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Draft Version 1.0 

1 • INTRODUCTION 

1. 1. Description 

The Sun-1 Workstation (T�-: Sun Microsystems, Inc.) is a personal 
computer system that combines high resolution graphics with powerful 
local processing and optional high speed networking. The workstation is 
based on the Motorola 6 80 00 processor . It has a 1 024 by 80 0 pixel bit
map display, a fully up/down encoded keyooard, .?.56K bytes of on-board 
RAM memory with memory management ,  and a "RasterOp " mechanism for high
speed display updates. 

The Sun-1 Workstation electronics consists of two PC boards: a pro
cessor board and a frame buffer (graphics) board. The workstation uses 
the Intel Multibus•, which is proposed IEEE standard 7 96 ,  so many other 
common peri pheral interfaces are commercially av ailable . 

Several optional interfaces are available for the Sun- 1 .  An Ether� 
ne t interface card allows the Sun Wor��station to connect to a 3Mb Ether
net local network. A disk interface allows up to four SMD disk drives 
to be connected , such as the Fujitsu M23 1 3K or the CDC Lark**· A mouse 
pointing device may be connected to the existing parallel input port. 

1.2. Physical Packaging 

The Sun-1 Workstation consists of two physical units , a display 
module and a detached keyboard. The display module contains the video 
moni tor, card cage, power supply , cooling fan , and back panel. The card 
cage has seven Multibus slots••• , two of which are occupi ed by the pro
cessor board and the graphics board. 

The back panel is illustrated in Figure BACKPANEL. The five con
nect ors l abelled "SMD" are used to connect to up to four SMD disk drives 
using the optional disk controller. Only the Sun keyboard should be 
plugged into the connector labelled "Keyboard ". A mouse may be plugged 
into the "mouse" connector. The R5-232 serial ports labelled "A" and 
"B" are used to connect equipment such as terminals, modems, printers, 

• Multibus is a trademark of Intel Corporation. 
•• Lark is a trademark of Control Data Corporation. 
••• A small number of the earliest-manufactured units 
have aix-slot card cages. 

V1.0 draf t of July 27 , 1 982 (c) 1 982 Sun Hicrosystems, Inc. 
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3HBIT ETHERNET 

SERIAL-A 
POWER- -ON S\VITCH 

FUSE 

POWER CORD 

FAN,. 

Figure BACKPANEL. The Sun Workstation Back Panel. 

0 0 
0 0 

�� 
0 0 

etc. See the chapter on "Install ation" bel ow for information about con
necting peripheral equipment to the Sun Workstation. 

Be sure to keep the area behind the fan unobstructed. 

1 .3. Notations Used i n  this Document 

HOUSE 

KEYBOARD 

Integers are normally written i n  decimal ; if preceded by "Ox" they� 
are hexadecimal. 

Software interface s and programming exampl es are speci fied i n  the C 
programming l anguage*. 

* For a de tail ed descripti on of C, see Kernighan, B. W. 
and Ri tchie , D .  M. , The C Programming Language, 
Prentice-Hal l ,  1978. 

V1.p _ _  �rart. of _ __ July 27,_- 1982 
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2. HARDWARE DESCRIPTION AND CONFIGURATION 

2. 1 .  Multibus Interface 

The Sun- 1 Workstation uses two busses: a synchronous, high-speed 
memory bus for processor-memory communication and the the IEEE 796 Bus 
(Intel 1-lul tibus) for input/output and peripherals. The IEEE 7 96 Bus is 
an asynchronous bus, accomodating devices with various transfer rates 
whil e maintaining maximum throughput. The Multibus provides 8-bit and 
1 6-bit data transfers and 20-bit addressing, extendable to 24-bit 
addressing. It allows multiple masters to share the same bus, and pro
vides serial (daisy-chain) as well as parallel priority resolution 
schemes. The Multibus has a secondary backplane connector, the P2 con
nector, for int€e:·module connections. This connector is used in the Sun 
workstation for the high-speed memory bus mentioned above. 

In order to offer a consistent model for 6800 0 programmers, the Sun 
processor board generates 68000  byte order on the Multibus . This means 
that the low-order or the even byte is placed into bits D8 through D 1 5, 
whereas the high-order or odd by te is placed into bits DO through D7. 
If the processor board communicates with a byte-organized Multibus dev
ice, it is typically necessary to reverse the byte-order in software. 

The Sun 6800 0 board generates the 20  address lines on the standard 
IEEE 7 96 Bus. Using these 20 address lines, the board can address up to 
one megabyte of memory and one megabyte of input/output locations. 

The Sun processor board contains an on-board precision voltage 
reference for power-on reset. Multibus INIT is generated whenever the 
voltage falls below 4.5 Volt. In addition, Multibus !NIT can be gen
erated by executing the 6 80 0 0  RESET instruction. Note that in this 
standard configuration the 68000 always drives !NIT to the Multibus and 
the 6 80 0 0  cannot be re�et by an INIT from the Multibus. 

If the 680 00 accesses the Multibus and does not receive 
transfer acknowledge within 1 to 3 milliseconds, the access 
aborted via bus error. The timeout period in the Sun processor 
includes the· Multibus acquisition time. Thus, if a peripheral 
locks up the bus for more than 1 millisecond, timeout can occur. 

See also the section titled "Multibus Priority " below. 

a data 
will be 

board 
device 

For more information about the Multibus, consult the following 
references: 

R. W. Boberg, "796 Microprocessor Bus Standard", Computer, October, 
1980. 

This publication in the IF.EE Computer Magazine gives a 
good introduction and overview of the bus. 
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IEEE, "Proposed 796-Microprocessor Bus Standard ", with Errata , December ,  
1981. 

This is the official copy of the Standard a nd includes up-to
date revisions and errata . It is avail able from: 

MicroB ar ,  Inc . 
Attn: Rich Boberg 
1 120 San Antonio Rd . 
Palo Al to , CA 94303 
415-964-2862 

Intel Corp., "Intel Mul tibus Specifica tion" , Revised April 1981 .  

This is  the Intel version o f  the Standard ,  recommended i n  ad
dition to the IEEE version. This document is a superset of 
the IEEE standard and contains some applica tion-spe cific in
formation. It ls available as Manua� Number 9800683-03 from: 

Literature Department 
Intel Corporation 
3065 Bowers Avenue 
Sant� Clara , CA 950 51 
408-987-8080 

or from local Intel sales offices. 

Sun Microsystems, Inc., Sun 796-Bus Interface ��nual , forthcoming. 

This document will describe design considerations whi ch apply. 
when interfaci ng other Multibus boards to the Sun Workstation 
boards. 

2.2. Processor Board 

The Sun processor board contains a Motorola 68000 processor running 
with a 10 �lliz clock, 256 Kbytes of RAM memory with byte parity, an Intel 
827� dual UART (equivalent to NEC7201), an Am9513 System Timing Con
trol ler , and a 1 6  bit paral lel input port. For programming information 
on the UART and timer chips, see the manufacturers' data sheets* . 

The next chapter on "Installation" provides i nstructions for 
instal ling or remov ing boards in the Sun-1 card cage . 

* Component Data Catalog,  Intel Corporation,  Santa 
Cl ara , CA.; Am9500 Family Interface Manual, Advanced 
Micro Device s ,  Inc . , Sunnyvale , CA. 
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2.2.1. UARTs 

The Intel 8274 or NEC 7201 dual UARTs are wired as fol lows: 

UART A is wired as 
on UART 

Outputs: TXDA 
RTSA 

Inputs: RXDA 
CTSA 
DCDA 

a DCE port. 
on Connector 

RXDA 
CTSA 
'I'XDA 
RTSA 
DTRA 

Baud rate: generated by Timer 4. 

UART B is wired as a DTE port. 
Output: TXDB TXDB 
Input : RXDB RXDB 
Baud rate: generated by Timer 5 .  

2.2.2. Timers 

Page 5 

The AMD 9 5 1 3 timer chip is configured with an input frequency of 5 
MHz and FOUT of 2. 5 MHz ( connected to Gate 1 ). It contains five timers, 
whose usage is described in the following table: 

Timer Usage 

1 Watchdog. 
OUT generates 
BEHR/Reset. [ 1 ]  

2 User timer. 

3 

4 

5 

OUT causes INT6. 

Refresh timer. 
OUT causes INT7. 

UART A. OUT con
nected to UART A 
TX/RX Clk. 

UART B. OUT con
nected to UART B 
TX/RX Clk. 

Operating 
Mode 

Out=TC, 
Repetitive 

Out=toggle, re
petitive (one 
shot). Reset by 
refresh routine. 

Out= toggle, 
repetitive. 

Out= toggle, 
repetitive. 

Normal 
Frequency 

interval= 
2.8 msec 

[2] 

interval= 
2 msec 

[2] 

16 times 
UART baud 
rate 

16 times 
UART baud 
rate 

Notes: [1] Causes reset if Refresh Timer Out (13) is Low. 
[2] Difference between timers 1 and 3 determines 

Multibus timeout period. 
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2.2.3. Multibus Priority 

The Sun-1 processor board is always configured to be 
priority Multibus master, by grounding (asserting) 
(BPRN) on the processor board. 

Page 6 

the highest
Bus Priority In 

If the 68000 board is used in conjuntion with a Multibus DMA board, 
such as a disk controller, that does not sup port Common Bus Request 
(CBRQ) then the 68000 board must be configured such that it gives up the 
Multibus after every Multibus cycle. This also will cause three addi
tional wait states for each Multibus access. The Interphase 2180 disk 
controller is an example of a Multibus DMA board requiring this confi
guration. 

On the other hand, if all Multibus DMA devices (Bus Masters) � 
support CBRQ, then the CBRQ jumper on the processor board is not 
required. Instead, the 68000 board will retain bus mastership until a 
lower priority

.
master requests it by asserting CBRQ. Following a CBRQ, 

the current Bus Master has to yield mastership for at least one cycle. 

The CBRQ jumper is the leftmost pair of pins at location J902 on 
the processor board, viewing the board with the Multibus at the bottom. 

2.3. Graphics Board 

The Sun graphi� � system is a high-resolution bit-mapped frame 
buffer and display processor on one Multibus board. The general organi
zation of the graphics board is illustrated in Figure GRAPHICS. There 
is a small amount of hardware assistance to perform a set of simple high 
bandwidth operations called "RasterOps". This results in a simple yet 
flexible graphics device, with the performance needed to sup port sophis
ticated user interfaces. The section below entitled nT.he Sun Graphics� 
System" contains detailed specifications of the programming interface to 
the Graphics board. 

The graphics board has only one switch, which is illustrated in 
Figure GBOARD. This switch is used to set the Multibus base address (in 
Multibus Memory Space). It may be set to any address multiple of 
Ox20000 between OxO and OxEOOOO. 

The standard address for the graphics board is OxCOOOO. Any addi
tional graphics boards are placed at successively lower addresses. 

The following table indicates which switch to set for each of the 
possible addresses. Note that ONLY the indicated switch should be 
turned on; all other switc hes should be in the off position. 
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• Bit-Manipulation 

• X/Y Addressing Hardware 

• Graphical Object Cache 

• Next Address Generation 

• Graphical Object Selection Software 

• Function Selection 

Host ..... RasterOP .. Frame ... Video 
, ,. , 

Processor Hardware Buffer Monitor 

AasterOP unit performs read-modify-write cycle 

Destination in frame buffer 

Source operands can come from frame buffer or host computer 

address 

OxOOOOO 
Ox20000 
Ox40000 
Ox60000 
Ox80000 
OxAOOOO 
OxCOOOO 
OxEOOOO 

Figure GRAPHICS. The Sun Graphics Board. 

DIP switch 

8 
7 
6 
5 
4 
3 
2 
1 

(standard setting) 

2.4. Memory Expansion 

Page 1 

The Sun memory expansion board provides 768K bytes of additional 
"on-board" memory for the Sun processor. It is connected to the proces
sor board via the Multibus P2 connector and permits access by the 10MHz 
68000 without wait states. Up to two of these board can be added to the 
Sun-1 workstation. 

The memory expansi on board has only one opti on: to be located 
starting at 2 56K or starting at 1M within the on-board memory address 

V1 .0 draft of July 27 , 1982 ( c) 1982 Sun Micr osystems, Inc .  
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Multi bus 
Base Address 

c� 
1 8 

Figure GBOAR� . Sun G raphics B oard . 

Page 8 

spac�. To configure the first memory expansion board to have a starting 
address of 256K, insert the 7�S138 chip at l ocation U1006. To configure 
the second board for a starti ng address of 1 M, insert the 7�S138 chip at 
location U1008. See the next chapter for i nstall ation i nstructions. 

2.5 . Video Display 

The video display monitor currentl y suppl ied with the Sun- 1 Work
station is the Bal l  Model HD17H CRT Data Displ a y. This is a sol id
state, raster-scan, high-density data terminal display with 1 7  inch 
diagonal screen size in a horizontal format . The ser vice manual for 
this display is suppl ied with your workstation: 

Service Manual , Ball CRT Data Displays HD Series , 5-017-1047. 

This manual provides ful l  specifications and detail ed operating and 
mai ntenance instruct ions for the moni tor. Please heed the safety warn
ings i n  the manual. Service on the di splay should be performed only by 
qualified service personnel . 

2.6. Keyboard 

The Sun- 1 Workstation i s  suppl ied with a detached key board avail
abl e in two configurations ( see figure KEYS): 

V_1_• 9, Ar�f t. _of. Jul y 27 _'. 1 982 -_-



( 1) The Micro �>,-itch 1 03SD30-2, a microcomputer-based Hall Effect key
board whic.; has been modified to produce full up/down keystroke 
encoding. 

(2) The KeyTronic model P2441, a low-profile keyboard meeting German 
ergonomic requirements and featuring the DEC VT-100 key layout. 

VT100 Keyboard 

1035030 Keyboard 

Figure KEYS. Keyboard Layouts. 

The keyboard cable attaches to main workstation unit via the back 
panel KEYBOARD connector ( see figure BACKPANEL in section 1.2 above ) . 
See the next c hapter, "Installation" for more information. 

The key mappings are table-driven in software and can be redefined. 
The section below entitled "The Sun Keyboard" provides the details. 

The keyboard is not user-serviceable. Refer servicing to Sun or an 
authorized service representative. 

V1.0 draft of July 27, 1982 (c) 1982 Sun Microsystems, Inc. 
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2.7. Etherne t Board 

Page 10 

The Sun 3 MBit/sec Etherne t  Board provides the connection of the 
Sun-1 Workstation to Etherne t-1 , the experimental 3 MB�t/sec Etherne t  
developed by Xerox PARC. The 3 MBi t/sec Etherne t Board i nterfaces with 
the CPU via programmed I/0 and interrupt . In Mul tibus notation , the 
board is an I/0 slav e with 16-bi t addressing and 16 -bit data paths. 
Note that the board is not readily compatible with 8-bit Multibus I/0. 

The Etherne t board has two octal dip-switches : one to select the 
Multibus base address and one to sel ect the local Ethernet host address. 
The location of these swi tches i s  shown in figure ETHERNET. 

The Ethernet i nterface communicates with the host CPU via four read 
and four write regi sters located in Multibus I/0 space. The regi sters 
are located on successiv e word (16-bit )  boundarie s  starti ng on a 256-
byte boundary within the 64K Mul tibus I/0 space . Only the eight high
order address bits are decoded for the sel ection of the board . To 
select the 1-lul ti bus base address , take addre .... s bits A8 • •  A 15 or the 
desi red address and encode them into dip-switch S505. Switch #1 is the 
least significant bi t ,  and "1" bi ts correspond to "on" sw itches . By 
convention , Ox100 is  the normal address for the first �thernet board , 
and subsequent boards (if any) are placed at suc ce ssivel y higher 
addresse s .  

After obtaini ng a n  Ethernet host number from your local Etherne t  
administrator ,  express i t  in binary and set it into dip-switch S507. 
Switch 11 is the l east significant bit, and "O" bits correspond to "on " 

switches, unlike the correspondence used for the Multibus base address. 
N OTE: Ethernet addresses 0 and 0377 (octal) are reserved for special 
Etherne t functions and should not be used as a host addres s. 

Two separate document s , providing full specifications and installa
tion instructions, are supplied with the Ethernet board: 

SUN 3 MBit Ethernet Board 

SUN 3 MBit Ethernet Board Installation Manual 

Refer to these for further details. 

2.8. Disk Controller 

The Interphase SMD 2180 is an intelligent storage module 
controller/formatter, using bipolar microprocessor technology. It plugs 
directly into the Multibus and is a Bus Master during data transfers , 
usi ng a variable burst length DMA technique. It directly connects via 

industry standard A and B cables to from one to four storage module 
drives which are available from a number of manufacturers. Sun 
Microsystems supports two such drives in particular: the Control Data 
Lark Micro Unit and the Fujitsu M2312K Mi crodisk Drive. Currently it is 
not po ssible to mix Lark and Fujitsu drives on the same controller 
board. 

V1.0 draft of July 27 , 1982 � c) 1982 Sun Hicrosy stems, Inc. 
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Coax Cable: 

Type RG11 /U Type Foam 

Transceiver: 

Xerox Part # 209926 

TLC Part # 2000 

Transceiver Cable: 

Xerox Part # 216411 D 

Flatcable Assembly 

Multibus Ethernet 

I 

Base Address Host Address 

(S505) (s507) 

:o :o 

(1 
1 

I 

I I 

P age 11-· 

I 

1 25-pin Typ e 0 male 

25-pin TypeD female 

26- pin cable 
(ommitt wire 26) 
(3 feet max.) 

26- pin header 

Ethernet Connector 

Figure ETHERNET. Sun 3 MBit/sec Ethernet installation. 
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You must install at least 6�K bytes of Multibus memory in orde r to 
use the SMD 2180 disk control ler . 

Four sets of straps and two 8-bit dip-switches are provided for 
configuring the disk controller board. For UNIX• on the Sun-1 , the M3 
jumper must be installed and switch #5 on dip-switch S2 must be ON. 
Switches #7 and 8 on dip-switch S1 must be set as follows: 

for Lark: Switches 17 and 8 ON. 

for Fujitsu: Switch 18 ON, #7 OFF. 

Switches #1-6 on S1  determine the address of the controller in Multibus 
l/0 space: 

Switch #5 ON , others OFF: address = Ox�O. 

Switch #5 and 1 ON, others OFF: address = Ox44. 

Normally , the first controller is configured at Ox40, the next at Ox44. 
The controller(s) are normally configured to have lower Multibus prior
ity than the 68000 board,  by instal ling jumper E to F.  See sect ion 
2 . 2.3 above for further explanation. 

For the full specification and detailed descripti on of the disk 
controller, see the supplied document: 

SMD 2180 Storage Module Controller/Formatter User's Guide. 

The next chapter on "Instal lation" provides i nstructions for installins 
or removing boards in the Sun- 1 card cage . 

2.9. Multibus Memory 

The Chri sl in CI-8086 dyn�ic RAM memory bo�rd interf�ces to the Sun 
processor through the Multibus . Ful l specifications can be found in the 
suppl ied manual: 

J-' �mory Syst�. ,� CI-808? Techn� cal Manual, Chrislin Industries 

Each memory board is configured at a chosen range of Multibus 
memory addresses by placing a jumper at peg area B on the board and set
ting dip-switches SW1 and SW2 . See layout drawing 70654 at the ba ck of 
th e Chrislin manual for the switch and jumper l ocations. Secti on 1.4 in 
the Chrislin manual spe cifies memory address sel ection. 

For exampl e ,  to configure a 128KB Chrislin board at Mul tibus memory 
locati ons 0 through Ox1FFFF, pegs B2-3 are jumpered and switches SW1-8 
through SW1-5 are closed ( set ON) , with the remaining switches se t OFF. 
The second 128K board would have jumper B2-3 and switches SW1-4 through 
SW1-1 set ON , for l ocations Ox20000 through Ox3FFFF. A third board 

*UNIX is a Trademark of Bel l Laboratories . 
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could be 
forth. 
would be 
Ox7FFFF) 
OxFFFFF). 

configured a t  Ox40000 by closing SW2-8 through SW2-5, and so 
If you were using the 512K byte boards, all 16 dip-switches 
set ON; the first board would have jumper B2-3 (OxO through 

and the next board would have jumper B1-2 (Ox80000 through 

2.10. Lark Disk Subsystem 

The Lark is an 8-inch Winchester disk unit providing a maximum of 
16.7 megabytes of unformatted capacity in the form of an 8.35 MB remov
able cartridge disk and an 8.35 MB non-removable disk. BEFORE UNPACK
ING, INSTALLING, OR OPERATING THE LARK DISK UNIT, PLEASE READ THE SUP
PLIED MANUALS: 

Control Data Lark {tm) Micro Unit Model 9454/9455, Volume 1 
(Hardware Installation/Operation V�nual) 

Control Da ta Lark Power Supply and I/O Adapter (PIO), Volume 1 
(Hardware Installation/Operation Manual) 

Pay particular attenti on to the sections on installation and operation. 

The Lark subsystem connects to the Sun-1 via the standard SMD A and 
B connectors. See the next chapter on "Installation". 

2.11. FuJitsu Disk Subsystem 

The Fujitsu M2312 is an 8-inch Winchester disk unit providing a 
maximum unformatted storage capacity of 84 megabytes. This unit con
tains non-removable disks in a sealed module. Since this is a sealed 
unit, there is nothing for the user to operate (other than the power-on 

_ switch) once the drive is properly installed and connected to the Sun 
workstation. 

The Fujj tsu subsyetem connects to tb.e Sun-1 via the standard SMD A 
and B connectors. See the next chapter on "Installation". 

Detailed specifica tions and maintenance information is provided in 
the supplied Fujitsu manuals: 

M23 1 1K/M23 1 2K Microdisk Drives CE Manual 

M2311K/M23 1 2K Power Supply CE Manual 

Maintenance on the disk subsystems should be performed only by a quali
fied service technician. 

V1.0 draft of July 27, 1982 (c) 1982 Sun Nicrosystems, Inc. 
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3. INSTALLATION 

3.1. Unpacking Instructions 

Inspect all shipping cartons immediately u pon receipt for evidence 
of damage. If any shipping carton is severely damaged , request that the 
carrier's agent be present when the carton is opened. If the carrier's 
agent is not present w hen a carton is opened and the contents are found 
to be damaged, keep all contents and packing materials for the agent ' s 
inspection. 

Carefully unpack all items from the shipping containers. Avoid 
using s harp instruments which may damage the contents. We recommend 
that you save salvageable shipping cartons and packing material for 
future use in case the product must be reshipped. 

3.2. Safety Precautions 

Other than procedures described in this document, please do not 
attempt to service your Sun-1 work3tation; contact Sun Microsystems or 
your field service organization . 

Observe common-sense safety precautions as you would for any 
electrical or electronic equipment. Always disconne ct power before 
opening any system enclosure. Whenever in doubt, contact Sun or an 
authorized service representative . 

The foll Ning sections contain set-up and configuration specifica
tions for the Sun-1 Workstation. Consult the additional hardware manu
als supplied with your workstation (and with user-supplied Multibus 
accessory boards, if any) for further information and precautions. 

3.3. Card Ca_ge Configuration 

The card cage slots are arranged as follows: 

TOP 

1 Sun memory expansion 2 
2 Sun memory expansion 1 
3 Sun processor board 
4 Bus master 1 
5 Bus master 2 
6 � Mul tibus memory, optional 
y 1L Sun graphics board 
--- "- D)U'""-� 
BOTTOM 

(graphics , other) 

The earliest-produced Sun systems have a six-slot card cage� The 
arrangement of the six-slot cage is the same as above except that slot 6 
contains the graphics board and slot 7 is deleted. 

Note that the processor board and Sun memory expansion boards (if 

V1.0 draft of July 27, 1982 (c) 1982 Sun .Hicrosy stems, Inc. 
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any) MUST be located in slots 1, 2, or 3, since only these slots have 
the P2 edge connectors used by the Sun expansion memory. 

"Bus Masters" are Multibu s devices which initiate data transfers, 
such as the Sun processor board and the Interphase SMD 2180 disk con
trollers. Bus master(s), if present, must be placed in consecutive 
slots immediately below the processor board as shown in the diagram. In 
the Sun-1, the processor board is always configured as the highest
�; iority Multibus Master; see section 2.2.3 "Multibus Priority" above 
for more information. 

A Multibus "Slave" is any Multibus device which does not initiate 
data transfers on the bus. This includes the Sun graphics board, the 
Sun 3Mbit Ethernet board, Multibus memory boards, serial multiplexer 
boards, etc. After bus masters and Sun memory expansion boards are 
positioned as required above, bus slaves may be placed in any empty 
slot . The graphics board is nor mally placed in the bottom slot to per
mit easier connection of cables. 

3.4. Removal and Installation of Circuit Cards 

Your Sun-1 Workstation is shipped with all cards properly installed 
and system tested. If you si mply wish to set up and operate the Sun-1 
in the conf.iguration that was shipped to you, skip this section and 
proceed directly to the section "Set-up" below. 

The following steps explain how to remove or install circuit cards 
in the Sun-1 Workstation card cage. To avoid damaging the Sun-1, this 
work is best performed by someone with prior "hands-on" experience. If 
you have any doubts about any step, please contact your service organi
zation or Sun Microsystems for assistance. 

(1) Disconnect the power cord to the Sun-1. 

(2) Remove tha six screws securing the tray, three on each side of the 
black SUN-1 pedestal. 

(3) Carefully pull the tray out the back of the pedestal. Do not force 
it. Gently move cables out of the way as necessary. 

(4) Before removing a card, carefully note the location and orientation 
of all cables attached to it. It may help to mark the flat ribbon 
cables with a felt-tipped marker. Note that, on most of the ribbon 
cables, pin #1 is distinguished by some marking, e.g. the red edge 
of the cable. This edge generally faces toward the front of · the 
workstation at the point where the cable plugs into a header on the 
edge of a circuit card. 

(5) Before removing any cards, it is necessary to remove the two black 
plates (know aa ncard cage restraints") at each end of the PCB 
tray. Remove· any cables that are in the way, and extract or insert 
the desired card(s). To remove a card, simultaneously lift the two 
plastic levers provided for this purpose at each upper corner of 
the card. When inserting a card, make sure that it seats all the 
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way into the card cage . Pay attenti on t o  the posi tion of the cards 
in the card cage ( see "Card Cage Conf igur ati on" a bov e ) . Observ e  
that the Mul tibus edge connector s  i nsi de th e card cage permit only 
one "righ t way " to instal l a card. 

( 6) If instal ling a user- suppl ied Mul ti bus accessory card , foll ow 
manufacturer ' s  instructions for conne ct ion of the card. It may be 
neces sary to route cabl es around the top or side of the back panel . 
In some case s ,  you may hav e to l eav e the tray partial ly sl id out or 
cut addi tional hol es in the cabine t .  Check with Sun Micro systems 
before modify ing y our workstati on to make sure that you w il l  not 
i nval idate y our warranty . 

(7 ) Slide the processor card back into the Mul t i bu s  card cage. Do not 
for ce ;  careful ly fold internal cabl es i nto the enclosure . After 
y ou are sati sfied that the install ation is correct , repl ace the six 
screws se curing the tray on the sides of the bl ack displ ay pede
stal . 

( 8) To prepare the Sun- 1 for operati o n , see the se ction "Set- up "  bel ow .  

3 . 5 .  Internal Cabling 

Thi s se ction i s  not a compl e te spe cificati on, but prov ide s some 
i nformati on on internal cabl e conne cti ons to assi st y ou i n  pr operly 
reconne cti ng circuit boards . See the pre ceding se ction,  "R emoval and 
Instal l ation of Cir cui t B oards " .  For more i nf ormati on on i nt ernal cable 
conne ctions , . see manufacturer s '  hardware do cumenta tion or consul t . a 
qual ified servi ce techni cian or Sun ��crosy stem s . 

The "headers "  are connec t or s  on the edge of some of the cir cuit 
boards , whi ch are exposed when the boards are pl ugged i nt o  the Mul ti bus 
card cage ; i •. e. , they are on the edge of the board oppo si te the Mul t i  bus 
conne ct or . Unl ike some conne ctor s ,  these headers all ow thei r ma t ching 
connectors t o  be inserted i ncorrectly "upsi de d own" , so you must take 
care to insert them correctly . To accompl ish th is , the plug shoul d be 
i nserted i nt o  the header so that pin # 1  faces t owar d  the front of the 
workstati on,  i . e . , toward the v ideo displ ay . The plug i tsel f may hav e a 
disti nguishing marking toward one end ; if so , th is normal ly ide nti fies 
pi n 1 1 . Al so ,  the ribbon ca bl e s  are usual ly marke d in a high l i gh ti ng 
col or al ong one ed ge , indi ca t i ng · th e  pi n  D1 side . To l d o ubly sur e  y ou 
can repl ace a cabl e correctly , mark i t  for l oca tion and orientation w i th 
a fel t- tippe d  pen befor e  removing i t .  

The Sun graphics board has one edge- co n ne cted cabl e with six 
col or- coded wires , co nne cting it to the ( bl ack & whi te ) vide o di spl ay 
moni tor . The si de of the plug wher e  most of the w ires are conne cted i s  
OPPOSITE t o  pin # 1  and should face inboard , i . e .  toward t h e  back o f  the 
works tation. Th �': pin #1 side of the pl ug i s  the si de where no w ires are 
conne cted and may al so hav e  a di sti ngui sh ing mark on the pl ug i tsel f ;  
this side faces f orward when pl ugged i n  correctly . 

� 0  
The proce ssor board has two �pi n  conne ct or s  ( heade r s ) , one ne arer 

the front of the workstation� and the other near er the back of the 
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workstati on. See Figure BACKPANEL in se ction 1 . 2 for identification of 
the back panel connectors . The cables from back panel serial ports A 
and B merge into a single cable which plugs into the header ( on the edge 
of the processor board) nearer the front of the workstation. Pin 1 of 
the connector , usually highlighted on the connector and/or indicated by 
the red edge of the ribbon cable , must face toward the front of the 
workstati on at the point w here it plugs into the processor board .  The 
cables from the backpanel keyboard a nd mouse connectors merge into a 
single cable which plugs into the header nearer the back of the work
station.  As above , the highlighted pin # 1  side of the connector should 
be oriented toward the front of the workstation w here it plugs into the 
processor board. 

The SMD 2 1 80 disk controller board connects internally to the ba ck 
panel via industry standard A and B cables . The larger header nearest 
the front of the workstati on is t he A connector ; this is conne cted 
directly to the back panel SMD A connector .  As usual , t he cabl e plugs 
into the header with the highlighted edge (pin # 1 ) toward the front of 
the worstati on. The four smaller connectors are the B conne ctors for up 
t o  four storage module driv es . Cable number 1 is the farthest :forw ard , 
i. e .  closest to the A connector ; i f  your workstation is configured for 
only one disk drive ,  the int�rnal B cable for it wil l  be plugged in 
there . Additional drives would take conse cutiv e  positions toward the 
rear of the controller board . As above , the B cables are inserted with 
pin # 1  racing the front of the workstation . 

The Sun 3 Mbit/sec Ethernet board has one cable connecting it to 
the ba ck panel Ethernet connector . This conne ctor , as above , sh oul d be 
ori ent e d  with pin 1 1  facing tow ard the front of the workstation . 

3. 6 .  Set-up 

CAU TION : Befor e  plugging in the power cord of any component or your� 
Sun system , be sure that th e suppl ied Vol ts and Hz are as spe cified on 
the ba ck �anel of your workstati on.  Use only three-prong ( grounded ) 
outl ets . Alway s remov e power before opening any system enclosure or 
servicing any sy stem component . All serv icing should be performed by 
qualified personnel . 

The Sun- 1 is suppl ied with a compreh ensive se t of ROM-ba sed diag
no st i cs . See Ch apt er 6 ,  "Di agnosti cs " ,  for detail s .  

The back panels of the earl i est- produced Sun- 1 Workstati ons are 
unlabel ed. Refer to Figur e BACKPAN EL in secti on 1 . 2 to identify back 
panel components . 

3 . 6 . 1 . Keyboard 

The Sun keyboard shoul d be pl ugged into the connec t or l abel ed "Key
board "  on the back panel . If you wish to use the Sun keyboard as y our 
consol e i nput dev i ce ( as is normal ly done ) you must power- on the work
station AFTER pl uggi ng in the key board .  See se ction 4 . 1  "G e tting 
Started" for more detail s .  
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3 . 6 . 2 .  R3-232 Serial Ports 

You may at tach a term inal, modem , printer , plo t ter , or other device 
w hich interfaces through an R3- 232 serial por t ,  to one of the serial 
port connectors A or B on the back pane l . 

N ote that serial port A provides the CTS, RTS , and DTR control 
l ines in add itj ··n to the transmit and receiv e lines, whil e port B pro
vides only transmit and r eceive . This may make line B unsui tabl e for 
connection to devices such as modems whi ch req ui re use of the control 
lines .  Consult a hardware technician or Sun if assistance is needed. 

Note al so that Serial-A is a DCE port , which means that you can 
connect most terminals or printers directly to th is port, while you 
probably need to interpose a "nul l modem" *  if you wish to connect a 
modem or another com put er . Serial - B , on t h e  other han d , is a DTE por t 
which permits direct conne ction of modem s ,  comput er s ,  and the like 
( assum ing , as noted above, that the control lines are not requi red) 
while requiring a null modem for attaching most terminals .  Getting the 
cabl ing right is a problem wi· :.ch should be familiar to anyone w ho has 
had to connect R5-232 equi pment ; sometimes i t  i s  most easily sol ved by 
experimentation. 

See se cti on 2 . 2 . 1  "UARTs " for fur ther specifica tions . 

3.6 . 3 . Disk Subsy st em 

Your Sun-1 may have been suppl ied w ith ei ther of two opti onal disk 
subsystems : the Control Data Lark Module Drive Model 9455, or the 
Fujitsu Model M23 1 2 d i sk drive . Both of these units use the industry 
standard SMD interface which is supported by the Interphase SMD 2 1 80 
disk controller supplied with your disk subsystem . It is pos sible to 
attach up to four di sk drives to a single SMD 21 80 controller ; however, 
at pr esent you cannot mix Lark and Fujitsu drives on the same con
troller. 

The disk subsystem is attached to the Sun Workstation via two flat 
ribbon ca bles . The ( wider) control or "A" cable plugs into the SMD-A 
conne ctor on the Sun back panel ; the ( narrower) da ta or ffB "  cable for 
- each of up to four drives plugs into one of the four SMD-B connectors on 
the back panel . If two disk controller boards are used, you will have 
to route the second set of A and B internal connecting cables around the 
top or side of the back panel to bring them outside of the enclosure. 

The head a ssembly of the Fujitsu must be locked during shipment and 
should be l ocked any time the drive is to be moved , even from tabl e  to 
table. It must be unloc ked before the drive ca n be used. To unlock it 
for use, open the disk subsystem enclosure by removing the screws on the 
sides, and follow the directions i n  se ction 3.5 of the Fujitsu Microdisk 
Driv es CE Manual . 

• A nul l modem is an RS-23 2 ca bl e  which reverses pins 2 
and 3 .  
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. - - · -

Page 19 

si mpl e to operate , hav i ng o nly a 
We sugge st that you take some time t o  
operati on se ctions o f  t h e  Fuj i tsu 
understand gener al operating r equire-

The Lark , with i t s  front- panel co ntrol s and removabl e car tridge , i s  
mor e  compl i ca ted t o  operate th an th e Fuj itsu. I f  you h av e  the Lark , we 
urge y ou to read the se t-up and operati on se cti ons of the Lark manual s 
suppl ied w i th your sy stem bef ore attempting t o  use your driv e .  

Like the Fuj i t s u ,  the Lark ' s head mechani sm i s  l o cked for sh ippi ng 
and must be release d befor e  use . The manufact urer spe cifies that the 
carriage is to be l ocked any time the drive i s  to be mov e d ,  even from 
tabl e to tabl e .  To rel ease the l ock , ope n th e di sk subsy stem encl osur e ,  
and back of f t h e  screw labe l e d " ca r r i a ge l o ck " u ntil i t  i s  flush w i th 

the top of the top cover on the dr iv e .  The l o ck i s  se t by turning o f f  
pow er to the drive and t urning t h e  l o cki ng s crew i n  until it i s  observ ed 
t o  e ngage the carriage mechani sm and a sl igh t resi stance i s  f el t .  

The main rul es f or operati ng the L ark are a s  fol l ows : 

(1) The driv e cannot be operated unl ess a cartri dge i s  i nstal l ed . 

( 2) The cartridge l oa d i ng door canno t  be opene d unl ess power is on AND 
the di sks are "spun down" ( at rest ) . 

(3) With the power on and a cartridge instal l ed , the di sks are made to 
spi :  up by pressing t h e  START- STOP button on t h e  di sk subsystem ' s  
front pa nel . Wh en the but ton l atches i n ,  the di sks wil l  s pi n  up . 
Whil e they are spi nni ng up ,  the green l igh t on the START- STOP but
ton wil l flash and the di sks wil l not yet be usabl e by the Sun- 1 . 
When the green l igh t burns st eadily ( a  few minutes after pressi ng 
START- STOP )  the disk i s  ready to use . 

( 4) The disks are made to spi n down by pr essing the start- stop button 
agai n to return i t  to the "out " posi ti on. The green l igh t  flashes 
whil e the di sks are spi nning down. The cartridge door ca nnot be 
opene d until the di sks are compl e tely s pun down, as i ndi cated by 
the gr een light goi ng out . This take s about a minute . 

( 5) When power i s  on and the di sks are ft l ly spun down , the cartridge 
door can be opened by squeezing upward on the l atch but t on l ocated 
i n  the top of the indenta ti on in the door . 

( 6) After opening the door , y ou can ej e ct the cartridge by pushi ng down 
firmly on the open door . Alway s ke ep the door cl osed when the 
drive is not in use .  The manufacturer recommends keepi ng a spare 
unuse d cartridge in the driv e when it is not in use . 

{ 7) When l oading a cartridge , be sur e to i nsert i t  so that the arrows 
l abel ed U P/ IN are faci ng up and pointing i nto the disk driv e ,  
respe ctiv ely . 
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( 8) To prev ent the fixed disk from bei ng wri tten , push in the FIXED
PR OT button on the front pa�el of the di sk subsystem .  The but ton 
will latch in and the red light wil l burn steadily . To wri te
enable the fixed di sk ,  push the but ton agai n and the red light w il l  
exti ngui sh . This button may be swi t ched t o  the in or out po si tion 
at any time . 

( 9 ) To wri te- protect the cartridge , move the smal l black t oggle on the 
edge of the cartridge to the posi tion l abel ed WRITE PROTECT . To 
al l ow the cartridge to be written , slide the toggle to the WRITE 
ENABLE posi tion. 

NOTE : You cannot change write protection on the cartridge whil e it 
is loaded i n  the driv e .  Hake sure you hav e  the switch set the way 
you want i t  BEFORE you l oad the cartridge , or you will be for ced t o  
wai t  through a spin-down/s pin-up cycle to change i t .  

( 1 0 )  If the Lark de tects a faul t condi tion ( for exampl e ,  you attempt to 
read the disk when it is not compl e tely spun up )  the red l ight i n  
the FIXED-PROT but ton wil l  flash o n  and off t o  al ert you t o  the 
error condi tion. You can clear thi s  signal by pressing the FIXED
PR OT button twice . 

Agai n ,  we urge you to read al l of the installation and operation 
i nstructions i n  the Lark manual s before attempt i ng to  use the driv e .  

3 . 6 . 4 .  3 Mbi t/se c Etherne t _ Board 

If the Sun 3 megabi t per se cond Etherne t board was suppl ied with 
y our sy stem , consul t the separate Etherne t do cuments supplied with the 
board for information on i t s  instal lation and use . The Sun- 1 conne cts  
to t h e  Etherne t transceiv er via the back panel Etherne t connector . 

3 . 6 . 5 .  Mouse 

The back panel Mouse conne ct or provides a hardware i nterface compa
tibl e with currently used mouse device s .  Software support wil l  not be 
provided for this i nterface until the rel ease of the forthcoming Sun 
mouse product . If you need to use this interf ace before then , contact 
Sun for assi stance . 

3 .  7 .  UNIX 

If UNIX was suppl ied with your Sun- 1 system , consul t th e accompa ny
ing do cument , "I nstal l i ng and Operati ng UNIX on the Sun Workstation" . 
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4 .  USING THE SUN PROCESSOR 

4 . 1 . Getti ng Started 

After the Sun- 1 Workstation has be en properl y instal led ( see the 
precedi ng chapter ) ,  the workstati on and di sk subsystem ( if present )  can 
be powered on.  The "ON" position of the back panel power sw itch is to 
the l ef t  as you face the ba ck panel . 

After a few seco nds ,  the monitor shoul d identi fy itsel f  on the con
sole terminal , with a message l ooking l ike 

Sun Workstati on Monitor ( Rev .  C )  - Ox1 00000 bytes of memor y 

If thi s  t.'le s sage does not a p pe ar ,  and r epe a ted use of th e Power sw itch 
has no effect , make sure th at power is bei ng suppl ied from the ou t l et 
and that th e Sun ' s fuse i s  not bur ne d out . If you s t i l l hav e  no suc

cess , cons ul t  chapter 6 for recommended diagnosti c procedures , or con
tact your Sun Hicrosystems service organization. 

If the console displays the message 

Please cl ear key board to begi n  

above the Sun Monitor message , and the system doesn' t respond t o  input 
from the ke yboard , the l ikel ihood i s  that one of the latch ing keys ( CAPS 
LOCK or SHIFT L OCK ) is l atched in the down por · ::.ion,  which prevents the 
keyboard from sending an idle signal to the moni tor .  Rel easi ng al l 
latched key s  shoul d sol ve the probl em ; if not , check the keyboard cable 
and connector to make sur e that a proper connection exists . If the con
nection appears sound , try powering the workstation off and on again. 
If the problem persi sts , there is probably a defect in the key board or 
keyboard cabl e .  Contact your service organiz ation or Sun for assis
tance . 

On the Sun keyboards , holding down the upper-left-most key ( ERASE
EOF on the Micro Swi tch 1 03 SD30 )  and typi ng an "a" causes a trap ( al so 
known as an "Abort " )  t o  the monitor so that de buggi ng commands may be 
given. If the consol e device is an ASCII terminal connected to one of 
the UARTs ( see the U command , describe d  under "The ROM Monitor Commands " 
bel ow) , an abort i s  generated by pressing and rel easing the "Break "  key. 
You may continue a n  aborted progr am ;  see the C command , described bel ow .  

ll .2 .  UNIX 

If your Sun- 1 is suppl ied with the UNIX o perati ng sy stem ,  the first 
thi ng you will typical ly do after powering-up the system is to initi ate 
( "boot " )  UNIX usi ng the monitor ' s  Boot command . After booting ,  most of 
your interaction with the Sun- 1 wil l be with UNIX rather than directly 
with the ROM moni tor . To get started ,  see the ac company ing docum ent 
title d  "Instal ling and Operati ng U NIX on the Sun Workstati on" . A com
pl ete reference on UNIX i s  prov i de d  in the UNIX P rogrammer ' s  Manual , 
al so suppl i.e d .  After y ou hav e  famil iariz ed yourself with the features 
of · UNIX on the Sun , we suggest that y ou r eturn to thi s  chapter and scan 
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through the remai nder of thi s  do cument , studying in de tail only those 
se ct ions that appear useful to you .  

� . 3 .  The ROM Mor i tor 

U se of the Sun- 1 Workstati on i nvol ves interacting ,  at least ini
ti al ly , wi th the ROM-resi dent moni tor . The remai nder of this chapt er 
dis cusse s the purpose of the moni tor , and how to use i t .  

Al though the primary function o f  the ROM monitor i s  t o  provide a 
simpl e consol e for the workstation, there are a few features which 
affect the user programs that run under i t .  For simpl e progr am s ,  e spe
cial ly those usi ng standard I/0 routi ne s ,  the characteristi cs of the 
moni tor sh ould not be impor tant . Howev er ,  if a program makes direct use 
of int errupt s  or I/ 0 devi ce s ,  a few cri ti cal de tail s are rel evant . 

4 . 3 . 1 . What i s the moni tor ? 

W e  wil l  first giv e  a brief descri pt i on of the operati on of t � e  mon
itor , to provide a cont ext for understanding the rul es imposed upon user 
progr ams . 

The moni tor has four maj or functi ons : ini ti aliz ation on pro ce ssor 
rese t ,  memory refresh , t erminal emula ti on , and "intelligent consol e "  
facil iti e s .  Al though the l ast two may b e  the most visi bl e ,  the first 
two are the most impor tant ; the pro ce ssor would be e ssential ly unusa bl e 
wi thout them . 

The Sun pr ocessor may be "rese t "  in sev eral way s : 

- Power i s  turned o n . 

- By a conso l e  command ( K 1  or K2) . 
- When th e "watchdog timer " de tect s that no 

memory refresh has o c curred w ithin 6 ms . 

When the processor i s  rese t , the moni t or gai ns control . I t  ini tial iz e s  
t h e  on- board I/0 devi ces ( timers and UARTs) , siz es memory , se t s  up the 
Segment Table and Page Tabl e ,  ini tial iz e s  the on- board RAM to al l one s ,  
creates the RAM refresh rout i ne ,  and i ni tial iz e s  the interrupt and 
exc e p t i o n  v e ct or s  and the moni tor ' s  RA:t-'1- · ·· esident gl obal data . Th e moni
t or checks for th e pr e sence of a se cond PROM pai r  in the second se t of 
CPU board PROM sl ots .  The second PROM pair contains the Boot routi ne 
( inv oke d by the B moni tor command ) and a di agnosti c routine which is 
aut omati cal ly inv oked on non-watchdog rese ts .  Af ter i ni t i al iz ati on , the 
moni tor transfer s control to a modul e that manage s  the nconsol e "  fun c
ti ons . 

Memory refresh is done by the processor be cause i t  si mpl if ies the 
hardware whil e not i ncur ring any significant performance pe nal t.·· . '!'h e 
memory is refres�ed by si mply readi ng 1 28 consecutiv e wor ds ev er · ) mil
l i se conds . The reads are do ne as i nstructi on fetches by exe c u t i ng a 
routi ne consi sti ng mostly of NOPs . This routine is  stor e d  i n  R AM ,  and 

so a mal functi oni ng progr am  may damage i t  and th us cause hav o c .  The 

watchdog timer wil l  de te ct this and rese t the sy stem within 6 ms . I t  
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restores the refresh function and allows memory to be examined for diag
nosis .  

The console functions are implemented with fairly straightforward 
routines that communicate with the user via the Sun key board and 
display. If the keyboard is unavailable upon reset , the moni tor will 
use UART A for input , which may be conne cted to a standard ASCII termi
nal . If the frame buffer ( graphics board ) is unavail able , UART A wil l 
be used for output as well. These default assignments of input and out
put device may be changed via the "U" command. See "The ROM Monitor 
Commands " bel ow .  

All monitor I / 0  i s  done using "busy-waits " ,  and the code runs at 
the highest interrupt priority. Therefore , if a user progr am is inter
rupted by ty ping the Abort sequence on the console term inal or with some 
other exception ,  the moni tor wil l  run cor rectly unless i t s  gl obal da ta 
area has been damage d .  If the user program is then conti nue d ,  it shoul d 
be unaffected by the interruption save for the possible l oss of some 
console I/0 interrupts. 

4. 3 .2. Absolute Rules 

The first 1 6 K  bytes of memory ( addresses 0 through Ox3FFF ) are 
reserved for the monitor and �hould never be written by user programs ; 
however ,  user code may want to change exception vectors occasionally. 
It is legal to change any exception vector , except the fol lowing : the 
"Level 7 Autovector " at O x7C (used for refresh timing) , or any "User 
Interrupt Vector " ,  between Ox 1 0 0 and Ox3FF , inclusive .  The refresh rou
tine and monitor globals .i. ive in the region reserved for "User Interrupt 
Vectors " ,  because the Sun processor board hardware does not permit their 
use as interrupt ve �tors. 

Certain other exception vectors ( Trace Ox2 4 ,  Trap 11 Ox84 
( Breakpoint Trap ) , and Trap 1 1 4  - OxB 8  ( exit to monitor ) )  are used by 
the m onitor. '!'hese may be al tered without dire results , although the 
corresponding m onitor facilities would not be avail able. 

Any program al tering the refresh routine or its interrupt vector 
must take responsibility for doing proper memory refresh and resetting 
the refresh and watchdog timers. See se ction "Watchdog Timer" bel ow for 
more detail s. 

4 . 4 .  The ROM Monitor Commands 

1a : 
The command format understood by the monitor is quite simple. It 

<verb><space>• [ <argument > ] <return> 

The <verb> part is always one alphabetic character ; case does not 
matter . <Spa ce >• means that any number of spaces is skipped here. 
<Argument> is normally a hexadecimal number or a single letter ; again, 
case does not matter. Square brackets " [  ] "  indi cate that the argument 
portion may be optional. When typing commands , <ba ckspa ce> and <delete> 
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( al so called <rubo ut > , generated by the key label led <ba ck-tab> on the 
current Sun key board )  erase one charact er ; control-U erase3 the entire 
l ine . <Return> means that y ou sh ould hit th e carriage return key . 

Several of the commands open a memory word , map regi ster , or pro
ce ssor regi ster .  This cause s the addr ess or regi ster name t o  be 
displayed along with its current cont ent s .  You may then type a new hex
adecimal value , or simply <return> to go on the next address or regi s
ter . Typing Q wil l get y ou back to command l evel . For regi st ers,  
"next " means within the sequence DO-D7 , AO -A6 , ss, US , S R ,  PC . For 
exampl e ,  the fol lowing commands set l oca tion 123 4 to 567 8 , and regi st er 
D1 to OFOO . The user ty pe s  the underlined parts , with a return a the 
end of each command . 

A n  

>e 1 23 4  
00 1 234 : 23CF? 567 8  
00 1 236 : 0000? q 
)d 
DO : 000000 0 1 ? 
D 1 : oooo o231? ofoo 
D2 : 0120340 5? q 
> 

The commands are : 

Open A-register n ( 0  < n < 6 , defaul t 0 ) . See the di s
cussi on above of "open" . 

B [ dv ( u , p ) name ] Boot . Cal l s  the boo t  routi ne , which is l oca ted at the 
begi nni ng of the se cond pai r of eproms on the pro ce ssor 
board . Each of the arguments 

dv 
( u , p ) 

and name 

is opti onal ; they defaul t to "dk " , " ( 0 , 2 ) " , and "unix" 
respe ctiv ely . For exampl e , if y ou simply ty pe " b " , the 
command defaul ts to 

B dk ( 0 , 2 ) unix 

which i s  the standard U NIX boot . Simil arly , if y ou type 
"b diag " , the command defaul ts t o  

B dk ( 0 , 2 ) diag 

The parameters dv , u,  p ,  and name are pa ssed t o  the boot 
routine , which interpr e t s  them a s  fol l ows : 

dv A two-character string which identi f ies th e 
boo t  dev i ce .  Cur rent ly only "dk " ( di sk )  i s  
recognized . This w il l  be extended for booti ng 
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from Etherne t ,  tape , et c .  in fut ur e  rel ease s . 

u Uni t  number , comput ed a s  ( control l er * 8 )  + 
( driv e ) .  Control lers 0 ,  1 ,  2 ,  3 are 
configured at Mul ti bu s I / 0  addres se s O x40 , 
Ox� 4 , Ox4 8 , O x4 c .  For exampl e ,  

0 = drive 0 at Mul tibus I/ 0 Ox40 
8 = driv e 0 at Ox44 
9 = r : -ive 1 at Ox44 
etc.  

P If < 1 6 , indi cates parti tion number . If > 1 6 ,  
denotes block offse t .  

nam e  Name of boot fil e .  The di sk i s  a s sumed to  be 
in UNIX format . 

Continue a program .  The address addr , i f  given , i s  the 
address at which exe cution wil l  begi n .  Th e regi sters 
wil l be r estored t o  the val ue s  shown by the A, D,  and R 
commands , except for the sy stem sta ck poi nter . 

Open D-regi st er n ( 0  < n < 7 ,  defaul t 0 ) . 

Open the word a t  memory addr ess addr ; o dd addr esse s  are 
rounded down. 

Start the program by exe cut i ng a subroutine cal l to the 
addres s addr if given,  ot· el se to the current PC . The 
v al ue s  of the address and da ta regi sters are undefined ;  
the sta tus regi ster w il l co ntain Ox2700 . One parameter 
is pa sse d  to the subroutine ; it is the address of the 
remai nder of the command l ine fol lowing the l ast digi t 
of addr . 

If number is 0 ( or no t given ) , this does a nsoft Rese t " : 
i t  rese ts the moni tor stack and the defaul t escape char
act er . This can be useful after excepti ons or o ther 
anomal ous si tua tions . How ev er , i t  may co nfuse the moni
tor if a breakpoi nt trap is se t .  If number is 1 this 
doe s a "Medium Rese t • , which �e- ini tial izes the page and 
segment maps without cl earing memory . If number i s  2 ,  a 
hard rese t i s  done and memory is cl eared . This i s  
equiv al ent t o  a power- on rese t and cause s the ROM-based 
diagnosti cs t o  be run ( see chapt er 6 ,  "Diagnosti cs " ) . 

This does an impl ici t U B ,  saving the current input and 
out put device assignments . It then se nds Ho st-command 
t o  the ho st computer , and se nds a backsl ash character 
( hex 5 c )  t o  the comput er to i ndi ca te that i t  i s  r eady to 
be downloaded v ia th e serial line . The Host-command 
shoul d put the works t a ti on back into normal mode af ter 
th e f il e  i s  downl oaded by issui ng an expl ici t U command , 
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M m 

0 addr 

p p 

R 

S S-record 

U [ arg] 

which will restore the previous assignment of input .and 
output device . For more details, see the section "Load
ing Programs" below . 

Opens Segment Map register m.  

Opens the byte location specified . The byte vs. word 
distinction can be a problem on the Mul tibus , since some 
Mul tibus boards follow the 8086 convention for by te ord
ering within words , which is the reverse of the 6 80 00 
convention. See section 2 . 1  above for further details .  

Opens Page Map register p .  

Opens the miscellaneous registers ( in order ) SS ( Super
visor Stack Pointer ) ,  US ( User Stack Pointer ) , SR 
( Status Register),  and PC ( Program counter ) . Al tera
tions made to SS will have no effect. 

This causes the moni tor to accept the S-rec•"< ·d, 
described in section "S-record Format" below. Normally 
received from the host computer in L mode ( see  th e L 
command abov e ), this responds with a two-digit record 
count followed by a single l etter, either L for length 
error, K for checksum error, or Y for success. 

The U command manipulates the on-board UARTs and 
switches the current input or output device. The argu
ment may have the following values ( " { ab } "  means that 
ei ther "a " or "b" is specified) :  

{ ab }  Select UART a ( or b )  as input and out put 
device 

{ ab }io Select UART a ( or b) as input and output 

{ ab } i  
{ ab } o  
k 
ki 
s 
so 
ks , sk 

{ ab } #  

{ ab }t 
t 
e 
ne 
x<char> 

f 

nf 

dev ice 
Select UART a ( or b )  for input only 
Select UART a ( or b)  for output only 
Select keyboard for input 
Select keyboard for input 
Sel ect screen for output 
Sel ect screen for output 
Select keyboard for input and 

screen for output 
Set speed of UART a ( or b )  to D ( such as 

1 200 ' 9600 '  • • •  ) 
Enter transparent mode with UART a ( or b )  
Enter transparent mode with UART b 
Echo input to output 
Don ' t echo input to output 
Set the transparent mode escape character 

to <char> ; initial ly "' "'  ( hex 1 e ) . 
Use automati c flow co · 'trol ( "'s/ ""Q )  in 

transparent mode 
Don' t  use fl ow control 
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If no argument is spe cifie d ,  the U command repor ts the 
cur rent v al ue s  of the se t ti ngs . If no U AR T  is spe ci fied 
w hen changing s pe eds , the " current " i nput devi ce is 
change d .  

When receiv ed from the host comput er in L mode ( se e  the 
L command above ) ,  the U command cause s the monitor to 
stop taki ng i nput from the host computer and restores 
the prev ious assignment of input and output dev i ce . In 
this case the argument ,  if pr esent , is i gnored. 

Displ ay or se t the br eakpoi nt . If addr is omitted , the 
breakpoi nt is displ ay ed . If an address of z ero i s  
spe cified , the breakpoi nt i s  r emoved. Otherwise , the 
breakpoint i s  se t to the giv en address . 

� . 5 .  Loa di ng Programs 

One of the primary use s of the moni to is to l oa d  programs into the 
pro ce ssor ' s  memory . Programs can be l oa de d  via a serial line connected 
t o  a host computer , referred t o  as "down- line l oading" . 

4 . 5 . 1 . 8-record Format 

Down- line loadi ng involves 
serial line. The ." il e must 
recor ds " before transillission. 

transferring a program fil e ov er a 
be converted i nto a format known as "S-

In respo nse to the L command , the moni tor pr epares to receiv e a 
sequence of s- recor ds from the host computer , fol lowed by a U command to 
r etur n  the moni tor to i nteraction witn the user. 

An s-record i s  the standard Mot or ol a  EXORCISOR* downl oad format . 
Each s-record has sev en components : 

1.  The l etter s. 

2 .  A ty pe ,  a si ngl e  digi t ei ther 2 ( signi fying a Data record ) or 8 ( a  
Trail er record ) . 

3 .  A two digi t  ( one by te) count between 0 4  and FF , giving the total 
number of bytes i n  the address , da ta , and che cksum ( items 4 ,  5 ,  and 
6) . 

4 .  A three-by te address ( six hex digi ts ) . 

5 . n-4 by tes of da ta ,  where n i s  the count giv en in 3 .  Each by te con
si st s of two hex digi ts from 00 to FF. 

• EXORCISOR is a trademark of Motor ol a Inc . 
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6 .  A one- by te ( two digi t )  checksum. The ch ecksum · ��s t  is  that the sum 
of the by tes in i tems 3 through 6 must be congrue nt to 255 mod 256 , 
i . e .  must hav e ( hex ) FF in the l east significant by te . 

7 . The end of the l ine .  

A compl ete download consi sts of a sequence of da ta ( S2 )  records 
terminated by a trail er ( S8 )  record. The trail er must appear . Each 
data record i s  l oaded into memory starti ng with the address spe cifie d  in 
the record , provided it  passes the checksum tes t .  The trail er serv es 
two functions : to terminate l oading,  and to  l oad PC with the trail er ' s  
address , giving a mechani sm for defining the entry point of a program .  

Consider the following sequence o f  four s-records : 

S20 80d3 1 441 90 03 1 f0 3 b  
S20 80d3 1 4 83 3 1 0ca055f 
S20 80 d3 1 4 c0000 1 1 23 3 9  
S8040d3 1 4 A7 3  

These four 3-records l oad twelve by tes into  memo :· '? starti ng at loca ti on 
Oxd3 1 4 4 . The starting PC is Oxd3 1 4 A.  The byt�s �hich ru•e loaded are : 

1 90 0 3 1 f0 3 3 1 0ca0 50000 1 1 23 

4 . 5 . 2 .  Exampl e of Down-line Lo:·,ding 

Suppose the fil e we want to l oad i s  called test . dl and th e host 

command to downl oad a fil e is "dlx <fil ename>" . Assuming that y ou hav e  
use d "transparent " mode to l og into the host computer and i ni tial iz e i ts 
command environment appropriately , you should then "e scape " from tran
sparent mode . Then, issue the command 

L dlx t est . dl 

This will transmit the command ndlx test . dl "  to the host , and then cause 
the monitor to accept subsequent commands from the host . The moni tor 
se nds a backsl ash ch aracter to the host �· an i t  is ready to be gi n 
receiv ing S- records . When the down-load i s  compl ete , the host shoul d 
send a "U " moni tor command , sw it ch ing moni tor i nput ba ck to  the consol e 
key board . You can then start your program with the G command . Nor
mal ly ,  the current PC wil l hav e  be en se t by the downloader to be th e 
entry point of the progr am ;  if not , you can spe cify a starting address 
w i th G .  

You can abor t a downl oad by hitting the nBreak" key on the consol e 
terminal , changi ng to  transparent mode via "U t " ,  and i nterrupting the 
host . Down- line l oadi ng a fil e not in S-recor d format wil l probably 
cause str ange behavior ,  therefore th e host program shoul d check the da ta 
i t  i s  downl oading. 
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4 . 6 .  Traps 

The moni tor i ni t i al izes the trap vector s  so that i t  ge ts co ntrol of 
any exception or interrupt . Some , such as the memory refresh timer 

i nterrupt , are handl ed i nternal ly . Othe r s  hav e  spe cial meani ngs ( for 

exampl e , the "trap 1 1 " o perati on i s  treated as a breakpoi nt trap ) . For 
exc epti ons or int errupts not i nt ernal ly handl ed , the moni tor w il l  pri nt 
a message such as 

Exception : Tr at <pc> 

and then return to command l evel . 

The messa ge s pri nted use a two- letter co de ; here i s  a l ist of the se 

co des and their meani ngs . 

II Illegal Instruction : an i l l egal instructi on co de w a s  exe cut e d  

Z D  Z ero Div ide : div i si on by zero 

Ch Check : a CHK instr uction faul ted 

TV TRAPV : a TRAPV ( trap o n  ov erfl ow) was taken 

Pr Privilege viol ation: a ttempt made to execute priv il eged i nstruction 
whil e in user st a te 

UO Unimplemented 0 :  an opco de 1 0 1 0  was exe cuted 

U 1  Uni�plemented 1 :  an opco de 1 1 1 1  was exe cut ed 

Un Unassigned : trap was made to una ssign,� d v ector .  

L1 , L2 , L3 , L4 , L5 , L6 
Interrupt A'.ltovect or : an Aut ovectored i nt errupt w as taken at one of 
l evel s  1 through 6 .  

Tr Trap : a tr ap i nstruction was exe cut ed.  

Several exce pti ons are handl ed s pe cial ly by the moni tor . A break
poi nt trap ( instructi on . "t rap 1 1 " )  cause s the message 

Break at E.£_ 

to appear . A trace trap ev okes the message 

Trace trap at � 

t o  appear. Use of th e keyboard abor t sequence cause s 

Abor t at � 

to appear . In ea ch ca se , the pc shown i s  that of the next instructi on 
to be exe cut ed.  For further informati on on the use of these three 
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traps , see section 4 .7 ,  "Tracing Programs". 

An Address Error trap ( caused by attempti ng t o  access a word with 
an odd address)  causes the monitor to print 

Address Error : address <access-address> a t  <pc> . 

There is a class of errors that may cause the pro cessor to take a 
Bus Error exception. In the case of ei ther an Address Error or a Bus 
Error , the <access- address> is useful in hel ping to determine the cause 
of the trap.  Besi de s  the access address , the moni tor sav es various 
informati on that may be useful for diagnosi s .  This i s  di scussed i n  the 
next se ction, "Bus/Address Error Traps".  It is possibl e to conti nue 
f rom these traps , al though the apparent effect of the faulting instruc
tion i s  not alway s  predictabl e .  

The moni tor int ercepts bus error exceptions and , by examining a 
wide variety of processor stat e  components , classi fies these error s 
according to the fol lowing scheme : 

Protection Error 
A reference was made to the <ac ce ss-address> ( se e  bel ow )  which is 
not al lowed by the segment map for the acce ss mode in effect a t  th e 
time of the trap. For exampl e ,  a program tried to wri te to a seg
ment mapped read-only . ( Note that the moni tor al way s  runs i n  
superv isor mode , ev en af ter a trap from user mode . ) 

- System Space Error 
A r eference was made in user mode out side of the spa ce mappabl e b� 
the segment map ( i . e. , the addr ess was abov e O x 1 FFFFF ) . 

- Page Inval id Error 
A reference was made to a page which was not val id ( that is , the 
page was not mapped to one of on- board memory , Mul tibus memory 
spa ce , or Mul tibus I/ 0 space . ) 

- Timeout Error 
A Mul tibus reference timed out ; usual ly , this means that a devi ce 
or memory was referenced but i s  not plugged i nto the card cage , or 
is not worki ng righ t .  

- Pari ty Error 
The wrong pari ty was se en on a read from on-board memory . 

- Wa tchdog Error 
The watchdog timer expi red and caused a bus error . 

For any of these error s ,  the moni tor pri nts a message such as 

Protection Error : address <a c cess- addr e s s >  at <pc >  
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To as si st the use r  in diagnosing bus error and addr ess error excep
tions , the moni tor saves various pro ce ssor state informati on at the 
begi nning of its global data area. Th e addr ess of thi s area is 
currently defined to  be Ox20 0 ; however ,  the moni tor will alway s  stor e  
thi s  address as a l ongword at  l oca tion 0 ,  s o  you wil l alway s b e  abl e to 
find the informati on by indi recti ng through loca ti on 0 .  You can examine 
this data with the "E " moni tor command . 

For more informati on on MC6 80 0 0  exce pti on handl ing, refer to the 
MC6 80 0 0  User ' s Manual * . 

The i nformati on sav ed by the moni tor on 
error is de scribed in the following tabl e .  
f irst three i tems ( the first ei gh t  by tes ) 
6 80 00 conv enti ons , bi ts are numbered w i th 
Words ar e 16 bi t s  and l ongs are 3 2  bi ts . 

a bus error or address 
On address error s ,  only the 

are saved.  Fol l owing the 
bi t 0 th e l east significant . 

Address Siz e 

Ox200 word 

Ox202 long 

Ox206 word 

De scri pti on 

Misc.  information saved by 6 80 0 0 : 
B j.ts 1 5-5 : Not mearu.ngful . 

4 :  Was the acce ss a read or write? 
( wri te=O , read= 1 )  

3: Was the processor proce ssi ng an 
instructi on ( =0 )  o r  n o t  ( = 1 ) ? 

2-0 : Functi on co de . Possible v al ue s  are 
0 0 0 , 0 1 1 , 1 00 - Una ssigned .  
0 0 1  - User Data 
0 1 0  - User Program 
1 0 1  - Supervisor Data 
1 1 0 - Superv isor Prci;ram 
1 1 1  - Interrupt Acknowledge 

Access address .  The address which was being 
a cce sse d  by the abor ted bus cy cl e.  

Fi rst wor d  of the instructi on being proce sse d .  

The fol lowing i nformation i s  saved only o n  bus error s : 

Ox20 8 
through 

Ox247 

Ox24 8 

Ox24C 

long 
X 1 6  

long 

l ong 

Saved contents of 6 80 0 0  registers. The order i s  
from da ta regi ster 0 t o  da ta regi ster 7 ,  the n  from 
address r egi ster 0 through addr ess regi ster 7 .  
A7 is the System Stack Pointer . 

User Stack Pointer . 

Status Regi ster , ext ende d to a longw ord with 
h igh- order z eros .  

• Se ction 5 ,  "Exception Pro cessi ng" , MC6 80 0 0 : 1 6 -Bit 
Mi croproces :!.O.r U ser ' s Manual , Third Edi ti on , Engl ewood 
Cl iffs,  N. Jh : Prenti ce-Hall ,  Inc. , 1 982 . 
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Ox250 long Program Counter . The value sav ed i s  advanced an 
unpredi ctable amount , from two to ten by tes beyond 
the address of the first wor d  of the instruction 
which made the reference causing the bu s error . 

Note tha t  the regi st ers saved i n  locations Ox20 8 through Ox253 are in 
exa ctly the same order and format i n  which they are dis pl ayed whe n  ;)' ou 
type the "D " command to the monitor , then keep hitti ng RETURN . 

4 . 6 . 2 .  Watchdog Timer 

On the Sun pro cessor board , one of the fiv e on-board timers 
nected so that if it ever goes off, the "Rese t "  line is asserte d  
processor i s  restarted a s  if the power had j ust come o n .  The 
attempts to prev ent this by recycl ing the timer each time 
through its memory refresh routine . 

i s  con
and the 
monitor 
i t  goe s  

However , i f  the processor hal ts , or i f  the memory refresh is not 
done ( be cause the int errupt v ector or refresh routi ne was al tered) , this 
"watchdog" timer goes off and rese ts the proce ssor . Otherwise , i t  would 
hang and its  dynamic memory contents woul d be l ost .  

If the proce ssor suddenly display s  i ts restart messa ge , you shoul d 
assume that your program ei ther hal ted or destroy ed some monitor
s pe cific data . It is al so possibl e th at a hardware failur e  is to blame . 

Note that in many cases i t  i s  pos · t bl e for the moni tor to de tect 
the difference be tween a true restart and a wat chdog t imer restart . It 
av oi ds cl earing mem ory , and display s  "Watchdog ! "  befor e the usual "Sun 
Workstati on M9ni tor " message . 

4 .  7 .  Tracing programs 

The moni tor provides several facil ities for tracing program execu� 
tion. They are qui te primitive ,  howev er , and basi cal ly require you t o  
understand your program a t  the machine code l ev el . Howev er , i f  you hav e  
a symbol tabl e l isting o f  your progr am ,  you will b e  abl e to a t  l east 
know where each routine starts .  

4 . 7 . 1 . Breakpo i nt traps 

The use of a Breakpoint trap ( BPT ) al lows to run a program and 
r egai n control when exe cution reaches a certain l ocation. The moni tor 
currently can only maintain one breakpoi nt trap at a time . A breakpoi nt 
trap is se t at address A. by typi ng B x. The current breakpoint aodress 
may be q ueried by ty pi ng B al one . The current breakpoi nt may be can
cel l ed by ty pi ng B 0 . 

You can then start or resume y our program wi th the C ( or possi bly 
G) command . Exe cution wil l  proceed until the trap is r each ed , at whi ch 
poi nt y ou will ge t a message such as 

Break at 00 1 0 0 0  
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At thi s  poi nt ,  you may examine regi st er s , memory , etc.  You may al so 
cl ear the BPT or se t a new one . You may co nti nue usi ng the C command , 
whi ch wil l  exe cut e th e "br oke n" i nstruct i on , and J .. av e the br eakpoi nt 
still set .  

If you l oad a new progr am whil e a BPT i s  se t ,  the moni tor wil l  nor
mal ly be able to de tect this. On th e other hand , if you giv e the K1 
command ( "Medium Rese t " )  whil e a BPT i s  se t ,  and then se t a new one , the 
moni tor will be confus e d  if the first trap i s  taken. 

4 .7 . 2 .  Trace traps 

Support for Trace traps ( si ngl e- steppi ng a user program )  is 
minimal . To se t a trace trap ,  you shoul d use the R command , proceed t o  
the S ta tus Regi ster ( SR ) , and alter i t  s o  a s  t o  i ncl usiv e- OR i t  wi th 
Ox8000 . Simil arly , the trace tr ap can be cl eared by AN Di ng the v al ue of 
SR with Ox7FFF . 

Once the trace bi t i s  set in the SR , you shoul d then give the C 
command to conti nue the program ( the G command cannot be used , since it  
doe sn ' t restor e  the S R � ; t o  start a pro�·am with the trace bi t se t ,  giv e 
the command C <starti ng-addr e s s > .  

After each instructi on i s  exe cut e d ,  the message 

Trace Trap a t  <pc> 

appear s ,  wher e <pc> i ndi ca tes the address of the next i nstruction to be 
exe cut e d .  If you h it Retur n  righ t  af ter this message appe ar s ,  the next 
instruction will be exe cut e d .  I f  y o u  ent er any oth er commands , you must 
use the C command t o  conti nue . 
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��OGRAMMING TH E SUN PR OCESSOR 

5 . 1 . Processor 

5 . 1 . 1 . Physi cal Address Space 

The Sun processor is provide d  with a map so that y ou can map page s 
of 2K by tes anywhere in your address space . The structure of a virtual 
address i s  described i n  the Memory Management secti on . 

On power-up , the moni tor maps the first megaby te of on-board R AM  

and memory expansion board R AM  so that its physi cal and virtual 
addr esses are identical . All segments , starting at segment o ,  are ful ly 
mappe d .  Segments_ are initi al iz ed for all contexts i denti cally . Segment 
protection is set

· so that both Supervisor and User mode s have Read , 

Write , and Exe cute acce ss to every segment . If there i s  l ess than 1 
Mby te of memory , Pll page map entries correspondi ng t o  nonexi stent 
memory are inval idated . 

Two other phy si cal address spaces are mappe d i nto the memory 
address space .  Address from Ox1 00000 t o  O x 1 EFFFF are mapped t o  Mul ti bus 
memory spa ce addresses 0 to O EFFFF, respe ctively . The first 6 4K by tes 
of MultiBus I/0 space is mapped a t  the top of the virtual address  space , 
at addr es se s  from Ox1 FOOOO to Ox 1 FFFFF . Most commercially avail able 
Mul ti bus I/0 devi ce s  use this space . 

The logical address space of 24-bi t addresse s use d by the program
mer is divided i nto eight parts : 

OxOOOOOO - Ox1 FFFFF Mapped address space , as de scri be d abov e .  There are 
2 56K by tes of on-board RAM and up to 2 memory expa n
sion boards of 76 8K by tes each .  This space can al so 
be mapped into the Mul tibus I / 0  or Mul ti bus MemorY. 
spa ce . 

Ox200000 - Ox3FFFFF O n  board PROMO . See the discussion bel ow on " boot 
state " .  

Ox400000 - Ox5FFFFF O n  board PR OM1 . 

Ox600000 - Ox7FFFFF The on- board double UART . Channel A data regi ster 
is at 6 00000 , command regi ster at 6 0 0002 , Channel B 
da ta is at 6 0 0004 , and B command is at 6 00006 . 

Ox800000 - Ox9FFFFF On board Timer chi p .  8 0 0 0 0 0  is the Data register , 
800002 is the Command regi ster . 

OxAOOOOO - OxBFFFFF Page map .  The page map entry use d t o  map some vir
tual address X i s  addr essed at v irtual address X + 
OxAOOOOO . Note that the segment map e ntrie s for 
virtual address X shoul d be se t up before accessi ng 
the page map entries si nce the se gment map entrie s  
de termine which page map entries are accesse d .  
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O xCOOOOO - OxDFFFFF Segment map . The cur rent v al ue of the context 
regi ster de termine s which gr oup of se gment map 
entries are addresse d .  The segment map entry use d 
t o  map some v irtual address X i s  addr esse d  a t  vir
tual address X + OxCOOO OO . 

When read a s  a shor t-word ,  the high- or der 4 bi ts of 
any se gment map entry give the current v alue of the 
co ntext regi ster . 

O xEO O OOO - OxFFFFFF Context regi ster when written ( the high 4 bits of 
the shor twor d . ) When read , th i s  r eturns the 20-bi t 
v � ue of the paral l el input por t ; the moni tor use s 
this input por t f or the key board and poi nti ng dev
i ce . 

In " boot state " ,  the state of the sy stem af ter rese t , read and e xe
cute acce sse s to any loca tion OxOzzzzz in mappe d a ddresss space ar e 
r edirect e d  to come from the corres ponding loca tion Ox2zz zzz ( in the 
PR OMO addr es s  spa ce ) , but wri te acce sse s to the mapped address space go 
to on board R AM. Also , al l  interrupt s ( includi ng normal ly "non
maskabl e "  o ne s )  are inhibi ted. In this w ay i t  is pos si bl e  to i ni ti al iz e  
RAM j ust af ter rese t. Boot state i s  exi ted by wri ti ng t o  the PROMO 
addr ess space . 

5 . 1 . 2 . Exception Handling 

W hen a pro ce s sor cy cl e can not be compl eted normal ly an exce pt ion 
is performed. B esid e s  the exceptions caused by internal co ndi tions , 
such as div ide-by-0 or word-access to an odd-by te address , fiv e ext ernal 
condi ti ons can make it impo ssi ble to compl e te the current .:i, nstruction or 
bus cy cl e .  These external condi tions which rai se a Bus Error exception 
are : system space error s ,  segment map error s ,  page map error s ,  timeout 
error s ,  and pari ty errors . 

Sy stem spa ce errors are caused when a l ogi cal address greater than 
or equal to Ox200000 is acce sse d  in user mode . These addr esse s  are 
reserv ed for superv isor state to address the on-board sy stem facil iti e s .  
A segment m a p  error indi ca tes that the protecti on bi ts in t h e  segment 
map did not al low the type of operati on attempted . A page map error is 
caused by acce s si ng an i nv al id page . Timeout error s occur for off- board 
references to the Mul ti bus that are not acknowledged within one to three 
milliseconds .  Most likely , nonexistent memory or a nonexistent device 
has been addressed. ( There are no timeout s for on-board r eference s 
be cause the on- board bus i s  synchronous and al l cy cl es are always ack
nowledged. ) Pari ty errors o ccur if a by te or word w ith odd parity is 
read from l ocal RAM . Since pari ty can only be che cked a t  the end of a 
memory rea d  cy cle , the 6 8000 canno t abor t the cy cl e in which the error 
occured, but the next cycle . 

Parity che cking can be enabl ed or di sabled under software co ntrol . 
When a write i s  done to PR OMO addr ess space to exi t  boot state , the l ow 
or der bi t of the data w ri t ten co ntrol s whether pari ty che cki ng i s  done . 
If the l ow  bit i s  a 1 ,  pari ty checki ng i s  enabl ed , otherwise i s  i s  
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disabled .  Such a w ri te may be done a t  any time ( from superv isor sta te ) . 

When a bus error occurs the cause of the error can be de termined by 
checking w hether the attempted access was to system space in user mode, 
whether a mapped access v iolated t he segment protection code, or whe ther 

the page referenced was nonexi stent . If none of the above caused t he 
exception ,  then the exception was a timeout for bus accesses, or a par
ity error caused by local accesses in the previous memory cycle. 

5 . 1 . 3 . Interrupt s  

The 6 80 0 0  bas seven i nterrupt levels, numbered 1 through 7 , wi th 
level 7 being the highest priority and level 1 the lowest priority. 
Interrupts are recognized for al l  priori ty level s greater the the 
current processor priority level contained in th e 6 80 0 0  status regi ster. 
When an interrupt is acknowledged the processor priority is set to the 
l ev el of the interrupt request .  

A l evel 7 interrupt is spe cial in that i t  i s  recogniz ed ev en i f  the 
mask in the 6 8000 ' s  status register is se t to 7 ,  thus providJ ng a non
maskabl e interrupt capabil ity . A level 7 interrupt i s  acknowl edged 
every time the i nterrupt reque st changes from a l ower l evel to level 7 ,  
that i s ,  level 7 interrupts are "edge- triggered " . 

The Mul tibus standard defines 8 interrupt l ines ,  INTO through INT7, 
with INTO bei ng the highest pri ority .  Al so , the standar d  r ecommends the 
interrupts be l ev el triggered i nstead of edge- triggered to al l ow multi
ple interrupt sources on each i n terrupt line . 

To avoid confusion for 6 80 0 0  programmers ,  the numbering and the 
priori ti es of the int errupt lines on the Mul ti bu s were made to 
correspond to the definition of the 6 80 0 0 . Thus INT7 on the Multibus i s  
the highest priority interrupt and INT1 the l owest . INTO is not impl e
mented . In addition, INT7 is non-maskable and edge- triggered , whereas 
al l other interrupt s are maskabl e  and level- tri ggered . 

Three interrupt l ines are assigned to on-board i nterrupt sources :  
INT7 Refresh Timer, INT6 - User Timer , INT5 - UART.  INT7 , INT6 , and 
INT5 are i gnored from the Mul ti bus . 

Interrupts are acknowledged by the 6 80 0 0  in aut o-vect or mode , that 
is , the interrupt vector i s  generated i nternal ly by the 6 80 0 0  and i s  not 
suppl ied by the dev ice . Thus the INTA signal on the Multibus and the 
i nt errupt v e ct or ca pabil iti es of the Mul ti bu s  are not use d .  

5 . 1  . 4 . Ini ti al iz ati on 

After hardware rese t ,  the 6 80 0 0  pro cessor board comes up in a spe
cial "boot sta te " .  In th is boot state the normal operati on of the board 
is changed as fol low s : 

1 )  The on-boar d  PR OM ,  normal ly resi di ng i n  sy stem address space , ov er
lay s RAM starti ng a t  l oca tion 0 ,  and i s  al so acce ssi bl e under i ts 
normal locati on .  Thus the ini tial program co unter and sta ck 
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pointer are fet ched from PROM at locations 0 to 3 ,  whereas other 
bootstrap code can execut e from normal PR OM addresse s .  

2 )  Since the PROM is overl aid at  l oca tion 0 ,  read access to the on
board RAM ind to  the Mul tibus i s  di sa bled .  However ,  write access 
i s  po ssi bl e al lowing i ni tial iz ation of exception and interrupt vec
tor s  i n  RAM. 

3 ) All interrupts ,  i ncluding the non-maskabl e interrupt , are di sabled 
in  hardware.  Aft er l eaving the boot state , non-maskabl e  interrupt s 
can occur at any time, and maskable interrupt s can o ccur as soon as 
the interrupt mask i n  the sta tus regi ster i s l owered to all ow them . 

Boot sta te i s  exi ted by wri ting once to any location in PROMO 
addr ess space . This  wri te al so e na bl e s or di sa bl e s pari ty che cki ng ; see 
se ction "Exce pti on Handl ing" a bov e .  

5 . 2 .  Memory Manageme nt 

5 . 2 . 1 . Overview 

The Sun Memory Management Uni t has been designed to support a 
mul ti- taski ng operati ng sy stem , such as Bel l  Labs ' UNIX sy stem .  It pro
vides address translation , protection, sharing, and memory al loca tion 
for mul ti ple proce sses exe cuting on the 6 80 00 . All accesse s of the 
6 8000 to on-board RAM memory , Mul ti bus memory , and Mul tibus I/O space 
are translated and protected in an ide nti cal fash ion . The Sun memory 
management prov ide s al l the ne cessary mechanism for demand pagi ng and 
virtual memory and will be ful ly compati bl e with the 6 80 1 0  virtual 
memory proce ssor when it becomes avail abl e .  

The memory management consi sts of a context regi ster , a segment 
map, and a page map. Virtual addresses from the processor are 
translated i nto intermedi ate addresse s  by the segment map and then into 
physi cal addresse s by the page map. 

The page siz e is  2048 by tes , the segment siz e  is 32K bytes ( giving 
1 6  pages per segment ) , and up to 1 6  contexts can be mapped concurrently . 
The maximum l ogi cal address space for a context is . 1 024 pages ( 2M 
by t es ) . The maximum physi cal address space that can be mapped simul
taneously is 2M by tes .  

The or ganiz ation of the memory management system i s  shown i n  figur e  
ME MMAN  bel ow .  The addressing scheme use d t o  access the segment and page 
maps , and the forma t of the segment and page map entries , is shown in 
figure MMADDR . 

5 . 2 . 2 .  Context Register 

In a mul ti task env ironment i t  i s  important to be abl e to swit�h 
between proce sse s quickly without having to rel oad al l the transl ation 
state informati on of a parti cular process . The context register is a 4 
bi t regi ster which can be set under supervisor control to switch between 
1 6  se ctions of the se gment map. This permits 1 6  context s to be mapped 
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Protection Page Control · Address Space 
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· read · modi fied · off board 

· write · ll o  

· user · I nvali d  

Figure MEMMAN . Memory Mapping on  the Sun Pro cessor . 
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) 

concurrently ; more than 1 6  contexts may be handl ed by treati ng the seg
ment map as a context cache,  replacing out-of-date contexts on a l east� 

recently-use d or other basi s. 

Each context has i ts own virtual address space . Sharing and i nter
context communi cation may be implemented by wri ting the same v alue s  i nto 
the segment or page maps of mul ti pl e  context s .  

A simpl e impl ementa tion of mul ti pr ocessi ng w il l  al l ocate one con
text per process . More compl ex schemes are po ssi bl e  i n  which a team of 
processe s  occupies one context , or in which one process  ext ends over 
more than one context ( with cont ext changes manage d via system call s ) .  

The context register i s  loaded by wri ting t o  l oca ti on OxEO OO O O  with 
the desired val ue in the high � bi ts of the 1 6  bi t da ta w or d .  Note that 
the currently exe cuting instructi on stream at the time of a wri te must 
be mapped into both the old and new context s at  the same address { or 
must be in  PROM) . The context regi ster i s  read by readi ng any of the 
segment map entries ( starti ng at l oca tion OxCOOO O O )  and e xam i ni ng t h e  
high � bi t s .  
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S e g m e n t  m ap ad d re ss form a t :  

· page - 3 9  

(Only segme n ts i n  the cu rrent c ontext can be add ressed) 

! 1  1 oJ Logical 1 .,.;;<�----- Ignored ------..;,.> I seg ment # . 
_ 

23 2 1  20 1 5  1 4  

Segm e n t  map d a ta fo rmat:  
- - -

Cun B nt Protectio n 
context • code 0 0 Page Ma p Poi n t er 

1 5  1 2  1 1  6 7 6 5 0 

P a g e  m a p  a d d re ss fo rm at: 

Log ical 
seg ment # Pag e # ..... <c-----

23 21 20 

P age m ap d a t a  form a t :  

15 14 1 1  1 0  

Physical page address 

1 5 1 4 1 3 1 2 1 1  

Context  re g ist e r  form at:  

(Address: OxEOOOOO) 

0 

I Current I <--
context • Ig nored --------::>r- 1 

1 5  1 2  1 1  0 

0 

• Read only 

Ignored 

0 

P a g e  t y p e s :  

00 = On -board memory 

01 = Nonex istent 
1 0 = Mult i  bus memory 
11 = Multibus 110 

• .Write only 

Figure MMADDR . Addressi ng S cheme for Segment and Page V�p Entries.  

5 . 2 . 3 .  Segment Map 

The segment map h as 1 0 24 entri e s ,  indexe d by the 6 most significant 
bi ts of the v ir tual address and the 4 bi t co nt ext regi st er .  Thus , the 
segment map is divided into 1 6  sections of 64 entr i e s ,  one se ction for 
each context . The segment map entry contai ns the 6 high-order bi ts of a 
poi nt er i nt o  the page map and a 4 bi t pr otect i on code , define d  bel ow .  

Only the 6 4  segments o f  th e curr ent co ntext may be addressed a t  any 
one time . The cur r ent v al ue of the context regi ster determine s which 
group of se gment map e ntrie s  are addresse d .  The segment ma p e ntry use d 
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to map some virtual address X i s  addresse d  a t  v irtual address X + 
OxCOQOOO . 

Each virtual address space th�s has 6 4  segments .  Each segment can 
be mappe d to 1 6  pages ( 32K by tes ) or can be made inaccessibl e. The 1 6  
page map entries pointed to by the segment map entry de termine whether 
each 2K page exists and where i t  is loca ted . 

5 . 2 . 4 .  Protection 

Protection is asso ciated with the segment map ; each segment has a 
4-bit protection code . Since i t  is not possi bl e  to repr esent every com
bina ti on of the six possi bl e operations ( user read, write ,  exe cute ;  
supervisor read,  wri te , execut e )  in four bi ts,  1 6  of the most useful 
combinations are prov ided .  The 1 6  protection codes are defined i n  the 
following tabl e .  Full access is denoted "rwxrwx" , with the first "rwx" 
being Read-Write-eXe cute for the superv isor and the se cond for the user . 
A "-" denotes the absence of that privil ege . 

Access by Access by 
Code Supervisor User Exam pl e of U se 

----------- ----------- �_. __ _ _ _ _ ____ _ _ _  

0 ------ None None Unused segment 
1 --x--- Execute None System code 
2 r----- Read None System fixed da ta 
3 r-x--- Read , exe cute None Mixed sy stem code/data 
4 l"W---- Read , wri te None Syst em variabl e data 
5 rwx--- Ful l  None Mixe d  sy stem code/data 
6 r--r-- Read Read u � er fixed data 
7 rw-r-- Read , write Read System -> user transfer 
8 r--rw- Read Read , write User variabl e da ta 
9 rw-rw- Read , wri te Read,  wri te System <-> user data 

1 0  rw-r-x Read , write Read , exe cut e U ser-only code 
1 1  rw-rwx Read ,  wri t e  Full User-generated code 
1 2 r-xr-x Read , exe cut e Read , exe cute Shared code 
1 3  rwxr-x Ful l Read, execute System-generated , shared 
1 4  rwx--x Ful l Exe cute Proprietary code 
1 5  rwxrwx Full Ful l Unprotected 

5 .. 2 . 5 .  Page !-lap 

The page map handl es the paging and the alloca tion of phy si cal 
memory . A page map entry al so indica tes the physi cal address spa ce i n  
which a page i s  l oca ted , such a s  on- board o r  off- board memory . Furth er , 
the page map assi sts demand paging algorithms by maintaining r eference 
and modified bi ts for each page . 

The 6 bi t s from the segment map entry conca tena ted with the next � 
logi cal address bi ts from the 6 80 0 0  form an index into the page map.  
Thus each segment accesses a block of 16  conse cutiv e page s .  

The out put of the page map i s 1 2  bi ts o f  physi cal addr ess th at is 
conca tenated with the 1 1 -bi t by te address ( the low 1 1  bi ts of the 
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virtual address ) t o  form a 23 -bi t phy si cal addr es s .  I n  addi ti on,  a page 
ca n be de cl ared to be in on-board memory s pace , Mul ti bus memory s pace , 
Mul ti bus I/ 0 spa ce ,  or nors.;( �:i st ent , accor di ng t o  the fol lowing v al ue s  of 
the page ty pe fiel d : 

0 - on- board memory 
1 - nonexi stent 
2 - Mul tibus memory 
3 - Mul ti bus I/ 0 

A nonexi stent entry indi ca tes an inv al id page , causi ng instruction 
a bor t .  The address bi t s  o �  such an entry are i gnor ed a n d  can be use d by 
software. 

Noti ce tha t  each of the phy si cal addr es s  spa ce s  i s 23 addr ess bi ts 
( 8M by tes ) large . Since on- board memory is a t  most 256K by tes ( 1 . 7 5M 
by t e s  with two memory expansion boards ) and the address spa ce on the 
st;. dard Mul ti bus is at most 1 M  by te for memory and 64K by tes for I/O ,  
some high order address bi ts o f  the page map entries wil l be ignor ed. 
It i s  the respo nsi bil ity of the memory management sof tware to provide 
correct tabl e entries for a par ti cul ar sy stem co nf iguration. 

The page map entry used to map some v irtual addr ess X i s  addr esse d  
a t  virtual address X + OxAO O O O O . N o t e  that the se gment map entri es for 
v irtual addr e s s  X shoul d be se t up befor e accessing the page map entries 
since the segment map entries de termine which page map entries are 
accessed. 

5 . 2 . 6 . Page Control 

In addi tion to the page mapping i nf ormati on,  each page entry has 
two asso ci ated stati sti c bi ts , "modified " and Hacce sse d " ,  that are se t 
whenever that page has been a c ce ssed or wri tten i nto . These bi ts are 
updated auton:.ati cal ly c�n al l cy cl es for which a c ce s s  h as bee:t grant ed by 
the prote cti on me chani sm. Bit 1 4  of the page map entry is the "modi
fied "  bi t and bi t 1 5  is the "accesse d "  bi t .  

5 . 3 .  ROM V e c t or Table 

The ROM moni tor provide s  various serv i ce s  to user programs via the 
ROM Vector Tabl e ( VT ) . The VT is a convenient way of accessi ng monitor 
routine s  and data which does not depend di rectly on the absolute 
addresse s use d .  A C- language pr ogram wishing t o  use the V T  must i nclude 
the header fil e "sunr omvec . h" ( see Appendix C ) . 

The serv i ce s  provided by the monit or through the V T  are 
only to programs runni ng i n  superv isor mode . Attempt s  
addresse s i n  ROM whil e in user mode will cause a h ardware trap . 

avail abl e  
to access 

The fol l owing se cti ons giv e mor e de tail ed descripti ons of th e  v ari
abl es and funct i ons acce ssed through the V T ,  incl udi ng C- language 
decl arati ons . Tb · :  C code to read a VT variable ,  for exampl e  OutSink ,  
ia: 
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*RomVecPtr - >  v_OutSink 

To store into a variabl e ,  for exampl e EchoOn , code : 

*HomVecPtr - >  v_EchoOn = new_value ; 

To call a VT funtion, for exampl e fwri techar, co de : 

( *RomVecPtr - >  v_fwritechar ) ( char , *RomV ecPtr - >  v_FB Addr ) ; 

Note in this last exampl e  that the se cond argument to fwritechar , 
FBAddr , was also retrieved via the V ector Tabl e .  

5 . 3 . 1 . VT Entries Used by the Hardware 

char *v_ini tsp ; 
Initial System Stack Pointer l oade d by hardware rese t .  

int ( *v_startmon) ( ) ;  
Ini tial Program C ounter l oaded by hardware rese t .  

5 . 3 . 2 .  Information VT Entries 

char *v_SunRev ; 
R evision l evel of moni tor and hardware. 
string which is printed at power-up. 
l evel is Rev c .  

long *v_SerialNum ; 

This poi nts t o  the 
The current rev : c·:ion 

Serial number of th is Sun .  Th is is cutrently not imple
ment ed . 

long *v_MemorySiz e ;  
Siz e i n  by tes of phy si cal memory o n  the pro cessor board and 
memory expansion boards . This does not i nclude Mul ti bus 
memory . 

GlobDes *v_GlobPtr ; 
Poi nt s to the moni tor ' s G lobal Ram structur e , whi ch con
tains al l gl obal variabl es  use d by the monitor . Various of 
these are al so poi nted t o  by speci fic entries in the V e ct o•·  
Tabl e .  This poi nter should not be use d without a good 
understanding of what i t ' s  poi nting to • • •  which is hard to 
obtain without l istings of the moni tor sour ce .  

5 . 3 . 3 .  Singl e- Character I/0 

unsigned char ( *v_getch ar ) ( ) ;  
Returns the next ch aracter from the current input source . 
If v_EchoOn is se t ( see bel ow ) , the charact er i s  al so 
e ch oed on th e cur rent out put sink using put char( ) .  The 
input is do ne usi ng busy-wai ti ng ; that i s ,  if there i s  no 
input bufferred u p t  ge tchar wai ts until a character 
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arriv es.  Cur rently , serial por ts can buffer up to 3 input 
characters ( in h ardware ) ,  and the co nsol e key board can 
buf fer up to 30 key s { in sof tware ) . 

int ( *v_putchar ) ( c ) ; 
char c ;  

Prints the spe ci fied charact er on the current out put sink. 
If c i s a l inefeed ( ttnewline " ) , it i s  pre ce de d  by a car
riage return. The out put is done usi ng bu sy-waiting ; that 
i s ,  if the out put si nk i s  a serial por t , and it cannot 
a c cept a charact er to transmit ,  put char ( ) wai ts until it 
can. Output to the frame buffer alway s o c cur s immedi ately . 

int ( *v_mayge t ) { ) ; 
A tt empt s t o  retur n th e ne xt ch aracter from the cur rent 
i nput sour ce .  If a charact er i s  pe nding , th e resul t i s i n  
t h e  range 0 - 255 . R e turns - 1  if no charact er i s  pendi ng . 
mayge t ( ) does not echo,  regardl e s s  of th e se tti ng of 
EchoOn. 

i nt ( *v_may put ) ( c )  
char c ;  

Att�mpts to put a charact er t o  the cur rent out put si nk .  
Retur ns 0 i f  it d i d  o r  - 1  i f  it didn ' t ( be cause the current 
out put si nk was a serial line , and it was busy ) . 

unsigne d  ch ar *v_EchoOn ; 
ge tch ar( ) e choes i ts i nput if and only if th is v ariabl e is 
true ( non- zero ) . 

unsigned char *v_InSour ce ; 
S el ect s current i nput sour ce : 

0 - Sun key board 
1 - serial por t  A 
2 - serial port B 

unsigned ch ar •v_OutSink ; 
S el ect s current out put sink : 

0 - Sun frame buffer 
1 - serial port A 
2 - serial port B 

5 . 3 . 4 .  Sun Keyb?.ard Input 

These Vector Tabl e entries provide access to the moni tor ' s  suppor t 
f or the Sun Microsy stem s  paral lel keyboard .  The next se cti on , "The Sun 
Key boar d " ,  describes key board o peration in greater de tail . Appendix D 
contai ns C- language l istings of the key board header fil e and transl ati on 
tabl es . 
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int ( *v_ge tkey ) ( ) ; 
If no key has been struck , returns NOKEY ( defined as - 1 ) .  
Otherwise , re turns either the up/down key code or a byte of 
ASCII for the next key struck , depending o n  the se tting of 
v_translation ( see below ) . 

int ( •v_InitGetkey ) ( ) ; 
Initializes the polled side of the paral lel keyboard i nter
face . Must be called once befor e  ge tkey i s  first cal led . 
Called by the moni tor after a rese t ,  so user programs will 
typi cally not need t o  call i t .  

unsigned int •v_transl ation ; 
The se tting of this variable determine s what kind of trans
lation wil l be performed by get key ( ) .  If translation = 
T�NONE ( defined a s  0 )  then ge tkey retur ns "raw "  up/down 
key codes. If translation = T�ASCII ( defined as 1 )  then 
key strokes are translated t o  ASCII character s .  These are 
the only translation options currently define d .  

unsigned char *v_Keybid ; 
Identifying byte suppl ied by keyboard [ not yet impl e
mente d ] . 

keyboard • *v_CurKeyboard ; 
Address of the current key board transl ation tabl e s .  See 
Appendix D for a l isting of �he current tabl es.  The tabl es 
are in ROM,  but the pointer to them is in RAM,  and may be 
modified if you construct y our own tabl e s .  If you do , see 
SetTabl e ( ) and keyentry ( )  below .  

keymap • ( *v_SetTabl e ) ( shiftmask ) ;  
unsigned i nt shiftmask ; 

This routine returns the address of the keymap in effe ct 
for the current key code , based on which shift keys are 
currently depressed and whe ther the current key is moving 
up or down . Shif tmask i s  a bit vector which enco de s the 
current posi tion of "shift- like " key s and the di recti on of 
the current keystroke . See the header fil e "key boar d . h "  in 
Appendix D.  

int ( *v_keyentry ) ( e ntry , keycode ) ;  
unsigne d char entry , key code ; 

Thi s function is called when an entry in the keyboard 
transl ati on tables is found which is not impl emented by ROM 
code . If you modify the key board tables and need to add 
new kinds of entries , thi s "hook " l ets you implement them 
when the key is struck. Note that thi s  is cal led for the 
OOPS and HOLE entries ev en though they hav e define d mean
ings , since the ROM code does noth ing when presented w i th 
them . 

The parameters are the entry from the 
and the keycode whi ch represents 

transl ation ta bles , 
the key depression or 
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rel ease . Acce ss to other assorted variabl es of the key
board transl ation code i s  po ssi bl e  thru v_G lobPtr , which i s  
described above under "Informati on VT entries " . 

If key entry retur ns NOKE Y ,  the mai nli ne code of ge tkey ( ) 
ignor es this key depression and l ooks for the next key . If 
i t  returns any other i nteger , that i ntege r  is r eturned as 
the resul t of ge tkey ( ) .  

keybuf type •v_Key buf ; 
The circular buf fer which hol ds up/ down key co de s .  Thi s  i s  
f il l ed a t  memory refresh time ( every 2 m s  or so ) a s  key 
codes are receiv ed from the keyboard , and emptied a sy nch ro
nously by cal l s  t o  ge tkey ( ) .  

5 . 3 . 5 .  Fr ame Buffer Out put a nd Terminal Emul ati on 

These Vector Table entries provide access t o  the moni tor ' s  terminal 
emul ation routi ne s ,  which al low the fram e buffer to be wri tten to as an 
ANSI/40 1 4  terminal . The se ction "Frame Buffer Terminal Emul ation" below 
des cribe s  this i nt erface in greater detail . 

int ( •v_fini t ) ( G) ; 
str uct dpygl obal s *G ; 

Frame buffer i ni tialization routine . G poi nt s  to the ter
minal emulator ' s  gl obal works pa ce . Two entrie s in th e 
w or ks pa ce must be f il l ed ; the first l ongword must contain 
the virtual address of th e frame buffer , and the se co nd 
must contai n the virtual address of a 4096-by te work area . 
fini t ( ) fill s the work area w i th .i_ ts character font defini
tion , which is stor ed i n  compressed form in the ROM .  Ty pi
cal ly , call er s  j ust use the w orks pa ce used by the moni tor , 
which is a ccessi bl e  in the V ector Table as v_FBAddr ( see 
bel ow ) . The moni tor cal l s  fini t ( ) after a rese t ,  so if a 
frame buffer exists at the usual phy si cal address , ty pi cal 
user programs w il l  not need to cal l  fini t ( ) . 

int { *v_fwri te char ) { c , G) ; 
char c ;  
struct dpy gl obal s *G ; 

Writes the character c to the frame buffer "terminal " .  G 
points to the terminal emul ator ' s  gl obal workspa ce ; the 
addr ess of the workspace used by the moni tor is accessi bl e 
as v_FB Addr in the Vect or Table { se e  bel ow ) . The moni tor 
impl ement s  an ANSI standard ( X3 . 6 4 )  compatibl e  terminal in 
software. It also includes vector-drawing capabil ities 
similar to the Tektronix �0 1 � .  Detail s of the esca pe co de 
sequence s supported are in the se ction "Frame Buffer Termi
nal Emul a tion" . bel ow.  

long •v_FB Addr ; 
V irtual address of th e frame buffer . This r esi de s  at the 
begi nni ng of th e terminal emulati on gl obal works pace , hence 
FBAddr can be pa sse d  as the "G " parameter to routine s  
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requiri ng the address of the global works pa ce ( v_fini t ,  
v_fwritechar ,  and v_fwrstr ) .  If this v alue i s  changed ,  you 
must cal l fini t ( ) befor e  any subsequent cal l s  to fwri
techar( ) ,  fwri testr ( ) ,  put char ( ) ,  or may put ( ) .  

unsigned shor t  ( *v_FontTabl e ) [ ] [ ] ;  
Address of the font tabl e ,  whi ch contains the character bi t 
maps.  This is filled i n  by fini t ( ) from a compressed font 
stored i n  ROM. It may be subsequently al tered by use r s ,  if 
they know what they are doing . See the section "Frame 
Buffer Terminal Emul ation" below for de tail s . 

int ( •v_fwrstr ) ( addr , len, G ) ; 
unsigned char •addr ; 
short l en ;  
struct dpyglobal s

' 
*G ; 

Writes a string of characters to the frame buffer "termi
nal " ,  more efficiently than a seque nce of cal ls t o  fwri
tech ar. Addr points to a character string o f  length len. 
G poi nt s  to the terminal emulator ' s  gl obal workspace ; the 
address of the workspace use d by the moni tor i s  accessibl e 
i n  the Vector T�bl e as v_JBAddr ( see abov e ) .  

5 . 3 . 6 .  Mouse Suppor t 

The mor _ tor does not currently suppor t the opti onal mouse . There 
i s  one entry in the Ve ct o,·  Tabl e for i t ,  however . This entry , 
v_MouseBuf , is currently always z ero . 

5 . 3 . 7 . Operati ng System Suppor t 

These Vector Tabl e entries provide serv i ce s  which an operating sys
tem woul d find usefuf . 

( *v_SetSeg ) ( Context , Mapindex , Value ) ; 
l ong Context , Mapindex ; 
short Value ; 

Sets an entry in the segment ma p .  To prov ide optimal 
hardware perf orma rJ�e , the Sun pro cessor board does not 
al low a segment map entry for one cont ext to be accessed 
whil e executi ng i n  another context . How ever , a routi ne 
whi ch exe cutes from ROM does not d e pend on the current se t

ti ng of the context regi ster and can perform thi s  servi ce 
for a RAM-resi dent operati ng sy st em .  This procedure set s  
segment map entry ¥�pindex ( be tween 0 and 63 ) i n  context 
Context { betw een 0 and 1 5 )  to val ue V al ue ( 1 6 bi t s ) . 

short ( *v_GetSeg) ( Context , Mapindex) ; 
l ong Context , Mapindex ; 

G ets an entry from the se gm ent map .  To prov ide optimal 
hardware performance , the Sun proce ssor board doe s not 
al low a se gment map entry for one context to be accessed 
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while exe cuti ng in  anothe · co nt ext . How ev er , a routi ne 
which exe cutes from ROM does not depend on the current se t
ting of the cont ext regi ster and can perform this serv ice 
for a RA� resi dent operati ng sy stem . This pro cedure reads 
segment map entry Mapindex ( be tw een 0 and 63 ) in co nt ext 
Context ( between 0 and 1 5 ) and r etur ns i t .  

( *v_KeyFrsh) ( ) ;  
This contains the address of the moni tor ' s  refresh inter

rupt service routi ne . This address i s  normal ly contained 
i n  the hardware vector poi nter for interrupt l evel 7 ( non

maskabl e interrupt ) at location 0x7C . If an operati ng sy s
tem or standal o ne program wants to change or augme nt the 
r efresh routine , it should se t the hardware v ect or to poi nt 
to its co de , and h av e  its code j ump to KeyFrsh ( )  when done . 
If an operating sy stem or standal one pr ogr am  want s to 
change the r efresh routi ne , i t  may restor e  the hardware 
v ector from here when it want s to change back. Note that 
this entry , whil e de clared as a function,  is NOT a C func
ti on and cannot be cal led as one .  I t  i s  called by inter
rupt hardware , and returns with the "rte " i nstruction 
instead of the subroutine ' s  "rts " .  

int ( *v_AbortEnt ) ( ) ;  
This contains the address w i thin the moni tor of its "Abor t "  
e ntry point . I t  an interrupt routine ( such a s  a repl ace
ment r efresh routi ne ) wishes to  al low the user to sus pe nd 
the current program and enter the moni tor , it can enter at 
th is l oca tion. The routine must enter by a "jmp" to Abor
tEnt . Upon entry , al l registers must hav e  the same values 
they had on e ntry to the interrupt routi ne , and ther e  must 
be no extraneous data on the supervisor stack ( beyond the 
SR and PC stacked by the interrupt ) .  Once entered by Abor
tEnt , the moni tor wil l  print an "Abor t at xxxxxx " message 
and acce pt commands from the user.  If a " c "  command is  
entered,  it wil l  restore all the registel'"S to  their values  
o n  entry at AbortEnt , then restor e  the P C  and SR from what 
was on the stack on entry at Abor tEnt , resuming the main
line program. The monitor ' s r efresh routine uses AbortEnt 
if the "Abor t sequence " ( Erase EOF then A) is typed on the 
consol e key board , or if a serial line is sel ected as  
current input sour ce and i ts BREAK key is  presse d .  

int •v_RefrCnt 
This i nteger value contains a mil lise cond counter which is 
i ncrement ed by the moni tor ' s  refresh routi ne . Since the 
refresh routi ne runs every 2 mil lise co nds , the counter is 
alway s incremented by 2 .  Due to uncommon condi tions 
resul ti ng from Mul ti bus accesses to nonexistent memory or 
dev ice s ,  this counter will run sl ightly "slow " , so it i s  
not sui tabl e for a wal l-clock val ue . I t  can b e  use d  for 
l ow- precision timing, though ; for exampl e ,  it i s  used to 
implement aut o-repeat for the consol e key board. 
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char • ( •v_bede code ) ( beinf o ,  sr ) ;  
etruct B us Errlnfo *beinfo ; 
shor t sr ; 

Decodes a bus error and r etur ns a poi nter to a string which 
des cri be s  the cause of the error . The first argument 
point s  to an 8-by te area whi ch contains the information 
sta cked by a bus error . The se cond argument is the sta tus 
r egi ster val ue stacked by the bus error . The r esul t points 
t o one of the strings "Spurious Bus ", "Sy st em Space" , "Pro
tecti on ", "Page Inv al id " , "Pari ty " ,  or "Timeout " . 

Since a bus error can al so occur if the refresh routine is 
damaged, bedecode { )  al so rest ores the refresh rou t i ne to 
i t s  original condi ti on, and refreshes memory . If the 
refresh vector pointer at l ocation Ox7C was inval id, it 
prints t he message "xxxxxxxx=bad r efresh vector " on the 
current out put dev ice , where xxxxxxxx is the previous con
tents of l oca ti on O x7 C .  In ca se s wher e the bus error was 
caused by the watchdog timer detecting l oss of refresh, 
this w il l  prev ent the timer from rese t ting the sy stem • 

. 
5 . 3 .  8 .  Interfaces B e tween Prom � 

These Vector Tabl e entries permit rout i nes i n  the se cond prom set 
( 01 02 and U 1 04 )  to a c cess common command-parsi ng and simpl e out put for
matting routines i n  th e  f irst prom se t .  They wil l not be documented 
here other than to l i st thei r names : l inbuf, lineptr , linesize,  ge tl ine, 
getone , peekchar , ge th exby t e ,  ge tnum ,  mes sage , pri nthex, diagr e t .  

5 . 4 . The Sun Key board 

The consol e  key board currently suppl ied w ith the Sun- 1 Workstati on 
i s  a Mi cro Switch 1 03 SD3 0 Seri es w i th an 8 0 4 8/ 87 4 8  on the boar d . Thi s  
has b e e n  m odified t o  produce up/down keyco des o n  8 paral l el out put· 
l ine s .  Each key co de is hel d stabl e  on the se l ine s for a minimum or 2 . 5  
ms in order that the main pro ce ssor can r ead i t  dur i ng i ts r efresh rou
ti ne , which exe cutes every 2 ms or so .  

When no key s are d e pr es se d ,  the key board transmits a key co de of 
IDLEKEY ( def ined as 7F h ex ) to i ndi ca t e  th at th at i s  the ca se . Thus , 
when the l ast key is rel eased , a key co de for i t s r el ease is sent , fol
low ed by an IDLEKEY.  [ I n for th coming v er si ons t h e  80 4 8  wil l , when i dl e ,  
al terna te i ts IDLEKEYs with key boa rd id co d e s  whi ch identify the key 
l ay out or other factor s  which host program s might w ant to de termine 
automati cal ly . Thi s feature is not y e t  impl ement e d . ] 

U ser programs read from the keyboard by cal l ing ge tkey ( ) via th e 
ROM vect or table ( see th e precedi ng se ction, " R OM V ector Tabl e " ) . By 
defaul t ,  ge tkey retur ns ASCII code s ; i t  ca n be per suaded t o  return key 
up/down code s by modify ing the v ariabl e transl ati on , al so accessi bl e 
thru the Vect or Tabl e .  

Figure KEYB OAR D show s  the Mi cro Switch 1 0 3 SD30 key board l ay out . 
The num ber abov e each key i s  th at key ' s  "dow n" key co de ; the " up " key code 
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is the same number plus 1 28 .  

Fi gure KEYB OAR D. The Sun Key board . 

Page 4 9  

I n  ASCI I translati on , the keyboard operates l ike a normal terminal 
keyboard . It generates ASCII codes which corresponds to the key caps 
e xcept for the following key s : 

REPT 

BACK TAB 

{ Key # 1 24 )  This key is a s•;� cond CTRL key , not a re pe at key . 

( Key C 1 1 3 )  This is a DEL key , generati ng Ox7F ( Del ete or Ru

bout ) . 

ERASE EOF , ERASE EOL , TAB SET , TAB CL R ,  LINE INS ,  LINE DEL , 
CHAR IN S , CHAR DEL 

( Keys # 1 , 2 ,  3 ,  2 1 , 25 , 27 , 4 9 ,  5 1 ) Not implemented. These 
J-::eys are 1(9lored. 

CLR 
( Key 126 ) Generates � L  ( FF ,  Form Feed , OxC ) . 

unlabel ed function keys 
( Key s 15-1 8)  These keys are ignored . 

The codes genera ted by the keyboard are modified by several shift 
and shift-like keys . These are :  

l eft and right SHIFT 
( Key s 1 1 00 ,  1 1 1 }  Cause the upper case l etter or symbol to be 

SHIFT LOCK 

generate d .  

( Key 07 6 )  S am e  a s  SHIFT key s .  
pressing either SHIFT key. 

This key is unl ocked by 
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CAPS LOCK 
( Key 129 )  Causes l etter keys t o  generate uppe r ca se le tter s ; 
no other keys are affected . 

lef t  and right CTRL ( righ t  CTRL labeled "REPT " )  
( Keys # 1 22 ,  1 24 )  Cause s control characters to be generated . 
See table below .  

There is one special sequence which can b e  typed to generate an 
"Abor t " ,  w hich causes the currently executing program to be interrupted, 
allowing commands to be type d  to the moni tor .  This is generated by 
pressing the ERASE EOF key , then , without releasing it  or pressing or 
releasing any other keys , pressing the A key . Ir the moni tor ' s refresh 
routine is running. this will cause the message "Abor t at xxxxxx" { where 
xxxxxx i s  the program counter value from the mainline program that was 
interrupted) and the monitor prompt character " > " .  To resume, type " c " .  

Note : W hen the monitor i s  using UART A or B for the consol e input , 
Abort is caused by a BREAK. 

Spe �ial keys : the arrow and HOME keys generate ANSI standard con
trol sequences ( ESC [ A , B ,  C ,  D ,  and H ) . 

T he following table gives the keystrokes ne cessary to generate the 
ASCII control characters ( hex 0 through 1 F ) . The not a +: i on CTRL-x means 
hol d down the CTRL key ( like a shift)  and strike "x" . Where mor e  than 
one key stroke entry is l isted , any of the al ternativ es will produce the 
given control character . Note that the SHIFT , SH IFT-LOCK, and CAPS-LOCK 
key s hav e  no effect on control characters ; i . e. , CTRL- a is equival ent to 
CTRL- A ,  CTRL-- is eq uiv al ent to CTRL- � ,  and so on.  

Sun Key board Control Characters 

Hex val ue ASCII name Keystroke s : 
--------....... .... --------- _ .. __ __ _ __ _ _  ... .. 

0 NUL CTRL- spa ce , CTRL-@ 
1 SOH CTRL-A 
2 STX CTRL- B 

3 ETX CTRL-C 

-4 EOT CTRL-D 
5 ENQ CTRL-E 
6 ACQ CTRL-F 
7 BEL CTRL- G 

8 BS B ACKS PACE , CTRL - H  

9 HT TAB , CTRL-I 
a LF CTRL-J 
b VT CTRL-K 
c FF CL R , CTRL-L 
d CR RETURN , CTRL-M 
e so CTRL-N 
t: SI CTRL- 0 

1 0  DLE CTRL- P 
1 1  DC 1 CTRL- Q 
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1 2  DC2 
1 3 DC3 
1 4  DC4 
1 5  NAK 
1 6  SYN 
1 7  ETB 
1 8  CAN 
1 9  EM 
1 a SUB 
1 b ESC 
1 c  FS 
1 d GS 
1 e  RS 
1 f us 

5 . 5 .  The Sun G raph i cs Sy st em 

5 . 5 . 1 . The Frame Buffer 

CTRL- R 
CTRL-S 
CTRL- T 
CTRL-U 
CTRL-V 
CTRL-W 
CTRL-X 
CTRL-Y 
CTRL- Z 

- . .  

ESC ,  CTRL- [ 
CTRL- \ 
CTRL- ] 
CTRL-

"' 

CTRL-_ 

.-
> .  ·

Page 5_1 

The Sun graphics har�vare consists of a bit mapped memory, coupled 
with a Raster- function uni t capable of performing bit manipulation func
tions on the contents of this memory. The graphical memory is one mega
bit ,  corresponding t o  a graphical region of 1 0 24 by 1 0 24 pictur e  el� 
ment a ( pixel s ) . Each pixel has one bit r esolution,  i. e. , is either ON or 
OFF. The term "frame buffer " as used in Sun docun: · ·nts refers either to 
the graphics board or to i ts bit-mapped memory ; where the meani ng is not 
cl ear from context , a more spe cific term is used . 

Although there are 1 0 24 by 1024 pixels in the frame buffer , only a 
region 800 pixel s high by 1 0 24 pixels wide is di splayed on the video 
screen , as shown in Figure SCREEN . The pixels no t displayed ( 1024 by 
224 ) are still accessible, and may be used as a cache to store bit maps 
w hich ar e not visible but which may be mov ed ( or copied ) into th e visi
bl e region br or..e of the rast er operations described bel ow . 

The pixel s in the frame buffer are addr essed v ia <X, Y> coordina tes 
( column and row ) , with the upper left hand corner of the display 
correspondi ng to <O , O > .  Positive X dis placement is t o  the right ; po si
tiv e Y displ acement is downward. The frame buffer al l ows the access of 
up t o  sixteen horiz ontally adjacent pixel s o n  one read or write cycle 
( one access to the graphical memory) . This yields incr eased bandwidth 
when a contiguous group of pixels i s  operated on by the same function. 

The detail s of frame buffer operation are described bel ow . 

5 . 5 . 2 .  RasterOps 

Figur e RASTEROP illustrates the concept of a raster operation 
"Rast erOp" , as developed by Newman and Sproull [ 1 ] .  A RasterOp sets 

[ 1 ] Newman, William M. and Sproull, Robert F . , Pri nci
ples of Interactive Computer G raphics , Second Edition ,  
McG raw-Hill , 1 97 9 .  

or 
a 
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0 0  l( 

0, 799 J-----"'-----------1 

1 0 2 3 , 1 023 
Size: 1 024 • 1 024 pixels 

Visible: 1 024 • 800 pixels 

Invisible: 1 024 • 211 pixels 
Updat s:  16 pixels/cycle 

Figure SCREEN . The Sun G raphins 

" R asterOP '' Model (Newman & Sproull) :  

DST 4- f ( DST, SRC, PAT) 

Destination 

• • •• 
• • 0 • • • • 
• • • • • • 

RasterOP 
< 

Dst +- Constant 

Dst +- Src 

Source 

•• •• 
• • • • • • • • • • • • • 

Dst +- Dst OR Src AND Pat 

Dst +- Dst AND NOT Src 

Dst +- Dst XOR Src 

Scr een . 

Figur e RASTEROP . The nRasteropn Conce pt . 

Pattern 

• • • • • • • • • • • • • • •  • • • • • • • • • • • • • • • • • . . . . . . . . . .. . . . . . . . .. . . . . . .  . . . . . . . . \ • • • • • • • • 

Page 52 

d e sti nation rectangl e  on the scr een t o  a bit- by-bit bool ean functi on o�· 
three v ariabl es : its original cont ents ( Dst ) , a sour ce rect angl e ( Sr c ) , 
and a repeating bit pattern ( Pa t ) . Ther e are 2 56 possi bl e functions 
mappi ng three boolean operands int o  a bool ean resul t .  The fram e 
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buffer ' s  ei gh t- bi t FU NCTION regi ster sel e ct s  o ne of the se at a time by 
act i ng as a three- bi ts- i n ,  one- bi t- out l ookup tabl e  for corresponding 
bi ts of th e De stina tion , Sour ce , and Pat ter n. For exampl e ,  suppo se we 
w ant to se t Desti na ti on equal to ( Dst OR Src ) , ignoring the val ue of the 
pattern. Consi der the appl i ca tion of th is function t o  a si ngl e pixel . 
The funct i on may be expresse d in tabul ar form as shown i n  figur e 
RASTEREXAMPL E. 

Pat Src Dst resul t 
� - � - - �- � - � - � - - - - - � � � - - - - - � - -

0 0 0 0 
0 0 1 1 
0 1 0 1 
0 1 1 1 resul t  = Src OR Dst 
1 0 0 0 
1 0 , 1 
1 1 0 1 
1 1 1 1 

Figure RASTER EXAMPL E. A Bool ean function. 

The Pat , Src ,  and Dst columns i n  th e tabl e form an i ndex r unni ng 
from zero ( 000 ) th rough sev en ( 1 1 1 ) . The eight bi ts of the resul t 
col umn uniquely s pe ci fy the de sired bool ean function, and these are pre
ci sely th e ei ght bi ts which are to be l oa de d  into the frame buffer ' s 
FUNCTION regi st er . By co nvention , the l east significant bi t of the 
fun ction appears at the top of the tabl e ,  hence this fun� �ion ( Sr c  OR 
Dst ) is repre sent ed by the ei gh t-bi t val ue ( hex) EE.  Exampl e s  of other 
f uncti on encodings are 0 ( cl ear desti na ti on bi ts ) , FF ( se t  desti nati on 
bi t s ) , and CC ( co py sour ce to desti na tion) . 

The Sun graphics sy stem al lows all 256 possibl e  RasterOp functi ons , 
al though only a few are use d in practi ce .  

For exampl e ,  to cl ear the entire screen , the constant function 0 is 
applied t o  the v iewabl e r ectangl e .  To fl ash a certain window , the func
tion N OT Dst is performed on that window . To wri te a charac t er ,  the Sr c 
fun ction is use d ,  whil e NOT Src writes the character i nv erted ( bl ack on 
white ) , ·  D s t  O R  Src ov erwrites ( paint s )  the character , and S r c  O R  Pat 
wri te s  the charact er with a ba ckground pattern. 

During a ppl ication of a RasterOp , the Desti na tion, Sour ce ,  and Pat
tern are hel d i n  the frame buffer ' s  Destna ti on Regi ster , Sour ce Regi s
ter , and Mask Regi ster , respe ctively . 

5 .  5 .3 .  Frame B uffer Addressing 

The frame buffer is a dual ported memory , prov idi ng storage for a 
1 024 by 1 024 pixel bi tmap image . One por t of the frame buffer co nne cts 
( thru the functi on uni t )  to the host pro cessor ; the oth er por t is 
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dedi cated for video- refresh , with pri ority given to the video refresh . 
Tbe processor por t  can acce ss the frame buffer once every microse cond 
for a 1 6 -bi t operati on. 

Tbe frame buffer is addressed in a cartesian coordina te s,ystem ,  in 
which <O , O >  is the upper-left corner of the scr een. From one to 1 6  hor
iz ontal pixel s can be read or written in a si ngl e cy cl e ,  starti ng at the 
current <x , y> po si tion ( regardless of its by te al ignment } , with the da ta 
bi ts within a word bei ng l ef t- justified.  For exampl e ,  a 4-bi t update at  
loc·ation <200 , 300> wil l wri te the most significant four data bi ts ( D 1 5  
through D 1 2 )  into l ocations <200 , 3 00 >  through <203 , 3 00> . 

5 . 5 . 4 . Registers and Function U ni t  

Figure GRAPHBLOCK shows the maj or functi onal components o f  the Sun 
graphics board . There are three data regi ster s ,  de stination, sour ce ,  
and mask , feeding i nto the function uni t .  These regi sters can be l oaded 
from the host processor on a write cy cl e and from the frame buffer 
m�mory on a read cy cl e .  There are three r�gister s  control ling update 
operati c:·� : function, width , and control . There are four se ts of <x , y> 
regi ster s for pixel addressi ng. 

Data Bus 

Y2 

YJ 

Y4 

Unit 

Address 
Log ic 

Frame Buffer 

Video 
Refresh 

Figure G RAPHBLOCK . Sun G raph ics B oard Block Di agram .  

Video 

Sync 
t----;> 
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5 . 5 . 4 . 1 .  Desti nation Regi st er 

The de sti na ti on r egi ster hol ds the data that is bei ng modified w ith 
a read-modifY-wri te cy cl e on update operati ons in the frame buffer . 

5 . 5 . � . 2. Sour ce Regi s ter 

The sour ce regi st er hol ds data to be combi ne d  w ith the desti na ti on 
data and the mask ( pat tern) da ta to compose new data for the frame 
buf fer . The sour ce r egi ster can be l oaded from the frame buffer or from 
the proce ssor .  The d a ta in th e sour ce regi ster i s  bi t-wise al igne d w ith 
th e  bi t- address of the de sti na ti on i n  the frame buffer . 

5 . 5 . 4 . 3 .  Mask Register 

Simil arly t o  th e sour ce regi ster , th e mask r egi ster hol ds data to 
be combi ne d w i th the de sti na ti on regi s ter and the sour ce r egi ster to 

compose new da ta for the frame buffer . Agai n ,  the mask regi ster can be 
l oa ded either from the fram e  buffer or from the Multibus . The differ
ence between the mask regi st er and the sour ce regi st er i s  that the ma sk 
r e gi ster val ue is no t bi t- al igne d w ith the <x> posi ti on of th e desti na
ti on i n  the frame buffer . Instead , the mask r egi ster i s  aligned t o  
locations x such tha t  ( x  mod 1 6  = 0 ) , and i s  tr eated a s  a repeati ng pat
tern. The mask regi ster i s  i ntended for backgr ound col or i ng and 
sti p pl e- pa ttern generati o n  w here bit-alignment i s  undesi rabl e .  

5 . 5. � . 4 . Function Register 

The f unction r egi ster spe ci fies h ow the funct i on unit combi ne s de s
ti na ti on , sour ce , and mask da ta when data is w ri tten i nto the frame 
buffer memory. The eigh t- bi t co nt ent s of the function regi st er sel ect s 
one of the 256 possibl e RasterOps f or three bool ean o pe r ands . See se c
tion "RasterOps" a bove f or de tail s . 

5. 5 . � . 5 .  Width Regi s t er 

The actual width of an upda te o perati o n  i s  se t v ia the w idth regis
ter from one to sixt e en pixel s .  

5. 5. 4 . 6 .  Control Regi st er 

The control regi ster control s video enabl e ,  i nt errupt enable ,  
interrupt level ,  and gr aphics board L ED a s fol l ow s , wher e bi ts are num
bered from D 1 5  ( most si gnificant ) t o  DO ( l east significant ) :  

D1 5 • •  D 1 3  
D1 2 • • D1 1  
D1 0 
D9 
D8 

Interrupt Level 
Reserv ed 
LED Enable 
Video Enable 
Interrupt Enabl e 

The Video Enable bi t tur ns o n  v ide o to the moni tor ; the screen appe ar s  
bl ank w h e n  t h i s  bi t i s  off .  The Interrupt Enable b i t  e na bl es i nterrupt s 
on the l ev el sel ect ed . When enabl e d ,  an i nterrupt i s  ge nerated at the 
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begtnning of every verti cal retrace , al lowing sy nchroniz ati on of display 
updates with di spl ay refresh . The Interrupt fl ag stay s  pending until 
rese t in software by accessing the Interrupt Acknowledge l oca tion ( see 
"G raphics Board Address Decoding" bel ow for de tail s ) . The LED Enable 
bi t turns the graphics board LED off when set ;  the LED l ights when this 
bi t is z ero . 

The control regi ster i s  cl eared { se t  to z eros) on INIT to guarantee 
a bl ank screen , LED on,  and disa bled i nterrupts when the graphics board 
i s  powered up.  

5 . 5 . 4 . 7 .  X-Y R egisters 

The host pro cessor accesses graphical obj e cts  in the frame buffer 
v ia ( x-y) regi ster pairs . Four sets of ( x-y) registers are provided 
that can be sel ected dynamically via the addr es s  bus .  Only one ( x) or 
( y) regi ster is updated at one time ; the others do not change . 

5 . 5 . 5 .  _Graphics Board Mul ti bus Interface 

The Sun graphics board use s both the data and the address l ines of 
the Mul ti bus to  maximiz e the informati on that can be sent to the graph
ics board in one bus cy cl e.  In a singl e  cy cl e,  the Sun processor can 
transfer a new 1 6 -bi t data i tem via the data bus and a new ( x) or ( y) 
address via the address bus .  At the same time , the processor can sel ect 
whi ch of the four se ts of ( x , y) regi sters to use , whether to l oad a 
regi ster from the data bus or from the frame buffer , whether to l oad the 
sour ce or the mask register , and whether to exe cute a frame buffer 
update or not .  Refer to the next se ction, "G raph ics Board A ddress 
Decodi ng" , for de tail s on how thi s  information i s  enco ded on the Mul ti
bus.  

On a write cy cl e ,  five things happen sequenti ally . 

( 1 )  One of the four sets of ( x , y) •cursor " rer� sters i s  sel ect�d. 

( 2) An x or y coordi na te encoded in  th e address i s  l oaded into the ( x )  
o r  ( y) register o f  the sel ected pair .  

( 3 ) Data from the Mul ti bus i s  wri t ten i nto the sel e c t e d  r egi ster on the 
graphics board ( sour ce , mask , funct ion , width , or co ntrol ) ,  or the 
da ta i s  ignored if no regi ster i s  selected . 

( 4 ) The contents of the addressed ( x , y )  frame buffer l oca ti on are read 
into the destina tion regi ster . 

( 5 ) If and only if an update i s  requested , the da ta st or ed in  the de s
ti nation, sour ce , and mask regist ers are combi ne d a ccording to the 
presel ected function and new da ta is writ ten ba ck into the 
addresse d frame buffer loca tion. 

On a read cycl e ,  four things happe n .  The first two are the sam e  as 
for the case of a write cy cl e .  

-· 
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( 1 ) One of the four sets of ( x, y) " cur sor " regi sters is sel ected . 

( 2 ) An x or y coor di nate encoded i n  the address i s  loaded into the ( x )  
o r  ( y) register of the sel ected pair. 

( 3 ) Data i s  read from the addressed ( x , y) loca tion in the frame buffer 
into the selected r egi ster on the graphics board . 

( 4 ) The data then st ored i n  the source register is returne d t o  the 
Mul tibu s , correctly bi t-al igned with the bus data l ines . 

The frame buffer i s  nev er upda ted on a read cy cl e and the update bi t is 
ignored for read cy cl es.  

A one- d e e p  FIFO de coupl es the gr aph ics board from th e Sun pr o ce s
sor . Pro ce ssor reque sts are l atched on the graph i cs boar d and are sub
seq uently exe cuted i ndepe ndently and in paral l el with the processor . 
Thi s  make s the frame buffer a zero-access-time device as long as the 
r equest rate doe s not exceed one reque st per microse co nd . Since nor
mal ly streams of data are bei ng transferred , the pi pel ining maximiz es 
throughput. 

On write cy cl es ,  the FIFO operation i s  invisibl e to the programmer . 
On read cy cl es ,  however , because of the pi pel ini ng ,  the da ta read back 
corresponds to the previous read request . Thus , to read a stream of 
data, one addi tional word needs to be read before val id data i s  
obtained. 

5 . 5 . 6 .  Graphics Board Address Decodi ng 

The graphics board de codes 20 bi ts  on the Mul ti bus memory addr ess 
l i ne s ,  in the fiel ds shown in Figur e G XADDR ES S .  By encodi ng the se 
operati on bi t s  i n  the address , repe ti tive operations l ike general iz ed 
RasterOps can be done v ery qui ckly . There i s  a pa tent pending on this 
design ,  which was meant to be used efficiently with MC6 80 00 auto
incrementing addressing modes.  

Up to eight graphics boards may share a singl e Mul tibus backpl ane , 
with the high 3 addr ess bi ts ( 1 9  through 1 7 )  selecting the board . Each 
board occupi e s  1 28K by tes of l-iul tibus address space . By accident this  
al so happens to be  how much physi cal memory there i s  on each graphics 

· board. 

The Upda te bit ( bi t  1 6 )  is  on if the frame buffer is to be modi
fied.  Usual ly several operati ons are performed with this  bi t off , to 
se t up the control regi sters and one of the coor di na tes . Then this bi t 
i s  set to a ctually perform the desired modifica tion of the frame buffer . 

Bits 1 4  and 1 5  select the operati on. If they are se t to 0 , then 
the data on the data bus i s  not used ( al though an X or Y address must be 
l oaded in this cy cl e ,  as in al l cy cl es) .  If they are se t to 1 ,  then one 
of the four auxi l iary regi sters ( Function , Width , Control , or Interrupt 
Cl ear ) wil l be wri tten with the data . If they are se t to 2 ,  the data 

bus is loaded i nto the "sour ce " regi ster . Thi s is  the normal case for 
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l O l o 7  

Add rtll Frame Buffe r Add ren 0 
Pai r  or  reglater n u m be r 

0 · No Ope ration 

1 • Load At�x. Reglatef"' 

2 · Load Source Re�later 

3 .  Load Pattern Register (Ma.sk) 

2 · 1 L 0 • FuncUon 
1 ·  Width 
2 · Cont rol 
3 · Int e rrupt 

c lear  

Figure GXADDRESS. Sun G raphics Board Addr ess De co ding. 

Page 5 8  

copy operations. If they are se t t o  3 ,  the mask regi st er wil l  be l oa ded 
from the data bus . If the Update bit is al so se t in any of these ca se s ,  
then the RasterOp will be performed and the frame buffer modified af ter 
the spe cified regi ster is  l oade d ,  all in the same bus cy cl e . 

When an Operati on code of 1 is spe cified ( auxil iary regi sters ) ,  the
auxiliary regi ster number is given in bi ts 1 and 2 .  A value of 0 loads 
the functi on register from the l ow-or der eight bi ts of the data bus . 
The interpretati on of the function register i s  expl ained above in se c
tion "RasterOps " .  A register number of 1 spe cifies the width register t 
which determines the width of the RasterOps. It i s  l oaded from the low 
order 4 bi ts of the data bus :- with 0 meaning lfl , so i ts "' al id range is 
from 1 through 1 6 . If it  is l ess than 1 6 , the high- order bi ts of the 
data in the source and pattern registers wil l  be significant on Raster
Cps. An auxili�y register number of 2 loads the control register bi ts 
from the data bus . See se cti on "Regi ste.c s  and Function Unit " above for 
de tail s .  Fi nal ly , regi ster number 3 spe ci fies Interrupt Clear. It must 
be accesse d once af ter ev ery video refresh interrupt to cl ear i t ,  when 
the interrupt is enabled . 

There are four pai rs of ten-bit addr ess registers ( sometimes cal led 
"cursor s" ) , sel ected by bi ts 1 2 and 1 3 .  Bit 1 1  sel ect s ei ther X or Y of 
the pair ,  and bi ts 1 through 1 0  of the address are l oade d into the 
sel ect ed address regi ster . Note th at ev ery read or write reference to 
the graphics board has to l oad one of these address regi ster s ,  whil e i t  
migh t  or might not { depending on the Upda te and Operati on code bi ts)  
modify the frame buffer . 

The low order bi t { bit 0 )  of the address must alway s be zero . 
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Appendix A contains a simpl e exampl e ( wri tten in the programming 
l anguage C )  which di splay s  an 8 by 8 "cur sor " at a given screen posi
tion. The exampl e al so il lustrates the use of some mnemoni c defini tions 
for the frame buffer commands . C l anguage defini ti ons for these names 
appear in Appendix B .  

5 . 6 .  Terminal Emul ati on 

The moni tor pr ovide s r outines which ena bl e  the Sun Workstati on to 
emul ate a standard ANSI terminal and a Tektronix 40 1 4  terminal . The 
w orkstation util iz ed i n  this fashion is referred to i n  this section as 
the "Sun terminal " .  The Sun terminal i s  use d by the moni tor as a "Con
sol e "  output dev ice and i s  accessibl e to use r programs through the ROM 
V ector Tabl e routi nes fini t ( ) , fwrite char( ) ,  and fwrstr ( )  ( se e  "ROM Vec
tor Tabl e "  a bov e ) . 

The Sun termi nal di splay s  34 lines of 8 0  ASCII charact ers per line , 
with scrol l ing, ( x , y) cursor addr essability ,  and a number of other ANSI 
standard* control functi o ns .  In addi ti on it provides all of the stan
dard and many of the enhanced vector capabil ities of th e 4 0 1 4 * * · 

5 . 6 . 1 . ANSI Terminal Emul ati on 

The Sun t ermi nal di splay s  a non-blinking block cur sor which marks 
the current l ine and character posi ti on on the screen. ASCII characters 
betw een Ox20 and Ox7 f inclusive are printing characters ,  which means 
that they hav e graphic r endi tions in the form of bi t maps ( see "Font 
Tabl e " ,  bel ow) . When a printi ng charact er is wri tten to the Sun termi
nal and i s  not par t  of an escape sequence described below ,  it is 
di spl ay ed a t  the cur rent cur sor po si tion and the cur sor moves one posi
tion to the right on the current l ine . If the cur sor is al ready at the 
right edge of the scr een, it moves to the first character posi tion on 
the next l ine . If the cur sor is al ready at the right edge of the screen 
on the bottom l ine , the Line- feed functi on is performed ( see CTRI.- J 
bel ow ) , which cause s the screen to scrol l up by one or mor e l ine s ,  
before moving the cursor t o  the first character posi tion o n  the next 
l ine. 

5 . 6 . 1 . 1 . ANSI Control Sequence Syntax 

The Sun terminal def ine s a number of co ntrol sequences which may 
occur in i t s  input . When such a sequence is wri tten to the Sun termi
nal , it will not be displ ayed on the screen ,  but w il l  effect some con
trol functi on as des cribed bel ow ,  for example ,  move the cur sor or se t a 
di splay mode . 

* ANSI Standard X3 . 6 � , "Additional Control s for Use 
with ASCII " ,  Secretariat : CBEMA ,  1 82 8  L St . , N . W. , 
Washington, D. C .  20036 . 
•• �0 1 4  and 401� -1 Computer Di splay Terminal User ' s 
Manual , Tektronix, Inc. , P . O.  Box 50 0 ,  Beaverton, Ore
gon 97077 . 
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Some of the control seq uences consi st of a single character . The 
al ternate notations 

CTRL-X or 

for some charact er X ,  represent a control character whi ch is ty ped on 
the keyboard by holding down the CTRL key and hit ting X .  On the Sun 
keyboard ,  the shif t key has no effect on control charact ers ; for exam
pl e ,  CTRL- - is equivalent to CTRL- A .  See the end o f  the se ction ti tl ed 
"The Sun Key board" above . 

Other ANSI control sequences are of the form 

ESC [ <params> <char> 

Space s are included only for readability ; these charact ers must o ccur in 
the given sequence without the intervening spa ces. ESC represents the 
AS CII Escape charact er ( ESC , CTRL- [ ,  Ox 1 b) . The next character is a 
l eft square bracket " [ "  ( Ox 5b ) . The <params> are a sequence of zero or 
more decimal number s  made up of digi ts be tween 0 and 9 ,  separated by 
semicol ons. <Char> represents a function chara c t er , which is different 
for each control sequence . Some examples of �;ntacti cally legal escape 
sequences are ( agai n, ESC represent the singl e character Escape) : 

ESC [ m 
ESC [ 7m 
ESC [ 33 ; 5 4 A  
ESC [ 1 23 ; 456 ; 0 ; ; 3 ; B 

Syntacti cal ly legal ANSI esca pe seq ue nce s which are not currently inter
preted by the Sun terminal will be ignored . 

Each control function requires a spe cified number of parameters , as 
noted bel ow .  If fewer parameters are supplied, then the remai ning 
parameters are defaulted to 1 , except as noted in the descri ptions 
bel ow .  If more than the required number of parameters i s  supplied, then 
only the last n w il l be use d ,  where n i s  the number required by that 
parti cular command character . Al so ,  parameters which are omitted or se t 
to zero are rese t to the defaul t val ue o !' 1 ( except as noted below ) . 
Consider, for exam pl e ,  the command charac ter r w hich req ui res one param
eter . ES C [ ; r  and ESC [ O r and ESC [r  and E S C [ 23 ; 1 5 ; 3 2 ; 1 r  are al l 
eq uivalent to ESC [ 1 r  and provide a parameter value of 1 . Note that 
ESC [ ; 5r ( interpr e t ed as "ESC [ 5r") is NOT equival e nt t o  ESC [ 5 ; r ( inter
preted as "ESC [ 1 r" ) . In the syntax descri ptions below, parameters are 
r epre sented a s "# " or " # 1 ; 12 " . 

5 . 6 . 1 . 2. ANSI Control Functions 

The following paragr aph s spe cify the ANSI control funct i ons impl e
mented by the Sun t erminal . Each de scr i ption gives : 

the control sequence syntax 
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the hex equival ent of co ntrol ch aracters where appl ica ble 

the AN SI s tandard co ntrol functi on name and two- or three- letter 
abbrev iation where appl i ca bl e  

descri pti on of parameters r eq ui red , if any 

description of the control function 

for functi ons which set a mode , th e ini ti al se t ti ng of th e mode . 
The ini ti al se tti ngs are restor ed on k 1  or k2 rese t , or by cal ling 
fini t ( ) ( see "R OM Vector Tabl e " ) . 

CTRL-G ( Ox7 ) 
Bell 

The Sun- 1 Works tati on i s  not eq ui ppe d with an audibl e bel l .  It 
"ri ngs the bel l •  by fl ashing the entire scr een. 

CTRL-H ( Ox8) 
· BACKSPACE 

The cur sor mov es one posi tion to the l ef t  on the current l ine .  
If i t  i s  al ready at the l ef t  edge of the scr een , nothing hap
pens . 

CTRL-1 ( Ox9) 
TAB 

The cur sor mov es righ t  on the cur rent l ine to the next tab stop . 
The tab stops are fixed at ev ery mul ti pl e  of 8 columns. If the 
cur sor i s  al ready at the right edge of th e screen , nothing h ap
pe ns ; o th erwise the cursor mov es right a minimum of one and a 
maximum of eight character posi tions . 

CTRL-J ( OxA ) 
Line-feed 

The cur sor moves down one l ine ,  remaining at the same character 
posi tion on the line .  

I f  the cur sor is already a t  the bottom l ine , the entire scr een 
( includi ng the cursor ) is f irst scrol led up by � lines , where � 
i s  an internal ly saved v al ue , ini tially 1 ,  which can be changed 
by the ESC[ r  control sequence ( se e  below ) . The top � l ine s 
scroll off the screen and are l ost . � new bl ank lines scrol l 
ont o the bo ttom of the screen . After scrolling ,  the cur sor 
mov e s  down one line .  

CTRL-L ( OxC ) 
Form-feed 

The cursor i s  posti one d to the Home po si tion { uppe r- lef t cor ner ) 
and the e nt i r e  scr een i s  blanke d .  
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CTRL-M ( OxD ) 
RETU RN 

The cursor moves to the leftmost character · posi tion on the 
current 1 ine .  

CTRL- [ ( Ox1B)  
ESC 

ESC[ # @  

This i s  the Esca pe character . It.  initi ates a control seq uence 
if followed immediately by a l eft bracke t " [ " . Otherwise it is 
ignored. 

INSERT CHARACTER ( ICH) 

ESC [ IA 

Takes one parameter , I ( defaul t 1 ) .  Makes room for I charact ers 
a t  the current cursor po si tion by sh ifting to the right by # 
character posi tions the tail of the cur rent l ine starting at the 
current cursor posi tion inclusive.  The # vaca ted posi tions a t  
the cur sor are fil led with blanks ; the rightmost I character po
sitions shift off the l ine and are l ost . The posi tion of th e 
cursor is unchanged.  

CURSOR UP ( CUU) 

ESC[#B 

Takes one parameter , I ( defaul t 1 ) . Moves the cur sor up I 
l ines.  If the cursor is fewer than I l ines from the top of the 
screen , moves the cur sor to the topmost l ine on the screen.  The 
character po si tion of the cursor on the l i ne is  unchanged .  

CURSOR DOWN (CUD ) 

ESC [ IC 

Takes one parameter , I ( defaul t 1 ) .  Mov es the cur sor down D 
line s .  if the cur sor is fewer than IJ. l i ne s  f1•om the bottom of 
the screen, moves the cur sor to the last line on the screen . 
The character posi tion of the cursor on the line i s  unchanged .  

CU RSOR FOWARD ( CU F )  

ESC[ liD 

Takes one parameter , I ( defaul t  1 ) .  Mov es the cur sor to the 
right by I character posi ti ons on the current line .  If the cur
sor is fewer than I posi tions from the right edge of the scr een , 
moves the cur sor to the rightmost posi tion  on the current l ine . 

CURSOR B ACKWARD ( CUB ) 
Takes one parameter , I ( defaul t 1 ) .  Mov es the cur sor to the 
l eft by I ch aracter po si ti ons on the current line .  If the cur
sor is fewer than I po si ti ons from the l ef t  edge of the screen , 
moves the cur sor to the l eftmost po si ti on on the current l ine .  
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ESC[ IE 
CURSOR NEXT LINE ( CNL )  

Takes o ne pa rame ter , I ( defaul t 1 ) . Posi ti ons the cur sor a t  the 
l ef tmost ch ar acter po si tion on the D - th l ine below the current 
l i ne . If the current l ine i s  l es s  than D l ine s from the bo t t om 
of the screen ,  po sti ons the cursor at the l eftmost charac t er po
si ti on on the bo ttom l ine .  

ESC[ # 1 ; #2t 
HORIZONTAL AND VERTICAL POSITION ( HV P )  
or 
ESC[# 1 ; #2H 
CURSOR POSITION ( CU P )  

ESC[J 

These two e s ca pe sequence s a r e  equival ent . Take s two parame
ter s , 1 1  and �2 ( defaul t 1 ,  1 ) .  Mov es the cur sor to th e g2- th 
ch ar ac t er po si ti on on the 1 1 - th l ine . Charact er po si tions are 
numbered from 1 at the l eft e dge of the screen ; l ine posi ti ons 
are numbered from 1 at the top of the screen . Hence , if bo th 
parame ters are omi t ted , the defaul t act i on moves the cur sor to 
the �ome posi t i on ( upper l eft co� ner ) . 

ERASE IN DISPL AY ( ED)  

ESC[IC: 

Take s no parame ters. Erase s from the current cursor po si ti on 
i ncl usiv e to the end of the scr een .  I n  other words , erase s from 
the cur rent cur sor po si tion incl usiv e to the end o� the current 
l i ne and all lines bel ow the current l ine . The cur sor po si ti on 
i s  unchanged .  

ERASE IN LINE ( EL )  

ESC[#L 

Take � no param�ters . Erase s from the 
inclusiv e to the end of the cur rent 
is unchanged .  

current cur sor po si tion 
l ine .  The cur sor po si ti on 

INSERT L INE ( IL )  
Takes one parameter ,  I ( defaul t 1 ) . Makes room for I new l ines 
starti ng a t  the current l ine by scrol ling down by I l ine s the 
por ti on of the screen from the cur rent l i ne inclusiv e to the 
bo t t om. The I new line s  a t  the cursor are f il led w ith bl anks ; 
the bo t t om I l ines shif t off the bot tom of the screen and are 
l ost . The posi ti on of the cursor on the scr een i s  unchanged . 

V 1 . 0  draft of July 27 , 1 9 82 ( c ) 1 982 Sun Mi cro sy s t em s ,  Inc . 



SU N- 1  SYSTEM REFEREN CE MANUAL Page 6 4  

ESC [ #M 
DEL ETE L IN E  ( DL )  

ESC[ #P 

Takes one parameter , I ( defaul t 1 ) .  Del etes II l ine� beginni ng 
with the current line .  The por ti on of th e screen from the 
current l ine incl usive to the bo ttom is scrol l ed upward by 1 
l ines . The I new lines scrol ling onto the bottom of the screen 
are fil l ed with blanks ; the I ol d l ines begi nning a t  the cursor 
line are del eted . The po si ti on of the cursor on the screen i s  
unchange d .  

DEL ETE CHARACTER ( DCH ) 

ESC [ #m 

Takes one parameter ,  I ( defaul t 1 ) .  Del etes I characters start
ing with the current cursor posi ti on. Shifts to the l ef t  by I 
character po si tions the tail of the current l ine from the 
current cursor posi tion inclusiv e to the end of the line .  
Blanks are shifted into the rightmost II charact er posi ti ons . 
The posi tion of the cursor on the scr een i s  unchanged . 

SEL ECT G RAPH IC R EN DITION ( SG R )  

ESC [ p  

Takes one parameter , I ( defaul t 0 ) . Note that,  unlike most es
cape sequence s ,  the parameter defaul ts to  z ero if omi tted . In
vokes the graphic rendi tion spe cified by the parameter . All 
fol lowing printing characters in the data str eam are render ed 
a ccording to the parameter until the next o ccurrence of thi s  e s
cape seq uence in the data str eam .  Currently only two graph i c  
rendi ti ons are defined : 

0 Normal rendi ti on. 
7 Nega tiv e  ( rev erse ) image . 

Negativ e image w il l  di splay characters as  white-on-bl ack if the 
scr een mode is currently bl ack-on white , and vice-ver sa .  Any 
non-zero value of U i s currently equival ent to 7 and will sel ect 
the negativ e image rendi tion. 

Set screen mode to black-on-white . 
Takes no parame ter s .  Sets the screen mode to bl ack-on-white . 
If the screen mode is al ready black-on-whit e ,  has no effect . In 
this mode blanks di splay as sol id white , other ch aract ers as 
bl ack-on-whit e .  The cur sor is a sol id bl ack bl ock . Charact ers 
di spl ayed in  nega tiv e image rendi tion ( see "Sel ect G raph i c  R e n
di tion" abov e ) wil l be white-on- · . i, ack in this mode . This i s the 
ini tial se tting of the screen mode on rese t .  
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ESC[ q  
Set screen mode t o  whi te- on- black. 

ESC[#r 

Take s no parameters . Sets the scr een mode to white-on- black. 
If the screen mode i s  al ready white- on-black, has no effect . In 
this mode blanks displ ay as sol id black, other characters as 
w hi t e- on-black. The cur sor i s  a solid white block. Characters 
displayed in nega tive image rendi tion ( see "Sel e ct Graph ic Ren
di ti on " abov e )  wil l be black-on-white in this mode . The ini tial 
se tti ng of th e screen mode on rese t is  the al ternativ e  mode , 
bl a ck on white.  

Set  number of scrol l line s .  
Take s one pa rameter , I ( defaul t 1 ) .  Sets to D an i nternal regi s
ter whi ch de termines how many line s  the scr een will scrol l  up 
when a l ine- feed funct i on is performed w ith the cur sor on the 
bot tom line . See the de s cription of the Line- feed ( CTRL-J) con
trol functi on above for detail s.  

5 . 6 . 2 .  Vect or-Drawinc Control Functions 

The Sun moni t or ' s t erminal emul ator include s vector-drawing capa
bil ities which are a subset of those implemented by the Tektronix 40 1 4  
terminal . The fol low ing mode s are provided : 

Al ph a mode . 

Graph � · 

Point mode . 

Increm�-� 
motions . 

AS CII 

ASCII 

ASCII 

mode . 

character s are printed normal ly . 

character s cause vector s  to be drawn. 

character s  cause poi nt s  to be pl o tted . 

AS CII characters cause incremental 

5 . 6 . 2 . 1 . Graph �nd Poi nt Mod� Address Forma � 

"pen" 

In these modes a series of addresse s  are given . Each address 
cause s the beam to move in a straigh t  line from i ts current address to 
the given addr ess . The first address of the series after ent ering graph 
mode is a dark v e ct or ( no vector is wri tten) , but all subseque nt 
addresses cause vectors to be written. This i s  the only control there 
i s  over wri ti ng ( "pen-up" v ersus "pe n-down" ) .  If the first address i s  
prece ded by A G  then the first vector is  written rather than dark . In 
point mode , al l  vectors are dark, but the point at the given address is 
illuminated . 

Addresse s are transmitted ei ther as ful l addresses or abbreviations 
thereof . A ful l address consi sts of two 1 0-bi t coor dina tes Y , X 
tr ansmit ted i n  that order . Each coor di na te is transmi tted using two 
conse cutive characters, with the high order 5 bi ts of the coor di na te 
being e xtracted from the l ow  order 5 bi ts of the first char� cter and the 
the low order 5 bi ts of the coordina te bei ng extracted from the low 
order 5 bits of the seco nd character . 
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The high order 2 bi ts of  each of the four characters transmitted 
for a ful l address must be respe ctively 0 1 , 1 1 , 0 1 , 1 0 .  These denote 
respe ctiv ely HI Y,  LO Y, HI X, LO X. Wheth er 0 1  denotes HI Y or HI X i s  
determined by whether L O  X or LO Y respectively was transmitted most 
recently . On entering graph mode HI Y is assumed ( as though LO X were 
transmitted most recently) . 

An address may be abbreviated merely by omit ti ng characters ,  sub

j ect to the following two rules.  LO X may nev er be omitted since i t  i s  
the character that actually causes the vector t o  be dr aw n .  HI X may 
o ccur or�y if immediately preceded by LO Y , since LO Y i s  used to enabl e  
the interpretati on of 0 1  a s  H I  X rather than as H I  Y. 

There is  an extended address protocol to support two more low-order 
bits  of precision. These bits are currently ignored by the Sun emul ator 
since the Sun frame buffer does not have 40 96x40 96 resolution. 

Two control charact ers are interpretPd specially in these mode s .  
CTRL-G ( Bell) immediately following entry into graph mode cause s the 
first vector to be drawn ( pen down) . NUL { 0 ) is ignored in graph and 
poi nt modes .  All other control characters cause Alpha mode to be 
entered ,  { which is the norma� mode in which tho ANSI co�trol fun cti ons 
are al so avail able)  and the character is i nterpreted in Al pha mode . 

5 . 6 . 2 . 2 .  Incr emental plot ti ng mode 

This mode is  entered w i th A A  { control-care t , Ox 1 E ) . Each subse
que nt character causes action according to the following tabl e :  

s pa ce rai se s pe n 

p l ow er s  pen 

A move right 

E move right a n d  up 

D move up 

F mov e l ef t  and u p  

B mov e l ef t  

J mov e l ef t  and down 

H mov e down 

I mov e right and down 

All other ch aracters cause exi t from incremental pl otti ng mode and are 
i ntrpreted a s  Al ph a  mode character s . 
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Note that each move occur s in increment s of 1 in the 40 1 4  
"extended"  1 2-bi t coordinate � stem .  Since the Sun only use s 1 0-bi t 
coordinate s ,  no moti on wil l  be v i sible  until at least four incr ements 
hav e  occurred in the X or Y di rection. In other words , the increments 
o ccur within 4x4 squares which are mappe d  to si ngl e pixel s on the Sun 
frame buffer . 

5 . 6 . 2 . 3 .  Control Seq uences 

The fol lowing tabl e  summariz es the control sequences which are 
r el evant to vect or drawing : 

CTRL- ] { Ox 1 D )  Ent er graph mode , first vector dark, follwing v e c
tors written . 

CTRL- ]  CTRL-G ( Ox 1 D07 ) Enter gr aph mode , al l  fol l ow i ng v e ct or s  w ri t ten . 

CTRL-\ ( Ox 1 C )  Enter poi nt mode 

CTRL-A ( Ox 1 E )  Enter incremental pl otti ng mode 

5 . 6 . 3 .  Sun Terminal Font Tabl e 

The font table ,  which is accessibl e to user program via the ROM 
vector tabl e ,  contains a bi t map for each pri ntabl e character . The font 
tabl e i s  organized as  an array of 96 el ements ; each el ement is an array 
of CHRSHOli 'fS shortwords { CHRSHORTS is a constant currently defined as  
20 ) . Only the high-order CHRWIDTH bi ts of each ( 1 6-bi t )  sh( � twor d  are 
used  ( CHRWIDTH is a constant currently defined as 1 2 ) . An ASCII charac
ter c ( 32 <= c < 1 28 )  is di splayed in a rectangul ar region 1 2  pixel s 
wide by 22 pixel s high , as fol lows : 

( 1 )  32 is subtracted rrom c.  

( 2) The resul t  is used as  an index intc FontTable ,  yieldi ng an array of 
20 shortwords .  

( 3 ) The topmost row of 1 2  pixel s i s  displayed a s  white space . 

( 4) The next row of pixel s from the top i s  displayed from the high
order 1 2  bi ts of the first shortword i n  the font tabl e entry . The 
most significant bit appe ars l ef tmost on the screen. 

( 5 ) The next 1 9 rows of pixel s are produced respe ctively from the next 
1 9. shortwords in the font table entry . 

( 6 ) The bottom row of pixels i s  displ ayed as  white spa ce . 
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6 • DIAG NOSTICS 

Sev eral level s  of diagno sti cs exist for the Sun W orkstation . These 
different se ts of test s are used for the v aried tasks of burning-in new 
sy stems at the factory ,  verify ing sy stem integri ty at power-on in the 
fiel d ,  and trouble-shooti ng machines which appe ar to be mal functi oning . 

6 . 1 . Factory Test Procedur es 

All SUN system s  are subj ected to sev eral . day s of compreh ensive 
testing and burn-in before they are shipped . These tests include t est
ing at the component , board, and systems l evel s .  

A t  the component l ev el , "burned-in" chips a r e  bought whenever po s
sibl e ;  6 4k RAMs are sent to an i ndependent t esti ng h ouse for 7 2-hour 
bur n-in at 1 25 degrees c .  and el ectri cal parameter testing .  

A t  the next l ev el o f  testi ng ,  boards g o  through a visual inspe ction 
and ini tial test . All boards must work betw een 20 to 70 degrees Cel si us 
and 4 . 5 to 5 . 5 vol ts before they pass "Ini tial Test " .  

After I'£, boards are put int o  a bur n-in rack where they are sub
j ected to power-cycling and high temperatures for a minimum of three 
days .  The burned-in boards are then retested at the vol tage margi ns . 

In sy stems test , the machin�s go through a co nti nuous pow er 
cycling. As the power comes o n ,  each sy stem verifies its internal 

operati on and automati cal ly boots a test program ov er the Ether ne t .  
Each test program should then compl e te , and e ach mach ine then sends a 
v.erifica tion of this f act to the main fil e  serv er which records this 
fact . Each machine then sel ect s  at random a gr aph i cs demo program whi ch 
it boots and runs until the next power cy cl e .  System testi ng l asts a 
minimum of two day s and conti nue s  until a mach ine is shippe d . 

6 . 2 .  Power- On Diagnosti cs 

Every time a sy st em is powered u p ,  or on a moni tor k2 rese t , a 1 0-
se cond set of ROM-based diagnosti c tests i s  aut omati cal ly performed . 

These di agnosti cs v erify the memory management hardw are , th e timer s and 
UARTs , on- board a nd Mul ti bu s  memor \> and the pa ri ty error de tecti on ci r
cui try . In th e ca se of a f ail ur e ,  the ROM moni tor w il l  fai l to boo t .  

The "Sun Workstati on Moni tor " message wil l  fail to appe ar o n  the scr een 
and o ne of the L EDs on the proce s sor card wil l bl ink at one se cond 
i nterv al s to flag a hardware problem . 

Shoul d this happe n ,  cal l your Sun Mi crosy st em s serv i ce organiz ati on 
f or assi stance . You al so hav e  the opti on of invoking a mor e compr ehen

siv e se t of ROM- based diagnosti cs sh ippe d w i th th e mach ine .  

6 . 3 .  Di agnosti c PROMS 

( NOTE : Do not attempt to repair the machine w i th out auth or iz ati o n  from 

y our fiel d serv i ce organiz ati on . ) 
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To r un the PROM- ba se d diagnosti cs , replace the 8kx8 PR OMs at pro
cessor board l ocati ons 0 1 0 1  and U 1 0 3  wi th the di agnosti c PR OMs l abel l ed 
"DIAG 0 / 0 "  a nd "DIAG 0 / 8 "  r espe ctiv ely . See "Instal l ati on of Di agnosti c 
PR OMs " bel ow for de tail ed in .�1tructions . Conne ct an ASCII t erminal se t 
at 9 6 0 0  baud t o  UAR T  port A. 

Af ter the diagn osti c PROMs hav e  be en i nst al l ed ,  si mply pow ering the 
machine on wil l run the di agnost i cs .  An error- free r un shoul d displ ay 
the fol l owing i nformati on : 

U ART & TIMER OK 
NO B AD INTERRU PTS 
TO 
T1 T2 T3 T4 T5 T6 T7 T8 T9 
� 1 � 2�3� 4� 5� 6 T� � 8 �9 
TESTING A : OOOOOO  TO A : 040000  
T4 1 T4 2 T4 3 T4 4 T4 5 T4 6 T47 T4 8T4 9T50 T5 1 

T6 1 
TESTING A : 1 0 0000 TO A : 1 20000 
T8 1 T82 T83 T8 4 T8 5 T86 T87 T88 T8 9 T90 T9 1 
TEST DONEx 

The diagnosti cs wil l  now cy cl e and run again. 

Ini tially , the diagnosti cs test out the timer and UART circui try . 
If ther e i s  an error at this poi nt , the diagnosti cs w il l  hal t .  If you 
cannot ge t any diagnosti c output through the UART , conta ct your Sun 
�li cr osy stems serv ice organiz ation for assi stance . 

Next , boot state i s  exi te d .  In boo t state , al l  interrupts are di s
abl ed , so whil e l eav ing boot state , it i s  possi bl e that ano ther board i n  
the sy stem i s  errone ously ge nerati ng a n  interrupt when i t  shoul d not be . 
If you fail to ge t the N O  B AD IN TERRU PTS message , remov e the boards i n  
the sy stem ( o ther than the pro ce ssor board ) one by one and re-run the 
di agnosti cs until the bad board has be en i de ntified . 

The di agnosti cs next test out the context register s , the segment 
maps , the page maps , on-board memory ,  and Mul ti bus memory . The diagnos
ti cs pri nt out the test numbers as the tests are invoked , and any faul ty 
ch i ps are listed. Test s 1 to 9 di agnose the segment map s ,  tests 2 1  to 
29 di agnose the page maps , tests 41 to 51 diagnose on- board memory , test 
6 1 ch ecks the 6 4K RAMs stor ing parity da ta , and t ests 8 1  to 9 1  check 
Mul ti bus memory . Mul ti bus memory tests are not run if ther e is no 
Mul ti bus memory in y our sy stem . 

Pl ease repor t al l fail ur es during the exe cution of these diagnos
ti cs to Sun �li crosy stem s .  In the ca se of a 6 4K RAM fail ur e ,  a spe cial 
diagnostic h as been dev el oped to i solate the faul t down t o  the RAM chip 
l ev el . Shoul d T6 1 gener ate a fail ur e ,  pl ease refer to the se ction 
"De co di ng 64K R AM Error Informati on" bel ow for repair instructi ons . 
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6 , 4 . Installati on of Diagnosti c PR OMs 

To instal l the Di agnosti c PROMs : 

1 ) Di sconne ct the power cord to th e Sun- 1 . 

Page 70 

2)  R emov e the six s cr ews se curing t h e  tray o n  t h e  sides o f  the SUN- 1 . 

3) Pull out the tray . 

4 ) Identify the processor board. This i s  the board with the ribbon 
cabl e which conne cts to the back panel keyboard conne ctor ( se e  fig
ure BACKPANEL in se cti on 1 . 2 ) . 

5 ) R emove any cables that are in the way , and extract the proce5sor 
board .  

6 )  With flat- head screwdriver or simil ar impl ement , gently remov e th e 
28- pi n  packages at locations U 1 0 1  and 0 1 03 which are l abel l ed on 
the PC board . 

7 )  Inse� t the diagnosti c PR OM l abel led "0/ 0 "  a t  l oca ti�n 0 1 0 1 . 

8 )  Insert the diagnosti c PROM label led "0/ 8 "  a t  l oca tion U 1 03 . 

9 ) Check that each PR OM is i nserted with pi n 1 ( the end w i th the smal l 
indentati on) t oward the nearest edge of the board, i . e .  away from 
the Mul ti bus connector . 

1 0 )  Check that al l pi ns on the PROMs have properly gone into their 
so cke ts.  

1 1 )  Put the proce s sor board back into the Mul ti bus car d  cage . 

1 2 ) Restor e  all cabl ing . 

1 3 ) Connect an ASCII terminal to UART A .  UART A ( see Figure BACKPANEL 
in se cti on 1 . 2 )  is the RS-232 conne ct or at tached to the secti on of 
the header on the processor board that is closest to the front of 
the sy s t em ,  immedi ately abov e the PR OM sl ot l abel ed U 1 0 2 .  The ter
�inal sh oul d be se t for 96 00 bau d .  

1 4 ) Power the sy stem ON , and the diagnosti cs wil l  begin exe cution. 

1 5 ) If the diagnosti cs show any error other than one i n  the format "BAD 
64K A : O O O O O O  W : O O O O  R : OO O O " ,  co ntact y our Sun Mi crosy stem s  serv i ce 
organiz ation. To de code 6 4K R AM error informati on , see the next 
se ction. 

6 . 5 .  De co ding 64K RAM Error Ioformation 

Al l 6 4K R AM errors di spl ay the address at which the error occurred , 
the data wri tten to that l ocati on, and the da ta read from that l oca ti on. 
All Addresse s and data are displayed i n  hexade ci mal . If the error is i n  
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"on-board " memory ( on the processor board or a Sun memory expansion 
boar d ) , a l ist of bad chip l oca ti ons i s  al so given . For exampl e ,  if 
OxAAAA w as wri tten to address Ox02E80 2 and Ox2AAB was read , the error 
di spl ayed w ould be : 

B AD 6 4K A : 02E8 0 2  W : AAAA R : 2AAB M0 1 00 M0 20 8 

The bad chips are at l ocations M0 1 00 and M0 208 on 
and these can be r eplace d with 1 50 ns 6 4K 
Micro sy stems for spares . 

the processor board 
RAMs as suppl ied by Sun 

Note that bad chip l oca ti ons are only shown for those boards in the 
on-board memory spa ce . No chip l oca ti ons are given for bad Hul ti bus 
memory si nce the diagnosti cs cannot di stinguish v_ifferent ty pe s of 
Mul tibu s memory boards . 

6 . 5 . 1 . Deco di ng On-Board RAM L o ca ti ons 

The memory locati ons given by the diagn( · Sti cs are the same as those 
pri nted on  the PC boards . However , these l ocati ons hav e  been obscured 
by the socke ts place d  on the boards , so given a memory location, the 
tho usands di gi t spe cifies the board number ,  the hundreds digi t spe cifies 
the row in the memory array , and the ten and ones digi ts spe cify the 
col umn number in the memory array . 

Cl arify ing the abov e sta tements , board 0 is the proce ssor board ;  
boards 1 and 2 ar e  mecory expansion boards 1 and 2 respe ctiv ely ; and 
l o cati on Mx1 0 0  is alway s  oriented a s  the upper- lef t hand corner of the 
memory array ( with th e Mul ti bus conne ct or at the bottom - of the card ) . 

Take the memory loca tion "M1 1 08 "  as an exam pl e. The thousands 
digi t spe cifies expansi on board number 1 .  The 6 �K RAM is in the top 
row ,  and i t  i s  the eighth chip from the l eft- hand si de of the board . 
Call your Sun Microsy stems service organiz ati on if you hav e  problems.  

6 . 5 . 2 .  De co ding Chrysl in 1 28K RAM L o ca tions 

O n Chry slin 1 28K by te Mul tibus Memory Cards , the chip de coding i s  
as fol lows : 

The first 3 2K on the card correspo nd to the top row of chips ( with 
the Mul tibus conne ctor at the bo ttom of the card ) . The se co nd , third , 
and fourth se ts of 32K correspond , respe ctively , to the second, third , 
and fourth rows of chips on  the card. 

Data bi t s  7 through 0 ,  where 0 is the l east- significant , correspond 
to the el ev enth through eighteenth columns . Da ta bi ts 1 5  through 8 
correspond to  the first through eighth columns . Columns nine and ten 
are parity chips . 

The RAM chips used o n  Chry sl in' s 1 28K boards are 2 0 0 ns 1 6 K RAMs 
with +5 and -1 2 vol tage level s .  If these 1 6 K RAMs are not readily 
av ail abl e and y ou need t empor ary spares , you can ei ther di sable one sec
tion of 3 2K by tes on the board ( UNIX, ho�ev er , needs at l east 1 28K by tes 
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of Mul ti bus memory ) , or· y ank the pari ty chips from one sec t i on o f  32K 
by tes and di sa bl e  pari ty interrupt s  f rom the boards . 

6 . 5 . 3 .  De coding Chry sl in 51 2K RAM - Lo ca ti ons 

The l ay out of the Chry sl i n  5 1 2K by t e  Mul ti bus Memory Cards is 
nearly identi cal to that for thei r 1 28K by te Memory Cards . Each row of 
RAM chips , howev er , cor respond t o  1 28K by tes of the address spa ce . See 
the precedi ng s e ct i on for more information. 
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Appendi x A .  Frame Buffer Programming Exampl e 

This exampl e  prese nts a simpl e C l anguage function cal led "Display
Cur sor " ,  which display s  an 8 by 8 " cursor " at a given posi tion. This 
pr ogram make s use of a number of mnemoni c  names , al l of which begi n with 
the l etters GX, whi ch are define d  i n  the header fil e framebuf . h  ( see 
Appendix B) . To perform an operati on on the graphics board,  address 
f ields are combi ne d toge ther using l ogi cal OR ( " l " ) and/or addi ti o n ;  the 
r esul t is then referenced as a poi nter , whi ch put s the co nstructed 
address on the Mul ti bus address l ines ,  ther eby effecting the desi red 
operati on on the graphics board. In thi s  exampl e ,  xPoi nter and y Pointer 
are constructed and used i n  this fash ion. 

#include <framebuf . h> /* See Appendix B .  *I 
Display Cur sor( x, y ) 
short x, y ;  /* s cr een coordina tes of uppe r l eft  corner *I 
{ 

stati c  shvr t cur ser [ ] = { Ox9200 , 
Ox5400 , I*  L eft j ustified bi t array */ 
Ox380 0 , 
OxFEOO , 
Ox380 0 , 
O x540 0 ,  
O x9200 , 
OxOOOO } ; 

r egi ster s}· ?rt 
* c c :• sor Poi nt er = cursor ; 
*xPoi nter = ( shor t * ) ( GXU ni tO Base 
*y Poi nter = ( short  * ) ( GXU ni tO Base 

I GXsource 

GXsel ectX ) ,  
GXupdate 
GXselect Y ) ; 

1 * The fol l ow ing symbol s are define d  so as to l oad the width and 
• functi on regi sters res pe ctively : 
., 

GXwidth = 8 ;  
G Xfunction = GXcopy ; 

1 • Since xPoi nter and y Pointer are decl ared pointers to words ( shor t * ) , 
• the C compil er implicitly left- shifts x and y by one bi t before 
• addi ng them to the poi nters ( as r equired by the frame buffer ) :  

xPoi nt er += x ;  
y Poi nter += y ;  

1 •  The fol l owing sta tem ent se ts the graphics board ' s  x-regi ster ( of 
* x-y pair 0 )  t o  x ,  which . has been e nco ded i nto bi ts 1 - 1 0  of xPointer 
• by the assignment statement abov e .  No other action is performed ;  
• the data val ue 0 is i gnored. 
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*xPointer = 0 ;  

I *  The following statement se ts the graphics board ' s  y-regi ster ( of 
• x-y pair 0 )  to y ;  i t  l oads the sour ce regi ster from the Mul ti bu s  
• da ta l ines ,  which contain the first wor d  o f  "cursor " ;  
• and ( since the GXupdate bit i s  se t)  it performs the spe cified 
• RasterOp on the sel ect ed <x , y> posi tion, i . e .  copies sour ce to 
• destina tion. The C compil er generates a singl e mov e instructi on 
• ror thi s  statement , with address po sti ncrement on bo th operands . 
• Since both y Pointer and cursorPointer are poi nters t o  words 
• ( sh or t * ) , they are both incremented by two ,  which leaves them 
• poi nting i n  j ust the righ t  place for the following i nstruction. 
• ( Recal l that the rrame buffer expect s  the y coordinate to be l ef t-
• shifted one bi t i n  the address. ) 

*y Poi nter++ = *cursorPointer++ ; 

, . Now conti nue copying the cursor 
*y Poi nter++ = * cursor Poi nter++ ; 
*y Pointer++ = *cursorPoi nter++ ; 
*yPoi nter++ = * cur sorPoi nter++ ; 
*y Poi nt er++ = * cursorPoi nter++ ; 
*y Poi nter++ = •cursorPoi nter++ ; 
*y Poi nter++ = *cursorPoi nter++ ; 
*y Poi nter++ = * cursorPoi nter++ ; 

to the screen . */ 

} 

V 1  . 0  dr af t  of J ul y  27 , 1 982 
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This appendix co ntains the text of the C header fil e  framebuf . h , 
which defines a number of useful mnemoni c symbol s  for graphics board 
commands . The se commands are enco ded in bi t fiel ds wi thin Mul tibus 
a ddr esse s w hi ch are de coded by the gr aphics board . 

Sev eral of these symbol s are use d  in the program exampl e in Appen
dix A. 

/* framebuf . h 
* Copyright 1 9 82 by Sun Mi crosy stems,  Inc • 

• The l ow  order 1 1  bits consi st of the X or Y addr ess times 2 . The 
• l owest order bi t i s  ignored,  so word addressi ng works efficiently : 
., 

I define GXsel ectX ( 0 << 1 1 )  I *  the addr ess is l oaded i nto 
# define GXuel e.ctx ( 0<< 1 1 )  I* an X register 

# define GXsel ectY ( 1 << 1 1 )  I* the address is l oaded i nto 
' define GXsel ecty ( 1 << 1 1 )  I*  a Y register 

,. 
• There are four se t s  of X and Y r egi ster pairs , sel e ct e d  
* by the fol lowing bi ts : 
.. , 

I define GXa ddressSetO ( 0<< 1 2) 
# define GXaddressSet1  ( 1 << 1 2) 
# define GXaddressSet2 ( 2<< 1 2) 
I define GXaddressSet3 ( 3< < 1 2 )  
# def ine GXse tO ( 0< < 1 2 ) 
I defi ne GXse t1  ( 1 << 1 2 ) 
I define GXse t2 ( 2<< 1 2 ) 
I define GXse t3 ( 3< < 1 2 ) 

,. 

*I 
*I 

*I 
*I 

• The following bi ts indicate which regi sters are to be l oaded : 
., 

# define GXnone ( 0<< 1 4 ) 
# define GXother s ( 1 << 1 4 )  
# define GXsour ce ( 2<< 1 4 )  
I define GXmask ( 3 << 1 4 ) 
# define GXpat ( 3<< 1 4 ) 

# define GXupdate ( 1 << 1 6 )  

,. 

I* actual ly upda te the frame buffer */ 

• These r .. · gi sters can appe ar on the l ef t  of an assignment statem ent . 
• Note they cl obber X regi ster 3 :  
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*I 
# define GXfunction * ( shor t  * )  ( GXBase + GXse t3 + GXothers + ( 0<< 1 ) )  
I define GXwidth * { shor t  * ) ( GXB ase + GXset3 + GXo thers + ( 1 < < 1 ) )  
I define GXco ntrol • ( sh ort * ) ( GXB ase + GXse t3 + GXother s + ( 2<< 1 ) )  
I define GXintCl ear * ( shor t 1 )  ( GXBase + GXse t3 + GXo thers + ( 3<< 1 ) )  

I define GXsetMask * ( shor t * ) ( GXBase + GXse t3 + GXmask ) 
I define GXsetSour ce * ( sh or t 1 )  ( GXB ase + GXse t3 + GXsour ce ) 
I define GXpattern * ( shor t  * )  ( GXBase + GXse t3 + GXpa t) 

, . 
• The fol lowing bits are written i nto the GX control register. 
• It is reset to z ero on hardware rese t and power-up . 
• The high order three bi ts determine the Interrupt l ev el ( 0-7 ) : 
*I 

# define GXi ntEnable 
I define GXvideoEnable 
I define GXi ntL evelO 
I define G Xi ntLev el 1 
I define GXintLevel2 
I define GXintL ev e13 
I define . GXi ntL ev el4 
I define GXintLevel 5 
I define G Xi ntL ev el6 
I define GXi ntLevel7 

, . 

( 1 << 8 )  
( 1 << 9 )  
( 0<< 1 3 ) 
( 1 << 1 3 ) 
( 2<< 1 3 )  
( 3<< 1 3) 
( 4<< 1 3 )  
( 5<< 1 3 } 
( 6<< 1 3 )  
( 7 < < 1 3 )  

• T h e  fol lowing a r e  "functi on" e ncodi ngs l oa ded into 
• the funct i on regi ster : 
* I  

I define GXnoop 
I define GXinvert  
I define GXcopy 
I define GXcopy inv erted 
# define GXcl ear 
I define GXset 
fJ define GXpai nt 
I define GXpai nt inv erted 
II define G Xxor 
D define GXor GXpai nt 

1 * 

OxAAAA 
Ox5555 
OxCCCC 
Ox3333 
OxOOO O  
OxFFFF 
OxEEEE 
Ox2222 
Ox6666  

• These may appear in statem ent context s to j ust se t the X and Y 
• regi ster s  of se t number z ero to the given v alue s : 
* I 

# define G Xse tX ( X ) 
I define GXsetY ( Y )  

* ( shor t  * ) ( GXB ase + GXsel ectX + ( ( X ) < < 1 ) )  = 1 

* ( shor t * ) ( GXBase + GXsel ectY + ( ( Y ) < < 1 ) )  = 1 
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Thi s  a ppe ndix co ntai ns the C-l angua ge header fil e whi ch defines the 
Sun Moni tor R OM V ect or Tabl e .  

, . 
• sunromv e c . h  
• Copyri ght 1 9 82 by Sun Mi crosy st em s , Inc . 

• Sun Moni tor ROM V e ctor 
• 
• This v e ct or tabl e is the only knowledge th e  out side world h as of 
• this prom.  I t  i s  r eferenc e d  by hardware ( Rese t SSP ,  PC) , things 
* i n  the 2 nd prom , and pr ograms & o pe r ati ng sy stem s  th at run unde r 
* the moni tor . Once l oca te d , no e ntry can be r e- l o ca ted unl ess y ou 
• change the w orl d that ne e ds it • 

• 
* The entrie s  start at l oca tion Ox20 0 0 00 [ very first thing i n  the 
• Prom] • 
• 
• The easi est way to ref erence el ement s of th i s  v ector i s  t o  say : 
• 
* *RomVecPtr- >xxx 
• 
• as in: 

• •  

* ( *R omVecP tr- >v�ut char ) ( c ) ;  
• 
* Thi s i s  pre t ty che ap as i t  onl y  ge nerates movl Ox2000xx , a0 j sr aO @ 
• That ' s 2 by tes l onger , and 4 cy cl es l onger , than a simpl e subrouti ne 
• call • 

• 
* If y ou don' t want y our programs t o  depe nd on the absolut� l ocation of 
• the EPROMs i n  cur rent Sun pro ce ssor boards , you can reference this 
• v ector via a po i nt er i n  l oca ti on 4 inst ead. Just repl ace "RomVecPtr " 
* i n  the expressi on with "RomV�cAddr " .  Thi s  i ndirects thru l oca ti on 4 ,  
• so i t  takes another 4 by tes of move i nstr ucti ons ( 1 6 cy cl es ) per 
* r eference ( movl Ox4 , aO ;  movl aO @ ( xx ) , aO ;  j sr aO @ )  • 

. , 

struct sunromvec { 

char •v_ini tsp ; / *  Ini ti al SSP for hardwar e  RESET */ 
int ( *v_star tmon) ( ) ;  /* I ni tial PC for hardware RESET *I 

I* Moni tor and hardware rev ision and identification *I 
char •v_SunR ev ; I* R evisi on l ev el of moni tor & h ardware *I 
long •v_Seri al Num ; /* S erial number of thi s  Sun */ 
long *v_MemorySiz e ;  /* Phy si cal onboard . memory siz e */ 

I * Moni tor-manage d  s i ngl e- ch aract er input and out put */ 
unsigned char ( *v_ge tchar ) ( ) ; / * G et char from cur input sour ce */ 
int { *v_put char ) { ) ; / * Put char to current out put si nk */ 
int ( •v_mayge t ) ( ) ;  / *May be ge t char from current input sour ce * /  
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int ( *v_may put ) ( ) ;  /* May be put char to current output sink */ 
unsigned char *v_EchoOn ; / * Should getchar echo i ts input ? */ 
unsigne d char *v_InSour ce ; /* I nput sour ce sel ector */ 
unsigned char 'v_OutSink ; /* Output si nk sel ector *I 

I *  Moni tor-managed keyboard input ( scanned by moni tor refresh rout i ne )  */ 
int ( *v_ge tkey ) ( ) ; / * G et next transl ated key if one exists */ 
int ( *v_Ini tG etkey ) ( ) ;  / * Ini tial iz e befor e  first ge tkey */ 
unsigned int *v_tr ansl ation ; /* Keyboard translation sel ector */ 
unsi gned char *v_Keyb!d ; /* U p/down key board ID by te */ 
keyboard * *v_CurKey boar d ; / * A ddress of current key board defn 

struct */ 
keymap • ( *v_Se tTabl e ) ( ) ; /* A ddress of current shift->table 

mapper */ 
key bufty pe *v_Key buf ; I *  U p/down key code buffer */ 

I *  Moni tor-manage d framebuffer output and t erminal emul ati on */ 
int ( *v_fini t ) ( ) ; / *  Framebuffer i ni ti al iz ati on routi ne */ 
int ( *v_fwri techar ) ( ) ; / * Wri te a character to FB "terminal " */ 
long *v_JBAddr ; / *  Address of frame buffer we are using */ 
char * *v_FontTabl e ; /* Address of font tabl e  for FB "t erminal " * /  
int ( *v_fwrstr ) ( ) ;  / * Write a string to FB -- faster *l 

t • Monit or-manage d mouse inpt;.t ( s canned by moni tor refreLh rout i ne ) * /  
int •v_MouseB uf ; / *  Pl acehol der for Mouse input buffer * /  

I *  Moni t or-managed l ine i nput and parsi ng */ 
unsigned char *v_linbuf ; I* The l ine i nput buffer */ 
unsigned char • •v_lineptr ; /* Current poi nter i nt o  l inbuf */ 
int *v_line siz e ; /* Total l ength of l ine in l inbuf */ 
int ( *v_getline ) ( ) ;  / * Fil l  linbuf from current i nput sour ce •; 
unsi gne d char ( *v_ge tone ) ( ) ;  / * G et next char from 1 inbuf */ 
unsi gne d char ( *v_peekchar ) ( ) ; /* Peek at next ch ar 

with out readi ng i t  */ 
int ( *v_gethexby te ) ( ) ; / * G et next 2 chars and xlate to binary */ 
int ( *v_ge tnum) ( ) ;  /* G et next numerics and xla te to bi nary */ 

I * Moni tor-managed phrase out put t o  cur rent output si nk */ 
int ( *v_mes sage ) ( ) ; / * Pri nt a nul l- terminated stri ng */ 
int ( *v_pri nthex ) ( ) ;  / * Print N digi ts of a l ongw or d i n  hex */ 

I * Memory management routi nes which must run out side mappabl e 
address space */ 

int ( *v_SetSeg) ( ) ;  /* Set segment map e ntry X in co ntext C *I 
shor t ( *v_G e tSeg ) ( ) ;  / * G e t  se gment map entry X from context C *I 

I* R efresh rel ated i nf ormation * /  
int ( *v_KeyFr sh ) ( ) ; / * Addr ess that ough ta b e  i n  l ev el 7 ve ct or */ 
int ( *A bort Ent ) ( ) ;  /* Moni tor entry poi nt from key board abor t */ 
int *v_RefrCnt ; / *  Refresh routi nes ' s  millise cond count */ 

I* A ssorted useful th i ngs added af ter the first bun ch * /  
int ( *v_bede co de ) ( ) ;  / * Bus error de coding routi ne * /  
i nt ( * *v_key entry ) ( ) ; / * Cal l ed when tabl e has unknow n entry * /  

I *  Moni tor inter nal int erface information */ 

} ; 

GlobDes •v_GlobPtr ; / *  Addr es s of moni tor gl obal variables * /  
int ( *v_diagret ) ( ) ; / *  R e- entry poi nt ror diagnosti cs * /  

#define RomV ecPtr ( ( s truct sunromv e c  * ) Ox20 0 00 0 )  
#define RomV e cAddr ( * ( struct sunromvec * * ) Ox4 ) 
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This appe ndi x co ntai ns the C-language definitions for the Sun key
board. 

I* key board . h  
• C opyri gh t  1 9 82 by Sun Microsy stem s ,  Inc . 

* Header fil e f or Sun Mi crosy stems paral l el key board routi nes 
• 
• The key board i s  a standard Mi cro Swi tch , or otherwise , key board ,  
• with an 80 4 8/ 87 4 8  on the board . This has been modified t o  produce 
• up/ dow n key co des on 8 paral l el out put l ines .  Each key co de is held 
* sta bl e on th e se l ines for a minimum of 2 . 5 ms i n  or der that th e 
* main pr o ce ssor can read i t  during i ts refresh routi ne , which exe cut es 
• ev ery 2 ms or so • 

• 

* When no key s are depresse d ,  the key board transmits a key co de of 
* 7F hex , to i ndi ca t e  that . Thus , when the l ast key is r el ease d ,  
• a key co de for i t s  rel ease is sent , then a 7F • 

• 
* Event ual ly the 80 4 8  wil l , when i dl e ,  al ternate its 7F ' s  with 
* key board i d  code s ,  ide ntify ing the key layout or other factor s  
• which host pr ograms might want to automati cal ly de termine . 
* The suppor t for this featur e i s  comment ed out with "lifdef KBDI D "  
• a nd i s  currently untested • 

. , 

#ifndef GETKEYPORT 

,. 
• How to ge t the current key code bei ng presented by the 8 0 4 8  
• 
* GETKEYPORT reads the raw por t ; G ETKEY degl i tches i t  • 

. , 
# define G ETKEYPORT ( * ( unsigned char* ) OxEO OOOO ) 
#define G ETKEY( key ) \ 

whil e ( GETKEYPORT I =  ( ( key ) = GETKEYPORT ) ) ;  

• 
. , 

Vari ous spe cial characters that migh t  show up on th e por t  

#define NOTPR ESENT 
# def ine IDL EKEY 
I *  See comment s abov e 
#define PR ES SED 
#define REL EASED 

OxFF /* Key board is not plugged in */ 
Ox7F /* Key board is i dl e ;  i . e .  no keys down * /  

re key board i d ' s  which might fol l ow IDL EKEYs . * /  
OxOO I *  Ox80 bi t off means key was presse d * /  
Ox80 /* Ox80 bi t on means key was r el eased •; 

#def ine AB ORTKEY1 Ox0 1 / *  First key of abort seq - ERASE EOF */ 
# def ine ABORTKEY2 77 / *  2 nd key of abor t seq - "A" *I 
I* The abov e is hor ri bly Mi cro Switch 1 0 3 SD de pe nde nt . */ 
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, . 
• 
• 
. , 

# define 
#define 
#define 

, . 
• 
• 
• 
*I 

# define 
#define 
#define 
#define 
#defi ne 

I * 
• 
• 

Keyboard ID codes • • •  transmitted by the various keyboards 
after the IDLEKEY code . See top of fil e for more detail s • 

KB_UNKNOWN 
KB_MS_1 03 SD32 
KB_MS_VT1 00  

oxoo 
OxOO 
Ox0 1 

I*  Unknown keyboard */ 

I*  Micro Switch 1 03 SD32-2 *I 
I* Micro Switch VT1 00 compatibl e 

SD-02 -4 9 9  */ 

These are the states that the keyboard scanner can be in • 

It starts out in AWAITIDLE state . 

AWAIT IDLE 
NORMAL 
ABORT1 
IDLE1 
IDLE2 

0 
1 
2 
3 
4 

/ *Waiti ng til all key s up and ID sent*/ 
/ *The usual ( ho ,  hum) */ 
/ *Last key down was KEYABORT1 */ 
/ *Last key code was IDLEKEY -- ID follows* 
/ *Last key code was id if IDLEKEY 

fol lows , don ' t put it in the buffer . * 

Translation options f or ge tkey ( )  

• These are h ow you can hav e  your input transl ated . 
*I 

# define T�NONE 0 
#define TR_ASCI I 1 

; • 
• These bit s  can appear i n  the resul t of TR_NONE ge tkey ( ) s  • 

. , 
# define 
#define 
#define 

, . 

STATEOF ( key ) 
KEYOF ( key ) 
NO KEY 

( key & Ox80 ) 
( key & Ox7F ) 
( -1 ) 

I*  O=key down , Ox80 =key up */ 
I*  The key number that mov ed */ 
I *  The argument was 0 ,  and no 

key was depressed .  *I 

• These bi ts can appear in the resul t of TR_ASCII getkey ( ) s .  
*I 

I '  N OKEY can appe ar if the ge tkey ( ) ' s arg was 0 ( no wai ti ng ) * /  
#define METAB IT 0 I *  Meta key depresse d  w ith key */ 
#define METAMASK Ox000080 
I * other "bucky " bi ts can be defined at will . See "BUCKYBITS " bel ow .  */ 

I * 
* This define s the bi t posi tions used within "shiftmask " to 
* indi cate the "presse d "  ( 1 )  or "rel ease d "  ( 0 ) state of shift keys .  
• Both the bi t numbers ,  and the aggrega te masks , are define d • 

• 
• 
• 
• 
• 

The "UPMASK" i s  a minor kludge . Since whether the key is going 
up or down de termines the tr ansl ati on tabl e  ( just as the sh ift 
key s '  po si tions d o ) , we OR it  with " sh if tmask " to ge t "tempmask " , 
whi ch i s  the mask which is actually used to de termine the 
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• 
• 
• 
. , 

transl ati on tabl e to use . Don ' t reassign O x00 80 for any thing 
el se ,  or we ' l l hav e to shift and such to squeeze in U PMAS K ,  
si nce i t  comes i n  from the hardware as O x 8 0  • 

# define CAPSL OCK 
#define CAPSMASK 
#define SHIFTL OCK 
#define L EFTSHIFT 
#define RIG HTSHIFT 
#define SHIFTMASK 
#def ine L EFTCTRL 
#define R IG HTCTRL 
#define CTRL MASK 
I* unuse d • • •  

#def ine UPHASK 

, . 

0 

1 
2 

3 

4 

5 

Ox00 0 1  

OxO O O E  

I *  Caps Lock key *I 

I* Shift L ock key *I 
I *  L eft- hand shift key */ 
I *  Right-hand shif t key */ 

I *  L ef t- hand control key */ 
I *  Righ t- hand control key *I 

Ox0 030 
Ox0040 *I 
Ox00 80 

• This define s the format of transl ation tabl e s  • 

• 
• A transl a ti on tabl e i s  1 2 8 by tes of nentries " ,  which are by tes 
• ( unsigr�e d  ch�'s ) .  The Lop 4 bits of each entry are de coded by 
• a case sta tement in getkey . c .  If the entry is l ess than Ox80 , 
• it i s  se nt out as an ASCII character ( possibly with bucky bits 
• OR- e d  i n ) . "Spe cial n entries are O x80 or greater , and i nvoke 
• more compl icated actions • 

. , 
type def unsi gned char 

typedef struct { 
key map 
i nt 
} keyboard ; 

keymap [ 1 28 ] ; I *  maps key codes to actions *I 

*Normal , *Shifted , *Caps , *Control , *U p ;  
Idl eShifts ; 

I *  All keymaps of a keyboard , pl us . *I 

#define SH I�: TKEYS Ox80 I* thru Ox8F . Thi s key hel ps to de termine the 
transl ation tabl e use d .  The bit 
po si tion of its bi t in " shiftmask n 
i s  added to the entry , eg 
SHIFTKEYS+LEFTCTRL . When this e ntry is 
i nvoked , the bi t in " shiftmask " is 
t oggled . Depe ndi ng which tabl es you put 
it in, this works wel l for hold-down 
keys or press-en,  press� off keys .  */ 

#define BUCKYBITS Ox90 / *  thru Ox9F . This key de termine s the state of 
one of the "bucky "  bit s  abov e the 

V 1 . 0  draf t of July 21 , 1 982 

returned ASCI I character . Thi s  is 
basi cally a way to pass mode-key-up/down 
informati on back to the cal ler with each 
"real " key de presse d . The conce pt , and 
name "bucky " ( deriv a ti on unknown) comes 
from the MIT/ SAIL "TV " sy stem • • •  they had 
TOP ,  META ,  CTRL , and a few other bucky 
bi t s .  The bi t posi tion of its bi t i n  
" bu ckybi ts " ,  minus 7 , is added to the 
entry ; eg bi t O x0000 0 4 0 0  is BUCKYB ITS+3 . 
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#define FU NNY OxAO 

#define NOP OxAO 
#define OOPS OxA1 
#define HOLE OxA2 

I *  combina ti ons O xA3 -

The "-7 " prev ents us f rom messi ng up the 
ASCI I  char , and gives us 1 6  useful bu cky 
bi ts . When th i s  entry is inv oke d ,  
t h e  designa ted bi t i n  " buckybi t s "  i s  
t oggl ed .  Dependi ng which tabl es y r. J.  put 
i t  i n ,  thi s w orks wel l for hol d-down 
key s or press- on,  pr ess- of f  key s .  */ 

I* thru OxAF . Thi s key does one of 1 6  funny 
things base d  on the l ow 4 bits : */ 

I* This key does nothing . *I 
I* This key exi s t s  but is undefine d .  */ 
I* This key does not exi st on the key board .  

I t s  posi tion co de shoul d nev er be 
generated . This i ndicates a sof tware/ 
hardware mismatch , or bugs . */ 

OxAF are reserv ed for more funni es .  *I 

#define STRING OxBO /* thru OxBF.  The l ow- or der 4 bi t s  i ndex 
a tabl e  referenced v ia gp- >KStrTab and 
sel ect a stri ng to be returned , char 
by char .  Each entry i n  KStrTa b  i s  a 
poi nter to a charact er vector .  The vector 
contains a 1 -by te l ength , foll owed by 
da ta . */ 

I* Defini tions 
#define HOME 
#def ine UP 
#define DOWN 
#defi ne LEFT 
#define R IGHT 

for the indiv i dual string numbers :  */ 
OxOO 
Ox0 1 
Ox02 
Ox03 
OxO ll 

I *  string numbers 
take them 

5 thru F are reserv ed . Users maki ng cust om entries , 
from F downw ard t o  po st pone confusion. */ 

I *  combi na tions O xCO-OxFF reserv ed for more argument- taki ng entries */ 

#endif G ETKEYPORT 

, . 
• End of keyboard . h  
* I 
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• 
* key tabl es . c 
• C opyrigh t  1 9 82 by Sun Mi crosystem s ,  Inc • 

• 
* This modul e contains the transl ation tabl es for the up- down encoded 
* Sun keyboard • 

• 
* A full er expl anation of the entries i s  i n  key board . h • 

. , 

#i nclude "keyboard . h" 

/ 1  handy way to define control ch arac t e r s  i n  the tabl es * /  
# define c( char ) ( char-Ox40 ) 
# define ESC Ox 1 B  

I *  Unshifted keyboard tabl e for Micro Switch 1 03 SD32-2 */ 

keymap KTMSl c [  1 ]  
I *  0 1/ HOL E ,  
I *  8 *I OOPS , 
I *  1 6  11 OOPS , 
I *  24 */ HOL E ,  

, .  32 ., ' 3 ' ' 
, .  40 ., ' - 1 , 
I *  4 8  *I HOL E ,  

= { 
OOPS , 
OOPS , 
OOPS , 
OOPS , 

' 4 ' ' 
· - ·  , 
OOPS, 

I *  56 *I 
, .  6 4 ., 

1 e 1 , ' r ' , 

, .  7 2  */ 

l { t , ' } ' , 
STR ING+LEFT , 

OOPS , 
OOPS , 
OOPS , 
t \f ' , 

OOPS , HOLE, 
OOPS , OOPS , 
c ( ' [ 1 ) , HOL E ,  
OOPS , HOL E ,  

' 5 ' ,  ' 6 ' ,  ' 7 ' , 
HOL E ,  ' ' ' , ' \b ' , 

STR ING+ UP, 

' t ' ' 
. ' - ' 

OOPS , 
' y ' , 
HOL E ,  

HOL E ,  
r u l ' 
I 4 I r 

OOPS , OOPS , O OPS , 
OOPS , OOPS , OOPS , 
OOPS , I + '  , I - I ' 
SHIFTKEYS+CA PSL OCK,  

' 8 .  , ' 7 '
' 

t \t I r 
' i t , 
t 5 I r 

' 1 ' ,  1 2 1 , 
' 9 ' ,  1 0 1 , 
1 8 ' , ' 9 ' ,  

t q l , 
r 0 t , 
1 6 I r 

' w ' ' ' P ' ' 
HOL E ,  

STR ING+ HOME , 
STR ING+RIGHT, 

HOL E ,  SHIFTKEYS+SHIFTLOCK , 

I *  80 1 I ' f ' , ' g ' , 
I *  88 *I ' 1 ' , 1 \r ' , 
I *  96 *I STR ING+DOWN , 

OOPS , 

/ * 1 04 */ ' v ' , ' b ' , 

/ 1 1 1 2  */ NOP ,  
/ * 1 20 * I  HOL E ,  

} ;  

Ox7F ,  
HOL E ,  

' h ' , 
HOL E ,  

HOLE ,  

' n ' ' 

' j ' , 
I 1 t f 

HOLE ,  

' m' ' 

• k ' ' 
I 2 t r 

I a I t 
I 1 I t 
I 3 t f 

' s ' ' 
I • I , ' 
HOL E, 

SHIFTKEYS+LEFTSHIFT , 

' t ' ' 

1 z 1 , 1 x ' , 
� . · ,  ' 1 ' , 

1 0 1 , NOP , 1 • 1 , HOL E ,  HOL E ,  
SHIFTKEYS+LEFTCTRL , 

1 I , SHIFTKEYS+RIG HTCTRL , 
HOL E ,  HOL E ,  

/ * . Shif ted key board keymap f or Micro Switch 1 0 3 SD32-2 * /  

keymap KTMSuc [ 1 ]  = { 
I *  0 *I HOL E ,  OOPS , OOPS , OOPS , HOL E ,  OOPS , OOPS , 

I d I t 
I • I . ' 
OOPS , 

' c ' , 
SHIFT KEY 
+RIG HTSH 
HOL E,  

HOLE,  

OOPS , 
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I *  8 *I OOPS , 
I *  1 6  * I  OOPS , 
I* 24 * I  HOL E ,  

I *  32 *I ' I ' ,  
I *  40 *I ' = ' , 
I *  48 *I HOL E ,  

OOPS , 
OOPS , 
OOPS , 

' $ '  ' 
t "' t ' 
OOPS , 

I *  56 *I 1 E 1 , ' R ' , 
I *  6 4  *I ' [ ' , ' ]  ' , 
I *  72 *I STR ING+LEFT , 

OOPS , 
OOPS , 
' \f ' , 

OOPS , OOPS , 
c( ' [ ' ) , HOL E ,  
OOPS , HOL E ,  

' % ' ,  ' & ' , 1 \ n , 
HOL E ,  1 @ 1 , ' \b ' ' 

STRING+UP , 

' T l , 
I I - ' 

OOPS , 
' Y ' , 
HOLE ,  

HOL E,  
I u•  , 
I 4 t t 
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OOPS , OOPS , OOPS , 
OOPS , 1 + 1 , 1 - 1 , 
SHIFTKEYS+ CAPSLOCK , 

I ( I t 
' 7 ' ' 

t \t I t 
' I ' ' 
' 5 '  , 

I J I , "" , 
' ) ' , ' 0 ' ,  
' 8 ' ,  ' 9 1 ,  

I Q l t 
I 0 '  t 
I 6 I t 

' W ' ' 
I pt  t 
HOLE , 

STRING+ HOME , 
STR ING+RIGHT , 

HOL E ,  SHIFTKEYS+SHIFTL OCK , 

I *  80 *I ' F ' , 1 G 1 , 
I *  88 *I 1 \ \ 1 , 1 \r ' ,  
I *  96 *I STR ING+DOWN , 

/ * 1 1 2  */ NOP , 
/ * 1 20 *I HOL E ,  

} ; 

OOPS , 

' B ' ' 

Ox7F , 
HOL E ,  

' H ' ' 
HOL E ,  

HOL E ,  

I N '  . , 

I J I t 
' 1  ' , 

HOL E ,  

' M' ' 

I K ' ' 
I 2 I t 

' A ' , • s • , 
I L ' , ' + ' , 
1 3 I ,  HOL E ,  

SHIFTKEYS+LEFTSHIFT , 

' < ' , 
1 Z ' , • x • , 
' > ' , 1 ? 1 , 

I Q  1 , NOP , 1 • 1 , HOL E ,  HOL E ,  
SHIFTKEYS+LEFTCTRL , 

1 1 , SHIFTKEYS+RIGHTCTRL , 
HOL E ,  HOLE,  

' D ' ' 
1 . ,  ' 
OOPS , 

I C ' , 
SHIFTKEY 
+RIGHTSH 
HOL E ,  

HOL E ,  

I *  Caps L ocke d key board keymap for Micro Switch 1 03 SD32-2 * I  

keymap KTMS cl [ 1 ]  = { 
I *  0 */ HOL E ,  OOPS , 
I *  8 *I OOPS , OOPS , 
I *  1 6  *I OOPS , OOPS , 
I *  24 *I HOL E , OOPS , 

I *  32 *I ' 3 ' ,  
I *  40 *I ' - ' , 
I *  1.+ 8  *I  HOL E ,  

' 4 ' ,  
' - ' ' 
OOPS , 

I *  56 *I  ' E ' , ' R ' , 
I *  6 4  * I  ' { ' ' ' } ' , 
I *  7 2  *I STRING+LEFT , 

OOPS , 
OOPS , 
OOPS � 
' \f ' , 

OOPS , HOL E,  
OOPS , OOPS , 
c ( 1 [ ' ) , HOL E ,  
OOPS , HOL E ,  

' 5 ' ,  ' 6 ' , ' 7 I I 
HOL E ,  ' ' ' , ' \b ' , 

STR ING+U P ,  

' T ' ' 
' ' - ' 

OOPS , 
' Y' ' 
HOL E,  

HOL E ,  
t ij I t 
I 4 I J 

OOPS , OOPS , OOPS , 
OOPS , OOPS , OOPS , 
OOPS , 1+ 1 , 1 - 1 , 
SHIFTKEYS+CAPSL OCK , 

1 8 I t 
' 7 ' ,  

' \t '  , 
I I '  ' 
' 5 ' , 

' 1 ' ,  ' 2 ' ,  
' 9 ' ,  1 0 ' , 
' 8 ' , ' 9 ' , 

' Q  t ,  
I 0 '  t 
1 6 ' t 

' W ' ' 
' p t  ' 
HOL E , 

STR ING+ HOME , 
STR ING+RIG HT , 

HOL E ,  SHIFTKEYS+SHIFTL OCK , 

I *  80 *I  ' F '  , ' G ' , 
I *  88 *I  ' 1 ' ,  ' \r ' , 
I *  96 *I  STR ING+DOWN , 

O OPS , 

1 * 1 0 4 * I  ' V ' , ' B '  , 

' H ' ' 
HOL E, 

HOL E ,  

' N '  ' 

V 1  . 0  draf t  of J ul y 27 , 1 9 82 

I J I t 
' 1  ' , 

HOLE,  

' M' , 

I K '  , 
' 2 ' , 

' A ' , ' S ' , 
I L t , ' ; ' , 
' 3 ' ,  HOL E ,  

SH IFTKEYS+LEFTSH IFT , 

t t , , 

• z • , 1 X ' , 
• . 1 , ' 1 ' , 

I D '  ' 
I • I . ' 
OOPS , 

I C f t 
SHIFT KEY 
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/ * 1 1 2  *I NOP, 
/ * 1 20 *I HOL E ,  

} ; 

Ox7F , 
HOL E ,  

1 0 ' , NOP , 1 • 1 ,  HOL E ,  HOLE ,  
SHIFTKEYS+LEFTCTRL , 

I I ,  SHIFTKEYS+RIGHTCTRL , 
HOL E ,  HOL E,  

I* Control led keyboard keymap for Mi cro Switch 1 03 SD32-2 *I 

keymap KTMSct [ 1 ]  = { 
I *  0 *I  HOL E ,  OOPS , OOPS , OOPS , HOL E ,  OOPS , OOPS , 
I *  8 *I OOPS , OOPS , OOPS , OOPS , OOPS , OOPS , OOPS , 
I *  1 6  *I OOPS , OOPS , OOPS , c ( ' [ ' ) , HOL E ,  OOPS , OOPS , 

. .  Page . 85 
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+RIGHTSH 
HOL E ,  

HOL E ,  

OOPS ,  
OOPS , 
OOPS , 

I * 24 *I HOL E ,  OOPS , ' \f ' ,  OOPS , HOLE ,  SHIFTKEYS+CAPSL OCK , 
OOPS ,  OOPS , 

I * 3 2  *I OOPS , OOPS , OOPS , OOPS , OOPS , OOPS , OOPS , OOPS , 
I *  ltO *I OOPS , c ( ' "' ' ) ,  c ( ' @ ' ) , ' \b ' , HOL E ,  OOPS , OOPS , OOPS , 
, . 4 8  *I HOL E, OOPS , STRING+UP ,  

OOPS , HOL E ,  I \t t J c ( ' Q ' ) , c ( ' W ' ) , 
I *  56 *I c ( ' E ' ) ,  c( ' R1 ) ,  c ( ' T ' ) , c ( ' Y ' ) ,  c ( ' U 1 ) ,  c ( ' I ' ) , c ( ' O ' ) ,  c( ' P ' ) ,  
, . 6 4  * ' C ( .I ( t ) 1 C ( I ) t ) 1 c ( '-' ) , HOL E ,  OOPS , OOPS , OOPS , HOL E ,  I 

, . 72 ., STRING+LEFT , 
STRING+ HOME , 

STRING+RIGHT , 
HOLE ,  SHIFTKEYS+SHIFTL OCK , 

c ( ' A ' ) ,  c ( ' S ' ) ,  c ( ' D ' ) ,  
I * 80 ., c ( ' F ' ) ,  c( ' G ' ) , c ( 1 H1 ) , c ( ' J ' ) , c( ' K ' ) , c ( ' L ' ) ,  OOPS , OOPS , 
I *  8 8  *I c ( ' \\ ' ) , 

' \r r '  HOL E ,  OOPS , OOPS , OOPS , HOLE,  OOPS , 
I * 96 *I STR ING+DOWN , 

OOPS , HOLE ,  HOLE ,  SHIFTKEYS+LEFTSHIFT , 
c ( ' Z ' ) , c ( ' X ' ) , c( ' C ' ) , 

/ * 1 04 *I c ( ' V ' ) , c( ' B ' ) ,  c ( ' N ' ) , c ( ' M' ) , OOPS , OOPS , OOPS , SHIFTKEY 
+RIG HTSH 

1 * 1 1 2 *I NOI , Ox7F , OOPS , NOP ,  OOPS , HOL E ,  HOLE ,  HOL E ,  
/ * 1 20 *I HOL E, HOL E ,  SHIFTKEYS+LEFTCT� , 

' \0 ' ' SHIFTKEYS+RIGHTCTRL , 
HOL E ,  HOL E ,  HOL E ,  

} ;  

I * "Key Up"  keyboard keymap f or Micro Switch 1 03 SD32-2 *I 

keymap KT��up [ 1 ]  = { 
I *  0 *I HOL E ,  NOP , NOP , NOP , HOL E ,  NOP ,  NOP ,  NOP , 
I * 8 *I NOP , NOP , NOP , NOP , NOP ,  NOP ,  NOP ,  NOP ,  
I *  1 6  *I NOP,  NOP , NOP , NOP ,  HOL E ,  NOP , NOP , NOP , 
I *  24 */ HOL E ,  NOP ,  NOP , NOP , HOL E ,  SHIFTKEYS+CAPSLOCK , 

NOP, NOP, 
I * 32 'I NOP , NOP ,  NOP , NOP , NOP , NOP ,  NOP ,  NOP , 
, . 40 *I NOP, NOP , NOP , NOP , HOL E ,  NOP , NOP , NOP ,  
I * 4 8  'I HOL E,  NOP , NOP , NOP ,  HOLE,  NOP ,  NOP ,  NOP,  
I * 56 'I NOP , NOP , NOP , NOP , NOP, NOP ,  NOP , NOP , 
I '  6 11  'I NOP , NOP , NOP , HOL E ,  NOP,  NOP ,  NOP , HOL E ,  
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,. 72 ., NOP, NOP,  NOP ,  HOLE ,  SHIFTKEYS+SHIFTLOCK , 
NOP ,  NOP , NOP ,  

, . 80 ., NOP ,  NOP ,  NOP ,  NOP , NOP ,  NOP , NOP ,  NOP ,  
I *  88 .,  NOP , NOP ,  HOL E,  NOP ,  NOP , NOP , HOL E ,  NOP ,  
, .  96 ., NOP ,  NOP ,  HOLE, HOL E ,  SHIFTKEYS+LEFTSHIFT , 

NOP , NOP ,  NOP ,  
/ * 1 0 4 *I NOP ,  NOP ,  NOP, NOP , NOP , NOP ,  NOP , SH IFT KEY 

+RIGHTSH 
/ * 1 1 2  ., NOP ,  NOP ,  NOP ,  NOP , NOP ,  HOL E ,  HOLE, HOL E ,  
/ * 1 20 ., HOLE ,  HOL E ,  SHIFTKEYS+LEFTCTRL , 

NOP , SHIFTKEYS+RIGHTCTRL , 
HOL E ,  HOL E ,  HOL E ,  

} ; 

I *  I ndex to keymaps for Mi cro Switch 1 03 SD32-2 */ 
keyboard KIMS [ 1 ]  = { KTMSlc ,  KTMSuc , KTHScl , KTMSct , KT��up , OxOOOO } ;  

, . . . . . . . . . . . . .. . . . . . . . . . . . .. .. . . . . .. .. . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . , 
I *  Index tabl e  for the whol e shebang */ 
! ••···················· ························· · · · · · ·· · � ·· · ·· · · · · ·· • •! 
keyboard *KeyTables[ ] = { KIMS } ; 

, . 

. , 

char 
char 
char 
char 
char 
char 

Key board S tring Tabl e 

This defines the strings sent by various key s { as sel ected in  
the tabl es abov e ) . 

The first by te of each string i s  i ts length , the rest is data • 

StrHome [ ]  = " \003\033 [ H" ;  I* home ., 
StrUp [ ]  = " \0 03 \033 [ A " ; , .  up*/ 
StrDown[ ] = " \003 \033 [ B " ; , .  down */ 
StrLeft [ )  = " \003 \033 [ D" ; , .  l ef * /  
StrRigh t [ ] = " \0 03 \033 [ C " ; , .  Right */ 
StrEmpty [ ]  = " " ; I *  unused string *I 

ch ar *KeyStringTab [ 1 6 ]  = { / *  foo *I 

} 

StrHome , StrU p ,  StrDow n ,  StrLef t , 
StrRigh t ,  Str Empty , StrEmpty , StrEmpty , 
StrEmpty , StrEmpty , StrEmpty , StrEmpty , 

StrEmpty , StrEmpty , StrEmpty , StrEmpty , 
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Pl ea s e  note the f o l low i n g  e r r o r F  i n  the manua l :  

Page 2 ,  Figur e BACKPAN EL . The SMD c o n n e c t o r s  h a v e  been r ep o s i t i oned . 
A new f igure w i l l  be i n c l ud e d  i n  t h e  n e x t  r e v i s i on . 

Pag e  1 4 , Car d  cage c on f i gurat ion . The d i agram and d esc r i p t i o n  o f  t h e  
7-s l o t car d c a ge i s  n o t  correc t . I t  does c o r r ec t l y  desc i r be the 6 - s l o t  
c a r d  c a g e , i f  s lo t  7 i s  d e l e t ed and the g r ap h i c s  c a r d  i s  p l a c ed i n  s l o t  
6 .  A n ew f igu r e  wi l l  b e  inc l u d e d  i n  the nex t r e v i s ion . 

Page 1 6 ,  l a st p a r a g r a ph . " 1 6- p i n "  shoul d r ead 50- p in " . 

Page 1 8 , l a s t  p a r ag r a p h . The i n s t r uc t ions a r e  i n c o r r ec t . . The k n o b  
f o r  un l oc k i n g  t h e  hea d s  o n  t h e  Fu j i tsu i s  l oc a t ed und e r n ea t h  the 
un i t . I t  is a c c es se d  through a h o l e  near t h e  c e n t e r  of the bo t t om 
of the enclosure . 

Pa ge 8 ,  Memor y  Expan s i on . r e p l ac e  sen t ence s .  " i n se r t  t h e  7 4 S l 38 
chip at loca tion U l 006 . "  with s e lect di pswi t c h  U 506 to po s i t i on 1 .  

231 0  WALSH AVENUE.  SANTA CLARA, CA 95051 (408) 748·9900 
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