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22|

39
49
59
2
79
2
9
109
19|
129
134
149

158

16¢
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Pointer



Pointeret?

* HIO|E B30 ABE= =45 N¥ol= B — Z2AH T Er0|L

*inta=4;charc="a’; int*p = &a;

p : 0x10002200 0x10002204  0x10002205

 H|2el= 2 ExE S = = + /UL, Z byte
LA



145600

G

000000

145595
145600

145603

pointer
constants



Pointer M, AlE

* Declaration
Int *ptr;
> 4 HIO[E7 HEE HEZ2|Q HX|(FA)E MES £U= EQIE Hay
« HOIEO] EtRY F 7|
« 4 bytel(32 bit)  ex) int : 4byte, char : 1 byte

data declaration char a; char* p;
‘ type I ‘ identifier I
int n; int* q;

pointer declaration

‘ type E * ’ ‘ identifier I float x: 3. float* r;

0
poe



Pointer M2, AL=

inta=-123; *
Int *p = &a;
0x10002200 &
y
-123 0x10002200
a p
1 |
"p7taE 712[7|1 Y

HOIE| Ha Ay "Ha'0(7| I=0l| XHAO[ 7127 |= FAE W22 0TI XF
ofl ULt



Pointer 191, AIE

Inta=-123;
int *p = &a;
int *q = p; (or =&a;)
010002200
0x10002200 ~123 0x10002200

q > d < p
) C} a= 7t2|7|2 QICF



0| X

Inta = 14;
Int* p = &a;

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

Results:
00135760 14 14
00135760 20 20
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not

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

Functions called by Function 1

Function J |Function
E a b

—_—— e e m —— ——a e e ——— — —

Function called
by Function 2 |

Functon|}
C o d

Function ] [Function
e f

Functions called
by Function 3
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Module 3

‘ Module 3a I‘ Module 3b I

Main
Module

Module 2

‘ Module 1a I Module 1b I‘ Module 1¢ I Module 2a|

Module 1

[ AME

o

>
=

Q

Ct
+ TEO| 2T KAS

« Iz ]SO



T 4, 82, AE

// 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)

A

Returned
stored here

// Function Declaration
int multiply (int multiplier,

int main (void)

int multiplicand );

{ int product;
;roduct =[multiply (ﬁ, ;7:’f‘#__—__hhhﬁﬁﬁ\\\\\\
;eturn 0; f
} // main 12
| A\

{
// Local Declarations
int a;
int b; a b
// Statements
scanf("sd", &a);
b = sqgr (a);
printf("%d squared: %d\n", a, b);
return 0;
} // main
int sgr (int x)
{
// Statements X

return (x * x);

}y // sqr

int multiply [int x, int vy)

{

}

return

X *y

~e

// multiply

Function Definition



MY SZ+= 2i=0iCt M=M=

{
//
}

int sgr (int x)

Statements
return (x * X);
// sqr

Two values received
from calling function

{

double average (int x,int vy) h

double sum;

sum = X + y;
return (sum / 2);

// averag%//§>\~————«\\\\\
One value returned

parameter variables
X

y

local variable
sum

to calling function




Call-by—Value

void downFun (int x, int y);

int main (void)

{

// Local Definitions
int a = 5;

// Statements
downFun (a, 15);
printf("%d\n", a);
return 0;

} // main

// Function Declaration D

void downFun (int x, int y) ll

{
// Statements

X =X +vy;
return;

} // downFun

15

5
| |
| I
| I

One-way
communication

x[#20] y[ 15

Only a copy



Call-by—Reference

// Function Declaration Il

void biFun (int* ax, int* ay);

int main (void)

{

// Local Definitions
int a = 2;
int b = 6;

// Statements
biFun (&a, &b);

return 0;
} // main

{
*ax = *ax + 2;
*ay = *ay / *ax;
return;

} // biFun

void biFun (int* ax, int* ay) Il

ax

ay




SWAP

// Function Declarations
void exchange (int* numl,

int main (void)

// Local Definitions

int a;
int b;

// Statements

exchange (&a,

return 0;
} // main

Address
operators

&b);

int* num2);

Note that the type
includes an asterisk.

void exchange (int* numl, int* num2)|l

{

// Local Definitions
int hold;

// Statements
hold = *numl;
*numl = *num2;
*num2 = hold;
return;

} // exchange

Note the indirection
operator is used for
dereferencing.

numi numa2

[

numi and num2
are addresses

L]

hold

<>



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;

float y;
float z; Nested block
area
z = a * b;
} // End of nested block
} // End of main
int fun (int i, int 3Jj)
{
int a; 1
ne e fun's area
int y;
} 7/ fun

SEs= MOMH U= IE S5
T HE

St Scope LHO|A] M ™

71 Scope HE| A TE EXHot
L},

X712t 22| Scopel| HayE=

= 7 UKX[2 o}7] Scopel| Ha

l— A

ScopeEE HLE OHE 4= QULCT
HFZ Scope, II:L Scope 0ff £
2 0|8 H=IF UOH BTG
Scope ol U= HeF =L

I'E
[l

-

E=




ol
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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 C is terminated by a semicolon
* Most statements in C are terminated by a semicolon



Statements and Defined Constants
#define TAX RATE 0.825

tax = TAX_RATE * amount;






XZH2 (Selection Statement)

X714 (Condition)0]| [2fA| MEAMOZ D= 723 KIGH
o2 7]2H9| FlowE X&

2—\Way Selection
o N L= NI (<l g N

Multi-Way Selection
« O] 71X ME4X] S0 o 7IX|(Z2 11 0[4)

« ZE Ot0f| YOIEX| £ ZHES 2 2 UL (nested)




X741 Condition (TRUE / FALSE)

AAZM HEE SHAM 24 BAF S & I At

» CO{M= 0= FALSE, 00] OfL|™ TRUE

* ex. if(0.4)= TRUERZ Fg

false

true l true
- > ' <




H XISt
=

| M-

= — = A4k

| -

« | =NOT, & & - AND, || - OR

* Truth Table

and or

Xy X33y x——y_xlly
false true false false |false false false | false
true false false true |false false true | true

true false |false true false true
true frue true tfrue true true
- BSE B MK
= a7 1~10077tX| Q| 4=

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




2—-Way Selection - if ~ else

if (=)
{

[/ZZ10] & (True)

[/Z2710] AHAl(False) O}

expression

BN

if (expression)

statementl
else
statement2 I statementi I
statement?2
(a) Logical Flow (b) Code



KO

i
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If ~ else example

Intx =1,

inty =0;

| . TS OF X7US0| A/7N0| M2} A3E HES Me
if O 11 y) | . CIZ 222 AEX| 0T HojZiT,

printf(“x| |y is true\n”);

J

else {
printf(“x| |y is false\n”);



Nested /f Statements

expression
2

‘ 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| Alst

e if, elseCtS0| Aloiet HAHO| SILIO|H S&H= ER g3, But
if (condition1)
if(condition2) B

if (expressionl)

printf("Hello™); —

(expression?2)
expression
2

statement 1

else

statement 1

els

statement 2

statement 2

Compiler pairs
this if and else!

printf("Hi");

(a) Code (b) Logic Flow

else is always paired with the most recent unpaired if.



Multi-Way Selection

- 0f2] 7HX| MEIX| SOIM StLt (B2 1 0]d)= MEo{OF &

« X
OoOTT
e else if /1=

* switch 1=



if ~ else If ~ else

¢ if-—-else- 29| =&
if( XAZ)

—O

—O



switch &

* AAlotIAL o= Ol o 7FK| QEEX|ZF U= T

switch (ZACHAD
{
case of1:
statementl 1, | ——
statement1_2;

case 2 :
statement2_1;
statement2_2;

case %3 :
statement3_1;
statement3_2; " \7 {/
} a4 X2 3 == ZHAICH&




multiway
expression

value2 value3

value?2 valued
action action

valuei

value4
action

value1i
action



break

* switch, while, for, do while Z2 X712 & HIEES H

FL2H HELEE - RULE

o

* JHE 12

LH
oo R
0i0

=

= L7t 2l
LE7bad =it

|
(L
a o
=

i0d 1o

wir wr



switch &

switch(num) { e numolls intdl M
case O: e numO| 00|™ statement0 A3
statement0;
break;
° AlS
case 1: numO| 10|H statement1 &<
statement1; ]
break; *  numO| nO|™ case n0i| Y= statement Y
default: . DIOF BB case?t SIS AL defaultdl] Q=
statementN; statement A&l

break;



switch

switch(num) {
case O:

statementO;

case 1:

statement1;

break;

default:

statementN;

break;

2 FOlALY

case 00 break;E ot MH {ZEA| =717

numO| O — case 02| statement0”/} %'3 H=l I break
7t 0] case 19| statement 177X| AIH=ICH

OII

O|=SF A7} OtL|2HH caselltC} break; S &2 MXH
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HO

. B 7| BHS

/]

o if~elsem= 0| 2ol
* switch2 0|235HA]

- 608 O
- 608 0
- 708 0
« 808 0
- 908 0

0z 0% 0z 0z 12

Ol F

708 02k D
d- 804 D2t C
908 0|2k B
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SIXA| ALY

#include {stdio.h)

int main(void) {
Int score;

printf("Type your score.\n");

scanf("%d", &score);

if(score)=90)
printf("Grade
else if(score)=80)

printf("Grade :

else if(score)=70)

printf("Grade :

else

printf("Grade :

: A\n");
B\n");
C\n");

D\n");

Ok= 7| (if~else)



int main(void) {

Int score;

printf("Input the score: );
scanf("%d", &score);
switch(score/10) {

case 9:

printf("A grade\n”);

break;
case 8:

printf('B grade\n");

break;

g_l|.l1=-I| 7;"IL_|-7 I E'_l'%7 | (SWItCh)

#include {stdio.h)

case /.
printf("C grade\n");
break;

case 0.
printf('D grade\n");
break;

default:
printf("F grade\n");
break;

}

return O;






Loop (112])

* Loop == €& &

N,
ex.1~b0 7tX|Q| & 716}17|, K= HHt RIX| A|AH!

 pre—test loop: A}
while &, for =

1o
~ i
> 0
i
I
=O£
>
>
02
ol
~
_Olﬂ
rir
N

Qlﬂ
N
>
02
oro
N

* post—test loop: Aotil HAISH |
do~while &

Initialize
condition

Action(s)

* Requirement
* |nitialization | Action(s) |
» Update
* Condition Check

Update .
'l condition {.

Update |
'| condition §!

J exit

exit

(a) Pretest Loop (b) Post-test Loop



for &

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

{ :
expr1 \ faise
//Statement, M expr2 i
frue

//Statement; ‘ statement I
. statement I
£_______

} expr3
—

| ->)S-H>U->C(T)->S-H>U->CI(T) (a) Flowchart (b) Expanded Flowchart

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

statement




0| X

Int I;
for(i=0; i10; i++)
{
printf("%d\n”,i);
}

A3t

0123456789



for2 =X

* 1~100 AHO|Q] &~ & 59| Hija= ZHM|7|
#include {stdio.h)

main(void) {
int i, cnt=0;

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

}
printf("%d\n", cnt);



forg 11

t 11

o
Ol
rr
Ol

SREEIESEE

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



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
. TE FA S251)

#include {stdio.h)
main() {
inti, J;
for(i=2; i{=9; i++) {
for(j=1; j{=9; j++) {
printf("%d * %d = %d\n", i, |, i¥});
}
}
printf("\n");



while &

* Pre—test Loop

o Z710| TrueQl =Qt StatementsE
A= A

while (condition)

{

//statement;
//statement;;

J

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

expression )false

« | Action I
« | Action I

‘ Action I'

exit

(a) Flowchart

while ( expression )

{
Action
Action
Action
} // while

BN

(b) C Language



while 2= forg X&

Int I;

| = 0;
while(i {10)
{

printf("%d\n”);
I++;



whilez= &t

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



#include {stdio.h)

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

printf(“sum=%d\n”, sum);



O0|= while=

t71

ol

. PR HF &3

#include {stdio.h)

int main(void) {

int dan=2;
int i;
while(dan{10) {
i=1; [/ M2 T2 NS 2[oHA
while(i ¢ 10) {
printf("%d x %d = %d \n", dan, i, dan*i);
I++;
}
dan++; // ttg ®o= JOoot7| flet Bt
printf("\n");
}



do~while &

* Post—-test Loop

« XF0| OiEg Z9FS
o Z|Zx 1THE2 HIEA| AlaliE
do
{
//statement;
//statement;

} while(condition);

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

expression

do

Action

Action

Action

} while |[(expression);




whilez1} do~while &2| x}0]

int main(void) {
int sum = 0;
int | = 6;

do {
sum +=1;
I++;

} while (i {= 5);

printf(“sum = %d\n”, sum);

return O;

Result:
sum =6

int main(void) {
int sum = 0;
int | = 6;

while (i (= b) {
sum += i,
i++;
}
printf(“sum = %d\n”, sum);
return O;

Result:
sum =0



do~while2 0| K|

g5 YO Coli LIZILH7t 0= Yi=lotH i=lEl 2= F+0| &= S50t =18 S=Al7|

b

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



Requirement’/ 22

* Requirement=0| Q0 2} Bl =

* Initialization Gi= 8%

HEEs Flot S8t P/t ER S

—_—

* Condition = 4%
Y 2274 3. Fot 2O ex) while()

« Update Q= 42
S Think--



for and

while as Perpetual Loops

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

4 - -

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




for=1} while= H|n!

initialize —E)E”””\\\\‘

for |(initialize;
while [(expression) T
_, | expression;
update)
VO ‘. ST |
| | | |
: action | : action |
I I
I . I
| action : | action I
| / |
: update | : I
'} // while I '} // for |




AN O E ALI2

* for: loop & £ =0[0f of= X
> “**3|0r =2{0pZC}H”

* While, do~while: 2 Z0t0f of= X| 22 82 =2 A&
> "ZU SEM THX| S22 ATH”

« gt OX|H M 7L OOV 22 o o UV H=E0| AME Hot= 217t Lt
a

for < while < do ~ while



/=

* Break

« 7% T switchZ, loop & St JHE L7

* Continue
* loop = 20| A0 A, HIZ Condition = 7t}



break ;

* 71 71712 loop ot WS HEMLEZILY,

while (condition)
{

Eor (s i o) The break statement takes
Lo us out of the inner loop
(the for loop). The while
loop is still active.

g

if (otherCondition)
break;

} // for

// more while processing

} // while




Continue

* for Z0|A|= continue & TPtLI™H update = condition check
* while, do~whilei M= continue £ 2HL}™M condition check2t

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

{ { {

continue; continue; 7 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,
}// for
while (testCount++, loopCount <= 10)
do
printf("%3d4d", loopCount++) ;

while (testCount++, loopCount <= 10);
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1.

2.

3.

£7| Me Ot

« select_menu: AFZXH0|A HHE = Hi ME S 2|H

print_menu: H'7atHS E&ol= g
I.

b

A
T

ol
rr
oo

AR 21

rotate_dice: 22|12 TALRS Yot il ArZAtS| U0 Tt AR =2 ?IX| HE
print_dice: Z=At?| 2f HO| S otH0| ==

FA A

check_betting_number: AIEXI0f|A| HIE =AtE &= 211 g 22 X7} 28
E{1277tX|0]| oS El= HRY I O =XIE 2|

check_betting_money: ArSX0f|A| H[E FHS = &H11) Q™ 22 ZA0| AX|
== ZAoHK| 2211 27} O M 1 gHS 2|

print_two_dice: 22|29 7= 7HK|= F Q| FAIR £8 H FARIQ &= 2lH
print_win: A0l 0]7] Z< otH &3 I Hi= S

print_lose: AII0A £l 32 ofH =2 3 Ol HS

fz oA

Otz 3| M




ChS A2t

* again g==(function)
« 1 HEtH4=(recursive)



