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The Programming Language C Operator Precedence

» Designedn the1970sby DennisRitchiefor/with UNIX on - . left to right
l ~ ++ — + — % & (type) sizeof right to left
« Implementatiodanguageof UNIX » 1 % left to right
+ - left to right
1 H 13 ” << >> Ieft tO rlght
» Improvedversionstandardiseds“ANSI C” (1989) o= s o= left to right
== I= |eftt0r|ght
» ‘Cisarelatively“lowlewel” language. & left to right
A left to right
« Popularfor systemprogramming | left toright
&& left to right
. " I left to right
PortableAssembler o right to left
_ = 4= —= x= [= %= &= "= |= <<= >>= right to left
» Lateststandard:C99 (1SO,1999) , left to right
— only minor changesver ANSI C Order of evaluation isunspecified!
C asProgramming L anguage Type Conversions: Promotionsand Casts
* Imperative * “Narraver” operandsareautomaticallycorvertedinto
, “wider” type.
 Block-structured, but no nested functions yP
* Weak static typing » Assignmenbf “wider” valuesto “narraver” variablesmay

produceawarning
* Only machine-oriented primitive types

+ Arithmetic overloaded on number types * A char isan8-bit (signedor unsigned)nteger
« Only array and pointer type constructions are polymorphic * An explicit type cast is a prefix operator(typename)”
* Only low-level datatype constructions

« No automatic memory management



i f

Conditional statement (“double-selection statement”):

if condition then S, else S,
InC:

i f ( condition) S el se S,
The “single-selection statement”

i f ( condition) S
Isan abbreviation for:

i f ( condition) S el se {}
It isgood styleto makethisexplicit!
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Dangling el se

What isthe structure of the following “nestedi f ”?

Every el se belongsto the “closest possible’ i f .

if (x >0)
if (y > 0)
printf("1");
el se
printf("2");
if (x >0) if (x > 0)
{if (y >Q {if (y >0
prin "1"); printf("1");
} el se
els printf("2");
rintf("2"); }
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Conditional Expressions
Many (functional) programming languages have
conditional expressions

max (x,y) = if x> ythen xelsey
fact n = if n=0then 1else n Ofact (n-1)

C has conditional expressions, too, but with a strange
syntax:

Lo _
condition ? expr, : expr,

(One-way conditional expressionswould be nonsense!)
Example:

float floatMax (float x, float y)
{returnx >y ?x .y ;}
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#define IF ((

A Better Syntax for Conditional Expressions

[* condExp.c */

#define THEN )?(
#define ELSE ):(
#define ENDIF ))

float floatMax (float x, float y)

{

return IF x >y THEN x ELSE y ENDIF;}

#include <stdio.h>

int main(int argc, char =argv|[]) {

}

printf ("%s\n", IF argc > 1THEN argv[1]
ELSE "<no arguments>"
ENDIF);
return O;
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Conditional Evaluation

‘An expression containing && or || operatorsis evaluated only
until truth or falsehood isknown.”

X &&Yy

IF x THENy ELSE FALSE ENDIF
x|y = IFxTHEN TRUE ELSEy ENDIF

Thereforethefollowing issafe:
ifxz20&&12/x <Q)

k=7/x;
else

fprintf(stderr, "There is a problem.\n")
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C-Truth

* Modernlanguage$ave a predefineddatatypdor truth
valuesalsocalledBoolean values

» Callowsvaluesof ary integraltype (includingcharacters
andpointers)}o beusedin conditions.

Truth-value use of integralvalues:

Integral —interpretation » Truth —trandation - Integral
0 False 0
non-zero True 1
Better than nothing: #define BOOL int

#define TRUE 1
#define FALSE 0O
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False
False
True

True

SFWR ENG 3804 — Software Design I11 1.39

Truth Tables

y xy xay
False False False
True False True
False False True
True True True

C-Truth Tables

Integral —interpretation » Truth —trandation - Integral

0 False 0
non-zero True 1
X y X &&y x|y
0 0 0 0
0 non-zero 0 1
non-zero 0 0 1
non-zero non-zero 1 1

a
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The Comma Operator

“A pair of expression separated by acommais
evaluated left to right, and the type and value of the
result are the type and value of the right operand.”

Kernighan & Ritchie
Contrived Example: k = (printf ("initialising k\n"), 1);

Comma expressions are frequently used in loop headers:

k =0;
while (k++ k+k <n){}
printf ("k = %d\n", k);

Usually not good style!
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Expressions versus Statementsin C
» Adding a semicolon turnsany expression into a statement.

6x7, — comma.c:10: warning: statement with no effect

» Assignmentsand function calls are expressions:
k = printf ("%d\n", m) + 7,
m=5x(k =k +1);

» Typeand value of an assignment arethetype of the
assigned |-value and the value assigned to it.

* Returntype and value of standard library functionsare
documented e.g. in their man pages.

» Seguencing of expressions. the comma operator

» Seguencing of statements. juxtaposition
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Updating Assignment Operators

var += expr; abbreviates var =var + expr;
var —= expr; abbreviates var =var — expr;
var *= expr; abbreviates var =var * expr;
var /= expr; abbreviates var =var / expr;
var %= expr; abbreviates var =var % expr;

Comparereadability:

myArray [3sk+i][j-5] += d + 2 xk;

myArray [3xk+i][]-5] = myArray[3+k+i][j-5]+d + 2 x k;
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I ncrement and Decrement Operators

Used as statements,

var++; and ++var: abbreviate var +=1;

var——:; and —-var: abbreviate var —=1;

Assignment used as expression returnsthe assigned value:

float x,y = 3.5;intk;

x=42+ Kk =y); [*k==3 && x=7.2*/

Used asexpressions,
++var abbreviates (var =var + 1)

var++ abbreviates (varO =var, var += 1, var0)
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The Dangersof Increment and Decrement Operators

#include <stdio.h> /*incr.c*/
int main() {
int k=13, m, p;
m=2;
p =++m x (k — ++m);
printf ("p = %d\n", p); p = 36
m = 2,
p =(k —++m) * ++m;
printf("p = %d\n", p); p = 40
return O;
}

Expressonswith side-effects are !
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L essons

* Never have more than one side-effecting subexpressionin a
single expression!

* Don’t rely onthe expression evaluation order of one
particular implementation!

e Don’t overuse“++" and “- -

* Alwaysuse - Wl |
» Alwaysstrive to understand warning and error messages!

 Always heed warnings!
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The while Repetition Statement
while ( condition ) body
Intuitive meaning:
“While condition evaluatego true, executebody.”

A single statement hasto begivenasbody:

 often,bodyisablock,i.e.asequencef statementsenclosed
in braceq ...}

» quitefrequentlythebodyis empty visible asoneof
— anemptyexpression statement “;”
— anemptyblock “{}"
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do ... while

Forloopswherethebodyneeddo beexecutedoncebeforethe
conditionis first tested:

do body
body = | while (condition)
while (condition) body

body hasto bea singlestatement.

It isrecommended

 toenclosebody in bracesevenwhenit is a primitive
statement
* toindent thebody
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f or Loopsin Oberon

FOR v:=hbeg TO end BY step DO statements END

‘A f or statemenspecifiegsherepeatedaxecutionof a
statemensequencevhile a progressiorof valuess assigned
to anintegervariablecalledthecontrol variable of thef or
statement.

In Oberonasin mostlanguagesvith f or loops,theiteration
boundsarecalculatednce, beforethebodyis first executed.
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for Statementsin C

First explanation:

init;
— — while (.condition)
for (init ; condition ; step) = {
body body;
step
}

Typical use— “proper for loop”:

for (k =start ;k <end ;k++)
body

Onekind of atypical use— while loop:

for ('; condition ;) body
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break and continue
* break terminates execution of the enclosing for, while, do ...

while, switch statement

* continue transfers control to the end of the body of for,
while, do ... while statements

— inwhile and do ... while statements, the condition istested,
and, if applicable, looping continued

— infor statements, step is executed before testing the
condition
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continue In for statements

Explaining also continue in for statements:

init;
if (condition)
for (init ; condition; step)| _ {
body do
body;
while ( step, condition)
}
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break and continue in NestedLoops— Problem

inti,j;
for (i=1;i<10;i++)
{
for (j =1;) £10;j++)
{
if (11111% (i =j) ==0)

break; /* breaksonlyout of inner loop! */

Some languages allow to break out of specified loops.
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break and continue in NestedLoops— One Solution

inti,j;
BOOL break_i;

for (i =1, break_i =FALSE ;i <10;i++)

{
for (j =1;j <10;j++)
{
if (11111% (i «j) == 0)

{ break_i = TRUE; break; } /* breaksinner loop */

}
if (oreak_i)

{ break_i = FALSE; break; } /* breaksouter loop */
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Multiple Selection

Double Selection Multiple Selection
expression
True False
A C D F
then else
branch | | branch br. || br. || br.|| br.|]| br. || br.
\ Al|lB||C||D||E||F

el
\

r=--=-=-"
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switch Statement

switch (expr) {

case A:
StmtsA,;

case B: A
stmtsB;

case C:
stmtsC,;

case D:
stmtsD;

case E:
stmtsk;

default: . /
stmtsDFT;

}/* end switch */

expression

DFT
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switch used as M ultiple-Selection Statement

switch (expr) {
case A:
StmtsA,;
break;
case B:
stmtsB; st.A
break;
case C:
stmtsC;
break;
case D:
stmtsD;
break;
case E:
stmtsk;

break; | /
default: ] /
stmtsDFT;
}/* end switch */ -

expression

DFT
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switch— Mixed Style

switch (c) {
case A’
case’a:
StmtsA,;
break; Attention:

case’ It iseasy to get mixed up here!
stmtsS;

case '\n’: * indent carefully!

case '\t
stmtsC;
break;

« documentcasegroups!

default:
stmtsDFT;
}/* end switch */
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Subprograms

A subprogram isa (parameterised) fragment of a
program.

A subprogram call isan instantiation of asubprogramwith
actual parameters.

— Function callsare expressions

— Procedure callsare statements

The purpose of introducing subprogramsis
modularisation.

Modular components are accessed viainterfaces— the
interface of a subprogram consists of:

— type: argument types, result type
— specification: properties, description of effects
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Subprogramsin C

» Every expression can be used as a statement:

— No procedures necessary — only functions

— Functionswith return type void are “intended as
procedures’

— Many functionsthat are often used as procedures have
non-void return types
— know and check!
» Typesof functionsare formally captured in “prototypes’

» No further part of function specificationsisformally
supported by C
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Function Typesand Prototypes

Mathematics C
sn:R - R double sin(double x);
gcd i ZxZ - Z int gcd (int k, int m);

pow: R xR - IR double pow (double x, double y);

Prototypes are function declarations

* Prototypesareimplied by (ANSI-style) function
definitions.
» The common part isalso called function header.

 After the prototype has been seen by the compiler, the
function name and itstype are known.

* Prototypes can be used as*“forward-declarations”.
*. h filesfrequently contain ext er n prototypes.

SFWR ENG 3804 — Software Design 111 1.122

Local Variable — Global Variables
intk;

int f (double h)
{

intn;

* k isaglobalvariable

* nisalocalvariable
» hisaformal parameter — inside the body thisis
equivalent to alocal variable
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Scopeand Instancesof Variablesin C

 All variablesarevisible only after declaration

» Global variablesarevisiblein the file of their
declaration

e Local variablesarevisiblein the block of their
declaration

» Forall variables, aninstancas createdvhencontrolflow
passesheir definition.

» Global variableshave only oneinstance
« static (local) variables have only oneinstance

» Local variableshave oneinstancefor eachcall of the
function/block
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Scope and Side-Effects

#include <stdio.h>
intx =0;

intincrX () {x++; returnx;}

What isthetypeof i ncr X?

* Prototype:
intincrX (void);
 Mathematical:

incrX : 1 5 int

Thisisnot thewholeinterfacetoi ncr X!
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Scopeand Side-Effects— Simulation

#include <stdio.h> [*incrX.c*/
intx =0;
intincrX () { x++; returnx;}
int main() {

intx =10,y;

y =incrX();

printf("%d %d %d\n", x,y,incrX());

return 0;}

gl obal  main() Qut put
X X y

It.
it.
+;

= incrX();

10

+353

0
1
2

=
X< X ==

+

+

10 1 2
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Scope and Side-Effects

#include <stdio.h> [* incrX.c*/
intx =0;
intincrX () { x++; returnx;}
int main() {
intx =10,y;
y =incrX();
printf("%d %d %d\n", X, y,incrX());
return 0;}

Local variables shadow variablesfrom outer scopes.

Side-effects:

— incrX changesthe value of avariable not mentioned inits
formal interface.

— Thereturn value of incrX dependson avariable not
mentioned in itsformal interface.
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Pure Functions

Pur e functions have no side-effects;

— Return values depend only on the actual parameters
— No global variablesare updated
— Nol/Oisperformed

Math library functionsare “amost pure’:

* Incaseof error, theglobal variableer r no isset.
* Floating-point precision may depend on, e.g., compiler
switches.
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Repeated Function Calls

#include <stdio.h> [* squares.c */
int f(int k)
{return2+k +1;}

int main() {
ints=0,1;
for(l =0;i <4;i+t)
{s +=1();
printf("%d %d\n", i, s);
}

return O;

}
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Repeated Function Calls2

#include <stdio.h> [* squares2.c*/
int f(int k) {

k x=2;

return ++k;

}

int main() {
ints =0,1i;
for(i =0;i <4;i++)
{s +=1(i); printf ("%d %d\n",i,s);}
return O;

}
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Alternating Function Calls

#include <stdio.h> /* seriesl.c*/

intf(intk){k +=2;returnk +1;}
intg(@intm){return2*mm —-1;}

int main() {
ints=0,i;
for(i =0;i <3;i+t)
{s +=1();
s +=g(i);
printf ("%d %d\n", i, s);
}

return O;

}

153

154
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Nested Function Calls 1

#include <stdio.h> [* series2.c*/

intf(intk) {k +=2;returnk +1;}
int g(int m) { return (m + 1) = f(m); }

int main() {
ints=0,1;
for(i =0;i <3;i++)
{s+=g();
printf ("%d %d\n", i, s);
}

return O;

}
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Nested Function Calls 2

#include <stdio.h> /* series3.c*/

intf(intk){k +=2;returnk +1;}
int g(int m) { return (m = 1) » f(m); }

int main() {
ints=0,1;
for(i =0;i <3;i++)
{s +=1();
s +=9();
printf("%d %d\n", i, s);
}

return O;

}

155
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static Local Variables

#include <stdio.h> [* squares4.c*/
int step(int n) {

staticintd =1,

staticintq =1;

intr =nxq;

d +=2;

q+=d;

returnr;

}

int main() {
inti,

intd =1;
intg =1,

int step(int n) {
intr =n=q;
d +=2;
q+=d;
returnr;

}

for(i =1;i <4 ;i++) printf("%d %d\n", i, step(i));

return O;

}
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static

159

static local variablesare global variablesvisible only within

the enclosingblock.
— “pri vate state”

static global variablesare visible only within the enclosing

file.

Functions, too, can be made visible only within the enclosing

file by declaring them static.

Non-static local variables are also called automatic.
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Arrays

int myArray[10];
declaresan array:

» thenameof the array is“myArray”

» thetypeof thearray is“int[10]’

* thearray has 10 elements

» eachelement isavariableof typeint

* the elementsare arranged consecutively in memory
 theelementshaveindiceso, ...,9

» theelement with index i is“myArray|[i]’
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Array Initialisation

int myArray[7]={23, 34, 45,56,67,78,89};
[* result: [ 23, 34,45, 56,67, 78,89] */

int myArray[7] ={ 23, 34, 45, 56, 67 };
/* result: [ 23,34,45,56,67, 0, 0]*/

int myArray[] ={23, 34, 45,56,67 },
[* result: [ 23,34, 45,56,67]*/

int myArray[7]={ 1};
/* result: [ 1,0,0,0,0 0 0]*/

int myArray[7]={ 0};
/* result: [ 0,000, 0 0 0]*/

int myArray[7]={}; /* Not ANSI C! */

» Automatic arraysare not automatically initialised!

* static arraysare, by default, initialised with zero values.
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Character Arrays

Strings are treated aschar acter arrays.

char myString[] = "hello™;

/* result: ['h,e,’l",’I",’0,\0" ] */

« Stringsare terminated by the null character ’\0’
» '\Q'isthelast array element of astring constant

« String generation/copying functions need space for the
terminator

strdup(), fscanf("%s", ...)

Hard toensurefor user input! — fscanf("%79s",...)
 String processing functions never read past the terminator

stremp(), strnecmp(), strstr()
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Variable Array Dinemnsions (C99)

#include <stdio.h> [* VarArray.c*/

void printRow (int r[], int size)
{intj; for (j=0; j<size; j++) printf ("%7d ", r[j]); printf ("\n"); }

void make_and_print_array(int k) {
intj,ar[k]; [* array dimension k isavariable! */
for (j=0; j<k;j++)ar[j] =101 (j + 1);
printRow (ar, k);

}

int main(void) { make_and_print_array(4); return O; }

* InANSI C, dimensions must be constant expressions
» In C99, variables seem to be allowed.
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Passing Arguments by Value/ by Reference

In, e.g., Oberon (but not in C), if avariable namev ispassed as
argument to a function f, this can be done in two ways:

* passbyvalue thevalueof v ispassedtof, whereitisbound
to theformal parameter name.

Usualy (including in C), the formal parameter istreated as
alocal variable.

» passby reference f obtainsareferencetov and turnsits
formal parameter nameinto an aliasfor v

C:
* ingenera: passby value;

 array arguments should be understood as passed by
reference (they are const pointers passed by value).

Pass by Reference Example 1

#include <stdio.h>
#define SIZE 5

[* ArrayArgsl.c*/

void show (int ar [SIZE])
{inti;for (I =0;i < SIZE;i++) printf ("%7d %7d\n", i, ar[i]); }

void update(int ar[SIZE], inti,intv){ar[i]=vV;}

int main(void) {
inti;
int counts[SIZE];
for (i =0;i <SIZE;i++) counts[i] = 10 * i;
update (counts, 3, 333);
show (counts);
return O,
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Pass by Reference Example 2

#include <stdio.h>
#define SIZE 5

I* ArrayArgs2.c*/

void show (int ar [SIZE])
{inti;for (I =0;i <SIZE; i++) printf ("%7d %7d\n", i, ar[i]); }

void swap(int ar[], inti, int j)
{inttmp = ar[i]; ar[i] = ar[j]; ar[j] = tmp; }

int main(void) {
inti, counts[SIZE];
for (i =0;i <SIZE;i++) counts[i] = 11x1i;
swap (counts, 0, 3);
show (counts);
return O;
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Arraysin structs Are Passed By Value!

#include <stdio.h>
#define SIZE 10
struct test {int ar[SIZE]; } t;

[* StructArrayTest.c*/

void show (struct test t)
{inti;for (i =0;i <SIZE; i++) printf ("%7d %7d\n", i, t.arli]); }

void update(struct test t, inti, int v)
{tar]i] = v; show(t); }

int main(void) {
inti;for (i =0;i <SIZE;i++) tar[i] =210 =i,
update(t, 2, 222);
show (t);
return O;

}
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Two-Dimensional Arrays

int myTable[4][10];
declaresatwo-dimensional array:

» two-dimensional array can be understood as arrays of
one-dimensional arrays

» thenameof thearray is“myTable”

» thetypeof thearray is“int[4][10]’

 thearray has4 elements

» eachelementisan array of typeint[10]

* the elementsare arranged consecutively in memory
 theelementshaveindicesO, 1, 2, 3
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Initialisation of Two-Dimensional Arrays
int myTable[2][3]={{1, 2,3},{4,5,6}};
/* result: [[1,23],[4,5,6]]*
int myTable[2][3]={{1 },{4,5,6}};
I* result: [[1,0,0],[4,5,6]]*/
int myTable[2][3]={{1,2,3}};
I* result: [[1,23],[0,0,00]*/

205
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Accessing Rows of Two-Dimensional Arrays

#include <stdio.h> [* TwoDimTest.c*/
void printRow (int r[10])

{intj; for (j=0; j<10; j++) printf ("%7d %7d\n", |, r[j]); }

int main(void) {
int myTable[4][10];
intij;
for(i=0;i<4;i++)
for(j=0; j<10; j++)
myTable[i][[]=2100 xi +j;
printRow (myTable[2]);
return O;

}
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Testing I nitialisation of Two-Dimensional Arrays

#include <stdio.h> [* TwoDimInitTest.c*/
void printRow (int r[3])

{intj; for (j=0;j<3; j++) printf ("%7d ", r[j]); printf ("\n"); }

void printTable(int t[2][3]) {
intj;
for (j:();j<2;j++) printROW(t[i]);
printf ("\n");

}

int main(void) {
int myTable[2][3]={{ 1, 2,3}};
printTable(myTable);
return O;

}
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Linear Seaich— Versionl

[* Compare key to every element of array until the location

isfound or until the end of array isreached; return
subscript of element if found, or -1if key isnot found.

*/
int linearSearch( const int array(], int key, int size )
{

int n; [* counter */

}

for (n =0;n <size; ++n ) {/* loop through array */
if (array[ n]==key )
return n; /* return location of key */

}

return -1; * key not found */
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Linear Seaich — Version?2

#define NOT_FOUND -1 /* safe, sincenot alegal index. */

int linear_search(int data[], int target, int n)

{

[* Use parameter n aslocal counter variable.
* Initial valueisone larger than largest index.

*/
while (——n = 0)
if (data[n] == target )
break; [* found target */

return n; /* If while-condition failed, n iSNOT_FOUND;
if loop terminated by break, n isthe target index.
*/
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Linear Search— Version3

#define NOT_FOUND -1 /* safe, since not alegal index. */

int linear_search(int data[], int target, int n)

{

[* Use parameter n aslocal counter variable.
* Initial valueisone larger than largest index.
*/

while (——n = 0 && data[n] # target ) {}

returnn; /* If first condition failed, n iSNOT_FOUND;
if second condition failed, n isthe target index.
*/
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Pointers

Pointers are alow-level mechanism that allowsto ssimulate
important high-level constructs:

 call by reference
 (certain) subarrays

* recursive datastructures
 graph-like datastructures
* higher-order functions

SFWR ENG 3804 — Software Design 111 1.216 218

Pointers

A pointer isamemory address

» Pointer variablesare variableswhose values are memory
addresses
» Referencing avalue though a pointer iscalled indirection

e Pointer variable declaration in C:
int xcountPtr, count;

— countPtr isavariable of type“int+”, i.e., a
“pointer to an int”

— count isavariable of typeint.
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The Address Operator &

inty =5;
int = yPtr;

yPtr = &y:

» Theoperand of & must beavariable
» & cannot be applied to

— constants
— expressions
— register variables
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The Pointer Dereferencing Oper ator «

inty =5;

int = yPtr;

yPtr = &y;

printf ( "%d\n", xyPtr );
*yPtr =7,

printf ( "%d\n", y);

The dereferencing operator, applied to a pointer valuep,
returnsthevariablep pointsto,i.e.,
* inan expression: the contentsof the memory addressp

* totheleft of an assignment: thevariable at addressp

Make surep pointsto a sensible address!
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Simulate Execution! — 1

#include <stdio.h> [* pointersl.c*/
void swap(int = p, int = Q)
{
inth =x*p;
*p = *q,
*( = h;
}

int main () {
inti=4,j=7; swap(&i,&);
printf ("i = %d; j = %d\n", i, j); return O;
}
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Simulate Execution! — 2

#include <stdio.h> [* pointers2.c */
void swap(int = p,int = Q)
{
int h = xp;
P =*(;
*q = h;
}

int main () {

inti=4,j=7; swap(&i,&i);

printf ("i = %d; j = %d\n", i, j); return O;
}
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Simulate Execution! — 3

#include <stdio.h> [* pointers3xor.c */
void swap(int = p,int = Q)
{ [*+p=a
P r=xq; [Fp=a’b O+xq=b*/
xq =+p; [Fsp=a’b O g =b*a =a*/
A=+, [Fsp=atbra=b [Oxgq=a*/

O0xq=b*/

}
int main () {
inti=4, =7, swap( &i, & );
printf ("i = %d; j = %d\n", i, j); return O;
}
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Simulate Execution! — 4

#include <stdio.h> [* pointersAxor.c */

void swap(int * p, int = q)

{ [*+p=a O+«q=b*/
*p/\z*q; /**p:a"b El*q= b*/
*(| N= *P; [* *P =a™b ] *Q =brarb =a*/

pr=+q; [*sp=atbra=b [O=xq=a*/
}

int main () {
inti=4, =7, swap( &i, & );
printf ("i = %d; j = %d\n", i, j); return O;
}
const and Pointers
int * p;  p containsanon-constant pointer to
non-constant data
constint = p;  p containsanon-constant pointer to

constant data

intxconst p;  p containsa constant pointer to
non-constant data

constintxconst p;  p containsa constant pointer to
constant data

« constant: read-only
e non-constant: variable, read-write

235
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The sizeof Operator

sizeof isakeyword used like afunction that acceptsassingle

argument

— any variable, or

— any type,

and returns an integral value of typesize_t indicating

— how many bytes are reserved for the given variable, or

— how many bytesarereserved for variables of the given
type.

Note: For array variables, thisyields
sizeof(element_type) = array_size
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Generalsizeof Rules

A byte has 8 hits
* InC, charactersare 8-bit integral values

» Onan n-bit architecture, int, float, and pointers occupy n
bits, i.e., n/ 8 bytes

 double variables occupy twice as much space asfloats
* long occupies not less space than int

* short occupiesnot more space than int
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Pointer Expressionsand Pointer Arithmetic

A T-pointer ptr can be understood asan

“abstract index into memory considered as an array of

T-variables”

* ptr +1is“thenext index” — it pointsto the next T-variable

» when considering pointers asintegers (for example when
printing with "%p") the difference between ptr + 1and ptr is
sizeof(T)

« for pointersof the sametype (e.g. after ptrB = ptr + n) one

may calculate the pointer differenceptrB - ptr, which will
ben.

Other pointer arithmetic operators:

° +_ — ++11 13 __”
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Relationship between Pointersand Arrays

Array variables can be understood as const pointers, for which
the size of space pointed to is known.

ASsume:

double b[5];

double = bPtr;

bPtr =b;

Then:

* bPtr == &b[ 0]

* bPtr + 1==&b[ 1]
e x(bPtr +3)==Db[ 3]
* bPtr+3==Db +3

* bPtr[1]==Db[1]
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Arraysof Strings

#include <stdio.h> [* suits.c*/
int main() {
const char * suit[4] = {"Hearts", "Diamonds”,
"Clubs", "Spades'};
inti;
for (i =0;i <4;i++)
printf ("suit[%d] = %p\t: “%s"\n", i, suit[i], suit[i]);
printf ("suit[2][3] = ‘%c’\n", suit[2][3]);
Suit[3] = "Shovels™;
for 1 =0;i <4;i++)
printf ("suit[%d] = %p\t: “%s"\n", i, suit]i], suit[i]);
return 0,

}
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Arrays of Strings— Comments
» char xsuit[4] — anarray of char = values

* char « valuesinterpreted as beginning of zero-terminated
character strings

» Can beconsidered asan array of arrays— suit[2][3] works.

 Subarrays can be anywhere — nothing is known about
relative arrangement in memory of suit[2] and suit[3]



