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C A0j0|AM =213 (Executable) 2.2

M\ #include <stdio. h>

Programmer _ int  main (void )
Text Editor {
}mff main
—p‘ Compiler |

Linker

Source

Object

00110 10010101010
001100110 10010 O1

01001 01110110100 / Executable

Library

Results




7= A= (Primitives) 2| S/} HI0|E{2] 2o -

Az 37| wel EoES
char 1byte =128 ~127 (-27 ~ 27-1)
unsigned char Tbyte 0~255 (0 ~ 28-1)
short 2byte =215~ 215-1
unsigned short 2byte 0~ 216-1
int 4byte =28 = =T
d+d
unsigned int 4byte 0~ 232-1
long 4byte =23 = =1
unsigned long 4byte 0 = 232=1
long long 8byte =9 = =]
unsigned longlong | 8byte 0~ 264-1
float 4byte +3.4%x1073 ~ £3.4x10*38
Asd double 8byte +1.7%107307 ~ £1,7x10+308
long double 8byteO| &t doubleO|&e| S




& B2t (Type Conversion)

* Implicit Conversion
eint a = 3.14; // a =3

» Explicit Conversion(casting)
e T2 ]eH7}CIAO 2 EFQIS HER
e double a = (double) 4/3
e double b = (double) 4 / (double) 3

// a
// b

?
?



Standard I/O Stream

» Header <stdio.h>: Standard input/output libraries

Data Source Program

________________________________________________________________________

Input Text Stream @—> Data
Output Text Stream G{—| Data

________________________________________________________________________

Data Destination




printf

int a = 1;
int b = 2;
int ¢ = 3;

printf(“%d %d %d\n”, a, b, c);

MAIEXHFormat String) : H|0|E{Q] &2 YEIE XA

ex. %d : B2 U= 107 = S=olf!



scanf

int a;
char b;

scanf(“%d %c”, &a, &b);

scanfE w= 7| floiMe B= ?IXl, & F24= ARz =0{0F o,
O|F= Lig *I7*01I 2 2RAY

& 7t H= 0|5 Y0l 5 Al 11 BVt 7te|7|= =42 20|,

A:H 0|85/ &a:Hyra o F4

MAIEXt SME precision, flag, size 2t & 4= QICt 2&! width2t 7ts
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Pointer Bt& 7|



Pointerzt?

 HlOJE| 20|l AFBEIS A AABH ERY

einta=4; charc="a’; int*p=&as;
p : Ox10002200 0x10002204  0x10002205

- EOIE & EFQJO|C}



LILL

G | 145600

000000

145595
145600

_
_
_

Memory

145603

pointer
constants



Pointer M, A

« M (Declaration)
Int *ptr;
> G HO|E7t HEE H 222 22| (F4) & A& U= ZQIE Hy
» HOIE{O| EtY T 7|
« 4 byte! (32 bit) ex) int:4byte, char: 1 byte

data declaration

‘ type I ‘ identifier I

pointer declaration

‘ type (*) ‘ identifier I float x; | 3.3 float* r;

char a; char* p;

int n; 15 int* q;

L
ToR



Pointer A1

int a = -123;

, A&

0x10002200 &
/
-123 0x10002200
a p

Ol Hl
1 ro

=

QlE{ = A "tHp
Ol
M

"0[7] I=0i A+210] 7127 | =

! |

‘p7tag 7t2l7| L ALY

a5 M2 T A1



Pointer M9, At&

int a = -123;
&a;
p; (or =&aj;)

int *p

int *q

0x10002200

0x10002200 -123 0x10002200

q > d < p
“p, q=Ctas 7127|112 QU
“a HO| H|O|E| = 5tLt! aE 72|7|= ZRIE= S 71!




Gl A

int a = 14;
int* p = &a;

printf(“%p %d %d”, p, *p, a);
a = 20;
printf(“%p %d %d”, p, *p, a);

Results:
00135760 14 14
0135760 20 20
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4

Zero or more data
values can be passed.
| I 11

bbb

Y Y Y oy

Side Effects

At most one data value
or structure can be returned.




_____

Functions called by main

2

Function
a

Functions called by Function 1

Function
b

Function |
C o d

Function called
by Function 2 |

Function § [Function
E f

Functions called
by Function 3



Main
Module

I I
Module 1 I Module 2 I ‘ Module 3 I
I

I
Module 1b I‘ Module 1c I Module 2a| ‘ Module 3a I‘ Module 3b I



A%, 82, A&

// Function Declaratio
void greeting (void);

int main (void) *
{ '
// Statements
greeting( ); // call
return O0;

} // main

\/
Back to Operating System

void greeting (void)

{
printf("Hello World!");

return;
} // greeting
I

Y

Hello World

Side Effect




Calling a Function That Returns a Value

// Function Declaration
int sqgr (int x);
int main (void)

Returned
stored here

// Function Declaration

int main (void)

int multiply (int multiplier,

int multiplicand );

{
// Local Declarations
int a;
int b; a
// Statements
scanf("%d", &a);
b = sqr (a);
printf("%d squared: %d\n", a, Db);
return 0;
} // main
int sgqr (int x) b
{
// Statements »

return (x * x);
} // sqr

} // multiply

{

int product;

product =|multiply (6, 7)|;

1

return 0; f

} // main 42
|
int multiply [int x, int y) }
{ X| 6
L1
return |x * yf y 7 -4

Function Definition



H2e| SZ=2 240t R E

int sqgr (int Xx)

{
// Statements
return (x * X);

} // sqr

Two values received
from calling function

double average (int x,int y) ll parameter variables
{ X

double sum; y

sum = X + y; _
return (sum / 2); local variable

sum
} // average
One value returned

to calling function



A= 0| 220

. Stack
Example
yoo (..) | yoo
([ (who(..)
q1 1 Yoo
14t
| . |amI (...} 1
| .| amI who
) . |amI (..)
1 ar
L } . - { >
. am ° amI amI
-y -
. amI () ; +
} . aml amT
] ebp——
amI
esp———

POSTECH CS211, Fall 2013 © 2013 Prof. Jong Kim



Inter—-Function Communication

Calling Function

Called Function

a. Downward

Calling Function

Called Function

b. Upward

Calling Function

Called Function

c. Bi-direction



Call-by-Value

// Function Declaration

void downFun (int x, int y);

int main (void)

{

// Local Definitions
int a = 5;

// Statements
downFun (a, 15);
printf("%d\n",
return O0O;

} // main

)

{
// Statements

X =X +Y;
return;
} // downFun

void downFun (int x, int y) |l

a 5 15
| I
| |
| I
One-way
communication
: )
| I
2 1
X |2 20 y 15

Only a copy



Call-by-Reference

// Function Declaration ll
void biFun (int* ax, int* ay);
int main (void)

{

// Local Definitions

int a = 2; Z 4 £ 2

int b = 6;
// Statements
biFun (&a, &b);

return 0;
} // main

Dereferences

void biFun (int* ax, int* ay) Il \ |
{ ax ay
*ax = *ax + 2;
*ay = *ay / *ax;
return;
} // biFun




SWAP

// Function Declarations
void exchange (int* numl, int* num2);

int main (void)

Note that the type
includes an asterisk.

{

// Local Definitions
int a;
int b;

// Statements

exchange (&a, &b);

return 0;
} // main

Address
operators

void exchange (int* numl, int* num2)

{

// Local Definitions
int hold;

// Statements

hold = *numl; Note the indirection
*numl = *num2; operator is used for
*num2 = hold:; dereferencing.
return;

} // exchange

Dereferences

\ \
numi numz2

numi1 and num?2
are addresses

hold

o>




Standard Functions



Library Functions and the Linker

@finclude <stdio. h;—[

/'
int main (void)
{ .

scanf (..);
printf (..);

return O0;

} // main
e

~

Generated from
stdio header file

[ QOur program ]—»

:

Definitions
added by linker

int scanf(..);
int printf(..);

N

(int main (void)

{
gcanf ()5
grintf(m);

return 0;

U // main

(int scanf (..)

{

return ..;
L} // scanf

(int printf(..)
{

return ..;
L} // printf

m

Programmer
Text Editor

#include <stdio. h>
int  main (void )

{

} // main

L» | Compiler I

1

Linker

Source

00110100

10101010

01001 011

10110100 .

Object
001101001 01010 10
001100110 10010 01
01001 01110110100 / Executable
Results




Math Functions <math.h>

» Absolute value functions: abs

» Floor, Ceiling functions: floor, ceil
 Round functions: round

 Power function: pow

e Square root function: sqrt

e http://www.cplusplus.com/reference/cmath/



http://www.cplusplus.com/reference/cmath/

Generating Random Numbers <stdlib.h>

» C Standard General Utilities Library
» srand() & Soll A|=(Seed) &8

e srand (997);
e srand (time(NULL));

e int rand (void);

Random Number
Seed " Function |

First
> Number

Random Number
Function

Second
> Number




Creating Temporal Random Numbers

#include <stdio.h>
#include <stdlib.h> Results:

#include <time.h> :
theu ' F1rst Run

int main(void) { 9641

srand(time(NULL)); 16041
6350

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

printf("%d\n", rand(()); Second Run

printf("%d\n", rand(()); 31390
31457

return 0; 21438



Creating Pseudorandom Numbers

#include <stdio.h>
#include <stdlib.h>

: . Results:
#include <time.h> S
int main(void) { 10575

srand(997); 22303
4276

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

Second Run

printf("%d\n", rand()); LU
’ ’ 22303
return 0; 4276



Generating Random Numbers in (10---20)

#include <stdio.h>

#include <stdlib.h>

#include <time.h>

int main(void) { ezl
int range = (20 - 10) + 1; 10 11 16
srand(time(NULL));

printf("%d\n", rand() % range + 10);
printf("%d\n", rand() % range + 10);
printf("%d\n", rand() % range + 10);

return 0;



Scope

*/

#include <stdio.h>

/* This is a sample to demonstrate scope. The technigques
used in this program should never be used in practice.

int fun (int a, int b); Global area
int main (void)
{
e a main's area
int b;
float y;

{ // Beginning of nested block
float a =y / 2;

} // fun

float y;
float z; Nested block
area
z=a*b
} // End of nested block
} // End of main
int fun (int i, int j)
{
int a; fun's area
int y;

SEEMHH U= ZE=H,IE

%
)

ScopeE = H4F IS = QUL
Scope LHo|A] 4=l = ol Scope

OFOJ| ATt Z2{{SIC},

A7 | 2Lt A2 Scopel| HeE = 5+
0F 51| Scopel| Hy= 'é' T QLY.
P2t Scope, A& Scope 0f| Z2 0|29
BH71 QO™ Al Scope 0| Q= H
= =L}

>4

T



Statement



Statement

* Null statement
 Expression statement
* Return statement

« Compound statement

Null

Expression

Return

Compound

Conditional

‘ Statement |

Labeled

Switch

lterative

Break

Continue

FRRBERL

Goto



Null Statement

e Just a semicolon

« Example
; // null statement

 They do nothing, but are still valid syntactical objects.



Expression Statement

» A statement consisting of an expression

« Example
expression;

a=2,

b=c=3;



Return Statement

A return statement terminates a function.

« Example
return;
return expression;



Brace;

{

_ // Local Declarations
Opening

int x;
Brace int vy;
int z;

// Statements
x = 1;

Closing vy = 2:

Brace
} // End Block

The compound statement does not need a semicolon.



The Role of the Semicolon

» Every declaration in Cis terminated by a semicolon
» Most statements in C are terminated by a semicolon



Statements and Defined Constants

#tdefine TAX_RATE 0.825

tax = TAX_RATE * amount;



1l d

N4



XE (Selection Statement)

21 (Condition)0j| Cf2tA MEHAM O 2 T2 7 242 ZISH

— - =11
2 10| Flows 2%

s
I

2-Way Selection
o« 5 71A| EHZ] S0]| of 7HA]

Multi-Way Selection
« Of2] 71| AEHZ| S0l o 7HR| (22 1 0| 4)

« 2742 OI0| UOPER| & ZH2S '$2 4 UCH (nested)




MO
=
rx
JH
MO
oln
=2
r
IN
Y
oX
>
[
o
>
0

» COl|A= 0= FALSE, 00| OfL|™ TRUE

» ex. if(0.4)= TRUEZ Fg

false

true l true
e > ' <




CEILE

R 7

—

« | - NOT, && - AND, || - OR

e Truth Table

not
false true
true false

and

X
false
false
true

true

=

y

false
true
false
true

i

X&&y
false
false
false
true

. a7r 1~ 10077}7~I9| e

= if(a)=1 && a{=100 & & a%2 ==

0) 2> if((ay=1 && a{=100) && a%2 ==

or

LAt

X
false
false
true
true

y

false
true
false
true

Xlly
false
true
true
true

0)



2-Way Selection - if ~ else

if (£21)

! N N

[/Z210]| 2 (True) & My

. if (expression)
expression

statementl

else
else

{ statement?2 statementi
statement?2
[/Z10] A (False) & | |

Al

} (a) Logical Flow (b) Code







if ~ else example

intx=1;
inty =0;
: o 23S ot XZUFO| F/AKO| m2t det FES ME
it (11 y) 1 . [}2 BES MSL|X| 941 HO{ZILY,
printf (“x| |y is trueWn”);
else {

printf (“x| |y is falseWn”);

J



Nested /fStatements

‘ statement 3 I

statement 2 statement 1

(a) Logic flow

1f

BN

(expression 1)

1t

(expression 2)

statement 1

el

se

statement 2

else

S

tatement 3

(b) Code



Nested if ~ else 2| Afat

o if, elseCtS0]| Aolish HHO| SHLIO|H S2s HQ S, But--
if (condition1)
if (condition?) D

if (expressionl)

printf(“He”O”); if| (expression2)

expression
2

statement 1

else

els
Compiler pairs statement 2
. Gy 1°M\ . this if and else!
printf ("Hi");

(a) Code (b) Logic Flow

statement 2 statement 1

else is always paired with the most recent unpaired if.



Multi-Way Selection
0121 712 MEAZ| Z0|IA] B (B2 10|42

« ==

oOTTr
e else if L&
e switch &



if ~ elseif ~ else

o I| ...else i T — b |

else if (RAFE2)

~~—~
~~—~
HO
10
Ha
rin
N
r\l
Ho
©
N
o
nuoe
O



switch &

* GAFoIA1AL S5h= Ol O Z7HA| A EHZ[ZF U= I

switch (ZAILH&)
{
case of1:
statementl_ 1, | ——
statement1_2;

case %2 :
statement2_1;
statement2_2;

case %3 :
statement3_1;
statement3_2; V \7 {/
} 241 X2 x3 == ZAICHAS




multiway
expression

value2 value3

value?2 valued
action action

valuei

value4
action

value1i
action



break:;

* switch, while, for, do while 22 R4 & B2 22 HEALIZ = 2O

° |f _E_% (o] 1|

* 7t& 7P ot HEALEE 4= QUL

* A8 8
. A0 2ZA2S L7k ALt
« 70| MRS L7k ALk,



switch &

switch.(num) { e« numOllE inty M4
case (: e« numO| O0|H statement0 A3
statementO;
break;
case 1: * numO| 10| statement1 &
statement1;
break; e numO| nO|H case n0f| Y= statement AI3Y
default: o DIOFoliHol= case’/t Gig BR0|= defaultdi| =
statementN; statement A&

break;



switch & F2|Afet

switch(num) {

case O:
statementO; e case 00 break;E 2t AH {EA| =7I?
case 1: t y e numO| O — case 02 statementQ/f A= [ break
Zater]”e”t ’ 7t 2101 case 19| statement 17HX| AYEICH
reak;
default: o O|L5t A7} OtL2HH casellLt break; S & MXH
statementN;

break;



A

« oFH AL | BI=7

L

. if~else2S 0|25l
+ switch28 0|25l

- 608 0O
« 608 0
« 7080
« 8080
« 908 0

2O|EH F
<704 0[2FD
St 80 0|2 C
<904 0|2t B
A



SHYAA7| DS 7| (if~else)

#include (stdio.h)

int main(void) {
int score;
printf ("Type your score.#Wn");
scanf("%d", &score);

if (score)=90)

printf ("Grade : AWn");
else if (score)=80)

printf ("Grade : B¥n");
else if (score)=70)

printf ("Grade : C¥#n");
else

printf ("Grade : D¥n");



int main(void) {

int score;
printf("Input the score: );
scanf("%d", &score);
switch(score/10) {
case 9:
printf "A gradeWn");
break;
case 8:
printf ("B grade¥n’);
break;

E.I';é'.l 7;"IA_|-7| ?_l'%7 I (SWItCh)

#include (stdio.h)

case /:
printf ("C grade¥n’);
break;

case 6:
printf ("D grade¥n’);
break;

default:
printf ("F gradeWn”);
break;

}

return 0;






Loop (112])

0O Ol

e Loop = EE._:|9: A== Hh=ol
ex.1~50 77tz|e] & +5

while =, for &

e post-test loop: 4
do~while &

* Requirement
e Initialization
» Update
e Condition Check

Initia_li_:«:e
condition

_____________

% Action(s)

Update .
‘| condition §.

exit

Initialize
condition

Action(s)

i Update |
| condition §:

exit

(a) Pretest Loop

(b) Post-test Loop




for &

* Pre-test Loop
for (initialization; condition test; update)

{ —»(expr3 X1 Naise
//Statement; expr2
//statement; ‘ — |
cee statement

- -

} expr3

i
| _> C (T) _> S —> U —> C (T) —> S —> U (a) Flowchart (b) Expanded Flowchart

-> C(T)=->S->U-) C(F)-) loop out for (exprl; expr2; expr3)

statement




Gl A

INti;
for(i=0; i{10; i++)
{
printf ("%dWn”,i);
}

21}

0123456789



for =4

« 1~100 AIO[Q| &~ & 52| = ZHM| 7|
#include (stdio.h)

main(void) {
inti, cnt=0;

for(i=1;i{=100; i++) {
if (i%5==0)
cntt++;

}
printf ("%d¥n", cnt);



=
for& 4+t
o RSh= CH U 2op 7t 234517

#include (stdio.h)
main()
{
inti, num;
scanf(“%d”, &num);
for(i=1;i(=9; i++){
printf (“%d * %d = %d¥n”, num, i, numxi);



Nested for loop

5 | #include <stdio.h>
6
7 | int main (void)
8 | {
9 | // Statements
10 for (int 1 = 1; i <= 3; i++)
11 {
12 printf("Row %d: ", 1);
13 for (int j = 1; j<= 5; j++)
14 printf("%3d", j);
15 printf("\n");
16 } // for i
17 return 0;
18 | ¥ // main
Results:
Row 1: 1 2 3 4 5
Row 2: 1 2 3 4 5
Row 3: 1 2 3 4 5




CI= for2 24

o« T A S5}

#include (stdio.h)
main() {
inti, j;
for(i=2;i(=9; i++) {
for(j=1; j(=9; j++) {

}

printf ("Wn");



while &

* Pre-test Loop N
¢ _%.7_'|O| True?_l %?_l' Statements% while ( expression )
Al A3 {
while (condition) Action
{ Action
/[statement; : . :
/[statement;; | Action | Action
e ' } // while
—
} exit
(a) Flowchart (b) C Language

C->S-)C-)S-)C -)loop out
T T F



while &= for= *{=

inti;

|=0;
while(i {(10)
{

printf (“%d¥n”);
i++;

j



#include (stdio.h)
main() {
inti=1, num;
scanf(“%d”, &num);
while(i {(=9) //for(i=1;i{=9;i++){
printf(“%d * %d = %d¥n”, num, i, numsi);
|1+,



whileZ

- 45 Y=EO Mol LIICHF 0= &

#include (stdio.h)

main ()
{
int sum=0;
intsu=1;
while(su!=0)
{
scanf(“%d”, &su);
sum += su;
}

printf (“sum=%d¥n”, sum);



0| while=

. JCHEY 25|
#include (stdio.h)

int main(void) {

int dan=2;
inti;
while(dan{10) {
i=1; [] MZ22 Tl A|2tE 2IoHA]
while(i ( 10) {
printf ("%d x %d = %d ¥n", dan, i, dan*i);
I++;
}
dant++;  // L& HR 2 HO77| flet S7t
printf ("Wn");
}



do~while &

* Post-test Loop
« X2F0| Bt=eh Z2F StatementsE Al
o 2|2 1H2EIEA| 2=

do

{

/[statement;
/[statement;

} while(condition);

S-)C-)S-)C-)S-)C -) loop out

expression

do

Action

Action

Action

} while |[(expression)|;




whileZ2} do~while &2| A}0|

int main(void) { int main(void) {
int sum = 0; int sum = 0;
inti=06; int1 = 0;
do { while (i {=5) {
sum += |, sum += 1,
|+, 1+,
} while (i (= b); }
printf(“sum = %d\n”, sum);
printf(“sum = %d\n”, sum); return 0O;
return 0; }
}
Result: Result:

sum =06 sum =0



l

do~while= 0| A|

« g5 UHTOLClolf LIZICH 0= Yol YUHE B 0| gfs E8otal T2 SRA[7|

#include (stdio.h)
main() {
int sum=0;
int num=0;
do {
scanf(“%d”, &num);
sum += num;
} while(hnum!=0)
printf (“sum=%dWn”, sum);



Requirement7 EL2 = 3%
L

* Requirement=0| B0 2} G

e |nitialization €= 4<

HIE RS ¢lot EEot Ho

e Condition $l= 42
O BZRAZ Bst 20 ex) while()



forand while as Perpetual Loops

1| // A bad loop style // A better loop style
2 | for ( ; ;) for ( ; !condition ; )
3 { {

5 if (condition) } // for

6 break;

7 Yy // for

1 | while (X) while (x && !condition)
2 { {

3 - .

J if (condition) if (!condition)

5 break; e}

6 else } // while

7 .

8 } // while




Set count
to0

exit

—

(a) Pretest Loop

Pretest Loop Post-test Loop

L\
Set count

to 0

Action(s) I

increment
count

true

exit

(b) Post-test Loop

Initialization: ] Initialization: ]
Number of tests: n+ 1 Number of tests: n
Action executed: n Action executed: n
Updating executed: n Updating executed: n
Minimum iterations: 0 Minimum iterations: 1




for21} while2 H| 11

initialize —V\

while [(expression)
T e e e e B e e R B 1

{ |

. |

action |

I

action |

update "/%/’

} // while |

»| €xpression;

(initialize;

update)
/ ___________ 1
| { :
action |
|
action :
|
|
} // for :




A oz ALe

» for: loop & FH SO0I0f of= A ZUJU= R FZ ALE
> “wx3|0t S2OFAL”

* While, do~while: 21 Z0t0f St= A| EE2E= E2 FE ALE
> “Z7 ZZU M4 S2|T ACH

JtCE oot E25 7 4 V| HZ0]| At Jot= 2

Al 7H
AT & AH EP'?:.*

for < while < do ~ while
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e Break
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e Continue
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break ;

» 714 717712 loop ot 7HE WFA{LFZICL.

{

}

while

for ( wj; wjp o) .
us out of the inner loop
e (the for loop). The while
{ loop is still active.

(condition) M

The break statement takes

if (otherCondition)
break;

} // for

// more while processing

7/ while




Continue

e for 20| A= continue & THHH update > condition check
* while, do~while0||A]= continue & ZHIH condition checkEt

while (expr) do for (exprl; expr2; expr3)

{ { {

continue; continue; continue;

} // while } while (expr); } // for



The Comma Expression

« Complex expression made up of two expressions separated by a comma
* Most often used in for statements

for sum=0,i=1;i(=20;i++) {
scanf(“%d”, &a);

sum += a,
1 // for
while (testCount++, loopCount <= 10)
do
printf("%3d4d", loopCount++) ;

while (testCount++, loopCount <= 10);
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* Again, 2= (function)
« 2| Fet<4=(recursion)
» Array + Searching
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