
A
bstract

D
ata

Types

�

O
ne

good
w

ay
ofthinking

aboutm
odules

is
thatthey

provide
abstractdata

types

�

A
m

odule
provides:

-
a

w
ay

ofdefining
an

abstracttype

-
a

setofoperations
on

thattype

including
creation,m

anipulation,destruction.
�

E
xam

ples:

-
C

om
plex

N
um

bers

-
S

et

-
S

tack
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R
eading

A
ssignm

ent

K
.
N
.

K
i
n
g

S
e
c
t
i
o
n
s

1
9
.
1

,
1
9
.
2
,

1
9
.
3

S
u
p
p
l
e
m
e
n
t
a
r
y

r
e
a
d
i
n
g

S
.
M
c
C
o
n
n
e
l
l

C
h
a
p
t
e
r
6
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M
odules

�

A
n

im
por

tant
m

echanism
for

packaging
related

declarations
(constants,

types
and

variables)
and

functions

�

M
odules

are
the

w
a

y
to

build
large

softw
are

system
s

�

M
odules

can
be

used
as

plug-replaceable
atom

ic
units

in
larger

softw
are

system
s.

�

C
w

as
designed

before
m

odules
w

ere
recognized

as
a

valuable
program

m
ing

tool.
T

he
class

constructin
C

+
+

adds
m

odules
to

C
.

�

Learning
to

b
uild

larg
e

softw
are

system
s

using
m

odules
(or

classes
in

C
++)

is
an

im
por

tant
program

m
ing

skill
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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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M
odule

E
xam

ple
–

C
om

ple
x

/*
F

ile
com

plex.h
*/

/*
Interface

to
C

om
plex

M
odule

*/

typedef
void

*
C

om
plex

;
extern

doub
le

com
pR

e(const
C

om
plex

C
);

extern
doub

le
com

pIm
(const

C
om

plex
C

);

extern
C

om
plex

com
pA

dd(const
C

om
plex

C
1

,
const

C
om

plex
C

2);
extern

C
om

plex
com

pS
ub(const

C
om

plex
C

1
,

const
C

om
plex

C
2);

extern
C

om
plex

com
pM

ul(const
C

om
plex

C
1

,
const

C
om

plex
C

2);
extern

C
om

plex
com

pD
iv(const

C
om

plex
C

1
,

const
C

om
plex

C
2);

extern
C

om
plex

com
pC

reate(doub
le

real,
doub

le
im

ag);
extern

void
com

pP
rint(const

C
om

plex
C

);
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S
im

ulating
M

odules
in

C

�

C
does

notprovide
any

constructfor
m

odules,i.e.
a

m
echanism

to
achieve

inform
ation

hiding.
B

y
carefuldesign

and
program

m
er

discipline
m

ostofthe

desirable
attributes

ofm
odules

can
be

sim
ulated

in
C

by
follow

ing
the

rules

listed
below

–
A

lw
ays

use
a
.
h

file
and

a
.
c

file
to

representthe
m

odule

–
T

he
.
h

should
define

the
com

plete
interface

to
the

m
odule

and
nothing

else.
T

he
.
c

file
should

contain
the

im
plem

entation
ofthe

m
odule.

–
A

llitem
s

in
the

.
h

file
should

have
the

extern
attribute

–
A

lw
ays

#inc
lude

the
.
h

file
in

the
.
c

file
to

force
the

com
plier

to
check

the
.
c

for
consistency

w
ith

the
.
h

file.

–
D

ata
and

functions
thatare

logically
private

(internalonly)
to

the
m

odule
should

be

declared
w

ith
the

static
attribute.

–
In

the
interface

file,declare
types

thatyou
w

antto
rem

ain
hidden

as
type

void
or

void
*

.
T

he
realinternalrepresentation

ofthese
types

is
only

used
in

the
.
c

file

thatim
plem

ents
the

interface.
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H
O

W
TO

H
andle

M
odule

D
ata

�

A
ssum

ing
a

m
odule

im
plem

ents
som

e
abstractdata

type.

�

A
single

instance
m

odule
has

one
instance

ofthe
data

declared
inside

the

m
odule.

T
he

functions
exported

from
this

m
odule

allm
anipulate

this
one

data

structure.

E
xam

ple:
m

odule
thatprovides

a
table

or
database.

�

A
m

ultiple
instance

m
odule

exports
a

type
thatallow

s
users

ofthe
m

odule
to

create
as

m
any

instances
as

they
w

antofthe
abstractdata

type.
T

he
users

instances
ofthe

abstractdata
type

are
passed

to
the

functions
exported

by

the
m

odule.
E

xam
ples:

S
et,C

om
plex.

�

W
ith

good
inform

ation
hiding

a
clientofa

m
ultiple

instance
m

odule
can

create

variables
ofthe

abstractdata
type

butcannotexam
ine

or
use

the
internal

represention
ofthe

data.

283

Inform
ation

H
iding

and
E

ncapsulation

�

O
ne

really
im

por
tant

aspectofm
odules

is
inform

ation
hiding.

A
m

odule

hides
(encapsulates)

data
thatis

declared
inside

the
m

odule
from

the
restof

the
program

�

A
m

odule
allow

s
access

to
this

hidden
data

via
its

exported
functions

w
hich

are
the

m
odules

interface
to

the
restofthe

program

�

O
utside

ofa
m

odule,the
restofthe

program
does

notknow
the

actual

representation
ofthe

data
item

s
declared

in
the

m
odule

(e.g.,array,structure,

union,list,tree
etc.)

�

H
iding

the
representation

ofthe
data

gives
the

author
ofthe

m
odule

the

freedom
to

change
the

internalw
orkings

ofthe
m

odule
w

ith
an

absolute

guarantee
thatother

parts
ofthe

program
can’tdetectthe

changes
(as

long

as
the

m
odule’s

interface
doesn’tchange
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E
xam

ple
–

U
sing

the
S

tack
M

odule

#
i
n
c
l
u
d
e

"
s
t
a
c
k
.
h
"

.
.
.S
t
a
c
k
s
t
a
c
k
1
,

s
t
a
c
k
2
;

S
t
a
c
k
E
l
e
m
t
e
m
p
;

s
t
a
c
k
1

=
c
r
e
a
t
e
(
)
;

/
*
R
e
a
d
i
n
t
e
g
e
r
s

f
r
o
m
i
n
p
u
t
a
n
d

s
t
a
c
k
t
h
e
m
*
/

w
h
i
l
e
(
s
c
a
n
f
(
"
%
d
"
,
&
t
e
m
p
)

!
=
E
O
F
)

p
u
s
h
(
s
t
a
c
k
1
,
t
e
m
p
)
;

s
t
a
c
k
2

=
c
r
e
a
t
e
(
)
;

/
*
P
r
i
n
t

i
n
p
u
t
i
n
r
e
v
e
r
s
e
o
r
d
e
r
,

c
o
p
y
t
o

s
t
a
c
k
2

*
/

w
h
i
l
e
(
!
i
s
E
m
p
t
y
(
s
t
a
c
k
1
)
)

{

t
e
m
p
=

t
o
p
(
s
t
a
c
k
1
)
;

p
o
p
(
s
t
a
c
k
1
)
;

p
r
i
n
t
f
(
"
%
d
\
n
"
,
t
e
m
p
)
;

p
u
s
h
(
s
t
a
c
k
2
,
t
e
m
p
)
;

}

.
.
.
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M
odule

E
xam

ple
–

S
tack

�

S
tack

is
a

linear
listthatcan

be
accessed

atjustone
ofits

ends

–
C

onsider
a

stack
ofplates:

You
add

a
plate

on
top

ofthe
stack

You
rem

ove
a

plate
from

on
top

ofthe
stack

�

LIF
O

(LastIn
F

irstO
ut)

�

O
perations

on
S

tack

–
create(S

):to
bring

existence
an

em
pty

stack
S

–
push(S

,R
):to

add
the

objectR
to

the
top

ofthe
stack

S

–
pop(S

):to
rem

ove
the

objectatthe
top

ofstack
S

–
top(S

,T
):to

assign
to

T
the

value
ofthe

objectatthe
top

ofstack
S

w
ithout

rem
oving

the
objectfrom

the
stack

–
em

pty(S
):to

ascetain
ifthe

stack
S

is
em

pty
or

not
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M
odule

E
xam

ple
S

tack
of

integ
ers

/*
F

ile
stack.h

*/
/*

F
ile

stack.c
*/

/*
Interface

to
S

tack
M

odule
*/

/*
S

tack
M

odule
im

plem
entation

*/

#include
”stack.h”

typedef
void

*
S

tack;
static

struct
stackType

�

typedef
int

S
tackE

lem
;

int
sP

tr;
S

tackE
lem

sD
ata[100];

extern
void

push(
S

tack
S,

S
tackE

lem
v);

� ;
extern

void
pop(

S
tack

S
);

typedef
stackType

*
realS

tack;
static

stackC
heck(

realS
tack

R
)� ..

� ;
extern

int
isE

m
pty(

S
tack

S
);

void
push(

S
tack

S,
S

tackE
lem

v
)� ..

� ;
extern

S
tackE

lem
top(

S
tack

S
);

void
pop(

S
tack

S
)� ..

� ;
int

isE
m

pty(
S

tack
S

)� ..

� ;
extern

S
tack

create();
S

tackE
lem

top(
S

tack
S

)� ..

� ;
S

tack
create()� ..

� ;
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M
odule

E
xam

ple
–

C
om

ple
x

/*
F

ile
com

plex.c
*/

/*
C

om
plex

M
odule

im
plem

entation*/

#inc
lude

”com
plex.h”

static
struct

com
plexType

�
doub

le
real;

doub
le

im
ag;

� ;typedef
struct

com
plexType

*
realC

om
plex;

doub
le

com
pR

e(const
C

om
plex

C
)

�

return
((realC

om
plex)

C
)-
>

real;

�doub
le

com
pIm

(const
C

om
plex

C
)�

...�

C
om

plex
com

pA
dd(const

C
om

plex
C

1,
const

C
om

plex
C

2)

�

realC
om

plex
C

=
(realC

om
plex)

m
alloc(sizeof(struct

com
plexType));

assert(C
!=

N
U

LL);
C
-
>

real=
((realC

om
plex)

C
1)-

>
real+

((realC
om

plex)
C

2)-
>

real;
C
-
>

im
ag

=
((realC

om
plex)

C
1)-

>
im

ag
+

((realC
om

plex)
C

2)-
>

im
ag;

return
(C

om
plex)

C;

�...
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S
tring

D
eclaration

E
xam

ples

c
h
a
r

c
h
;

/
*
s
i
n
g
l
e
c
h
a
r
a
c
t
e
r

*
/

c
h
a
r

A
=
’
A
’
;

/
*

i
n
i
t
i
a
l
i
z
e
d
s
i
n
g
l
e
c
h
a
r

*
/

c
h
a
r

c
a
[
1
0
]
;

/
*

1
0
-
c
h
a
r
a
c
t
e
r
a
r
r
a
y

*
/

c
h
a
r

d
a
t
e
[
1
0
]
=
{
’
O
’
,

’
c
’
,

’
t
’
,

’
o
’
,

’
b
’
,

’
e
’
,

’
r
’
,
’
\
0
’
}
;

c
h
a
r

o
c
t
[
1
0
]

=
"
O
c
t
o
b
e
r
"

;

/
*

t
h
e
r
e
m
a
i
n
i
n
g

e
l
e
m
e
n
t
s
a
r
e
g
i
v
e
n

t
h
e
v
a
l
u
e

’
\
0
’

*
/

c
h
a
r

*
s
p
;

/
*

p
o
i
n
t
e
r
t
o

s
t
r
i
n
g
*
/

c
o
n
s
t

c
h
a
r
*
c
m
s
g

=
"
P
u
t

Y
o
u
r

M
e
s
s
a
g
e
H
e
r
e
"

;

/
*

p
o
i
n
t
e
r

t
o
s
t
r
i
n
g
c
o
n
s
t
a
n
t

*
/

c
h
a
r

m
s
g
[
]
=

"
C
o
n
t
a
c
t
W
o
r
t
m
a
n

A
d
v
e
r
t
i
s
i
n
g
f
o
r
R
a
t
e
s
"
;

/
*

i
n
i
t
i
a
l
i
z
e
d
c
h
a
r

a
r
r
a
y

*
/

292

R
eading

A
ssignm

ent

K
.
N
.

K
i
n
g

C
h
a
p
t
e
r
1
3

K
.
N
.

K
i
n
g

S
e
c
t
i
o
n
s

2
3
.
4
,
2
3
.
5

S
u
p
p
l
e
m
e
n
t
a
r
y

r
e
a
d
i
n
g

H
a
r
b
i
s
o
n

&
S
t
e
e
l
e

C
h
a
p
t
e
r
1
2
,

1
3
,
1
4
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S
trings

char
identifier

[
size

]
;

char
*

identifier;

�

S
trings

are
ultim

ately
arrays

ofcharacters

A
ll

good
strings

are
n

ull
term

inated
by

a
character

containing
the

value
zero.

(’\
0’)

A
ll

string
processing

depends
on

this
property

�

T
he

program
m

er
m

ust
allocate

enough
space

for
each

string
variab

le
inc

luding

space
for

term
inating

n
ull.

C
om

piler
allocates

space
for

string
literals.

A
string

literalis
a

pointer
to

the
firstcharacter

ofthe
string.

M
oststring

processing
is

done
using

pointers
to

characters

�

S
tring

literals
enc

losed
in

doub
le

quotes
("

)

"
T
h
i
s

i
s
a

s
a
m
p
l
e
s
t
r
i
n
g
.
"

C
haracter

s
enc

losed
in

single
quotes

(’
)

’
a
’

’
A
’

’
\
0
1
2
’

291

S
tack

of
integ

ers
A

lternative
Im

plem
entation

/*
F

ile
stack.h

*/
/*

F
ile

stack.c
*/

/*
Interface

to
S

tack
M

odule
*/

/*
S

tack
M

odule
im

plem
entation

*/

#include
”stack.h”

typedef
void

*
S

tack;
static

struct
stackType

�

typedef
int

S
tackE

lem
;

S
tackE

lem
data;

struct
stackType

*
next;

extern
void

push(
S

tack
S,

S
tackE

lem
v);

� ;
extern

void
pop(

S
tack

S
);

typedef
stackType

*
realS

tack;
static

stackC
heck(

realS
tack

R
)� ..

� ;
extern

int
isE

m
pty(

S
tack

S
);

void
push(

S
tack

S,
S

tackE
lem

v
)� ..

� ;
extern

S
tackE

lem
top(

S
tack

S
);

void
pop(

S
tack

S
)� ..

� ;
int

isE
m

pty(
S

tack
S

)� ..

� ;
extern

S
tack

create();
S

tackE
lem

top(
S

tack
S

)� ..

� ;
S

tack
create()� ..

� ;
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S
tring

b
uiltin

functions
#inc

lude

�

s
t
r
i
n
g
.
h

�

strcpy
strncpy

copy
string

strcat
strncat

concatenate
string

strcm
p

strncm
p

com
pare

strings

strlen
length

ofstring

strchr
search

for
character

strstr
search

for
substring

m
em

m
ove

safe
string

copy

U
se

string
builtin

functions
w

here
ver

possib
le

T
here

are
m

any
m

ore
string

functions
see

K
ing

A
ppendix

D
or

H
arbison

&
S

teele

for
a

com
plete

list.

296

�

W
A

R
N

IN
G

:
Losing

the
nullterm

ination
on

the
end

ofa
string

w
illcause

your

program
to

C
R

A
S

H
.

�

W
A

R
N

IN
G

:
all

storage
for

strings
M

U
S

T
include

space
for

the
null

term
ination

character.

�

A
ny

processing
ofstrings

as
array

ofcharacters
M

U
S

T
reusultin

a
properly

nullterm
inated

string

/*
Insurance

Trick
*/

bigS
tring[999

]=
N

U
LLC

H
A

R
;

�

S
trings

look
like

this:

0
1

2
3

4
5

6
7

8
9

1
0

c
h

a
r  

T
E

S
T

C
A

S
E

\0

e
x
a

m
p

le
[ 1

1
 ]  =

 "
T

E
S

T
  C

A
S

E
"

 
;
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O
perations

on
S

trings

�

Length
-

G
etcurrentlength

ofstring.

�

C
opy

-
A

ssign
a

new
value

to
a

string
variable.

�

A
ppend

-
A

dd
inform

ation
to

the
end

ofa
string.

�

S
ubstring

-
S

electa
sequence

ofcharacters
from

a
larger

string.

�

C
oncatenate

-
A

dd
one

string
to

the
end

ofanother.

�

C
haracter

S
earch

-
S

earch
through

a
string

looking
for

a
given

character.

�

S
tring

S
earch

-
S

earch
through

a
string

looking
for

som
e

other
string.
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H
O

W
TO

U
se

n
ull

Term
inated

S
trings

�

A
ll

string
processing

in
C

assum
es

thatstrings
are

properly
nullterm

inated.

C
H

A
O

S
w

illensue
ifthis

convention
is

ever
violated.

�

T
he

nullterm
ination

is
the

only
w

ay
in

C
to

find
the

end
ofa

string.

�

T
he

com
piler

autom
atically

adds
a

term
inating

nullto
allstring

constants.
e.g.

Internally
”A

B
C

”
is

”A
B

C
\
0

”

�

A
lllibrary

string
functions

assum
e

argum
ents

their
argum

ents
are

null

term
inated

and
produce

a
nullterm

inated
result.

W
A

R
N

IN
G

:
m

ake
sure

allargum
ents

you
pass

to
builtin

string
functions

are

properly
nullterm

inated

#define
N

U
LLC

H
A

R
(

(
char

)
0

)

char
bigS

tring[1000
];

bigS
tring[0]=

N
U

LLC
H

A
R

;
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M
em

ory
C

op
y

F
unctions

void
*

m
em

m
o

ve
(void

*
dest,const

void
*

src
,

size
tlen

);
void

*
m

em
cp

y(void
*

dest,const
void

*
src

,
size

tlen
);

�

m
em

m
o

ve
C

opies
len

characters
from

src
to

dest.

m
em

m
ove

w
illw

ork
correctly

even
ifsrc

and
destoverlap

in
m

em
ory.

�
m

em
cp

y
copies

len
characters

from
src

to
dest.

m
em

cpy
is

notguaranteed
to

w
ork

correctly
ifsrc

and
destoverlap

in
m

em
ory

butitis

generally
faster

than
m

em
m

ove.

W
A

R
N

IN
G

:
U

se
ofm

em
cpy

is
dangerous,use

m
em

m
ove

instead.

�

W
A

R
N

IN
G

:
an

E
R

R
O

R
w

illoccur
and

m
em

ory
W

ILL
gettrashed

ifdestis
notlarge

enough
to

hold
the

result.

300

S
tring

C
op

ying
F

unction
char

*
strcp

y(char
*

dest,
const

char
*

src);
char

*
strncp

y(char
*

dest,
const

char
*

src
,

size
tN

);

�

strcp
y

copies
the

string
src

into
the

string
dest.

if
strlen(

src
)>
=

siz
eof(

dest
)

an
E

R
R

O
R

occur
s

and
som

e
random

piece
of

m
em

ory
g

ets
trashed.

�

strncp
y

copies
exactly

N
characters

to
dest.

–
Ifstrlen(src)

is
less

than
N

destis
filled

outw
ith

nullcharacters.

–
Ifstrlen(src)

is
greater

than
N

,only
N

characters
are

copied
to

destand
dest

is

N
O

T
n

ull
term

inated.

–
destis

nullterm
inated

ifand
only

ifstrlen(
src

)�

N

298

�

G
ood

Technique:
Ifthere

is
any

doubtaboutw
hether

strlen
(src

)
could

be

greater
than

sizeof(
dest)

use
strncpy

instead
ofstrcpy.

�

W
A

R
N

IN
G

:
strcpy

and
strncpy

are
N

O
T

guaranteed
to

w
ork

correctly
ifsrc

and
destoverlap

in
m

em
ory.

U
se

m
em

m
ove

instead.

�

N
O

T
E

the
assignm

entoperator
cannotbe

used
to

copy
strings.

You
m

ustuse

strcpy
or

strncpy.

char
*

S
1

,
*

S
2

;
char

S
3[50];

S
1

=
”TestS

tring”;
/*

P
ointer

A
ssignm

ent*/

S
2

=
S

3
;

/*
S

2
now

points
atS

3
*/

S
3

=
”B

A
D

E
V

IL”;
/*

E
R

R
O

R
S

3
is

an
array

pointer
constant*/

strcpy(
S

3
,

”M
U

C
H

B
E

T
T

E
R

”
);299

S
tring

Length
F

unction
size

tstrlen
(

const
char

*
S

);

�

size
tis

an
unsigned

integer
type

defined
in

stddef.h.

�

strlen
returns

the
num

ber
ofcharacters

in
S

up
to,butnotincluding,the

first

nullcharacter.

�

W
A

R
N

IN
G

:
strlen

is
a

S
LO

W
function

in
C

.Itm
ustsearch

the
string

S
to

the

term
inating

nullcharacter
to

determ
ine

its
length

E
xam

ple:

int
len;

char
str[100];

len
=

strlen(”abc”);
/*

len
is

now
3

*/

len
=

strlen(””);
/*

len
is

now
0

*/

len
=

sizeof(str);
/*

len
is

now
100

*/
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S
tring

C
om

parison
E

xam
ples

(A
S

C
II)

s
t
r
c
m
p
(
"
a
"
,
"
A
"
)
>

0

s
t
r
c
m
p
(
"
A
B
C
"
,
"
D
E
F
G
"
)
<

0

s
t
r
c
m
p
(
"
D
E
F
"
,
"
A
B
C
"
)
>

0

s
t
r
c
m
p
(
"
a
a
a
a
"
,
"
a
a
a
A
"
)

>
0

s
t
r
c
m
p
(
"
0
"
,
"
a
"
)
<

0

s
t
r
c
m
p
(
"
C
s
C
1
8
0
F
"
,
"
C
s
C
1
8
1
F
"
)
<

0

s
t
r
c
m
p
(
"
W
X
Y
Z
"
,
"
W
X
Z
Z
"
)

<
0

s
t
r
c
m
p
(
"
p
q
r
s
t
"
,
"
p
q
r
s
"
)

>
0

s
t
r
c
m
p
(
"
j
k
l
m
n
o
p
"
,
"
j
k
l
m
n
o
p
"
)
=

0

N
ote

thatstrings
cannot

be
com

pared
directly

using
relational

operator
s

such
as

”abc”
�

”abcd”.

R
ecallthatstring

literalis
a

pointer
to

the
firstcharacter

ofthe
string.
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S
tring

C
oncatenation

E
xam

ples

char
s
t
r
1
[
1
0
]
,

s
t
r
2
[
1
0
]

;

s
t
r
c
p
y
(
s
t
r
1
,

"
a
b
c
"
)

;
s
t
r
c
a
t
(
s
t
r
1
,

"
D
E
F
"
)

;
/
*
s
t
r
1

n
o
w
c
o
n
t
a
i
n
s

"
a
b
c
D
E
F
"

*
/

s
t
r
c
p
y
(
s
t
r
1
,

"
a
b
c
"
)

;
s
t
r
c
p
y
(
s
t
r
2
,

"
D
E
F
"
)

;
s
t
r
c
a
t
(
s
t
r
1
,

s
t
r
2

+
1
)

;
/
*
s
t
r
1

n
o
w
c
o
n
t
a
i
n
s

"
a
b
c
E
F
"
*
/

302

S
tring

C
om

parison
F

unction
int

strcm
p

(
const

char
*

s1
,

const
char

*
s2

);
int

strncm
p

(
const

char
*

s1
,

const
char

*
s2

,
size

tN
);

�

strcm
p

com
pares

the
strings

s1
and

s2,returns
0

ifthey
are

equal,negative
num

ber
if

s1
is

less
than

s2,and
positive

num
ber

ifs1
is

greater
than

s2.

�

strcm
p

com
pares

strings
using

lexicographic
ordering

depending
on

the
character

encoding
schem

e.

�

C
om

parison
proceeds

from
the

1stcharacter
to

the
lastuntila

character
m

ism
atch

occurs
or

the
end

ofa
string

is
encountered.

Ifa
m

ism
atch

is
found,resultis

determ
ined

by
character

com
parison

using
the

order
of

characters.

Ifno
m

ism
atch

is
found

then

–
ifthe

string
values

are
ofthe

sam
e

length,they
are

equal

–
ifthe

string
values

are
notofthe

sam
e

length,the
longer

string
value

is
greater

303

S
tring

C
oncatenation

F
unction

char
*

strcat(char
*

dest,const
char

*
src

);
char

*
strncat

(char
*

dest,const
char

*
src

,
size

tN
);

�

strcat
appends

the
contents

ofthe
string

src
to

the
end

ofthe
string

dest.

�

strncat
copies

up
to

N
characters

from
src

to
the

end
ofdest.

Ifstrlen(
src

)
=

N
then

N
+

1
characters

w
illbe

w
ritten

to
dest.

�

W
A

R
N

IN
G

:
an

E
R

R
O

R
w

illoccur
and

m
em

ory
w

illgettrashed
ifdestis

notlarge

enough
to

hold
the

resultofthe
concatenation.

siz
eof

(
dest)	

strlen(
dest)

+
strlen(

src
)

+
1
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�

R
eading

fullline:
g

ets
does

notskip
w

hite
space.

g
ets

reads
untilitfinds

a

new
line

character,discards
it,and

add
the

nullcharacter
atthe

end.

g
ets

(
s
t
r
)

;

�

W
A

R
N

IN
G

:
the

character
array

given
as

an
argum

entto
g

ets
M

U
S

T
be

large

enough
to

hold
any

possible
inputvalue.

O
therw

ise
you

have
an

error
in

your

program
and

som
e

evil
person

can
trash

your
program

�
G

ood
Technique:

Ifyou
can’talw

ays
guarantee

valid
input,atleastdetect

w
hen

your
program

has
been

hosed.

#define
B

U
F

F
E

R
S

IZ
E

256

char
buffer[B

U
F

F
E

R
S

IZ
E

+
1

];

...g
ets

(
buffer

);
assert

(
strlen(

buffer
)<
=

B
U

F
F

E
R

S
IZ

E
);

308

S
ubstring

S
earch

F
unction

char
*

strstr(
const

char
*

src
,

const
char

*
sub);

�

strstr
searches

the
string

src
for

firstoccurrence
ofthe

string
sub.

�

Ifsub
is

found
in

src,a
pointer

to
this

firstoccurrence
is

returned,otherw
ise

a
N

U
LL

pointer
is

returned.
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R
eading

and
W

riting
S

trings

�

W
riting

strings:
printf

w
rites

the
characters

in
a

string
one

by
one

untilit

encounters
a

nullcharacter

char
s
t
r
[
1
2
0
]

=
"
A
r
e
w
e

h
a
v
i
n
g
f
u
n
y
e
t
?
"

;
printf

(
"
V
a
l
u
e
o
f

s
t
r
:

%
s
\
n
"
,
s
t
r
)

;

�

R
eading

strings:
scanf

skips
w

hite
space

and
then

read
characters

and

stores
them

untilitencounters
a

w
hite

space.
scanf

adds
nullcharacter

atthe

end
ofthe

string

scanf
(

"
%
s
"
,
s
t
r
)

;

�

W
A

R
N

IN
G

:
the

character
array

given
as

an
argum

entto
scanf

M
U

S
T

be

large
enough

to
hold

any
possible

inputvalue.
O

therw
ise

you
have

an
error

in

your
program

307

C
haracter

S
earch

F
unction

char
*

strchr(
const

char
*

S
,

int
C

);
char

*
strrchr

(
const

char
*

S
,

int
C

);

�

strchr
searches

the
string

S
for

firstoccurrence
ofthe

character
C

.

�

IfC
is

found
in

S
,a

pointer
to

this
firstoccurrence

is
returned,otherw

ise
a

N
U

LL

pointer
is

returned.

�

strrchr
perform

s
the

sam
e

com
parison

exceptthatitreturns
a

pointer
to

the
last

occurrence
ofC

in
S

.

�

T
he

nullterm
inating

character
is

considered
to

be
a

partofthe
string,so

T
=

strchr(
S

,
N

U
LLC

H
A

R
);

returns
a

pointer
to

the
end

ofS
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E
xam

ple
-

rem
o

ve
trailing

b
lanks

char
*

S
,

*
T

;
/*

A
ssum

e
S

initialized
here

*/

/*
U

sing
w

hile
loop

*/

T
=

S
+

strlen(S
)

-
1

;
w

hile
(

T

�

S
&
&

*
T

=
=

’
’)

T-
-

;
*(T

+
1)

=
N

U
LLC

H
A

R
;

/*
U

sing
for

loop
*/

for
(

T
=

S
+

strlen(S
)

-
1

;
T

�

S
&
&

*
T

=
=

’
’;

T-
-

)

;
F

ind
lastnon

blank
*/

*(T
+

1)
=

N
U

LLC
H

A
R

;

312

S
tring

P
rocessing

Tem
plates

char
*

S
,

*
T

;

/*
A

ssum
e

s
initialized

*/

for
(

T
=

S
;

*
T

;
T+

+
)




for
(

T
=

S
+

strlen(S
)

-1
;

T
>
=

S
;

T-
-

)


/*
process

*
T

*/
/*

process
*

T
*/

�

;

�

;

T
=

S
;

T
=

S
;

w
hile

(
*

T
)


do




/*
process

S
*/

/*
process

S
*/

/*
increm

entT
*/

/*
increm

entT
*/

�

;
w

hile
(

*
T

);

310

E
xam

ple
-

rem
o

ve
leading

b
lanks

char
*

S
,

*
T

;
/*

A
ssum

e
S

initialized
here

*/

/*
using

w
hile

loop
*/

w
hile

(
*

S
&
&

*
S

=
=

’
’)

strcpy(
s,s+

1
);

/*
S

hiftover
one

blank
*/

/*
G

rossly
IN

E
F

F
IC

IE
N

T
*/

/*
using

for
loop

*/

for
(

T
=

S
;

*
T

&
&

T
=

=
’

’;
T+

+
)

;
/*

F
ind

1stnon
blank

*/

strcpy(
S

,
T

);
/*

S
hiftover

allblanks
*/

311

H
O

W
TO

P
rocess

S
trings

E
fficientl

y

�

Try
to

process
strings

w
holesale

rather
than

retail

�

Try
to

avoid
slow

operations
like

strlen
.

�

Try
to

m
inim

ize
the

num
ber

oftim
es

strings
getcopied

or
concatenated.

�

U
se

pointers
to

access
strings

efficiently.

�

A
void

specialcases,try
to

find
generalalgorithm

s.

/*
E

xm
aple

ofG
ross

Inefficiency
*/

char
S

[256],
T

[256];
int

J;
/*

A
ssum

e
S

given
a

value
here

*/

/*
copy

S
to

T
*/

for
(

J
=

0
;

J
<
=

strlen(S
);

J+
+

)

T
[J

]=
S

[J
];
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P
attern

M
atch

&
S

ubstitution
G

eneral
C

ase
-

C
S

C
181F

S
olution

void
replace(

char
*

S
,

const
char

*
P

,
const

char
*

R
)




char
*

P
start;

int
S

leng,P
leng,R

leng
;

if
((

P
start=

strstr(
S

,P
))!=

N
U

LL)




S
leng

=
strlen(

S
);

P
leng

=
strlen(

P
);

R
leng

=
strlen(

R
);

m
em

m
ove(

P
start+

R
leng

,
P

start+
P

leng
,

S
leng

-
((

P
start-

S
)

+
P

leng
)

+
1

);

strncpy(
P

start,R
,R

leng
);

�

�

316

P
attern

M
atch

&
S

ubstitution
G

eneral
C

ase

In
string

S
,search

for
firstoccurrence

ofpattern
P.

IfP
is

found,replace
itw

ith
string

R
.

C
ases

A
ction

E
xam

ple

P
notin

S
D

o
nothing

S
S
S
S
S
S
S
S

strlen(R
)

�

strlen(P
)

S
hiftend

ofS
leftso

R
justfits

S
S
R
R
R
S

strlen(R
)=

strlen(P
)

E
xactreplace

ofP
w

ith
R

S
S
R
R
R
S
S
S

strlen(R
)

�

strlen(P
)

S
hiftend

ofS
rightto

m
ake

room
for

R
S
S
R
R
R
R
R
S
S
S

P
is

em
pty

string
A

dd
R

atstartofS
R
R
R
S
S
S
S
S
S
S
S

R
is

em
pty

string
D

elete
P

from
S

S
S
S
S
S

S
is

em
pty

string
D

o
nothing

S
S
S
S
S
S
S
S

314

P
attern

M
atch

&
S

ubstitution
G

eneral
C

ase
-

C
S

C
180F

S
olution

void
replace(

char
*

S
,

const
char

*
P

,
const

char
*

R
)


/*
R

eplace
P

in
S

w
ith

R
*/

char
*

T
,

*
out;

for
(

T
=

S
;

T

�

S
+

strlen(S
)

-
strlen(P

);
T+

+
)

if
(

!
strncm

p(
T,P,strlen(P

)
)


/*
F

ound
P

in
S

starting
atT

*/

out=
(char

*
)

m
alloc(

strlen(S
)

-
strlen(P

)
+

strlen(R
)

+
1

);
assert

(
out);

*
out=

N
U

LLC
H

A
R

;
/*

build
output*/

strncat(
out,S

,T
-

S
);

strcat(
out,R

);
strcat(

out,T
+

strlen(
P

)
);

strcpy(
S

,out);
free(

out);
return;

�

�

315

E
xam

ple
-

rem
o

ve
all

b
lanks

char
*

S
,

*
T

;
char

*
S

end
;

/*
A

ssum
e

S
initialized

here
*/

S
end

=
strchr(

S
,N

U
LLC

H
A

R
);

W
H

ILE
(

T
=

strchr(
S

,’
’))


m
em

m
ove(

T
,

T
+

1
,

S
end

-
T

);
S

end-
-

;

�

313



H
O

W
TO

A
ccess

E
nvironm

ent
Inform

ation
#inc

lude

�

stdlib.h

�

char
*

getenv
(

const
char

*
nam

e
);

�

In
the

U
nix

S
hellyou

can
setenvironm

entvariables
thatcan

be
used

to

com
m

unicate
inform

ation
to

program
s.

E
xecute

the
U

nix
com

m
and

p
r
i
n
t
e
n
v

to
see

w
hatyour

currentenvironm
entvariables

are.
�

T
he

getenv
function

can
be

used
by

a
program

to
retrieve

the
currentvalue

of

environm
entvariables

from
U

nix.

T
he

argum
entnam

e
is

the
nam

e
ofan

an
environm

entvariable,getenv

returns
a

pointer
to

a
string

containing
the

value
courrentassigned

to
nam

e

and
N

U
LL

ifnam
e

is
notdefined.

E
xam

ple:
D

efine
T

M
P

D
IR

=
/bigS

pace/tm
p

in
environm

ent.

320

M
ain

P
rogram

R
evisited

void
m

ain(
int

argc
,

char
*

argv[])

�

argc
is

the
num

ber
ofcom

m
and

line
argum

ents
thathave

been
passed

to
the

m
ain

program

�

argv
is

a
pointer

to
an

array
ofstrings

w
hich

are
the

argum
ents

to
the

program

–
argv[0

]is
the

nam
e

thatw
as

used
to

invoke
the

program
.

–
argv[1

]to
argv[argc

]are
the

argum
ents

thatw
ere

passed
to

the
program

.

–
argv[argc

+
1

]is
alw

ays
N

U
LL

m
yM

a
in

     fe
e

   fie
   fo

o
 fu

m

a
rg

c

a
rg

v

m
yM

a
in

fe
e

fiefo
o

fu
m

4
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E
xam

ple
of

A
rgum

ent
P

rocessing

m
a
i
n
(
i
n
t

a
r
g
c
,

c
h
a
r
a
r
g
v
[
]

)
{

/
*
A
r
g
u
m
e
n
t

P
r
o
c
e
s
s
i
n
g

*
/

f
o
r
(
a
r
g
c
-
-
,

a
r
g
v
+
+
;
a
r
g
c
>

0
;
a
r
g
c
-
-
,

a
r
g
v
+
+
)
{

/
*
p
r
o
c
e
s
s
o
p
t
i
o
n
s

m
a
r
k
e
d

w
i
t
h
-

*
/

i
f

(
*
*
a
r
g
v
=
=
’
-
’
)
{

/
*
A

f
l
a
g
a
r
g
u
m
e
n
t

*
/

/
*
P
r
o
c
e
s
s
a
l
l

f
l
a
g
s
i
n
t
h
i
s
a
r
g
,

e
.
g
.
-
A
b
D
f
*
/

w
h
i
l
e
(
*
+
+
(
*
a
r
g
v
)
)

{

s
w
i
t
c
h
(
*
*
a
r
g
v
)

{

c
a
s
e
’
x
’
:

/
*
p
r
o
c
e
s
s

o
n
e
f
l
a
g
*
/

.
.
.
.
.
.

b
r
e
a
k
;

d
e
f
a
u
l
t
:

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
"
U
n
k
n
o
w
n

f
l
a
g
:

’
%
c
’
;
"
,
*
*
a
r
g
v
)
;

e
x
i
t
(
1
)
;

}

}

}e
l
s
e

/
*

P
r
o
c
e
s
s
e
v
e
r
y
t
i
n
g
e
l
s
e
*
/

p
r
o
c
e
s
s
(

*
a
r
g
v
)
;

/
*
D
o

s
o
m
e
t
h
i
n
g
t
o
a
r
g
u
m
e
n
t

*
/

}

}
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R
eading

A
ssignm

ent

K
.
N
.

K
i
n
g

C
h
a
p
t
e
r
3
,
2
2

K
.
N
.

K
i
n
g

S
e
c
t
i
o
n
s

1
3
.
7
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C
haracter

Input
(Text

F
iles)

int
fgetc(F

ILE
*

stream
)

R
ead

one
character

from
stream

int
getc(F

ILE
*

stream
)

Inline
version

offgetc

int
getchar(

void
)

getc(stdin)

char
*fgets(

char
*

S
,

int
N

,
F

ILE
*

stream
)

R
eads

atm
ostN

-
1

characters
into

array
S

S
tops

on
new

line.
S

is
nullterm

inated

char
*

gets(
char

*
S

)
R

ead
nextinputline

into
S

Like
fgets(

S
,

IN
F

IN
IT

Y
,

stdin
)

int
ungetc(

int
C

,F
ILE

*
stream

)
P

ush
character

c
back

onto
stream

C
haracter

inputfunctions
return

E
O

F
on

end
offile

or
error.

W
A

R
N

IN
G

:
getc,fgetc

and
getchar

return
int

notchar
.

S
tring

inputfunctions
return

N
U

LL
on

end
offile

or
error.

W
A

R
N

IN
G

:
gets

is
inherently

unsafe
and

should
be

avoided.

ungetc
can

be
used

to
return

one
character

to
the

stream
.

324

�

T
he

three
standard

stream
s

are
autom

atically
ready

to
use

w
hen

a
program

starts
execution.

�

B
y

convention,standard
error

is
used

for
printing

error
m

essages.
T

hese

m
essages

can
be

redirected
to

a
destination

thatis
differentthan

standard

output.

322

Text
and

B
inary

F
iles

�

s
t
d
i
o
.
h

supports
tw

o
kinds

offiles.

�

TextF
iles

generally
contain

characters
and

are
usually

easily
readable

or

printable.
Textfiles

are
view

ed
as

a
sequence

oflines
w

here
lines

are

separated
by

the
N

E
W

LIN
E

character
(

’\
n

’).

�

B
inary

files
contain

raw
data

in
the

encoded
in

the
internalrepresentation

used
by

the
hardw

are.

�

B
inary

files
can

be
used

to
store

arrays,structures
and

other
m

ore

com
plicated

data
structures.

�

G
enerally

binary
inputand

outputis
m

uch
m

ore
efficientthan

textinputand

outputsince
no

conversion
to/from

the
binary

internalrepresentation
is

required.

323

Input
and

O
utput

in
C

#inc
lude

�

stdio.h

�

�

A
stream

is
any

source
ofinputor

any
destination

for
output.

�

A
file

pointer
(

oftype
F

ILE
*

)
is

the
standard

w
ay

to
refer

to
stream

s
in

C

program
s.

�

s
t
d
i
o
.
h

defines
three

standard
stream

s

F
ile

P
ointer

S
tream

D
efaultM

eaning

s
t
d
i
n

S
tandard

Input
K

eyboard
input

s
t
d
o
u
t

S
tandard

O
utput

Term
inalS

creen

s
t
d
e
r
r

S
tandard

E
rror

Term
inalS

creen

T
he

com
m

and
thatinvokes

a
program

m
ay

redirect
the

m
eaning

ofthe
standard

stream
s

to
be

a
file,a

device
or

another
program

.

�

P
rogram

s
are

usually
w

ritten
to

w
ork

on
the

standard
stream

s.
Ifa

program

needs
m

ore
sources

or
destinations

itcan
create

them
as

it’s
executing.
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F
orm

atted
O

utput

�

A
form

atstring
is

used
to

specify
the

exactlayoutofeach
line

ofprinted

output.

�

T
he

form
atstring

m
ay

contain
textw

hich
is

outputliterally

�

T
he

form
atstring

contains
form

atcontrolcharacters
w

hich
cause

data
values

to
be

printed.

�
E

m
bed

A
S

C
IIcontrolcharacters

(e.g.\
n

(new
line)

,\
t

(tab)
and

\
f

(pagefeed))
in

form
atstring

for
line

and
page

control

�

W
A

R
N

IN
G

:
B

e
C

areful
to

exactly
m

atc
h

form
at

string
w

ith
argum

ent
list.

M
ism

atc
hes

cause
crashes.

�

S
ink

for
outputcan

be
standard

stream
,file

or
string

328

H
O

W
TO

H
andle

E
rrors

and
E

nd
of

F
ile

�

E
very

call
on

an
input

function
m

ust
check

for
possib

le
end

of
file

or

error.

�

W
A

R
N

IN
G

:
T

he
value

ofE
O

F
returned

by
fgetc,getc

and
getchar

is
N

O
T

a

valid
char

value.

A
lw

a
ys

read
characters

into
an

int
variable,check

for
E

O
F

and
then

assign

the
inputto

a
char

variable.

�

T
he

function

int
feof(

F
ILE

*
stream

)

returns
true

ifan
end

offile
has

been
detected

w
hile

reading
stream

.
N

ote

thatthis
function

does
notreturn

true
untilan

attem
pthas

been
m

ade
to

read

past
the

end
offile.
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C
haracter

O
utput

(Text
F

iles)

int
fputc(

int
C

,
F

ILE
*

stream
)

w
rites

character
C

on
stream

int
putc(

int
C

,
F

ILE
S

TA
R

stream
)

inline
version

offputc

int
putchar(

int
C

)
putc(C

,
stdout)

int
fputs(

const
char

*
S

,F
ILE

*
stream

)
w

rites
string

S
on

stream

int
puts(

const
char

*
S

)
fputs(

S
,

stdout)

O
utputfunctions

return
E

O
F

on
error.

E
xam

ples:

F
I
L
E

*
f
p
;

.
.
.

p
u
t
c
h
a
r
(
c
h

)
;
/
*

w
r
i
t
e
s
c
h

t
o
s
t
d
o
u
t
*
/

p
u
t
c
(
c
h
,
f
p

)
;

/
*
w
r
i
t
e
s
c
h

t
o

f
p

*
/

p
u
t
s
(
"
H
e
l
l
o
w
o
r
l
d
!
"

)
;
/
*

w
r
i
t
e
s
t
o

s
t
d
o
u
t
*
/

f
p
u
t
s
(
"
H
e
l
l
o
w
o
r
l
d
!
"
,

f
p
)

;
/
*

w
r
i
t
e
s
t
o
f
p

*
/
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C
haracter

Input
E

xam
ples

i
n
t
c
h
;

F
I
L
E

*
f
p
;

.
.
.

w
h
i
l
e
(
(
c
h

=
g
e
t
c
(
f
p
)
)

!
=

E
O
F
)

{

.
.
.

}f
g
e
t
s
(
s
t
r
,
s
i
z
e
o
f
(
s
t
r
)
,

f
p
)
;

/
*
r
e
a
d
s

a
l
i
n
e

f
r
o
m

f
p

*
/

f
g
e
t
s
(
s
t
r
,
s
i
z
e
o
f
(
s
t
r
)
,

s
t
d
i
n
)
;

/
*

r
e
a
d

a
l
i
n
e

f
r
o
m

s
t
a
n
d
a
r
d
i
n
p
u
t

*
/

#
i
n
c
l
u
d
e
<
c
t
y
p
e
.
h
>

.
.
.

w
h
i
l
e
(
i
s
d
i
g
i
t
(
c
h
=
g
e
t
c
(
f
p
)
)
)

{

.
.
.

}u
n
g
e
t
c
(
c
h
,
f
p
)
;

/
*

p
u
t
s

b
a
c
k

l
a
s
t

v
a
l
u
e
o
f

c
h

*
/

325



E
xam

ples
of

form
atted

output

p
r
i
n
t
f
(
"
C
S
C
1
8
1
F
A
s
s
i
g
n
m
e
n
t

%
d
\
n
"
,
a
N
u
m
b

)
;

s
p
r
i
n
t
f
(

b
u
f
f
e
r
,
"
(
%
s
%
c
%
s
)
"
,

l
e
f
t
_
o
p
,

o
p
e
r
a
t
o
r
,

r
i
g
h
t
_
o
p

)
;

f
p
r
i
n
t
f
(
m
y
F
i
l
e
,
"
%
-
d

%
s
%
e
\
n
"
,

c
o
u
n
t
,
n
a
m
e
,

r
e
s
u
l
t
)
;

p
r
i
n
t
f
(
"
P
o
i
n
t
e
r
v
a
l
u
e

i
s
%
p
(
%
x
)
\
n
"
,

p
,

p
)

;

p
r
i
n
t
f
(
"
%
.
*
f
"
,
4
,

x
)
;

p
r
i
n
t
f
(
"
%
.
*
f
"
,
W
I
D
T
H
,

x
)
;

p
r
i
n
t
f
(
"
%
*
.
4
f
"
,
1
2
,
x
)
;

332

F
orm

at
C

ontrol
C

haracters
%
C

%
-
C

%
w

idthC

%
.precC

C
is

any
form

atcontrolcharacter

A
preceding

-
sign

causes
the

field
to

be
leftjustified

w
idth

and
prec

are
integer

constants.
w

idth
specifies

the
printed

w
idth

ofthe
field

in

characters.
prec

specifies
num

ber
ofdigits

after
decim

alpointfor
floating

point

num
bers

w
idth

or
precision

can
be
*

w
hich

causes
value

to
be

taken
from

nextargum
ent

330

O
utput

F
orm

at
C

ontrol
C

haracters

c
single

character
p

void
*,pointer

s
string

f
real,norm

alnotation

d
integer,signed

decim
al

e
real,scientific

notation

i
integer,signed

decim
al

E
real,scientific

notation

u
integer,unsigned

decim
al

g
real,shorter

ofe,f,notation

o
integer,unsigned

octal
G

real,shorter
ofE

,f,notation

x
integer,unsigned

hexadecim
al

X
integer,unsigned

hexadecim
al

331

printf
function

printf(const
char

*
form

at,expressionList)

expressionListis
a

listofexpressions
separated

by
com

m
as

form
atis

a
string

thatspecifies
form

ating
for

printed
output

E
xpressions

in
the

expression
listare

m
atched

in
order

w
ith

form
atcontrol

characters
in

form
at

W
A

R
N

IN
G

:
m

ostversions
ofC

do
N

O
T

check
thatyou’ve

gotthis
right.

B
e

especially
carefulaboutchar

vs.
string

and
differentsizes

ofintegers
and

reals.
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F
ile

C
lose

int
fclose(

F
ILE

*
stream

)

F
lush

any
unw

ritten
data

to
outputstream

D
iscard

any
unread

inputin
inputstream

D
eallocates

buffer,closes
stream

.

F
ile

should
notbe

used
after

itis
closed.

R
eturns

zero
ifsuccessful;otherw

ise
returns

E
O

F

336

H
O

W
TO

U
se

F
iles

in
C

�

In
a

C
program

,a
file

is
a

handle
thatis

used
to

access
som

e
externalsource

or
destination

for
data.

�

T
he

F
ILE

*
data

type
is

a
pointer

to
a

controlblock
thatspecifies

the
type

ofa

stream
,how

to
access

the
stream

and
the

currentlocation
in

the
stream

for

inputor
output.

�

T
he

system
establishes

defaultstream
s

for
stdin,stdoutand

stderr.
T

hese

can
be

overridden
via

redirection
atthe

U
nix

com
m

and
level.

�

T
he

fopen
function

is
used

to
setup

an
association

betw
een

an
externalfile

and
a

stream
in

the
program

.

�

T
he

fclose
function

is
used

to
term

inate
the

association
setup

by
fopen.

334

F
ile

O
pen

F
ILE

*
fopen(

const
char

*
filenam

e,const
char

*
m

ode
)

;

O
pens

nam
ed

file
and

returns
stream

pointer
or

N
U

LL
ifopen

fails.

F
iles

m
ustbe

opened
before

they
are

used
for

reading
or

w
riting.

M
odes

include:

”r”
open

for
reading

”w
”

create
textfile

for
w

riting,discard
previous

contents

”a”
open

for
append

or
create

”r+
”

open
for

update
(read

&
w

rite)

”w
+

”
create

textfile
for

update

”a+
”

open
or

create
for

append
&

update

W
A

R
N

IN
G

:
A

lw
ays

check
thatfopen

has
returned

a
non-N

U
LL

pointer.

335

fprintf
&

sprintf

fprintf(F
ILE

*
stream

,const
char

*
form

at,expressionList)

sprintf(char
*

S
,const

char
*

form
at,expressionList)

form
atand

expressionListsam
e

as
printf.

fprintfw
rites

outputto
the

designated
file

sprintfw
rites

outputto
the

designated
string

W
A

R
N

IN
G

:
B

e
C

areful
to

alw
a

ys
give

a
file

as
first

argum
ent

to
fprintf

and
a

string
as

first
argum

ent
to

sprintf
.

M
ake

sure
that

string
for

sprintf
is

larg
e

enough
to

hold
any

possib
le

result
inc

luding
a

trailing
n

ull
character.

333



scanf
con

version
characters

C
har

Type
V

ariable

d
decim

alinteger
int

*

i
integer

(any)
int

*

o
octalinteger

int
*

u
unsigned

integer
unsigned

*

x
hex

integer
int

*

c
character

(no
w

s
skip)

char
*

s
string

char
*

e
float

float
*

f
float

float
*

g
float

float
*

340

scanf
function

int
scanf(char

*
form

at,varA
ddressList)

form
atis

a
form

atstring
specifying

the
expected

inputform
at

varA
ddressListis

a
listofaddresses

ofvariables.

U
se

either
pointers

to
allocated

m
em

ory
or

&
variable

to
generate

the
address

oflocalvariables.

A
lw

a
ys

check
n

um
ber

of
assignm

ents
done

by
scanf

A
lw

a
ys

provide
a

variab
le

A
D

D
R

E
S

S
for

each
data

item
in

the
form

at
list

338

scanf
form

at
string

�

O
ne

m
ore

consecutive
w

hite-space
in

a
scanfform

atstring
m

atch
zero

or

m
ore

w
hite-space

in
the

inputstream
.

�

O
rdinary

characters
are

expected
to

m
atch

the
characters

in
the

inputstream

�

C
onversion

item
s

beginning
w

ith
%

cause
data

values
to

be
read

and

assigned
to

the
nextunassigned

variable.

A
n

assignm
entsuppression

character*
after

the
%

causes
a

data
item

to
be

read
by

suppresses
assignm

entto
the

variable.
U

se
this

to
skip

over

unw
anted

input.

�

scanfautom
atically

skips
over

w
hite-space

(blank,tab,new
line,carriage

return,etc.)
in

its
input

339

scanf
-

form
atted

input

�

U
ser

supplies
form

atstring,as
in

printf.

F
orm

atstring
specifies

order
and

form
atofinputitem

s.

�

U
ser

provides
addresses

ofvariables
in

w
hich

to
store

inputitem
s.

�

scanfattem
pts

to
read

from
its

inputsource
and

m
atch

the
inputstream

againstthe
form

atstring.
S

uccessfulm
atches

cause
values

to
be

assigned
to

the
variables.

�

scanfreturns
num

ber
ofvariables

assigned
to,w

hich
m

ay
be

less
than

the

num
ber

ofitem
s

requested.
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H
O

W
TO

U
se

sscanf
and

ssprintf

�

sprintfcan
be

used
in

a
program

to
build

up
com

pilcated
character

strings.

–
M

ore
efficientthan

using
severalstrcpy/strcatoperations.

–
P

rovides
access

to
allofthe

builtin
conversion

routines
from

internal

represeantation
to

characters.

�

scanfcan
be

used
in

a
program

to
scan

strings
and

extractinform
ation.

–
P

rovides
access

to
the

internalconversion
routines.

–
C

an
read

inputw
ith

fgets
and

then
try

alternative
analysis

w
ith

differentscanfcalls.

A
llow

s
you

to
validate

inputw
ithoutcrashing

the
program

.

�

W
A

R
N

IN
G

:
m

ake
sure

string
argum

entto
sprintfis

long
enough

to
hold

any

possible
output.
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scanf
exam

ples

i
n
t
i
,
j

;

l
o
n
g

k
;

d
o
u
b
l
e
X

;

c
h
a
r

c
h
,
s
t
r
[
1
0
0
]
;

i
n
t
n
S
c
a
n
n
e
d

;

n
S
c
a
n
n
e
d

=
s
c
a
n
f
(
"
%
d
%
i
"

,
&
i

,
&

j
)
;

n
S
c
a
n
n
e
d

=
s
c
a
n
f
(
"
%
s

i
s
%
c
"
,

s
t
r
,

&
c
h
)
;

n
S
c
a
n
n
e
d

=
s
c
a
n
f
(
"
%
*
d
%
d
"

,
&
i
)
;

n
S
c
a
n
n
e
d

=
s
c
a
n
f
(
"
%
l
e
%
l
d
"
,

&
X

,
&

k
)
;
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fscanf
and

sscanf
int

fscanf(
F

ILE
*

stream
,char

*
form

at,varA
ddressList)

int
sscanf(

char
*

source,char
*

form
at,varA

ddressList)

fscanflike
scanfexceptinputcom

es
from

designated
file

sscanflike
scanfexceptinputcom

es
from

character
string

E
xam

ple:

fscanf(inF
ile

,”%
s”

,str
);

/*
read

string
from

file
*/

sscanf(str
,”%

d%
d”

,&
i,&

j);
/*

extracttw
o

intfrom
str

*/
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C
on

version
M

odifier
s

�

P
uth

in
frontofd

,
i
,
o
,
u

to
indicate

corresponding
address

is
short

*

�

P
utl

in
frontofd

,
i
,
o
,
u

to
indicate

corresponding
address

is

long
*

�

P
utl

in
frontofe

,
f
,
g

to
indicate

thatcorresponding
address

is

doub
le

*

�

%
can

be
follow

ed
by

an
integer

constantw
idth

specifiers
thatcontrols

the

num
ber

ofinputcharacters
read.

e.g
%
1
s

to
read

1
character

ata
tim

e
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E
xam

ple
of

B
inary

Input/O
utput

s
t
r
u
c
t
d
S
t
r
u
c
t

{

d
o
u
b
l
e

x
C
o
o
r
d
,
y
C
o
o
r
d
,

z
C
o
o
r
d
;

l
o
n
g

r
e
d
C
o
l
o
r
,

g
r
e
e
n
C
o
l
o
r
,
b
l
u
e
C
o
l
o
r

;

}
;

s
t
r
u
c
t
d
S
t
r
u
c
t

d
a
t
a
[

1
0
0
0
0
]

;

F
I
L
E

*
d
a
t
a
F
i
l
e
;

.
.
.

a
s
s
e
r
t
(

(
d
a
t
a
F
i
l
e
=
f
o
p
e
n
(
"
m
y
F
i
l
e
"
,

"
w
"

)
)
)
;

f
w
r
i
t
e
(

&
d
a
t
a
[
0

]
,
s
i
z
e
o
f
(

s
t
r
u
c
t
d
S
t
r
u
c
t
)

,

1
0
0
0
0
,

d
a
t
a
F
i
l
e
)
;

f
c
l
o
s
e
(

d
a
t
a
F
i
l
e
)
;

.
.
.

a
s
s
e
r
t
(

(
d
a
t
a
F
i
l
e
=
f
o
p
e
n
(
"
m
y
F
i
l
e
"
,

"
r
"

)
)
)
;

f
r
e
a
d
(
&
d
a
t
a
[

0
]
,
s
i
z
e
o
f
(

s
t
r
u
c
t
d
S
t
r
u
c
t

)
*
1
0
0
0
0

,

1
,
d
a
t
a
F
i
l
e

)
;

f
c
l
o
s
e
(

d
a
t
a
F
i
l
e
)
;
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H
O

W
TO

U
se

fread
&

fw
rite

�

U
se

fread
and

fw
rite

to
m

ove
blocks

ofbinary
inform

ation
betw

een
m

em
ory

and
disk

files.

�

fread
and

fw
rite

are
m

uch
m

ore
efficientthan

fprintfand
fscanffor

m
oving

large
am

ounts
ofdata

to/from
disk.

�

T
he

function
setvbufcan

be
used

to
disable

buffering
w

hen
reading

and

w
riting

binary
inform

ation.
T

his
m

ay
im

prove
speed.

�

You
can

setsize
to

totalnum
ber

ofbytes
to

transfer
and

nm
em

b
to

one.
T

his

m
ay

be
faster.

346

�

W
A

R
N

IN
G

:
reading

and
w

riting
any

data
structure

containing
pointers

(including
char

*
)

w
illN

O
T

produce
a

correctresult.

�

E
xam

ple
Testcase

W
rite

100,000
random

double
num

bers
to

a
file.

fw
rite

w
as

about150
tim

es
faster

then
fprintf.

R
ead

100,000
random

double
num

bers
from

a
file.

fread
w

as
about40

tim
es

faster
than

fscanf.

B
inary

file
w

as
800,000

bytes,textfile
w

as
1,300,000

bytes.
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B
loc

k
Input

and
O

utput

size
tfread(

void
*

ptr,
size

tsize
,

size
tnm

em
b

,
F

ILE
*

stream
)

size
tfw

rite(
const

void
*

ptr,
size

tsize
,

size
tnm

em
b

,
F

ILE
*

stream
)

fread
reads

an
array

from
a

stream
to

m
em

ory
(ptr)

in
a

single
operation

fw
rite

copies
an

array
from

m
em

ory
(ptr)

to
a

stream
in

a
single

operation

ptr
is

the
address

ofthe
data

to
transfer

size
is

the
size

ofeach
elem

entofan
array

in
bytes

nm
em

b
is

the
num

ber
ofarray

elem
ents

to
w

rite/read

return
value

offread
is

the
num

ber
ofelem

ents
read

return
value

offw
rite

is
the

num
ber

ofelem
ents

w
ritten

G
ood

Technique:
check

return
value

againstnm
em

b
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Example - reverse file in place

long forward, back ;

FILE * revFile ;

/* assume file contains struct Data */

int DataSize = sizeof( struct Data );

struct Data forwardBuff, backwardBuff );

assert( (revFile = fopen( "someFile", "rb+" ) ) );

forward = 0 ;

/* Find start of last structure in file */

fseek( revFile , DataSize , SEEK_END );‘

back = ftell( revFile );

while( forward < back ) {

fseek( revFile , forward , SEEK_SET );

fread( & forwardBuff , DataSize , 1 , revFile );

fseek( revFile, back, SEEK_SET );

fread( & backwardBuff, DataSize, 1, revFile );

fseek( revFile, back, SEEK_SET );

fwrite( & forwardBuff, DataSize, 1, revFile );

fseek( revFile, forward , SEEK_SET );

fwrite( & backwardBuff, DataSize, 1, revFile );

forward += DataSize ;

back -= DataSize ;

}
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O
ther

F
ILE

operations

freopen
reopen

file,resetting
internalpointers

fflush
flush

outputfile
buffers

rem
ove

delete
nam

ed
file

renam
e

renam
e

file

tm
pfile

create
tem

porary
file

w
ith

unique
nam

e

setvbuf
controlfile

buffering

S
ee

H
arbison

&
S

teele
for

details.
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S
eek

&
Tell

long
ftell(

F
ILE

*
stream

)

int
fseek(

F
ILE

*
stream

,long
offset,

int
origin

)

ftellreturns
the

currentposition
in

the
file

stream

fseek
sets

the
file

position
for

stream
.

P
osition

is
setoffsetbytes

from
origin

origin
is

one
of:

S
E

E
K
_

S
E

T
-

startoffile

S
E

E
K
_

C
U

R
-

currentposition

S
E

E
K
_

E
N

D
-

end
offile

U
se

S
E

E
K
_

S
E

T
w

ith
value

from
ftell

U
se

fseek(
file

,
0L

,
S

E
E

K
C

U
R

)
to

resetinternalfile
pointers

betw
een

read
and

w
rite

operations
on

the
sam

e
file.
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