1L FAINING

scott E. Guthery

TAB BOOKS Inc.
M Blue Ridge Summit, PA 17214




tiny-c* is a registered trademark of Scott B. Guthery and Thomas A. Gibson.
POP-11™ is a trademark of Digital Equipment

IBM PC® and PCjr* are registered trademarks of International Business Machines Corporation.

Unix™ is a trademark of AT&T Technology.

FIRST EDITION

FIRST PRINTING
Copyright € 1885 by Scalt B. Guthery
Printed in the United States of America

Reproduction or publication of the content in any manner, without express
wmﬁmw,hw.mmwhmwmmm

the use of the information herein.
Library of Congress Cataloging in Publication Data

Guthary, Scott B.
Leaming C with tiny-C.

Includes index.

1. C {Computer program language) 2. Small-C
(Computer program language) |. Title.
OATE.73.C15G28 1985 001.64'24 85-4668

ISBN 0-B306-1895-3 (pbk.)




Preface
Foreward
Introduction

tiny-c Programming

Hello, World 1
Programs, Functions, and Statements 3
Functions Call Functions Call Functions Call , . . 3
Editing a tiny-c Program 4
Fundamantals of the Sheli—Entarng Text Lines—The Shell Commands

Running & tiny-c Program 7

Contents

wil
ix

Bumping the Top and the Bottom—Delsting—Line Numbers—Lising Locate and Change—Errors

The Number Quassing Game 10
A Walk through the Guessnum Function—A Walk through Random

tivy-c Programming Style 17

Compound Statemants—Masting Compound Statements—Predictable Program Flow—Indenting

and the Placement of Brackels
Functions 22
Local and Global Vanables 23
Morsa Code Ganeralor 24

The tiny-c Programming Language

Commwnits, Conslants, and Varables 28




Arrays and Pointers 32

Charactse Sirings Ase Pointers Are Integers—LUsing Pointers o Peek and Poks—Using Poi

1o Raturm Mullipie Visluss -
Operators 35

Uinees of Asmgrimient—Crder of Evaluation—Using Pareni seses— Lindecstanding Comouter Amhmstc
Expressions 28

Simlements 40

The Expression Statement—The It Statemant—The 11-Else Statement—The While Statement — Tha
Hmw—mmmm—rmwmmm

Number of Arguments—Parenthasas—Call by Vales

The System Library 48
mmmmn;m-wmwmw
Micrving

Other Libraries 51
The tiny-c Shell

Aﬂnu:.;,m F o
‘arimbles—Changing
s I.:trr uNCAon—System V. System Library Funchons
Adding & New Edil Command—The State of the Shall

The Variable Table—The Function Table—Symbol Table Tools—The tiny-c Stack—Stack Tools
Siaternent Scanning and Analyzing 74
Calling, Linking, and invoking 80

Main, Cusiomization, and Uity Routines 83

Customization Routines

Machine Call Routines 86

Appendix A: tiny-c Shell Commands

Appendix B: tiny-c Error Codes

Appendix C: The tiny-c System Library
Appendix D: tiny-c System and User Machine Calls
Appendix E: The Standard tiny-c IPL File
Appendix F: The tiny-c Interpreter Files
Bibliography

Index

an

97
103
109
121
149
151




Preface

#

The tiny-c language was written originally by Tom Gibson. Finding himself much more
productive using C on his Unix system at work than he was using 8080 assembly
Janguage on his CP/M system at home, Tom wrote an interpreter in C for a very limited
subset of the C language, which he then hand-translated into 8080 assembler. I worked
with Tom at the time and was suffering a similar frustration—except my home computer
was a PDP-11. There were no non-Unix C compilers generally available and [ just
couldn't find an extra $42,000 in the family budget for a Unix license, so I hand-translated
the interpreter into PDP-11 assembler.

We discovered that ather people wanted to have—and were even willing to pay
for—copies of these programs. So we gave the language a name, tiny-c, made the
program more portable and user-customizable, wrote documentation called The finy-¢
Chener's Manual, and started selling the whole package for $100. Learming C with tiny-
¢ is a reimplementation of tiny-c specifically for the IBM PC and PCjr.

The sources of ideas that went into tiny-c are many. First there is BASIC (Kemeny
and Kurtz: 1967), which has become the de facio standard training language in the
United States. It is popular in high schools, universities, and even in industry, where
it is used for some production work.

Although BASIC has its faults, its one big strength is that it is easy to learn. This
is largely because it offers a single computing environment. You do not have to
remember the environment you are in, i.e., whether you are in edit mode, compile mode,
link mode, system mode, run mode, etc., when giving a command. You can enter new
program lines, change old ones, and start a program running, all from one commanid
environment. There are no commands to shift from mode to mode. There are no
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relocatable object modules, link editors, and all the other paraphernalia of “‘real”
computing. It is very simple and very adequate. Thus a focus is made on the essential
elements of computing, as opposed to the elements of "wrestling” with a computer.

The Logo language (Feurzeig; 1975) is in many ways similar to tiny-c. It offers a
structured language based on BASIC, as well as a single environment for programming
and execution. Logo was used experimentally in public schools with very young children,
The experiment showed that children could grasp simple computer concepts, work
through a prepared set of exercises, and then do creative work of their own.

C (Ritchie, Kernighan, and Lesk; 1975) is a computer language designed by Dennis
Ritchie of Bell Telephone Laboratories. C, from which tiny-c borrows its overall
structure, is broadly used in universities and in industry. It has been used to program
a very advanced and powerful computer operating system called Unix {(Ritchie and
Thompson; 1974). And vet it is a very simple language. C has no native input/output,
e.g., read or print statements. Input/output is done using functions. Thus C concentrates
on computing facilities, and allows external development or elaborations of input/output.
This idea has been adopted for tiny-c.

The command environment for tiny-c is written in tiny-c. It needs no translation
to the microprocessor's machine language. This corresponds somewhat to the idea of
using C as the programming language to implement Unix. Although intended as a
training aid for structured programming, tiny-c is no less a powerful language in its
own right.

C has gained considerably in popularity over the last 5 years. Currently there are
high-quality compilers available on almost every machine and operating system,
including many for the IBM PC and PCjr. Thus, even though the original reason for
tiny-c's existence has passed into history, I believe it still has two contributions to make.

First, tiny-c is an easy-to-reach stepping stone from the monolithic world of BASIC
programming to the highly modularized world of structured programming. While BASIC
does a good job of teaching the fundamentals of computing, it does not do a good job
of teaching program design. Structured programming has been developed to address
problems of program design, and tiny-c is a beginner's structured programming
language.

Second, since tiny-c is so small, the entire system is easily understood and easily
modified to suit individual tastes. I like to think of tiny-c as a useful piece of laboratory
equipment in a beginner's course in computer languages. You can study it, you can
take it apart, vou can change it, and you can put it back together without much trouble
at all.

Soon, of course, you will want to get on to bigger and more challenging ventures.
But if tiny-c can convince you that interpreters, compilers, and operating systems aren't
magical black boxes but are programs that shuffle their bytes just like any other, then
it will have earned its keep by opening for you the door to another exciting part of
computer science,
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Foreword
R P S e e R U . S S L

C is a versatile, expressive general-purpose programming language which offers
economy of expression, modern control flow and data structures, and a rich set of
operators. C is not a "'very high-level’” language, nor a “'big" one, nor is it specialized
to any particular area of application. But its absence of restrictions and its generality
make it remarkably convenient and effective for a wide variety of computing tasks.

C is concise—you don’t have to write a lot to get a job done. Yet at the same time,
C programs are readable—you can understand what has been written. This comhination
of brevity and readability is rare in programming languages, and is part of the reason
that C is so widely used.

With tiny-c, Tom Gibson and Scott Guthery have designed a stripped-down version
of C that is well adapted to the microcomputer environment. The tiny-c language retains
(’s expressiveness, conciseness, and readability, yet sacrifices very few of its features.

At the same time, tiny-c provides a computing environment that will make it easier
to develop programs. It comes with an editor and other piece parts that together make
a program preparation system.

This book is more than a reference manual for tiny-c, however. It iz alsoa vehicle
for conveying ideas and insights about how to get the most out of vour machine, and
about good programming in general,

C has simply taken over in many computing environments, not because people have
been ordered to use it, but because it is a good language. It seems very likely that tiny-
¢ will have a similar effect in the microcomputer world.

Brian W, KERNIGHAN




Introduction

#

This book is about the tiny-c programming language. It's going to teach you
everything—and I do mean everything—there is to know about tiny-c. First you'll learn
how to use the system that lets you prepare and run tiny-c programs. Then you'll learn
all about the tiny-c language. At this point you'll be able to write, debug, and run
computer programs written in the tiny-c language, and build computer systems based
on these programs,

This iz about as far as most programming languages take you. Indeed, most of
them feel that is as far as there is to go. But we're going to take a couple steps beyond.
We're going to learn about the insides of the tiny-c programming system and about
the insides of the tiny-c language processor.

An expert craftsman not only knows how to use his tools, but he also knows how
his tools work, He uses this knowledge to personalize the tool so he can get that extra
margin of high-precision performance that separates true craftsmanship from apprentice
work. And so it should be with computer programs, Not just language programs but
all programs. If you can't climb inside a program, tear it apart, tailor it, and put it back
together so it fits you just right, then you don’t really control it; it controls you.

We'll give you everything you need to take tiny-c apart and put it back together.
It's up to you to make it your own.

PREREQUISITES AND GOALS

Programming is the biggest Adventure game ever. There are no physical laws to
constrain the reality conjured into being by a programmer. You probably learned this
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first as a wanderer in other people’s programs. Later you noticed it when you were
doing the programming yourself. Every program is a dungeon populated by rewards,
surprises, and beasts of every ilk. Some were put there deliberately by the programmer
and some just invited themselves in.

As I begin to tell you about a new guest called ‘“tiny-c,”’ there are a few pieces
of lore that I will assume you have already picked up in your peregrinations in the caves
of computing.

I assume you know how to operate your computer: how to turn it on, how to use
its operating system commands, how to create and edit a file, and how to load and run
a program. If I tell you to load the tiny-c disk and start the tinyc program, [ assume
you know exactly what I mean and how to comply. 1 assume you know about the DOS
commands and what files and directories are. If this is not true, I suggest you read
the IBM Guide to Operations supplied with your computer.

Next. | assume you know something about programming. I assume you know what
a program is, what a programming language is, and what it means to write, run, and
debug a program. You probably know something about the BASIC programming
language and probably have written at least one simple BASIC program (or could if you
absolutely had to). If this is not true, I recommend that you spend some time with a
more introductory text. All of IBM's books on BASIC cover this material very well.

Finally, because you're reading this, 1 also assume you have a curiosity about
computer languages. You have probably discovered that computer languages are the
lanterns in the caves of computing. You want to try out some of the lights that others
have built and vou want to learn how to build your own.

tiny-c, a very, very small language, doesn't have all the bells and whistles of a big
commercial BASIC, nor does it have the concise expressive power of C. Because it is
small, however, it is easy to understand thoroughly. When you are fimished learning
about tiny-c, not only will you have another lantern to guide you, but you will know
enough about lantern construction to start designing your own.

This book has two goals. The first is to introduce you to structured programming
and the C programming language. The second is to acquaint you, by means of two well-
documented examples, with computer programs which implement computer languages.
Let me spend a little time elaborating on these goals so you know exactly where we're
headed (and where we're not).

FROM BASIC TO tinyc TOC
The tiny-c language is a very, very restricted subset of the C programming language,
but it captures just those essential elements of C which make C different from BASIC.
While you can write usable programs in tiny-c, if you find these elements productive
we encourage you to find out more about C itself. You will find not only that C has
many features which tiny-c does not have, but also that C programs run much, much
faster than tiny-c programs,

. In a strict sense (the sense of a piece of mathematical reasoning called Turing's
Theorem) you can't do anything with tiny-c—or even C, for that matter—that you can't
do with BASIC, But we humans tend to do things that are easy, while avoiding things
that are hard. Therefore, when you are picking a language for a program, it iz wise
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to ask yourself, “What m!gﬂumbedninqmdhin'ﬁiuthimm?"
wmumwmwmwm
mmaemwmwmmmmum
mamdmmmtnmamum?mmmwm
yuumumﬂymutnh:dmwmich-hnmthnmmaddn;my.m
if you don't already know the language, you will find that the time it takes you to learn
the new language and then write your program will be less than the time it takes you
mmmehimﬁmWMmmhmmﬂHﬂm

mmytmc“mhd?nmﬁtdhhwhmﬁlhm
dmmmmmmmummm
mﬁmw.mmmmwdmmm
-mﬂwmmmmmmmmm.mmmm
of tiny-c and C is that they are understandable, portable, maintainable alternatives to

assembly language.

COMPUTER LANGUAGE PROCESSING

Thmmmnriltudrhthihmk—thethr-cmmmeﬁnr-c
wmmdmmwwmﬁn-ww.
nhmmmmmﬁm.mmmm,mmm
what the language says the statement means.

mwwmmwcmum.mmm
the statements of the language are of the general forms Do this,” “Do that," and Do
thiumin."Euhmumentispmnuudbyﬂ:epmgmnumulthmmiwd:a
mmumﬁm‘thmﬁdwﬂmprm&mehnmmmdhm.m
miﬁtyththammdbytbemmmdmwsmlhegﬂumwhmthemm
hﬁmh&twnﬂdhuﬂwhuhmmﬂaﬂ.

The commands you give to your IBM DOS at the

A=

prompt are statements in a command language. You are commanding DOS to do
something. If you say

A:-uupyc:fu:tfmﬂfm#mm.mmfow

mmmmmmmmmmmmmmm
that's what the statement means. If you say

A>print section!.doc

ﬂtnrmemﬂtheﬁl&ﬂﬂﬁtﬂetohnhippadmmmﬂrpﬁnﬁnl.m
you get the A= prompt back the file may still be printing, but the processing of the
command itself is complete.

The language handled by the tiny-c Interpreter is called a programming language.
mmmm.mmm:ww
imm'hmmhﬂhmmm,huhwmh:mmd
wmmwmmmMuﬂdimﬂ.MMEW
Iulmm.“'hmymi-numh:mmw.

L]




the computer sort of makes a note of it. “Uk, huh,” “Oh, yes | see.” “Very good,”
and “Indeed * You have to say explicitly, “Do it!” to activate aprogram that understands
the language and can execute all the statements you've entered.

Mh“hmmtﬂ?Tnammmdm.M‘i
jﬂhmdnhdmw-n—-ﬂ“m“hﬂhm
do is to run a program which understands collections of programming language
statements, This is just exactly what happens when you type

A>BASIC myfile

to DOS. You are saying. ~“Mr. DOS, [ have brought together a file full of statements
i the BASK programmung language called myfile. Would you picase call up a program
:ﬂw-ﬂwh“ﬂ“ﬁﬂlhﬁﬂhﬂ
execute the statements and cause what they say to happen’ And thank you very much.”
mammnmh:mm-dmmmh:
Wmmmiuhnm,mﬂmmnnn;nmummﬁnms
is to tell BASIC about a file full of programming language statements that need
processing .

In tiny <, the tiny< Shell corresponds to DOS and the tiny < Interpreter cormesponds
to BASK . But here's the neat part: The tiny< command language program (the tiny <
Shell) is itselfl written in tiny-< programming language, and hence is being run by the
tiny-c Interpreter_ It's as if DOS were written in BASIC. This means that the program
you command to find a program to interpret your tiny< programming language
statements is, at that very moment, being run by the very program you are asking it
to find. (Did you stay with me?) “Hey, give that program that’s running you this other
stuff to run too, OK?" Most Lisp programming systems use this technique and it has
proved very, very useful

The magic rabbit hole is called MC 11. It's where a program can pass life fic.,
execution by the mterpreter) along. Keep your eyes and your mnd peeled for it

The first order of business is acquainting you with tiny-c, kind of getting the general
hyumm.mudmhml.wummmunnmmm
mﬁmmumwwq—nmmudmmym
“”hﬂmﬂlm_-"mhmﬂlnﬁn
spend a good deal of time talking about tiny-c programming style. This s unportant.
since it gives you a feel for the kmds of programs that are well-susted for rendening
in tiny-< and C, as well as a feel for the programs that are not.

hﬂthﬂmmwm“huﬂrum
mwmm-mﬂmmmmmn.mmm
m.udmummcuywmmmmmmiumm.um
of these questions should be answered by the time you finish Chapter 2.

After learning about tiny-c, in Chapter 3 we will study a nontrivial command
langUAgE Processing Program written in timy-c. It's the very program you will have been
dn--.ﬂ.“mﬂ_m_mmimm
Sheil. From the moment you start to use it you will be generating ideas on how it can




be improved. Since it is written in tiny-c and you will have learned how to program
in tiny-c, you can get right to work changing your Shell to make it suit your tastes.
Finally, in Chapter 4 we examine a programming language processing program. It's
the tiny-c [nterpreter.This is the program which actually executes programs written
in the tiny-c language. It is written in the C programming language. As I'm sure you
will think of ways to improve the tiny-c language, you will have some incentive to learn
C. Then you can modify the tiny-c Interpreter and bring your ideas alive.
Aayuucanaee,thisbmkisntripuffmulegﬁ:

Leg 1: Using the tiny-c Shell.

Leg 2: Using the tiny-c language.

Leg 3: Understanding the tiny-c Shell program.

Leg 4: Understanding the tiny-c language Interpreter.
When youmnﬂdune.?nuwﬂlknuwﬁw-cthrmghanddn‘m. You can either adapt
it to your own needs or go on to bigger and better things—like C. Whichever way you
go, you will have climbed inside the world of computer language processing and begun
to find your way around.

A final note: As we run into technical terms we will, of course, try to define them.
Sometimes, however, we will not have toured all the conceptual outcroppings we must
visit to formulate a full and complete definition. In such cases, we will make up a
definition thtkcepsmm.hnmybtmlrpunofth!whﬂ!m.m&m
it might even be a simplification bordering on a white lie. To quote Don Knuth, “Once
you understand a simple but false rule, it will not be hard to supplement that rule with
its exceptions.”
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tiny-c Programming

In this chapter you will learn how to use the tiny-c Shell to create, edit, save, restore,
run, and debug tiny-c programs. In the process, of course, you will start to learn
something about the tiny-c programming language.

[ urge vou to load tiny-c into your PC or PCjr and use tiny-c as you read about
it. You can't hurt anything and you'll be generating lots of questions and problems which
will help you get more out of what you are reading.

HELLO, WORLD
Here's a tiny tiny-c program:

hello__world [

pl “Hello, world"

]
Why don't you load the tiny-c disk into your computer and start the tinyc program?
When the tiny-c prompt appears

o =
type this little three-line program in? Like this:

tc =hello__world |
tc=> pl "Hello, world"
tc=>]




Be careful! The character between the o and the w is an underscore (__), not a minus

{—). The underscore is a shifted minus.
What is there to notice about this program? First, it has a name. Its name is

" hello__world. To run the program named hello__world, all you have to do is type its
name right after a period. The period says, Do this!"

2




tc > .hello__world

Hello, world

k>
hmh-muppmdmym?lfidﬁ,rw'umwﬂhﬂ;ﬁmﬂmrmﬁdn't
mmthtmmpmpulr.%tmmlddnhthimimmuthenm
mﬁmundﬂndmﬂhuwmedﬂwmtmhwt}pdh.mm_m until it
behaves like this and then rejoin us here, You'll be able to breeze through the next
section when we come to it, so you won't lose any time,

PROGRAMS, FUNCTIONS, AND STATEMENTS

What is it that hello__worid names? Well, we see a pair of matched brackets,| and
memﬁnlnmuumnm“hnﬂrlhlmmﬂ"mhm
mmrmM.mmmm_mHmmmmm
two brackets.

In order to accomplish anything of any reasonable complexity, we will need lots
of named program pieces such as hello__world, each doing some small, well-defined
part of the overall task. lﬂ'lmmuﬂuﬂwurdmwrdamﬂuenﬁu
mﬂacﬁunn!piemtlntlﬂnhthﬂtjuh&me. Let's use the word function to refer
to any one piece. ang_m'mnmmwwmmmw
these pieces and actually do something.

Sohﬂu_wﬂhzm?-cfmﬂimmumuhmnm'hﬂprhum
“Hello, world."”

FUNCTIONS CALL FUNCTIONS CALL FUNCTIONS CALL . ..

Notice how hello__world does its thing. It uses another tiny-c function named pl.
Whmmﬁm:ﬁnnmm.mmhncﬁmh-ﬁmuﬂﬂuudm.
"Hey.pl.Duﬂihm"mﬂtﬁ:!fﬁnnimhhﬁhmuﬂnrcmm.
{Thmmlnudu:ﬁﬂfm:ﬁmmﬁhﬂtmw. We'll describe them
mhmmz.lhmmhumP&ﬁmﬂrpﬁnﬂwhﬂﬁhﬁmm
.wm.mmgmfwmmﬂ.mmmmm
a function—""Hello, world" in the case at hand—is called the argument of the function.
Fmﬂﬁmﬁmfumlrummmdhpmuwwmﬁm:nﬂm'Mu
look for two or three or more.

mumm&maﬁnﬂuﬂnmmﬂnmmm
ﬂmmmmﬁhm.mmhﬁdﬂ:wm
dmdﬁtmmmmuhuhncﬁmlnduwﬁnﬁrﬂw:ﬁm
hmﬁmmdnpnmwhyp—uthmm“lkh.mﬂ"um
argument that helio__world passed to pl. The pl function knows how to print out any
line it is given. Function hello__world used it to print out a particular line; namely,
“Hello, world."

Amnﬂr.thhpuninlufﬂubu:khn'twm.mukulwhﬂhappumwhen
ymm:mulinlmwm.Ymuﬂﬂtmhr-hmnntmw.Muﬁi
ﬂwmt'hﬂmmk.ﬂumﬂuﬂnummuhw.thmmmduimd
mmwm,mmwmmmﬁ:mmndm
mumkw-umw.mmm&ﬁmm-humm...
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and so it goes. Ewybnd?ﬂﬂacvuybodyehe.:ddlhhmhermﬁnhhh.mdm
the result along. Presto! Lo and behold, there's the fried pickle on your plate.
mwmhmumdmmmﬂlﬂruﬁulmingwtﬂ.mhmm
to do everything just adequately. This makes for a much more efficient, productive
and tractable system for both people and computer programs.
That's what structured programming is all about—building large, efficient, tractable
programs. And that's why you're learning tiny-c.

EDITING A tiny-c PROGRAM
The program ymmtalﬁn.gmwhmmmnﬁnrciamiledrh tiny-c Shell. It
hnmwmmwnmmmmm.eﬂ,mdahm.m.
and restore programs written in the tiny-c programming language. In this section you
will learn how to use the tiny-c Shell. There are only twelve commands that the Shell
understands, so this really isn't much of an undertaking.

Fundamentals of the Shell
The tiny-c Shell announces its presence by printing the tiny-c prompt:
c>

ind‘mntingitisreadyfmrnutnmmmanﬂitwhattodn.‘fmmnmtypeli:mufm
tiny-c program or give commands for the Shell to execute.
Anyﬂneymtypemuﬂmdwithamnimreturn;ﬂwﬁheﬂdmmthmsnﬁth
your input line until the carriage return is given.
Aﬁuymmeramnh;em&:ﬂdlﬁﬂﬁthermmcﬁmhwrw
wmmwamﬂethmnnﬂ.Mhﬁmymamﬁ:rmn

=

and awaits another line or command.
Ifmnmmmfmmﬁu-mﬁmm.mmkw{mmmw
ﬁmammmhﬁummm.ﬁmmmmmm}mm
muﬁmmﬂrwpedcham:mmmhumﬂﬁmesmkiﬂmuﬂwm.
Hrmmiﬂypellhemwythummmdutbtwhﬂhﬁum.ﬂm
mm[ﬁm}kﬂkﬂhmﬂwﬁn&hhmhﬁmhdmmwﬂm
m.huwem.fmunmtmﬁrmﬂﬁmumtiﬂmmnwiﬂddﬂe
mhﬂnlheiwwhkhmhnmﬂrﬂgim:mhg:m.
Hmhutypadamﬁ:gemmmdm‘ﬂmtmmke:chm,thhmhe
m.fmmmﬁdﬂyddeutheﬁm.uﬂnsﬂwdemmmmmddum‘bedhdw.
Then you can re-enter the line.
Dnmttypeiuﬂuuumbematthehesinnimufuchﬁm.TheﬁnrcEMﬂdm
not use them; in fact, it does not even tolerate them.,
Tnhdﬂn.u:hhwmm“dmﬁmmmmembudhﬁml
cpﬂﬁmshe&unmhwmth:mmpmhmhmﬁn




Now you've probably asked yourself, “How does the Shell tell the difference
between a command and a line of text”’ Good guestion!

B A aommand shoays begins with a period. a piws, or a minss. Anything else is a

text lime.,
We will cover Shell commands later; first, we will go over text lines. To do this we
need the concepts of program buffer, line zovo, and curvent line.

As you enter program lines, they are collected into an area of the computer’s
memaory called the program buffer. Think of the program buffer as a series of text
be appended to the end of all the lines that are already in the buffer. Or it may go at
the beginning of all the lines that are already there. Or it may go between lines that
are already in the buffer.

When you start out, the program buffer contains only one line. It is called lime 2ero.
Line zero has no text; it's just a carriage return. No matter what else you put into the
program buffer, line zero is always there and is always just a carriage return.

There is one particular line in the program buffer which you should think of as
the cwrvent line. It is where you are located . . . where your attention is focused . . .
no, actually where the Shell’s attention is focused . . . in the program buffer.

Initially the current line is line zero. You can always display the current line by

ic>=.p

The te = is the prompt printed by the Shell. The .p is the print command you typed
in. The current line is printed on the screen immediately after you type .p and give
a carriage return.

Entering Text Lines
Now, where do new text lines go’ Here's the rule used by the Shell:

B A text line s entered into the progvam buffer immediately after the current line.
The newly entered line becomes the current line.

As you recall, line zero is the current line when you start off, Let's say you type
a text line. According to this rule, it will go into the program buffer after line 0, as
line 1. It also becomes the current line. You type a second text line. It goes in after
the current line (line 1) and becomes line 2. Now line 2 is current. If all you do is keep
on entering text lines, they will each go into the program buffer one after the other.
This is what you'd expect, no?

There are commands described below which makes any line in the program buffer
the current line. As we have seen, whenever you enter a series of text lines, each is
inserted one after the other below the current line. Thus by moving around you can
enter text lines anywhere in the program buffer. You will discover that this text line
entry rule is simple, natural, and powerful.

The Shell Commands

In the description of the Shell commands below, an n represents an imteger with




no leading plus or minus sign; for example, 5 but neither + 5 nor - 5. Exactly one blank
must separate an integer n from preceding characters.

> p
€= pn

tc>d

ic-dn

> -n

e .n

ic> | text

>l

lc - .c text newtext

Print the current line on the screen.

Print n lines starting with the current line. The last line
printed becomes the current line,

Delete the current line. Make the line before it the
current line,

Delete n lines starting with the current line. Make the
kine before the first deleted line the current line.

Move down one line and make the line afler the present

Move down n lines; the new current line is the present
current line plus n.

Move up one line; make the line Mefore the present
current line the new current line.

Move up n lines; the new current line is the present
current line minus n.

Make the nth line in the program buffer the current line;
in other words go to line n

Starting with the line after the current line (proceeding
to the end of the program buffer if necessary), locate
a line containing text. If found, print the kine and make
it current: if not found, print "' and leave the current
line unchanged. There must be one blank between the
“I'" and the first character of text, A circumflex (A) as
the first character of text means the text must begin the
line. A A as the last character of text means the text
must end the line. The text may contain blanks.

Same as above, but use the same text as given in the
previous locate or change command.

In the current line the first occurrence of text is replaced
by newtext. If text does not occur in the current line,
then no change is made. In either case the resulting line
is printed and the current line remains the current line.

As shown, there are exactly two blanks in the command, one after the ¢, and one





























































































































































































































































