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\ EE % (Algorithm)

o {E{IETERIRTIREY I ERHMRL LU EMIIEF 2R BIT— R FIHI
BiE

o fERFIEMIFEFF (procedure) 10T
o. BHEHITHIEIE (actions)
b. BITELEERIEFF (order)

o EMBAREERIE (algorithm)



\ EE#EFEILHE (Pseudocode)

E#FEIUIE (Pseudocode) 2—iEHAAEM
, AREMBRERE

ST EEREE NS, Bl A BN B A IR S
ECREXWEREE

EHREABRES TEFRE - —mEREERR X HE
He b ER Rl CROBRFH IR BT RIER 53

B &85 il A = Al #A 4T Rk -t M 2 46 #m % 25 B RIS
B



—i%ER R, B PHFEX B UMMM ERXPIEF —EiE—
BT, 38 W TE = A9 E11T (sequential execution)

o FLECHBHXAEIZMIEE T —EPITHRBRR CEEF
(), & I HI 1 28 (transfer of control)

o FEXAH=FF{ZHI#EHE (control structure) Bk
o {ERF#EtE (sequence structure):

n EFEESCRNEMNSE, FRIFEEEXPITIRE,
BRIERE E SRR ENCREXMIER, —
IT—ITHIEAT

o EiEfHE (selection structure)
o E#E#HE (repetition structure)

\ ol #5418 (Control Structures)



7 2M (flowchart)

o NEERBEEREIZEFEMN—THNERERTE

o iEEFAEARNHREZENIER? AR BIER. =/,
AR UK ETEE  EEEFRE AT R (lowline)l9#i
EREF L

I

add grade to total total = total + grade;

:

add | to counter counter = counter + 1;

:

Fig. 3.1 | Flowcharting C’s sequence structure.




it (flowchart)

o NEEIPREEMMFZEZMFN (Jiamond symbol), E
th 1578 & FIET FF 5% (Jecision symbol)
o SEREFFIRRTEIEFIERIFELLEST
o EIEIE
o CEEE LRt XM IR T =1 RFRE, INEELE
ERGXAEREE (B1T) ZEIME, MEGRE 4G
BkiBsE H BN 1F
o if..elseEERBXERM AERFPITEIEENME, MEGRHG
AHEERBITS —IEBE
o switch:ZERT X EKEZEXNTRE, EBEMITHFLHE
H ) —IH




N\

£ kg (lteration Statements in C)

CUH BB RIRE T ZEEEHEE, 2 Rl2while,
do..whilefifor

LT BRERCHFTEEHERE, CRAECEZEGIRuR =
ERF. =2 EZEN=1EE&

BECERAMEZEEBEERTE EZNEE, HHEECIEREEBATK
i



\ if IR RL

o EERUMA]HRENTFLIRERIBI/F
o 3N, REXB AP RIEHIRIEAO05, LT HYEE FeiSRub =

If students grade is greater than or equal to 60

Print “Passed”

o THIEREMHstudent's grade is greater than or equal
to 6012 E= 4

o EHAEMEEAIFHIPossed], ARARKEEI AT T —EEHEE

o MMRIFHXAG, BFIENMEIMERAEIT REMITT—EE



true

grade >= 60 —»  print “Passed”

false£

Fig. 3.2 | Flowcharting the single-selection i f statement.




N\

if...elseBEROE

o if.elseEEMBXAZBMAKBRENER, RAITARR
B1E, B2FIZRER, T FIBYEE HebS Rk =X

If students grade is greater than or equal to 60
Print “Passed”

else

Print “Failed”

SHESEMBRERRFROOFZEN i Passed, M /MR60
R B (5 [ HH  AEERRIFR T, EHIENTT R EE T 2R A E
SR AR A 01T

10



if ( grade >=
puts(

}

else {
puts(

}

T B ()

L false true .
print “Failed” - grade >= 60 —»  print “Passed”

? ¥ (FN1E)

Fig. 3.3 | Flowcharting the double-selection i f...e1se statement.




\ conditional operator (7:)

closely related to the if..else statement

The conditional operator is C's only ternary
operator—it takes three operands.

These together with the conditional
operator form a conditional expression.

puts( grade >=

12



N\

RIRM if...else B (Nested if..else Statements)

o i if..else b ZI5H—1E if.else Ruh X4, ERCRIKEY
if...else Bk = (nested if..else statements), ALEAIZ
BEHIIRR

o EEFIZRER, THRIEHEIEROE XS EZ A BIERRFRIOME
{ZENEA, RILFRRB80({B/IiR90) BFEIHB, KiSFRL70 (B0
1280) FFENHC, RSFER 60 ({B/Mit70) BFEIHD, mHE fthadak
fERIENEHF

13



if ( grade >= ) {
If students grade is greater than or equal to 90 puts );

Print 47 } /e

else if ( grade >= ) {
If student’s grade is greater than or equal to 80 puts( )
Print “B” }

else {
else if ( grade >= = ) {

If studlent’s grade is greater than or equal to 70 puts( )i
Print “C” )

else {
else if ( grade >= ) {

If students grade is greater than or equal to 60 puts( )i
Print “D” }

else {
else puts( );

Print “F”




\ RIRMif...elsefB = (Nested if..else Statements)

o HBHINRE 2 grade KINEMR0H
5, FTENEIRGRSAE, BR
A5 — @R putsib X Z#h
17

o MTEfEputs#iTzi® &=INEIZ
if...elseft X M elseER 1 Z 1k
i3 $15]

o A LAMAiIfRRRER

if ( grade >= ) {
puts( )

}

else if ( grade >=
puts( );

}

else if ( grade >=
puts( );

}

else if ( grade >=
puts( );

}

else {
puts(
}

15



N\

while EfERGR =

o FHEMBK (repetition statement) , B thig A MFEER R
(iteration statement)AIFERIEEEEEEHIFEAER, &
BEPITEI—EBE, T mEEE BRI

While there are more items on my shopping list

Purchase next item and cross it off my list

o HEEEMITIEPIHEEIE, HEPruFEMHTthere are more

items on my shopping listIAIREREWM AIRER &, IR AE
B9EE, AREEEI{EIPurchase next item and cross it off my
ISUUBLEMIIT. MRAZLRFGFELAR, SHBFIEEREM
AT

16



product =

\ Whﬂ@iﬁﬁﬁﬁ while ( pro:juct <= ) {

product = 2 * product;

}

o EEHEMAE (BEE Tshopping listhizk—ELiEFZ
fiIbR#R), EEMEFEEFL, METERIITHEEEDIE 2R
5 — 1B & # A Rk =X

-

true
product <= 100 — product = 3 * product

falseé

Fig. 3.4 | Flowcharting the whiTe iteration statement.
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BhEhAE 1: SR H M L R SHFEHEIR

(P

o 10{EAE4£PIREIT— RBIER

o BEAEXBEEMIE (584 0~10089Z )

o EMITHENFEMNFTA IERMETIIR LA NEL

o HEEMMLARIMBUEEEZVEMASESEMBEE $IT
KIEHENETRE, ARBHGERINEER

A class of ten students took a quiz. The grades (integers in the range 0 to 100) for this

quiz are available to you. Determine the class average on the quiz.

18



\ BOBOR 1: SR HE b S A TR R AR

F| AT R BIEE#EHE (counter-controlled
repetition), —R—{E#hEa A A&

o MEIEWRIFE, BMAT B Acounter (FTEAER) IR, %K
5 T 3 — A PE i 2] FEGR BT R R EX

o TEARYIF, EcounteriB@10rF, EEEMEESHER

19



BhEhAE 1: SR H M L R SHFEHEIR

Set total to zero
Set grade counter to one

While grade counter is less than or equal to ten
Input the next grade

Add one to the grade counter

Set the class average to the total divided by ten
Print the class average

1
2
3
4
5
6 Add the grade into the total
7
8
9
0

Fig. 3.5 | Pseudocode algorithm that uses counter-controlled iteration to solve the class-average
problem.




C Demo3-1.c > ...

=

// counter-control iteration example
# include <stdio.h>

int main( void ) {
unsigned int counter;
int grade;
int S tokal;

// grade value

int average; // average of grades
// initialization phase
total = 0; // initialize total
counter = 1; // initialize loop counter
// processing phase
while ( counter <= 10 ) {
printf ("$s", "Enter grade: "“);
scanf ("sd™;

total =

&grade) ;
total + grade;
counter = counter + 1;
} // end while

// termination phase
average = total / 10;
printf ("Class average is %d\n", average);

} // end of function main ()

// loop 10 times

// integer division

// number of grades to be entered next

// sum of grades entered by user

// prompt for input
// read grade from user
// add grade to total

// incrment counter

// display result

# C_Workspace gcc Demo3-1l.c -o Demo3-1
» C_Workspace ./Demo3-1

Enter grade: 89
Enter grade: 99
Enter grade: 89
Enter grade: 99
Enter grade: 96
Enter grade: 90
Enter grade: 94
Enter grade: 92
Enter grade: 90
Enter grade: 96
Class average is 93

21




\.

R 2. FRREBERABAF—IER

(P

o HHMEERANBAREIRIEE, %5t —{E%E =X vl BERF E FE A R A ZX A Ak
B AT E

o BAEEXBEEMIE (784 0~10089ZFE)

LU FHENERATA UERIEFIERLE £ A2

7B EfRRI P REEE A A A B E2E R, 1T

KEMENEGTRE, ARBIFHERINER

it £ T ZEL ERIEAT (top-down, stepwise

refinement), ZREE LB E I THFERN

22



Initialize total to zero
Initialize counter to zero

Input the first grade (possibly the sentinel)
While the user has not as yet entered the sentinel
Adld this grade into the running total
Add one to the grade counter
Input the next grade (possibly the sentinel)

|
2
3
4
3
6
7
8

If the counter is not equal to zero
Set the average to the total divided by the counter
Print the average

else
Print “No grades were entered”

Fig. 3.7 | Pseudocode algorithm that uses sentinel-controlled iteration to solve the class-average
problem.




C Demo3-2.c > ... 2 C Workspace gcc Demo3-2.c -o Demo3-2

1 // Class-average program with sentinel-controlled iteration. - C:Workspace ./Demo3-2

2 # include <stdio.h> Enter grade, -1 to end: 75

3 Enter grade, -1 to end: 94

4 int main( void ){ // function main begins program execution Enter grade, -1 to end: 97

5 unsigned int counter; // number of grades to be entered next Enter grade, -1 to end: 88

6 int grade; // grade value Enter grade, -1 to end: 70

7 int totaly; // sum of grades entered by user Enter grade, s =18 totend: 64

8 float average; // number with decimal point for average Enter grade, -1 to end: 83

9 total = 0; // initialize total e 1 - Enter grade, -1 to end: 89

10 counter = 1; // initialize loop counter Inltlallzatlon phase Enter grade’ -1 to end: -1

aLaL printf ("%$s", "Enter grade, -1 to end: "); // prompt for input Class average is 73.33

2 scanf ("%d", &grade); // read grade from user

13 while ( grade !'= -1 ){ Get first grade from user

14 total = total + grade; // add grade to total

i Co?nter,:_ ot il | Loop while sentinel value not yet read

pEinkEL (Yes Enter grade, -1 to end: "); // prompt for input

1L7 scanf ("%d", &grade); // read grade from user from user

18 } // end while

19 if( counter != 0){

20 // calculate average of all grades entered If user enter at IeaSt one grade

21 average = ( float ) total / counter; // avoid truncation

22

23 // display average with two digits of precision /\ﬁ (ﬂoat) L'ﬂﬂ%ﬁﬁﬂ ﬁ”%”%*?ﬁﬂ%:f—,

24 printf( "Class average is %.2f\n", average ); ﬁj EEGL jT:total)XéE ﬂﬁlﬁﬁﬁj—j:é/j E%&*%
9.5 } else { // if no grades were entered, output message /\o fﬁjﬁﬁ&ftotalﬁfjffﬁﬂa““EﬂE%%&O uﬁj’f‘i
26 puts( "No grades were entered" ); ﬁfﬁj@{ﬁ)ﬂgﬁﬁ?”@%”%?ﬁj_%%@%ﬁﬁ%ﬂ
o SRR ;| licit conversion)

28 } // end of function main () @ (exp ICit cony




C Demo3-2.c > ...

il
2
£)
4
5
6
7
8

9
10
LAl
1l
ILE;
14
15
16
L
18
AL,
20
2
22
28
24
25
26
27
28

// Class-average program with sentinel-controlled iteration.

# include <stdio.h>

int main( void ){ // function main begins program execution
unsigned int counter; // number of grades to be entered next
int grade;
intrtotally;

// grade value

// sum of grades entered by user

float average; // number with decimal point for average
total = 0; L/ init ralliizetEotal
counter = 1; // initialize loop counter

nw

Enter grade, -1

printf(@ssh; to end: "); // prompt for input

scanf ("%d", &grade); // read grade from user
while ( grade !'= -1 ) {

total = total + grade; // add grade to total

counter = counter + 1; // incrment counter
printf ("%s", "Enter grade, -1 to end: "); // prompt for i
scanf ("%d", &grade); // read grade from user

} // end while
if ( counter !'= 0) {
// calculate average of all grades entered

average = ( float ) total / counter; // avoid tri

// display average with two digits of precision

printf( "Class average is %.2f\n", average );

} else { // if no grades were entered, output message
puts( "No grades were entered" );

}// end else

} // end of function main()

o SEV R

fif FHprint £y FS i 5l

% . 2£ #F1HaverageH

HHP RSN & A (BB B
FIIEN, 1 2HIF8 7€ T HAE A F
IRF RS HE BE (precision)
a2 % £55 (HEHEE E 5
(R ATEEREYERD), RS FIRY
1 FTRER G HEBE (default
precision) 6 — — BLAN R FAM
H % 6 £35S 5l

EBIFE RSy, HE g uERA
(rounded) FRFTHE ERUFEHERE, 1E5CE
B Y BB AR g i i
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\ FHBEEER

B A —E [100%BFEHE |, (B2 2 7T DUB A TR
% Hh 5

a0 e FAMER [0 ) RORBIRL 2 98.6 5 (FE Q) B, FAMEAS
AR A YR (] A AR T

R BEE B - FE H98.6 B, EIERY{E nlRER
98.5999473210643, 114 IAE T 1%98.6A1 e B FH i)

FH Pt 2 AR PR, BB 10BR L3S, 5212 —1E
55 /N43.3333333..., IS RELE T B E R/ ZE AT
HCE FEREUE, R ERSET i ROAE R

26



EhEbRE 3: S KRR

o HELEHR—PHRRER, BPHEERA 5 HI A £ N SR =5 5B D
o BHA B EAESEE PTIRER, W20 T3R5, 1R B 2R/
, 3B PITERAR AR B E b ) B AR MR S R B RO R B AN, Bk
PR B B AR SR e T & il . IR T LA E 100244 B
Lﬁg&(’@ﬁ%ﬁ%ﬁﬁ*%( 1 FREERERE, 2483 W)
o E
i N8 55 5k 5 (AP 1862), TERR=NA R B Kl A T — &5 55
BEF 27~ Enter result |35 &1 B
b. R — TR B aE
Sl Z A RHiEt, Sana S0 BANE, %084
d ﬁD%ﬁaﬂﬂiﬂiLLLlﬁ%nﬁﬂ%ﬁ FIH] [Raise tuition | 3 fEFA

J I_x‘
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O~ UNNDh WN =

Fig. 3.9 | Pseudocode for examination-results problem.

Initialize passes to zero
Initialize failures to zero
Initialize student to one

While student counter is less than or equal to ten
Input the next exam result

If the student passed
Add one to passes

else

Add one to failures
Add one to student counter

Print the number of passes

Print the number of failures

If more than eight students passed
Print “Bonus to instructor!”

—~ &

plih

S

R AR O E B 5, 7]
R e 2

f BRI EE R
L4 2, R SR
AR 150, TERIMIRY

L RS A, B
14035, BIRRRE 2,

PR R 2 -

— B R R A A B, — 1

SRR ER A A,

FERR R FR 52T O 5 3RS 1,
I R A S b B
iR
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C Demo3-3.c > ...

22 printf (
jeNealialisiE {(

25 puts (

Initialize passes to zero
Initialize failures to zero
Initialize student to one

While student counter is less than or equal to ten
Input the next exam result

If the student passed
9 Adld one to passes
10 else
11 Add one to failures
12
13 Add one to student counter
14
15  Print the number of passes
16  Print the number of failures
17 |Ifmore than eight students passed
18 Print “Bonus to instructor!”

Fig. 3.9 | Pseudocode for examination-results problem.
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PROBLEMS

OUTPUT

» C_Workspace
® C_Workspace

Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter

result
result
result
result
result
result
result
result
result
result

Passed 6
Failures 4

P~ o~~~ o~~~ o~ —

gcc Demo3-3.

TERMINAL

./Demo3-3

P RRRRRPR R R

pass,
pass,
pass,
pass,
pass,
pass,
pass,
pass,
pass,
pass,

DEBUG CONSOLE

NDNDNDNDDNDNDNDNDNDDNDDNDDN

C

-0 Demo3-3

= fail

fail
fail
fail
fail
fail
fail
fail
fail

= fail

N S e S aw? m? awt?
e e se se es ee se ee ss e

NRRNMNRRRPRNODN R

® C_Workspace

Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter
Enter

result
result
result
result
result
result
result
result
result
result

Passed 9
Failures 1
Bonus to instructor!

e T S I s e e e

./Demo3-3

R RERRRPRRRRRRBRP

pass,

= pass,

pass,
pass,
pass,
pass,
pass,
pass,
pass,

= pass,

NDNDNDNDNDNDDNDDNDNDDNDDNDDNDDND

= fail

fail
fail
fail
fail
fail
fail
fail
fail

= fail

N N Nt Nk "  —t®  —t®  —"'
. oo . e e e o e . o

HFRPRRERRRNDRRPBP
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e e EH F ( Assignment Operators )

o CHRHtTBFEIEEHRE 1, fif5+s e E iR U LM &

o TFFIAHIEFEEER T += (addition assignment operator
+=)

e Ex: c=c+3; = HgE c+=3;

o = JER A EIER 42 rERAYE, Nk HER
F SRR E, SRR G AT R R 1 A2 3B R

31



3.11 | Arithmetic assignment operators.




S 18 TS G
(Increment and Decrement Operators )

o CETRML T B rE i HE B {++ (increment operator) F1 BT
RV E FL 1--- (decrement operator)

Increment a by 1, then use the new value of
a in the expression in which a resides.

Use the current value of a in the expression
in which a resides, then increment a by 1.

Decrement b by 1, then use the new value
of b in the expression in which b resides.

Use the current value of b in the expression
in which b resides, then decrement b by 1.

Fig. 3.12 | Increment and decrement operators 33



C demo20210917.c > @ main(void)
1 #include <stdio.h>
2
3 int main( void )m
4 int c = 5; PROBLEMS ~ OUTPUT  TERMINAL  DEBUG CONSOLE
S # C_Workspace gcc demo20210917.c -o demo20210917
6 printf ("$d\n", c); ; C_Workspace ./demo20210917
i printf(*sdxn" S ctH+); 5
8 printf (ttd \nynt el ‘
9 ‘
10 c = 5; 6
11 primtt R sd Nt A e
1% ehcabignee (s Bl o i delia
13 printt (Madxn Il e |
14 |

34



++ (postfix) -- (postfix) right to left postfix
(yype)  ++ (prefix) -- (prefix) right to left unary
% left to right multiplicative
left to right additive
left to right relational
left to right equality
right to left conditional

/= %= right to left assignment

Precedence and associativity of the operators encountered so far in the text.




N

LK EXFt ( Secure C Programming )

B 5 A {1 R SRR R

o sum = integerl + integer2;
RV 33 ok ) 18 B AR AT 8 B A1 1) [ R - 72 T £ 1 ) 2B i it
BZEfE, WA (R SO e 2 AR K 0O {E ¥, B R T AN A
St (7 (arithmetic overflow)F i& %A Al FRENRY TG I, B A W]
RE B HOR M B s B g
B K fe /NME AT DL A7 7 2 08 8 DL BINT _MAXRT
INT MINZRZE R, EZNIEEE<limits.h>
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C demo20210917.c > ...

#include <stdio.h>

#include <limits.h>

int main( wvoid ) {
printf ("max integer type value is

printf ("min integer type value is

printf ("max unsign integer type
int a = INT MAX;

int b = INT MAX;

int ¢c = a + a;

printf ("c value is %d\n", c):;
int d = b + b;

printf ("d value is %d\n", d):
unsigned int e = a + a;

printf ("e value is %u\n", e);

value 1is

%d\n",
sd\n",

INT MAX);
INT MIN);
tu\n", UINT_ MAX);

+ C Workspace gcc demo20210917.c -o demo20210917
+ C_Workspace ./demo20210917

max integer type value is 2147483647

min integer type value is -2147483648

max unsign integer type value is 423943867285

c value is -2

d value is -2

e value is 42394967294

37




\ R EERY (Unsigned Integer)

o IEGEIE L EEBIIRE L H

o IESRIFARIPT R RNAYERBEMEOR] 5 AT RH WA i A

o IE >HUINT MAXHWE SR AT 8 H 89 -5 1Y a5 ] HE 55k
e
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