Flavour of C

flavour-1

Opening remarks: Purpose is to give overview of essential constructs in language and libraries.
Crash course.

Will get “reading knowledge” of C: be able to recognize what a pgm does, make modifications
(most applicable!)

Presumed background: programmer, comfortable with general programming techniques. [ask about
experience]

My background:member of CSG, research group, focus on prog. lang design and implementation,
sw eng. | am not a C lawyer - cannot quote chapter and verse on standard [show and tell standards
docs]

Presentation style: workshop, encourage questions and discussion. Some demonstrations.
Present overviews and then refine -- need to omit details sometimes (too overwhelming, but ask if
confused). Development environment available in lab for trying out. All source-code made
available. [lab machines slow - encouraged to copy demaos to diskettes and take away, bring C code
in for trial]

Will be looking at pure ANSI C, will be system independent. Will not discuss implementation
techniques for any specific systems (esp. not Windows). Lab uses PC version under Windows
(Watcom C), but we’ll be minimalist.

History of C: Developed in Bell Labs (now ATT) late ‘60s and early ‘70s. Developed in conjunction
with early UNIX systems on PDP-11 and other machines. Linguistic roots in languages BCPL and
B (both Bell Labs research languages; B used in first UNIX implementation on PDP-7). Also
Fortran (predominant scientific language in North America, nhot COBOL, not ALGOL).

Language style is lean and mean (low-level, provides access to hardware). Language is minimal,
standard libraries provide much of the functionality, instead of building stuff into the language.
Language is designed to make function calling efficient, program structuring easy.

Language intended to be replacement for assembler for systems implementation (cheaper to
develop and easier to maintain). Want to be within 10-15% of efficiency of hand-written assembler.
Early versions of C on PDP-11, Honeywell 6000, s/370; UNIX implemented in C on pdp-11,
interdata 8/32. Early claims of 95% portability (but small samples: 13000 lines of code!)

Initial popularity in academia mid to late ‘70s. Bell labs strange licencing: give away source to
universities, exorbitant fee for commercial ($50K source licence, no support (gas $.65/gal)). ATT
breakup let ATT enter computing, started to licence more freely. As PCs developed through 1980s,
C became feasible. Portability became especially important with new hardware all the time.
Workstation-class machines (eg Sun, HP) chose UNIX and C as standard software. Available just
about everywhere [comment about Mac, s/390]

Current popularity: [ask audience] portability less important, development and maintenance cost key
features. Assembler code way too expensive, esp for RISC machines that are difficult to program
(100s of instructions for simple operations).



Zl /* first.c : a first program */
#include <stdio.h> 5

1 main ()
{ 6

printf( "This is my first C program.‘" );
1

2 f 7

This is my first C program.

flavour-2

A first program, gives a broad introduction. Displays or prints a line of text somewhere. “Print” from
old days of teletype terminals. Today, displays line of text on screen. Every implementation has a
standard (default) place. Details later. Several important points:

1) main() -- starting point (entry point). provides connection to environment (sysdep). actually a
function definition: braces.

2) printf() -- another function, reference in this case (invoking the function, not defining it). defined
“elsewhere”. This is an example of a statement in C: in this case, statement invokes a function.
Terminology of function, procedure, routine, etc.

3) argument or parameter to function [ask about concept]. defines the string that we want printed.
Quoted string, literal string, characters appear exactly as shown (white lie for #6)

4) “Elsewhere”: call “include directive” one example of features of “pre-processor” or “macro”
language (used to modify source code prior to compilation; macro idea -- gather stuff together and
label, then use label). Include: copy stuff from named file and pretend that we typed it ourselves.
Contains lots of definitions and ofher useful stuff. Name of file enclosed with angles <> (format of
name is system dependent). <> means this is a standard entity (defines where to look for file). can
also use “ to mean a private file (different search rules).

5) comments: can be multi-line; do not nest

6) an escape character. “\" means next character has special meaning (“newline” in this case).
Converted at “compile-time” (during compilation): compiler recognises \ and makes substitution.
Others include \t for tab character, \f formfeed and \O for null character (character code 0). Note that
how printf deals with whese escaped characters is a property of the function, not the language.
Typically system-dependent -- newline representations differ (eg unix, dos), or none at all
(mainframes with EBCDIC). (concept of NL char from UNIX file-system model).

7) semicolon is statement terminator (not separator like Pascal eg.). Most of the time, OK to putin
semicolons wherever you want (some exceptions to be seen).

8) presentation is free-form, spacing and line irrelevant (except in literal string). \ is continuation
character.



/* flav-2.c : Calculate interest */
#include <stdio.h>

main ()

i
t

, interest ):

100.000000 12.000000

flavour-3

Another program, some more details.

1) variable declaration: reserves space. “float” is type, say how much space, gives meaning/
interpretation of that space. Float is binary floating-point, other details are system-dependent.
Typical PC: 2 bytes IEEE standard +-e38, 6 digits. s/390 4 byte e+-75, 8 digits

name of variable: case sensitive, usual rules (some details to be discussed later)
2) assignment operator

3) numeric constant -- floating-point

4) arithmetic operator -- multiplication

5) control string in printf: not displayed literally. % means substitution item, sub values given as
subsequent parameters to printf.

6) for eg. %f means get next floating-point value, substitute and format it (somehow, more details
later) and display. substitution occurs at run-time, not compile time. can say control string is
interpreted. equivalent to fortran format strings. programmer’s responsibility to get things right
(match up directives with values), provide correct number. A directive without a value not detected;
generally produces garbage.

7) be clear distinction between %f (function action at run-time) and \n (compile-time replacement).
when program is running %’s take time, \'s don't.

8) points out that valiable number of parameters is acceptable.



/* flav-3.c : Principal and Interest */

#include <stdio.h>

main ()
1 f
{
float principal;
float i rest;

: ! int year;

principal = 100.0:

year = 1;

while ( year <
{
interest = principal * 0.12;

5 printf( "&£ 1", principal, interest );

principal = ipal + interest;
year = year + 1;
}

}

flavour-4

Some more:

1) integer variables: big variation in implementations, PC 16-bit vs 32-bit (opsys dependence);
integer constants

2) looping construct. repeat block of statements some number of times. This one is called a “while”
statement (more of these later). repetition controlled by ...

3) conditional expression (yields true or false). loop repeats as long as true. contains a ...
4) relational operator. compares operands and is true or false.

5) compound statement. treats sequence of statements as a single unit. this is a requirement of the
“while™: it repeats a single statement, so use compound to join together. repeated statement is
referred to as the “object” statement



). 000000 12.000000
2.000000 13.440000
.440002 15.052800
.492798 )
ez

5.234161
S382263
.068130
S0 0631 382
.307861

flavour-5

output from previous program. note fairly ugly appearance. will fix this soon.



c : Principal and Interest */
#include <stdio.h>

main ()
{
float pri
float
int year;

1 principal 100.0;

for( year l; year <= 10; year = year + 1
{
interest = principal * 0.12;

printf( "%f %f\n", principal, interest );
principal = principal + interest;

}
flavour-6

slight refinement:

1) for statement instead of while. same ideas, looping construct, repeat some statement (compound
in this case) some number of times. three parts:

initialization: what to do before first time through object statement. only done once ever.
termination condition: keep doing the object statement as long as this condition is true.
loop incrementor: do this statement after the object statement (every time through)

This pgm is equivalent to previous, more succinct -- less typing (C programmers don't like to type)
Succintness is guiding principle in C, will see many examples of this (as in next)



/* flav-5.c : Principal and Interest */
#include <stdio.h>

main ()
{
float principal;
float interest;
int year;

principal
for( year Py <= 10; year++
3 |
intere: - = principal * 0.12;

printf ( : - f\n", principal, interest );

principaliSt=Sinterests

}

flavour-7

more short-cuts and succinct expressions:

1) automatic incement operator, “auto-increment” (post-increment in this case). Add 1 to the
variable. exactly same as x=x+1. PDP-11 instruction set concept.

2) special assignment “plus gets” or “plus equal”: add value of the expresison on right to the
variable on the left. same as x = x + expression

3) improve appearance of output, %f8.2 says field-width of 8, 2 decimals. lots of details to be
discussed later.
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flavour-8

nicer appearance. note rounding etc.



and Inte

{

principal = 100.0;

printf( "Principal Interest\n\n" ):
for( year = 1; year <= 10; year++
1

interest = principal * 0.12;
jofatigyeas(y U i
int )

%8.2f\n", principal,

principal += interest;
}

flavour-9

another improvement

1) printf of string literal to produce title. spacing done hard way (counting). use double newlines to
produce blank line



looks nice...

100.00
12000
112.00
13.44
125.44
15205
140.49
16.86
157385
18.88

flavour-10




’* flav-7.c : Principal and Interest */

#include <stdio.h>

n", principal, interest };

flavour-11

simple input

1) scanf: used to read stuff from somewhere. system-dependent: typically via keyboard. like
printf, implementations define standard place. Scanf is “high-level”: reads characters and converts
to floating-pt number. skips white-space, newlines etc.

works as opposite to printf. control strings dictate what is expected in input stream, parameters
indicate where to place results.

Error-handling is bad. if item not found, get 0, no way to determine what's there. hence scanf is of
limited applicability for “industrial-strength” software.

2) note the & preceding the name of the variable. it says that instead of value of variable (like
printf), we want to modify the variable; we want a reference to the var. Will discuss this in more
detail later.

Note: no \n in first printf. system-dependent behaviour, but typically a prompt to allow input to be
typed beside output.



flavour-12

nice output



Compare Numbers */

finclude <

1 main ()

{
int first;

printf( "Enter the first number : " );

printf o nd number : " );

scanf( "%d", &second );

flavour-13

Some new stuff;

1) scanf directive %d for integer (decimal for base-10, not hex or octal or binary. definitely not s/370
packed decimal). remember: & means reference (will modify variable, not use value).



2 > second )

ater than %d\n",

than or equal to %d\n",

flavour-14

continued:

2) if statement: choose between two statements depending on value of conditional expression.
(relop). if true, do first, otherwise do second.

Else is optional, if false and no else, nothing happens

Object statements are single statements: use braces brackets to form compound statements. Not
strictly necessary here, but cann stress strongly enough to use them when in doubt (will see kinds
of problems later)



Enter the first number

Enter the second number

45 is greater than

flavour-15

output of program



5 Fahrenheit */

printf (
printf( "Enter 2 for Fahrenh

scanf ( v &kind )

flavour-16

another program. reads an integer to determine how to proceed, then converts



if( kind == 1 )

G 5,00 B8N0

E\n", celsius,

else
{
printf( "Enter degrees Fahrenheit : " );
scanf( "%f", &fahrenheit );
( fahrenheit - 32.0 ) * 5.0 ) / 9.0;

%$8.2f\n", fahrenheit,

flavour-17

1) ==is the relation operator for equality. note that using = by mistake is really bad.

2) an arithmetic expression. follows all the typical rules of algebra for priorities. use parens for
clarity and to change order or operation.

3) braces are mandatory here, since object actions are more than a single statement.



Enter 1 for Celsius to Fahrenhei

Enter 2 for Fahrenheit to Celsiug

Enter degrees Fahrenheit

flavour-18

output of previous



/* flav-10.c : Square Root */

1 #inc <stdio.h>

#incl <math.h>

main ()

{

float x;
float y; 3

2 for( x S T

{

yE=NsgqrElx )

printf( "%8.2f
}

flavour-19

another example:
1) another header file. contains definitions related to mathematical functions.
2) use sqrt function. example of a function that returns a value.

3) for statement: controlled with fp numbers, not integer (demonstrates equivalence to while loop).
detail: use x += 1.0 instead of x++, explanation later.
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2.000000

.440002 15.0

- 4927980 16,8 59037
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.148100
.685871
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flavour-21

output for flav-4

same ugly output



Arithmetic Operators

C has lots of operators -- originally, an attempt to model instructions
sets of hardware (esp PDP-11)

Lots of them (powerful, terse, overwhelming at times)

Before discussing operators, need to have a quite look at arithmetic
types and declarations (specify ranges of values and storage):

Basically, most things are integers (ints), considered to be equivalent to
mahine word. Historically, a word was the smallest addressible unit of
storage (PDP-11, might even be true for x86, who knows?).

Character (char) is also considered to be an “arithmetic” type; its just a
very small integer (can only how values from 0 to 255 or -128 to +127).
Generally assume that a char is the smallest unit of data (corresponds

to a byte of storage).



* integers of varying sizes and "signedness"
* size: long or short or not specified
* sign: signed orunsigned (default is signed)

+ examples of integer types:
char
signed char
unsigned char
gl
signed inE

unsigned int

declarations: what the type is and what the name of the variable is.
aside: rules for identifiers as usual, remember case sensitive.

integers: lots of different modifiers that can be applied

size: how much storage, system-dependent unspecified means
system default (for PC, 16 or 32 bits depending on OS), long and short
a relative to system default.

sign: should the number be considerd signed or unsigned. may or
may not be of concern (affects things like relative comparisons,
overflow conditions)



+ examples of integer types: (continued)
short
short int
shertisigned S ant
short unsigned

short unsigned int

long
long int
long signed int

long unsigned

long unsigned int

lots of ints



+ reals (floating-point) of varying precision and
range:

float
double
long double

* example declarations:

int Al

double xvall;
char iEalieEie, alahkeatEil
unsigned short NameLength;

long int status word;

floats are all system-dependent: PC uses IEEE 2, 4, 8 bytes, etc

declarations: pick the apprropriate type to model the data being
represented.



Literal constants

int (decimal)t
unsigned int
long int
unsigned long int

int (hexdecimal) t

int (octal)

int (character value)
double

double

double

float

long double

T the type of an unsuffixed integer constant varies with machine
architecture and the value of the constant ops-5

can force constants to acquire specific types (controls amount of
storage).

note single character constant (not a string)



Symbolic constants

#define WIDTH 100
main () {

unsigned int size;

1f(

main () {
const unsigned int WIDTH = 100;

unsigned int size;

if( size > WIDTH )

dealing with constants:

constants are a fact of life, good programming practice to use symbolic
constants

eg compare against 100 as literal const. better engineering to use
constant.

1) use #define: another one of the preprocessor directives:

two parts, item and replacement. compiler will replace item with
replacement wherever it occurs (very simple macro). substitution occurs
at compile-time (referred to as a lexical replacement)

replacement can be arbitrary; can take time to compile

type of constant can change depending on context (eg in this example
would be unsigned, since conpared to unsigned; if changes to signed
variable, constant would be considered signed).

2) different kind of constant, use a “storage class” in a variable
declaration.

says that value of variable does not change (and provides its initial
value)

type cannot change, but compiler could optimize storage (eg assember
literals instead of actual storage).



Basic Arithmetic

assignment
add, unary plus
subtract, unary minus
multiply

/ divide

% mod

() parentheses

For example:

X o= B g3
=

arith ops - do arithmentc
mod == remainder (integer only)

traditional priority of ops.
assignment is a binary operator, its “value” is the Ihs.
In C, speak of “assignment expression”, not “assignment statement”

the act of assigning is almost like a side-effect, so in a simple
assignment statement the value is discarded and we use the side
effect.

so, statements like a=b=c work. (equiv to a = (b=c))
but note:

if (@ =b)
is probably not what you want.



Relational

equal

not equal

less than

less than or equal
greater than

greater than or equal

relational ops - compare operands, yield true/false
highlight ! for not

used in control statements like if, while

remember == for equality test



For example:

RN (W )
{
it x < z )

result of a relational op is an integer value that is O for false and not 0
for true (typically 1 or -1)

this is why
if( a=b)
is so much trouble



Logical Connectives

&& and
| or
I

not

Examples:

if( (x > y) && (x < z2)

logical vs bitwise: logical combines true/false; bitwise works on bit
representations (often equivalent)

yield integers with same meanings as relational

true && true is true, else false
false !l false is false, else true



Bitwise

and

or

exclusive or
not

shift right
shift left

for &~ bitwise: do operations between respective bits in values
eg & does a bit-by-bit and of each bit in value

XOR == (a & ~b) | (b & ~a)

for << and >>: left operand is value, right operand is # of bits to shift



For example:

#define MASK 0x00000040 Bt e 2s e

unsigned int status;

status = status | MASK; set mask */

if( status & MASK ) test mask */

status status & ~MASK; clear mask */

status status ~ MASK; toggle mask */

ops-12

these examples bit-twiddling
define a hex constant that has exactly one bit on: mask for the bit

shifting eg:

w =w >> 2 ;right-shift w by 2 bit, fill depends on sign (unsigned fills
0, signed fills according to top bit)



Auto Increment and Decrement

++ increment
—— decrement

For example:
Pre decrement */

Pre increment */
Post decrement */

Post increment */

unary operators that act on single operand
operation is to add or subtract one from operand
pre/post refers to when operation takes place wrt use of operaond

only for integers, not for floating-point



Special Assignment

plus assign
subtract
multiply
mod

divide

and

or

exclusive or
right shift
left shift

combination of arithmetic and assignment operations: do operation
between two operands, then assign result to left op



For example:

/* equivalent y = y

status = MASK;

shifting eg:
w >>= 2;



Conditional Expression

<expri1> ? <expr2> : <expr3>

trinary operator:
evaluate exprl,;
if true, then do expr2

else do expr3

a little wierd, but useful once you get the hang of them



For example:

like a “choose” operator sort of

another

pct = (b==0) ? 0 : (a/b)*100;



Comma Operator

<expr1> , <expr2>

For example:

result is 2nd expr (right)
left is evaluated, then discarded

associates left-to-right: (a,b,c) == ((a,b),c)

useful where need more than one expression, but only one is allowed
eg for stmt initialization, increment

sort of a sequence operator

aside about statements, expressions: statements are things like if,
while, var declarations; everything else is an expresison

Function invocation is an expression, assignment is an expression,
often use expressions as statements for side-effect value eg auto
inc/dec. conditional expression is an if-stmt in expressions clothing



Operators and Associativity in decreasing
precedence

left to right parentheses

right to left logical not

bitwise not (1's complement)
auto ince., decr. (pre, post)
unary plus, minus

get storage size
dereference, address of

right to left force type (typecast)

left to right multiply, divide, modulus

left to right plus, minus
left to right shift bits right, left

left to right less than, ..or equal
greater than, ..or equal

expressions have lots of rules
- precedence: which to do first

- associativity: how to treat sequence of operators that have no
parentheses.

this stuff is for reference, don’t intend to go into details



more rules

Operators and Associativity in decreasing
precedence (continued)

left to right

equal, not equal

left to right

bit-wise “and”

left to right

bit-wise “exclusive or”

left to right

bit-wise “or”

left to right

connective “and”

left to right

connective “or”

right to left

conditional expr

right to left

assignment

left to right

comma




Conversion Rules

» Hierachy of conversions:

signed-char < unsigned-char < short <
unsigned-short < int < unsigned-int <
long-int < unsigned-long-int < float <
double < long-double

* Promote smaller types to int

operators can operate between values of differing types.
rules about how to do this.

basic rule: preserve values (avoid data-loss), eg short+short converts
each to an int first, then adds (prevents loss of overflow)

anything smaller than int is converted to int, combinations between int
and “bigger” types as shown next



Conversion Rules

Op2 Result

long double long double

double double

float float

unsigned long |unsigned long

long int long int T

unsigned int unsigned int

int int

t only if long-int is really bigger than int

always convert lesser type to bigger type first, the do operation. doesn’t
guarantee value-preserving, but tries.



Basic Arithmetic Types

Size Notes

>= 8-bits |signed or unsigned

signed char >= 8-bits  |-127 .. 127

unsigned char |>=8-bits |0 .. 255

short int >= 16-bits |-32,767 .. 32,767

unsigned short |>= 16-bits |0 .. 65,535

int >= 16-bits |machine dependent

unsigned int >= 16-bits |unsigned version

long int >= 32-bits |-2,147483,647 .. 2,147,483,647
unsigned long |>= 32-bits
float 32-bits real numbers

double 64-bits

type definitions are sys-dep, standard specifies only the minimums
as shown

char signed or unsigned -- sysdep. std says “characters in standard
printing char set” will never be negative, but what is “std char set”?



/* oper-1l.c : Monthly Payment Schedule */
#include <stdic.h>

main ()

{

float balance, principal, interest;

int month;

balance 10000.00;
month = 1;
printf( " menth balance" );

printf( " interest principalin\n" );

interest = balance * 0.01;

jehedtigieabiercil = o0 = sbgnesheEihe

example programs
1) syntactic shorthand



while( balance > principal )
{
printf( "%6d4%9.2£%9.2f%10.2f\n",
month, balance,
interest, principal );
balance = balance - principal;
interest = balance * 0.01;
principal = 750.00 - interest;
month++;
}
printf@ Y6459, 2E%9 . 25210 26 \n\n';
month, balance,

InEe re st prineipalssE:

printf( "number of months to repay is %d\n",

month ) ;

2) expression side-effect statement: discard result of expression, just
interested in side-effect of operator.

in this case
month++;

same as
++month;
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/* oper-2.c : Monthly Payment Schedule */
finclude <stdio.h>

#define RATE 0.01
#define INITIAL 10000.00
#define PAYMENT 750.00

main ()
{
float balance, principal, interest;

int month;

balance INITIAL;
moniths= i
printf( " month balance" );

printf( " interest principalln\n" ):

interest = balance * RATE;

symbolic constants



principal = PAYMENT - interest;
while ( balance > principal )
{
printf( "%6d%9.2£%9.2£%10.2f\n",
month, balance,

interest, principal):;

balance = balance - principal;
interest = balance * RATE;
principal = PAYMENT - interest;

month++;
}
printf ( 's6d59. 259 2510026 \n\n" ,
month, balance,
interest, prineipail Nk
printf ( "number of months to repay

month ) ;




Strings

strings-1

strings are versatile

not just visible character strings like literals, but foundation for lowlevel
access of memory

C has no built-in, native string type like other langs -- therefore no
operators, no varying-length. everything done with function-calls

strictly, strings are a composite array type (array of characters),
however for introduction, we can consider as a monolithic type.

look at constants first, then variables.



/* str-1l.c : string storage representation */

finclude <stdio.h>

main ()
{
PR FEREHe oA
}

strings-2

Like the very first program, displays a string literal.
But how is the string represented in memory?



Hle|l [l |o]!\n

strings-3

string takes 8 characters/bytes of storage: 6 visible, one for newline and
one funny thing at end:

1) used to represent newline char that is escaped at compile-time.
actually might be more, but we’ll treat as one.

2) null character (character with character-set code of 0). nullchar is
used to mark the end of the string (will elaborate on this later).

Note length is not stored anywhere. length is implicit -- end marked by
null, have to count every char from beginning to nullchar. have to do
this every time -- computing length is non-trivial operation



/st llale St ri ng N Zen S EANES

#include <stdio.h>

#define GREETING "Hello!\n"

main ()

printf ( GREETING );
}

strings-4

Same program, printf string is defined as a constant.
Note that the \n is in the string -- *it's just a character*



/[* str-1b.c : string constants *
finclude <stdio.h>
#define GREETING "Hello!"
main ()

{

printf( "%s\n", GREETING ) ;
}

Hello!

strings-5

Slightly different -- the constant has no \n.
Instead, use a printf control-string with a string directive %s

like other % directives, subsitiutes values from parameter list; for
strings, copy character-for-character

separates message content from control information



/s trE e e S i NN Een S EANES N/

#include <stdio.h>

#define FIRST Lilohnit
#define INITIAL "O."
#define LAST "Doe"

main ()
{
printf( "My name is %s %s %s.\n",
BETERST S N T EAT S oA ST )=

strings-6

some more string literal manipulation



My name is John O. Doe.

strings-7

Output of proceeding, storage representation



/* str-2.c : string concatenation

#include <stdio.h::

#include <string.h>

#define FIRST "John"
#define INITIAL "O."
#define LAST "Doe

strings-8

(flip forward and back, two-slide sequence)

Now, more stuff: string variables and operations.

1) standard header file <string.h>

- defines standard functions for string manipulation

- as noted, use libraries rather than built-in (this eg is simple string
concatentation) [C designed to be efficient at calling]

- null char is significant -- string functions generally treat null as end-
of-string



main ()

{
char name[ 50 ]:

strcpy( name, FIRST );
strcat( name, Iy
strcat ( name, INITIAL ) ;
strcat( name, " " );
strcat ( name, LAST );

printf ( "My name is %s.\n", name );

\ My Name is John O. Doe.

strings-9

2) declaration of a string variable: informally, name is a 50-character
string

- can hold string from 0 to 50 characters

3) strcpy “string copy” -- make a copy of a string (destination, must be a
variable; source, can be a variable or a constant or literal)

- method: character-by-character copy until null char is encountered.
null char is copied.

4) strcat “string concatenate” -- append the source string (2nd
parameter) to the destination (first parameter)

- method: find end of destination by finding nullchar, then char-by-char
copy. nullchar end end of first is removed (overwritten), then new
nullchar is placed at end of concatenation.



Values of the character array

strings-10

build up string in pieces
note initial state is completely undefined, no null char.

can’t use string functions on this, since it hasn’t been properly
initialized.



/* str-3.e : scanning sString input */
finclude <stdio.h>

#include <string.h>

main ()
{
char name[ 50 ];
char first[ 20 ], initial{ 3 1, last{ 20 ];

scanf ( "&s %s %s", first, initial, last );:
strcpy( name, first );

strcat( name, " " );

strcat ( name, initial );

S EeaE R ame e

strcat ( name, last );

printf( "My name is %s.\n", name );

strings-11

Using scanf to read string values

1) same idea as numbers; %s directive for strings
2) no & here:

- easy explanation: its a rule (strings have no &)

- hard explanation: & creates a reference, array names are already a
reference [the expression value of an integer variable name is the
contents of the variable, the expression value of an array variable name
is the address of the array]

reading strings skips whitespace (blanks, tabs, newlines) => no blank-
embedded strings



!John O. Doe
!I\/Iy name is John O. Doe.

first: J o hin‘-

initial: | O « |

last: Drlo 'Ve } 7

strings-12

sample input



JE S str=diei s Ering  compaEisSen

finclude <stdio.h>

#include <string.h>

main ()
{
ehar stErl 508
chaire s s 2 [R50

o

seanf (s si e gl S i il ol o)

strings-13

C (library really) supports concept of relational comparisons between
strings (strings can be equal or not; relation can be ordered: one string
can be less than another)

Ordering based on binary values of character-set -- ordering is system-
dependent. these days, code pages, internationalization, dbcs make
character-string ordering more complicated than it used to be.

Program here reads two string with scanf and then compares them



if( strcmp( strl, str2
{
printf( "The strings %s %s are equal.\n", strl, str
}

else

[
1

printf( "The strings %s %s are not equal.\n", strl,

}

* Also: strncmp, strcoll

strings-14

In keeping with C philosophy, not part of language, no operators.
1) library function “strcmp”:
returns O if equal
returns negative if lhs <rhs
returns positive if Ihs > rhs
note that this is not a “string equal” function, does not return true/false

for relations, shorter is lesser (null char is less than anything else)

strncmp: restrict number of characters in strings
strcoll: compare according to locale collating sequence



| this this
The strings this this are equal.

| this that
The strings this that are not equal.

| the these |
| The strings the these are not equal.

strings-15

samples, look at storage following



strings-16

1. equal
2. not equal (this > that, returns +ve, i > a)
3. not equal (the < these, returns -ve, nullchar <s)

strcmp family compares character-by-character, whitespace is
significant (eg leading, trailing blanks)



/* str-5.¢c : string comparison */
J P

#include <stdio.h>

main ()
{
cehar strl[ 50 [:
char ste2 [ 50

aligiE, ILe

scanf({ "%s %s"; strl, str2 ):
i = G;

while( (strl[ i ] == str2[ 1 ]) && (strl]

strings-17

An example of character-by-character manipulation: determine if two
strings are equal (subset of what strcmp does).

A bit of a look-ahead to array processing, since strings are really arrays
of characters, but

1) array subscripting operation: selects i-th element from string.
note i starts at 0

2) loop structure: as long at same characters and not end-of-string,
advance to next character (increment i)

3) null character constant: apostrophes (single-quotes) instead of
doubles

at the end of this loop, strings are not equal; or end-of-string 1
if end-of-string 2, then we quit because not equal (unless also eos1)



stel[ i ] == stxr2[ i ] )

printf( "The strings %s %s are equal.\n",
Shenedl, Shdie
}
clfsa
{
printf( "The strings %s %s are not equal.\n",
Szl ehiezl ) o

strings-18

we’ve stopped advancing through the loop, either
- end of stringl

- two strings not equal

check to see which.

if eosl, then if equal then also eos2 and strings are equal
if str2 is shorter, would have quit because not equal



Lexical concatenation

/* str-6.c : lexical concatenation */
#include <stdio.h>

#include <string.h>

main ()

{

char long const[ 200 ];

strepy (leng const, "Here i st g istring Constant
Ehae ™

"will be very very long.
Often, "

"such strings are difficult

"enter with text editors."

strings-19

long constants hard to enter in some text-editors (less of a concern
these days in windowed systems)

compile-time concatentation of constants -- adjacent string literals

1) strlen -- part of standard string library, returns number of characters
from beginning up to but not including null char, number of “visible”
characters (misnomer?)



Long_const is 117 characters long

strings-20

output



String Initialization

/* str-—T.ec : string initialization */
#include <stdio.h>

#include <string.h>

main ()
{
const char prompt[ ] = “Name [%s]? ”;

char name[ 50 ] = “unknown“;

printf ( prompt, name );

wo

scanf ( “%s”, name );

strings-21

can specify initial values for strings at compile time
called an initializer:

1) first example, string length unspecified, compiler will compute. most
applicable to constant

2) second example specifies length and causes that much storage to be
reserved. initial value must fit within that space (but need not be that

long)



Input / Output

Printf, Scanf and
textfile processing

More about printf and scanf;

Quick look at textfile I/O (reading and writing files that contain text,
suitable for use with a text editor like notepad)



/* hello.c : a first program */

finclude <stdio.h>

main ()
{
printf( "Hello, world.\n'" ) ;
}

Hello, world. |

The classic ¢ program, prints/displays string somewhere.

Where? C adopts from UNIX and elsewhere notion of standard files: in
C’s case there are three:

stdout, where output goes (eg printf),

stdin, where input comes from (eg scanf),

stdterr, where error-messages go

These entities are defined in <stdio.h> and automatically initialized.

Meaning and behaviour is spstem-dependent. On line-mode systems
like old-style UNIX & DOS, stdout = screen, stdin = keyboard, stderr =
screen.

In current windowing systems, unclear clear. Concept not really
supported in these environments. Lab software, watcom c, creates a
window that behaves like line-mode screen.



/* 1o-decimal.c : example decimal format */
#include <stdio.h>

#define FIRST 0 e
fdefine LAST 20 SaEareseot )
#define STEP 4
0 0
main () 4 16
{ 8 64
aWghe ShA 12 144
E5 256
printf( "Squares of i\n\n" ): 20 400
TN T RS
while( i <= LAST )
{

printf( "sd Sdn™ . 1,
1 =4 . STEEP

Review:

printf, control string, formatting directives, values contained in
subsequent parameters, programmer’s responsibility to get these
correct.

using %d for integers here. note left aligned



printf( control, arg1, arg2, . . . );

decimal

unsigned octal
unsigned hexadecimal
unsigned decimal
single character
character string
exponential )

real

real / exponential
%

there are lots of directives, this is most (missing %p for pointer, %n for
target output length (written to parameter))

d,i: decimal integers [i for compatibility with scanf]
0: converts to octal
X,X: converts to hex, case controls output case

e,E: exponential (scientific: d.ddd eii), case controls output case
f: real (fixed-point)

0,G: decides for itself between e and f

%: prints a %

Again: control string defines types of parameters and how to process,
therefore what to pass; user’s responsibility



/* io-3decimal.c : example field width
format */

¥include <stdio.h>
#define FIRST O

#define LAST 20
#define STEP 4

Squares of i

[y
oy O

main ()

{

dbiave s

N B2

o oo N oo s O
(e))]
18

printf( "Squar o iNnNn !

i1 =B
while( i -

{

1) minimum field width, will be enlarged if necessary. note right
alignment of output

- minus sign inserted if necessary



/* 1o-zero.c : example ZERO fill format */
#include <stdio.h>

$define FIRST 0 e
#define LAST 20 Squares of 1
#define STEP 4

000 (01010]
e o) 004 016

{ 008 064

LRk L 012 144

016 256
020 400

printf( "Squares of i\n\n" );
0= EIRST;
whiia( i <= LAST )

{

printf( "%03d %03d\n", i,

1 =i+ STEP:

1) same, leading zeroes



/

/* 1o-left.c : example left justify format */
#include <stdio.h>
#define FIRST 0

#define LAST 20
#define STEP 4

Squares of
£k

main ()

{

shiahe, sls

printf( "Squares of i\n\n" );
i = EIRST:
while{ i <= LAST )

{

Print WS —3d s =3dNnlt i
3k =k S S T

1) negative field-width: get rid of zeroes, left-align in fixed-width
columns



example floating point format */

#include <stdio.h>

#define FIRST
#define LAST Squares
#define STEP

main ()

{

tlioat

printf( "Squares of i\n\n" );
IS =N ETRST
while( i <= LAST

{

printf( "%$4.1f %

1 =i+ STEP:

floating-point example, nothing new here



/* io-exponent.c : example exponential format */

#include <stdio

#define FIRST
#define LAST
#define STEP 0.4 Squares of i

1iLc

I Y
111y

.00E+00
0.00E+00

flleat i - 00E=01 1

01
printf ( "Squares ; .00E-01 6
1= (ELRST; 01

while( 1 <= LAST 20E+00

{ 1.44E+00
printf( "%8.2E % 1. 60E+00
J=aa s SR, 2.56E+00
} 2.00E+00
printf( "\n( %13. 4.00E+00
}

1) exponential/scientic format: mantissa and exponent; precise format is
system-dependent and usually coordinated with system datatypes.

2) upper and lower case “e’



/* io-string.c : example string format */
#include <stdio.h>

finclude <string.h>

main () {

char message[ 100 ];

strcpy( message, "Hello World"

printf( "'%s'\n", message ); 'Hello World'
printf( "'%10s'\n", message ); |'Hello World'
|@izatialsiE (( 10s'\n", message ); "Hello

[OIEALAIE IE {{ 0s'\n", message ); |'

e e (( 20s'\n", message ); 'Hello
printf( "'%20.10s'\n", message |)%

printf ( 20.10s'\n", message "Hello

printf( "'%.10s'\n", message );| 'Hello

string has 11 visible characters, not use of singles to show fields
1) print whole string

2) field length is a minimum, so no-op in this case

3) left-aligned, still a no-op

4) pads with blanks on the left (right-aligned by default)

5) left-aligned with minus, pads on right with blanks

6) format: width.maximum, used to truncate part of string that is
displayed; right-aligned by default

7) same as above, left aligned
8) no width, but truncation: common use to display first “n” characters



/* i1o-table.c : Monthly Payment Schedule

#include <stdio.h>

#define RATE 0.01
#define INITIAL 10000.00
#define PAYMENT 750.00

main ()
{
floac balanee, N principal interesit;

int month;

balance = INITIAL;
month = 1;

sample program that incorporates many of the ideas. employs a
standard technique to guarantee columns with proper spacing.



printf( "%6s%9s%9s%10s\n\n", "month", "balance",
Uintereset Nl prine el I
interest = balance * RATE;
principal = PAYMENT - interest;
while( balance > principal )
{
printf( "%6d%9.2f%92.2f%10.2f\n", month, balance,
interest, principal):
balance = balance - principal;
interest = balance * RATE;
principal = PAYMENT - interest;
month++;
}
printf( "%$6d%9.2£%9.2£%10.2f\n\n",
month, balance, interest, principal );

printf( "number of months to repay is %d\n", month

1/0-12

}

1) note use of equal field width in both places to ensure columns, in
particular, substituting constants in field widths.



month balance interest
ipal

10000.
.00




/* io-char.c : example character
format */

finclude <stdio.h>

#include <string.h>

main ()

{

unsigned int cursor; Hello World

char message[ 100 ];

strcpy( message, "Hello World"
cursor = 0;
while ( message[ cursor |
)

{

printf( "% message [
cuEsSeort+ |

1

printing character strings on character at a time: more array preview

1) loop starts at first character and proceeds until nulichar encountered.
2) uses %c formatting directive to display single character

3) note use of post auto increment



‘ ‘
scanf( control, arg1, arg2, . . . );

decimal

unsigned decimal
unsigned octal
unsigned hexadecimal

generalized integer
gingle character
character string
real / exponential

%

scanf directives, much the same idea as printf ones.

1) %d for decimal (base 10) integers; %i for integral values of any base
(in which case, must follow rules for numbers)

2) no distinction in case (both allowed for completeness)



The Student File

“student.fil”

17 65
15 65
16 75
ie 70
17 B85
16 72
TEaT3
17 72
i8 70
16 65
17 B89
15 55
&7

i8 69
18 65
17 85
15 65
16 65
slen 503

STEVENS
WAGNER
RANCOURT
WAGNER
HAROLD
WEICKLER
WILLS

ROTH
GEORGE
MAJOR
POLLOCK
PEARSON
REITER
SCHULTZ
BROOKS
ELLIS
BECKER
ASSLEY
STECKLEY

R E2EH"M R R 222 MR 2" 2R

Standard files are OK, move on now to look at permanent-file (disk-file)
processing. Will be looking at text-files eg the student file. lines of text
arranged into columns or fields. Processing will be sequential (start at
beginning of file, move forward until end-of-file).

other file-access methods possible, use a different library (eg binary,
random-access)



/* io-getc.c : example getc program */

#include <stdio.h>

main ()
{
FILE *fp;
int c:

fp = fopen( "student.fil", "r" ;;:
if( fp == NULL
{

printf( "Unable to open file\n" );

putchar( c )
c = getc( fp )
}
fclose( fp ):
}

Read student-file and copy verbatim onto standard output (display file)
1) magic variable declaration (pointer)

2) stdio function fopen: open the named file (name is sysdep) for read
“r". returns constant NULL (defined in stdio) if failure, some magical
value otherwise (don’t care what)

3) get a character from the file and put into variable c.if there is no
character available, put character constant EOF (defined in stdio) into
var c.

- note that c is declared as a int. allows arbitrary character codes. In
particular, allows EOF to be de fined as a value that is not any character

4) putchar: put a character on stdout
5) close the file

Note we pay no at tention for line structure, no \n processing, just copy
char-for-char. if \n encountered, treated and normal char and written.
equivalent to printf(\n”);

This is a UNIX-ism, view file as sequence of characters with no
particular structure, newline may have an interpretation on some
devices, others not.



N -

> : example putc to stdout pro

#include <stdio.h>

main ()
{
FILE *fp;
1hE Sy

fp = fopen( "student.fil", "r" );:
if( fp == NULL
{

printf( "Unable to open file\n"
}
else
{
while( 1 )

= EOF ) break;
puted ¢, stEdoutyl)i
}
fclose( fp ):
}

same function, some variations:

1) infinite loop: 1 is non-zero whbich is true

2) get out of loop: break. exist from closest-enclosing loop construct.
note style of typing

3) put a character on specified file. in this case, file is “stdout”, so this is
equivalent to putchar(c)

4) stdout is declared in stdio.h, declared as FILE *stdout



/* lo-putcf.c : example putc to file program

#include <stdio.h>

main ()
{
BELE S Fpan SN AEDOUE

inter

fpin = fopen( Y"student.fil  "r® )
if( fpin == NULL )
{

printf( "Unable to open input file\n" );
}

else

now, write to a different place than stdout: make a copy of the disk file
1) need two file variables: input file and output file
2) open input file and make sure it opened OK



W

fpout = fopen( "temp.fil", "w" );
if ( fpout == NULL )
{
printf ( "Unable to open output file\n" );
}
else

[
1
while( 1 )

{

c = getc( fpin
if( ¢ == EOF )
putc( c, fpout
}
Rellosc (NEpoit il
}
fclose( fpin );

3) open output file: name is “temp.fil”, mode is “w” for write

4) as opening for read, make sure file opens OK

5) loop has same structure: copy characters, ignore line structure
6) reference our fpout instead of stdout

also: make sure not to close a file that didn’t open, so have to pay
attention to nesting etc.



/* io-gets.c : example fgets program */

finclude <stdio.h>

#define MAXLINE 100

main ()
{
BN Fie i
TauE (e
char line[ MAXLINE ];

EpR=SEopa ni(BEE S d e niE TR i
if( fp == NULL )
{
printf( "Unable to open file\n" );

sometimes want to maintain record structure. program to read file one
line at a time and dispay on stdout

1) declare a string variable to be used as a line/record buffer. use a
symbolic constant for the length, since we’ll need this later



while( fgets( line, MAXLINE, fp ) != LNULL )
{
fputs( line, stdout );
}
fclose( fp ):

2) fgets: gets a string up to and including \n (if any) from a file.
destination is “line”, source is fp. read no more that MAXLINE
characters (use of symbolic constant in both places guarantees no
buffer overrun)

3) put a string on given file (stdout here). note that string already
contains a \n, so no additional stuff

4) loop termination: fgets returns null if eof or error, so keep going as
long as fgets doesn’t return null



/* 1o-fscnf.c : example

#include <stdio.h>

main ()
{
EILE *fp;
int number;
char name[ 15 ], sex[ 2 ];
inkt age;

int algebra, geomekry, english, physics, chemistry

ife) = imeeEm( Veitstaie @i, Ul ) e

can use scanf to get at individual fields
construct control string to match record layout
1) declare bunch of variables to receive fields



for( ; : )
{
fscanf ( fp, "%d%s¢ dsd%d% sd",
&number, name, sex, &age, &algebra, &geomef
&english, é&physics, &chemistry );
if( feof( fp ) )
{
break;
}
printf( "%4d %15s %2s %3d %3d %3d %3d %3d %3d\1

number, name, sex, age, algebra, geometry,

physics, chemistry );

}
felose (B R

2) infinite loop with for statement instead of while

3) fscanf instead of scanf: first parameter is file variable, rest are the
same. note mixture of & and not &

- note also that data file is carefully constructed to ensure that each field
is blank-delimited.

4) unlike getchar, gets, have no indication from scanf about EOF. have
to test explicitly: feof returns true if no more characters in the file.

5) alternate style for if -- break



/* 1o-sprin.c : example dynamic control string °

#include <stdio.h>

main ()
{
unsigned int total;
unsigned int decimals;
float value;

char centrel[ 25 1;

print (U Tetal Swidth2\n s
scanf ( "%d", &total );

printf( "Decimal places?\n" );

seant (U sd A tdecimal S)E-

Remember that control strings are interpreted at run-time. They can be
created and modified at run-time.

Example creates a control string from input provided by the user, then
displays a number according to that control string.

1) string variable that will contain the control string, 25 is arbitrary.



printf( "Value to format?\n" );

scanf( "%f", &value );

sprintE (Ccentrol .3df\n", total, decimals ),

print (W he S control s Ering s\ @ sNawnt S eontrol

printf ( control, value j;

Total width?

10

Decimal places?
5

Value to format?
128156

TheSconEro N st ringeis
L0 5E

2) sprintf: like printf, except that target is not a file, target is a string
variable

3) want to produce a control string with a %, so need %% [go over
control string char by char]

4) note \n in created control string; note how displayed
5) use \" to display a “



Summary of printf/scant

printf( control, arg1, arg2, . . . );

scanf( control, arg1, arg2, . . .);

fprintf( fp, control, arg1, arg2, . . . );
fscanf( fp, control, arg1, arg2, . .. );

sprintf( string, control, arg1, arg2, .. .);
sscanf( string, control, arg1, arg2, . .. );

printf/scanf to standard files, arbitrary files, string variables.



Control Structures

control-1

Control structures, control execution sequence of statements in
program.



<statement-1>;
<statement-2>;

<statement-3>;

» a sequential set of statements enclosed in brace-
brackets, '{' and '}', form a compound statement or
statement block.

control-2

semi-colons after statements, never after braces



“if” Structure

/* cn-ifl.c : example if structure */
#include <stdio.h>
fdefine PASS 65
main ()
{

int mark;

printf ( "Enter mark :

scanf ( "%d", &mark );

control-3

if statement -- choose between two alternative actions called object
statements



if( mark >= PASS )

{
printf ( "Passed\n" );

printf( "Failed\n" );

based on expression, execute one of “then
part” or “else part” (object statement)

the else clause is optional

control-4

object statements: then part and else part
objects are single statements, use braces to form compound statement



“nested if” Structure

/* cn-if2.c : example nested if structure */

#include <stdio.

#define PASS
#define HONQURS

main ()

{

int mark;

printf ( "Enter mark

scanf ( "%d", &mark

control-5

increase complexity, decisions within decisions represented by nested if
statements



if ( mark >= PASS )
{
if( mark >= HONOURS )

{

printf( "Passed with Honours\n" );:

printf ( "Passed\n" );

}

else

{
printf( "Failed\n" );

}
* else is associated with the closest previous
else-less if control-6

if-else associations cannot “cross” braces -- if-else must associate
within same compound statement. (nesting level)

EQg: get rid of first else; 2nd else doesn’'t associate with 2nd if because
wrong level
lllustration following



/* cn-if3.c : example "else-less" if structure */

#include <stdio.h>

#define PASS 65
#define HONOURS 85

main ()
{

int mark;

printf( "Enter mark
scanf ( "%d", &mark );

control-7

Braces are necessary to resolve ambiguitues.
classic problem in this style of language called “dangling else”



if ( mark >= PASS )
{
prin&EE( “Passed®™ ).;
if( mark >= HONOURS )
{
printf( " with Honours" ):

}

else

{
printf( "Failed" ):

DiEaE (N

control-8

this illsustrates situation just mentioned -- which if does else go with?
use of braces makes it clear: don’t cross boundaries



“nested if” Ambiguity

if ( <expression-1> )
if( <expression-2> )
<statement-1>;
2ilSe

<statement-2>;

if ( <expression-1> )
;
1

if ( <expression-2> )

<statement-1>;

else
<statement-2>;

control-9

1) correct structure (no braces) for nesting: else goes with closest if

2) misleading indentation: still no braces present, so association is
same as before

3) must have braces to associate else with outer if



“if-else-if” Structure

/* cn-elsif.c : example if ... else if ... structure

#include <stdio.h>

#define PASS 65
#define HONOURS 85

main ()

{

int mark;

printf( "Enter mark

scanf ( "%d", &mark );

control-10

Choose one action from a set of actions



PrimEE(

mark >= HONOURS )

else if( mark >= PASS )

printf( "Passed\n" );

else if( mark >= 0 )

printf( "Failed\n" );

printf( "Incomplete\n" );

"Passed with Honours\n"

) i

control-11

- C has no explicit “elseif”, so use cascading if-else-if; presentation is very
stylized, but functionally equivalent.

True form:
if( blah )
{
asdfasdf
}
else
{
if( blah )
{
asdfasdf
}
else
{
if( blah )
{
asdfasdf
}
}
}

eliminate brace preceding if:

if( blah )
{
asdfasdf
}
else
if( blah )
{
asdfasdf
}
else
if( blah )
{

asdfasdf

}

- always uses braces to avoid problems

rearrange indendation
and spacing

if( blah )
{
asdfasdf
}
else if( blah)
{
asdfasdf
}
else if( blah )
{
asdfasdf

}




“switch” Structure

/* cn-case.c : example case structure */
#include <stdio.h>
main ()

{

char grade letter;

printf ( "Enter grade @ "

scanf ( "sc", &grdde letter }:

control-12

if-else-if is very common, explicit statement for handling situation
called “switch”, analogous to “case” statement in other languages



SalErela( @peziels) lleimezae )
{

"Passed with Honours\n" );
break;
caEe el
case 'C'
printf ( "Passed\n" );
break;
case 'D'
printf( "Failed\n" );
break;
default

printf ( "Incomplete\n" );

control-13

an example of a switch statement

mechanics: evaluate expression, find matching case label.
execute statements sequentially, if break found, goto end of switch
if none found goto default (aka otherwise)



“switch” Structure

switch( <expression> )
{
case <eonstant-expressions. =il
<statement-1>;
break;
case <constant-expression-—2> [z
<statement-2>;
break;

case <constant-expression-3> |:

|
|
<statement-3>;

break;

default :
<statement-n>;

control-14

more formally:
1) expression evaluates to one of the case labels

2) case labels must evaluate to constants complie-time. only one
permitted (but note fall-though technique)

3) switch object statement is a statement block (sequence), control
transfers to indicated label (like a goto); execution proceeds from that
point forward. braces not required within cases, since not object
statements

4) if no match, go to default case. if no default, do nothing

5) break transfers control to end of switch object. if no break, “fall
through” to next case. Comes from “computed goto” and “label in
statement sequence” idea. Allows multiple labels per action



“switch” Structure

case labels must be integer or character
constant expression

cases are labels in a statement block

the default case is executed if there exists no
matching case label

the default case is optional
break explicitly exits the switch structure
execution “fall through” to next case

control-15

summary, as noted



“switch” vs “if-else-if” Structure

switch ( <expression> )

<constant-expression-1> :
<statement-1>;

break;

e <constant-expression-2> :
<statement-2>;

break;

default :

<statement-n>;

control-16

difference between switch and if-else-if, mostly style and taste. switch
can sometimes express “choose one of” idea (dense cases)

some practical differences:
1) expression evaluated once

- some compilers may be able to generate branch table or other special
optimization.

- duplicate cases easy to identify
- but: missing break can be pesky



"switch" and "if-else-if"
Structure

1¥( <expression> == <constant-expression-1> )
<statement-1>;
else if( <expression> == <constant-expression-2> )

<statement-2>;

else

statement-n>;

control-17

3) expression evaluate lots (every time up until match) -- could be
expensive, if optimizer cannot hoist common code.

- necessary if non-constant tests
- good for sparse cases

- not so good if same action in multiple places: requires “or”
expressions that can become messy



“while” Structure

cn-while.c : le while structure */

main ()
{

ink ig

i = FIRST;
while( i <
{
printf ( d %3d\n",

TR BRI O 8
i=1i+

control-18

looping construct to repeat statement



“while” Structure

while( <expression>)
<statement>;

» while <expression> is true (non-zero),
execute <statement>

control-19

expression evaluates to false (zero) or true (non-zero)
statement can be a compound statement
if expression initially false, never executes statement



”do—whlle Structure

/* en= nple do ... while structure */

#include
#define F
#define
#define S
main ()
{
int i
i = FIRST;
prAnCE( L SdRE SN T

i=41 + STEP;

i =T RGN

control-20

variation of while: do-while
upside-down while, iteration test at end of loop
loop object always executes at least once



“do-while” Structure

do
<statement>;
while( <expression>)

 similar to while, except <statement> is always
executed as least once

control-21

not much difference between the two, useful if computation of
expression depends on execution of statement



“for” Structure

/* cn—-for.c : example for structure
e/

#include <stdio.h>

#define FIRST 10

#define LAST 20

#define STEP 2

main ()
{

SLighe, at

For (N TR S A < = T TS A 1
a7 (SHEE:
{
PEin a3 IS 8l Nl A B S

i control-22

ordinary for statement as already seen -- nothing new



“for” Structure

for( <expression-1>; <expression-2>; <expressiont3>
{

<statement>;

1 execute <expression-1>
2 execute <expression-2>

3 if true (non-zero), execute <statement>
followed by <expression-3>

» repeat steps 2 & 3; finished when

<expression-2> is false eohlrolio3

three parts: initialization, loop control, incrementor
three steps: initialize, test termination, do statement and increment

not dependent on integral steps, no associated variables (eg read a
file)

might never execute statement or expr3



“for” vs “while” Structures

for( <expression-1>; <expression-2>; <expressiont3>

{

<statement>;

<expression-1>; |
while ( <expression-2>|)
{ |
<statement>; |

<expressicn-3>;

control-24

not much difference

for stmt guarantees that incrementor will be done after the stmt; syntax
make incrementor very explicit

while relies on user to implement incremenotr and put in proper place
(nb continue statement)



“break” Statement

/* cn-break.c : example break statement */

#include <stdio.h>

#define FIRST 10
#define LAST 20
#define STEP 2

main ()

{

alighel al,g

control-25




while( 1 )
{
print s GRS dNa AR S T
if( i >= LAST )
{

break;

= . + STEP;

}

+ break causes explicit exit from enclosing for,
while, do-while, or switch statement

* also:

if( 1 >= LAST ) break;

control-26

use break to get out of loops & switch
not if statement
one level at a time



“continue” Statement

/* cn-cntnu.c : example continue statement */
#include <stdio.h>
#define FIRST -3
#define LAST 3
#define STEP 1
main ()
{

sligne Gt

printf ( "Sguares of ida\an" )

control-27

continue: somewhat of a novelty?



for (il
{
if( i ==0)
{
continue;
}
preintE S F N mE ST )

}

» continue causes explicit initiation of next
iteration of enclosing for, while, or do-while
statement

control-28

“go around again” for all looping structures (closest enclosing, no way to
be explicit)

in for stmts, proceeds directly to for incrementor expression, then test

in while stmts, goes directly to top and tests: if incrementor not placed
carefully, problem

ok for use with for, generally dangerous for others



Program Structure

program-1

in C, programs are collections of functions:
some functions we write, some are provided

some functions return values, some do not. even if they do, we can
ignore/discard value



fdefine

main ()
{

int mark;
printf ( "Enter mark :
scanf ( , &mark );

St |

)

program-2

typical program: reads a value, performs a computation
currently all contained within a function called main.
note ugly format -- saves space



/* fn-eg2.c : a simple function */
#include <stdio.h>

#define PASS
#define HONOURS 8

main() {

int mark;

mark = ReadMark() ;
if( mark >= PASS ) {
if ( mark >= HONOURS ) {
printf( "Passed with Honours\n"
I elce !
printf( "Passed\n" );
}.
BilsE |
printf( "Failed\n" );

program-3

now, isolate the reading operation: putinto own function

1) imagine that we have a function “ReadMark” that will prompt for and
read number, then return number. this is how we would invoke it



int ReadMark( void )
{

int markval;

Pk it B TE e me o)
scanf ( "%d", &markval );

return( markval );:

program-4

2) definition of function. note similar structure to that of main

- located in same source-file, two fns in same compilation unit
(compiled together)

3) return type is integer. note similarity of function declaration to integer
declaration.

4) incoming parameters. none in this case, so kwd “void”
5) variable definition. can be accessed only within this function.

6) return statement: executable, gives value to be returned. missing
return might generate a warning, not an error



<function-name>( void )
<variable-declarations>

<statements>;

return( <expression> )

a function value is integer unless specified otherwise
void indicates no incoming parameters
names in <variable-declarations> are local to function

variables are allocated on entry to, and released on
return from a function

return specifies the function value
a program is a collection of functions

program-5

generic view:
- int is the default type of a function, main returns an int.

- our definition of main should specify void --- acceptable for historical
reasons

- vars are local: cannot refer to mark in readmark, cannot refer to
markval in main

- no history between invocations, created and destroyed each
invocation

- every program has a main, defined as starting point.



<function-name>( void )

if ( <expression>
returni( 08
if ( <expression> ) return( 1 );

rEelEiirEm (=)

 functions may have multiple return statements

program-6

- to emphasise that return is executable
- dubious engineering? useful for error-handling



<function-type> <function-name> ( void )

{

~
.

return ( <expression> );
.

<function-type> is the return type of the function
type of <expression> must match <function-
type>

void function-type means no value will be
returned

program-7

general for for parameterless functions
- function type can be any type: int char, unsigned long, double etc.

- compilers will not enforce type-match, may issue warnings in some
cases (eg constants)

- can use void keyword for return-type to indicate no type returned,
often called a “procedure” (following Pascal nomenclature)



a simple procedure */

finclude <stdio.h>

#define PASS 65
#define HONOURS 85

main( void )

{

dnEemeaElcs

printf( "Enter mark :
rcanf ( "%d", &mark );
GradeMark ( mark );

program-8

different kind of funtion: procedure (function that returns nothing)
procedures useful for side-effects (since they don't return a value).

in this case, procedure to grade a mark: mark will be passed as a
parameter

1) invocation of procedure: like function invocation with discarded
result: same as printf etc.

2) pass parameter
3) corrected version of definition of main: void parameter list



void GradeMark( int markwval )
{
if( markval
{

if ( markval >= HONOURS )

{
printf( "Passed with Honours\n" );

}

else

{
printf ( "Passed\n" );

}
else

{
printf( "Failed\n" ):

program-9

1) procedure definition: return-type is void

2) parameter is one integer: “int markval” syntax like variable definition:
in fact, behaves just like a variable that is initialized with value of
parameter that was passed at point of invocation

parameter definition can be like any variable declaration, long, short
unsigned, even const.

No return statement -- nothing to return -- returns at end-of-procedure



void <procedure-name>( <parameters|
{
SSEaEements >

return;

a procedure is a function with no value; type is void
the return statement is optional if it would be the

last statement in a procedure

multiple returns are permitted

procedures do not return a value directly, but
typically cause side affects

<parameters> provide variable data for each
invocation

program-10

general form

return: since no value to return, not needed if procedure exit is at end
of definition (single exit)

however, can use multiple returns (like functions) for control-flow
purposes (eg error returns)



<fn-type> <fn-name>( <paraml>, <paramz2>,
Lonae

{

<statements>;
+
parameters are separated by commas

syntactically equivalent to local variable
declarations, local to function

scalar parameters are passed by value

non-scalar parameters (eg strings, arrays) are
passed by reference

void for parameters means no parameters
void for <fn-type> means no value will be returned

program-11

general form: function type (possibly void), function name and
parameter list (void indicates none)

multiple parameters in a list, separated by commas

parameter linkage: scalars (all manner of integers; floats) passed by
value, parameter behaves like an initialized local varibale

non-scalars (eg arrays) passed by reference (address of variable is
passed): function can change value -- more on this later

two kinds of function:
- returns a value

- has a side-effect

either type accepts args, C library fns almost always return a value



global variables */

finclude <stdio.h >

#define PASS 65
#define HONOURS 85

int mark;

main( void )
{
printf( "Enter mark :
scanf ( "%d", &mark );
GradeMark () ;

program-12

all previous examples, variable all local; no sharing of data between
functions, except for parameters and return values

want to have variables accessible everywhere, in any function
called global variables

1) global variable “mark”, syntax same, defined outside any function

said to have “program scope” (accessible anywhere in program); what
we’ve had up to now is “function scope” (accessible inside a function)



void GradeMark( void )
{
if( mark >= PASS )
{
if ( mark >= HONQURS )
{
printf( "Passed with Honours\n" );
}
else

{
printf ( "Passed\n" );

}
else

{
printf( "Failed\n" ):

program-13

definition of grademark: no parameters, no return value; access global
variable

nothing but a big side-effect



Source management

» Programs composed of functions

* Related functions gathered into modules
(files, compilation units)

* Need to manage inter-module visibility of
functions, variables

program-14

Up to now, all source contained in a single file.

In real world, programs composed of many files, often called modules.
take a look at some of these issues.

Big part of the issue of compilation-unit management is controlling the
visibility of things, saying what can be seen where. Have to understand
difference between definition and declaration (reference)



/* fn-main.c : main module */

int alfel
char name[ 2

float avg;

= deihanl ekl IRl EahEei| hiealel )5
extern void InitReport( void );
extern void ReadInfo( void );
extern void WritReport( void );
extern void FiniReport( void );

extern void FiniInfo( void );

program-15

Notes show a filename comment at top of source-files.

Program which processes marks, three modules: main, info (reads) and
report (write) [flip forward & back]

Big part of the issue of compulation-unit management is controlling the
visibility of things, saying what can be seen where. Have to understand
difference between definition and declaration.

Definition say what the thing is, what its scope is, and defines content
(reserves space or lists statements).

Declaration says what it is and what its scope is, omits content. So:

1) definition of program-scope (global) vars. storage is reserved here.
visible everywhere.

2) function declarations: extern means “globally visible”, but not
statements given here, implies must be elsewhere



main( void )
{
gl nahEe) (1)
InitReport () ;
while( 1 )
{
ReadInfo ()

if( id == 0 ) break;
WritReport ()
}
FiniReport () ;
EinitinEoi();

r

program-16

definition of main (same source file as previous slide)

very stylized organization: initialize stuff, do stuff, finish stuff (object
oriented, modular)

uses lots of functions: roughly speaking, everything must be declared
or defined before referenced. ( if not, int is assumed to be type -- if
subsequent declaration or definition is different, problem. )

Note btw, no standard header files in this module.



Function prototypes

Declarations of functions defined elsewhere

“Elsewhere” can mean:
— another module
— somewhere else in the same module

External declaration vs forward declaration
Use private “.h” file for declarations

program-17

Formally, declarations are called “function prototypes”

Terminology and syntax clash: “extern” makes us think of external
definition (defined in another module), but that's not correct. Extern
means globally visible, it's defined if the definition is given.

- duplication definitions not caught until after compilation

Forward declaration idea: things must be defined before used. may
have ordered source-code such that need to have a forward declaration
before definition. Perfectly acceptable, even advocated.

put all delcarations into h file and include everywhere. provides some
degree of inter-module typechecking: one of the files will be the
definition -- if that definition and the declaration don’t agree, error



/* fn-—read.e : input mednle */
#include <stdio.h>

extern int ids;

extern char name[ 1];

extern float avg;

static SEp;

extern void InitInfo( void )

{
fp = fopen( "student.fil", "r" );

program-18

next module (sourcefile)

1) declarations of variables: extern means global scope and defined
elsewhere (slightly different meaning)

note array declaration omits size: note really needed, since storage
elsewhere. just need to know its an array.

2) definition of a function that has program scope (global). extern says
global, presence of statement block means that this is the definition.

Use of extern is different for variables and functions. For vars, extern
means defined elsewhere, used only in declarations, not definitions.

For functions, extern means global scope. can be used in definitions
and declarations (actually, its the default).

3) definition of a variable that has file scope: visible within any of the
functions in the module, but not outside this module. maintains value
between invocations



extern void ReadInfo( void ) {

int i, mark, ttl:

fscanf( fp, "%d %s %*s %*d", &id, name );
if( feof( fp ) )

o g AL
fscanf ( fp, 5 smark );
ttl += mark;

extern void FiniInfo( void )
{
fclose( fp ):

program-19

remaining function definitions.
(note use of file scope variable and program scope variables.

personal coding convention: use of capitalized names etc to help
distinguish scope)

1) %* directives: scan the thing, then throw it away.



/* fn-writl.c : output module (version 1)

#include <stdio.h>

extern int sy
extern char name[ ];

extern float avg;

extern void InitReport( wvoid )
{
printE( " ID Name Average\n\n" ) ;

extern void WritReport ( void )

{

printf( "%$-7d%-13s%5.1£f\n", id, name, avg );

extern void FiniReport ( void )

{
} program-20

last module; provides definition of Report/write functions.

another set of declarations for the global variables. Rule is, one
definition and many declarations.

1) empty function



The output to our program.

Name

STEVENS
WAGNER
RANCOURT
WAGNER
HAROLD
WEICKLER
WILLS
ROTH
GEORGE
MAJOR
POLLOCK
PEARSON
REITER
SCHULTZ
BROOKS
ELLIS
BECKER
ASSLEY
STECKLEY

Average

69.0
78.8
70.0
73.0
78.8
742
74.8
71.6
67.6
67.0
83.4
55.0
80.2
67.8
67.4
85.0
66.4
63.2
70.0

program-21

Remaining programs here are refinements of the last module.
Program was organized in such a way that the output operations

isolated into one module.



1,2

/* fn-writ2.c : output module (version 2) */

finclude <stdio.h>

extern
extern

extern

staric

static

extern

{

Tliaiic ol
char name[ ];

float avg;

it count = O
float total = 0.0;

void InitReport( veid )

printE (ST Name Average\n\n" ) ;

program-22

Refinement: compute class average. Need more variables to add up
marks and count number in class.

1) definition of new variables. Definitions can occur along-side
declarations, no issue. Static vars, visible only within this module.

2) these vars are initialized. initialization occurs only once in the life of
the execution of a program, at load-time (as program prepared for
execution). Could also be initialized in InitReport.

- example of data hiding, encapsulation. implementation of output
module is independent of other modules, so restricted visibility is
appropriate. change the average-computation variables so that they

also are static.



extern void WritReport ( void )
{
count++;
total = total + avg;
printf( "%-7d%-13s%5.1f\n", id, name, avg );

extern void FiniReport ( void )

{
jereiliniEar (AR Average S5 LENRI S o a1

program-23

references to variables.
modular development: enhance functionality, replace empty function.
main program stays the same

(program computes average of averages. in WritReport, which is
called once per student, aggregate student’s average and count. in
finireport, compute average of aggregate



ID Name Average

1110 STEVENS 69.0
1297 WAGNER 78.8
1317 RANCOURT 70.0
1364 WAGNER 73.0
1617 HAROLD 78.8
1998 WEICKLER 74.2
2203 WILLS 74.8
2232 ROTH 71.6
2234 GEORGE 67.6
2265 MAJOR 67.0
2568 POLLOCK 83.4
2587 PEARSON 55.0
2617 REITER 80.2
3028 SCHULTZ 67.8
3036 BROOKS 67.4
3039 ELLIS 85.0
3049 BECKER 66.4
3055 ASSLEY 63.2
3087 STECKLEY 70.0

program-24

Average .7

lovely new output



/* fn-writ3.c : output module (version 3)

#include <stdio.h>
extern int alisls
extern char name[ ];
extern float avg:;

static char Grade( void );

extern InitReport( void )

{

[OizalighiE e (X aEiD) Name Grade\n\n" )

extern void WritReport ( void )

{
printf( "%-7d%-13s %$c\n", id, name, Grade() );

program-25

Final revision: change original program to output letter grades instead
of numbers. Need a function that converts value in global variable “avg”
to a letter (represented by a character)

[ flip forward slide ]

1) usage: invoke grade in parm list, returns char, printf %c directive.

Problem. using Grade() before defined. C assumes integer, creates a
“shadow” or “tentative” definition with integer return-type. When real
definition occurs, error: turned out to be not an int.

2) So, need a forward declaration or function prototype to “define before
use” . equivalent syntax to extern, but use static.

Can also prototype global functions. identical to external declaration --
since that’s all it is, really. Would be required for mutual recursion, intra-
module calling of global function.



static char Grade( void )
i

char letter;

if( avg >= 80.0 )
letter = 'A';

else if( avg >= 70.0 )
Iseie=is =

EllsE e ([ ehidep o
Lsipiveis =

elze
llziEivzie =

return( letter

extern void FiniReport( void )

T} program-26

So, function will return char, no parameters. Only used within this
module.

Can use “static” in the definition of the function, same meaning as
variables. only visible within this module

[go back and look at usage]



lovely new output

Name Grade

STEVENS
WAGNER
RANCOURT
WAGNER
HAROLD
WEICKLER
WILLS
ROTH
GEORGE
MAJOR
POLLOCK
PEARSON
REITER
SCHULTZ
BROOKS
ELLIS
BECKER
ASSLEY
STECKLEY

TOO>002>202>00000E®IO

program-27




Summary

Programs are collections of functions

Functions are grouped into modules (files,
compilation units)

Functions can return values (or not)

Functions can accept parameters (or not)

An entity has one definition, possibly many
declarations

Function prototypes for external and forward
declarations; also inter-module checking

Three levels of scope: global, file, local
program-28

function protoytping especially useful with .h files

scoping applies equally to functions and variables



Arrays:

groups or collections of variables of the same type (homogeneous set),
individual variables called elements. Elements are numbered: 0, 1, etc.

aka: vector, matrices, tensors

Have to be able to manipulate elements and entire arrays. Operation called
subscripting which selects elements from entire arrays. Subscripting
involves integer value that says which element selected

arrays are direct-access structures: can select elements in any order, no
restrictions on access

In C, fixed # elements; not all elements have to be used (eg strings).
Numbering system for elements starts at 0, no choice.
No checking on bounds! run of the end without notification



/* arr-el.c : Creating and Displaying an Array */

#include <stdio.h>

main( void )

{
int al

LaNE. a2

for{ 4

PEIIE G (N
}
P (AR YN =

1) Array definition: 5 elements numbered 0 through 4 inclusive

2) subscripting operation: select ith element from 0. In this eg, individual
elements are a[0], ..a[4]

3) array elements can be used like ordinary variables. subscripting chooses
an element that is equivalent to a simple value.

manipulate the array (access all the elements), use a for statement, use int i
to select elements.



0 11 22 33 44
44 33 22 11 O

Memory representation of “a”

0 1223 44

print the array backwards
program output
array in memory: no null chars, no indication of # elements



#define SIZE ...

int table[ SIZE ];

unsigned int i;

Eee(l G, = 0E a SIAEL gl )
{
table[ i ]
}

table[ 0 ] is the first element
table[ i ] isthe i+1stelement
table[ SIZE-1 ] is the last element

remember the NULL character!

Key things in array definitions:
- basetype (type of individual elements)
- # elements

multiple dimensions: add more []. abstraction is array of array, row-major
ordering.

string definitions: remember to add 1 to size to hold nullchar.
Eg: want 10 “visible” characters, need 11 characters of storage:
str[11] == str[0] .. str[9] are 10 visible characters
str[10] for the nullchar

1) table[SIZE] is past the end of the array



/* arr-elb.c : Reading in and Printing an Array */

$include <stdio.h>

main( void )
{
e 2L B I8

ILiEnE; it

printEf( "Enter 5 int's
Eaal(II= N OISO 1)
{

scant ( "sd", &al i ] ):

1) array elements just like simple scalar variables, so need & as before in
order to address elements.



[eneatmie e (W M
}
pEinEE(ENal

for( i = 4; 1 >= 0; --1 )
{
pPrInEE s altt R [ (B
}
ekeatipieas ([ WGk e

13579 ‘

579 |
5 3 1

1 3
9 7

continued



Passing arrays as parameters

/* Arrays as parameters to a function */

main( void )
{

int numbers([ 10 ];

* Only a reference to
the array, not the
whole value, is
passed to "zero".

zero( numbers, 10 );

void zero( int x[], int size )
{
for( —--size; size >= 0; —--size )

%[ size 1 = 0;

Individual elements are OK, want to be able to deal with whole collection,
too.

Eg want to write a function that sets all elements to zero.
1) definition of array, 10 elements numberd 0..9

2) invoke function, pass array and number of elements. have to do this
because there is no implicit record of # elements.

3) definition of function. note empty [] in parameter list to indicate incoming
array.

Array passing sends only a reference/pointer to the array. the expression
“value” of an entire array is its address/reference.

Any changes to “x” in function are really changes to numbers in main.
Think of scanf of strings -- no &, redundant.

Note structure of zero. clever pre-decrements to yield elements 9..0



String parameters

main ( void )
{

char message[ 100 ];

fill ( message, 100, ‘*’' );

void fi1lll((Schar e, int size, char £illehar )
{
¢l —-—size ] = Y\O/;:
for( --size; size >= 0; --size )

c|[ size ] = fillchar;

since strings are arrays, can pass them, too. same rule applies

note use of size parameter, says how big the array is. we put the nullchar in
the last position, which has index size-1. target will contain size-1 visible
characters, indexed 0..size-2.



String parameters

« String literals are arrays, too

 What about:
Fanlls (S heltlieh worlidds 5, Y e An.

* Not detected! For example:

Fals M helillel weorld™ 5, =Y -
peintf (lsd s <as>t i st el eni (S he il o we rlic )
Uha lllomnorld™ )k

produces:

A< RRE R

as seen, string literals (enclosed in double-quotes) are literals that are
contructed the same way as string variables. string literals are “array
constants” too bad can’t generalize to arrays of other types.

can certainly pass string literals to functions, but what if the function tries to
modify the incoming parameter (its a reference, after all)

unfortunately, not detected. compiler changes first string literal, but, because
itentical string literals are merged, all other uses of identical literal are also
modified. (fortran has same problem “1=2").

can declare parameters as const. If you want to write a function that can
accept literals, declare as constant. Wouldn’t help above, since function is
intented to modify parameter.

any attempt to modify const parameter will be an error -- unfortunately this
doesn’t work in watcom c.

previous versions of notes: 6 pages of sample programs follow



Multi-dimensioned Arrays

/* arr-e5.c : Matrix manipulation */

#include <stdio.h>

#define HEIGHT 5
#define WIDTH 2

main ( void )
{
int m[ HEIGHT ] [ WIDTH ]:

int h, w;

array-10

simple matrix, row-column (height==row; width == column); has
HEIGHTXWIDTH individual elements



for( h = 0; h < HEIGHT; ++h )
0; w < WIDTH; ++w )

=10 * h +

Eor =0 I < HELIGHT ki)

{
for( w = 0; w < WIDTH; ++w )

{
i B (R $d", m[ h ]

}
fonentigyEaE (LA

array-11

fill the array: select row, then traverse columns: coding view is array of 5
elements, each element is an array itself

nested for statements common usage. outer loop selects row, inner loop
traverses columns.

display the matrix, \n after each row



/* arr-e5b.c : Reading arrays of strings */

$#include <stdio.h>

main( void )
{

char names |

abinies akg

fiar (i =0Fals <=4 et

{

printf( "Enter name
scanf ( "%s", names|

4. 1 >= 0; i--

printf( "%$s\n", names[ 1 ] );

array-12

1) an array of strings, really a matrix of characters, either 5, 20-char strings
or 5x20 matrix of characters; 5x20=100 characters total

use the array or array concept to advantage:
2) missing subscript, names[i] select an entire array, which is a string
still don’t need &, since expression yields an array.



Multi-dimensioned Arrays

char names [ 5 ] [ 20 |]

* “names[1]” refers to a row (i.e., 20-character
array)
* “names[i] [7]” refers to a single character

array-13

as stated



Multi-dimensioned Arrays

#define DIMI1
#define DIM?2

type matrix[ DIM1 ] [ DIM2 [;

e matrix is DIM1 x DIMZ2 elements

array-14

# elements is product of each dimenstion size

good coding practice to use symbolic constants as shown here, write code to
use constants in for-loops etc.

previous versions: 3 page example program followed



Array initialization

/* arr—el.c : array initializatien */
#include <stdio.h>
int points[ 5 ] =
{
1535 050, =967, 49 8888

}:

unsigned int sequence[ ] =

array-15

many arrays are tables of information, commonly want to be able to initialize
them

C supports “structured” constants for initialization.

1) # elements given explicitly, followed by initial values for elements. if
elements missing, some default value (zero) [this generalizes to all variables,
in fact]

2) implicit # elements, # initial values determines # elements in definition.



tdefine INTSIZE sizeof( int )

main ( void )
{
printf( "points: %d elements\n",
sizeof ( points ) / INTSIZE ) ;
printf ( "sequence: %d elements\n",
sizeof ( sequence ) / INTSIZE );

points: 5 elements
sequence: 10 elements

array-16

code that computes # elements

3) sizeof compile-time function that given #bytes storage for a type or a
variable



String initialization

/= arr—cTa.c : Char vs. String  Initialiization </
#include <stdio.h>

$#include <string.h>

g s Era ]I = R I AR s AT RO

eeir @ee2ll | = 4 YummagV e

main( void )
{
predimiEiE (. Ve

((strcmp(strl, str2)==0) ? "same" : "diff:«

same
array-17

strings are arrays, they can be initialized, too

string initialization: two styles

1) as array of characters: have to place \O ourselves
2) using string literal, compiler inserts \O

choice depends on how you want to think about things

3) ? operator



str2
et fnfifs].

proof



/* arr-e8.c : Convert month number to string

#include <stdio.h>

static char Months[ 12 ] [ 10 ] =
{

"January",
"February",
"March",
Hieneal L4 -
"May",
"June",
"July",
"August",
"September",
"Octeber",
"November",

"December"

array-19

initializing an array of string == initializing a matrix of characters.
use representation that makes sense: 12 rows of 10-char strings

cannot omit second dimension in definition here: must know big strings are
(could omit first, compiler can count # strings), due to matrix idea,
rectangular block of characters, compiler will pad out to 10-char each.



main( void ) {

int day, month, year;

scanf ( sd %d", &day, &month, &year );
S, 2dany,
Months|[ month-1 ], day, year );

storage representation of array
bad program, doesn’t bounds-check



Structured initializers

-~

/* arr-e9.c : Initialize a 3 X 4 matrix. */

matrix initialization: can use braces to construct an initializer that follows the
structure of the array.

here, 3 rows of 4 integers each

generally, can construct initializers for any number of dimensions, use {} to
show dimensions

previous versions: 4-page example program.



Pointers, etc.

pointer-1

significant part of C’s expressive power comes from ability to
manipulate pointers. aka references, addresses.

consider a variable. sometimes we're not interested in the contents of
the variable, we want the variable itself (box and contents analogy)

useful for efficiency, eg arrays, don’t want to transmit entire set of
values

also useful for accessing underlying hardware: computer memory is big
array of integers or bytes/characters

later, will see equivalence of pointers and arrays



/* ptr-iv.c : pointers to integer variables */
main( void )
{
SfanE e N7 Ema
shintie. Seieiey
1L01S

307

= &X;

pointer-2

1) ptris a variable that contains a reference to an integer. ptr is not an
int, it is a pointer to an int.

2) ptr is assigned a reference to the variable x. ptr contains the address
of X.

unary & is the “address of” operator



=

Y

=

o

=/

GUR

S sy

pointer-3

explain slide:

comments show contents of variables. ignore last column for a second
starts out as...

assign 40 to x

1) assign 50 to wherever ptr points; assign 50 to the variable whose
address is contained in ptr. opposite of & (taking reference) -- call
dereferencing. aka indirection.

in this case, dereference as a target of assignment,

last column shows current dereference of ptr. go back and review.

[explain each line]

2) dereference as an expression



/* ptr-cv.c : pointers to character variables */

main( void )
{
ClaiE s i

chaE N Er,
= IAI;
= IBI;

= Uil

ptr = &x;

pointer-4

1) ptr is a pointer to a single character
2) single-char values

3) ptr is assigned the address of x. note that this is the same
expression as assigning an integer address. & yields a pointer in any
case, the definition specify precisely what it points to



pointer-5

same structure as before, comment columns show values

1) dereferencing a pointer, same as before. since its a ptr to char, we
assign a char.



/* ptr-cvec.c : example pointer to char vector */

#include <stdio.h>

chars vetE]l

main( void )
{
SLigiic, GLJ

char *pvctr;

for( i = 0; i <= 4; i++ )
pEint BENNEEelr e e [N
[eeiligysiad( A ) d

T ri(HN =0 < — R )
jieaaieE (L WSSt (s o al)) )i
jehzakinneas (G LA D

pointer-6

have seen that array-names are already a reference, don’t need & to
get address of array. what would be an appropriate thing to store the
address of an array? eg foo = vector, how to declare foo? its a
reference, so suggests a pointer variable; but -- pointer to what?
pointer to same thing as the basetype of the array.

Eg: arrayname is pointer to first element, ignore the rest [chalkboard]

So arrayname is reference is pointer to basetype. what is subscripting?

start at first element and move along. can do this with [], can also do
with pointer arithmetic [chalkboard: +1 to char*]

So subscripting is equivalent to pointer arithmetic.

These concepts are fundamental to C: can use pointer variables and
array-names interchangeably

can subscript pointers, can do pointer dereferencing to array-names.

1) array of characters, not a “string” (no nullchar). all strings are array
of char, but not all array of char are string.

2) simple array subscripting, [] yields a single character
3) ptr arith on array-name (compute address and dereference)



pvctr = &vctr[ 0 ];
for( i = 0p i <= 4; i++ )
printf( "£3c", *(pvetr + 1) YA B C D E
Dita i to AN ) ABCDE
ABCDE
printE ABCDE

et e (AN ; ABCDE
|

Eerii 1 =

for( pvctr = vctr; pvetr <= &vctr[ 4 ]; pvctr++ )
P i EENE UV oy el AR
prin EE T ml

pointer-7

4) pvctr gets address of first element of vctr
can also use pvctr = vctr since array name is already reference
5) pure pointer arithmetic. note same as array-name case

6) subscripting a pointer. the [] are really operators that are defined to
work on things containing an address -- any address will do. in this
case, operation is pretty much identical to preceding

7) cursoring: changing the pointer variable itself (moves the pointer
along the array)

8) loop termination: address comparison &vctr[4] is the address of the
last (5th) element. loop continues as long as not advances past end of
array



/* ptr-ivec.c : example pointer to int vector */

#include <stdio.h>
int wese = {0 Loy 205

main( void )
{
shjgtie Sl 4

TRl welvien ey

for( i = 0; 1 <= 4; i++ )
printf( "%4d", vetr[ i 1 );:
jenealgnEiE (Wl o

for( i = 0; 1 <= 4; 1i++ )
printe (U5 4dd (et & T
fencaliaiizie (ol e

pointer-8

Now, similar to previous, but array of integers instead if array of
characters.

1) pointer to integer
2) simple array subscripting
3) pointer arithmetic on array-name (compute address and dereference)

--> same code as before (vctr +i): how can this work? adding one
would point at the middle of an integer

--> answer: C adjust for this size of the thing being derference of for the
size of the thing to which a pointer points. So, if vctr points at an 4-byte
integer, (vctr+i) becomes (vctr + i*sizeof(int))

so each increment of i adds 4 instead of 1



pvectr = &vectr[ 0 ];
for( 4 = @z i <= 4; it+ )
jouaaraneaE [ Meatiell o (iehvrele e Sr ld—TT
BE LRt E (NG )T,

Eor (B i =0 = AR )
|Seatianza ([ Walell - ehviesie || al 4T
prinEE( MA\nt

for( puetr = vetr; pvetr <= &vecr[ 4 |5 pvetrt+ )
printf( Beddlt, Fpvetr )

ek by (UGN 10 20 30 40 50
10 20 30 40 50
10 20 30 40 50
10 20 30 40 50
10 20 30 40 50

pointer-9

4) pure pointer arithmetic. +i adds sizeof(*pvctr)
5) subscripting a pointer. full definition of subscripting is

X[i] == *(x + i*sizeof(*x))

6) cursoring, moving the pointer. ++ here means “plus the size of the
thing to which I point”



/* ptr-char.c : example pointer to character */
#include <stdio.h>
main( void )
{
stialls, by

chiarN=pSEr;

pstr = YABCHE':

pointer-10

Now, use character pointer to manipulate traditional null-terminated
strings. look at ways to get at individual characters within strings.

1) pointer to character

2) assign the address of the string literal to the pointer var. a literal
string is represented as an array of char (as discussed), so assigning
the string is really just assigning the address. the string literal
automatically contains a null (C adds it).



ifene (AL = (Blp =i(Gecicne 4 oy = UGV D gt
print e 2 el S El((e s =R )
printl N nt e

Eor (Ui =0 et e [ =SNG E )
print A 2etE s et re [0 ]S

P ik NN T

Eepe (o = B8 asee 1= YN0V eEicier) abaean)

printf (e ell s Ep s

enEtighE e (e ABCDE
itene (( ==pEee g oan = i ae=n s ) ABCDE

jesstiieat [ Waiels eigicis ) 4 ABCDE
print( U\nt 9 EDCBA

pointer-11

1) pure pointer arithmentic. compute and dereference to a single
character

2) termination condition: while not at a nullchar
3) subscripting a pointer variable

4) cursor (moving the pointer) forwards. termination same (not null), but
simpler expression, since pstr itself is moving

5) Note comma op. want to advance pointer and counter together.
counter doesn’t actually do anything for us in this loop (used in next
one)

6) cursor backwards. note clever predecrement to move from nullchar
(where previous loop ended). use i here for termination test. Note
comma operator



/* ptr-str.c : example pointer to sString */
#include <stdio.h>
main( void )
{
stialls, by

chiarN=pSEr;

pstr = YABCHE':

pointer-12

similar ideas. instead of dealing with individual chars, manipulate
strings.

printf control strings will have %s instead of %c



for( i = 0; *(pstr + 1
i++ )

pEInEE (S

) ;
printf( "\n" );

1= UAQT; it
fercatianeae (4 SRR W eieae | oAl ]
jeiaatiglica ([ AN

igene(( Al =Bl sishens = USRI
pstrt+, i++) 'ABCDE' 'BCDE' 'CDE' 'DE' 'E'
printf( "'%s' ", pstr ); | 'ABCDE''BCDE''CDE''DE''E'
printf( "\n" ); 'ABCDE' 'BCDE' 'CDE' 'DE' 'E'
'E' 'DE' 'CDE' 'BCDE' 'ABCDE!

Eer((N=SmsEr Ne i Fodees, (BEinE == _
) pointer-13

loop structure: display substrings of varying lengths. terminate at
nullchar

1) print strings instead of a char

2) no dereference: %s wants the address of a string, (pstr+i) is an
address expression that yields the address of a null-terminated string.

3) we want the address of a string, pstr[i] is a char, toss in the & to get
the address of the character, suitable as string address

4) move the pointer along the string. no dereference.
5) move the pointer backwards. still no dereference.



/[ pEr-sStrf.c : example painter, sString, char */
#include <stdio.h>

#include <string.h>

main( void )

{

char *pstrl, *“psStr2:

psEel "ABCDE";

pstr2 strchr( pstrl, 'C' ); psir1: ABCDE

pstr2: CDE

print (N tpst il e =\nt S et ] pstr2: C

iR pstErZ = NUETLS )

prinE RO E st 2 E s MBSz 2888

printf (Y Epstr2 e nll S EpstrEs e

pointer-14

another example of relationship between pointers, characters and string

1) strchr is one of many functions that manipulate string. see library
reference. many are standard, many more are not.

Strchr looks for occurrence of single character in a string. returns
pointer to string, or null if not found

2) display string, no dereference, string address for %s
3) display character, dereference, single char for %c



String literals, variables and
pointers

chiar str [1L00];

Glalzhe wecieieily pEheic s

strepyl( stx, YABCDE!Y )&
pstrl = str;
pstr2 = “ABCDE”;

* stris a variable, storage is read/write
« “ABCDE” is a literal, might be read-only

* *pstrl can be modified, *pstr2 should not
pointer-15

preceding examples used pointer to string literal, not typical use.

in fact, trying to change a string literal might cause an error -- analogous
situation to array/string parameters discussed earlier.

more typical usage is to defin storage (eg string variable), and then
define a pointer to it

Note: can’t change the value of a string variable name (eg can’t do “str
- XH



Pointers and parameters

Function parameters: value or reference
Array and strings by reference
Scalars (int, float) by value

Use references to pass pointers to scalars;
allows modification

pointer-16

As noted, parameters to functions are passed either as actuial values,
or as references to values.

Arrays (incl strings) are passed by reference, scalars by value.

This means that function can modify caller’s data (if array), bu cannot
modify callers scalar data.

Sometimes want opposite of either. As noted not much protection for
arrays -- cannot stop dereferencing a pointer. For other case, where
want to modify caller’s scalar, pass a pointer to the scalar instead



Passing scalars by reference

main( void )
{
alie ale 9l

sLiale w|ieinie )

Jptr = &3
initialize( &i, Jjptr ):;

void initialize( int *iref, int
*jref)
{

*iref

S ' pointer-17

can use either style: get reference explicitly and store, or use &

for functions that only modify a single value, use a return. for functions
that need to modify more than one thing, use references -- common use
is return value and error condition



Pointer vs array parameters

» Arrays passed by reference

* Previously, used:
char msg[50]

Fune(ms g L;

void func( char m[] )

» Equivalence of arrays and pointers allows

volid fune( char *m )

pointer-18

Previously, used array notation to declare an array parameter to a
function.

But, arrays and ptrs are equivalent, so could use ptr notation just as
well

Choice is personal preference, technically equivalent. Depends what
the function does (eg just pass to along to other, to element-by-element

traversal etc).



Summary

» Pointers are addresses of variables; use
indirect reference to contents

« Array subscripting is equivalent to pointer
operations

* Pointers must point to something:
char *msg
is useless by itself

pointer-19

if a variable is a container, then pointers refer to the containers, not the
contents. to get at the contents, first have to get to the container.

strong equivalence in C between array processing and pointer
processing

- pointer variables are useless by themselves, they must point to
something

declaring a pointer does not allocate storage to which the pointer points,
you must do this, either by assigning the address of a variable, or with
dynamic memory (next time)



Enumerated, Structure and
Union Types

On the general topic of data structuring.
have seen builtin-types int, char float, pointers
composite type array, collection of elements of same type.

other structuring facilities, strongly influenced by Pascal and related.
underlying principle is to model data according to application. could be
business-rules, hardware abstractions, whatever.



Data Types in C

* scalar
— ordinal
* integer
* char
* enumerated (enum)
— float
— pointer

* composite
— array (includes string)
— struct
— union

basic categories

we’ve seen most of the scalar, enum in a minute
for composite, will look at struct and union
struct: like records, dsect, structs in other langs

unions: several structs overlaid; assembler ORG, common block,
redefines, variant



Enumerated types

» symbolic constants (integer)

« compiler assigns values, or can be user-
defined

automatic way of generating a sequence of integer constants.

eg error codes, want to reference with symbolic names, don’t care what
the actual numbers are

very important for defining format interfaces eg Windows has thousands



[
RESULT OK,
RESULT NOTE,
RESULT WARNING,
RESULT ERROR,
RESULT DISASTER = 999,
RESULT UNKNOWN

ti

typedef enum process status constants process status;
process status process item( void )

{
process_status return value;

return value = RESULT_ WARNING;

return( return value );

eg.
1) define a set of constants “enum process_status_constants”, given
symbolic names, compiler generates integer values

if we want, can specify value
behave same as #define or const int,

2) also define a new typename that can be used in same circumstances
as a built-in: var, function declarations and definitions.

Handy, too bad compiler doesnt enforce them (unlike Pascal): they're
all integers. Some compilers may issue warniongs, may be some other
source-code management tools that can detect (eg lint)



Alternate syntax

typedef enum process status_ constants
{
RESULT OK,
RESULT NOTE,
RESULT WARNING,
RESULT ERRCR,
RESULT DISASTER = 999,
RESULT UNKNOWN

I preocess status;

preceding syntax requires two distinct definitions. can combine into
one:

1) the declaration of the enumeration
2) the declaration of the new type

Can also omit the enum name, so have
typedef enum
{
etc
} process_status;



Typedef

» Define alias / synonym for a type

« Examples:
typedef int Integer;
typedef char * StringPtr;
typedef unsigned long CardinalNumber;

NAE = clie A in
StringPtr message;
CardinalNumber size;

in general typedef just declares an alias for another type. eg want to
rename int to integer, just say: typedef int integer

doesn’t work for arrays:
typedef char[50] string;

won't work -- typedef is for type names, but an array specification isn’'t a
name, its “repetition” of its basetype.



Struct

group of data items

usually different types

each “piece” of the struct is called a field
the dot “.” is the field selection operator

Struct is another example of a composite type.

arrays are homogeneous (all the same type); structs are heterogeneous
(can be different types).

just a way of grouping things together and giving a common name

declares only the shape: storage definition occurs when struct used to
defin a variable or function.



2 skEruat=1Te S a N =nmpl el shructure W2/

struct date
{

int day; October 5, 1996
char *month;
int year;

}i

main( void )
{

struct date today;

today.day = 5;
today.month = "Octocber";

today.year = 1996;

printf( "%7s%3d,%
today.month, tecday.day, today.year );

types-8

1) declaration of structure: three fields

Note style of syntax, no typedef in this case.

2) definition of variable; since no typedef, use struct-name directly.
3) references to the fields. use the . operator (field selection)



/* struct-2.c : Store student names

#include <stdio.h>

EypedefsttruatistudentidaEaliEielcls
{
int number;
char name[ 15 ];
chaxr sex[ 2 [;
dinie g
float algebra;
float geometry;
HilleaitScheili sl
float physics;
float chemistry;
} student data;

student data class[ 100 ];

Another example

1) use a type definition, similar ideas to enum. define the fields (struct
student_data_fields), then define a type-name (student_data)

2) Use the type-name to define variable class as array of structs.



main( void )
I
1

EILE *filel:

student data st; int i;

filel = fopen( "student.fil", "r" ):
Eor( d =B it )
{
fscanf( filel, "%
&st.number,
st.sex,
&st.geometry,
&st.physics,
t.chemistry ):
if( feof( filel ) )
break;
class[ 1 ] = st;
printf( "$-13s%3d\n", class[i].name, class[i].age );
}

folose( filel )

types-10

1) definition of local variable (single struct)

2) field references. use & as required. dot operator is higher priority
that &.

3) assign a struct in a single operation

4) array subscript, then dot. choose the element from the array. it's a
struct, so choose the field from the struct.



More structs

Can use pointers to structs:
student data * me;

me = &st;
(*me) .age = 39;

With typedef:

typedef student data * Sdp;
Sdp me;

Structs are passed by value (like scalars)

Can be inefficient for large structs, pass by
reference instead

types-11

structs are assignable, and are passed by value

use of () in (*me).age, is necessary, depends on priority of . wrt *

who can remember, use parentheses (in fact . is higher, so the
parentheses are not optional)

also : pointers to structs
student_data *me;
typedef student_data * sdp;
sdp me;



typedef struct student data fields
[ /s et =/
} student data;

typedef student data * Sdp;

main( veid ) {
student data st;

qnasitalfee i (gis ) e

vold initialize( Sdp s ptr )

{

skErepy (T slipEr I iname R i;

)
(FsipEE Fages =0l




Union

overlapping group of data items
syntax is the same as a struct declaration

size of the union is at least as large as the
largest member

dot “." is the member selection operator

as stated

unions: several structs overlaid; assembler ORG, common block,
redefines, variant

like struct, declares only the shape



/* union-1.c : example of unions */

finclude <stdio.h>

Evpedefi structiON Fields
{
int numerator;

int denominator;
b Q:

EypedefisitructNCl i elds
{

fleoacNreallBariEs
float imaginaryPart;
i &

O

define a couple of structs, to be used in next



typedef union number members

{
shinie integer;
float real;
Q tracticn;
@ complex;

} number;

main{( void )
{

number x;

x.integer = 42;
.real = 4.2;
<. fraction.numerator = 1;
x.fraction.denominator = 3;
.complex.realPart = 0.
x.complex.imaginaryPart = 1.0;

1) declare a union, similar syntax to structs (can also be separated into
two declarations, the union and the typedef)

four members:
an int called integer
a float called real
a Q called fraction -- ie a struct Q_fields
a C called complex -- ie a struct C_fields

2) define a variable
3) select the member of the union, and assign
4) select the member, then select the field



Details, details

details-1

Need to fill in some details, go over some realities



C Preprocessor

« Already seen #define and #include

+ Also:
$#if —-- #else —-- #endif
#ifdef
#ifndef
#line, #error
#pragma
- Standard symbols: LINE , FILE |,
__DATE , TIME

details-2

We’ve seen simple uses of preprocessor.

almost a compiler in a compiler: variables, functions, conditional
evaluation,

control compilation in various ways

#include:
copy contents of file in place of #include line
can be nested, can get ugly-complicated



#define

» Simple textual replacement
#define SYMBOL a sequence of text

« Macros with argument substitution:
#define pct( x, v ) (x/y)*100
#define percent(x,y) ((y==0) ?
(/3 ) *100 = 0)

printf ( “Score: %d\n”, percent (23,34)
)

+ Also:
#undef SYMBOL

details-3

- have seen simple replacement: replace symbol with replacement text;
“in place”, traditional to use upper-case for constants

- can also parameterize to create macros, much like function calls. if
symbol followed by ( with no space, macro definition

Consists of macro prototype and substitution text; identifiers in
prototype also occur in sub-text.

- compiler replaces macro-name with sub-text and replaces macro args
with actual values.

- macro definitions can be nested (eg could use pct in percent)

- macros vs functions? hard to say, remember macros expand. use
macros to avoid overhead of function calls (especially if lots of args);
macro args are typeless;

- undef: get rid of a symbol. OK if wasn'’t there



#if, etc.

“Conditional compilation” -- controls which
statements are compiled

Useful for multi-target, multi-host programs

#if -- #else -- #endif as usual,
#elif for “else if’

#ifdef and #ifndef test existence of

preprocessor symbols, also
#if defined ( symbol )

Examples:

details-4

- preprocessor decides which code is to be compiled

- mostly used is “big” programs that have multiple target systems or
multiple hosts



#idefine FOOBAR

#define WIN O
#define 0S2 1

#ifndef OPSYS
#tdefine OPSYS WIN
#endif

#if OPSYS == WIN

#define MAXINT 32767
#elif OPSYS == 0S2

#define MAXINT 2147483647
#telse

#ferror “Unknown compilation target”
#endif

details-5

typical sequence of stuff
1) defined with no value, useful with ifdef/ifndef only.

2) #error: generate an error message. useful for complex macro &
preprocessor stuff



Other preprocessor items

* Predefined preprocessor symbols:

printf( “This is line %d of %s compiled at %s

on %s\n”,
__LINE
__FILE__,

TIME |,

_DATE__ );

« #11ine resets line-number and filename:
tgne 999 N fooban .’

* #pragma controls compiler

details-6

symbols useful for generating timestamps, etc in object code

#line directive for c code that is generated from elsewhere -- want to
give a reference back to original source (eg application generators)

pragmas: tell compiler to do something. like options, but while program
is compiling. Eg control code generation, error-message levels

[switch to development environment]
[look at stdio.h; ...\watcom\h
(reference wc users-guide search for pragma)



Module Organization

Functions contained in modules (compilation
units)

Use extern declarations as function
prototypes

Provides inter-module type-checking

details-7

have seen how programs are arranged into functions
need a declaration in order to use a functio that is defined elsewhere

use extern declaration to make function known. strictly, this is called a
function prototype.

common way to organize: gather together all externat functions into a
provate header file, then include that header file in every module.
provides cross-check of function and argument types.



'/* mypgm.h */

extern void Gnef{ int p ):
extern void Two( int p, int|qg ):

extern int Three( char *s j;

(Fone.c A - SN EWEEE
finclude “mypgm.h” #include “mypgm.h”

extern void One ( i extern void Two( int p,
P ) int q)

e ; ‘ {
ﬁ/* three.c */
finclude “mypgm.h”
extern int Three ( char

* 5)

s details-8

include same header-file everywhere
same technique for data, externs in the header file, create separate C
file that has nothing but data definitions

same include-file can contain data-structure, constants, other project-
wide entities.

In fact, standard files are nothing more that this, a bit formalized



Arguments to main ()

System-dependent interpretation
Ususally “commandline” arguments
Definition:

main( Lot argc, char zargull] )
Argc is number of arguments

Argv is array of pointers to string, one string
per argument

details-9

very unix -- whitespace discarded
some systems may provide access as a single simple string



Varying argument-lists

Functions can receive varying number
arguments

Printf, etc.
Can also be user-defined

Declaration:
void varying( int fixed,

details-10

printf etc have variable # args, can be implemented in C

special syntax and features desifned explictly for this purpose (nice rule
about languages, must be ably to be implemented in themselves)

... Is part of syntax



Definition:
#include <stdarg.h>
void wvarying( int fixed,
{
va list wvarying part:
2L AE next varying;

va_start( varying part, fixed };
next varying = va_arg( varying part,
next varying = va arg( varying part,

va end( varying part) ;

details-11

1) required header file (stuff is implemented as macros)
2) ... is part of syntax

3) va_list keeps track of things

4) we have to know what types to expect

5) va_start initializes things, need to know name of last non-varying arg
(must be at least one)

6) va_arg gets an arg of indicated type
7) va_end end varying processing, deallocates any storage



Function pointers

Functions names are addresses (like arrays)

Can invoke a function indirectly, given its
address

Syntax:
TRl “tuneptrl @ intepe )

Lypedef int (*rfunction pir) (
int P )
funeticn ptr funcptr;

funeticn ptr Jump vecetor 1015
- _ details-12

A function name is its address (like arrays)
Assigning a function-name to something yields its address.
how to declare/define a variable that will contain a function address?
1)
funcptr is s pointer (because of the *)
that takes an integer parameter (becasue of the arglist)
and returns an int (return type)

2) using a typedef to define a function-pointer type; define a variable
and even an array

(*jump_vector[5])(12)

Each different kinf of function (return types args) requires its own kind of
function-pointer declaration

this is a really ugly bit of syntax, since you have to read it from the
middle outwards



Example

:/* Eincptr.e s/ void foo( int p )
¥include <stdio.h> {

void foo( int p ); printf( “foo: %d\n”, pT
‘void lotz ({ aboie @ ) A }

¥

veid (Ffuneptr) ( int voids bar (SintEaEa)
Pl {
jSiealpieas (( MeEtep Sreln
void main ()
{
funcptr = foo;
(sfuncpcr) (12
)7
funcptr
e details-13




Typecasting

Explicit type conversion
Not generally needed

Example:
float f; int i;

& = (LEllezie] alf
Does not affect 1
Often used with pointers

details-14

In most cases, conversions are automatic.. Can be useful as a
documentation feature to remind that conversions will occur.

If function prototypes are omitted, function parameter types will be
unknown, so automatic conversion not possible. can use typecasting,
although providing a prototype is a better solution.

for scalars, conversion changes representation; eg 2 byte int
converted to 4byte float



Typecasting pointers

* Malloc returns void * (“pointer to nothing”);
generic pointer type
« Strictly, void * can be assigned to any pointer,

use typecasting for documentation:
typedef mystruct * msp;

msp p;

= (msp) malloc( sizeof( mystruct
) )

» Typecast also used to change pointer
dereference type details-15

eg. if p is a pointer to some struct, but want to look at storage with a
different shape, use a cast



Example:

typedef struct a
{
ihlie R
}oa;

typedef struct b fields
{
char £ h;
ehar £ 15
bodel

a * ap;
int high;

ap = malloc( sizeof ( Ny
*ap = 0x1234;
high = (*(b =) (ap)).L£ h e i) =F 0

*/

details-16

allocate a structure containing an int, use another structure to overlay
the int and get at sub-components.

expression: (*(b *)(ap).f_h

Sp is a ptr; cast it to a ptr to b; dereference it; select field f_h

the () around ap are not needed in this case



Dynamic Variables

dynamic-1

Memory Management is library based not language based



Problem

storage requirements are not known at
compile-time
fixed-size variables are not suitable

use dynamic memory techniques to create
(at execution time) exactly the storage
needed

data-structuring methodologies: linked-lists,
trees; dynamic arrays, strings

dynamic-2

- example: storing varying amounts of data provided interactively
- arrays either waste space, or occasionally too small

- pre-defined arrays are not suitable in general

- many data-structuring techniques, add-on products



Storage classes

extern, static
created at beginning of program exection

local

created at function activation; destroyed
at function exit

dynamic
created by program control

dynamic-3

extern -- global scope
static -- module/file scope
local -- function scope

dynamic -- known only if provided with address (not exactly scope in the
traditional sense)



Dynamic variables

» created bymalloc ()

 referred to using pointers
» deallocated by free ()

dynamic-4

ANSI standard functions:
malloc - get a piece of storage from operating environment
free - give storage back

get piece of storage, then use that storage as a variable.

Malloc returns a pointer to the storage, so all references to dynamically-
allocated storage are indirect (via a pointer)



Example: dynamic array

/* dyn-1.c: allocate an array dynamically */

$include <stdio.h>
finclude <stdlib.h>

main( void )

[
it

int *da;
unsigned int size;

unsigned int i;

dynamic-5

Example, want an array of integers, but don’t know how big until
program is running.

some definitions first; remember that array name is same as pointer to
element of the basetype of the array.



printf ( “Number of elements? ™ );
e

scanf ( “su”, &size );
if( size !'= 0 )
{
da = malloc( size * sizeof( *da ) ):
if( da != NULL.
{

e (I Bp AL = ShimEE SeRk )

dynamic-6

1) get storage, return pointer and store. want “size” elements, each of
which is sizeof(*da) (ie the size of the entity to which da points ie int).
could also use “int” here, but prefer *da (more descriptive)

total storage is size*element
note, not sizeof(da) which is the size of the pointer.
2) malloc returns null if not available

3) da is pointer to int, but can also be used as array-name

NULL: sort of zero, actually “a pointer value toat does’t point at
anything”



Example: dynamic string

/* dyn-2.c : simple dynamic wvariables */

$finclude <stdio.h>
finclude <stdlib.h>

typedef struct dstring fields

[

L
char *SEGEeae;
unsigned int Siizes

} dstring;

dynamic-7

1) stdlib.h -- standard file containing memory-manipulation functions
2) define struct and pointer types



main( void )
{
dstring s;
char *p;

unsigned int size;

printE(SString sizez \nt l:
i )

scanf ( "su\n", &s

if( sdze l= 0 )

malloc( size );
o =" NULT)

.storage = p;

.Ssize = size;

fgets( s.storag i stdin )

dynamic-8

1) get storage, return pointer and store

2) malloc returns null if not available

NULL: sort of zero, actually “a pointer value that does’t point at
anything”

[chalkboard walkthough]

note use of intermediate variables p and size not necessary, could use
fields in s directly.



Example: list/stack

/* dyn-3.c : allocating dynamic variables */

#include <stdio.h> ListHead
#include <stdlib.h>

typedef struct list element fields * 1 e pt

typedef struct list element fields
{
int data;
1ie pEe ink:

} list eliement;

_e ptr ListHead;

dynamic-9

Example, build and display a singly-linked list
1) unresolved forward pointer declaration



main( void ) {
ListHead = NULL;
Build list();
Display list();
Free list();

static void Build list( void )
int data;

list element *current;

scanf{ "%d", &data ):
while( data >= 0 ) {
current = malllossitzeof (L 1ist element 9 iz
current->data = data;
current->1link = ListHead;
ListHead = current;
scanf ( "%d4d", &data ):;
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1) sizeof == compile-time; “get storage big enough to hold a list-
element)

- Note: program doesn’t check return of malloc!!
2) notation : dereference, then field select == (*current).data
builds the list backwards: [do blackboard walkthrough of construction]

note definition of current doesn’t use ptr type, uses *



static void Display list( void )
{

ListHead

e ptr current;

current = ListHead;
while ( current != NULL )
{
printf( "%d\n", current->data );

current = current->1link;

dynamic-11

displays the list. typical list-traversal



staticivoidiEree Ni=ti@voidi)
{ ListEead

INelpiEi s current NnexE

current = ListHead;
while ( current != NULL )
{
next = current->link;
free( current ):

current = next;

dynamic-12

free the list. typical list-traversal. once storage is freed, cannot (should
not) be referenced. therefore, need two pointers, must get next value
before freeing.

programs should always free what they allocate. some environments
may provide a “free all” that undoes everything since the program
started. Others may provide a checkpoint facility that lats pgm free
everything back to checkpoint



Example: doubly-linked
search list

head

’
_

dynamic-13



/* dyn-4.c : dynamic list insertion and removal

#include <stdio.h>
#include <stdlib.h>

EypedefistructERniSE el ement
{
int data;
Seaeibiche llalgie ElkEiEinhe wihEyee )
struct list element *previous;

o dlise ElliEniEhnie o

list element *head, *tail;

Sita b iiesvia ite iitiiie Nl sl vioitd S

static void insertit( int data );
sitatilc Miist e legient *search(intdaEca s

static woldiremoves b (Tlustielenents Scurrent )’
dynamic-14




main( void )
{
int data;

ITFs el el ement BAEUErent;

stisttie T she (1
for( ; ;)
{
seanti( "sd¥, sdatda ):
if( data < 0 ) break;
insertit ( data );

dynamic-15




scanf ( "%d", &data );
if( data < 0 ) break;
current = search( data ):
if( current != NULL )
removeit ( current );
else
printf( "net foundin™ );

static void init list( void )
{
head = NULL;

dynamic-16




static void insertit( int data )
{

sy el emenc RS Elrretit:

current = malloc( sizeof (
Iistielement ) )

if( head == NULL )
{
head = current;
current->previous = NULL;
}
else
{
tail->next = current;
current->previous = tail;
}
current->next NULL;

tail = current;

dynamic-17

current->data data;




statiicNliistiellement S searehiSintedata

{

Lighe ellamene “euisrEaey

current = head;
while( current != NULL )
{
if ( current->data == data )
break;
else
current = current->next;
}

return( current );

dynamic-18




SitaEicRvoilciremeves (RIS ENal emeni-ME el e nI )

{
if( head == tail )
{
= NULL;

else if( head == current )

head = current->next;
current->next->previocus NULL;
}
else if( tail == current )
{
tail = current="previous;
current->previous->next

}

else

dynamic-19




current->previous->next current->next;
current->next->previous = current->previous;
}

free( current );

dynamic-20




Dynamic variables—summary

use when storage requirements are
determined at execution time

explicit allocation and deallocation via
standard library

use “classical” data structuring methods

dynamic-21

1) library not language

2) standard defines names and basic semmantics; implementations are
free to implement as suits [sys call or not, efficiency, garbage collect
etc.]

3) almost always layered for real programs
4) there exists exception handling libraries for extraordinary situations

Code reusability becomes important for data-manipulation etc. Need
well-designed libraries



dynamic-22

input1234-1



C Standard Library

library-1

We have seen some of the available library facilties.
Have a more detailed look.



Overview

Not part of the language per se
Implications for operating environment
Groups of related functions

Standard definitions, plus vendor-specific and
common system-specific

library-2

Library is distinct from language, but still standardized. We’ll take a
look at the ANSI standard.

Much of the C std library is influenced by UNIX, notably 1/O,
program/process control etc.

Every implementation provides more than the std lib. In some cases
the additional libraries are standardized by other oprganizations, eg
posix libraries, database libraries like ODBC & embedded SQL
bindings, gui standards like windows API, X, 0s2 PM etc.

These days, any significant software technology is rendered in C annd
C++.

The std defines library in terms of related function groups, like io, string
management, error handling etc. We'll see these in a minute.



Pros and Cons

Pro: saves writing code yourself
Pro: improves portability (maybe)
Pro: improves readability of code

Con: long learning curve
Con: efficiency is unknown

Con: run-time system requirements
(program packaging)

library-3

Why do we like standard libraries?

Why don’t we like standard libraries?

last pt: for embedded systems (instrumentation), want lean and mean,
can’'t stand the overhead implied by an operating system, want to run C
programs on “bare machine” Such programs typically can’t use the
standard library, because of the interconnectivity.

learning curve. once of the reasons why we must delay this discusison
for so long: library functions use fu Il range of language features,
especially pointers



Organization

» Groups of related items
* One header file (“.h”) per group

* Functions, variables, constants, macros, types

<assert.h> <ctype.h>
<errno.h>

<Flleoat h= < S matE s >
<locale.h>

<math.h> <set mp.h>
<gignal.h>

sstdarg.h> <stddef.h> library-4

As noted, basic orgainzation is groups of related items.

Each group is identified by a header file, which contains delcarations,
definitions and references for any or all of functions, variables,
constants, datatypes, preprocessor macros etc (we’ll see datatype and
macros later)

here are the standard headers. some have just constants & datatypes,
others have dozens of functions. about 150 functions total.

take a quick look at what's in each one. No details, not parameters:
use vendor reference.

to use: include the appropriate header. defined in such a way that any
interrelation is handled internally, users don’t need to be aware. can
include more than once (but why would you?)



Non-standard standards

 All implementations have non-standard
libraries

« May define categories (e.g. Watcom C):

ANSI POSIX 1003.1 BIOS
DOS Intel 0S/2
PC graphics Windows Watcom

library-5

As noted, lots of non-standard stuff. as soon as a program usued a
non-standard function, portability is at a risk. If using an industry-
standard function library, might be OK.

Eg: Watcom don’n mentions the following function categories. ANSI is
what we’re about to discuss. Some of thes other categories are trivial,
others are more complex that ANSI.

Intel -- hardware instructions and related
Watcom -- their own set of useful functions

[help library; contents; search “ANSI”]



Character handling:
<ctype.h>

» manipulate/classify single characters:

isalnum isalpha L g@mnziedl isdigit

isgraph islower isprint ispunct
isspace isupper isxdigit
tolower toupper

library-6

individual character functions
is* take a char, return true/false



Mathematics: <math.h>

» Trig, exponential, integer:

asin atan atan2 cos sin
cosh sinh tanh exp frexp
log logl0 modf pow

fabs floor fmod
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all the math, nothing but the math. take and return doubles



I/0O: <stdio.h>

* File I/O:

clearerr fclose feof ferror
fflush fgetc fgetpos fgets
fopen fprintf fputc fputs
fread freopen fscant fseek
= Sie [0 c I e TR fwrite getc
getchar gets perror printf
putc putchar puts remove
rename rewind scanf setbuf
setvbuf sprintf sscanf

tmpfile
tmpnam ungetc VEprint

fvprintf library-8

e e o =

we’ve seen a good number of these

also various types (eg FILE) and constants that define defaults for
buffer sizes etc

a number of these “functions” are actually macros, as we’ll see next
week..

these functions generally all return something. some we’ve already
discussed. print functions return # characters processed. scan returns
# items scanned.

btw scanf formats can contain ordinary characters: these are expected
to match input stream

Extensions: fcloseall, fdopen, vscanf, vsscanf



General purpose utilities:
<stdlib.h>

String conversion:
atof atei atel strted Sttt el
strtoul

Random numbers:
rand srand

Memory management:
calloc free malloc realloc

Program control:
abort atexit exit getenv system

library-9

The miscellaneous category: lots of subcategories
converting strings to numbers of various sizes

random numbers

memory mgmt: allocating and freeing dynamic memory. More next
time.

program control: how to give up gracefully. UNix influence here.
Atexit: register a function that will be called at program exit time.

system: invoke command shell, if possible



<stdlib.h> continued

» Searching & sorting:

bsearch gsort

* Integer arithmetic:

abs div labs ldiwv

» Multibyte characters:
mblen mbtowc wctomb mbstowcs

wcstombs

library-10

as noted.

I can honestly say I've never used the multibyte functions, so don’t ask.



String handling: <string.h>

 String (null terminated) and memory (length):

memcpy memmove
SEEEa IS E RN E
strcoll strncmp
strchr strcspn
SEEERN " SEESER
SkEerrorskErlen

String: this one is important.

strcpy
memcmp
strxfrm
strphrk
strtok

strncpy
strcmp
memchzr
SErerche
memset

library-11

deals with strings, as we have discussed them: null char at the end.
also deals with “memory” vector of bytes with no null char. user

maintains length.

memmove Vs copy: overlapping or not (copy not, move OK)

some string-scanning and searching functions like chr, cspn, pbrk

(pattern break), tok ( build tokens)



Time and date: <time.h>

» Time-of-day (“wall-clock™) and computational:

clock difftime mktime time
asctime ctime gmtime localtime
strftime

library-12

support for processor time, time-of-date, formatting times, time
arithmetic



Others:

Error diagnosis: <errno.h>
Implementation limits: <limits.h> <float.h>

Program diagnostics: <assert.h>
s EE e

Localization: <locale.h>
setlocale

library-13

Other stadnard headers, minor ones:

errno: variable containing error number of most recent error, also
constants

limits: maxint, minint, fp characteristics

locale: part of posix influence: used for controilling multi-byte
behavious and some of the time functions (eg timezone difference)



continued

Non-local jumps (goto): <setjmp.h>
setjmp longjmp

Signal handling: <signal.h>

signal raise

Variable argument lists: <stdarg.h>
va sStart va _arg va_end

Common definitions: <stddef.h>

library-14

setjimp: C actually has a goto stmt that we conveniently omitted
mentioning. notmally it is function scope: can only goto within a
function. setjmp/longjump are a mechanism for taking the “big flying
leap”

signal: asyncrronous error handling, also includes stuff like arithmetic
exceptions

vararg: c functions can have avariable # arguments. this stuff is
implemented with a combination of library functions and language
syntax. full details next week.

stddef: gathers together common types



Summary

summary-1




The C programming language

general purpose language

widespread use in industry and education
developed at Bell Labs

ANSI standard X3.159.1989

reference: The C Programming Language,
Second Edition, Kernighan and Ritchie,
Prentice-Hall, 1988

implementation and system dependencies
require vendor documentation

summary-2

IBM SAA CPI/C - Level 2 (SC09-1308)



Data types

integer
float
pointer
array
struct
union
enum
void

summary-3

as seen
integers are king, most operators defined to work conveniently with ints



Storage classes and qualifiers

extern (known to entire program)
static (known to compilation unit where defined)

register, auto (local — known in block where
defined)

dynamic (known where explicitly made
available)

const, volatile (read only, modified in unknown
ways)

summary-4

1) auto -- default class for local variables, never need the keyword so
omitted, register means allocate to a machine register if possible

2) Volatile: modified in a way the compiler cannot know ( e.g., interrupt
vector)

implications for optimizers flow control, storage alloc, etc.



void some function( int p )
{
Zislice) (elnizlic wisicisdl /0 EHs) bisibEll E
register int i; /* in a machine register
A
const double PI = 3.14159;
volatile long int IOPSW;

summary-5




Control structures

switch
break
continue

also goto

summary-6



Program structure facilities

functions

separate compilation
preprocessor and macro language
block structure

scope facilities

“‘make”

summary-7

functions are important



Standard C library

« commonly used facilities
— string and character manipulation (with international support)
— floating-point functions (math, conversions)

+ system facilities
— input/output
— memory allocation
— date and time, resource usage
— exception handling

* numerous add-on libraries

— access to system-dependent facilities
— data structures (AVL trees, B-trees, ...)

summary-8

reference TOC of C library help



Primary benefits of C

development: easier and more reliable than
assembler

efficiency: close to assembler
convenience: high-level-language benefits
portability: available on most systems

summary-9

easier to program

small run-time environment

nice for ASM-class apps, system programs
vendor independence on most platforms

Downside: hard to learn, harder to get good at, easy to write bad,
buggy programs
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