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7.1 Introduction

« Overview common |/O features

« C++1/O
— Object oriented
 References, function overloading, operator overloading
— Type safe
 |/O sengitive to data type
 Error if types do not match

— User-defined and standard types
« Makes C++ extensible

O 2004 Benjamin X, Wang. All rights reserved. - -



7.2 Streams

« Stream: sequence of bytes
— Input: from device (keyboard, disk drive) to memory
— Output: from memory to device (monitor, printer, etc.)

 |/O operations often bottleneck
— Wait for disk drive/keyboard input

— Low-level I/O
« Unformatted (not convenient for people)
« Byte-by-byte transfer
» High-speed, high-volume transfers
— High-level 1/O
« Formatted
« Bytes grouped (into integers, characters, strings, etc.)
« Good for most I/O needs

O 2004 Benjamin X, Wang. All rights reserved. - -



7.2.1 Classic Streams vs. Standard Streams

« Classic streams
— Input/output char s (one byte)
— Limited number of characters (ASCII)

« Standard stream libraries
— Some languages need special alphabets

— Unicode character set supports this
« Wchar _t character type

— Can do I/O with Unicode characters

O 2004 Benjamin X, Wang. All rights reserved. - -



7.2.2 10stream Library Header Files

e | ost reamlibrary

— Has header files with hundreds of 1/0O capabilities
— <i ostream h>
« Standard input (ci n)
« Standard output (cout )
« Unbuffered error (cerr)
« Buffered error (cl og)
— <i omani p. h>
« Formatted I/O with parameterized stream manipulators
- <fstream h>

 File processing operations

O 2004 Benjamin X, Wang. All rights reserved. - -



7.2.3 Stream Input/Output Classes and
Objects

« | ost r eamlibrary has class templates for |/O
— basi ¢c_1 st r eam(stream input)
- basi ¢_ost r eam(stream output)
— basi ¢c_1 ost r eam(stream input and output)

« t ypedef declaresaliasfor datatype

- typedef Card *CardPtr;
« CardPtr synonymfor Card *

- typedefsi streamostreami ostream
« Allowchar 1/0
« Usetheset ypedef sin chapter

O 2004 Benjamin X, Wang. All rights reserved. - -



7.2.3 Stream Input/Output Classes and
Objects

« Templates"derive' frombasi c_| 0s

o
m—

O 2004 Benjamin X, Wang. All rights reserved. < >




7.2.3 Stream Input/Output Classes and

Objects
e << and>>
— Stream insertion and extraction operators
e CInN

— 1 St r eamobject
— Connected to standard input (usually keyboard)
- cin >> grade;

« Compiler determines data type of grade

 Calls proper overloaded operator
» No extratype information needed

O 2004 Benjamin X, Wang. All rights reserved. - -



7.2.3 Stream Input/Output Classes and
Objects

e CcOout

— ost r eamobject

— Standard output (usually display screen)

- cin << grade;

« Aswith ci n, no type information needed

e« cerr,cl og

— 0St r eamobjects

— Connected to standard error device

— cerr outputsimmediately

— ¢l og buffers output

 Outputs when buffer full or flushed
 Performance advantage (discussed in OS classes)

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.2.3 Stream Input/Output Classes and
Objects

o C++fileprocessing similar

— Classtemplates
« basi c_ifstream (fileinput)
« basi c_of st ream (file output)
« basi c_fstream (filel/O)

— Specidizationsalow for char 1/0
« t ypedef saliasesfor specializations
« | fstream
« of stream
« fstream

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.2.3 Stream Input/Output Classes and
Objects

» Template hierarchy

tarnn

O 2004 Benjamin X, Wang. All rights reserved. < >
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7.3 Stream Output

« QOutput
— Useostream
— Formatted and unformatted
— Standard data types (<<)
— Characters (put function)
— Integers (decimal, octal, hexadecimal)

— Floating point numbers
 Various precision, forced decimal points, scientific notation

— Justified, padded data
— Uppercase/lowercase control

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.3.1 Output of char * Variables

« C++ determines datatype automatically

— Generaly an improvement (over C)
— Try toprint valueof achar *
» Memory address of first character

e Problem

— << overloaded to print null-terminated string
— Solution: casttovoi d *

« Use whenever printing value of a pointer
 Prints as ahex (base 16) number

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.3: fig7_03.cpp

#i ncl ude <i ostreanr

usi ng std::cout;
usi ng std::endl;

int main()

{

O© 0O N O O D W DN P

[
o

char *word = "test"

[ S S
w N P

/]l static_cast to void *
cout << "Value of word is:

(e e S S
0w ~N o oA

return O;
19
20 } // end main

Val ue of word is: test

/1 display value of char *,

t hen di spl

y

/1 Printing the address stored in a char * variable.

“‘ 15

Qutline
YV

To print the value of the
pointer, we must cast to a
voi d *. Otherwise, the

string is printed.

<< word << endl

<< "Val ue of static_cast< void
<< static_cast< void * > wrd ) << endl;

>( word ) is:

Val ue of static_cast< void *>( word ) is: 0046C070

fig7_03.cpp
(1of 1)

fig7_03.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.3.2 Character Output using Member
Function put

e put function

— Outputs characters
e cout.put( 'A );
— May be cascaded
ecout.put( "A ).put( '\n" );
» Dot operator (. ) evaluates left-to-right
— Can use numerical (ASCII) value
e cOut. put( 65);
e Prints' A

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.4 Stream Input

« Formatted and unformatted input

— | stream

« >> Oper ator
— Normally skips whitespace (blanks, tabs, newlines)
« Can changethis
— Returns O when EOF encountered
« Otherwise, returns reference to object
e cin >> grade

— State bits set if errors occur
e Discussedin7.7 and 7.8

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.4.1 get and getline Member Functions

« get function
- cin.get()
— Returns one character from stream (even whitespace)
» Returns EOF if end-of-file encountered

« End-of-file
— Indicates end of input
e ctrl-zon IBM-PCs
 ctrl-d on UNIX and Macs

— cin.eof ()
* Returns1 (t r ue) if EOF has occurred

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.4. fig7_04.cpp

/1 Using nmenber functions get, put and eof.

#i ncl ude <i ostreanr

usi ng std::cout;
using std::cin;
usi ng std::endl;

int main()
{

int character; // use int,

[l pronpt user to enter |ine of text

because char cannot represent EOF

“‘ 19

Qutline
YV

cout << "Before input, cin.eof() is "
<< "Enter a sentence follo

/'l use get to read eac aracter; us
while ( ( character = cin.get() ) !=

Function get (with no

y )
arguments) returns asingle

character input, unless EOF
encountered.

cout. put ( character );
/1 display end-of-file character
cout << "\nECF in this systemis

cout << "After input, cin.eof() is "

return O;

<< character << endl;
<< cin.eof () << endl;

fig7_04.cpp
(1of 2)

O 2004 Benjamin X. Wang.
All rights reserved.



26
27 '} I/ end main

Before input, cin.eof() is O

Enter a sentence foll owed by end-of-file:

Testing the get and put nenber functions
Testing the get and put nenber functions
nZ

EOF in this systemis: -1
After input cin.eof() is 1

A 20

Qutline
YV

fig7_04.cpp
(2 of 2)

fig7_04.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.4.1 get and getline Member Functions

« get (char Ref)

— With character reference argument
— Gets one character, storesin char Ref

 Returnsreferencetoi stream
e |f EOF, returns- 1

« get(charArray, size, delimter)

— Reads until si ze- 1 charactersread, or delimiter
encountered
» Default delimiter ' \ n'
« Delimiter staysin input stream
— Canremovewithci n. get () orcin.ignore()
— Makes array null-terminated

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.5: fig7_05.cpp

/1 Contrasting input of a string via cin and cin. get.

#i ncl ude <i ostreanr

usi ng std::cout;
using std::cin;
usi ng std::endl;

int main()
{
[/l create two char arrays,
const int SIZE = 80;
char bufferl] SIZE ];
char buffer2[ SIZE ];

/1l use cin to input c
cout << "Enter ent ence:
cin >> bufferl;

racters

each with 80 el enents

“‘ 22

Qutline
YV

ci n will only read until the
first whitespace.

" << endl;

/1l display bufferl contents

cout << "\nThe string read with cin wasg
<< bufferl << endl << endl;

/1l use cin.get to input
cin.get( buffer2, SIZE);

No delimiter specified, so the
default (\ n) is used.

aracters into buffer?2

fig7_05.cpp
(1of 2)

O 2004 Benjamin X. Wang.
All rights reserved.



26 A 23

27 /1 display buffer2 contents v Ou“me
28 cout << "The string read with cin.get was:" << endl

22 << buffer2 << endl; fig7_05.cpp

31 return O; (2 of 2)

32 _

33 } // end main fig7_05.cpp

output (1 of 1)

Enter a sentence:
Contrasting string input with cin and cin. get

The string read with cin was:
Contrasting

The string read with cin.get was:
string input wth cin and cin. get

O 2004 Benjamin X. Wang.
All rights reserved.



7.4.1 get and getline Member Functions

e getline(array, size, delimter)

— Likelast version of get
— Readssi ze- 1 characters, or until delimiter found
 Default\ n

— Removes delimiter from input stream
— Puts null character at end of array

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.6: fig7_06.cpp

/1 Inputting characters using cin nenber function getline.

#i ncl ude <i ostreanr

usi ng std::cout;
using std::cin;
usi ng std::endl;

int main()

{
const int SIZE = 80;

char buffer[ SIZE]; // create array of 80 characters

[l input characters in buffer via cin function getline

cout << "Enter a sentence:" << endl;
cin.getline( buffer, SIZE );

/1 display buffer contents

cout << "\nThe sentence entered is:"

return O;

} /1 end main

<< endl

<< buffer << endl;

“‘ 25

Qutline
YV

fig7_06.cpp
(1of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



Enter a sentence:
Usi ng the getline nmenber function

The sentence entered is:
Usi ng the getline nmenber function

26
A Outline

Vv

fig7_06.cpp

output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.4.2 1stream Member Functions peek,
putback and ignore

« 1 gnore()
— Discards characters from stream (default 1)

— Stops discarding once delimiter found
» Default delimiter EOF

« put back()
— Puts character obtained by get () back on stream

* peek()

— Returns next character in stream, but does not remove

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.4.3 Type-Safe I/O

e << and>>
— Overloaded to accept data of specific types

 |f unexpected data processed

— Error bits set

— User can test bitsto seeif I/0 falled
« Morein section 7.8

O 2004 Benjamin X, Wang. All rights reserved. - -
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/7.5 Unformatted I/O using read, write and
gcount

 Unformatted I/O

— read (member of i st ream

 |nput raw bytes into character array

« |f not enough charactersread, f ai | bi t set

« gcount () returns number of characters read by last operation
- wite (ostream

« Output bytes from character array

— Stops when null character found
char buffer[] = "HAPPY BI RTHDAY";

cout.wite( buffer, 10 );
— Outputsfirst 10 characters

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.7: fig7_07.cpp
/1 Unformatted 1/O using read, gcount
#i ncl ude <i ostreanr

usi ng std::cout;
using std::cin;
usi ng std::endl;

int main()
{
const int SIZE = 80;
char buffer[ SIZE]; // create arr

/1 use function read to i nput
cout << "Enter a sentence:”
cin.read( buffer, 20 );

/1 use functions wite and ggount
cout << endl << "The sentepuce ente
cout.wite( buffer, cin.gcount() )
cout << endl;

return O;

} // end main

and wite.

ay of 80 characters

“‘ 30

Qutline
YV

Get 20 characters from input
stream. Display the proper
number of characters using
wri t e andgcount .

to display buffer characters
red was:" << endl;

fig7_07.cpp
(1of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



31
Enter a sentence: A Outline
Using the read, wite, and gcount nenber functions v
The sentence entered was:
Using the read, wit fig7_07.cpp

output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



/.6 Introduction to Stream Manipulators

 Stream manipulators perform formatting tasks
— Field widths
— Precisions
— Format flags
— Fill character in fields
— Flushing streams
— Inserting newline in output stream
— SKipping whitespace in input stream

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.6.1 Integral Stream Base: dec, oct, hex and
setbase

 |ntegers normally base 10 (decimal)

— Stream manipulators to change base
« hex (base 16)
e oct (base8)
« dec (resetsto base 10)
« cOUt << hex << nyl nt eger

- set base( newBase)
 Oneof 8, 10, or 16
— Base remains same until explicitly changed

« Parameterized stream manipulators
— Use header <i omani p>
— Take argument (likeset base)

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.8: fig7_08.cpp

/1 Using stream mani pul ators hex,

#i ncl ude <i ostreanr

usi
usi
usi
usi
usi
usi

ng
ng
ng
ng
ng
ng

std::cout;
std::cin;
std::endl;
std: : hex;
std: : dec;
std::oct;

#i ncl ude <i omani p>

usi ng std:: set base;

int main()

{

i nt nunber;

cout << "Enter a deci mal nunber:
cin >> nunber; // input nunber

oct,

dec and set base.

/1 use hex stream mani pul ator to show hexadeci
cout << nunber << " iIn hexadeci nal

<< nunber << endl;

I S:

<< hex

nunber

34
A Qutline
YV

fig7_08.cpp
(1 of 2)

Note usage of stream
manipulator.

O 2004 Benjamin X. Wang.
All rights reserved.
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Qutline
YV

26

27 /1l use oct stream mani pul ator to show octal nunber

28 cout << dec << nunber << " in octal Is:

29 << oct << nunber << endl;

30

31 /'l use setbase stream mani pul ator to show deci mal numnber
32 cout << setbase( 10 ) << nunber << " in decinmal Is:

e << nunber << endl;

34

35 return O;

36

37 '} /1 end main set base isaparameterized

Enter a deci mal nunber: 20
20 in hexadecimal is: 14

stream manipulator (it takes
an argument).

20 in octal is: 24
20 in decimal is: 20

fig7_08.cpp
(2 of 2)

fig7_08.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.6.2 Floating-Point Precision (precision,
setprecision)

» Set precision of floating point numbers
— Number of digitsto right of decimal
— set pr eci si on stream manipulator

 Pass number of decimal points
« COUt << setprecision(b)

— preci si on member function

« cout. precision(newPrecision)

« With no arguments, returns current precision
— Settings remain until changed explicitly

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.9: fig7_09. cpp
/1 Controlling precision of floating-point val ues.
#i ncl ude <i ostreanr

usi ng std::cout;
using std::cin;
using std::endl;
using std::fixed;

#i ncl ude <i omani p>

usi ng std::setprecision;

#i ncl ude <cmath> // sqrt prototype
int main()

{

double root2 = sqrt( 2.0 ); // calculate square root of 2
i nt places;

A 37

Qutline
YV

cout << "Square root of 2 with
<< "Precision set by i
<< "precision:"

Use fixed precision, not
scientific notation (more
detailsin 12.7).

cout << fixed; // use fixed precision

fig7_09.cpp
(1 of 2)

O 2004 Benjamin X. Wang.
All rights reserved.
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37
38
39
40
41

/1 display square root using ios _base function precision v
for ( places = 0; places <= 9; places++ ) {

cout . preci sion( places );
cout << root2 << endl;

cout << "\nPrecision set by stream mani pul at

<< "setprecision:" << endl;

/'l set precision for each digit,

for ( places = 0; places <= 9; pl

38
A Qutline

: Ll o7 NN Cpp
Note format of function

preci si on and
parameterized stream
manipulator

set preci si on.

cout << setprecision( places ) << root2 << endl;

return O;

42 } // end main

O 2004 Benjamin X. Wang.
All rights reserved.
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Outline

fig7_09.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.6.3 Field Width (width, setw)

« W dt h member function (base classi os_base)
— cin.w dt h(5)
— Setsfield width

« Number of character positions for output
« Maximum number of characters that should be input

— Returns previous width

— Fill characters/Padding
 Used when output too small for width
 Large outputs are printed (not truncated)
— Can also use set w stream manipulator

 Whenreading to char arrays
— Reads 1 less character (leave room for null)

O 2004 Benjamin X, Wang. All rights reserved. - -
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/[l Fig. 7.10: fig7_10.cpp

/1 Denmponstrating nmenber function w dth. v

#i ncl ude <i ostreanr

usi ng std::cout;
using std::cin;
usi ng std::endl;

int main()

{
int wi dthVal ue = 4;
char sentence[ 10 ];

41
A Qutline

fig7_10.cpp
(1of 2)

cout << "Enter a sentence:" <<
cinnwdth( 5 ); // input g

Py

Reads up to 4 characters,
stops when whitespace read.

/] set field w

while ( cin >> sentence ) {
cout.w dt h( w dt hVal ue++ );
cout << sentence << endl;

t hen di splay characters based on that w dth

/ Increment the output width.

cin.width( 5); // input 5 nore characters from sentence

} // end while

return O;

O 2004 Benjamin X. Wang.
All rights reserved.



. Outline

fig7_10.cpp
(2 of 2)

fig7_10.cpp
output (1 of 1)

42

O 2004 Benjamin X. Wang.

All rights reserved.



7.6.4 Programmer-Defined Manipulators

» User-defined stream manipulators
— Nonparameterized

— Example
ostrean& bell ( ostrean& out put )
{
return output << '\a'; [/ issue system beep
}
-\ a - bell
— \'r - carriage return
-\t -tab

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.11: fig7_11.cpp

/'l Creating and testing programmer-defined, nonparaneterized

[l stream mani pul at ors.
#i ncl ude <i ostreanr

using std::ostream
usi ng std::cout;
using std::flush;

/1 bell manipul ator (using escape sequence \a)
ostream% bel | ( ostream& out put )

{

return output << '\a'; [/ issue system beep

/1 carriageReturn mani pul at or (using escape sequence \r)
ostream& carri ageReturn( ostream& out put )

{

return output << '\r'; // issue carriage return

“‘ 44

Qutline
YV

fig7_11.cpp
(1 of 3)

O 2004 Benjamin X. Wang.
All rights reserved.
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

/1l tab mani pul at or (using escape sequence \t)
ostream% tab( ostrean®& output )

{
return output << "\t'; // issue tab
}
/'l endLi ne mani pul at or (using escape sequence \n and nenber

[l function flush)
ostream% endLi ne( ostream& out put )

{
return output << '\n' << flush; // issue end of |ine
}
int main()
{
/'l use tab and endLi ne mani pul ators
cout << "Testing the tab mani pul ator:" << endLi ne
<< 'a' << tab << 'b' << tab << '¢' << endLi ne;
cout << "Testing the carriageReturn and bell manipul ators:”
<< endLine << ".......... "
cout << bell; // use bell manipul ator

“‘ 45

Qutline
YV

fig7_11.cpp
(2 of 3)

O 2004 Benjamin X. Wang.
All rights reserved.



46 /1 use carriageReturn and endLi ne mani pul ators A . 46
. ) ) o QOutline

47 cout << carriageReturn << "----- << endLi ne; v

48

:g return 0; fig7_11.cpp

51 } // end main (3 of 3)

Testing the tab mani pul ator: fig7_11l.cpp

a b c output (1 of 1)

Testing the carriageReturn and bell mani pul ators:

O 2004 Benjamin X. Wang.
All rights reserved.



7.7 Stream Format States and Stream
Manipulators

« Many stream manipulators for formatting
— Coming up next
— All inherit fromi os_base

O 2004 Benjamin X, Wang. All rights reserved. - -
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7.7.1 Trailing Zeros and Decimal Points
(showpoint)

« showpoi nt
— Forces decimal number to print with trailing zeros

— For decimal number 79.0
« 79 without showpoi nt
« 79.000000 with showpoi nt (up to level of precision)

— Reset with noshowpoi nt

O 2004 Benjamin X, Wang. All rights reserved. - -
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/1l Fig. 7.13:

/1 Using sho
[l trailing
#i nclude <io

using std::c

using std::e
using std::s
int main()

{

fig7_13.cpp
wpoi nt to control the printing of

zeros and deci mal points for doubl es.

streanp

out;
ndl ;
howpoi nt ;

/1 display double values with default stream fornat

cout <<
<<
<<
<<

"Before using showpoint" << endl

"9.9900 prints as: " << 9.9900 <<
"9.9000 prints as: " << 9.9000 <<
"9.0000 prints as: " << 9.0000 <<

/1 display doubl e val ue after showpoi nt

cout << s
<<

<<
<<
<<

return O;

howpoi nt

"After using showpoint" << endl

"9.9900 prints as: " << 9.9900 <<
"9.9000 prints as: " << 9.9000 <<
"9.0000 prints as: " << 9.0000 <<

endl|
endl|
endl|

endl
endl

endl ;

<< endl ;

A Qutline

\

fig7_13.cpp
(1 of 2)

49

O 2004 Benjamin X. Wang.

All rights reserved.
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ig } // end main A Ou“me

\Y
Bef or e usi ng showpoi nt .
9.9900 pri n'?s as\:Mog. 99 fig7_13.cpp
9.9000 prints as: 9.9 (2 of 2)
9.0000 prints as: 9

fig7_13.cpp
After using showpoi nt output(].of])

9.9900 prints as: 9.99000
9.9000 prints as: 9.90000
9. 0000 prints as: 9.00000

Without showpoi nt
trailing zeros are removed.

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.2 Justification (left, right and internal)

« | ef t stream manipulator
— Left-justified, padding to right
— Ri ght stream manipulator
» Right-justified, padding to left
— Can set padding/fill character
» Next section
« | nt er nal
— Number's sign left-justified
— Number's value right-justified
+ 123

— showpos forces sign to print
« Remove withnoshowpos

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.14: fig7_14.cpp
/1 Denmonstrating left justification and right justification.
#i ncl ude <i ostreanr

usi ng std::cout;
usi ng std::endl;
using std::left;
using std::right;
#i ncl ude <i omani p>

usi ng std::setw

int main()

{

“‘ 52

Qutline
YV

int x = 12345;
Right- and left-justify x
(within awidth of 10).

[l display x right justified (def

cout << "Default is right fied:" << end

<< setw 10 ) << x;

/1l use left mani pulator to display x left justified
cout << "\n\nUse std::left to left justify x:\n"
<< |left << setw 10 ) << x;

fig7_14.cpp
(1of 2)

O 2004 Benjamin X. Wang.
All rights reserved.



26 /1 use right manipulator to display x right justified A . 53
) o T QOutline
27 cout << "\n\nUse std::right to right justify x:\n v
28 << right << setw( 10 ) << x << endl;
29 fig7_14.cpp
30 return O; P
31 (2 of 2)
32 } /] end main _
fig7_14.cpp
Default is right justified: output (1 of 1)

12345

Use std::left to left justify x:
12345

Use std::right to right justify x:
12345

O 2004 Benjamin X. Wang.
All rights reserved.
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/[l Fig. 7.15: fig7_15.cpp
/[l Printing an integer with internal
#i ncl ude <i ostreanr

usi ng std::cout;

usi ng std::endl;
using std::internal;
usi ng std::showpos;
#i ncl ude <i omani p>

usi ng std::setw

int main()

{

spaci ng and pl us sign.

A 4

Qutline
YV

Noteuseof | nt er nal and
showpos.

[l display value with i fnal spacing and plus sign
cout << internal << showpos << setw 10 ) << 123 << endl;

return O;

} // end main

123

fig7_15.cpp
(1of 1)

fig7_15.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.3 Padding (fill, setfill)

 Set fill character used in padding

- fi1 1l member function
e cout.fill (" *")

— setfill stream manipulator
esetfill( "7 )

O 2004 Benjamin X, Wang. All rights reserved. - -
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I
I
I
I

usi
usi
usi
usi
usi
usi
usi
usi

#i ncl ude <i

using std::
using std::

Fig.

7.16: fig7_16.cpp

Usi ng nenber-function fill
to change the padding character for fields |larger the

printed
#i ncl ude <i

ng
ng
ng
ng
ng
ng
ng
ng

std::
std::
st d:
std::
std::
std::
std::
std::

val ue.
ostreanr

cout ;
endl ;

: showbase;

left;
right;

i nternal ;
hex;

dec;

omani p>

setw,
setfill;

and stream mani pul ator setfill

“‘ 56

Qutline
YV

fig7_16.cpp
(1 of 3)

O 2004 Benjamin X. Wang.
All rights reserved.



21 int main()

22 {
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

int X

[ di
cout

[ di
cout

[ di
cout

[ di
cout

cout

[ di
cout
cout .
cout

= 10000;

spl ay x

<< X << " printed as int right and left justified\n"
<< "and as hex with internal justification.\n"

<< "Using the default pad character (space):" << endl;

splay x with plus sign
<< showbase << setw( 10 ) << x << endl;

splay x with left justification
<< |left << setw( 10 ) << x << endl;

splay x as hex with internal justification
<< internal << setw( 10 ) << hex << x << endl << endl|;

“‘ 57

Qutline
YV

<< Using various padding 4 Note use of member function

splay x using padédéd chara fi Ilf _
<< right;

fill( "* );

<< setwW 10 ) << dec << x << endl;

fig7_16.cpp
(2 of 3)

O 2004 Benjamin X. Wang.
All rights reserved.



46
a7
48
49
50
51
52
53
54

/1 display x using padded characters (left justification)
cout << left << setw 10 ) << setfill( "% ) << x << endl;

/1l display x using padded characters (internal
cout << internal << setw( 10 ) << setfill( '
<< X << endl;

return O;

55 } // end main

10000 printed as int right and left justified
and as hex wth internal justification.
Usi ng the default pad character (space):

Ox

10000
10000
2710

Usi ng various paddi ng characters:
*****10000
10000986880
OXAAAN2T710

justification)
) << hex

“‘ 58

Qutline
YV

fig7_16.cpp
(3 0of 3)

fig7_16.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.4 Integral Stream Base (dec, oct, hex,
showbase)

 Print integer in various bases
- dec, oct, hex

e Stream extraction

— Decimal numbers default
— Preceding O for octal
— Preceding Ox or OX for hex

« showbase

— Forces base of number to be shown
— Remove with noshowbase

O 2004 Benjamin X, Wang. All rights reserved. - -
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24

/Il Fig. 7
/1 Using
#i ncl ude

using std::
using std::
using std::
using std::
using std::

i nt mai n(
{

int X
cout
<
cout <
cout <

cout <

return

.17 fig7_17.cpp
st ream mani pul at or showbase.
<i ostreanp

cout ;
endl ;
showbase;
oct ;

hex;

)

= 100;
Forces numbers to be printed
showbase to s with apreceding O (if octal)

or Ox (if hexadecimal).

< showbase;

< X << endl; [l print deciml value

< oct << x << endl; // print octal value

< hex << x << endl; // print hexadeci mal val ue
0;

25 } // end main

“‘ 60

Qutline
YV

fig7_17.cpp
(1of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



Printing integers preceded by their base: A Outline 61

100
0144 Vv
0x64 fig7_17.cpp

output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.5 Floating-Point Numbers; Scientific and
Fixed Notation (scientific, fixed)

« Stream manipulator sci entific

— Forces scientific notation
e 1.946000e+009

« Stream manipulator f | xed

— Forces fixed point format

— Prints number of decimals specified by precision
« 1946000000. 000000

* |f no manipulator specified
— Format of number determines how it appears

O 2004 Benjamin X, Wang. All rights reserved. - -
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11 int main()

12 {
13
14
15
16
17
18
19
20
21
22
23

using std::fixed;

/[l Fig. 7.18: fig7_18.cpp

/1 Displaying floating-point values in system default,
/'l scientific and fixed fornmats.

#i ncl ude <i ostreanr

usi ng std::cout;
usi ng std::endl;
using std::scientific;

“‘ 63

Qutline
YV

Note differing initializations,
and use of thesci entific
stream manipulator.

doubl e x
doubl e y

0.001234567;
1. 946e9;

/1 display x and y in defaltlt format
cout << "Displayed in default format:" << endl
<< X << "\1' <<y #£< endl;

/[l display x and y ir/ scientific format
cout << "\ nDisplayed in scientific format:" << end
<< scientific << x << '"\t' <<y << endl;

fig7_18.cpp
(1 of 2)

O 2004 Benjamin X. Wang.
All rights reserved.



24 /[l display x and y in fixed format A .
e - QOutline
25 cout << "\nDisplayed in fixed format:" << endl v
26 << fixed << x << "\t' <<y << endl;
27 .
fig7_18.

28 return O; g_80pp
29 (2 of 2)
30 /1 end main .

} Note dlff_erence betng _the fig7_18.cpp
Di spl ayed in default format: default, fixed, and scientific output (1 of 1)
0. 00123457 1. 946e+009 formats.

Di splayed in scientific fornmat:
1.234567e-003 1.946000e+009

Di spl ayed in fixed format:
0. 001235 1946000000. 000000

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.6 Uppercase/Lowercase Control
(uppercase)

« Stream manipulator upper case

— Uppercase E in scientific notation
« 1E10

— Uppercase X in hex notation and uppercase hex letters
« OXABCD

— By default, lowercase
— Reset with noupper case

O 2004 Benjamin X, Wang. All rights reserved. - -
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/[l Fig. 7.19: fig7_19.cpp
[l Stream mani pul at or upper case.
#i ncl ude <i ostreanr

using std::
using std::
using std::
using std::

int main()

{

cout ;
endl ;
upper case,;
hex;

cout << "Printing uppercase letters in scientific"

<< "notation exponents

/'l use std: uppercas
/'l use std::he

and bhasiadans el seal s 1

<< endl

Force uppercase format.

ndl ;

o disp

<< endl ;

return O;

22 } /] end main

| ay uppercase |etters;

o di spl ay hexadeci mal val ues
cout << uppeéercase << 4.345el10 << endl

<< hex << 123456789

“‘ 66

Qutline
YV

fig7_19.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



Printing uppercase letters in scientific
not ati on exponents and hexadeci mal val ues:
4. 345E+010

75BCD15

67
A Outline
Vv
fig7_19.cpp

output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.7 Specifying Boolean Format (boolalpha)

« Datatypebool
— Vauestrueorfal se
— OutputsO (f al se) or 1 (t r ue) when used with <<
» Displayed asintegers
 Stream manipulator bool al pha
— Display strings"true" and" f al se"
— Reset with nobool al pha

O 2004 Benjamin X, Wang. All rights reserved. - -
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11 int main()

12 {
13
14
15
16
17
18
19
20
21
22
23
24
25

usi ng std::nobool al pha;

/[l Fig. 7.20: fig7_20.cpp
/1 Denmonstrating stream mani pul ators bool al pha and nobool al pha.
#i ncl ude <i ostreanr

usi ng std::cout;

usi ng std::endl;
using std::cin;

usi ng std:: bool al pha;

“‘ 69

Qutline
YV

bool variables can be

fal se ortrue. Note use of
thebool al pha stream
manipulator.

bool bool eanVal ue = true;

eanVal ue
<< bool eanVal ue << endl ;

/1 display default true bo
cout << "bool eanVal ue is

/1 display bool eanValue after using bool al pha
cout << "bool eanVgyue (after using bool al pha) is "
<< bool al pha << bool eanVal ue << endl << endl;

cout << "switch bool eanVal ue and use nobool al pha" << endl;
bool eanVal ue = false; // change bool eanVal ue
cout << nobool al pha << endl; // use nobool al pha

fig7_20.cpp
(1of 2)

O 2004 Benjamin X. Wang.
All rights reserved.
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27
28
29
30
31
32
33
34

/1 display default false bool eanVal ue after using nobool al pha
cout << "bool eanValue is " << bool eanVal ue << endl ;

/1 display bool eanVal ue after using bool al pha agai n
cout << "bool eanVal ue (after using boolal pha) is "

<< bool al pha << bool eanVal ue << endl;

return O;

35 } // end main

bool eanVal ue is 1
bool eanVal ue (after using bool al pha) is true

swi tch bool eanVal ue and use nobool al pha

bool eanVal ue is 0
bool eanVal ue (after using bool al pha) is fal se

“‘ 70

Qutline
YV

fig7_20.cpp
(2 of 2)

fig7_20.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.7.8 Setting and Resetting the Format State
via Member-Function flags

» Can save/restore format states
— After apply many changes, may want to restore original

« Member functionf | ags
— cout.flags()

— With no argument
» Returns current stateasf nt f | ags object
— Namespacei os_base
» Represents format state
— Withf nt f | ags argument
« Setsdtate
« Returns previous state

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.21. fig7_21.cpp
/1 Denmonstrating the flags nenber function
#i ncl ude <i ostreanr

usi ng std::cout;

usi ng std::endl;

using std::oct;

using std::scientific;
usi ng std::showbase;
using std::ios_base;

int main()
{
int integerValue = 1000;
doubl e doubl eval ue = 0. 0947628;

/1l display flags value, int and doubl e val ues (ori gi nal
cout << "The value of the flags variable is: " << cout.

“‘ 72

Qutline
YV

format)
flags()

fig7_21.cpp
(1of 2)

<< "\nPrint int and double in original format:\n’
<< integerValue << "\t' << doubl eValue << e

| Saveoriginal format using
functionf | ags.

/1l use cout flags function to save ori
i 0os_base::fmflags original Format = cout.fl ags();
cout << showbase << oct << scientific; // change format

O 2004 Benjamin X. Wang.
All rights reserved.
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/1l display flags value, int and doubl e val ues (new format)
cout << "The value of the flags variable is: " << cout.flags()
<< "\'nPrint int and double in a new format:\n"
<< integerValue << '"\t' << doubl eVal ue << endl << endl;

cout.flags( original Format ); // restore format

/1 display flags %alue, int and double values (original format)
cout << "The restored value of the flags variable is:
<< cout.flags()
<< "\nPrint valugs in original format again:\n"
<< integerValue <& '\t' << doubl eVal ue << endl;

AN

Restore original format.

return O;

41 } // end main
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Qutline
YV

fig7_21.cpp
(2 of 2)

O 2004 Benjamin X. Wang.
All rights reserved.
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The val ue of the flags variable is: 513 A Outline
Print int and double in original format: v
1000 0.0947628
fig7_21.cpp

The val ue of the flags variable is: 012011
Print int and double in a new format:
01750 9. 476280e- 002

output (1 of 1)

The restored value of the flags variable is: 513
Print values in original format again:
1000 0. 0947628

O 2004 Benjamin X. Wang.
All rights reserved.



/.8 Stream Error States

« Test state of stream using bits

— eof bi t set when EOF encountered
 Function eof returnstr ue if eof bi t set
« ci n.eof ()

— fail bit setwhenerror occursin stream

« Datanot lost, error recoverable
« Functionf ai | returnstr ue If set

— badbi t set when datalost

« Usually nonrecoverable
« Function bad

— goodbi t setwhenbadbit,fail bit andeof bit off
« Function good

O 2004 Benjamin X, Wang. All rights reserved. - -
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/.8 Stream Error States

« Member functions
- rdstat e()

« Returns error state of stream
« Cantest for goodbi t, badbi t, etc.
 Better to test using good( ) , bad()
- clear()
« Default argument goodbi t
» Setsstreamto "good" state, so 1/0O can continue
» Can pass other values
—cin.clear( t1os::failbit )
— Setsfail bit
— Name "clear" seems strange, but correct

O 2004 Benjamin X, Wang. All rights reserved. - -
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[l Fig. 7.22: fig7_22.cpp

/[l Testing error states.
#i ncl ude <i ostreanr

usi ng std::cout;
usi ng std::endl;
using std::cin;

int main()

{

i nt integer Val ue;

“‘ 77

Qutline
YV

Output the original states
using the member functions.

/1 display results of cin nctions
cout << "Before a bad input operation:"

<< "\ncin.rdstate(): " << cin.rdstate()
<< "\'n cin.eof(): " << cin.eof ()
<< "\'n cin.fail(): " << cin.fail ()
<< "\'n cin.bad(): " << cin.bad()
<< "\'n cin.good(): " << cin.good()

<< "\ n\ nExpects

cin >> integer Val ue;
cout << endl;

an i nteger, but enter a character: ";

/] enter character val ue

fig7_22.cpp
(1of 2)

O 2004 Benjamin X. Wang.
All rights reserved.
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/1l display results of cin functions after bad input
cout << "After a bad input operation:"

<< "\ncin.rdstate(): " << cin.rdstate()

<< "\'n cin.eof(): " << cin.eof ()

<< "\'n cin.fail(): " aia_fail

<< "\n cin. bad().—] Notetheuseof cl ear .

<< "\'n (): " << cin.good() << endl << endl;

cin.clear();"// clear stream

/'l display results of cin functions after clearing cin
cout << "After cin.clear()"

<< "\ncin.fal(): " << cin.fail()
<< "\ncin.good(): " << cin.good() << endl;
return O;

42 '} // end main
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Qutline
YV

fig7_22.cpp
(2 of 2)

O 2004 Benjamin X. Wang.
All rights reserved.
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Outline

fig7_22.cpp
output (1 of 1)

O 2004 Benjamin X. Wang.
All rights reserved.



7.9 Tying an Output Stream to an Input
Stream

 Problem with buffered output

— Interactive program (prompt user, he/she responds)

— Prompt needs to appear before input proceeds
» Buffered outputs only appear when buffer fills or flushed

« Member functiont i e

— Synchronizes streams

— Outputs appear before subsequent inputs

— Automatically donefor ci n and cout , but could write
ecin.tie( &cout )

— Need to explicitly tie other I/O pairs

— Tountie
einputStreamtie( 0 )

O 2004 Benjamin X, Wang. All rights reserved. - -
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