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CS100 Tutorial 3 Fall 2025

1. Control Flow

1.1. Overview Of the Section

o %iE4] (Conditional Statements)
o if, if- else, if-else if, nested(fxE)-if
O switch-case

o fiE¥R (Loops)
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1. Control Flow

1.2. Conditional Statements

Conditional Statements in C

If-else (condition) ? true : false
| ! | |
If If-else If-else-if Nested-if
if(condition) fif[cc:-nditionjw rif{-::-::nnditi-::un 1) 1( if(condition 1) i
{ { {
{ Jirue Jftrue /ftrue if(condition)
}
) else else if(condition 2) }
{ { else
/ffalse /ftrue {
} } }
else }
{ else
} if(condition)
N > {
}
else
{
}
}

|
Switch

-~

{

Switch expression

case 1;
break;

case 2;
break;

case 3;
break;

default;

-
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1. Control Flow

1.2. Conditional Statementsif-else

SyntaX : 3.b) If false
3a)lftrue |
g A 2.
if (condition) statement_T else statement_F L}if(conldmon)
4. {
// body of the if
condition: — MR GIARMSAEERI) K975, stements o be sxec
}
o BRAKA . HIHFEEHLA (Integer types) FITF il Ei KA B2
(ﬂoating—point types) ° // body of the else
0O ZT‘WIJ if (a > 0) /I statements to be executed
o FREFRM o fHMIN AR (objects). BF%X (functions) FHIFEE. b )
o ;I if (ptr) {...} ZMT if (ptr != NULL), .


https://en.cppreference.com/w/c/language/arithmetic_types
https://en.cppreference.com/w/c/language/pointer
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1. Control Flow

Exercise 1 Question: What is correct about the above program?
- N

1. $AT if fRREER,

2. AT else fCREBHE,

int i 3. BT i R, SERA AT T,
4. Error: else I BEASIE,

#include

int main(void) {
if (i) {
// Do nothing
}
else {
printf( );
}

return 0;
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1. Control Flow

Exercise 1 Question: What is correct about the above program?
- N

1. $AT if fRREER,

2. AT else fRASHL,

int i 3. BT i R, SERA AT T,
4. Error: else I BEASIE,

#include

int main(void) {

if (i) {
\ // Do nothing “ TRINERTE, BIAIGBH N0, KikthiTelsefCiBEkR,
alse { HiH"Else",
printf( );
}
return 0;
}
L %
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1. Control Flow

Syntax:

-

switch (expression)
{
case constantl:
// statements
break;
case constant2:
// statements
break;
default:
// default statements

1.2. Conditional Statementsswitch-
case

e Expression: fEMEELHLAINRIA (char,
signed/unsigned int, Enum)
® case MRZEHIHIFRIAIN
o Integer Constants Expression ->
o Integer Constants ->: 42
o Character Constants ->: a
O true, ...

® constant B TESR IR 2 2RI,
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https://en.cppreference.com/w/c/language/
https://en.cppreference.com/w/c/language/integer_constant
https://en.cppreference.com/w/c/language/character_constant
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1. Control Flow

1.2. Conditional Statementsswitch-
case conaSitch

True .| Statement
d Break;

True .| Statement
" Break;

True .| Statement
Break;

True .| Statement
4 Break;

True | Statement
" Break; 1
Statement
after Switch

— H. Control Flow Bk#: 2|5 case bR X MW AT TE
/IJ_J, E%?%éﬁ?ﬁ?mf‘}, B 218 2] break; B JXZ|
switch LR R,

o UNEBTER— case ZHI&H break;, NIl
AL,
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1. Control Flow

Exercise 2: What the output of the following program?

-

#include
void func(int x){
printf( , X);
switch(x){
case 1: printf( );
case 2: printf( );
case 3: printf( ); break;
case 4: printf( );
case 5:
case 6: printf( );
default: printf( );

}
}

int main(void){
for(int i =1; i <9; ++i) func(i);

}
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1. Control Flow

Exercise 2

Output:

-

func(1):
func(2):
func(3):
func(4):
func(5):
func(6):
func(7):
func(8):

case 1, case 2, case 3.

case 2, case 3.

case 3.

case 4, case 5 or case 6, default.
case 5 or case 6, default.

case 5 or case 6, default.
default.

default.
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1. Control Flow
1.3. switch-case: Scope ({EM1H)

Block Scope ->:

e [ if. switch. for. while. do-while. PRZE N ZFEEEST,
o EFHBIMAEBHRFTIR, 2/ HERREIRETE AR ESS R,
o JEE, MpgBuEE {3 Frid.
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https://en.cppreference.com/w/c/language/scope
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1. Control Flow
1.3. Scope ({EA31a)--the block is maked by {}

/

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

{

int x = 1;

}

printf("%d", x);

return 0;
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1. Control Flow
1.3. Scope ({EA31a)--the block is maked by {}

-

heaticy@heaticy-ThinkStation-P320 ~/CS100 (master) [1]> gcc a.c -0 a.out
a.c: In function ‘main’ :
a.c:7:18: error: ‘X undeclared (first use in this function)
7| printf( , X);
N

a.c:7:18: note: each undeclared identifier is reported only once for each function it appears in
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1. Control Flow

1.3. switch-case: Scope

4 N

switch (expr) {
case 1:
int x = 42;
do_something(x, expr);
case 2:
printf( , X);

- /

e What happens if expr evaluates to 27
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1. Control Flow

1.3. switch-case: Scope

o N expr == 2, HHIMESHOT int x = 42;, HETRFEIRIN, x AU,
o x HYREHRRGIRTE switch fEFHIAN, BRERLT {3 i,

o T HEERIXREDNL, MNAE case H AR & 7 B FH BRI ARG ER,
o faiMisZ, M {3 KRIRFIEHEL
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1. Control Flow

1.3. switch-case: Scope

/

switch (expr) {
case 1: { // Use {} to Llimit 'x to this block.

int x = 42;
do_something(x, expr);
}
case 2:

printf("%d\n", x); // Error: "x  is not declared in this scope.
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1. Control Flow

Exercise 3 : :
Question: What is the output?

4 N
# include ® 5101520
int main(void) { ® 712 17 22
int i =0; ® 16 21
for fi - 9; 1 A TR ® Compile Error
switch(i){

case 0: i += 5;
case 1: i += 2;
case 5: | += 5;
default: i += 4;
break;
}
printf( , 1);
}

return 0;

}
- /
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1. Control Flow

Exercise 3 : :
Question: What is the output?

e N
# include ¢ 5101520
int main(void) { ® 712 17 22
int i =0; e 16 21
for Fi - 9; 1 A TR ® (Compile Error
switch(i){
case 0: i += 5;
R “ ), i=0, T case 0 NE, i KT 5, I
default: i += 4: HHETAE switch #tH# case 1BA) /5% A break i&
break; f], Bt iTE R switch B & E— 5508
} A, 12T 160 ARJEE N —RKIEH, RAEEM
printf( ) 1) case NE, FiAREFHITE T default, 1 KT
} 21,
return 0;

}
- J
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1. Control Flow
1.4. Loops
Loops WY FEZIEZRA —Fi:

® yhile
® for
® do - while

Entry Controlled

for
for( initialization ; condition; updation)

}

while

while( condition )

Exit Controlled

do-while

do
{

Wwhile( condition )
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1. Control Flow
1.4. Entry-controlled Loop: whi le

3.b) If false
3.a) If true

B 2.

L» while ( condition )
4. |

L.
>

// body of the loop
/| statements to be executed

S. Spdation
}

— // statements outside the loop
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1. Control Flow
1.4. Entry-controlled Loop: for

for (inti=5;i<=10;i++)

| o

Initialization Test Updation
Condition

® init_clause: expression/declaration
® expression: same to while
® for(;;){...} =while(1){...}

START

w

[ Initialization Expressinn]

Y

False

Test Condition

Block of Statements

!

Update Expression

L
-
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1. Control Flow

Exercise 4

4 N

#include <stdio.h>

int main(void){
int i = 1024;
for (; i; i >>=1)
printf("CS100 is easy if you work hard.\n");
return 0;

- J

Question: Eiﬁﬁ?tp, €S100 is easy if you work hard. 2% print Z/MIR?
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1. Control Flow

Exercise 4

4 N

#include

int main(void){
int i = 1024;
for (; i; i >>=1)
printf( );
return 0;

- J

Question: EL%@?FP, €S100 is easy if you work hard. 2% print Z/MIR?

“ 11k, 102489 =¥#E1910000000000, HAFITRGEEN0, TERZ L,
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1. Control Flow

Exercise 5 : :
Question: What is the output?

p N
#include * 97531
int main(void){
int n: e 987654321
for (n=9; n !=0; n--)
printf( , N==); e Infinite loop
return 0;
} e 9753
9 J

27 /96



CS100 Tutorial 3 Fall 2025

1. Control Flow

Exercise 5 : :
Question: What is the output?

p N
#include * 97531
int main(void){
int n: e 987654321
for (n=9; n !=0; n--)
printf( , N==); e Infinite loop
return 0;
} e 9753
9 J

“ Infinite loop.
BIRIEAE =-2, KHEnKIZA=TFETO0,
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1. Control Flow

Exit-controlled Loop: do-while

i
l——sn»dct

- AN

// body of the loop
/I statements to be executed

3'[::;;bdaﬁon

4 r}while ( condition );

|

5.b) If fal
) If fa SEL /Il statements outside the loop

o MEIMEARDIIT—IK,

5.a) If true
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1. Control Flow

Exercise 6 . .
Question: What is the output?

p A
#include 1.1
int main(void){ 2.0
int ¢ =5, n=10000; 3. Compile Error
d‘r’]{/_ 3 4. Undefined Behavior
} whileic——);
printf( , N);
return 0;
}
9 J
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1. Control Flow

Exercise 6 . .
Question: What is the output?

e ™
#include 1.1
int main(void){ 2.0
int ¢ =5, n=10000; 3. Compile Error
d‘r’]{/_ 5 4. Undefined Behavior
} whileic——);
S e “ Undifined Behavior, )
return 0: intZBAIFR A0S FEORTE X BT,
}
N J

31/96
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2. Preprocessor Directives (Fiibi2ig<)

2.1. Overview Of Preprocessor Directives

o TALHEZS (Preprocessor)
o TbFH{ES (Preprocessor Directives)

33/96
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2. Preprocessor Directives (Fiibi2ig<)

2.2. Preprocessor & Preprocessor Directives

o TEZMIFE C/C++ PN, fitarE oA ARG SRACF A RIS 2.
o BN FUILEL SR HONNE T a8 i— 70
o TALPIIRS PP EES TN,

l C Source code

C Program

Executable

Are there No Object code Code

Directives
*Yes ‘
Pre-Processor Perform Action
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i

2. Preprocessor Directives (Fiifb¥

Exercise 7: Try the following
commands.

® gcc a.c --save-tenmps
o FKALRAE RIS

® gcc a.c -E: GCC Options ->
o -E& I GCC TEMME R B S R G 1k,
o ‘ENRFFIALEE S BITRA S Bt 2 5

5%

=

Preprncessnr J

Preprm:essed File (.i file)

(
 compler |
[
[

l Assembly code (s file)

Assembler }

l Object code (.o file)

Linker ]

" Executable

35/96


https://gcc.gnu.org/onlinedocs/gcc-9.2.0/gcc/Developer-Options.html
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2. Preprocessor Directives (Fiibi2ig<)
2.2, T IRIE S - IERIFNALIE SR

Examples:

e Source file inclusion: #include

e Replacing text macros (7%) : #define, *#undef (cancels a previous definition by #define)
o Macro: FBJFH—EBE, iz Macro BY Value At

e Conditional inclusion: #if, #ifdef, #ifnef, #else, etc.

o *SIPE AT N #pragma

SHFARUTIEE: #line (AEEHEH) |, *Diagnostic directives: #error, etc.
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21E <)

2. Preprocessor Directives (Fiifb¥

2.3. Source File Inclusion: #include

Syntax:
#include (newline)
#include (newline)

#include F51E C &S MfEH T XAE M, EXETEEHIXXM, KIZUFRINE @A SRS e

LPHERIDL A
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2. Preprocessor Directives (Fiibi2ig<)

2.3. Source File Inclusion: #include

e #include FlI import FYJIX 5 :
import ;2 HLMMZRAEIES (W Python 1 Java) FRYCTRET, HT 9 AEHEIE, ©EE RS 85
HITheE, Hlindn 2= RIE BRI INZL, C++ H C++20 b2 Fib >,

38 /96


https://en.cppreference.com/w/cpp/language/modules
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21E <)

2. Preprocessor Directives (Fiifb¥
2.4. Search Path of #include

o #include <file>: X & H ThrdeA kLA

o BIMTR (GCC Ml . B RAEMERGH PR, XEHXEWILAER, TRERZRSM GCC AL

B o

O M FTIEI AT DU SRR AN H SR AN B RG2S FIRYIEDIUR -Idir, RJDUN RERE: gec a.c -0 a

-I/home/Liuxiao/my_awesome_Llibrary/include
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2. Preprocessor Directives (Fiibi2ig<)

2.4. Search Path of #include
e #include "file": XFEZUEE HTH P HE XLk,

o FALEEES B SeAE A RTSCAFFER H &K, RSN 2, ARG ARS e R 4t H P &k,
o ;~nfil: #include "../my_Llibrary/include/my_header.h"
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2. Preprocessor Directives (Fiibi2ig<)

2.5. Replacing text macros: #define

#define N 1000
#define MAX(A, B) A<B?B : A

ZE, ﬁﬁﬁﬂjf)’ﬂﬁ@ N «I%%ﬁ%ﬁﬁ%jﬂ 1000, ﬁﬁﬁﬁfﬂﬁ"] MAX(exprl, expr2) «I%%ﬁ*é?ﬁ%jﬂ exprl < expr2 ?7 expr2 :

exprlo

o 3\ #define MACRONAME text_to_be_replaced #HRA X RIZ, R BT I HY MACRONAME A

text_to_be_replaced,
o 5 —HMJEZ3X #define MACRO_NAME (parameters, ...) text_to_be_replaced #¢FR Y FRENIS I,

R BT UCHTE X ZERAGTER, BRABHTE LS IHE L 2MF, XEWRE WA, IRED
N T HAE, Wiz LaH—2,
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21E <)

2. Preprocessor Directives (Fiifb¥
2.6. #undef

#undef 150 EA LA META:

{ #undef MACRO_NAME

HAEIEIS #define BUHARIRATHYICHTIE o
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2. Preprocessor Directives (Fiifb¥

2.7. #define: Scope
o HME #define 5 HUBHERL,

o ZEIAZIXTIHT #undef F5XELENIR 2 HI AR E
I, RERRL

21E <)

-

#include
#define APPLE (10 + PEAR)

int main(void){

#define PEAR 15
int x = APPLE;
printf( , X);
// x is 25.

#undef PEAR

#define PEAR 100
int y = APPLE;
printf( , V)
//y is 110.

}
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2. Preprocessor Directives (Fiibi2ig<)

2.7. #define: Nested
Definitions

LWR N ERNEZIREEE B HHE
SRR, A ZGET L,

2. SRR WML 7 42 BB TE 1
TR,

/

#include
#define APPLE (10 + APPLE) // 1)

void foo(void){

int y = APPLE; // 2)

// y is undeclared; error
#undef APPLE
#define APPLE 15

}

int main(void){
int x = APPLE;
printf( , X);

// x is 15 if '2)' is commented out.
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2. Preprocessor Directives (Fiibi2ig<)

B
2.7. #define: Function-Like Form

#include

B : ESE—9KRT #define El/‘JZj‘HFFEF', BA4H // Macro definition
T EREGRHIZE MAX(A, B): #define AREA(L, b) (L * b)

// Given lengths L1 and (2

int main(void){
#define MAX(A, B) A<B?B : A
int 11 =10, L2 =5, area;

// Find the area using macros
area = AREA(L1, L2);

// Print the area
printf( , area);

return 0;
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2. Preprocessor Directives (Fiibi2ig<)

Exercise 8

RIEDA NS, PSRN ZEE e S 1E R, TRBEA ILREEEALE [ @L? Qnqr] fgeii?
4 I
#define MAX(A, B A<B 2B : A

int i =10, j = 15;
int k = MAX(i, j) + 1;
. J

o NTIX/MNENNE? #define MAX(A, B) (A <B 2B : A)
o FEim: P& MAX(i, i & j) BYSHER,

o XTIXANENNE? #define MAX(A, B) ((A) < (B) ? (B) : (A))
o FErn: [AAEZIAMEA MAX(i, ++))o
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2. Preprocessor Directives (Fiibi2ig<)

Exercise 8

RIEDA NS, PSRN ZEE e S 1E R, TRBEA ILREEEALE [ @L? Qnqr] fgeii?
4 I
#define MAX(A, B A<B 2B : A

int i =10, j = 15;
int k = MAX(i, j) + 1;

CORRBEIE, KBHEZN i <7 0+ 1, FEBEANIUERRTINESER, HETi <) 7]
(i +1), KRN 15, MR 16,
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2. Preprocessor Directives (Fiibi2ig<)

Exercise 8

RIEDA NS, PSRN ZEE e S 1E R, TRBEA ILREEEALE [ @L? Qnqr] fgeii?
4 I
#define MAX(A, B) (A <B 2B : A)

int i =10, j = 15;
int k = MAX(i, i & j);

“ ERIE, KIHEZR (i<i&j?2i&j i), HTRMSSEFOICERIKTHLRESAER, HYT
((G<i)&j)?2i&j:i),HHEERN 10,
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2. Preprocessor Directives (Fiibi2ig<)

Exercise 8

ARIE LN HTER, PPAEPATRZEE SO IEM. VRAERZ IMMRLETELE R Qn{r] g oe?
4 N
#define MAX(A, B) ((A) < (B) ? (B) : (A))

int i =10, j = 15;
int k = MAX(i, ++j);

“CORBITE, k BIHEZR () < (++)) 7 (++) : (1)), X8 | goaEmm, KgERRN 17,
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2. Preprocessor Directives (FiibIE$g<)
2.7. #define: Function-Like Form
B

o (RIRTE B AN a5 WAEEM 55 , PARGIEHIIEAIMT N,
o I {HiFH #define SREEACIREL,
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2. Preprocessor Directives (Fiibi2ig<)

2.8. Conditional

Inclusion: #ifdef,

#ifndef, #endif
- N
#ifdef MACRO_NAME
// Text block
#endif
. J

o #ifdef (B #ifndef) 525 #endif —EMIEL—T
NAEL, XIS N EE A, FHH AR
X,

o YA BEHUEERIFSMN M APEB KT
MACRO_NAME HYZE M. :

o Y5 MACRO_NAME fi F #define 47T 7 & X, NI
#ifdef Al #endif ZRIMI AWM S, 75N
HERR,

o #ifndef 5 HITE 77 M
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2. Preprocessor Directives (Fiibi2ig<)

2.8. Conditional inclusion: #if, #elif,
#else, #endif
e T macro_condition H@‘E, KEZL N =73

PRy HANELZ — N SCAR P Text block 1. Text
block 2(FJ3ZE) FI Text block 3(FJi%k),

o expression & — MUFEHF EMIEIL #define F52 L

#if macro_condition
// Text block 1
#elif macro_condition
// Text block 2

#else
// Text block 3
#endif

T SCHIBRIRTT B H 2 RIK T
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2. Preprocessor Directives (FisbI2g<
Example

#define ABCD 2
#include <stdio.h>

int main(void){

#ifdef ABCD
printf("1: yes\n"); // printed

#else
printf("1: no\n");

#tendif

#ifndef ABCD
printf("2: nol\n"):

b3 / 96
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2. Preprocessor Directives (Fiibi2ig<)

Header Guards

o WIRIRIGUFEVFE A AR IR AL R — 1 Skoe i, filan:

#include
#include

JE IR IMEVERT . my_header.h FHHYFTEE X (&E/RE) AIHIMIR, XR-SERER AT,
o IRAJRERINNIXFMBIUKIEN =KL, B/ DBATEBIRIEEZ AR 1k EIRAR T ?
O ISR SAFRIPTT, EEAE T VR SK S AR IZAEAL

\
J

#ifndef HEADER_GUARDS
#define HEADER_GUARDS
#endif // HEADER_GUARDS

L gq /96
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3. Variables

o {EFIX (Scope) and A:dEMA (Lifetime)
o Storage duration

o HEREM (Linkage)
o static keyword
o extern keyword

o [EF eIk (Implicit initialization)
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3. Variables
#i¥&Ert (Translation Unit) - -
o 15 CHI Co+ GIEARIEH, BIEMIER C 8 Gt L >
SRR MR N, SRRSIENRAERER
St (o) | G ) —— D
o BRHUTEN B MRS, EEs L _ t
1 C FALPRS AbF, /
o XKL LM WHE, SERFES (L —»{Leomtter )
H #ifndef FHIOERSY) WAL, ZHom v sor-o
T,
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3. Variables
(ERIE 5 %5 A8 (Scope and Lifetime)
o VEMINE: 225 n] DA 17 R BYACHS B 77

o £ CEFPHHIMED #RIRFT (identifier) > HEEFEIRAUHS HHHYIE L ATREAZELSLAYER 0 N AT UL (EYA] i
o

o Emifll]l (= 6l  ERFPPITHIN, — D NR 2HUAY (FE, HibEE, RE&RE—IXF
[ERIED IR fE R TR,

o fEHAaEIHAZ AN — MR 2T ARE TN,

58 /96


https://en.cppreference.com/w/c/language/identifier
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3. Variables

Example: Static local variable inside a
function

4 N

#include

void count_calls(void) {
// static local variable
static int count = 0;
count++;
printf( , count);

int main(void) {
count_calls(); // First call
count_calls(); // Second call
count_calls(); // Third call
return 0;

o {EHK:
count ZZESELE count_calls() RIS PR A A
BEHEAE AN IR TIX R, ETTRE IR I
BB R ] BB P

o AanfEHA:
S E count BYAE M EHA MR FH B IBITIN
5, HEREFZXILASER, EREERE0EH
Z RS EN,

called 1 times
called 2 times
called 3 times
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3. Variables

Example: Accessing an object outside of its lifetime

- N
int* dangling_pointer(void) {
int x=15; /
return &x;

}
int main(void) {
int *ptr = dangling_pointer();
// ptr points to a local variable that no longer exists

printf( , “ptr);
// Undefined behavior: accessing a variable after its Lifetime
return 0;
}
\_ J

1F main ERIELAHI[A] dangling_pointer() IR EMERAT N2 *ﬁ&(ﬁ@ﬁ?ﬂ, KINfEZ & x A mBIHIE R 2
f&, dangling_pointer A IR [BIZGH IR main,
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3. Variables

e Example 1: Accessing global variable in a e Example 2: Accessing variable outside its
function while the varibale is not in the scope through pointer.
local scope of the function.

- ™
- A #include
#include
void modify_value(int *ptr) {
int global_x = 42; “ptr = 20;
printf( , “ptr);

void foo(void) { }

// local scope of foo() begins . . .

printf( , global_x); int main(void) {
] int x = 10;

modify_value(&x);

int main(void) { -
foo(); printf( , X);
return 0;
} return 0;

} 61/9]




CS100 Tutorial 3 Fall 2025

3. Variables

Scope

SYEMBEENR, PWERE ARy B2 B MR I =

o HUWEHIIE: & TRREUA. if. switch. for. while. do-while 1&H]PARRECE X HISHF 3K,
o MAEBHRUTEG, 2FEHBHPREREGE SRV IE,

o AFHERBL: 1EH TEEMIERESEYZR 2 FhrE BHRIARIR AT o
o MAHHRH G, IR I CE RS R,

o *PRBURIVERIE: int f(int n, int a[n]);
FEEREERE (MARE ) S EFIRA 5| AR,
o TEREFIART &R E R,

o *RRIZEHIBN, * i AL B 2R AR B
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3. Variables

Variables: Nested Scopes

-

int a; // file scope of name a begins here
void f(void){
int a =1; // the block scope of the name a begins here; hides file-scope a
{
int a = 2; // the scope of the inner a begins here, outer a is hidden
printf("%d\n", a); // inner a is in scope, prints 2
} // the block scope of the inner a ends here

printf("%d\n", a); // the outer a is in scope, prints 1
} // the scope of the outer a ends here
void g(int a);
// name a has function prototype scope; hides file-scope a;
// a is just a placeholder and is not accessible outside the prototype

63 /96



CS100 Tutorial 3 Fall 2025

3. Variables

Storage duration - limiting the object lifetime

o HAMFIRFEINT: NEM TR 72
o NHTHEZEL. Ik staticAYPA/ER BN RE,
o fE{HE A RIFERE AN A BHIZON R B RS ER IS 0L, 1EIR XS BRI RE K
o HASTAIRTFSINT: AT ERFH A
o fFEFFSEN RIZAR 7 B AT THATH,
o fEEEXNRARIMEMNOIIGIL —IX, £ main REZ T2,
o MHTHERBN static BRI,
o FASTHCAEGFFSIN ) . HA R IR RORE
o JEMTER (BIESHNEIHCEED AT ECATRE L
o *REAFATFSEIN T SR A IR
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3. Variables

Scope and Storage duration

Type Example  Scope Duration

Local variable int x; Block Automatic
Static local variable static int s_x; Block  Static
Function parameter void foo(int x) Block Automatic

Internal global variable static int g_x; File Static
External global variable  int g_x; File Static
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3. Variables

Linkage: the ability to be referenced in other scope

“HEEME (Linkage)” a2 —MAIRTT (ERBRED A HARCERIrb g5 DHRIGE) ). DU LR
BRI EERE ST

o Jeilttk (No linkage): ZFRIRTT HEELEH B SV RIEAIRG T,
o MHTFrARBSEFAEIR extern FIPMEHIBZE (RFEFIHN static &),
o WiHE (Internal linkage) : ZFRIRFFAT DATE Y BiRHE A C PG | o
o NMHHTAE static FIXPHERBARRRT (RIFLEEINER),
o AMiRHER: (External linkage) : iZAriRAF n] DALE H AT R e ais I Ho
o MHTHEIE static . A extern ZE (FRAEZATHIA A static), PANFTAIE static SXHFEH I

\E
g%o
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3. Variables
Linkage

o E—NEAZNEXIFH CREFPH, &1L
BB IMFEFRERL A I A TS

o EHMIFEIIR A, LEAEHEE X 7T ER A
PEFTRT 5 IR

o ZwiEas A /E IR
o HEREIIRETA W N B PERE TR [l

N AE H A S A AR5 ]2
B VIZNR T A SN ER?

Mﬂl Mﬂl
Hm Hm

o 4%
o 4%

=

Preprncessnr J

F-‘rreprm:essed File (.i file)

Compiler }

l Assembly code (s file)

(
[
[ rasermtter |
[

l Object code (.o file)

Linker ]

" Executable
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3. Variables

Scope, Storage duration and Linkage

Type Example  Scope Duration Linkage
Local variable int x;

Block Automatic None
Static local variable static int s_x; Block  Static None

Function parameter void foo(int x) Block Automatic None
Internal global variable static int g_x; File Static

External global variable  int g_x; File Static

Internal
External
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3. Variables

Scope, Storage duration and Linkage

o g BA PR aINEERTERI N RER B A SIS 1,
o PUEMBAZEEUAEN MR EREYE, BEA IR T,

o JEHRAL B ITFIBRFEEN R M ABRIN T8, (HEEB IR Z AT, LEAEERIERW, JoiRgim,
o XA EHBERRIRFFBONGIL N BA R TEAT ah S AF TSR ),

o XEEARIRTTHIE B R T EANTH CHIBIESRTT, AR A AREE ST 5 el ]?

X CppReference:

REZMMERBTHE 7 BEEHEREIRATR R R E L, HRAEMITEERERFSIE, MSARiZE R
EZNES
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3. Variables

e For block-scope variables, e For file-scope identifiers (both functions
o grant them static storage duration and variables),
o ensure them to be initialized once o grant them static storage duration
p - o grant them internal linkage
#include 4 )

void counter() {
static int count = 0;

#include
// File-scope static variable

count++; static int file_scope_var = 42;
printf( , count); // File-scope static function
} static void file_scope_function(void){
int main(void) { printf( , file_scope_var);
counter(); // Output: 1 ]

counter(); // Output: 2
counter(); // Output: 3
return 0;

J }
N 70 \;6

int main(void){
file_scope_function();
return 0;
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3. Variables

External Linkage: extern keyword

o ] extern KRBT AR EZIMNIEL R, RIFZLBAHAMMAATE X,
o externWLHATFETE 1 HitaSAF SN AT MR EERETE
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3. Variables

Example 1 of extern

Filel: filel.c

4 N\

#include

// Definition of a global variable

int shared_variable = 42;

void display_variable(void) {
printf( , shared_variable);

}

- )

® TF filel.c H, shared_variable N—PERELE,
o 7 file2.c 1, FAMEH extern FHHE, X{HF
il o] L5 A JF & 2% 2k B filel.c BY

shared variable,

File2: file2.c

-

#include

extern int shared_variable;

void display_variable(void);

void modify_variable(void) {
shared_variable = 100;

}

int main(void) {
modify_variable();
printf( , shared_variable);
return 0;

}

Output:
42

100
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3. Variables

Filel: filel.c

/

#include <stdio.h>

// Definition of a global variable
int shared_variable = 42;

void function_with_extern() {
// Declaration within block scope
extern int shared_variable;
// Block scope access
printf("%d\n", shared_variable);

}

File2: file2.c

/

// Declaration of the external variable
extern int shared_variable;
void function_with_extern(void);

int main() {
// accesses the variable
function_with_extern();
return 0;

}

-

Output: 42
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3. Variables

Example 3 of extern ,
File2: file2.c

Filel: filel.c - ~N

- ~ extern int shared_variable;

, void display_variable(void);

#include

void modify_variable(void) {
shared_variable = 100;

}

static int shared_variable = 42;

void display_variable(void) {
printf( , shared_variable);

}

int main(void) {
modify_variable();
return 0;

}
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3. Variables

{ error: Linker failed; symbol(s) not found. }

o MR ERAGNMERE, FIICREEAENE A TR E ],
o RIELEINERESIN extern ETHAFAHH, HEERZEET I ER,
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3. Variables

Variables: Implicit Initialization
AR — D EAE N A X WIE

o BAFIFIEN (BI, BRI staticER) KR GIAIAI FIEI, BmiEs, EITRA
BRI,

o WTRAMSEHIINS (I, SRRE BN saticER), BISMET ZIEK > JE Cr b
Fih B )
o TREIIIAILN ISR,
o LIRS 0.
o AR SR NET (0.0),
o BEAMPTATCR, SEHIRITTH R VIS A R — R A 2B T e, I LT R

KN,
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3. Variables

Exercise 9

“ Read the following code segments. Tell whether it can compile or not, if can, what's the

output?
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3. Variables

Exercise 9.1

/

#include <stdio.h>

int main(void){
n += 5;
printf("%d\n", n);

return 0;

}

Exercise 9.2

/

#include <stdio.h>

int n = 0;

int main(void) {
n+=5;

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

return 0;

}
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3. Variables
Exercise 9.1 Exercise 9.2
- N [ A
#include #include
int main(void){ int n = 0;
n += 5;
printf( , N); int main(void) {
n +=5;
return 0; printf( , N);
}
N y return 0;
}
- Y,

© TCikgwE, EINn REH,
“ RATDAZwIE, Hal s,

79 / 96



CS100 Tutorial 3 Fall 2025

3. Variables

Exercise 9.3

/

#include <stdio.h>
int n = 0;

int main(void) {
int n;
n += 5;
printf("%d\n", n);

return 0;

}

Exercise 9.4

/

#include <stdio.h>
int n = 0;

int main(void){
int n=1;

n += 5;
printf("%d\n", n);

return 0;

}

80 /96



CS100 Tutorial 3 Fall 2025

3. Variables

Exercise 9.3

-

#include
int n = 0;

int main(void) {
int n;
n += 5;
printf( , N);

return 0;

}

“ ATDGE, (LR LN, R

2 n RYJEH,

Exercise 9.4

-

#include
int n = 0;

int main(void){
int n=1;

n += 5;
printf( , N);

return 0;

}

“ RAIDAZwIE, Hal 6,
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3. Variables

Exercise 9.5

/

#include <stdio.h>
int n = 0;

int main(void) {
extern int n;

n += 5;
printf("%d\n", n);

return 0;

}

Exercise 9.6

/

#include <stdio.h>

int total(int x) {
static int total = 0;

total += x;
return total;

}

int main(void) {
total(5);
total(10);
printf("%d\n", total(15));
return 0;

}
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3. Variables

Exercise 9.5

-

#include
int n = 0;

int main(void) {
extern int n;

n +=5;
printf( , N);

return 0;

}

“ AIDAZwIE, Hai s,

Exercise 9.6

-

#include
int total(int x) {
static int total = 0;

total += x;
return total;
}
int main(void) {
total(5);
total(10);
printf( , total(15));
return 0;

}

“ ATl #HH 20
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3. Variables

Library.h: Library.c:
- N O ™
#ifndef LIBRARY_H #include
#define LIBRARY_H
int net_price(int price, int discount) {
int net_price(int price, int discount); return validate(price - discount);
static int validate(int n); }
#endif static int validate(int n) {
N D if (n<0)
return 0;
driver.c: else
return n;
4 N\ }
#include N y
int main(void) {
int i, j;
i = validate(-5); “ FTDAgREE, (EFEERERE, EM validate HECEE
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3. Variables

Exercise 10

X BRE S SENIE S A RE G Al TR . WIERAT A, B TREGS BRI — k5 ?
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3. Variables

Exercise 10.1

account.c:

account.h:

- ~ #include "account.h"

#ifndef ACCOUNT H i s et S

#define ACCOUNT_H

#define ACCT_OK 0 driver.c:

#define ACCT_INVALID 1
#define ACCT_CLOSED 2

#include "account.h"

int acct_status; i UBE BEEs St

#tendif
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3. Variables

Exercise 10.1

account.c:

account.h:

p ~ #include

#ifndef ACCOUNT H /4 UIse acct_status

#define ACCOUNT_H

#define ACCT OK 0 driver.c:

#define ACCT INVALID 1

#define ACCT CLOSED 2 .
#include

int acct_status; i UBE BEEs St

#tendif

- g “ BEMSURIR: account . hIEFR MR MR EE A
TeiERERE KM acct_status fTER NENIFE B THECE

>~
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3. Variables

Exercise 10.2

account.c:

account.h:

- ~ #include "account.h"

#ifndef ACCOUNT H i s et S

#define ACCOUNT_H

#define ACCT_OK 0 driver.c:

#define ACCT_INVALID 1
#define ACCT_CLOSED 2

#include "account.h"

i Use acct_status
// Don't define acct_status // _ u

// since that caused the problem

#endif
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3. Variables

Exercise 10.2

account.c:

account.h:

- ~ #include "account.h”

#ifndef ACCOUNT H i s et S

#define ACCOUNT_H

#define ACCT OK 0 driver.c:
#define ACCT INVALID 1
#define ACCT_CLOSED 2

#include "account.h"

i Use acct_status
// Don't define acct_status // _statu

// since that caused the problem

#endif

“ THEEYRIE, R=15FIEML “racct_status' was
not declared in this scope.” HIIREE(S E.
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3. Variables

Exercise 10.3

account.h:

/

#ifndef ACCOUNT_H
#define ACCOUNT_H

#define ACCT_OK 0
#define ACCT_INVALID 1
#define ACCT_CLOSED 2
// Don't define acct_status

#tendif

account.c:
4 I
#include "account.h"
int acct_status;
// Use acct_status
o %
driver.c:

#include "account.h"
// Use acct_status
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3. Variables

Exercise 10.3

account.c:

account.h: e ™

- ~ #include "account.h"
int acct_status;
// Use acct_status

- J

#ifndef ACCOUNT_H
#define ACCOUNT_H

#define ACCT_OK 0
#define ACCT_INVALID 1
#define ACCT_CLOSED 2

driver.c:

#include "account.h"

Don't define acct_status
/1 - // Use acct_status

#tendif

‘ account.c A] AZWIFM(E driver.c T,
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3. Variables

Exercise 10.4

account.c:

account.h: - ~

- ~ #include "account.h"

#ifndef ACCOUNT_H

#define ACCOUNT_H // Use acct_status

- Y,
#define ACCT_OK 0 . .
#define ACCT_INVALID 1 driver.c:
#define ACCT_CLOSED 2 - ~

i #i ! t.h"
extern int acct_status; include "accoun

// Use acct_status
o /

#tendif
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3. Variables

Exercise 10.4

account.c:

account.h:

p ~ #include

#ifndef ACCOUNT H /4 UIse acct_status

#define ACCOUNT_H

#define ACCT OK 0 driver.c:

#define ACCT INVALID 1

#define ACCT CLOSED 2 .
#include

extern int acct_status; // Use acct_status

#tendif

“ BATERREG Ri% . acct_status ©Z{E account.h
HrRERA,
ToiEsERs:: R Macct_status H A~ HH, "B E X,
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3. Variables

Exercise 10.5

account.c:

account.h: e ~

- ~ #include "account.h"

#ifndef ACCOUNT_H

#define ACCOUNT H Int acct_status = ACCT_OK;

// Use acct_status

#define ACCT_OK 0
#define ACCT_INVALID 1 N J
#define ACCT_CLOSED 2 .
driver.c:
extern int acct_status; - ~
) #include "account.h"
#tendif
N Y,

// Use acct_status

- A/
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3. Variables

Exercise 10.5

account.c:

account.h: e ~

- ~ #include "account.h”

#ifndef ACCOUNT_H

#define ACCOUNT H Int acct_status = ACCT_OK;

// Use acct_status

#define ACCT_OK 0
#define ACCT_INVALID 1 N J
#define ACCT_CLOSED 2 .
driver.c:
extern int acct_status; - ~
) #include "account.h"
#tendif
N Y,

// Use acct_status
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Good luck and enjoy programming!




