C++ Input/Output: Streams 4. Input/Output 1

The basic data type for 1/O in C++ is the stream. C++ incorporates a complex hierarchy
of stream types. The most basic stream types are the standard input/output streams:

| stream ci n  built-in input stream variable; by default hooked to keyboard

ostream cout Dbuilt-in output stream variable; by default hooked to console

header file: <iostream>

C++ also supports all the input/output mechanisms that the C language included.

However, C++ streams provide all the input/output capabilities of C, with substantial
Improvements.

We will exclusively use streams for input and output of data.

Computer Science Dept Va Tech August, 2001 Intro Programming in C++ ©1995-2001 Barnette ND & McQuain WD



C++ Streams are Objects 4. Input/Output 2

The input and output streams, ci n and cout are actually C++ objects. Briefly:

class: a C++ construct that allows a collection of variables, constants, and functions
to be grouped together logically under a single name

object: avariable of a type that is a class (also often called an instance of the class)
For example, i st r eamis actually a type name for a class. ci n is the name of a
variable of type 1 st r eam

So, we would say that ci n is an instance or an object of the class i st r eam

An instance of a class will usually have a number of associated functions (called member
functions) that you can use to perform operations on that object or to obtain information
about it. The following slides will present a few of the basic stream member functions,
and show how to go about using member functions.

Classes are one of the fundamental ideas that separate C++ from C. In this course, we
will explore the standard stream classes and the standard string class.
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Conceptual Model of a Stream 4. Input/Output

A stream provides a connection between the process that initializes it and an object, such
as a file, which may be viewed as a sequence of data. In the simplest view, a stream
object is simply a serialized view of that other object. For example, for an input stream:

input file

To be, or not to be?

That is the question.

stream obj ect

J

executing process

We think of data as flowing in the stream to the process, which can remove data from the

stream as desired. The data in the stream cannot be lost by “flowing past” before the
program has a chance to remove it.

The stream object provides the process with an “interface” to the data.
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Output: the Insertion Operator 4. Input/Output 4

To get information out of a file or a program, we need to explicitly instruct the computer to
output the desired information.

One way of accomplishing this in C++ is with the use of an output stream.
In order to use the standard 1/O streams, we must have in our program the pre-compiler

directive;
#i ncl ude <i ostreanp

In order to do output to the screen, we merely use a statement like:

"X =" << X Hint: the insertion operator (<<) points in

<< : : : :
Lorl the direction the data is flowing.

where X Is the name of some variable or constant that we want to write to the screen.

Insertions to an output stream can be "chained" together as shown here. The left-most side
must be the name of an output stream variable, such as cout .
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Output Examples

4. Input/Output 5

Inserting the name of a variable or constant to a stream causes the value of that object to

be written to the stream:

const string Label

"Pi ngs echoed:

i nt total Pings
cout << Label

127;
<< total Pi ngs << endl;

endl is a manipulator.

A manipulator is a C++ construct that
Is used to control the formatting of
output and/or input values.

Pi ngs echoed: 127

No special formatting is supplied by default.

Alignment, line breaks, etc., must all be
controlled by the programmer:

Manipulators can only be presentin
Input/Output statements. The endl

manipulator causes a newline
character to be output.

endl is defined in the <i ost r eane
header file and can be used as long as
the header file has been included.

cout << "CANDLE" << endl;
cout << "STICK" << endl:

cout << "CANDLE":
cout << "STICK" << endl:
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Input: the Extraction Operator 4. Input/Output 6

To get information into a file or a program, we need to explicitly instruct the computer to
acquire the desired information.

One way of accomplishing this in C++ is with the use of an input stream.
As with the standard input stream, cout, the program must use the pre-compiler directive:

#i ncl ude <i ostreanp

In order to do output, we merely use a statement like:

cin > X Hint: the extraction operator (>>) points in
the direction the data is flowing.

where X is the name of some variable that we want to store the value that will be read from
the keyboard.

As with the insertion operator, extractions from an input stream can also be "chained".
The left-most side must be the name of an input stream variable.
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Input Examples 4. Input/Output 7

Assume the input stream ci n contains the data: 12 17.3 -19

Then: i nt A, B:

doubl e X;

cin > A [/ A<--- 12
cin > X /] X<--- 17.3
cin>1B;, /] B<--- -19

If we start each time with the same initial values in the stream:

int A B; int A

char C; char B, C, D

cin>A [/ A<--- 12 cin>A [/ A<--- 12
cin>1B, [/] B<--- 17 cin>B // B<---"1"'
cin>¢C /] C<---"." cin>C /] C<---"'T
cin > A [/ A<---3

The extraction operator is "smart enough" to consider the type of the target variable when
it determines how much to read from the input stream.
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st ri ng Input with Extraction 4. Input/Output 8
The extraction operator may be used to read characters into a string variable.
The extraction statement reads a whitespace-terminated string into the target string,

ignoring any leading whitespace and not including the terminating whitespace character in
the target string.

Assume the input stream ci n contains the data: | Fl i nt st one, Fred 718. 23
Then: |string L, F;

doubl e X;

cin > 1L, // L <--- "Flintstone,"

cin>F /] F <--- "Fred"

cin > X, [] X <--- 718.23

The amount of storage allocated for the string variables will be adjusted as necessary to
hold the number of characters read. (There is a limit on the number of characters a string
variable can hold, but that limit is so large it is of no practical concern.)

Of course, it is often desirable to have more control over where the extraction stops.
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Extraction Operator and Whitespace 4. Input/Output 9

In programming, common characters that do not produce a visible image on a page or in
a file are referred to as whitespace.

The most common whitespace characters are: Name Code
newline \n
tab \ t
blank (space)

carriage return \r

vertical tab \v

By default, the extraction operator in C++ will ignore leading whitespace characters.

That is, the extraction operator will remove leading whitespace characters from the
Input stream and discard them.

What if we need to read and store whitespace characters? See the get () function later
In the notes.
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Details of an Extraction 4. Input/Output 10

Assume the input stream cin contains: |12 17.3 -19

The numbers are separated by some sort of whitespace, say by tabs.

Suppose that X is declared as an i nt , and the following statement is executed:

cin > X

The type of the targeted variable, X in this case, determines how the extraction is
performed.

First, any leading whitespace characters are discarded.

Since an integer value is being read, the extraction will stop if a character that
couldn't be part of an integer is found.

So, the digits '1' and '2' are extracted, and the next character is a tab, so the
extraction stops and X gets the value 12.

The tab after the '2' is left in the input stream.
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| gnor e() Member Function 4. Input/Output 11

There is also a way to remove and discard characters from an input stream:
cin.ignore(N, ch);

means to skip (read and discard) up to N characters in the input stream, or
until the character ch has been read and discarded, whichever comes first. So:

cin.ignore(80, '\n');

says to skip the next 80 input characters or to skip characters until a newline character is
read, whichever comes first.

The ignore function can be used to skip a specific number of characters or halt whenever a
given character occurs:

cin.ignore(100, '"\t');

means to skip the next 100 input characters, or until a tab character is read, or whichever
comes first.
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Interactive |/O 4. Input/Output 12

Prompts: users must be given a cue when and what they need to input:
const string AgePronpt = "Enter your Age: ";

cout << AgePrommpt; |
cin >> UserAge;

The statements above allow the user to enter her/his age in response to the prompt.
Because of buffering of the 1/O by the computer, it is possible that the prompt may not
appear on a monitor before the program expects input to be entered.

To ensure output is sent to its destination immediately:

cout << AgePrompt << fl ush;
cin >> UserAge;

The manipulator f | ush ensures that the prompt will appear on the display before the input
IS required.

The manipulator endl! includes a implicit f | ush.
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Streams for File I/O 4. Input/Output 13

C++ also provides stream types for reading from and writing to files stored on disk. For
the most part, these operate in exactly the same way as the standard 1/O streams, ci n and

cout .
For basic file I/0: #i ncl ude <fstreanp

There are no pre-defined file stream variables, so a programmer who needs to use file
streams must declare file stream variables:

| fstream i nFil e; [/ input file stream object
of stream out Fi | e; [/ output file stream object

The types 1 f st r eamand of st r eamare C++ stream classes designed to be connected
to input or output files.

File stream objects have all the member functions and manipulators possessed by the
standard streams, ci n and cout .
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Connecting Streams to Files 4. Input/Output 14

By default, a file stream is not connected to anything. In order to use a file stream the
programmer must establish a connection between it and some file. This can be done in
two ways.

You may use the open( ) member function associated with each stream object:

i nFi |l e. open("readne. data");
out Fi l e. open("witene.data");

This sets up the file streams to read data from a file called "readme.data" and write output
to a file called "writeme.data".

For an input stream, if the specified file does not exist, it will not be created by the
operating system, and the input stream variable will contain an error flag. This can be
checked using the member function f ai | () discussed on a later slide.

For an output stream, if the specified file does not exist, it will be created by the operating
system.
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Connecting Streams to Files 4. Input/Output 15

You may also connect a file stream variable to a file when the stream variable is declared:

| fstreaminFile("readne. data");
of streamoutFile("witene.data");

This also sets up the file streams to read data from a file called "readme.data" and write
output to a file called "writeme.data".

The only difference between this approach and using the open() function is
compactness.

Warning: if you use a st r i ng constant (or variable) to store the file name, you must add
a special conversion when connecting the stream:

string | nput Fi | eNane = "readne. data";
| fstreaminFile(inputFileNane.c_str());

A
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cl ose() Member Function 4. Input/Output 16

When a program is finished with a file, it must close the file using the cl ose( )
member function associated with each file stream variable:

| NSt ream cl ose( );
out Stream cl ose( );

(Including the file name is an error.)

Calling cl ose( ) notifies the operating system that your program is done with the file

and that the system should flush any related buffers, update file security information,
etc.

It is always best to close files explicitly, (even though by the C++ standard, files are
closed automatically whenever the associated file stream variable goes out of scope [see
the chapter on functions for a presentation of scope]).
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Formatting Numeric Output 4. Input/Output 17
First of all you need to include the manipulator header file: <i omani p>

setw ):

sets the field width (number of spaces in which the value is displayed).
set W ) takes one parameter, which must be an integer.

The set W( ) setting applies to the next single value output only.

setprecision( ):

sets the precision, the number of digits shown after the decimal point.
set preci si on( ) also takes one parameter, which must be an integer.

The set preci si on( ) setting applies to all subsequent floating point values,
until another set pr eci si on( ) isapplied.
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Floating Point Formatting 4. Input/Output 18

In addition, to activate the manipulator set pr eci si on( ) for your output stream,
Insert the following two manipulators once:

out Stream << fi xed << showpoi nt;

(Just use the name of your output stream variable.)

Omitting these manipulators will cause set pr eci si on( ) to fail, and will cause real
values whose decimal part is zero to be printed without trailing zeroes regardless of
setprecision( ).

Other useful manipulators:
bi n

hex

oct al

dec

scientific
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Setting Justification

Justification

4. Input/Output 19

- Justification refers to the alignment of data within a horizontal field.
- The default justification in output fields is to the right, with padding occurring first

(on the left).

- To reverse the default justification to the left:

cout << left;

cout << right;

cout << fixed << showpoi nt;
string enpNane =
doubl e WAge = 8.43;
doubl e Hours = 37.5;

"FI i ntstone, Fred";

[/turn on left justification

cout << setw(20) << enpNane;

[/turn on right justification

cout << setw(10) << setprecision(2) << Wage * Hours << endl;

This will produce the output:

Computer Science Dept Va Tech August, 2001
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Setting Padding 4. Input/Output 20

Padding Output
- Padding refers to the character used to fill in the unused space in an output field.
- By default the pad character for justified output is the space (blank) character.
- This can be changed by using the set fi | | () manipulator:

int D= 413225;
cout << "0123456789" << endl;
cout << setw(10) << ID << endl;

cout << setfill('0"); [/ pad with zeroes
cout << setw(10) << ID << endl;
cout << setfill (' "); //reset padding to spaces

This will produce the output: 0123456789

413225
0000413225
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Example with Manipulators

#i ncl ude <fstreanp
#i ncl ude <i omani p>
#i ncl ude <string>
usi ng nanespace std,

int main() {

of stream oFi | e(" AreabDat a. out");
oFile << fixed << showpoint;

const double Pl = 3.141592654;
string figNanme = "El|ipse";

I nt maj or Axis = 10,
m norAxis = 2;
double Area = Pl * majorAxis * m nor Axi s;

oFile << setw(20) << "Area" << endl;
oFile << left << setw(10) << figNane;

<< Area << endl;

oFi l e.close();
return O;

oFile << right << setw(10) << setprecision(4)

4. Input/Output 21

Ellipse

Ar ea
62. 8319
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Input Failure 4. Input/Output 22

When you attempt to read a value from an input stream, the extract operator or other input
function takes into account the type of the variable into which the value is to be stored. If
there is a default conversion between the type of the data in the stream and the type of the
target variable, then that is applied and all is well.

What happens if the next data in the input stream is not compatible with the target
variable?

In that case, the input operation fails.

The effect on the target variable is compiler-dependent. With Visual C++, the target
variable is generally not modified (st r i ng variables are an exception).

The stream variable sets an internal flag indicating it is in a "fail state”. Subsequent
attempts to read from the stream will automatically fail (see cl ear () later in these

notes).
In consequence, it is vital that C++ programmers design input code to reflect the

formatting of the input data. Programming to handle general, unstructured input data is
extremely difficult.
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Input Examples

4. Input/Output 23

Consider the following input code fragments and associated input streams:

I nt

char

In >>

In >>

In >>

In >>

In >>

I A,

doubl e dX,

cC

I A

dX

A

cC

I A

string sS

>>

>>

>>

>>

I B;

/'l 1nput code

I B;
dy;
cC >> i B;
| X >> sS;

cC >> sS;

stream data (space separ at ed)

I

I

/1

/1

/1

17

73

73

42

42

X 42

.2

.2

23br avoxr ay

23br avoxr ay
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Reading to Input Failure 4. Input/Output 24

When you attempt to extract a value from an input stream, the stream variable returns an

indication of success (true) or failure (false). You can use that to check whether the input
operation has failed for some reason.

A whi | e loop is used to extract data from the input stream until it fails.

Note well: the design here places a test to determine whether the read attempt succeeded
between each attempt to read data and each attempt to process data. Any other approach
would be logically incorrect.

Design Logic
Try to read data. (Often called the priming read.)
While the last attempt to read data succeeded do
Process the last data that was read.
Try to read data.
Endwhile

This is one of the most common patterns in programming.
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Failure-Controlled Input Example 4. Input/Output 25

const int M NPERHOUR = 60; Input: 217
I nt Tine; [/ time value in total m nutes 49
int Hours, /1 HH field of Time 110

Mnutes; // MMfield of Tine 38?
int nunfimes = 0; // nunber of Tinme values read 109
int total Time = 0; // sumof all Tinme val ues 198

In >> Tine;

while ( In) {
numli Nes++;
total Tine = total Time + Tine;
Hour s = Time / M NPERHOUR Output:

M nutes = Tinme % M NPERHOUR, 1] 3- 37

Qut << setw(5) << nunflinmes << "|"; 2| 0: 49

Qut << setw(5) << Hours << ":"; 3] 1: 50

Qut << setw(2) << setfill('0") 4] 5 02

<< Mnutes << setfill (' ') << endl; 5| 1:31
. 1:4

In >> Tine, gl 3.12
} Total mnutes: 1076
Qut << "Total mnutes: " << setw(5) << total Tine

<< endl;

Computer Science Dept Va Tech August, 2001 Intro Programming in C++ ©1995-2001 Barnette ND & McQuain WD



Failure-Controlled Input Example 4. Input/Output 26

The program given on the previous slide will terminate gracefully if the input file
contains an error that causes the input operation to fail:

Input: | 217 Output: 1 3: 37
49 2| 0: 49
110 3] 1: 50
XXX Total mnutes: 376
91
109
198

Trace the execution...
The input-failure logic used in the sample code has more than one virtue:
- it will terminate automatically at the end of a correctly-formatted input file.

- 1t will terminate automatically if an input failure occurs while reading an incorrectly-
formatted input file, acting as if that point were in fact the end of the input file.

Of course, it would be nice if an error message were also generated above...
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Incorrect Design 4. Input/Output 27

/1 NO primng read Input: 217
while ( In) { 49
In >> Tine; /'l Read at begi nning of | oop 110

302

numli mes++; /[l . . . then process data. 91

109

total Time = total Time + Tine; 198

Hours = Tine / M NPERHOUR;
M nutes = Ti ne % M NPERHOUR;

Qut << setw(5) << nuntTines << "|";
Qut << setw(5) << Hours << ":";
Qut << setw(2) << setfill('0") Output:

<< Mnutes << setfill (' ') << endl; 1] 337

} A 0: 49

- 3] 1: 50

4] 5:02

.. i 5] 1: 31

This is a classic error! 6| 1- 49

: . _ _ 7] 3:18

Note that the last time value is output twice. That's typical 8| 318
of the results when this design error is made... watch for it. Total minutes: 1274
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String Input: getline( ) 4. Input/Output 28

Theget | i ne( ) standard library function provides a simple way to read character
Input into a string variable, controlling the “stop” character.

Suppose we have the following input file:

Fred Flintstone Labor er 13301
Bar ney Rubbl e Labor er 43583

There is a single tab after the employee name, another single tab after the job title, and a
newline after the ID number.

Assuming i Fi | e is connected to the input file above, the statement
getline(iFile, Stringl);
would result in St r i ngl having the value:

"Fred Flintstone Labor er 13301"
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More on getline( ) 4. Input/Output 29

As used on the previous slide, get | i ne( ) takes two parameters. The first specifies an
Input stream and the second a string variable.

Called in this manner, get | i ne( ) reads from the current position in the input stream
until a newline character is found.

Leading whitespace is included in the target string.
The newline character is removed from the input stream, but not included in the target

string.

It is also possible to call get | i ne( ) with three parameters. The first two are as

described above. The third parameter specifies the “stop” character; 1.e., the character at
which get | i ne( ) will stop reading from the input stream.

By selecting an appropriate stop charcter, the get | i ne(') function can be used to read

text that is formatted using known delimiters. The example program on the following
slides illustrates how this can be done with the input file specified on the preceding slide.
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String Input Example

4. Input/Output 30

#1 ncl ude
#1 ncl ude
#1 ncl ude
#1 ncl ude

I nt

getline(iFile,

<fstreanp
<i ostreanp
<string>

<climts>

usi ng nanespace std;

int main() {

Enpl oyeel D,

[/ file streans
/] standard streans
/1l string variabl e support

/'l using standard library

string Enpl oyeeNane, JobTitle; /'l strings for nanme and title

[/ int for 1d nunber

| fstreami Fi |l e(" Enpl oyees. data");

/1 Primng read:

Enpl oyeeNane, '\t'); // read to first tab

getline(iFile, JobTitle, "\t'); /] read to next tab
| Fil e >> Enpl oyeel D Il extract id nunber
I File.ignore(lI NT_MAX, '\n'); Il skip to start of next line
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String Input Example 4. Input/Output 31

while (iFile) { /1l read to input failure

cout << "Next enployee: " << endl; /'l print record header
cout << Enpl oyeeNane << endl /'l name on one |ine
<< JobTitle /1 title and id nunber
<< Enpl oyeelD << endl << endl; // on anot her |ine
getline(i File, EnployeeNane, '\t'); /1l repeat primng read
getline(iFile, JobTitle, "\t'); Il | ogi c

| Fil e >> Enpl oyeel D
I File.ignore(l NT_MAX, '\n');

| File.close(); /1l close input file
return O;
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fail( ) Member Function

4. Input/Output 32

fail ( ) provides a way to check the status of the last operation on the input stream.

fail ( ) returns true if the last operation failed and returns false if the operation was

successful.

#incl ude <fstreane
usi ng nanespace std;

void main( ) {
| fstream i nStream
I NSt ream open("infile.dat");

If ( inStreamfail () ) {
cout << "File not found. Please try again.'
return;
}
/[l . . . omtted statenents doi ng sonet hi ng usef ul
I NSt ream cl ose();
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cl ear () Member Function 4. Input/Output 33

clear( ) providesaway to reset the status flags of an input stream, after an
input failure has occurred.

Note: closing and re-
opening the stream does
NOT clear its status flags.

Consider designing a program to read an input file containing statistics for a baseball
player, as shown below, and to produce a summary:

Hts At - Bat s

3 4
2 3
1 3
2 4

Hanmrerin' Hoki e

Unless we know exactly how many lines of batting data are going to be given, we
must use an input-failure loop to read the batting data. But then the input stream will
be in a fail state, and we still need to read the player's name.

We can use cl ear () to recover from the input failure and continue reading input.

Computer Science Dept Va Tech August, 2001 Intro Programming in C++ ©1995-2001 Barnette ND & McQuain WD



Using cl ear () 4. Input/Output 34

#1 ncl ude <i ostreane
#1 ncl ude <fstreanp
#i ncl ude <i omani p>
#i ncl ude <string>
#include <climts>
usi ng nanespace std,;

Int main() {

IfstreamIn("H tting.data");

string player Nane; /'l player's nane
Iint Hts, atBats; /1 # of hits and at-bats in current gane
I nt nuntzanes = 0; /|l # of ganes reported
Iint total Hts = 0, /[l total # of hits in all ganes
total AtBats = O; /|l total # of at-bats in all ganes
In.ignore(I NT_MAX, '\n'); /'l skip over header I|ine
In >> Hts >> atBats; /[l try to read 1st gane data
while ( In) {
totalHts = total Hts + H ts; /| update running totals
total AtBats = total AtBats + atBats;
nunGanes++; /'l count this gane
In >> Hts >> atBats; /Il try to read next gane data
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Using cl ear () 4. Input/Output 35

/| Recover fromthe read failure at the end of the
/] batting data:

In.clear();

/! Read the player's nane:

getline(ln, playerNane);

/1l Calculate the batting average:
doubl e battingAverage = double(totalH ts) / total AtBats;

/] Wite the results:
cout << fixed << showpoi nt;

cout << playerNanme << " is batting "
<< setprecision(3) << battingAverage
<< " in " << nunfanes << " ganes."
<< endl ;

I n.close();

return O;
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Every file ends with a special character, called the end-of-file mark.

eof () is a boolean function that returns true if the last input operation attempted to read
the end-of-file mark, and returns false otherwise.

The program on slide 4.24 could be modified as follows to use eof () to generate an
error message if an input failure occurred in the loop:

Qut << "Total mnutes: " << setw(5) << total Tine
<< endl ;

I1f ( !'In.eof() ) {
Qut << endl
<< "An error occurred while reading the file." << end

<< "Pl ease check the input file." << endl;

In general, reading until input failure is safer than reading until the end-of-file mark is
reached. DO NOT use eof () as a substitute for the input-failure logic covered earlier.
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The input stream object ci n has a member function named get ( ) which returns the next
single character in the stream, whether it is whitespace or not.

To call a member function of an object, state the name of the object, followed by a period,
followed by the function call:

ci n. get (soneChar) ; /'l where sonmeChar is a char vari able

This call to the get () function will remove the next character from the stream ci n and
place it in the variable sonmeChar .

So to read all three characters (from the previous slide), we could have:

cin.get(chl); /] read ‘A
ci n. get (soneChar) ; /'l read the space
cin.get(ch2); /[l read ‘M
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The i st r eamclass provides many additional member functions. Here are two that are
often useful:

peek() provides a way to examine the next character in the input stream,
without removing it from the stream.

char next Char act er;
next Character = In. peek();

put back() provides a way to return the last character read to the input stream.

const char PUTMEBACK = '7?';

char next Char act er;

I n. get (next Character);

I f ( nextCharacter == PUTMEBACK ) {
I n. put back( next Character);

}
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