
A
rithm

etic
O

perators

�

T
he

arithm
etic

operators
are

used
to

com
pute

the
values

ofinteger
and

real

(float/double)
expressions.

�

the
arithm

etic
operators

in
C

are

�

negation

�

m
ultiplication

�

addition

�

division

�

subtraction
%

m
odulus

�
F

or
alloperators

except%
,resultis

oftype
double

ifeither
or

both
operands

are
oftype

double;ifboth
operands

are
oftype

integer
then

the
resultis

of

type
integer.

T
he

m
odulus

operator
only

takes
integer

operands
%

alw
ays

returns
a

integer
result.

D
ivision

ofintegers
truncates

the
fractionalpart.

T
he

m
odulus

operation
A

%
B

returns
the

rem
ainder

ofA
divided

by
B

.

Itis
alw

ays
true

that
0

<
=

A
%

B�

B
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R
eading

A
ssignm

ent

K
.N

.
K

in
g

C
h

a
p

te
r

4

K
.N

.
K

in
g

S
e

ctio
n

7
.4

,
7

.5
,

7
.6

S
u

p
p

le
m

e
n

ta
l

R
e

a
d

in
g

S
.

M
cC

o
n

n
e

ll
C

h
a

p
te

r
8

C
h

a
p

te
r

1
2
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P
revie

w

�

A
rithm

etic
E

xpressions

�

A
ssignm

ent,lV
alues

and
rV

alues

�

LogicalE
xpressions

�

C
onditionalexpressions

�

O
perator

associativity

�

O
perator

precedence

�

Type
conversions
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C
S

C
181F

Lecture
N

otes

T
hese

lecture
notes

are
provided

for
the

personaluse
of

students
taking

C
S

C
181F

in
the

Fallterm
1999/2000

atthe

U
niversity

ofToronto

C
opying

for
purposes

other
than

this
use

and
allform

s
of

distribution
are

expressly
prohibited.

c�

D
avid

B
.W

ortm
an,1995,1996,1998,1999

c�

H
iroshiH

ayashi,1997
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Increm
ent

and
D

ecrem
ent

O
perators

+
+

and
-

-

�

T
he

increm
ent(+

+
)

and
decrem

ent(-
-

)
operators

can
be

used
to

efficiently
add

or
subtractone

from
a

variable

B
oth

ofthese
unary �

operators
take

an
lV

alue
as

an
operand.

T
hey

add
or

subtractone
from

value
ofthe

variable
in

m
em

ory.

T
he

resultofthe
operation

is
a

rV
alue

w
hich

can
be

used
like

any
other

rV
alue

.

�
Ifthe

operator
occurs

before
the

lV
alue

then
the

rV
alue

is
the

value
ofthe

variable

after
itis

increm
ented

or
decrem

ented.

Ifthe
operator

occurs
after

the
lV

alue
then

the
rV

alue
is

the
value

ofthe
variable

before
itis

increm
ented

or
decrem

ented.
�

E
xam

ple:
k

=
1

;

p
rin

tf("k
is

%
d

\n
",

+
+

k);
/*

p
rin

ts
"k

is
2

"
*/

p
rin

tf("k
is

%
d

\n
",

k);
/*

p
rin

ts
"k

is
2

"
*/

k
=

1
;

p
rin

tf("k
is

%
d

\n
",

k--);
/*

p
rin

ts
"k

is
1

"
*/

p
rin

tf("k
is

%
d

\n
",

k);
/*

p
rin

ts
"k

is
0

"
*/

�

A
unary

operator
has

one
operand.

64

A
ssignm

ent
O

perator

lV
alue

=
rV

alue

�

A
ssignm

entis
an

operator
in

C
.

T
he

leftoperand
ofthis

operator
m

ustbe
an

lV
alue

(usually
a

variable).

�

T
he

rightoperand
ofthis

operator
m

ustbe
an

rV
alue

.

T
he

rV
alue

can
be

any
arbitrary

expression
involving

constants,variables,operators

and
function

calls.
T

he
resultofthe

assignm
entoperator

is
also

an
rV

alue
.

�

E
xam

ples:

h
e

ig
h

t
=

8
;

vo
lu

m
e

=
h

e
ig

h
t

*
le

n
g

th
*

w
id

th
;

i
=

j
=

k
=

0
;

/*
E

q
u

iva
le

n
t:

i
=

(
j

=
(

k
=

0
))

;
*/

1
2

=
i;

/***
W

R
O

N
G

,lV
a

lu
e

ca
n

’t
b

e
a

co
n

sta
n

t
***/

I
+

j
=

0
;

/***
W

R
O

N
G

,lV
a

lu
e

ca
n

’t
b

e
a

n
e

xp
re

ssio
n

***/
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C
om

bined
O

perate
and

A
ssign

�

F
or

(alm
ost)

any
binary

operators 	

lV
alue

binaryO
p=

rV
alue

is
equivalentto:

lV
alue

=
lV

alue
binaryO

p
rV

alue

�

E
xam

ples

x
+

=
1

;
/*

x
=

x
+

1
*/

y
*=

x
+

z;
/*

y
=

y
*

(x
+

z)
*/

i
%

=
7

/*
i

=
i

%
7

*/

�

G
ood

S
tyle:

D
on’t

use
operate

and
assign

ifitm
akes

your
program

difficult

to
understand.

�

binary
operators

are
arithm

etic
operators

thatrequire
tw

o
(

leftand
right)

operands,e,g,
+

63

A
ssignm

ent
lV

alues
and

rV
alues

�

A
ssignm

entis
the

actofcom
puting

the
value

ofsom
e

expression
and

m
aking

thatexpression
the

value
ofsom

e
variable.

�

A
n

lV
alue

represents
an

objectstored
in

the
m

em
ory

ofthe
com

puter.

V
ariables

are
lV

alues 	

�

A
n

lV
alue

is
used

in
an

assignm
entto

indicate
w

here
the

value
ofthe

expression
is

to
be

stored
in

m
em

ory.

�

A
n

rV
alue

is
another

nam
e

for
an

arbitrary
expression.

rV
alues

can
be

used
anyw

here
thatan

expression
is

allow
ed.

In
particular

an
rV

alue
is

required
on

the
rightside

ofan
assignm

ent.

�

O
ther

kinds
oflV

alues
w

illbe
discussed

later
in

the
term

.
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Logical
O

perators
are

C
O

N
D

IT
IO

N
A

L
in

C

O
perator

M
eaning

A
&

&
B

ifA
is

true
then

B
else

false

A
||

B
ifA

is
true

then
true

else
B

N
ote

thatthe
rightexpression

(
B

)
is

only
evaluated

ifitis
needed.

M
any

C
program

s
use

the
conditionalnature

ofthe
logicaloperators.

E
xam

ple:
0


K
&

&
K�

A
R

R
AY

S
IZ

E
&

&
A

[K
]=

=
0

W
A

R
N

IN
G

:
B

e
V

E
R

Y
carefulto

notuse
the

bitw
ise

operators 	

w
hen

you
w

antthe

logicaloperators.O
perator

Logical
B

itw
ise

N
ot

!
˜

A
nd

&
&

&

O
r

||
|

�

To
be

discussed
later,S

ee
K

ing
S

ection
20.1

68

R
elational

O
perators

�

T
he

relational(com
parison)

operators
in

C
are

=
=

equal
!=

notequal

>
greater

than
>

=
greater

than
or

equal

<
less

than
<

=
less

than
or

equal

T
he

operators
are

typically
used

as

��
 ������
���� �

relationalO
perator��
 ������

���� ��

�

T
he

relationaloperators
com

pare
the

values
of��
 ������

���� �

and

��
 ������
���� ��

and
produce

a
logic

value
describing

the
resultofthe

com
parison.

�

A
llscalar

types
can

be
com

pared.
O

nly
scalar

types
can

be
com

pared.

�

W
A

R
N

IN
G

:
B

E
R

E
A

LL
Y

R
E

A
LL

Y
C

A
R

E
F

U
L

don’t
confuse

assignm
ent

(=
)

w
ith

equality
com

pare
(=

=
)

K
=

3
is

alw
ays

true
A

N
D

C
H

A
N

G
E

S
K

!!!
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Logical
O

perators

�

T
he

logicaloperators
in

C
are

used
to

com
bine

sim
ple

logicalvalues
into

m
ore

com
plicated

logicalvalues.
T

he
logicaloperators

are

&
&

logicaland

||
logicalor

!
logicalnot

�

T
he

definitions
for

these
operators

are

A
B

!
A

A
||

B
A

&
&

B

false
false

true
false

false

false
true

true
true

false

true
false

false
true

false

true
true

false
true

true

67

Logical
E

xpression
in

C

�

T
he

C
language

contains
a

num
ber

ofoperators
thatw

ork
on

logicalvalues,

i.e.
true

and
false

.
Logicalvalues

are
often

called
B

oolean
values.

�

T
he

relationaloperators
com

pare
the

values
oftw

o
expressions

and
produce

a
logicalvalue.

�

T
he

logicaloperators
can

be
used

to
com

bine
logicalvalues

to
produce

a

logic
valued

result.

�

H
istorically

false
is

represented
internally

by
the

value
zero

and
true

is

represented
by

any
non-zero

value.

�

M
any

program
m

ers
use

the
definitions

#define
FA

LS
E

(
0

)

#define
T

R
U

E
(

1
)

typedef
int

B
ool;
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�

Try
to

m
inim

ize
the

num
ber

of!
operators

in
a

logicalexpression
to

m
ake

it

easier
to

understand.

D
eM

organ
Law

s
!

A
||

!
B

replace
w

ith
!

(
A

&
&

B
)

!
A

&
&

!
B

replace
w

ith
!

(
A

||
B

)

InvertR
elations

!
(

X
=

=
Y

)
replace

w
ith

X
!

=
Y

!
(

X�

Y
)

replace
w

ith
X�

=
Y

C
ancellation

!
!

X
replace

w
ith

X

72

H
O

W
TO

U
se

Logical
O

perators

�

V
ariables

(usually
char

or
int

)
can

store
logicalvalues

for
later

use.

int
xTooLow

;
xTooLow

=
X�

0.75
;

�

U
se

&
&

,||
and

!
to

com
bine

logicalresults.

–
!

inverts
the

logicalsense
ofthe

expression

–
&

&
produces

true
ifB

O
T

H
operands

are
true

–
||

produces
true

ifE
IT

H
E

R
operand

is
true

�

F
or

efficiency
order

operands
to

produce
an

early
result

putterm
m

ostlikely
to

be
false

firstfor&
&

putterm
m

ostlikely
to

be
true

firstfor||

70

�

U
se

order
ofoperands

to
guarantee

safe
evaluation

ofthe
rightoperand.

0


K
&

&
K�

A
R

R
AY

S
IZ

E
&

&
A

[K
]=

=
0

�

U
se

parentheses
generously

to
m

ake
logicalexpressions

easy
to

read.

�

U
se

form
atting

to
m

ake
long

logicalexpressions
easier

to
read

(
A

<
3

||
!B

||
C

!=
1

7
)

&
&

(
!D

||
E

<
=

1
.3

7
5

||
F

)

&
&

(
X

<
Y

||
Z

>
=

1
3

.8
)

�

Long
logicalexpressions

M
AY

indicate
B

A
D

T
H

IN
K

IN
G

m
ake

sure
each

long

expression
is

really
necessary.

S
om

etim
es

com
puting

the
logicalinverse

of

an
expression

and
using

!
is

sim
pler.71

E
xam

ple:
R

elational
and

Logical
O

perators

A
ssum

e
that� �

�� �
!� " �
�!.

�
<

=�
&

& 
=

=#

false

�

<
=�

|| 
=

=#
true

!
(�

> �)
true

!�

> �

false
(

!
!

)

!
(�

<
= �

|| 

=
=# )

false

�

>
=�

&
& 

=
=#

||"
<�!

false

69



O
perator

P
recedence

�

O
perator

P
recedence

determ
ines

the
order

in
w

hich
operators

in
an

expression
are

evaluated.
A

n
operator

w
ith

higher
precedence

w
illbe

evaluated
before

an
operator

oflow
er

precedence.

�
E

xam
ples:

*
has

higher
precedence

than
+

so

A
*

B
+

C
m

eans
(

A
*

B
)

+
C

and
not

A
*

(
B

+
C

)

A
rithm

etic
operators

have
higher

precedence
than

relationaloperators
so

A
+

B$
C

*
D

m
eans

(
A

+
B

)$

(
C

*
D

)
and

not
A

+
(

B$

C
)

*
D

�
T

he
precedence

rules
in

C
are

m
ostly

intuitive
and

sensible.

U
se

parentheses
w

hen
in

doubtor
to

force
a

particular
order

ofevaluation.

�

W
A

R
N

IN
G

:
B

e
carefulw

hen
m

ixing
operators

from
differentprecedence

classes
in

an
expression.

76

C
om

m
a

O
perator

%�& '%(()*
+,-. /

,%�& '%(()*
+012 3/

�

T
he

com
m

a
operator

is
used

to
putseveralexpressions

in
places

w
here

norm
ally

only
a

single
expression

is
allow

ed.

�%�& '%(()*
+,-. /

is
evaluated

and
its

value
is

discarded.

�%�& '%(()*
+012 3/

is
then

evaluated
and

then
becom

es
the

value
ofthe

entire

expression
(an

rV
alue

).

�

G
ood

S
tyle:

U
se

the
com

m
a

operator
sparingly

w
hen

you
really

need
a

listof

expressions.
D

o
notuse

itto
w

rite
hard

to
understand

program
s.

74

S
izeof

O
perator

sizeof(
object)

�

T
he

sizeofoperator
returns

the
size

in
bytes

ofthe
object.

�

In
the

m
ostcom

m
on

case
objectis

a
type-nam

e
,butobjectcan

also
be

a

constant,variable
or

expression.

�

E
xam

ple:

in
t

I
;

size
o

f
(

in
t

)
;

size
o

f
(

I
)

;

size
o

f
(

2
3

)
;

size
o

f
(

I
+

3
2

7
6

8
)

;

75

C
onditional

E
xpression

(4**5 6�& +

?%�& +/07-

:%�& +. 	,8-

)

T
he

value
ofthe

boolean
expression4**5 6�& +

selects
one

of%�& +/07-

or

%�& +. 	,8-

as
the

value
ofthe

entire
construct

G
ood

S
tyle:

A
lw

ays
enclose

conditionalexpressions
in

parentheses
for

readability
and

to
avoid

operator
precedence

problem
s

E
xam

ples:

(
X�

Y
?

X
:Y

)
/*

m
ax(

X
,Y

)
*/

(
1


N
&

&
N


LIM
IT

?
N

:1
)

/*
B

ounded
N

*/

73



R
eading

A
ssignm

ent

K
.N

.
K

in
g

,
C

h
a

p
te

r
5

K
.N

.
K

in
g

,
C

h
a

p
te

r
6

K
.N

.
K

in
g

,
S

e
ctio

n
2

4
.1

S
u

p
p

le
m

e
n

ta
l

R
e

a
d

in
g

S
.

M
cC

o
n

n
e

ll
C

h
a

p
te

r
1

4

S
.

M
C

C
o

n
n

e
ll

C
h

a
p

te
r

1
5

80

O
perator

P
recedence 9

O
perators

A
ssociativity

()
[]

->
.

left->
right

!
˜

+
+

--
+

-
*

&
(typ

e
)

size
o

f
right->

left

*
/

%
left->

right

+
-

left->
right

<
<

>
>

left->
right

<
<

=
>

>
=

left->
right

=
=

!=
left->

right

&
left->

right

ˆ
left->

right

|
left->

right

&
&

left->
right

||
left->

right

?
:

right->
left

=
+

=
-=

*=
/=

%
=

&
=

ˆ=
|=

<
<

=
>

>
=

right->
left

,
left->

right

�

S
ee

K
ing

A
ppendix

B
.S

om
e

ofthese
operators

w
illbe

discussed
later.

78

Type
C

on
versions

�

C
does

reasonable
autom

atic
type

conversions

narrow
er

operand
->

w
ider

operand

w
hen

inform
ation

is
notlost

�

E
xam

ples:

char->
int

short->
intor

long

float->
double

int->
floator

double

�

S
ee

K
ing

S
ection

7.5
for

fulldetails

79

O
perator

A
ssociativity

�

O
perator

A
ssociativity

determ
ines

the
order

in
w

hich
operators

ofequal

precedence
w

illbe
evaluated

in
an

expression.

�

left->
rightassociativity

m
eans

the
operators

w
illbe

evaluated
from

leftto

rightas
the

occur
in

the
expression

so

A
*

B
/C

m
eans

(
A

*
B

)
/C

and
not

A
*

(
B

/C
)

A
-

C
+

3
m

eans
(

A
-

C
)

+
3

and
not

A
-

(
C

+
3

)

�

right->
leftassociativity

m
eans

the
operators

w
illbe

evaluated
from

rightto

leftas
they

occur
in

the
expression,so

I=
J

=
K

m
eans

I=
(

J=
K

)
and

not
(

I=
J

)
=

K

�

U
se

parentheses
ifthe

defaultassociativity
isn’tw

hatyou
w

ant.

77



G
rouping

:

declarations

statem
ents

;

�
T

he:
and;

introduce
a

new
scope

w
here

declarations
and

statem
ents

can

occur.
�

U
se:

and;
to

w
rite

m
ultiple

statem
ents

w
here

only
one

statem
entis

norm
ally

allow
ed.

T
he

grouping
behaves

like
a

single
statem

entbutitdoes

notneed
to

be
term

inated
by

a
sem

icolon.

�

G
ood

S
tyle:

alw
ays

place
m

atching:

and;

so
thatstructure

ofthe
program

is
obvious

to
anyone

reading
the

program
.

84

S
copes

of
D

eclaration

�

T
he

term
scope

refers
to

a
place

in
a

program
w

here
variables,constants

and

types
can

be
declared.

S
copes

can
nest,i.e.

a
scope

can
be

contained
in

a

larger
scope.

�

S
copes

in
C

include

–
G

rouping
scope

-
T

he<

and=

grouping
sym

bols
introduce

a
new

scope
w

here

declarations
can

be
m

ade.

–
F

ile
scope

-
E

ach
source

file
defines

a
scope.

D
eclarations

in
a

source
file

butnot

in
a

function
are

visible
to

allfunctions
defined

in
the

sam
e

file.

–
F

unction
scope

-
T

he
body

ofa
function

introduces
a

new
scope.

T
he

param
eters

ofthe
function

are
autom

atically
included

in
this

scope.
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S
copes

and
V

isibility

�

T
he

scope
visibility

rule
for

a
program

m
ing

language
determ

ines
w

hatnam
es

(variables,constants,types,etc.)
can

be
legally

used
atany

given
pointin

a

program
.

�

In
order

for
a

nam
e

to
be

used
ata

given
point,itm

ustbe
visible

atthatpoint.

�

T
he

norm
alscope

visibility
rule

for
C

is
thatnam

es
declared

in
a

scope
are

only
visible

w
ithin

thatscope.
T

hey
are

undefined
and

unavailable
outside

thatscope 	

�

G
ood

S
tyle:

D
eclare

variables,constants
and

types
in

the
sm

allest
scope

(m
ostlocal)

scope
thatcontains

alluses
ofthe

item
.

G
ood

S
tyle:

D
on’tdeclare

item
s

w
ith

file
scope

unless
they

are
used

to
share

inform
ation

betw
een

differentfunctions.

�

T
his

rule
can

be
m

odified
using

the
extern

and
static

declaration
qualifiers

that
w

illbe
discussed

later.

83

C
ontrol

F
lo

w
S

tatem
ents

�

S
copes

ofD
eclaration

�

A
ssertfunction

�

G
rouping::

and;

�

D
ecision

m
aking:

if,sw
itc

h

�

Loop
building:

w
hile

,do
,for

�

Loop
ending:

break
,contin

ue

81



assert
E

xam
ples

/*
A

lgorithm
w

on’tconverge
ifR�

1.0
*/

assert
(

R
<

=
1.0

);

/*
R

ead
three

inputvalues
*/

assert
(

scanf(”%
f%

f%
f”,

&
X

,
&

Y
,

&
Z

)=
=

3
)

/*
D

E
B

U
G

-
Is

m
em

ory
getting

trashed
here

???
*/

assert
(

0
<

=
K

&
&

K�

A
S

IZ
E

);

A
[K

]=
3

*
K

+
J

;

/*
T

he
IM

P
O

S
S

IB
LE

H
A

S
H

A
P

P
E

N
E

D
.S

hould
N

E
V

E
R

reach
here.

*/

assert
(

false
);

/*
B

eam
m

e
up

S
cotty

*/

88

T
he

assert
function

#inc
lude�

assert.h�

assert(
logical-expression

);

�

T
he

logical-expression
is

evaluated.

–
ifits

value
is

true
the

assertfunction
does

nothing.

–
ifits

value
is

false
the

assertfunction
causes

program
execution

to
H

A
LT.

A
n

error
m

essage
is

produced
describing

the
location

atw
hich

the
program

halted.

�

T
he

assertfunction
is

a
very

efficientand
com

pactw
ay

to
verify

the
correct

operation
ofa

program
during

execution
ofthe

program

U
sing

assertcosts
alm

ostnothing
extra

in
tim

e
or

space.

�

assertIS
T

H
E

P
R

O
G

R
A

M
M

E
R

S
F

R
IE

N
D

.

86

H
O

W
TO

U
se

assert

�

A
dd

calls
to

the
assertfunction

generously
in

your
program

–
To

check
for

unlikely
error

conditions.

–
To

verify
thatassum

ptions
thatyou

m
ade

in
the

design
ofyour

program
are

correct.

–
To

check
thatyour

program
is

notbeing
used

outside
ofits

design
lim

its.

–
To

catch
program

m
ing

errors
near

w
here

they
occurred.

–
To

verify
the

integrity
ofcom

plicated
data

structures.

–
To

detectbad
inputdata

before
itcrashes

your
program

.

�

G
ood

S
tyle:

E
ach

use
ofassertshould

be
accom

panied
by

a
com

m
ent

describing
the

purpose
ofthe

assert.

�

G
ood

Technique:
U

se
a

lotofasserts
to

verify
and

validate
your

program
.

87

W
H

E
R

E
TO

Locate
V

ariab
les

�
In

C
you

can
declare

a
new

variable

–
A

tthe
startofany<=

grouping.
T

his
includes

the
bodies

offunctions
and

inside

loops.

–
In

a
program

file
outside

ofany<=

grouping.

V
ariables

declared
inside:;

can
only

be
used

inside
the

grouping
(and

any

contained
groupings).

�

V
ariables

declared
in

a
program

file
(globalvariables

)
can

be
used

by
all

functions
declared

in
the

sam
e

file.
this

rule
can

be
m

odified
using

the
extern

and
static

qualifiers
in

w
ays

thatw
illbe

discussed
later.

�

G
ood

S
tyle:

V
ariables

should
be

declared
in

the
sm

allest
grouping

that

contains
allnecessary

uses
ofthe

variable.

R
euse

ofvariables
(other

than
obvious

tem
porary

variables)
should

be

avoided.

�

G
ood

S
tyle:

do
not

use
globalvariables

unless
there

is
no

sim
pler

alternative.
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N
ested

if
exam

ple

if
(

A
<

B
)

if(
C

>
D

)

X
=

C
;

e
lse

X
=

D
;

e
lse

if
(

A
=

=
B

)

{

X
=

A
;

B
=

B
+

3
;

}

e
lse

if
(

X
!=

B
)

X
=

B
;

e
lse

X
=

A
;

92

if
S

tatem
ent

E
xam

ples

if
(

A
=

=
0

)

p
rin

tf("T
H

E
IM

P
R

O
B

A
B

L
E

H
A

P
P

E
N

E
D

\n
");

if
(

X
<

=
Y

)
{

d
o

u
b

le
T

;
/*

lo
ca

l
te

m
p

o
ra

ry
va

ria
b

le
*/

T
=

X
;

/*
In

te
rch

a
n

g
e

X
a

n
d

Y
*/

X
=

Y
;

Y
=

X
;

}
e

lseX
-=

1
.0

;90

N
ested

if-else
statem

ent

if
(%�& '%(()*

+> )

(?@?%A%+?>

;

else
if

(%�& '%(()*
+B )

(?@?%A%+?B

;

else
if

(%�& '%(()*
+C )

(?@?%A%+?C

;

...

else
if

(%�& '%(()*
+D

)

(?@?%A%+?D

;

else(?@?%A%+?

;

91

if
statem

ent

if
(

logical-expression
)

if
(

logical-expression
)

(?@?%A%+?/07-

;

(?@?%A%+?/07-

;

else(?@?%A%+?. 	,8-

;

�

T
he

(
)

are
required

around
logical-expression.

Logicalexpression
is

false
ifits

value
is

Z
E

R
O

,otherw
ise

itis
true

T
he

optionalelse
associates

w
ith

nearestif

�

W
A

R
N

IN
G

:
You

m
ust

use<

and=

ifm
ore

than
one

statem
entis

required
in

the
true

or
false

parts.

89



D
efinition

of
for

loop

for
(%�& '%(()*

+1D1/

;%�& '%(()*
+/-8/

;%�& '%(()*
+1DE0

)

statem
ent

is
equivalentto:

%�& '%(()*
+1D1/

;
w

hile
(%�& '%(()*

+/-8/

)

:
statem

ent;
%�& '%(()*
+1DE0

;

;
;

96

w
hile

and
do

iteration
statem

ents

w
hile

(
logical-expression

)
do

statem
ent;

statem
ent;

w
hile

(
logical-expression

);

�

(
)

are
required

around
logical-expression

�

U
se:

and;

ifm
ore

than
one

statem
entis

required

�

B
oth

loops
execute

as
long

as
logical-expression

is
true

.

E
xam

ples:
J

=
0

;
J

=
N

-
1

;

w
hile

(
J�

N
)

do

A
[J+

+
]=

0
;

A
[J-

-
]=

0
;

w
hile

(
J�

=
0

)
;

94

for
iteration

statem
ent

for
(%�& '%(()*

+1D1/

;%�& '%(()*
+/-8/

;%�& '%(()*
+1DE0

)

statem
ent;

�%�& '%(()*
+1D1/

is
pre-loop

initialization

%�& '%(()*
+/-8/

is
the

loop
term

ination
test

%�& '%(()*
+1DE0

is
the

per-iteration
increm

ent

�

(
)

required
around

the
three

expressions.

E
xpressions

are
separated

by
sem

icolons.

E
xam

ples:
for

(
J

=
0

;J$

N
;J+

+
)

for
(

J
=

N
;JF

=
0

;J-
-

)

A
[J]=

0
;

A
[J]=

0
;

95

H
O

W
TO

U
se

the
if

statem
ent

�

U
se

ifstatem
entfor

controlling
program

flow
w

hen
controlflow

condition
can

be
expressed

as
a

sim
ple

logicalexpression.

�

W
A

R
N

IN
G

:
be

very
carefulthatlogicalexpressions

in
if

statem
ents

are

expressed
properly.

(e.g
don’tuse�

ifyou
m

ean�

=
).

�

G
ood

Technique:
U

se
nested

ifs
as

an
alternative

to
com

plicated
logical

expressions.

�

D
eeply

nested
ifs

are
often

an
indication

ofbad
program

design

�

G
ood

Technique:
B

e
sure

thatallpossible
cases

are
covered

in
a

nested
if.

You
should

be
able

to
explain

in
E

nglish
the

purpose
ofa

nested
ifstatem

ent.
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Iteration
Tem

plates

C
ounting

U
p

-
from

M
to

N
by

P

I=
M

;
for

(
I=

M
;

I<
=

N
;

I+
=

P
)

w
hile

(
I<

=
N

)<

statem
ent;

statem
ent;

I+
=

P
;

=

;

C
ounting

D
ow

n
-

from
R

to
S

by
T

I=
R

;
for

(
I=

R
;

I>
=

S
;

I-
=

T
)

w
hile

(
I>

=
S

)<
statem

ent;

statem
ent;

I-
=

T
;

=

;

100

Loop
control

break

contin
ue

break
causes

an
im

m
ediate

exitfrom
the

nearestenclosing
w

hile
do

or
for

loop

contin
ue

causes
an

im
m

ediate
startofthe

nextiteration
(ifany)

ofthe

nearestenclosing
w

hile
,do

or
for

loop

E
xam

ples:
for

(
J

=
0

;J$

N
;J+

+
)

for
(

J
=

N
;JF

=
0

;J-
-

)

if
(

A
[J]=

=
X

)
if

(
A

[J]$

0.0
)

break
;

contin
ue

;

else

A
[J]-=

0.5
;
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H
O

W
TO

Iterate

�

Iteration
is

the
repeated

execution
ofsom

e
sequence

ofstatem
ents

–
C

ounted
iteration

is
based

on
som

e
variable

taking
on

a
succession

ofincreasing

or
decreasing

values
untilsom

e
finalvalue

is
reached.

–
Logicaliteration

is
based

on
the

truth
ofsom

e
logicalexpression

–
M

ore
generaliteration

can
com

bine
counting

and
logicalexpression

testing.

�

In
C

the
w

hile
and

do
w

hile
statem

ents
are

usually
used

for
logicaliteration.

T
he

for
statem

entis
usually

used
for

counted
iteration

and
m

ore
general

iterations.

�

T
here

are
m

any
iteration

patterns
(e.g.

counting
up,counting

dow
n

thatoccur

repeatedly
in

program
s.

You
should

learn
a

fixed
tem

plate
for

each
kind

of

iteration
and

alw
ays

use
the

tem
plate

w
hen

required.

99

H
O

W
TO

U
se

the
for

Loop

�

Initialize
allvariables

needed
in

the
loop

in%�& '%(()*
+1D1/

T
he,

(
com

m
a)

operator
allow

s%�& '%(()*
+1D1/

to
be

a
listofexpressions.

E
xam

ple:
sum

=
0.0

,
I=

0
,

lim
it=

100

�%�& '%(()*
+/-8/

should
be

a
single

logicalexpression.
T

he
for

loop
w

ill

continue
to

iterate
as

long
as

this
expression

has
an

non-false
non-zero

value.

�

A
ll

variables
thatneed

to
be

m
odified

from
one

iteration
ofthe

loop
to

the
next

should
be

included
in%�& '%(()*

+1DE0
T

he
com

m
a

operator
allow

s
m

ore
than

one
variable

to
be

m
odified.

E
xam

ple:
I+

+
,

J--
,

X
+

=
2.597



sw
itc

h
statem

ent

sw
itc

h
(

expression
):

case
constE

xpn
:

statem
ents

...default
:

statem
ents

;

�
E

ach
constE

xpn
is

a
single

constantexpression

�
T

he
case

:
constructcan

be
repeated

as
necessary

default
identifies

the
optionaldefaultstatem

ent

�

W
A

R
N

IN
G

:
case

clauses
FA

LL
T

H
R

O
U

G
H

from
one

to
the

ne
xt

unless
a

break

statem
ent

is
used

to
exit

the
sw

itc
h

statem
ent.

�

G
ood

S
tyle:

the
lastline

in
every

case
alternative

should
alw

ays
be

one
of:

break
;

/*
FA

LL
T

H
R

O
U

G
H

TO
N

E
X

T
C

A
S

E
*/

return
;
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H
O

W
TO

Iterate
S

afely
and

S
anely

�

E
xceptfor

intentionally
infinite

loops,each
execution

ofa
loop

should
m

ake

som
e

progress
tow

ard
reaching

its
lim

itor
term

ination
condition.

�

W
A

R
N

IN
G

:
B

ew
are

ofoff
by

one
errors

in
iteration

term
ination

test,

F
or

exam
ple

using�

instead
of<

=
.

T
he

iteration
w

illbe
done

once
too

often
or

notquite
enough.

�

W
A

R
N

IN
G

:
be

sure
thatan

iteration
and

the
program

thatfollow
s

itdoes

nothing
gracefully,i.e.

is
correcteven

ifthe
loop

executes
zero

tim
es.

�

Itshould
be

possible
to

describe
in

a
sim

ple
sentence

w
hateach

loop
does.

Itshould
be

possible
to

state
an

invariantcondition,a
logicalexpression

that

is
true

for
alliterations

ofthe
loop.

102

�

Ifyou’re
in

doubtabouta
loop

term
inating

successfully,build
in

a
loop

sanity

test

P
aranoid

Iteration

#define
IT

E
R

LIM
IT

(1000)
#define

IT
E

R
LIM

IT
(1000)

int
iterC

ount;
int

iterC
ount;

iterC
ount=

0
;

w
hile

(...
&

&
iterC

ount+
+$

IT
E

R
LIM

IT
)<

for
(iterC

ount=
0

,...
)<

statem
ent;

...

=

;
assert

(
iterC

ount+
+$

IT
E

R
LIM

IT
);

...
if

(
iterC

ount>
=

IT
E

R
LIM

IT
)

=

...
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LogicalIteration
on

E
xpression

U

w
hile

(
U

)
for

(
;

U
;

)

statem
ent;

statem
ent;

Testafter
iteration

G HI

Loop

do
for

(...
)<

statem
ent;

...
w

hile
(

U
);

if
(

!
U

)

break

...
=

Infinite
Loops

w
hile

(
true

)
for

(
;

true
;

)

statem
ent;

statem
ent;
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A
rra

ys

type-nam
e

identifier
[size

];

�

A
n

array
is

a
data

structure
containing

a
num

ber
ofdata

values,allofw
hich

have
the

sam
e

type �

.

�
type-nam

e
is

the
type

ofthe
elem

ents
in

the
array.

�
size

is
the

n
um

ber
of

elem
ents

in
the

arra
y

size
can

be
any

positive
integer

constantexpression

W
A

R
N

IN
G

:
V

alid
arra

y
subscripts

run
from

0
to

(
siz

e
-

1
)

identifier
[

siz
e

]
is

N
O

T
an

elem
ent

of
the

arra
y.

�

A
particular

elem
entin

an
array

can
be

accessed
by

specifying
a

subscript:

identifier
[expression

]

�

E
ach

value
stored

in
the

array
is

called
an

elem
entofthe

array
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H
O

W
TO

U
se

the
sw

itc
h

statem
ent

�

U
se

sw
itch

statem
entw

hen
you

need
a

m
ulti-w

ay
decision

and
the

decision

can
be

m
ade

on
the

value
ofsom

e
expression.

�

G
ood

S
tyle:

sw
itch

is
often

better
than

deeply
nested

ifs

�

A
com

plicated
controlling

expression
in

a
sw

itch
statem

entis
often

an

indication
ofbad

program
design

�

W
A

R
N

IN
G

:
be

sure
allcases

are
properly

covered
in

a
sw

itc
h

statem
entand

thatthe
defaultdoes

the
correctthing

for
alldefaultcases.

�

G
ood

Technique:
U

se
a

defaultcase
thatcrashes

to
catch

logic
errors,e.g.

default
:

printf
(

”C
ase

statem
entlogic

error\n
”

);

assert
(

false
)

;

106

R
eading

A
ssignm

ent

K
.N

.
K

in
g

,
C

h
a

p
te

r
8

107

sw
itc

h
statem

ent
exam

ple

sw
itch

(
i

+
j

-7
)

{

ca
se

3
:

k
=

1
;

b
re

a
k

;

ca
se

4
:

ca
se

7
:

ca
se

1
1

:

k
=

9
;

re
tu

rn
;

ca
se

1
2

:
k

*=
6

;

/*
F

A
L

L
T

H
R

O
U

G
HT

O
N

E
X

T
C

A
S

E
*/

ca
se

1
9

:
k+

+
;

b
re

a
k

;

d
e

fa
u

lt:
k

=
0

;

b
re

a
k

;

}
;
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A
rra

y
S

tora
g

e
Layout

int   A
 [  10  ]   ;

A
[ 0 ]

A
[ 1 ]

A
[ 2 ]

A
[ 3 ]

A
[ 4 ]

A
[ 5 ]

A
[ 6 ]

A
[ 7 ]

A
[ 8 ]

A
[ 9 ]

float  B
[ 100 ]  ;

B
[ 0 ]

B
[9]

B
[ 1 ]

B
[ 2 ]

B
[ 3 ]

B
[ 4 ]

B
[ 5 ]

B
[ 6 ]

B
[ 7 ]

B
[ 8 ]

B
[50]

B
[10]

B
[55]

B
[90]

B
[97]

B
[98]

B
[99]

. . .

. . .
. . .

. . .

112

�

In
C

the
nam

e
ofan

array
is

equivalentto
the

address
ofthe

firstelem
entin

the
array.

�

Later
w

e’llsee
how

to
allocate

storage
for

arrays
dynam

ically
(i.e.

during

program
execution).

�

T
he

siz
eof

operator
can

be
used

to
determ

ine
the

num
ber

ofelem
ents

in
the

arraysiz
eof

(
A

)
/

siz
eof

(
A

[0]);

�

N
ote

specialcase
ofsize

determ
ined

by
initialization

list.

�

S
ubscripts

w
ith

other
ranges

(e.g. ��JK

.. �JK

)
m

ust
be

m
apped

into
0

..
size

-
1

by
adding

or
subtracting

a
constantfrom

allsubscripts.
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A
rra

y
D

eclaration
E

xam
ples

int
A

[100]
,

B
[200];

char
m

essage[128
+

1
];

#define
B

S
IZ

E
(

200
)

int
buffer1[B

S
IZ

E
]

,
buffer2[B

S
IZ

E
];

/*
U

se
this

array
w

ith
subscripts

-128
..

+
127

*/

/*
E

xam
ple:

S
[I+

S
B

IA
S

]w
ith

-128
<

=
I�

127
*/

#define
S

B
IA

S
(

128
)

#define
S

S
IZ

E
(

256
)

long
int

S
[S

S
IZ

E
];

111

�
A

n
array

subscriptm
ay

be
any

integer
expression

A
[J

+
10

*
N

]

A
[J+

+
]

�

W
A

R
N

IN
G

:
C

does
N

O
T

check
subscript

bounds

int
A

[10],J;

for
(

J
=

1
;

J
<

=
10

;
J+

+
)

A
[J]=

0
;

/*
E

R
R

O
R

A
[10]does

notexist!!
*/

�

A
n

array
can

be
initialized

in
the

definition

intA
[4]=<

45,2,800,81= ;
intB

[10]=<

1
,2

,3= ;
/*

the
rem

aining
elem

ents
are

given
the

value
0

*/

intC
[10]=<

0= ;
intD

[]=<

6,0,1,7,3= ;
/*

the
size

m
ay

be
om

itted
ifan

initializer
is

present*/
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M
ultidim

ensional
A

rra
ys

type-nam
e

identifier
[size

1
][size

2
]...[size

n
];

�

C
stores

arrays
in

ro
w

-m
ajor

order,i.e.,row
0

first,then
row

1,and
so

forth.

E
xam

ple:
int

a[2][3];

a[0][0]
a[0][1]

a[1][1]
a[1][2]

a[0][2]

a[1][0]

a[0][0]
a[0][1]

a[0][2]
a[1][0]

a[1][1]
a[1][2]

�
A

n
m

ultidim
ensionalarray

can
also

be
initialized

in
the

definition

E
xam

ple:
int

M
[2][3]=<< 1,0,0= ,< 0,1,0== ;

G
ood

S
tyle:

A
lw

ays
use<

and=

to
com

pletely
specify

m
ultidim

ensionalarray

initialization.

�

W
A

R
N

IN
G

:
You

m
ust

use
separate

[and
]for

each
subscript.

M
[J,

K
]is

not
the

sam
e

as
M

[J
][K

]

116

H
O

W
TO

P
aram

eteriz
e

A
rra

ys

�

D
efining

arrays
using

typedef
and

#define
m

akes
itm

uch
easier

to
m

odify

and
m

aintain
a

program
.

�

F
or

each
array

–
D

efine
a

nam
ed

constantfor
the

size
ofthe

array
using

#define

–
D

efine
a

nam
ed

type
for

the
array

elem
entusing

typedef
.

–
D

efine
a

nam
ed

type
for

the
array.

�

A
lldeclarations

related
to

the
array

(including
tem

porary
variables)

should

use
the

nam
ed

types
defined

above.

�

A
lluse

ofthe
array,especially

loops
should

use
the

nam
ed

constantdefined

above
to

determ
ine

the
size

ofthe
array.
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P
aram

eteriz
ed

A
rra

y
E

xam
ple

#define
A

S
IZ

E
(

175
)

typedef
float

A
E

lem
ent;

typedef
A

E
lem

ent[A
S

IZ
E

]AType
;

AType
X

,
Y

,
Z

;
A

E
lem

enttem
pS

um
;

/*
tem

p
variable

used
w

ith
array

*/

X
[A

S
IZ

E
-

1
]=

-1.0
;

/*
M

ark
end

ofarray
*/

/*
F

orm
sum

oftw
o

arrays
*/

for
(

J
=

0
;

J�

A
S

IZ
E

;
J+

+
):

tem
pS

um
=

X
[J

]+
Y

[J
];

...Z
[J

]=
tem

pS
um

;

;
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A
rra

y
E

xam
ples

#define
S

IZ
E

(
100

)

doub
le

X
[S

IZ
E

],
Y

[S
IZ

E
],

m
axY

;

/*
Initialize

X
and

Y
/*

for
(

K
=

0
;

K�
S

IZ
E

;
K

+
+

):
X

[K
]=

0.0
;

Y
[K

]=
K

+
1.0

;

;/*
N

orm
alize

Y
into

X
*/

for
(

m
axY

=
Y

[0
],

K
=

1
;

K�
S

IZ
E

;
K

+
+

)

if
(

Y
[K

]�

m
axY

)

m
axY

=
Y

[K
];

for
(

K
=

0
;

K�

S
IZ

E
;

K
+

+
)

X
[K

]=
Y

[K
]

/
m

axY
;
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Tab
le

Lookup

�

Table
Lookup

is
a

pow
erfultechnique

for
w

riting
com

pact,efficient,correct

program
s.

�

In
general,a

table
ofconstantinform

ation
is

used
to

im
plem

enta
m

apping

function
betw

een
som

e

@'L MA%+?

and
a

fixed
correspondingN@5M% ,i.e.

?@
45%O @'L MA%+?P �
N@5M%

T
he

m
apping

function
m

ightbe
one-to-one

or
m

any-to-one.
�

E
xam

ples
oftable

lookup
usage

include

–
C

haracter
classification.

–
D

ata
form

atconversion.

–
U

nitconversion.

–
D

ata
packing

and
unpacking.

�

T
hink

oftable
lookup

as
an

alternative
to

w
riting

a
com

plicated
setofif

or

sw
itc

h
statem

ents.

120

C
onst

Q
ualifier

�

const
is

used
to

declare
objects

thatresem
ble

variables
butare

“read-only”

�

A
program

can
access

the
value

ofa
const

object,butcan’tchange

E
xam

ple:

const
int

n
=

100;

const
int

days
per

m
onth[]=

: 31,28,31,30,31,30,31,31,30,31,30,31; ;

�

const
is

a
form

ofdocum
entation.

Itsays
the

program
m

er
doesn’tintend

to

change
the

object.

�

T
he

com
piler

can
check

thatthe
program

doesn’tattem
ptto

change
the

value

ofa
const

object.

118

�

const
objects

behave
exactly

like
variables

exceptthatthey
can’tbe

assigned

to.

�

U
se

#define
to

create
com

pile
tim

e
constants

and
const

to
create

run-tim
e

tables
ofconstants.

�

T
he

m
ostcom

m
on

uses
ofconst

are

-
creating

table
ofconstants

-
indicating

thatfunction
argum

ents
should

notbe
m

odified.
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M
ultidim

ensional
A

rra
y

E
xam

ple

#define
A

R
R

AY
S

IZ
E

200

int
J,K

;

doub
le

A
[A

R
R

AY
S

IZ
E

][A
R

R
AY

S
IZ

E
],sum

=
0.0

;

/*
A

ssum
e

A
is

given
a

value
here

*/

/*
sum

the
elem

ents
ofthe

array
A

*/

for
(J

=
0;J�

A
R

R
AY

S
IZ

E
;J+

+
)

for
(K

=
0;K�

A
R

R
AY

S
IZ

E
;K

+
+

)

sum
+

=
A

[J
][K

];

117



R
eading

A
ssignm

ent

K
.N

.
K

in
g

C
h

a
p

te
r

9
,

1
0

,
1

5

K
.N

.
K

in
g

S
e

ctio
n

s
1

8
.2

124

Tab
le

Lookup
E

xam
ple

/*
A

rabic
to

R
om

an
N

um
eralC

onversion
*/

const
char

*
unitsD

igits[10]=

:

””,”I”,”II”,”III”,”IV
”,”V

”,”V
I”,”V

II”,”V
III”,”IX

”;

;
const

char
*

tensD
igits[10]=

:

””,”X
”,”X

X
”,”X

X
X

”,”X
L”,”L”,”LX

”,”LX
X

”,”LX
X

X
”,”X

C
”;

;
const

char
*

hundredsD
igits[10]=

:

””,”C
”,”C

C
”,”C

C
C

”,”C
D

”,”D
”,”D

C
”,”D

C
C

”,”D
C

C
C

”,”C
M

”;

;
..int

num
ber;

..assert
(

0
<

=
num

ber&
&

num
ber�

1000
);

printf
(”%

d
as

a
R

om
an

num
eralis

%
s%

s%
s\

n”,num
ber,

hundredsD
igits[num

ber
/100

],

tensD
igits[(

num
ber

/10
)

%
10

],

unitsD
igits[num

ber
%

10
]);
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E
xam

ple
Initializ

e
C

haracter
C

lassification
Tab

le

/*
C

haracter
C

lasses
*/

typedef
en

um<

illegal,w
hitespace,new

line,letter,digit,special=

C
harC

lasses;
C

harC
lasses

classify[256
];

unsigned
char

ch,ch1
;

/*
Initialize

classify
table

atrun
tim

e
*/

for
(

ch
=

0
;ch$

256
;ch+

+
)

classify[ch
]=

illegal;
classify[’’]=

w
hitespace

;
classify[’\

t’]=
w

hitespace
;

classify[’\
n’]=

new
line

;
for

(
ch

=
’a’,ch1

=
’A

’;ch
<

=
’z’;ch+

+
,ch1+

+
)

classify[ch
]=

classify[ch1
]=

letter;
for

(
ch

=
’0’;ch

<
=

’9’;ch+
+

)

classify[ch
]=

digit;
classify[’+

’]=
special;

...
/*

m
ore

specialcharacters
here

*/

classify[’;’]=
special;
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H
O

W
TO

U
se

Tab
le

Lookup

�

D
escribe

the
m

apping
function

as
a

setof

@'L MA%+?� N@5M%

pairs.

�

Ifthe
table

is
to

be
stored

in
an

array
(w

e’llsee
other

alternatives
later),the

@'L MA%+?

should
be

an
integer

value
in

the
rangeQ ..R

ST
USV
W6

.

O
therw

ise
allsubscripts

m
ustbe

biased
by

a
constant.

�

D
eclare

an
array

ofsom
e

type
com

patible
w

ith
possibleN@5M%(

to
hold

the

table.

�

U
sually

the
table

array
is

initialized
atthe

pointw
here

itis
declared,butit

could
be

initialized
by

the
program

.
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�

Ifa
declaration

is
given

for
a

function,the
declaration

m
ust

be
consistentw

ith

the
definition

ofthe
function.

�

G
ood

Technique:
A

lw
ays

provide
a

function
prototype

atthe
startofa

file
for

any
functions

thatm
ustbe

used
before

they
are

defined
so

thatthe
com

piler

has
com

plete
inform

ation
aboutthe

function
atthe

pointw
here

itis
used.

�
W

A
R

N
IN

G
:

Ifyou
failto

provide
a

function
declaration

before
a

function
is

used,the
com

piler
w

illguess
defaulttypes

for
the

value
returned

by
the

function
and

the
types

offunctions
param

eters.

Ifthe
com

piler’s
guess

is
w

rong
,you

have
an

E
R

R
O

R
in

your
program

.

�

H
eader

files
are

used
in

C
to

provide
function

prototypes
and

related

declarations
for

functions
thatare

defined
and

com
piled

separately.

H
eader

files
are

traditionally
nam

ed
file-nam

e.h

128

H
ow

to
D

esign
F

unctions

�

Identify
com

putation
ofan

expression
thatoccurs

atseveralplaces
in

the

program

Identify
a

group
ofstatem

ents
thatoccur

atseveralplaces
in

the
program

or

representa
sub*partofthe

solution

�

Identify
the

inputvalues
thatare

required
to

com
pute

the
expression

Identify
the

variables
thata

m
odified

by
the

group
ofstatem

ents

�

G
ood

D
esign

-
sm

allnum
ber

ofparam
eters

�

E
xam

ples

m
ath

functions:
sin,cos,sqrt,atan,log

vector
functions:

inner
product,vector

sum

string
functions:

change
case,rem

ove
blanks

126

F
unctions

–
D

eclaration
and

D
efinition

�

A
function

header
specifies

–
T

he
nam

e
ofthe

function.

–
T

he
type

ofvalue
returned

by
the

function.

–
T

he
type

and
nam

e
ofthe

param
eters

thatthe
function

accepts.

�

A
function

can
be

specified
in

a
program

in
tw

o
w

ays.

–
A

function
declaration

is
a

function
header

follow
ed

by
a

sem
icolon.

A
function

declaration
is

also
called

a
function

prototype

–
A

function
definition

is
a

function
header

follow
ed

by
the

body
ofthe

function

enclosed
in<

and=

�

T
he

function
declaration

provides
allthe

inform
ation

thatis
required

to
use

the

function.

�

G
ood

S
tyle:

E
very

function
should

be
declared

or
defined

before
itis

used.

127

F
unctions

�

F
unctions

are
a

m
echanism

thatallow
s

a
large

program
to

be
subdivided

into

sm
aller

and
m

ore
m

anageable
pieces.

�

F
unctions

can
be

developed
and

tested
separately.

�

A
function

abstracts
code

thatis
used

m
any

places
in

the
program

�

Itis
easier

to
debug

and
m

aintain
one

copy
ofcode

in
a

function
than

to
debug

and
m

aintain
m

any
copies

ofthe
sam

e
code

spread
throughoutthe

program

�

T
he

param
eters

ofa
function

are
the

link
betw

een
the

function
and

each

place
thatthe

function
is

used.
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F
unction

C
all

&
F

unction
A

rgum
ents

�

A
function

is
called

by
w

riting
the

nam
e

ofthe
function

follow
ed

by
a

listof

argum
ents

enclosed
in

parentheses.
Ifthe

function
has

no
param

eters,you

m
ust

use
an

em
pty

setofparentheses
(

)
.

W
A

R
N

IN
G

:
F

is
notthe

sam
e

as
F

(),F
does

notcallthe
function.

�
T

he
order

in
w

hich
the

argum
ents

are
w

ritten
is

used
to

m
atch

the
argum

ents

to
the

param
eters

ofthe
function.

�
E

ach
argum

entm
ust

be
ofa

type
thatis

com
patible

w
ith

the
type

ofthe

corresponding
function

param
eter

.

�

W
A

R
N

IN
G

:
M

any
C

com
pilers

do
very

little
checking

for
correctparam

eter

passing
w

hen
a

function
is

called.
gcc

is
better

than
m

ost

B
e

very
careful

about

–
T

he
type

ofeach
argum

ent.

–
T

he
order

ofargum
ents

–
T

hatexactly
the

rightnum
ber

ofargum
ents

has
been

supplied

132

F
unction

D
efinition

type-nam
e

functionN
am

e
(

param
eters

)

<

declarations

statem
ents

=

�

A
function

definition
has

the
sam

e
form

as
a

function
declaration

exceptthatthe
body

ofcode
thatim

plem
ents

the
function

is
supplied.

�

V
ariables,types

and
constants

declared
w

ithin
a

function
are

localto
the

function �

�

T
he

variables
localto

a
function

are
created

atthe
instanta

function
is

called,exist

untilthe
function

returns,atw
hich

pointthey
are

destroyed.

�

E
xceptfor

constants
declared

using
#define

130

F
unction

P
aram

eters

�

T
he

param
eters

ofa
function

are
a

com
m

a-separated
listofdeclarations

of

the
form

type-nam
e

identifer

E
xam

ple:
int

K
,doub

le
X

,short
A

[]

�

T
he

function
param

eter
declaration

specifies

–
T

he
order

in
w

hich
the

function
expects

to
receive

its
param

eters

–
T

he
type

ofvalue
associated

w
ith

each
param

eter.

–
T

he
nam

e
thatw

illbe
used

to
refer

to
the

param
eter

in
the

body
ofthe

function

131

F
unction

D
eclaration 9

type-nam
e

functionN
am

e
(

param
eters

);

�

functionN
am

e
is

the
nam

e
ofthe

function.

type-nam
e

is
the

type
ofvalue

returned
by

the
function.

U
se

void
to

indicate

thata
function

returns
no

value.

�

T
he

param
eters

are
optional,butthe

leftand
rightparentheses

are
required.

G
ood

S
tyle:

use
an

explicitvoid
to

indicate
a

function
takes

no
param

eters.

�

T
his

declaration
is

a
prom

ise
thatsom

ew
here

else
there

w
illbe

a
consistent

definition
for

the
function.

E
xam

ples:
float

random
(

void
);

int
m

axm
um

(int
X

,int
Y

);

doub
le

innerP
roduct(doub

le
A

[],doub
le

B
[],int

size
);

void
printTable(

float
table[],short

tableS
ize

);

�

F
unction

declarations
are

som
etim

es
called

function
prototypes
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A
rra

y
A

rgum
ent

E
xam

ple

doub
le

xA
rray[1000

];
int

xC
ount;

.../*
C

ounting
the

num
ber

ofnegative
values

in
an

array
*/

int
count

negatives(const
doub

le
A

[],const
int

aS
ize

):

int
count=

0
,J

;
for

(
J

=
0

;
J�

aS
ize

;
J+

+
)

if
(

A
[J

]�

0.0
)

count+
+

;
return

count;

;...xC
ount=

count
negatives(

xA
rray,1000

);

136

P
aram

eter
and

A
rgum

ent
E

xam
ple

int
K

=
3,J

=
17

;

float
Y

=
3.1,Z

=
123.45

;

void
testF

unc(int
I,float

X
):

...I=
17

;

;

I
X

testF
unc(

7,14.5
);

7
14.5

testF
unc(

K
,Y

+
Z

);
3

126.55

testF
unc(

J
-

K
,Y

*Y
);

14
9.61
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A
rra

y
A

rgum
ents

to
F

unctions

�

A
specialm

echanism
in

C
m

akes
iteasy

to
pass

arrays
as

argum
ents

to
functions

�

A
n

array
param

eter
is

declared
like

an
array,exceptthatthe

size
ofthe

array
can

be

om
itted.

E
xam

ple:
int

A
[],int

B
[100],doub

le
xC

oords[]

�

T
he

function
can’tdeterm

ine
the

size
ofan

array
argum

ent �

so
the

size
ofthe

array

m
ustbe

passed
as

an
additionalargum

entto
the

function.

�

E
ven

is
the

size
ofan

array
param

eter
is

specified,C
allow

s
a

com
patible

array
ofany

size
to

be
passed

as
the

corresponding
argum

ent.

�

T
he

argum
entcorresponding

to
an

array
param

eter
is

the
nam

e
ofan

array
w

ithout

any
subscripts

�

Ifthe
param

eter
is

a
m

ultidim
ensionalarray,the

size
in

the
firstdim

ension
m

ay
be

om
itted,butallthe

size
in

allother
dim

ensions
m

ustbe
specified.

�

siz
eof

w
on’tgive

the
rightansw

er
in

this
case135

A
rgum

ents
are

P
assed

B
y

V
alue

�

In
C

,the
param

eters
ofa

function
behave

like
variables

thatare
localto

the

function.

�

W
hen

the
function

is
called,space

is
allocated

for
the

param
eters

ofthe

function.
E

ach
argum

entis
evaluated

and
the

value
ofthe

argum
entis

assigned
to

the
localparam

eter
variable.

�

C
hanges

(i.e.
assignm

ents)
to

the
param

eter
variable

do
notaffectthe

corresponding
argum

ent,even
ifitis

a
variable.

�

T
he

const
qualifier

can
be

used
to

indicate
thatthe

function
is

notintended
to

change
the

value
ofthe

param
eter

variable.

�

Later
w

e’llsee
other

form
s

ofparam
eter

passing.
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Scope Example

int K;

void f( int K )X
K = 1;Y

void g(void)X
int K = 2;

if ( K Z 0 )
X

int K;

K = 3;Y
K = 4;Y

void h(void)X
K = 5;Y
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return
statem

ent

return
expression

�

T
he

return
statem

entis
used

to
return

a
value

from
a

function

�

expression
is

the
value

returned
by

the
function.

T
he

expression
is

optional,if
it

is
om

itted
the

function
returns

G
A

R
B

A
G

E

Ifa
function

returns
by

running
offthe

end
ofthe

function
body

it
returns

G
A

R
B

A
G

E

�

T
he

type
ofthe

expression
should

be
com

patible
w

ith
the

return
type

declared
for

the
function.

W
A

R
N

IN
G

:
M

any
C

com
pilers

do
notverify

this
com

patability.

�

U
sing

an
expression

statem
ent,the

value
returned

by
a

function
can

be

discarded.

�

G
ood

S
tyle:

declare
a

function
as

returning
void

ifitis
notintended

to
return

a
usefulvalue
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M
ore

on
S

copes
in

C

�

T
he

unitofcom
pilation

in
C

is
a

single
source

file

�

T
he

body
ofeach

function
introduces

a
distinctLocalscope.

A
localblock

scope
is

corresponds
to

the
textenclosed

in<

and=

Item
s

declared
in

a
localscope

or
a

localblock
scope

are
only

visible
in

thatscope.

�

E
ach

source
file

introduces
a

file
scope

containing
allthe

types,data
and

functions

declared
in

thatsource
file.

Item
s

declared
in

a
source

file
outside

ofa
function

are

visible
to

allfunctions
declared

in
the

file.

�

T
he

extern
declaration

prefix
can

be
used

to
share

declarations
across

source
files.

T
he

static
declaration

prefix
can

be
used

to
lim

itthe
scope

ofa
globally

declared
item

to
the

source
file

in
w

hich
itoccurs

�

G
ood

S
tyle:

U
se

extern
only

w
hen

there
is

no
other

alternative
for

sharing
variables

betw
een

files.

W
A

R
N

IN
G

:
V

ariables
shared

betw
een

files
can

lead
to

bad
program

structure
and

are

a
m

ajor
cause

oferrors.
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F
unction

exam
ple

in
t

p
o

w
e

r(
in

t
x,

in
t

n
);

...

m
a

in
()

{

in
t

i
=

2
,

j
=

1
0

,
k;

...

k
=

p
o

w
e

r(
i,

j
);

...

}...

in
t

p
o

w
e

r(
in

t
x,

in
t

n
)

{

in
t

re
su

lt
=

1
;

w
h

ile
(n

--
>

0
)

re
su

lt
=

re
su

lt
*

x;

re
tu

rn
re

su
lt;

}
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P
revie

w
:

#inc
lude

#inc
lude�

system
F

ileN
am

e�

#inc
lude

”localF
ileN

am
e”

�

T
he

#inc
lude

directive
causes

the
nam

ed
file

to
be

autom
atically

included
in

the
source

program
atthe

pointofthe
directive.

�
T

he
firstform

is
used

to
include

files
from

the
system

libraries.

T
he

second
form

is
used

to
include

files
from

the
users

directory.

localF
ileN

am
e

can
include

directory
path

specifications.

W
A

R
N

IN
G

:
directory

path
specifications

are
not

portab
le

.

�

E
xam

ples:#
in

clu
d

e
<

std
io

.h
>

#
in

clu
d

e
"m

yIn
te

rfa
ce

.h
"

#
in

clu
d

e
"C

:\n
o

\o
n

e
\e

lse
\ca

n
\fin

d
\t

h
is\

file
.

h
"
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Scope example

/* File baz.c */ /* File foo.c */

char D ; extern char D ;

int I ; static int J;

extern void f(void ) ; void f(void ) [
.. int M ;

static int K ;

char S ; ..\

..
extern char S ;
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S
tructuring

C
program

s
-.h

and
.c

�

A
sm

allC
program

is
contained

in
a

single
source

file.

Larger
C

program
s

are
contained

in
severalsource

files.

�

Technique:
each

logically
separate

partofthe
program

should
be

represented

as
tw

o
distinctsource

files:

file
N

a
m

e
.h

should
define

the
interface

to
the

part.

file
N

a
m

e
.c

should
contain

the
im

plem
entation

ofthe
part

�

Typically
the

.h
file

contains
only

declarations
ofdata

item
s

and
functions

thatare
needed

to
use

the
part.

�

Typically
the

.c
file

contains
private

data
declarations

and
the

definitions
of

the
functions

declared
in

the
.h

file

�

To
use

the
part,only

the
.h

file
is

required.

T
he

.c
file

can
be

separately
com

piled.
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extern
&

static
extern

declaration

static
declaration

T
he

extern
prefix

on
a

declaration
declares

thatthe
declared

item
s

existin
som

e
other

file
thatis

a
partofthe

program

N
orm

alusage:
declare

som
ething

in
one

source
file

and
use

extern
in

allother
files

thatneed
to

access
it

T
he

static
prefix

on
a

declaration
m

akes
the

declaration
invisible

outside
ofthe

file
in

w
hich

itis
declared.

T
his

can
be

used
to

hide
declarations

including
function

declarations.

T
he

static
prefix

also
causes

data
item

s
to

have
a

lifetim
e

thatis
the

sam
e

as
the

m
ain

program
.

V
ariables

in
a

function
declared

w
ith

the
static

prefix
retain

their
values

betw
een

calls
ofthe

function.
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Program Structure Example

/* File foo.h */ /* File foo.c */

#inc lude ”foo.h”

extern char D ; char D ;

extern int I ; static int J;

int I ;

char S ;

extern void f(void ) ; void f(void )
X

.. int M ;

static int K ;

extern char S ; ..Y
static int g( int N )

X
.. ..Y
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U
seful

system
librar

y
inc

lude
files

assert.h
D

iagnostic
functions

stdio.h
A

llinputand
outputfunctions

ctype.h
C

haracter
classification

functions

string.h
A

llstring
processing

functions

m
ath.h

M
athem

aticalfunctions,sin,sqrt,etc.

stdlib.h
U

tility
functions,conversion,storage

allocation

stdarg.h
V

ariable
argum

entlistfunctions

setjm
p.h

N
on-localjum

ps

signal.h
S

ignals

tim
e.h

D
ate

and
tim

e
functions

lim
its.h

Im
plem

entation
defined

lim
its

float.h
Im

plem
entation

defined
floating

point

Include
using

#inc
lude

<
file

N
a

m
e

.h
>
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