The C Programming Language
Chapter 3

(material from Dr. Michael Lewis, William & Mary Computer Science)
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Overview

Booleans

Comparison Operators
Conditional Expressions
if Statement
while/for/do Statements
switch Statement
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Python vs. C vs. C++ vs. Java
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Booleans
in C, true represented by 1 and false by 0

cat -n che3/basleans ¢

1 winclude cxtdio by

s
6
7
5
5
1
u
Iy

int main(int arge, char “sargy)

¥ (1) ¢
PrANLF("1 is truelin®);

if (8) ¢
printf(*The it 8 is falselin');

F (3.16) {
printf(*The double 3.14 iz truslin®};

i () {
u printF("The char "8 ds truelin");
Fr

P

a i o{

2 printf(*The int -1 is truelin®);
@}

:4

B AF (0.0)

B printf(*The double 8.8 is falielin");
7}

*

8 retun o

—.__________________________|
Booleans
warning due to narrowing conversion

e eho3/basleans. ¢
cho3/baaleans. ¢:13:7; warning: eplict comversion fram double’ ta _Bool’ changes value from 3.14 to true [-Wliteral-conversion]
i (3.

1 waening generated

1is trual
The double 3.14 is trus!
The char 'a* is truel
The int -1 ds truel

_bool or _Bool introduced, but it’s an add-on
when printing a bool (alias for _bool), 0 or 1 is output

]
Booleans

true and false exist as constants

cat -n chd3/boal.c

sincluds

#include
int main{int arge, char **argv)

ool T a
bool F

5 printf("T = Mn", T);
1 printf("f o 8in", F);

S (T
13 print(™

B i (Fae ) {
17 printF("F ==

ce chi3/bacl.c

2,00
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Boolean Operators
logical AND: &&
logical OR: | |

logical NOT: !
be sure to use && and | |, as & and | are bitwise operators
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Boolean Operators

cat -n ch@3/and_or_not.c

1 #include <stdio.h>

2

3 int main(void)

4 ¢

S printf("%d\n", (42 < 54) && (42 > 9));
6 printf("%d\n", (42 < 9) || (42 < 54));
7 printf("%d\n", 1(42 < 54));

8

9

return o;
1@ }

gee che3/and_or_not.c

./a.out

|
Comparison Operators

can'tusea<=x<=binC
interpreted as (a <= x) <= b, where the first part returns 0 or 1

cat -n ch@3/bool_exp.c

winclude <stdio.h>

int main(int arge, char **argv)

printf("x = %.1F\n", x);
if (B c=x<=1) {
s printf("whoal @ <= %.1f <= 1 evaluates to truel\n", x);
1B}

1
2

3

4 {

5 float x = 42;
6

7

8

12 x=-19;
13 printf("x = X.1f\n", x);

14 if ((@ <= x) .5) {

1 printf("ok! (8 <= %.1f) <= 8.5 evaluates to true!\n", x);
%}

17

18 return @;

18

]
Comparison Operators
may get a warning at compilation

clang -pedantic -Hall che3/bosl exp.
it 1 ath booles

¢ rORT oF compar

1 warning ganarated

output

.fa.out

x = 42.0
whoa! @ <= 42.8 <= 1 evaluates to true!
x=-1.0

ok! (@ <= -1.8) ¢= @.5 evaluates to true!

-
Comparison Operators
Python version

cat -n ch@3/bool_exp.py

1 x =420
2 print(f"
3 if @ =x<=1:
4 print(f'whoa! @ <= {x} <= 1 evaluates to True!")
5 else:
6
7
8

print(f'yay! @ <= {x} <= 1 evaluates to Falsel")

x = -1
9 print(f"{x = }")
10 if (@ <= x) <= 1:

1 print(f'whoal (8 <= {x}) <= 1 evaluates to Truel")
12 else:
13 print(f'yayl @ <= {x} <= 1 evaluates to Falsel")

python ch@3/bool_exp.py

X = 42.0

yay! @ <= 42.8 <= 1 evaluates to False!
X = -1

whoa! (@ <= -1) <= 1 evaluates to True!

10
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Assignment Expressions

be careful with == and =
ey
H
Ik maia(int arge, char "arge)
1

H
5 floxt x - 4n
6

s princf("yikestin®);

1 retuen 8

clang -pedantic -Nall ch83/assign exp.c

using the result of an assignment as » condition without parentheses [-parentheses]

B/ assign_enp.ci8:9i
i tx = 4] {

B3 /asRIEn_exp 18191 note: place parentheses the sssigraent to silence this weening
it (x « 58) {

hB3/assign_enp.ci8id: note: use ‘=" to turm this assigment inte an equality comparisen
tx v 53) {

1 warning generated

11
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Assignment Expressions
can be useful in some instances

cat -n che3/assign_expd.c

1 #include <stdic.h>
2 " o o
3 int main(int arge, char **argy) Python return the first value it encounters that allows it to
: { e e determine the truth of an expression
6  FILE *fp; n=(15=2) or (3.14)
7 char filename[] = “muskmelon.txt";
8 Python: n = 3.14 (first value that determines truth of expr)
9 if ((fp = fopen(filename, "r")) l= NULL) {
18 while ((c = getc(fp)) != EOF) { C/C++:n=1
1 putchar(c);
12 Y
13 fclose(fp);
14 1
15 else
16 printf(“"File \"%s\" not found!\n", filename);
17
18
19 return @;
% }
5 "

10/2/2024

Numerical Value of Boolean Expression

recall short circuiting
C/C++ always returns 0 or 1 for boolean expressions, but
Python may return a different result

13

- |
Conditional Expressions

also called ternary expressions
m=(a>b) ?a:b;

above is equivalent to

if (a > b) {
m=a;

1

else {
m=b;

[

or the Python statement

m=aif a>belseb

place Boolean expression in parentheses for clarity (K&R)

14

—____________________________|
Conditional Expressions
example used for assigning max of two numbers
cat -n ch@3/max.c
#include ¢stdio.h>
int main(int argc, char **argy)
int b« 54;
int m;

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

1
2

3

a

5  int a = 42;

6

7

8

9

0 printf("max(%d, %d) = %d\n", a, b, m);

12 return 8;

-fa.out

max(42, 54) = 54

15

Conditional Expressions
example used for handling the singular/plural of hours

cat -n che3/cond_expr.c

1 sinclude <stdio.h>
2

3 int main(void)

4

5 int durstion;

6

7 durstion = 13

8 printf(*The durstion is % hour%s.\n", duration, (duration > 1) ? "s" : ™);
s

10 duration = 2;

11 printf("Tha durstion is %4 hour¥s.\n", duration, (duration > 1) ? "s™ : ~);
2

13 retuen 8

1}

gec che3/cand_axpr.c

fa.out

The duration is 1 hour.
The duration is 2 hours

16

]
Statements and Blocks

{ } to delimit blocks (e.g., if body, while body, etc.)
indentation irrelevant, though customary for blocks

eat -n chos/scope.c

1 #include cstdio.hy
nt main( )

2
3

4

5 dnti=wg;

& printf("just before the losp, i = Min", i);
7

&

s

o

For (dnt & = 1; 4 <= 5 i) {
print?("inside the laop, & = ¥a\n", i)

12 print(*just afear the loop, i = Kd\n', 4);
1

Bee chdd/scepe.e

fa.out

just before the locp, = 8
inside the loop, 1

inside the loap, 1=
inside the loap, 1 =
inside the loop, & =
inside the loap, i =
ust after the loop,

17

18



[
Statements and Blocks

errors for accessing variables outside of scope

cat -n ched/scoped.c

1 winclude cstdio.hs
3 dnt nain()

s q

S for (int s 1; i & e { /° i is local to for statement. */

6 printf(*insice the loop, 1 = ", i);

i

3 printf("just after the loop, i = 34w, i);

s

1w

1 #* 3 is Jocal to this block. */

1

1 “just after the bleck, j = %", §);

14

13 54; /*  i5 available at any later point. *f
16 the end of the progran, k = 3dn%, K

73

gec chéd/scopel.c
chd3/scoped.c1B1431 errort use of undeclared identifier i'
printf(~just after the loop, & = MW", §);

chB3/scopel.c:13:44: error: use of undeclared identifier 'j"
printf(~just sfter the block, § = 3A\n", 1

2 errors generated
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if Statement

similar to Python, except
parentheses around condition
else if instead of elif
curly braces may be omitted for body with single statement
similarly for while and for
may be clearer to use them anyway

19

|
if Statement

cat o h/Ife

example

3 dnt sain(int arge, chae *argy)
€

20

[
while Statement

example

cat -n chd3/while.c

1 winclude cstéio.h
5 dnt main(int arge, char *argy)
.
5 dntn=az
6
7

while (n < 54)

BrintF("Mn", 1)

5 e /% Increment n by 1. %/
w3

u

12 ratuen &

5}

gee chaa/uhila ¢

Ja.out

21

Increment/Decrement Operators

++and -

behavior depends on whether they are prefix or postfix

operators
++n (prefix increment) means increase n by 1 and use the resulting value
n++ (postfix increment) means use the value of n and then increase by 1
--n and n-- behave similarly

22

Increment/Decrement Operators

cat < e 3 gee che3/incranant.c
1 sinclude cstdio.n
2 faout
3 int main(int arge, char *Tangy
“ a2
5 dntasan a3
s o4z

Prefix ++ and -
n at start: 42

0
e wn; 43
n ni a4
o —
1 ni 42
15
1
n
s
13
2
a

prints
% reume;
2y

2

23
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for Statement

more general than for in Python
equivalent to while statement

no iterable objects in C

10/2/2024

]
for Statement

for and while statements

cat -n chad/for.c cat -n chal/ford.c

1 sinclude <stdio.h> 1 #include cstdio.hs
1 ot meinueta 2
3 nt meinuald) 2 int main{void)
5 int i 1 N
H 5 dmti;
M 5
M 7 for (i=42; <58 iee) { /7 Subfix ee.
H 8 printe("¥a ", 1);
1 9
1 @ printf{min");
12 1n
= o 12 for (i =42 i< 54 ) {/* Prefix s %/
" rintf(%d ", i);
i 13 printf(™¥d ", i);
15 u
1 15 printf("in");
') I
15 printf(yn"); 17 rewrn 8
zn 8}
o retuen 0
u ) gce chdd/for.c
sec cheasfor.e
fa.out
fa.ou 42 43 44 45 45 47 48 43 58 51 52 53
42 43 54 35 45 47 48 43 5 51 82 53 4243 34 45 46 47 48 49 58 51 52 53
42 43 44 35 46 47 45 49 50 5152 53 %

25
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for Statement

common to have temporary local loop variable

cat -n cha3/fors.c

1 minclude csedic b
2
3 it main()

nt i =8
primtf(*Just bafore the loop, i = 5d.An", i);

for (int i = 1; 4 ¢= 5 ie) { /* The i declarad hers is local to the locp. */
printf("Inside the loop, i = %d.\n", i);

18

u

12 primtf("Just after the loop, i = %d.\n", i);

13}

gec che3/ford.c

.fa.out

Just before the loop, i = B,
Inside the loop, § =

Inside the laop, i
Inside the laop, i
Inzide the laop, §

1
2
5
4
s

1oop,

26

[
do while Statement

condition checked at end of loop
guaranteed to be executed at least once

cat -n chddfde.c

#include <stdio. by

int main(int argc, char **argv)

while (n < 42) { /" Test at top of loop; loop does not exscute, */

1
2

3

4

s dntn=a2;
6

7 (
2 printf("Hallo fram the while locplin”);

5
18

1 & /% Test st bottom of loop; loop executes once. */
2 print#("Hello from the do losplin”);

13} while (n < 42);

14

15 return 8;

16

gee chonjdo.c

fa.out

Hello from the do loop!

27

e
break Statement

terminates execution of the smallest enclosing loop or switch

ot n cha et < fa.out
1 wincluse susic b
z ire
int madnuis) i1

¢

ii2
Skipping 3
i

) L
Skipping 311"

tines; /" Jusp 5 the start of tha wila locp.

¥
st w1

iie j:
iie i
Skipping
iie g
ir1 3
3 iz
pelnee(e w3 v, 4 3 skipping
¥ i1 j:

§= 2
tne start of o

inner for losp. *f

! ir2 g
i 2
Skipping
ir2 §:

T NPT

[T—

28

continue Statement
terminates execution of the smallest enclosing loop
o ane Jo o
i e
. Y
3 Cim B2
s skipping 3!
:
5 i@ j: @
“ Lie 31
2 " Jmp out of the while loop. */ skipping j = 2.
i : i1 j: @
i: i: 8wt i) i1 311
% skipping § = 2.
g 2 j:a
1 <3 de) ¢ 2 §:1
5. AN skipping § = 2.
2 r -2
H
»
e chaszcontion.¢
0

29
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switch Statement

no analog in Python
multiway decision statement
checks value against constant int expressions and branches
accordingly
executed as follows
control expression is evaluated
if value matches a case label, the program jumps to the case block
if the value is not a match for case label, the default block is executed
if no default case, no statements will be executed

switch Statement

et Ber chod/smitch.c

fa.0ut

Done with First switch statement!

Done with secand switch statement!

fo stars for youl
Done with third switch statement!

Done with fourth switeh statement!

10/2/2024
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switch Statement

all cases executed due to lack of break statements between

cases
corrected:
cat -n chaa/edtena.c

3 vinclude catdi.ns

H

H

H

'

.

™

18 retun 3
E

gee chas/switcha c

jaout

switch Statement

can use fall through behavior to our advantage

eat -n chB3/switchd.c

1 sinclude catdio.hs
int main(void)
char ¢

case '3': case "4’
case '8%: case "9’

se “\n': case '\t
© s white spacel\n®);

16 efault:
17 printf("c iz something elsalin’);

@ return 8;

Bee ched/awitchd.c

fa.out

© is a digit!

33
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