
F
orm

atting
w

ith
cout

�

O
utputform

atis
specified

either
using

m
anipulator

s
or

using
setf()

m
ethod

in

i
o
s

class
to

setform
atflag

m
em

bers

�

M
anipulator

is
a

function
thatm

odifies
a

stream
.

�

T
he

follow
ing

m
anipulators

can
be

used
by

including
i
o
s
t
r
e
a
m
.
h

:

endl
w

rite
new

line
and

flush
stream

ends
w

rite
nullterm

inator
in

string

flush
flush

outputstream

dec
w

rite
integers

in
decim

al

oct
w

rite
integers

in
octal

hex
w

rite
integers

in
hexadecim

al

�

ostream
class

overloads
the

insertion
operator<

<
such

thatthe
follow

ing
tw

o

statem
ents

are
equivalent:

flush(
cout);

cout<
<

flush;
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C
++

I/O

�

C
+

+
consider

I/O
as

stream
s

ofbytes.

C
+

+
file

I/O
is

based
on

three
stream

classes:
istream

,ostream
,and

iostream

classes.

ios

istream
ostream

iostream
ifstream

ofstream

fstream

�

T
he

system
defines

the
objects

cin
(standard

input),cout(standard
output),

cerr
(standard

error)
in
<
i
o
s
t
r
e
a
m
.
h
>

.

ifstrem
,ofstream

,fstream
classes

are
the

file
version

ofthe
stream

classes

and
defined

in
<
f
s
t
r
e
a
m
.
h
>

.

477

O
stream

M
ethods

ostream
&

put(
char

c
);

ostream
&

w
rite(

const
signed

char
*p,int

m
);

�

p
u
t

m
ethod

displays
the

character
c

and
returns

the
reference

to
the

invoked
object.

�

w
r
i
t
e

m
ethod

displays
the

firstm
characters

ofthe
string

p
and

returns
the

reference
to

the
invoked

object.

E
xam

ple:

cout.put(’A
’);

cout.put(’A
’).put(’B

’);
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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

0



istream
C

lass
M

ethods
(S

ingle
C

haracter
Input)

istream
&

get(
char

&
c

);

int
get(

void
);

�

B
oth

m
ethods

provide
singe

character
inputthatdoesn’tskip

over
w

hite

space.

�
W

ith
the

firstform
,the

inputcharacter
is

stored
in

c.
T

he
function

return
value

atend-of-file
is

0.cin.get(
c

);

�

T
he

second
form

returns
the

code
for

inputcharacter
as

type
int

value.
T

he

function
return

value
atend-of-file

is
E

O
F.

c
=

cin.get();

cin.get(
c

).get();

483

ios
C

lass
M

ethods
to

M
anipulate

F
orm

at
F

la
gs �

setf(
long

)
setspecified

flags

setf(
ios::left,ios::adjustfield

)
setleftjustification

setf(
ios::scientific,ios::floatfield

)
setscientific

notation

unsetf(
long

)
clear

specified
flags

w
idth(

int
)

change
the

field
w

idth

E
xam

ples:

cout.setf(
ios::scientific,ios::floatfield

);

cout<
<

x
<
<

endl;

�

S
ee

C
+

+
reference

m
anualfor

m
ore

form
atflags

481

Input
w

ith
cin

�

Inputstream
state

m
ay

be
determ

ined
w

ith
the

follow
ing

i
o
s

m
em

ber
functions:

good()
returns

true
ifthe

stream
can

be
used

eof()
returns

true
ifthe

end
offile

has
been

reached

fail()
returns

true
ifan

inputoperation
failed

to
read

the
expected

characters

or
an

outputoperation
failed

to
w

rite
the

expected
characters

bad()
returns

true
ifthe

stream
m

ay
be

corrupted.

�

if
or

w
hile

testsuch
as

w
hile

(
cin

>
>

in
)

is
true

ifthe
stream

state
is

good,i.e.,cin.good()
is

true.

E
xam

ple:

w
hile

(
cin

>
>

in
)�

...

�if
(

cin.eof()
)�

...

482

S
om

e
F

orm
at

F
la

gs �

left
leftjustify

right
rightjustify

show
point

printtrailing
zeros

in
floating-pointnum

bers

scientific
use

scientific
notation

for
floating-pointnum

bers

fixed
use

fixed
notation

for
floating-pointnum

bers

�

S
ee

C
+

+
reference

m
anualfor

m
ore

form
atflags

480



U
nform

atted
F

ile
I/O

ofstream
&

w
rite(

char
*s,int

n);

ifstream
&

read(
char

*s,int
n

);

�

w
r
i
t
e

m
ethod

w
rites

n
characters

from
the

array
s

to
the

outputfile
as

raw

bytes

�
r
e
a
d

m
ethod

reads
n

characters
(stored

as
raw

bytes
)

into
the

array
s

.

E
xam

ple:

intA
[100];

ifstream
inF

ile(”dataF
ile”);

inF
ile(

(char
*)

A
,sizeof(A

)
);
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F
ile

I/O

�

B
asic

file
outputoperations

–
C

reate
an

ofstream
object

–
A

ssociate
thatobjectw

ith
a

file

E
xam

ple:

ofstream
m

yF
ile(”testF

ile”);

m
yF

ile
<
<

”D
ullD

ata”;

m
yF

ile.close();

�

B
asic

file
inputoperations

–
C

reate
an

ifstream
object

–
A

ssociate
thatobjectw

ith
a

file

�

Include
the

header
file

<
f
s
t
r
e
a
m
.
h
>

for
allfile

I/O
operations.

485

F
ile

M
odes

�

F
ile

m
ode

describes
how

a
file

is
to

be
used.

�

W
hen

an
objectis

associated
w

ith
a

file,the
m

ode
can

be
specified

as
a

second
argum

ent.
O

r
the

m
ode

can
be

specified
using

open()
m

ethod.

ifstream
m

yF
ile1(”testF

ile1”,m
ode1);

ofstream
m

yF
ile2();

m
yF

ile2.open(”testF
ile2”,m

ode2);

�

F
ile

m
odes

ios::out
open

file
for

w
riting

ios::in
open

file
for

reading

ios::app
append

to
end-of-file

ios::trunc
truncate

file
ifitexists486

istream
C

lass
M

ethods
(S

tring
Input)

istream
&

get(
char

*a,int
m

,char
c

=
’\

n’);

istream
&

getline(
char

*a,int
m

,char
c

=
’\

n’);

istream
&

ignore(
int

m
=

1,char
c

=
E

O
F

);

�

W
ith

getand
getline

m
ethods,characters

are
read

from
the

stream
into

the

array
a

untilthe
characterc

is
encountered

or
untilm

-
1

characters
have

been

read
into

c
,w

hichever
happens

first.

�

g
e
t

leaves
the

new
line

character
in

the
inputstream

.

�

g
e
t
l
i
n
e

extracts
and

discards
the

new
line

character
from

the
inputstream

.

�

i
g
n
o
r
e

discards
the

nextm
characters

or
up

through
the

characterc
,

w
hichever

com
es

first.

E
xam

ple:

cin.getline(str,80);

cin.ignore(
80

);
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P
rogram

Im
pro

vem
ent

�

M
ove

loop
independentcode

outofloops

�

C
om

bine
tests.

E
lim

inate
duplicate

tests,e.g
search

w
ith

end
m

arker

�

U
nrolland/or

fuse
loops

�

U
se

algebra,e.g.
sqrt(x)�

0
vs.

x�

0

�
R

eorder
tests,putm

ostdecisive
testfirst.

�
R

eplace
functions/expressions

w
ith

table
lookup.

�
E

lim
inate

useless
expressions

and
assignm

ents.

�

In
generaltry

to
reorganize

the
program

so
thatitcom

putes
the

sam
e

resultbutdoes

less
w

ork
to

do
so

491

T
im

ing
A

pproxim
ations

�

M
ostarithm

etic,com
parison

and
logicaloperators

take
unittim

e.

E
xponentiation

(and
often

division)
are

usually
slow

er.

F
loating

pointarithm
etic

is
usually

slow
er

than
integer

arithm
etic.

�

A
ssignm

ents
ofscalars

take
unittim

e.
A

ssignm
ents

oflarger
data

structures
(e.g.

strings,records,arrays)
take

tim
e

proportionalto
the

size
ofthe

data
item

.

A
rray

subscripting
and

pointer
dereferencing

take
2

tim
e

units.

�

if
statem

ents
take

tim
e

thatis
the

sum
ofthe

tim
e

for
the

controlling
expression

and

the
tim

e
for

the
partofthe

if
thatis

executed.

Loops
take

tim
e

w
hich

is
proportionalto

the
tim

e
to

execute
the

body
ofthe

loop

m
ultiplied

by
the

num
ber

ofloop
iterations.

�

C
alls

to
functions

and
procedures

take
about10

tim
e

units
plus

4
tim

e
units

for
each

param
eter.

C
alls

to
builtin

functions
take

hundreds
to

thousands
oftim

e
units

489

P
rogram

Im
pro

vem
ent

S
trategies

�

S
pace

for
T

im
e

Tradeoffs

–
A

dd
extra

data
structures,accelerators

for
com

m
on

cases

–
S

tore
precom

puted
results,consttable

lookup
for

easy
cases

–
C

ache
recentresults

–
U

se
lazy

evaluation

�

T
im

e
for

S
pace

Tradeoffs

–
P

ack
data

–
Interpreters

–
R

ecom
pute

large
results

–
E

xpand
procedure

&
function

calls
inline

490

W
riting

E
fficient

P
rogram

s

�

C
orrectness

is
m

ore
im

por
tant

than
efficienc

y!

�

R
eadability

and
m

aintainability
are

very
im

portantfor
large

program
s.

�

A
m

ore
efficient

A
lgorithm

is
the

first
choice

for
im

proving
efficienc

y.

R
educing

the
order

of
the

algorithm
(

e.g.
from� 	

to�
��
 ��

)

helps
m

ore
than

any
code

tuning.
A

fter
that,

program
tuning

helps.

�

U
se

the
10/90

R
ule

for
optim

izing
program

s

Typically
10%

ofthe
source

code
in

a
program

is
responsible

for
90%

ofthe
program

’s
execution

tim
e

T
his

10%
of

the
program

is
the

only
part

w
orth

optim
izing.
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E
xam

ple
Least

S
quares

C
oefficients

/*
C

S
C

180F
*/

void
leastS

quares(float
X

[],
float

Y
[],

int
N

,
float

*
A

,
float

*
B

)�

float
C

[6
];

int
I,

J;
for

(
I=

0;
I�

5;
I+

=
1

)

C
[I]=

0.0;
/*

C
alculate

LS
Q

C
oeffients

C
[0]..

C
[5]*/

for
(

I=
0;

I�

N
;

I+
=

1
)�

C
[0

]=
C

[0
]+

X
[I];

C
[1

]=
N

;
C

[2
]=

C
[2

]+
Y

[I];
C

[3
]=

C
[3

]+
pow

(X
[I],

2
);

C
[4

]=
C

[4
]+

X
[I];

C
[5

]=
C

[5
]+

X
[I]*Y

[I];
� ;/*

R
estofleastsquares

calculation
here

*/

�

495

E
xam

ple
M

atrix
M

ultiply

A
ssum

e���

,��� ,�� �

then

���

=� ��� �
��� ���

�

/*
C

S
C

181F
*/

for
(

I=
0

;
I�

N
;

I+
+

)

for
(

J
=

0
;

J�

M
;

J+
+

) 

doub
le

sum
=

0.0
;

for
(

K
=

0
;

K�

P
;

K
+
+

)

sum
+

=
A

[I][K
]*

B
[K

][J];
C

[I][J]=
sum

;

!
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E
xam

ple
Least

S
quares

C
oefficients

/*
C

S
C

180F
*/

void
leastS

quares(float
X

[],
float

Y
[],

,int
N,

float
*

A,
float

*
B

)"

float
C

[6
];

int
I,

J;
for

(
I=

0;
I#

5;
I+

=
1

)

C
[I]=

0.0;
/*

C
alculate

LS
Q

C
oeffients

C
[0]..

C
[5]*/

for
(

I=
0;

I#

N;
I+

=
1

)

for(
J

=
0;

J#

5;
J+
+

)

sw
itc

h
(

J
)"

case
0

:
C

[J
]=

C
[J

]+
X

[I];
break;

case
1

:
C

[J
]=

N;
break;

case
2

:
C

[J
]=

C
[J

]+
Y

[I];
break;

case
3

:
C

[J
]=

C
[J

]+
pow

(X
[I],

2
);

break;
case

4
:

C
[J

]=
C

[J
]+

X
[I];

break;
case

5
:

C
[J

]=
C

[J
]+

X
[I]*Y

[I];
break;

$ ;
/*

R
estofleastsquares

calculation
here

*/

$
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E
xam

ple
M

atrix
M

ultiply

A
ssum

e���

,��� ,�� �

then

���

=� ��� �
��� ���

�

/*
C

S
C

180F
*/

for
(

I=
0

;
I�

N
;

I+
+

)

for
(

J
=

0
;

J�

M
;

J+
+

) 
C

[I][J]=
0.0

;
for

(
K

=
0

;
K�

P
;

K
+
+

)

C
[I][J]=

C
[I][J])

+
A

[I][K
]*

B
[K

][J];

!
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L2
Im

proved
Linear

S
earch %

S
top

on
E

nd
S

entinel

/*
E

xtend
array

to
N

+
1

elem
ents

*/

float
X

[N
+

1
];

X
[N

]=
T

;
J

=
0;

w
hile

(
X

[J
]!=

T
)

J+
+

;
if

(
J�

N
)

return
J;

else

return
-1;

T
im

e
N
=

100
N
=

1,000
N
=

10,000

L1

& '() *
+

6
m

ins
1

hrs
10

hrs

L2

,'-) *
+

3.5
m

ins
33

m
ins

5.5
hrs

499

E
xam

ple
-

Tab
le

S
earch

�

S
earch

array
X

containing
N

realnum
bers

for
value

T

IfT
=

X
(I)

resultis
Iotherw

ise
resultis

-1

�

#define
N

..
float

X
[N

];
float

T
;

�

P
erform

ance
m

easures

E
xecution

T
im

e
in

uS
ec

T
im

e
for

1,000,000
searches

w
ith

N
=

100,1000,10000

�

E
volving

exam
ple

to
show

effectofcode
im

provem
ents.

497

L1

.

N
aive

Linear
S

earch

J
=

0
;

w
hile

(
J�

N
&
&

X
[J

]!=
T

)

J+
+

;
if

(
J�

N
)

return
J

;
elsereturn

-1
;

T
im

e
N
=

100
N
=

1,000
N
=

10,000

L1

/ 012
��

6
m

ins
1

hrs
10

hrs
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E
xam

ple
Least

S
quares

C
oefficients

/*
C

S
C

181F
*/

void
leastS

quares(float
X

[],
float

Y
[],

int
N

,
float

*
A

,
float

*
B

)�

float
C

0
=

0.0
,

C
1

=
N

,
C

2
=

0.0
,

C
3

=
0.0

,
C

4
=

0.0
,

C
5

=
0.0

/*
C

alculate
LS

Q
C

oeffients
c0,c2..c5

*/

for
(

I=
0

;
I3

N
;

I+
=

1
)�

register
float

X
I=

X
[I];

register
float

Y
I=

Y
[I];

C
1

+
=

X
I;

C
3

+
=

Y
I;

C
4

+
=

X
I*

X
I;

C
6

+
=

X
I*

Y
I;

�C
5

=
C

1
;

/*
R

estofleastsquares
calculation

here
*/

�
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B
4

B
inary

S
earch %

U
se

interation
instead

ofrecursion

int
binS

earch(
float

T,
int

L,
int

U
,

F
LO

AT
X

[])�

int
M

;
w

hile
(

1
)�

if
(

L4

U
)

return
-1;

M
=

(L
+

U
)

/2;
if

(
T

=
X

[M
])

return
M

;
else

if
(

T�

X
[M

])

U
=

M
-

1;
else

L
=

M
+

1;

�
�

T
im

e
N
=

100
N
=

1,000
N
=

10,000

B
3

,& *
5678 +

2.5
m

ins
3.8

m
ins

5
m

ins

B
4

9( *
5678 +

1.7
m

ins
2.7

m
ins

3.5
m

ins

503

B
2

B
asic-like %

E
lim

inate
redundantcalculations

float
binS

earch(
float

T
,

float
L,

float
U

,
F

LO
AT

X
[])�

if
(

L4

U
)

return
-1;

else

const
float

M
=

floor((L+
U

)/2.0);
if

(
T

=
=

X
[M

])

return
M

;
else

if
(

T�

X
[M

])

return
binS

earch(T,L,M
-

1.0,X
);

else

return
binS

earch(T,M
+

1.0,U
,X

);

�

T
im

e
N
=

100
N
=

1,000
N
=

10,000

B
1

,)( *
5678 +

28
m

ins
42

m
ins

57
m

ins

B
2

9- 9 *
5678 +

11
m

ins
16.5

m
ins

22
m

ins

501

B
3

Im
proved

B
inary

S
earch %

U
se

integer
indices

as
in

C

int
binS

earch(
float

T,
int

L,
int

U
,

F
LO

AT
X

[])�

if
(

L4

U
)

return
-1;

else

const
int

M
=

(L+
U

)
/2;

if
(

T
=

X
[M

])

return
M

;
else

if
(

T�

X
[M

])

return
binS

earch(T,L,M
-

1,X
);

else

return
binS

earch(T,M
+

1,U
,X

);

�

T
im

e
N
=

100
N
=

1,000
N
=

10,000

B
2

9- 9 *
5678 +

11
m

ins
16.5

m
ins

22
m

ins

B
3

,& *
5678 +

2.5
m

ins
3.8

m
ins

5
m

ins

502

B
1

B
inary

S
earch %

W
ritten

as
in

B
asic

float
binS

earch(
float

T
,

float
L,

float
U
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[
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[
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(
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=
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;
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=
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=
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;
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=
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=
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+
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+
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=
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=
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=
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=
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=
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=
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=
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[
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=
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=
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;
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