I 
l�� Q ������ 

l��Q ��Q��� I 
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System B oard Switches 

1 - 64/256K option with 64K i nsta l l ed 
1 - 32K opt i on 

1 - 64K opti on 
1 - 32K option 

3 - 32K opti ons 

352 K Total Memory 
96K + (256 K on System Board ) 

switch  B l ock , l ;o :' : � Q ODDD I 
64/256K Opt ion 

Card Switches 

l�� Q � � �Q�Q  I 

Switch B l ock  2 l�Q �� Q�QQQ I 
64K Opt ion 32K O ption 

Card Switches Card Switches 

l �� Q �Q���� I 
l�� Q������ I l�� Q�Q���� I 

l�� Q������ I 
l �� Q ��Q��� I 
l�� Q �Q���� I 

9 X!PU�ddy 
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System B oard Switches 

1 - 64/256K option with 64K option i nsta l led 
1 - 64K opti on 

2 - 64K opti ons 

1 - 64/256K opt ion with 64K i nsta l led 
2 - 32K opti ons 

1 - 64K option 
2 - 32K opt ions 

1 - 64/256K option w i th 1 28K i nsta l l ed 

,,-_ 

384K Total Memory 
1 28K + ( 256K on System Boardl 

swi tch B l ock , �O oQ Q O C D O  l switch B l ock  2 �� Q � Q �QQ Q  v 

64/256K Option 64K Option 32K Opt i on 
Card Switches Card Switches Card Swi tches 

l�� Q ���QQ Q  I l�� Q �Q���� I 
l�� Q � � ���� I 
li� Q� Q ���� I 

l �� Q �Q ���� I l�� Q �� � Q Q Q  I l�� Q �QQ��� I 
l�� Q�Q���� I 

l�� Q ������  I l��Q�QQ��� I 
li� Q�� Q�QQ I 
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System Board Switches 

1 - 64/256K option with 64K i nsta l led 
1 - 64K option 
1 - 32K option 

2 - 64K opt ions 
1 - 32K option 

1 - 64/256K opt ion with 1 28K i nsta l l ed 
1 - 32K opt ion 

416K Total Memory 
1 60 K  + ( 256 K on System Board ) 

Switch B l ock , t;ooQQ oooo  I Switch B l oc k  2 

64/256K Option 64K Option 
Card Switches Card Swi tches 

l;� Q���QQQ I l;� Q � Q���� 

l ;� Q ��� � � �  I 
l;� Q � Q���� I 

l ;� Q � �Q � Q Q I 

D X!PU;Jddy 

t ;Q Q �Q�QQ Q I 
32K Option 

Card Switches 

l ;� Q Q � ���� I 

l ;� Q Q����� I 
l;� Q Q� ���� I 
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System B oard Swi tches 

1 - 64/256K option with 1 92K i nstal led 

1 - 64/256K option with 1 28K i nsta l led 
1 - 64K option 

1 - 64/256K option with 64K i nstal led 
2 - 64K options 

3 - 64K opt ions 

1 - 64/256K option with 1 28 i nsta l l ed 

2 - 32K options 

� 

448K Total Memory 
1 92K + ( 256K on System Board ) 

Switch B lock 1 l �o o Q Q o o o o Switch B l ock 2 l �� � QQ�QQQ 
64/256K Option 64K Option 32K Option 

Card Switches Card Switches Card Switches 

l �� Q��QQ�Q I 
l�� Q �� Q�Q Q I l �� QQ ����� I 

l �� Q�Q���� I 
l�� Q � ��QQQ I l�� Q Q ����� I 

l�� Q �� ���� I 
l�� Q�Q���� I 
l �� Q Q����� I 

l�� Q Q ����� I l�� Q��Q�Q Q  I l�� QQ�Q��� I 
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System B oard Switches 

1 - 64/256K option with 1 92K i nsta l l ed 
1 - 32K option 

1 - 64/256K option with 1 28K i nstal led 
1 - 64K option 
1 - 32K option 

480K Total Memory 
224 K + (256K on System Board ) 

switch B lock , [iDOQ Qoooo  J 
64/256K Option 

Card Switches 

li� Q��QQ�Q l 

Switch B l oc k  2 

64K Option 
Card Switches 

l�� Q ��Q� QQ l li� QQ���� � I 

D X!PUJddy 

liQ �QQ �QQQ l 

32K Option 
Card Swi tches 

li�QQQ���� l 

li�QQQ���� I 
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System B oard Swi tches 

1 - 64/256K option with 1 28K i nstal led 
2 - 64K options 

1 - 64/256K option wi th 1 92K i nstal led 
1 - 64K option 

1 - 64/256K opt ion with 1 92K i nsta l l ed 
2 - 32K opt i ons 

1 - 64/256K option with 256K i nsta l led 

512K Total Memory 
256K + (256K on System Board ) 

swi tch B l ock , l �oo QQOooo l Switch B l ock  2 l;� Q QQ �QQQ \ 
64/256K Option 64K Option 32K Option 

Card Switches Card Swi tches Card Switches 

l �� Q Q����� I 
\;� Q � �Q� QQ I l;� Q QQ��� � I 
\;�Q��QQ� Q  I \;� QQ Q��� � I 

\;� QQQ�� �� I \ ;� Q � �QQ� Q  I 
\ ;� QQQ Q��� I 

\ ;� Q ��QQQ� I 

__ _,, 
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System Board Switches 

1 - 64/256K option with 1 92K i nsta l l ed 
1 - 64K opti on 
1 - 32K option 

1 - 64/256K option with 256K i nsta l l ed 
1 - 32K option 

544K Total Memory 
2BB K + ( 256K on System B oa rd ) 

swi tch B l ock , [�Oo Q QllDDD I 
64/ 256K Opt ion 

Card Swi tches 

Switch B l ock 2 

64K Opt ion 
Card Swi tches 

l�� Q��QQ � Q I l�� QQQ ���� I 
l�� Q ��QQ Q �  I 

D X!PUJddy 

l�Q QQQ�Q�� I 
32K Opt ion 

Card Swi tches 

l�Q � ������ I 

l�Q ������� I 
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System Board Swi tches 

1 - 64/256K option with 1 92K i nsta l l ed 
2 - 64K options 

1 - 64/256K option with 256K i nsta l l ed 
1 - 64/256K option with 64K i nstal led 

1 - 64/256K option with 256K i nstal led 
1 - 64K option 

1 - 64/256K option with 256K i nsta l l ed 
2 - 32K options 

576K Tota l  Memory 
320 K + (256K on System Board ) 

Swi tch B l ock 1 liooQ Q o o o o  1 Swi tch B l ock  2 l�� � �� QQQQ I 
64/256K Option 64K Option 32K Option 

Card Switches Card Switches Card Switches 

l�� Q Q Q���� I 
l�� Q ��QQ� Q I 

l�Q � � � ���� I 
li� Q ��QQQ� I 
l;Q � �� � Q Q Q I 

l;� Q��QQQ � I l;Q � ������ I 
l�Q � � ����� I 

l�� Q �� QQQ� I 
l;� ���Q��� I 

__/ 
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System B oard Swi tches 

1 - 64/256K opt ion with 256K i n sta l led 
1 - 64/256K option with 64K i nstal led 
1 - 32K opt i on 

1 - 64/256K opt ion with 256K i nsta l l ed 
1 - 64K option 
1 - 32K opt i on 

608 K Total Memory 
352 K + (256 K on System Board I 

Switch B l oc k  1 l�O o�QoooJ I Swi tch B l ock 2 l�� ���QQ�Q l 

64/256K Option 64K Opt ion 32K Option 
Card Switches Card Switches Card Swi tches 

l �� Q � �QQQ�  I 
l�� � �Q ���� I 

l �Q � � � �Q� Q  I 
l �� Q � �QQQ� I I�� � � ����� I I�� � �� ���� l 

D X!PU�ddy 
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System Board Switches 

1 - 64/256K opt i on with 256K i nsta l l ed 
1 - 64/256K option with 64K i nstal led 
1 - 64K option 

1 - 64/256K option with 256K i nstal led 
2 - 64K opt i ons 

1 - 64/256K opt ion w i th 256 K i nstal led 
1 - 64/256K option with 1 28K i nsta l led 

� 

640K Total Memory 
384K + ( 256K on System Boardl  

Switch B l ock , l;O o Q Q o o oo I Switch B l ock 2 

64/256K Option 64K Option 
Card Switches Card Swi tches 

l;� Q��Q QQ� I l ;Q � � Q ����  I 
l�Q � �� �QQQ  I 

l ;Q � ������ I 
f;� Q��QQQ� I 

l ;Q � �Q���� I 
l;� Q��QQ Q� I 
l�Q � � � Q�Q Q  I 

l�� Q ��QQQQ l 
32K Option 

Card Swi tches 



Extender Card Switch Settings 

System Memory Extender C ard 
Memory Segment 

Switch Block 

1 6K to 64K 
0 1 1 ) • 

i � � � � 1 

0 I 1 l 4 

96K to 1 28K i � � � � 2 

1 60K to 1 92K 
0 I 1 l 4 i � � � � 3 

0 ' l ) ' 

224K to 256K i � � � D 4 

288K to 320K Ii D � D � I 5 

3 52K to 3 84K Ii D � � D I 6 

4 1 6K to 448K Ii D � � � I 7 

480K to 5 1 2K i � o o � 8 

544K to 5 76K 
0 I 2 l 4 

i D D D D 9 

608K to 640K 
0 I l ) 4 

i � D D D A 
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G LO S SARY 

µs: Microsecond. 

adapter: An auxiliary system or unit used to extend the operation 
of another system. 

address bus: One or more conductors used to carry the binary
coded address from the microprocessor throughout the rest of the 
system. 

all points addressable (APA) : A mode in which all points on a 
displayable image can be controlled by the user . 

alpanumeric (A/N):  Pertaining to a character set that contains 
letters , digits , and usually other characters , such as punctuation 
marks . Synonymous with alphanumeric . 

American Standard Code for Information Interchange 
(ASCII) :  The standard code , using a coded character set 
consisting of 7-bit coded characters ( 8 bits including parity 
check), used for information interchange among data processing 
systems , data communication systems and associated equipment . 
The ASCII set consists of control characters and graphic 
characters . 

A/N: Alphanumeric. 

analog: ( 1 )  pertaining to data in the form of continuously variable 
physical quantities .  (2)  Contrast with digital .  

AND: A logic operator having the property that if  P i s  a 
statement, Q is a statement, R is a  statement, . . .  ,then the AND of 
P, Q, R, . .  .is true if all statements are true, false if any statement is 
false .  

APA: All points addressable . 

Glossary H- 1 



ASCII:  American Standard Code for Information Interchange . 

assembler: A computer program used to assemble. Synonymous 
with assembly program. 

asynchronous communications: A communication mode in 
which each single byte of data is synchronized, usually by the 
addition of start/stop bits . 

BASIC:  Beginner's all-purpose symbolic instruction code . 

basic input/output system (B IOS) :  Provides the device level 
control of the major 1/0 devices in a computer system , which 
provides an operational interface to the system and relieves the 
programmer from concern over hardware device characteristics . 

baud: ( 1 )  A unit of signaling speed equal to the number of 
discrete conditions or signal events per second. For example, one 
baud equals one-half dot cycle per second in Morse code , one bit 
per second in a train of binary signals , and one 3-bit value per 
second in a train of signals each of which can assume one of eight 
different states . (2)  In asynchronous transmission, the unit of 
modulation rate corresponding to one unit of interval per second; 
that is, if the duration of the unit interval is 20 milliseconds , the 
modulation rate is 50  baud. 

BCC: Block-check character . 

beginner's all-purpose symbolic instruction code (BASIC) :  A 
programming language with a small repertoire of commands and a 
simple syntax , primarily designed for numerical application . 

binary: ( 1 )  Pertaining to a selection, choice ,  or condition that has 
two possible values or states . (2)  Pertaining to a fixed radix 
numeration system having a radix of two. 

binary digit: ( 1 )  In binary notation, either of the characters 0 or 
1 .  (2) Synonymous with bit . 

binary notation: Any notation that uses two different characters , 
usually the binary digits 0 and 1 .  
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binary synchronous communications (B SC) :  A standardized 
procedure , using a set of control characters and control character 
sequences for synchronous transmission of binary-coded data 
between stations . 

BIOS:  Basic input/output system. 

bit: In binary notation, either of the characters 0 or 1 .  

bits per second (bps) : A unit of measurement representing the 
number of discrete binary digits which can be transmitted by a 
device in one second. 

block-check character (BCC ) :  In cyclic redundancy checking, a 
character that is transmitted by the sender after each message 
block and is compared with a block-check character computed by 
the receiver to determine if the transmission was successful . 

boolean operation: ( 1 )  Any operation in which each of the 
operands and the result take one of two values .  (2)  An operation 
that follows the rules of boolean algebra. 

bootstrap: A technique or device designed to bring itself into a 
desired state by means of its own action; that is , a machine routine 
whose first few instructions are sufficient to bring the rest of itself 
into the computer from an input device . 

bps: Bits per second. 

B SC:  Binary synchronous communications .  

buff er: ( 1 ) An area of storage that i s  temporarily reserved for use 
in performing an input/output operation , into which data is read or 
from which data is written . Synonymous with I/0 area. (2)  A 
portion of storage for temporarily holding input or output data. 

bus: One or more conductors used for transmitting signals or 
power. 

byte: ( 1 )  A binary character operated upon as a unit and usually 
shorter than a computer word. (2)  The representation of a 
character. 
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CAS:  Column address strobe . 

cathode ray tube (CRT) : A vacuum tube display in which a 
beam of electrons can be controlled to form alphanumeric 
characters or symbols on a luminescent screen, for example by 
use of a dot matrix . 

cathode ray tube display (CRT display) : ( 1 )  A device that 
presents data in visual form by means of controlled electron 
beams . (2)  The data display produced by the device as in ( 1 ) . 

CC ITT: Comite Consultatif International Telegrafique et 
Telephonique .  

central processing unit (CPU) : A functional unit that consists 
of one or more processors and all or part of internal storage. 

channel: A path along which signals can be sent; for example , 
data channel or 1/0 channel. 

characters per second (cps) : A standard unit of measurement 
for printer output . 

code: ( 1 )  A set of unambiguous rules specifying the manner in 
which data may be represented in a discrete form. Synonymous 
with coding scheme. (2)  A set of items , such as abbreviations , 
representing the members of another set .  ( 3 )  Loosely , one or more 
computer programs , or part of a computer program. ( 4) To 
represent data or a computer program in a symbolic form that can 
be accepted by a data processor. 

column address strobe (CA S ) :  A signal that latches the column 
addresses in a memory chip. 

Comite Consultatif International Telegrafique et Telephonique 
(CCITT) : Consultative Committee on International Telegraphy 
and Telephony. 

computer: A functional unit that can perform substantial 
computation, including numerous arithmetic operations , or logic 
operations ,  without intervention by a human operator during the 
run. 

H-4 Glossary 

( 



configuration: ( 1 )  The arrangement of a computer system or 
network as defined by the nature , number, and the chief 
characteristics of its functional units . More specifically, the term 
configuration may refer to a hardware configuration or a software 
configuration. (2) The devices and programs that make up a 
system, subsystem, or network. 

conjunction: ( 1 )  The boolean operation whose result has the 
boolean value 1 if, and only if, each operand has the boolean 
value 1 .  (2) Synonymous with AND operation. 

contiguous: ( I )  Touching or joining at the edge or boundary . 
(2) Adjacent .  

CPS:  Characters per second. 

CPU: Central processing unit. 

CRC: Cyclic redundancy check. 

CRT: Cathode ray tube . 

CRT display: Cathode ray tube display . 

CTS: Clear to send. Associated with modem control . 

cyclic redundancy check (CRC) :  ( 1 )  A redundancy check in 
which the check key is generated by a cyclic algorithm. (2) A 
system of error checking performed at both the sending and 
receiving station after a block-check character has been 
accumulated. 

cylinder: ( 1 )  The set of all tracks with the same nominal distance 
from the axis about which the disk rotates . (2) The tracks of a 
disk storage device that can be accessed without repositioning the 
access mechanism. 

daisy-chained cable: A type of cable that has two or more 
connectors attached in series . 

data: ( 1 )  A representation of facts , concepts , or instructions in a 
formalized manner suitable for communication, interpretation, or 
processing by humans or automatic means . ( 2) Any 
representations , such as characters or analog quantities ,  to which 
meaning is , or might be assigned. 
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decoupling capacitor: A capacitor that provides a low
impedance path to ground to prevent common coupling between 
states of a circuit. 

Deutsche Industrie Norm (DIN):  ( 1 )  German Industrial 
Norm. (2) The committee that sets German dimension standards . 

digit: ( 1 )  A graphic character that represents an integer, for 
example, one of the characters 0 to 9 .  (2) A symbol that 
represents one of the non-negative integers smaller than the radix . 
For example ,  in decimal notation, a digit is one of the characters 
from 0 to 9 .  

digital: ( 1 )  Pertaining to data in  the form of digits . (2 )  Contrast 
with analog. 

DIN: Deutsche Industrie Norm. 

DIN connector: One of the connectors specified by the DIN 
standardization committee .  

DIP: Dual in-line package. 

direct memory access (DMA) : A method of transferring data 
between main storage and 1/0 devices that does not require 
processor intervention. 

disk: Loosely , a magnetic disk unit . 

diskette: A thin,  flexible magnetic disk and a semi-rigid 
protective jacket, in which the disk is permanently enclosed. 
Synonymous with flexible disk. 

D MA: Direct memory access . 

DSR: Data set ready . Associated with modem control. 

DTR: Data terminal ready . Associated with modem control . 

dual in- line package (DI P) : A widely used container for an 
integrated circuit . DIPs are pins usually in two parallel rows . 
These pins are spaced 1 / 1 0  inch apart and come in different 
configurations ranging from 1 4-pin to 40-pin configurations . 
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EBCDIC: Extended binary-coded decimal interchange code . 

ECC:  Error checking and correction . 

edge connector: A terminal block with a number of contacts 
attached to the edge of a printed circuit board to facilitate plugging 
into a foundation circuit . 

EIA: Electronic Industries Association . 

EIA/CCITI: Electronics Industries Association/Consultative 
Committee on International Telegraphy and Telephony . 

end-of-text-character (ETX) : A transmission control character 
used to terminate text . 

end-of-transmission character (EOT) : A transmission control 
character used to indicate the conclusion of a transmission , 
which may have included one or more texts and any associated 
message headings . 

EOT: End-of-transmission character. 

EPROM: Erasable programmable read-only memory . 

erasable programmable read-only memory (EPROM) : A 
storage device whose contents can be changed by electrical 
means . EPROM information is not destroyed when power is 
removed. 

error checking and correction (ECC) : The detection and 
correction of all single-bit, double-bit, and some multiple-bit 
errors . 

ETX: End-of-text character. 

extended binary-coded decimal interchange code 
(EBCDIC) :  A set of 256 characters , each represented by eight 
bits . 

flexible disk: Synonym for diskette . 

firmware: Memory chips with integrated programs already 
incorporated on the chip. 
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gate: ( 1 )  A device or circuit that has no output until it is triggered 
into operation by one or more enabling signals , or until an input 
signal exceeds a predetermined threshold amplitude . (2)  A signal 
that triggers the passage of other signals through a circuit . 

graphic: A symbol produced by a process such as handwriting, 
drawing, or printing. 

hertz (Hz) : A unit of frequency equal to one cycle per second. 

hex: Abbreviation for hexadecimal . 

hexadecimal: Pertaining to a selection, choice , or condition that 
has 1 6  possible values or states . These values or states usually 
contain 1 0  digits and 6 letters , A through F .  Hexadecimal digits 
are equivalent to a power of 1 6 . 

high-order position: The leftmost position in a string of 
characters . 

Hz: Hertz . 

interface: A device that alters or converts actual electrical signals 
between distinct devices , programs , or systems . 

k: An abbreviation for the prefix kilo ; that is ,  1 ,000 in decimal 
notation. 

K: When referring to storage capacity , 2 to the tenth power; 
1 ,024 in decimal notation. 

KB : Kilobyte ; 1 ,024 bytes . 

kHz: A unit of frequency equal to 1 ,000 hertz . 

kilo (k) : One thousand. 

latch: ( 1 ) A feedback loop in symmetrical digital circuits used to 
maintain a state . (2)  A simple logic-circuit storage element 
comprising two gates as a unit . 

LED: Light-emitting diode . 
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light-emitting diode (LED):  A semi-conductor chip that gives 
off visible or infrared light when activated. 

low-order position: The rightmost position in a string of 
characters . 

m: ( 1 )  Milli ; one thousand or thousandth part. (2) Meter. 

M: Mega; 1 ,000,000 in decimal notation. When referring to 
storage capacity , 2 to the twentieth power; 1 ,048 ,5 76 in decimal 
notation. 

mA: Milliampere . 

machine language: ( 1 )  A language that is used directly by a 
machine . (2) Another term for computer instruction code . 

main storage: A storage device in which the access time is 
effectively independent of the location of the data. 

MB: Megabyte , 1 ,048 ,576  bytes . 

mega (M) : 1 0  to the sixth power, 1 ,000,000 in decimal notation .  
When referring to  storage capacity, 2 to the twentieth power, 
1 ,048 ,576  in decimal notation . 

megabyte (MB ) :  1 ,048 ,576 bytes . 

megahertz (MHz) :  A unit of measure of frequency . 1 megahertz 
equals 1 ,000,000 hertz . 

MFM: Modified frequency modulation . 

MHz: Megahertz . 

microprocessor: An integrated circuit that accepts coded 
instructions for execution; the instructions may be entered, 
integrated, or stored internally . 

microsecond (µs) : One-millionth of a second. 

milli (m) : One thousand or one thousandth. 

milliampere (mA) : One thousandth of an ampere . 
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millisecond (ms) : One thousandth of a second. 

mnemonic: A symbol chosen to assist the human memory ; for 
example, an abbreviation such a "mpy" for "multiply . "  

mode: ( 1 )  A method of operation ; for example ,  the binary mode , 
the interpretive mode, the alphanumeric mode . (2)  The most 
frequency value in the statistical sense .  

modem: (Modulator-Demodulator) A device that converts serial 
(bit by bit) digital signals from a business machine (or data 
terminal equipment) to analog signals which are suitable for 
transmission in a telephone network. The inverse function is also 
performed by the modem on reception of analog signals .  

modified frequency modulation (MFM) : The process of 
varying the amplitude and frequency of the "write" signal . MFM 
pertains to the number of bytes of storage that can be stored on 
the recording media. The number of bytes is twice the number 
contained in the same unit area of recording media at single 
density . 

modulo check: A calculation performed on values entered into a 
system. This calculation is designed to detect errors . 

monitor: ( 1 )  A device that observes and verifies the operation of 
a data processing system and indicates any specific departure 
from the norm. (2) A television type display , such as the IBM 
Monochrome Display . ( 3 )  Software or hardware that observes , 
supervises , controls ,  or verifies the operations of a system. 

ms: Millisecond; one thousandth of a second. 

multiplexer: A device capable of interleaving the events of two or 
more activities , or capable of distributing the events of an 
interleaved sequence to the respective activities .  

NAND: A logic operator having the property that if P is a 
statement, Q is a statement, R is a  statement, . . .  ,then the NAND 
of P ,Q,R, . .  .is true if at least one statement is false, false if all 
statements are true. 

nanosecond (ns) : One-thousandth-millionth of a second. 
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nonconjunction: The dyadic boolean operation the result of 
which has the boolean value 0 if, and only if, each operand has 
the boolean value I .  

non-return-to-zero inverted (NRZI) : A transmission encoding 
method in which the data terminal equipment changes the signal 
to the opposite state to send a binary 0 and leaves it in the same 
state to send a binary I . 

NOR: A logic operator having the property that if P is a 
statement, Q is a statement, R is a  statement, . . .  ,then the NOR of 
P,Q,R, . .  .is true if all statements are false,  false if at least one 
statement is true . 

NOT: A logical operator having the property that if P is a 
statement, then the NOT of P is true if P is false,  false if P is true. 

NRZI: Non-return-to-zero inverted. 

ns: Nanosecond; one-thousandth-millionth of a second . 

operating system: Software that controls the execution of 
programs ; an operating system may provide services such as 
resource allocation, scheduling, input/output control, and data 
management . 

OR: A logic operator having the property that if P is a statement, 
Q is a statement, R is a statement, . . .  ,then the OR of P ,Q ,R, .. .is 
true if at least one statement is true, false if all statements are 
false . 

output: Pertaining to a device , process ,  or channel involved in an 
output process , or to the data or states involved in an output 
process .  

output process:  ( 1 )  The process that consists of  the delivery of 
data from a data processing system, or from any part of it . (2)  The 
return of information from a data processing system to an end 
user, including the translation of data from a machine language to 
a language that the end user can understand. 

overcurrent: A current of higher than specified strength. 

overvoltage: A voltage of higher than specified value .  
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parallel: ( 1 )  Pertaining to the concurrent or simultaneous 
operation of two or more devices ,  or to the concurrent 
performance of two or more activities . (2) Pertaining to the 
concurrent or simultaneous occurrence of two or more related 
activities in multiple devices or channels . ( 3 )  Pertaining to the 
simultaneity of two or more processes . ( 4) Pertaining to the 
simultaneous processing of the individual parts of a whole , such as 
the bits of a character and the characters of a word, using separate 
facilities for the various parts . ( 5 )  Contrast with serial . 

PEL: Picture element . 

personal computer: A small home or business computer that has 
a processor and keyboard that can be connected to a television or 
some other monitor. An optional printer is usually available . 

picture element (PEL) : ( 1 )  The smallest displayable unit on a 
display . (2) Synonymous with pixel , PEL. 

pinout: A diagram of functioning pins on a pinboard. 

pixel: Picture element .  

polling: ( 1 )  Interrogation of devices for purposes such as to avoid 
contention, to determine operational status , or to determine 
readiness to send or receive data. (2) The process whereby 
stations are invited,  one at a time , to transmit. 

port: An access point for data entry or exit .  

printed circuit board: A piece of material , usually fiberglass ,  
that contains a layer of conductive material , usually metal . 
Miniature electronic components on the fiberglass transmit 
electronic signals through the board by way of the metal layers . 

program: ( 1 )  A series of actions designed to achieve a certain 
result. (2)  A series of instructions telling the computer how to 
handle a problem or task. ( 3 )  To design, write , and test computer 
programs . 

programming language: ( 1 )  An artificial language established 
for expressing computer programs . (2) A set of characters and 
rules , with meanings assigned prior to their use, for writing 
computer programs . 
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PROM: Programmable read-only memory . 

propagation delay: The time necessary for a signal to travel from 
one point on a circuit to another. 

radix: ( 1 )  In a radix numeration system, the positive integer by 
which the weight of the digit place is multiplied to obtain the 
weight of the digit place with the next higher weight; for example, 
in the decimal numeration system, the radix of each digit place is 
1 0. (2) Another term for base.  

radix numeration system: A positional representation system in 
which the ratio of the weight of any one digit place to the weight 
of the digit place with the next lower weight is a positive integer. 
The permissible values of the character in any digit place range 
from zero to one less than the radix of the digit place. 

RAS: Row address strobe . 

RGBI:  Red-green-blue-intensity . 

read-only memory (ROM):  A storage device whose contents 
cannot be modified, except by a particular user, or when operating 
under particular conditions ; for example, a storage device in which 
writing is prevented by a lockout. 

read/write memory: A storage device whose contents can be 
modified. 

red-green-b lue-intensity (RGBI) : The description of a direct
drive color monitor which accepts red, green, blue, and intensity 
signal inputs . 

register: ( 1 )  A storage device , having a specified storage 
capacity such as a bit , a byte , or a computer word, and usually 
intended for a special purpose .  (2)  On a calculator, a storage 
device in which specific data is stored. 

RF modulator: The device used to convert the composite video 
signal to the antenna level input of a home TV. 

ROM: Read-only memory . 

Glossary H- 1 3  



ROM/BIOS:  The ROM resident basic input/output system, 
which provides the device level control of the major 1/0 devices in 
the computer system. 

row address strobe (RAS ) :  A signal that latches the row 
addresses in a memory chip . 

RS-232C: The standard set by the EIA for communications 
between computers and external equipment . 

RTS:  Request to send. Associated with modem control . 

run: A single continuous performance of a computer program 
or routine . 

scan line: The use of a cathode beam to test the cathode ray tube 
of a display used with a personal computer. 

schematic: The description, usually in diagram form, of the 
logical and physical structure of an entire data base according to a 
conceptual model .  

SDLC: Synchronous Data Link Control . 

sector: That part of a track or band on a magnetic drum, a 
magnetic disk, or a disk pack that can be accessed by the magnetic 
heads in the course of a predetermined rotational displacement of 
the particular device . 

serdes: Serializer/deserializer. 

serial: ( 1 )  Pertaining to the sequential performance of two or 
more activities in a single device. In English, the modifiers serial 
and parallel usually refer to devices , as opposed to sequential and 
consecutive ,  which refer to processes . (2)  Pertaining to the 
sequential or consecutive occurrence of two or more related 
activities in a single device or channel . ( 3 )  Pertaining to the 
sequential processing of the individual parts of a whole ,  such as 
the bits of a character or the characters of a word, using the same 
facilities for successive parts . ( 4) Contrast with parallel .  

sink: A device or  circuit into which current drains . 
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software: ( 1 )  Computer programs ,  procedures ,  rules,  and 
possibly associated documentation concerned with the operation 
of a data processing system. (2) Contrast with hardware . 

source: The origin of a signal or electrical energy . 

source circuit: ( 1 )  Generator circuit. (2)  Control with sink. 

S S :  Start-stop transmission . 

start bit: Synonym for start signal . 

start-of-text character ( STX) : A transmission control character 
that precedes a text and may be used to terminate the message 
heading. 

start signal: ( 1 )  A signal to a receiving mechanism to get ready 
to receive data or perform a function. (2)  In a start-stop system , a 
signal preceding a character or block that prepares the receiving 
device for the reception of the code elements . Synonymous with 
start bit. 

start-stop ( S S) transmission: Asynchronous transmission such 
that a group of signals representing a character is preceded by a 
start signal and followed by a stop signal . (2)  Asynchronous 
transmission in which a group of bits is preceded by a start bit that 
prepares the receiving mechanism for the reception and 
registration of a character and is followed by at least one stop bit 
that enables the receiving mechanism to come to an idle condition 
pending the reception of the next character. 

stop bit: Synonym for stop signal . 

stop signal: ( 1 )  A signal to a receiving mechanism to wait for the 
next signal . (2)  In a start-stop system , a signal following a 
character or block that prepares the receiving device for the 
reception of a subsequent character or block. Synonymous with 
stop bit . 

strobe: ( 1 )  An instrument used to determine the exact speed of 
circular or cyclic movement. (2)  A flashing signal displaying an 
exact event. 

STX: Start-of-text character. 
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Synchronous Data Link Control (SLDC) :  A protocol for the 
management of data transfer over a data communications link. 

synchronous transmission: Data transmission in which the 
sending and receiving devices are operating continuously at the 
same frequency and are maintained, by means of correction, in a 
desired phase relationship . 

text: In ASCII and data communication, a sequence of characters 
treated as an entity if preceded and terminated by one STX and 
one ETX transmission control , respectively . 

track: ( 1 )  The path or one of the set of paths , parallel to the 
reference edge on a data medium, associated with a single reading 
or writing component as the data medium moves past the 
component. (2)  The portion of a moving data medium such as a 
drum, tape, or disk, that is accessible to a given reading head 
position. 

transistor-transistor logic (TTL) : A circuit in which the 
multiple-diode cluster of the diode-transistor logic circuit has been 
replaced by a multiple-emitter transistor. 

TTL: Transistor-transistor logic. 

TX D ata: Transmit data. Associated with modem control . 
External connections of the RS-232C asynchronous 
communications adapter interface. 

video: Computer data or graphics displayed on a cathode ray 
tube , monitor or display . 

write precompensation: The varying of the timing of the head 
current from the outer tracks to the inner tracks of the diskette to 
keep a constant write signal . 
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TIC (Terminal Count), 1/0 channel 1 -22 
transmitter holding register 1 -248 

u 
underline (printer) 1 - 1 04 
unidirectional printer (printer) 1 - 1 09 

v 
Vac output, 

expansion unit 1 -82 
system unit 1 -25 

Vdc output, 
expansion unit 1 -82 
system unit 1 -25 

vectors with special meanings 2-5 
vertical tab (printer) 1 - 1 02 
voltage interchange , 

asynchronous communications adapter 1 -228 

Numerics 

1 /8 inch line feeding (printer) 1 - 1 04 
1 920 bit-image graphics mode (printer) 1 - 1 1 0  
480 bit-image graphics mode (printer) 1 - 1 07 
6845 , 

(see color/graphics monitor adapter) 
(see monochrome display adapter) 

7 /72 inch line feeding (printer) 1 - 1 04 
8088 ,  

(see Intel 8088 microprocessor) 
8250, 

(see asynchronous communications adapter) 
825 3-5 , 

(see synchronous data link control adapter) 
8255A 1 - 1 2  
8255A-5 , 

(see synchronous data link control adapter) 
8273 ,  

(see synchronous data link control adapter) 
960 bit-image graphics mode (printer) 1 - 1 09 
960 bit-image graphics mode normal speed (printer) 1 - 1 1 0  
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