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ABOUT tiny-c one and two
(General information about both versions)

What is tiny-c?

Tiny-c is a structured programming language. It is an alternative to BASIC. Using tiny-c instead of BASIC
means you will get your software projects done more quickly and more pleasantly. '

Why structured programming?

Programming is an error-prone human task. Structured programming, however, is less error prone. There
just aren’t as many ways that nasty, hard-to-find bugs can creep into a structured program. BASIC does not
offer structured programming. tiny-c does.
The important elements of structured programming are:
Long variable names -- Naming a variable “klingonsleft” is much more suggestive as to its role that
naming it “k9".
Functions -- Programs are constructed as modules, each with a well defined role in the whole software
project. This is better than pages and pages of statements. _
Local variables--A local variable is protected. Only the function that owns it can change it or use it. This is
better that letting.any line of code anywhere in a large program change any variable, often by accident.

tiny-c has all these features, and more to make it a pleasant, productive tool in your software tool-kit.

Who is tiny-c for?

e The serious programmer

e The writer of large programs

e The assembler language programmer ‘ -

e The student looking beyond BASIC tl n
e The educator desiring to teach structured programming

e The user of BASIC looking for something better

e The hobbyist who has heard of structured programming and
wants to give it a try

Where did tiny-c come from?

tiny-c is a derviative of a big programming language called C, which was invented at Bell Labs. C was used
to program the well known UNIX™ operating system. C is widely used in universities and industry.

What versions of tiny-c are available?

tiny-c comes in two versions:

tiny-c ONE is a training version. It is an interpreter, and runs about as fast as most BASIC's. It comes
complete with a Program Preparation System, which is used to prepare programs, run them, change them,
save and recall them from cassette or diskette. tiny-c one is available on a wide variety of cassettes and
diskettes.

tiny-c TWO is acompiler version. It compiles tiny-c programs into an intermediate code which is interpreted
by a Run Time System. It runs 10 times faster than tiny-c one, hence about as fast as the faster compiled
BASIC's. tiny-c two has lots of extra features not included with tiny-c one. :

Anything else?

e tiny-c products come with all source code, S0 you know what you're getting. The software student can
study these to learn how real compilers and interpreters are constructed. The advanced programmer
can add their own features.

e tiny-c documentation is the best in the industry. This is not an idle boast. Ask any of our customers.

e tiny-c products are portable. The real software guru can, with reasonable effort, get tiny-c one or two
running on a New processor, or new operating system.
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Tiny-C Two — The Compiler

Tirly-c two is ten times faster than tiny-c one. It has many extra features, including long (32 bit) integers, lots of new operators, and
redirectable and direct access input/output. This version of tiny-c is viable for professional work, either systems programming or
pusiness applications. Training syntax (like tiny-c one) or Professional Syntax options (like real C). '

It comes with a UNIX™ style' command interpreter called the “tiny-shell”™. With the tiny-shell, every compiled tiny-c program
becomes a new shell command. Tiny-shell commands can have arguments, and dash (-) options, just as real UNIX shell
commands do. The < and >input/output redirection operators are supported. ,

Standard tiny-shell commands furnished are:

CAT — concatmates, prints and copies, ascii files

CC — compiler and linker, training syntax

DIFF — determines true difference between two files;
Insertions, detetions and changes:

ED — a text edition

HD — hex file dumper

LS — lists part or all of the file directory

MV — moves (renames) files

PCC — professional syntax c compiler and linker

RM — removes (erases) files

There are over fifty standard library functions, and this set is readily extended. The input/output functions are UNIX style, including
fopen, fprintf, etc. Both ascii and raw (binary) input/output ‘are supported.

And the entire package is portable. Bringing it up on a new processor or new operating system should take a few days or a few
wegks at the most. All the source code is included on the disk.

LANGUAGE FEATURES o

e All the features of tiny-c one
e Long (32 bit) integers as well as regular
(16 bit) integers

e Additional operators: not, comple- PHYSICAL FEATURES
ment, address of, postfix and prefix
increment and decrement, left - and e 32K recommended. This is enough to
right shift, and, or, exclusive or compile the compiler
e UNIX style i/o: redirectable by the tiny- e Th : : it R,
shell or by program, ascii and raw sojrcgocgzléeirs :ﬁcl\gé‘;gn in-tiny-c; all HUMAN FEATURES

(binary), formatted print and scan,
direct access (Iseek)

e Program chaining for very large appli-

Emits a very compact, stack oriented

intermediate code e Thorough documentation: over 200

pages. This included a tutorial walk-

catipns * Interpreter for the intermediate code ~ through, a reference chapter, a refer-
e Dynamic storage allocation - (calloc, uses about 2K bytes ) " ence with examples on the tiny-shell,
o S oy s gy el s pogars oo
* Improved machine language interface bytes. (The tiny-c coded portion of e he fgén?gﬁsga:;elr;ilsr terfase 1o 1he -
library is loaded as needed.) tiny-shell, and all the details on how to

o PORTABLE -- readily transported to install this system on any computer.

other processors or operating sys-
tems. The bootstrap procedure is well

The' tiny-shell supports multiple com-
mands per line, input/output redirec-

documgnted. and tests are provided, tion, and has thorough error control. g
® Speed: 500 to 1000 statements per Most commands have UNIX style dash (-)

second on typical 2 MHz to 4 MHz 8 bit options.

processors e Structured programming means you-get.

P more code working in a session, and the
t code is more readily understood by

iny v =

UNIX™ is a trademark of Bell Laboratories, inc.
tiny-c™ and tiny-shell™ are trademarks of tiny ¢ associates. .
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PREFACE

The main reason for using a compiler instead of an
interpreter is speed. The tiny-c compiler will produce
programs that will typically run 10 times faster than the
tiny-c interpreter.

The compiler is essentially upwards compatible with the
interpreter. So most programs developed using the tiny-c
interpreter and PPS should compile and run correctly with
the compiler. There are a few caveats to this claim, but to
the extent we know the differences we have documented them
here. ‘

Additionally, the compiler offers these new language
features: ;

a tiny command system (tiny-shell)

re-directable input/output (virtual i/o)

program chaining

32 and 16 bit integers (longs ints, and ints)
formatted input/output functions (scanf and printf)
many more operators (bit, address-of, etc.)

many more library functions

random access file input/output

program chaining, for very large applications
other file input/output extensions

* % % % % F F ¥ ¥ *

Many of these features are motivated by the UNIX(*)
operating system, particularly the tiny-shell and the
redirectable and extended input/output. These features make
this new tiny-c viable for projects of significance:
commercial software products, and some types of systems
programming. For example, several utilities, an editor, the
compiler itself, its 1linker and the tiny-shell are all
written in tiny-c. ,

The tiny-c compiler is PORTABLE. The first version
available is the CP/M(*) version. This has all the files
needed to transport the product to other systems: source
code, tests, etc. 1Instructions for transporting to another
system are part of this OWNER”S MANUAL. The interfaces to
the host operating system have been carefully designed for

- viii - ;
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portability, and are well documented. It 1is readily
installed on any disk operating system. In principal it
could be installed on a cassette system, although this would
be a bigger job. Putting it onto other micro s, either 8 or
16 bit, requires only a small amount of assembly language
programming. Thus one can expect to find one language,
without dialects, on a wide variety of processors.

(*) UNIX is a trademark of Bell Telephone Laboratories
(*) CP/M is a trademark of Digital Research, Inc.

- ix -
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FOREWORD

(From the tiny-c 1 OWNER”S MANUAL)

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 you (or someone else) have written.
This combination 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 1is well-adapted to the
microcomputer environment. Tiny-c retains C’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.

The tiny-c OWNER”S MANUAL is more than a reference manual
for tiny-c, however. It is also a vehicle for conveying
ideas and insights about how to get the most out of your
machine, and about good programming in general.
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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-c will
have a similar effect in the microcomputer world.

Brian W. Kernighan
Bell Laboratories
Murray Hill, New Jersey

May 9, 1978

- xi -







I. COMPILERS, INTERPRETERS, AND LANGUAGES
We now have two versions of tiny-c:

* The original tiny-c, which is an
interpreter, and

* the new compiler version.

So it is necessary to adopt a version identity scheme. We
will call the interpreter "tiny-c 1," and the compiler
"tiny-c 2."

What is tiny-c 2? It is

a language, plus
a standard library, plus ,
an environment from which to run programs.

The original tiny-c¢ 1 is an intérpreter. On an 8080 it
would execute about 50 statements per second. This new
tiny-c 2 1is a compiler. It produces an intermediate
language which runs about 10 times faster than tiny-c 1. So
on an 8080, programs run at about 500 statements per second.

The purpose of a compiler is to produce faster execution
speeds for programs. But this purpose is gained at a cost.
Compilers are a hassle to use. Interpreters are reasonably
easy to use. This is the advantage of the
interpreter/compiler combination. Not all programs need to
be fast, particularly during their initial development. For
these, why put up with the overhead of compiling, linking,
and difficult debugging? An interpreter 1is Dbetter for
programs that do not have a speed requirement. Even for
development of programs that must run fast in production
use, an interpreter is handy to get the program to an
advanced state of debuggedness. You”ll produce more working
code in a session using an interpreter (especially with a
decent debugger) than you will using a compiler.

Finally, an interpreter is a far superior tool for teaching
and learning programming. The student is working in a
single environment where he or she can quickly switch
between editing and running. There is no distraction from
the programming lesson being taught to get over the hurdle
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of editing, compiling, linking and running -~ four steps
with delays on each -- just to "see what happens."
And if you know you have a compiler handy, you can develop
code on the interpreter, knowing it can be compiled and will
then run 10 times faster.
So the most powerful combination is:

* one language

* one interpreter/debugger for that

language, for convenient development

and educational use.

* one compiler for that language for
efficient production use of a program.

Tiny-c is the language. The version 1 interpreter and the
version 2 compiler are the compatible implementations.

1.1 A tiny-c program walk-through

Figure 1-1 1is a complete tiny-c program consisting of two
functions.
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FIGURE 1-1

/* guess a number between 1 and 100
/* T. A. Gibson, 11/29/76

guessnum
[
int guess,number
number = random (1,100)
pl "guess a number between 1 and 100"
pl "type in your guess now"
while ( guess != number ) [
guess = gn
if ( guess == number ) pl "right !!"
if ( guess > number ) pl "too high"
if ( guess < number ) pl "too low"

pl nn ; pl nn '
] /* end of while loop
] /* end of guessnum function
/* random -- generates a random number from little
to big

® "
random long little, big

[
static long seed = 99, last = 99
long range '
range = big-little+l
last = last*seed
if ( last < 0 ) last = -last
return little + (last >> 3) % range

End of FIGURE 1-1

How does this program work? Let”s do a program
walk-through: :

Starting at the top, the first two lines are COMMENTS. A
comment begins with /* and goes to the end of the line.

"guessnum" is the name of a FUNCTION which 1is called to
start the program.

' _ Following the "guessnum" is a COMPOUND STATEMENT, which is
13 lines long, the last line being:
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] /* end of guessnum function

A compound statement 1is everything between balanced
left-right brackets.

The first SIMPLE STATEMENT in guessnum is:

int guess, number
This declares two INTEGER VARIABLES named "guess" and
"number", and gives them an initial wvalue of =zero. All
variables in tiny-c must be declared.
The second simple statement in guessnum is

number = random (1,100)
This sets number equal to the value of the tiny-c program
function random executed with its first ARGUMENT equal to 1
and 1its second argument equal to 100. 1In our program the
function random returns a random number between 1 and 100.
On the next 1line, pl 1is a tiny-c LIBRARY FUNCTION which
prints a line. It prints the quoted STRING which 1is its
argument.
while sets up a LOOP. The general form of a while is:

while (expression) statement
In this instance, the EXPRESSION part is

guess != number
where I= means "not equal to". This expression is
evaluated, and if it is true, the statement is done, and the
the expression is evaluated again. If it 1is false, the
statement 1is skipped. Initially guess 1is 0 and number
cannot be less than 1, so the expression is initially true.
Therefore the statement is executed. |

The statement 1is compound, and is composed of six simple
statements. The first of these statements is

guess = gn

gn, which stands for "get number", is another standard
library function. It reads a number typed in by the user at
the terminal, and returns that value. So here the program
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waits until the user types a number and a carriage return,
and then guess is assigned the number typed.

The next three simple statements are if statements. The
general form of the if statement used here is

if (expression) statement
where statement is executed if expression is true.

Statements five and six of the while®s ' compound statement
are pl"". pl"" goes to a new line and prints nothing. The
semicolon allows you to write more than one statement on the
same program line. So

pl nn ; plll L]
prints two blank lines.

Now we are at the end of the while 1loop. Since the
expression part of the while was true, the while statement
is executed again. This starts with another evaluation of
the expression to see if it is true or false. If the first
guess is not equal to number, the compound statement is
executed again. Another guess 1is read, the appropriate
remark is printed, and two more blank lines are printed; and
the while is done yet again. Eventually the user gets the
right number and guess is equal to number. This will cause
a "right!!" and two blank lines to be printed. The while
condition 1is tested again. The expression guess != number
is evaluated and found to be false, so the entire compound
statement part of the while is skipped, which brings us to
the end of guessnum. The game is over. The program stops
because the end (the last ]) of guessnum is reached.

Now 1let”s see how random works. The first line of random
gives the function name. And, before the [, it declares two
long integer arguments, little and big. A VALUE must be
supplied for each argument when a function is called. The
call in the sixth line of guessnum sets little to 1, and big
to 100.

Now we enter the BODY of the function random. seed and last
are declared to be static long integers each of which are
initialized at compile time. Declaring them static means
their values will stay around as long as guessnum 1is
running. A static variables "life" 1is as 1long as the
program runs. On the other hand, range is a 1local whose
life begins anew (with an initial value of zero) each time
random is entered. range is declared a long integer and is
initially zero. range is calculated, and is 100. 1last is
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set to the product of last and seed which is 9801. This is
not less than 0, so the statement part of the if is not
evaluated. '

We next come to the return statement. It does two things.
First, it evaluates the expression. The result is made the
VALUE OF THE FUNCTION. Second, it returns control to the
program that called the function. tiny-c expressions are
similar to algebraic expressions. The symbol + means add, /
means divide, and - means subtract (or take the negative).
To indicate multiplication, a * is used. An unusual symbol
is %, which means divide the left side by the right side and
take the REMAINDER (not the quotient). So, for example,

1225 % 100
is 25. Another unusual one is >>n, which means "right shift
n bits". For example, x>>3 takes the binary representation
of the value of x and right shifts it 3 binary places
(bits). The effect 1is to divide by 2 three times, e.g.
divide by 8. So:

9801 >> 3
is the same as

9801/8
which is 1225.
Thus the return statement calculates the expression:

little + (last>>3) % range

= 1 + (9801 right-shifted 3) remainder 100

1 + 1225 remainder 100

1+ 25

>

= 26

The value 26 is returned as the value of random. It also
leaves 9801 in last, and 99 in seed. Since these are static
variables, their values are retained between function calls.
This is not true of 1local variables like range. Their
values are retained only during the execution of the
function in which they are defined. When that function is
left, their values are lost.
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On a second call to random, range 1is recreated, and
reinitialized to zero. seed and last, being static, are
still 99 and 9801 respectively. range is recalculated as
100. Then

last last * seed

9801 * 99

970299

This is still positive, so the if test is false again. Then
the return statement calculates:

1 + (970299 >> 3) % 100
=1+ (970299 / 8) % 100
=1 + 121287 % 100
=1 + 87
= 88

This is returned as the second value of random.

REVIEW OF THE WALK~THROUGH

The purpose of the walk-through is to get a feeling for
programming in tiny-c. We have seen that

* A tiny-c program is a set of functions.

* Some functions are standard library
functions, like gn and pl. These already
exist and need not be programmed by the
user.

* Other functions are written by the user,
like guessnum and random.

* A function is written by writing its
name and then its body. The body is
enclosed in left and right brackets [ ].
If the function has parameters, these
are declared after the name and before
the body.

* One function is the "main" function.
This is where the program will start.
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guessnum is the main function in
figure 1-1.

* Static variables stay around and hold
their values. Local variables come
and go. Statics can be initialized.

* Punction and variable names can be as
long as you want.

* A group of statements enclosed in
brackets makes a compound statement
which can be treated just like a simple
statement.

1.2 Structured programming -- what tiny-c is all about

Perhaps you have heard structured programming described as
"go-to-less" programming. Or programming with Just
if-then-else and do-while control statements. Such remarks
oversimplify what structured programming is all about. The
essence of structured programming is PROGRAM CLARITY. You
can write programs in small, modular parts, with
easy~to-follow program flow. This leads to clear,
understandable programs. ‘ .

We discuss here four principle ideas that make program
clarity possible. These . are: modularity, predictable
program flow, local variables, and the simple idea of
meaningful variable names.

MODULARITY in software is just as important as modularity in
hardware. It makes it humanly possible to deal with
complexity. A module is a brick or atom used for building
bigger modules. Seen from within, a module may be very
complex but from the outside it has an easily comprehended
wholeness. Software modularity is achieved through the use
of FUNCTIONS. : . ,

PROGRAM FLOW is predictable if you can point to any
statement and easily answer the question, "under what
conditions is this statement executed?" This is particularly
important if the program is 20 or 30 pages long, and still
has bugs. Scanning the whole program and drawing arrows is
not fair. That”s not considered an easy way to answer the
question. Predictable program flow can be achieved in many
ways. In tiny-c, it is done with COMPOUND STATEMENTS.
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Functions also make it possible to hide variables used in a
strictly local context. The variable n 1is very popular;
it’s wused frequently to count things. Have you ever had a
BASIC program blow up because you were using n in two places
for two purposes? The fix was to change one of them to nl.
A better idea 1is in the concepts of LOCAL, GLOBAL, STATIC
and EXTERN variables. These give control of access to
variables, an important "safety feature" if properly used.
Only those parts of a program with a "right to access" a
variable can actually access it. We used locals and statics
in Figure 1-1. Globals and externs are defined in Chapter
2.

As for long, MEANINGFUL NAMES for variables and functions --
just look at the sample programs to see the improvement.

As a pleasant dividend, structured programming is more
enjoyable than monolithic programming. It should certainly,
therefore, be a part of personal computing. To begin our
look at tiny-c as a structured programming language, 1let”s
look at the foundation of functions and predictable program
flow -- the compound statement.

1.2.1 Compound statements

When you write a program, you write a list of statements:

X = x-1
a = b+c
b = b*2-c
X = b-a

The idea behind a compound statement is to make one
statement -- a molecule -- out of a set of statements --
some atoms. This is done in tiny=-c by

[ x = x=1
a = b+c
b = b*2-c
X = b-a 1

Anywhere you can write a simple statement you can also write
a compound statement. This sounds simple, but the effect is
powerful. For example most programming languages have an if
statement similar to this:

if (logical expression) statement -

So you can write
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if (x>0) x=x-1

But make the statement part compound, and you have this
capability:

Jif (%x>0) [
b = b*2-c
a = b+c
x = x-1

]

This multiline if is not some special kind of if. It is
still:

if (logical expression) statement

But the statement part is compound. The compound statement
is treated as an indivisible unit. It is either all done or
all not done depending on the value of the logical
expression.

The compound statement also is a natural for LOOPS. There
is a big difference among the various programming languages
in how you write loops, but they all have one thing in
common. A loop has a beginning and an end. A compound
statement can be used to express this. The looping
statement is:

while (logical expression) statement

Notice the similarity with the if. Only the keyword has
changed. Here”s how while works. The logical expression is
evaluated. If it i true, then the statement 1is executed,
and then the while is done again. The effect is a repeated
if, i.e., a loop. As long as the logical expression remains

true, the statement is done again and again. Eventually
something in the statement causes the logical expression to
become false, and the loop terminates. Of course, the

statement can be compound, as in:

while (x>0) [

a = b+c
b = b*2-c
X = x-1

]

The compound statement is a natural way to delimit the
beginning and end of loops.

With one simple idea, the compound statement, two things are
achieved. The if statement is more powerful than is common




version 2.0 PAGE 1-11

in non-structured programming languages. The concept of a
loop collapses to a simple repeated if or while statement.
In both situations you are stating conditions under which
the statement -- whether simple or compound -- is to be
executed.

1.2.2 Nesting compound statements

ANYWHERE YOU CAN WRITE A
SIMPLE STATEMENT, YOU CAN
WRITE A COMPOUND STATEMENT.

That is the fundamental rule. A compound statement contains
simple statements. Therefore a compound statement can
contain compound statements. Figure 1-2 illustrates this.

FIGURE 1-2
[ x = x-1
a = b+c
b = b*2-a
x = b-a
]
a=b+c is a simple state-
ment. The rule says a
compound statement can
be written here. For
example:
[ x = x-1
[ a = b+c
W = y+2*x+w
y = 17
]
b = b*2-a
x = b-a

End of FIGURE 1-2
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The substitution of a compound for a simple shown in Figure
1-2 is certainly allowable, but is of no practical value.

The real utility in nested compounds is in writing nested if
and while statements. Figure 1-3 1is therefore a more
realistic example of the use of nested compounds.

FIGURE 1-3 %

if (x>0) [
while (x<1limit) [
if (case==1) |
Ty =0; w=99
1
if (case==2) [
y =99; w=20
]

‘nextaction
X = xX+1

End of FIGURE 1-3 )
|
In Figure 1-3, if you remove everything except the brackets,
you have this:

ool 0111

This is what is meant by nested compound statements.
Brackets are used to form program units the same way
parentheses are used to create arithmetic statements. The
main difference is that a pair of brackets is preceeded by a
function name, or a logical expression. In the first case
you“re naming the contents of the brackets and in the second
you“re stating the conditions under which the contents are
to be executed.

1.2.3 Readable program flow

In Figure 1-3, look at the "y=0" in the fourth line. How
can it be reached? Only if x is between 0 and limit, and
case 1is exactly 1. < No go-to can 1lead here, either
accidentally or on purpose.

How can "nextaction" be reached? Only if x is between 0 and
limit, and then only after possible changes to y and w.
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This program has simple, predictable flow. The only way a
statement other than a while can be reached is from directly
above. whiles can also be reached from their matching ]
below.

1.2.4 1Indenting and the placement of brackets in
compound statements

The brackets alone define the "structure" of a program.
Indenting means nothing. But one of the purposes of
structured programming is to make programs more readable
and, hence, more understandable. A good choice of indenting
style is very important to program readability. There are
several styles to choose from. The actual choice is not too
important. But once you choose a style, stick to it.
Consistency IS important.

One easily explained style 1is to align matching brackets
vertically. This looks like:

if (x<0)
[ statement
statement

]

A problem with this 1is that when editing the first
statement, care must be taken to keep the [ intact. So some
use this style:

if (x<0)

[
statement
statement

11
"

]

This takes an extra 1line. Also there is a visual break
between the if and its statements. So some take the left
bracket and move it to the end of the preceeding line:
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if (x<0) [
statement
statement

"
LI

]

The right bracket is now vertically aligned with the if or

while that preceeded the compound statement.

You may pick one of these, or invent a style of your own.
But whatever you decide to do, do it consistently.

1.2.5 PFunctions

A large software project can usually be broken into natural
parts, and each part programmed and debugged as a separate
unit. Each of these units then becomes a reliable building
block for the construction of still larger parts of the
project. Sometimes units can be designed to be useful in
many projects.

In various programming languages these building blocks are
called subprograms, subroutines, or, as 1in tiny-c,
FUNCTIONS. Here is a tiny-c function for any computer
versus human game:

game [
getready
while (stillplaying()) [
humanturn
if (stillplaying()) computerturn
]

gameover

]

The name of the function is "game". The compound statement
that follows is called the body of the function. Each [ can
be read as "do all of this", and its matching ] read as "end
of this". game divides the design of a game program into
five parts:

getready (which initializes things, and
prints instructions if
requested),

stillplaying (which determines if the
game is still going, and
returns true if it is, other-
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wise false),

humanturn (which conducts the human”s
turn),

computerturn (which conducts the com-
puter”s turn),

gameover (which computes and prints
scores, makes remarks about
the human®s skill, promotes
the human, or whatever).

The game function is the first step in divide-and-conquer,
or top-down program development. Let”s carry this
development one step further. The getready function can be
expanded this way:

getready |
ps "Do you want instructions?"
if (gc()=="y”) instructions
setupboard

]

getready divides the initialization into two parts:
instructions, and setupboard.

(Note: ps prints a character string, gc() reads a character,
and == “y” tests if the character is a y.)

Notice that both game and getready are universal. They can
be used in many programs. Programming in this fashion
eventually leads to a 1library of useful, general purpose
functions. These can be pulled off the shelf 1into a
software project. You know they work because they were used
before. Your programming becomes more productive, and more
pleasant.

The next time you“re programming a sizable project, 1i.e.,
anything more than a page, try to identify subsets of the
logic usable in other projects. Capture these as functions.

IT IS GRATIFYING TO DISCOVER A
GENERAL PURPOSE FUNCTION WHERE
NONE WAS SUSPECTED.
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1.2.6 Local and global variables

A LOCAL VARIABLE is one that is known only inside a

function. It can be used and changed only within the body
of the function. Even its name is unknown outside the
function. In fact, its name can be used in other functions

without conflict. This is what makes a 1local variable
useful.

Take a look at Figure 1-4. There are four local variables
in two functions. The variables n and maximum are local to
afunction. The variables n and total are 1local to
anotherfunction. If either of these functions calls the
other, the values of n will not be confused since they only
have meaning inside the body of their own functions. It
helps to think of local variable names as being preceded by
the possessive form of the function to which they are local.
For example, afunction”s n and anotherfunction”s n.
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FIGURE 1-4

afunction [
int n, maximum
n=0
while (n<maximum) [

n=n+1
1
1
anotherfunction |
int n, total

n = n+2
total

total+n

End of FIGURE 1-4

The value of locals is obvious to anyone who has spent a
nasty debugging session trying to find out where, in a huge
program, some variable is getting changed.

Of course not all variables can be local. Some must be
shared by many functions. These are called GLOBALS. They
should be used infrequently, as they do cause debugging
headaches. Choosing good, descriptive names for globals
alleviates the problem. A global named "k" is inviting
disaster. Call it "klingonsleft" and you“re less likely to
accidentally use it for two purposes. Also you“ve given a
reader of your program a pretty good clue to the variable’s
use.

Locals and globals are declared the same way. It 1is their
placement in the program text that gives them the local or
global property. Locals are declared within a function as
the first 1lines of the body. Globals are declared outside
all functions, usually as the first lines of the program,
and in any case before their first use.
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1.2.7 Summary -- and where we go from here

We“ve walked through a simple program to get a feel for
tiny-c, and we’ve discussed the virtues of structured
programming. These are 3just the preliminaries. Now it”s
time for the main events. First, a complete definition of
the tiny-c language. Chapter II is devoted to this task.
To prepare programs and compile and run them you need to
know how to run the compiler. This is done using TSHELL, a
tiny-shell command program described in Chapter ITI.
Examples are excellent learning tools: Chapter IV has
several sample programs. Chapter V defines the files
produced by the compiler. And finally, Chapter VI gives all
the instructions to transport this software to another
operating system, or another processor.




II. THE LANGUAGE

The tiny-c 2 programming language is described completely
here.

2.1 Comments

Comments begin with /* and continue to the end of the 1line.

2.2 Names

Names of functions and variables can be one or more
characters long. If more than eight characters are used,
only the first seven and the last are significant. The
first character must be alphabetic, either upper or lower
case, or an underscore (_). The rest must be alphanumeric
or an underscore. Names cannot have imbedded blanks. Upper
and lower case are considered distinct, so

GUESS
guess

are different names.
These words may NOT be used as names:
if

else
while

return
break
char
int
long
static
extern
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2.3 Data and variables

There are three kinds of data,
A DATUM is an actual value:

characters.

tiny-c OWNER”S MANUAL

integers, long integers and

7 is an integer datum

,_»

a” is a character datum

A VARIABLE is a named cell that holds one datum.

must be created by declaring
it can hold.
for these declarations.

int a,b
long int total
char letter

declare the existence of four
a and b, one 1long integer

A variabie
its name and the type of datum

The int, long int and char statements are used
For example,

the tiny-c statements:

“

variables; two integers named
called total and one character

variable named letter. Each can hold one datum of its
respective type. Initially, integers and long integers are
0, and characters are ASCII null, i.e. also 0.

An int is stored in two bytes (16 bits) and can store values
from -32768 to +32767. A long int is stored in four bytes
(32 bits) and can store values from roughly minus two
billion to plus two billion, (from -2147483648 to
+2147483647, to be exact!). i

The "int"
simply as:

in long int is optional. A long can be declared

long total

2.3.1 Arrays and array:elements
An ARRAY is a list of variables of the same type.

int value(10)
char buffer (80)
long prices(100)

declares an array with eleven integer elements, a character
array with 81 elements, and a long array with 101 elements.

An array element is picked out wusing a subscript. For

example,
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value (7)

names the seventh element of the array value. Every array
has a zero-th element

value (0)
and a last element

value (10)

2.3.2 Locals, globals and arguments
There are three scopes of variable declarations.

Locals: Local variables are declared within
the body of a function (i.e., inside
the [] part of the function.)

Arguments: Function argument variables are

declared after a function name, and

. before the [ beginning the function
body.

Globals: Global variables are declared outside
all functions.

In Figure 1-1, guess, number and range are local variables.
The first two, guess and number, are local to the function
guessnum. The last, range, is local to the function random.
The variables little and big are arguments. The variables
seed and last are static locals. The function names
guessnum and random are also globals.

Locals are created when a function is entered, and destroyed
when the function is exited. When they are created they are
also set to 0, (ASCII null, for characters).

Function arguments are always copied into a function, and
treated as locals.

Global variables may be accessed by all function and
preserve their values between function calls.

Within a function, the following names can be used:

: locals for the function,
. arguments of the function,
all globals for the program, and
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all functions for the program.

Technically, arguments are locals, and function names are
globals, so this rule is easier to remember as: ‘

A FUNCTION CAN USE ITS OWN
LOCALS, AND ALL GLOBALS.

All the locals within a function must have different names.
But two different functions can each have their own local
variable named x, and the two x“s are kept separate.

All global names inluding function names must be different.

One form of duplication is allowed and is important. You
can have a local and global variable of the same name. They
are kept separate. Within the function that has the local,
the local name prevails. Elsewhere, the global prevails.

2.3.3 Scope of a variable

The scope of a variable is the set of statements that have
access to that variable. Local variables have a scope of
the function that defines them. Globals have a scope from
where they are declared to the end of the source file, or
the next #library statement. (see Section 3.1.2.) It is
good practice to declare globals at the beginning of a file
(or #library section) so the scope is the whole file (or
section). Storage for a variable”s value is allocated when
the variable is defined.

Large programs are often split into a number of separate
files. A global variable defined in one file may also be
needed in other files. The variable cannot simply be
defined in the other files, because this would cause storage
to be allocated separately for each file. To access a
variable declared in another file, the "extern" declaration
is used:

extern int value(10)

An extern declaration does not define a variable. It
provides the compiler with a description of a variable
defined elsewhere, even in another file or library section.
Thus extern extends the scope of a variable across file or .
#library boundaries. ‘Exactly one declaration of the
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variable must not be extern, so that the variable is
defined and storage for it is allocated. The file that does
this is called the "owner" of the variable. The other files
(or library sections) are called "users" of the variable.

Suppose for example the integer variable called "flag" is
global across several files. One file must declare flag as
a regular global:

int‘flag

That file "owns" flag, and allocates storage for it. It
must be a global.

Other files can access flag by declaring:
extern int flag

either as a 1local or a global. These files do not "own"
flag, and do not allocate storage for it. They have simply
declared a need to access it.

Extern declarations can be local or global. If global, then
all functions in the file following the extern declaration
have access to the variable. If local then only the
function containing the extern declaration gains access to
the variable. In effect, extern permits access to globals
where access would ordinarily be denied. ,

2.3.4 Static variables

Any variable (except arguments) can be declared as static.
This affects both access to and the life of the variable.
The life of a variable is how 1long it holds its last
assigned contents. The life of a global is the duration of
the program”s execution. A local’s life begins when the
function is entered, and ends when the function completes.
Reentering a function reallocates the wvariable and
initializes it to zero.

2.3.4.1 Local static variables

Declaring a local variable static means it is allocated
once, and has the life of a global. But it is accessible
only by the function that owns it. You could declare the
variable as a global and get the 1life of a global (of
course). But it is good practice to restrict the access of
a variable to functions that really need it. Static
declarations allow that.
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Note that if a function calls itself (recursion) a new copy
of "each local is created for the life of that execution of
the function. But only ONE copy of a static local EVER
exists. ‘

2.3.4.2 Global static variables

A global static wvariable has the life of a global, and is
accessible to all subsequent functions in the file. But it
is NOT accessible from another file wvia an external
declaration. This is how to declare symbols that are
private to a group of functions, yet have to be global among
the functions for communication purposes.

In effect, global static restricts access to a variable.
Viewed this way, it is a safety mechanism.

2.3.5 1Initialization

All variables are initialized to zero when allocated. This
is true even of arrays. Non-static locals are therefore
zero on every allocation of them, i.e. upon every entrance
to the function that owns them.

Statics can be initialized to values other than zero at
compile time. (Statics include static locals, all globals,
but not externs.) This is done by assigning a value to the
element in the declaration. For example:

int x = 7
char letter = “a”

 _»

initializes x to 7 and 1letter to a’. Arrays can be
initialized using a list in brackets:

int array(3) = [ 0, 1, 2, 3]
The subscript is optional, but the () must be included:

int array() = [ 0, 1, 2, 3 1]
The actual dimension of the array will be the LARGEST of the
dimension+l or the number of elements in the 1list.

Character strings can be initialized to a string:

char word() = "hello"

In this case, the [ ] are not needed. A null is appended,
so word 1is six bytes long in this example. A list of
strings can also be built:
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char keyword() = [ "if", "then", "else" ]

Each included string has a null byte, so that this example
is 13 bytes long.

Finally, the 1list can flow across lines. The = must be on
the first line of the declaration. After that the [, each
element of the 1list, each comma, and the ] may each be on
separate or the same lines. So:

char keyword() =
[ llifll’
"then",
"else"

2.4 Expressions

Expressions are formed from operators, parentheses and
primaries. They are used to calculate and store data, and
to invoke functions. '

2,4.1 Primaries
Primaries designate the data and/or destinations for results

of expressions. They are the atomic elements of
expressions. There are six types of primaries:

primaries examples

constants 10, “c¢”, 077, 0x010f
strings | "hello"

variables X

subscripted

variables buff(7)

array names buff

functions gn, ps "hello"
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CONSTANTS

An integer constant may be signed. Its value must be in the
range -2147483648 to +2137483647, (roughly minus to plus two
billion).

Octal constants are written with a leading zero, and end
with the first non-digit character:

077 0153 044

Hexadecimal constants begin with a leading zero-x, and end
with the first non-hex character:

"0x010c Oxffff 0xl0 0X10 OXfFEF

A character constant 1is always enclosed in apostrophes.
It”s value is the the ASCII code that represents the

character.

A character string constant 1is technically a - two-byte
constant which has as its value the address of the first
element of an array of characters. Thus,

"hello"

is the address of the first element of an array of six
characters initialized with h-e-1-1-o-null. Two byte
constants or variables which may also be used as addresses
are called POINTERS. Thus, a character string is a pointer
to its first character. Pointers are covered in detail in
‘Section 2.6..

STRINGS

Character string constants may include any byte value. A
few special codes are provided to indicate frequently used
byte values. These are in the form of a back-slash (\)
followed by a <code character. Other byte values can be
indicated in octal. This is done by writing a back-slash
followed by one, two or three octal digits. These are the
codes:
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octal value

for the

code byte meaning

\r 15 carriage return

\£f 14 form feed

\n 12 line feed

\t 11 horizontal tab

\b 10 backspace

\any other

char ascii for that char, e.g. \"

\~ \\

\nnn nnn nnn may be 1, 2 or 3 octal

digits. Allows arbitrary
byte in the string.

A lengthy string may be continued on the next line by typing
a \ immediately followed by a carriage return. Neither the
\ nor the return become part of the string. These four
examples represent the same string:

"hello\tworld\n"
"hello\llworld\n"

"hello\
\tworld\n"

m\150\145\154\154\157\11wor1d\12"

SUBSCRIPTED VARIABLES AND ARRAY NAMES

A subscript expression may be an arbitrary expression. The
smallest subscript is 0, the largest is the declared size of
the array. If an array’s subscript falls outside these
bounds, it is probably an error. It will not be caught or
diagnosed.

An array name is simply a pointer to the first element of
the array it names. By convention, an exception to the "out
of bounds is an error" rule is when an array is declared
with size 0. Such array variables can be referenced and set
using any positive or negative subscript. Any element in
the computer”s memory can be accessed. this way.
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FUNCTIONS

Since function names have values, they may be wused in
expressions as though they were variable names. The value
of a function name is the value returned by the function
program of that name. In Figure 1-1, the use of the
function name random ,

number = random(1,100)

is an example of the use of a function name as a variable.

2.4.2 Operators

The tiny-c operators are used to do arithmetic, compare
values, and assign values to variables. We first show their
use in simple circumstances using one or two primaries.
Then we consider more complex uses.

OPERATOR USE DEFINITIONS

unary + +a When used alone to the left of a
variable, the plus sign is called
a unary plus. It has no effect, and
is used sometimes for readability.

unary - -a When used alone to the left of a
variable, the minus sign is called
a unary minus. The value of -a is
the negative of a.

* a*b Multiplication. The value is a
multiplied by b.

/ a/b Division. The value is a divided
by b. If there is a fraction, it
is discarded, so the result is
an integer. So 7/2 is 3. Also
-7/2 is -3. .

% a%b Remainder. The value is the
remainder of a/b. So 7%2 is 1.
Also -7%2 is -1.

+ a+b Addition. Also called plus or
binary plus. The value is the
sum of a and b.




version 2.0

il
I

<<

>>

++

a<b

a>b

a<=b

a>=b

a<<b

a>>b

++a

a++

PAGE 2-11

Subtraction. Also called minus
or binary minus. The value is
the difference between a and b.

Less than. The value is 1 if a
is arithmetically less than b.
Otherwise it is 0.

Greater than. The value is 1 if
a is arithmetically greater than
b. Otherwise it is 0.

Less than or equal to. The value
is 1 if a is less than or equal
to b. Otherwise it is 0.

Greater than or equal to. The value
is 1 if a is greater than or equal
to b. Otherwise it is zero.

Equal to. The value is 1 if a and
b are equal. Otherwise it is 0.

Not equal to. The value is 1 if a
and b are not equal. Otherwise it
is 0.

Assignment. a is assigned the
value b. The value of the expression
a=b is the value of b.

Not a. The value is 1 if a is zero,
otherwise it is 0.

Left shift b bits. The rightmost b
bits are made 0. So 1<<3 is 8.
b must be in the range 0 to 32.

Right shift b bits. The leftmost b
bits are made 0 if a is non-negative
and 1 if a is negative. So 32>>3 is
4, and -32>>3 is -4. b must be in the
range 0 to 32.

Prefix increment. Equivalent to (a=a+l).

Postfix increment. Equivalent to
((a=a+l)-1).
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- --a Prefix decrement. Equivalent to (a=a-1).

a-- Postfix decrement. Equivalent to
((a=a-1)+1).

~ a"b Exclusive or. The result is the bitwise
exclusive or of a and b.

alb Inclusive or. The result is the bitwise
inclusive or of a and b.

& a&b And. The result is the bitwise and of
a and b.
- ~a Complement. The result is the bitwise

complement of a.

unary & &a Address of. The result is the address
where a is stored.

2.4.2.1 Uses of assignment

Assignment 1is a binary operator. The assignment operator =
can be used anywhere a binary + or - can be used, provided
the element on the left is an element to which an assignment
can be done. For example,

x (k=k+1l) = a-(b=c/d)

performs three assignments. b is set to the value of c/d.
k is set to k+l. The array element x(new value of k) is set
to a minus the new value of b. Also consider

a=b=c=20
c is set to 0. Then b is set to the value of the expression
c=0, i.e., to 0. Then a 1is set to the wvalue of the
expression b=c=0, also 0.

The left side may not be an expression, constant or a
function name. For example:

a+b = c+d

is illegal because a+b, an expression, 1is not an element
that can be assigned to. :
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2.4.2.2 Uses of << and >>

The shift operators must be used carefully. If b is outside
the range 0 to 32, the resulting number of shifts is
unpredictable.

Secondly, one should be aware of the numerical properties of
shifts. For example:

char a
a=1
a=a<<7

leaves the 1 bit in the sign position of a. Hence a is
-128, not +128.

Another example:

long x
x>>31

fills x with the sign of x. If x was negative, it becomes
all binary 1”s; e.g., numerically -l1. If x was positive, it
becomes all binary 0°s; e.g., numerically 0.

2.4.2.3 Uses of ++ and --

These operators are a convenient shorthand for very
frequently recurring operations: incrementing or
decrementing a variable and then using either its o0ld or its
new value in an expression. It is particularly handy in
while loops. The tiny-c 1 while expression:

while ((k=k+1)<10) statement
is now simply
while(++k < 10)statement

The statement is done with k equal to 1, ... , 9 in both
cases.

In evaluating the expression containing it, postfix ++ and
-- always use the old value; i.e., the one before the
increment or decrement. Prefix ++ and -- always use the new
value. Both always increment the variable. The increment
of k is automatic, one need not use k= to get it to happen.
For example:

k = k++
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may seem to read very naturally as "k is set to k bigger ‘by
one." But it will leave k unchanged:

I

k is incremented by one.

k++ is then given the old value it had
before incrementing.

k=k++ sets k back to this old wvalue.

Looking at it another way, substitute the definition of k++
and we get:

k = ( ( k=k+1 ) - 1)
and you see k is unchanged.

Another way to see the difference between k++ and ++k is
this. k++ translates into:

l. 1load k from memory to a register
2. increment the memory copy of k

3. use the register copy in the expression
whereas ++k translates into:

1. increment the memory copy of k

2. 1load k into a register

3. use the register copy in the expression
++ and -- can be used on anything that can be assigned to.
If you can use it on the left side of an =, you can ++ or --
it, either prefix or postfix. So:

5++ is not legal because 5=5+1 is not

(k+1)++ is not because k+1 = k+1 + 1 is not

But

char x(10)
x(7)++ is legal, because x(7)=x(7)+1 is legal, and

X++ is legal, because x=x+1 is legal.

This last form shows postfix incrementing of a pointer
variable. In fact, ++ or -- with pointers 1is a very
powerful combination, especially with character strings. It
is less satisfactory with ints and longs. For example,

long a(5),b(0)
b=a
b++
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This sets b to point to a(0), then bumps it by one BYTE. So
then it points to the second byte of a(0), which is probably
not the intended result. To bump b to point to a(l), one
must add 4 to b.

2.4.2.4 Order of evaluation

When you write expressions with 3 or more primaries, the
order of evaluation becomes important. For example, is

9 +6 / 3

equal to 5 or 11? Standard algebra conventions would do the
division first, then the addition. So the answer is 1l1.
tiny-c works the same way. All the operators are assigned a
PRECEDENCE. In the absence of parentheses, the operators
with the highest precedence are done first.

precedence operators

highest all unaries, (+ - & ++ == ! 7)
* /%
+_
<< >>
< > K= >= ==

]

>

]

lowest

So the value of
7+3<5 is (7+3)<5 is 0 [not 8].
-1+7 is (-1)+7 is 6 [not -8].

a = a+l < max is a = ((a+l)<max) which sets
a to either 0 or 1, not to a+l.

But
(a=a+l) < max sets a to a+l, then the

expression is 1 if the new a is
less than max, otherwise 0.

a=1l+c = 2 is a = (l+c) = 2 is illegal,
since you may not set an expression,
(1+c), to anything.
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But

o))
I

1+(c=2) sets ¢ to 2 and a to 3;

l+c == 2 is a = ((l+c) == 2) which
sets a to 1 if 1l+c is 2; otherwise
sets a to 0.

)
n

All the above cases are resolved by the precedence rule, but
sometimes that is not enough. For example, is

7 -2+ 1
equal to 4 or 6? Standard algebra would say 6. Note that +
and - have the same precedence, so we cannot use precedence
to determine which goes first. The tiny-c convention is
that the evaluation is done left to right. So, ‘

7-2+1

(7-2)+1 6.

7/2%2 (7/2)*2 6. [Remember 7/2 is 3.]
But what about
a=b=c=0

This is the exception. A series of assignments is done
right to left.

2.4.2.5 Uses of Parentheses

Parentheses are wused to change the order of performing
operations. So in our very first example, if the desired
result was 5, you can write it

(9+6)/3

An expression within parentheses is evaluated and then this
value 1is wused with operators outside the parentheses.
Within parentheses, precedence and grouping rules determine
order. So

22/(9+6/3) is 22/11 is 2 [not 4]

because the precedence rule says 9 + 6/3 is 1l1l.
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2.5 Functions

A function can be used as a primary anywhere in an
expression (except to the 1left of an assignment.) When a
function is used in an expression, we say the function 1is
CALLED. When you call a function, it must be defined
somewhere in your program, in the standard library, or in a
private library.

2.5.1 Arguments of functions

Every function is defined with a specific number of
arguments. random has two arguments, little and big. When
a function is called, values must be supplied for each of
the function’s arguments. If you supply too many, only the
ones declared are accessible and hence get used. The others
are 1ignored. There is a mechanism, however, to access a
variable number of arguments, see Section 2.5.2. If too few
arguments are given, the results are not predictable. Thus,
one should always use the correct number of arguments.
random, for example, should always be called with two
arguments, ps with one, and gn with none.

The argument values are written as a list of expressions
separated by commas. The list, even if empty, can always be
enclosed in parentheses, and sometimes must be. Arguments
themselves may invoke functions. Arguments are evaluted
left to right. Here are some legal calls on random.

random ( 1, 100 )
random ( gn(), gn() )
random ( k=random(-10,10), k+10 )

Notice each call to random has two arguments, because random
is defined with two arguments.

If an argument is an array, then the supplied value must be
a pointer to the same type of data. For example, the
argument to the library function pl is a character array.
So a character pointer is the only valid argument.

pl "hello"
is valid, because "hello" is a character pointer to a string

initialized with h-e-1-1l-o-null. Other cases of pointer
values are described in Section 2.6.

If an argument is not an array, then ANY value can be
supplied. But usually it will not be a pointer. Neither
argument to random is an array. So the supplied values may
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be of any type.
‘ random 1,100

returns a number between 1 and 100.

Ed e - -

random “a“, “z
returns a lower case letter.

char a(100)
random a,a+100

returns a random address within a. Of course, this rule
also applies to function definitions which are included in . a
tiny-c program. In the following example, the function len
has one array argument and one non- array argument:

char a(10)
int k,1
k = len(a,l) /* a is a pointer

/* definition of len function

len
char string(10) /* string is an array
int n /* n is not an array

All the rules given above apply to the 1len function also,
even though it 1is an application supplied function. 1In
particular, every call to len must have two arguments, the
first is a pointer to a character array, and the second is a
number.

2.5.2 Variable number of arguments

The number of actual parameters may differ from the number
of declared parameters. This differs from tiny-c 1 where
they were required to be the same. This is useful for
functions with variable number of arguments. For example it
is now possible to write a function

maX ( a' b’ e o o 4 Z )

[ &
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that returns the maximum of 2 or more  arguments. The
following example demonstrates how to access the number of
parameters, and the parameters themselves:

max long'arg

[
long a{(0), m

int n

a = a-8 - /* a now points to the number of parms
n = a(0) /* set n to the number of parms

a = a-4*n /* a now points to the first parm

m -2147483648 /* smallest value
while(n-- ) if(m < a(n)) m=a(n)

/* finds the max in one reverse sweep
return m

]

Here is how it works. Arguments to a function are evaluated
and placed in an array of longs. When finished, one last
entry is made, the number of arguments actually furnished.
So if one invokes max like this:

the array will have
10 -7 -11 -3

and each entry is 4 Dbytes. The address of the first
declared parameter is eight bytes later. So the FIRST local
declaration within the function must be a long pointer. It
is then decremented by exactly 8, and it points to the last
element of the parameter array. That is the length.
Decrementing by 4 times the length makes. the pointer line up
with the parameter array. From then on regular subscript
notation can be used to access the passed parameters; a(0)
is the first argument, a(l) the second, a(n-1) is the last.
a(n) incidentally is n.

We make these observations:

1. This mechanism relies on the particular method
chosen to pass arguments on the 8080 tiny-c 2
compiler. It may not work on other processors, oOr
other tiny-c’s.

2. Nonetheless the method is useful 1in a FEW cases,
such as max, min and printf library functions.

3. The full C language also offers some mechanism for
passing a variable number of arguments to a
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function. And it also varies from implementation to
implementation. :

The above notes add up to the following caveat: Use this
mechanism only when genuinely needed. Document its use,
because the code is not portable.

2.5.3 Parentheses around argument lists

Parentheses around argument lists are always allowed.
tiny-c allows them to be removed in certain cases. This is
done principally to make the input/output functions more
legible. In the following forms, omitting parentheses
around arguments is allowed.

k

i

function arg, arg, arg

k function

function arg, arg, arg
function

The general rule is:

IF A FUNCTION AND ITS
ARGUMENTS ARE THE LAST PART OF
AN EXPRESSION, ITS PARENTHESES
MAY BE OMITTED.

Whenever the function is involved in a more complex
expression, parentheses must be used. For example

number = gn
is allowed, but gn in the expression
number = (gn() + 10)/2
needs the parentheses as shown.

There 1is no problem with complicated function arguments
without parentheses. So this

pn 7 + 11/w -142/9 -x/17 +x2042




. version 2.0 PAGE 2-21

will print a number.

If the first argument begins with (, the argument list must
be enclosed in parentheses. For example:

pn (7+2)/3
will do this:

a) determine that (7+2) is the argument to pn,
b) call pn, which prints a 9,
c) pn returns 0 as its value,
d) 0/3 is evaluated, and the result discarded.

This 1is probably not what was desired. To print the value
of 7+2 divided by 3 you should write '

pn ((7+2)/3)

2.5.4 Parameters are locals

‘ When a function is invoked with arguments, the value of each
argument is passed to the function. A parameter to a
function is passed as a 32 bit datum. The sign is properly
preserved. The declared arguments may be of any type: char,
int or long. When the 32 bit quantity is assigned to the
parameter, truncation occurs exactly as with the assignment
statement.

A local copy is made within the function. The function can
change the 1local copy, but this will not change the
original.

For example

x = 10
blast x
ph X

/* the blast function
blast int x

[
x = 9999

]

. The pn will print a 10. blast changes its local copy of X,
but not the "original" one.
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2.6 - Pointers

A pointer 1is a memory address. A pointer variable is a
variable whose value 1is an address. And a pointer
expression is an expression whose value is an address.

We have seen that
char x(3)

declares a 1list of four character variables. They have
names x(0), x(1), x(2) and x(3). 1In addition, it declares a
pointer variable named x, and initialzes it with the address
of x(0). It is easy to visualize this way:

T
x(0) o x(3)

The arrow from x to x(0) indicates that the value in x is
the address of x(0). A pointer expression ‘is a pointer plus
or minus an integer expression. A simple case is x+1, which
points to x(1). A pointer variable can be assigned a new
value. For example,

X = x+1

results in:

x(0) x (1) .o x(3)




