Chapter 3 control flow
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What Is expression

Xx=0 assignment expression
athb additive expression

a*b multiplicative expression
I++ postfix-expression

sizeof( int) unary expression
(double) x  cast expression

X>>1 shift expression

1==xX equality expression

X && Yy logical-AND expression
X ||y logical-OR expression
X&Y AND expression

X >y relational expression

printf(“hello, world”) postfix expression



Grammar of expression, page 237,238 [1]

expression:
assignment-expression

expression , assignment-expression

assignment-expression:
conditional-expression

unary-expression assignment-operator assignment-expression

assignment-operator; one of
= *= /= 0p= += -=
<<= >>= &= N=

conditional-expression :
logical-OR-expression

logical-OR-expression ? Expression . conditional-expression

logical-OR--expression:
logical-AND-expression

logical-OR-expression || logical-AND-expression

logical-AND-expression:
inclusive-OR-expression
logical-AND-expression && inclusive-OR-expression

inclusive-OR-expression:
exclusive-OR-expression

inclusive-OR-expression | exclusive-OR-expression

exclusive-OR-expression:
AND-expression
exclusive-OR-expression » AND-expression




Grammar of expression 2]

AND-expression: equality-expression:
equality-expression relational-expression
AND-expression & equality-expression equality-expression == relational-expression

equality-expression != relational-expression

relational-expression:
shift-expression
relational-expression < shift-expression
relational-expression > shift-expression
relational-expression <= shift-expression
relational-expression >= shift-expression

shift-expression:
additive-expression
shift-expression << additive-expression
shift-expression >> additive-expression

multiplicative-expression:
additive-expression: cast-expression
multiplicative-expression multiplicative-expression * cast-expression
additive-expression + multiplicative-expression multiplicative-expression / cast-expression
additive-expression - multiplicative-expression multiplicative-expression % cast-expression
cast-expression: unary-expression: unary-operator: one of
unary-expression postfix-expression & * + - ~ |
(type-name ) cast-expression ++ unary-expression

- - unary-expression
unary-operator cast-expression
sizeof unary-expression
sizeof ( type-name )




Grammar of expression [3]

postfix-expression: argument-expression-list
primary-expression assignment-expression
postfix-expression [ expression ] argument-expression-list , assignment-expression

postfix-expression ( argument-expression-list)
postfix-expression . Identifier
postfix-expression -> identifier
postfix-expression ++

postfix-expression - -

primary-expression

identifier - e

constant X Is identifier

string . . .

( expression ) page 192: identifier is a sequence of letters and

digits, the first character must be a letter

constant 7 ” o H

integer-constant hello, world” is string

character-constant

floating-constant 1234 is integer-constant

enumeration-constant

3.5E+2 is floating-constant



Example x=0

expression:
assignment-expression

expression , assignement-expression

assignment-expression:
conditional-expression
unary-expression assignment-operator assignment-expression

unary-expression:
postfix-expression
++ unary-expression
- - unary-expression
unary-operator cast-expression
sizeof unary-expression
sizeof ( type-name )

postfix-expression:
primary-expression
postfix-expression [ expression ]
postfix-expression ( argument-expression-list)
postfix-expression . Identifier
postfix-expression -> identifier
postfix-expression ++
postfix-expression - -

[1]

assignment-expression

unary-expression

X

postfix-expression

primary-expression

assignment-
expression

0



Example x=0

primary-expression
identifier
constant
string
( expression )

assignment-expression:
conditional-expression
unary-expression assignment-operator assignment-expression

conditional-expression :
logical-OR-expression

logical-OR-expression ? Expression . conditional-expression

logical-OR--expression:
logical-AND-expression
logical-OR-expression || logical-AND-expression

logical-AND-expression:
inclusive-OR-expression
logical-AND-expression && inclusive-OR-expression

inclusive-OR-expression:
exclusive-OR-expression
inclusive-OR-expression | exclusive-OR-expression

[2]

identifier X

conditional-expression

logical-OR-expression

logical-AND-expression

inclusive-OR-expression

exclusive-OR-expression



Example x=0 [3]

exclusive-OR-expression:
AND-expression
exclusive-OR-expression * AND-expression

AND-expression

AND-expression:
equality-expression
AND-expression & equality-expression

equality-expression

equality-expression:
relational-expression
equality-expression == relational-expression
equality-expression != relational-expression

relational-expression

relational-expression: shift-expression
shift-expression

relational-expression < shift-expression
relational-expression > shift-expression
relational-expression <= shift-expression
relational-expression >= shift-expression

shift-expression: additive-expression
additive-expression
shift-expression << additive-expression
shift-expression >> additive-expression




Example x=0 [4]

additive-expression: o _
multiplicative-expression multiplicative-expression 0

additive-expression + multiplicative-expression
additive-expression - multiplicative-expression

multiplicative-expression: )
cast-expression cast-expression 0
multiplicative-expression * cast-expression
multiplicative-expression / cast-expression
multiplicative-expression % cast-expression

cast-expression: unary-expression 0
unary-expression
(type-name ) cast-expression

unary-expression: _ _
postfix-expression postfix-expression 0

++ unary-expression

- - unary-expression
unary-operator cast-expression
sizeof unary-expression
sizeof ( type-name )




Example x=0

postfix-expression:
primary-expression
postfix-expression [ expression |
postfix-expression ( argument-expression-list)
postfix-expression . Identifier
postfix-expression -> identifier
postfix-expression ++
postfix-expression - -

primary-expression
identifier
constant
string
( expression )

constant
integer-constant
character-constant
floating-constant
enumeration-constant

[5]

primary-expression

constant

Integer-constant

0



Parsing tree of expression x =0

assignment-expression

e

unary-expression = assignment-expression

j l

postfix-expression conditional-expression

primary-expression relational-expression

identifier postfix-expression

l Integer-constant
' l

0



What IS statement

Labeled statement

case 5: y= 3;

Expression statement Xx=0;
Selection statement If(a>b)
X=a;
else
X=b;
Compound statement {
X=5;y=3;
}
Iteration statement for(i=0;i<5;i++){
a[i]=b[i]+c[i];
}
Jump statement return O ;




Grammar of statement page 236, 237

statement:
labeled-statement
expression-statement
compound-statement
selection-statement
iteration-statement
jump-statement

labeled-statement:
identifier : statement
case constant-expression : statement
default : statement

expression-statement:
expression ;

compound-statement:
{ declaration-list statement-list }

statement-list;
statement
statement-list statement

selection-statement:
if ( expression ) statement

if ( expression ) statement else statement

switch (expression) statement

jump-statement:
goto identifier ;
continue ;
break ;
return expression ;

iteration-statement:
while ( expression ) statement
do statement while ( expression) ;

for (expression ; expression ; expression ) statement




OutLine
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If-Else statement (selection-statement) :

two-way decision
If ( expression )

statement 1
else

statement 2

single-way decision
If ( expression )

statement 1

Question: How to determine true or false of expression ?

true

A 4

statement 1

true

A 4

statement 1

expression

expression

false

A 4

statement 2

false

If expression is non-zero, then it is true, otherwise it is false




Example 1 ( 0 means false)

#iinclude <stdio.h>

#include <stdio.h> int main{int argc, char =argu[] }
int main{int argc, char =argu[] ) int sel ;
{ . _ . value of variable “sel” ?
. 5 . “ printf(“sel sdwn", sel ) ;
printf{”1 > 8 is true \n") ; if { sel )
S . . printf{”1 > 8 is true \n") ;
printf{"1 > B8 1s false “wn™) ; e
printf{"1 > B8 is false \n") ;
return 8 ;
b return @ ;
¥
#tinclude <stdio.h> #include <stdio.h>
int main{int argc, char xargu[] ) int main{int argc, char =arguv[] )
{
if ¢ 8y “0"means false ¢ if ( -3 )
printf{"8 is true “n") ; printf({"-3 is true \n") ;
else rlse
printf{"8 is false \n") ; printf{"-3 is false \n") ;
return @ ; return @ ; The resultis ?



Example 2: ambiguity of nested if-then-else

#include <{stdio.h>

int main{int argc, char =argu[] )

{

int n, a, b, z ;

n=1;a=1;b=3;z=28,;

if ( n’} a3}
if ( a > b))

Z =a ;
else
Z=050b;
printf{"z = Zd\n",

return 8 ;

Case 1

If (expression) statement

!

n>0

A

A

If (expression ) statement else statement

zZ);

l

a>b

l

l

z=a; =b;

Case 2 If ( expression ) statement else statement

!

n>0

\ 4

l

Z=Db:

If ( expression ) statement

l l

a>b z=a:

else associates to
closest
else-less if




Else-if statement (selection-statement)

multi-way decision

true false
If (exprl) @

statementl !

else if (expr2) statement 1 true @ false
statement2

else if (expr3) statement 2 rue ‘ false
statement3

else stater‘rrwent 3 statement 4

statement4



Example 3: trichotomy (= 75 &)

#tinclude <stdio.h>

int main{ int argc,
{
int a=2¢6t
int b 3

printf{"a = %d,
ifF {a>h)
printf{"a
else if { a £
printf{"a
else
printf("a

RN

return 8 ;

char= argu[] }

b = %d\n", a, b)

b wn"}) ;
3
b %n"})

b W) ;

#include <stdio.h>

int main{ int argc,

{
int a
int h

printf{"a = %d, b = %d\n", a, b} ;

5
3

char= argu[] )

#tinclude <stdio.h>

int main{ int argc, char= arguv[] )
{
int a =258
int b 3

printf{™a = %d, b = %d\n", a, b) ;

if {( a > b))
printf{”a > b \n") ;
else {
if { a <hbh)
printf(”a < b \n") ;
else
printf(”a = b \n") ;
Y7 t(arb)

return 8 ;

ifF {a>hb)
printf{™a > b wn") ;
else if { a £ b )
printf{*a < b wn") ;
else if { a == b )}
printf{*a = h wn") ;
else

printf{*a ? b \n") ;

return

Don’t write such code




Conditional expression (page 51)

z=(a>b)?a:b;

?. Is called ternary operator

exprl ? expr2: expr3

(a>b) b

A 4

expr2

true ‘w false

A 4

expr3




switch statement (multi-way decision)

switch ( expr) { If ( expr == const_exprl)
case const_exprl : statementl statementl
case const_expr2 : statement2 — else if ( expr == const_expr2)
case const_expr3 : statement3 ? statement2
default : statement4 else if ( expr == const_expr3)
} statement3
else

statement4



#include <{stdio.h>

winclude Cassert.h> Example 4: count digit, white space,

fidefine FILEHAWME *“data.txt" .

fidefine HUM_DIGIT 18 Others (In page 59)
int main{ int argc, char=x arqu[] )

{

int ¢, i, nwhite, nother, ndigit[HUM_DIGIT] ;
FILEx #p ; // file descriptor

fp = fopen{ FILENAWE, “r" ) ; // open file named FILENAHE File data.txt
assert{ fp )} ; /7 verify whether file exists
nwhite = nother = 8 ; 0123456759
for { i =8 ; i ¢ HUM_DIGIT ; i++ )
ndigit[i] = @ ; shodefg
while{ { c = fgetc(fp) ) *= EOF }{ |
switch{c) {
case "B" : case "1°" - case "2' : case "3°" : case "4' :
case "L' : case "6" - case "¥' : case 8" : case "9"' :
ndigit[c - "8"] ++ ;
break ;
case " ' 1 case "\n' I case "AE° O
nwhite ++ ;
break ;
default:
nother++ ; reSU|t
break ;
, #// suitch digits = 11111111141, white space = 2, other = 7

Press any key to continune

printf{ "digits = "} ;
For ( i = @ ; i < NUM_DIGIT ; i++ )
printf{" Zd", ndigit[i] };
printf({" , white space = %d, other = %dwn", nwhite, nother};
fclose(fp) ; /7 close file descriptor

return 8 ;



decomposition of example 4

1.Macro definition

4. for-loop
#define FILENAME “data._txt" _ _ _
#define MUM_DIGIT 10 For (1 =08 ;1 < NUW_DIGIT ; 1++ )
B ndigit[i] = 8 ;
2. declaration For ( i = @ ; i < NUM_DIGIT ; i++ )

printf (" %d", ndigit[i] };
int ¢, i, nwhite, nother, ndigit[HUM_DIGIT] ;

FILEx fp ; // file descriptor

3. File handle 5. while-loop

fp = fopen{ FILEMAWE, "¢ } ; // open file named FILEMNAME while{ ( ¢ = fgetc(fp) ) t= EOF ){
assert{ fp ) ; /7 verify whether file exists

fclose{fp) ; // close file descriptor b

6. switch statement

switchi{c) £ ; .
case "B - case "1° : case "2' [ case "3" - case "4° : 7 We|rd eXpl‘eSSIon
case "% - case "6° : case '¥' [ case '8" - case "9° :
ndigit[c - "@8"] ++ ; _ _
m?gkg 1 { ¢ = fgetc(fp) ) *= EOF
case ' ' I case "\Z\n' : case "\t' :
nwhite ++ ;
break ;
default:
nother++ ;
break ;
v/ switch



grammar of switch statement

switch (expression) statement

switch{c) ¢ C
case '@"' - case '1' I case '2' I case '3" [ case '4' : { statement-list }

case '5° : case "6° : case ‘¥' I case "8' : case "9°

ndigit[c - "8"] ++ ;

break ;

case ' ' : case '\n' : case '\t' : statement-list statemlent

nwhite ++ ;

break ; ‘

default: -
notherss ; statement-list statement eI

break ; ‘

v/ switch

default:
nother++ ;

statement-list statemelnt

statement-list statement break ;

statement-list statement case ' " : case '\n’' : case "\t’
i nuhite ++ ;
break ;
statelment
case "B : case 1" : case '2° I case ‘3" @ case "4° ;
case 'L’ : case "6" - case 'F" I case '8' : case "9° :

ndigit[c - *@"] ++ ;



decision tree of switch statement

switchi{c) {
case '"@° : case '1° : case "2 : case '3° : case 'Y
case 'S5 : case ‘6" : case '7' - case "#' : case '9"
ndigit[c - "8'] ++ ;
break ;
case ' " - case "ZWwn' : case "it°
nwhite ++ ;
break ;
default:
nother++ ;

break : false true

¥/ / switch ——————1

ndigit[c - "8'] ++ ;

true

nother++ ;

nwhite ++ ;



If miss one break statement, then ...

File data.txt
TRV 01234567759
suwitchi{c
case "8° : case '1' : case '2' : case ‘3" : case "4 ; E'l:":'j-Efg
case ‘5" - case '6' : case 'F' : case "8° : case '9' : I
ndigit[c - "8'] ++ ;
case " " : case '"\w\n' : case '"‘t' @
nuhite ++ ; false true

break ;

default:
nother++ ;
break ;
Y/ f switch

ndigit[c - "8'] ++ ;

|

nwhite ++ ;

false

true

nother++ ;

nwhite ++ ;
result

digits = 1111111111 . white space = 12, other =

Press any key to continue




OutLine

expression and statement
selection statement

iteration statement

- while-loop

- for-loop

Visual Studio debugger

goto and labels



while-loop

while{ {( c = fgetc{fp) ) *= EOF }{

b

while ( expr)

true l false
statement

A 4

Infinite loop statement v

while (1) Leave out loop

statement



for-loop

for (exprl ; expr2 ; expr3)

statement

Infinite loop

for (; ;)

statement

For { 1 = 8 ;
ndigit[i]

I ==

< HUM_DIGIT ; i++ )
8 ;

for ( i =8 ; i { HUM_DIGIT ; i++ )
printf{* %d", ndigit[i] );

exprl ;
while ( expr2 ){
statement

expr3 ;

exprl: initial setting
expr2: termination condition

expr3: incremental step



break and continue

for (i=0; 10 >i; i++){
statementl
if (5==1) continue ;
statement2
if (7==1) break;

statement3

true

A

statementl

I++

S5==1i

Leave out loop

false

A 4

statement2

A 4

statement3

false @ true

Leave out loop



break and continue [2]

i=0: =0

while (10 > i ) 5 >

statementl

if (5==1) continue ; Y
statementl

statement2
if ( 7 == ) break , ‘ eave out oop

true false
statement3

. A 4
i++

I++ statement2

} Y
false @ true

A 4

statement3 Leave out loop




Example 5: trim in page 65

#include {stdio.h>
#include {string.h> /7 declaration of strlen

int trim{ char s[] ) ; // prototype of trim, for type checking

int main{ int argc, charx argu[] )

{
char word[] = “hello,worlditynyn® ;
int n = strlen{word);
printf(“before trim, word = (%s), with length = %d\n", word, n )
n = trim{ word ) ;
printf(“after trim, word = (%s), with length = %d\n", word, n )
return 8 ;

S

/% trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )

{
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— }{
if ( (" " *= s[n]) && ('\t' %= s[n]) && {'\n' *= s[n]) )
break ;
}
s[n+1] = "\@" ; // terminator of string s
return n+1 ; /7 length of s after removing \t, \n
}

break is used to jump
out the for-loop, not if-
statement

hefore trim, word

Why empty line?

?., with length = 14
after trim, word

thello,world

Cthello,world?, with length = 11
Press any key to continue




configuration before and after trim

Array index

o 1 2 7 8 9 10 11 12 13 14
word[14]=| h | e I o | r I d| M| \n|\n|\O

After trim

Array index

o 1 2 /7 8 9 10 11 12 13 14
word[11] =

h | e I o | r I d | M| \n]\n|\O

s[n+1] = *\@* ; // terminator of string s —

\O
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Use debugger to trace source codes [1]

#include {stdio.h>
#include {string.h> // declaration of strlen

int trim{ char s[] )} ; // prototype of trim, for type checking

int main{ int argc, charx argu[] )

{
char word[] = "hello,worlditinin® ;
int n = strlen{word);
it%, Fg E;F s H Ilé’é' ol prinEFi.:"IEEFurE :rim, word = (%s), with length = %dwn", word, n ) ;
— —> n = trim{ wor .
S (breaprint), printf(“after trim, word = (%s), with length = %d\n", word, n ) ;

return 8 ;

AT 1 )

f* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )
{

int n ;

for { n = strlen{s) - 1 ; n >= 8 ; n— )¥{
if € (" t=s[n]) && ("\t* f*= s[n]) && ("\n' *= s[n]) )
break ;
H
s[n+1] = *\@" ; // terminator of string s
return n+1 ; /7 length of s after removing \t, n




Use debugger to trace source codes [2]

Build - Start Debug - Go

[ File Edit View Inmrt Project Build Tool: Window Help

S = i Compilemsinepp  CulFT  Lirix_vector_product MIE™

Build trim_test.exe F?
2l L EIR L %Eﬁehuﬂdﬂu

Batch Build ..
0 Workspace 'trim_test': 1 Clean :m -h> .
i L B i ing.h> // declaration of strlen

- trim_test files Update Al Dependencies. ..

+-[Z] Source Files| mr—— 'l_ : - wmem e of trim, for type checking

Rl LEbls =[] L&) o

[ Header Files

1 Resource Files Debugger Remote Comnection...  #} Step Into F11
! Eupcute trim_testexe  CHI4FS M3 Runto Corsor - Ch4FL0 .
Attach to Process. . n- s
Set Active Configuration. .. < —
Confignrations. ..
- aofore trim, word = (%s), with length = %d\n", word, n ) ;
Profile. .. word ) :

printf(“after trim, word = (%s), with length = %dwn", word, n ) ;
return 8 ;

Visual Studio debugger rﬁ [ fl f%i*r‘@ﬁr



Use debugger to trace source codes [3]

#tinclude <stdio.h>
#include <{string.h> // declaration of strlen

int trim{ char s[] )} ; // prototype of trim, for type checking

int main{ int argc, charx argu[] }

{
char word[] = "hello,worldytynin™ ;
int n = strlen{word);
1. ﬁ@fﬁf[F&i printf{"before trim, word = (%s), with length = %d\n", word, n ) ;
. rfj’ —— [ n = trim{ word 3} ;
E&LF[Ii?TﬁﬁﬁA printf{"after trim, word = {%s), with length = %d\n", word, n )} ;
return 8 ;
H

/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }

{
int n 5 VSt F R Y2 » ’ =
4 2. E[FJ'J —I’?ﬁnﬁﬂdﬁ@rmaln
x| antext:|main[int, char * #) j B & main{int 1, char = = @x@037268cH) line 13
A 41" mainCRTStartup() line 286 + 25 bytes
Name [value KERNEL32t 7c816Fd7()
n 14
word BxBB12FF70
“hello,worldl

3. ffEymainflifviggy n A1 word



Debug - Step Into

[ File Edit ¥iew Insrt Pmoject

Use debugger to trace source codes

Detng Tools Window Help

Spr-3=1- 0. e o
g} Restart Ctel+Ehift+F5
[Globals) || an g F Stop Debugeing ShiftsF5

o

#include <{stdio.h>
#include <{string.h>

Y Step Tnto
int trim{ char s[] ) T Step Over Fli
int main{ int argc, ol (F Step Out ShiftFll
{ *{} Run to Cursar CthF10
char word[] = "he
int n = strlen{uw
_Eé; Exceptions. ..
printf("before tr: 3| Thuads
n = trim{ word ) Modules,
printf({“after tri =
return 8 ; gr Show Next Statement  Al+Hum *
H &4 QuickWatch... Shift+Fo

F#® trim: remove trail

[4]

AY [ PO F1L

[~
~®

ix_wector_product

 F11 ## Step into, ]|
v t%—tnﬁgpégtrim PJ

T $¥ F10 (step
over) }! [JT ES

Bilel

h = %dyn*, word, n ) ;

= %dywn™, word, n )} ;

4

int trim{ char s[] )

{

int n ;



Use debugger to trace source codes

[5]

int trim{ char s[] } ;

int main{ int argc, char= argu[] )

{
char word[] = "hello,worlditinin" ;
int n = strlen{word);

printf("before trim, word =

& n = trim{ word ) ;
printf{"after trim, word =
return 8 ;

/f prototype of trim, for type checking

{%s), with length = %d\n", word, n ) ;

{%s), with length = %d\n", word, n ) ;

¥
NS 7 L z - 7 . ’(, //\ /\ N Eul
1' YE:‘% %@1# E}E@&; tﬂmﬂr{;\%ﬁ I:;f*; PEELDS, newlines =/

int trim{ char s[] }

R 4. AR s F10
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— }{
if { (' ' t= s[n]) & ('\t' = s[n]) && ('\n' = s[n]) )
break ;
D & ’ =
T 2. | VRT3 prfietrim [
=l context: trim{char %) ~| |Zl[ trin(char = 8x8812¢F70) 1ine 28
N 41" main(int 1, char = = 8x803728c8) line 13 + 9 bytes
Name [Value mainCRTStartup() line 286 + 25 bytes
5 0208012FF70 KERNEL32t 7cB816Fd7()
“"hello,worldl

3. far * Aty character array s, &
[f£% “hello,world\t\n\n”




Use debugger to trace source codes

printf({“before trim, word = (%s), with length = %din", word, n )} ;
& n = trim{ word ) ;

printf(“after trim, word = (%s), with length = %diwn™, word, n ) ;

return 8 ;

¥

/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }

V ¥ F10 (72£ 7 Filestrlen 7))
o for ( n = strlen{s) - 1 ; n >= 8 ; n— }{

if ( (" ' t= s[n]) && ("\t" t= s[n]) && ('\n" *= s[n]) )

[6]

break ;
H
s[n+1] = *\@8' ; // terminator of string s
return n+1 ; // length of s after remowving \t, n
4
=l context: trim[char %) | Z[2 trim{char * 0xB8812FF70) line 23
El . 41" main(int 1, char * x Bx003720c8) line 13 + 9 bytes
Name [Yalue mainCRTStartup() line 286 + 25 bytes
n -B58993460 KERMEL32¢ 7c816Fd7()
s Bx 8812 FF78——
“hello,worldl

n £ trim [UB ISR, (1 GERE e, LR



Use debugger to trace source codes [7]

f* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }

* ntn; f# F10 hi~ if [*]pY expression
£ n = strlen{s) -1 ; n >= 8 ; n—— }{
= | if ( (" ' ?= s[n]) && ('\t* *= s[n]) && (‘\n' *= s[n]) )

break ;
¥
s[n+1] = "\@" ; // terminator of string s
return n+1 ; /7 length of s after removing \t, \n
ld |
x Context: |trim[-::har*] j A2y trim(char * BxBB12FF78) line 24
4 | 41" main(int 1, char = = 8x883720c8)
Name Value mainCRTStartup() line 286 + 25 by
n 13 KERNEL32t 7c816fd7()
5 BxaM12fFF7 A
“hello,worldl
s[n] 18 °
strlen returned <void>

1. #u~ n=strlen(s) — 1, 7/’ n=13

2. s[n] = s[13] = \n’ = 10 (decimal number)



Use debugger to trace source codes [8]

/% trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )

{
int n ;
for { n = strleni{s) - 1 ; n >= 8 ; n— }{
if ( (" " t= s[n]) && ('\t' t= s[n]) && ('\n" = s[n]) )
break ;
=3
s[n+1] = *\@8° ; // terminator of string s
‘K\nggij\n+1 ;: /7 length of s after removing \t, \n
H
7 F10 =t = H
KN —
] Context: |trim[[:har*] j [ trim(char * 8x0012FF78) line 26
A | A1 pain(int 1, char = = 0x0837208c8)
Name Value mainCRTStartup() line 286 + 25 b

KERHEL32? 7c816fd7()

[ s[n] = S[13] = W R
(" " ¥= s[n]) && ("\E" *= s[n]) && ('\n’ ¥= 5[n])

Frl'] 1 #= break statement



/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }

{
int n ;
5 | for ( n = strlen(s) - 1 ;n>= 0 ; n—- ) Use debugger tO trace
if ¢ (" ' *= s[n]) && ('\t' *= s[n]) && (‘'\n* *= s[n]) )
source codes [9]

break ;

¥

n+1] = *'\@' ; // terminator of string s

return n+1 ; // length of s after removing “t, \n

# F10¥u n-- AIn>=0

j A2 trin(char = 08x@0
main{int 1, char

dd |

x Context: |trim[[:har *

Al
Name / |value, mainCRTStartup()
n \:’iﬁ/ KERNEL32* 7c816f
H s 12FF70
"hello,worldl
/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }
{
int n ;

8 ; n—— ){

for ( n = strlen{s) - 1 ; n >=
= s[n]) && ("wn' *= s[n]) )

if € (" " t= s[n]) && ("\t°
break ;

; /f terminator of string s
/7 length of s after removing “t, ‘n

137~ F10

Hion--, 7 n=12

ﬂ Context: |trim[}kﬂr*] j ﬂl:[}tr%m([_:har * Bx001
main{int 1, char
[ |value\ mainCRTStartup()

Name
n 12 KERHEL32* ¥c816fd
5 a 12FF7 8

"hello,worldl




Use debugger to trace source codes

/# trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )
{
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— )¥{
9 | if ( (" " t= s[n]) && ('\t' f*= s[n]) && ('\n' *= s[n]) )
break ;
s[u+1] = *\@8' ; /7 terminator of string s
retixn n+1 ; // length of s after removing “t, \n
i
» &,
%37~ F10
[« |
x antt:xt:|trim[[:har*] j Al trim{char = #x88121
4 4 main{int 1, char =
Name [Value mainCRTStartup() 1i
n 1 KERNEL32* 7c816Fd71
L B a812FF78
“hello,worl1dl
s[n] 9 '

n=11 =’ s[n] =s[11] =\t =9 (decimal)

[10]



Use debugger to trace source codes

/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )

© intn: f# F10 = if [*|fv expression
£ n = strlen{s) - 1 ; n >= @ ; n— }{

#}I i S N R s[n]) && {("\t" *= s[n]) && ("An" ¥= s5[n]}) )
break ;
H
s[n+1] = "\@" ; // terminator of string s
return n+1 ; // length of s after removing \t, \n
H
ded |
=l context: [trim(char %) ~| |Z[® trim(char * 8x8812f
4 ] main{int 1, char =
Name [Value mainCRTStartup() 1i
n 18 KERMEL32¢ 7c816Fd7(
5 B0 Z2FF7 0
“hello,worldl
s[n] 100 'd’

n =10 =" s[n] = s[10] = ‘d’ = 100 (decimal)

S[10] = "d" Jf L if [ Jpo et =

[11]



/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )

{
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— 3{ Use dEbugger to
if ( (* ' t= s[n]) & ('\t' ?= s[n]) && (*\n' t= s[n]) )
= | break ; trace source codes
H
n+1] = *\@' ; // terminator of string s [12]
return n+1 ; // length of s after removing \t, \n
H
% F10 #h/~ break statement
el |
=l context: |trim[char - A trim{char = 8xB812FF
[ = | [ i _J 4 main{int 1, char =
Name [Value mainCRTStartup() 1i
n 14 KERNEL32* 7c816fd7(
s[n] 100 'd’

/% trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )

{
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— )}
if ( (" ' t= s[n]) && ('\t' = s[n]) & ('\n’ = s[n]) )
break ;
¥
}%’ F10 ?' 2L S[ll] =\t — 2| s[n+1] = *\8' ; // terminator of string s
il return n+1 ; /7 length of s after remowving \t, \n
¥
| K1 —
= Context: | trim(char *) ~| |Zl[a trin(cnar * 8x8812:
A I<] main{int 1, char =
Name [Value mainCRTStartup() 1:
10 KERNEL32* 7c816fd7
s[n+1] 9w’




Use debugger to trace source codes [13]

f* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] )

{
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— )¥{
if ( (" ' t= s[n]) && ('\t' ft= s[n]) && ('\n' t= s[n]) )
break ;
i
s[n+1] = *\@' ; /7 terminator of string s
ﬁDl return n+1 ; // length of s after removing “t, \n
i
1 F10 55 trim
ld |
? antt:xt:|trim[[:har*] j Al trim{char * BxBO12FF7
i main{int 1, char = =
Name |Uahe mainCRTStartup() line
n 10 KERNEL32% 7c816Fd7()
s[n+1] g

s[11]=10"=0 Fﬁf}ﬂ"fl i s = “hello,world”



Use debugger to trace source codes [14]

{

int main{ int argc, char= argu[] )

char word[] = “hello,worlditinin® ;
int n = strlen{word);

printf("before trim, word = (%s), with length = %d\n", word, n ) ;
@ | n = trim{ word ) ;

rintf{"after trim, word = (%s), with length = %d\n", word, n ) ;
re n a; L ] b,
} '\K‘«\ ¥ F10 #= n = trim [HI@ I'E[

/* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }

o main{int 1, char * = B<BQA37
mainCRTStartup() line 286 +
KERMEL32* 7cB16Fd7 ()

1
int n ;
for { n = strlen{s) - 1 ; n >= 8 ; n— 3{
I KR —
ﬂ Context: |main[int, char * %) j ﬂ
Name |Vahe
n 14
word B:<BB12FF70
“"hello,world™
trim returned 11

ﬂ'f[ b word =I15EAeRY “hello,world”

FFEE-trim 11 n+1 = 10+1 = 11, {EIFFE mainf| IfUR@gin (kL 14



Use debugger to trace source codes [15]

int main{ int arqc, charx arqu[] )

{
char word[] = "hello,worlditinin" ;
int n = strlen{word);

printf({"before trim, word = (%s5), with length = %d\n", word, n ) ;
$ n = trim{ word ) ;
= printf(“after trim, word = (%s), with length = %d\n", word, n ) ;
return 8 ;

}

f* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] }

{

int n ;

for { n = strlen{s) -1 ; n >= 8 ; n— }{

NN —

=l context: |main(int, char * %) ~| |Zl[2 maingint 1, char x x 8x8837
A 4| mainCRTStartup() line 286 +
Name [Value KERNEL32t 7c816Fd7()
n 11
wvord BxBA12FF70
“hello,world™

n =11 (3] trim frfpl {E i)



Use debugger to trace source codes [16]

Debug - Stop Debugging

tolfrim_test - Microsoft ¥Yisunal C++ [break] - [main cpp]

[ File Edit View Inmrt Project Debng Tools Window Help

3 = Ed =l Go 5 lix_wvector_product
H} Restart Ctrl+Shift+F5
|[G|uha|5] j“ﬁ‘" (= stop Debogeing
#include {string.h>
int trim{ char s[] ) v type checking
©} Step Into Fi1
znt main{ int argc, c'ﬁPSmeyu Fin
'Fl- .
char Wﬂl"d[] = "hE:{} Stﬁp ':'Et Shift+F11
int n = strlen{w *{} Run to Cursor Cl+F10
printf{"before tr: h = %dywn', word,
O n = trim{ word )} 55 Exeptions..
= printf{"after trii 3| Threads = Zdywn", word, n
, return 8 ; Modules...

gr Show Next Statemnent  A1HNum *

/% trim: remove trail:&ﬁ“QuEkWamh shifwpa
int trim{ char s[] } -

{

int n ;

Fur {( n =strleni{s) -1 ;n > 8 ; n— ){



Use debugger to trace source codes [17]

#include {string.h> // declaration of strlen
int trim{ char s[] ) ; // prototype of trim, for type checking

int main{ int argc, charx argu[] }

{
char word[] = “hello,worlditinin® ;
int n = strlen{word);

) e o printf(“before trim, word = (¥s), with length = %d\n", word, n ) ;
1 F9 ?V‘(F‘JHI;; ] —— @] n = trin word ) ;

printf(“after trim, word = (%s), with length = Zd\n", word, n ) ;
return 8 ;

H

f* trim: remove trailing blanks, tabs, newlines =/
int trim{ char s[] 3}

{

int n ;

for { n = strlen{s) - 1 ;. n >= 8 ; n— }{
if  (* ° *= s[n]) && ('\L* *= s[n]) && ("wn* *= s[n]) )
break ;
S
s[n+1] = *\@" ; // terminator of string s
return n+1 ; /7 length of s after removing ‘t, \n




#include <{stdio.h>

#include <assert.h> reca” examp|e 4
#define FILENAHME “data.txt"
#define NUM_DIGIT 18
:nt main{ int argc, char= arqu[] ) |nt fgetC( F”_E *Stream )
int ¢, i, nwhite, nother, ndigit[HUM_DIGIT] ;
FILEx fp ; // file descriptor fgetc returns the next character of

fp = fopen{ FILENAME, “¢" )} ; // open file named FILEMAME stream as an unsigned char
assert{ fp )} ; /7 verify whether file exists (Converted tO an Int) or EOF |f

nwhite = nother = 8 ; :
For (4 -0: 1< NUWDIGIT ; ies ) end of file or error occurs.

ndiqit[i] = @8 ;
while{|{ ¢ = Fgetc(fp) } *= EOF [}{ sSee page 246
switchic) {
case "B8°" - case "1°" : case "2' : case "3" - case "4° :
case "L*" - case "6" : case '?' : case '8' - case "9° :
ndigit[c - "8'] ++ ;
break ; .
case " ' 1 case "\n' I case "AE° O Std|0.h
nwhite ++ ; ]
break ; f#idefine EOF {(-1)
default:
nother++ ; ]
break ; #ifndef _FILE_DEFIHED
v/ switch struct _iobuf {
¥ char *_ptr;
int _cnt;
printf{ "digits = "} ; Fhar * base;
For { i =8 ; i < HUM_DIGIT ; i++ ) }"t _F}ag;
printf{" Zd", ndigit[i] }; int _File;
int  _charbuf;
printf{" , white space = %d, other = %d\n", nwhite, nother}; int _bufsiz;
char *=_tmpFname;
fclose(fp) ; /7 close file descriptor ¥3

typedef struct _iobuf FILE;
return 8 : #define _FILE_DEFIMED
3 f#tendif



( c = fgetc(fp) ) '= EOF

Step 1: ¢ = fgetc(fp) c : l-value
Step 2: c 1= EOF expression “c = fgetc(fp)” has r-value c

An object is a named region of storage R-value : value

An |-value is an expression referring to an object L-value : location

L-Values and R-Values

See Alzp

[El Collapse &Il + | Language Filter: Multiple

Expressions in C++ can evaluate to |-values or r-values. L-values are expressions that evaluate to a type other than woid and that designate a variable.

L-values appear on the left side of an assignment statement (hence the "I" in I-value). variables that would normally be [-values can be made nonmedifiable by using the
const keyword; these cannot appear on the left of an assignment statement. Reference types are always |-values.

The term r-value is sometimes used to describe the value of an expression and to distinguish it from an l-value. All |-values are r-values but not all r-values are |-values.
Some examples of correct and incorrect usages are:
3 Copy Code

£/ 1Values rValues.cpp
int main({) {
int i, j, *p:

i=717; f/ 0K wvariable name is an l-wvalue.

7T =1i: Sf C2106 constant i3 an r-value.

i *4=717; S/ C2106 expression J * 4 yields an r-wvalue.
*p = i // OK a dereferenced pointer is an l-value.

-

const int ci =
ci = 9; S/ C3892 ci is a nommodifiable 1-value
({i<3) 21 : 3) ="7; // OK conditional operator returns l-value.



Inheritance of L-value in assighment statement

C Language Reference

C Assignment Operators

See Also

=l Collapse All  +| Language Filter: Multiple

An assignment operation assigns the value of the right-hand operand to the storage location named by the left-hand operand. Therefore, the left-hand operand of an
assignment operation must be a modifiable |-value. After the assignment, an assignment expression has the value of the left operand but i= not an |-value.

Syntax

assignment-expression:
conditional-expression
unary-expression assignment-cperator assignment-expression

assignment-operator: one of
= F= f= %= += -= === »>=&= ~= |=

The assignment operators in C can both transform and assign values in a single operation. C provides the following assignment cperators:

In EEEamrae, the type of the right-hand value is converted to the type of the left-hand value, and the value is stored in the left operand after the ha=s
taken place. The left operand must not be an array, a function, or a constant. The specific conversion path, which depends on the two types, is outlined in detail in

Tvpe Conversions.

l.value expression

unary-expression = assignment-expression |

|l-value r-value
C fget(c)



Example 6: L-value test [1]

#tinclude <stdio.h>

int main{ int argc, char= argu[] )

1
int #, vy ;
y-ui Question : is expression “(x=3) = y” valid?
X = =y ;
printf{"x = %d \n", x ) ; |f SO, What iS the reSU|t?
return 8 ;
b

#tinclude <stdio.h>

int main{ int argc, char= argu[] }
{

int x, vy ;

I [[PP -
HISTR —— @ y =4 ;
(x=8)-y;
printf("x = %d \n", % ) ;
return 8 ;
H
o |
r antﬂxt:|main[int, char * *) j #|[& main{int 1, char = » Bx0037208c0) line 8
4 41" mainCRTStartup() line 286 + 25 bytes
Name [Value KERNEL32* 7c816Fd7()
argc 1
argu 8x0803720cH
" ~858003460
y -858993460




Example 6: L-value test

*al Lyalne_test - Microsoft Yisnal C++ [break] - [main. cpp]

[# File Edit View Insert Project Debug Tools Window Help

O & & G|EOF

ersj| & main

2 ==&
[Globals]
#includ
int mail
{
int

> y
(

E |

pri

Full Screen

Workspace
Ciutput

Debug Windows

Properties

ATHO
ATH2

Alt+Enter

return 8 ;

13

AlH3
Call Btack  AIM7
Alt+h
Alt+4
AlH5

st N

2. Assembly code (i T

i)

_—

[2]

1. show assembly code
View - Debug Window -

Disassembly

8: y==un;

Q}pﬂhﬂ1ﬂ£8 mou dword ptr [ebp-8],4
9: (x=3)=y;
aauye102F mou dword ptr [ebp-4],3
aa481036 mou eax,dword ptr [ebp-8]
00461839  mov dword ptr [ebp-4],eax
10:
11: printf{"x = d \n", = ) ;
0046183C  mov ecH,dword ptr [ebp-4]
0046183F  push ecx
gah@1e48  push offset string "x = %d \n" {(08B42201c)
80461845 call printf {(BB481888)
80461 084A add esp,8
12:
13: return 8 ;
0401 04D ®or eax ., eax



Example 6: L-value test  [3]

8: u=2=u; , e —_
& [PB401628  mov dword ptr [ebp-8],% ¢ 1 }% Flo %ﬁ"j y - 4
9: (x=3)=y.;
g046182F  movw dword ptr [ebp-4].3
00461836  mov eax,dword ptr [ebp-8]
00461839  mov dword ptr [ebp-4].,eax
1a8:
11: printf{"x = %d \n", x ) ; g I":f —
0046183C  mov ecy,dword ptr [ebp-4] 3 EF% Flo iﬁ X 3
0046183F  push ecs
aa4e1848  push offset string "= = %d \n R y =15 ;
8040810845 call PI‘iI'ItF (A84B1888) & opue1028 u duwaord Ft" [Ehp—s],ll
ae4e164a  add esp,8 0- (x=3)=y;
12: = |pBu8102F  mov dword ptr [ebp-4],3
13: return 8 ; 86401636 mov eax,duord ptr [ebp-8]
< g0461839  mov dword ptr [ebp-4],eax
A Cuntext'|main[int, char * ¥ j X[a 18:
T . A 11: printf("x = 2d \n", = ) ;
Name |'1.I’alue ga4p183cC mowv ecy,dword ptr [ebp-4]
argc 1 a4 a1 83F push eCx
OAIoNs  Lall  printr (o100
% ~858993460 0846104  add esp,8
Y -858993460 12-
13: return 8 ;
. £
x and y are meaningless =
y g i Context: |main[int, char * ¥ j ﬂ o :
Name |‘l.r'alue b
x —R5R0034GH
y L

2.y =4 is executed



Example 6: L-value test  [4]

8: u==4a;
& 004010828 mou dword ptr [ebp-8].,4
9: {x=3)=1n;
a4 a1 82r mow dword ptr [ebp-4],3
o> 90461036 mow eax,dword ptr [ebp-&]
ag4a1039 mow dword ptr [ebp-4],eax
18:
11: printf{”x = %d \n", x ) ;
A04 810830 mow ecx,dword ptr [ebp-4] R s _
@848183F  push ecx ;f% F10 %ﬂl_f X=Yy
agsa1848  push offset string “x = %d \n"
aasa1ass>  call printf (004681088)
?g?“1“"“ add esp,8 dword ptr [ebp-8],4
i : =Y
. 13: return 8 ; dword ptr [ebp-4],3
— eax,dword ptr [ebp-8]
%/ Cantext:[mainfint, char * 7 o] [HPr Pl duord ptr [ebp-4],eax
Name Yalue K 11: printf{"x = 2d \n", x ) ;
| ] 3 | 8048183C mou eck,dword ptr [ebp-4]
y N ' 8848183F  push BCX
agh@1848  push offset string "x = %d \n’
] aah@1ass  call printf (B88401880)
X = 3 is executed @o481845n  add esp,8
12:
13: return 8 ;
<
ﬂ antext:lmain[int, char * ¥ j ﬂ =
Name Yalue
® 3

y L




Example 6: L-value test  [5]

i The registers are used as follows:

8: =4 ;
& 00401028 ymuu dword ptr [ebp-8],4 .
o: (x=3)=y; .
08461 82F mow dword ptr [ebp-4],3 .
08461836 mow eax,dword ptr [ebp-8] .
08461639 mow dword ptr [ebp-4],eax -
108:
11: printf{"x = %d \n", x ) ;
o- 88481830 mou ecx,dword ptr [ebp-4]
apLBe183F push ecx
0410408 push offset string “"w o= %d wn'" (8042281c)
80461845 call printf (B88481880)
804618443 add esp,8
12:
13: return 8 ;
<
ﬁ antext:|main[int, char * # j 5> main(int 1,
mainCRTStar
Name [Value - KERNEL32t 7
5| 4 |
u L

X =Yy Is executed

esp = stack pointer

ebp = base pointer

eip = instruction pointer

eaw, ebx, ecx, edxw = general-purpose registers for storing intermediate results
i, esi = often used as general registers

dword ptr : cast 4 as 4 bytes

byte: 1 byte
word : 2 bytes
dword: 4 bytes



OutLine

expression and statement
selection statement
iteration statement

Visual Studio debugger
goto and labels



With goto

#tinclude <stdio.hZ

Example 7:

int main{ int argc, char= argu[] )

s 5, 0, 7} 3
. 8,1, 23} ;

For ( j =8 ; j<m; j++ I
if ( a[i] == b[j] )

goto found ;

{
int a[] ={ 1,
int b[] = { -4,
int i, j ;
intn=7,m-=
for{ i = 8 ; 1

¥/ for j

i ofor i

found: <
printf{“a[%d] =
return 8 ;

H

b[%d] = %d\n", i,j, a[i] );

alB]1 = bhI5]1 =

Press any key to continueg

goto and labels

Without goto

#tinclude <stdio.h>

int main{ int argc, char= argu[] )

{
int af]
int b[]
int i, j ;
int n = 7,
int found ;

found = 8 ;
for{ i = 8 ;

ifF a[i]
found

{1,
{ -4, -

4, 5, 6, 7 } ;
1, 8, 1, 2 }

i< n && tfound ; i++){
for { j =8 ; < mak tFfound ; j++ ){

¥/ For |

VA For i

printf{a[%d]

return 8 ;

Don’t use goto

b[j1)

b[%d] = %d\n”, i-1 , j-1,

afi-1] 3;



Exercise : EOF versus stdin [1]

fiinclude <{stdio.h> _
Result under Visual C

F* read a character

while { character is not end-of-file indicator ) 19345
output the character just read - Press enter
read a character
end while
=/
int main{ int argc, char= argu[])
{
int c;
c = getchar();
while (c *= EOF) {
putchar{c});
X ¢ = getchar(); press enter
return 8 ;
b

int getchar (void) : get one character from
standard input, see page 247

Question: why enter infinite loop?



Exercise : EOF versus stdin 2]

[imslMlin= imsl]s
[imzl@lirna imsl]s 1=
course test
[imzl@lirnax imsl]y cd course/
[im=l@lirnux course]s 1=
filecopy hello¥orld
[imzl@lirnax course]s cd filecopw)
[imzl@lirnax filecopy]$ ls
Debwy filecopy.dsp filecopy.dsw filecopy.nch filecopy.opt filecopy.plyg mnain.cpp
[imzl@lirnax filecopy]d icpc main. cpp
[imzl@lirnax filecopy]$ ls
filecopy.dsp filecopy.nch filecopy.plg
Debwy filecopy.dsw filecopy.opt mnmain.cpp
[imzl@lirna filecopy]d . Aa.o0ut < main.cpp

ginclude <stdio. k> \ Feed f||e main.Cpp intO a.out

/% read a character = LV SN TS - e
while [ character is not end-of-file indicator ) lFﬁfgjLJqu)( th$ﬁ5;£»zgl[ru:jjﬂ"
output the character just read
read a character

end while
*

int waini int argec, char® arogw[])

{

int o
c = getchar(]:

while (c !'= EOF) {
putchar (o) ; Try th|S

c = getchar(];
[imzl@dlinu< filecopy]s . a.out < main.cpp » u:nutput.t:-:tl

return 0 ;
} |[imsl@linux filecopy¥]s cat output.txt



