
----------- TRS-BO ® -----------

·.� ' ' 

TRS-XENIX SYSTEM 

SOFTWARE DEVELOPMENT 

--------- llad1elhaell---------



XENIX Operating System Software: Copyright 1983 Microsoft 
Corporation. All Rights Reserved. Licensed to Tandy 
Corporation. 

Restricted rights: Use, duplication, and disclosure are 
subject to the terms stated in the customer Non-Disclosure 
Agreement. 

"tsh" and "tx" Software: Copyright 1983 Tandy Corporation. 
All Rights Reserved. 

XENIX Development System Software: 
Corporation. All Rights Reserved. 
Corporation. 

Copyright 1983 Microsoft 
Licensed to Tandy 

,� TRS-XENIX Software Development Manual: Copyright 1983 
Microsoft Corporation. All Rights Reserved. Licensed to 
Tandy Corporation. 

�\ 

Reproduction or use without express written permission from 
Tandy Corporation, of any portion of this manual is 
prohibited. While reasonable efforts have been taken in the 
preparation of this manual to assure its accuracy, Tandy 
Corporation assumes no liability resulting from any errors 
or omissions in this manual, or from the use of the 
information contained herein. 

XENIX is a trademark of Microsoft. 

UNIX is a trademark of Bell Laboratories. 

) 

\/ 



ACKNOWLEDGEMENTS 

Th is manu al b u i ld s  on the wr it ing of many other s .  I n  many 
case s ,  the content  here is ident ic al , in whole or in par t ,  
to paper s and manu als wr itten a t  Bell Labora tor ie s . 'In 
par t icula r ,  Chapte r 2 and Append ix B are adapted from paper s 
wr itten by Br ian Ke rnig han and D . M .  Ri tch ie . Chapte r s  5 and 
10 are adapted from pape r s  wr itten by s.c. Johnson . Chapte r 
6 is  de r ived from a paper by S . I . Fe ldman , Chapte r 7 from a 
a paper by J . F . Ma raz ano and S . R .  Bou r ne ,  and Chapte r 9 from 
a paper by M. E .  Le sk and E .  Schm id t .  I n  add i t ion , Append ix 
A is adap ted  from ma te r ial wr itten  by B i ll Joy and Mark  
Hor ton , wh i le at the Un iver s ity of Ca l i fornia  at Berkeley . 
The work  of those men t ioned above , and countle ss other s ,  is  
g ra tefu l ly ack nowledg ed .  



·� 

1 . 0 

1.1 
1.2 
1.3 

2 .0 

2.1 
2.2 

2.3 

2 . 4 

2.5 

3.0 

3.1 
3.2 
3.3 

CONTENTS 

Introduction 

Overview . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . • .  
Manual Or ganization...... • • • • • • • • • • • • • • • • • • • • • • •  
Notational Conventions • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

XENIX Programming 

Introduction .................................... . 
The C Interface To The XENIX System • • • • • • • • • • • • • •  
2.2.1 
2.2.2 
2.2.3 
2.2.4 
2.2.5 
2.2.6 

Program Arguments • • • • • • • • • • • • • • • • • • • • • • • • •  
The . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
T he Standard I/O Library • • • • • • • • • • • • • • • • 
Low-Level I/O • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Processes.............. • • • • • • • • • • • • •  
Signals and Interrupts • • • • • • • • • • • • • • • • • • • •  

The Standard I/O Library • • • • • • • • • • • • • • • • • • • • • • • • •  
2.3.1 
2.3.2 
2.3.3 
2.3.4 

General Usage • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
File Access.... • • • • • • • • • • • • • • • • • •  
File Status • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Input Function • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

2.3.5 Output Functions • • • • • • • • • • • • • • • • • • • • • • • • • •  
2.3.6 String Functions • • • • • • • • • • • • • • • • • • • • • • • • • •  
2.3.7 Character Classification • • • • • • • • • • • • • • • • • •  
2.3.8 Character Translation • • • • • • • • • • • • • • • • • • • • •  
2.3.9 Space Allocation • • • • • • • • • • • • • • • • • • • • • • • • • •  
Include Files • • • • • • • • • • • • • • • • • • • • • •  � • • • • • • • • • • • • •  
2 • 4 • 1 ctype. h • • . • . • • • • • • • • • • . • • • • • • • • • • • • • • • • • • •  
2 . 4 . 2 signal.h • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
2 . 4 . 3 stdio. h . . . . . . . . . . . . . . . . . . . . . . • . • . • • . . . . • • .  
XENIX 
2 . 5 . l 
2.5.2 
2.5.3 

MC6 8 0 00 Assembly Language Interface • • • • • • • •  
Registers and Return Values • • • • • • • • • • • • • • •  
Calling Sequence • • • • • • • • • • • • • • • • • • • • • • • • • • 
Sta ck Probes • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Software Tools 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . 
Basic Too ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .  
Other Tools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . .  

i 

1-1 
1-1 
1-3 

2-1 
2-1 
2-1 
2-2 
2-4 
2-9 

2-15 
2-22 
2-27 
2-27 
2-29 
2-33 
2-35 
2-39 
2-44 
2-47 
2-49 
2-50 
2-52 
2-52 
2-53 
2-54 
2-55 
2-55 
2-56 
2-57 

3-1 
3-1 
3-2 



4.0 

4.1 
4.2 
4.3 

5.0 

5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5 . 7 
5 . 8  
5.9 
5.10 
5.11 
5.1 2 
5.13 
5 . 14 
5 . 15 
5 . 16 
5 . 17 
5 . 18 

6.0 

6.1 
6.2 
6.3 
6.4 
6.5 
6.6 

6.7 
6.8 

6.9 
6.10 
6.11 
6.12 

Cc: AC Compiler 

. . . . . . . . Introduction • • • • •  
Invocation Switches. . . . . . . . . . . . . . 
The Loa der • • • • • • • • • • •  . . . . . . . . . . . . 

Lint: A C Program Checker 

Introduction • • • • • • • • • • • • • • • • • • •  
A Word About Philosophy • • • • • • • •  
Unused Variables and Functions. 
Set/Used Information. 
Flow of Control. 
Function Values. . . . 

. . . . . . . . . 
. . . 

.. .. .. 

. . . . Type Checking • • • • • • • • • •  
Type Casts • • • • • • •  . . . . . . . . . . . . . . . . . . . . . . 
Nonportable Character Use • • • • • •  
Assignments of longs to ints • • • • • • • • • •  
Strange Constructions. . . . 
Histor y • • • • • • • • • • • • • • • • • •  
Pointer Ali gnment • • • • • • • •  
Multiple Uses and Side Effects. 
Shutting Lint Up • • • • • • • • • • •  
Library Declara tion Files. 

. . . . 

Notes . . . . . . • . • . • . • . . . .  
Current Lint Options • • • • • • • •  

ADB: A Program Debugger 

Introduction • • • • • • • • •  
Invocation • • • • • • • • • •  
The Current Address - Dot. 
Formats • • • • • • • • • • • • • • • • • • • •  
General Request Meanings • •  
Debugging C Programs • • • • • • •  

. . . . . . . . . 
. . 

. . . 

. . . 
. . 

. . . . . . . . . . . 

0 • 6.6.1 Debugging A Core Image 
6.6.2 Multiple Functions • • • • • • • • • 
6.6.3 Setting Breakpoints • • • • •  
6 . 6.4 Other Breakpoint Facilities. 

. . . . . . . . . . . 

Maps • • • • • • • • • • • • • • • • • • • • •  
Advanced Usage • • • • • • • • •  
6.8.1 Formatted dump. 
6 . 8 . 2  Directory Dump. 
6.8.3 !list Dump • • • • • •  
6.8.4 Converting values. 
Patching • • •  . . . . . . . . . . 

. . . 

• • 
. . . . . . . . •·I 

. . . 

. . . 

. . . 
. . . . . . . . . . . . 

. . . . . . . 
. . . . . . . . • • • • 0 Notes • • • • • • • • •  

Fi gures • • • • • •  
ADB Summ.ary. 

. . . . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . • • 

ii 

5-1 
5-2 
5:... 2 
5.:.3 
5- 4 
5- 4 
5- 5 
5- 6 
5- 7  
5- 7 
5- 8 
5- 9 

5-10 
5-10 
5-11 
5- 1 2  
5-13 
5- 1 4  

6-1 
6�1-
6--2·. 
6-3 
6-3 
6-4 
6-4 
6-6 
6-7 
6-9 

6-10 
6-11 
6-·11 
6:..14 
6-14' 
6-15 
6-15 
6-16 
6-18 
6-31 



h 

7 .0 

7 .1 
7 .2 
7 .3 
7 .4 
7 .5 
7 .6 
7 .7 

8 .0 

8 .1 
8 .2 
8 .3 
8 .4 

8 .5 

8 .6 

8 .7 

8 .8 
8 .9 

6 .1 2 .1 
6 .1 2 .2 

F ormat Summary • • • • •  
Expression Summary. 

Make: A Maintenance Program 

. . . 

Introduction • • • • • • • . . • • • • • • •  

. . 

D escription Files and Substitutions. 
Command Usage.... . • • •  
Impli cit Rules • • • • • • • • • • • • • • • • •  
Example . . . . . . . . . . . . . . . . . • .  
Suggestions and Warnings • •  
Suffixes and Transformation Rules. 

As: An Assembler 

Introduction • • • • •  . . . 
Invocation • • • • • • • • • • •  
Invocation Options • • • • 
Source Pr ogram Format. 
8 .4 .1 Label Field • • • • • • • • •  
8 .4 .2 Opcode Field • • •  
8 .4 .3 Operand-Field • • 
8 .4 .4 Comment Field. 
Symbols and Express ions. 

Symbols • • • • • • • • • • •  

.. 

. . . 
8 .5.1 
8 .5.2 
8 .5.3 
8 .5.4 
8 .5.5 
8 .5.6 
8 .5.7 

Assembly Location Counter. 
Program Sections. 
Constants. 
Operators • • • • • • • • • • •  
Terms • • • • •  
Expressions • •  

Instructions and Addressing Modes. 
8 .6 .1 Instruction Mnemonics • • • • •  
8 .6 .2 Operand Addressing Modes • •  
Assembler Directives • • • • •  
8 .7 .1 .ascii .asciz • • • • • •  
8 .7 .2 .blkb .blkw .blk l. 

. . . . . . . . . . 
. . . 

. . . . 

. . . 

. . 

. . . . . . . . . . . 
. . . . . . . . . . . 

. . . . . . . . . . . 
. . . . . . 

. . . . 
. . . 

. . . . 

. . . 
. . 

. . . . . 

. . 
. . . . . . . . . 

. . . . . . . 
. . . . . . . 

. . . . . 

. . . 

. . . . . . . . . 
8 .7 .3 .byte .word • long. . . . . . . . . . . . . . 
8 • 7 • 4 • end • • • • • • • • • • • • • • • •  
8 .7 .5 .text • data .bss • . ... 
8 .7 .6 .globl . comm. 
8 .7 .7 • even • •  
Operation Codes. 
Error Messages • • •  

. . . . . . 
. . . . 

i i i  

. . . . . . . . . . 

. . . . . . . . . 

. . . . . . . . 

6- 32 
6- 32 

7-1 
7-5 
7-7 
7-8 

7-10 
7-11 
7-1 3 

8-1 
8-1 
8-2 
8-3 
8-4 
8-4 
8-5 
8-5 
8-5 
8-5 
8-8 
8-9 
8-9 

8-11 
8-12 
8-12 
8-13 
8-13 
8-14 
8-17 
8-17 
8-18 
8-19 
8-19 
8-19 
8-20 
8-21 
8-22 
8-2 3 

/ 



9.0 

9.1 
9.2 
9.3 

9.4 
9.5 
9.6 
9.7 
9.8 
9.9 
9.10 
9.11 
9.1 2  

10.0 

10.1 
10.2 
10.3 
10.4 
10.5 
10.6 
10 .7 
10.8 
10.9 
10.10 
10.11 
10.12 
10.13 
10 .14 

Lex: A Lexical Analyzer 

Introduction • • • • • • • • • • • •  . . . . . . . . . . . . . . . . . . . . . . . . . 
Lex Source • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Lex Regular Expressions • • • • • • • • • • • • • • • • • • • • • • • • • •  

9.3.l Character classes • • • • • • • • • • • • • • • • • • • • • • • •  
9.3.2 Arbitrary character • • • • • • • • • • • • • • • • • • • • • •  
9.3.3 Optional Expressions • • • • • • • • • • • • • • • • • • • • •  
9.3.4 Repeated Expressions • • • • • • • • • • • • • • • • • • • • •  
9.3.5 Alternation and Grouping • • • • • • • • • • • • • • • • •  
9.3.6 Context Sensitivity • • • • • • • • • • • • • • • • • • • • • •  
9.3.7 Repetitions and Definitions • • • • • • • • • •  

Lex Actions • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Ambiguous Source Rules • • • • • • • • • • • • • • • • • • •  
Lex Source Definitions....... • • • • • • • •  

. . . . . . 

Usage.................... . . . . . . . . . . 
Lex and Yacc. • • • • • • • . • . • • • • • • • • • • • • • • • • • • •  
Left Context Sensitivity. • • • • • • • • • • • • • • • • • • • • • •  
Character Set................ • • • • • • • • • • • • • • • • •  
Summary of Source Format........ • • • • • • • • • • • • • •  
Notes • • • • • • • • • . . . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Y AC C: A Compiler -Compiler 

Introduction .................................. . 
Basic Specifications. . . . . . . . . . . . . . . . . . . . . . . . . 
Actions ....................................... . 
Lexical Analysis............... . . . • • • • • • • . . •  
How the Parser Works • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Ambiguity and Confli cts • • • • • • • • • • • • • • • • • • • • • • • •  
Precedence • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Error Handling . . . . . • . . . . . . . . . . . . • . . . . . . . . • . . . . •  
The Yacc Environment • • • • • • • • • • • • • • • • • • • • • • • • • • •  
Hints for Preparing Specifications • • • • • • • • • • • • •  
Advanced Topics • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . 
A Si mple Example • • . • . • • . • • • • . • • • • • . • . . . . • • • . • . •  
Yacc Input Syntax • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
An Advanced Example • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

10.15 Old Features • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Appendix A: 
Appendix B: 
Appendix C: 

The C Shell 
M4 
Portable C Programming 

iv 

9-1 
9-3 
9-4 
9-5 
9!6 
9.;;.6 
9-6 
9-7 
9-7 
9-8 
9-9 

9-13 
9-16 
9-17 
9-18 
9- 2 2  
9- 24 
9- 25 
9-27 

10-1 
10-4 
10-6 
10.-9 

10-11 
10-1-7 
10- 2 2  
10- 25 
10-27 
10-28 
10- 3 2  
10-35 

10-38 .. 
10-40 
10-47 

) 

) 

) 



1.1 

1.2 

1.3 

CHAPTER 1 

INTRODUCTION 

CONTENTS 

Ove rv iew • • • • • • • • • • • • • • •  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Manu al Org an i z a t ion • • • •  . . . . . . . . . . . . . . . . . . . . . . . . . . . 

No ta t ional Conven t ions • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

i 

1-1 

1-1 

1-3 

/ 



In troduc t ion In troduc t ion 

1 . 1 Overview 

One of the pr ima ry use s of the XEN IX sys tem is  as an 
env ironmen t for softwa re developmen t .  Th is  manu al de sc r ibes 
th is prog ramming env ironmen t and the av ai lab le tools . S inc e 
nea r ly all of the XEN IX sys tem is wr i t ten in the C 
prog ramming languag e ,  C i s  th e ideal  lang u ag e  for c rea t ing 
new XEN IX applications . However , no a ttemp t is made here to 
te ach C prog ramming . For tha t ,  see the excellen t tu tor ia l 
and re fe renc e  The C Progr amming Language , by Ke rnig han and 
Ritch ie . For more-In forma t ion abou t the bas ic conc epts and 
so ftwa re tha t  und e r ly XEN IX itse l f , see the XENIX 
Fundamentals manu al . 

1 . 2  Manual Organization 

Th is  manu al is  org an i z ed as follows : 

CHAPTER 1 :  In troduc t ion 

Th e chapte r you are now read ing con ta in s a word 
abou t the developmen t  of so ftwa re on the XENIX 
system 

CHAPTER 2 :  Xen ix Prog ramming 

Discusse s th e s tandard XEN IX env ironment  and how 
th is env ironmen t  can be accessed e i ther  from C o r  
from a ssembly lang u ag e .  

CHAPTER 3 :  So ftwa re Tools 

De sc r ibes each of th e tools tha t  you are l ikely 
to use e i ther  d i rec t ly or ind irec tly ,  in 
prog ramming on the XEN IX sys tem , w ith emphas is on 
how the the so ftwa re tools discussed in th is  
manu al fit  tog e ther . 

CHAPTER 4 :  Cc : The c Comp i le r  

De scr ibes u se o f  th e XEN IX C comp i le r ,  cc . 
de sc r ibes the preprocess ing , link ing , 
assembly s tag e s  in comp i ling C prog rams 
executab le f i le s .  

CHAPTER 5 :  Lin t :  The C Prog ram Checker  

Also 
and 

to 

De sc r ibes use of  lint, the XEN IX C prog ram 
chec k e r . Lint analyzes  C prog ram syntax and 
lang u ag e  usag e ,  repor t ing anoma l i e s  to the use r . 

1-1 



I n troduc tion In trod uc t ion 

CHAPTER 6: Mak e : A Prog ram Ma in ta ine r  

De sc r ibes use o f  make ,  a prog ram for controlling 
softwa re genera tion , upda te , and in sta lla t ion .  

CHAPTER 7 :  ADB : A Prog ram Debugge r  

Desc r ibes  use o f  the debugg er , ADB , a prog ram for 
debugg ing and analyz ing both prog rams wh i le they 
exec u te .  

CHAPTER 8 :  As : The XEN IX As semb le r 

Desc r ibes how as , the XEN IX assemble r  can be used 
to assemb le mach ine languag e  prog rams and 
rou t in e s .  

CHAPTER 9 :  Lex : A Lex ic al Analy z e r  

De sc r ibes  u se of lex , a lex ic al analyz e r  use fu l 
in read ing input lang u ag e s .  

CHAPTER 10 : YACC : A Comp i le r-Comp i le r  

De sc r ibes use of YACC , a complex 
creat ing languag e  transla tor s .  
conju nc t ion with lex , abov e .  

APPEND IX A :  The c Shell  

ut i l i ty for 
Use fu l  in 

De sc r ibes u se of th e alte rnate shell  command 
inte rpre te r ,  csh . Th e C shell command languag e  
has a syntax s imi la r to that  of  the C prog ramming 
lang u ag e .  Al i a se s  and a command h is tory 
mechan ism a re also prov ided . 

APPENDIX B :  M4 

De sc r ibes use of the mac ro preproc essor , M4 . 

APPENDIX C :  c Prog ram Por tab i li ty 

Expla ins  
por table 
systems . 

how to wr i te C 
ac ross d i f fe rent 

1- 2 
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Introduction Introduction 

1 .3 Notational Conventions 

Throughout this manual, the following notational conventions 
are use d: 

boldface 

underlining 

[brack ets] 

<angle-brackets> 

ellipses • • •  

quotation marks 

Command names are given in boldface in 
the text of this manual: no boldface 
occurs in displays, except in syntax 
specifications for literal text. For 
example, ls, date, and cd are all the 
names of commands that you might type at 
the keyboard, and therefore all are in 
bold. An exception to this rule occurs 
for long chapters about a single 
command. In this case, the command name 
is made less conspicuous by either 
underlining or capitalization. 

All filenames and pathnames are 
underlined. F or example, text. file is a 
filename and /usr /mary is

�-
a

-
pathname. 

Most command arguments are underlined as 
well, although in some cases these are 
in boldface. Words and phrases also may 
be underlined for emphasis. References 
to entries in the XENIX Reference Manual 
are underlined and include a section 
number in parentheses. For example, 
ls{l) refers to the entry for the ls 
command in Section 1 ,  "Commands". 

Brackets enclose optional arguments in 
syntax specifications. 

Angle brack ets enclose the names of 
control characters and special function 
keys. Examples are <CONTROL-D>, 
<CONTROL- S>, <RETURN>, <INTERRUPT>, and 
<BK S P>. 

Ellipses are used to indicate 
more entries of an argument in 
specification. For example, 
following syntax for the mail 
the ellipses indicate that one 
persons can be sent mail: 

mail person 

one or. 
a syntax 
in the·· 
command, 
or more 

Quotation marks are 
multiple keystroke 

used to set off, 
input. For example , 

1-3  
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Introduct ion 

" ls -la 1 date "  is an 
command line  appear ing 
the text . 

In troduct ion 

example of a 
in the body of 

Common abbrev iations for ASC I I  charac te r s  are li s ted  below : 

<ESC > Escape , Control- [ 

<RETURN> C a r r iage retu r n ,  Control-M 

<LF> Newline , Linefeed , Control-J 

<NL> Newline , Linefeed , Control-J 

<BKSP > Bac k spac e ,  Con. trol-H 

<TAB> Tab , Control- I 

<BELL> Bell , Control-G 

<FF> Formfeed , Control-L 

<SPACE> Spac e ,  oc tal 0 4 0 

<DEL> De le te , oc ta l 0 17 7  

1- 4 
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XEN IX Pr og ramming 

1'� 2 .1 Introdu c t ion 

XEN IX Prog ramming 

The C prog ramming languag e  is de s ig ned to be used in a 
comput ing env ir onmen t .  Bec au se of the powe r and flex ib i l i ty 
of  the XEN IX env ir onment ,  it  i s  impor tan t for the programme r 
to to take adv an tag e of its  many capab i li t ie s .  For example , 
f rom with in some C prog rams , you may want to exec ute other  
prog rams , or mak e  calls to pe r form system func t ions . Or , 
you may wan t  to wr ite assembly lang uag e  rou t ine s tha t  
in te r fac e to C prog rams . Before  you can per form any of 
these prog ramming tasks , you mu st  know the env ir onment .  In  
the case of th e XEN IX system , th is env ironmen t  inc lude s 
low-level  system c alls , ava i lable C libra r ie s ,  and comp i le r  
calling conven t ion s .  Bec au se you may also want to wr ite C 
prog rams that  are  por table to other  XEN IX sy stems and oth e r  
proc essor s ,  a sec tion i n  th is  chap te r discusses por table C 
prog ramming . 

2 .2 The C Interface To The XENIX Sys tem 

Th is  sec t ion  shows  how to in te r fac e C prog rams to the XEN IX 
system , e ith er  d i r ec tly or th rough the s tanda rd I/O l ibra ry .  
The top ic s  disc ussed inc lude : 

$ Hand ling command a rg umen ts 

$ Rudime n ta ry I/O 

$ Th e s tandard  input and ou tput 

$ The stand a rd I/O l ibra ry 

$ F i le system acc ess  

$ Low-level  I/O : open , read , wr ite , close , seek 

$ Proc esse s :  exec , fork , pipe s 

$ Signals and in te rrupts 

2 .2 .1 Prog r am Arguments 

When a C prog ram is run  as  a command , the argumen ts on the 
command line  are  made avai lable to the func t ion ma in  as an 
a rgumen t  count  a rgc  and an array a r gv of po in te r s  to 
characte r str ing s  tha t  con ta in the a rg ume n ts . By 
conven t ion , argv [Q ] i s  the command name itse l f , so a rgc is  
always g re ate r than O .  
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Th e follow ing prog ram i ll u s t r a te s  th e mechan ism : 
echoe s its  a rg umen ts bac k to th e te rmi n al. 
e s se n t i a lly th e echo command. ) 

ma in ( arg c , a rg v )  
i n t  a rg c 1  
cha r *a rgv[] J 
{ 

/* echo a rg ume n ts */ 

for ( i  = 1 1  i < a rg c 1 i++ )  

i t  s imply 
(Th is is  

} 
p r intf ( " % s % c " ,  a rgv [ i ] , ( i < a rg c-1 ) ? ' ' : ' \n ' ) J  

a rgv is a po in te r  to an array whose ind iv id u al e leme n ts a r e  
poi n te r s  to a r rays of cha rac te r s 1  e ach is te rmi n a ted by \0 ,  
so th ey c an be t r e a ted a s  s t r ing s .  Th e program s ta r ts "t>y 
p r in ting a r gv [l ]  and loop s u n t i l  i t  ha s pr in ted th em a l l . 

Th e arg ume n t cou n t  and th e argume n ts are pa rame te r s  to ma i n . 
If you wan t  to keep th em so o th e r  r ou t in e s  c an get  at  th em ,  
you mu s t  copy th em to e xte rnal v a r iable s.  

2 . 2 . 2  The Standard 

Th e s imp le s t  input  mechan i s m  is to r e ad th e "s tanda rd 
inp u t , "  wh ich is gen e ra lly th e use r ' s te rmin a l. Th e 
func t io n  getcha r  re tu r n s  th e next input cha rac te r e ach t ime 
i t  i s  c alled. A f i le may be subs t i tu ted for th e te rmi n al by 
u s ing th e < conv en tio n : 

p r og  < f i le 

Th i s  c au se s  E!.29. to r e ad f i le in s te ad o f  th e te rmi n al. Th e 
prog ram i t se l f  need knOWiio th ing abou t wh e r e  its  inp ut i s  
com i ng fr om. Th i s  i s  a lso t r u e  i f  th e inp u t  come s fr om 
ano th er  p r og ram v ia th e "p ipe " mec han ism. For example 

oth e rprog I p rog 

prov ide s th e s tanda rd inp ut fo r E!.29. from th e s tand a rd 
ou tput o f  other prog. 

Getcha r  re tu r ns th e valu e EOF wh en it encou n te r s  th e end o f  
f i le (or a n  e r ror )  on wh a teve r  you a re r e ad ing. The valu e 
o f  EOF i s  no rma l ly def in ed to b e  -1 , bu t i t  is unwise to 
tak e  any adv an tag e of th a t  knowledg e. As w i ll bec ome c le a r  
shor t ly ,  th is v alu e i s  au toma t ic ally de f ined for you wh en 
you comp i le a prog ram , and need not be of any conc e r n .  
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Simi la r ly ,  putchar (£) puts the cha rac te r£ on the " s tandard 
ou tput , "  wh ich is also by de fau lt the te rminal . The ou tput 
c an be captured on a f i le by us ing > .  I f  E!.2S, use s putchar , 

prog >ou tf i le 

wr ites th e standa rd ou tp ut on outf i le inste ad of the 
te rminal . Out f i le is  cre ated  if  i t  doe sn ' t  ex is t 1  i f  it  
alre ady ex is ts , its  prev iou s conten ts are  ove rwr itten . 

The func t ion pr intf , wh ich forma ts ou tput in  var iou s  ways ,  
use s  the s ame mechan ism as  putchar doe s ,  so calls to p r intf 
and putchar may be inte rmixed in any orde r : the ou tput 
appear s in th e orde r of the c alls . 

Simi la r ly ,  th e func t ion s canf prov ides  for 
conve r s ion 1 i t  reads the standa rd input 
into str ing s ,  number s ,  e tc . , as de s ir e d .  
same mechan ism a s  getchar , so calls to 
inte rmixed . 

forma tted input 
and bre ak s it  up 
Scanf u se s  the 
them may a lso be 

Many programs r e ad only one input and wr ite one ou tput 1 for 
such prog rams I/O w ith getchar , putchar , scanf , and pr intf 
may be en ti rely adequate , and it  is  almost always enough to 
get  sta rted . Th is is par t ic u la r ly true if  the XEN IX p ipe 
fac i li ty is  u sed  to connec t th e ou tput of one prog ram to the 

(� input of the nex t .  For example , the fo llow ing prog ram 
str ips ou t all ASC I I  control cha rac te r s  from its  input 
( except for  newline  and tab ) . 

t inc lu de <s td io . h> 

ma in ( )  /* cc str ip : s tr ip non-g raph ic cha rac te r s  */ 
{ 

} 
The line 

int C J  
wh i le ( ( c = getcha r ( ) ) ! = EOf) 

ex it ( O ) J 

i f  ( ( c  >=  ' ' & &  c < 0 17 7 )  \ 11 
c == ' \t '  I I c == ' \n ' > 
putchar ( c ) 1 

# inc lude <s td io . h> 

shou ld appear  
c au se s  the c 
of s tanda rd 
defini t ion of 

at  the beg inn ing of each sou rc e f i le .  I t  
comp i le r  to read a f i le ( /usr/incl ude/s td io . h ) 
rou t ines  and symbols that  inc lude s the 
EOF . 
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If i t  i s  nec essa ry to treat  mu lt iple f i le s ,  you c an use cat 
to collec t the fi le s  for you : 

c at f i lel f i le2 • • •  I ccstr ip >ou tput 

and thus  avoid le arn ing how to access  f i le s  f r om a prog ram . 
By the way , the c all to exit  at  th e end is no t nec essary to 
mak e  th e prog ram wor k properly ,  but it assu re s tha t  any 
c alle r of th e prog ram wi ll see a norma l  te rm i nation sta tu s  
( conven tionally 0 )  from the prog ram when i t  comple te s .  
Statu s  re tu rns a re d isc ussed la te r i n  more  de ta i l .  

2.2.3 The Standard I/O Li brary 

The Stand a rd I/O Libra ry is a col lec t ion  of rou t ines  
in tended to prov ide e ff ic ien t and por table I/0 se rv ices  for 
mo st  C programs . The s tanda rd I/O l i bra ry is ava i lable on 
e ach system tha t  suppor ts C,  so prog rams that conf ine the i r  
system in te rac t ions  to its  fac i li t ie s  can be transpor ted 
f r om one system to ano th e r  essen tially withou t chang e .  

In  th is sec tio n ,  we w i ll d isc uss  th e bas ic s  o f  the 
I/O libra ry .  Sec t io n  2 . 3  con ta in s a mor e  
desc r ipt ion of  i t s  c apab i li t ie s . 

2.2.3.1 File Access 

stand a rd 
comp le te 

The programs w r itten so fa r have all r e ad the s tand a rd input 
and wr i t ten th e s tand a rd ou tput , wh ich we hav e  assumed are  
mag ic ally pre-def ined .  The next step is to w r ite a prog ram 
tha t  acc esse s a f i le tha t  is not alre ady connec ted to the 
prog r am .  One s imp le example is we , wh ich cou nts the l ines , 
word s  and cha rac te r s  in a se t of  f i le s . For instanc e ,  th e 
command 

WC X.C y . c  

pr in ts th e numbe r  of  l ines , word s  and charac ters in x . c and 
Y·£ and th e to ta ls . 

Th e ques t ion is how to a r rang e  for th e named f i le s  to be 
r e ad-that  is , how to connec t the f i le system name s to the 
I/O s ta temen ts wh ich ac tu ally re ad th e da ta .  

Th e rule s  are  s imple . Before  i t  c an be  read or wr itten a 
f i le has to be opened by the s tanda rd lib r a ry fu nc t io n  
fopen . Fo�en tak e s  an ex te rnal name ( l i k e  x . c or  y . c ) , doe s 
some hou se eep ing and negot ia t ion with th e opera ting-system , 
and re tu r ns an in te rnal name wh ich mu st  be used in 
subsequen t r e ads  or wr ite s of th e fi le .  
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�. Th is in te rnal n ame is ac tu ally a po in te r ,  called a f i le 
pointer , to a s t ructure wh ich conta in s informa t ion abou t the 
f i le ,  such as th e loc ation of a buffe r ,  the cur rent  
cha rac te r pos it ion in  the buffe r ,  whether  th e f i le is  be ing 
r e ad or wr i tten , and th e like . Use r s  don ' t  need to know the 
deta i ls ,  bec au se par t  of the standa rd I/0 def in i t ions 
obta ined by inc luding s tdio . h is a struc ture de fin i t ion 
c alled FI LE . The only dec la ra t ion needed for a f i le poin te r  
i s  exempli f ied by 

FI LE *fp , *fopen ( )  1 

Th is  say s tha t  fE. is a poin te r  to a FI LE , and fopen returns  
a po in te r  to a FI LE , wh ich is a type name , like int, not a 
structure  tag . 

Th e ac tu al c all to fopen in a prog r am is  

fp  = fopen ( name , mode )  1 

The f i r st arg umen t of  fopen is the name of the f i le ,  as a 
charac te r  str ing . The second a rg umen t is  the mode , also as  
a charac te r st r ing , wh ich ind ic ate s  how you in tend to use 
the fi le .  Th e only allowable mode s  are re ad (£) , wr i te (w) , 
or append ( a )  • 

�. I f  a fi le tha t  you open for wr it ing or append ing doe s no t 
ex is t ,  it is created ( i f poss ib le ) . Open ing an ex is t ing 
f i le for wr it ing cau se s  the old conten ts to be d isc arded . 
Try ing to re ad a fi le tha t  doe s no t ex is t is  an e r r or , and 
th ere may be oth e r  cau se s  of e r r or as we ll ( l ike try ing to 
re ad a f i le wh en you don ' t  have  pe rmi s s ion) . I f  there is 
any e r r or , fopen re turns  the nu ll poin te r  valu e NU LL (wh ich 
is def ined as z ero in std io . h ) . 

The next th ing needed is a way to r e ad or wr ite the f i le 
onc e  it  i s  open . Th ere are severa l poss ib i li t ie s ,  of wh ich 
getc and putc  are th e s imple st . Getc  retu r ns the next 
cha rac te r from a f i le .  I t  needs th e f i le poin te r  to te ll it  
wh at  f i le .  Thus : 

c = getc ( fp )  

plac es in c the next cha rac te r from th e fi
°
le re fe rred  to by 

!.£ 1  i t  re tu r n s  EOF when it  r e aches end of f i le .  Putc is the 
inv e r se of getc . For example 

putc ( c ,  fp ) 

puts the cha rac te r c on the f i le fE. and r e tu r n s  c . Getc and 
putc r e tu r n  EOF on  e r ror . 
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When a program is sta r ted , th ree f i le s  are opened 
au toma t ic ally , and f i le po in ters are prov ided for them . 
These f i le s  are the standard input , the s tandard ou tput , and 
the stand a rd error ou tput 1 the  cor re spond ing f i le poin te r s  
are called s td i n , s tdout , and s tder r .  Norma lly these are 
all connec ted to th e te rminal , but may be redirected to 
f i le s  or p ipes . Stdin , stdout and s tde r r  are pre-def ined in 
the I/O li bra ry as the standard input , ou tput and error 
f i les 1 th ey may be used anywhere an obj ec t  of  type 

FI LE * 

c an be . They are  constants , however , not var iable s ,  so 
don ' t  try to ass ig n  to them .  

Wi th some o f  th e pre limina r ie s  ou t o f  th e way , we can now 
wr i te we. The bas ic de s ig n  is  one that  has been found 
conven ien t for many prog rams : i f  there are command-line  
arg umen ts , they are  proc essed in orde r 1  i f  there are  no 
arguments , the s tanda rd inp ut is  proc essed . Th is way the 
prog ram can be used s tand-alone or as part  of a la rg er  
process . 
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l inc lude <s td io . h> 

ma in ( arg c ,  argv ) 
int  arg c ;  

/* we : count lines , word s ,  cha r s  */ 

char *a rgv [ J ;  

{ 
i n t  c ,  i ,  inword ;  
FI LE *fp , * fopen ( ) ; 
long linec t ,  wordc t ,  cha rc t ;  
long tlinec t  = O ,  twordct  = 0 ,  tcha rc t  = O ;  

i = l ;  
fp = s td in ; 
do  { 

i f  ( arg c > 1 & &  ( fp=fopen ( argv [ i ] , " r " ) ) == NULL )  { 
fpr in tf ( s tde r r , "we : c an ' t  open % s\n " , argv [ i ] ) ; 

} 
continue ; 

l i nec t = wordct = charct  = inword = O ;  
wh i le ( ( c  = getc ( fp ) ) ! = EOF) { 

} 

charc t++ ; 
i f  ( c  == ' \n ' ) 

l inec t++ ; 
i f  cc == , ' 11 c == ' \t '  

inword = O ; 
e lse if ( inword == 0 )  { 

inword  = l ;  
wordct++ ; 

} 

11 c == ' \n ' ) 

pr in tf ( " % 7 ld % 7 ld % 7 ld " , l inec t ,  wordc t ,  cha rc t) ; 
pr in tf ( a rg c  > 1 ?  n % s\n " : " \n " , a rgv [ i ) ) ; 
fc lo se ( fp ) ; 
tlinec t  += linec t ; 
twor dct += wordct ; 
tcharc t += charc t ;  

} wh i le ( ++i < a rg c) ; 
i f  ( arg c > 2 )  

pr in tf ( " % 7 ld % 7 ld % 7 ld to tal\n " , tlinec t ,  twordc t ,  tcharc t ) ; 
ex it ( O ) ; 
} 
The func t ion  fpr intf is  iden tic al to pr intf , save tha t  the 
f i r st a rg umen t is  a fi le poin te r tha t  spec i f ie s  the f i le to 
be wr itten.  

The func t ion f close is the inv e r se of fopen ;· it bre ak s the 
connec tion between the f i le poin te r  and the ex te rnal name 
that was e s tablished by fopen , free ing the f i le poin te r  for 
another  f i le .  S inc e there is a limit  on the number of f i le s  
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th a t  a program may have  open s imu ltaneou s ly ,  it ' s  a good 
id e a  to free th ing s wh en they a re no long er needed . There 
is also ano ther re ason to call fclose on an ou tput f i le- i t  
flushes th e buffer i n  wh ich putc is  c ollec t ing ou tput . 
fclose ( is  c alled au toma t ically for each open f i le when a 
program terminate s  normally . ) 

2.2.3.2 E r ror Handling-Std e r r  and Ex i t  
Stderr is ass igned to a program in th e same way tha t  s td i n  
and s tdout are . Ou tput wr it ten o n  s tderr appears  on th e 
use r ' s  terminal even i f  the s tanda rd ou tput is red i r ec ted . 
We wr ites  its  diag no s t ic s  on stde rr inste ad of s tdout so 
that  i f  one of th e f i le s  c an ' t  be acc essed for some re aso n ,  
the me ssag e find s its  way to th e user ' s  terminal  in ste ad of  
d isappear ing down a p ipe line  or  in to an ou tput  f i le .  

The prog ram ac tu ally s ig nals error s in ano th e r  way , us ing 
the func tion e xi t  to te rmi nate program execution . The 
argumen t of  exi t i s  av a i lable to whatever proc ess c alled it , 
so the success  or fa i lu re of the prog ram c an be te sted  by 
ano th er prog ram that  use s th is one as  a sub-proc ess . By 
conven tio n ,  a re tu rn  valu e of 0 s ignals tha t  all is we l l 1 
non- z e ro valu es s ig nal  abnorma l  s itu ations . 

Exi t i t se lf calls  fclose for each open ou tput  f i le ,  to flush 
ou t any buffe red ou tput , then calls a rou t ine  named e xi t .  
The func t ion  exi t cau se s  immedia te termi nation withou t  any 
buffe r flu sh ing 1 i t  may be called d irec tly i f  des ired . 

2.2.3.3 Misc ellaneous I/O Func t ions 
Th e standard I/O li b r a ry prov ides severa l other I/O 
func t ions  bes ides  those we have  i llu stra ted abov e .  

Norma lly ou tput with putc , etc . , is buffe red ( except  to 
s tder r )  1 to for c e  i t  ou t immed ia te ly ,  use fflus h (!E,) .  

f scanf is  iden tic al to s canf , except  tha t  i t s  f i r st a rg umen t 
i s  a fi le poin te r ( as w i th fpr intf ) tha t  spec i f ie s  the f i le 
f rom wh ich th e input  come s 1 it re tu r n s  EOF a t  end of  f i le .  

Th e func t ions s s canf and sprintf  a re iden tic al to  fscanf and 
fpr intf , except tha t  the f ir s t  argumen t name s a charac te r 
str ing ins tead of  a f i le poin te r .  The conver s ion  i s  done 
from the s tr ing for ss canf and in to it  for spr i ntf . 

fgets ( buf , s i ze ,  !E,) copie s th e nex t l ine  from fE., up to and 
inc luding a newline , in to buf 1 a t  mo s t  s i ze- 1 charac ters are 
cop ied 1 i t  re tu rns NULL a t  end of f i le .  fputs ( buf , !E,) 
wr ites  the s t r ing in buf onto fi le fE.· 
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Th e func t ion ungetc ( c ,  !.£ )  "pushes bac k "  the 
onto the input  stream !£; a sub sequen t c all to 
e tc . , wi ll encou n te r  c .  On ly one charac te r of  
f i le is perm i t te d .  

2 .2 .4 Low-Level I/O 

cha rac te r  c 
ge tc , fscanf-; 
push-bac k  per 

Th is sec t ion desc r ibes th e bottom level  o f  I/O on the XEN IX 
system .  The lowe st  level o f  I/O in XEN IX prov id e s  ne i ther  
buffe r ing nor any other  se rv ic e s ; it  i s  in  fac t a d i rec t  
en try in to the ope ra t ing sys tem . You are  en tire ly on you r 
own , but on the other  hand , you hav e the mos t  control ov er  
wh at happen s .  And s ince  the c alls  and usag e  a re quite 
s imple , th is i s n ' t  as bad as  i t  sound s .  

2 .2 .4.1 File Descr iptor s 
In  th e XEN IX ope rat ing system , all input and output  i s  done 
by re ading or wr i t ing f i le s ,  bec au se all pe r iphera l dev ic e s ,  
even th e use r ' s  te rminal , a re f i le s  in th e f i le sys tem . 
Th is means tha t  a s ing le , homog eneous i n te r fac e hand le s  all  
communic at ion  between a prog ram and pe r iphe ra l dev ic es . 

In  th e mo s t  g en e ra l  c ase , be fore  re ading or wr i t ing a f i le ,  
i t  is nec essary to in form th e sy stem of  you r i n te n t  to do 
so , a proc ess  c alled "open ing " the f i le .  I f  you a re going 
to wr ite  on a f i le ,  it may a lso be nec essa ry to cre ate it . 
The system ch ec k s  you r r ight  to do so ( Does the f i le ex i s t ?  
Do you have permiss ion to acc ess i t ? ) , and if  a ll i s  we ll , 
re tu rns a small  pos it ive in tege r  called a f i le de sc r iptor . 
Wh enever I/O is  to be  done on the f i le ,  the f ile de sc r iptor  
i s  u sed inste ad of  the name to iden t i fy th e f i le .  (Th is is 
roug hly analogou s to the use of and in For tran . )  All 
in forma t ion abou t an open f i le is ma in ta ined by the system ; 
th e use r prog ram re fe r s  to the f i le only by the f i le 
desc r iptor . 

F i le poin te r s  are  s imi la r in conc ept to f ile de sc r iptor s ,  
but  f i le de sc r iptor s are mo r e  fundamen ta l .  A f i le poin te r  
i s  a poin te r  to a struc tu re that  conta in s ,  among oth e r  
th ing s ,  the f i le de sc r iptor  for th e f i le i n  quest io n .  

S inc e input and ou tput involv ing the use r ' s  te rminal  are so 
common ,  spec ial  a r rang emen ts ex is t to mak e  th is conven ien t .  
When the command in te rpre te r  ( th e  " shell " ) r u n s  a prog ram , · 
i t  open s th ree f i le s ,  with fi le de sc r iptor s O ,  1 ,  and 2, 
c alled th e s tand a rd input , the standa rd ou tput , and the 
s tandard e r r or ou tput . Al l o f  th ese are norma lly connec ted 
to th e te rminal , so i f  a prog ram re ads f i le de sc r iptor  0 and 
w r i tes  f i le desc r iptor s 1 and 2 ,  i t  c an do te rminal I/O 
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without  wor ry ing abou t open ing th e fi le s .  

If I/O is  red irec ted to and fr om f i le s  with < and > ,  a s  in  

prog < in f i le >ou tfi le 

the shell  changes  th e de fau lt ass ig nmen ts for fi le 
desc r iptor s 0 and 1 from th e te rminal  to the named f i le s .  
S imi la r obse rvations hold i f  the input or ou tput is  
assoc ia ted with a pipe . Norma lly f i le desc r ip tor 2 rema ins  
attached to the te rmina l , so e r ror me ssages  can  go  there . 
In  all  case s ,  th e f i le ass ignmen ts are chang ed by the shell , 
no t by the program .  Th e prog ram does  no t need to k now where 
its input come s f r om nor wh ere its ou tput goe s ,  so long as 
i t  use s  f i le 0 for input and 1 and 2 for ou tput . 

2.2 .4 .2 R ead and W r ite 
All input and ou tput is  done by two func t ions called read 
and wr i te .  For both ,  the f ir st a rgumen t is a file 
desc r iptor . Th e second argumen t is  a buffe r in you r prog ram 
wh ere the data is to come from or go to . The th ird  argument  
is  th e number  of bytes to b e  t ransfe r red . The calls are 

n_r e ad = r e ad ( fd ,  bu f ,  n )  1 

n_w r i t ten = wr ite ( fd ,  buf ,  n )  1 

Each call r e turns  a byte count  wh ich is the numbe r of byte s 
ac tu ally transfe r red .  On re ading , ·  the number  of byte s 
re tu rned may be le ss th an the numbe r asked for , bec au se 
fewe r than n byte s rema ined to be  read .  (Wh en the fi le is a 
te rminal , read normally re ads only up to the next newline , 
wh ich is genera lly le ss than what  was requested . )  A retu r n  
valu e  o f  z ero byte s imp l i e s  end of  fi le ,  and -1  ind icate s  an 
error of some sor t .  For wr i t ing , the re tu r ned value is th e 
number  of  byte s ac tu ally wr itten 1 i t  is  g enera lly an e r r or 
i f  th is isn ' t  equal to th e numbe r  supposed to be  wr itten . 

The number  of byte s to be read or wr i t ten is  qu ite 
arb it ra ry . Th e two most  common values  are 1 ,  wh ich means 
one charac te r at a time ("unbuffe red") , and 5 1 2 , wh ich 
cor re spond s to a phys ical block s i z e  on many pe r iphera l 
dev ices . Th is  latte r s iz e  w i ll be most eff ic ien t ,  but even 
charac te r  at a t ime I/O is no t inord inate ly expens ive . 

Putt ing th ese fac ts together , we can wr ite a s imple program 
to copy its input to its  ou tput . Th is pr ogram cop ie s  
anyth ing to anyth ing , s inc e th e input and ou tput can be 
red irec ted to any f i le or dev ic e .  
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fdef  ine BUFSIZE 51 2 

ma in ( )  /* copy input to ou tput *I 
{ 

char  buf  [BUFSI ZE ]  1 
int  n7 

wh i le ( ( n  = re ad ( O ,  buf ,  BUFSI ZE ) ) > 0) 
wr ite ( l ,  buf ,  n )  1 

} 
ex it ( O ) J 

If  the fi le s iz e  is no t a mu lt iple of BUFSI ZE ,  the last r ead 
w i ll re tu rn  a smalle r number  of byte s to be wr itten by 
wr ite 1 the next c all to read afte r tha t  wi ll r e turn  z ero .  

I t  is instruc t ive to see how read and wr i te can be used to 
construc t hig he r  level r ou t ines  li k e  getchar , putchar , e tc . 
For example , here is a ver s ion of getchar  wh ich doe s 
unbuffe red input . 

ide f  ine  CMASK 

ye tchar  ( )  

char  c 1  

0377 /* for mak ing cha r ' s  > 0 */ 

/* unbuffe red s ing le cha rac te r  input */ 

} 
re tu rn ( ( re ad ( O ,  &c , 1 ) > 0) ? c & CMASK : EOF ) J 

c mus t be dec lared char , bec au se read acc epts a charac te r 
poin te r .  Th e charac te r be ing re turned mu st  be masked w ith 
0377 to ensure that  it is  pos it ive 1 o therw is e  s ig n  extens ion 
may make  it negative . . ( The  constant 0377 is mach ine 
dependen t and thus var ies  f r om mach ine to mach ine . )  

Th e second ve r s ion of getcha r doe s input in b ig chunk s ,  and 
hand s ou t the charac te r s  one at a t ime .  
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#define  CMASK 0377 
#de f ine  BUFSIZE 51 2 

/ *  for mak ing char ' s  > 0 */ 

yetchar ( )  

s ta t ic 
s tat ic 
s ta t ic 

/* buffered vers ion  */ 

char 
char 
in t 

buf [ BUFSIZE] ; 
*bufp = buf ; 
n = O ;  

i f  ( n  == 0) { / *  buffer is  emp ty */ 
n = re ad ( O ,  buf , BUFSIZE ) ; 

} 
bufp = buf ; 

} 
re turn ( ( --n >=  0) ? *bufp++ & CMASK : EOF )  1 

2.2.4.3 Op en, Creat, Close , Unlink 
Oth er than the defau lt  standard input , 
f i le s ,  you mu st  expl i c i t ly open fi le s  
wr i te them . Th ere are  two system en try 
open and creat [ s ic ] . 

output and err or 
in  order to re ad or 

poi n ts for th is , 

open is  ra th e r  li ke  the fopen disc ussed in  th e previou s 
sec t ion ,  except  that  i n s te ad of  r e tu r n ing a f i le po in ter , i t  
re turns a f i le descr ip tor , wh ich is  j u st  an int .  

i n t  fd 1 

fd = open ( name , rwmode )  1 

As with fopen , the name arg umen t is a cha rac ter s tr ing 
cor re spond ing to th e exte r nal  f i le name . The  access  mode 
argumen t is  differen t ,  however: rwmode is 0 for re ad , 1 for 
wr ite , and 2 for re ad and wr i te acc ess . ope n  re turns  -1 i f  
any error occur s ; o th erw is e it  re turns a vali d  f i le 
desc r iptor . 

It is  an e r r or to try to open a f i le tha t  doe s no t ex is t .  
Th e en try po in t creat i s  prov ided to cre ate new fi le s ,  or to 
re-w r ite  old ones . 

fd = cre at ( name , prnode )  1 

re turns a f i le de sc r iptor i f  i t  was ab le to cre ate the f i le 
c alled name , and -1 i f  no t .  I f  th e f i le alre ady ex is ts , 
creat wi ll trunc ate it  to z ero  leng th ; i t  i s  no t an error to 
creat a fi le tha t  alre ady ex is ts . 

I f  the f i le 
protect ion 

is 
mode 

brand new, creat cre ate s  it with the 
spec i f ied by the pmode arg umen t .  In th e 
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XEN IX f i le system , the re a re nine bits of protec t ion 
information assoc iated w ith a f i le ,  contr oll i ng re ad ,  wr ite 
and exec ute permi s s ion  for the owner of the f i le ,  for the 
owne r ' s  g roup , and for all o th e r s. Thus  a th ree-d ig it  oc tal 
number is  most  conven ien t for spec i fy ing the permis s ions . 
For example , 0 7 5 5  spec i f i e s  read , wr i te and exec ute 
permi s s ion  for the owner , and re ad and exec ute permi s s ion 
for the group and everyone else . 

To i llustrate , here is a s imp l i f ied ver s ion  of th e XEN IX 
u t i li ty cp, a prog ram wh ich cop ie s one f i le to ano ther . 
( The  ma in s impl i f ic at ion  is that  our ve r s ion  cop ie s  only one 
f i le ,  and· doe s no t pe rmi t the second a rgumen t to be a 
d irectory . )  

idef ine  NULL 0 
#de f ine  BUFSIZE 5 1 2  
#def ine  PMODE 0644 / *  RW for own e r , R for g r oup , oth e r s  */ 

ma in ( arg c ,  argv ) /* cp : copy fl to f2 */ 
int  arg c 1  
char *argv [ ] J 
{ 

} 

i n t  fl , f2 , n 7  
char  buf [BUFSIZE ] J 

i f  ( arg c ! =  3) 
er r or ( " Usag e : cp from to " ,  NULL ) J 

i f  ( ( fl = open ( argv [ l ] , 0) ) == -1) 
error ( "cp : c an ' t  open % s " , argv [ l ] ) J  

i f  ( ( f2 = cre at ( argv [ 2 ] , PMODE ) )  == -1) 
e rr or ( "cp : c an't create % s" ,  a rgv [ 2) ) 1 

wh i le ( ( n = r e ad ( fl ,  bu f ,  BUFSIZE ) ) > 0 )  
i f  ( w r i te ( f2 , buf ,  n )  ! = n)  

e r r or ( "cp : wr i te e r r or " ,  NULL ) J 
ex i t ( O ) J 

er ror ( sl ,  s2 ) /* pr in t e r r or me ssage and d ie */ 
char  *sl , * s 2 1 
{ 

} 

pr in tf ( sl ,  s2 ) J 
pr intf ( " \n " ) J 
exit ( l ) 1 

There is a l imi t { typic ally 2 0) on the number  of f i le s  wh ich 
a program may have open s imu ltaneou sly . There for e ,  any 
prog ram wh ich in tends to proc ess many f i le s  mu st  be prepared 
to reu se f i le descr iptor s .  The rou t ine close bre ak s  the 
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connec tion between a fi le de sc r iptor and an 
frees  the f i le de sc r iptor  for use w ith 
Te rmination  of a prog ram via  exit  or re turn  
prog ram c loses  all  open f i le s-. ---

open f i le ,  and 
some other  fi le .  

from the ma in 

The following func tion  remove s  the fi le f i lename from the 
f i le system : 

unli n k  ( f i lename ) 

2.2.4.4 Random Access-Seek and Lseek 
Fi le I/O is normally sequen ti a l : e ach read or wr i te tak e s  
plac e at a pos it ion  in  the f i le r ight  afte r the prev iou s 
one . Wh en necess a ry ,  however , a f i le can be re ad or wr itten 
in  any arb i t r a ry orde r .  The system c all lsee k prov ides  a 
way to move around in a fi le wi thou t ac tu ally re ading or 

· wr i t ing : 

lseek ( fd ,  offset ,  or ig in ) : 

for c es th e cur ren t pos it ion in th e f i le whose desc r iptor is 
fd to move to pos it ion  offset , wh ich is taken relative to 
th e loc at ion spec i f ied by or igin . Subsequen t re ad ing or 
w r i t ing w i ll beg in at that pos it ion .  offset  is  a long :  fd 
and or igin  a re int ' s .  or igin  can  be O, 1, or  2 to spec i fy 
that  offset  is to be me asu red  from th e beg inn ing , from th e 
cur ren t pos it io n ,  or from the end of th e f i le re spec t ively . 
For example , to append to a f i le ,  seek to the end before  
wr it ing : 

lseek ( fd ,  OL, 2 ) : 

To get  bac k to th e beg inning ( " rewind " ) : 

lseek ( fd ,  OL, 0) : 

Notice the OL a rg umen t :  i t  cou ld also be wr i tten as  

( long )  O 

Wi th lsee k ,  it i s  poss ible to treat f i le s  mor e  
larg e  array s ,  a t  th e pr ice of  slowe r access . 
the following s imple func t ion  re ads any number 
any arb itra ry plac e in a f i le : 
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get ( fd ,  pos , buf ,  n )  /* r e ad n byte s f r om pos it ion pos */ 
in t fd , n 1  
long pos 1 
char  *buf 1 
{ 

l seek ( fd ,  pos , 0 ) 1 /* get  to pos */ 
re tu r n ( re ad ( fd ,  buf ,  n ) ) 1  

} 

2.2.4.5 Error Process ing 
The rout ines  d iscussed in th is sec t ion ,  and in fac t all the 
r ou t ines wh ich are d ir e c t  en tr ie s in to th e system c an inc ur  
e r r or s . Usually they ind ic ate an  e r r or by  re turn ing a value 
of  -1 . Some t ime s it is n ice  to k now wha t  sor t  of e r r or 
occur red 1 for th is purpose all these r ou t ines , when 
appropr iate , le ave an e r r or numbe r in th e exte rnal c ell  
e r rno .  Th e mean ings  of th e var iou s e r r or numbe r s  are li s ted  
1n  the in troduc t ion to Sec t ion II  o f  th e XENI X  Reference 
Manual , so you r prog ram c an ,  for example , de te rmine  i f  an 
attempt to open a f i le fa i led bec au se it  d id no t ex is t or 
bec au se th e use r lac ked permi s s ion to re ad i t . Pe rhaps mor e  
commonly , you may want  to pr in t out th e re ason for fa i lu re . 
Th e routine  per ror  wi ll prin t a me ssage assoc iated w ith the 
valu e of e r rno 1  mor e gen e ra lly ,  sys e r r no is an ar ray of 
charac te r s tr ing s wh ich can be indexed by e r r no and pr in ted 
by you r prog ram . 

2.2.5 Processes 

I t  is  often eas ie r to use a prog ram wr i t ten by someone else 
than to inven t you r own . Th is sec t ion  de scr ibes how to 
exec ute a prog ram from with in ano ther . 

2.2.5.1 T h e  Sys tem• 
The eas ie st  way to exec ute a prog ram from ano th e r  is to use 
th e standard  li bra ry r ou t ine  sys tem . Sys tem tak es  one 
argumen t ,  a command str ing exac tly as typed at the te rminal 
( except for  the newline  at  the end ) and execute s  i t . For 
instanc e ,  to t ime-s tamp th e ou tput of a prog ram ,  

ma in ( )  
{ 

} 
system ( •da te • )  1 
/*  rest  of process ing */ 

If  the command str ing has  to be bu i lt from p iec es ,  the in
memory formatt ing capab i li t ie s  of spr intf  may be usefu l .  

2-15 



XENIX Prog ramming XENIX Programming 

Remember  than getc and putc normally buffer the i r  input 1 
terminal I/O w i ll no t be prope rly synchron i z ed unle ss th is  
buffer ing is defeated . For ou tput , use fflus h 1 for  input , 
see setbuf in th e append ix . 

2.2.5.2 Low-L ev el Proc ess Crea t ion-Ex ec! and Ex ecv 
I f  you ' re no t u s ing th e s tanda rd li bra ry , or i f  you need 
f iner  contr ol ove r wh a t  happen s ,  you w i ll hav e  to construc t  
calls  to other  prog rams u s ing the mor e  pr imi t ive  rou t ines  
that  th e s tanda rd libra ry ' s  sys tem rou t ine is based on .  

The mo s t  bas ic ope ra t ion  i s  to execute ano ther  pr og ram 
without r e turning , by us ing th e rou t ine  exec! . To pr int th e 
da te as th e las t  act ion  of  a runn ing program , use 

exec! ( n /bin/da ten , "date " , NULL ) 1 

The f ir s t  arg umen t to e xecl is  the f i lename of th e command 1 
you have to k now where it  i s  fou nd in th e f i le system . The 
second arg umen t is  conven tionally th e prog ram name ( that is , 
the las t  componen t of th e f i le name ) , bu t th is  is  se ldom 
used excep t  as a plac e-hold e r . I f  th e command tak e s  
argumen ts , they are strung ou t afte r th is 1 the end of the 
l i s t  is  ma r k ed by a NULL a rgumen t .  

The execl call overlay s  the ex is t ing prog r am with the new 
one , runs  tha t ,  then ex i t s . Th ere is no re tu r n  to the 
or ig inal prog ram .  

More re al i s t ically , a prog ram might fall in to two or 
phase s tha t  communicate only throug h temporary f i le s .  
i t  i s  natu r a l  t o  mak e  the second pass  s imply an e xecl 
from th e f i r st .  

mor e  
He re 
c all  

The one exceptio n  to the 
neve r gets  contr ol bac k  
example if  th e f i le can ' t  
you don ' t  know wh ere da te 

ru le that  
occur s  wh en 
be found or 
is loc ated , 

the or ig inal prog ram 
th ere is an e r r or , for 
i s  no t executable . I f  
say 

exec l ( n /b in/da te " ,  "date " , NULL ) 1 
execl ( "/usr/b in/date " , "date " , NULL ) 1 
fpr in tf ( stderr , " Someone s tole ' da te ' \n " ) 1 

A var iant of  execl called execv is use fu l wh en you don ' t 
know in advance how many arg umen ts th ere are going to be . 
The call is  

execv ( f i lename , argp) 7 

where !.fS.2 i s  an ar ray of po in ter s to the arg umen ts 1 the 
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,..-.,,.. last  pointe r  in th e array mu st be NULL so execv can te ll 
��- wh ere the li s t  end s .  As with execl , f i lename is th e fi le in 

wh ich th e prog ram is found! a�d �[Ql is the name of th e 
prog ram .  ( Th is a r rang emen t i s  iden tic al to the argv array 
for program a rg umen ts . )  

Ne ither of these rou t ines  prov ides  th e niceties  of norma l 
command exec ution . Th ere is no au toma t ic se arch of  mult iple 
d irec tor ie s-you have to k now prec isely where the command is 
loc ated . Nor do you get the expans ion of me tacharac te r s  
l i k e  < ,  > ,  * ,  ? ,  and [] i n  the argumen t lis t .  I f  you wan t  
these , use execl to invoke th e shell sh , wh ich then does all 
th e wor k .  Cons truct a str ing commandIIne that  conta ins the 
comple te command as it  would have been typed at the 
te rminal , then say 

exec l ( " /b in/sh " ,  " sh " , " -c " ,  commandline , NULL ) ; 

The shell is assumed to be  at  a fixed plac e ,  /bin/sh . I t s  
arg umen t - c  says  to tre at  the next arg umen t a'S"""a whole 
command line, so it doe s j u st what  you wan t .  The only 
problem is in construc t ing th e r ight  informa tion in  
commandl ine . 

2 . 2 . 5 . 3 Control of Processes - For k and Wai t  
So fa r what  we ' ve talked abou t i sn ' t  re ally all  that  use fu l 
by itse lf . Now we wi ll show how to reg ain  control afte r 
runn ing a prog ram with execl or execv . S inc e these routines  
s imply ove r lay th e new prog ram on  th e old one , to save the 
old one requ ire s that i t  f i r st be spli t  into two copie s ;  one 
of th ese can be  overla id , wh i le the other  wa i t s  for th e new ,  
over lay ing prog ram to fin ish . Th e spl i tt ing is done by a 
r ou t ine called for k :  

proc_id  = for k ( ) ; 

splits  the prog ram in to two cop ie s ,  both of wh ich continue 
to run . The only d i ffe renc e  between the two is the value of 
proc id , th e "process id . " In one of these processe s ( th e  
" ch i ld " ) ,  proc id is zero .  In  the other  ( the  "paren t" ) ,  
proc id is non-zero ; it is th e process numbe r  of the ch i ld .  
Thu s  th e bas ic way to call , and r e tu r n  from ,  ano ther  prog ram 
is  

i f  ( for k ( )  == 0) 
/* in  ch i ld */ 
exec l ( " /b in/sh " ,  " sh " , "-c " , cmd , NULL ) ; 

And in fac t ,  except for handling e r r or s ,  th is  is  su ff ic ien t .  
The for k makes  two copies  of th e program .  I n  the ch i ld ,  the 
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value re turned by for k i s  z ero , 
the command and then d ie s .  
non-zero so i t  sk ips th e execl . 
for k re turns  - 1 ) . 
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so i t  c alls e xecl wh ich does 
In  the paren t ,  for k re turns 
( I f  there is  any error ,  

More  often , th e paren t wants to wa it  for the ch i ld to 
te rminate be for e  continu ing itself . Th is c an be done with 
the func t ion  wa i t : 

int  statu s 1 

i f  ( for k ( )  == 0) 
exec 1 ( \ • • •  \ ) 1 

wa it ( & statu s )  1 

Th i s  st i ll doesn ' t  hand le any abnorma l  cond i t ions , such as a 
fa i lure of the execl or for k ,  or th e poss ib i li ty that there 
might be more  th an one ch i ld runn ing s imu ltaneous ly .  (The 
wa i t  re turns th e process  id of th e te rminated ch i ld ,  if  you 
want  to ch ec k  it ag ainst  the value re turned by fork . )  
Finally ,  th is f ragmen t doe sn ' t  deal w ith any funny beh av ior 
on th e part  of th e ch i ld (wh ich is repor ted in s tatus ) . 
St i ll ,  these three lines  are the heart  of th e s tandard 
l i bra ry ' s  sys tem rou t ine , wh ich we ' l l show in a momen t .  

Th e status re turned by wa i t  encodes i n  its  low-order e ight 
bits  th e system ' s  idea of th e ch i ld ' s  te rmi nation  s ta tu s ; i t  
i s  0 for normal te rmination  and non-zero to ind ic ate var iou s 
k ind s of  problems . Th e nex t h ig her e ig h t  b i t s  are tak en 
from the arg umen t of th e call to exi t wh ich cau sed a normal  
termination  of th e ch i ld procesB:" It is good cod ing 
prac t ice  for all prog rams to re tu r n  me aning fu l s tatu s . 

When a program is called by the  shell , the th ree f i le 
descr iptor s O ,  1 , and 2 are set  up poin ting at  th e r ig ht 
f i le s , and all o ther poss ible f i le de scr iptor s  are avai lable 
for use . Wh en th is program calls ano ther one , cor rec t 
e t iquette suggests  mak ing sure th e same cond it ions hold . 
Ne ither for k nor th e exec  c alls  affec ts open fi le s  in  any 
way . I f  the paren t is buffer ing output that must  come out 
befor e ou tput from the ch i ld ,  the paren t mu st  flu sh its  
buffers  befor e the exec! . Conver sely , i f  a caller buffers 
an input stream ,  the called program w i ll lose any 
in format ion  th at  has been re ad by the caller . 
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2 .2 .5 . 4  Pipes 
A � is an I/O channel in tended for use between two 
cooperat ing proc esse s :  one process wr i te s  in to the p ipe , 
wh i le the oth e r  re ads . The system look s a fte r buffe r ing the 
da ta and synch roniz ing th e two proc esse s .  Most  p ipes are 
cre ated by the shell , as  in  

ls I pr  

wh ich connec ts th e s tanda rd ou tput of ls  to the standa rd 
input of  EE. · Some t ime s ,  however , it is most  conven ien t for 
a pr ocess to set  up its  own plumb ing 1 in th is sec t ion ,  we 
w i ll i llustrate how the p ipe connec t ion  is established and 
used . 

The system c all � cre ate s  a pipe . S inc e a pipe is used 
for both re ad ing and wr it ing , two f i le de sc r iptor s are 
re tu rned 7 th e ac tu al u sage is li ke th is : 

in t fd [ 2 ] 1 

sta t = p ipe ( fd )  1 
i f  ( sta t == -1) 

/* th ere wa s an e r r or • • •  *I 

fd is an a r ray of two f i le de sc r iptor s ,  where fd [Q] is  the 
re ad s ide of th e pipe and fd [ l ] is  for wr i t ing .  These may 
be used in read , wr i te and cIOse calls j ust  l i ke  any o th e r  
f i le de sc r iptor s .  

I f  a pr ocess  re ads a p ipe wh ich is empty ,  i t  w i ll wa it  unti l 
da ta arr ives 7 i f  a process  wr i te s  in to a p ipe wh ich is too 
full , it w i ll wa it  unti l th e p ipe empties  somewhat . If the 
wr ite s ide of th e pipe is c losed , a subsequen t read w i ll 
encounte r  end of  f i le .  

�� 

To illustrate the use of p ipes in  a re alis t ic se tt ing , le t 
us  wr ite a func t ion  called popen ( cmd ,  mode ) , wh ich cre ate s  a 
process cmd ( j ust  as system doe s ) , and re turns  a f i le 
desc r iptor  tha t  wi ll e ithe r  re ad or wr i te that  process , 
accord ing to mode . That  is , the call 

fou t = popen ( "pr " ,  WRITE) 7 

c re ates a process  that exec ute s  the EE. command 1 subsequen t 
wr ite calls us ing th e f i le desc r iptor  fout will send the i r  
data to that  proc ess th rough the p ipe . 

popen f i r st cre ates the the p ipe with a � system c all 7 i t  
then for ks  to cre ate two cop ies  o f  itself . Th e ch i ld 
dec ides wh ether  it  is  supposed to re ad or wr ite , close s  the 
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other s ide of the pipe , then calls the shell ( via  execl ) to 
run  the des ired pr ocess . The paren t li kewise close s the end 
of the pipe  it does no t u se .  Th ese close s a re nec essa ry to 
make end-of-f i le tests wor k pr ope r ly .  For examp le , if  a 
ch i ld that  in tends to re ad fa i ls to close the wr ite end of 
the p ipe , i t  wi ll never see  th e end of the p ipe f i le ,  j u s t  
bec au se th ere i s  one wr i te r  poten tially ac t ive . 

# include < s td io . h> 

idef ine 
idef ine 
ide f  ine  
sta t ic 

READ 
WRITE 
t s t ( a , 
in t 

0 
1 

b) (mode --
popen_p id 7 

popen ( cmd , mode )  
char  *cmd 7 
in t mode 7 
{ 

i n t  p ( 2 ]  1 

i f  ( p ipe ( p) < 0) 
re tu r n  (NULL ) 1 

READ ? ( b) : 

i f  ( ( papen pid = for k ( ) ) = =  0) { 
c lose ( tst ( p [WRITE] , p [ READ ] ) )  7 
close ( tst ( O ,  1 ) ) 7  

( a ) ) 

dup ( ts t ( p [ READ ] , p [WRITE] ) )  7 
close ( tst ( p [ READ ] , p [WRITE] ) )  7 
exec l ( " /b in/sh" ,  "sh" ,  "-c " , cmd , 0 ) 7 
/*  d isaste r  has occurred  if we get here */ 

} 
_ex it ( ! )  1 

i f  ( popen_pid ==  - 1 )  

} 

r e turn (NULL ) 1 
close ( tst ( p [ READ ] , p [WRITE] ) ) 7 
r e tu r n ( tst ( p [WRITE ] , p [ READ ] ) )  7 

The sequence of closes  in 
Suppose that  the task  is  to 
read data from the parent .  
wr ite s ide of  the pipe , 
l ines 

the ch i ld is  a bit tr icky .  
cre ate a ch i ld pr oc ess that  wi ll 
Th en the f i r st close close s the 
le av ing th e read s id e  open . The 

close ( tst ( O ,  1 ) ) 7 
dup ( tst ( p [ READ ] ,  p [WRITE] ) ) 7 

are the conven tional way to assoc iate the 
with the s tanda rd input of th e ch i ld .  Th e 
descr ip tor O ,  that  is , the standa rd inp ut . 
c all that re tu rns a duplic ate of an 
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desc r iptor . F i le desc r iptor s are ass ig ned in increas ing 
orde r and th e f i r st avai lab le one is re tu rned , so the effec t 
of  th e d up is  to copy the f i le desc r iptor for th e p ipe ( re ad 
s ide )  to f i le de sc r iptor  0 :  thus the re ad s ide of the p ipe 
become s th e s tandard input .  (Ye s ,  th is i s  a b i t  tr icky,  but 
i t ' s  a s tanda rd id iom . ) Finally , the old r e ad s ide of the 
p ipe is c losed . 

A s imi lar sequence of ope ra t ions tak es  plac e wh en th e ch i ld 
proc ess is supposed to wr ite f rom th e parent  inste ad of  
re ad ing . You may f ind it  a use fu l exerc ise  to  s tep thr ough 
that c ase . 

The job is  no t qu ite done , for we s t i ll need a func t ion  
pclose to close the p ipe cre ated by popen . Th e ma in re ason 
for us ing a separate func tio n  r a ther  than close is that it  
i s  des irable to wa i t  for th e te rmination of th e ch i ld 
process . F i r st ,  the re tu rn  value from pclose ind ic ate s  
wh ether  the process succ eeded . Equally impor tan t is that  
only a fin ite number  of unwa i ted-for ch i ldren  can ex ist  for 
a g iven paren t pr oc ess , even i f  some of them have 
te rminated . Pe r forming th e wa i t  lays th e ch i ld to re s t .  
Thu s : 

�� 

# include <s ig nal . h> 

pclose ( fd }  
i n t  fd 1 

/*  c lose p ipe fd */ 

{ 

} 

reg is te r  r ,  ( *h stat )  ( ) , ( * i s tat )  ( ) , ( *qstat)  ( ) 1 
in t s ta tus 1 
exte rn in t popen_pid : 

c lose ( fd ) : 
istat  = s ig nal ( SIG INT ,  SIG  IGN ) : 
qsta t = s ignal ( SIGQUIT , SIG  IGN } : 
hstat  = s ignal ( S IGHUP , SIG IGN ) 7 
wh i le ( ( r = wa it ( &status ) ) - ! =  popen_pid & &  r 1 =  -1 ) : 
i f  ( r  == - 1 ) 

s tatu s  = - 1 : 
s ignal ( SIGINT , i s tat) : 
s ignal ( S IGQUIT , qstat } : 
s ignal ( S IGHU P , hstat} : 
r e tu rn ( sta tu s ) : 

The calls to s ignal make sure that  no i n te rr upts , etc . , 
inte r fe re w i th the wa i t ing process : th is is  the top ic of the 
next  sec tion .  
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� The rou t ine  as wr itten has th e limi ta t ion that only one p ipe 
may be open at  onc e ,  bec au se of th e s ing le shared var iable 
popen pid 1 it re ally should be an array indexed by f i le 
desc r iptor . A popen funct io n ,  with s lightly d i f fe rent  
arguments and re tu r n  value is av ai lable as par t  of the 
standa rd I/O l i brary d isc ussed below . As curren tly wr itten , 
i t  share s  th e same limi tatio n .  

2 .2 . 6  Signa ls and Interrupts 

Th is  sec tion is conc e rned with how to deal g r acefu lly w i th 
prog ram fau lt s  and with s ig nals and in te rrupts  f rom the 
ou ts ide wor ld . S i nc e  th ere ' s  no th ing ve ry use fu l that can 
be done from with in C abou t program fau lt s , wh ich ar ise 
ma inly from i lleg al memory re fe renc es  or from exec ution  of 
pec uliar  instruc t ions , we ' l l d iscus s  only th e ou ts ide-wor ld 
s ignals : interrup t ,  wh ich is sen t wh en th e cha rac te r is  
typed 1 qu i t, gen e rated by th e cha racte r 1  hangup , cau sed by 
hang ing up the phone 1 and te rmin a te ,  generated by the k i ll 
command . Wh en one of these events occur s ,  the s ig nal is 
sen t  to all process e s  wh ich we re sta rted f rom the 
cor re spondiil9 te rminal 1 unle ss  other  arrangemen ts h ave been 
made , th e s ignal te rminate s  th e proc ess . I n  the qu i t  case , 
a core  imag e fi le is wr itten for debugg ing purpose s .  

� Th e rou t ine  wh ich alte r s  the de fau lt act ion i s  called 
s i gnal . I t  has two argumen ts : th e f i r st spec i f ie s  th e 
s ignal , and the second spec i f i e s  how to treat  i t .  Th e f i r st 
argumen t is j u st a number code , but the second is the 
address is  e ith e r  a funct io n ,  or a somewhat strange  code  
that requests th at th e s ignal e i ther  be ig nored , o r  that i t  
b e  g iven th e de fau lt ac t ion .  The inc lude f i le s ignal . h  
g ives name s for th e var ious  arg umen ts , and should always be 
included wh en s ig nals are used . Thus  

#inc lude <s ignal . h> 
. . . 

s ignal ( S IG INT , S IG IGN ) i 

c au se s  inte rrupts  to be  ig nored , wh i le 

s ignal ( S IG IN T ,  SIG  D F L ) i 

res tores  th e de fau lt act ion of proc ess te rmination .  I n  all 
c ase s ,  s i gnal r e turns  th e pre v ious  value of the s ig nal . The 
second arg umen t to s ignal may in ste ad be th e name of a 
func t ion  (wh ich has to be dec la red  explic itly if the 
comp i le r  hasn ' t  seen it alre ady ) . In th is c ase , the named 
r ou t ine wi ll be called when the s ignal occur s .  Most  
commonly th is fac i lity is u sed to  allow the program to cle an 
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up unfin ish ed bus iness be for e te rmi nat ing , for example to 
dele te a tempor a ry f i le :  

# include <s ignal . h> 

ma in ( )  
{ 

} 
on in tr ( )  
{ 

} 

i n t  onin tr ( ) ; 

i f  ( s ig nal ( SIG INT , SIG IGN )  ! =  SIG IGN )  
s ig nal ( SIGINT , -onin tr ) ; 

/* Pr ocess • • • */ 

exi t ( O ) ; 

unlink ( temp f i le ) ; 
ex it  (1 ) ; 

Why the te s t  and the double call to s ignal ? Rec all tha t  
s ignals l i k e  i n te rrup t  are sen t to all  p r ocess e s  sta r ted 
from a pa r t icula r te rmi nal . Accord ing ly;-wh en a program is  
to be run non- i n te rac t ively ( sta rted by & ) ,  the shell tu rns  
off  in te r rupts  for i t  so  it  won ' t  be  s topped by in te r r upts  
in tended for for eg round proc esse s .  I f  th is  prog ram beg an by 
announc ing tha t  all in te rrupts  we re to be  sen t to th e onintr  
r ou t ine regardle ss , tha t  would undo the sh ell ' s  effor t to 
protec t i t  when run in th e bac kground . 

The solu t ion , shown above , is  to te st  the state of in te rr up t  
handling , and to cont inue t o  ignore in te r rupts i f  they are 
alre ady be ing ig nored . The code as wr i t ten  depend s on the 
fac t tha t  s ignal r e turns  the prev iou s state of a par t ic ula r 
s ignal . I f  s ig nals we re alre ady be ing ig nored , the pr oc e ss 
shou ld continue to ignore  them ;  o therw ise , they should be 
c aught . 

A more  sophis t ic ated pr og r am may wish  to inte rcept an 
i n te r r up t  and in te rpre t it as a request  to s top what  i t  i s  
doing and re turn  to i t s  own command-pr oc ess ing loop . Th ink 
of  a text  ed i tor : in te r rupt ing a long pr in tout  shou ld no t 
cau se i t  to te rminate and lose the wor k alre ady done . The 
ou tline  of the code for th is  c ase is probably best  wr itten 
l i k e  th is : 
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i inc lude <s ignal . h> 
i include <setjmp . h> 

ma in ( )  
{ 

} 
on in tr ( )  
{ 

} 

i n t  ( * is tat )  ( ) , oni n tr ( ) ; 

is tat = s ignal ( S IG IN T ,  SIG IGN) ; 
/*  save or ig inal statu s  above*/ 

setjmp ( sj buf ) ; /*  s ave  cur ren t stac k pos it ion */ 
i f  ( is tat  ! =  SIG IGN ) 

s ignal ( SIGIN T ,  onin tr ) ; 

/*  ma in process ing loop */ 

pr intf ( "\ninte r r up t\n") ; 
long jmp ( s j buf ) ; /* re tu r n  to s aved state */ 

The inc lude f i le set j mp . h dec la re s  the type j mp buf an 
objec t in wh ich the s tate can be saved . Sj buf is such an 
obj ec t ;  it is an  a r ray of some sor t .  The setjmp r out ine 
th en saves th e s tate of th ing s • .  Wh en an inte r r up t  occ ur s ,  a 
c all  is for c ed to the on intr  rou t in e , wh ich can pr int a 
message , set flag s ,  or whatever . Longj mp tak e s  as  a rgumen t 
an obj ec t  stored  into by setj mp ,  and r e store s  contr ol to  the 
loc at ion afte r the call to setjmp ,  so control ( and the stack 
level )  w i ll pop bac k to the plac e  in the ma in rou t in e  where 
th e s ignal is set up and the ma in  loop en te red . No tice, by 
the way , that  the s ignal gets set ag ain afte r an i n te r r upt  
occur s .  Th is is nec essa ry ;  most  s ignals are au tomat ic ally 
rese t  to th e i r  defau lt ac t ion wh en th ey occur . 

Some prog rams that  want to detec t s ig nals s imply can ' t  be 
s topped at an arbitrary po in t ,  for example in the middle of 
upda ting a linked li s t .  I f  the r out ine called o n  occ ur renc e  
of  a s ignal se ts  a flag and then re tu r n s  instead of  c all i ng 
exi t or longjmp,  exec u t ion  wi ll continue at the exac t po int  
i t  was in terrup ted . The in te r rupt  flag can then be  tested 
later . 

There is one d i f f iculty assoc iated with th i s  approach . 
Suppose the pr og ram is re ading the te rminal  when the 
inte rrupt i s  sen t .  Th e spec i f ied  r out ine is du ly c alled ; i t  
se ts its flag and re turns . I f  it  we re re ally tr ue , as we 
sa id above , that  "exec ution  re sume s at  the exac t po int it  
was inte r rupted , "  the pr og r am wou ld continue re ad ing th e 
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� te rminal  unt i l  the use r typed ano ther  line . Th is  beh av ior 
might we l l  be confus ing , s ince th e use r might  no t know that 
the program is re ad ing 1 h e  pre sumably would pre fe r to hav e  
th e s ignal tak e  effec t  instantly . Th e me thod chosen to 
re solve th is  d i ff ic ulty is to te rmi nate th e te rmi nal  read 
wh en exec ution re sume s a fte r th e s ig nal , re tu r n ing an e r r or 
code wh ich ind ic ates  what happened . 

Thus programs wh ich c atch and r e sume exec ut ion afte r s ig nals 
should be prepared for "e r r or s " wh ich are c au sed by 
inte r r upted system calls . (The ones to wa tch ou t for a re 
re ads from a te rminal , wai t ,  and pause . )  A program whose 
on intr prog ram j ust se ts  1ntflag , re se ts the i n te r r up t  
s ignal , and re turns , should usu ally inc lude code l i ke  the 
following wh en it re ads the s tandard input : 

i f  ( ge tch ar ( )  ==  EOF) 
i f  ( in tflag )  

/* EOF c au sed by inte rr up t  */ 
e lse  

/* true  end-o f-f i le */ 

One item to k eep in mind bec ome s impor tan t when s ig nal
catch ing is comb ined with exec ut ion  of other  programs . 
Suppose a prog ram c atch es in te rrupts , and also i nc ludes  a 
me thod ( li ke  " ! " in  th e ed i tor ) whereby oth e r  programs c an 
be exec uted . Then th e code should look some th ing li ke  th is : 

i f  ( for k ( )  == 0 )  
exec l { • • • ) 1 

s ignal ( SIGIN T ,  SIG_IGN ) 1 /* ignore in te rr upts  */ 
wa i t { & statu s )  1 /* unti l  th e ch i ld is done */ 
s ignal ( S IGINT , onin tr ) 1 /* restore in te r rupts */ 

Why is th is ?  Ag ain , i t ' s  no t obviou s but no t re ally 
d i ff ic ult . S uppose the pr og ram you call c atches  i ts own 
inte rrupts . I f  you in te r r up t  th e subp r og r am ,  i t  wi ll g e t  
th e s ignal  and re turn  to i t s  ma in loop , and pr obably re ad 
you r te rminal . But th e calli ng pr ogram wi ll also pop out of 
its  wa i t  for the subp rogram and re ad your te rminal . Hav ing 
two processes  re ading your te rminal  is  very unfor tunate , 
s ince th e system fig ura t ively flips a coin to dec ide who 
shou ld ge t each line  of inp ut .  A s imple way ou t is to hav e  
the paren t program ignore  in te r rupts  unti l th e ch i ld is 
done . Th is  re asoning is reflec ted in th e standa rd I/O 
l i br a ry func t ion  system : 
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# inc lude < s ig nal . h > 

system ( s )  
char *s ; 
{ 

/* r u n  command s t r ing s */ 

i n t  statu s , pid , w ;  
reg is te r  i n t  ( * i s ta t )  ( ) , ( *qsta t)  ( ) ; 

i f  ( ( p id = for k ( ) ) = = 0 )  { 
exec l ( " /b in/sh " , " sh " , " -c " ,  

} _ex i t ( l 27 ) ; 
s ,  0 )  ; 

i s  t a t  
q s t a t  
wh i le 

= s ig nal ( S I G IN T ,  S IG IGN ) ; 
= s ig nal ( S IGQU I T , S IG IGN ) ; 
( ( w = wa i t ( & s t a tu s ) ) T= p i d  & &  w ! =  - 1 ) 

} 

. ' 
i f  ( w  == - 1 )  

s ta tu s  = - 1 ; 
s ignal ( S I G INT , i s t a t ) ; 
s ig na l ( S IGQU I T ,  qstat ) ; 
r e tu r n ( s t a tu s ) ; 

Th e func t io n  s ignal obviou s ly has a ra th e r  s t r a ng e  second 
a r g umen t .  Th i s  arg umen t is a po in te r  to a func t io n  
d e l i ve r ing an in teg e r , and th i s  i s  also th e type of  th e 
s ignal  rou t in e  i t self . Th e two value s  SIG IGN a nd SIG DFL 
h av e  th e r ight type , bu t are chosen so th ey c o inc ide w i th no 
pos s ible ac tu al f u nc t ions . For th e en thus i a s t , here is how 
th ey are de f i n ed for th e PDP- 1 1 ; th e de f i n i t ions are 
s u f f ic ien tly ug ly and no npor table to encou rag e use of th e 
s t anda rd inc lude f i le :  

#de f i n e  SIG DFL ( in t  ( * )  ( ) ) 0 
# de f i ne SIG IGN ( in t  ( * )  ( ) ) 1 
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� 2 . 3 The Standard I/O Library 

A knowledge of the ava i lable C libra r ie s  i s  essen tial  to th e 
C programme r ,  s ince they de fines  a common set  of mac ros , 
types , and func t ions that  can be used in almost any 
programmi ng pr ojec t .  The most  impor tant func t ions and 
mac ros a re declared in th e s tandard I/O l i br a ry ,  wh ich wa s 
was des igned with the following goa ls in  mind : 

1 .  I t  must be a s  eff i c ien t as poss ible , both in t ime and 
in spac e ,  so that  there w i ll be no hes itation  in us ing 
i t  no matte r how c r i t ic al the applic ation . 

2 .  I t  must be s imple to use , and free 
number s and myste r ious  calls  whose 
unde r standab i l i ty and por tab i li ty .  

of the mag ic  
use can reduc e 

3 .  The inte r fac e  prov ided . should be appl i c able on all 
mach ines , wheth e r  or no t th e prog rams wh ich implemen t  
i t  are d ir ec tly por table  to oth e r  systems . 

2 . 3 . 1 Genera l Usage 

Each prog ram us ing th e l i bra ry mu st have  the line  

# inc lude <s td io . h> 

wh ich def ines c er ta in mac r os and var iable s .  Th e rout ines  
a re in th e norma l C l ibr a ry ,  so  no spec ial  l i bra ry a rg umen t 
i s  needed for loading . Al l name s in th e include f i le 
in tended only for in te rnal u se beg in with an under score ( ) 
to reduc e th e poss ib i li ty of  conf l i c t  with other  name s 
created by th e use r .  Th e name s in tended to be vis ible 
ou ts ide th e package are : 

std in Th e name of th e s tanda rd input f i le 

s tdout Th e name of the s tanda rd output f i le 

s tderr The name of th e s tanda rd e r r or f i le 

EOF Th e value re tu r ned by the re ad rou tines on end
of-f i le or e r r or 1 usu ally -1 

NU L L 

FI LE 

The nu ll pointe r , re turned by 
func t ions to ind ic ate an e r r or 

poin te r-valued 

The name of a mac r o  use fu l  when dec la r ing pointe r s  
to streams . I t  expand s to " s truct _iob" . 
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BUFSI Z Th e s iz e  ( usually 5 1 2 ) s iz e  su i table for an I/O 
buffe r s uppl i ed by th e use r .  See s e t buf , below . 

Ge t c , getchar , put c , putchar , feof , f e r ror , and f i leno a re 
d e f ined as  mac r os .  Th e i r  ac t ions are  desc r ibed below 1 th ey 
a re men t ioned h e re to poin t ou t th a t  i t  is no t pos s ib le to 
r edec lare th em and th a t  th ey are no t ac tu ally f u nc t io ns . 
Thu s ,  th ey may no t have bre ak po in ts se t on th em wh en 
debugg ing . 

Th e rou t ines  in th is  pac k ag e  offe r th e conv en ienc e of 
au toma t ic buffe r alloc a t io n  and ou tput f lu sh ing wh e re 
appr opr i a te . Th e name s s td i n , s tdo ut , and s tde r r  a re i n  
e f f ec t  constants and may no t be ass ig ned to . Std io . h  
conta ins th e d e f i n i t io ns of NULL , EOF , FI LE ,  and BUFSr z: 
Th e standa rd inp ut f i le ( s td i n ) , standa rd ou tpu t  f i le 
( s tdout ) , and standard e r r or f i le ( s tde r r )  are also d e f i n ed 
i n  th e stand a r d  I/O l i b r a ry . Th ese de f i n i t ions c an be  
i ncorpor a ted in to a C p r og r am w i th th e fo llow ing sta temen t :  

i inc lude < s td io . h> 

Th e f i le c type . g  pr ov id e s  th e mac r o  de f i n i t ions for th e 
poss ible ch a rac te r class i f i c at ions . Any pr og r am u s ing those 
fac i li t ie s  must conta in th e l i n e : 

# inc lude <c type . h> 

The func t ions th a t  hand le s ig nals need to use th e s ig nal 
d e f i n i t ions , so th ese de f i n i t io n s  mu s t  be inc luded i f  th e se 
func t ions a r e  to b e  used . Th i s  c an b e  done w i th th e l i n e : 

# inc lude < s ig nal . h> 

Some func t io n  name s h ave ch ang ed in  or d e r  to fo llow th e 
e s tabl i s h ed conv en tio n .  To i n sure th at th e un iquen ess of 
func t ion name s is pre se rved even i f  tr unc at io n  occ u r s on 
some systems , those func t io ns d e al i ng with en t i r e  s t r ing s 
a r e  named s t r  • • •  1 those func t io n s  tha t  cons ide r only th e 
f i r st � ch arac te r s  o f  a s t r ing a re named s t r n  • • • •  
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� L i s ted below are some common C l ibra ry func t ions . Most  of 
these belong to the standa rd I/0 l i bra ry -- although other  
l i bra r ie s  a re repre sen ted here as we ll . 

2 . 3 . 2  Pile Access 

f close 

f dopen 

# include <s td io . h> 
i n t  fc lose ( stre am)  
FI LE *stre am ;  

Fclose close s a f i le th at wa s open ed by fopen , 
f rees  any buffe r s  afte r empty ing them , and 
re turns  zero  on success , nonzero  on e r r or . Exit  
c alls fclose for all  open f i le s  as  par t  of  i t s  
process ing . 

# include <std io . h> 
FI LE *fdopen ( f i ldes ,  type ) 
i n t  f i ldes ; 
ch ar  *type ; 

Fdopen prov ides  a br idg e be twe en the low-level 
input-output ( I /0 )  fac i li t ie s  of XEN IX and th e 
standa rd I/O func t ions . Fdopen assoc iate s  a 
stre am with a valid  f i le de scr iptor  obta ined fr om 
a XEN IX system c all ( e . g . , open ) . " Type " is  th e 
same mod e ( " r " ,  "w " , " a " , r+  , w+ , a+ ) that  
was u sed in  the or ig inal c re at ion  of  a f i le 
iden t i f ied by " f i ldes " .  Fdopen re turns  a poin te r 
to th e assoc iated stre am ,  or NULL i f  
unsuccess ful .  

Example : 

int  fd ; 
char  *name = " my f i le " ; 
FI LE *s trm ; 

fd = open ( name , 0 ) ; 

. 
i f ( ( s trm = fdopen ( fd , " r " ) ) == NULL ) 

fpr in tf ( stde r r , " Er r or on % d\n" , fd ) ; 
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f i leno 

f open 

# inc lude < s td io . h> 
i n t  f i leno ( s tream) 
F I LE *s t re am 7  

Implemen ted a s  a mac r o  o n  XEN IX ,  ( and conta ined 
in th e f i le s td io . h) , f i leno re tu r n s  an in teg e r  
f i le descr ipto r  assoc ia ted w i th a val i d  " s tr e am " . 
Any ex is t ing no n-XEN IX imp lemen ta t ions may hav e  
d i ffe ren t me an ing s for th e i n teg e r  wh ich is 
re tu r ned .  F i l eno is u se d  by many oth e r  s tanda rd 
func t ions  in th e C l i b r a ry .  

# inc lude < s t d io . h> 
FI LE * fopen ( f i len ame , type ) 
char * f i len ame , * type 7 

Fopen open s a fi le named " f i len ame " and r e tu r n s  a 
po in te r to a s t r uc tu r e  ( here afte r re fe r r e d  to as 
" s t r e am " ) , con ta in ing th e da ta nec ess a ry to 
h and le a s t r e am  of da ta . Th e " type " i s  one of 
th e follow ing charac te r s t r ing s : 

r 
w 

a 

Used to open for re ad ing . 
Used to open for wr i t ing , wh ich 
t r u nc ate s an ex is t ing fi le to z e r o  
leng th or  c re ate s a new f i le .  
Used to append , tha t  is , open for 
w r i t ing at th e end of a f i le ,  or cre ate 
a new f i le .  

For th e upda te op t ions , f s e e k  or r ew ind c an be 
used to tr igg er  th e ch ang e f r om re ading to 
w r i t ing ,  or v ic e  ve r sa .  ( Re ach ing EOF o n  i np u t  
w i ll also pe rmi t wr i t ing w i thou t fu r th e r  
forma l i ty . ) Fopen re tu r n s  a NULL poin te r  i f  
" f i len ame " c anno t be open ed . Th e upda te 
func t ions a r e  p a r t icula r ly appli c ab le to s t r e am  
I/O and al low for th e poss ib i li ty o f  c re a t ing 
tempor a ry f i le s  for b o th re ad ing and w r i t ing . 

Examp le : 

F I LE *fp 7 
c h a r  * f i le 7 

i f ( ( fp = fopen ( f i le , " r " ) ) == NULL ) 
fpr in tf ( s tde r r ,  "C anno t open % s\n" , f i le ) 7 
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� £ r eopen 

f s e e k  

# include <std io . h> 
FI LE *£reopen ( newf i le ,  type , stre am)  
char  *newf i le ,  * type 1 
FI LE *stre am 1  

Freopen acc epts a pointe r ,  " s tream" , to a 
prev iously opened f i le 1  th e old f i le is c losed , 
and th en th e new f i le is open ed . The pr inc ipal 
mo tivation for £ reopen i s  the de s ire to attach 
the name s s td in ,  s tdout , and s tde r r  to spec i f ied  
f i le s . On  a success ful f reopen , the s tre am 
poin te r is  re tur ned 1 otherw ise NULL is  returned ,  
ind icating that wh i le the f i le c los ing took 
plac e ,  the reopen ing fa i led . Freopen is of 
l imi ted por tab i li ty 1  it  c anno t be implemen ted in 
all  env ir onmen ts . 

Example : 

char *newfi le 1 
FI LE *nf i le 1 

i f ( ( nf i le = f reopen ( newfi le , " r " , stdou t) ) == NULL ) 
fpr intf ( stde rr , "Canno t reopen % s\n" ,  newf i le ) .; 

# inc lude <std io � h> 
i n t  fseek ( stre am ,  offse t ,  ptr name ) 
FI LE *stre am 1  
long offse t ;  
in t ptr name ; 

Fsee k pos it ions a stream to a loc ation "off set "  
d is tance from the beg inning , cur rent  pos it ion  or 
end of a f i le ,  depend ing on the values O, 1 ,  2 
re spec t ively for " ptr name " .  On XENIX the offset  
unit  is  byte s 1 o ther  implemen ta t ions are no t 
necessa r i ly the same . The re tu r n  values  are 0 on 
success  and EOF on  fa i lure . Bo th buffe red and 
unbuffe red f i les  may use fsee k .  

Example : 

To pos it ion  to the end of  a f i le :  

FI LE *stre am 1  

fseek ( stre am , OL , 2 ) 1  
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pc lose 

pop en 

r ew i nd 

f inc lude < s td io . h> 
i n t  pclose { s tre am) 
FI LE * s t re am ;  

Pclos e  clo s e s  a s t r e am open ed by popen . I t  
re tu r n s  th e ex i t  statu s  of th e command tha t  wa s 
i s s u ed as th e f i r st arg umen t of i t s  cor r e spond ing 
popen , or -1 i f  th e s t r e am  wa s no t opened by 
pope n . 

# inc lude <s td io . h> 
FI LE *papen { command , type) 
char *command , * type ; 

Papen cre ate s a p ipe be twe en th e cal l i ng proc ess 
and a comma nd to b e  exec uted . Th e f i r s t  arg umen t 
i s  a sh ell command l i n e ; � is th e I/O mod e for 
th e pipe , and may be e i th e r  " r "  for re ad ing or 
" w "  f or wr i t ing . Th e fu nc t io n  re tu r n s  a s t r e am  
poin te r to b e  used for I/O on th e s tand a rd input 
or ou tp ut of  th e comma nd . A NULL po in te r  is 
re tu r n ed i f  a n  e r r or occur s .  

E xample : 

F ILE *ps trm ; 

i f { { ps t rm=popen { " t r  mvp MVP" , "w " } } == NULL ) 
fpr in tf { s td e r r , " popen e r r or\n" } ;  

fpr i n t f ( ps t rm , " a  me s s ag e  via  th e p ipe • • • \n" ) ; 
i f { pc lo se { pstrm)  = =  - 1 )  

fpr i n t f { s td e r r , " Pclo se e r r or \ n " ) ;  

resu l t s  in : 

a me s s ag e  v i a  th e p ipe 

# inc lude < s td io . h> 
i n t  rewind ( s tre am)  
FI LE * s t r e am ;  

Rew ind se ts th e pos i t io n  of  th e nex t  ope ra t io n  a t  
th e beg inn ing of th e f i le assoc i a te d  with 
" s tre am " , r e ta i n ing th e cur ren t mod e of th e . fi le .  
I t  i s  th e equ ivalen t of fsee k { s t r e am , OL , 0 ) ; .  
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setbuf 
# inc lude <std io . h> 
s e tbuf ( stre am ,  buf )  
F I LE *stre am ;  
char *buf ; 

Th is func t ion allows th e use r to choose his own 
buffe r for I/O or choose no b uffe r ing at all . 
Use it  afte r open ing and before reading or 
wr i t ing .  The funct ion is often used to eliminate 
the s ing le charac te r wr ite s  to a f i le tha t  re sult 
from the exec ut ion of putc to standa rd output 
that is  no t redi rec ted . The choice  to buffe r I/O 
br ing s with it  the re spons ibi li ty for flush ing 
any da ta th at may rema in in a last , part ially
f i lled buffe r .  Fflush  or fclose per form th is  
task . The constant BUFSI Z in  s td io . h  te lls how 
b ig the cha rac te r array " bu f "  i s . I t  is  we ll
chosen for the mach ine on wh ich XEN IX is  runn ing . 
When "bu f "  i s  se t to NULL , the I/O is  comple te ly 
unbuffe red . 

Example : 

se tbuf  ( stdou t ,  malloc ( BUFSI Z ) ) ;  

2 . 3 . 3  F i le Status 

clearerr  

f eof 

# inc lude <std io . h> 
c le are r r  ( stre am) 
FI LE *stre am ;  

Clear e r r  re se ts th e e r ror cond i t ion  o n  " s tre am " . 
The need for clear e r r  a r i s e s  in XEN IX 
implemen tat ions where the e r r or ind ic ator is no t 
reset  afte r a que ry . 

# include <std io . h> 
i n t  feof ( stre am) 
FI LE *s tre am ;  

Feof , wh ich i s  implemen ted a s  a mac ro ,  re turns  
nonze ro if  an  input ope rat ion  on " s tream" has  
re ach ed end of  f i le ;  o therw ise  a zero is  
re tu rned .  Feof should be  used  in  conj unc t io n  
with any I/O func t ion whose re tu r n  value i s  no t a 
cle ar  ind ic ator of an end-of-f i le cond i t ion .  
Such func t ions are fread and getw . 

2-33  



XEN IX Prog ramming XEN IX Pr ogramming 

f e r r or 

f tel l  

Example : 

int  *x ; 
FI LE *s tre am ;  

do 
*x++ = getw ( stre am) ; 

wh i le ( ! feof ( stre am) ) ;  

# include <stdio . h> 
i n t  fe rror ( stre am) 
FILE *stre am ;  

Fer rer te sts  for an ind ic at ion of error on 
" s tre am " . I t  re turns  a nonz e ro value ( true )  wh en 
an e r ror is  found , and a z e ro otherw is e . Ca lls 
to £er ror do no t c le ar th e e r r or cond it ion ,  henc e 
the clearer r func t ion  is needed for that  purpose . 
The use r shou ld be awa re that ,  afte r an error , 
fur ther  use of the f i le may cau se strang e  
results . O n  XEN IX £er ror is  implemen ted a s  a 
mac r o .  

Example : 

F I LE *s tre am ;  
in t *x ;  

wh i le ( ! fe r ror ( stream) ) 
putw ( * x++ , stream) ; 

# inc lude <stdio . h> 
long fte ll ( stre am) 
F I LE *s tre am ;  

Ftell dete rmines the cur ren t offset  rela t ive to 
the beg inn ing of th e f i le assoc iated with 
" s tr e am " . I t  re turns  the curren t value of th e 
offse t in byte s .  On error , a value of -1 is  
re tu r ned . Th is  func t ion is u se ful  in obta in ing 
an offset  for subsequen t fseek  calls . 
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:� 2 . 3  . 4 I nput Func t ion 

f g e tc 

fg ets 

,_ 

f read 

# inc lude <stdio . h> 
i n t  fgetc ( stre am) 
FI LE *stre am 1  

Th is  i s  the func t ion ver s ion of the mac ro g e t c  

and ac ts iden tic ally to getc . Bec au se fgetc is a 
func t ion and no t a mac ro ,  it  can be used in 
debugg ing to se t bre akpoints on fgetc and when 
the s ide effects  of mac ro proc ess ing of the 
arg umen t is a problem . Furthermor e ,  it  c an also 
be passed as an a rg umen t .  

# inc lude <std io . h> 
char *fgets ( s , n , stream)  
char  *s 1 
in t n i  
FI LE *s tre am 1  

Fgets re ads from " s tream"  i n to th e are a pointed 
to by " s "  e ith er  n-1 ch arac te r s  or an  en tire  
str ing inc lu ding its  newline  te rmi nator , 
wh ich ever  come s f i r st .  A f inal null cha rac te r is 
aff ixed to the da ta re ad . Fgets re turns  the 
poin te r " s "  on s uccess , and NULL on end-of-f i le 
or e r r or . Fgets d i f fe r s  f r om th e func t ion gets  
in th ree ways : it  c an re ad from other  than s td i n 1 
it  appends the newline  at  th e end of  input when 
th e s i z e  of th e str ing is longer  than or equal to 
" n " 1 and even mor e impor tan t ,  it prov ides  
contr ol , no t ava i lable w i th gets , ove r  th e s iz e  
of  th e str ing to be  re ad .  

Example : 

char msg [ MAX ] J 
FI LE *myfi le 1 

wh i le ( fgets (msg , MAX , myf i le )  l =  NULL )  
pr in tf ( " % s\n " , msg ) J 

# include <std io . h> 
i n t. fre ad ( ( char  * ) ptr , s iz eof ( *ptr ) , nitems , stream) 
FI LE *s tre am 1  
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f scanf 

Th is  func t ion  re ads from "stre am "  the  next 
" n i tems " whose s iz e  is  th e same as the s iz e  of 
the item po inted to by "ptr " ,  in to a suff ic ien tly 
larg e are a start ing at "ptr " .  I t  re turns  the 
numbe r  of  items re ad . In  XEN IX ,  fread makes  use 
of  th e func t ion gftc . I t  is often used in 
comb ina t ion w ith feo and fer ror to obta in a 
cle ar ind ic at ion  Oft'h e  fi le status . 

Example : 

F ILE *pstm 1 
char  me sg [ 10 0 )  1 

wh i le ( fr e ad ( ( char  * ) me sg , s izeof ( *me sg ) , l , pstm) - - 1 )  
pr in tf ( " % s\n" , me sg )  1 

t include <std io . h> 
int  fsc anf  ( stre am ,  forma t [ ,  argptr ] • • •  ) 
char *forma t 1 
FI LE *stre am 1  

Fscanf acc epts input f rom the f i le assoc iated 
with " s tre am " , and depos its i t  i n to th e s torage 
are a pointed to by th e re spec t ive arg umen t 
pointe r s  accord ing to the spec i f ied forma ts . 
Fscanf d i f fe r s  from scan£ in  that  i t  can re ad 
from other  than std i n . Th e func t ion re turns  th e 
numbe r  of  suc cess fu lly hand led inp ut a rg umen ts , 
or EOF on  end of  input . 

Example : 

F ILE *f i le 1  
long pay 1 
char  name [ 15 ] 1 
char  pan [ 7 ] 1 

fsc anf ( f i le , " % 6 s%14 s % ld\n" , pan , name , &pay ) 1 
i f  { pay < S O O O O ) 

pr intf ( " $ %ld r a ise  for % s . \n " , pay/lO , name ) 1 

I f  the input da ta is : 

0 20 20 2Ma ryJones 15 0 0 0  

the re sult ing ou tput is : 
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getc 

getchar 

gets  

getw 

$ 1500 ra ise  for Ma ryJones . 

t inc lude < s td io . h> 
i n t  g e tc ( stream) 
FI LE *stre am :  

Getc re turns  the next  charac te r f r om the named 
" stre am" . I t  i s  implemen ted as a mac ro to avoid 
th e overhead of a function c all . On error or 
end-of-f i le it re turns  an EOF . Fgetc should be 
used if  it is nec essary to avoid the s ide effec ts  
of  a rg umen t process ing by the mac r o  getc . 

# inc lude < std io . h> 
i n t  g e tchar  ( )  

Th is is  iden t ic al to getc ( std in ) . 

t inc lude <std io . h> 
char  *g ets ( s ) 
char *s : 

Gets re ads a st r ing of charac te r s  up to a newline  
from s tdin  and plac es them in  the are a poin ted  to 
by " s " .  The newline  charac te r wh ich ended the 
str ing is replac ed by th e nu ll  charac te r .  The 
re tu r n  values are  " s "  on s uccess , NULL on  e r r or 
or end-of-f i le .  Th e s imple example below 
pre s ume s the s iz e  of th e str ing re ad in to "ms g " 
wi ll no t exceed SI ZE in  leng th . I f  u sed in 
conj unction with s t r len , a dangerou s  ove r flow c an 
be detec ted , though no t preven ted . 

Example : 

char msg [ SI ZE ) : 
char *s : 

s = msg : 
wh i le ( gets  ( s )  ! = NULL ) 

pr in tf ( " i s\n" , s ) :  

t include <std io . h> 
i n t  g etw ( stre am) 
FI LE *s tre am :  
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scan£ 

sscanf 

Getw re ads th e nex t  word from th e f i le assoc iate d  
w i th " s tre am " . I f  success fu l ,  i t  re tu r n s  th e 
wor d ; o n  e r r or or end-of-f i le ,  i t  re tu r n s  EOF . 
However , bec au se EOF cou ld be a val i d  word , th i s  
func t ion is b e s t  u se d  w ith f e o f  and fer ror . 

Example : 

F I LE *s t r e am ;  
in t *x ; 

d o  
* x++ = g e tw ( s tre am) ; 

wh i le ( ! f eof ( s tre am ) ) ;  

# inc lude < s td io . h> 
i n t  sc anf ( forma t [ , argptr ] • • •  ) 
ch ar * forma t ;  

Scanf r e ads i nput f r om s td i n , del i ve r s  th e input  
accor d ing to th e spec i f ied forma t s , and depos i t s  
th e input i n  th e s to r ag e  are a po in ted t o  by th e 
r e spec t ive arg umen t po in te r s .  For i np u t  f r om 
o th e r  s t reams than s td i n  use f s canf ; for inp ut 
f r om a ch arac te r ar r ay use s s canf . Scanf r e tu r n s  
th e number  o f  succ ess fu l ly hand led inp ut 
arg umen ts , or EOF o n  end-o f - i nput . 

Example : 

long numb e r ; 

sc anf ( " % ld " , & numbe r ) ; 
(pr in tf ( numbe r % 2 ? " % ld is od d " : " % ld is even " , numbe r ) ) ;  

# inc lu de < s td io . h> 
s sc an f  ( s ,  forma t [ ,  poin te r ]  • • •  ) 
char *s ; 
char * forma t ;  

Ss canf ac cep t s  i np ut fr om ch a rac te r str ing " s " , 
d el i v e r s th e i np ut accor d ing to th e spec i f ied 
forma ts , and depo s i t s  it i n to th e s tor ag e  are a 
poin ted to by th e re spec t ive argumen t po in te r s .  
Th i s  func t io n  re tu r n s  th e numbe r  o f  succ ess fu lly 
hand led input  arg umen ts . 

2 - 3 8  

) 



XEN IX Prog ramming XEN IX Pr og ramming 

ungetc 

Example : 

char da te str [ ]  = { n THu MAR 2 9  11 : 04 : 4 0 EST 198 3 n } r 
char month [ 4 1 J 
char year [ S ] J 

ssc anf ( da te str , " % * 3 s % 3 s% * 2 s% * 8 s% * 3 s% 4 s " , month , year ) r 
pr in tf ( " % s ,  % s\nn , month , year )  J 

The re sult is : 

MAR ,  198 3 

# include <std io . h> 
i n t  u ng e tc ( c ,  stream)  
int  C J  
FI LE *s tre am r  

Ungetc  puts th e charac te r " e n bac k  on  the f i le 
assoc iated with n s tre am" . One cha rac te r ( but 
never  EOF ) is  assu red of being put bac k .  I f  
successfu l , the func t ion re turns  " e n , otherw is e  
EOF . 

Example : 

wh i le ( is spac e ( c  = getc ( std in ) ) )  
. I 

u ngetc ( c , std in)  J 

Th is  c ode  puts th e f i r st ch arac te r that  is no t 
wh ite  spac e bac k  onto th e s tanda rd input stre am .  

2 . 3 . S  Output Functions 

ff lush 
l include <std io . h> 
i n t  £flush ( stream)  
FI LE *s tre am r  

Ffl ush takes  ac tion to g u aran tee  that any da ta 
conta ined in f i le buffe r s  and no t yet  wr i t ten out 
w i ll be w r i t ten . I t  is u sed by £close to flush a 
stre am .  No ac tion is taken on file s  no t open for 
wr i t ing .  The re tur n  values  are z e ro for success , 
EOF on  error . 
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fpr intf 

fputc 

fputs 

# inc lude < s td io . h> 
i n t  fpr in tf ( s t re am ,  forma t [ , arg ] • • •  ) 
FI LE * s t r e am J  
char *forma t J  

Fpr i n t f  p r ov id e s  for ma tted ou tpu t  to a named 
s t r e am .  Th e func t ion pr int£  may be  used i f  th e 
des t ina t io n  is s tdout . Fpr intf  re tu r n s  no nz e ro 
on e r r or , o th e rw is e  z e ro .  

Example : 

i n t  *f i len ame J 
i n t  C J  

i f  ( c= =EOF ) 
fpr in tf ( s tde r r , " EOF o n  % s\n " , f i lename ) J 

# inc lu de < s t d io . h> 
i n t  fp utc ( c , s t r e am)  
i n t  C J  
FI LE *s t r e am J  

Fputc pe r forms th e s ame task as putc J that  i s , i t  
w r i t e s  th e ch a rac te r " c "  to th e f i le assoc i a te d  
w i th " s tr e am " , b u t  i s  imp lemen ted as a func t io n  
r a th e r  th an a mac r o .  Fputc is pre fe rred  to  putc 
wh en th e s id e  e f f ec ts o f  mac r o  pr oc ess ing o f  
arg ume n ts a re a p r oblem . O n  s uc c ess , i t  re tu r ns 
th e ch a r ac te r w r i t ten J o n  fa i lu r e  it re tu r n s  EOF . 

Example : 

F I LE * i n , *ou t J 
in t C J  

wh i le ( ( c  = f g e tc ( in ) ) ! = EOF )  
fputc ( c , ou t )  J 

t inc lude < s td io . h> 
i n t  fpu t s ( s , s t r e am )  
cha r  *S J 
FI LE *s tr e am J 

Fputs cop ie s  a s t r ing to th e output f i le 
a ssoc i a ted w ith " s tr e am " , u s ing th e func t io n  putc 
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fwr ite 

pr intf 

to do th is . It  is  d i ffe ren t f r om puts in 
ways : fputs allows any output stre am to 
spec i f ied , and doe s  no t aff ix a newline  to 
ou tput . For an example , see puts . 

l inc lude < s td io . h> 

two 
be 

the 

i n t  fwr ite ( ( char  * ) ptr , s iz eof ( *ptr ) , n items , stream)  
FI LE *s tre am i  

Beg inn ing a t  "ptr " , th is func t ion wr ite s up to 
" n items " of  da ta of  the type poin ted to by "ptr " 
into ou tput " s tream" . I t  re tu rns  the numbe r of 
items ac tu ally written . L i ke f read , th is  
func t ion  shou ld be used  in conj unc t ion with 
fer ror to de tec t the e r r or cond i t ion .  

Example : 

char  me sg [ ]  = { "My me ssage to wr ite ou t\n" } i 
FI LE *pstrm i 

i f ( fwr i te (me sg , ( s i zeof ( *me sg ) - 1 ) , 1 ,pstrm) ! =  1 )  
fpr intf ( stderr , " Ou tput er r or\n" ) 1 

# inc lude <std io . h> 
i n t  pr in tf ( forma t [ ,  arg ] • • •  ) 
char  *forma t i 

Pr intf  prov ides  formatted ou tput on s tdout . 
Fpr intf  and spr intf are related func t ions tha t  
wr ite ou tput onto o ther  than th e s tanda rd output  
dev i c e .  In  c ase of e rr or , implemen tat ions a re 
no t cons is ten t in  th e i r  ou tput . On e r r or , pr intf  
re tu r n s  nonzero ,  oth e rw ise  zero .  I n  late r  
re le ase s o f  th e C libra ry , pr intf re turns  the 
numbe r  of charac te r s  transmi t ted , or a neg a t ive 
value on e r r or . 

Example : 

in t  num = 10 1 
char  msg [ ]  = { " ten " } i 
pr in tf ( " %d - % 0  - % s\n " , num ,  num , msg ) 1 

re sults  in the line : 
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putc 

putcha r 

puts 

10 - 1 2  - ten J 

# inclu de < s td io . h> 
i n t  putc ( c , s t r e am )  
i n t  C J  
FI LE *s t r e am J 

Putc wr i te s  th e ch a rac te r c to th e f i le 
assoc ia ted w i th s t r eam . On s uc c ess , i t  re tu r n s  
th e ch a rac te r wr i t ten J on e r r or i t  re tu r n s  EOF . 
Bec au se i t  is implemen ted a s  a mac r o ,  s ide 
e ffec ts may re s u l t  fr om a rg umen t p r oc ess ing . In  
such case s ,  th e equ iv alen t fu nc t io n  fputc shou ld 
be used . 

Example : 

#de f i n e  PROMPT ( )  putc ( ' \  7 ' , s tde r r )  
/ *  P r omp t  is  BELL ch a rac te r */ 

# inc lu de < s td io . h> 
i n t  putch a r  ( c ) 
i n t  C J  

Putchar is d e f i ned as : 

p utc ( c ,  s tdou t )  

Putchar re tu r n s  th e ch a rac te r wr i t ten o r  EOF i f  
an e r r or occ ur s .  

Example : 

char  *cp 1 
c h a r  x [ S I ZE ] J 

for ( cp=x 1 cp < ( x+S I ZE ) J cp++)  
putch a r  ( *cp)  J 

# inc lude <s td io . h> 
i n t  puts ( s ) 
char  *S J 

Th e func t io n  puts cop i e s  th e s t r ing po in ted to by 
" s "  w i thou t i t s  te rmi n a t ing nu ll cha rac te r to 
s tdo ut . A n ewl i ne ch arac te r is  append ed . XEN IX 
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putw 

spr int£ 

use s th e mac r o  putchar ( wh ich c alls putc ) . 

Example : 

puts ( " I  w i ll append a newline " ) 1 
fputs ( "\tsome more da ta " ,  stdout)  1 
puts ( 0 and now a newline " ) 1 

The re sult ing output is : 

I w i ll append a newline  
some more da ta and now a newline 

# include <std io . h> 
i n t  putw ( w , str e am )  
FI LE *stre am 7  
in t W J  

Putw appends word "w " to th e ou tput " s tr e am 0 • As 
with getw ,  the p r ope r way to chec k for an e r r or 
or end-of-f i le is to use th e feof and fer ror 
func t ions . 

Example : 

int  info 1 

wh i le ( ! feof ( stream) ) 
putw ( info , stre am)  1 

t inc lude <std io . h> 
i n t  spr in tf ( s ,  forma t ,  [ ,  arg ] • • . •  ) 
char *s 1 
char  *forma t 1  

Spr intf allows forma tted outp ut to be plac ed in a 
charac te r a rray poin ted to by " s " . Spr int£ adds  
a nu ll at th e end of  th e formatted ou tput . It  is 
th e  use r ' s  re spons ibi li ty to prov ide an array of 
suff i c ien t leng th . Th e re la ted func tions pr intf 
and fpr intf hand le s imi la r k ind s of forma tted 
ou tput . The comparable input func t ion is sscanf . 
On error , spr intf re turns  nonz ero ,  otherw ise  
zero .  
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Example : 

char  cmd [ lO O ]  1 
c h a r  *doc = " /u s r /s r c/cmd/cp . c " 
in t w i d th = 50 1 
in t leng th = 6 0 1 

spr i n t f ( cmd , "pr  -w% d  - 1 % d  % s\n " , width , leng th , doc )  1 
sys t em ( cmd ) 1 

Th e abov e cod e exec ute s th e E!. command to pr i n t  
th e sou r c e  o f  th e 2£ command . 

2 . 3 . 6  Str ing Func t ions 

strcat 

strcmp 

ch ar  * s t r c a t ( ds t , s r c )  
char *d s t , * s r c 1 

Streat append s c h a rac te r s  i n  th e s t r ing po i n ted 
to by " s r c "  to th e end of th e s t r ing po in ted to 
by " d st " , and plac es a nu ll  ch arac te r afte r th e 
last  ch arac te r cop ied . I t  re tu r n s  a po i n te r  to 
" d st " . To conc atena te s t r ing s  up to a max imum 
numbe r  of  ch a rac te r s ,  use s t r nca t . 

E xample : 

c h a r  *my f i le 7  
c h a r  d i r [ L  cuse r id+S ] = " /u s r /" 1 

myf i le = ( st r c at ( d i r , cuse r id ( O ) ) )  1 

The r e s u l t  i s  th e conc aten a t ion of th e log in name 
onto th e end o f  th e s tr i ng " d i r " .  

char * s t r cmp ( sl , s 2 ) 
char * s l , * s 2 1 

Str cmp compare s th e ch arac te r s  i n  th e s t r ing " s l "  
and " s 2 " . I t  re tu r n s  an in teg e r  valu e , g r e a te r  
than , equ al to , or le s s  th an z e r o ,  depend ing o n  
wh eth e r  " s l "  i s  lex icog r aph ically gre ate r th an , 
equal to , or le s s  than " s 2 " . 
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strcpy 

str len 

strncat 

Example : 

fdefine EQ ( x , y) 

char  *s trcpy ( dst , sr c )  
char  *dst , * s r c 1 

l str cmp ( x , y) 

Str cpy copies  th e charac te r s  ( inc luding the nu ll 
te rmi nator ) from the s t r ing poin ted to by " s r c "  
into the s tr ing pointed to b y  " d st " . A poin te r  
to " d s t "  i s  re tu rned . 

Example : 

char dst [ ]  = " UPPER CASE " J 
char s rc [ ]  = " th is i s  lowe rc ase " J 

pr in tf ( " % s\n" , strcpy ( dst , src+8 ) ) J 

re sults  in : 

lowe rc ase 

int  str len ( s ) 
char  *s 1 

Str len counts th e numbe r of charac te r s  s ta r t ing 
at th e charac te r poin ted to by " s "  up to ,  but no t 
inc luding , the f i r st null  ch arac te r .  I t  re turns  
the in teger  count .  

Example : 

char  nex t item [ SI ZE ] 1 
char  se r ie s [ MAX ] 1 

i f ( str len ( se r ie s ) ) s t rcat ( se r ie s , " , " ) J 
s tr c at ( se r ie s , nex t i tem) J 

char  *strnc at ( dst , src , n )  
char *dst , * s r c 1 
in t O J  

Strncat appends a max imum of " n "  charac te r s  of 
the str ing poin ted to by " sr c "  and then · a null 
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str ncmp 

str ncpy 

ch arac te r to th e s t r ing po in ted to by n d s t " . 
re tu r n s  a poi n te r  to " d st n . 

Example : 

c h a r  dst [ ]  = " cove r " 1  
cha r  s r c [ ]  = " le t te r " 1 

p r intf ( " % s\n " , s t r nc at ( ds t , sr c , 3 ) ) 1  

Th e ou tput i s  : 

c ove r le t  

i n t  s t r ncmp { sl , s 2 , n ) 
char  * s l , * s 2 1 
in t n J  

I t  

S t r n cmp compare s two s t r ing s for 
charac te r s  and re tu r n s  an in teg e r  
th an , equal to , o r  le ss  than z e r o  
wh eth e r  " s l "  i s  lex icogr aph ic ally 
equal to or le ss  than " s 2 " . 

a t  mos t  " n "  
value gre ate r 
depend ing on 
gre ate r  than , 

E xample : 

c h a r  f i len ame [ ]  = " /d ev/t tyx " 1  

i f ( s tr ncmp ( f i lename +S ,  " t ty " , 3 ) = =  0 )  
pr in tf ( " s ucc ess\n " ) 1 

ch a r  * s t r ncpy { ds t , s r c , n)  
char *d s t , * s r c 1 
in t n J  

Str ncpy cop ie s  "n " cha rac te r s  of th e s tr ing 
po in ted to by " s r c n  i n to th e s tr ing po in ted to by 
" d st n . Null padd ing or tr u nc at io n  of " sr c "  
occur s a s  nec essa ry .  A po in te r  to "d s t "  i s  
re tu r n ed .  

Example : 
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char buf  [ MAX ] J 
char  da te [ 2 9 ]  = { " Fr i  Dec 2 9  0 9 : 35 : 44 EDT 198 2 " } J 
char *day = buf J 

str ncpy ( day , da te , 3 ) J 

After  exec uting th i s  code , "day "  poin ts to the 
str ing " Fr i " .  

2 . 3 . 7  Character Clas s i f icat ion 

isalnum 

isalpha 

isasc i i  

iscntr l 

i inclu de <c type . h> 
i n t  i salnum ( c ) 
i n t  C J  

Th is mac ro de te rmines  wh ether  or no t the 
charac te r "c " i s  an  alphanume r ic charac te r  ( [A
Za- z 0- 9 ]  ) .  I t  re tu rns  z e ro for false and 
nonz e r o  for true . 

i include <c type . h>  
i n t  i salpha ( c )  
i n t  C J  

de te rmines  wh ether  or no t the 
"c " is an alphabe t ic charac te r [A

l t  re turns  zero  for false and nonze ro 

Th is  mac ro 
charac te r 
Za- z ]  ) • 
for tru e .  

t include <c type . h> 
i n t  isasc i i ( c ) 
in t C J  

Th is mac r o  dete rmi nes  wh ether  or no t th e integ e r  
value supplied is an ASC I I  charac te r J that is , a 
ch arac te r whose oc tal value ranges  from 0 00 to 
17 7 . I t  re turns  z e r o  for false and nonzero for 
true . 

l include <c type . h> 
i n t  iscntr l ( c ) 
i n t  C J  

Th is  mac ro  
charac te r 

de te rmi nes whether  or no t the 
"c " when mapped to ASC I I  is  a contr ol 
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isdigit  

!slower 

!spr int 

ispunc t 

is  space 

ch arac te r ( th a t  i s , oc tal 1 7 7  or 0 0 0- 0 37 ) . I t  
re tu r n s  z e r o  for false and no nz e r o  for tr u e . 

i inc lude <c type . h> 
i n t  i s d ig i t ( c ) 
i n t  C f  

Th is mac r o  de te rmi n e s  wh eth e r  or no t th e 
ch arac te r " c "  is a d ig i t .  I t  re tu r n s  z e r o  for 
false and no nz e r o  for tr ue . ( th a t  is , is an 
ASC I I  code b etwe en oc ta l 0 4 1 and 1 7 6  inc l u s ive ) . 

# inc lude <c type . h> 
i n t  i s lowe r ( c ) 
i n t  C f  

Th is mac r o  de te rm i n e s  wh eth e r  or 
charac te r "c "  i s  a lowe rc ase le tte r .  
z e r o  for fa lse and no nze r o  for tr u e .  

no t th e 
I t  re tu r n s  

# inc l u de <c type . h> 
i n t  ispr i n t ( c ) 
i n t  C f  

Th is mac r o  de te rmi n e s  wh eth e r  or no t th e 
charac te r "c " is a pr in tabl e  ch a rac te r .  (Th i s  
i nclude s  spac es . )  I t  re tu r n s  z e r o  for false and 
no nz e r o  for t r u e . 

# inc lude <c type . h> 
i n t  i s p unc t ( c ) 
i n t  C f  

Th i s  mac r o  de te rmi n e s  wh eth e r  or no t th e 
charac te r " c "  i s  a punc tu at io n  ch arac te r ( ne i th e r  
a con tr ol ch a rac te r nor a n  alphanume r ic ) . I t  
re tu rn s  z e r o  for fal s e  and nonze r o  for tr u e . 

# inc lude <c type . h> 
i n t  i s spac e ( c ) 
i n t  C f  

Th is mac r o  de te rmi nes wh eth er 
ch arac te r " c " i s  a form o f  wh i te 
a blank , hor i z onta l  or ve r t ic al 
re tu r n ,  for m-feed or newl i ne ) . 
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is upper 

for false and nonzero  for tr ue . 

# include <c type . h> 
int  i s upper ( c ) 
int  C J  

Th is  mac ro  dete rmi nes whether  or 
charac ter " c "  is an uppe rc ase le tte r .  
zero for false and nonze r o  for tr ue . 

no t the 
I t  re turns  

2 . 3 . 8  Character Translat ion 

toasci i 

to lowe r 

# include <c type . h> 
i n t  toa sc i i  ( c )  
i n t  C J  

The mac ro toasci i usu ally doe s  no th ing : i ts 
purpose is to map th e input cha rac te r in to its 
ASC I I  equivalen t .  

Example : 

F I LE *oddstrm J 

i f ( ! i sdig i t  ( toasc i i ( getw ( oddstrm) ) ) )  
fpr in tf ( stder r , " bad da ta\n" )  1 

# include <c type . h> 
i n t  tolowe r ( c ) 
int  C J  

I f  the arg umen t "c " passed to the func t ion 
tolowe r is  an uppe rc ase le tte r ,  th e  lowe rc ase 
repre sen tat ion of "c " is re turned , otherw ise  " c "  
is  re turned unchanged .  For a faste r rou t ine , use 
tolower ,  wh ich is implemen ted as a mac ro J  

however , the a rg umen t mus t alre ady be an 
upperc ase lette r .  

Example : 

i f  ( tolowe r ( getchar ( ) ) l = ' y ' ) 
exit ( 0 ) 1 
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toupper 
i inc lude <c type . h> 
i n t  touppe r ( c ) 
i n t  C J  

I f  th e arg umen t "c " passed to the func t io n  
toupper is  a lowe rc ase le tte r ,  th e uppe rc ase 
repre sen ta t io n  of " c " is re tu rned , o therw i s e  " c "  
i s  re tu r ned unch ang ed .  For a faste r r ou t in e ,  use 

touppe r , however , th e arg umen t mus t alr e ady be a 
lowe rc ase le tte r .  

Example : 

i f  ( touppe r ( g e tcha r  ( )  ) 1 = ' y ' ) 
e x i t ( 0 ) 1 

2 . 3 . 9  Space Allocat ion 

calloc 

free 

ch ar *c alloc ( n ,  s i z e )  
u ns igned n ,  s i z e 1 

Calloc alloc ate s enoug h storage for an a r r ay of  
" n "  i tems aligned for any use , e ach o f  " s i z e "  
byte s .  Th e spac e i s  i n i t iali z ed to z e r o .  Cal loc 
r e tu r n s  a po in te r  to th e beg inn i ng of the 
alloc ated spac e ,  or a NULL po i n te r  on fa i lu re . 

Example : 

char  * t 1 
in t n 7  
u ns igned s iz e 1  

free ( ptr ) 
ch ar *ptr 1 

i f ( t=c alloc ( ( uns igned ) n ,  s iz e )  == NULL )  
fpr i n tf ( s td e r r , " Out of spac e . \n " ) 1 

Free i s  used in conj unc t ion w i th th e spac e 
a lloc ating func t io ns malloc , calloc , or r ealloc . 
" Pt r " i s  a po i n te r  suppl i ed by o ne of th ese 
r ou t in e s . Th e func t ion fre e s  th e spac e 
prev iou s ly alloc ated . 
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malloc 

realloc 

char  *malloc ( s iz e )  
uns igned s i z e 1 

Malloc alloc ate s " s i z e "  byte s of storage 
beg inning on a word  boundary .  It  re turns  a 
poin te r to the beg inn ing of the alloc ated spac e ,  
or a NULL po in te r on fa i lure to acquire  spac e .  
For spac e in it ial i z ed to zero ,  see calloc . 

Example : 

int  n J  
char *t 1 
u ns igned s i z e 1 

i f ( t=malloc ( ( uns ig ned ) n )  == NULL ) 
fpr in tf ( s tde r r , " Ou t  of spac e . \n" ) 1  

ch ar  *re alloc (ptr , s iz e )  
char *ptr 1 
u ns igned s iz e 1 

Gi ven "ptr " wh ich wa s supplied by a c all to 
malloc or calloc , and a new byte s iz e , " s iz e " , 
realloc re turns  a poin te r  to the b lock of spac e 
of " s i z e "  byte s .  Th is  func t ion is  used to 
compac t storage ,  and is u sed with th e func t ions 
malloc and free . 
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2 . 4 Include F i les 

The follow ing pag es conta i n  the conten ts of the three most 
impor tan t inc lude f i les : ctype . h, std io.h, and s i gnal.s . 
These f i les are we l l  wor th some stu dy , as the def i n e  a 
sta ndard in te r fac e  to the in te rna ls of th e XEN IX system. 

2 . 4 . 1  ctype . h  

t def i n e  U 
# def i n e  L 
# de f i n e  N 
# de f i n e  -s 
idef i n e  P 
idef  i n e  -C 
# de f i n e  -B 

0 1  
02 
0 4  

010 
020 
04 0 

0 10 0  

exte rn char _c type_ [ ] 1 

# def i n e  
idef i n e  
i d e f  i n e  
i de f  i n e  
l d e f  i n e  
# def i n e  
i def i n e  
i de f  i n e  
f de f  i n e  
# de f i n e  
t def i n e  
i def i n e  
# de f i n e  

is a lpha ( c) 
is uppe r ( c) 
is lowe r ( c) 
isd ig i t ( c) 
is spac e ( c) 
is p unc t ( c) 
is a lnum ( c) 
ispr in t ( c) 
is c n tr l ( c) 
is a sc i i  ( c) 

to uppe r ( c) 
-to lowe r ( c) 
toa sc i i  ( c) 

( (_ctype_+l) [ c ] & (_U l _L) ) 
( (  c type +1) [ c ] & U }  
( (-c type-+1) [ c ] &-L) 
( (-c type-+1) [ c ] &-N) 
( (=c type +1) [ c ] &(_S l _B) )  
( (  c type +l) [ c ] & P) 
( (-c type-+1) [ c ] &( u 1  L I N) ) 
( (=c type:=+l) [ c ] & (=P U =L l _N l _B) )  
( ( c type +l) [ c ] &  C )  
( (uns ig ned) ( c) < =0177) 
( ( c) - ' a ' + ' A ' ) 
( ( c) - ' A ' + '  a ' ) 
( ( c) & 0177) 
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2 . 4 . 2 s ig nal . h  

idef ine NSIG 16 

#define SIGHUP 1 I* hang up */ 
idef ine SIG INT 2 I* inte r r upt  */ 
f define SIGQUIT 3 /*  qu it  */ 
fdef ine SI G I LL 4 /*  i lleg al instruc t ion */ 

/*  ( no t  re se t when caught)  */ 
f define SIG TRAP 5 /*  trac e  trap */  

I* ( no t  re se t  wh en caug ht) *I 
# de f ine SIG IOT 6 /*  I OT instruc tion */ 
#def ine SIG EMT 7 /*  EMT instruc t ion */ 
f define  SIGFPE 8 /*  f loa ting poin t exception */ 
t de f ine SIGK ILL 9 /* k i ll ( canno t be */ 

/*  ( c aught or ig nored ) *I 
#de f ine SIGBUS 1 0  / *  bus e r r or */ 
# define SIGSEGV 11  /*  s egmen tation viola t ion */ 
#define  SIG  SYS 1 2  /* bad argumen t to system c all *I 
# de f ine SIG PI PE 1 3  /* w r ite on a pipe */ 

/*  w i th no one  to  re ad it  */ 
#def ine SIGALRM 14 I* alarm c lock */ 

fl""". #define  SIGTERM 15 I *  softwa re te rmi nation */ 
/*  s ignal from k i ll */  

' 
in t ( * s ignal ( ) ) { )  1 
f def  ine SIG DFL ( in t  ( * ) ( ) ) 0 
f de f ine SIG-IGN ( int  ( * ) ( ) ) l  
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2 . 4 . 3 std io . h  

tdef  ine 
idef ine 
t i fnd ef FI LE 
exte rn struc t  

ch ar 
int 
char 
char 
char 

} iob [ NFI LE ] 1 
i end if-

idef ine 
idef ine 
t def  ine 
tdef ine 
tde f ine 
ide f  ine 
ide f  ine 
idef ine 

idef ine 
tde f  ine 
idef ine 

tdef ine 
ide f  ine 
tdef ine 

#define 
idef  ine 
idef ine 
ldef ine  

tdef ine 
#define 

ldef  ine 
idef  ine 
tdef ine 
tdef ine 

BUFSI Z 
NFI LE 

iobuf { 
*_ptr 1 

cnt 1 
* base 1 

f lag 1 
f i le 1  

IO READ 
IOWRT 

-IONBF 
IOMYBUF 
IOEOF 

-IO ERR 
IOSTRG 

-IORW 

NULL 
FI LE 
EOF 

L cte rmid  
L-cuse r id 
L_tmpnam 

std in 
stdou t 
stderr  
getc ( p) 

getchar  ( )  
putc ( x , p ) 

putch ar ( x) 
feof ( p) 
£e r r or (p )  
f i leno ( p) 

FI LE *fopen ( )  1 
FI LE *freopen ( )  1 
FI LE *fdopen ( )  1 
long ftell ( )  1 
char *f9ets ( ) 1 

2-5 4  

5 1 2  
20 

0 1  
0 2  
0 4  

0 10 
0 20 
0 4 0 

0 10 0  
0 20 0  

0 
struc t 
( - 1 )  

9 
9 

19 
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iobuf 

( &_iob [ O ] ) 
( &  iob ( l ] ) 
( &-iob [ 2 ] ) 
c -= ( p) - >  cnt>= O ?\ 
* ( p) - >  ptr ++&0 37 7 :  f i lbuf ( p) ) 
getc ( std in)  -
( -- ( p) - >  cnt>= O ?\ 
( ( in t) C *1p) - >  ptr ++= ( uns igned ) ( x) ) )  : \  
f lsbuf ( ( uns igned )  ( x) , p ) ) 

putc ( x ,  stdout )  
( ( ( p) - >_f lag&_IOEOF ) ! =O )  
( ( ( p) - >  f lag&  IOERR) 1 =0 )  
p- >_f i le -
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2 . 5 XENIX MC 6 8 0 0 0  As sembly Lang uage I n te r f ace 

The XEN IX system is des igned so that th ere should be li ttle 
need to prog ram in assembly languag e .  Occas ionally , howeve r , 
the need does ar ise , and you may need to know the 
conven tions for stor ing word s in memory and for access ing 
parame te r s  on th e stac k in a way compatible with the C 
runtime environmen t .  Remember , however , that  prog ramming in 
assembly language  is h ig hly mach ine-depend en t ,  and that you 
sac r if ice  por tab i li ty when ever  you for sak e  C for whateve r  
low-level advantages you mi g ht g a in .  

I f  you do choose to mix MC6 8 0 0 0  assembly language  routines 
and comp i led C r ou t ines , there are severa l th ing s  to be 
aware of : 

• Reg is te r s  and return  values  

• Call ing sequence 

• Stac k probes 

Wi th an under stand ing 
able to wr i te both 
language r outines  and 
comp i led C r ou t ines . 

of th ese th ree topic s ,  you should be 
C pr og r ams th at c all MC6 8 0 0 0  assembly 

assembly languag e  rou t ines that  call 

2 . 5 . 1  Reg i s te r s  and Re tu r n  Values 

Func tion re turn  values are passed in reg is te r s  i f  poss ible . 
The se t of mach ine reg is te r s  u sed is c alled th e save set , 
and inc lu de s  th e reg is te r s  f r om d 2-d7 and a2-a7  that are 
mod i f ied by a routine . Th e comp i le r  assumes that these 
reg iste r s  are pre se rved by the c allee , and saves  them itself  
when i t  is genera t ing code for the c allee . (Wh en a C 
compat ible rou t ine  is c alled by ano ther  rou t ine , we re fe r to 
the call ing r ou t ine as  th e caller . We re fe r  to the called 
rou t ine as  th e callee . )  No te that  a6  and a7 a re in effec t 
saved by a l ink  instr uc t ion a t  procedure entry . 

The func t ion  re turn  value is in  dO . Th e cur ren t float ing 
poin t implemen tat ion re tu rns  the h ig h  or der  3 2  bits of 
double s in  dl , and the low order  32 bits  in  d O . Func t ions 
re turn  structure values ( no t  po in te r s  to the values )  by 
load ing d O  with a poin te r  to a stat ic buffe r conta ining the 
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struc ture  value . 

Th is  mak e s  the following two func tio ns equ ivalen t :  

struc t li s t  proc ( ) { 
struc t  li s t  th is ; 

. . .  

} 
r e tu r n  ( th is )  ; 

struc t li s t  *pr oc C > { 
s truc t li s t  th is ; 

} 

stat ic struc t  li s t  temp ; 
. . . 
temp = th is ; 
retu r n  ( &temp ) ; 

Th is implemen ta t ion  allows rec ur s ive  reen trancy ( as long as  
th e expl i c i t  form is no t u sed , s inc e th e f i r st sequence is  
ind iv is ible but no t the second ) . However , th is 
implemen tat ion does not permi t mu ltitask ing reentrancy . 
Note that  th e la tte r inc ludes th e XENIX s ignal ( 3 )  call . 

Set jmp ( 3 )  and longj mp ( 3 )  canno t be implemen ted as  they a re 
on th e PDP- 1 1 , bec au se each proc edure saves  only the 
reg is te r s  from th e save se t that  i t  w i ll mod i fy .  Th is  makes  
it  difficult to g e t  bac k  the cur ren t v alues of  th e reg is te r  
var iables  of th e procedu re tha t  i s  be ing se t jmped to . Henc e ,  
reg is te r  var iable values afte r a long jmp are th e same as 
befor e a cor re spond ing se tjmp is  c alled . If you need loc al 
var iable s  to chang e  be twe en th e call of se tjmp and long jmp ,  
th ey c anno t be reg is te r var iable s .  

2 . 5 . 2  Cal l i ng Sequence 

The calling sequenc e is stra ig htforwa rd : a rg umen ts are 
pushed on th e s tac k from th e last to f i r st : i . e . , f rom r ight  
to le ft as  you re ad th em in th e C source .  The p ush quantum 
is 4 byte s ,  so i f  you a re push ing a charac te r ,  you must  
extend it  appr opr iate ly befor e push ing . Struc ture s and 
floating point  numbe r s  that  are la rg e r  than 4 byte s a re 
push ed in inc remen ts of 4 byte s so that they end up in the 
same order  in s tack memory as  they are in any oth e r  memory . 
Th is  means push ing th e last  wor d  f i r st and long-word padd ing 
the last word  ( th e  fir st push ed ) i f  n ec essa ry . The calle r  is 
respons ible for remov ing h is own a rg umen ts . Typic ally , an 

addql tconstan t , sp 
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i s  done . I t  i s  no t re ally impor tant wh ether  the calle r 
ac tu ally pushes  and pops h is a rg umen ts or j ust  stores  them 
in a static  a re a  at  th e top of the s tac k ,  but the debugg er , 
adb ,  examines  the addql or addw from th e sp to dec ide how 
many a rg umen ts there we re . 

2 . 5 . 3 Stack Probes 

XEN IX is des ig ned to dynamic ally alloc ate spac e on th e s tack 
for loc al v ar iable s ,  func t ion arg umen ts , re turn  addre sse s ,  
and oth er informa tion .  When add it ional spac e is needed and 
an instruc t ion cau se s  a memory fau lt ,  th e XEN IX kernel 
chec k s  the offend ing instruc t ion . If the instruc t ion i s  a 
stack re fe renc e ,  the k ernel maps enoug h stack memory for the 
instruc tion to comple te its  exec ut ion success fully . Then the 
procedure  cont inues exec ution where it le ft off . Generally , 
th is me ans re start ing th e offend ing memory re fe rence 
instruct ion ( usually a push or s tor e ) . The MC6 8 0 0 0  does no t 
prov ide a way to re start  instruc t ions ; there fore , we need to 
pe r form a spec ial  instruc t ion that  c an tr igg e r  the memory  
fau lt , but that  has  no i ll effec t  other  than tr igger ing the 
fault . Th is instruc t ion we call a s tack probe . 

When we per form a stac k  pr obe and a memory fau lt occ ur s ,  the 
kernel alloc ate s add i t ional memory for th e s tac k . Th e XEN IX 
kernel c an alloc ate th is needed stack memor y ,  ignore the 
fac t  that  th e s tack pr obe in struc t ion did no t comple te , and 
th en cont inue on to th e next  instruc t ion .  

The stack  pr obe instruc t ion for th e MC 6 8 00 0  XEN IX is 

tstb -val ue ( sp )  

The val ue arg umen t must be  neg at ive , bec au se a negative  
index from th e s tack pointe r  is  above th e top of  th e stac k . 
Th is i s  an oth e rw ise  absurd r e fe rence that XEN IX recog nizes  
as a stack  pr obe . 

For the general  c ase , use the following procedure en try 
sequence :  

p r oc edu re en try : 
l i nk a6 , #- save s i z e  
tstb -push s i z e-extra- 8 ( sp )  

Any reg is te r s  among d2-d7 and a 2-a5  that are  used  in th is 
procedure are savea- with a"'""'iiioveml instruc t ion afte r th is 
sequence .  The number  of reg is te r s  saved in the moveml 
instruc tion needs to be accounted for in the p ush s i z e . 
Thus ,  pushs i ze is the sum of the numbe r of byte s pushed as  
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tempor ar ies , save are as , and a rgumen ts by the whole 
proc edure .  The 8 byte s are the spac e for the re turn  addre ss 
and frame poin te r save ( by th e link instruc t ion) of  a nested 
c all . The extra  is  tole ranc e  so that extremely shor t 
runtime s that use li ttle stac k  do  no t need to perform a 
stac k  probe . Th e tole ranc e  is i n ten tionally kept  small  to 
conse rve memory , so make  sure you und e r stand what you a re 
doing befor e you cons ide r  leaving ou t a stac k pr obe in you r 
assembly procedure s .  

I n  roost c ase s ,  unless  you are push ing huge struc ture s or 
doing tr icks  with th e stack with in you r proc edure , you can 
use the following instruc t ion for your stack  pr obe : 

t stb -lO O ( sp )  

Th is  instruc t ion mak e s  sure that  enough spac e has  been 
alloc ated for most  of the usual thing s  you might do with th e 
stac k  and is enough for the XEN IX runtime s that  do no t 
per form stack probes . No te that  you do no t need to cons ide r  
spac e alloc ated by th e l i n k  instruc t ion  i n  th is stac k  probe , 
s ince it is alre ady added by ind ex ing off the s tack pointe r .  
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� 3 . 1 Introduc t ion 

Software Tools 

Th is chapte r d iscusses the tools avai lable for use in  
software developmen t on  th e XEN IX System . Th e w ide var ie ty 
of avai lable tools makes  for a r ich env i ronmen t for 
prog ramme r s  and so ftware eng inee r s .  Often , tools are 
comb ined in shell pr oc edu re s to perform whatever  programmi ng 
task des ired . However , bec au se th eir  are so many d i ffe ren t 
commands avai lable to the pr og ramme r ,  i t  is  often d iff icult 
to know what  subse t is espec ially use ful  in  so ftwa re 
developmen t .  To solve th is problem , th is chapte r 
c i r c umscr ibes a se t of command s  that  are k nown to be of use 
in software  developmen t ,  and then summa r izes  the func tion of 
each command . I n  add i t ion ,  th is  chapte r conta ins a sec t ion 
desc r ib ing th e bas ic tools requ ired  in develop ing softwa re 
on the XEN IX system . Most  of th ese bas ic tools have late 
chapte r s  devoted to th em .  

3 . 2 Bas ic Tools  

Th e tools u sed to  cre ate exec utable C programs a re : 

cc The XEN IX c comp i le r .  

lint Th e XEN IX C pr og r am ch ec k e r . 

ld The XEN IX loade r . 

as Th e XEN IX assemble r .  

adb Th e XEN IX debugg er . 

make  The XEN IX prog ram ma in ta ine r .  

Note th at cc au tomat ic ally invokes both th e loade r and the 
assemble r so that  use of e i ther  is opt ional . Lint is  
normally used in th e early stages  of  program developmen t  to 
ch eck for i lleg al and improper  u sage of th e C languag e .  Th e 
prog ram adb is used to debug exec utable pr og rams . The 
prog ram make is  u sed w i th th e above tools to au tomatic ally 
ma in tain and regenera te softwa re in med ium sc ale programming 
proj ects . 

All the above tools are used in cre at ing exec utable C 
programs . These programs are cre ated to run  in th e XEN IX 
env ir onmen t .  Th is env i r onmen t is mani fe sted in  th e var ious 
subroutines  and system c alls av a i lable in several  subrou t ine 
l i bra r ies . 
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No te that  no t all programming proj ec ts are best implemen ted 
in c ,  even i f  th ey are  pr ograms wr itten for XEN IX .  Often , 
s imple programs c an be  w r itten in the shell command lang uag e  
much mor e  quickly than they can be in  C .  For some 
complic ated prog r ams , lex and yacc may be j u st what is 
requ ired . Lex is a lex ic al analyzer  that c an be used to 
accept a g iven input languag e .  Yacc is a program des igned 
to comp i le grammar s  into a par s ing program .  Typic ally , it 
is u sed to comp i le lang u ages  that  are recog n i z ed by lex . 
For th is  re aso n ,  lex and yacc are often used tog ether , 
although e i ther  can be  used separa te ly . 

3 • 3 Other Tools 

Other  tools use ful in so ftwa re developmen t are desc r ibed 
below : 

ar 

at 

awk 

basename 

cb 

chgrp 

ch own 

cmp 

Arch ives f i le s  and ma inta ins  libra r ie s .  Useful  
wh en construc t ing or  ma in ta in ing larg e  obj ec t 
libra r ie s . 

Exec ute command s  at a la te r t ime .  Used to 
exec ute t ime consuming comp i la t ions , pr in touts , 
and makes ,  so that  they exec ute wh en th e system 
isn ' t  busy . 

Recog n i zes  tex t  patte rns and 
tr ans forma t ion  ope ra t ions based on 
lang u age . 

per forms 
the awk 

Str ips d i rec tory aff ixes and f i lename pre f i xe s  
from a f i lename or pathname . Useful in shell 
scr ipts to obta in the f i lename par t  of a 
path name or to s t r ip off f i lename extens ions . 

Beau t i f ie s  C programs , improv ing the i r  
re adab i li ty .  No te that  the ou tput from cb is  no t 
nec essa r i ly attrac t ive to all programme r s .  

Chang e s  th e group aff i li a t ion o f  a fi le ,  so that 
it  has the pr oper  g roup pe rmis s ion wh en it i s  
accessed or , i f  i t  i s  an  exec utable f i le ,  when 
it is  exec uted . 

Chang e s  th e own er of a f i le ,  so that  i t  has the 
proper  owner  when it is  accessed or , i f  i t  is  an 
exec utable f i le ,  when it  is exec uted . 

Compare s two sor ted f i le s .  Useful  when 
compar ing obj ec t f i le s  and other  b ina ry images . 
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comm 

copy 

csh 

ctags 

dd 

df 

d i ff 

diff  3 

du 

fi le 

f ind 

f sck 

ln 

lorder 

Compare s sor ted li s ts by e i ther  se lec t ing or 
re j ec t ing common lines . 

Cop ies  gr oups of f i le s .  Usefu l in  rec ur s ively 
copy ing d i rector ie s or in cre at ing f i le s  that  
are  linked to ano ther  se t of f i le s .  No te that  
£E doe s no t copy rec ur s ively . 

I n te rpre ts and exec ute s command s taken from the 
keyboa rd or from a command f i le .  The "C shel l "  
suppor ts a C- l i k e  command languag e ,  a n  ali as ing 
fac i li ty ,  and a command his tory mechanism.  

Cre ate s  a tag s f i le so that C func tions can be 
quick ly found in a se t of re lated C sourc e 
f i le s .  

Converts and cop ie s  a f i le 
ou tput . Used to re ad in 
med ia . A variety of forma ts 
avai lable . 

to the standa rd 
f i le s  f r om var ious 

and conve r s ions are 

Repor ts the amoun t  of spac e that  is free and 
ava i lable in a g iv en f i le system . 

Compare s two text  f i le s ,  l i ne by line . 

Compares  th ree text fi le s ,  line  by l ine . 

Summa r i z es d is k  usag e .  Used to de te rmi ne how 
much dis k spac e  you a re us ing . 

De te rmines th e f i le type of g iven fi le s  Use th is 
to examine fi le s to de te rmine wh ether  they are 
d irec tor ie s ,  spec ial  f i le s ,  or exec utable fi le s .  

Find s  f i lename s i n  a fi lesystem and optionally 
may per form command s  that affec t the found 
f i le s . Used in pe rforming complex ope ra tions on 
a se lec ted se t of f i le s .  

Ch ec k s  f i le system cons is tency and i f  poss ible , 
i n te rac tively repa ir s th e fi le system when 
incons is tenc ie s are  found . 

Cre ates a li nk of a fi le to ano the r  fi le so that 
f i le conten ts are shared and both f i lename s 
re fe r  to th e same f i le .  

Find s  order ing re lat ion for an obj ec t libra ry . 
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m4 

mkf s 

mknod 

mks tr 

mount 

ncheck 

nice 

run 

od 

pr intenv 

prof 

pstat 

quot 

ranlib 

set time 

s i ze 

sleep 

str ings 

str ip 

S U  

Pr oc esses  
func t ions ,  
invoc ation .  

input text 
inc luding 

per forming severa l  
mac ro defin i t ion and 

Construc ts a fi le system . 

Cre ates a spec ial f i le .  

Cre ates an e r ror me ssag e  fi le by examin ing a c 
sou rce  fi le .  

Mounts a fi le system on the g iven d irec tory .  

Generate f i le name s from inode number s .  

Runs a command a t  a lowe r pr ior ity .  

Pr in ts th e l i s t  o f  names in  a pr og r am .  

Per forms an "octal dump " of g iven f i le s ,  
pr in ting fi les i n  a va r ie ty of formats , one of 
wh ich is oc tal . 

Pr i n ts ou t th e env ir onmen t .  

Displays profi le da ta . 

Pr in ts system fac ts .  

Summa r izes  f i le system own e r sh ip .  

Converts a rch ive libra r ie s  to rand om libra r ie s  
by plac ing a table of conten ts a t  the front of 
each l i br a ry .  

Chang e th e access and mod ific ation da te s of  
f i le s . 

Repor ts the s iz e  of an obj ec t  fi le .  

Suspends exec ution  for a g iven per iod o f  t ime .  

Find s  and pr ints re adable text  ( str ing s )  i n  an 
obj ec t or other  b ina ry f i le .  

Remove s  symbols and 
exec utable f i le s .  

re loc ation b its  

Log s in  use r as  sup er-use r or  other  use r .  
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sum 

sync 

tar 

time 

touch 

tr 

tsor t 

umount 

xstr 

Compute s ch eck  sum for a fi le and counts block s .  
Use ful in look ing for bad spots in  a fi le and in 
ver i fying transmi s s ion of da ta between systems . 

Updates the super  block so that  all input and 
ou tput to the  d i s k  is comple ted befor e the sync 
command fin ishes . 

Arch ives f i les  to tape or other  s imi la r dev ic e .  
Also used i n  mov ing large sets o f  f i le s . 

Time s  a g iven command . Used in tak ing 
benchmar k s  for exec ut ion-t ime of programs . 

Upda te s the mod i f ic ation da te of a fi le withou t 
alte r ing the conten ts of th e fi le .  

Translate s a one g iven se t of charac te r s to 
ano ther  se t for all charac te r s  in  a fi le .  

Topolog ic ally sor ts obj ec t  l i br a r ie s  so that  
dependenc ies are  apparen t .  

Unmounts a mounted f i le system . 

Extracts  str ing s f r om C pr ograms to implemen t 
shared str ing s .  
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cc cc 

� 4 . 1  I ntroduc t ion 

Cc is th e command used to invoke th e XENIX C compi le r .  
S ince th e en tire  XEN IX system is wr i t ten in the c languag e ,  
cc i s  th e fundamen tal XEN IX program d evelopmen t tool . The 
emphas is in th is  chapte r is  on g iv ing ins ight i n to cc ' s  
operation and use . Spec ial  emphas is is  g iven to input and 
ou tput f i les  and and to the ava i lable comp i le r  options . 
Throughou t ,  fami l iar ity with comp i le r s  and with the C 
language  is assumed . For mor e informa t ion on programming in 
c ,  see The C Progr amming Language , by Ke rnighan and Ri tch ie . 

The fundamen tal func t ion of th e C comp i le r  is  to pr oduc e 
exec utable prog r ams by proc ess ing C source  fi le s .  The word  
"proces s ing " i s  the k ey here , s ince th e comp i lation proc ess 
involves several  d is t inct phase s : These phase s are descr ibed 
below : 

Preprocess ing 
In th is  phase of compi lat ion,  you r C source  
prog ram is  exami ned for mac ro  de finit ions and 
include fi le d irec t ive s .  Any inc lude f i le s  are 
processed at the point  of  th e inc lude sta temen t 1  
then occur rences of mac ros are  expanded throug hou t 
the tex t .  Normally , s tanda rd inc lude fi le s  found 
in th e /us r/i nclude d i rec tory are included at the 
beg inning--of C pr og r ams . Th ese s tanda rd include 
f i le s  normally are named w i th a " . h " extens io n .  
For example , the following sta temen t inc ludes  the 
def i n i t ions for func t ions in th e standa rd I/O 
l i bra ry :  

# inc lude < s td io . h> 

Note that the ang le brac kets  ind ic ate that the 
f i le is  pre sumed to exis t in  /us r/include . The 
e ffec ts of preprocess ing on a fi le can be captured 
in a f i le by spec i fy ing th e -P  sw itch on the cc 
command line . Th e - E sw itch pe r forms a s imi lar  
func t ion  use fu l for debugg ing wh en you su spec t 
that an inc lude f i le or mac r o  is no t expand ing as  
des ired . 

Opt imi z at ion 
Optimi z at ion of g enera ted cod e can be spec i f ied on 
th e cc command li ne  with the -o sw itch . Th is  
option should be used to inc re ase exec ut ion speed 
or to dec re ase s iz e  of the exec ut ing program .  
S ince programs wi ll take longer  to comp i le with 
th is optio n ,  you may want to use th is option only 
afte r you have a wor k ing debugged pr ogram .  
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Genera t ion of As sembly Sou rce  Code 

Assembly 

The C compi le r  g enera te s  assembly source  code that 
is  late r  assembled by th e XEN IX assemble r ,  as . 
Cc ' s  assembly ou tput c an be  saved in a f i le by 
spec ify ing th e -s sw itch wh en the comp i le r  is  
invoked . As sembly source  ou tput is saved in a f i le 
whose name has the " . s " exten s ion.  

To assemble the generated assembly cod e ,  cc calls  
as  to cre ate a " . o " f i le .  The " . o "  f i le is  u sed in  
the next  step , link ing and loading . 

Link ing and Loading 
The f inal  phase in th e comp i lation  of a C prog r am 
is  l ink ing and loading . Th e prog ram re spons ible 
for th is is the XEN IX loade r , ld . Loade r options 
c an be spec i f ied on th e cc command line . Th ese 
options are d isc ussed late r in th e sec tio n  on the 
loader .  

I t  is  impor tant  to re al i z e  th at  all o f  the above 
phase s can be  contr olled at  the cc command level : 
they do no t have to be  invoked separa te ly . What  
normally happens wh en you exec ute a cc command is  
that a sequence  of  prog rams proc esse s th e or ig inal  
C sou rc e f i le .  Each pr og r am cre ate s a tempor a ry 
f i le that  i s  u sed by th e next  prog ram in th e 
sequence .  The f inal output is the load imag e that 
is  loa ded in to memor y  when the f inal exec utable  
f i le is run . 

4 . 2  Invocation Swi tches 

A l i s t  of some of th e ava i lable sw itches follows . 
sw i tches may be desc r ibed in cc ( lS ) . 

Oth e r  

-c Suppre s s  th e loading phase of th e comp i la t ion ,  and 
force an obj ec t  fi le to be  p r oduc ed even i f  o nly 
one p r og r am is comp i led . 

-p Ar rang e  for th e comp i le r  to pr oduc e code wh ich 
counts the numbe r  of t ime s e ach r ou t ine is c alled . 
Also , i f  loading tak e s  plac e ,  replac e the s tanda rd 
star tup r ou t ine  by one that  au tomat ic ally c alls  
monitor ( 3 )  at the s ta r t  and ar ranges  to wr ite ou t 
a man . out f i le at normal te rmination of exec ut ion 
of  th e objec t program .  An exec ution prof i le c an 
then be  genera ted by use of  prof ( l ) . 
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-o 

- s  

cc 

Invok e an obj ec t-code opt imi z e r . 

Compi le th e named 
assemble r-languag e  
suff ixed " . s " .  

C prog r ams , and le ave  the 
output on cor re spond ing f i le s  

-P Run only th e mac r o  preprocessor and plac e the 
re sult for e ach " . c " f i le in a cor re spond ing " . i " 
f i le .  Th e resultant f i le has no " # "  l ines  in it . 

-o output 
Give the f inal output f i le 
output . I f  th is  op tion  
w i ll be  le ft und is turbed . 

the name spec if ied by 
i s  u sed the f i le a . out 

-Dname=def 
----- ---"De fine  the name to th e comp i le r  preproc essor , as 

-uname 

- Id i r  

i f  by " # de f ine " . I f  no def i n i t ion is g iven , then 
name is ass igned th e value 1 .  

Remove any in i t ia l  def in i t ion of name . 

Any " # include "  f i le s  whose name s do  no t beg in with 
" I" and th at  are enclosed w ith in ang le brackets  ( <  
and > )  are search ed for f i r st  i n  th e d i rec tory of  
th e f i le arg umen t ,  th en in  d irec tor ie s named in  - I  
opt ions , then i n  d i rector ie s g iven b y  a s tanda rd 
l is t .  

Oth e r  a rg umen ts are tak en to be e i th e r  loa de r opt ion 
a rg umen ts , or  C-compatible obj ec t  pr og rams , typic ally 
produc ed by an earli e r cc run , or pe rhaps l i b ra r ie s  of C
compat ible rou t ines  cre ated  w ith th e assemble r .  These 
programs , tog e th e r  with th e re sult s of any comp i la t ions 
spec i f ied , are loa ded ( in the order  g iven )  to pr oduc e an 
exec utable p r og r am wi th th e name �. out . 

No te tha t  some ve r s ions of th e C comp i le r  s uppor t addit ional 
sw i tch es .  Th ese sw itch es and th e i r  func t ion are desc r ibed in 
the re fe rence sec t ion  of th is  manual . 

4 . 3  The Loader 

As men tioned in th e above sec t ions , the XEN IX loade r ,  ld , 
plays a fundamen tal role in  the developmen t of any C 
prog r am .  For th is  re ason it  i s  d is c ussed as par t of cc 1 i t  
can howeve r , be used as a stand-alone proc essor of obj ec t 
f i le s .  No te th at arg umen ts to ld c an be  g iven on the cc 
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command li ne  and are  a par t  of th e syntax of th e cc command . 

Some of the ava i lable loade r sw itch es are li s ted below . 
Except  for - 1 , they should appear  befor e fi lename arg umen ts . 
Other  sw itches a re desc r ibed in ld ( lS ) . 

-s n str ip " the 
table and 
impa ir  the 
informat ion 

ou tput , tha t  is , remove the symbol 
re loc ation bi ts to save spac e  ( but  
use fu lness of the debugge r ) . Th is  
can also b e  removed by str ip ( lS ) . 

- u Take  th e follow ing a rg umen t as a symbol and en te r  
i t  as undefined in the symbol t able . Th is is  
useful  for loading wholly from a li bra ry ,  s ince 
init ially the symbol table is empty and an 
unre solved re fe renc e is needed to for c e  the 
loading of th e fi r st routin e .  

-lx Th is option  is an abbrev iation for the li bra ry 
name /l i b/l i bx . a ,  where x is a str ing .  I f  that  
does no t ex is t ,  ld tr ie s /u sr /l i b/l i bx . a .  A 
l i bra ry is se archea-when its  name is encounte red , 
so th e plac emen t of a -1  is s ig n i f i c an t .  

-x 

-x 

Do no t pre se rve  loc al ( non- . globl )  symbols in the 
ou tput symbol table : en te r  only exte rnal symbols . 
Th is  opt ion  saves some spac e in th e ou tput f i le .  

Save loc al symbols except  for those whose 
beg in with " L" . Th is  opt ion is  u sed by 
d is c ard inte rnally generated labels 
re tain ing symbols loc al to rou t ines . 

names 
cc to 
wh i le 

-n Ar rang e  that wh en the output f i le is exec uted , the 
text por tion  wi ll be re ad-only and shared among 
all  use r s  exec ut ing the f i le .  

- i  When th e output f i le i s  exec uted , the program tex t  
and da ta are as wi ll live  i n  separa te addre ss 
spac es .  Th e only d i f fe rence between th is option 
and -n is  th at  here th e da ta sta r ts at  loc ation O .  

-o Th e name arg umen t afte r -o is u sed  as th e name of 
the ld output f i le ,  inste ad of a . out . 

For more  informa t1on on th e loa de r , see ld in th e refe rence 
sec t ion of th is manu al .  
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4 . 4 Files 

The fi les  mak ing up the comp i le r ,  as  we ll as those f i le s  
needed , used , o r  cre ated by cc are lis ted below : 

f i le . c  
f i le . o  
a . ou t  
/tmp/c tm? 
/l ib/cpp 
/l i b/c [ 0 1] 
/li b/c2 
/li b/cr tO . o  
/l ib/mcr tO . o  
/li b/l i bc . a 
/usr/inc lu de 

input f i le 
object  fi le 
loaded ou tput 
temporar ie s  for cc 
preprocessor 
comp i le r  for cc 
opt ional opt imi z e r  
runtime startoff  
sta r toff  for profi ling 
standard library 
standa rd d i rec tory  for " # include " f i le s  
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5 . 1 Introduct ion 

Lin t is a pr og ram that examines  C source  prog rams , detec ting 
a numbe r of bug s and obsc ur i t ie s .  I t  en for c es the type 
rules  of C mor e  s tr ictly than th e C comp i le r s .  I t  may also 
be used to enfor ce  a numbe r  of por tab i li ty re str ictions 
involved in mov ing pr ograms be tween d i f fe rent  mach ines 
and/or operat ing systems . Ano ther  opt ion de tec ts a numbe r  
o f  wasteful , or e r ror pr one , construc t ions wh ich 
neve r th ele ss are , str ic tly speak ing , leg al .  

The separa tion of funct ion be tween L i n t  and th e C comp i le r s  
has both his tor ical and prac tical r a t ionale . Th e comp i le r s  
turn  C prog rams in to exec utable f i le s  rap idly and 
eff i c ien tly . Th is  i s  poss ible in part  bec au se the comp i le r s  
do no t pe r form soph is t ic ated type ch ec k ing , espec ially 
between separa tely comp i led prog rams . L i n t  takes  a mor e 
g lobal , le is ure ly view of th e pr og r am ,  look ing much mor e  
c are fully at  th e compat ib i li t ie s .  

Th is sec t ion discusses  the use o f  Lin t ,  g ives  a n  ove rv iew of 
th e implemen ta t ion ,  and g ives some hints on  th e wr i t ing of 
mach ine independen t C code . 

Suppose th ere a re two C source  f i le s ,  f i le l . c  and f i le 2 . c ,  
wh ich are ord ina r i ly comp i led and loa ded tog ether . Th en the 
command 

l in t  f i lel . c  fi le2 . c  

produc es me ssages  desc r ib ing incons is tenc ie s and 
ineff icienc ie s in the pr og rams . Th e pr og ram enfor c�s  th e 
typing rules  of C mor e s tr ictly than the C comp i le r s  ( for 
both his tor ic al and prac t ic al r e asons)  en for ce  them .  Th e 
command 

l in t  -p fi lel . c  fi le2 . c  

pr oduc es ,  in add i t ion to the above me ssages , add it ional 
me ssages  tha t  re late to th e por tab i li ty of th e programs to 
o ther  ope rating systems and mach ines . Replac ing th e -p by 
-h produc es messages  about var iou s e r r or -pr one or wa ste ful 
construc t ions tha t ,  str ic tly spe ak ing , are no t bug s . Say ing 
-hp gets th e whole wor k s . 

The next seve ral  sec t ions desc r ibe th e maj or messages ; the 
d is c uss ion  of Lint  close s  with sec t ions discuss ing the 
implemen tat ion and g iv ing suggest ions for wr i t ing por table  
C .  The f inal sec t ion  g ives a summa ry of  Lint  command line  
opt ions . 

� 1  
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5 . 2 A Wor d  Abou t Ph i losophy 

Many of th e fac ts  abou t a par t ic ular  c prog ram that  Lint  
need s may be imposs ible for i t  to discover . For example , 
wheth er a g iven func t ion  in a prog ram ever g ets called may 
depend on th e input da ta . Dec id ing whether  e xi t  i s  ever  
c alled is equ ivalen t to solv ing the famou-s�-" halt ing 
problem , " k nown to be rec ur s ively undec idable . 

Thus ,  most  of th e Lin t algor i thms a re a compromis e . 
func t ion is neve r men tioned , it  c an never be  call ed . 
func tion is men t io ned , L int  assume s i t  c an be  c alled : 
i s  no t nec essa r i ly so , but in prac tice  i t  is 
re asonable . 

I f  a 
I f  a 
th is 

qu ite 

L i n t  tr ies  to give informa t ion  with a hig h  deg ree  of 
re levanc e .  Me ssages  of  th e form " xxx might b e  a bug " a re 
easy to gene rate , but are acceptable only in pr opor t ion to 
th e frac t ion  of r e al bug s  th ey uncover . I f  th is f r ac t ion of 
r e al bug s  is  too sma ll , the me ssages  lose the ir  cred i b i li ty 
and se rve me re ly to clutte r up the ou tput , obsc ur ing the 
more  impor tant me ssages . 

Keep ing th ese is sues  i n  mind , we now cons ider  in mor e deta i l  
th e classe s of me ssages  that Lin t produc es . 

5 . 3  Unused Va r i a bles and Func t ions 

As se ts of programs evolve and develop , prev iou s ly used 
var i ables and a rg umen ts to func t ions  may become unu sed ; i t  
i s  no t uncommo n for exte rnal var iable s ,  or even en tire  
functions , to become unnec essa ry , and yet no t be removed 
f rom th e sourc e .  These " e rror s  of commis s ion" rarely cau se 
wor k ing programs to fa i l ,  but they are a sou rce  of 
ineff ic iency , and mak e  programs hard e r  to under stand and 
chang e .  Moreover , informa t ion about such unused var iable s 
and func t ions c an occas ionally se rve to discover  b ug s .  I f  a 
function doe s a nec essary job , and is never  called , 
some th ing is wrong ! 

L int  compla ins about var iables and func t ions tha t  a re 
defined but no t otherw ise men tioned . An exception  is made 
for var iables  tha t  are dec la red th roug h explic it  extern 
statemen ts but are never  re fe renc ed .  Thus , the s ta temen t 

exte rn floa t s in ( ) ; 

wi ll evoke no commen t i f  s in is never  used . 
w i th the semantics  of the--C-comp i le r .  

5- 2 
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In  some case s ,  these unu sed exte rnal dec la ra tions mig ht be 
of some i n te re s t : th ey c an be  d iscovered by adding th e -x 
f lag to the Lint  invocation .  

Ce r ta in style s of  prog ramming requ ire  many func t ions to be 
wr itten with s imi lar inte r fac es : frequen tly , some of the 
argumen ts may be unused in many of th e calls . Th e -v option 
is  avai lable to suppre ss the pr in ting of compla in ts abou t 
unu sed arg umen ts . When -v is in  effec t ,  no me ssages  are 
pr oduc ed abou t unused arg umen ts except for those a rg umen ts 
wh ich are unu sed and also declared  as reg is te r  a rg umen ts . 
Th is can be  cons idered an ac t ive ( and preven table ) waste of 
th e reg is te r re sourc es of th e mach ine . 

There is  one case wh ere informa t ion abou t unu sed , or 
undef ined , var i ables is  mor e d is trac t ing than helpfu l .  Th is 
is  wh en Lint  is appli ed to some , but no t all , f i le s  ou t of a 
collec tion th at  are to be  loa ded together . I n  th is c ase , 
many of th e func t ions and var iable s defi ned may no t be used , 
and , conve r se ly ,  many func t ions and var iable s de fined 
elsewhere may be used . Th e - u  flag may be used to suppre ss 
th e spur iou s me ssages  that mig ht otherw ise  appear . 

5 . 4  Set/Used Information 

Lin t attempts  to de tec t case s wh ere a var iable is used 
be for e it is se t .  Th is is v e ry d i f f icult to do we ll : many 
algor ithms take  a good de al o f  t ime and spac e ,  and s t i ll 
produc e me ssages  abou t per fec tly valid pr ograms . L i n t  
detec ts loc al var iables  ( au toma t ic and reg is te r  storage 
c lasse s )  whose f i r st use appears  phys ic ally ear li e r  in  the 
input f i le than th e f i r st ass ig nmen t to the var iable . I t  
assumes th at  tak ing th e addre ss of a var iable cons t i tute s  a 
" u se , " s ince th e ac tu al use may occur  at any late r time ,  in 
a data dependen t fash ion .  

The re str iction  to th e phys ic al appe arance  of var iables in 
th e f i le makes  th e algor i thm ve ry s imple and quick  to 
implemen t ,  s ince  th e tr ue  flow of contr ol need no t be 
d iscove red . I t  doe s me an that  Lint  c an complain abou t some 
leg al prog rams , but these pr og r ams wou ld pr obably be 
cons idered bad on s tyl i s t ic grounds  ( for example , they might 
conta in at le as t two goto ' s ) . Bec au se static and exte rnal 
var iable s are in it iali z ed to O ,  no meaning ful information 
can be d i scove red abou t the i r  use s .  Th e algor i thm deals 
cor rec tly , however , with in i t iali z ed au toma tic var iable s ,  
and var iables wh ich are used i n  th e expre ss ion wh ich f i r st 
se ts th em .  
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�. The se t/used informa tion  also permits  recog ni t ion of those 
� - '  loc al var iable s that  are set  and never used : these form a 

frequen t source  of ineff ic ienc ie s ,  and may also be 
symptomatic of bug s .  

5 . 5  Plow of Control 

Lint  attempts to de tec t unre ach able por t ions of  prog ram 
code . I t  wi ll complain about unlabeled s tatemen ts 
immediately following goto , break , continue , or return  
statemen ts . An attempt is made to detec t loops that  c an 
never be le ft at th e bo ttom , detec ting th e spec ial  c ase s 
while ( 1 ) and for ( 1 1 ) as in fin ite loops . L i n t  also 
complains about loops wh ich c anno t be en te red at the top : 
some valid  prog rams may have such loops , but at best  th ey 
are bad style and at wor st , bug s .  

L in t  has an impor tant are a of blind ness in the flow of 
contr ol algor ithm : i t  has no way of de tec t ing func tions 
wh tch are called and never  re tu r n . Thus , a call to exi t may 
cau se unre achable code wh ich Lin t doe s no t de tec t 1  the most  
se r iou s effec ts of  th is  are  in  th e dete rmination of  r e turned 
func t ion values , discussed in th e nex t sec tion .  

One form of  unre achable  statemen t is no t usu ally compla ined 
abou t by Lint : a break sta temen t that c anno t be re ach ed 
c au se s  no messag e . P rograms generated by yacc and 
espec ially lex may have li te ra lly hundreds  of unre achable 
break statemen ts . Us ing th e - 0  sw itch with the C comp i le r  
w i ll often eliminate th e re sult ing obj ec t  code ine f f i c iency . 
Thu s ,  th ese unre ach ed sta temen ts a re of li t tle impor tanc e .  
There  i s  typic ally no th ing th e use r can do about them , and 
the result ing messages would clu tte r up th e Lin t  ou tput . I f  
these mes sag es a re  des ired ,  L int  c an be invoked with th e - b 
opt ion .  

5 . 6 Function Values 

Some time s  functions re tu rn  values  wh ich a re never  used 1 
some time s  programs incor rec tly use func t ion " valu e s "  wh ich 
have never been re turned .  Lint  addre ss e s  th is  problem in a 
number of  ways . 

Loc ally , with in a func t ion defin i t io n ,  the appeara nc e  of 
both 

r etu r n  ( expr ) 1 

and 

) 



Lin t Lint 

� re tu rn  ; · 

sta temen ts is  c au se for ala rm .  In  th is  c ase , L int  produces 
th e following e r r or me ssage : 

funct ion name conta ins re tu rn ( e )  and re turn  

The most se r ious d i ff i c ulty wi th th is  i s  de tec t ing when a 
function re tu rn  is  implied by f low of  contr ol r e ach ing the 
end of the func t ion.  Th is can be seen with a s imple 
example : 

f ( a ) { 
i f  ( a ) r e turn  ( 3 ) ; 

1 ( ) ; 
No tice that , i f  a te sts  false , f w i ll c all � and then re turn  
w i th no defined r e turn  value ; th is wi ll tr igger  a compla in t 
f r om Lin t .  I f  �' l i k e  exit , never re turns , the me ssag e  w i ll 
st i ll be produc ed wh en in fac t no th ing is wrong . 

In prac tice ,  some poten tially se r ious bugs have been 
d iscove red by th is fe ature . It also accounts for a 
substantial  frac t ion of the "no i s e "  messages  pr oduc ed by 
Lin t .  

On a global sc ale , L i n t  de tec ts  case s where a func t ion 
re tu rns a value , but th is v alue is some t ime s ,  or  always ,  
unu sed . Wh en th e value is always u nused , i t  may constitute 
an ineff i c iency in  th e func t ion def i n i t ion .  Wh en the value 
is  some time s  unused , it may repre sen t bad style ( e . g . , no t 
test ing for e r r or cond i t ions ) . 

The du al problem ,  us ing a func t ion value when th e func t ion 
doe s no t re tur n  one , is also  detec ted . Th is  is  a se r ious 
problem . 

5 . 7  Type Check ing 

Lint  enfor c es th e type ch eck ing rule s of c mor e str ic tly 
than do the comp i le r s .  Th e add i t ional  ch ec k ing is in  four  
major are as : 

1 .  Acr oss  cer tain bina ry ope ra tor s and implied 
ass ignmen ts 

2 .  At the s tr uc ture selec t ion ope ra tor s 
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3 .  Betwe en th e def i n i t ion and use s of  func t ions 

4 .  In th e use of enume ra tions 

There  are  a numbe r  of ope ra tor s that  have an implied 
balanc ing between types of th e ope rand s . The ass ignmen t ,  
cond i tional  ( ? :  ) ,  and re lational ope rator s have th is 
proper ty .  Th e a rg umen t of a return sta temen t ,  and 
expre ss ions used in i n i t ial i z ation also su ffe r s imi lar  
conv e r s ions . I n  these ope ra t ions , char , shor t ,  int , long , 
uns igned , f loat , and double types may be freely in te rmi xed . 
The types of pointe r s  must ag ree  exac tly ,  except that ar rays 
of  x ' s  c an be in te rmi xed w ith po inte r s  to x ' s . 

The type ch ec k ing rules  also requ i r e  th a t ,  in struc ture  
r e fe rences , th e le ft ope rand of  a pointe r  ar r ow symbol ( - > )  
b e  a pointe r  to a struc tu re , the le ft ope rand of a per iod 
' . • be a struc ture , and th e r ight  ope rand of these ope rator s 
be a member of th e st ruc tu re implied by th e le ft ope rand . 
S imi lar ch ec k ing is  done for re fe renc es to unions . 

Str ict  r u le s  apply to func t io n  arg umen t and re tu r n  value 
match ing . The types float and double may be freely ma tch ed , 
a s  may th e types char , shor t ,  int , and uns igned . Also , 
pointe r s  can be match ed with the assoc iated ar rays . As ide 
f r om  th is , all ac tu al a rg umen ts mu st ag ree  in type with 
th e i r  dec lared counte rpar ts . 

Wi th enume rations , ch ec k s  are made that enume ra tion  
var iables or membe r s  are no t mi xed with other  types , or 
o th er enume ra tions , and that th e only ope ra tions appli ed a re 
= ,  in it iali z at io n ,  = = , ! = , and func t ion argumen ts and r e tu r n  
values . 

5 . 8 Type Casts 

The type cas t feature in C wa s i n tr oduc ed la rg ely as an aid 
to produc ing mor e  por table pr og r ams . Cons ide r  the 
ass ignmen t 

p = 1 1 

wh ere  £ is a charac te r po in te r .  L int  
complains . Now , cons ide r  th e ass ig nmen t 

p = ( char  * ) l J 

qu i te r ig htly 

in wh ich a cast has  been used to convert  the i n tege r  to a 
charac te r  poin te r .  Th e prog ramme r obviou sly had a str ong 
mo tivation for doing th is , and has cle a r ly s ignaled his  
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� in ten tions . I t  seems harsh for Lint  to continue to compla in 
abou t  th is . On th e other  hand , if th is  code is moved to 
ano ther  mach ine , such code should be looked at c are fu lly . 
The -c flag contr ols the pr in ting of commen ts about casts . 
When -c is  i n  effec t ,  casts  a re tre ated as though they we re 
ass ignmen ts  sub j ec t to compla i n t .  Otherw is e ,  all leg al c asts  
a re pas sed without  commen t ,  no ma tte r how strang e  the type 
mix ing seems to be . 

5 . 9  Nonpor table Character Use 

Li n t  flag s c e r ta in compar isons and ass ignmen ts as be ing 
i lleg al or nonpor table . For example , the fragmen t 

char c 1  
. . .  

if ( ( c  = g e tchar ( ) ) < O ) • • • •  

wor k s  on some mach ines , but wi ll fa i l  on mach ines wh ere 
charac te r s  always tak e  on pos it ive values . Th e re al 
solu tion is to dec lare c an i n teger , s inc e getchar is  
ac tu ally re tur n ing integer value s .  I n  any c ase , L int  is sues  
th e me ssag e : 

nonpor table charac te r compar ison 

A s imi la r i s sue ar is e s  with b i t f i e lds . Wh en ass ig nmen ts of 
constant values  are made to b it fields , the f i e ld may be too 
small to hold th e value . Th is  i s  espec ially true bec au se on 
some mach ines  b itf ields  are cons ide red  as s ig ned quan tit ie s .  
Wh i le it may seem counter-intu it ive to cons ider tha t  a two 
b i t  f ield dec lared of type int c anno t hold the value 3 , the 
problem d is appears  i f  the b it f ie ld is declared to have type 
uns igned . 

5 . 10 Ass ignments of longs to ints 

Bug s  may ar ise  fr om th e ass ignmen t of long to an int , wh ich 
lose s accuracy . Th is may happen in programs wh ich have been 
incomple te ly converted to use typedefs . When a typedef 
var iable is ch anged from int  to long , the prog ram c an s top 
wor k ing bec au se some in te rmed iate re sults  may be ass ig ned to 
integ er  values , los ing acc uracy . S inc e th ere are a numbe r  
of leg it imate re asons for ass igning long s to integ e r s ,  the 
detec tion  of th ese ass ignmen ts i s  enabled w i th the -a flag . 
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5 . 11 Strange Construc t ions 

Several  per fec tly leg al ,  but somewhat strang e ,  construc t ions 
are flagged by Lint .  The me ssages  hope fu lly encourage 
bette r code qual i ty ,  cleare r style , and may even point out 
bug s . The -h flag is used to enable th ese ch ec k s . For 
example , in the statemen t 

*p++ ; 

th e s tar  ' * '  doe s  noth ing . Th is provokes  th e messag e  "null  
effec t "  f r om Lin t .  The prog ram fragmen t 

uns igned x ; 
i f  ( x < 0 ) • • •  

is c learly somewhat strang e .  Th e test  will never  succeed . 
S imi lar ly , the te s t  

i f ( x > 0 } 

is equivalen t to 

i f  ( x ! = 0 } 

wh ich may no t be th e in tended ac t ion . I n  these c ase s L i n t  
pr ints th e me ssag e : 

deg enera te uns igned compar ison 

If  o ne says  

i f ( 1 ! =  0 } • • • •  

L i n t  repor ts "constant i n  cond it ional context " , s inc e the 
compar ison of 1 with 0 g ives a constant result . 

Ano th er construc tion detec ted 
prec edence .  Bug s wh ich ar ise  
the prec edence of  ope ra tor s c an 
and formatt ing , mak ing such 
For example , the statemen ts 

i f ( x& 0 7 7  == 0 } • • •  

or 

x< < 2  + 4 0  

by Lint  involves ope ra tor 
from mi s und e r stand ing s about 
be  accen tu ated by spac ing 
bug s extremely hard to find . 

probably do no t do what  is  in tended . Th e best  so lu t ion is  
to paren th es iz e  such expre ss ions , and Lint  encourages  th is  

5- 8 
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� by an appr opr i a te me ssag e .  

·� 

F inally , when th e -h flag is in  for c e ,  L int  compla ins abou t 
var i ables wh ich are redeclared in inner bloc k s  i n  a way that  
conflicts with th e i r  use in  ou te r bloc k s . Th is is legal , 
but is  cons idered bad s tyle , usu ally unnec essa ry , and 
frequen tly a bug . 

5 . 1 2 History 

There are several forms of older  syntax that  are d is couraged 
by Lin t • These fall in to two classes ,  ass ignmen t opera tor s 
and in it iali z ation .  

The older  forms of  ass ig nmen t opera tor s ( e . g . , =+ , =- ,  • • •  ) 
cou ld c au se amb ig uous expre ss ions , such as 

a =- 1 ; 

wh ich cou ld be taken as  either  

a =- 1 ; 

or 

a = -1 1 

The s ituat ion is espec ially pe rplex ing if th is k ind of 
amb ig uity ar ises  as  th e re sult of a mac ro  subst itu t ion .  The  
newe r ,  and pre fe rred ope rator s ( += ,  -= , etc . ) have no such 
amb ig u i t ie s .  To spur th e abandonmen t of th e older  forms , 
Lin t compla ins about these old fash ioned ope ra tor s .  

A s imi lar is sue ar ises  with in it iali z at ion . 
language allowed 

int  x 1 1 

to in it iali z e  x to 1 .  
d i f f icult ie s .  For example 

in t x ( -1 ) ; 

Th is  also c au sed 

The olde r 

syntac t ic 

look s somewhat  li k e  th e beg inning of a func t ion dec la ra t ion : 

i n t  x ( y ) { . . . 

and th e comp i le r  must re ad a fa i r  ways  pas t x in order  to 
sure what  the dec lara t ion re ally is . Ag a in; the problem is 
even nor e pe rplex ing when the in it iali z e r  involves a mac ro .  
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Th e current  syntax plac es an equals  s ig n  be tween the 
var iable and the in it iali z e r : 

in t x = -1 ; 

Th is  is  free  of any poss ible syntac t ic amb ig u ity . 

5 . 13 Pointer Alignment 

Ce rta in pointe r  ass ignmen ts may be re asonable on some 
mach ines , and i llegal  o n  other s ,  due en tirely to alignmen t 
restr ic t ions . For example , on some mach ine s ,  it is 
re asonable to ass ig n i n teg er  po in te r s  to double pointe r s ,  
s inc e double prec is io n values  may beg in on any in tege r  
boundary . On oth er s ,  however , double prec is ion values  mu st 
beg in on even word  bou nda r ie s ; thus , no t all  such 
ass ignmen ts make  sense . L int  tr ie s to detec t c ase s wh ere 
poin te r s  are ass igned to o ther  poin te r s ,  and such alignmen t 
problems might a r is e .  Th e me ssage "poss ible pointe r  
alignmen t problem "  results  from th is  s itu ation whenever  
e ith er  th e -p or -h flag s are in effec t .  

5 . 14 Mul t iple Uses  and S ide Effects 

In complic ated expre ss io ns , the bes t  order  in  wh ich to 
evalu ate subexpress ions  may be h ig hly mach ine dependen t .  
For example , o n  machines  in  wh ich th e s tack runs  bac kwa rd s ,  
funct ion  arg umen ts w i ll pr obably be bes t  evalu ated  from 
r ig ht-to-l eft ; on  mach ines  with a stack runn i ng forwa rd , 
le ft-to-r ight seems most  attrac t iv e .  Func t ion  c alls  
embedded as arg umen ts of  o ther  func t ions may or may no t be  
tre ated s imi lar ly to ord inary arg umen ts . S i mi lar  is sues  
a r ise  with o ther  ope ra tor s wh ich have s ide effec ts ,  such as 
th e ass ignmen t ope ra tor s and the inc remen t and dec remen t 
opera tor s .  

I n  orde r that th e eff ic iency of C on a par t icula r mach ine 
no t be unduly compromi s ed , the C languag e  leaves  the ord e r  
of ev aluat ion  o f  compli c ated expre ss ions up to the loc al 
comp i le r , and , in  fac t ,  the var ious C comp i le r s  have 
cons iderable d i f fe rences  in  th e or de r in wh ich they w i ll 
evalu ate compli c ated expre ss ions . I n  par t ic ula r ,  i f  any 
var iable is  ch anged by a s ide  effec t ,  and also used 
e lsewhere in th e same expre ss ion ,  th e re sult is  expl i c itly 
und e fined . 

L in t  chec k s  for th e impor tant spec ial  c ase where a s imple 
�calar var iable is affec ted .  For example , the s tatemen t 

5-10  
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/""""\ a [ i J = b [ i ++ J 1 

I� 

wi ll draw th e compla in t :  

wa rning : i evaluat ion or de r undefined 

5 .1 5  Shutting Lint Up 

Th ere are occas ions wh en th e prog ramme r is sma r te r  than 
Lin t .  There may be valid re asons for " i llegal"  type casts , 
functions with a var iable numbe r  of arg umen ts , e tc .  
Moreover , a s  spec i f ied above , the flow of contr ol 
in format io n  produced by Lin t  often has bli nd spots , cau s ing 
occas ional spur ious messag e s  abou t per fec tly re asonable 
programs . Thu s ,  some way of  communic at ing with Lin t ,  
typic ally to shut  it  up , is  des irable . Th ere for e , a number  
of words  are  recognized by  Lint  when they we re embedded in  
commen ts . Thus ,  Lint  di rec t ives are i nv is ible to th e 
comp i le r s ,  and the effec t on systems with th e older  
preprocessor s is  me re ly that  the Lin t d irec t ives don ' t  wor k .  

The f i r st direc t ive is  conc erned with flow of contr ol 
informa t ion .  I f  a par t icula r plac e  in  the program c anno t be 
re ached , but th is is  no t apparen t to Lin t ,  th is can be 
asse r ted at th e appropr i a te spot in th e program by the 
d irective : 

/ * NOTREACHED * / 

S imi lar ly ,  i f  i t  is  des ired to turn off str ic t type ch ec k ing 
for th e nex t expre ss ion ,  use th e d irec t ive : 

/*  NOSTRICT */ 

The s itu ation rever ts to th e previous defau lt afte r the next 
expre ss io n .  Th e -v flag c an be  turned on  for one func t ion 
by  th e d i rec t ive : 

/* ARGSUSED */ 

Compla in ts about var iable numbe r  of a rg umen ts in calls to a 
func tion  c an be turned off by preced ing th e func t ion  
definit ion with th e d irec t ive : 

/* VARARGS */ 

I n  some case s ,  it is des irable to ch ec k  the f i r st several  
arg umen ts , and leave the late r  arg umen ts u nchec k ed .  Th is  
c an be done by following th e VARARGS keyword immediate ly 
with a d ig i t  g iv ing the numbe r  of argumen ts that  should be 
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checked .  Thus : 

/* VARARGS2  */ 

c au ses  th e fir st two arg umen ts to be chec ked ,  the other s 
unch ecked .  Finally , the d i rec t ive 

/* LINTLIBRARY */ 

at the head of a fi le iden ti f i e s  th is f i le as a li bra ry 
dec la ra t ion  fi le ,  d isc ussed in  th e nex t  sec t io n .  

5 . 16 Library Declarat ion Files 

Lin t  accepts c er ta in li bra ry d irec t ives , such as  

-ly 

and tests  th e sourc e f i le s  for compat ib i li ty w i th th ese 
l ibra r ie s . Th is  is done by access ing li bra ry desc r ipt ion 
f i les  whose names are construc ted from th e libra ry 
d irec tives . Th ese f i le s  all beg in with the d i rec t ive 

/* LINTLIBRARY */ 

wh ich is followed by a se r ie s  of dummy func t ion  def i n i t ions . 
The cr i t ic al par ts  of th ese def i n i t ions are th e dec lara t ion  
of th e func t ion  re tu rn  type , wheth er the dummy func t ion  
re turns  a value , and th e numbe r and types of a rg umen ts to 
the func t ion .  Th e VARARGS and ARGSUSED direc t ives can be 
used to spec i fy fe atu re s  of th e l ibra ry func t ions . 

Lin t l ibrary fi le s  are pr oc essed almost  exac tly li k e  
ord inary source  f i le s .  The only differenc e  is  that  
func t ions that are  defined on  a libra ry file , but a re no t 
used on a sourc e  fi le ,  draw no compla in ts . L i n t  does no t 
s imulate a fu ll l ibrary se arch algor ithm , and complains  if  
th e sourc e fi les  conta in a re de f i n i t ion of a li brary rou t ine  
( th is i s  a feature ! ) . 

By default , L in t  chec k s  the programs i t  i s  g iven against  a 
standard li bra ry fi le , wh ich conta ins  desc r iptions of th e 
prog rams wh ich are normally loaded wh en a C prog ram is run . 
When th e -p flag is in effec t ,  ano th er f i le is chec k ed 
conta in ing desc r ip tions of th e standa rd I/O l i br a ry rou t ines  
wh ich are  expec ted to be  por table ac ross var ious  mach ines . 
The -n flag c an be  used to suppre ss  all  l ibr a ry chec k ing . 
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� 5 . 1 7 Notes 

Lin t  

L i n t  i s  by no means pe rfec t .  Th e check ing o f  struc ture s and 
arrays is ra th e r  inadequ ate 1 s iz e  incompatib i li t ie s  go 
unchecked J and no attempt is  made to match up struc ture and 
union dec lara t ions ac r oss f i le s .  
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,.-....., 5 . 18 Cur rent Lint Opt ions 

The command cur ren tly has  th e form 

l i n t  [ -optio ns ] f i le s  • • •  l i bra ry-desc r iptor s • • •  

The options are 

h Per form h eur is tic  ch ec k s  

p Per form por tab i li ty ch ec k s  

v Don ' t  repor t unused  a rg umen ts 

u Don ' t  repor t unused or undefi ned exte rnals 

b Repor t unre achable break sta temen ts . 

x Repor t unused exte rnal dec lara t ions 

a Repor t ass ig nmen ts of long to int or shor te r .  

c Compla in abou t quest io nable casts 

n No libra ry ch ec k ing is done 

s Same as h ( for his tor ic al re asons )  

5-14  
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ADB ADB 

6 . 1  Introduction 

ADB i s  an ind ispensable tool for debugg ing prog rams or 
crashed sy stems . ADB prov id e s  capab i li t ie s  to look at cor e  
f i le s  r e su lt ing from abor ted prog rams , pr in t ou tput i n  a 
var ie ty of  formats ,  patch f i le s ,  and run  prog rams w ith 
embedded breakpoin ts . Th is chapte r prov ides  an in troduc t ion 
to ADB w ith example s of its  use . It  expla ins the var iou s 
forma tt ing opt ion s ,  techniques for debugg ing C prog rams , and 
g ives example s  of pr in ting f i le sys tem in forma tion and of  
patch ing . 

6 . 2  Invocation 

The ADB invoc ation syntax is as fo llows : 

adb obj ectf i le coref  i le 

He re obj ectf i le is an exec utable XEN IX f i le and coref  i le i s  
a cor e imag e f i le .  Often th is w i ll look l i k e : 

adb a . ou t  cor e 

or mor e  s imply : 

adb 

wh ere th e de fau lts are a . out and core , re spec t ively . The 
f i lename minu s ( - ) me ans ig nore  th is argume n t  as in : 

adb - cor e 

ADB has requests for examin ing loc ations in e ither  f i le .  A 
quest ion ma rk  ( ? ) request examines  the con tents of 
obj ectf i le � a s la sh ( /) reque st examines  the coref i le .  The 
genera l form of these reque sts is : 

or 

address  ? format 

address  / format 
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,,,-.. 6 . 3  The Current Address  - Dot 

ADB 

ADB ma in ta ins a poin te r  to the current  addre ss , called dot , 
s imi la r in func tion to the current  poin te r  in the ed itor , 
ed ( l ) . When an address  is en te red , the current  address  is  
set to tha t  loc a t ion ,  so  tha t : 

0 126? i 

se ts dot to oc ta l 1 2 6  and pr in ts the in struc t ion  at  tha t  
address . The request  

• ' 1 0/d 

pr in ts 10  dec ima l number s sta r t ing at  dot . Do t ends up 
r e fe r r ing to the addre ss of the las t  i tem pr in ted . When 
used with the ques t ion  ma rk  ( ? )  or slash (/) reque s t ,  the 
current  address  c an be adv anc ed by typing a newline 1 i t  can 
be dec remen ted by typing a care t ( A ) . 

Add resse s are represented by express ions . Express ions  are  
made up from dec ima l ,  oc ta l ,  and hexadec ima l in teg er s ,  and 
symbols from th e prog ram und e r  te s t .  Th ese may be comb ined 
w ith the follow ing opera tor s :  

+ Add i t ion  

Subtrac t ion  

* Mu lt iplication  

% In teg e r  Div is ion 

& B itwise  AND 

Bi twise  inc lu s ive OR 

I Round up to the next mu lt ip le 

No t 

Note tha t  all  a r ithme t ic with in ADB i s  3 2-b i t  a r i thme t ic .  
When typing a symbolic  address  for a C prog ram ,  type e ither  
"name " or  " name " 1 ADB recog n i z e s  both forms . Bec au se ADB 
w i ll f ind -only one of "name " and " name " , ( gene rally the 
f ir st  to appea r in  th e sou rc e )  one w i ll mask  the other  if  
they both appea r  in  the same sou rce  f i le .  
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6 . 4  Forma ts 

To pr in t da ta , a use r spec if ie s  a collec t ion of le tte r s  and 
charac te r s  tha t  de sc r ibe the forma t  of the pr in tou t .  
Forma ts are  " r emembered " i n  th e sense tha t  typing a reques t  
withou t one w i ll cau se th e new pr in tou t to appear in the 
prev iou s forma t .  The follow ing a re the mos t  commonly used 
forma t le tte r s : 

Le tte r Forma t 
b one byte in oc tal 
c one byte as a cha rac te r  
0 one word in oc tal 
d one word in dec ima l  
x one word in hex adec ima 1 
f two word s  in floa t ing poin t 
i mach ine in s t ruc tion 
s a nu ll te rminated charac te r str ing 
a th e value of  dot 
u one word as  u n s ig ned in teg e r  
n pr in t a newline  
r pr in t a blank  spac e 
,. bac k up dot 

(Forma t le tte r s  are also ava i lable for 
example , D for long dec ima l ,  and 
poin t . )  

"long " v alues , for 
F for double floa t ing 

6 . 5 Gene r al Request  Meaning s  

The gene r a l  form o f  a reque st  i s : 

addre ss , count  command mod i f ie r  

wh ich se ts "dot " to address  and execute s  the command count 
t ime s .  

The follow ing table i llustra te s  some gene ral  ADB command 
me aning s : 

Command Me an ing 

? 
I 
= 
: 
$ 
. , 
! 

Pr in t conte n ts f rom a . out f i le - --
Pr in t conte n ts from core  f i le 
Pr in t v alue of "dot " 
Bre akpoint  control 
Mi sc ellaneou s reque sts  
Request  separa tor 
Esc ape to shell 
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ADB catches s ig nals , so a use r canno t use a qu i t  s ig nal to 
ex i t  from ADB . The request  $q or $0 ( or <CONTROL-D> ) mus t  
b e  used to ex it  from ADB . 

6 . 6  Debugg ing C Prog r ams 

The follow ing sub sec t ions desc r ibe use of ADB in debugg ing 
the C prog rams g iven in figures  at the end of th is  chapte r .  
Re fe r to these f igure s a s  you wor k  you r way th rough the se 
example s .  

6 . 6 . 1  Debugg ing A Cor e  Image 

Cons ide r  the C prog ram in Figure  1 .  The prog ram i s  u sed  to 
i llustra te a common error made by C prog ramme r s .  The obj ec t 
o f  the prog ram is  to chang e the lowe r case " t "  to upper  case 
in the str ing poin ted to by charp  and then wr ite the 
charac te r  str ing to th e f i le ind ic ated  by a rg ument  1 .  The 
bug shown is tha t  the charac te r " T" i s  s tored in the poin te r 
charp  in s te ad of  the s tr ing po in ted to by  charp .  Exec u t ing 
the prog ram produc es  a cor e f i le bec au se of an ou t of bou nds 
memory re fe renc e .  

ADB i s  invoked by typ ing : 

adb a . ou t  core 

The fir st  debugg ing request  

$c  

is  u sed to g ive  a C bac k trac e th rough the subrou t ines  
c alled . As shown in  Fig ure  2 ,  only one func t ion ,  mai n ,  was 
c alled and the a rg umen ts argc and argv have  hex values  O x2 
and O xl fff9 0  r e spec t ively .  Both of these valu es  look 
r easonable 1 Ox2 = two arg umen ts , Oxl fff9 0 = address  on s tack 
of  parame te r vec tor . These values  may be d iffe ren t on you r 
system due  to a d i f fe rent  mapping of memory . 

The nex t request  

$ r 

pr in ts ou t the reg is te r s  inc lud ing the prog ram counte r  and 
an in te rpre ta t ion  of the instruc t ion at tha t loc ation . 

The request : 
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� $ e  

pr in ts ou t th e values  o f  a l l  exte rnal var iable s .  

A map ex is ts for e ach f i le handled by ADB . Th e map for the 
a . out f i le is  refe renc ed w i th a que s t ion ma rk  ( ? ) , whereas  
the-iiiap for th e core  fi le is  re fe renc ed w ith a s la sh (/) . 
Fur thermore ,  a good rule of thumb is  to use que s t ion ma rk  
for in struc t ions and sla sh for da ta when look ing at  
prog rams . To pr in t ou t informa t ion abou t the maps type : 

$m 

Th is produces a repor t of  the conten ts of the maps . 
abou t these maps la te r .  

Mor e  

In  ou r example , it  is  u seful  to see the con tents of the 
str ing poin ted to by charp .  Th is is  done by typing 

*cha rp/s 

wh ich say s u se charp as  a poin te r  in th e core  f i le and pr in t 
th e informa t ion  as a charac te r  str ing . Th is pr in tou t shows  
tha t th e charac te r buffe r wa s incor rec tly overwr itten and 
helps iden tify the e r r or . Pr in t ing the loc ations around 
charp shows tha t  the buffe r is unchang ed but tha t the 
poin te r is de stroyed . Us ing ADB s imi la rly ,  we cou ld pr in t 
informa t ion abou t th e arg umen ts to a fu nc t ion . 

O xl fff9 0 , 3/X 

pr in ts th e hex values  of the th ree consec utive  cells poin te d  
to by a r gv in the func t ion ma in . No te tha t  these values  are 
the add re sse s of th e arg ume�to ma in . Therefor e :  

O xl fffb6/s 

pr in ts th e ASC I I  value of th e f ir st arg umen t .  
to pr in t th is value wou ld hav e been 

Another  way 

* " /s 

The double quote 
addre ss typed , 
instruc ts ADB to 
po in te r .  

The request 

. =x 

ma rk  ( " )  means d it to ,  i . e . , the the la s t  
in th is case Oxlf f f 9 0  1 the star  ( * )  
use the addre ss f ie ld of the cor e  f i le as a 
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pr in ts the cur rent  addre ss ( no t  its  contents )  in hex wh ich 
has been se t to the address of the fi r st argume n t .  The 
current  add re ss , dot ,  is use d  by ADB to " r emember " its 
cur rent  loc atio n .  It allows the use r to r e fe renc e loc ations 
r e la t ive  to the cur ren t addre ss , for example : 

. -10/d 

6 . 6 . 2  Mult iple Funct ions 

Cons ide r th e C prog ram illustra ted  in Figure  3 .  Th is 
prog ram c alls func t ions  " f " ,  "g " ,  and "h " u nt i l  the s tack is 
exhau sted and a cor e imag e is produc ed . 

Ag a in you can en te r  the debugger  via : 

adb 

wh ich assume s the name s a . out and cor e  
f i le and cor e imag e f i le

-
re spec t ively . 

$c  

for the exec utable 
The request  

f i lls a pag e of b ac k tr ac e  refe renc e s  to " f " ,  "g " ,  and "h " .  
Figure  4 shows  an abbrev ia �ed lis t ( typing <DEL > w i ll 
te rminate the ou tput and br ing you back to ADB r equest  
lev e l .  Add it ionally , some ve r sions , w i ll au toma t ic ally qu it  
afte r 15  levels u nle ss  told otherw ise w ith the command : 

, levelcou n t$c 

The request 

, 5 $ c  

pr in ts the fiv e  mo s t  rec en t  ac t ivations .  

No tice that  each func t ion ( " f " ,  "g " ,  and "h " )  has a counte r  
that  counts the number  of t ime s  each has been called . 

The request 

fcnt/D 

pr in ts the dec ima l  value of the counte r  for the func t ion f .  
S imi la r ly "gent"  and "bent"  cou ld be pr in te d .  No tic e tha t  
bec au se " fcnt" , "gent" , and "hcn t "  a re int var iable s ,  and on 
the M:: 6 8 0 0 0  int is implemen ted as long , to pi in t i t s  v alue 
you mu st  use the two word  forma t  D .  
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6 . 6 . 3  Setting Breakpoints 

Cons ide r th e C prog ram in Figure  5 .  Th is  prog ram , wh ich 
changes  tab s in to blank s ,  is adapted from Softwar e  Tools by 
Ke rnig han and Plauger , pp . 18- 27 . 

We w i ll r u n  th is prog ram under  the control of ADB ( see 
Figure  6 )  by typing : 

adb a . ou t  -

Breakpoin ts are se t in the prog ram a s : 

addre ss : b  [ request ]  

The reques ts 

se ttab+ S : b  
fopen+S : b  
tabpos+S : b  

se t bre akpo in ts at  th e s ta r t  of these func t ions . C doe s  no t 
genera te sta tement  labels . There for e ,  i t  i s  c u r r en tly no t 
poss ible to plant  bre akpo in ts at loc ations other  than 
func t ion  en try poin ts withou t  a knowledg e of the code 
genera ted by the C comp i le r .  Th e above addresse s are  
en te red as "symbol+S " ,  so  that  th ey will  appear in any C 
bac k trace s inc e the f i r st  two in struc t ions of e ach func t ion 
are used to se t up the loc al stack  frame . No te tha t  some of  
the func t ions are  fr om th e C libra ry .  

To pr in t the loc ation of bre akpoin ts one type s : 

$ b  

The d isplay ind ic ate s  a count f ie ld .  A breakpoin t is  
bypassed count-1 t ime s before  cau s ing a s top . The command 
f i e ld ind ic ate s  the ADB reque sts to be  exec uted each t ime 
the bre akpoin t  is encounte red . I n  ou r example no command 
f ie ld s  are pre sen t .  

By d isplay ing th e or ig inal  instruc t ions at  the func t ion 
settab we see tha t  the bre akpo in t  i s. se t afte r the ts tb 
instruc t ion ,  wh ich is  the s tack probe . We can d isplay the 
instruc t ions u s ing the ADB r equest : 

se ttab , S?a i 

Th is request displays f ive  instruc tions sta r t ing at 
w ith the addre sse s of  each loc ation d isplayed . 
var ia t ion is 
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� se ttab , S ? i 

wh ich d isplays the in struc t ions with only the sta r t ing 
address . 

No tice tha t  we acc essed the addre sse s from the a . out f i le 
- --

w ith the quest ion ( ? )  command . In  genera l when ask ing for a 
pr in tou t of  mult iple items , ADB advanc es the cur rent addre ss 
the number of byte s nec essary to satis fy the request . In the 
above example , f iv e  instruc t ions we re displayed and the 
current  add re ss wa s adv anc ed 1 8  ( dec imal )  byte s .  

To run the prog ram one type : 

: r  

To dele te a bre akpo in t ,  for in stanc e  the en try to the 
func t ion set  tab , .  type : 

se ttab+8 : d  

TO continue exec ution o f  the prog ram from the bre akpoin t  
type : 

: c  

Onc e the prog ram has  stopped ( in th is c ase a t  the bre akpoint  
for fopen ) , ADB requests c an be used to d isplay the contents 
of  memory . For example : 

$c  

to d isplay a stack trac e ,  or : 

tabs , 6/4X 

to pr in t  6 lines  of 4 locations each from the 
tabs . By th is t ime ( at loc at ion fopen)  in 
set'tab has been called and should have se t a 
e ig hth loc ation of  tabs . 

array called 
the C prog ram ,  
one in every 

The XEN IX quit  and in te rr up t  s ig nals ac t 
r a ther  than on th e prog ram being debugged . 
occur s th en the prog ram be ing debugged 
control is re tu rned to ADB . The s ignal  is 
is  passed on to the te s t  prog ram if 

on ADB i tself  
I f  such a s ig nal 
is  stopped and 
saved by ADB and 

: c 

is typed . Th is can be use fu l when te st ing in te rr up t  
hand ling rou t ines . The s ig nal  i s  no t passed on to the te st  
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prog ram if  

:c  0 

is typed . 

6 . 6 . 4  Other Breakpoint Fac ilities 

& Argumen ts and chang e of standa rd input and ou tput a re 
passed to a prog ram as : 

: r  argl arg2  • • •  <inf i le >outf i le 

Th is request  k i lls any ex is t ing prog ram under  te st  and 
s tarts  the a . out afre sh . 

- --

& The prog ram be ing debugg ed can be s ing le stepped by 
typing : 

: s  

I f  n ec essa ry , th is reque st sta rts  up the program 
debugged and s tops afte r exec ut ing the 
instruc t ion .  

be ing 
f i r st  

& ADB allows a prog ram to be en te red  at a spec i f ic 
addre ss by typing : 

addre ss : r  

& The count  f ie ld can be used to sk ip the f i r st  n 
bre akpoin ts as : 

, n : r  

The request 

, n : c 

may also be used  for sk ipp ing th e f i r st  n bre akpoin ts 
wh en continu ing a prog ram .  

& A prog ram can b e  continued at an addre ss d iffe ren t from 
the bre akpoint by typing : 

addre ss : c  

& The prog ram be ing debugged runs as  a separa te process  
and can be  k i lled by typing : 
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: k  

6 . 7 Maps 

XEN IX suppor ts  sev e ra l  exec utable fi le forma ts .  Th ese are  
used to te ll the loade r  how to load the prog ram f i le .  
Nonshared prog ram f i le s  are  th e mo s t  common and is g enera ted  
by  a C comp i le r  invoc at ion  such as : 

cc pgm . c 

A sha red f i le is produc ed by a C comp i le r  command of the 
form 

cc -n pgm . c 

No te tha t  separa te in struc tion/da ta f i le s  are no t suppor ted 
on  the MC 6 8 000  

ADB inte rpre ts th ese d i f fe ren t f i le forma ts and prov id e s  
acc ess to th e d i f fe ren t segmen ts th roug h a se t o f  map s .  To 
pr in t the maps type : 

$m 

In nonshared fi le s ,  bo th tex t ( in s tr uc t ions)  and da ta are 
in te rmi xed . Th is makes  i t  imposs ib le for ADB to 
d if fe ren tia te da ta fr om instruc t ions and some of the pr in te d  
symbolic  addre sse s look incor r ec t ;  for example , pr in t ing 
da ta addre sse s as offse ts from rou t in e s . 

I n  sha red text , the in s truc tions  are  separa ted fr om da ta and 
the " ? * "  accesses  the da ta par t  of the a . out f i le .  Th e " ? * "  
request  te lls AD B  to use th e second par t o f  the map in th e 
a . out f i le .  Acc ess ing data in th e core  f i le shows  th e da ta 
afte r it  wa s mod i f ied by th e exec ut ion of the pr og ram . 
No tic e  also th a t  the da ta segmen t may have  grown du r ing 
prog ram exec ut io n .  I n  shared f i le s  th e cor re spond ing cor e  
f i le does no t conta in th e prog ram tex t .  

F ig ure 7 shows th e d isplay o f  th ree maps for the same 
prog ram linked a s  a nonshared and sha red r e spec t ively . The 
b ,  e ,  and f f ie ld s  are used by ADB to map addre sse s in to 
f i le addre sse s .  Th e " f l "  f ie ld is the leng th of  the heade r 
at  the beg inn ing of  th e fi le ( O x3 4  byte s for an a . out f i le 
and 0 20 0 0  byte s for a core  f i le ) . Th e " f 2 " f ie ld is the 
d isplac emen t from th e beg inn ing of the f i le to the da ta . 
For unshared fi le s  with mixed tex t  and da ta this is  the same 
as the leng th of the heade r ; for sha red  fi le s  th is is the 
leng th of  the heade r p lu s  th e s iz e  of the tex t  por t ion .  
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Th e " b "  and " e "  f ie ld s  are the s tart ing and end ing loc ations 
for a segmen t .  Given an addre ss , A ,  the loc ation in th e 
fi le ( e ither  �. out or cor e )  is  c alc ula ted as : 

bl <A< el = >  f i le address  = (A-bl ) +fl  
b2 <A<e2 =>  f i le addre ss = (A-b2 ) +f 2  

A u se r  can acc ess 
var iable s .  Th e 
i n i t iali z ed by ADB : 

loc ations  by 
" $v "  request 

us ing 
pr in ts 

b base addre ss of da ta segmen t 
d leng th of  the da ta segmen t 
s leng th of  the s tac k 
t leng th of  the tex t 
m exec ut ion type ( 4 07 , 4 10 , 4 11 )  

the ADB de f ined 
the var iable s 

In  Figure  7 those var iable s  no t pre sen t are z e ro .  
b e  made o f  these var iab le s b y  expre ss ions such a s  

Use c an 

< b  

in  the add re ss f ie ld .  S imi la r ly th e valu e o f  the var iable 
c an be  chang ed by an ass ig nment  reque st  such as : 

0 20 0 0 > b  

that  se ts  b to oc ta l 2 0 0 0 . Th ese var iable s are use fu l  to 
know if  th e f i le und e r  examination is  an exec utable or cor e  
imag e f i le .  

ADB r e ads  th e heade r of th e cor e  imag e f i le to f ind th e 
values  for th ese var iableS:--I f  the second f i le spec i f ied 
does  no t seem to be a core f i le ,  or  if  i t  is  mis s ing then 
th e heade r of th e exec utable f i le is u sed in ste ad .  

6 . 8  Advanced Usage 

It  is  poss ible w ith ADB to comb ine forma tt ing requests to 
prov ide e labor a te d isplay s .  Below are seve ral  example s .  

6 . 8 . 1  Formatted dump 

The line  

<b , -l/4o4 A 8Cn 

pr ints  4 oc ta l word s followed by the i r  ASC I I  inte rpre tat ion 
from the da ta spac e of the cor e imag e f i le .  Broken down , 
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r:c-, the var iou s request  piec es  me an : 

< b  

< b , -1 

Th e base addre ss of the da ta segmen t .  

Pr in t from the base addre ss to the end o f  f i le .  A 
neg a t ive  count  is  u sed  here and elsewhere to loop 
indefin itely or un t i l  some error cond i t ion ( li k e  
end o f  f i le )  i s  de tec ted .  

The forma t " 4o4 "" 8Cn " i s  broken down a s  follows : 

4 o  Pr in t 4 octal loc ations . 

4 ""  Bac k up the cur ren t addre ss 4 loc ations ( to th e 
or ig inal sta r t  of  th e field ) . 

SC Pr in t 8 consec u t ive  cha rac te r s  us ing an esc ape 
conven tion 1 e ach charac te r in th e rang e  0 to 0 37 
is  pr in ted as  an at-s ig n ( @ )  fo llowed by th e 
cor re spond ing cha rac te r in th e rang e  0 14 0  to 0 17 7 . 
An at-s ig n is pr in ted  as  " @ @ " .  

n Pr in t a newline . 

The request : 

<b , <d/4o4 "" 8Cn 

cou ld have been used in ste ad to allow the pr in ting to s top 
a t  th e end of th e da ta segmen t ( <d prov ides  the da ta segmen t 
s iz e  in byte s ) . 

The formatt ing requests  c an be comb ined w i th ADB ' s  ab i li ty 
to re ad in a sc r ip t  to produc e a core imag e dump sc r ip t .  
AD B  is  invoked as : 

adb a . ou t  cor e < dump 

to re ad in a sc r ipt fi le ,  dump , of  requests . An example of  
such a scr ipt is : 
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1 20 $w 
4 09 5$ s  
$v 
= 3n 
$m 
=3n "C Stack B ac k trac e "  
$C 
=3n"C  Exte rnal Va r iable s "  
$ e  
= 3n " Reg i s  te r s "  
$ r  
0 $s  
=3n"Data Segmen t"  
<b , -1/Sona 

Th e request  

1 20 $w 

se ts the w id th of the ou tput to 
the wid th is 8 0  cha rac te r s ) . 
addre sse s as : 

symbol + off  se t 

The request  

4 09 5$ s  

1 20 charac te r s  
ADB attempts 

ADB 

( norma lly , 
to pr in t 

inc re ase s the max imum permiss ible offse t to the nea re s t  
symbolic  addre ss fr om 2 5 5  ( defau lt ) to 4 09 5 .  Th e equal s ig n  
request  ( = ) can be  used to pr in t l i te ra l  str ing s .  Thus , 
head ing s are prov ided in th is dump prog ram with requests of 
the form : 

=3n "C Stac k Bac k trac e "  

Th is spac es three lines  and pr in ts th e li te ra l  s t r ing . The 
request 

$v 

pr in ts all non-zero AD B  var iable s .  Th e request 

0 $ s  

se ts th e max imum off se t for symbol  ma tches  to zero  thus  
suppress ing the pr in t ing of symbolic  labels in favor of  
oc ta l v alues . No te tha t  th is is  only done ·for the pr in ting 
of the da ta segmen t .  The request : 
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< b , -1/Sona 

pr in ts a dump from the base of th e da ta segmen t to the end 
of f i le w ith an oc ta l addre ss f ie ld and eig h t  oc tal numb e r s  
p e r  line . 

F ig ure  9 shows th e results  of some forma tt ing requests  on 
the C prog ram of Fig ure 8 .  

6 . 8 . 2  Direc tory Dump 

As ano th e r  i llu s tr a t ion  ( F ig ure 10 ) cons ider  .a se t of  
requests  to dump the conten ts of a d i r ec tory ( wh ich is made 
up of an in teg er  inumber followed by a 14 cha rac te r name ) : 

adb d ir  -
=n8 t " Inum " 8 t "Name " 
0 , -1 ?  u8 tl 4 c n  

I n  th is example , the u pr in ts th e inumber as an uns ig ned 
dec ima l  in teg e r , the " S t "  me ans tha t  ADB w i ll spac e to the 
nex t mu lt iple of 8 on th e ou tp ut li n e ,  and the " 14 c "  pr in ts 
the 14 charac te r f i le name . 

6 . 8 . 3 I l i s t  Dump 

S i mi la rly th e conten ts of th e i l i st  of  a f i le system , ( e . g . , 
/dev/s r c )  cou ld be dumped with th e fo llow ing se t of 
requests : 

adb /dev/sr c  -
0 20 0 0 > b  
?m < b  
< b , -l? " flag s " 8 to n " l i nk s , u id , g id " 8 t3 bn " , • • •  

(No te that  th e two lines  separa ted by ellipses shou ld be 
en te red as one line  w i th no in te rven ing spac e .  The line  is 
brok en here so tha t  it w i ll f it  on the pag e . ) In th is 
example the valu e of the base for the map wa s changed to 
0 20 0 0  by typing 

?m<b 

s inc e tha t  is the s ta r t  of an i l i s t  with in a f i le system . 
" Brd " above wa s used to pr in t  th e 2 4  bit  s iz e  f ield as  a 
byte , a spac e ,  and a dec ima l  in teg e r . Th e la s t  acc ess t ime 
and last  mod i fy t ime are pr in ted w i th the "2Y "  opera tor . 
Figure  10  shows por t ions  of th ese requests as  applied to a 
d ir ec tory and fi le sys tem . 
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6 . 8 . 4  Conver t ing va lues 

�B may be used to convert  values f r om one repre sen ta tion to 
ano th e r . For example : 

07 2 = odx 

pr in ts 

0 7 2  58 i 3 a  

wh ich i s  the oc ta l ,  dec ima l and hexadec ima l  repre sen ta t ions 
of  0 7 2  (oc ta l ) . The for ma t  is  remembered so tha t  typing 
subsequen t number s w i ll pr in t  them in the g iv en for ma ts . 
Charac te r values may be conver ted s imi la r ly ,  for example : 

pr in ts 

a 0 14 1  

I t  may also be used to evalu ate expr e s s ions but be wa r ned 
that  all b inary opera tor s have th e same prec edenc e wh ich is 
lowe r than that  for unary ope ra tor s .  

6 . 9  Patch ing 

Patch ing f i le s  with �B i s  accomplished w i th the wr i te ( w  or 
W) request . Th is is often used in conjunc t ion with the 
locate , ( 1  or  L )  reque s t .  I n  gen e ra l ,  the reque st  syn tax 
for 1 and w are s imi la r : 

?l v alue 

The request  1 is u sed to ma tch on two byte s � L is  used for 
fou r byte s .  Th e request w is used to wr ite two byte s ,  
wh ere as W w r ite s  fou r byte s .  Th e val ue f ield i n  e ither  
locate or wr i te reque sts is an expr e ss ion . Th ere for e ,  
dec ima l and oc ta l number s ,  or cha rac te r  st r ing s are  
suppor ted . 

I n  or der  to mod ify a f i le ,  ADB mu st  be called as : 

adb -w f i lel  f i le 2  

When called with th is option , f i l e l  and f i le 2  a r e  created if 
nec essa ry and opened for both re ading and wr it ing . 

For example , cons ide r th e C pr og r am shown in Fig ure  8 .  We 
c an chang e  the word  " Th is "  to " The  " in  th e exec utable f i le 
for th is prog ram , e x7 , by us ing th e follow ing requests : 
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adb -w ex7 -
?l • Th . 
?W ' The ' 

The request  

?l  

sta rts  at dot  and stops at the f i r st ma tch of  
se t dot to th e add re ss of th e loc atio n  fou nd . 
of  th e quest ion  ma rk ( ? ) to wr ite to the a . out 
form " ? * "  wou ld have been used for a 4 11 f i le:--
Mor e  frequen tly th e reque st w i ll be typed as : 

? l  ' Th '  1 ?s 

AD B  

" Th "  hav ing 
No te the use 

f i le .  Th e 

and loc ate s th e f i r  st occurrenc e of " Th "  and pr in t th e 
en tire  str ing . Exec ut ion  of  th is ADB request  w i ll se t dot 
to the address of the " Th "  charac te r s .  

As ano ther  example of th e ut i li ty of th e patch ing fac i li ty , 
cons ider  a C prog ram that  has an in te rnal log ic flag . Th e 
flag cou ld be se t by th e use r th rough ADB and the prog ram 
run .  For example : 

adb a . out  -
: s  argl  arg 2 
flag /w 1 
: c  

The " : s "  r equest is  norma lly used to s ing le step throug h a 
proc ess or sta r t  a proc ess in  s ing le s tep mode .  I n  th is  
c ase it  sta rts  a . out as a subproc ess with arg umen ts argl  and 
arg2 . I f  th ere is a subproc ess running ADB w r ite s to it  
rather  than to th e f i le so the w request  c au se s  f lag to be 
chang ed in the memory of th e subproc ess . 

6 . 10 Notes 

Below is  a li s t  of some th ing s that u se r s  shou ld be awa re 
of : 

1 .  Func tion  calls and argumen ts are put on the stac k by 
th e C save rou t ine . Putt ing bre akpoints at  the en try 
poin t to routines  me ans that  the func t ion appea r s  no t 
to have been called wh en the bre akpoin t occ ur s .  

2 .  When pr in ting addre sse s ,  ADB use s either  tex t  or da ta 
symbols from the �. out f i le .  Th is some t ime s c au se s  
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unexpec ted symbol name s to be pr in ted with da ta ( e . g . , 
" savr5+0 22 " ) . Th is doe s no t happen if  que st ion ma rk  
{ ? )  i s  u sed for tex t  ( instruc t ions)  and sla sh ( /) for 
da ta . 

3 .  Loc al v a r iable s c anno t be addre ssed . 
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6 . 11 Figures  

Figure 1 :  C program with pointe r  bug 

t inc lude <s td io . h> 
s truc t  buf  { 

i n t  f i lde s 1 
in t nle ft ; 
char  *nex tp ; 
char  buff [ 5 1 2 ] ; 
} bb ; 

struc t buf *obuf ; 

char  *cha rp = " th is is  a sen tenc e . " ;  

ma in ( arg c ,  argv ) 
i n t  arg c ;  
char  * *argv · 
{ 

, 

cha r  cc ; 
FI LE *f i le ;  

i f  ( arg c < 2 )  { 
pr in tf ( " Input f i le mis s ing\n " ) ; 
exit  ( 8 ) ;  

} 
if  ( ( f i le = fopen ( argv [ l ]  , "w " ) ) == NULL )  { 

pr in tf ( " % s : c an ' t  open\n" , a rgv [ l ] ) ;  

} 
ex it ( 8 ) ;  

charp = ' T ' ; 
pr in tf ( "debug 1 % s\n " , cha rp ) ; 

wh i le ( cc=  *charp++ ) 
putc ( cc ,  f i le ) ; 

} 
f f lush ( f i le ) ; 
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Figure  2 :  ADB output for C program of figure 1 

adb 
$c 
s ta r t+4 4 : 
$ r  

ma in ( O x2 , OxlFFF 9 0 ) 

dO  O xO 
dl O xB 
d2  OxO 
d3 O xO 
d4  O xO 
dS  O xO 
d6 OxO 
d7 O xO 

p s  
pc  
$e 

OxO 
O x8 0E4 ma in+l6 0 :  

env ir on :  OxlFFF9C 
e r rno :  O xl9  -bb : OxO -obuf : O xO 
charp : O x5 5  

iob : O x9BlC 
�sobuf : Ox6 46 5 6 2 7 5 �la stbu : O x9 6F8 
�s ibuf : OxO 
°""'illoc s : OxO -a llocp : OxO -a lloc t : OxO -a llocx : OxO -end : O xO -eda ta : O xO 
$m 
? map ' a . ou t ' 

aO O x5 4  
al OxlFFF90  
a2 O xO 
a3 O xO 
a4 OxO 
aS OxO 
a6 O xlFFF7C 
sp OxlFFF 7 4  

movb ( aO ) , -1 . ( a6 )  

bl = O xB OO O  el = O x9 7 0C fl = O x2 0  
b 2  = O xB O O O  e 2  = O x9 7 0C f2 = O x2 0  
I map ... _ ,  

bl = O xO el = O xlO O O O O O  fl  = O xO 
b2 = O xO e2 = O xO f2 = O xO 
*charp/s 
O x5 5 : 
da ta address no t found 
Oxlfff9 0 , 3/X 
O xlFFF90 : OxlFFFBO O xlFFFB6 OxO 
Oxlff fbO/s 
O xlFFFBO : a . ou t  
/s 
O xlFFFBO : a . ou t  
. =X 

O xlFFFBO 
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. -10/d 
OxlFFFA6 : 
$q 

6 5 4 9 7  

ADB 
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·� F igure 3 :  Mult iple func t ion C program 

int  fc nt , gcnt , hcnt 1  
h ( x ,  y) 
{ 

} 

} 

f ( a , b) 
{ 

} 

ma in ( )  
{ 
} 

i n t  h i 1 reg is te r  in t hr 1 
h i  = x+l 1  
h r  = x-y+l 1 
bent++ 1 
h j : 
f ( hr , h i )  1 

i n t  g i 1 reg is te r in t g r  1 
g i  = q-p 1 
g r  = q-p+l 1  
g ent++ 1 
g j : 
h ( g r , g i )  1 

i n t  f i 1 r eg is te r  in t fr 1 
f i = a+2 * b 1  
fr  = a+b 1 
fc nt++ 1 
fj : 
g ( fr , f i ) 1 

f ( l , 1 )  1 
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.,,-,.., Pigure 4 :  ADB output for c program of Pigure 3 

$c 
h+46 : f ( O x2 ,  O x9 2D )  
g+48 : -h ( O x9 2C ,  O x9 2B )  
£+7 0 : _g ( O x9 2D ,  Oxl 25 8 ) 

-h+46 : f ( 0 x2 , O x9 2B )  
g+48 : -h ( 0 x9 2A ,  Ox9 29 )  
£+7 0 :  _g ( O x9 2B , Oxl 25 4 ) -h+46 : f ( O x2 , O x9 29 )  
g+4 8 :  -h ( 0 x9 28 , Ox9 27 )  

< INTERRUPT> 
adb 
, 5 $c 
h+46 : f ( O x2 , O x9 2D )  
g+48 : -h ( O x9 2C ,  Ox9 2B ) 
£ +7 0 :  _g ( O x9 2D ,  O xl 25 8 ) 

-h+46 : f ( 0 x2 , O x9 2B ) 
g+48 : -h ( 0 x9 2A ,  Ox9 2 9 )  

fcnt/D 
fcnt : 117 5 

gcnt/D 
_gent : 117 4 
hcnt/D 

hcnt : 117 4 
$q 
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Figure 5 :  C program to decode tabs 

t inc lude <std io . h> 
lde f  ine MAXLINE 8 0  
idef ine YES 1 
fdef ine NO 0 
tdef  ine TABS P 8 
char  input [ ]  = " da ta " ; 
cha r  ibuf [ 5 18 ] ; 
in t tab s [MAXLINE ] ; 

ma in ( )  
{ 

in t col , *ptab ; 
char c ;  

p tab = tabs ; 
se ttab ( ptab ) ; /*S e t  init ial tab stops */ 
col = l ;  
i f ( fopen ( input , ibuf)  < 0 )  { 

pr in tf ( " % s  : no t fou nd\n " , input) ; 
ex it ( 8 ) ; 

} 
wh ile ( ( c  = getch ( ibuf ) ) ! =  -1 ) { 

sw itch ( c ) { 

ADB 

case ' \t ' : /* TAB */ 
wh i le ( tabpos ( col ) ! = YES ) { 

/* put BLANK */ 

} 
} } 

p u tc ha  r ( ' ' ) ; 

} 
col++ ; 

bre ak ; 
c ase ' \n ' : /*NEWLINE */ 

putchar  ( ' \n '  ) ; 
col = 1 ;  
bre ak ; 

defau lt : 
p utchar ( c ) ; 
col++ ; 
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� /* Tabpos re tu rn YES i f  col is a tab stop */ 
tabpos ( col}  
int col 1 
{ 

} 

i f  ( col > MAXLINE}  
r e turn ( YES } 1 

else 
re turn ( tabs [ col ] } 1 

/*  Se ttab - Se t i n i t ial  tab stops */ 
se ttab ( tabp ) tnt *tabp 1 

i n t  i 1  

for ( i  = 0 1  i < =  MAXLINE 1 i ++ )  

ADB 

} 
( i %TABSP} ? ( tabs [ i ] = NO}  : ( tabs [ i ] = YES ) 1 

/*  getch ( ibuf}  - Just do a getc call , but no t a mac ro */ 
getch ( ibuf }  
FI LE *ibuf 1 
{ 
} 

re turn ( getc ( ibuf) } 1  
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Figure 6 :  ADB output for C program of Figure 5 

adb a. out 
settab+S : b  
fopen+S : b  
getch+S : b  
tabpos+S : b  
$b 
bre akpoin ts 
count bkpt 
1 tabpos+S 
1 -getch+S 
1 -fopen+S 
1 -se ttab+S 
settab , S?ia  

se ttab : -se ttab+4 : -se ttab+S : -se ttab+l 2 :  -se ttab+l6 : -se ttab+24 : 
settab , S? i  

se ttab : 

command 

link 
tstb 
moveml 
clr l 
cmpl 

li nk  
tstb 
moveml 
clr l 
cmpl 

a6 , i 0xFFFFFFFC 
-1 32 . ( a7 )  
# < > , - ( a7 )  
-4 . ( a6 ) 
i OxS 0 , -4 .  ( a6 )  

a6 , # 0xFFFFFFFC 
-1 32 . ( a7 )  
t < > , - ( a7 )  
-4 . ( a6 )  
t OxS 0 , -4 .  ( a6 )  

: r  
a . out : runn ing 
bre akpoint  
settab+S : d  

se ttab+S : moveml i < >,, - ( a7 )  

: c  
a . out : runn ing 
bre akpoin t 
$c  
ma in+S 2 :  

start+4 4 : 
tabs , 6/4X 

tabs : O xl 
O xO 
O xl 
O xO 
O xl 
O xO 

_fopen+8 : j sr 

f open -ma in 

OxO 
OxO 
OxO 
OxO 
OxO 
OxO 

( O x9 7 50 , O x9 9 58 )  
( O xl , O xlFFF98 ) 

OxO 
O xO 
OxO 
OxO 
OxO 
OxO 
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Figure 7 :  ADB output for maps 

adb a . out . unshared core . unshared 
$m 
? map ' a . ou t . unshared ' 
bl = Ox8 0 0 0  e l  = O x8 3E4 fl = O x2 0  
b2 = Ox8 0 0 0  e 2  = O x8 3E4 f2 = O x20  
I map ' cor e . unshared ' 
bl = Ox8 00 0  el = O x8 8 00 fl = O x8 00 
b2 = O xlEBOO O  e2 = O x2 0 0 0 0 0  f 2  = O xlO O O  
$v 
var iable s 
b = O x8 00 0  
d = Ox8 00 
e = Ox8 00 0  
m = Oxl0 7 
s = OxlSO O O  
$q 

adb a . ou t . shared core . shared 
$m 
? map ' a . ou t . shared ' 
bl = Ox8 00 0  el = Ox8 39 0  
b2 = O xlO O O O  e2  = O xl0 0 54 
I map ' cor e . shared ' 
bl = O xlO O O O  e l  = Oxl0 10 8 
b2 = OxlEBOOO  e 2  = O x2 0 0 0 0 0  
$v 
var iable s 
b = O x10 3 9 0  
d = O x8 00 
e = Ox8 00 0  
m = Oxl0 8 
s = O xl S O O O  
$q 
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Figure 8 :  Simple C program illustrating formatting and 
patching 

char  strl  [ ] = " Th is is  a cha rac te r  str ing " ; 
int one = 1 1 
i n t  number = 4 5 6 1 
long lnum = 1234 ; 
f loa t fpt = 1 . 2 5 ;  
char  str2  [ ]  = " Th is is the second charac te r str ing " 1 
ma in ( )  
{ 

one = 2 ; 
} 
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,I"""'*\ Figure 9 : ADB output illustrating fancy formats 

adb a . out . shared core . shared 
<b , -1/Sona 

s tr l : 0 5 21 5 0  0 6 4 5 6 3  0 20 15 1  07 14 4 0 '  0 604 4 0  0 6 15 50 0 6 0 5 6 2  0 6 0 54 3  

str1+16 : 07 214 5 0 7 10 4 0  07 15 6 4  07 115 1 0 6 7 14 7  0 0 0 1  

number :  -number :  0 07 10 0 0 23 2 2  0 37 6 40 0 0 5 2150  0 6 4 5 6 3  

s t r 2+4 :  0 20 15 1 07 14 4 0  0 7 2150  0 6 2 4 4 0  07 15 4 5  0 6 15 5 7  0 6 714 4  0 20 14 3 

s t r 2+20 : 0 6 4 14 1  07 114 1 0 6 15 6 4 0 6 25 62  0 20 16 3  0 7 216 2 0 6 4 55 6  0 6 3 4 00 

$ nd :  
$ nd : 0 1  0 14 0  
<b , 20/4o4 ""8Cn 

strl : 0 5 21 5 0  0 6 45 6 3  0 20 15 1  07 14 4 0  Th is is  
0 6 04 4 0  0 6 15 50 0 6 0 5 6 2  0 6 0 54 3  a cha rac 
0 7 214 5 07 10 4 0  07 15 6 4 0 7 115 1 te r str  i 
0 6 7147  0 0 0 1  ng @ ' @ ' @ ' @ ' @ ' @ a  

number :  0 0 7 10 0 0 2 3 2 2  @ ' @ ' @ aH@ ' @ ' @dR 

� _fpt : 0 3 7 6 4 0  0 0 5 2150  0 6 4 5 6 3  ? @ ' @ 'Th is 
0 20 15 1  07 14 4 0  0 7 2150  0 6 24 4 0  i s  th e 
07 15 4 5 0 6 15 5 7  0 6 7 14 4  0 20 14 3  sec ond c 
0 6 4 14 1  07 114 1 0 6 15 6 4  0 6 25 6 2  harac te r 
0 20 16 3 0 7 216 2 0 6 4 5 5 6  0 6 3 4 0 0  str ing @ ' 

$nd : 0 1  0 14 0  
da ta addre ss no t found 
<b , 20/4o4""8t8Cna 

strl : 0 5 21 5 0  0 6 45 6 3  0 20 15 1  07 14 4 0  Th is  is -s tr l+8 : 0604 4 0  0 6 15 50 0 6 0 5 6 2  0 6 0 543  a cha rac 
str1+16 : 07 214 5 07 10 4 0  07 15 6 4  07 115 1 te r str i 

-s trl+2 4 : 0 6 7 14 7  0 0 0 1  ng @ ' @ ' @ ' @ ' @ ' @a  -number : -number : 0 07 10 0 0 2 3 2 2  @ ' @ ' @aH@' @ ' @dR 
_fpt :  

? @ ' @ 'Th is _fpt : 0 37 6 4 0  0 0 5 2150  0 6 4 5 6 3  
s t r 2+4 : 0 20 15 1  07 14 4 0  0 7 2150  0 6 24 4 0 is the -
str 2+1 2 : 07 15 4 5  0 6 15 57 0 6 7 14 4  0 20 14 3  second c -
str2+20 : 0 6 4 14 1  07 114 1 0 6 15 6 4 0 6 25 6 2  harac te r -str2+28 :  0 20 16 3  07 216 2 0 6 455 6 0 6 3 4 00 str ing@'  

fnd : 
$ nd :  0 1  0 14 0  
data addre ss no t found 
<b, 10/2b8 t"" 2cn 

strl : 0 124  0 150  Th 
� 
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� 0 15 1  0 16 3  is 
0 4 0  0 15 1  i 

.__,,. 
0 16 3  0 4 0 s 
0 14 1  04 0 a 
0 14 3  0 15 0  ch 
0 14 1  0 16 2  ar  
0 14 1  0 14 3  ac 
0 16 4  0 14 5  te 
0 16 2  04 0 r 

$q 
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� Figure 10 : Direc tory and inode dumps 

adb dir -
=nt• Inode• t•Name • 
o , -l?ut14cn 

0 :  

adb /dev/src -
0 2000>b 
?m<b 

I node 
65 2 
8 2  
59 7 1  
5 32 3  
0 

Name 

c ap . c 
c ap 
pp 

new map '/dev/src ' 
bl = 0 20 0 0  
b2 = 0 
$v 
var iable s 
b = 0 20 0 0  

el = 
e2 = 

0 10 0 0 0 0 0 0 0  
0 

<b , -l? " flag s • S ton• 1inks , u id , g id " 8 t3 bn•  
s ize " 8 tbrdn• addr • 8 t8un• t imes • at2Y2na 
( type above two lines all on one line) 
0 20 0 0 : flag s 0 7 3 14 5  

link s , u id , g id 0 16 3  0 16 4  
s iz e  0 16 2  10 3 5 6  

0 14 1  

fl  = 0 
f 2 = 0 

ADB 

a ddr  2 87 7 0  8 2 36 259 56  2 7 7 6 6  25 4 55 8 2 36 259 56  25 20 6 
t ime s 1 9 7 6  Feb 5 08 : 3 4 : 5 6 19 7 5  Dec 2 8  10 : 55 : 15 

0 20 4 0 :  flag s 0 24 5 5 5  
link s , u id , g id 0 12 0 16 3  0 16 4  
s iz e  0 16 2  25 4 6 1  
addr  8 30 8  3 0 0 50 8 2 9 4  25 130  15 216 2 6 8 9 0  298 06 10 7 84 
t ime s 1 9 7 6  Aug 1 7  1 2 : 16 : 5 1 1976  Aug 17  1 2 : 16 : 51 

0 210 0 : flag s 0 5 17 3 
link s , u id , g id 0 11 0 16 2  0 14 5  
s iz e  0 147  2 9 5 4 5  
addr 2 5 9 7 2  8 3 0 6  2 8 2 6 5  8 308  25 6 4 2  15 216 2 314 259 7 0  
t ime s 1 9 7 7  Apr 2 0 8 : 58 : 0 1 19 7 7  Feb 5 10 : 21 : 44 
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6 . 1 2 ADB Summary 

Command Summary 

a .  Forma tted pr in ting 

? format pr int from �. out f i le accord ing to 
format 

I format pr in t f rom core  f i le accord ing 
format 

= format pr in t the value of dot 

?w expr 

/w expr 

?l expr 

wr ite 

wr ite 

loc ate 

expre ss ion in to 

expre ss ion in to 

expre ss ion in 

b .  Bre akpo in t  and prog ram contr ol 

: b 
: c 
: d  
: k  
: r  
: s  

se t bre akpoint  at dot 
con tinue runn ing program 
de le te bre akpoin t 
k i ll the program be ing debugg ed 
run a . out f i le under  ADB control 
s ing le step 

c .  Mi scellaneou s pr in t ing 

$ b  
$ c  
$ e  
$ £ 
$m 
$ q 
$ r  
$ s  
$v 
$w 

pr in t current  bre akpoin ts 
C s tack trac e 
ex te rnal var iable s 
floa ting reg is te r s  
pr in t ADB segmen t maps 
ex it  from ADB 
general  reg is te r s  
se t off se t for symbol ma tch 
pr in t ADB var iable s 
se t output lin e  width 

d .  Call ing th e shell 

1 call shell to re ad r e s t  of  line  

e .  Ass ignment  to var iable s 

a . out 
- --

cor e  

a . out 
- --

>name ass ign dot to var iable or reg is te r  name 
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6 . 1 2 . 1  Pormat Summary 

a 
b 
c 
d 
f 
i 
0 
n 
r 
s 
nt -
u 
x 
y 
... 

. " . . . 

the value of dot 
one byte in oc tal  
one byte as  a cha rac te r 
one word in dec ima l 
two words  in floa t ing poin t 
mach ine instruc t ion 
one word in  oc tal 
pr in t a newline 
pr in t a blank spac e 
a nu ll te rminated charac te r s tr ing 
move to nex t  n spac e  tab 
one word  as uns ig ned in teg er 
hexadec ima i 
date 
back up dot 
pr int  str ing 

6 . 1 2 . 2  Express ion Summary 

a .  Expre ss ion componen ts 

decimal integer 
octal integer 
hexadec imal 
symbols 
var iables 
reg is ters 
( express ion) 

b. Dyad ic ope ra tor s 

+ add 
sub trac t 

* mult iply 

e . g .  25 6 
e . g .  0 27 7  
e . g .  # ff 
e . g .  flag ma in ma in . arg c  
e . g .  <b 
e . g .  <pc < r O  
express ion group ing 

% in teg er  divis ion 
& bitwise and 
I bitwise or 
I round up to the next mult iple 

c .  Monadic opera tor s 

no t 
* conten ts of loc ation 

in teger  neg at ion 
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7 . 1 Introduction 

In a prog r amming projec t ,  it is easy to lose t rack of wh ich 
f i les  need to be reprocessed pr recompi led afte r a chang e  is 
made in some par t  of th e sou rc e .  Mak e  prov ides  a s imple 
mech anism for . ma in ta in ing up-to-da te ve r s io ns of programs 
that re sult  from many ope ra t ions on a number  of f i le s .  I t  
i s  poss ible to te ll Mak e  the sequence of commands  that  
cre ate cer ta in f i les , and th e l i s t  of fi le s  that require 
o ther  fi le s  to be  cur ren t be for e th e ope ra t ions c an be done . 
When eve r  a change is made in any par t  of th e prog ram ,  the 
make command w i ll cre ate the p r oper  f i les  s imply , cor rec tly , 
and with a min imum amount of e ffor t .  

The bas ic ope ra t ion o f  Make  i s  to find th e name o f  a needed 
ta rg e t  in the descr ipt ion , ensure that  all o f  the f i le s  on 
wh ich it depend s ex is t and a re up to da te , and then cre ate 
th e ta rge t  i f  i t  has no t been mod i f ied s inc e its  g en era tor s 
we re . Th e desc r iption f i le defines the graph of  
dependenc ie s .  Make  does a depth-f i r st se arch of th is  g raph 
to dete rmine  what  wor k is  re ally nec essary . 

Make  also prov ides  a s imple mac ro substitu t ion fac i li ty and 
th e abi li ty to enc apsulate command s in  a s ing le f i le for 
conven ien t admin is tr a t ion .  

(� I t  is  common prac t ice  to divide larg e pr og r ams into smalle r ,  
mor e  manageab le piec es . Th e piec es may requ ire  quite 
d i ffe rent  treatmen ts : some may need to be run  throug h a 
mac ro processor , some may need to be pr ocessed by a 
soph is tic ated pr og ram genera tor ( e . g . , Yacc or Lex) . The 
ou tputs of these generator s may then have to be compi led 
with spec ial  opt ions and w i th cer ta in de fin it ions and 
declara t ions . The code re sult ing from th ese transformations 
may th en need to be loaded together  with certa in libra r ie s  
unde r th e contr ol o f  spec ial  options . Re l a ted ma in tenanc e  
ac tiv i t i e s  involve running compli c ated te s t  sc r ipts and 
installing valida ted modu les . Unfor tunate ly , i t  is very 
easy for a prog ramme r to forg e t  wh ich f i le s  depend on wh ich 
oth er s ,  wh ich fi le s  have been mod i f ied r e c en tly , and the 
exac t sequence of ope ra t ions needed to mak e  or exe rc ise a 
new ver s ion  of the prog ram .  Af te r a long ed it ing se ss ion,  
one may eas i ly lose track  of wh ich fi le s  h av e  been changed 
and wh ich obj ec t modules a re s t i ll valid , s ince a change  to 
a declara t ion can obsole te a doz en oth er f i le s .  Forgett ing 
to comp i le a routine tha t  has been changed or that  use s  
chang ed dec lara t ions wi ll r e sult i n  a prog ram that wi ll no t 
wor k ,  and a bug that  c an be very hard to track  down . On the 
o ther  hand , recomp i ling everyth ing in s ight  j ust to be safe 
is  ve ry wastefu l . 
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.� The program desc r ibed in th is repor t mechan i z e s  many of the 
ac t iv i t i e s  of program d evelopmen t and ma in tenanc e .  I f  the 
informa t ion  on in te r-fi le dependenc es and command sequenc es 
is  stored in a fi le ,  the s imple command 

make  

is  frequen tly su ff ic ien t to update the inte re st ing fi les ,  
regardless of th e numbe r  that  have been ed ited s inc e the 
last make command . In  most  c ase s ,  the desc r iption  f i le is  
easy to wr ite and changes  infrequen tly . I t  i s  usually 
eas ie r to type th e make command than to is sue  even one of 
th e needed ope ra tions , so th e typic al cycle of prog ram 
developmen t ope ra t ions become s th ink , ed it , make ,  te st . 

Mak e  is mo st use ful  for medium-s ized programming projec ts . 
I t  does no t solve th e pr oblems of ma in ta in ing mult iple 
sou rc e ve r s ions or of desc r ib ing huge programs . 

Bas ic Features Th e bas ic ope ra tion of Mak e is to upda te a 
target  f i le by en sur ing th at all o f  the fi les on wh ich it  
depends ex is t and are up to da te , then cre at ing the targ et 
if  it  has  no t been mod i f ied s ince its  dependen ts we re . Mak e  
does a depth-f i r st se arch of  th e graph of  dependenc es . Th e 
operation  of th e command depends on th e ab i li ty to find the  
da te and t ime that  a fi le was last mod i f ied . 

To i llustr a te , let  u s  cons ider  a s imple example . A pr ogram 
named � is made by comp iling and loading th ree C-languag e  
f i les x . c ,  � . c ,  and z . c .  By conven tion ,  the ou tput o f  the C 
compi lations -is fou na in f i le s  named �. o ,  � . o ,  and �- �·  
As sume th at  th e f i le s  X . £  and �· £ share some dec la ra tions i n  
a fi le named defs , but that  z . c does no t .  That  is , x . c and 
�· £ have th e !Irie'""" 

# include "defs " 

The following text  
operations : 

desc r ibes 

prog : x . o  y. o z . o  

th e 

cc x. o y . o z . o -o pr og 

x . o y . o :  defs 

relationsh ips and 

I f  th is informa t ion  we re stored in a fi le named ma kef ile , 
the command 

mak e  
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wou ld per form th e ope ra tions needed to rec re ate E!,29. afte r 
any changes had been made to any of the four source fi les  
�. c , � . c , � ·£ r  or  defs . 

Mak e  operates u s ing three sources of information : a use r
supplied de scr ipt ion fi le ( as above ) , fi le names and " last
mod i f ied " t ime s f r om the f i le system , and bu i lt- in rules to 
br idge some of th e gaps . I n  ou r example , the f i r st line 
says that E!,29. depends on th ree " · £" fi le s .  Once these 
obj ec t f i les are cur r en t ,  the second line  desc r ibes how to 
load them to cre ate E!.29.· Th e th ird  line says  that  �·£ and 
y. o depend on the f i le defs . From the fi le system , Make 
aiscover s  that  there are three-" . c " f i les  cor re spond ing to 
the needed " . o " f i les , and uses Eu i lt-in  information on how 
to genera te an-obj ec t  from a source  f i le ( i . e . , issue a 
" cc -c " command )  • 

- -

The following long-w inded desc r iption fi le is equivalen t to 
the one above , but takes no advantage of Make ' s defau lt 
rule s : 

prog : x . o  y . o z . o  
cc x . o y . o z . o  -o prog 

x . o :  x . c def s 
cc -c x . c 

y . o :  y . c  def s 
cc -c y . c 

z . o :  z . c  
cc -c z . c 

' 
If  none of th e source or obj ec t  fi le s  had changed s ince the 
last time E!..29. was made , all of  th e f i le s  would be curren t ,  
and th e command 

make  

would just  announce  th is fac t  and stop . I f , however , the 
defs  f i le had been ed i ted , � . c and �· £ ( but  no t  �· £> would 
be recomp i led , and then .E!.29. would be cre ated from the new 
" . o "  f i les . I f  o nly the----rrie �· c  had changed ,  only it  would 
be-recomp i led , but it would st i ll be nec essa ry to reload 
E!.29.· 
I f  no target  name is g iven on the Make command lin e ,  the 
f i r st target men tioned in the desc r iption is  cre ated 1 
o therwise th e spec i f ied targets are made . The command 

make  x . o  

would recompi le x . o  i f  x . c or defs had changed . 
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If  the fi le ex i s t s  afte r the command s  are exec uted , its  t ime 
of last mod i f ic ation  is u sed in fur ther  dec is ions 1 o therw is e  
the current  time is u sed . I t  i s  often qui te useful to 
include rules with mnemonic names and command s  tha t  do no t 
ac tu ally produc e a fi le with that  name . These ta rgets can 
tak e  advantage of Mak e ' s  abi li ty to genera te fi le s  and 
subst itute mac r os .  Thus , a ta rget  " s ave"  might be inc luded 
to copy a cer ta in se t of f i le s ,  or a target " c le anup " mig ht 
be used to throw away unneeded in te rmediate f i le s .  I n  other  
case s one may ma inta in a z e ro-leng th fi le p ure ly to keep 
trac k  of th e t ime at wh ich cer ta in ac t ions we re pe r formed . 
Th is technique is u se ful  for ma inta ining remo te arch ives  and 
l i s t ing s .  

Make  has a s imple mac r o  mechanism for subst itut ing in 
dependency lines  and command str ings . Mac ros are defined by 
command arg umen ts or desc r ip t ion  fi le lines with embedded 
equal s igns . A mac r o  is invoked by prec ed ing the name by a 
dollar s ig n 1 mac r o  name s long e r  than one charac te r must  be 
paren thes ized .  Th e name of th e mac ro  is e i ther  the s ing le 
charac te r after  the dollar s ign  or a name ins ide 
paren these s .  The following a re valid  mac ro invoc at ions : 

$ (CFLAGS )  
$ 2 
$ ( xy) 
$ Z  
$ ( Z )  

The last two invoc ations are iden tical .  $ $  i s  a dollar  
s ign . All o f  th ese mac ros are ass ig ned values dur ing input , 
as  shown below . Four spec ial mac ros change  values  du r ing 
th e exec ution  of the command : $ * , $ @ ,  $ ? , and $ < . Th ey will 
be discussed late r .  The following fragmen t shows the use : 

OBJECTS = x . o y . o  z . o  
LIBES = - l ln 
prog : $ (OBJECTS ) 

cc $ (OBJECTS ) $ (LIBES ) -o prog 

The command 

make  

loads th e three obj ec t  f i le s  with th e Lex -lln  l ibrary .  The 
command 

mak e  " LIBES=- l ln -lm" 

loads th em with both the Lex (-11)  and the ma th (-lm) 
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l i bra r ie s ,  s inc e mac ro  de f i n i t ions on the command line 
ove rr ide defin it ions in  the de scr iption .  ( I t  is nec essa ry 
to quote arg umen ts with embedded blank s in  XEN IX command s . ) 

The following sec tions deta i l  the form of desc r ipt ion f i le s  
and the command line , and d isc uss opt ions and bu i lt-in  rule s  
i n  100r e  deta i l .  

7 . 2  Descr iption Files and Substitutions 

A descr ipt ion fi le conta in s  th ree types of informa t io n :  
mac ro  de fin i t ions , dependency in formation ,  and exec utable 
commands .  There is also a commen t conven tion : a ll 
charac te r s  after  a sharp ( i ) are ig nored , as  is  the sha rp 
itse lf .  Bl ank l ines and lines  beg inning with a sharp a re 
to tally ignored . I f  a non-commen t line  is too long , it  c an 
be continued us ing a bac k s lash . I f  the last  charac te r of a 
l ine  is  a bac k slash , th e b ac kslash , newl i n e , and following 
blank s and tabs are replac ed by a s ing le blank . 

A mac r o  defin i t ion  is. a l ine  conta in ing an equal s ign  no t 
prec eded by a colon or a tab . Th e name ( str ing of le tte r s  
and dig i t s )  to th e left of th e equal s ig n  ( tr a i li ng blank s 
and tabs  are str ipped)  is ass ig ned the s tr ing of ch arac te r s  
following th e equal s ign  ( leading blank s and tabs are 
str ipped . ) Th e following a re va.l id  mac ro  de f i n i t ions : 

2 = xyz 
abc = -11  -ly 
LIBES = 

The last  def i n i t ion ass ig ns 
that  is never expl i c i tly 
value . Mac ro defin i t ions 
command line ( see below) . 

LIBES the nul l  str ing . A mac ro 
def ined has th e null str ing a s  

may also appear  on the Mak e  

Other  li nes g ive informa t ion  about ta rg et  f i le s .  The 
general  form of a ta rg et  is : 

targ et  • • • : [ : ]  [ dependen t • • •  ] [ 1  command s ]  [ f  • • • ] 
[ ( tab)  command s ]  C t • • • ] 
. . . 

I tems ins ide brackets may be omi tted . Ta rg ets and 
dependen ts are str ing s of le tte r s ,  dig its , per iod s ,  and 
s lashes . (Shell me tacharac te r s  " * " a nd " ? " a re expanded . )  A 
command is any str ing of charac te r s  no t inc lu ding a sha rp 
( except in  quote s )  or newline . Command s  may appear e ithe r  
afte r a semi colon o n  a dependency l i n e  or on lines  beg inning 
with a tab inuned iately following a dependency lin e .  
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A dependency line  may have e i ther  a s ing le or a double 
colon . A target  name may appe ar on more than one dependency 
line , but all o f  those lines  mu st  be of the same ( s ing le or 
double colon) type . 

1 .  For th e usual  s ingle-colon case , at mos t  one of these 
dependency lines  may have a command sequenc e 
assoc iated w i th it . I f  th e ta rget  is ou t of da te with 
any of  th e dependen ts on  any of  th e li nes , and a 
command sequenc e is  spec if ied ( even a nu ll one 
follow ing a semi colon  or tab ) , it is exec uted . 
Oth erw ise  a defau lt c re at ion  rule may be invoked . 

2 .  I n  th e double-colon case , a command sequenc e may be 
assoc iated w ith each dependency line . I f  th e target  
is  ou t of da te with any of  th e f i les  on  a particula r 
l ine , th en the assoc iated commands  a re exec uted . A 
bui lt- in  rule  may also be exec uted . Th is de ta i led 
form is of par t ic ular  v alue in upda t ing a rch ive-type 
f i les . 

I f  a ta rg e t  mu st be cre ated , the sequenc e of command s is 
exec uted . Normally , each command line  is pr inted and th en 
passed to a separa te invoc ation of th e shell afte r 
subst itut ing for mac ros . (The pr in ting is suppre ssed in 
s i len t mode  or if the command li n e  beg ins with an @ s ign ) . 
Mak e  normally stops i f  any command s ig nals an e r r or by 
r e turning a non- z e ro e r r or cod e .  (Er ror s a re ig nored  if th e 
"- i "  flag s has been spec i fi ed o n  th e Make  command li n e ,  i f  
the fake ta rget name " . IGNORE" appear s i n  th e de sc r iptio n  
fi le ,  or i f  the command s tr ing in th e de sc r ip t ion  fi le 
beg ins wi th . a  hyphen . some XEN IX command s  return  
mean ing less  status )  • Bec au se e ach command l ine  is  passed to 
a separate invoc at ion of th e sh ell , care must  be taken with 
certa in command s  ( e . g . , cd and Shell contr ol command s ) tha t  
have me an ing only with in a-s ing le Shell proc ess ; t h e  r e sults  
are  forgotten befor e th e nex t  li ne is exec uted . 

Befor e is su ing any command , certa in mac ros a re se t .  $ @  is 
se t to th e name of th e f i le to be "made " . $ ?  i s  se t to the 
str ing of n ames that we re found to be you ng e r  than  the 
ta rg e t .  I f  th e command was g en era ted by an  impli c i t  rule 
( se e  below) , $< is the name of th e related f i le tha t  caused 
th e ac t io n ,  and $ * i s  th e pre fix  shared by the cur rent  and 
the dependen t f i le name s .  

I f  a fi le must  be made but th ere  are no expli c i t  command s or 
re levant  bu i lt-in  rule s ,  the command s  assoc iated  with the 
name " . DEFAULT " a re used . I f  th ere is no such name , Mak e  
pr ints a me ssage and stops . 
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7 . 3 Command Usage 

Th e •ake command tak es  fou r k ind s of arg umen ts : mac r o  
def in i t ions , f lag s ,  desc r iption  fi le name s ,  and ta rg et  f i le 
name s .  Th e syntax is  as  follows : 

make  [ f lags ] mac ro defi n i t ions ] [ targ ets ] 

The following summa ry of th e ope ra t ion of th e command 
expla ins how th ese arg umen ts are in te rpre ted . 

F i r s t ,  all mac r o  de f i n i t ion arg umen ts 
embedded equal s ig ns )  are analyz ed and th e 
Command-l i n e  mac ros overr ide cor re spond ing 
in th e desc r ip t ion  f i le s .  

Nex t ,  th e flag arg umen ts are examined .  
f lag s  are 

( arg umen ts with 
ass ignmen ts made . 
defin i t ions found 

Th e pe rmi s s ible 

- i  Ignore e r r or codes re turned by invoked commands . 

- s  

Th is  mod e i s  en te red if  the fak e ta rget  name 
" . IGNORE" appear s in th e desc r iptio n  fi le .  

Si len t mode . Do no t pr in t command li nes  be for e 
exec ut ing . Th is  mode is a lso en te red if  th e fak e 
targ et name " . S I LENT" appear s in the desc r ipt ion  
f i le .  

- r  Do no t u se th e b u i lt- in  rule s .  

-n No exec ute mode .  Pr in t comma nd s , but do no t exec ute 
th em .  Even lines  beg inning w i th an " @ "  s ign  are 
pr in ted . 

-t  Touch th e ta rg e t  f i le s  ( cau s ing th em to be up to 
da te ) r a th e r  than is su e th e usu al command s .  

-q  Quest io n .  The mak e  command re turns  a z e ro or no n
zero  status  code depend ing on wh ether th e ta rg et  
f i le is or is  no t up  to da te . 

-p Pr in t out th e comple te set  of mac ro def init ions and 
target  desc r ipt ions 

-d Debug mode . Pr i n t  ou t de ta i led informat ion on f i le s  
and t ime s examined .  

- f  De sc r ipt io n  fi le name . Th e next arg umen t i s  assumed 
to be th e name of a desc r ipt ion  fi le .  A f i le name 
of "- " deno te s th e s tanda rd input . I f  th ere a re no 
" - f " arg umen ts , the f i le named make f i le or Make f i le 
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i n  the cur rent  d i rec tory i s  re ad .  Th e conten ts o f  
the desc r iption fi le s  overr ide the b u i lt- in rules  i f  
they are pre sen t ) . 

F inally , th e rema in ing argumen ts are assumed to be th e names 
of  targ e ts to be  made i they are done in le ft  to r ig ht orde r .  
I f  there are  no such arg umen ts , the f i r st  name in the 
descr iption f i le s  that  doe s no t beg in with a per iod is 
"made " .  

7 . 4  Implic it Rules 

The Mak e  program use s  a table of in te re s t ing su ff ixes and a 
se t of transformat io n  rules  to s upply defau lt dependency 
information and impli ed command s .  (The Append ix desc r ibes 
th ese tables  and means of ove r r id ing them . ) The defau lt  
suff ix lis t  is : 

. o  Obj ec t  f i le 

. c  C sourc e f i le 

. e  Ef l source  fi le 

. r  Ra tfor source  f i le 

. f  For tran  source  f i le 

. s  As s emble r sourc e f i le 
•Y.. Yacc-C sou rce  gramma r 
· 'IE.. Yacc-Ratfor sou r c e  gramma r  
· Y..! Yacc-Ef l sourc e gramma r 
. 1  Lex sou rc e gramma r 

The following d iag ram summa r i z es th e defau lt transforma tion 
path s .  If  th ere  are two paths connec t ing a pair  of 
suff ixes , the long e r  one is u sed  only if th e i n te rmed i a te 
f i le ex is ts  or is  named in . the desc r ipt ion • 

• o 

+-----+- ----+----- +-----+--+--+-----+----- +----- +----- + 
I I I I I I I I I I 

. f  . s  . y  . yr . ye . 1  . d  . r . e  . c  

f 
+-- +- - +  
I I 

A .. 

. y  . 1  . yr . ye 

If the f i le x . o is needed and there is 
desc r iption or direc tory , it is comp i led . 

7 - 8  

an x . c i n  the 
I f  the re is also 



i .� 

Make Mak e  

a n  x . l , that  gramma r  would be r u n  th r ough Lex be for e 
compi ling th e re sult . However , i f  the re is no x . c but the re 
is  an x . l ,  Mak e  th en d isc ards th e i n te rmed iate -C-languag e  
f i le and-uses  th e d irect  li nk  in th e graph above . 

It  is  poss ible to ch ange th e names of some of th e comp i le r s  
used i n  th e default , or the flag a rg umen ts with wh ich they 
are invoked by knowing the mac ro names u sed . Th e  comp i le r  
name s are  th e mac ros AS , CC , RC , EC , YACC , YACCR , YACCE ,  and 
LEX . The command 

make  CC=newcc 

c au se s  th e newcc command to be used inste ad of the usual C 
comp i le r .  The mac r os CFLAGS , RFLAGS , EFLAGS , YFLAGS , and 
LFLAGS may be se t to cau se these commands to be is sued w i th 
optional flags . Thus 

mak e  ncFLAGS=-on 

c au se s  th e opt imi z ing C comp i le r  to be used . 

7- 9 



Make Make 

7 . 5  Example 

As an example of th e use of Make ,  we wi ll pre sen t the 
desc r ipt ion  fi le used to ma i n ta in the make command itself . 
The code for Mak e  is spre ad ove r  a number  of C sourc e f i le s  
and a Yacc g ramma r .  Th e desc r ipt ion  fi le conta ins : 

i Desc r iption  fi le for the Mak e  command 

P = lpr 
FI LES = Mak efi le ve r s . c de fs ma in . c  doname . c  mi sc . c fi les . c  dosys . c\ 

g ram . y  lex . c 
OBJECTS = ve r s . o ma in . o  • • • dosys . o  g ram . o 
LI BES=  
LINT = l i n t  -p  
CFLAGS = - 0  

make :  $ (OBJECTS ) 
cc $ (CFLAGS ) $ (OBJECTS ) $ ( LIBES ) -o mak e  
s iz e  make  

$ (OBJECTS ) : defs  
gram . o :  lex . c 

cle anup : 
-rm * . o  g ram . c 
-du 

install : 
@ s i z e  make  /usr/bin/make  
cp  mak e  /usr /b in/make  � rm make  

pr in t :  $ ( FI LES ) t pr in t rec en tly changed fi le s  
p r  $?  I $P 

te st : 

touch pr in t 

mak e  -dp I grep -v TIME >lzap 
/usr/bin/mak e  -dp I grep -v TIME > 2 zap 
d i f f  l zap 2 zap 
rm l z ap 2 z ap 

l i n t  : dosys . c  doname . c  fi le s . c  ma in . c misc . c ve r s . c gram . c 
$ (LINT) dosys . c  doname . c  f i le s . c  ma in . c  misc . c  ver s . c gram . c  
rm gram . c 

arch : 
a r  uv /sys/source/s 2/make . a $ (FI LES ) 

Make  usually pr ints ou t each  command before is su ing it . The 
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'� following ou tput results  f r om typing th e s imple command 

make 

Make 

in  a direc tory conta in ing only th e source  and de scr iption  
f i le :  

cc -c ve r s . c 
cc -c ma in . c  
cc -c doname . c  
cc -c misc . c  
cc -c f i le s . c  
cc -c dosys . c  
yacc  gram . y 
mv y . tab . c  gram . c 
cc -c gram . c 
cc ver s . o ma in . o  • • • dosys . o  g ram . o  -o mak e  
1 3 18 8+3 3 48+304 4 = 19 58 0b  = 04 6 17 4b 

Although none of th e source  f i le s  or g ramma r s  we re men tioned 
by name in th e desc r iption f i le ,  Mak e  found th em us ing its  
suff ix  rule s  and is sued th e needed command s . Th e str ing of  
d ig its  re sult s f r om th e " s ize  make "  command ; the pr in ting of  
th e command line  itself  was suppre ssed by an @ s ig n .  Th e @ 
s ign on th e s i ze command in th e de sc r iption fi le suppre ssed 
th e pr inting or-th e command , so only th e s iz e s  are wr itten . 

The last few ta rgets in  th e desc r ip t ion f i le are use ful 
ma intenance sequences . Th e "pr in t"  targ e t  pr in ts only the 
f i le s that have been ch anged s ince th e last  "make  pr in t"  
command . A zero-leng th fi le pr int  is ma in ta ined to k eep 
track  of th e t ime of th e pr in ting ; the $ ?  mac ro  in the 
command line th en pic k s  up only the name s of th e fi le s  
changed s inc e pr int wa s touch ed . Th e pr in ted output c an be 
sen t to a d i f fe rent  pr in te r  or to a f i le by chang ing the 
defin i t ion of th e P mac r o :  

make pr int  " P  = lpr " 

or 

mak e  pr in t  " P= cat > z ap "  

7 . 6  Suggestions and Warnings  

The most common diff icult ie s a r i s e  fr om Make ' s  spec i f ic 
meaning of  dependency . I f  f i le x . c has a " # inclu de "defs� " 
l i ne , then th e obj ec t  f i le x . o depends on defs ; the source  
f i le x . c does not .  ( If  defs  is  chang ed ,  i t  i s  no t nec essa ry 
to do-anyth ing to the f i le X . £ ,  wh i le it  is nec essary to 
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rec re ate .!· 2• ) 

To discover wh at  Make  would do , the -n option i s  very 
use ful . The comma nd 

make  -n 

or de r s  Mak e  to pr int  ou t the command s it would is sue  w i thout 
ac tu ally tak ing the t ime to exec ute th em .  I f  a chang e to a 
f i le is absolu te ly c e r ta in to b e  ben ig n  ( e . g . , add ing a new 
defin i t ion to an inc lude fi le ) , the -t ( touch ) opt ion can 
save a lo t of t ime : in ste ad o f  is su ing a la rg e numbe r  of 
supe rfluou s recomp i la t ions ,  Mak e  upda te s th e mod i f ic ation 
t ime s on th e affec ted fi le .  Thus ,  the command 

make  -ts  

( " touch s i len tly " )  causes  the re levant f i le s  to appear  up to 
da te . Obvious care is  nec essary , s inc e th is mod e of 
ope ra tion subve r t s  the in ten tio n  of Mak e  and des t r oys all 
memory of the previous re la t ionsh ips . 

The debugg ing flag -d c au se s Mak e  to pr int  out a ve ry 
deta i led descr ipt ion of what i t  i s  doing , inc luding th e fi le 
t ime s .  Th e output is  verbose , and recommended only as  a las t  

� re sor t .  
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7 . 7 Suff ixes and Transformat ion Rules 

Th e Make  pr og ram i t self  doe s  no t know what f i le name 
suff ixes a re in te re s t ing or how to transform a fi le with one 
suff ix in to a f i le w i th ano th e r  suff i x .  Th is  information is 
stor ed in an i n te rnal table that  has the form of a 
descr iption  fi le .  I f  th e " - r " f lag is u sed , th is table is  
no t used . 

The lis t of suff ixes is  ac tu ally the dependency lis t for the 
name " . SUFFIXES" ; Make  look s for a fi le with any of the 
suff ixes on th e li s t .  I f  such a fi le ex is ts , and i f  the re 
is a transforma t ion rule for th at comb ina t ion , Make  ac ts  as  
desc r ibed ear l ie r .  The transformation rule name s are the 
conc atena t ion of th e two suff ixes .  Th e name of th e rule to 
tr ansform a " . r " f i le to a " . o" f i le is thus  " . r . o" .  I f  the 
r u le is  pre sen t and no expl i c i t  command sequenc e has been 
g iven in th e use r ' s  d esc r iption fi le s ,  the command sequenc e 
for th e rule " . r . o" is  u sed . I f  a command is g enera ted by 
us ing one of th ese suff ix ing rules , the mac ro  $ *  i s  g iven 
th e value of th e s tem ( every th ing but th e suff ix )  of th e 
name of th e fi le to be made , and th e mac ro $ <  is th e name of 
th e dependen t th at  c au sed th e ac t ion .  

The order  of  th e suff ix  lis t is  s ig n i f ic an t ,  s inc e i t  is  
sc anned fr om le ft to r ig ht ,  and th e f i r st name that  is 
formed th a t  has bo th a fi le and a r u le assoc iated w i th it  is  
used . If  new name s a re to  be appended , the use r can j ust  
add a targ e t  for . SUFFIXES in  h is  own desc r ip t ion fi le ; the 
dependen ts wi ll be added to th e usu al l i s t .  A . SUFFIXES 
l ine  w i thou t  any depend en ts dele te s  th e cur rent  l i s t .  ( I t  
i s  nec essa ry to clear the cur ren t li s t  i f  th e order  of name s 
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is  to be chang ed ) . 

The following is an excerpt from the defau lt rules  f i le :  

• SUFFIXES : • 0 • c • e • r • f • y • yr • ye • 1 • s 
YACC=yacc 
YACCR=yacc - r  
YACCE=yac c -e 
YFLAGS= 
LEX=lex 
LFLAGS= 
CC=cc 
AS=as -
CFLAGS= 
RC =ec 
RFLAGS= 
EC=ec 
EFLAGS= 
FFLAGS= 
. c . o  : 

$ (CC ) $ (CFLAGS )  -c $ <  
. e . o  . r . o . f . o  : 

$ (EC ) $ ( RFLAGS )  $ ( EFLAG S )  
. s . o  : 

$ (AS ) -o $ @  $ <  
. y . o  : 

$ (YACC )  $ (YFLAGS )  $ <  
$ (CC ) $ (CFLAGS )  -c y . tab . c 
rm y . tab . c 
mv y . tab . o  $ @  

. y . c  : 
$ (YACC )  $ (YFLAGS ) $ <  

m v  y . tab . c $ @  

7- 14 
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8 . 1 Introduc t ion 

Th is  chap te r  desc r ibes th e use of th e XEN IX assemble r ,  named 
as , for the Mo tor ola MC6 8 0 0 0  micropr ocessor . I t  is beyond 
th e scope of th is manu al to desc r ibe th e ins t r uc t ion se t of 
th e 6 8 00 0  or to disc uss assembly languag e  programming in 
genera l .  For informa t ion on th ese topics , re fe r to the 
MC 6 8 0 0 0  1 6-Bi t Microproces sor User ' s  Manual , 3rd Ed i t ion ,  
Eng lewood Cli ffs , N . J :  Pren tice-Hall , Inc . , 198 2 . 

Th is  chap te r  is org an i z ed as  follows : 

The Command Line  
D is c usses  assemble r 1invoc ation and command line  
options . 

Sou rc e Pr og ram Forma t 
D i s c usses  the pr oper  layou t of an assembly 
language  pr og r am , including spec i f ic at ion of th e 
labe l , opcode ,  ope rand , and commen t fie ld s .  

Symbols and Expre ss ions 
D iscusse s th e symbols and expre ss ions used in 
wr i t ing assembly lang uag e  prog rams . 

Instruc t ions and Addre ss ing Modes  
D isc usses  th e avai lable 
addre ss ing modes . 

As semble r D i r ec t ives 
D isc usses  assemble r d i rec t ives . 

Ope ration  Codes  

instruc t ions 

Lis ts  th e ava i lable 6 8 0 0 0  ope ra t ion codes . 

Er ror Me ssages 

and 

Lis ts e r ror me ssages  that c an be genera ted by as . 

8 . 2 Invocation 

As c an be invoked with one or mor e  arg umen ts opt ions . 
Except for option arg umen ts , wh ich must appear f i r st on the 
command line , arg umen ts may appear  in any order  on the 
command lin e .  Th e source  f i lename argumen t should be named 
f i lename . s .  I f  a fi lename doe s no t have th e " . s " exten s ion ,  
the assemble r p r in ts a wa rning me ssag e ,  but st i ll assemble s 
th e spec i f ied f i le .  No te , tha t  except as spec i f ied below , 
f lag s may be g rouped . For example 
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as -g lo that . o  th is . a  

will have the same effec t as 

as -g -1 -o that . o  th is . s  

8 . 3 Invocat ion Options 

The var ious  flag s  and th eir  func t ion are : 

-o relname Th e de fau lt ou tput name is f i lename . a  if  
assembling on an  MC68 00 0 , and f i lename . b  if  
cross  assembling . Th is can be ove r r idden by 
g iv ing as the -o flag and g iv ing the new 
f i lename in th e argumen t following th e -o . The 
-o must be th e last  arg umen t in  a flag bunch . 
Subsequen t flags are  ignored . For example 

-1 

-e 

-g 

as -o tha t . o th is . a  

assembles th e source  thi s . �  and puts the output 
in th e fi le that . o .  

By defau lt ,  no output li s t ing is produc ed .  A 
l i s t ing may be pr oduc ed by g iv ing th e -1 flag . 
The li s t ing fi lename extens ion  is  L" . Th e 
f i lename for the li s t  f i le is  based on the 
ou tput fi le .  So th e command line 

as  -1  -o ou tput . x  input . s 

produc es a li s t ing named output . L .  

By defau lt ,  all symbols go in to the symbol table 
of  the a . out ( S )  forma t f i le tha t  is  produc ed by 
the assemble r , inc luding loc als . I f  you want 
only symbols that  are defined as . globl or  . comm 
to be  inclu ded , you can g ive th e -e ( exte rnals 
only ) flag . 

By defau lt ,  i f  a symbol is und e f ined in an 
assembly , an error is flagged . Th is may be 
chang ed with th e -g flag . I f  th is  is done , 
undefined symbols  wi ll be i n te rpre ted as 
exte rnal . 
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.� 8 .  4 Source Program Format 

An as prog r am cons is ts of a se r ies  of statemen ts , each of 
wh ich occup ie s  exac tly one li ne , i . e .  a sequence of 
charac te r s  followed by the newl ine charac te r .  Form feed , 
ASC I I  <CONTROL-L> , also se rves as a line  te rminator . 
Continuat ion lines  are no t allowed , and th e maximum line  
leng th is 132  charac te r s .  However , several sta temen ts may 
be on a s ing le line , separa ted by semi colons . Remembe r 
thoug h ,  that  any th ing afte r a commen t charac te r  is  
cons ide red  a commen t .  The forma t of an as assembly language  
statemen t is : 

[ label-f ield]  [opcode [oper and-f ield]  [ 1 ] ]  C l  comment ] 

Most  of th e 
circums tances . 

f ields may be 
I n  part icula r : 

1 .  Blank lines  are pe rmi t ted . 

omi tted under  certain 

2 .  A s tatemen t may conta in only a label f ie ld .  The label 
defined in th is f ie ld has th e same value as if it  we re 
defined in th e label f i e ld of th e nex t sta temen t in 
th e prog ram .  As an example , the two s ta temen ts 

name : 
addl  dO , dl 

a re equivalen t to th e s ingle sta temen t 

name : addl dO , dl 

3 .  A l ine may cons is t of o nly the commen t  f ie ld 1  the two 
s tatemen ts below are allowed as commen ts occupy ing 
full  lines : 

I Th is is a commen t field .  
So is th is . 

4 .  Mult iple statemen ts may be put on a li ne  by separating 
them with a semicolon ( 1 ) . Remember , however , that 
any th ing afte r a commen t charac te r ( including 
statemen t separa tor s)  is a commen t . 

I n  general ,  blank s  or tabs  are ·allowed anywhere in a 
statemen t 1  that is , mult iple blank s are allowed in the 
operand field to separa te symbols f r om opera tor s .  Blanks  are 
s ignifican t  only when they occur in  a charac te r str ing 
( e . g . , as the operand of an . asci i  pseudo-op) or in  a 
characte r constant .  At least one blank or tab must appear 
between the opcode and the operand field of  a sta temen t .  
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8 . 4 . 1 Label Field 

A label is a use r-defined symbol that is  ass igned the value 
of the cur rent  loc ation counte r 1 both of wh ich are en te red 
into the assembler ' s symbol table . The value of the label 
is  re loc atable . 

A label is a symbolic  means of  re fe rr ing to a spec i f ic 
loc at ion with in a program .  I f  p re sen t ,  a label always occur s 
f i r st in a statemen t and must  be  te rmi nated by a colon.  A 
max imum of 10 labels may be defined by a s ingle sour c e  
s tatemen t .  Th e collec t ion  of label def init ions i n  a 
statemen t is  c alled th e label-field .  

The forma t o f  a label-field is : 

Symbol : ( symbol : )  • • •  

Examples :  

sta r t : 
Mult iple symbols name : name 2 : 

7 $ : A loc al symbol , defined below 

8 . 4 . 2 Opcode Field 

The opcode field of an assembly lang u ag e  sta temen t 
identif ies  th e statemen t as e i ther  a mach ine instruc t ion ,  or 
an assemble r direc t ive ( pseudo-op ) . One or mor e  blank s  ( or 
tabs )  must  separate th e opcode field from th e  ope rand field 
in a statemen t .  No blank s are  nec essary between the label 
and opcode fields , but th ey are recommended to improve 
re adab i l i ty of  th e prog r am . 

A mach ine instr uc t ion  is  ind ic ated by an instruc t ion 
mnemonic . Some conven tions used in as  for instruc t ion 
mnemonics are  b e  descr ibed later in  a late r sec t ion .  A 
complete li s t  of th e opcodes  is  also pre sen ted . 

An assemble r direc t ive , or pseudo-op , performs 
dur ing th e assembly proc ess . I t  does no t 
exec utable cod e ,  but it  may ass ign spac e  in a 
da ta . 

some func t ion 
produc e any 
program for 

As i s  c ase sens it ive . Opera tor s and ope rand s  may only be 
lowe r case . 
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8 . 4 . 3  Operand-Field 

A d is t inc t ion is made betwe en operand-f ield and operand in 
as . Several mach ine instruc t ions and assemble r direc tives 
require  one or more  arg umen ts , and each of  these is re fe rred  
to as  an "operand " . I n  g enera l ,  an  ope rand field cons is ts  
of z e ro,  one , or  two ope rand s ,  and in  all cases , ope rand s  
are separa ted by a comma . I n  other-Word s , the format for an 
operand-f i eld is : 

[oper and [ , ope r and ] • • •  ] 

The forma t of th e ope rand fie ld for mach ine instruc t ion 
statemen ts is  the same for all  instruc t ions . The format of  
the ope rand f ield for assemble r direc t ives  depends on  the 
d irec t ive itse lf .  

8 . 4 . 4  Comment Field 

The commen t delimi te r in as is  the ve r t ic al bar , 
the semi colon , ( J )  • Th e semi colon i s  the 
separator . 

( I ) ,  not 
s tatemen t 

The commen t f i e ld cons ists  of a ll charac te r s  on a source  
line  following and inc luding the commen t charac te r .  These 
charac te r s  are ignored by the assemble r .  Any ch arac te r  may 
appear in the commen t  f ield ,  w ith the obviou s exception of 
the newl i ne charac te r , wh ich starts a newl i ne . 

8 . 5 Symbols and Express ions 

Th is  sec t ion descr ibes �he var ious componen ts of as 
expre ss ions : symbols , number s ,  te rms , and expr e ss ions . 

8 . 5 . 1  Symbols 

A symbol cons ists  of 1 to 3 2  charac te r s ,  with the following 
restr ict ions : 

1 .  Valid  charac te r s  include A- Z , a-z , 0- 9 ,  per iod ( . ) ,  
und e r score (_) ,  and dollar  s ign  ( $ ) . 

2 .  The f i r st charac te r must  no t be nume r ic ,  unless the 
symbol is a loc al symbol .  

There is no 
prac tical 

limi t to 
issue  of 

the s iz e  
running out 
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assemble r .  However , be aware that  the cur ren t C comp i le r  
only emi ts  8 cha rac te r s  so a 9 o r  mor e  charac te r symbol that  
you th ink is  th e same in  C ·and assembly may no t match . 
Upper and lowe r c ase s are d is t inc t ,  ( "Name " and "name " a re 
separate symbols ) .  Th e pe r iod ( . )  and dollar  s ign  ( $ ) 
charac te r s  are valid  symbol charac te r s ,  but they are 
r e se rved for system softwa re symbols such .as  system calls 
and should no t appear in use r-defined symbols . 

A symbol is sa id to be "dec la red " when the assemble r 
recognizes  it as a symbol o f  the program .  A symbol is sa id 
to be "def ined "  when a value is a ssoc iated with it . Wi th the 
exception of symbols dec lared by a . globl d irec t ive , all 
symbols are defined wh en they are dec lared . A label symbol 
(wh ich repre sen ts an addre ss in th e prog ram )  may no t be 
rede fined 1 o ther  symbols are allowed to rec e ive  a new value . 

There are several  ways to dec la re a symbol : 

1 .  As the label  of a statemen t 

""' 2 .  In  a d i rect assignment statemen t 

3 .  As an external symbol v i a  th e . globl d i rec tive  

4 .  As a common symbol v ia th e . comm d irec t ive  

5 . As a local symbol 

8 . 5 . 1 . 1  Direct  Ass ignment Statements 
A d irect ass ignmen t sta temen t ass igns the value of an 
arbitrary expre ss ion to a spec i fi ed symbol . The format of a 
d irect  ass ignmen t statemen t i s : 

symbol = [ symbol • ] • • • express ion 

Examples of val i d  direc t ass ignmen ts are : 

vec t  s iz e  = 
vec tora  = 
vec torb = 
CRLF = 

4 
/f f fe 
vec tor a-vec t s iz e  
/ODOA 

Any symbol defined by d irec t ass ignmen t may be rede fined 
late r in th e p r og ram ,  in wh ich c ase its  value is the re sult 
of the last such statemen t .  A loc al symbol may be defined 
by direc t ass ignmen t 1  a label or  reg is te r  symbol may not be 
rede fined . 

�-
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I f  th e express ion is absolu te , th en tpe symbol is also 
absolu te , and may be tre ated as a constant in subsequen t 
expre ss io ns . I f  the express ion is  re loc atable , however , 
then symbol is also re loc atable , and it  is cons idered to be 
dec lared  in th e same prog ram sec t ion as th e expre ss ion .  See 
th e discuss ion in  a late r sec t ion for an explanation of 
absolu te and re loc atable expre ss ions . 

8 . 5 . 1 . 2  Reg ister  Symbols 
Reg iste r  symbols are symbols used to repre sen t mach ine 
reg is te r s .  Reg is te r  symbols are usually u sed to ind ic ate 
th e reg is te r  in  the reg is te r  f ield of  a mach ine  in struc t ion.  
The reg is te r  symbols known to the assemble r are g iven at  the 
end of th is  chapte r .  

8 . 5 . 1 . 3  External Symbols 
A program may be assembled in separa te module s ,  and then 
linked tog ether  to form a s ing le pr og r am ( see  ld ( l ) ) .  
Exte rnal symbols are de fined in each of th ese separa te 
modu le s .  A symbol wh ich is d ec lared ( g iven a value)  in one 
modu le may be refe renced in ano ther module by dec la r ing the 
symbol to be exte rnal in both module s .  Th ere are two forms 
of exte rnal symbols : those def ined w i th th e . globl d irec t ive 
and those def i n ed with th e . comm d irec t ive . See  Sec t ion 
8 . 7 . 6  for mor e  informa t io n  on these direc t ives . 

8 . 5 . 1 . 4  Local Symbols 
Loc al symbols provide a conven ien t means of g enerating 
labels for branch instruc t ions , etc . Use of loc al symbols 
reduces  th e poss ib i li ty of mu lt iply-defined symbols in a 
pr og ram ,  and separa tes en try poin t symbols from loc al 
re fe rences , such as th e top of a loop . Loc al symbols canno t 
be re fe renced by other  obj ec t  modules . 

Loc al symbols are of th e form �$ where n is  any in teger . 
Valid  loc al symbols include : 

2 7 $  
3 9 4 $  

A loc al symbol i s  de f ined and re fe renced only with in a 
s ing le local symbol block ( lsb ) . A new loc al symbol block 
is  en te red wh en e i ther  1 )  a label is declared 1 or 2 )  a new 
program sec tio n  is en te red . There is no conflict  between 
loc al symbols with the same name that  appear in d iffe ren t 
loc al symbol block s .  
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8 . 5 . 2  Assembly Location Counter 

The assembly loc at io n  coun te r  is th e per iod ch arac te r ( . ) 1  
henc e i t s  name dot .  Wh en used in th e ope ra nd f i e ld of any 
statemen t ,  dot repre sen ts  th e add r e s s  of th e f i r st byte of 
th e statemen t .  Even i n  as s embly d ir ec t ives , i t  repre sen ts 
th e addre s s  of th e star t of th e d i rec t iv e .  A d o t  appear ing 
a s  th e th i r d  arg umen t i n  a . byte d i r ec t iv e  wou ld have th e 
value of th e add r e ss wh ere th e f i r st byte wa s loa ded 1 i t  is 
no t upda ted " du r ing " th e p se u do-op . 

For examp le : 

mov l . , dl I load val u e  of p r og ram cou n te r i n to dl 

At th e b eg inn ing of e ach assemb ly pass , the assemble r cle a r s 
th e loc at io n  cou n te r .  Normally , consec ut ive memor y loc at ions 
are  ass ign ed to e ac h  byte of g en era ted code . However , th e 
loc at ion wh ere th e cod e is  s to r e d  may be ch ang ed by a d i rec t 
ass ignmen t alte r ing th e loc at io n  cou nte r : 

. = e xpr e s s ion 

Th i s  expr e s s ion mu s t  no t con ta in  any for ward re fe renc es ,  
mu st no t c h ang e  f r om  o ne pass to ano th er , and mu s t  no t h av e  
th e effec t o f  r e duc ing th e valu e  o f  dot . No te th a t  se tt ing 
dot to an ab so lute pos i t io n  may no t h ave qu i te th e effec t 
you expec t i f  you a re l i n k ing as ' s  ou tp ut f i le with oth e r  
f i le s , s in c e  do t i s  ma in ta ined r e la t ive to th e or ig in o f  th e 
ou tput f i le and no t th e re so lved pos i t ion i n  memor y .  
Sto r age are a may also be re se rved by adv anc i ng dot.  For 
example , if th e cur ren t v alue of dot is 10 0 0 , th e d i rec t 
ass ignmen t  s t a temen t :  

TABLE :  . = .  + /10 0 

wou ld re se rve 10 0 (hex)  byte s of stor ag e ,  w i th th e addre ss 
o f  th e f i r st  byte as th e value of TABLE .  Th e next 
i n s t r uc t io n  wou ld be s tor ed a t  addre ss 1 10 0 . No te that 
" . blkb 10 0 "  is  a sub s t a n t i a l ly mor e re adable way of doing 
the same th ing . 

No te th a t  th e : p  ope r a tor allows you to assemble value s  th at 
are loc at ion re l a t ive bo th loc ally ( with in  a modu le )  and 
ac ross modu le bounda r ie s ,  w i thou t need ing to do expl i c i t  
address  ar i thme t ic .  
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� 8 . 5 . 3  Program Sections 

As 

As in  XEN IX , programs to as are  d iv ided in to two sec t ions : 
text and data . The normal in te rpre tatio n  of these sec tions 
� instruc t ion spac e and init iali z ed data spac e ,  
re spec t ively . 

I n  th e fir st pass of th e assembly , as ma in ta ins a separate 
loc ation counte r  for e ach sec t ion , thus for code li ke  

. text 
LABELl : movw dl , d2 

. da ta 
LABEL 2 :  . wor d 2 7  

. text 
LABEL 3 :  addl  d2 , dl 

. da ta 
LABEL4 : . byte 4 

in the ou tput , LABEL l w i ll immediate ly pre c ede LABEL 3 , and 
LABEL 2 w i ll immed iate ly prec ede LABEL 4 . At the end of the 
f i r st pass , as re ar r a ng e s  all  the addre sses  so that the 
sec tions wi ll be ou tput in  the following order : text , then 
data . The re sult ing output f i le is an exec utable imag e f i le 
with all addre sse s cor rec tly re solved , w ith the exception of 
. comm ' s and undef ined . globl ' s .  For mor e  informa tion on the 
format of th e ou tput f i le ,  consult a . out ( S ) . 

8 . 5 . 4 Constants 

Al l constants are cons idered absolute quantit ie s 
appear ing in an expre ss ion .  

8 . 5 . 4 . 1  Rumer ic Constants 

when 

Any symbol beg inning with a d ig it i s  assumed to be a numbe r ,  
and wi ll be inte rpre ted in  the defau lt dec imal  r adix . 
Ind iv idu al number s  may be evaluated in any of  the f iv e  
valid  radices :  dec ima l , octal , hexadec ima l , charac te r ,  and 
binary . Th e default dec ima l  r a dix is  only used on " bare " 
number s ,  i . e .  sequences of dig i t s .  Numbe r s  may be 
repre sented in other  radic e s  as  def ined by the following 
table . 

The other  th ree radic es  require  a pre f i x : 
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Radix  Pref  ix  E xample 
octal  ... ( up-a rrow) "17 · equals 15 . base 10 • 
octal 0 "017 equals 15 . base 10 . 

hex I ( slash )  /Al equ als 16 1 .  base 10 . 
hex Ox OxAl equals 161 . base  10 . 
char  I ( quote )  ' a equals 9 7  base 10 . 
char  I ( quote )  ' \n equals 10 base 10 . -
bina ry ' ( percen t) %11011 equals  27 . base 10 . 

Le tte r s  in  hex constants may be upper or lowe r case 1 e . g . , 
/aa=/Aa=/AA=l7 0 .  I l legal d ig i ts  for a par t icula r radix 
generate an error ( e . g .  � 0 18 ) . Wh i le the c charac te r 
constant syntax is suppor ted , you cannot  define  cha rac te r  
constants by a number , ( e . g . , ' \2 7 ) a s  th is i s  more eas i ly 
repre sen ted in one of th e other  formats . 
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8 . 5 . 5  Operator s 

8 . 5 . 5 . l  Unary Operator s 
There are th ree unary ope ra tor s in  as : 

Oper ator Funct ion 
+ una ry plu s , has no effec t .  

- unary minus . 
- log ical n egation .  

: p  progr am d i splacement 

The " : p "  opera tor is a suff ix that can be appli ed to a 
re loc atable expre ss ion .  I t  replac es the value of the 
expre ss ion  with th e d isplac emen t of that  value from the 
cur rent  loc ation  ( no t  dot) . Th is is implemen ted with 
d isplac emen t re loc ation ,  so that i t  also wor ks  ac ross  
modu le s .  

8 . 5 . 5 . 2  B inary Operator s 
Binary ope rator s in  as inc lude : 

O erator 
+ 

Descr i t ion 
Add i t ion  

Subtr act ion 
Mu lt ip i c ation 

D i vi s ion 
Log ic a OR % 

Exam le 
3+4 

- 4  

& AND % 0 1101& % 0 0 0 11 
e r  5 3 

Value 
7 .  

- 1 . , FFFF 

% 0 0 0 0 1  
2 .  

Each ope rator is  assumed to wor k  on a 3 2-b it  numbe r . I f  the 
value of a par t icular term occup ie s  only 8 or 16  bits , the 
s ig n  b i t  i s  extended in to th e high byte . 

Some t ime s e r r or messages  in  express ions c an be f ixed by 
bre ak ing th e express ions in to mult iple s ta temen ts u s ing 
d irect  ass ignmen t statemen ts . 
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8 . 5 . 6 Terms 

A term is a componen t of an  expre ss ion .  A te rm may be one of 
the following : 

A .  A number whose 3 2 -b i t  value is u sed 

B .  A symbol 

c .  A term prec eded by a unary ope ra tor . For example , both 
" te rm "  and " - te rm "  may be cons idered to be te rms . 
Mu lt iple unary ope r·a tor s a re allowed ; e . g .  " +--+A" has 
th e same value as "A" . 

8 . 5 . 7  Express ions 

Expre ss io ns are  comb inations of te rms jo ined tog e ther  by 
bina ry operator s .  An expre ss ion is always evalu ated to a 
3 2-bit  valu e .  I f  th e instruc t ion  cal l s  for only one byte , 
( e . g • •  byte ) , th en th e low-orde r 8 bits  are used . 

Expre ss ions are ev alu ated le ft to r ig ht with no opera tor 
prec edence .  Thus  "l + 2 * 3" evalu ate s to 9 ,  no t 7 .  Unary 
operator s h ave precedenc e over  b inary ope rator s s inc e they 
are  cons ide red par t of a te rm ,  and bo th te rms of a binary 
opera tor must be  evalu ated befor e the b ina ry ope ra tor  can be 
appli ed . 

A mis s ing expre ss ion or te rm is in te rpre ted as  hav ing a 
value of zero .  I n  th is c ase , an " Invalid  Expr e ss ion" e rr or 
w i ll be gen e ra ted . An " Invali d  Opera tor " e rr or me ans that a 
valid  end-of-l ine charac te r or binary ope ra tor  was no t 
detec te�after--t'h e  assemble r processed a te rm .  I n  
par t icula r , th is  error wi ll b e  generated i f  an  expr e ss ion 
conta ins a symbol with an i llegal charac te r ,  or if an 
incor rec t commen t charac te r was u sed . 

Any expre ss io n ,  when evalu ated , 
re loc atable , or exte rnal : 

is e i ther  absolute , 

A .  An expre ss io n  is absolute i f  i t s  value is  f ixed .  An 
expre ss io n  whose te rms are constants , or symbols whose 
valu es are constants via a direc t ass ignmen t 
statemen t ,  is  absolu te . A reloc atable express ion minus  
a re loc atable te rm , where both items belong to the 
same prog ram sec t ion  is also absolute . 

B .  An expre ss ion is relocatable if  its  value is  fixed 
relat ive to a base addre ss , but will have  an offset  
value wh en it  i s  l inked , or  loaded in to cor e . All 
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labels of a program def ined in re loc atable sec t ions 
are re loc atable te rms , and any expre ss ion wh ich 
conta ins th em mu st only add or s ubtrac t constants to 
their  valu e .  For example , assume the symbol � wa s 
defined in a re locatable sec t ion of the program .  Then 
the following demonstra te s  the use of re loc atable 
express  ions : 

sym re loc atable 

sym+S r e loc atable 

sym- ' A  r e loc atable 

sym* 2  Not re loc atable 

2-sym No t re loc atable , s inc e the express ion canno t 
be linked by add ing sym ' s offset  to it . 

sym-sym2 Absolute , s ince  th e off sets  added to � a nd 
� c anc el e ach o ther  ou t .  

c .  An express ion is e xte rnal ( or g lobal ) i f  i t  conta ins 
an exte rnal symbol no t defined in the curren t program .  
Th e same re str ict ions on express ions conta in ing 
re loc atable symbols apply to expre ss ions conta in ing 
exte rnal symbols . Exception : th e expre ss ion " sym-sym2 " 
wh ere both � and � are exte rnal  symbols is  no t 
allowed . 

8 . 6  Instructions and Address ing Modes 

Th is sec tion desc r ibes the, conven tions u sed in as to spec i fy 
instruc t ion  mnemonics and addre ss ing modes . 

8 . 6 . 1 Instruction Mnemonics 

The instruc t ion  mnemonics u sed by as  are de scr ibed in the 
previously men tioned use r ' s manual w ith a few var iat ions . 
Most  of th e MC 68 000  instruc t ions c an apply to byte , word or 
to long ope rands , thus  i n  as th e normal instruc t ion mnemonic 
i s  suff ixed with b ,  w , or 1 to ind ic ate wh ich length of 
operand was in tended . For example , there are three mnemonics 
for th e add instr uc t ion : addb , addw , and addl . 

Branch and call instruc t ions c ome in 3 forms : the bra ,  j ra ,  
bsr and For th e  bra and bsr forms , the assemble r  wi ll always 
produce a long ( 16-b i t )  pc r e la t ive addre ss . For the j ra and 
j bsr .forms , the assemble r wi ll produc e the shor te st  form of 
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binary it  c an .  Th is may be 8-b i t  or 16-bit  pc rela t ive , or 
32-bit  absolute . The 3 2 -b i t  absolute is implemen ted for 
cond it ional  branch es  by inver t ing the sense of the cond it ion 
and branch ing around a 32-pit  jmp instruc t io n .  The 3 2-b it  
form wi ll be genera ted whenever the assemble r can ' t  f ig ure 
out how far  away the addre ssed loc ation is 1 for example , 
branch ing to an undef ined symbol or a calc ulated value  such 
as branch ing to a constant loc at ion .  

8 . 6 . 2  Operand Address ing Modes 

These effec tive addre ss ing modes  spec i fy the ope rand ( s ) of 
an instruc t ion .  For deta i ls of th e effec t ive · addr e ss ing 
modes , see sec t io n  2 . 10 of th e MC 6 8 0 0 0  User ' s  Manual . No te 
also that  no t all instruc t ions allow all aadre ss ing modes . 
De ta i ls are g iven in the MC 6 8 0 0 0  Use r ' s Manual in append ix B 
under  th e spec i f i c  instruc tion .  �� -

I n  the examples th at  follow , when two example s are g iven , 
the fir st example is based on th e assembly format sugg ested 
by Mo tor ola . Th e second example is in what is  called 
" Reg iste r  Trans fe r  Lang u age"  or RTL . Th is is the forma t u sed 
by MIT and a numbe r  of o ther  M68 00 0  UNIX vendor s ,  and is 
used by Mo tor ola to de sc r ibe technically th e reg is te r  
transfe r s  that are occurr ing with in the mach ine , so it  is 
prov ided for compatib i li ty .  E i ther  syntax is acc ep ted , and 
i t  is  permi s s ible to mix the two types  of syn tax with in a 
module or even with in a li ne  when two effec t ive  address  
f ields  are allowed . Be  aware , tha t  a warn ing me ssag e  w i ll be  
generated wh en th e assemble r no tices  such a mi x .  

Many of th e effec t ive addre ss modes  have oth e r  name s ,  by 
wh ich they may be mor e commonly known . Th ese name or names 
appear to th e r ight  of th e Mo tor ola name in paren thes is . 

Data Reg ister Direct  

addl dO , dl 

Address Reg ister D�rect 

addl aO , aO 

Address Reg ister  Indirect ( indirect)  

addl ( aO ) , dl 
addl aO @ , dl 

Address Reg ister Indirect  with Postincrement ( autoinc)  
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movl 
movl 

( a7 ) + , dl 
a7 @+ , dl 

As 

Address  Reg ister  Ind i rect with Predecrement ( autodec) 

movl dl , ( a7 ) -
movl dl , a7 @-

Address  Reg ister Ind irect  with Displacement ( indexed) 

Th is  form includes a s ig ned 16-bit  
d i splac emen ts may be symbolic . 

movl 
movl 

1 2  ( a6 ) , dl  
a6 @ (1 2 ) , dl 

d isplac emen t .  

Address Reg ister  Indirect with Index (double- indexed) 

These 

Th is  form inc ludes  a s ig ned 8-b i t  d isplac emen t and an 
index reg is te r . Th e s ize  of the index reg is te r  is 
g iven by following its  spec i f i c ation w i th a " :w "  or a 
" : 1 ° . I f  n e i ther  is  spec i fied ,  " : l "  i s  assumed . 

movl 
movl 

1 2 ( a6 , dO : w ) , dl 
a6 @ (1 2 , dO : w ) , dl 

� Absolute Shor t Address  

movl xx : w , dl 

Absolute Long Address ( absolute)  

No te that th is is  the addre ss mode assumed should the 
g iven value be a cons tant .  Th is is  no t true of branch 
and c all instruct ions . No te also that the second 
example here is no t RTL syntax , but it  is  prov ided 
bec au se it is  also allowed . 

movl  
movl 

xx , dl 
xx : l , dl 

Program Counter with Displacement (pc relative ) 

When pc relative address ing is u sed_, such as 

pea name ( pc)  

the assemble r wi ll assemble a value that  is equal to 
" name- . " , where dot ( . ) is the pos it ion  of the value , 
wheth er !!!!1!. is in  the cur rent module or no t .  You may 
also cau se an express ion to be pc re la t ive by suff ixing 

8- 1 5  



As As 

it  with a • :p • . See also the displac emen t reloc ation 
mode in �. out ( 5 ) . 

movl 
movl 

lO (pc } , dl 
pc@ ( lO ) , dl 

Note that i f  a symbol 
mode (where the 10 
d isplac emen t f r om  th e 
th e instruc t ion .  

appear s in th e above addre ss ing 
is in th e example ) , the symbol ' s 

extens ion word  w i ll be used in 

Program Counter with Index 

jmp sw i tch tab (pc , dO : l ) 
jmp pc@ ( sw itch tab , dO : l ) 
swi tch tab : 

Immediate Data 

No te that th is is th e way to g e t  immed iate da ta . I f  a 
number  is g iven with no numbe r  s ig n  ( I ) , you get 
absolute addre ss ing . Th is doe s  no t hold for j sr and jmp 
instruc tions . Also no te that  the second and th ird  
examples are  not RTL syntax in par t ic ula r . 

movl 
jmp 
moveq 

# 4 7 , dl 
somewh ere 
1 7 , dl 

In  the movem instr uc t ion ' s  reg is te r  mask  field , a 
spec ial  k ind of immed iate is  allowed : the reg is te r  
l i s t .  I t s  syntax i s  as follows : 

< !.!.9. [ , £!.9.] > 

He re , £!.9_ is any reg is te r  name . Reg is te r name s may be 
g iven in any or�e r . The assemble r au tomatic ally takes  
c are of  rever s ing th  mask  for the au to-dec remen t 
address ing mod e .  Normal immed iate s  a re also allowed . 
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8 . 7 Assembler Di rectives 

The following pseudo-ops are avai lable in as : 

. asci i  stor e s  charac te r str ings 

. asci z  

. blkb 

. blkw saves  bloc k s  of byte s/words/long s 

. blkl 

. byte 

. word stor e s  byte s/word s/long s  

. long 

. end te rminates  pr ogram and iden ti f i e s  exec ution addre ss 

. text Text  psec t 

. data Data psec t 

. bss Bss pse ct 

. globl dec la re s  exte rnal symbols 

. comm dec lare s communal symbols 

. even forces locat ion counter  to next word  boundarv 

8 . 7 . 1  . asc i i  . asc iz  

The . asc i i  d i re c t ive translate s  charac te r  s tr ings i n to their  
7-bit  asc i i  ( repre sen ted as  8-b i t  byte s )  equivalen ts for u se 
in th e source  program .  Th e forma t of th e . asc i i  d irective is 
as follows : 

. asci i  • character-s t r ing•  

wh ere char acte r -s t r i ng conta ins any charac te r  valid  in a 
charac te r constant . Obvious ly ,  a newl ine must no t appear 
w i th in th e charac te r str ing .  ( I t  c an be  repre sen ted by the 
escape sequence "\n" as desc r ibed below) . The quotation 
mar k  ( " )  is th e delimi te r charac te r ,  wh ich must no t appear  
in  th e str ing unless pr oceeded by a bac kslash (\ ) . 

The following escape sequences  are also valid  as  s ingle 
charac te r s : 
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x Val ue of X 
b < backs2ace > ,  hex /08 

t .  < tab> hex 0 9  
n < newl i ne > , hex OA 

hex c 
hex /OD 

nnn hex val ue of nnn 

S eve r a l  examples follow : 

Hex Code Gene r a ted : Statement : -- ---
2 2  68 65 6C 6C 6F 20 7 4  . asc i i  •hello there • 
68  6 5  7 2  65 2 2  
7 7  61  72  6E 69 6E 6 7  20  . asc i i  •warning-\0 07\0 07  \n• 
20 07  07  20  OA 

Th e . asc i z  direc t ive is equ ivalen t to th e . asc i i  d i rec t ive 
w i th a z e r o  ( nu l l )  byte au toma t ic ally i n se r ted as th e final 
ch a rac te r of th e s t r ing .  Thu s ,  wh en a li s t  or tex t  s t r ing 
is to be pr in ted , a se arch for th e nu ll  charac te r c an 
te rm i nate th e s t r ing .  Nu l l  te rm i n a ted s t r ing s are  some t ime s  
used as argumen ts to XENIX system c alls . 

8 . 7 . 2 . blkb . blkw . blkl 

The . blkb , . blkw ,  and . bkkl d i rec t iv e s  a re used to re se rve 
bloc k s  of sto r ag e : . blkb re se rves  byte s ,  . blkw re se rve s  
wor d s  and . blkl r e se rv e s  long s .  

The forma t i s : 

[ labe l : 1 
[ l abe l : 1 
[ l abe l : 1 

. blkb 

. blkw 

. blkl 

e x2r e s s ion 
e x2r e s s ion 
ex2r e s s ion 

wh ere ex2r e s s ion is th e number of byte s or word s  to re se rve . 
I f  no arg umen t is g iven a value of 1 i s  ass umed . Th e 
expre s s io n  mu st be ab solu te , and de f i n ed du r ing pass 1 { i . e . 
no forward r e fe renc es) . 

Th is is  equ ivalen t to th e s t a temen t " . = . +e x2r e s s i on " , but  
has a much mor e  t r ansparen t me aning . 
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8 . 7 . 3 . byte . word . long 

The . byte , .word , and . long d irec tives  are used to rese rve 
byte s and word s  and to init iali ze  th em with values .  

The forma t is : 

[ label : ]  
[ label : ]  
[ label : ]  

• byte 
• word 
. long 

[ express ion ] [ , e xpress ion ]  • • •  
[express ion ] [ , e xpress ion ] • • •  
[ e xpress ion ] [ , e xpress ion ] • • •  

The . byte d irec t ive re se rves  one byte for e ach expre ss ion in 
th e operand field and in it iali zes  th e value of the byte to 
be the low-order  byte of th e cor re spond ing expre ss ion .  No te 
that mult iple expre ss ions must be separa ted by commas .  A 
blank expre ss ion is i n te rpre ted as zero ,  and no error is  
genera ted . 

For example ,  

• byte a , b , c , s 
. byte , , , , 

. byte 

re se rves 4 byte s • 
re se rves  f ive byte s ,  each with 
a value  of zero .  
re se rves a s ing le byte , with a 
value of zero .  

The semantics for . word and . long are iden tical ,  except that 
16-bit  or 32-bit  words  are re se rved and in it iali zed .  Be 
for ewarned that th e value of dot with in an expre ss ion is  
that of th e beg inning of th e s tatemen t ,  no t of  the value 
be ing c alculated . 

8 . 7 . 4  . end 

The . end d irec t ive ind icate s  th e phys ic al end of the sou r c e  
prog ram .  The format is : 

. end 

The . end is no t re ally required i r e ach ing th e end of f i le 
has th e same e ffec t .  

8 . 7 . 5 . text . data . bss 

These statements change the 
assembled code  w i ll be loaded . 
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8 . 7 . 6 . globl . comm 

'l'Wo forms of e x te rnal symbols are  def i ned w ith th e . globl 
and comm d i rec t ive s .  

Exte rnal symbols a r e  dec lared w ith th e . globl assemble r 
d ir ec t ive . Th e forma t i s : 

. globl symbol [ , symbol • • •  ] 

For example , th e following sta temen ts dec lare th e array 
TABLE and th e r ou t in e  SRCH to b e  exte rnal symbols : 

. g lob! TABLE , SRCH 
TABLE :  • blkw 10 . 
SRCH : movw TABL E , aO 

Exte rnal symbols a r e  only decl a r ed to th e assemble r .  Th ey 
must be def i ned ( i . e . g iven a valu e )  in  some other  s ta temen t  
by one of th e me thod s  men t io ned abov e .  Th ey need no t be 
d e f i ned in th e c ur r en t pr og r am 1 in th is  case th ey a re 
f l agged as " u nd e f i n ed "  i n  th e symbol table . I f  th ey a re 
und e f ined , they a re cons idered to have a valu e of z e r o  in 
expr e s s  io ns . 

I t  i s  g en e r a lly a good id e a  to dec lare a symbol a s  . globl 
be for e us ing it in anyway . Th i s  is par t ic ul a r ly impor tant 
wh en def i n ing absolute s .  

Th e oth e r  form o f  e x te rnal symbol is d e f i ned w i th th e . comm 
d i r ec t ive . Th e . comm d i r ec t iv e  re se rve s  sto r ag e  that may be 
communally de f i n ed , i . e . , de f i n ed mu tu ally by .sev e ra l  
mod u le s .  Th e l i n k  ed i tor , ld ( l )  re solve s  alloc ation of . comm 
reg ions . Th e syntax of th'E!"". comm d i rec t ive is : 

. comm name cons tant-expr e s s ion 

wh ich c au se s  as to dec lare th e name as  a common symbol with 
a valu e equal to th e expr e s s io n .  For th e re s t  of th e 
assembly th is  symbol w i ll be t r e ated as  though i t  wa s an 
und e f ined g lobal . As does not alloc ate s torage for common 
symbols 1 th is tas k  is le ft�o th e loa de r .  Th e loade r 
computes th e max imum s iz e  of e ach common s ymbol th a t  may 
appe ar in seve r a l  loa d modu le s ,  alloc ate s s to r ag e  for it in 
th e f inal bs s sec t io n ,  and r e so lv e s  l i n k ag e s . 
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8 . 7 . 7 . even 

As 

Th is d irective advances th e loc ation counte r  i f  its  current  
value is  odd . Th is  i s  u seful for for c ing stor ag e alloc ation 
to be  on a word boundary afte r a . byte or . ascii  direc t ive . 
Note that many th ing s may no t be on an odd bounda ry in as , 
including instruc t ions , and word and long da ta . 
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8 . 8 Operation Codes 

Below are all opcodes recog n i z ed by as : 

abed bmi dbra mo vb r te 
ad db bmis dbt movw r tr 
addw bne dbvc movl r ts 
addl bnes db vs movemw shed 
addqb bpl divs moveml sec 
addqw bpls di vu movepw scs 
addql bra eorb movepl seq 
addxb bras eorw moveq sf  
addxw bset eor l mu ls sge 
addxl bsr exg mulu sgt 
andb bsr s  extw nbcd sh i 
andw btst extl negb sle 
andl bvc j bsr  negw sls 
as lb bvcs j cc negl slt 
aslw bvs j cs negxb smi 
asll bvss j eq negxw sne 
asrb chk j ge negxl spl 
asrw clrb  jgt  nop st 
asrl clrw � hi  notb s top 
bee clr l J le notw subb 

) bees cmpb j ls notl subw 
bchg cmpw j lt orb subl 
bclr cmpl jmi orw subqb 
bes cmpmb jmp orl subqw 
bcss cmpmw j ne pea subql 
beq cmpml jpl reset subxb 
beqs dbcc j ra rolb subxw 
bge dbcs j sr rolw subxl 
bges dbeq j vc roll SVC 
bgt dbf jvs rorb svs 
bgts dbge lea rorw swap 
bhi dbgt link ror l tas 
bh is dbh i ls lb roxlb trap 
ble db le lslw roxlw trapv 
bl es db ls lsll roxll tstb 
bls dblt lsrb roxrb tstw 
blss  dbmi lsrw roxrw tstl 
blt dbne lsrl roxrl unlk 
bl ts dbpl 
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Th e follow ing p seudo ope ra t ions a re recog n i z ed : 

. asc i i  

. asc i z  

. blkb 

. blkl 

. blkw 

. bss 

. byte 

. comm 

. data 

. end 

. even 

. globl 
. long 
. text 
. word  

Th e follow ing reg is te r s  a r e  recog n i z ed : 

dO dl d2 d3 d4 dS d6 d7 
aO al a2 a3 a4 as a6 a7 
sp pc cc sr 

8 . 9 Er r or Mes s ages 

If  th ere are  e r r or s  i n  an a s s embly , an e r r or me s s ag e  appe a r s 
on th e s tandard  e r r or channe l  ( usu ally th e te rmi nal )  g iv ing 
th e type of  e r r or and th e sourc e  li n e  numbe r .  I f  an 
assembly li s t ing is reques ted , and th ere are e r r or s ,  th e 
e r r or me ssag e  appe ar s be for e th e off end ing s ta temen t .  I f  
th ere we re no assembly e r r or s , th en the re are no me ssag e s , 
th u s  i nd i c at ing a suc cess ful assembly . Some d iag no s t ic s  are 
only wa r n ing s and th e assembly i s  suc c ess ful desp i te the 
wa r n i ng s .  

I f  an assemb ly l i s t ing was no t reque s ted , any sou r c e  lines  
wh ich c au sed an assembly d i ag no s t ic are d isplayed o n  th e 
te rm i n a l  ( th e  s tanda rd e r r or f i le ) . I n  add i t io n ,  a li s t  of 
assembly e r r or s  and th e i r  de sc r ip t io n  is a lso displayed o n  
th e te rm i nal . 

The commo n e r r or cod e s  and th e i r  pr ob able c au se s ,  appe ar 
below : 

Invalid character  
An inv al i d  ch arac te r for a ch arac te r constant or 
cha rac te r s t r ing wa s encou n te red . 
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Multiply defined symbol 
A symbol has appe ared twic e as a label , or an 
a ttempt has been made to rede f i ne a label u s ing an 
= sta temen t .  Th is e r r or me ssage may also occ ur i f  
th e value o f  a symbol chang e s  be tween passe s .  

Offset too large 
A d isplac emen t c anno t f i t  in th e spac e pr ov id ed 
for by th e in str uc t io n .  

Invalid constant 
An inv al i d  d ig i t wa s encounte red in a numb e r . 

Invalid term 
Th e expre s s io n  evalu ator cou ld no t f i nd a val i d  
te rm th a t  wa s e i th e r  a symbol , constant or 
expre s s io n .  An invali d  pre f i x  to a numbe r or a bad 
symbol name in an ope rand w i ll g en e ra te th i s . 

Non-relocatable express ion 

Invalid 

Invalid 

Invalid 

Some in s t r uc t ions requ i r e  re loc atable expr e ss io ns 
as ope ra nd s .  I t  wa s no t pr ov ided . 

operand 
An i lleg al addre ss ing mod e wa s g iven for th e 
i n s t r uc t io n .  

symbol 
A symbol was g iven th a t  doe s no t conform to th e 
r u le s  for symbol for ma t io n .  

ass ignment 
An attemp t wa s made to rede fine  a label w i th an = 
s ta temen t .  

Invalid opcode 
A symbol in the opcod e f i e ld wa s no t r ec og n i z ed as 
an  in s t r uc t io n  mnemonic or d irec t ive . 

Bad f ilename 
An inv al i d  f i len ame was g iven . 

Wrong nwnber of operands 
An ins t r uc t io n  has e i th e r  
ope ra nd s  as requ i re d  
instruc t ion.  

Invalid reg ister express ion 

too few or too many 
by th e syn tax of the 

An ope ra nd or ope rand elemen t tha t  mu s t  be a 
reg is te r  is  no t ,  or a reg is te r  name is u sed wh ere 
it may no t be used . For example , us ing ' an addre ss 
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reg is te r  in a aoveq instruc t ion ,  wh ich o nly allows 
data reg is te r s  wi ll produc e th is e r r or me ssage ; as  
w i ll u s ing a reg is te r  name as a label w ith a bra 
instruc t ion .  

Odd address 
Some th ing wh ich must  start  at an even addre ss does  
no t .  

Inconsistent effective address syntax 
Both assembly and RTL syntax appear with in a 
s ing le nodule . 

Ron-word memory shift 
An in memory sh ift  i n struc t ion was g iven a s ize  
o ther  than 16  bits . 
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9 . 1  Introduction 

Le x i s  a p r og r am g en e ra tor de s ig ned for lex i c al pr ocess ing 
of ch arac te r input stre ams . I t  ac c ep t s  a high-level , 
pr oblem or i en ted spec i f i c at io n  for cha rac te r s t r ing 
match ing , and pr oduc es a C p r og r am th at recog n i z e s  reg ular 
expre s s ions . The regular expr e ss io ns are spec i f ied by th e 
u se r  i n  th e sou r c e  spec i f i c at io ns g iv en to Lex .  Th e Lex 
w r i t ten code recog n i z e s  th ese expr e s s io ns in an inp ut s t re am 
and pa r t i t ions th e input s t r e am  in to s t r ing s ma tch ing th e 
expre s s io ns . At th e bounda r ie s  between s t r ing s pr og r am 
sec t ions p r ov ided by the use r are exec ute d . Th e Lex sou r c e  
f i le assoc i a te s  th e reg ular . expr e ss io ns and th e prog r am 
f r agmen ts . As each expr e s s io n  appe ar s i n  th e input to the 
p r og r am wr i t ten by Lex ,  th e cor r e spond i ng fragmen t is 
exec uted . 

Th e use r s uppl i e s  th e add i t io nal c od e  beyond expre ss ion 
match ing needed to comple te his  ta s k s , poss ibly inc lud ing 
cod e wr i t ten by o th e r  gen e r a tor s .  Th e pr og r am tha t  
recog n i z e s  th e expre ss ions i s  g en e ra ted i n  th e gen e r a l  
purpose p r og r ammi ng languag e  employed for th e use r ' s  pr og r am 
f r agmen ts . Thu s ,  a h ig h  level expre ss ion lang uag e  i s  
p r ov ided to wr ite  th e s t r i ng expre s s ions to b e  ma tch ed wh i le 
th e u se r ' s  fre edom to wr i te ac t ions i s  u n impa i r e d .  Th i s  
avo ids for c ing th e u se r  who w i s h e s  to use a str ing 
man ipul a t io n  lang uag e  for input ana ly s is to w r i te pr oc e s s ing 
p r og r ams in th e s ame and often inappr opr i a te s t r ing hand l i ng 
lang u age . 

Lex i s  no t a compl e te lang u ag e ,  b u t  ra th e r  a g en e ra tor 
repre sen t ing a new lang u ag e  fe atu re  wh ich c an be added to 
d i ffe re n t  prog r ammi ng lang u ag es , c alled " host lang u ag es . " At 
pre sen t ,  th e only suppor ted host la ng u ag e  is C .  

Lex tur n s  th e use r ' s  expre ss ions and ac t ions ( called sour ce 
in th is  sec t ion)  i n to the hos t  g en era l-p urpose lang u ag e ; th e 
g en e r a ted pr og r am is named yyl e x .  Th e yyle x  pr og r am w i ll 
recog n i z e  expre s s io ns in a s t r e am ( c alled i nput here ) and 
pe r form th e spec i f i ed ac t ions for each expr e s s ion a s  it  i s  
de tec ted . 

For a tr iv i a l  example , cons id e r  a p r og r am to dele te from th e  
input all blank s or tabs at th e end s o f  li ne s . 

% %  
[ \t] + $ ; 

is  all that is requ ired . Th e pr og r am conta ins  a % %  
del imi te r to ma r k  th e beg inning of th e r u le s ,  and one r u le . 
Th is  ru le conta ins  a regular expr e s s ion wh i ch ma tch es one or 
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mor e  ins tances o f  th e charac te r s  blank or tab ( w r i t ten \ t  
for vis ib i li ty ,  i n  accordanc e w i th th e C lang u ag e  
conv en tion)  j u s t  pr ior to th e end o f  a li ne . Th e brac k e t s  
i nd ic ate th e ch a rac te r class made of blank and tab 7 th e + 
ind i c ates none or mor e  • • •  n 7  and th e $ i nd ic ate s nend o f  
l i ne . n No ac t io n  i s  spec i f ied , so th e p r og r am g en era ted by 
Lex ( yy lex) wi ll ig no r e  th ese ch arac te r s .  Eve ry th ing e l s e  
w i ll b e  cop ied . T o  ch ang e  any rema in ing s t r ing o f  blank s  or 
tabs to a s ing le b lank , add ano th e r  r u le : 

%%  
[ \ t ]  + $ 1 
[ \ t ] + pr in tf ( "  " ) 1 

The f i n i t e  au toma to n  g en e ra ted for th i s  sou r c e  w i ll sc an for 
bo th r u l e s  at onc e ,  observ ing at th e te rmi n a t ion of th e 
s t r ing of blank s or tab s wh eth e r  or no t th e re is a newl i n e  
ch a r ac te r ,  and exec ut ing th e des ired r u le ac t io n .  Th e f i r st 
r u le ma tch es all s t r ing s of blank s  or tabs at  th e end of 
l i ne s , and th e second r u le all rema in i ng s t r ing s  of blank s 
or tab s .  

Lex c an b e  used alone for s imple t r a n s forma t ions , or for 
analy s is and s ta t is t ic s  g a th e r ing on a lex ic al level . Lex 
c an also be used w i th a par se r gen era tor  to pe r form th e 

� l ex ic al analys is phase 1 i t  i s  par t ic ula r ly e asy to in te r fac e  
Lex and Yac c . Lex pr og r ams recog n i z e  only regula r 
expr e s s io ns 1  Yac c  w r i te s  pa r se r s  th a t  ac c ep t  a la rg e class 
of conte x t  free gramma r s ,  but requ i r e  a lowe r level analyz e r  
to recog n i z e  i np ut tok en s .  Thu s ,  a comb ina t ion of Lex and 
Yac c  is often appropr i a te .  Wh en used as a prep r oc essor for 
a late r p a r se r  g en e ra tor , Lex is  u sed to p ar t i t ion th e inp ut 

. s t r e am ,  and th e p a r se r  g enera to r  ass ig ns s t r uc ture to th e 
r e s u l t ing piec es .  Add i t ional prog r ams , wr i t ten by oth e r  
gen e r a tor s or b y  h and , c an be added eas i ly to pr og r ams 
wr i t ten b y  Lex .  Yacc use r s  w i ll r e ali z e  th a t  th e name yyle x  
i s  wh at Yac c expec ts  i t s  lex ic al analy z e r  to be named , so 
tha t  th e use of th is name by Lex s impl i f i e s  i n te r fac ing . 

Lex g enera te s  a dete rm i n is t ic fin i te au toma to n  f r om th e 
reg ular  expr e s s io ns in th e sou r c e .  Th e au tomato n  i s  
i n te rpre ted , r a th e r  than comp i led , in  or d e r  to sav e spac e .  
Th e re sult is s t i ll a fas t  analyz e r . I n  par t ic ula r , the 
t ime taken by a Lex pr og r am to recog n i z e  and par t i t io n  an 
input s t r e am  is  propor t ional to th e leng th of th e input . 
Th e numb e r  o f  Lex r u l e s  or th e complex i ty of th e r u l e s  is 
no t impor tant in  de te rmi n i ng speed , unle ss r u l e s  wh i ch 
inc lude forward contex t requ i r e  a s ig n i f ic an t  amou n t  of  
re sc anning . Wh a t  doe s inc r e ase with th e numbe r  and 
complex i ty of r u l e s  is the s iz e  of th e f i n i te au toma to n ,  and 
th ere for e th e s i z e  of th e p r og r am gen e ra ted by Lex .  
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In th e pr og r am wr i t ten by Lex ,  th e u se r ' s  fragmen ts 
( repre sen t ing th e act ions to be p e r formed as e ach reg ula r 
expr e s s io n is found )  are g a th e re d  as c ase s of a sw itch . Th e 
au tomaton in te rpre te r  d i r e c t s  th e contr ol f low . Oppor tun i ty 
is  prov ided for th e use r to inse r t  e ither  decl a ra t ions or 
add i t ional sta temen ts i n  th e r ou t ine conta i n i ng th e ac t ions , 
or to add sub r ou t ines ou ts id e th is ac t ion r ou t ine . 

Lex is  no t limi t ed to sou r c e  wh ich c an be in te rpre ted on th e 
bas is  of o ne ch arac te r look ahead . For example , i f  th ere are  
two r u le s ,  one  look ing for " ab "  and ano th e r  for " abcde fg " ,  
and th e input stre am is " abcdefh " , Lex w i ll r ec og ni z e  " ab "  
and le av e  th e input poin te r  j u s t  befor e " cd " . S uch bac k up 
i s  mor e  cos t ly th an th e p r oc ess ing of s imple r lang u ag es .  

9 . 2 Lex Source 

Th e gen e r a l  forma t of Lex sou r c e  is : 

{ de f i n it ions } 
' '  
{ r u l e s } 
' '  
{ use r subr ou t ines } 

wh ere th e def i n i t ions and th e 
omi t ted . Th e second % %  i s  
requ i r e d  t o  ma r k  th e b eg i n n i ng 
m i n imum Lex pr og ram is thus  

%%  

u se r  subr ou t ines  a r e  often 
op t io nal , but  th e f i r s t  is 

of th e r u le s .  Th e absolu te 

( no de f i n i t ions , no r u l e s )  wh ich transla te s  i n to a pr og r am 
wh ich cop i e s  th e input to � th e  ou tput u nch ang ed . 

In the ou t l i n e  of Lex pr og r ams shown above , th e r ul e s  
repre se n t  th e use r ' s  c ontr ol d ec is ions 1 th ey a re a table , in  
wh ich th e left  column conta ins r egular e xpr e s s ions and th e 
r ig ht column conta i n s  act ions , pr og ram f ragmen ts to b e  
exec uted wh en th e  expre ss ions are recog n i z ed . Thu s  an 
ind iv idu al r u le mi g h t  appe ar 

in teg e r  p r in tf ( " found k eywor d IN T" ) 1 

to look for th e s t r ing i ntege r in  th e input s t re am a nd pr i n t  
th e me s sage " fo u nd keywor d INT" wh en ev e r  i t  appe ar s .  I n  
th is example th e hos t pr oc edu r a l  lang u ag e  i s  C and th e C 
l i bra ry fu nc t io n  pr intf  ( )  is u sed to  p r in t th e s t r ing . Th e 
end of th e ·1ex regula r expre ss io n is i nd ic ated by th e f i r st 
blank or tab ch arac te r .  I f  th e ac t io n  is me re ly a s ing le C 
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expre s s io n ,  i t  c an j us t  be g iven on the r ig h t  s id e  of the 
l i ne 1 i f  it  is  compou nd , or tak e s  mor e  than a l i n e , i t  
shou ld be enc lo sed in braces . A s  a s li g htly roor e  useful  
example , suppose it  i s  d e s i re d  to  ch ang e  a numb e r  of word s  
f r om  Br i t ish to Ame r ic an spe l l i ng . Lex ru l.e s such as 

colou r pr in tf ( " color " )  1 
mechan is e  pr in tf ( " mech an i z e " ) 1 
pe tr ol pr i n tf ( "g as " ) J 

wou ld be a star t .  Th ese r u l e s  a re no t qu i te enoug h ,  s inc e 
th e wor d  "petr oleum" would become " g aseum " 1 a way of de al i ng 
w i th th i s  i s  desc r ibed l a te r . 

9 . 3 Lex Regular Express ions 

A regular expr e s s io n spec i f i e s  a se t of s t r ing s to be 
ma tched . I t  conta i n s  tex t  ch a rac te r s  ( th a t  ma tch th e 
cor r e spond ing ch arac te r s  in  th e s t r i ng s  be ing compared)  and 
ope r a tor ch arac te r s  ( th ese spec i fy repe t i t ions , cho ices , and 
o th er fe a tu re s ) . Th e lette r s  of th e alphabe t and th e d ig i t s  
a r e  alway s tex t  ch arac te r s .  Thu s ,  th e regular  expre ss io n 

i n teg e r  

match es th e s t r i ng " in teg e r " wh erever i t  appear s and th e 
expr e s s ion 

a5 7D 

loo k s  for th e s t r ing " a5 7D " . 

The ope rator ch arac te r s  a re 

" \ [ ] "' - ? . * + ! ( ) $ / { } % < > 

and i f  they are to be  used as  tex t  charac te r s ,  an esc ape 
shou ld be use d . Th e quo ta t io n  ma r k  ope ra tor ( " )  ind i c a te s  
th a t  wh ateve r i s  c onta ined be twe en a pai r  o f  quo te s i s  to be 
taken a s  text ch a r ac te r s .  Thu s  

xyz " ++"  

matches th e s t r ing xyz++ wh en it  appe ar s .  No te th a t  a pa r t  
o f  a s t r ing may be quoted . I t  i s  h a rmle ss but u nn ec essa ry 
to quo te an or d in a ry tex t ch arac te r 1 th e expr e ss ion 

" xyz++ " 

i s  the same as th e one above . Thu s  by quoting eve ry no n-
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alphanume r ic charac te r be ing used as  a text charac te r ,  the 
use r need no t memor i z e  the li s t  above of c urren t opera tor 
charac te r s .  

An operator charac te r may also be tu rned into a text  
charac te r by  prec ed ing it  with a bac k s la sh (\ )  as  in  

xyz\+\+ 

wh ich is ano ther , le ss re adable , equ ivalen t of the above 
expre ss ions . The quoting mechanism  c an also be used to g e t  
a blank in to an expre ss ion 1 normally , a s  expla ined above , 
blank s or tabs end a rule . Any blank charac te r  no t 
conta ined with in  brack e ts mus t  be quoted . Seve ra l norma l  C 
esc apes with \ are  recogn i z ed : 

\n newline  
\ t  tab 
\b bac k spac e  
\\ bac k slash 

Since  newline  is i lleg al in an expre ss ion ,  a n\n n  mu s t  be 
u sed 1 i t  is no t requ i red  to esc ape tab and bac k spac e .  Every 
ch arac te r but blank , tab , newline  and the lis t  above is  
always a text charac te r . 

9 . 3 . 1  Character classes 

Classe s of charac te r s  c an be spec i f i ed us ing brac kets : [ and 
] .  The construc t ion 

[ abc ]  

match es a s ing le charac te r ,  wh ich may be  n a n , " b " , or  • c • . 
Wi th in square brackets , most  opera tor me aning s a re ignor ed . 
Only th ree  charac te r s  are  spec ial : these are the bac k s lash 
(\ ) , th e dash ( - ) , and th e up-a r r ow ( A ) . The dash charac te r 
ind icates rang e s . For example 

[ a-z0- 9< > _] 

ind ic ate s the charac te r cla ss conta in ing all the lowe r c ase 
le tte r s ,  the dig i ts ,  the ang le brackets , and underline .  
Ranges may be  g iven in  e ithe r  order . Vs ing the dash between 
any pair  of charac te r s  wh ich are no t both upper  case 
lette r s ,  both lowe r case le tte r s ,  or bo th d ig i ts is 
implemen tation dependen t and cau se s  a warning messag e .  I f  
i t  is  des ired to inc lude the dash i n  a charac te r class , i t  
shou ld be fir st  or last 1 thus 
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� [ -+0- 9 ]  

matches all the d ig its  and the two s igns  • 

. I n  charac te r classe s ,  the up-ar r ow ( A )  opera tor mus t  appear 
as the fir st charac te r afte r the left brac ket 7 i t  ind ic ate s 
that the re sult ing str ing is to be  complemen ted with re spec t  
to the compute r cha rac te � se t .  Thus 

[ A abc ] 

match es all charac te r s  except " a " , " b " , or "c " ,  inc luding 
all spec ial or control charac te r s 7 or 

[ A a-zA- Z ]  

i s  any charac te r wh ich is no t a le tte r .  The bac k s lash (\ )  
prov ides an  esc ape mechanism with in charac te r  class 
brackets , so that charac te r s  c an be en te red  li te ra lly by 
prec ed ing them with th is  charac te r .  

9 . 3 . 2  Arbitrary character 

To match almost any charac te r ,  the per iod ( . ) des ignate s the 
class of all charac te r s  excep t  a newline . Esc aping in to 
oc tal is poss ible althoug h non-por table . For example 

(\4 0-\17 6 ]  

matches all pr intable charac te r s  in the ASC I I  charac te r  se t ,  
f rom oc tal 4 0  ( blank ) to oc ta l  1 7 6  ( t i lde ) . 

9 . 3 . 3  Optional Express ions 

The quest ion ma rk  ( ? )  ope ra tor ind ic ate s an optional  elemen t 
of an  expre ss io n .  Thus 

ab?c 

matches e i ther  " ac "  or " abc " . 

9 . 3 . 4  Repeated Express ions 

Repeti t ions of classes  are ind ic ated by the aste r is k  ( * )  and. 
plus ( + )  ope ra tor s .  For example 

a*  
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match es any number of consec ut ive • a •  charac te r s ,  including 
zero 1 wh i le •a+• match es one or mor e instanc es of "a " .  For 
example , 

[ a-z ] + 

ma tches all str ing s of lowe rcase le tte r s ,  and 

[A- Za-z ] [A- Za-z0- 9 ] * 

matches all  alphanume r ic str ing s  with a le ading alphabet i c  
charac te r . Th is  i s  a typic al expre ss ion for recogniz ing 
iden t i f ie r s  in compute r languages . 

9 . 3 . S  Alternation and Grouping 

The ve r t i c al bar  < I > opera tor ind ic ate s alte rnation . For 
example 

( ab l ed ) 

matches e i ther  " ab "  or "cd" . No te that  paren these s are used 
for g r oup ing , althoug h they are no t nec essary at th e ou ts ide 
level .  For example 

ab l ed 

wou ld have suff iced in the prec ed ing example . Paren theses  
c an be used for mor e complex expre ss ions , such as  

( ab l cd+ ) ? ( ef ) * 

wh ich matches such str ing s  as  "abefe f " , " e fe fe f • , "cde f " , 
and " cddd " , but no t " abc"  , .. " abed " , or " abcde f " . 

9 . 3 . 6  Context Sensi t ivity 

Lex recog n i ze s  a small amount of sur r ound ing context .  The 
two s imple st opera tor s for th is  are the up-a r r ow ( A ) and the 
dollar  s ig n  ( $ ) . I f  the fir st  charac te r of an expre ss ion is 
an up-ar r ow , then the expre ss ion is  only ma tched at the 
beg inn ing of a line ( afte r a newline charac te r , or at the 
beg inn ing of the i nput. stre am) . Th is c an never  confl i c t  
with the other meaning of " the up-a r r ow ,  complemen tat ion of 
charac te r  classes , s ince complemen tat ion only appli e s  with in 
brac k ets . I f  the very last charac te r is  dollar  s ign ,  the 
expre ss ion only matched at the end of a line (wh en 
immed iately followed by newline ) . The latte r opera tor is a 
spec ial c ase of the slash (/) opera tor , wh ich ind icate s  
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tra i ling context . The expre ss ion 

ab/cd 

matches the str ing "ab" , but only if  followed  by "cd" . Thus  

ab$ 

i s  the same as 

ab/\n 

Left  context is hand led in Lex by spec i fy ing 
condi t ions as expla ined la te r .  If a r ule is only 
exec uted when the Lex au tomaton inte rpre te r is in 
cond it ion "x " , the rule should be enc losed in 
brackets : 

< x> 

star t 
to be 
sta r t  
ang le 

If  we cons idered "being at  the beg inning of a line"  to be 
sta r t  cond it ion ONE , then the up-a rrow ( A )  ope ra tor would be 
equ ivalent to 

<ONE> 

Sta r t  cond it ions are  expla ined moi e fully late r .  

9 . 3 . 7  Repet i t ions and Def i n i t ions 

The cur ly brac es C { and } > spec i fy e i ther  repetit ions ( i f 
they enclose number s )  or ·def i n i t ion expans ion ( i f they 
enc lose a name ) . For example 

{ dig "i t } 
look s for a predef ined str ing named "d ig i t "  and inse rts  it  
a t  that point  in  the express ion .  The definit ions are g iven 
in  the fi r st par t of the Lex input ,  before  the rule s .  I n  
contr a s t , 

a { l , 5 } 
look s for 1 to 5 occ ur rences of the charac te r " a " . 

Finally , an in it ia l  percen t  s ign  ( % )  is spec ial , s ince it i s  
th e separa tor for Lex source segmen ts . 
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� 9 . 4  Lex Act ions 

Lex 

When an expre ss ion wr itten as above is match ed , Lex exec ute s 
the cor re spond ing ac t ion . Th is sec t ion desc r ibes some 
featu re s  of Lex wh ich aid in  wr i t ing ac tions . Note that 
there is a de fau lt ac tion , wh ich cons is ts  of copy ing the 
input to the ou tput . Th is is  pe r formed on all str ing s not 
oth erw ise . ma tched . Thus the Lex use r who wishes to absor b 
the entire  input , without produc ing any ou tput , mus t  provide  
rule s  to ma tch everyth ing . When Lex is  being used w i th 
Yacc , th is  is  th e normal  s ituation .  You may cons ider  that  
ac tions are  what  is  done inste ad of  copy ing the input to the 
ou tput 1 thus , in genera l ,  a r u le wh ich me re ly copies  c an be 
omi tted . Also , a charac te r comb ination wh ich is ani t ted 
from the rule s  and wh ich appear s as  input is  li kely to be 
pr inted on the ou tput , thus c alling a tten tion to the gap in 
the rule s . 

One of the s implest th ing s  th.at c an be  done is to ignore the 
input . Spec i fy ing a C null statemen t n J n a s  an ac t ion cau se s  
th is re sult . A f requen t rule is 

[ \t\n]  J 
wh ich cau se s  the three  spac ing charac te r s  ( blank , tab , and 
newline }  to be  ignored . 

Ano th er easy way to avoid wr it ing ac tions is to use the 
repeat ac t ion charac te r ,  n l n , wh ich ind ic ate s that  the 
ac t ion for th is  rule is the ac t ion for the next r u le .  The 
prev iou s example cou ld also have  been wr itten 

n n 
n \t "  
n\n "  

with the same re sult , although i n  diffe ren t style . The 
quotes around " \n"  and "\t"  a re not required . 

I n  nor e complex ac tions , you often wan t  to k now the ac tu al 
text that matched some expre ss ion li k e  

[ a- z ] +  

Lex le aves th is text in  an exte rnal charac te r a rray named 
"yytextn . Thus , to pr int  the name found , a rule li ke 

[ a-z ] + pr in tf ( " % s " , yytext } 1 

pr ints th e 
accepts a 

str ing 
format 

in "yytext " . The C func t ion pr intf 
arg umen t and da ta to be  pr in ted 1 in this 
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case , the forma t is "pr int  str ing " ( %  ind ic ating data 
convers ion ,  and � ind ic at ing str ing type ) , and the da ta are 
the charac ter s  in  "yytext" . So th is j ust  plac es the matched 
str ing on the ou tput . Th is ac t ion is ' so common that it  may 
be w r itten as ECHO . For example 

[ a- z ]  + ECHO ; 

is the same as the prec ed ing example . S inc e the defau lt 
ac tion is  j ust to pr int  the charac te r s  found , one mig ht ask 
why g ive a rule , li ke th is  one , wh ich me re ly spec i f i e s  the 
defau lt ac t ion? Such rule s  are often requ ired to avoid 
match ing some other  rule wh ich is no t des ired . For example , 
i f  there is a r u le tha t . match es  read it  will normally match 
the instanc es of read conta ined in bread or readj ust ; to 
avoid th is , a r u le of the form  

[ a-z ] + 

i s  needed . Th is  i s  expla ined fur ther  below. 

Some t ime s i t  is mor e  conven ien t to know the end of what  has 
been found ; henc e Lex also prov ides  a count  of the number of 
charac te r s  ma tched . in the var iable , "yyleng " .  To count  
both the numbe r  of  words  and the number of charac te r s  in  

� words  in the input , you might wr ite 

[ a- zA- Z ]  + {words++ ; char s += yyleng ; } 

wh ich accumulate s  in  the var iable s "char s "  the numbe r  of 
charac te r s  in the word s  rec og n i zed .  Th e last charac te r in 
the str ing match ed c an be acc essed by 

yytext [ yyleng-1 ] 

Occas ionally ,  a Lex ac t ion  may dec ide that  a rule has no t 
recog n i z ed the cor rec t  span of charac te r s .  Two rou t ines a re 
prov ided to aid with th is s ituation .  F i r st ,  yymore ( )  can be  
called to ind ic ate that  the nex t  input expre ss ion recog n i z ed 
is  to be tacked on to th e end of  th is input . Normally , the 
next input str ing would overw r ite the c urrent  en try in 
" yytext" .  Second , yyless ( n )  may be called to ind ic ate that  
no t all  the cha rac te r s  match ed by th e curren tly succ ess ful  
expre ss io n  are wanted r ig ht now . The argumen t " n "  ind ic ate s 
the number of charac te r s  in "yytext"  to be re ta ined . 
Fur ther charac te r s  prev ious ly ma tched are re turned to the 
input . Th is  prov ides the same sor t of lookahead offe red by· 
the slash ( /) ope ra tor , but in a diffe ren t form . 

Example : Cons ider a lang u ag e  wh ich de fines  a str ing as  a se t 
of charac ter s  between quotation  ( " )  ma rks , and prov ides that  
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� to include a quota t ion mark  in  a str ing , i t  must be prec eded 
by a bac k s lash (\ ) . The regula r expre ss ion that  ma tch es th is  
is  somewha t  confus ing , so  tha t  i t  mig ht be  pre fe rable to 
wr i te 

\ n ( A n ] *  { 
i f ( yytex t [ yyleng-1 ]  == ' \\ ' ) 

yymor e ( ) 7 
e lse 

} 
• • •  normal user  p r ocess ing 

wh ich , when fac ed with a str ing such as 

n abc\ndefn  

wi ll f i r st  match the f ive  charac te r s  

n abc\ 

and then th e call to yymore ( ) w i ll c au se th e next part of 
the str ing , 

ndef  

to be tac ked on  the end . No te 
te rminat ing the str ing should be 
labeled n normal process ing " . 

The func tion yyless ( )  mig ht be used 
var iou s c ircums tances . Cons ider 
d is t ing u ish ing the amb ig uity of 
des ired to tre at th is as  " =- a n  but 
might be 

=- [ a-zA- Z ]  { i 

that the f inal quote 
picked up in the code 

to reprocess text  in 
the C pr oblem of 

n =-a n . S uppose i t  is 
pr in t a me ssag e .  A r u le 

pr in tf ( n Ope ra tor ( =- )  
yyle ss ( yyleng-1 ) 1 

amb ig uous\n n ) 1 

• • •  ac t ion for =- • • • 
} 

wh ich pr ints a me ssag e ,  re turns  the le tte r afte r the 
operator to the input stre am ,  and tre ats the opera tor as 
n =- n . Alte rnatively it might be des ired  to tre at th is  as n =  
-a • . To do th is , j u s t  re turn  the minus  s ig n  as we ll as  the 
letter  to the input : The following per forms the 
inte rpre ta t ion : 
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=- [ a-zA- Z ]  { 
pr intf ( " Ope ra tor ( =- )  amb iguous\n" ) ;  
yyless ( yyleng- 2 ) ; 
• • • ac tion for = • • •  
}. 

Note that the expre ss ions for the two c ase s mig ht mor e  
eas i ly b e  wr itten 

=-/ [A- Za-z ]  

i n  the fi r st c ase and 

=/- [A- Za-z ]  

i n  the second : no bac k up wou ld be requ ired  in the rule 
ac t ion .  I t  is no t nec essary to recog n i z e  the whole 
iden t ifie r to obse rve th e amb ig u ity . Th e poss ib i li ty of 
" =- 3 " , however , makes  

=-/ [ "' \t\n] 

a st i ll bette r rule . 

I n  add i t ion to th ese rou t ines , Lex also permi ts  acc ess to 
the I/O r ou t ines it  u se s .  They are : 

1 .  input ( )  wh ich re turns  th e next  input ch arac te r ; 

2 .  output ( c ) wh ich wr i te s  the charac te r c on the ou tput ; 
and 

3 .  unput (£) pushes th e charac te r c back onto the input 
stream to be  read late r by input ( ) . 

By defau lt these routines  are prov ided as mac ro def init ions , 
but the use r can overr ide them and supply pr ivate ver s ions . 
These rou tines define the re lationsh ip betwe en exte rnal 
fi le s  and in te rnal charac te r s ,  and mus t  all be re ta ined or 
mod i f ied cons is ten tly . They may be redefined , to c au se 
input or ou tput to be transmi tted to or from strang e  places , 
inc luding o ther  pr og rams or i n te rnal memory ;  but  the 
charac ter se t used mus t  be cons is ten t in  all rou t ines ; a 
value of z e ro re turned by input must  mean end of  f i le 1  and 
the re lationsh ip between unput and input mus t  be re ta ined or 
the Lex lookahead w i ll no t wor k .  Lex does no t look ahead at 
all if  it  does no t have to , but every ru le end ing in + * ? 
or $ or conta in ing I impli e s  lookahead . Look ahead is also 
necessary to match an expre ss ion that is  a pre fix  of ano ther 
expre s s ion .  See below for a d iscuss ion of th e charac te r set 
used by Lex . Th e standa rd Lex library impose s a 10 0 
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charac te r limi t on bac k up .  

Ano ther Lex l i br a ry r ou tine that you somet imes wan t  to 
rede fine is yywr ap ( )  wh ich is c alled wh enever  Lex re aches an 
end-of-f i le .  I f  yywr ap re tu rns  a 1 ,  Lex continues  with the 
normal wrapup on end of input . Some time s , however , it  is  
conven ien t to arrang e  for mor e input to arr ive from a new 
sou rce . In  th is  case , the use r should pr ov ide a yywrap 
wh ich arranges  for new input and r e turns  O .  Th is  instruc ts 
Lex to continue pr ocess ing . The defau lt yywr ap always 
re tu rns 1 .  

Th is rou t ine is also a conven ien t plac e to pr int  table s ,  
summa r ie s ,  e tc . a t  the end o f  a pr og r am .  No te that  i t  i s  no t 
poss ible to wr ite  a normal  ru le wh ich recog n i z e s  end-of
f i le 1 the only access to th is  cond it ion is through y�raa ( ) . 
In  fac t ,  unle ss a pr ivate ver s ion of input ( )  is supp ie a 
f i le conta in ing nulls c anno t be hand led , s ince a value of 0 
re tu rned by i nput is tak en to be end-of-f i le .  

9 . 5 Ambiguous Source Rules 

Lex can handle amb ig uou s spec i f i c at ions . When mor e than one 
expre ss ion c an ma tch the curren t input , Lex choose s as  
follows : 

s Th e longest  match is pre fe rred . 

s Among r ule s wh ich ma tch ed the same numbe r of 
charac te r s ,  the rule g iven f i r st is  pre fe rred . 

Thu s ,  suppose the rule s  

intege r  k eyword ac t ion · · · 1 
[ a-z ] + i den t i f ie r ac t ion  • • • 1 

to be g iven in that  orde r .  I f  the input is  intege r s , it is  
tak en as an iden ti f ie r ,  bec ause [ a- z ] + matches  8 cha rac te r s  
wh i le integer ma tches only 7 .  I f  th e input is  integer , bo th 
rule s  match 7 charac te r s ,  and th e k eyword r u le is selec ted 
bec au se it  was g iven fir st . Anyth ing shor te r ( e . g .  int )  
does  no t match the expre ss ion i nteger , so the iden ti f i e r  
inte rpre tat ion i s  u sed . 

The pr inc iple of pre fe rr ing the longest  match mak e s  certa in 
construc t ions dangerou s , such as the following : 

* • 

For example , 
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I * I  . 

might seem a good way of rec og n i z ing a str ing in s ingle 
quote s .  But it is  an inv itation  for the program to re ad far 
ahead , look ing for a dis tant s ing le quote . Pre sen ted with 
the input 

' f i r st ' quoted str ing here , ' second ' here 

the above expre ss ion ma tch es  

' f i r st '  quoted str ing here , ' second ' 

wh ich is probably no t what  was wanted . A bette r rule is of 
the form 

I [ "' I \n] * I 

wh ich , on the above input ,  stops afte r ' f i r st ' . The 
consequences of error s li ke th is  are mi t ig ated by the fac t 
that the dot ( . ) ope ra tor doe s  no t match a newli ne . 
There for e , only no mor e than one line is eve r  ma tch ed by 
such expre ss ions . Don ' t  try to defeat th is with expr e ss ions 
l i k e  

[ • \n] + 

or their  equ ivalen ts : the  Lex g enerated program wi ll try to 
re ad the en tire  input f i le ,  cau s ing in te rnal buffe r 
ove r flows . 

No te that Lex is  normally par t i t ioning the input stre am ,  no t 
se arch ing for all poss ible ma tch es  of e ach expre ss io n .  Th is  
means that  each charac te r is  accounted for onc e and only 
once . For example , suppose i t  is des ired to count 
occurrences of  bo th " she"  and "he"  in  an  input tex t .  Some 
Lex rule s  to do th is  might be  

she s++ 1 
he  h++ · 
\n I ' 

. . ' 

where the last two rule s ignore  everyth ing bes ides  "he "  and 
" she" . Remembe r  that the per iod ( . ) does no t inc lude the 
newline . S i nce  " she"  inc lu de s  "he" , Lex will normally not 
recognize  the instances  of " he"  i nclu ded in " she" , s ince 
onc e  it has passed a " she"  those charac te r s  a re gone . 

Some t ime s the use r would li ke  to overr ide th is  choic e .  Th e 
ac tion REJECT me ans "go do th e nex t alte rna tive . "  I t  c auses  
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whateve r  rule was second choice  afte r the current  rule to be 
exec uted . The pos i t ion of the input pointe r  is adj usted 
accord ing ly .  Suppose the use r re ally wan ts to count  the 
inc luded instanc es of "he" : 

she 1 s++ 1  REJECT 1 } 
h e  h++ 1 REJECT 1 } 
\n 

. ' 

These rules  a re one way of chang ing the prev ious example to 
do just  that . Afte r counting e ach expre ss ion ,  it  is 
re j ec ted 1 when ever appropr iate , the o ther  expre ss ion wi ll 
then be counted . In  th is example , of cour se ,  the use r could 
no te that  " sh e "  i ncludes  "he " , but no t  v ic e  ve r sa , and omi t 
the REJECT ac t ion on "he " 1 in  other  case s ,  however , i t  would 
no t be poss ible to tell  wh ich input charac te r s  we re in bo th 
classe s .  

Cons ider the two rule s 

a [ bc ] + 
a [ cd ] + 

{ • • •  1 REJECT 7 } 
{ • • • 1 REJECT 1 } 

If  the input is  " ab" , only the f i r st r u le ma tch es ,  and on 
" ad"  only the second match es . Th e input str ing " accb" 
matches the f i r st rule for fou r charac te r s  and then the 
second rule for three charac te r s .  In  contrast , the input 
" aced"  agrees  with th e second r u le for fou r  charac te r s  and 
then the f i r st r u le for three .  

In  genera l , REJECT is  u se ful  when ever  the purpose of Lex is 
no t to par t i t ion the input stream but to detec t all examples 
of some items in  the input , and th e instances  of these items 
may ove r lap or inc lu de each o ther . Suppose a d ig ram table 
of the input is  desired 1 normally the d igrams ove r lap ,  that  
is  the word " th e "  is cons ide re d  to conta in both " th "  and 
" h e " . Assum i ng a two-d imen s ional a r r ay named d igram to be 
incremen ted , th e appropr iate source  is 

% %  
[ a- z ]  [ a-z ] { d igram [ yytext [ O ] ] [yytext [ l ] ] ++ 1 REJECT 1 } 
. 
\n 

. ' 

. ' 

where th e REJECT is  nec essary to 
beg inn ing at  every charac te r ,  
charac te r . 
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9 . 6  Lex Source Def initions 

Remember  the forma t of the Lex sourc e :  

{ defin i t ions } 
%%  
{ rule s } 
%%  
{ use r rou t ines } 

So far only th e rule s  have been de sc r ibed . You w i ll need 
add it ional opt ions , thoug h ,  to define var iable s for use in 
you r prog ram and for use by Lex . These can go e ither  in the 
defin i t ions sec t ion  or in the rule s  sec t ion .  

Remember that  Lex is  turn i ng the rule s  into a pr ogram . Any 
source  no t in te rc epted by Lex is copied in to th e  genera ted 
prog ram .  There are th ree classes  of such th ing s : 

1 .  Any l i ne wh ich is no t par t of a Lex ru le or ac t ion  
wh ich beg ins with a blank or tab is cop ied in to th e 
Lex g enera ted prog ram .  Such source  input pr ior to the 
f i r st  % %  delimi te r wi ll be exte rnal to any func tion in 
the code ; i f  it appears  immed iate ly afte r the f i r st 
% % , it  appear s in an appropr i a te plac e for 
dec la ra t ions in th e fu nc tion wr i t ten by Lex wh ich 
conta ins the ac t ions . Th is mate r ia l  must  look li ke  
prog ram fragmen ts , and should prec ede the f i r st Lex 
ru le . 

As a s ide  effec t  of the above , l i nes  wh ich beg in with 
a blank or tab , and wh ich conta in a commen t ,  are 
passed through to the gen e ra ted program . Th is  c an be 
used to include commen ts in e i ther  th e Lex sou rce  or 
the genera ted code . The commen ts shou ld follow the 
conven tions of th e C lang uage .  

2 .  Anyth ing inc luded between li nes conta in ing only " % { " 
and " % } " is cop ied ou t as above . Th e delimi te r s  are 
d is carded . Th is forma t permi ts en te r ing text  l i k e  
preprocessor statements that must  beg in in column 1 ,  
or copy ing l i nes that  do no t look l ike  programs . 

3 .  Anyth ing afte r the th ird " % % "  delimi te r ,  regard le ss of 
formats , e tc . , is cop ied ou t afte r th e Lex ou tput .  

De f i n i t ions in tended for 
f i r st  " % % "  delimi te r .  
conta ined betwe en " % { " 
column 1 ,  is  assumed 
str ing s .  Th e forma t of 

Lex a re g iven before the 
Any line  in th is  sec tion no t 

and " % } " ,  and beg inning in 
to define  Lex subst itution 

such · lines is  
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name translation 

and it c au se s  the str ing g iven as a transla tion to be 
assoc iated with the name . The name and transla tion 
must  be separa ted by at  le ast one blank or tab , and 
the name must beg in with a lette r . The translation 
c an then b e  called ou t by  th e { name } syntax in a rule . 
Us ing { o } for the d ig its  and { E } for an exponen t 
f i e ld , for example , might abbrev iate rules  to 
recog n i z e  numbe r s : 

D 
E 
% %  

[ 0- 9 ]  
[DEde ]  [ -+ ] ? { o } + 

D + " . " {D } * ( { E } ) ?  I 
fo l + pr in tf ( " in teger " ) J 

D * " . " {D } + ( { E } ) ?  
D + {E } pr in tf ( " r e al " )  1 

No te th e f i r st two r u le s  for re al number s 1  both 
requ ire  a dec imal po in t and conta in an optional  
exponen t f i e ld ,  but the fi r st require s at  le ast one 
d ig i t befor e th e dec imal  point  and the second require s 
at  le ast one dig it  afte r the dec imal  po in t .  To 
cor rectly hand le the pr oblem posed by a For tran  
expre ss ion  such as " 35 . EQ . I " , wh ich doe s no t conta in a 
r e al number ,  a context-sen s it ive rule such as 

[ 0- 9 ]  +/" . " EQ pr in tf ( " integer " )  1 

cou ld be used in add it ion  to th e normal rule for 
integ er s .  

The de f i n i t ions sec t io n  may also conta in other  
command s ,  inc luding the se lec t ion of a host languag e ,  
a cha rac te r set table , a l i s t  o f  sta r t  cond it ions , or 
adj u s tmen ts to the defau lt s iz e  of a rrays with in Lex 
i tse lf  for la rger  sourc e pr og r ams . Th ese 
poss ibi li t ie s  are disc ussed below und e r  " Summary of 
Sou r c e  Forma t . " 

9 . 7  Osage 

There are two s teps in comp i ling a Lex sou rce  pr ogram . 
Fir st , the Lex source  mu s t  be turned i n to  a genera ted 
prog ram in the host  g enera l  purpose languag e .  Then th is 
prog ram must  be compi led and loaded , usu ally with a li bra ry 
of Lex subr ou tines . Th e gen e ra ted pr og r am i s  on a f i le 
named lex . �· £· The I/O l i br a ry is  def ined in te rms of the 
c standard li bra ry . 
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The li bra ry is accessed by the loade r flag -lln . 
appropr iate se t of command s  is  

lex sourc e 
cc lex . yy . c  -lln 

Lex 

So an 

The result ing pr og ram is plac ed on  the usu al f i le a . out for 
late r  exec utio n .  To use Lex with Yacc see the-following 
sec tion and Chapte r 10 "YACC : A Comp i le r-Comp i le r n . 
Although the defau lt Lex I/O r ou t ines  u se the c s tanda rd 
library , the Lex au toma ta th ems elves · do no t do so . I f  
pr ivate ver s ions o f  input , output and unput are g iven , the 
library c an be avoided . 

9 . 8  Lex and Yacc 

If you want  to use Lex with Yac c , no te that what  Lex wr ite s  
is  a pr og ram named yylex ( ) , the name required  by Yacc for 
its  analyze r .  Normally , the defau lt ma in program on  th e Lex 
l i brary calls th is rou t ine , but i f  Yacc  is loaded , and its  
ma in prog ram is u sed , Yacc  wi ll c all yylex ( ) . I n  th is  c ase , 
each Lex rule shou ld end with 

re turn  ( token )  1 

where the appropr iate token value is re turned . An easy way 
to get acc ess to Yacc ' s  name s for token s  is to compi le the 
Lex ou tput f i le as  par t of th e Yacc output f i le by plac ing 
the line 

I inc lude " l ex . yy . c 0  

in  the last  sec t ion  o f  Yacc input . Suppos ing the grammar to 
be named "good " and the lex ic al r u le s  to be named n be tte r "  
the XEN IX c ommand sequenc e can j ust  be : 

yacc good 
lex bette r 
cc y. tab . c -ly -lln 

The Yacc libra ry ( -ly)  should be loaded befor e the Lex 
library ,  to obta in a ma in prog ram wh ich invokes the Yacc 
par se r .  The genera tions of Lex and Yacc  ·pr ograms can be 
done in e i ther orde r . 

As a tr iv ial problem , cons ide r  copy ing an input f i le wh i le 
add ing 3 to every pos it ive number div is ible by 7 .  He re is a· 
s u itable Lex sour c e  prog ram to j us t  that : 
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% %  
int  k ;  

( 0- 9 ]  + { 
k = ato i ( yytext) ; 
i f ( k% 7  == 0 )  

pr intf ( 0 %d " , k+3 ) ; 
e lse  

} 
pr intf ( 0 %d " , k ) ; 

-

Lex 

The rule ( 0- 9 ] + recog n i z e s  str ing s of d ig i ts ; atoi ( )  
conver ts  the d igits  to b ina ry and store s  the re sult in  " k " . 
The opera tor % ( rema inde r )  is  u sed to chec k whether  " k "  is 
d ivis ible by 7 ;  i f  it is , it is inc remen ted by 3 as it is 
wr itten ou t .  I t  may be obj ec ted that  th is pr og ram w i ll 
alte r such input i tems as 4 9 . 6 3  or X7 . Fur thermore , i t  
incremen ts the absolute value o f  all neg at ive  numbe r s  
d iv is ible by 7 .  To avoid th is , j u s t  add a few mor e  rules  
afte r the ac t ive one , as  h ere : 

%%  
int k ;  

- ? [ 0- 9 ] + { 
k = ato i ( yytext) ;  lr in tf ( " %d " , k%7  == 0 ? 

- ?  ( 0- 9 . ] + ECHO ; 
[A- Za-z ]  [A- Za-z0- 9 ] + ECHO ; 

k+3 : k)  ; 

Nume rical s tr ing s  conta in ing a dec ima l  po in t or prec eded by 
a le tte r w i ll be p icked up by one of the last two rule s ,  and 
no t chang ed . The i f-else has been replac ed by a C 
cond it ional expre ss ion to save spac e ;  the form "a?b : c "  
me ans : i f  " a "  then " b "  e l se " c " . 

For an example of sta t is t ics  g ath er ing , here is  a prog ram 
wh ich makes  his tog rams of word  leng ths r  where a word is 
defined as a str ing of le tte r s .  
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i n t  leng s [ 10 0 ] 1 
% %  
[ a-z ] + leng s [ yyleng ] ++ 1 
\n 1 
%%  fwrap ( ) .  

int  i 1  
pr in tf ( "Leng th No . wor d s\n" ) 1 
for ( i =0 1 i <l0 0 1 i ++ )  

i f  ( leng s [ i ] > 0 )  
pr in tf ( " % 5d%10 d\n" , i , leng s [ i ] ) 1  

re turn ( l ) 1 
} 

Lex 

Th is prog r am acc umulate s  th e his tog ram ,  wh i le produc ing no 
ou tput .  At the end of  th e input i t  pr in ts the table . The 
final  sta temen t r eturn ( l ) 1 ind ic ate s that Lex is to perform 
wrapup .  If YV!rap ( )  re turns  z e ro ( false )  i t  impli e s  that 
fur ther  input is  avai lable and th e p r ogram is to continue 
re ad ing and pr oc ess ing . To p r ov ide  a yywr ap ( )  that never  
re tu rns true  cau ses  an infin ite loop . 

As a la rg e r  example , here are some par ts of a pr ogram 
wr itten to conve r t  double prec is ion For tran  to s ing le 
prec is ion For tran . Bec au se �or tran doe s  no t dis t ing u ish  
upper and lowe r case le tte r s ,  th is rou t ine  beg ins by 
defin ing a se t of c lasses  inc luding both case s of each 
lette r : 

a [ aA ]  
b [ bB ]  
c [ cC ] 
z [ z Z ] 

An addit ional  c lass  recog n i z e s  wh i te spac e :  

w [ \t]  * 

The fir st rule changes  "double prec is ion" to " re al " , or 
"DOUBLE PREC ISION" to " REAL " . 

{ d } { o } { u } { b } { l } { e } {w } { p } { r } { e } { c } { i } { s } { i } { o } { n } { 
. lr i n tf ( yytext [ O ] == ' d ' ? " r e al "  : " REAL" ) 1 

Care is tak en thr oughout th is program to pre se rve the c ase 
{ upper or lowe r )  of the or ig inal program .  Th e  cond it ional 
operator is used to selec t the prope r form of  the keyword .  
The next rule cop ie s continu ation card ind ic at ions to avoid 
confus ing them with constants : 
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A II n [
"" 0 ] EX:HO ; 

In the regular expre ss ion ,  the quote s sur r ou nd the blank s .  
I t  is inte rpre ted as " beg inning of line , then five blank s ,  
then any th ing but blank or zero . " No te the two diffe ren t 
meaning s of the care t ( "" )  here . There follow some rule s  to 
change double prec is ion constants to ord inary float ing 
constants . 

c o- 9 1 +
f
w

} f d } lw l c +- 1 1 f
w

} c o- 9 1 + [ 0- 9 ] + {
W

} " . " W 
{ d } {

W
} [+- ] ? {

W
} [ 0- 9 ] + 

" . " {
W

} [ 0- 9 ] + W 
{ d } {

W
} [ +- ] ? {

W
} [ 0- 9 ] + 

/* convert  constants */ 
for ( p=yytex t ;  *p ! =  O ;  p++ ) 

{ 
i f  ( * p  ==  ' d '  I l *p  ==  ' D ' ) 

*p+= I e I - d I 1 ECHO ; } 

I 

Afte r th e floa ting point  constant is recognized ,  it  is  
scanned by the for loop to find the le tte r 

'
d '  or 'D ' . The 

program th en adds ' e ' - ' d ' wh ich converts  it  to the nex t  
le tte r o f  th e alphabet� Th e mod ified cons tan t ,  now s ingle
prec is ion , is wr itten ou t ag ain . Th ere follow a se r ie s  of 
name s wh ich mu st  be re spelled to remove their  init ial "d " . 
By us ing th e array "yytext "  the same ac tion s u ff ices for all 
the name s (only a s ample of a r a ther  long lis t  is g iven 
here ) • 

. . . 
{ d } { f } { l } { o } { a } { t } pr in tf ( " % s " , yytext+l ) ; 

Ano ther  li s t  of names must  have in it ial " d "  changed to 
in it ial "a " : 

yytext [ O ]  +=  ' a '  - ' d ' ;  

JCHO ; 
And one r ou t ine must have in i t ial " d "  changed to in it ial 
"r  n : 
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{d } l { m } { a } { c } { h } 
ECH0 1 

{ yytext [ O ]  +=  I r I - ' d  I 1 

} 

To avoid such name s as  "ds inx" be ing detec ted as  
of  " ds in " , some final rule s p ic k  up longer  
iden tifie r s  and copy some surv iv ing charac te r s : 

[A- Za- z ]  [A- Za-z 0- 9 ]  * 
( 0- 9 ]  + 

. 

\n 
ECH0 1 

instanc es 
word s  as 

No te that th is prog ram is not comple te 1 i t  doe s no t deal 
with the spac ing pr oblems in FORTRAN or with th e use of 
keywords as iden t i f ie r s �  

9 . 9 Left Context Sens i t ivity 

Some time s  it  is des irable to have  seve ra l se ts of lex ic al 
rules  to be applied at di ffe rent  time s  in th e input . For 
example , a compi le r  prepr oc essor mig ht dis t ing u ish  
preprocessor statemen ts and analyze  them d i ffe ren tly from 
ord inary statemen ts . Th is requ i r e s  sen s it iv ity to pr ior 
context , and there are seve ral  ways of hand l i ng such 
problems . The c i r cumflex ( A )  operator , for example , is a 
pr ior context operator , rec og n i z ing inuned iate ly prec ed ing 
left  context j u st as the dollar  s ign  ( $ ) recog n i z e s  
inuned iately following r ig ht contex t .  Adj ac en t  le ft context 
cou ld be extended , to pr oduc e a fac i li ty s imi lar to that  for 
adj ac ent  r ight context ,  but i t  is  unli kely to b e  as  usefu l ,  
s ince often the re levant left context appeared some time 
ear li e r ,  such as at the beg inning of a li ne . 

Th is  sec tion descr ibes th ree means of dealing with d i f fe ren t 
env ironmen ts : a s imple use of flag s ,  when only a few rule s 
chang e from one env ironmen t to ano ther , the use of star t 
condi t ions on rule s ,  and the poss ib i li ty of mak ing mult iple 
lex ical analy z e r s  all r un together . In each c ase , there are 
rule s  wh ich rec og n i z e  the need to ch ang e the env ironmen t in  
wh ich the following input text  i s  analyzed ,  and s e t  some 
parame te r to re flec t the chang e .  Th is may be a flag 
expl i c itly tested by the use r ' s ac t ion  cQde 1 such a flag is 
the s implest way of dealing wi th th e pr oblem , s inc e Lex is  
no t involved at all . I t  may be IOOr e  conven ien t ,  howeve r , to 
have Lex remember the flag s a s  init ial cond it ions on the 
rule s . Any rule may be assoc ia ted with a s ta r t  cond it io.n . 
It  will only be recognized when Lex is in that  sta r t  
cond it ion . Th e cur rent  start  cond it ion may b e  chang ed a t  
any time . Finally , i f  the se ts of r u le s  for the di ffe ren t 
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env irorunen ts are very dis s imi la r ,  cla r ity may be best  
ach ieved by wr i t ing several d i s t inc t lex ic al analyze r s ,  and 
sw itch ing fr an one to ano ther  as des ired . 

Cons ider the following pr oblem : copy the . input to the 
ou tput , chang ing the word "mag ic "  to " f i r st "  on eve ry line 
wh ich beg an with the le tte r " a " , chang ing •mag ic " to 
" second "  on every line  wh ich began with the lette r " b " , and 
chang ing "mag ic " to " th i rd " on  every line  wh ich began with 
the lette r "c " .  All o ther  word s  and all o ther  lines  are left 
unchanged . 

These rules  a re so s imple that  the eas iest way to do th is 
job is  with a f lag : 

%%  
Aa  
Ab  
Ac  
\n 
mag ic 

int  flag 1 !f lag = ' a ' 1  
f lag = ' b ' 1 
f lag = ' c ' 1 
f lag = 0 1 

sw itch ( flag ) 
{ 
case ' a ' : pr in tf ( " f i r st " )  1 bre ak 1 
c ase ' b ' : pr in tf ( " s econd " ) J bre ak 1 
c ase ' c ' : pr in tf ( " th i rd " ) 1 bre ak 1 
defau lt :  ECH0 1 bre ak 1 

l 
should be adequate . 

To handle th e same pr oblem with sta r t  cond i t ions , e ach start  
cond ition must  be  introduc ed to Lex in  the definitions 
sec tion with a line re ading 

%Sta r t  namel name2 • • • 

where the cond i t ions may be named in any orde r .  The word 
" Start "  may be abbrev iated to " s " or "S " . The cond it ions 
may be re fe renced at the head of a rule with angle brackets 
( < and > ) : 

<namel>express ion 

is a rule wh ich is only recognized when Lex is  in  the sta r t  
cond it ion "name l " . To en te r a sta r t  cond it ion , exec ute the 
ac tion statemen t 
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BEG IN namel 7 

wh ich changes  the sta r t  cond it ion  to namel . To resume the 
normal state , 

BEG IN O J· 
rese ts the 
inte rpre te r .  
cond itions : 

i n i t ial  cond it ion 
A rule may be 

<namel , name 2 , name3 >  

of the 
ac t ive in  

Lex au tomaton  
severa l sta r t  

i s  a legal pre f i x . Any rule no t beg inning with the < >  pre fix  
operator is always  ac t ive . 

The same example as  be fore can be  wr itten : 

%START AA BB CC 
% %  
" a  !ECHO 1 
" b  ECHO 1 
"c  ECHO 1 
\n ECH0 1 
<AA>mag ic 
<BB >mag ic 
<CC >mag ic 

BEG IN AA 1 I BEG IN BB 1 
BEGIN CC f 
BEGIN 0 1  J 

pr int£ ( " f i r st" ) 1 
pr intf ( " second " )  1 
pr intf ( " th i rd " )  1 

where the log ic  is exac tly the same as in the prev ious 
me thod of hand l i ng the problem , but Lex doe s the wor k ra th er 
than the use r ' s  code . 

9 . 10 Character Set 

The programs g en e ra ted by Lex hand le charac te r I/O only 
through the rou t ines input , output and unput . Thus the 
characte r repre sen tation pr ov ided in these rou t ines is 
accepted by Lex and employed to re tur n  values  in "yytext " .  
For inte r nal use  a charac te r is  repre sen ted as  a small 
integer  wh ich , if the standa rd li br a ry is u sed , has a value 
equal to th e in teger  value of th e b it patte rn repre sen ting 
the charac te r on the host  compute r .  Normally , the lette r 
" a "  i s  repre sen ted as  the same form as the charac te r 
constant :  

I a I 

I f  th is  inte rpre tat ion is chang ed , by prov id ing I/O routines 
wh ich translate the charac te r s ,  Lex must  be told about i t ,  
by g iving a translation table . Th is table must  be i n  the 
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Lex Lex 

de fin i t ions 
conta in ing 

sec t ion ,  
o nly " %T" . 

and mu st be brac keted by lines 
The table conta ins lines  of the form 

{ i n teger } { ch arac te r str ing } 

wh ich ind ic ate th e valu e  assoc iated with each charac te r .  
For example : 

1 Aa 
2 Bb 

. . . 
2 6  Z z  
2 7  \n 
28  + 
2 9  
3 0  0 
3 1  1 

39 9 

Th is tab le maps the lowe r and uppe r case le tte r s  tog eth e r  
in to the in teg e r s  1 th roug h 2 6 , newline in to 2 7 , plus  ( + )  
and minus ( - )  in to 2 8  and 2 9 , and the d ig it s  into 3 0  through 
39 . No te the esc ape for newl i ne . I f  a table is suppli ed , 
eve ry charac te r that is  to appear e i th e r  in  the rule s  or i n  
any val id  input must  b e  inc lu ded i n  the table . No charac te r 
may be ass igned th e numbe r  O ,  and no charac te r may be 
ass igned a la rg er  number  than the s iz e  of the hardwa re 
charac te r se t .  

9 . 11 Summary of Source Format 

The general  form of a Lex source  fi le is : 

{ de fin i t ions } 
' '  
{ rules } 
' '  
{ use r s ubrou t ines } 

Th e def i n i t ions sec tio n  conta ins  a comb ina t ion  of 

1 .  De f i n i t ions , in the form "name spac e  translation" . 

2 .  I nc luded code , in the form " spac e  code " . 

3 .  I nc lu ded code , in the form 
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% {  
code 
% } 

4 .  Start  cond it ions , g iven in the form 

%S name l  name2 • • •  

S .  Charac te r se t table s ,  in th e form 

%T 
number  spac e  charac te r-str ing 
%T 

6 .  Changes  to in te rnal array s iz e s , in th e form 

% x  nnn 

Lex 

wh ere nnn is a dec imal in teg er repre sen ting an array 
s iz e  and " x "  selec ts the parame te r as follows : 

Lette r 
p 
n 
e 
a 
k 
0 

Parame te r 
pos it ions 
sta te s  
tre e  nodes 
trans i t ions 
pac ked charac te r cla sses 
ou tput array s ize  

Lines  in  the rule s  sec tion have the form "expre ss ion 
ac tion" where the ac tion may be continued on succeed ing 
l ines by us ing brac es to delimi t it . 

Reg ular expre ss ions in  Lex use the following opera tor s :  

x The charac te r " x "  

" x "  An " x " , even if x is  an  opera tor . 

\x An " x " , even i f  x is  an  opera tor . 

[ xy] The charac te r x or y .  

[ x- z ]  The charac te r s  x ,  y or z .  

[ "' x] Any charac te r but x .  

• Any charac te r but  newl i ne . 

"'x An x at the beg inning of a line . 
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<y> x An x when Lex is  in  s tart  cond it ion y .  

x $  An x at th e end o f  a line . 

x? An optional x .  

x* 0 , 1 , 2 ,  instances  of x .  

x+ 1 , 2 , 3 , instanc es  of x .  

x l y An x or a y .  

( x) An x .  

x/y An x but only i f  followed by y .  

{ xx } 

x { m, n } 

Th e translation of xx from 
sec t ion .  

m throug h n occur rences of  x .  

9 . 1 2 Notes 

th e 

Lex 

def init ions 

There are patholog ic al expre ss ions wh ich pr oduc e exponen tial  
growth of the table s wh en conve rted to  dete rmin is t ic 
mach ines 1 for tunately , they are ra re . 

REJECT doe s  no t re sc•an th e input . Inste ad it remembe r s  the 
results  of th e previous scan . Th is me ans that  i f  a rule w ith 
tr a i ling context is  found , and REJECT exec uted , th e use r 
must no t have used unput to change th e charac te r s  
for thcomi ng fr om the input stre am .  Th is is the only 
re str iction  on the use r .. ' s ab il ity to manipulate the no t
yet-pr ocessed input . 

9- 27 



h 

10 . 1  

10 . 2  

10 . 3  

10 . 4  

10 . 5  

10 . 6  

10 . 7 

10 . 8  

10 . 9  

10 . 10 

10 . 1 1 

10  . 1 2 

10 . 13 

10 . 14 

10 . 15 

CBAPTBR 10 

YACC : A COMPI LER-COMPI LER 

CONTENTS 

I n troduc t ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Bas ic Spec i f i c at ions • • • • • • • • • • • • • • • • • • • • • • • • • •  

Ac tions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Lex ical Ana lys is • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Bow the Par se r  Wor k s  • • • • • • • • • • • • • • • • • • • • • • • • • •  

Amb ig u i ty and Conflicts • • • • • • • • • • • • • • • • • • • • • • •  

Prec edenc e • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Er r or Handl i ng • • • • • . • • • • . . . • • • . • . • . • • . • • . . • • • •  

The Yacc Env i r onmen t • • • • • • • • • • • • • • • • • • • • • • • • • •  

Hin ts for Prepar ing Spec i fic at ions • • • • • • • • • • • •  

Adv anced Top ics • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

A S imple Example • . • • • • • • • • • • • • • • • • . • • . • • • • • • • •  

Yacc Input Syntax • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

An Adv anced Example • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Old Fe atu re s • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

10- 1  

10- 4  

10- 6  

10- 9  

10- 1 1  

10- 1 7  

10- 22 

10- 25 

10- 27 

10- 28  

10- 32 

10- 35 

10- 3 8  

10- 4 0  

10- 47 



h 

YACC YACC 

10 . 1  Introduction 

Compute r program input g enera lly has  some struc ture : every 
compute r pr og ram that  does input can be thoug ht of a s  
defin ing an " input language"  wh ich it  accepts . An i nput 
languag e  may be as complex as a pr og r ammi ng lang uag e ,  or  as  
s imple as  a sequence of number s .  Unfor tuna te ly ,  usu al input 
fac i li t ie s  are limi ted , diff icult  to use , and often lax 
abou t ch eck ing their  inputs for vali d ity . 

Yacc prov ides a genera l  tool for desc r ib ing the input to a 
compute r prog ram . The name Yacc itself  stand s for "yet 
ano ther  comp i le r-comp i le r . "  Th e Yacc use r spec i f ies  the 
struc ture s of h is input , together  with code to be invoked as 
e ach such struc tu re is  recog n i z ed .  Yacc turns  such a 
spec i f i c at ion i n to a sub r out ine that  hand le s  the input 
process : frequen tly , it is  conven ien t and appr opr iate to 
have most  of th e flow of contr ol in the use r ' s  appli c at ion 
hand led by th is  subrou t ine . 

The input subrou t ine pr oduc ed by Yacc c alls a use r-suppli ed 
r ou t ine to re tur n  th e next  bas ic input i tem .  Thus ,  the use r 
can spec i fy his  input in  te rms of ind ividu al input 
charac te r s ,  or in  te rms of h ig her  level construc t s  such as 
name s and numbe r s .  Th e user-suppli ed rou t ine may also 
hand le id iomat ic fe ature s such as commen t and cont inu ation  
conven tions , wh ich typic ally defy easy grammatical 
spec i f i c at ion . The cla ss of spec i f icat ions accepted is a 
very general  o ne : LALR g r amma r s  with disamb ig uat ing rule s .  

In  add i t ion to comp i le r s  for C ,  APL , Pasc al , RATFOR , etc . , 
Yacc has also been used for le ss conven tional languages , 
inc luding a photo typese tte r lang uag e ,  severa l  desk  
c alc ula tor lang u ages , a doc umen t r e tr ieval system , and a 
For tran debugg ing system . 

Yacc prov ides a general  tool for impos ing struc ture  on the 
input  to a compute r pr og ram .  The Yacc use r prepare s a 
spec i f i c at ion of the input pr ocess : th is inclu de s  r u le s  
descr ib ing the input struc ture , code to b e  invoked when 
th ese rules  are recog n i z ed ,  and a low-level rout ine to do 
the bas ic input . Yacc then gen era te s a func t ion to con trol 
the input process . Th is func t ion , c alled a parser , calls 
the user-suppli ed low-level input r outine ( th e  lexical 
analyzer ) to p ic k  up the bas ic items (called tokens } from 
th e input stre am .  These token s  are org ani z ed accord ing to 
the input struc ture r u le s ,  c alled grammar r ules : when one of 
th ese rule s  h as been recog n i z ed ,  then use r cod e supplied for 
th is rule , an action , is invoked :  ac t ions h ave the abi li ty 
to re tu rn values and make  use of the values of o ther  
ac t ions . 
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in  th is c ase , month name would be a token . 

L i te ra l  ch arac te r s  such as " , "  mus t  also be passed throug h 
the lexical analyzer , and are also cons idered token s . 

Spec ific ation fi les are ve ry flex ible . I t  is re latively 
e asy to add to th e above example the rule 

date : month ' / ' day ' / ' year  : 

a llowing 

7/4/17 76 

as a synonym for 

July 4 ,  17 76  

I n  m:>st  c ase s ,  th is new r u le cou ld be " s lipped in "  to  a 
wor k ing system with min imal effor t ,  and li ttle dang e r  of 
disrupting ex is t ing input . 

The input be ing re ad may no t conform to the spec i f i c at ions . 
These input error s are detec ted as ear ly as  is  th eor e ti c ally 
poss ible w i th a left-to-r ig ht sc an 1 thus , no t only is the 
chance of re ad ing and comput ing w ith bad input  data 
substantially reduc ed , but th e bad da ta c an usu ally be 
quickly found . Er ror hand l i ng , pr ov ided as par t of the 
input spec i f i c at ions , pe rmi ts  th e reen try of bad da ta , or 
the continuatio n  of the input pr ocess afte r sk ipping over  
the bad data . 

I n  some cases , Yacc fa i ls to p r oduc e a par se r wh en g iven a 
se t of spec i f i c ations . For example , the spec i f i c at ions may 
be se lf contradictory ,  or th ey may requ ire  a mor e powe r fu l  
recognit ion mechanism than that  ava i lable to Yacc . The 
forme r case s repre sen t des ig n error s :  the la tte r cases can 
often be cor rec ted by mak ing the lex ic al analyzer  more  
powe r fu l , or  by rewr i t ing some of  th e gramma r rule s .  Wh i le 
Yacc canno t hand le all poss ible spec i f i c at ions , i ts  powe r 
compare s favor ably with s imi la r systems :  mor eover , the 
construc t ions wh ich are d i f f i c ult  for Yacc to handle are 
also frequen tly d i ff icult  for human be ing s to hand le . Some 
use r s  have repor ted that  th e d isc ipline  of formulating vali d  
Yacc spec i f icat ions for the i r  input revealed e r ror s  o f  
concep t ion or des ign  ear ly in  th e prog ram developmen t .  

The next severa l sec tions descr ibe : 

• The prepara t ion of g ramma r ru le s  
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f""""I Yacc is wr i t ten in a por table d ialec t of c and the ac tions , 
and output  subrou t ine , are in C as  we ll . Moreover ,  many of 
the syntac t ic conven tions of Yacc follow c .  

The hear t o f  th e input spec i fi c ation  i s  a collec t ion of 
grammar rule s .  Each r u le desc r ibes an allowable struc ture  
and g ives it  a name . For example , one  grammar  rule might  
be : 

date : month_name day I I , year 

He re , date , month name , day,  and yea r  repre sen t struc ture s 
of  in te re st  in the input  proc ess ; pre sumably , month name , 
day ,  and year  are  def ined elsewhere . The comma w , n is 
enc losed in s ingle quote s 7 th is impli e s  that  the comma is to 
appear li tera lly in  the input . The colon and semicolon 
me re ly se rve as punc tu at ion  in  the rule , and have no 
s ignificance in contr olling the input . Thus , with proper 
defin i t ions , the input : 

July 4 ,  17 76  

mig ht be match ed by th e above r u le . 

An impor tant par t of the input process is c arr ied ou t by th e 
lex ical analyzer . Th is u s e r  r ou t ine re ads the input stre am ,  
recog niz ing th e lowe r level struc tu re s ,  and communic ate s 
these token s  to th e par se r . A s truc ture recogni z ed by the 
lex ical analyzer  is  called a terminal symbol , wh i le the 
struc ture recog n i z ed by the par se r  is  c alled a nonterminal 
symbol . To avo id confus ion , te rminal  symbols w i ll usu ally 
be refe rred to as to kens . 

There is cons iderable leeway in dec iding wheth er  to 
recog n i z e  s truc tu re s  us ing th e lex ic al analyz e r  or g rammar 
r u le s .  For example , the r u le s  

month name : ' J ' ' a '  ' n '  ; 
month name : ' F ' ' e ' ' b '  ; 

• 
• 

month name : ' D ' ' e  ' ' c  ' ; 

might  be used in the  above example . The lex ic al analyz e r  
wou ld only need to recog n i z e  ind iv idu al le tte r s ,  and 
month name would be a nonte rmi nal symbol .  S uch low-level 
rules tend to waste  t ime and spac e ,  and may compli cate the 
spec i fication beyond Yacc ' s  ab i li ty to deal with i t .  
Usually , the lex ic al analy z e r  would rec og n i z e  the  month 
names ,  and re tu rn  an ind ic ation that  a month name was seen ; 
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Bl ank s ,  tab s ,  and newl ines  a re ig nored  except tha t  they may 
no t appear in names or mult i-ch arac te r  re se rved symbols . 
Commen ts may appear  whereve r a name is  legal 1 they a re 
enclosed in /* • • •  */ , as  in C .  

The rules sec t io n  is made up of o ne or mor e  gramma r rule s .  
A g ramma r rule has the form : 

A : BODY 1 

A represen ts a nonte rmi nal  name , and BODY 
sequence of z e ro or mor e  names and li te rals . 
the semi colon are  Yacc punctu at ion .  

repre sen ts a 
The colon and 

Name s may be of arbitrary leng th , and may be made up of 
lette r s ,  dot " . " ,  und e r scor e  " " ,  and non- i n i t ial  d ig its . 
Uppe r and lowe r c ase le tte r s  a re d is t inc t .  Th e names used 
in  the body of a grammar rule may repre sen t tokens or 
nonte rmi nal symbols . 

A l i te ral cons is ts  of a charac te r enc losed in s ing le quote s 
" \* ' ' · As in C ,  the bac k s la sh " \" i s  an esc ape charac te r  
with in li terals , and all the C e sc apes are recog n i z ed .  Thus  

For a numbe r  of  technic al re asons , the NUL charac te r ( ' \0 ' 
or 0 )  shou ld never  be used in gramma r rule s .  

I f  there are severa l gr ammar rule s  with the same le ft  hand 
s ide , the ver t i c al bar " I " c an be used to avoid rewr it ing 
th e le ft hand s ide . I n  addit io n ,  the semi colon at the end 
of  a ru le c an be dropped befor e a ve r t ic al bar . Thus  the 
g rammar rules  

A . B c D . . I 
A . E F . . I 
A . G . . I 

c an be g iven to Yacc as 

A . B c D . 

I E F 
G 

. I 

I t  is  no t necessary that  all g rammar 
left  s ide appear  toge ther  in  the 
although it  mak e s  the input much mor e 
to chang e .  

rule s  with the same 
g·ramma r  rule s  sec t ion ,  
re adable , and eas ie r 

I f  a nonte rminal symbol match es  th e empty str ing , th is can 
be ind ic ated in th e obvious way : 

10- 5 

-



YACC YACC 

• The prepara tion of the use r  suppli ed ac t ions assoc iated 
with the granunar rule s  

• The prepara t ion of lex ic al analyze r s  

• The operat-ion of th e par se r 

• Var ious re asons why Yacc may be unable to pr oduc e a 
par se r from a spec i f icat ion , and wh at to do about i t .  

• A s imple mechanism for hand l i ng opera tor prec edenc es i n  
ar ithme tic  expre ss ions . 

$ Er ror detec tion and recovery . 

$ The opera ting env i ronmen t and spec ial  fe ature s of the 
par se r s  Yacc produces . 

$ g ives some suggest ions wh ich should improve the s tyle 
and eff i c iency of the spec i f i c ations . 

10 . 2  Bas ic Spec i fications 

Names re fer  to e ither  tok en s  or nonte rminal  symbols . Yacc 
requires  token names to be  dec lared as such . I n  add i t ion ,  
for re asons discussed la te r ,  i t  i s  often des irable to 
inc lude the lex ic al analyzer  as par t  of th e spec i f i c ation 
f i le .  I t  may be use ful to inc lude other  programs as we ll . 
Thus ,  every spec i ficat ion fi le cons is ts of three sec t ions : 
the declar at ions , (gr ammar ) r ules , and programs . Th e 
sec tions are separa ted by double percen t  " % % "  mar k s .  (The 
percen t  ' % '  i s  genera lly used in Yacc spec i f i c at ions as an 
esc ape charac te r . ) 

In  other  words , a full spec i f i c at ion f i le look s li k e  

declara t ions 
% %  
r ules  
%%  
programs 

The declara tion sec t ion may be empty . Moreover , i f  the 
prog rams sec tion is  omi tted , the second % %  ma r k  may be 
omi tted also 1 thus , the smallest  legal Yacc spec i f i c at ion is 

% %  
r ule s 
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A :  ' ( ' B ' ) '  

and 

xxx : yyy z z z  

{ hello ( 1 , " abc " ) 1  } 

{ pr in tf ( " a messag e\n" ) 1 
f lag = 25 1 } 

are gramma r r u le s  with ac t io ns . 

YACC 

To fac i li tate e asy communic at ion  
par se r ,  the ac t ion statemen ts 
symbol "dollar  s ign"  " $ 0  is u sed 
context .  

between the ac t ions and the 
are alte red slig htly . The 

as a s ig nal  to Yacc in th is  

To  re tu rn a value ,  the ac t ion normally se ts  the pseudo
var iable " $ $ 0  to some value . For example , an ac t ion that 
doe s no th ing but re turn  the value 1 is 

{ $ $  = 1 7  } 

To obta in the values re turned by prev ious ac t ions and the 
lex ical analy z e r , the ac t ion  may use the pseu do-var iable s 
$ 1 , $ 2 ,  • • •  , wh ich re fe r to the values re turned by the 
componen.ts of the r ig ht s ide of a r ule , re ading f rom left  to 
r ight . �hus , i f  the ru le is 

A : B C D J 

for example , th en $ 2  has the value returned by c ,  and $ 3  the 
value re tu rned by D .  

As a mor e concre te example , cons ider  th e r u le 

expr : ' ( ' expr ' ) ' 1 

The value re tu rned by th is ru le is usually th e value of the 
e xpr in parenthese s .  Th is  c an be ind ic ated by 

expr : ' ( '  expr ' )  ' { $ $  = $2 1 } 

By defau lt , the value of a r u le is the value  of the f i r st 
elemen t in  it ( $ 1 ) . Thus , grammar r u le s  of the form 

A : B 1 

frequen tly need no t have an expl i c i t  ac t ion.  

In  the  examples above , all the ac t ions c ame at  the end of 
their  rule s .  Some t ime s ,  it is des irable to get  control 
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� empty : 1 

Names repre sen ting tokens mus t  be dec la red 1 th is is most 
s imply done by wr i t ing 

% token namel name2 . . .  

in the dec lara t ions sec t ion .  (See  Sec t ions 3 , 5 ,  and 6 for 
much mor e discuss ion ) . Every name no t defined in the 
dec lara t ions sec t ion is assumed to repre sen t a no nte rmi nal  
symbol . Every nonte rmi nal symbol must  appear  on  th e left 
s ide  of a t  least one r u le . 

Of all th e nonte rmi nal  symbols , one , called the s tar t 
symbol , has par t icula r impor tanc e .  The par se r  is  des igned 
to recog n i z e  the s tar t symbol 1 thus , th is  symbol repre sen ts 
the la rgest , mos t  g enera l s t ruc tu re desc r ibed by th e grammar 
r u le s .  By defau l t , th e s tar t symbol is tak en to be th e lef t  
hand s ide of th e f i r st  g r amma r rule i n  th e rule s  sec t ion . 
I t  i s  poss ible , and in fac t des irable , to dec lare the s ta r t  
symbol expl i c i t ly in the dec lara t ions sec t ion us ing the 
%sta r t  keyword :  

% star t symbol 

The end of the input  to the par se r  is s ignaled by a spec ial  
token , called the endmar ker . I f  th e token s  up  to , but no t  
inc luding , the endmarker  form a struc ture wh ich match es the 
star t symbol ,  the par se r func t ion  re turns  to its c alle r 
afte r the endmarker  is se en 1 i t  accepts th e input . If the 
endmarker  is seen in any other  context ,  i t  i s  an error . 

I t  is  the job of the user-supplied lex ic al analyzer  to 
re tu rn th e endmarker  wh en appr opr iate 1  see sec t ion  3 ,  below. 
Usu ally the endmarker  repre sen ts  some re asonably obvious I/O 
statu s ,  such as " end-of-f i le "  or " end-of-record " . 

10 . 3  Act ions 

With each grammar rule , the use r may assoc iate ac t ions to be 
per formed each t ime the rule is recog n i z ed in the input 
process . Th ese ac t ions may re tur n  values ,  . and may obta in 
the values  re tu rned by prev ious ac t ions . Mor eover , the 
lex ical analyzer  can re tu r n  values for token s ,  i f  des ired . 

An ac tio n  is an arbitrary C s ta temen t ,  and as such can do 
input and output ,  call subprograms , and alte r exte rnal 
vec tor s and var i able s .  An ac t ion  is spec i f ied by one or 
mor e  statemen ts , enc losed in cur ly brac es " { " and • } • .  For 
example 
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� The use r may define  other  var iable s to be used by the 
ac t ions . Dec lara t ions and defin i t ions can appear in the 
dec lara t ions sec t ion ,  enc losed in th e mar k s  " % { " and " % } " .  
These dec la ra t ions and def i n i t ions have global scope , so 
th ey are k nown to the ac tion sta temen ts and the lex ic al 
analyzer . For example , 

% { i n t  var i able = 0 1  % } 

cou ld be plac ed in the dec lara t ions sec t ion ,  mak ing var iable 
access ible to all of  the ac t ions . The Yacc par se r  uses only· 
name s beg inning in  " yy" 1 the use r should avo id such names . 

I n  these example s ,  all the values are in teg er s :  a discuss ion 
of  values of o ther  types wi ll be found in a la te r  sec tion .  

10 . 4 Lexical Analys is 

The use r must supply a lexical analy z e r  to re ad the input 
stream and canmunic ate token s  (with values , if  des ired )  to 
the par se r . ·  Th e lex ic al analyzer  is an integ er-valued 
func t ion called yylex .  Th e func t ion re turns  a n  in teger , the 
token numbe r , repre sen ting the k ind of  token re ad . I f  th ere 
is a value assoc iated with that  token , it shou ld be ass ig ned 
to the exte rnal v ar iable yylval .  

The par se r  and th e lex ic al analyz e r  must ag re e on these 
token numbe r s  in or de r for communication betwe en them to 
take  plac e .  Th e number s  may be chosen by Yacc , or chosen by 
th e use r . In  e i ther case , the " t  define"  mechanism of c i s  
used to allow th e lex ic al analy z e r  to re tu rn  these number s  
symbolically . For example , suppose that the token name 
DIG IT has  been def ined in the dec la ra t ions sec t ion of the 
Yacc spec i ficat io n  f i le .  The re levant por t ion  of the 
lex ical analyzer  might look l i k e : 
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before a r u le is fully par sed . Yacc permi ts  an ac tion to be 
wr itten in the mi ddle of a rule as we ll as at  the end . Th is  
rule is assumed to re tur n  a value ,  acc ess ible th rough the 
usual mechanism by th e ac t ions· to th e r ight of it . I n  tu r n ,  
i t  may access  the values  re tur ned by the symbols to i ts 
left . Thu s ,  in the rule 

A . B . 
{ $ $  = l ;  } 

c 
} { x = $ 2 ;  y = $ 3 ;  

. I 

the effec t  is  to se t � to 1 ,  and y to the value re tu rned by 
c .  

Ac tions that  do no t te rminate a r ule are ac tu ally hand led by 
Yac c  by manufac tur ing a new nonte rminal symbol name , and a 
new rule match ing th is name to the empty str ing . Th e 
in te r ior ac tion is  th e ac tion tr iggered off  by recogniz ing 
th is  added rule . Yacc ac tually treats th e above example as 
if it  had been wr itten : 

$ACT  . /* empty */ . 
{ $ $  = l ;  } 

. I 

A . B $ACT c . 
{ x = $ 2 ;  y = $3 ; } 

. I 

In  many applicat ions , output is  no t done d i rec tly by th e 
ac tions ; rather , a data struc ture , such as a par se tree , is 
construc ted in memor y ,  and transformat ions a re appli ed to it 
before ou tput is genera ted . Par se trees a re par t ic ula rly 
easy to construc t ,  g iven rou t ines  to bui ld and ma in ta in the 
tree struc ture des ired . For example , suppose th ere is a C 
func tion node , wr i t ten so that the call 

node ( L ,  nl , n2 ) 

cre ates a node with label L ,  and desc endants nl and n2 , and 
re turns  the index of the newly cre ated node .  Then par se 
tree  can be bui lt by supply ing ac tions such as : 

expr : expr ' + ' expr 

in  the spec i ficat ion . 

{ $ $ = node ( ' + ' , $ 1  , $ 3 ) ; } 
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� re tu rn O or negat ive as a to ken numbe r  upon re ach ing the end 
of their  input . 

A ve ry use ful tool for cons truc t ing lex ic al analyz e r s  is 
Lex ,  d iscussed in a prev iou s sec t ion .  These lex ic al 
analyz e r s  are des igned to wor k in close harmony with Yacc 
par se r s .  The spec i f i c at ions for these lex ic al analyzers  u se 
regular  expre ss ions inste ad of g rammar rule s .  Lex c an be 
eas i ly used to produc e  qu i te compli c ated lex ical analyzer s ,  
but there rema in some languages  ( such as FORTRAN ) wh ich do 
no t f i t  any theor e t i c al framewor k ,  and whose lex ic al 
analyze r s  must be cra fted by h and . 

10 . S  Bow the Parser Wor ks  

Yacc turns  the spec i f i c at ion fi le in to a C prog ram , which 
par ses th e input accord ing to th e spec i f i c at ion g iven . The 
algor i thm used to go fr om th e  spec i fi c ation to th e par se r  is 
complex , and wi ll no t be discussed here ( see th e re fe renc es 
for more  informat ion) . Th e par se r  itself , however , is  
re latively s imple , and under stand ing how it  wor k s ,  wh i le no t 
str ictly necessary , w i ll neve r theless mak e  tre atmen t of 
error recovery and ambig u i t i e s  much more  comprehen s ible . 

The par se r produc ed by Yacc  cons is ts of a f inite s ta te 
mach ine w ith a stac k . Th e par se r is also capable of re ading 
and remembe r ing the next input token ( c alled th e lookahead 
token ) . Th e cur rent s tate is always the one on th e top of 
the stack . The states  of th e f in ite state mach ine are g iven 
small  integer  labels : i n i t ially , the mach ine  is in  s tate 0 ,  
the stac k conta ins only state 0 ,  and no look ahead token has 
been re ad .  

The mach ine  has only fou r  ac t ions avai lable to i t , called 
shift , r educe , accept , and e r ror . A m�ve of the par se r  is 
done as follows : 

1 .  Based on its  c urrent  state , the par se r dec ides whether  
i t  needs a look ahead token to dec ide what  ac t ion 
shou ld be done : if it  needs one , and doe s  no t have 
one , it  c alls yylex to obtain the next token . 

2 .  Us ing the current  s tate , and the lookahead token i f  
needed , the par se r dec ides o n  its next ac t ion ,  and 
c ar r ies  i t  out .  Th is may re sult in  state s  be ing 
pushed onto the s tac k , or popped off o f  the s tack , and 
in  the lookahead token being pr oc essed or lef t  alone . 

The shift  ac tion is the nost common ac t ion the par se r takes . 
Whenever a sh i ft act ion  i s  taken , there is always a 
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yylex ( ) { 
exte rn int yylval 1 
int C J  
. . .  
c = getch ar  ( )  J 
. . . 
sw itch ( c ) { 

. . . 
c ase ' 0 ' : 
c ase ' l ' : 

. . . 
c ase ' 9 ' : 

. . . 

yylval = c- ' 0 ' 1 
re tu r n ( DIG I T  ) J .  

YACC 

The in ten t is to re tu r n  a to ken numbe r  of DIG I T , and a value 
equal to the nume r ic al value of the d ig i t .  Prov ided that  
the lex ic al analyzer  cod e is  plac ed in  th e p r og r ams sec t ion 
of the spec i fi c at ion f i le ,  the iden t i f i e r  DIGIT  w i ll be 
defined as the token numbe r  assoc iated with th e to ken DIG I T .  

Th is  mechanism le ads to cle ar , eas i ly mod i f ied lexic al 
analyze r s 1 the only p i t fall is th e need to avoid us ing any 
token names in the gramma r  th at are re se rved or s igni f ican t  
in  C or th e par se r 1 for example , th e use o f  token names i f  
or while  w i ll almost  cer tainly cause  severe d ifficult ies 
when th e lex ic al analy z e r  is comp i led . Th e token name er ror 
is  re se rved for error hand l i ng , and shou ld no t be used 
na ively . 

As men tioned above , th e to ken numbe r s  may be chosen by Yacc 
or by th e use r . In  the defau lt s ituatio n ,  the numbe r s  are 
chosen by Yacc . The de fau lt token numbe r  for a li te ra l 
charac te r is the nume r ic al value of th e charac te r  in the 
loc al charac te r se t .  Oth er  name s are ass igned token numbe r s  
star t ing a t  2 5 7 . 

To ass ign a token numbe r  to a token ( inc luding li te rals ) , 
the f i r st appearanc e  of the to ken name or li te ra l i n  the 
declarat ions sect ion c an be immed ia te ly_ followed oy-a 
nonneg ative in teg e r . Th is  integer  is taken to be th e token 
numbe r  of the name or l i te ra l .  Names  and li te rals  no t 
defined by th is mechanism  re ta in th eir  defau lt def i n i t ion .  
I t  is  impor tant that  all  token numbe r s  be  dis t inct .  

For his tor ical r e asons , the endma rker  must  have token numbe r 
0 or negative . Th is token numbe r  canno t be rede fined by th e 
use r . Hence ,  all lex ic al analyz e r s  should be prepared to 
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th is ac t ion is called a goto ac t ion . In par t icular , the 
lookahead token is c le ared by a sh i ft ,  and is no t affec ted 
by a goto .  I n  any c ase , th e uncovered sta te conta ins an 
en try such as : 

A goto 20  

c au s ing state 2 0  to be pushed onto the stac k , and become th e 
current  state . 

I n  effec t ,  the reduce ac t ion " turns  bac k the clock " in the 
par se , popping the state s  off the s tack to go bac k  to the 
state wh ere th e r ig ht hand s ide of the rule was f i r st seen . 
The par se r then beh aves  as i f  it  had seen the le ft  s ide at 
that t ime . If th e r ig ht hand s ide of the r u le is empty , no 
states are popped off o f  the s tac k : the uncovered  state is 
in fac t th e cur r e n t  sta te . 

The reduc e ac t ion  is also impor tant in  the tre atmen t of 
use r-suppli ed ac t ions and valu es .  When a r u le is reduc ed , 
the code suppli ed with th e r u le is exec uted before th e s tack 
is  adj usted . I n  add i t ion to the s tac k  hold ing the sta te s ,  
ano ther stac k , r u nning i n  para llel  w ith it , hold s the values 
re tu rned from th e lex ic al analyzer  and the ac t ions . When a 
sh i ft tak e s  plac e ,  the exte rnal var iable yylval is  copied 
onto the value  s tac k .  Afte r th e re tu r n  fr om the use r code ,  
th e reduc t ion is c ar r ied out .  Wh en th e goto ac t ion is done , 
the exte rnal var iable � is cop ied onto th e value s tac k . 
The pseudo-var iables $ 1 ,  $2, etc . , re fe r  to th e value stack . 

The other  two par ser  ac t ions a re conceptu ally much s imple r .  
The accept ac t ion ind ic ate s that  the en tire  input has been 
seen and that it matches th e spec i f i c ation .  Th is ac t ion 
appears  only wh en th e lookah ead to ken is  th e endmarker , and 
ind icate s that th e par se r has success fully done i ts job .  
The e r ror ac t ion ,  on the oth er hand , repre sen ts a plac e 
wh ere th e par se r can no long e r  continue par s ing accord ing to 
th e spec i f i c at ion .  The input token s  i t  has  seen , tog e ther  
with the lookah ead token , canno t be followed by anyth ing 
that wou ld re sult  in  a leg al input . Th e par ser  repor ts  an 
e r ror , and attempts  to recover  the s itu ation and re sume 
par s ing : the e r r or recovery ( as opposed to the detec tion of 
error )  w i ll be in a la te r sec t ion .  

Cons ider th e following example : 
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lookahead token . For example , in state 5 6  there may be an 
ac tion : 

IF sh i f t  3 4  

wh ich say s ,  in s tate 5 6 ,  i f  th e lookahead token is I F ,  the 
cur rent state ( 5 6 )  is pushed down on the stac k , and sta te 3 4  
becomes the cur rent  state (on th e top of the stac k ) . The 
lookahead token is cleared . 

The reduce ac tion keeps the s tac k  from g r owing w ithout 
bound s . Reduc e ac tions are appr opr iate when the par se r has 
seen the r ight hand s ide of a gramma r rule , and is prepared 
to announc e  that it has seen an instanc e  df the rule , 
replac ing the r ight hand s ide by th e le ft hand s id e .  I t  may 
be nec essary to consult  the lookahead token to dec ide 
whether  to reduc e ,  but usually it is no t 1  in  fac t ,  the 
default ac tion ( repre sen ted by a " . " )  is  often a reduc e 
ac tion.  

Reduce ac t ions a re assoc iated w i th ind iv idu al g r ammar rule s .  
Grammar rule s  are also g iven small in teger  numbe r s ,  leading 
to some confus ion . The ac tion  

• reduc e 1 8  

re fe r s  to grammar r ule 1 8 , wh i le th e ac t ion 

IF sh i ft 3 4  

re fe r s  to state 3 4 .  

Suppose the rule be ing reduc ed is 

The reduce ac tion depends on th e left  hand symbol (A  in  th is  
case ) , and the numbe r  of  symbols on  the r ig ht hand s ide 
( three in th is  c ase ) . To reduc e ,  f i r st pop off the top 
three  state s  f rom the stac k ( In genera l ,  the numbe r  of 
state s popped equals the numbe r  of symbols on the r ig ht s ide 
of the rule ) . I n  effec t ,  these s ta te s  we re the ones put on 
the stack wh i le recogniz ing x ,  � ,  and z ,  and no long e r  se rve 
any useful purpose . Afte r popping these s ta te s ,  a state is 
uncovered wh ich was the state the par se r wa s in before 
beg inning to process the rule . Us ing th is uncovered state , 
and the symbol o n  the left  s ide  of the rule , per form what is  
in  effec t a sh i ft of A .  A new state is  obta ined , pushed 
onto the s tack , and par s ing continues . There are 
s ignifican t  differences betwe en th e process ing of the left 
hand symbol and an ord inary sh i ft of a token , however , so 
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s tate 0 

state 1 

s tate 2 

state 3 

state 4 

state 5 

state 6 

$ accept : _r hyme $ end 

DING s h i ft 3 
• error 

rhyme goto 1 
sound goto 2 

$accept : r hyme_$end 

$ end accept  
• e r r or 

r hyme : sound_plac e 

DELL sh i ft 5 
• e r r or 

plac e goto 4 

sound : DING DONG 

DONG s h i ft 6 
• e r r or 

rhyme : sound plac e_ ( 1 )  

• reduc e 1 

plac e  : DELL_ ( 3 )  

• reduc e 3 

sound : DING DONG ( 2 )  

• reduce 2 

YACC 

Notice  that ,  in add i t ion  to the ac t ions for each sta te , 
there is  a desc r ipt ion of the par s ing rule s be ing processed 
in e ach state . The und e r score charac te r ( ) is  used to 
ind icate what  has been seen , and what is-

yet to come , in 
each rule . Suppose the input is  
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% token DING DONG DELL 
' '  
r hyme : sound plac e 

. , 
DING DONG sound . . 

• , 
plac e  . • DELL 

• , 

YACC 

When Yacc is invoked with the -v opt ion ,  a fi le c alled 
�. output is  produced , w ith a human-re adable descr ipt ion of 
the par se r . Th e �. output · f i le cor re spond ing to the above 
grammar ( with some sta t is t ics  str ipped off the end ) is : 
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� 10 . 6  Ambiguity and Conflicts 

YACC 

A set  of grammar rule s i s  ambiguous i f  there is some input 
str ing that c an be  struc tured in two or mor e d i ffe rent  way s . 
For example , the gramma r  rule 

expr : expr ' - ' expr 

is  a natu ra l way of expre ss ing the fac t that  one way of  
forming an a r i thme t ic expre ss ion i s  to put two other 
expre ss ions together  with a mi nus s ign  betwe en them .  
Unfor tunately , th is  grammar rule doe s no t comple te ly spec i fy 
the way that  all complex inputs should be s t r uc tured . For 
example , i f  the input is  

expr - expr - expr 

th e rule allows th is input to be struc tured as e ither  

( expr - expr ) - expr 

or as 

expr - ( expr - expr ) 

( Th e  f i r st  is  c alled left  associat ion , the second r ight 
associ at ion ) . 

Yacc detec ts  such amb ig u i t ie s  wh en it  is  attempt ing to bu i ld 
th e par se r .  I t  i s  instruc t ive  to cons ider the problem tha t  
confronts the par ser wh en it  is  g iven a n  input such a s  

expr - expr - expr 

When the par se r  has re ad th e second expr , the input that i t  
has seen : 

expr - expr 

matches the r ig ht s ide of the grammar rule above . 
par se r could r educe the input by apply ing th is rule 1 
applying the rule 1 the input is  reduced to expd ( th e  
s ide o f  the rule) . The par se r  would then re a the 
par t of the input : 

- expr 

The 
afte r 

le ft  
final 

and again  reduc e .  The e ffec t  of th is  is  to take the le ft  
assoc iative  in te rpre tat ion .  
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DING DONG DELL 

It  is  instruc t ive to follow the s teps of th e par se r wh i le 
process ing th is  input . 

I n i t ially , the cur rent sta te is state O .  Th e par se r needs 
to re fe r  to the input in  order  to dec ide betwe en the ac tions 
ava i lable in state O ,  so the f i r st token ,  DING , is  read ,  
becoming the lookahead token . The ac t ion i n  s ta te 0 o n  DING 
is  i s  n sh i ft 3 n , so s tate 3 is  push ed onto th e s tac k , and 
the lookahead to ken is c le ared . State 3 becomes th e current  
state . Th e nex t  token , DONG , is  read ,  becomi ng the 
lookahead to ken . The ac t ion in s ta te 3 on the tok en DONG is 
" sh i ft 6 n , so state 6 is push ed onto the s tac k ,  ancr---the 
look ahead is cle ared . The s tac k  now conta ins  O ,  3 ,  and 6 .  
In  state 6 ,  withou t even consult ing the lookahead , the 
par se r  reduc es by rule 2 .  

sound : DING DONG 

Th is  rule has two symbols on th e r ig ht hand s ide , so two 
state s ,  6 and 3 ,  are popped off of  the s tac k , uncover ing 
state o .  Consult ing the desc r ipt ion  of sta te O ,  look ing for 
a goto on sound , 

sound goto 2 

is obta ined 1 thus state 2 is push ed onto th e stac k , becoming 
the current  state . 

I n  state 2 ,  th e next token , DELL , mus t  be re ad .  Th e ac t ion  
is  n sh i ft s n , so  s tate 5 is push ed onto th e stac k , wh ich now 
has O ,  2 ,  and 5 on it , and th e lookahead to ken i s  cle ared . 
In  state 5 ,  the only ac tion  is to reduc e by rule 3 .  Th is 
has one symbol on the r ig ht hand s ide , so one s ta te , 5 ,  is 
popped off , and state 2 is uncovered . Th e goto in s ta te 2 
on place ,  th e le ft  s ide of r u le 3 ,  is  state 4 .  Now , the 
stack conta ins  O ,  2 ,  and 4 .  I n  s ta te 4 ,  the only ac t ion is 
to reduce by rule 1 .  There are two symbols on th e r ig ht ,  so 
the top two state s  are popped off , uncover ing sta te 0 again . 
In state O ,  there is a goto on r hyme caus ing the par se r to 
en te r state 1 .  I n  state 1 ,  the input is  re ad 1 the endma rker  
is  obta ined , ind ic ated by  n $ end n in  the �. output f i le .  The 
ac tion in state 1 when the endmar k e r  is seen is to acc ep t ,  
successfully end ing the par se . 

The re ader is u rged to cons ide r  how th e par se r wor k s  when 
confronted with such incor rec t str ings as noING DONG DONG n ,  
"D ING DONG n , nD ING DONG DELL DELL" , etc . A few minute s 
spend with th is  and o ther s imple example s wi ll pr obably be 
repaid when problems ar ise  in JlK)re complic ated contexts . 
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being recog n i z ed .  In  these case s , the appli c ation of 
d isamb ig uating rule s  is inappr opr iate ,  and le ads to an 
incor rec t  par se r .  For th is re ason ,  Yacc always repor ts  the 
number  of  sh i ft/reduc e and reduc e/reduc e conflicts  re solved 
by Rule 1 and Ru le 2 .  

I n  g enera l ,  whenever it  is  poss ible to apply disamb iguating 
rules  to produc e a cor rec t par se r , it is also poss ible to 
rewr ite th e grammar rule s so that th e same inputs are re ad 
but there are no confli cts . For th is  re ason ,  most  prev iou s 
par se r genera tor s h ave cons idered confli c ts to be fa ta l  
e r r or s .  Our expe r ience  has suggested that  th is rewr it ing is 
somewhat  unnatura l ,  and pr oduc es s lowe r par se r s 1  thus , Yacc  
w i ll produc e par se r s  even in the  pre senc e of conflicts . 

As an example of th e powe r of d isamb ig uat ing rule s ,  cons ider 
a fragmen t from a pr og ramming lang uag e  involv ing an " i f
then-e lse n construc t ion : 

stat : I F ' ( ' cond ' ) ' s tat  
I IF ' ( ' cond ' ) ' s ta t  ELSE s tat  
. I 

In  these rule s ,  I F  and ELSE a re to ken s ,  cond is  a 
nonte rmi nal  symbol descr ib ing cond it ional��( log ical )  
expre ss ions , and stat is  a nonte rmi nal symbol descr ibing 
statemen ts . Th e---rr-r st rule ·wi ll be called th e s imple- i f  
r u le , and the second th e i f-else r u le . 

These two ru le s form a n  amb ig uous construc t ion ,  s ince i nput 
of  the form 

I F  ( Cl ) I F  ( C2 ) S l  ELSE S2  

c an be struc tured accord ing to th ese rule s  i n  two ways : 

or 

I F  ( Cl ) { 
I F  ( C2  ) S l  
} 

ELSE S2 

IF ( Cl ) { 
IF  ( C2 ) Sl 
ELSE S2  
} 

The second in te rpre tat ion is  the one g iven in most 
prog ranuning lang uag es hav ing th is  construc t .  Each ELSE is  
assoc iated with the last  prec eding n un-ELSE ' d "  IF . Inthis 
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Alte rnatively ,  when th e par se r  has seen 

expr - expr 

it  could defe r the immed iate appli c at ion of the rule , and 
cont inue re ading th e input unt i l  it had seen 

expr - expr - expr 

It  could th en apply the r u le to th e r ig htmos t  three  symbols , 
reduc ing them to expr and le av i ng 

expr - expr 

Now the rule can be  reduc ed onc e  mor e 1 the effec t  is  to take  
the r ight assoc iat ive in te rpre tat ion .  Thus , hav ing re ad 

expr - expr 

the par se r can do two legal th ing s ,  a sh i ft or a 
and has no way of dec iding betwe en th em .  Th is  
shift/reduce conf l i ct .  It  may also happen that 
has  a choice  of two legal reduc t ions 1 th is 
reduce/reduce conf l i ct . No te that there are 
" Sh i ft/sh i ft " conflicts . 

reduc tion ,  
i s  c alled a 
the par se r 
i s  c alled a 

never  any 

When th ere are sh i ft/reduc e 
s t i ll pr oduc es  a par ser . 
the vali d  steps  wherever i t  
wh ich choice  to make  i n  

or reduc e/reduc e confli c ts ,  Yacc 
I t  does th is by se lec ting one of 
has a cho ic e .  A r ule desc r ib ing 

a g iven s ituat ion is c alled a 
d isambiguating r ule . 

Yacc invoke s  two disamb iguat ing rule s by default : 

1 .  In  a sh i ft/reduc e confli c t ,  the default  is  to do the 
sh i ft .  

2 .  I n  a reduce/reduc e confli c t ,  the defau lt i s  to reduc e 
by th e ear l i e r  g rammar rule ( in the input sequence) . 

Rule 1 impli e s  that reduc t ions a re defe rred whenever  there 
is  a cho ic e ,  in  favor of sh i ft s . Rule 2 g ives  the use r 
r a ther  crude contr ol ove r  the beh av ior of the par se r in  th is 
s ituat ion ,  but reduce/reduc e conf licts  should be avoided 
whenever poss ible . 

Conflicts may ar ise  bec au se of mis takes  in input or log ic , 
or bec au se the grammar rule s ,  wh i le cons is ten t ,  require a 
mor e  complex par se r  than Yacc c an construc t .  The use of 
ac t ions with in rule s c an also cause  conflicts , if the ac t ion  
must  be  done befor e the par se r c an be  sure wh ich rule is  
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th e ou tput cor re spond ing to th e above confl i c t  sta te might 
be : 

23 : sh ift/reduc e confli c t  ( sh i ft 4 5 ,  reduce 18 ) on ELSE 

state 2 3  

s ta t  : I F  ( cond ) stat  ( 18 )  
s tat  : I F  ( cond ) s ta t  ELSE s tat  

ELSE sh i ft 4 5 
reduc e 18  

The f i r st  li ne descr ibes th e confli c t ,  g 1v 1ng the s ta te and 
th e input symbol . Th e ord inary state desc r ipt ion follows , 
g iv ing th e grammar rule s ac t ive in the sta te , and the par se r  
ac t ions . Rec all that th e unde rline ma r k s  th e por t ion of the 
grammar rules  wh ich has been seen . Thus in  th e example , in  
state 23  th e par se r has seen input cor re spond ing to 

I F  ( cond ) s tat  

and th e two g rammar rule s  shown are  ac t ive  at  th is t ime . 
Th e par se r can do two poss ible th ing s .  I f  th e input symbol 
is  ELSE , it is poss ible to sh i ft i n to s ta te 4 5 .  State 4 5  
will have , as par t  of i t s  descr ipt ion ,  the line  

s tat  : IF  ( cond ) s ta t  ELSE_s ta t  

s ince the ELSE w i ll have been sh ifted i n  th is  sta te . Bac k 
in  state 2�he  alte rnat ive ac t ion ,  descr ibed by • . • ,  is to 
be done i f  the input symbol is not men t ioned expl i c itly in 
the above ac t ions 1 thus , in th is c ase , i f  th e input symbol 
is no t ELSE , th e par se r reduc es by gramma r rule 18 : 

s ta t : I F ' ( ' cond ' ) ' s ta t  

Onc e again , no tice  that  the numbe r s  following n sh i f t "  
commands  re fe r to other  state s ,  wh i le th e numbe r s  following 
" reduce•  command s re fe r to g r ammar rule numbe r s .  In the 
�. output f i le ,  the rule number s  are pr i n ted afte r those 
r u le s  wh ich c an be  reduced . I n  most one state s ,  there will 
be at most  reduce ac t ion poss ible in the s tate , and th is 
w i ll be th e default  command . Th e use r who encounte r s  
unexpec ted sh i ft/reduc e confli c ts wi ll pr obably want  to look 
at the verbose ou tput to dec ide whether  the default  ac t ions 
are appropr iate . I n  re ally tough case s ,  the use r might need 
to k now mor e  about the behav ior and construc t ion of the 
par se r than can be covered  here . In  th is c ase , one of the 
theor e t i c al r e fe rences mig ht be consulted 1 the se rv ices of a 
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example , cons ider the s itu ation where the par se r has seen 

I F  ( Cl ) I F  ( C2 ) Sl  

and i s  look ing a t  the ELSE . I t  c an inaned iate ly reduc e by 
the s imple- i f  r ule to get  

IF  ( Cl ) stat  

and then re ad the rema in ing input , 

ELSE S2 

and reduce 

IF ( Cl ) stat  ELSE S2  

by the if-else rule . Th is le ads to th e fir st of the above 
group ing s  of the input . 

On the other  hand , the ELSE may be sh i fted , S2 . re ad ,  and 
then the r ight h and por t ion of 

IF ( Cl ) I F  ( C2 ) Sl ELSE S2  

c an be  reduc ed by  the if-else r ule to g e t  

I F  ( C l  ) s ta t  

wh ich can be reduced by th e s imple- i f  r u le .  Th is  le ads to 
the second of the above group ing s of th e input , wh ich is 
usually des ired . 

Once aga in the par se r c an do two valid  th ing s  - there is  a 
sh i ft/reduce conflict . The appli c ation of disamb iguat ing 
r u le 1 tells  the par se r to sh i ft in th is  c ase , wh ich le ads 
to th e des ired  group ing . 

Th i s  sh i ft/reduc e conflict  a r i s e s  only when there is  a 
par t icular current  input symbol , ELSE , and par t ic ula r inputs 
alre ady seen , such as 

IF ( Cl ) I F  ( C2 ) S l  

I n  general ,  there may b e  many conflicts , and each  one w i ll 
be assoc iated with an input symbol and a set of prev iously 
re ad inputs . The prev ious ly re ad inputs are charac te r iz ed 
by the state of the par se r . 

The conflict  messages  of Yacc are best unde r stood by 
examin ing the verbose (-v) opt ion ou tput fi le .  For example , 
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� A • LT . B • LT . C 

i s  i llegal  in For tran , and such an opera tor wou ld be 
descr ibed with the k eyword %nonassoc in Yacc . As an example 
of  the beh av ior of these dec la ra t ions , the descr ipt ion 

% r ight ' = ' 
%left ' + ' ' - ' 
%le ft ' * ' ' / ' 

' '  

ex pr . ex pr . 
ex pr 
ex pr 
ex pr 
ex pr 
NAME 

. I 

I = '  ex pr 
I + ' ex pr 
1 _ I ex pr 
I * I ex pr 
I I I ex pr 

might be used to struc ture th e input 

a = b = c *d - e - f *g 

as  follows : 

a = ( b = ( { ( c *d ) -e )  - ( f *g ) ) ) 

When th is mechanism is used , unary ope ra tor s must , in 
g eneral , be g iven a precedenc e .  Some t ime s a unary ope ra tor 
and a binary ope ra tor have the same symboli c  repre sen tat ion ,  
but  d ifferent  prec edences . An example is  unary and binary 
1 - 1 1 unary minu s  may be g iven the s ame streng th as  
mult ipl i c ation , or even hig her , wh i le b inary minu s  has  a 
lowe r streng th than mult i�l i c at ion .  Th e keyword ,  %prec , 
changes the precedence level assoc i a ted w i th a part i c ula r 
g rammar rule . The %prec appear s immed ia te ly afte r the body 
of  the grammar rule , befor e th e ac t ion or clos ing semi colon ,  
and is  followed by a token name or li te ra l . I t  cau se s  the 
precedence of the gramma r rule to become that of the 
following token name or li te ra l .  For example , to make unary 
minus have the same prec edenc e as mult iplic ation the rule s  
might re semble : 
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local g uru might also be appropr iate . 

10 . 7  Precedence 

There is one common s ituation where the rule s g iv en above 
for re solv ing confli cts  are no t suff i c ien t 1  th is is  in the 
par s ing of a r i thme tic  expre ss ions . Most  of the commonly 
used cons truc t ions for a r i thme t ic expre ss ions can b� 
natu rally descr ibed by th e no t io n  of precedence levels for 
ope rator s ,  tog e ther  with informat ion abou t le ft  or r ig ht 
assoc iativ ity.  I t  turns  ou t tha t  amb ig uous gramma r s  with 
appropr iate disamb ig uat ing r u le s  can be used to cre ate 
par se rs  that  are faste r .and eas ie r  to wr ite than par se r s  
construc ted fr om unamb ig uous g r amma r s .  Th e bas ic no tion is 
to wr ite gramma r rule s of the form 

expr : expr OP expr 

and 

expr : UNARY expr 

for all b inary and unary ope ra tor s des ired . Th is c re ates a 
very amb iguou s grammar , with many par s ing conflicts . As 
d isambiguat ing rule s ,  the use r spec i fi e s  the prec edenc e ,  or 
bind ing s treng th , of all the ope ra tor s ,  and the 
assoc iativ i ty of the b inary opera tor s .  Th is informat ion is  
suff ic ien t to allow Yacc to re solve th e par s ing conflicts in  
accordance with these rule s ,  and construc t a par se r that  
re ali zes  the des ired  prec edenc es and assoc ia t iv i t ie s .  

The prec edences  and assoc iativ i t ie s  are attach ed to tokens 
in  the dec lara t ions sec t ion .  Th is i s  done by a se r ies  of 
l ines  beg inning with a Yacc keyword :  %left , %r ig ht , or 
%nonassoc , followed by a li s t  of to kens . All o f  the token s  
o n  the same line  are assumed to have the same prec edenc e 
level and assoc iativ i ty 1 the lines  are lis ted in order  of 
incre as ing precedenc e or b ind ing streng th . Thu s , 

%left ' + ' ' - ' 
%left ' * '  ' / ' 

d escr ibes the prec edenc e and assoc iativ i ty of  the four 
a r i thme tic  opera tor s .  Plus  and minus are le ft  assoc iative , 
and have lowe r precedenc e than star  and s la sh , wh ich are 
also le ft assoc iative . The keyword % r ig ht is  used to 
descr ibe r ight assoc iat ive ope ra tor s ,  and the keyword 
%nonassoc is used to descr ibe opera tor s ,  l i ke  the ope ra tor 
. LT .  in For tran , that may no t assoc iate with thems e lves 1 
thus ,  
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a good idea to be spar ing with prec edenc es , and use them in 
an essen tially "cookbook " fash ion , unt i l  some expe r ienc e has 
been ga ined . The �. output f i le is ve ry use ful in dec iding 
whether  th e par se r is  ac tu ally doing what  wa s intended . 

10 . 8  Er ror Handling 

Er ror handling is an extreme ly d i ff ic ult  are a ,  and many of 
the problems are semantic ones . Wh en an e r r or · is found , for 
example , it may be nec essary to rec la im par se tree stor age ,  
delete or alte r symbol table entr ie s ,  and , typic ally , se t 
sw i tch es to avo id genera ting any fur ther  ou tput . 

It  i s  se ldan acc eptable to s top all pr oc ess ing when an e r ror 
is  found . I t  i s  mor e use fu l to continue scann ing the input 
to find fur ther  syntax error s . Th is le ads to th e problem of  
gett ing the par se r " re sta r ted " afte r an e r r or . A gen era l 
class of algor i thms to per form th is involves  discard ing a 
number  of token s  fr om th e input str ing , and attempting to 
adj ust  the par se r so that  input c an continue . 

To allow th e use r some contr ol over  th is  pr ocess , Yacc 
prov ides a s imple , but re asonably general  fe ature . The 
token name " e r r or "  i s  re se rved for e r r or handling . Th is 
name c an be used in grammar  rule s 1  in effec t ,  it  suggests  
plac es wh ere error s  a re expec ted , and recovery might  take  
plac e .  The par se r  pops i t s  stac k  unti l it en te r s  a state 
where the token " e r ror "  i s  legal . I t  th en beh aves as i f  the 
tok en " e r r or "  we re th e current  lookahead to ken , and performs 
the ac t ion  encounte red . Th e lookahead token is then re se t 
to the token that cau sed th e e r ror . I f  no spec ial  e rr or 
r u le s  have been spec i fied , the pr ocess ing halts  when an 
error is  detec ted . 

I n  order  to preven t a casc ade of e r r or me ssag e s ,  the par se r ,  
afte r detec ting an e r ror , rema ins  i n  e r ror s ta te unt i l  three 
token s  h ave been success fully re ad and sh i fted . If an e r ror 
is  detec ted when th e par se r  is alre ady in  e rror s tate , no 
me ssage is g iven , and the input token is qu ie tly dele ted . 

As an  example , a r u le of th e form 

stat : e r r or 

wou ld , in effec t ,  me an that  on a syntax e r r or the par se r 
wou ld attempt to sk ip over  th e statemen t i n  wh ich the err or 
was seen . Mor e  prec isely ,  the par se r w i ll scan ahead , 
look ing for three token s  that mig ht legally follow a 
statemen t ,  and sta r t  pr ocess ing at th e f i r st of these 7 i f  
the beg inning s  of statemen ts a re no t su ff ic ien tly 
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% left I + ' 1 _ I 
%le ft ' * '  I I I 

' '  

ex pr . ex pr I + '  ex pr . 
ex pr 1 _ I ex pr 
ex pr ' * ' ex pr 
ex pr I I I ex pr 
1 _ I ex pr %prec I * I 

NAME 
• , 

A token dec lared by % le ft , %r ight , and % nonassoc need no t 
be , but may be , dec lared  by % token as we ll . 

The precedences and assoc iativ i t ies  are used by Yacc to 
re solve par s ing confli cts ; th ey g ive  r ise  to disamb ig uat ing 
r ule s .  Formally ,  the rule s  wor k as follows : 

1 .  The prec edenc es and assoc ia t iv i t ie s  are recorded for 
those token s  and li te ra ls th at have th em .  

2 .  A prec edence and assoc iat iv i ty is assoc iated w i th each  
grammar rule ; it  i s  th e prec edenc e and assoc i a t iv i ty 
of th e las t  to ken or li te ral  in the body of th e rule . 
I f  th e %prec construc t ion  is u sed , i t  ove rr ides  th is 
defau lt . Some grammar rule s· may have  no prec edenc e 
and assoc iativity assoc ia ted w i th them . 

3 .  When th ere is a reduc e/reduc e confli c t ,  or there is a 
sh i ft/reduc e conflict  and e i ther  the input symbol or 
the gramma r  rule has no prec edenc e and assoc iativity ,  
then the two disamb ig uat ing r ule s g iven a t  the 
beg inning of the sec t ion  are used , and the conflicts  
are repor ted . 

4 .  I f  th ere is a sh i ft/reduc e confli c t ,  and bo th  the 
grammar rule and the input charac te r  have  prec edenc e 
and assoc iativ i ty assoc i a ted with them ,  then the 
confli ct  is  re solved in favor of  the ac t ion ( sh i ft or 
reduce )  assoc iated with the hig her prec edenc e .  I f  th e 
prec edences are the same , then the assoc iativ ity is 
used ; le ft  assoc iative impli e s  reduc e ,  r ig ht 
assoc ia tive impli e s  sh i ft ,  and nonassoc iat ing impli e s  
e rror . 

Conflicts re solved by prec edenc e are no t counted in the 
number  of sh ift/reduc e and reduc e/re duc e confli cts  repor ted 
by Yacc . Th is means that  mis takes  in  the spec i fi c at ion of 
precedences may d isguise error s in  the input g ramma r ; it is 
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discovered . Some times , th is is  inappr opr i a te i for example , 
an er ror recovery ac t ion mig ht take upon itself the job of 
f i nd ing the cor rec t plac e to re sume input . I n  th is case , 
the prev ious lookahead to ken must  be cle ared . The statemen t 

yycle ar in i 

in an ac tion w i ll have th is effec t .  For example , suppose 
the ac t ion afte r e rror we re to c all some soph is t ic ated 
re synchronization rou t ine , suppli ed by the use r ,  that  
attempted to advanc e the input to th e beg inn ing of the next  
valid  statemen t .  Afte r th is  rou tine was  called , the next  
token re tu rned by yylex wou ld pre sumably be  the  f ir st token 
in  a legal statemen t i  the old , i llegal token must be 
disc arded , and the e r r or sta te rese t .  Th is could be done by 
a r ule li ke  

s tat  : e r r or 
{ re synch ( )  i 

yyerrok i 
yycle ar in  i } 

These mechanisms are admi ttedly crude ,  but do allow for a 
s imple , fair ly effec t ive recovery of the par se r  from many 
e rror s .  Moreover , th e use r can get contr ol to deal w ith the 
e r r or ac t ions required by other  por t ions of the program .  

10 . 9  The Yacc Environment 

When th e use r inputs a spec i f i c at io n  to Yacc , the output is 
a fi le of C prog rams , called �. tab . c on  most  systems . The 
funct ion produc ed by Yacc  is called yyparse ; i t  is an 
integer  valued func t io n .  ., Wh en i t  is c alled , i t  in  turn  
repeatedly c alls yylex , the lex i c al analyz e r  s uppli ed by the 
use r  to obtain input token s .  Even tu ally , e i ther  an error is 
detec ted , in wh ich c ase ( i f no e r r or recovery is poss ible ) 
Yyparse  re turns the value 1 ,  or  th e lex ic al analy z e r  re turns  
the endmarker  token and th e par se r  accepts . I n  th is  case , 
yyparse re turns  th e value O .  

The use r must prov ide a cer tain  amount  of env ironmen t for 
th is  par se r in order  to obta in a wor k ing pr ogram .  For 
example ,  as with every C program ,  a program c alled main  must  
be  defined , tha t  even tu ally c alls  yyparse . In  add i t ion , a 
r ou t ine called yyer ror pr in ts a me ssag e  when a syntax e r r or 
is  detec ted . 

These two rou t ines  must be suppli ed in one form or ano th er 
by the use r . To ease th e in i t ial  e ffor t of us ing Yacc , a 
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dis t inc t ive , it  may make  a false s ta r t  in  the middle of a 
statemen t ,  and end up repor t ing a second error where there 
is  in  fac t no e r r or . 

Act ions may be used with these spec ial  e r r or rule s .  These 
ac t ions mig ht attempt to re in i t iali ze  table s ,  rec la im symbol 
table spac e ,  e tc .  

E r r or rule s  such as 
d i ff icult to control . 

stat : e r r or ' ; '  

the above are ve ry genera l ,  
Somewhat  eas ie r are rule s  such as 

but 

He re , when th ere is an e r �or , th e par se r a ttempts to sk ip 
over  the statemen t ,  but will  do so by sk ipping to th e next 
' 1  • . All tokens afte r th e e r ror and befor e th e next  ' ; ' 
c anno t be sh i fted , and are disc arded . Wh en th e ' ; ' is  seen , 
th is rule wi ll be reduc ed , and any "cleanup " ac t ion 
assoc iated with it  performed . 

Ano th er form of error rule ar ises  in  in te rac tive 
appli cat ions , where it may be des irable to permi t a line  to 
be reentered afte r an e r r or . A poss ible err or rule mig ht be 

input : e r r or ' \n '  { pr in tf ( " Reen te r  line : " )  1 } 
{ $ $  = $ 4 ; } 

input 

There is one poten tial  d i ff iculty with th is appr oach 1 the 
par se r mu st cor rec tly process  th re e input to kens  before it 
admi ts  that  it has cor rec t ly re synch ronized afte r the error . 
I f  the reen te red  li ne  conta ins  an err or in  th e f ir st two 
token s ,  th e par se r dele te s th e offend ing tokens , and g ives 
no messag e 1 th i s  is  c le ar ly unacceptable . For th is re aso n ,  
there i s  a mech an ism that c an be  used to for c e  the par se r to 
beli eve that  an error has been fully recovered  fr om .  Th e 
statemen t 

yyerrok ; 

in an ac tion re se ts the par se r  to its  normal mode .  The last 
example is bette r written 

input : e r r or ' \n '  
{ yyer r ok ; 

pr intf { " Re en te r last  line : " ) ; } 
input 
{ $ $  = $4 ; } 
. , 

As men tioned above , the token seen immed iate ly afte r the 
" e rror "  symbol is  the input to ken at  wh ich the error was 
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Input Style 
substantial  
f i le .  Th e 
Ke rn ighan . 

YACC 

I t  is d iff icult to pr ov ide rules  w i th 
ac t ions and st i ll have  a re adable spec i f i c at ion 
fol lowing style h in ts owe much to Br ian  

a .  Use all c ap ital lette r s  for tok en names ,  all  lowe r 
c ase le tte r s  for nonte rminal  name s .  Th is rule come s 
under  the heading of " k nowing who to blame when th ing s  
go wrong . " 

b .  Put g ramma r  rule s and ac t ions on separa te lines . Th is 
allows  e i ther  to be changed w ithout an au tomat ic need 
to change the o ther . 

c .  Put all r ule s with the same le f t  hand s ide tog e ther . 
Put the le ft hand s ide in  only onc e ,  and le t all 
following rule s beg in with a ve r t ic al bar . 

d .  Put a semi colon only afte r th e last rule with a g iven 
l e ft hand s id e ,  and put the semi colon on a separa te 
line . Th is  allows new rule s to be e as i ly added . 

e .  I nden t rule bod ie s  by two tab stops , an� ac t ion bod ie s 
by three tab stop s .  

The example s i n  the text 
( where spac e  permi ts ) . 
about th ese s tylis t ic 
however , is  to make the 
ac t ion code . 

of th is sec t ion follow th is  style 
The use r mus t  make  up h is own mind 

quest ions 1 the c en tral  pr oblem , 
rule� v is ible th rough the norass  of 

Left Recur s ion The algor i thm used by the Yacc  par se r  
encou rages  so called " left  rec ur s ive"  grammar rule s : rule s  
of  the form 

name : name rest_of  _r ule 1 

Th ese rule s frequently ar is e  wh en wr i t ing spec i f i c at ions of  
sequences and l is ts : 

a nd 

l i s t  : i tem 
li s t  

• I 

' ' I 

seq : item 
I seq i tem 
1 

i tem 
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li bra ry has been prov ided with defaul t  ver s ions of ma in and 
yye r ror . The name of th is library is system dependen t 1 on 
many systems the library is accessed by a -ly arg umen t to 
the loader .  To show the tr-iv iali  ty of  these defau lt 
prog rams , th e sou r c e  is g iven below : 

and 

ma in ( )  { 
re tu r n ( yypar se ( )  ) 1 
} 

# include <std io . h> 

yyerror ( s ) char  *s 1 { 
fpr intf ( stderr , " % s\n" , s ) 1 
} 

The argumen t to yyer ror is a str ing conta ining an error 
me ssag e ,  usu ally the str ing " syntax error " .  Th e averag e 
appli c at ion wi ll want to do bette r th an th is . Ord inar i ly ,  
the prog ram should k eep trac k of th e input li ne  numbe r ,  and 
pr int  it  along with the messag e  wh en a syn tax error is  
detec ted . The exte rnal intege r  var iable yycha r  conta ins the 
lookahead token number  at the t ime the error was detec ted 1 

I"', th is may be of some in te re st in g iv ing bette r diagno s t ic s . 
S inc e th e main  prog ram is pr obably .supplied by th e use r ( to 
re ad arg umen ts , etc . ) the Yacc l ibrary is  u se ful  o nly in 
small  proj ec ts ,  or in the ear l i e st stages  of la rg e r  ones . 

The exte rnal in teg er  var iable yydebug is  normally se t to O .  
I f  it  is se t to a nonzero value , the par se r  will ou tput a 
verbose desc r ipt ion of its  ac t ions , including a discuss ion 
of wh ich input symbols have been re ad , and wh at the par se r 
ac t ions are . Depend ing on the ope ra t ing env ironmen t ,  i t  may 
be poss ible to se t th is var iable by us ing a debugg ing 
system .  

10 . 10 Hints for Prepar ing Spec i f icat ions 

Th is  sec t ion conta ins misc ellaneous hin ts on prepar ing 
eff i c ien t ,  easy to change , and cle ar spec i f i c at ions . The 
ind iv idu al subsec t ions a re ioor e  or le ss independen t .  
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% { 
i n t  df lag ; 

% } 
other  dec la ra t ions . . .  

% %  

prog . dec ls stats . 

; 

d ecls . /*  empty */ . 

{ df  lag = l ; } 
dec ls dec lara t ion 

. I 

stats . /*  empty */ . 
{ df  lag = O ;  } 

s tats statemen t 
. I 

other  rule s  . . . 

The flag dflag is  now 0 when re ading statemen ts ,  and 1 when 
re ad ing declarations , e xcept for the f i r st token in the 
f i r st statemen t .  Th is token must  be seen by the par se r 
before it  can te ll that th e dec lara t ion sec tion has ended 
and the statemen ts have begun .  In many c ase s ,  th is s ing le 
token exception doe s no t affec t the lex ic al sc an .  

Th is k ind of " bac k door " approach can be ove r  done . 
Neverth eless , i t  repre sen ts a way of doing some th ings  that 
are d iff icult to do oth erw is e . 

Reserved Words Some pr og ramm i ng lang uages pe rmi t the use r 
to use words  ' l i ke " i f " , wh ich are norma lly re se rved , as  
label or var iable names ,  pr ov id ed that such use does  no t 
conflict  with the legal u se of these names in the 
programmi ng languag e .  Th is is  extreme ly hard to do in the 
framewor k of Yacc ; i t  is  d i ff icult to p ass information to 
the lexic al analyzer  telling it " th is instanc e  of ' i f ' i s  a 
keyword ,  and that instanc e  is  a var iable " .  The use r c an 
make  a stab at i t ,  us ing the  mechanism descr ibed in the last  
subsec tion , but i t  i s  d i ff icult . 

For styli s t ic ( and oth e r )  re asons , i t  is  best that keyword s 
be re se rved ; that  is , be for bidden for use as  var i able 
name s .  
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In each of  these case s , the f ir st  rule w i ll be reduc ed for 
the f i r st i tem only , and the second r u le w i ll be reduc ed for 
the second and all succeed ing items . 

Wi th r ight rec ur s ive rule s ,  such as 

seq : item 
I i tem seq 
. , 

the par se r  would be a b it  b igger , and the i tems wou ld be 
seen , and reduc ed , from r ig ht to le ft . Mor7 se r ious ly ,  an 
internal stac k  in the par se r  wou ld be in dang e r  of 
overflowing if a very long sequenc e we re re ad .  Thus ,  the 
use r should use le ft  rec u� s ion wherever  re asonable . 

I t  is wor th cons ider ing whether  a ·  sequenc e with zero 
elemen ts has any me aning , and i f  so , cons ide r wr it ing the 
sequence spec i f i c at ion with an empty rule : 

seq : /* empty */ 
I seq i tem 
. , 

Once aga in ,  th e f i r st rule would always be reduc ed exac tly 
once , befor e the f i r st  i tem was re ad , and th en the second 
r u le wou ld be reduc ed onc e  for each item re ad .  Permi tt ing 
empty sequences often le ads to inc re ased genera l i ty .  
However , conflicts  might ar ise i f  Yacc i s  asked to dec ide 
wh ich empty sequence it has seen , when it hasn ' t  seen enough 
to k now ! 

Lexical Tie- ins Some lex ical dec is ions depend on context .  
For example , the lex i c al analyzer  might want to dele te 
blank s normally , but no t  with in quoted str ing s .  Or names 
might be en te red in to a symbol table in dec la ra t ions , but 
no t in  expre ss ions . 

One way of hand l i ng th is s ituation is to cre ate a g lobal 
flag that is examined by th e lex ic al analyz e r ,  and se t by 
ac t ions . For example , suppose a program cons is t s  of  0 or 
mor e  dec larations , followed by 0 or more  sta temen ts . 
Cons ider : 
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� Suppor t for Ar bitrary Value Types By de fau lt ,  the values 
re tu rned by ac t ions and th e lex ic al analyz e r  are in tege r s . 
Yacc can also suppor t values of other  types , including 
struc ture s .  I n  add i t ion ,  Yacc keeps trac k of the types , and 
inse r ts appropr iate union membe r  names so th at th e result ing 
par se r w i ll be s tr ictly type chec k ed .  The Yacc value s tack 
is  dec la red to be a union of the var ious types of  v alues  
des ired . The use r dec lare s th e un ion , and assoc iate s  union 
member names to e ach to ken and nonte rminal symbol hav ing a 
value . Wh en the valu e is re fe renced throug h a $ $  or $n 
construc tion , Yacc  wi ll au tomat ic ally inse r t  the appropr iate 
un ion name , so that no unwanted conve r s ions wi ll take plac e .  
In  add i t ion , type chec k ing command s such a s  Lint ( l )  w ill be 
far  mor e  s ilen t .  

--

There are th re e mechanisms u sed to prov ide  for th is  typing . 
F i r st ,  th ere is a way of defin ing the union 1 th is mus t  be 
done by the use r s ince other  p r og r ams , no tably the lex ic al 
analyzer , mu st  know about the un ion membe r �ame s .  Second , 
there is a way of assoc iat ing a union member name with 
tokens  and nonte rminals . F inally ,  th ere is a mechanism  for 
descr ib ing the type of those few values  where Yacc can no t 
e as i ly dete rmine th e type . 

To dec lare the union , th e use r inc lu des  in  the dec lara t ion 
sec tion : 

% union { ray of union . . . 

Th is dec lare s th e Yacc  value stac k ,  and the exte rnal 
var iable s yylval and yyval , to have type equal to th is 
union . If  Yacc was invoked with th e -d opt ion,  the union 
dec la ration is cop ied onto the �. tab. h fi le .  Alte rnatively , 
th e union may be dec la red in a header f i le ,  and a typede f  
used to def ine the var iable YYSTYPE t o  repre sen t th is union . 
Thu s ,  th e heade r f i le mig ht also have said : 

typede f  union { ray of union • • • 
STYPE 1 

The header f i le must  be inc luded in the declara tions 
sec t ion,  by use of % { and % } . 

Once YYSTYPE i s  defined , the union membe r names must be 
assoc iated with the var iou s te rminal and nonte rminal  name s . 
The construc t ion 
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10 . 11 Advanced Topics 

Th is sec t ion discusses a numbe r of advanc ed fe ature s of 
Yacc . 

Simulat ing Er ror and Accept in Actions The par s ing ac tions 
of  error and accept  c an be  s imulated in an ac t ion by use of 
mac ros YYACCEPT and YYERROR . YYACCEPT c au se s  Yyparse to 
re turn  th e value 0 1  YYERROR c au ses  th e par se r  to beh ave as  
i f  the cur rent input symbol had been a syntax error 1 yyer ror 
is  c alled , and error recovery tak es  plac e .  Th ese mechanisms 
c an be  used to s imulate par se r s  with mult iple endma rkers  or 
context-sen s i t ive syntax ch ec k ing .  

Access ing Values in  Enclos ing Rules . An ac t ion may re fe r to 
values re turned by ac t ions to th e le ft  of th e curren t r ule . 
The mechanism is s imply th e same as with ord inary ac t ions , a 
dollar  s ig n  followed by a dig i t ,  but in  th is c ase the d ig it 
may be 0 or negat ive . Cons ide r  

sen t 

adj  

noun 

: adj 

. ' 

. THE . 
I YOUNG 
• • • 
. ' 

: 

. ' 

DOG 
CRONE 

• • • 

noun verb adj noun 
{ look at th e sen tenc e • • • } 

1 
{ 
{ 

} 

$ $  = THE 1 } 
$ $  = YOUNG J } 

$ $  = DOG 1 } 
i f ( $ 0  == YOUNG ) { 

Jr in tf ( "what?\n" ) 1 

$ $  = CRONE 1 

I n  the ac tion following th e word  CRONE , a ch ec k  is made that  
the preced ing token s h i fted was no t YOUNG . Obvious ly ,  th is  
is  only poss ible when a g·re at deal  is  known about what  might 
precede the symbol � in the input . There is also a 
distinc tly unstruc tured flavor about th is . Neverth eless , at  
t ime s th is mechanism will  save  a gre at deal of  trouble , 
espec ially when a few combinations are to be  excluded from 
an otherw ise  regular  struc ture . 
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10 . 1 2 A Simple Example 

Th is example g ives the comple te Yacc spec i f i c at ion for a 
small desk c alc ulator : the desk  calc ula tor has 26  reg is te r s ,  
labeled " a "  thr oug h " z " , and accepts ar ithme tic  express ions 
made up of the opera tor s + , - ,  * ,  /, % (mod opera tor ) ,  & 
( bitwise and ) , I ( bitwise or ) ,  and ass ignmen t .  If  an 
expre ss ion at the top level is an ass ignmen t ,  th e value is 
no t pr in ted : o therwise  it i s . As in C ,  an i n teger  that 
beg ins with 0 ( zero)  is  assumed to be oc ta l : o therw ise , it  
is assumed to be dec imal . 

As an example of a Yacc spec i f i c at ion , th e desk c alc ulator 
does a re asonable j ob of showing how precedences and 
amb iguities  a re used , and demonstra ting s imple error 
recovery . The major ove r s impl'i f i c ations are that the 
lex ical analy s is phase is much s imple r than for most 
appli cat ions , and the ou tput i s  produc ed inuned iate ly ,  line 
by line . Note the way th at dec imal and oc ta l in tegers  are 
re ad in by the granuna r rule s :  Th is  job is  probably bette r 
done by th e lex ical analyzer . 

% { 
i inc lude 
i inc lude 

<std io . h> 
<ctype . h> 

int reg s [ 26 ] 1 
in t base : 

% } 

% star t li s t  

%token DIGIT  LETTER 

%le ft ' I ' 
%left ' & '  
%left ' + '  1 - 1 

%le ft ' * '  ' / ' ' % '  
%left UM INUS /* precedence for unary minus  */ 

%%  /* beg inning of r ule s sec tion */ 

l i s t  : /* ' li s t  
li s t  

stat : expr 

empty */ 
sta t ' \n ' 
e rror ' \n '  
{ yyer r ok 1 } 
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< name > 

i s  u sed to ind ic ate a un ion member name , I f  th is follows 
one of the keywords % token , % left , % r ight , and %nonassoc , 
the un ion member  name is assoc iated w ith the to ken s  l i s ted . 
Thus , say ing 

%left <optype> ' + ' ' - ' 

w i ll cau se any re fe rence to values re turned by these two 
token s  to be tagged with th e union membe r name optype . 
Ano ther keyword , % type , is u sed s imi lar ly to assoc iate union 
member  names with nonte rminals . Thus ,  one mig ht say 

% type <node type> expr stat  

There rema in a couple of c ase s wh ere these mechanisms are 
insuff ic ien t .  I f  there is an ac t ion with in a r u le , the 
value re tu rned by th is  ac t ion  has no a pr ior i type . 
S imi lar ly ,  re fe renc e  to le ft context  v alues ( such as $ 0  -
see the prev iou s subsec t ion ) leaves Yacc with no easy way 
of k nowing the type . In th is c ase , a type can be imposed on 
the reference by inse r t ing a union member  name , be tween < 
and > ,  inuned iate ly afte r the f i r st $ .  An example of th is 
usag e is 

r u le : aaa { $< i n tval > $  = 3 �  } bbb 

. , 
{ fun ( $ < in tval > 2 , $ < o ther > O  ) �  } 

Th is  syntax has li t tle to recommend it , but the s ituation 
ar ise s ra rely . 

A sample spec i f i c at ion is g iven in a la te r sec tion .  The 
fac i li t ie s  in . th is subsec tion are no t tr iggered unt i l  they 
are used : in  par t ic ula r , the use of % type w i ll turn  on th ese 
mechanisms . Wh en they a re used , there is a fa i r ly str ic t 
level o f  chec k ing . For example , use of $n  or $ $  to re fe r to 
some th ing with no def i ned type is  diagno sed . I f  th ese 
fac i li t ies  are no t tr iggered , the Yacc value s tac k  i s  used 
to hold int ' s ,  as was true  his tor ically . 

10- 3 4 



YACC 

yylval = c - ' a ' ; 
re turn  ( LETTER ) ; 
} 

i f ( isd ig it ( c )  ) { 
yylval = c - ' 0 ' ; 
re turn ( D IGIT  ) ; 
} 

re turn ( c ) ; 
} 
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{ pr i n t£ ( " %d\n" , $ 1  ) 1 } 
Lm'TER I = ' ex pr 

{ reg s  [ $ 1 ] = $ 3 1 } 
• , 

expr : I ( I exlr ' ) ' 
$ $  = $ 2 1 } 

I ex pr I + '  ex pr 
{ $ $  = $ 1  + $ 3 1  } 

ex pr 1_ I ex  pr 
{ $ $  = $ 1  - $ 3 1 } 

ex pr I * I ex  pr 
{ $ $  = $ 1  * $ 3 1 } 

expr ' I ' ex pr 
{ $ $ = $ 1  I $ 3 1 } 

ex pr I % I ex  pr 
{ $ $  = $ 1  % $ 3 1  } 

ex pr I & I expr 
{ f $ = $ 1  & $ 3 1 } 

expr ' ' expr 
} { $ $  = $ 1  I $ 3 1  

I _  I expr %prec UM INUS 
{ $ $  = - $ 2 1 } 

Lm'TER 
{ $ $  = regs [ $ l ] 1 } 

number 
. ' 

numbe r  DIGIT  
{ $ $  = $ 1 1  base = ( $ 1==0 ) ? 8 : 10 1 } 

number  D IG I T  
{ $ $  = base * $ 1  + $ 2 1 } 

• ' 

% %  /* s tar t of pr ograms */ 

yylex ( )  { /* lex ical analys is rou t ine  */ 
/* re tu rns Lm'TER for a lowe rcase lette r ,  */ 
/*  yylval = 0 thr ough 25 */ 
/* r e turn  D IGIT  for a d ig i t ,  */ 
/*  yylval = O th rough 9 */ 
/*  all o ther  charac te r s  */ 
/*  are re tur ned inuned iate ly */ 

int c 1 

wh i le ( ( c=getch ar ( ) ) ==  ' ' ) { / *  s k ip blank s */ } 
/* c is now nonblank */ 

if ( is lowe r ( c ) ) { 
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def 

rwor d 

: START 
UNION 
LC URL 
ndefs 

. , 

IDENTI FI ER 
{ � union definition 
{ � C code � output 
r� tag nli s t  

: TOKEN 
LEFT  
RIGHT 
NON ASSOC 
TYPE 

to output } 
Ille } RCURL 

tag : /* empty : union tag is optional */ 
I ' < ' IDENTI FI ER ' > ' 

nli s t  

. , 

: nmno 

I nli s t  
nli s t  

nmno 
' ' , nmno 

YACC 

nmno : IDENTI FI ER /* Li te ra l i lleg al w ith % type */ 

rule s 

. , 
IDENTI FI ER NUMBER /* I l legal w i th % type */ 

/* rule s  sec t ion  */ 

: c IDENTI FI ER rbody prec 
I rule s  rule 
. , 

rule : c IDENTI FIER rbody prec 
I ' T • r body pre� 

rbody 

. , 

: /*  empty */ 

I rbody IDENTI FI ER 
rbody ac t 

. , 

ac t : ' { ' { � act ion , t ranslate $ $ ,  etc . } ' } ' 
. , 

prec : /*  empty */ 

• , 

PREC IDENTI FI ER 
PREC IDENTI FIER ac t 
prec ' . ' , 
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10 . 13 Yacc Input Syntax 

Th is sec tion has a desc r ipt ion of the Yacc input syntax , as 
a Yacc spec if i c at ion .  Context dependenc ie s ,  etc . , are no t  
cons idered . I r onic ally , the Yacc input spec i f i c at ion 
lang u age  is most natu ra lly spec i fied as an LR ( 2 )  gramma r 1  
the sticky par t comes when an iden ti f i e r  is seen in a rule , 
immed iately following an ac t ion .  I f  th is iden ti f i e r  is 
followed by a colon ,  it is the star t of the next rule 1 
oth erwise i t  is a cont inu ation of the curren t rule , wh ich 
j ust  happens to have an ac tion embedded in i t .  As 
implemen ted , the lex ic al analyzer  looks  ahead afte r see ing 
an iden t i f ie r ,  and dec ide whether the next token ( sk ipping 
blank s ,  newlines , commen ts , etc . ) is a colon .  I f  so , i t  
re tu rns the token C IDENTI FI ER . Otherw is e , i t  re turns  
IDENTI FI ER . L iterals- ( quoted str ing s )  are also re turned as 
IDENTI FI ERS , but never as par t of C_IDENTI FI ERs . 

% token 
% token 
% token 

/* grammar for the input to Yacc */ 

/* bas ic 
IDENTIFI ER 

en tit ie s  */ 

C IDENTI FI ER 
NUMBER 

/* inc ludes  iden ti f ie r s  and li terals  */ 
/* iden t i f i e r followed  by colon */ 
/* [ 0- 9 )  + */ 

/* re se rved words : % type = >  TYPE , %left  = >  LEFT ,  etc . */ ) 
% token LEFT RIGHT NONASSOC TOKEN PREC TYPE START UNION 

% token 
% token 
% token 

MARK 
LC URL 
RC URL 

/* th e % %  ma r k  */ 
/* the % { mar k  */ 
/* th e % } mar k  */ 

/* asc i i  charac te r li te rals s tand for themse lves */ 

% start  spec 

spec . . 
• , 

ta i l  . • 

• , 
def  s . . 

I 
• , 

defs MARK 

MARK { 
/* empty : 

rule s  ta i l  

Eat !!2 the rest  of the f ile 
the  second MARK is  opt ional 

/* empty */ 
defs def 
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� 2 . 5 + ( 3 . 5 , 4 .  ) 

(� 

No tice  tha t  the 2 . 5 is to be used in an i n te rval valued 
expre ss ion in the second example , but th is fac t  is  no t known 
unt i l  the " , "  i s  re ad 1 by th is  t ime , 2 . 5  is f in ished ,  and 
the par se r canno t go bac k and change  i t s  mind . More  
genera lly , it  might be  nec essary to look ahead an  arbitra ry 
number  of token s  to dec ide whether to conve r t  a sc alar  to an 
interval . Th is problem is c ir c umven ted by h av ing two rule s  
for e ach bina ry inte rval valued opera tor : one when the le ft 
ope rand is a sc alar , and one wh en th e le ft  ope rand is an 
inte rval . In the  second c ase , the r ig ht operand must  be an 
inte rval , so the conver s ion wi ll be appli ed au tomat ic ally . 
However , th ere are s t i ll many c ase s wh ere the conve r s ion may 
be appli ed or no t ,  le ading to th e above confli cts . Th ey are 
re solved by li s t ing the rule s  that  yield sc ala r s  f i r st i n  
the spec i fi c at ion fi le 1 in  th is  way , the confli cts will be 
re solved in  th e direc t ion of keep ing sc ala r  valued 
expre ss ions scalar valued unt i l  th ey are for c ed to become 
inte rvals . 

Th is way of handling mult iple types is  very instruc tive , but 
no t ve ry genera l . I f  there we re many kind s  of express ion 
type s ,  instead of just  two , th e numbe r of r ule s needed would 
incre ase dramatically , and th e confli c ts even mor e 
dramatic ally . Thus , wh i le th is example is instr uc tive , i t  
is bette r prac t ice  in a more  normal pr ogramming languag e  
env ironmen t to k eep the type information as  par t of the 
value , and not as part  of th e gramma r . 

F ina lly , a wor d abou t th e lexic al analys is . Th e only 
unusual feature is the tre atmen t of f loa t ing poin t 
constants . The C library rou t ine atof is used to do the 
ac tu al conver s ion  from a charac te r str ing to a double 
prec is ion value .  If the lex ic al analyzer  detec ts an error , 
i t  re sponds by re turn ing a token that is  i llegal in the 
grammar , provok ing a syntax error in the par se r ,  and thenc e 
e r ror recovery . 
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10 . 14 An Advanced Example 

Th is sec t ion g ives an example of a gramma r us ing some of th e 
advanced fe atu re s  discussed . in ear li e r  sec t ions . Th e desk  
calc ulator example is mod i f i ed to pr ov ide a desk  c alc ulator 
that doe s floa t ing po int  in te rval a r i thme t ic . The 
c alc ula tor under stands  floa t ing po int  constants , the 
ar ithme tic  ope ra tions + ,  - ,  * ,  / ,  unary , and = 
( ass ignmen t) , and has 2 6  floa ting po in t var iable s ,  n a n  
through n z n . Moreover , i t  also und e r stand s  i nterval s , 
wr itten 

( x ' y ) 

where x i s  le ss th an or equal to 
valued- var iable s nAn throug h 
Ass ignmen ts re tu rn no value ,  
expre ss ions pr int  the ( floa t ing 

�· Th ere are 26  in te rval 
n z n that may also be used . 
and pr int no th ing , wh i le 

or inte rval)  value .  

Th is example explore s  a numbe r o f  inte re st ing fe atu re s  of 
Yacc  and C.  I n tervals are repre sen ted by a struc ture , 
cons is t ing of th e le ft and r ig ht endpo in t  values , s tored as  
double ' s .  Th is struc ture is g iven a type name , INTERVAL , by 
us ing typedef . Th e Yac c  value s tac k  c an also conta in 
floating poin t  sc alar s ,  and in tegers  ( used to index in to th e 
arrays hold ing th e var i able values ) . No t i c e  that th is 
en tire  s tr a tegy depend s strong ly on  being able to ass ign 
struc ture s and unions in  C .  I n  fac t ,  many of  th e ac tions 
call func t ions that re turn  st ruc ture s as we ll . 

It  is  also wor th no ting the use of YYERROR to hand le error 
cond it ions : d ivis ion by an i n te rval conta ining O ,  and an 
inte rval pre sen ted in th e wrong orde r . In effec t ,  the error 
recovery mech anism of Yacc is u sed to throw away th e re st of 
the offend ing l ine . 

I n  addit ion to the mix ing of types on th e value  s tac k , th is 
grammar also demonstrate s  an in te re st ing use of syntax to 
keep track of the �ype ( e . g .  sc ala r or inte rval )  of 
inte rmed iate expre ss ions . No te that a scalar  c an be 
au tomatic ally pr omo ted to an in te rval if  the context demand s 
an inte rval valu e .  Th is  c auses  a la rge numbe r  of confli c ts 
when the grammar is run th rough Yacc : 18  Sh i ft/Reduc e and 2 6  
Reduc e/Reduc e .  Th e pr oblem c an be seen by look ing at  the 
two input li nes : 

2 . 5 + ( 3 . 5 - 4 .  ) 

and 
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DREG ' = ' dexp ' \n '  
{ dreg [ $ 1 ]  = $ 3 1  } 

VREG ' = ' vexp ' \n '  
{ vreg [ $ 1 ] = $ 3 1  } 

error ' \n '  
{ yyerrok 1 } 

dexp : CONST 
I DREG 

{ $$ = dre9 [ $ l ] 1 } 

vexp 

I dexp ' + ' dexp 
{ $$ = $1 + $ 3 1  } 

dexp 1 - 1 dexp 

. I 

{ $$  = $1 - $ 3 1 } 
dexp ' * ' dexp 

{ $$  = $1 * $ 3 1  } 
dexp ' / ' dexp 

{ $$  = $1 I $ 3 1 } 
' - ' dexp % prec UM INUS 

{ $$ = - $ 2 1  } 
I ( I dexp I ) I 

{ $$ = $ 2 1  } 

: dexp 
{ $$ . h i = $$ . lo = $1 1 } 

' ( '  de{p ' , ' dexp ' ) ' 

$ $ . lo = $ 2 1  
$ $ . h i  = $ 4 1  
if ( $ $ . lo > $ $ . h i > { 

YACC 

pr in tf ( " in te rval out  of orde r\n" ) 1 
... YYERROR1 

} 
} 

VREG 

vexp 

dexp 

vexp 

dexp 

vexp 

{ $$  = vre9 [ $ l ] 1 } 
' + '  vexp 
{ $$ . h i = $1 . hi + $ 3 . h i 1 

$ $ . lo = $1 . lo + $ 3 . 10 1 } 
' + ' vexp 
{ $$ . h i = $1 + $ 3 . h i 1 

$ $ . lo = $1  + $ 3 . 10 1  } 
' - ' vexp 
{ $$ . h i = $1 . h i - $ 3 . 10 1 

$ $ . lo = $1 . lo - $ 3 . h i 1 } 
' - ' vexp 

· 

{ $$ . hi = $1 - $ 3 . 10 1  
$ $ . lo = $1 - $ 3 . h i 1 } 

' * ' vexp 
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% { 
I include <std io . h> 
I include <ctype . h> 

typedef  struc t  inte rval  
double lo , hi 1 
} INTERVAL 1 

INTERVAL vmul ( ) , vdiv ( )  1 

double ato f  ( )  1 

double dreg [ 26 
INTERVAL vreg [ 2 6  

% } 

%sta r t  li nes 

%un ion { 

1 1 
1 1 

i n t  ival 1 
double dv al 1 
INTERVAL vval 1 
} 

% token < ival> DREG VREG 

% token <dval>  CONST 

% type <dval>  dexp 

%type <vval> vexp 

{ 

YACC 

/* i nd ic es into dreg , vreg a rrays */ 

/* f loa t ing poi n t  constant */ 

/* express ion */ 

/* i n te rval express ion */ 

/ *  prec edence informa t ion about the opera tor s */ 

%le ft 
%left 
%left 

''  
lines 

line 

• + ' · - . 

' * '  ' I ' 
tJM INUS /* prec edenc e for una ry mi nus */ 

: /* empty */ 
I lines l i ne 
. , 
: dexp 

vexp 

' \n '  
{ pr int£ ( 
' \n '  
{ pr in t£ ( 

• %1 5 . 8 £\n• , $ 1 ) 1  } 

" ( %15 . 8 £ ,  %15 . 8 £  ) \n • , $ 1 . lo ,  $ 1 . h i ) 1 } 
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i f  { C == I e I ) { 
i f  { exp++ ) re turn { ' e ' ) ; 
/* above cau ses  syntax error */ 
continue ; 
} 

/ *  end of number */ 
bre ak ; 
} 

*cp = ' \O ' ; 
i f  ( { cp-buf )  >=  BS Z ) 

pr intf { " constant too long : trunc ated\n" ) ; 
e lse ung e tc ( c ,  std in ) ;  

/*  above pushes bac k last char  re ad */ 
yylv al . dval = atof  ( buf ) ; 
re turn  ( CONST } ; 
} 

re tu rn ( c ) ; 
} 

INTERVAL h i lo (  a ,  b ,  c ,  d ) double a ,  b ,  c ,  d ;  { 
/*  re turns  the smallest  inte rval conta in ing a ,  b ,  c ,  and d */ 
/*  used by * ,  / r ou t ines */ 
INTERVAL v ;  

i f  ( a> b } { v . h i  = a ;  v . lo = b ;  } 
e lse { v . h i  = b ;  v . lo = a ;  } 

i f  { c>d  ) { 
i f  ( c>v . hi  ) v . hi  = c ;  
i f  ( d<v . lo } v . lo = d ;  
} 

else { 
i f  ( d>v . h i  ) v . h i  = d ;  
i f  ( c<v . lo ) v . lo = c ;  
} 

re turn ( v ) ; 
} 

INTERVAL vmul ( a ,  b ,  v } double a ,  b ;  INTERVAL v ;  { 
r e turn ( h i lo (  a*v . h i ,  a*v . lo ,  b*v . h i , b*v . lo } ) ;  
} 

dchec k ( v ) INTERVAL v ;  { 
i f ( v . h i  >= O .  & &  v . lo <=  O .  > { 

pr intf ( " d iv isor in te rval contains  O . \n" ) ; 
re turn { l ) ; 
} 

re tu rn ( 0 ) ; 
} 

10- 4 5  



YACC 

% %  

. I 

{ $$  = vmu l ( $ 1 . lo ,  $ 1 . hi ,  $ 3 ) 7  } 
dexp ' * ' vexp 

{ $$ = vmul ( $ 1 ,  $ 1 ,  $ 3 ) ;  } 
vexp ' / ' vexp . { i f  ( dchec k ( $ 3 ) ) YYERROR; 

$$ = vdiv ( $ 1 . lo ,  $ 1 . h i ,  $ 3 ) 7 } 
dexp ' / ' vexp 

{ i f  ( dch ec k ( $ 3 ) ) YYERROR; 
$$ = vdiv ( $ 1 ,  $ 1 ,  $ 3 ) ;  } 

' - ' vexp %prec UM INUS 
{ $ $ . h i = - $ 2 . lo ;  $ $ . lo = - $ 2 . h i ;  } 

' ( ' vexp ' ) ' 
{ $ $  = $ 2 ;  } 

YACC 

t define BS Z 50 /* buff e r  s ize  for fp numbe r s  */ 

yylex ( ) { 

/*  lex ic al analy s is */ 

reg is te r c ;  
{ / *  s k ip over  blank s  */ } 

wh i le ( ( c = getchar ( )  ) -- ' ' ) 

i f  ( is uppe r ( c ) > { 
yylval . ival = c - ' A ' ; 
re turn ( VREG ) 1 
} 

i f  ( is lowe r ( c )  > { 
yylval . ival = c - ' a ' ;  
re  turn  ( DREG ) 1 
} 

i f ( isd ig it ( c )  I I  c== ' . ' > { 
/*  gobble up d ig its , points , exponen ts */ 

char buf [ BSZ+l ] ,  *cp = buf ; 
in t  dot = O ,  exp = O ;  

for ( 1 ( cp-buf )  <BS Z 1 ++cp , c=getcha r  ( ) ) { 

*cp = c ;  
if  ( isd ig it ( c) } continue ; 
i f  ( c ==  ' • ' ) { 

i f  ( dot++ I I exp ) re turn ( ' · ' ) ;  
/ *  above cau se s  syntax error */ 

Jontinue ; 
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l �  10 . 15 Old Features 

YACC 

Th is sec tion men tions synonyms and fe atures  wh ich are 
suppor ted for his tor ic al continu ity ,  but , for var ious 
re asons , are no t enc�uraged . 

1 .  L i te rals may also be delimi ted by double quote s " " " ·  

2 . L i te ra ls may be mor e than one charac te r long . I f  all 
the charac te r s  a re alphabetic , nume r ic ,  or und e r scor e , 
the type number  of  th e li teral is defined ,  j ust  as i f  
the li te ra l d id no t have the quote s around it . 
Oth erw is e , it  is  d i ff i c ult to find the value for such 
l i te rals . The use of mult i-charac te r l i te rals  is 
l i kely to mislead those unfami li a r  with Yacc , s ince it  
suggests that Yacc is  doing a j ob that mu st  be 
ac tually done by th e lex ical analyz e r . 

3 .  Most  plac es where ' % '  i s  leg al , bac k slash " \" may be 
used . In par ticular , " \\" i s  the same as " % % " , \le ft  
the same as  % left , etc . 

4 .  There are a numbe r of o ther  synonyms : 

% <  is the same as  % le ft 
% >  i s  the same as % r ight 

l �  %binary and %2  are th e same a s  % nonassoc 
%0  and % te rm a re th e same as % token 
%= is  the same as %prec 

s .  Ac t ions may also have th e form 

= { • • • } 

and th e cur ly brac es c an be  dr opped i f  the ac t ion is a 
.,, 

s ing le C s tatemen t .  

6 .  C code between % { and % } used to b e  permitted a t  the 
h ead of the rule s sec tion ,  as we ll as  in the 
dec lara t ion sec t ion . 

10- 47 



YACC YACC 

INTERVAL vdiv ( a ,  b ,  v ) double a ,  b 1  INTERVAL V J  { 
return ( h i lo (  a/v . hi ,  a/v . lo ,  b/v . h i ,  b/v . lo ) ) J 
} 
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Appendix A :  The C Shell 

Csh  is  an alte rnate command la nguag e  i n te rpre te r .  I t  
incorpor a tes  good fe ature s o f  other  shells  and a history 
mechanism .  most  of  the fe atu re s  un ique to csh  are des igned 
more  for th e inte rac t ive XEN IX u se r ,  althoug h some feature s 
of o ther  shells have been incorpora ted to mak e  w r i t ing shell 
procedure s eas ie r .  

XEN IX u se r s  who have re ad a g eneral  in troduc t ion to the 
system w i ll f ind a valu able bas ic explanat ion of the shell 
here . S imple te rmi nal inte rac tion  with csh is poss ible 
after re ad ing j ust the f i r st  sec t ion of thrs-doc umen t .  The 
second sec t ion descr ibes th e capab i li t ie s  you can explore 
afte r you have begun to become acquainted w i th the Cshell . 
Late r sec t ions introduc e fe atures  wh ich are use ful , but no t 
necessary for all use r s  of th e shell . 

The final  sec t ion of th is chapte r lis ts spec ial charac te r s  
o f  the Csh ell . 

A shell is a command languag e  in te rpre te r . Csh  is the name 
of o ne par t ic ula r command in te rpre te r  on XEN IX . Th e pr ima ry 
purpose of cs h is to translate command li nes  typed at a 
te rminal in to system ac t ions , such as i nvoc at ions of o ther  
pr og rams . Csh  is a use r prog ram j ust l ike  any you mig ht 
wr ite . 

Th is doc umen t pr ov ides  a fu ll descr ipt ion of all feature s of 
the shell and is a final  r e fe rence for all quest ions . 

A . l  Detai ls on the shell for terminal users  

A . 1 . 1  Shell star tup and termination 

When you log in , the shell is started by the system in your 
home directory and beg ins  by re ading command s  from a f i le 
:cshrc in th is d i rec tory . All shells wh ich you may sta r t  
du r ing your te rminal sess ion wi ll r e ad f rom th is  f i le .  We 
w i ll late r  see what k ind s of command s  are use fully plac ed 
there . For now we need no t have th is f i le and the shell 
does  no t compla in abou t its  absenc e .  

A logi n  s hell , exec uted afte r you log in  t o  th e system , w i ll ,  
afte r i t  re ads command s f r om  . cs hr c ,  r e ad command s  from a 
f i le . log i n  also i n  your home direc tory . Th is  f i le conta ins  
command s wh ich you w ish  to do e ach t ime you log in to the 
XEN IX sys tem .  A typic al . log in  fi le might  look someth ing 
l i k e  th is : 
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s e t  ignor e eof 
se t ma i l= ( /u sr /spool/ma i l/bi ll )  
echo " $ {prompt } use r s "  1 u se r s  
ali as  t s  \ 

Append ix A 

' s e t  nog lob 1 eval ' tse t -s -m d ialup : cl0 0 rv4pna \ 
-m plugboa rd : ?hp2 6 2lnl * ' ' 1  

ts 1 s tty in tr Ac k i ll Au c r t  
s e t  t ime=l5  h is tory= lO 
i f  ( -e $ma i l ) then 

echo " $ {pr ompt } ma i l " 
ma i l  

end i f  

Th is  above fi le conta ins  seve ra l command s  to b e  exec uted by 
XEN IX at each log in . Th e f i r st i s  a set  command wh ich is 
inte rpre ted di rec tly by th e shell . It se ts the shell 
var iable i gnoreeof wh ich sh ields  th e shell from log off i f  
<CONTROL- D> i s  h i t .  Inste ad of <CONTROL- D> , the logout 
command is u sed to log off th e system . By se tt ing the mai l  
var iable , th e shell is no t i f ied that it  i s  to watch """"lO"r 
incoming ma i l  and to no t i f iy th e use r i f  n ew ma i l  arr ives . 

Next  th e shell var iable t ime is se t to " 1 5 "  cau s ing the 
shell to au toma tical ly pr int  ou t sta t is t ic s  l i nes for 
command s  wh ich exec ute for at le ast 15 second s  of CPU t ime .  
The var i able " h i s tory " is set to 10 ind ic ating that the 

� sh ell w i ll remembe r the la st 10  command s types in i t s  
h istory  l i s t ,  ( descr ibed la te r ) .  

Nex t ,  an al ias , " t s " , is  c re ated wh ich exec ute s a tset ( l )  
command se tt ing up th e modes  of  the te rmi nal-. ---The 
paramete r s  to tset ind ic ate th e k ind s of te rmi nal normally 
used wh en no�n a hardwired  por t .  Th en " t s "  is  exec uted , 
and the s tty command is used to change th e inte rr up t  
ch arac te r to <CONTROL-C> and the li ne k i ll charac te r to 
<CONTROL-U > .  

F i nally , i f  my ma i lbox f i le ex is ts , then I r un the mail 
prog ram to proc ess my ma i l .  

When the mail pr og rams f i n ish , th e shell wi ll finish  
pr oc ess ing my . login  f i le and beg in  re ading command s  f r om  
th e te rmi nal , pr ompting for each with " % " •  Wh en I log off  
( by g iving the logout command ) the shell w i ll pr in t " logou tn  
and exec ute command s  f r om  th e fi le . logout i f  it ex is ts in 
my home d irec tory . Afte r that , the sh ell w i ll te rminate and 
XEN IX wi ll log me off th e system . I f  th e system is no t 
going down , I w i ll rec eive  a new log in me ssag e .  In  any 
case , afte r the logou t  messag e  the shell i s  commi tted to 
te rmi nat i ng and wi ll take no fu r ther input from my te rminal . 
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� A . 1 . 2  Shell var iables 
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The shell ma i n ta ins  a se t of var i ables . We saw above the 
var iables h istory and t ime wh ich had the values 10 and 15 . 
In fac t ,  e ach shell var i able has as  value an array of  ze ro 
or more s t r i ngs . Shell var i able s may be ass igned values  by 
the se t command . I t  has several  forms , the most use ful of 
wh ich wa s g iven above and is 

se t name=value 

Shell var i able s may be used to store  values  wh ich are to be 
used in command s  la te r  thr ough a subs t i tu t ion mechanism.  
The shell var i ables most  commonly re fe renc ed are , howeve r , 
those wh ich th e shell i t self  r e fe r s  to . By chang ing the 
values of these var i able s one c an d i rec tly affec t  the 
beh av ior of  the shell . 

One of the most impor tant var i able s is  th e var iable path . 
Th is var i able conta ins  a sequenc e of d irec tory names where 
the shell se arches for command s .  Th e set command with no 
arg umen ts shows the value of all  var iable s  c ur ren tly def ined 
(we usu ally say set )  in th e shell . The de fau lt value for 
path wi ll be shown by set  to be  

( )  
/usr /b i ll 
/u sr/b i ll 

% se t 
argv 
cwd 
home 
path 
prompt 
shell 
statu s  
te rm 
use r  

( .  /b in /usr /bin )  
% 
/b in/c sh 
0 
cl0 0 rv4pna 
bi ll 

% 

Th is ou tput ind ic ate s that th e var iable path poin ts to the 
cur rent direc tory ind ic ated by dot ( . ) and then /bin , and 
/us r/bin .  You r own loc al commands  may be in  dot . �ormal 
XEN IX command s live in /bin  and /us r/bin . 

Often a numbe r of locally 
live in  the d i rec tory 
shells wh ich we invoke to 
we can plac e  th e command 

developed pr ograms on the system 
/us r /local . I f  we w ish  that all 
have access to th ese new pr ograms 

se t path= ( .  /bin /us r /b in /u sr /loc al ) 

in  our fi le  . cs hr c  in our home d i rec tory . Try doing this  
and th en logg ing ou t and bac k in . Then type 
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set  

ag a i n  to see  that the value ass igned to path has chang ed . 

You shou ld be awa re that the shell exami nes  each direc tory 
that you inse r t  i n to your path and dete rmi nes  wh ich command s  
are conta ined th ere . Except for th e cur rent  di rec tor y ,  dot 
( . ) ,  wh ich the sh ell tre ats spec i ally , th is means that i f  
commands  are added to a d i rec tory in you r se arch path afte r 
you have star ted the shell , they wi ll no t nec essa r i ly be 
found . I f  you wish to use a command wh ich has been added in 
th is way , you shou ld g ive the command 

rehash 

to th e shell , wh ich c au se s  it to recompute its in te rnal 
table of command loc at ions , so th at it w i ll f ind the newly 
added command . S inc e the shell has to look in the c ur ren t 
d irectory • on each command , plac ing it  at the end of  the 
path spec i f ic at ion usu ally wor ks  equ ivalen tly and reduc es 
ove rhead . 

Other use ful  bui lt in var iable s are th e var iable home wh ich 
shows you r home direc tory , cwd wh ich conta ins  y�current  
wor k ing d i rec tory , the var iable ignoreeof wh ich c an be set  
in  you r . log i n  f i le to te ll  the  shell no t to ex it wh en it  
rec e ives an  end-of-f i le from a te rm inal  ( as descr ibed 
above ) . Th e var i able " ig noreeof " is one of severa l  
var iable s wh ich th e shell doe s no t c are abou t the value of , 
only whether they are set or unset . Thus to se t th is 
var i able you s imply do 

se t ignor eeof 

and to unse t i t  do 

unse t ignoreeof 

These g ive the var iable " ignore eof"  no value , but none i s  
des ired o r  required . 

F inally , some other  bui lt- in sh ell var i able s of use are the 
var iables noclobber and ma i l . Th e metasyntax 

> f i lename 

wh ich red irects  the s tanda rd output of a command w i ll 
ove rwr ite and destroy the prev ious conten ts of the named 
f i le .  In th is way you may acc iden tally ove rwr ite a f i le 
wh ich is valuab le . I f  you would pre fe r that  the shell no t 
ove rwr ite fi les in  th is  way you can 
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s e t  noc lobber 

in  you r . log in  fi le .  Then try ing to do 

date > now 

Append ix A 

wou ld c au se a d iagnostic  if  " now" ex is ted alre ady . You 
cou ld type 

date > 1  now 

i f  you re ally wanted to ove rw r i te th e conten ts of now . Th e 
" > ! " is a spec ial  me tasyntax ind ic ating th at  overw r it ing or 
" c lobber ing "  the f i le is ok . (Th e  spac e  betwe en the 
exclamat ion ( ! ) and the wor d  " now" i s  c r it ic al here , as  
" ! now" wou ld be an  invoc at ion of th e h istory  mechanism, and 
have a to tally d i ffe ren t  effec t . ) 

A . 1 . 3  The Shell ' s  History List 

The shell c an ma in ta in a h istory list  into wh ich it  plac es 
the word s  of prev iou s commandS':--I t  i s  poss ible to use a 
no tat ion to re use commands  or words  f rom commands  in  formi ng 
new command s .  Th is mechanism c an be used to repeat previous 
command s or to cor rect minor typing mis tak es in  command s . 

The following figure g ives a sample se ss ion i nvolv ing 
typical u sag e of the history mechanism of the shell . 
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% cat bug . c  
ma in ( )  

{ 
} 
% cc ! $  
cc bug . c  

pr in tf ( "h ello) 1 

Append ix A 

" bug . c " ,  l ine  4 :  n ewline  in str ing or char  constant 
" bug . c " ,  line 5 :  syntax error 
% ed ! $  
ed bug . c  
29  
4 s/)  1 / " &/p 

pr i n tf ( " h ello " )  1 
w 
3 0  
q 
% ! c 
cc bug . c  
% a . ou t  
hello% ! e  
ed bug . c  
30  
4 s/lo/lo\\n/p 

pr in tf ( "h ello\n" )  1 
w 
32  
q 
% ! c  -o bug 
cc bug . c  -o bug 
% s iz e  a . ou t  bug 
a . ou t :  27 8 4+36 4+10 28 = 4 176 b = O xlO SO b 
bug : 2 7 8 4+36 4+10 28 = 4 17 6 b  = O xlO SO b 
% ls -1 ! * 
ls -1 a . ou t  bug 
-rwxr-xr-x 1 b i ll 
- rwxr-xr-x l bi ll 
% bug 
hello 
% num bug . c  I spp 
spp : Command no t found . 
% " spp"' ssp 
num b ug . c  I s sp 

1 ma in ( )  

3 9 3 2  Dec 19  0 9 : 4 1 a . out  
3 9 3 2  Dec 19  0 9 : 4 2 bug 

3 { 
4 
5 } 

% 1 1  I 1pr 

pr in tf ( "hello\n" )  1 

num bug . c  I ssp I lpr 
% 
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� In  th is  example ,  we have a ve ry s imple C pr og ram wh ich has a 
bug (or two ) in it in  the fi le bug .£ ,  wh ich we cat out on  
ou r te rminal . We then try  to r un the C comp i le r  on i t , 
re fe r r ing to the f i le ag ain  as " ! $ " ,  me aning the last  
arg umen t to th e previous command . He re th e exclamation mar k  
( 1 )  is the his tory mech anism  invoc at ion me tacharac te r ,  and 
the dolla r  s ign  ( $ )  stands  for the last arg umen t ,  by analogy 
to the dollar  s ign  in the ed itor wh ich stand s  for the end of  
the line . The sh ell echoed th e command , as  it  would have 
been typed withou t use of th e his tory mechanism,  and then 
exec uted it . The comp i lation  y ielded error diagnostics , so 
we now run  the ed itor on th e fi le we we re try ing to comp i le ,  
f i x  the  bug , and run the C comp i le r  ag a in ,  th is t ime 
re fe rr ing to th is command s imply as " ! c " ,  wh ich repeats the 
last command wh ich sta r ted with th e le tte r " c " . I f  the re 
we re other  commands  sta r t ing with "c " done rec en tly we could 
have sa id " ! cc "  or even " ! cc : p "  wh ich wou ld have pr inted the 
last command sta r t ing with "cc " without  exec ut ing it . 

Afte r th is  recomp i la t ion , we ran th e result ing a . out f i le ,  
and th en no ting that  th ere s t i ll was a bug , ran  th e ed i tor 
ag a in .  Afte r fix ing the prog ram we ran  the C comp i le r  ag ain , 
but tac k ed onto the command an extra "-o bug "  te lling th e 
compi le r  to plac e th e re sultant binary in the f i le bug 
rather  than a . out . In genera l ,  the his tory mechanisms may 
be used anywhere in the forma tion of new commands  and oth er 

� ch arac te r s  may be plac ed befor e and afte r th e substituted  
command s .  

We then ra n th e s ize command to see how la rge the binary 
prog ram images  we have cre ated we re , and th en an "ls -1 " 
command w i th th e same arg umen t li s t ,  deno ting the arg umen t 
l i s t  " * " · Finally , we ran  th e program bug to see that i t s  
ou tput is  indeed cor rec t .  

To make  a numbe red lis t ing of th e program ,  we ran the num 
command on the fi le bug . c .  I n  order  to fi lte r ou t blank 
lines  in  th e ou tput of num we ran the ou tput through the 
f i lte r ssp , but mis spelled it  as " spp" . To cor rec t th is we 
used a shell substitute , plac ing th e old tex t  and new text  
between up ar row ( "' ) charac te r s .  Th is i s  s imi la r to the 
substitu te command in the ed i tor . F inally , we repeated the 
same command with " ! ! " , but sen t its  ou tput to the line  
pr inter . 

There a re other  mechanisms ava i lable for repeating command s . 
The history command pr ints ou t a numbe r of prev iou s command s 
with number s  by wh ich �hey c an be re fe renced . There is a way 
to re fe r to a prev iou s c ommand by se arch ing for a str ing 
wh ich appeared in it , and th ere are other , less  u se ful , ways 
to se lec t argumen ts to inc lude in a new command . A complete 
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� descr ipt ion of a ll th ese mech anisms is  g iven in th e C shell 
manu al pag es in  the XEN IX Pr og r amme r s  Manual . 

A . 1 . 4  Ali ases 

The shell has an alias  mechanism  wh ich can be used to make  
tr ansformat ions on input command s .  Th is mechanism c an be  
used to s impli fy the command s  you type , to supply defau lt 
arg umen ts to commands , or to per form transformations on 
commands  and th e i r  arg umen ts . Th e al ias  fac i li ty is s imi lar 
to a mac r o  fac i li ty .  Some of the features  obta ined by 
ali a s ing can be obta ined also us ing shell command fi les , but 
these take  plac e in ano th er instanc e of the shell and c anno t 
d irectly affec t th e cur rent  shells env ir onmen t or involve 
commands  such as cd wh ich must  be done in th e current  sh ell . 

As an example , suppose that there is a new ve r s ion  of the 
ma i l  prog ram on the system c alled " n ewma i l " you wish to use , 
rather  than the s tandard ma i l  pr ogram wh ich is called 
" ma i l " . If you plac e th e shell command 

ali as  ma i l  newma i l  
I 

in your . cshrc  f i le ,  th e shell w i ll tr ansform an input l i ne 
of th e form 

ma i l  b i ll 

in to a call on "newma i l " . Mor e  gen era lly ,  suppose we wish 
the command 1s to always show s iz e s  of f i le s ,  that is  to 
always do -s . we can do 

ali as  ls ls -s 

or even 

ali as  d i r  ls -s 

c re ating a new command named "d ir " wh ich doe s an " l s  -s " .  
I f  we say 

d i r  - b i ll 

th en th e shell w i ll translate th is to 

ls -s /usr /b i ll 

Thu s the al ias mechanism c an be used to pr�v ide  shor t names 
for commands , to pr ov ide  defau lt arg umen ts , and to define 
new shor t command s  in  te rms of o ther  command s . I t  is  also 
poss ible to define ali ases  wh ich conta in mult iple command s  
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�. or p ipelines , show ing where th e argumen ts to the or ig inal 
command are to be subst ituted us ing the fac i li t ies  of the 
h is tory mechan ism.  Thu s the de fi n i t ion 

ali as  cd ' cd \ ! * 1 ls  ' 

wou ld do an ls  command afte r each chang e di rec tory cd 
command . We enclosed th e en tire ali as defin i t ion in s ingle 
quotes  ( ' )  to preven t most substitu t ions f rom occurr ing and 
th e semi colon ( 1 )  f rom be ing recog n i z ed as a me tacharac te r .  
The  exclamation mark  ( ! )  is esc aped w ith a backslash (\ )  to 
preven t it  from be ing inte rpre ted when the ali as command is 
typed in . Th e " \ ! * "  h ere substitu te s  the en tire . argumen t 
l i s t  to the pre-ali as ing cd command , w ithou t g iving an e r r or 
i f  there we re no argumen t"S:" The semi colon ( 1 )  separa ting 
command s  is u sed here to ind ic ate that one command is to be 
done and th en th e nex t .  S imi larly the def i n i t ion 

ali as  whois ' g rep \ ! � /e tc/passwd ' 

defines  a command wh ich looks up its  f i r st arg umen t in the 
password fi le .  

War ning : Th e  shell c urren tly re ads the . cshrc  fi le each t ime 
i t  sta rts  up . I f  you plac e a la rge numbe r  of  commands  there , 
sh ells wi ll tend to s tart  slowly . You should try to limi t  

� the numbe r  of  ali ase s  you have to a re asonable numbe r • • • 10 
or 1 5  is  re asonable , 5 0  or 6 0  w i ll c au se a no ticeable delay 
in  sta r t ing up shells , and make the system seem slugg ish 
when you exec ute command s  from with in the ed i tor and other  
prog rams . 

A . 1 . 5  More redirection 1 > >  and > & 

There are a few more no ta tions u seful  to th e te rminal u se r  
wh ich have no t been introduc ed yet . I n  addit ion to th e 
standard ou tput , command s also have a d i alnost i c  output 
wh ich is normally di rec ted to th e te rmina even when the 
standard ou tput is  red irec ted to a fi le or a pipe . I t  is 
occas ionally des irable to direc t the d iagno s t ic ou tput along 
with the standard  output . For instance  i f  you want to 
red i rec t the output of a long running command in to a f i le 
and w ish  to have a record of any e r r or d iagnostic it  
produces you can type 

command > &  f i le 

The " > & " h e re tells th e shell to route both the diagnostic 
output and the standa rd ou tput i n to  f i le . S imi la rly you can 
g ive the command 
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command I & lpr 

to rou te both standa rd and diagnost ic ou tput through the 
pipe to th e line  pr inte r  daemon !EE.· A command form 

command > & ! f i le 

ex is ts , and is u sed wh en noclobber is set and f ile  alre ady 
ex is ts . 

F i nally , i t  i s  poss ible to use the form 

command > >  f i le 

to place output at  th e end of an ex is t ing f i le .  I f  
noclobbe r is se t ,  then an er ror will  re sult i f  f i le does  no t 
ex is t ,  o therw is e  th e shell w i ll cre ate f i le  i f----rt' doesn ' t  
ex is t .  A form 

command > > !  f i le 

ma k e s  it  no t  be an er ror for f i le to no t ex is t when 
noclobber  is se t .  

A . 1 . 6  Jobs : Background and Foreground 

When one or mor e  command s  are typed tog eth e r  as a pipeline  
or  as a sequence  of  command s  separa ted by semicolons , a 
s ing le j ob is c re ated by the shell cons is t ing of  th ese 
command s  togeth er as a un it . S ing le command s  without pipes 
or semi colons c re ate th e s implest j obs . Usu ally , every line  
typed to the sh ell cre ate s  a job . Some lines  that  cre ate 
jobs  ( one per line )  are 

sor t < da ta 
ls  -s I sor t -n I head - 5  
ma i l  harold 

If  the amper sand me tacharac te r  ( & ) is  typed at the end of 
the command s ,  then th e job is star ted as a background job . 
Th is  means that  the shell does no t wa i t  for it to complete 
but inuned iate ly prompts and is re ady for ano ther command .  
The job runs i n  the background at th e sam� t ime that  normal 
j obs , called�foreground jobs , continue to be re ad and 
exec uted by the shell o ne at a t ime .  Thus 

du  > - usage & 

wou ld run  the du  pr og ram , wh ich repor ts on th e disk  usage of 
you r wor k ing C:li rec tory (as  we ll as  any d i rec tor ies  below 
i t ) , put th e ou tput into the f i le usage and return  
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� inuned iate ly with a pr anpt for th e next command without out 
wa i t ing for du to fin ish . Th e du  pr ogram would continue 
exec ut ing in the background unti l it  f in ished ,  even though 
you can type and exec ute mor e command s  in the mean t ime . 
Background j obs are una ffec ted by any s ignals £ran the 
keyboa rd li ke the < INTERRUPT> or <QUIT> s ig nals men tioned 
ear l i e r . 

The k ill  command te rminate s  a backgr ound j ob inuned iate ly . 
I t  may be g iven process  numbe r s  as arg umen ts , as pr in ted by 
� -
A . 1 . 7  Useful  Built-In Commands 

We now g ive a few of the use ful bui lt- in  command s of the 
sh ell descr ib ing how they are used . 

The alias command descr ibed above is  used to 
aliases  and to show th e exis t ing aliase s .  Wi th 
it pr ints the current  al i ase s . I t  may also be 
one argumen t such as 

al i as ls 

to show th e cur rent  ali as  for , e . g . , l s . 

ass ign new 
no arg umen ts 

g iven only 

The echo command pr ints i ts  arg umen ts . 
shell  scr ipts or as  an i n te rac t ive 
filename expans ions wi ll pr oduc e .  

I t  is  often used i n  
command to see what 

The history command w i ll show th e conten ts of the h is tory 
l i s t . The numbe r s  g iven with the history even ts c an be used 
to re fe rence previou s even ts wh ich are difficult to 
re fe rence us ing th e contextu al mechanisms in tr oduc ed above . 
There is also a shell var i able called prompt . By plac ing an 
exclama tion ma rk  ( ! )  in its  value the shell w i ll there 
subst itute the number  of  the cur rent  command in the his tory 
l i s t .  You can use  th is  numbe r to re fe r to th is command in a 
h is tory substitu t ion .  Thus  you cou ld 

se t prompt= ' \ ! % • 

No te that  the exclama tion ma r k  ( ! )  had to be escaped here 
even with in bac kslashes . 

The logout canmand c an be used to te rminate a log in shell 
wh ich has i gnor eeof se t .  

The rehash command cau se s  the shell to recompute a table of 
where commands  are located . Th is is  nec essa ry if you add a 
command to a direc tory in the current  shell ' s  se arch path 
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"" and wish the shell to find it , s ince otherw ise  th e hash ing 
algor ithm may tell the shell that the command wasn ' t in that 
d irec tory when th e hash table was computed . 

The repeat command c an be used to repeat a command several  
t ime s .  Thu s  to make 5 cop i e s  of the fi le one in  the fi le 
f i ve you cou ld do 

repeat 5 c at one > >  f ive 

The setenv command c an be used to se t var iable s in the 
env ironmen t .  Thus 

se tenv TERM adm3 a 

se ts th e value of the env i r onmen t var iable TERM to "adm3 a" . 
A use r  pr ogram pr intenv ex ists  wh ich w i ll pr int  ou t th e 
env ir onmen t .  I t  mig ht then show : 

% pr intenv 
HOME=/u sr /b i ll 
SHELL=/b in/csh 
PATH= : /u sr /ucb : /b in : /usr/b in : /usr /loc al 
TERM=adm3 a 
USER=bi ll 
% 

The source command can be used to for ce  th e current  shell to 
re ad commands  from a fi le .  Thus 

source  . cshrc 

can be used afte r ed it ing in a change to the . cshrc  fi le 
wh ich you w ish  to tak�  effec t  be for e th e next t ime you 
log in . 

Th e time command can be  used to cau se a command to be t imed 
no matte r how much CPU t ime it take s .  Thus  

% t ime cp 
O . O u  O . l s  
% t ime we 

5 2  
5 2  

10 4 
O . lu O . l s  
% 

/e tc/re /usr /b i ll/r c  
0 :  0 1  8 %  
/e tc/re /usr /b i ll/rc  

17 8 1347 /e tc/re 
17 8 13 47 /usr /b i ll/rc 
35 6 269 4  to ta l 

0 : 0 0 1 3 %  

ind icate s that the £E command used a neglig ible amount of 
use r time ( u ) and about l/lO th of a second system time ( s ) 1 
th e elapsed time was 1 second ( 0 : 0 1 ) . Th e word  count 
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command , we , on the other  hand , used 0 . 1 second s of user  
t ime and 0 . 1 second s  of  system time in  le ss than a second of  
e lapsed time . Th e percen tag e " 13 % "  i nd ic ate s that ove r  th e 
per iod wh en it  was ac t ive the ·  command wc used an ave rag e of 
13 perc en t  of th e ava i lable CPU cycle s of th e mach ine . 

The unalias and unset command s  c an be  used to remove ali ase s 
and var i able defin i t ions fran the shell , and unsetenv 
removes var i able s f rom the env i ronmen t .  

Th is concludes  th e bas ic discuss ion of the shell for 
te rminal use r s .  Th ere are mor e fe ature s of the shell to be 
d iscussed here , and all fe atu re s  of th e shell are discussed 
in  i t s  manu al pages . One use ful fe ature wh ich is d iscussed 
later is the foreach bu i lt-in  command wh ich can be used to 
r u n  the same command sequenc e w ith a numbe r of  d i f fe re n t  
arg umen ts . 

A . 2  Shell Control Structures and Command Scr ipts 

It is  poss ible to plac e command s  in f i les  and to c au se 
shells to be invoked to re ad and exec ute command s  f r om th ese 
f i les , wh ich are called shell  s cr ipts . We here deta i l  those 
feature s of th e shell useful  to th e w r ite r s  of such scr ipts . 

I t  is  impor tant to f i r st no te what  sh ell sc r ipts are not 
use ful for . There is  a pr og ram c alled make wh ich is very 
useful  for ma inta in ing a g r oup of re lated f i les  or 
per forming se ts of ope ra tions on re la ted f i le s .  For 
instance a la rg e program cons is t ing of one or more  fi le s  c an 
have its dependenc ie s desc r ibed in a ma ke f i le wh ich conta ins  
de f init ions of  th e command s  u sed to cre ate these di ffe ren t 
f i les wh en chang es occur . De f i n i t ions of th e me ans for 
pr inting lis t ing s ,  cle aning up th e d i rec tory in wh ich the 
f i les re s ide , and install i ng th e re sultant prog rams are 
e as i ly ,  and most appropr iate ly plac ed in th is ma kef ile . 
Th is format is  super ior and pre fe rable to ma i n ta ining a 
g roup of shell procedu re s  to ma inta in these fi le s .  

S imi la r ly when wor k ing on a documen t a makef ile  may be 
cre ated wh ich defines  how d i f f e ren t ver s ions of th e documen t 
are to be cre ated and wh ich opt ions of nroff or troff a re 
appropr iate .  

A . 2 . 1  Invocat ion and the argv var iable 

A csh command scr ipt may be in te rpre ted by say ing 

% csh scr ipt • • •  

where scr ipt i s  th e name of th e fi le conta ining a gr oup of  
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csh  commands  and " " is 
arg umen ts . The shell places  
a rgv and then beg ins  to 
These parame te r s  are then 
mechanisms wh ich are used 
var iable s .  
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replaced by a sequenc e of 
th ese argumen ts in  the var iable 
re ad command s f rom th e scr ipt . 

ava i lable thr ough the same 
to re fe rence any other  shell 

I f  you mak e the fi le scr ipt exec utable by doing 

chmod 7 55 scr ipt 

and plac e a shell commen t at th e beg inning of the shell 
scr ipt ( i . e . beg in th e fi le w ith a pound s ign  ( # ) ) then a 
/bin/csh w i ll au tomatic ally be invoked to exec ute scr ipt 
wh en you type 

scr ipt 

If the fi le doe s no t beg in with a pound s ig n  ( # )  then the 
standard  sh ell /bin/sh  w i ll be used to exec ute it . Th is 
allows you to convert  your older  shell scr ipts to use csh at 
you r conven ience . 

A . 2 . 2  Var iable substitut ion 

Afte r each input li ne is br oken i n to word s  and his tory 
substitu t ions are done on it , the input line  is  par sed into 
d i s t inc t command s . Befor e each command is exec uted a 
mechanism know as  var i able s ubs t i tut ion is done on these 
words . Keyed by th e dollar  s ig n  ( $ ) , th is subst itut ion 
replac es th e name s of var iable s by th eir  values . Thu s  

echo $ argv 

when plac ed in a command scr ipt wou ld c au se the c urrent  
value of the var iable argv to be echoed to the output of the 
shell scr ipt .  I t  is  an e r ror for a rgv to be unse t at  th is 
point .  

A numbe r of no tat ions a re prov ided for access ing componen ts 
and attr ibutes  of var iables . Th e no ta t ion 

$ ?name 

expand s to 1 i f  n ame is set or to 0 i f  n ame is no t set . I t  
i s  th e fundamen tal mechanism used for ch ec k ing whether  
par t icula r var i ables h ave been ass igned values . All other  
forms of  r e fe renc e  to undefined var i able s c au se e r r or s .  

The no tat ion 
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$ #name 

expand s to th e numbe r  of elemen ts in the var iable name . 
Thu s  

% se t argv= ( a  b c )  
% echo $ ?argv 
1 
% echo $ i argv 
3 
% unset argv 
% echo $ ? a rgv 
0 
% echo $ argv 
Undefined var iable : a rgv . 
% 

I t  is also poss ible to access the componen ts of a var iable 
wh ich has several  values . Thus  

$ argv [ l ] 

g ives the fir st  componen t of argv or in the example above 
" a " . S imi lar ly 

$ argv [ $ # argv ] 

wou ld g ive " c " , and 

$ argv [ 1- 2 ]  

wou ld give : 

a b 

Other no tat ions u seful in shell scr ipts are 

wh ere n is an in teger  as a shor thand for 

$ argv [,!! ] 

the nth paramete r and 

$ *  

wh ich i s  a shor thand for 

$argv 

A-1 5  



Append ix A 

�. The form 

$ $  

Append ix A 

expands to th e process numbe r of the current  sh ell . S inc e 
th is pr ocess number  is un ique in th e system it  c an be used 
in genera t ion of unique tempor a ry fi le names .  Th e form 

$ <  

i s  quite spec ial  and i s  replac ed by the next line of input 
re ad fr om the shell ' s  standa rd input ( no t  the scr ipt it is 
re ad ing ) . Th is is  use fu l  for wr it ing shell scr ipts that are 
inte rac t ive , re ading command s  f rom the te rmi nal , or even 
wr it ing a shell scr ipt that ac ts as a fi lte r ,  re ading lines 
from its  input f i le .  Thus  th e sequenc e 

echo ' yes  or no ?\c ' 
se t a= ( $ < ) 

wou ld wr ite ou t the prompt "yes  or no ? "  w ithout a newli ne 
and then re ad the answe r in to the var iable a .  In  th is c ase 
" $ #a "  wou ld be 0 i f  e i ther  a blank line  or <CONTROL- D> was 
typed . 

One mi nor di fference  betwe en " $n "  and " $ argv [ n ] " shou ld be 
no ted here . The form " $ argv [ n l " w i ll y ie ld an er ror i f  n is 
no t in  the range  " l- $ # argv " wh i le " $ n "  w i ll never  yie ld- an 
ou t of rang e  subsc r ipt e r r or . Th is is  for compatib i li ty 
w ith the way older  shells hand led parame te r s .  

Ano ther impor tan t poin t i s  th at i t  i s  neve r an er ror to g ive 
a subrang e  of the form "n- " � i f  th ere are le ss than " n "  
componen ts of th e g iven var iable th en no word s  a re 
substituted . A range  of · the  form "m-n " l i kewise re tu rns  an 
empty vec tor withou t g iv ing an e r ror when . "m"  exceeds the 
number of elemen ts of the g iven var iable , pr ov ided the 
subscr ipt " n "  i s  in  rang e .  

A . 2 . 3  Express ions 

In orde r for inte re st ing sh ell scr ipts  to be construc ted it  
must be poss ible to evalu ate expre ss ions i n  th e shell based 
on the values of var i ables .  I n  fac t ,  all the a r ithme tic  
operations of  the lang uage C a re ava i lable in the shell w ith 
the same prec edence that they h ave in c.  In par t ic ula r ,  th e 
opera tions "=="  and " ! =" compare str ing s and the opera tor s 
" & & "  and " I  I "  implemen t the boole an AND and . OR ope ra tions . 
The spec ial  opera tor s " =- " and " !  - n  a re s imi la r to " == "  and 
" ! =" except  that  the str ing on  the r ig ht s ide c an have 
patte rn ma tch ing charac te r s  ( li ke * , ? or [ and ] )  and the 

A- 16  



Append ix A Append ix A 

··� test  is  wheth e r  the str ing on the le ft match es the patte rn 
on the r ight .  

The shell also allows f i le enqu i r ies  of the form 

- ?  f i lename 

where quest ion ma rk  ( ? )  is replac ed by a numbe r of s ing le 
charac te r s .  For instance  th e expre ss ion pr imi t ive  

-e f i lename 

te ll whether  the fi le f i lename ex is ts . Other pr imi t ives 
test  for re ad , wr ite and exec ute access to th e fi le ,  whether  
it  is  a direc tory ,  or  has non- z e ro leng th . 

I t  is poss ible to te st wh ether a command 
normally , by a pr imi t ive of th e form 

{ command } 

te rminate s 

wh ich re tu rns true , i . e . 1 i f  th e command succeeds ex i t ing 
normally with ex it  sta tu s  O ,  or 0 i f  th e command te rmi nate s 
abnormally or with ex i t  statu s non-zero .  I f  mor e  deta i led 
informat ion abou t the  exec u t ion  status  of a command is 
requ ired , it c an be exec uted and th e var i able n $statu s n  
examined i n  th e next  command . S inc e n $statu s n  i s  se t by 
every command , it is very trans ien·t . I t  c an be saved if it  
is inconven ien t to use i t  only in the s ing le immed iate ly 
following command . 

For a fu ll li s t  of expre ss ion componen ts avai lable see the 
manu al sec t ion  for the shell . 

A . 2 . 4  Sample shell scr ipt 

A sample shell scr ipt wh ich makes  use of the expre ss ion 
mechanism of th e shell and some of its  contr ol s truc ture 
follows : 

A-1 7  



Append ix A Append ix A 

% cat copyc 
• 
t Copyc copies  those C pr og rams in  th e spec i fied lis t  
t to the d irec tory -;bac k up i f  they d i ffe r fr om th e fi les 
# alre ady in -;bac kup 
• 
se t nog lob 
for e ach i ( $ argv ) 

end 

i f  ( $ i  i - * . c ) continue # no t a . c  f i le so do no th ing 

if ( !  -r  -;bac kup/$ i : t )  th en 

end i f  

echo $ i : t  no t i n  backup • • • no t cp\ ' ed 
continue 

cmp -s $i -;bac kup/$ i : t # to set $status  

if  ( $ status ! =  0 )  then 

end i f  

echo new bac k up of $ i  
cp $ i  -;bac k up/$ i : t 

Th is scr ipt makes  use of th e foreach command , wh ich cau se s  
th e sh ell to exec ute the command s  between th e foreach and 
th e match ing end for each of th e values g iven between 
parenthese s  with the named var iable , in th is c ase " i "  set  to 
success ive values  in  the li s t .  Wi th in th is loop we may use 
th e command bre ak to stop exec ut ing th e loop and continue to 
premature ly te rminate one itera t ion and beg in th e nex t .  
Afte r the foreach loop the ite ra t ion var iable ( i  i n  th is 
case ) has the value at th e last i te ra t ion .  -

we se t the var iable noglob here to preven t f i lename 
expans ion of th e member s  of argv .  Th is i s  a good idea,  in 
g eneral , if th e argumen ts to a sh ell scr ipt are f i lenames 
wh ich have alre ady been expanded or i f  the arg umen ts may 
conta in f i lename expans ion me tacharac te r s .  I t  is also 
poss ible to quote each use of a " $ "  var iable expans ion ,  but 
this is harde r and le ss re li able . 

The other  contr ol construct  u sed here is a sta temen t of the 
form 

if  ( expre ss ion ) then 
command 
. . . 

end i f  

The plac emen t of th e k eyword s  h ere i s  not f lex ible due to 
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�. the  current  implemen tation of th e shell . The following two 
forma ts are no t acceptable to th e shell : 

if  ( expre ss ion)  # Won ' t wor k !  
then 

command 
. . . 

end if  

and 

if  ( express ion)  then command endif  t Won ' t  wor k 

The shell doe s  h ave ano ther  form of  the if  sta temen t of the 
form 

if ( expre ss ion ) command 

wh ich can be wr i t ten 

i f  express ion ) \ 
command 

He re we have esc aped th e newline  for th e sake of appearanc e .  
The command must  not i nvolve " I " , " & " or " i " and must no t  be 
ano ther  contr ol command . Th e second form requires  the final 
bac k slash (\)  to immediately prec ede th e end-of-li ne .  

The mor e general i f  statemen ts above also admi t a sequence  
of else- i f  pai r s  followed by a s ing le else  and an  endif , 
e . g . : 

if  ( express ion ) then 
commands  

else if  ( expre ss ion ) then 
commands  

. . . 

else 
commands  

end i f  

Ano ther impor tant mechanism used i n  shell scr ipts i s  the 
colon ( : ) mod i fie r . We can use the mod i f i e r  " : r "  here to 
extrac t  the root of a f i lename or ' : e '  to extrac t the 
extens ion . Thu s  i f  the var iable i has the value 
/mnt/foo . bar th en 

A-19  



Append ix A 

% echo $ i  $ i .: r  $ i : e  
/mn t/foo . bar /mn t/foo bar 
% 

Append ix A 

shows how the " : r "  mod i fie r s tr ips off th e tra i li ng " . bar " 
and the the " : e "  mod i f i e r  leaves only the "bar " .  Other  
mod i f i e r s  wi ll take  off  the  last  componen t of a pathname 
leav ing th e head " : h " or all but th e last componen t of a 
pathname le av ing the ta i l  " : t " . Th ese mod i f i e r s  are fully 
descr ibed in the csh ( l S )  manual pages  in  the XENIX Reference 
manu al . I t  is also poss ible to use the command s ubst i tut ion 
mechan ism desc r ibed in the nex t major sec t ion to per form 
mod ificat ions on  str ing s  to then reen te r the shells 
env ir onmen t .  S inc e each usag e  of th is mechanis m involves  
the cre at ion of a new p r ocess , it  i s  much mor e expen s ive to 
use than th e colon ( : ) mod i f i c ation mechanism.  ( I t  is  also 
impor tant to no te that th e cur rent  implemen ta t ion of the 
shell limi ts  the numbe r of colon mod i f ie r s  on a " $ "  
subst itut ion to 1 .  Thu s  

% echo $ i  $ i : h : t  
/a/b/c /a/b : t  
% 

does  no t do what one wou ld expec t . ) 

F inally , we no te that th e pound s ign  charac te r ( # )  lex ic ally 
in tr oduces  a shell commen t in shell sc r ipts  ( but no t from 
the te rmi nal ) . All subsequen t charac te r s  on the input l i ne 
afte r a pound s ign  are disc arded by the shell . Th is 
charac te r  c an be quoted us ing " ' " or " \" to plac e it in an 
arg umen t word . 

A . 2 . 5  Other control structures 

The shell also has contr ol struc tu re s while and switch 
s imi lar to those of c. These take the forms 

while 

end 

and 

expre ss ion 
commands 
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switch ( word ) 

case str l : 
command s  
breaksw 

. . .  

case str n : 
command s  
breaksw 

default : 
command s 
breaksw 

endsw 
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For deta i ls 
pr ogramme r s  
switch wh i le 
mi s tak e to 
than breaksw 

see the manu al sec t ion for cs h ( lS ) . C 
should no te th at we use breaksw to ex it  fr om a 
break ex its  a wh i le or foreach loop . A common 
mak e  in  cshell scr ipts is  to use break ra ther  
in sw itches . 

F ina lly , cshell allows a goto s tatemen t ,  w ith labels look ing 
l i k e  they do in c ,  i . e . : 

loop : 
command s  
goto loop 

A . 2 . 6  Supplying input to commands 

Command s run fr om shell scr ipts  rec eive by defau lt the 
standard input of the sh ell wh ich is runn ing the scr ipt . 
Th is is  d i ffe re n t  from prev ious shells runn ing und e r  XEN IX . 
It  allows shell scr ipts to fu lly par tic ipate in p ipelines , 
but manda te s  extra no tat ion for command s  wh ich are to tak e  
inline data . 

Thu s we need a rnetano tation for 
command s  in shell scr ipts . 
sc r ipt wh ich runs  the ed itor to 
the lines i n  e ach  arg umen t f i le 
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% cat deblank 
# deblank -- remove le ad ing blank s 
for e ach i ( $ argv ) 
ed - $ i  < <  ' EOF ' 
l , $ s/"' [ 1 *// 
w 
q 
' EOF ' 
end 
% 

The no tat ion " < <  ' EOF ' " means th at the standard input for 
th e ed command is to come from th e text in the shell scr ipt 
f i le up to th e next line cons is t ing of exac tly " ' EOF ' " • The 
fac t  that  the EOF is enc losed in s ing le quote s ( ' ) ,  i . e . 
quoted , cau se s  the sh ell to no t pe r form var iable 
substitu t ion on  the in te rven ing li nes . In g enera l ,  if  any 
par t  of th e word  following th e " < < "  wh ich the shell uses to 
te rminate the text to be g iven to th e command is quoted then 
th ese substitutions wi ll no t be per formed . In th is  case 
s ince we used th e form " 1 , $ " in our ed itor  scr ipt we needed 
to insure tha t  th is doll a r  s ig n  was no t var iable 
subst ituted . We cou ld also have  insured th is  by prec ed ing 
th e dollar  s ig n  ( $ )  with a bac k s lash (\ ) , i . e . : 

l ,\$ s/" [ ] *// 

but  quot ing th e EOF te rmi nator  is a mor e re li able way of 
ach iev ing the same th ing . 

A . 2 . 7  Catch ing interrupts 

If our  sh ell scr ipt c re ate s  tempor a ry f i le s ,  we may wish  to 
c atch inte r r up t ions of the shell sc r ipt so th at we can cle an 
up these fi le s .  We can then do 

oni n tr label 

wh ere label  is  a label in ou r program .  If  an  i n te rr upt  is 
rece ived th e shell w i ll do a "goto label " and we can remove 
the tempor a ry f i le s  and th en do an exi t command (wh ich is 
bu i lt in  to th e shell ) to exi t  from the shell scr ipt .  If we 
wish to ex i t  w i th a non-zero s tatus  we can do 

ex it ( l )  

e . g .  to ex i t  with status 1 .  
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·� A . 2  . 8 Other Features 

{� 

There are other  featu re s  of the shell useful to wr ite r s  o f  
shell proc edure s .  The ver bose and echo opt ions and the 
re lated -v and -x command line  options c an be  used to help 
trace the ac t ions of the shell . Th e -n option cau se s  the 
sh ell only to re ad command s  and no t to exec ute them and may 
some time s be of use . 

One other  th ing to note is that  csh w i ll no t exec ute shell 
scr ipts wh ich do no t beg in  with th e pound s ig n  charac te r  
( # ) , that is shell sc r ipts th at do no t beg in with a commen t .  
S imi la r ly , the /bi n/sh on your system may we ll defe r to csh 
to inte rpre t sheli-Bcrfpts wh ich beg in with the pound sigii' 
( # ) . Th is allows sh ell scr ipts for bo th sh ells to live in 
harmony . 

There is  also ano ther  quota t ion mechan is m us ing the 
quotat ion mark  ( " ) , which allows only some of th e expans ion 
mechanisms we have so fa r disc ussed to occur  on the quoted  
str ing and se rves  to make th is str ing into a s ing le word as  
th e s ing le quote ( ' ) does . 

A . 3  Loops At The Terminal 

I t  is occas ionally useful to use the for each control 
struc ture at the te rminal to aid in performing a number of 
s imi lar command s .  For instanc e ,  if there we re three  sh ells 
in use on a par t ic ular  sys tem , /bin/sh , /bin/nsh ,  and 
/bi n/csh ,  you cou ld count the numbe r of per sons us ing e ach 
sh ell by us ing the following command s : 

% grep -c c sh$  /e tc/passwd 
5 
% grep -c nsh$  /e tc/passwd 
3 
% grep -c -v sh$ /e tc/passwd 
20  
% 

S ince these command s  are ve ry s imi lar  we can use foreach to 

do th is mor e  eas i ly .  

% for e ach i ( ' sh $ ' ' csh$ ' 1 -v sh$ ' ) 
? grep -c $ i  /e tc/passwd 
? end 
5 
3 
20  
% 
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No te here th at th e shell prompts for input with 
re ad ing the body of  th e loop . 
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" when 

Ve ry use ful  w i th loops a re var iable s wh ich conta in li s t s  of 
f i lename s or other  words . You can ,  for example , do 

% se t a= ( ' ls ' ) 
% echo $ a  
csh . n csh . rm 
% ls 
c sh . n  
csh . rm 
% echo $ # a  
2 
% 

The set command here gave  th e var iable a a li s t  of all the 
f i lename s in the c ur r e n t  d i rec tory  as value . We can th en 
iterate ove r  th ese name s to per form any chosen fu nc t ion . 

The ou tput of a command with in bac k  quote characte r s  ( ' ) is 
converted by th e sh ell to a li s t  of wor d s . You can also 
plac e th e quoted str ing with in double quote ch arac te r s  ( " )  
to take  each ( non-empty )  l i ne as a componen t of th e 
var iable . Th is preven ts th e lines from be ing spl i t  into 
word s  at blank s and tab s .  A mod i f i e r  " : x "  ex is ts wh ich c an 
be used la te r  to expand each componen t of the var iable in to 
ano th er var iable by spli t t ing th e or ig inal var i able in to 
separa te words  at  embedded blank s and tabs . 

A . 4  Braces { . . . } in argument expans ion 

Ano ther form of f i lenama expans ion , alluded to before 
involves the charac te r s ,  " { " and " } " .  Th ese charac te r s  
spec i fy that  th e conta ined str ing s ,  separa ted by commas ( , )  
are to be consec utively subst itu ted i n to th e conta ining 
ch arac te r s  and th e re sults  expanded left  to r ig ht .  Thus 

A { s t r l , st r 2 , • • •  str n } B 

expands · to 

Ast r lB As t r 2B • • •  As trnB 

Th is expans ion occur s befor e th e other  fi lename expans ions , 
and may be appli ed rec ur s ively ( i . e . nested ) . The re sults 
of e ach expanded str ing are sor ted separa te ly , le ft to r ig ht 
or de r be ing pre se rved . The re sult ing f i lenames are no t 
required to ex is t i f  no other  expans ion mechanisms are used . 
Th is  means that  th is  mechanism c an be used to g enera te 
arg umen ts wh ich are no t f i lenames ,  but wh ich have common 
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· � . par ts . 

· �\  

A typical u se of th is would be 

mkd i r  -; { hdr s , re trofi t , csh } 

to make  subd irec tor ies  hdrs , retrof i t  and csh in your home 
d irectory . Th is mechanism is most  u se ful  when the common 
pre fix is  long e r  than in th is example , i . e .  

chown root /usr / { ucb/ { ex , ed it } , li b/ { ex? . ? * , how_ex } }  

A . 5 Command substitution 

A command enclosed in bac k  quote s ( ' ) is 
befor e fi lename s are expanded , by the 
canmand . Thu s ,  i t  is poss ible to do 

set  pwd= 'pwd ' 

replac ed , j ust  
output from that 

to save th e current  d i rec tory in the var iable � or to do 

v i  'grep -1 TRACE * . c' 

to run the ed itor vi supply ing as argumen ts those f i les  
whose name s end in  " . c " wh ich have the str ing " TRACE" in  
them .  Command expans ion also occur s in  input red irec ted 
with " < < "  and with in quota t io ns ( " ) . Re fe r to csh ( lS )  in 
the XENIX Reference manu al for mor e informat ion . 

A . 6  Other Details Not Covered Here 

In par tic ular c i rcums tanc es it may be necessary to know the 
exac t  natu re and orde r of d i ffe ren t subst itu t ions per formed 
by the shell . Th e exac t meaning of certa in combinat ions of  
quotations is  also occ as ionally impor tant .  These are 
deta i led fu lly in its manual sec tion . 

The shell has a numbe r of command line option flag s 
of  u se in  wr i t ing XEN IX pr og rams and debugg ing 
scr ipts . See csh ( lS )  in  the XENIX Reference Manual 
l i s t  of th ese opt ions . 

A . 7  Spec ial Characters 

mostly 
shell 

for a 

The following table li s t s  the spec ial charac te r s  of csh and 
the XEN IX system . A numbe r of these charac te r s  also have 
spec ial  meaning in express ions . See the csh manual sec tion 
for a complete lis t . 

---
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S yn t ac t i c  metachar ac t e r s  

; S eparat e s  c omma n d s  t o  be executed s equent i a l ly 

I S eparate s c omma n d s  i n  a pi pel i n e 
C ) B racket s expr e s s i on s  and var i ab l e  va l ue s  
& Fol l ows c omman d s  t o  be execu t e d  wi t hout wa i t i ng 

f o r  c omp l e t i on 

F i l e name me t ac h a r ac t e r s  

/ S epa r a t e s  c omponent s o f  a f i l e ' s  p a t h n ame 
? E xpan s i on c h a r a c t e r  mat c h i ng any s i ng l e  charac t e r  
* Exp an s i o n c h a r a c t e r  matc h i ng any s equence o f  

c h a r ac t e r s  
[ Exp a n s i on s eq u e n c e  matc h i ng any s i ng l e  c harac t e r  

f r om a s e t  o f  c h ar a c t e r s  
U s ed a t  t h e  b eg i nn i ng o f  a f i l e n ame t o  i nd i c a t e  
h ome d i r ec t o r i e s  

{ } U s ed t o  s p ec i fy g r oups o f  argume n t s  wi th c ommon 
par t s  

Quotat i o n me t a c h a r ac t e r s  

\ 

" 

P r event s met a -me a n i ng o f  f o l l owi ng s i ng l e  
c h ar a c t e r  
P r events met a -me an i ng o f  a g r ou p  o f  c harac t e r s  
L i k e ' ,  b u t  a l l ows var i ab l e  a n d  c ommand expan s i on 

I nput /outpu t  met ac h a r a c t e r s  

< I nd i c a t e s  r ed i r e c t ed i nput 
> I nd i c at e s  r ed i r e c t ed out put 

Expan s i o n / S u b s t i tut i o n  me t a c h a r ac t e r s  

$ I nd i c at e s  var i a b l e  s u b s t i t ut i on 
I nd i c at e s  h i s t o r y  sub s t i tut i o n  
P r e c edes s u b s t i t u t i on mod i f i e r s  
U s ed i n  s p ec i a l f orms o f  h i s to ry sub s t i tut i on 
I nd i c a t e s  c omma n d  s u b s t i t ut i on 

Oth e r  me tac h a r a c t e r s  

# B eg i n s s c r a t c h  f i l e name s ; i nd i c at e s  s h e l l  
c omme n t s  
P r e f i xe s  opt i o n  C f l ag ) a r gume n t s  to c ommands 

% P r e f i xe s  j ob name spec i f i c at i on s  
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APPENDIX B :  M4 - A Macro Processor 

M4 is th e name of th e XENIX mac ro pr ocessor . Mac ro 
processor s are  used to define  and to process  spec ially 
defined str ing s  of charac te r s  ( c alled mac ros ) . By defin ing 
a se t of mac r os to be pr oc essed by M4 , a prog ramming 
language  can be  enhanced to mak e  it : 

1 .  More  struc tured 

2 .  Mor e  re adable 

3 .  Mor e  appr opr iate for a par t ic ular appli c at ion 

The #def ine statemen t in  C and the analogous def ine in  
Ratfor are example s of the bas ic fac i li ty prov ided by any 
mac ro proc essor -- replac emen t of text by oth e r  tex t .  

Bes ides the stra ig htforwa rd replac emen t o f  one str ing of 
text  by ano ther , a mac ro  processor prov ides : 

• Mac ros with arg umen ts 

Cf) Cond it ional mac r o  expans ions 

Cf) Ar ithme t i c  expre ss ions 

Cf) F i le manipula tion fac i li t ie s  

• Str ing process ing func t ions 

The bas ic opera t ion of M4 is to copy its input to i t s  
ou tput . As th e input is  re ad , , each alphanume r ic " token "  
( that  is , str ing of le tte r s  and d ig i t s )  i s  chec ked .  I f  it  
i s  th e name of a mac r o ,  th en the name of  the mac ro  is  
replac ed by  its  defin ing tex t ,  and th e re sult ing str ing is 
pushed back onto the input i t  is re scanned by M4 . Mac ros 
may be called w i th argumen ts , in wh ich case the arg umen ts 
are collected and substituted in to the r ig ht plac es in the 
defin ing text  befor e M4 re sc ans the text .  

M4  pr ov ides a collec t ion of  about twen ty bui lt- in  mac ros 
wh ich per form var ious ope ra t ions . In  add i t ion , the use r c an 
define new mac r os .  Bu i lt- ins  and use r-defined mac ros wor k 
exac tly the same way , except that some of the bui lt- in 
mac r os h ave s ide  effec ts on th e state of th e process . 
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To invoke M4 , type : 

m4 [ f iles ] 

Append ix B 

Each argumen t fi le is pr ocessed in order . I f  there are no 
arg umen ts , or i f  an arg umen t is a dash ( - ) , the standa rd 
input is  re ad at that point .  The processed text is  wr itten  
to the standard ou tput . 

m4 [ fi les ]  >outputf i le 

B . 2  Defining Macros 

The pr imary bui lt-in func t ion of M4 is def i ne , wh ich is u sed 
to define new mac r os .  The input 

define ( name , stu f f )  

cau ses  th e str ing � to be def ined as  stuff . Al l 
subsequen t occurrences  of � w i ll be replac ed by stuf f . 
Name must be alphanume r ic and must beg in with a le tte r ( th e  
under scor e counts a s  a le tte r ) . s tuff i s  any text  that 
conta ins balanced pare n these s 1 i t  may stre tch over mult iple 
lines . 

Thu s ,  as a typic al example , 

define (N , 10 0 )  
. . . 

if  ( i  > N ) 

def i nes N to be 10 0 ,  and uses th is n symbolic  constantn  in  a 
late r  i f-statemen t .  

The le ft pare n thesis  must  inuned iate ly follow the word  
def i ne , to s ig nal  that def i ne has a rg umen ts . I f  a mac ro or 
bu i lt-in name is not followed inuned i a te ly by n c n ,  it is 
assumed to have no arg umen ts . Th is is the s itu ation for N 
above 1 i t  i s  ac tu ally a mac ro with no arg umen ts , and thus 
when it i s  u sed there need be no ( • • •  ) following it . 

You shou ld also notice  that a mac ro name is only recognized 
as  such i f  it  appear s surr ounded by non-a lphanume r ic s . For 
example , in 

def i ne (N , 10 0 )  
• • • 

if  (NNN > 10 0 )  
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the var iable NNN is  absolu te ly unre lated to 
mac ro N ,  even thoug h it  conta ins  a lo t of N ' s .  

Th ing s may be defined in te rms of other  
example , 

de f i ne (N , 10 0 )  
define (M ,  N )  

defines both M and N to b e  10 0 .  

Append ix B 

the derned 

th ing s .  For 

What happen s i f  N i s  rede fined ?  Or , to say it  ano th er way , 
is M defi ned as N or as 10 0 ?  In M4 , the latte r is tr ue 
M is 10 0 ,  so even if  N subsequen tly changes , M doe s  no t .  

Th is behav ior ar ises  bec au se M4 expand s mac ro  names in to 
their  defin ing text as soon as  it  poss ibly c an .  He re , that  
me ans that when the str i ng N i s  seen as  th e arg umen ts of 
def ine are be ing collec ted , it  is  immed iate ly replac ed by 
10 0 1  it ' s  j ust  as i f  you had sa id 

define (M , 10 0 )  

in the f i r st plac e . 

I f  th is i s n ' t  what you re ally want,  there are two ways out 
of  it . The fi r st ,  wh ich is spec i fi c  to th is s ituation , is  
to inte rchange  the orde r of th e defin it ions : 

define ( M ,  N )  
def i ne (N , 10 0 )  

Now M is  defined to be th e str ing N ,  
late r ,  you w i ll always get  th e 
( bec au se the M w i ll be replac ed by N 
replac ed by 100 ) . -

so when you ask  for M 
value of N a t  that t ime 
wh ich , in-turn , w i ll be 

B . 3  Quoting 

The mor e general  solut ion is to delay the 
argumen ts of def i ne by quot ing them .  Any 
the s ing le quote s ' and ' is not expanded 
has the quote s  str ipped off . I f  you say 

def ine (N , 10 0 )  
define  (M ,  'N ' ) 

expans ion of the 
text  sur r ounded by 

immed ia te ly , but 

the quote s around 
be ing collected , 
is  defined as th e 
that M4 always 

the N a re str ipped off a s  th e arg umen t i s  
but-they have se rved th e i r  purpose , and M 

str ing N ,  no t 10 0 .  Th e gen eral rule is 
str ips -off one level of s ing le quote s 
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� wheneve r it  evalu ates  some th ing . Th is is  true  even outs ide 
of mac r os .  If you want th e word def ine to appear in the 
ou tput ,  you have to quote it i n  the input , as  in 

' def ine ' = 1 1 

As anoth er  instanc e  of th e same th ing , wh ich is a bit more 
surpr is ing , cons ider redef i n ing N :  

define  (N , 10 0 )  
. . .  

define (N , 20 0 )  

Perhaps reg re ttably , the N in the second definit ion i s  
evalu ated as soon as  i t ' s  seen 1 that is , i t  is  replac ed by 
10 0 ,  so it ' s  as  i f  you had wr itten 

define ( lO O ,  20 0 )  

Th is sta temen t i s  ignored by M4 , s inc e you c an only def ine 
th ing s that  look li k e  names ,  but it  obvious ly doesn ' t  hav e  
the effec t  you wanted . To re ally rede fine  N ,  you must delay 
the evalu at ion by quoting : 

· -
define (N , 10 0 )  

. . . 
define  ( 'N ' , 20 0 )  

I n  M4 , i t  i s  often wis e to quote th e f i r st arg umen t of a 
mac r o .  

I f  the forward and bac kward quote charac te r s  ( ' and ' )  are 
no t conven ien t  for some re ason ,  the quote charac te r s  c an be 
chang ed with the bu i lt- in  changequote .  For example : 

chang equote ( [ ,  ) )  

mak es  the new quote charac te r s  the left  and r ig ht brackets . 
You can re store the or ig inal characte r s  with j us t  

chang equote 

There are two add i t ional bui lt- ins · related to def ine . 
undef i ne removes the def i n i t ion of some mac r o  or bui lt- in : 

undefine ( 'N ' ) 

removes th e defin it ion of N .  Bui lt-ins  c an be  removed with 
undef ine , a s  in  
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unde fine ( ' de f ine ' )  

but once you remove one , you c an never get  i t  bac k . 

The bui lt- in i fdef pr ov ides a way to dete rmi ne if  
currently defined . For instanc e ,  pre tend that 
wor d  xeni x  or uni x  is  de fined accor d ing to a 
implemen ta t ion��of a pr og r am .  To per form 
accord ing to wh ich system you have you mig ht say : 

i fdef ( ' xen ix ' ,  ' define ( system , l ) ' ) 
i fdef ( ' unix ' ,  'define ( sys tem , 2 ) ' ) 

Don ' t  for get  th e quote s in  the above example . 

a mac ro  is 
either the 
par tic ula r 
opera t ions 

I fdef ac tually permi ts  three a rg umen ts : if the name is 
unde fined , the value of i fdef is  then the th ird  arg umen t ,  as 
in 

ifdef ( ' xen ix ' ,  on XEN IX , no t on XEN IX )  

B . 4  Arguments 

So fa r we have disc ussed the s imple st form of mac ro 
proc ess ing replac ing one str ing by ano ther  ( f ixed ) 
str ing .  User-defined mac ros may also have arg umen ts , so 
d i fferent  invoc at ions can have d i ffe rent  re sult s .  With in 
the replac emen t text for a mac r o  ( th e  second arg umen t of  its 
def ine ) any occurrenc e  of $n will be replac ed by the n th 
arg umen t when the mac ro  is ac tu ally used . Thu s ,  the mac r o  
bump, def ined as 

define ( bump , $1 = $1 + 1 )  

generate s  code to incremen t i t s  a rg umen t by 1 :  

bump ( x) 

is  

x = x + 1 

A mac ro c an have as  many arg umen ts as  you wan t ,  but only the 
f i r st nine  are access ible , through $ 1  to $ 9 . (The macro 
name itse l f  is $ 0 , althoug h that  is less commonly used . ) 
Argumen ts that  -are no t suppli ed are replac ed by null 
str ing s ,  so we can define  a mac ro cat wh ich s imply 
concatena te s  i t s  argumen ts , l i k e  th is : 

define ( c at , $ 1$ 2 $ 3 $ 4 $ 5$ 6$ 7$ 8 $ 9 )  
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Thu s 

ca t ( x ,  y ,  z )  

i s  equivalent to 

xyz 

$! throug h $� are null , s ince no cor re spond ing a rg umen ts 
we re pr ov ided . 

Le ading unquoted blank s ,  tab s ,  or newlines  that occur du r ing 
arg umen t collec t ion are d isc arded . Al l o ther  wh i te spac e  is 
re ta ined . Thu s : 

define ( a ,  b c )  

defines a to be b c .  

Arg umen ts are separa ted by commas ,  but parenth ese s a re 
counted proper ly ,  so a comma "pr otec ted " by parenthese s  doe s  
no t te rminate a n  argumen t .  Th at is , i n  

define ( a ,  ( b ,  c )  ) 

there are only two arg umen ts � the sec ond is li te ra lly ( b , c ) . 
And of  cour se a bare comma or paren th e s is c an be inse r ted-by 
quoting it . 

B . 5 Ar i thmetic Built- ins 

M4 pr ov ides two bui lt- in  func t ions for doing ar ithme t ic on 
intege r s .  The s implest  is incr , wh ich inc remen ts its  
nume r ic arg umen t by 1 .  Thu�to hand le the common 
prog ramming s ituation where you want a var iable to be 
defi ned as "one m:>r e than N" , wr ite 

define (N , 10 0 )  
define (Nl , ' incr (N ) ' )  

Then Nl  is  defined as one m:>r e than th e cur r e n t  value of N .  

The m:>r e general mechanism for a r i thme t ic is a bui lt- in  
c alled eval , wh ich is  capable of  a rbitra ry a r i thme t ic on 
integer s .  I t  prov ides the fol lowing opera tor s ( in 
dec re as ing order  of prec edenc e )  : 
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unary + and -
* *  or A ( exponen tiation)  
* I % (modulu s )  
+ 
== ! =  < < =  > >= 

( no t) 
& or & & ( log ic al and )  
I or I I  ( log ic al or ) 

Append ix B 

Parenth eses may be used to g r oup opera t ions wh ere needed . 
All the operand s  of an express ion given to eval must  
ult ima te ly be  nume r ic .  The nume r ic value of a true relation 
( li ke 1 > 0 ) is  1 ,  and false is  O .  The prec is ion in eval is 
implemen ta t ion dependen t .  

As a s imple example , suppose we want  M to be 2 * *N+l . Then 

define (N , 3 )  
define (M , ' eval ( 2 * *N+l ) ' )  

As a matte r of pr inc iple , it  is adv isable to quote the 
defin ing text for a mac ro  unle ss i t  is  very s imple indeed 
( say just a numbe r ) ; it u sually g ives th e re sult you wan t ,  
and i s  a good hab i t  to get  i n to .  

B . 6  File Manipulation 

You c an include a new fi le in th e input at any time by the 
bu i lt- in fu nction include : 

inc lude ( f i lename ) 

inse rts  the conten ts of f i lename in plac e of the include 
command . The conten ts of the fi le is often a se t of 
def i n i t ions . The value of include ( that is , its replac emen t 
text )  is the conten ts of the f i le ;  th is c an be captured in 
defi n i t ions , etc . 

I t  is  a fa tal  e rror i f  the fi le named in 
accessed . To get some contr ol ove r  
alte rnate form s include c an be used ; 
inc lude " ) says no th ing and continues i f  
f i le .  

incl ude c anno t be 
th is  s ituation , the 

s include ( " s i len t 
i t  c an ' t  acc ess the 

I t  is  also poss ible to divert the ou tput of M4 to tempora ry 
f i les  du r ing pr ocess ing , and ou tput the collec ted mate r ial  
upon command . M4 ma in ta ins  nine  of  these diver s ions , 
numbe red 1 through 9 .  I f  you say 

d ivert ( n) 
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all subsequen t ou tput is  put onto th e end of 
f i le re fe r red to as n .  Dive r t ing to th is  f i le 
ano ther  d i ve r t  command : in  part icula r , d ive r t  
re s umes the normal output pr ocess . 

a tempor a ry 
is s topped by 
or d i ver t (Q ) 

Dive r ted text is  normally ou tput all at  onc e at  the end of 
proc ess ing , w ith th e d iver s ions ou tput in  nume r ic orde r .  I t  
is  poss ible , however , to br ing bac k diver s ions at any t ime , 
that  is , to append them to th e curren t diver s ion .  

und ivert  

br ing s  bac k  all d iver s ions in  nume r ic orde r ,  and undive r t  
with a rg umen ts br ing s bac k the se lec ted d ive r s ions in  the 
or de r g iven . Th e ac t of und iverting d isc ards th e diverted  
stu ff , as doe s divert ing in to a dive r s ion whose number  is  
no t between 0 and 9 inc lu s ive . 

The value of und ive r t  is not the d iverted stuff . 
Fur thermor e ,  the diverted  ma te r ial  is not  re sc anned for 
mac r os . 

The bui lt- in  d i vnum re tu rns  the numbe r of the c urren tly 
ac t ive d iver s io n .  Th is is  zero  du r ing normal proc ess ing . 

B . 7  System Command 

You can run any pr ogram in th e loc al ope ra t ing sy stem with 
the syscmd bui lt- in .  For example , 

syscmd ( da te )  

r uns the date command . Normally , syscmd would be used to 
cre ate a f i le for a subsequen t incl ude . 

To fac i li tate mak ing 
maketemp is pr ov ided , 
system func t ion mktemp : 
replac ed by the process 

B . 8  Cond i tionals 

unique f i le names , the bu i lt- in  
w ith spec i f i c ations iden tic al to  the 
a str ing of XXXXX i n  the arg umen t i s  
id  of th e cur ren t process . 

There is a bui lt-in  
per form arbitra ry 
form , 

c alled i felse wh ich 
cond it ional te st ing . 

enable s you to 
In th e s imple st 

ifelse ( a ,  b ,  c ,  d)  

compares th e two str ing s  a and b.  If th ese are iden tic al ,  
ifelse  re turns the str ing c ;  o therw ise  it re turns d .  Thus , 
we mi g ht define a mac r o  called compar e  wh ich compare s two 
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s t r ing s and re turns  "yes " or "no "  i f  they are the same or 
d i fferen t . 

de f i ne ( compare , ' i felse ( $ 1 , $ 2 , yes , no ) ' )  

No te the quote s ,  wh ich preven t too-e ar ly evalu ation of 
if else . 

I f  the four th arg umen t is mis s ing , i t  is  tre ated as empty . 

i felse can ac tu ally have any numbe r of  a rg umen ts , and thus  
prov ides a limi ted form of mult i-way dec is ion capab i li ty .  
I n  the input 

i fe lse ( a ,  b ,  c ,  d ,  e ,  f ,  g) 

i f  the str ing a match es th e str ing b ,  
Otherwise , i f  d i s  the same a s  e ,  
Oth erwise  the re sult is g. I f  the 
omi t ted , th e result  is null , so 

i fe lse  ( a ,  b, c) 

is c if a match es b, and nu ll o therw ise . 

B . 9 Str ing Manipulation 

the 
the 

f inal 

re sult is c .  
result is f .  
a rg umen t is 

The built-in  len re tu rns  th e leng th of  the s t r ing that  makes  
up its  arg umen t .  Thus 

len ( abcdef )  

i s  6 ,  and len ( (� , b) ) i s  5 .  

The bui lt- in  s ubstr  can be used to pr oduc e substr ing s  of 
str ing s . s ubstr ( s , i ,  n )  re turns  the substr ing of s that 
star ts  at the i th pos it ion ( or ig in zero) , and is � 
characte r s  long . -I f  n is omi t ted , th e rest  of the str ing is  
re tu rned , so  

substr ( ' now is th e t ime ' , 1 )  

is  

ow is  the t ime 

If i or n a re ou t of rang e , var ious sen s ible th i ng s  happen . 

index ( s l , s 2 )  re turns  the index (pos it ion) in s l  where the 
str ing s 2  occur s ,  or -1 i f  it  doe sn ' t  occ ur . As with 
s ubstr , the or ig in for str ing s  is O .  
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� The bu i lt-in  t r ans l i t  per forms charac te r transli te ra tion . 

transli t ( s ,  f ,  t )  

mod i fies  s by replac ing any charac te r found in f by  the 
cor respond ing charac te r  of  t .  That is , 

transli t ( s ,  ae iou , 1 2345 ) 

r eplaces the vowe ls by th e cor re spond ing d ig its . I f  t is  
shor te r than f ,  charac te r s  wh ich don ' t  have an en try in t 
are dele ted 1 as-a limi t ing case , i f  t is  no t pre sen t at a11; 
ch�rac te r s  from f are deleted from s� So 

transli t ( s ,  ae iou ) 

deletes vowe ls f r om  s .  

There is also a bui lt-in  c alled dnl wh ich delete s all 
characte r s  that follow it up to and inc luding the next 
newline . I t  is  use ful ma inly for th rowing away empty li nes  
that otherw is e  tend to clu tte r up M4 ou tput .  For example , 
i f  you say 

de fine  (N , 10 0 )  
def i ne (M , 20 0 )  
define  ( L , 30 0 )  

the newline  at the end of e ach 
defin i t ion , so it is copied 
no t be wanted . I f  you add dnl 
newli nes wi ll d isappear . ---
Ano ther way to ach ieve th is , is  

d ive r t ( - 1 )  
def i ne ( • • •  ) 
. . . 

d ive r t  

B . 10 Pr inting 

li ne is no t par t of the 
into th e ou tput , where it  may 
to each of these lines , the 

The bui lt- in  e r r pr int  wr ite s  its  arg umen ts ou t on th e 
s tandard error f i le .  Thus , you can say 

e rrpr in t ( ' f a tal  e rr or ' )  

Dumpdef is a debugg ing aid wh ich dumps the c urren t 
def i n i t ions of defined te rms . I f  th ere are no arg umen ts , 
you get everyth ing 1 o therw ise  you get th e ones you name as 
arg umen ts .  Don ' t  forget  the quote s .  
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APPENDIX C :  c Language Por tability 

The C lang uage is  def ined in the append ix to "Th e  C 
Prog r amm i ng Languag e " , by Ke rn ig han and Ri tch ie . Th is  
def init ion leaves  many deta i ls to be  dec ided by ind ividu al 
implemen tations of the languag e .  It is those incomple te ly 
spec i fi ed featu re s  of the lang uage  that detrac t from i t s  
por tab i li ty and that should b e  studied when attempt ing to 
wr ite por table C code . 

Most of the is sues  affec t ing C por tab i li ty a r ise  from 
d i fferences  in e i ther  targe t  mach ine hardwa re or comp i le r s .  
C was des igned to comp i le to e ff i c ien t  cod e  for the ta rget  
mach ine ( in i t i ally a PDP- 1 1 )  and so many of  th e lang u ag e  
feature s no t prec isely defined a re those that reflect a 
par t icula r  mach ine ' s  h ardwa re charac te r is t ic s . 

Th is doc umen t  h ig hlights  th e var ious  aspec ts  of C that may 
no t be por table ac ross d i ffe rent  mach ines and comp i le r s .  I t  
also br ie fly d iscusse s th e por tab i li ty of a C program in  
te rms of i t s  env i r onmen t ,  wh ich is dete rmined by  the system 
calls and l i brary rou t ines i t  u ses  dur ing exec ut ion ,  f i le 
pathname s it require s ,  and o ther  items no t g u aranteed to be  
constant ac ross  d i ff e ren t sys tems . 

The C lang uage has been implemen ted on many diffe ren t 
compute r s  with widely di ffe rent  hardwa re charac te r is t ic s , 
vary ing from small  8-bit  mi croprocessor s to larg e  
ma inframe s .  Th is  doc umen t i s  l a rgely conc erned w ith the 
por tab i li ty of C code in th e XEN IX pr ogrammi ng env ironmen t .  
Th is is a mor e re str ic ted pr oblem to cons ide r  s inc e all 
XEN IX systems to da te run  on hardware with the following 
bas ic charac te r is tics : 

- Asc i i  charac te r  se t .  

- 8- b i t  byte s .  

- 2 or 4 byte integ er s .  

- Two ' s  Complemen t Ar ithme tic . 

None of these feature s i s  requ i red by the formal definit ion 
of  the language , nor is  i t  true  of all  implemen tat ions of c .  
Howeve r , th e rema ind e r  o f  th is  doc umen t i s  la rgely devoted  
to those systems where these bas ic assumpt ions hold . 

The C lang uage defin i t ion  conta ins  no spec i f i c at ion of how 
input and ou tput is per formed . Th is i s  le ft to system c alls  
and li brary rou tines on  ind iv idu al systems . Wi th in XEN IX 
systems th ere are a la rge number of system c alls and li br a ry 
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� B . 11 Summary of Built- ins 

chang equote ( L ,  R)  
define ( name , replac emen t) 
d ive r t ( number )  
d ivnum 

· 

d nl 
dumpdef ( ' name ' ,  ' name ' ,  • • •  ) 
e rrpr int ( s ,  s ,  • • •  ) 
eval ( nume r ic expre ss ion)  
i fdef ( ' name ' , th is  if  true , th is if  false ) 
i fe lse ( a ,  b ,  c ,  d )  
include ( f i le )  
incr ( numbe r )  
ind ex ( sl ,  s 2 ) 
len ( str ing )  
maketemp ( • • • xxxxx . • •  ) 
s inc lude ( f i le )  
s ubstr ( str ing ,  pos it ion ,  numbe r )  
syscmd ( s ) 
t r ansli t ( str , f rom ,  to ) 
unde fine  ( ' name ' ) 
und ivert ( number , numbe r ,  • • •  ) 
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routines wh ich can be cons idered por table . Th ese 
desc r ibed br iefly in a la te r  sec t io n .  

are 

Th is doc umen t i s  not intended as a C language  pr ime r ,  for 
wh ich shou ld be used . I t  is assumed here that th e re ade r is 
fami li ar  with C ,  and with the bas ic arch itec ture of common 
microproc essor s .  

C . l Source Code Por tability 

We are concerned here w i th source  code por tab i li ty ,  wh ich 
means that  pr og r ams c an be comp i led and run  success fully on 
d i fferen t mach ines  without alte ra tion . 

Prog rams c an be  w r i t ten 'to ach ieve th is  goa l  us ing severa l  
techniques .  Th e fir st is to avoid us ing inh eren tly non
por table lang u age  fe ature s .  Second ly ,  any non-por table 
inte ract ions w i th the env i ronmen t ,  such as  I/O to non
standard devic es should be isola ted , and poss ibly passed as  
an argumen t to the program a t  run  t ime .  For example programs 
should no t ,  in genera l ,  conta in hard-coded fi le pathnames 
except wh ere th ese are commonly under stood to be por table 
( an example mig ht be /etc/passwd ) . 

F i le s  required at compi le t ime ( i . e . inclu de fi le s )  
intr oduce non-por tab i li ty i f  th e pathnames are no t 
on all mach ines . However in some case s th e use of 
f i le s  to conta in mach ine parame te r s  c an be used to 
source  code it se lf  por table . 

C . 2 Mach ine Hardware 

may also 
the same 

inc lude 
make  the 

As men tioned ear li e r , most  non-por table feature s of the C 
language are du e e i ther  to hardware d i fferences  in  the 
ta rget  mach ine or to canp i le r  d iffe rences . Th is  sec t ion  
l i s ts th e mor e common hardwa re d i ffe rences  encounte red on  
XEN IX systems and some language  feature s to bewa re of . 

C . 2 . 1 Byte Length 

The leng th of the char data type is not def ined in the 
language , oth e r  than that  i t  must  be suff i c ien t to hold all 
member s of the mach ine ' s  charac te r set as pos it ive numbe r s .  
Wi th in th e scope of th is doc umen t we w i ll cons ider only 8-
b i t  byte s , s inc e th is is  the byte s iz e  on all XEN IX systems . 

C . 2 . 2 Word Length 

The def i n i t ion of C makes no men tion of the s iz e  of the 
bas ic  da ta types for a g iven implemen tation . These generally 
follow the nest  natural  s ize  for th e underly ing mach ine . I t  
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i s  safe to assume that shor t is  no longer  than long . 
that no assumptions a re por table . For example on the 
shor t is the same leng th as int , where as on the VAX 
the same leng th as int . 

Beyond 
PDP-11  

long is  

Prog rams that need to know th e s iz e  of a par ticula r data 
type shou ld avoid hard-coded constants wh ere poss ible . S uch 
information can usually be w r i t ten in a fa i r ly por table way . 
For example the max imum pos it ive intege r  ( on a two ' s  
complemen t machine )  can be obta ined w ith : 

fdefine  MAXPOS ( ( in t) ( ( ( uns ig ned )  0 )  > >  1 ) ) 

Th is is  u su ally pre fe rable to some th ing l ike : 

f i fdef PDPll 
f define  MAXPOS 32 76 7 
f else 

. . . 
i end i f  

L i k ewise to 
s iz eof ( int)  
constan t .  

f i nd 
ra th er  

the numbe r  of  bytes in an int use 
than 2 ,  4 ,  or some oth er non-por table 

C . 2 . 3  Stor age Alignment 

The C lang u age  defines  no par t i c ula r layout for storag e  of 
data items re lative to each other , or for storage  of 
elemen ts of str uc ture s or unions w ith in the str uc ture or 
union . 

Some CPU ' s ,  such as th e PDP-11  and M68 000  require that  da ta 
types longer  than one byte be aligned on even byte addre ss 
boundar ie s .  Oth er s ,  such as the 8 08 6  and VAX-11 have  no s uch 
hardware re str iction .  However , even with these mach ines , 
most  comp i le r s  genera te code that ali g ns word s ,  struc ture s ,  
arrays and long words , on even addre sses , or even long word  
addre sse s . Thu s ,  on  the VAX-1 1 , the following code sequence  
g ives ' 8 ' , even thoug h the VAX h ardware can access an int ( a  
4 byte word )  on any phys ic al s ta r t ing addr e ss : 

struc t s tag { 
char  c 7  
in t i f 

h 
pr intf ( • %d\n" , s iz eof ( str uc t  s_tag ) ) J  

The pr inc ipal impli c at ions of th is var iation in data storage 
are twofold : 1 )  da ta accessed as non-pr imi t ive data types is  
no t por table , and 2 )  neither is  code that makes  use of 
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k nowledge of the layout on a par t ic ular  mach ine . 

Thu s  unions conta in ing struc ture s are  non-por table i f  the 
un ion is  used to access th e same da ta in diffe re n t  ways . 
Un ions are only li kely to be por table i f  they are used 
s imply to have d i ffe rent  da ta in th e same spac e at d i ffe rent  
t ime s .  For example , i f  the following union we re used to 
obta in fou r bytes f r om  a long word , there ' s  no chance of the 
code be ing por table : 

u n ion { 

} u :  

char  c [4 ] : 
long lw : 

The s i zeof ope ra tor should always be used wh en re ading and 
wr it ing struc ture s :  

str uc t s_tag st : 

. . .  

wr ite ( fd ,  & st , s i z eof ( st ) ) :  

Th is  ensure s por tab i li ty of th e sou rce  cod e .  I t  
produc e  a por table da ta f i le .  Por tab i li ty o f  
d iscussed i n  a la te r  sec tion .  

does NOT 
da ta is 

Note that the s i zeof opera tor re tu rns  th e numbe r of byte s an 
obj ec t wou ld occupy in an array . Thus on mach ines whe re 
struc ture s are always aligned to beg in  on a word bound a ry in 
memory ,  the s i zeof opera tor w i ll inc lude any nec essa ry 
padd ing for th is  in  the re turn  value , even i f  the padd ing 
occur s afte r all useful da ta in th e struc ture . Th is  occur s 
whether  or no t th e argumen t i s  ac tu ally an array elemen t .  

C . 2 . 4  Byte Order i n  a Wor d  

The var iation i n  byte order  in  a wor d  between mach ines 
affec ts th e por tab i li ty of  da ta between mach ines mor e th an 
the por tab i li ty of source  cod e .  However any pr ogram that 
mak e s  use of knowledge of the in te rnal byte order  in  a word 
is  no t por table . For example ,  on some PDP- 1 1  systems there 
i s  an include f i le mis c . h wh ich conta ins  th e following 
struc ture declara t ion : 
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/*  
* s truc ture to access an  
* integer  in byte s 
*/ 
struc t  { 

} ; 

char  
char  

lobyte ; 
hibyte ; 

Append ix  C 

Wi th certain le ss re str ictive comp i le r s  th is cou ld be used 
to access the h ig h  and low or der  byte s of an in teg e r  
separa tely , and i n  a comple tely non-por table way . The 
cor rec t way to do th is  is to use mask  and sh ift  opera tions 
to extrac t the required  byte : 

#define  LOBYTE ( i )  ( i & O xff ) 
#define HIBYTE ( i ) ( ( i  >>  8 )  & O xff ) 

No te that even th is is  only appli c able to mach ines with two 
byte s in  an int .  

One re sult  of the byte order ing pr oblem is that the 
following code sequence wi ll no t always pe r form a s  i n tended : 

int  c = O ;  

re ad ( fd ,  &c , 1 ) ; 

On mach ines where th e low order  byte is stored  f ir st , the 
value of c w i ll be the byte value re ad .  On other  mach ines 
the byte is-re ad into some byte other  than the low ord e r  
one , and th e value o f  c i s  d i ffe re n t . 

c . 2 . s  Bitf ields 

B i t f i elds  are no t implemen ted in all C comp i le r s .  Wh en they 
are , a numbe r  of r e str ict ions apply : 

- No f ield may be larger  than an int . 

- No f ield w i ll ove rlap an int boundary . I f  nec essary the 
compi le r  w i ll le ave gaps and move to the next int 
boundary .  

The C language makes no g uarantees  abou.t wh ether field s  are 
ass igned le ft to r ig ht ,  or r ig ht to left  in  an int .  Thus  
wh i le b itf ields  may be  use ful for s tor ing f lag s ,  and oth er 
small  data items , their  use in un ions to disec t bits  from 
o th er da ta is  definite ly non-por table . 
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.�. To en sure por tab i li ty no ind iv idu al f ie ld should exceed 16  
bits . 

C . 2 . 6 Pointers 

The C lang uage is f a i r ly generous  in  allowing manipulation 
of  pointe r s ,  to the exten t that  most  comp i le r s  will no t 
obj ec t to non-por table poin te r  opera t ions . Th e l int  program 
is  par ticula r ly use ful for detec t ing quest ionable poin te r  
ass ignmen ts and compar i�ons . 

The common non-por table use of  pointe r s  is wh ere a pointe r  
to one da ta type is c as t  to b e  a po inte r  to a d i ffe ren t data 
type . Th is  almost  always  make s  some assumpt ion about the 
inte rnal byte order ing and layou t of the da ta type , and is 
there for e non-por table . For example , in th e following code ,  
the or de r ing of th e byte s f r om  th e  long in the byte array is 
no t por table : 

char c [ 4 ] ; 
long * lp ; 

lp = ( long * ) & c [ O ] ; 
*lp = O xl 2 345 6 7 8L ;  

The l int program will  is sue warn ing me ssag es abou t such uses 
of  poin te r s .  Ve ry occas ionally it  is  nec essa ry and vali d  to 
wr i te code li ke  th is . An example is when th e malloc ( )  
l ibrary r ou t ine  is used to alloc ate memory  for someth ing 
o ther  than type char . The rou t ine is dec lared as  type 
char * and so th e re tu r n  value has to be  cast to th e type to 
be stored in the alloc ated memor y .  I f  th is  type is  not 
char * th en l int  wi ll is sue a warn ing conc erning i llegal 
type conve r s ion:- In add i t ion ,  the malloc ( )  rou tine is 
wr i t ten to always re turn a s tar t ing addre ss su itable for 
s tor ing all  types of da ta , but l int does  no t know th is , so 
it  g ives a warn ing about poss ible da ta alignmen t problems 
too . In  the following example , malloc ( )  is used to obta in 
memory for an array of 50  in teg er s .  The code w i ll attrac t a 
warn ing me ssag e from l int . There is no thing wh ich can be 
done about th is . 

� 

exte r n  char  *malloc ( ) J 
int  * ip ;  

ip = ( in t  * ) malloc ( 50 ) ; 
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C . 2 . 7 Address Space 

The addre ss spac e ava i lable to a program running under  XEN IX 
var ies  cons iderably from system to system . On a small PDP-11  
there may be  only 6 4k bytes avai lable for prog ram and data 
comb ined ( althoug h th is can be inc re ased - see 2 3 f i x ( l ) ) .  
Larger  PDP-l l ' s , and some 16  b it  mi croprocessor s allow 6 4k 
bytes of data , and 6 4k bytes of pr og ram tex t .  Other  mach ines 
may allow cons iderably mor e tex t ,  and poss ibly mor e  da ta as 
we ll . 

Large programs , or programs th at  requ i re la rge da ta are as 
may have por tab i li ty pr oblems on small mach ines . 

C . 2 . 8  Character Set 

We have sa id that  we are conc erned here ma inly with the 
asc i i  charac te r  set .  The C languag e  doe s no t requi re th is 
however . Th e only requi remen ts a re : 

- All  charac te r s  f i t  in the char data type . 

- Al l charac te r s  have pos it ive values . 

I n  th e asc i i  charac te r  se t ,  all charac te r s  have values 
between ze ro and 1 27 . Thus th ey c an all be repr e sen ted in 7 
bits , and on an 8 bits  per byte mach ine are all pos it ive 
regardless  of whether  char is  tre ated as s ig ned or uns igned . 

There is a se t of mac ros defined und e r  XEN IX in  the header 
f i le /us r /include/ctype . h  wh ich should be used for most  
tests o'ii"'""Charac te r quantit ie s .  No t only do  they prov ide 
some insulation fr om the in te rnal struc ture of the charac te r 
se t ,  the i r  name s are mor e meaning fu l than the equivalen t 
line  of code in most c ase s , · Compare 

i f ( is upper ( c ) ) 

to 

if { ( c >= ' A ' ) &&  ( c  < =  ' Z ' ) )  

Wi th some of the other mac ros , such as i sxdigit ( )  to te st 
for a hex d ig i t ,  the advantage is even gre ate r .  Also , the 
inte rnal implemen tat ion of the mac ros makes  them mor e  
eff icien t than an expli c i t  tes t  with a n  ' i f '  s tatemen t .  
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q. 3  Compiler D i fferences 

There are a numbe r of C comp i le r s  runn ing und e r  XEN IX . On 
PDP-11  systems there is the so called " Ri tch ie " compile r .  
Also on the 1 1 , and on most o th er systems , there i s  the 
Por table C Comp i le r .  

C . 3 . 1  Signed/Unsigned char , S ign Extens ion 

The cur re n t  state of th e s ig ned ve r sus  uns ig ned char problem 
is  best descr ibed as  unsa t is fac tory . Th e pr oblem is 
comple tely expl a ined and d isc ussed in Sign Extens ion and 
Por tabi l i ty i n  C ,  Hans Spi lle r ,  Microsoft 198 2 ,  so that 
ma te r ial  is  not repeated here . 

The s ign  extens ion  pr oblem is one of the mor e se r iou s 
barr i e r s  to wr i t ing por table C ,  and th e best solution at 
pre sen t is  to wr ite  defen s ive code wh ich doe s no t rely on 
par t icular implemen tat ion featu re s .  The above pape r sugg ests  
some ways . 

C . 3 . 2 Sh ift  Operations 

Th e le ft sh i ft operator , << s h i fts  i t s  operand a numbe r of 
bits  le ft , f i lling vac ated bit s  with z e ro .  Th is is a so
called log ic al sh i ft .  

The r ight sh i ft ope ra tor , > > wh en appli ed to an uns igned 
quantity ,  per forms a log ic al sh i ft ope ra t io n .  Wh en appli ed 
to a s igned quan t i ty ,  the vac ated bits  may be fi lled with 
zero  ( log ical sh i ft )  or with s ig n  b i t s  ( a r ithmetic  sh ift ) . 
The dec is ion is implemen tat ion dependen t ,  and code wh ich 
use s  knowledge of a par ticula r implemen ta tion is non
por table . 

The PDP- 1 1  comp i le rs u se a r ithme t ic r ig ht sh i ft .  Thus  to 
avoid s ign  exten s ion  i t  is nec essa ry to e i ther  sh ift  and 
mask ou t th e appr opr iate numbe r of h ig h  order  bits , or to 
u se a divide opera tor wh ich w i ll avoid the pr oblem 
comple te ly : 

char  c :  

For c > >  3 :  use : 
or : 

( c  > >  3 )  & O xl f : 
c I 8 :  

C . 3 . 3  Identifier  Length 

The use of long iden t i f i e r  names w i ll 
problems with some comp i le r s .  Th ere 
cases to be aware  of : 
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- C Preprocessor Symbols . 

- C Loc al Symbols . 

- c Exte rnal Symbols . 

The loader  used may also plac e a re str iction on the numbe r  
o f  unique charac te r s  i n  C exte rnal symbols . 

Symbols u n ique in the fi r st s ix charac te r s  are unique to 
most C lang uage p r ocessor s .  

On some non-XEN IX C i mplemen ta t ions , upper and lowe r case 
lette r s  are no t d i s t inc t  in iden t i f ie r s .  

C . 3 . 4  Reg ister  Var iables 

The numbe r  and type of reg is te r  var iable s in a func t ion  
depends on  the mach ine hardwa re and th e comp i le r .  Excess and 
invali d reg is te r dec lara tions a re tre ated as  non-reg is te r  
dec la ra t ions , wh ich should no t c au se a por tab i li ty pr oblem . 
On a PDP-11 , up to thre e reg is te r dec lara t ions a re 
s igni f ican t ,  and th ey must  be of type int , char , or poin te r . 
( Page 8 1 ) . Wh i ls t  other  mach ines/compi le r s  may suppor t 
declara t ions such as " reg is te r  uns igned shor t "  th is  shou ld 
no t be re l i ed upon . 

S inc e  the comp i le r  ig nore s  excess reg is te r  keyword s ,  
reg is te r  type var iable s should always be declared  in the i r  
impor tance o f  be ing reg is te r type . Th en the ones the 
comp i le r  ignor e s  wi ll be th e le ast impor tant .  

C . 3 . 5  Type Conver s ion 

The C language has some rule s  for impli c i t  type conver s ion 1 
tt  also allows expl i c i t  type conver s ions by type cast ing . 
The most common por tab i li ty pr oblem ar is ing fr om impli c it 
type conve r s io n  is  unexpec ted s ig n  extens ion .  Th is  is a 
poten tial  problem whenever  some th ing of type char is 
compared with an int . 

For example 

char  c 1  

if  ( c  = =  Ox8 0 )  
. . . 

w i ll neve r evalu ate true  on a mach ine wh ich s ig n  extends 
s ince c is s ign  extended before th e compar ison with O x8 0 ,  an 
int . 
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�. The only safe compar ison between char type and an int is the 
following : 

char c ; 

i f ( c  = = ' x ' ) 
. . . 

Th is is re li able s ince C g u arantees  all charac te r s  to be 
pos it ive . The use of hard-coded octal constants is  sub j ec t  
to s ign  exten s io n .  For example the following pr og ram pr ints 
f f 8 0  on a PDP- 1 1 : 

ma in ( )  
{ 
} 

pr in tf ( " % x0 , ' \20 0 ' ) ;  

Type conve r s ion  also takes  plac e when arg umen ts are passed 
to func t ions . Types char and shor t become int .  Once ag ain  
mach ines that s ig n  extend char can give  surpr ise s .  For 
example the following pr ogram g ives -128  on the PDP-11 : 

char c = 1 28 ; 
pr in tf ( " %d\n " , c) ; 

Th is is  bec au se c is conver ted to int befor e pass ing on the 
stac·k to th e funct ion .  The func t ion itself has no k nowledge 
of  . the  or ig inal type of the arg umen t ,  and is expec t ing an 
int . The cor r ec t  way to hand le th is  is to code defens ively 
and allow for th e poss ib i li ty of s ign  exten s ion : 

char c = 1 28 ; 
pr in tf ( " % d\n " , c & O xff ) ; 

C . 3 . 6 Funct ions With Var iable Number of Arguments 

Func tions with a var iable number  of arg umen ts pre sen t a 
par t icular  por tab i li ty problem if  the type of the arg umen ts 
is  var iable too . In such case s the code is dependen t upon 
the s iz e  of var ious da ta type s . 

I n  XEN IX there is an include f i le ,  /us r /include/varargs . h , 
that conta ins  mac ros for use in var iable a rg umen t func t ions 
to access the arg umen ts in a por table way : 
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typedef  char *va li s t i  
i define va dc l int va a li s t i 
l define  va-start ( li s t) l i s t  = ( char  * )  &va_alis t 
idefine va-end ( li s t )  

Append ix C 

fdefine va arg ( li s t , mode )  ( (mode * ) ( li s t  += s iz eof (mode ) ) )  ( -1 ) 

Figure 1 .  F i le :  /usr /inc lude/vara rg s . h  

The va end ( )  mac ro  is not currently required . The use of 
.the other  mac r os wi ll be  demonstra ted by  an example of the 
fpr intf ( )  l ibra ry routine . Th is h as a f i r st argumen t of type 
FILE * ,  and a second arg umen t of type char * ·  S ubsequen t 
arg umen ts are of unknown type and numbe r at comp i lation 
t ime . They are dete rmined at run t ime by the conten ts of the 
contr ol s t r i ng ,  arg umen t 2 .  

The fir st few lines  of fpr intf  ( )  to declare the argumen ts 
and find th e output f i le and contr ol s tr ing addre ss could 
be : 

# include <vara rg s . h> 
# inc lude <std io . h> 

i n t  
fpr in tf ( va a l i s t )  
v a  del i -
{ -

va l i s t  ap 1 
char * format 1 
FI LE *fp 1 

/* poin te r  to arg l i s t */ 

v a_start ( ap) 1 /* i n i t iali z e  arg pointe r */ 
fp = va a rg ( ap ,  (FI LE * ) ) 1 
format ; va_a rg ( ap·, ( char  * ) ) 1 

• • •  
} 

Note that there is j ust one arg umen t dec la red  to fpr intf ( ) . 
Th is argumen t is dec la red by the va dcl macro  to be type 
int , although its  ac tual type is unknown at  compi le t ime . 
The arg umen t pointe r ,  .!E,r is  init iali zed by va s tart ( )  to 
the addre s s  of the fir st argumen t .  Success ive arg umen ts c an 
be pick ed from the s tac k so long as  the i r  type is known 
u s ing the va a rg ( ) mac r o .  Th is has  a type as its  second 
argumen t ,  and th is contr ols what data is removed from the 
stack , and how far  the arg umen t poin te r ,  .!E,r is inc remen ted . 
In  fpr intf ( ) , once th e contr ol s tr ing is found , the type of 
subsequen t argumen ts is known and they can be accessed 
sequen tially by repeated calls to va_a rg ( ) . For example , 
argumen ts of type double , int * ,  and shor t ,  could be 
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re tr ieved as follows : 

double d in t 1  
in t * ip J  
shor t S J  

d in t = va arg ( ap ,  double ) J 
ip = va arg ( ap ,  ( in t  * ) ) J 
s = va_a rg ( ap ,  shor t ) J 

Append ix C 

The use of these mac ros makes  the code more por table , 
although it  doe s assume a cer ta in s tanda rd method of  pass ing 
arg umen ts on th e stac k . I n  par ticular no hole s mus.t be left  
by th e comp i le r ,  and types smalle r than int  ( e . g .  char , and 
shor t on long wor d  mach ines)  mus t  be decla red  as int . 

C . 3 . 7  Side Effects , Evaluation Order 

The C lang u age makes  few guarantees  abou t the order  of 
evalu at ion of ope rands  in  an expre ss ion ,  or arg umen ts to a 
funct ion call . Thu s 

func ( i ++ , i ++ )  J 

is  extreme ly non-por table , and even 

func ( i++ ) J 

is unwise if  f unc ( )  is ever  l i kely to be replac ed by a 
mac r o ,  s ince th e mac ro may use i more  than once . There are 
certain XEN IX mac r os commonly u sed in use r pr ograms 1 these 
are all g uaranteed to only use their  argumen t onc e ,  and so 
can safely be c alled w ith a s ide-e ffec t arg wnen t .  The 
commonest examples are getc ( ) , putc ( ) , getchar ( ) , and 
putchar ( ) . 

Operands  to the following ope ra tor s are guaranteed to be 
evalu ated left to r ig ht : 

I & &  1 1  ? • • 

Note that the comma opera tor here is a separa tor for two C 
statemen ts . A l i s t  of i tems separa ted by commas in  a 
dec larat ion lis t  are no t g uaranteed to be pr ocessed left to 
r ight . Thu s  the dec lara t ion 

reg iste r int  a ,  b ,  c ,  d 1 

on a PDP- 11  where only three reg is te r  var i ables may be 
dec lared cou ld mak e  any three of the four var i ables reg is te r 
type , depend ing on the compi le r .  The cor rec t declaration is 
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to dec ide the ord e r  of impor tance of th e var iable s be ing 
reg is te r type , and then use separa te declara t ion s ta temen ts , 
s inc e the or der  of pr ocess ing of  ind ividu al dec la ra t ion 
statemen ts is g uarante ed to be sequen tial : 

reg iste r  int a :  
reg is te r  int  b :  
reg is te r int  c :  
reg is te r  int  d :  

For th e same re ason declara t ion init iali za tions of the 
following type are unwis e :  

int  a = O ,  b = a :  

C . 4 Program Environment Differences 

Most  non-tr ivial  prog rams mak e  system c alls and use libr a ry 
r ou t ines for var iou s se rv ic e s . The sec tions below ind ic ate 
some of those r ou t ines that are no t always por table , and 
those that par t ic ula r ly a id por tab i li ty .  

We are concerned here pr imar i ly with por tab i li ty und e r  the 
XEN IX opera t ing system . Many of th e XENIX system c alls are 
spec if ic  to that  par t icular opera t ing system env i r onmen t and 
are no t pre sen t on all other  opera ting system 
implemen tat ions of c .  Example s of th is are getpwent ( )  for 
access ing en tr i e s  in th e XEN IX password fi le ,  and getenv ( )  
wh ich is spec i fi c  to the XEN IX concept of a pr ocess ' s 
env ir onmen t .  

Any pr ogram conta in ing hard-coded pathnames to f i les  or 
d irector ie s ,  or use r id ' s ,  log in name s ,  te rminal lines  or 
other  system d ependen t parame te r s  is non-por table . These 
types of constant should be in  header fi le s ,  passed as 
command line  argumen ts , obta ined from the env ironmen t ,  or by 
us ing th e XEN IX default parame te r libr a ry r outines dfopen ( ) , 
and dfr ead ( ) . 

Wi th in XEN IX , most  
por table acr oss  
re le ase s . Howeve r , 
inte r fac e .  

C . 4 . 1 Librar ies 

system c alls and li bra ry r out ines are 
d i ffe rent  implemen ta t ions and XEN IX 

a few r out ines h ave chang ed in their  use r 

The var ious XEN IX l i brary rou t ines are gen e ra lly por table 
among XEN IX systems : however , no te the following : 

pr intf The membe r s  of th e pr intf fami ly ,  pr intf , fpr intf , 
spr intf , sscanf , and s canf have chang ed in several 
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,,,-,,.. small ways du r ing the evolution of XENIX , and some 
feature s are no t comple te ly por table . The re turn  
values from th ese r ou t ines c anno t be re lied upon 
to have the same me aning on all systems . Cer ta in 
of the format conve r s ion charac te r s  have changed 
their  me aning s ,  in par t ic ula r relating to 
upper/lowe r c ase i n  the ou tput of hexadec imal 
numbe r s ,  and the spec ificat ion of long integers  on 
16-bit  word  mach ines . The re fe renc e manu al page  
for &r intf ( 3S )  conta ins the cor rec t spec ification 
for t e r outines . 

C . 5 Por tability of Data 

Data fi les are almost always non-por table ac r oss differen t 
mach ine CPU arch itec ture s .  As men tioned above , struc ture s ,  
unions , and arrays  h ave vary ing inte rnal layou t and padding 
requiremen ts on di ffe ren t  mach ines . I n  add i t ion , byte 
orde r ing with in word s  and ac tual word leng th may d i ffe r .  

The only way to g e t  c lo se to da ta fi le por tabi li ty is to 
wr ite and re ad da ta fi le s  as one d imen s ional charac te r  
arrays . Th is avoids alignmen t  and padd ing problems i f  the 
da ta is wr itten and re ad as charac te r s ,  and in te rpre ted that 
way . Thu s a sc i i  text f i le s  can usu ally be moved between 
different  mach ine types without too much problem . 

C . 6  Lint 

For a complete descr ipt ion of l int ( l )  see th e d iscuss ion in  
a following chapte r .  

�� 

Lint is a c prog ram chec ke r  wh ich attempts  to detec t 
featu re s of a collec t ion of C source  fi le s  wh ich are non
por table or even incor rec t C .  One par t ic ula r advantage ove r  
any comp i le r  chec k ing i s  that l int checks  function 
declara t ion and usage ac ross source fi le s .  Ne i ther  compi le r  
nor loade r do th is . 

Lint wi ll g enera te warn ing messages  about non-por table 
pointe r  ar ithmetic and dubious ass ignmen ts and type 
conve r s ions . Passag e  unsc ath ed throug h l int is no t a 
guarantee  that a program is complete ly poi taDie:' 

C . 7 Byte Order ing Summary 

The following conventions 
phys ical addre ssed byte 
addre ss aO + 1 ,  e tc .  ' bO ' 
the data item ,  ' bl ' be ing 

are used below. ' aO ' is the lowe st 
of the da ta item . ' al ' has a byte 

is  the least s ignificant byte of 
the next le ast s ig n i ficant ,  etc .  
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� Note that any program wh ich actu ally makes use of the 
�. following information is guaranteed to be non-por table ! 

+- - - - - - - - - +  
I bo I bl I 

+- - - - - - - - - + 
aO al 

type shor t 

Fig ure 2 .  

+- - - - - -- - - + 
I bO I bl I 

+- - - - - - - - - +  
aO al 

type shor t 

Figure 3 .  

+- - - - - - - - - +  
r bo 1 bl 1 

+- - - - - -- - - + 
aO al 

type shor t 

Figure 4 .  

+- - - - - - - - - + 
I bl I bo I 

+- - - - - - - - -· +  
aO al 

type shor t 

Figure s .  

+- -- - - - - - - - - - - - - - - - - + 
I b2 I b3 I bo I bl I 

+- -- - - - - - - - - - - - - - - - - + 
aO al a2 a3 

type long 

PDP- 1 1  Byte Order ing 

+- - - - - - - - - - -- - - - - - - - + ·  
I bo I bl I b2 I b3 I 

+- -- - - - - - - -- -- - - - - - - +  
aO al a2 a3 

type long 

VAX:-1 1 Byte Order ing 

+- -- - - - - - - - --.--- - � - - - + 
l _ b2 I b3 I bo I bl I 

+- -- - - - - - - - - - - - - - - - --+ 
aO al a2: a3. 

type long 

808 6 Byte Order ing 

+- -- - - - - -- - - - - - - - - - -- + 
I b3 I b2 I bl I bo I 

+- -- - - - - -- - - - - - - - - - - + 
aO al a2 a3-

type long 

M68 0 0 0  Byte Order ing 
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+- -.... - -- --- + 

I bl I bo I 
+-·--·-- - - - - - + 

ao al 

ty:pe shor t 
--�--- - - - - --

Figure 6 .  

· Append ix c 

( 
+- -- � - - - - - - -- - - - - --- + 
I b3 I b2 I bl J bo I +------------------�-·+ 

aO al a2 a3 

type long 

Z B O O O  .Byte Order ing 

( 

( " 
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