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1980 &
C++ Bjarne Stroustrup
Simula C
C++
C++ 1998
(ANST)
s » @ »
»
5
IDE
1 — Program 2 - Text editor

4 - Integrated Development Environment 5 - Linker

C++ .

«(IDE)4

3 — Compiler



C++ 8 Visual C++ &
Builder
C++
Linux Unix
C++
C++
C++ 1-4
3 . C++
C++
C++ C
C++
C++
1-1 *
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my mY My MY

"Hello, my programmer!"

#include <iostream>

int main ()

{ std::cout << "Hello, my programmer!\n" ;

return 0;

« »

# -1
5
include -2
<> « » -3
e »
iostream

std::cout

iostream

1 — Case Sensitive
3 - Header

2 — Preprocessor Directive
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C++
« 5
C++ int -1
C++
C++ « » main -2
1 .
« » main () -3
main ()
main int
« 5 « >
{}
Std::cout << "Hello, my programmer!\n";
std::cout "Hello, my programmer!\n" &
@ » <<
C++

1 — Function 2 — output operator
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Hello, my programmer!

return 0;

C+t

Visual C++ )

main ()

#include<iostream>

\n

return 0;

1-1

» . C++

o

(C++ Builder

Int main () {std::cout<<"Hello, my programmer!\n";return 0;}



5 1-2 *
1-1 5
#include <iostream>
using namespace std;
int main ()
{ //prints "Hello, my programmer!"
cout << "Hello, my programmer!\n"
return O;
}
5
using namespace std;
std::
cout
cout std::cout
std:: cout
« » Std
std cout
iostream
C++

#include <iostream>

using namespace std;

1 — Namespace
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// prints "Hello, my programmer!"

CHt

A/

/*

/* prints "Hello, my programmer!"™ */

//

/~k

C++

//
//

1 — Comment

*/

*/



cout << 66 ;

cout

int main ()

400 iy ¢ Lwdo LSy 10

{ //prints "Hello, my programmer!"

cout << "Hello, m" << "y progra" << "mmer!" << endl;

return 0;

"Hello, m"

1-5
C++ <<
«* »
cout 66
66
cout
cout
Hello 1-3 *
<<
cout
"mmer!" "y progra"

"Hello, my programmer!"

'\n' endl

1 — Operator
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1-6
((:L »
Hy "Hello, mn 1_ 3 . won
" . "mmer!"™ progra"
R TAL non 5
° ((2 »
U U "w' ' '
128
9
128 . 5
( ) ASCII
5
v\nv
\ n
'\D'
6 « » K » « »
ngn TGt
) ) 1-4 *

1-1

1 — Literal 2 — Character
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int main ()
{ // prints "Hello, my programmer!":
cout << "Hello, " << 'm' << "y programmer" << '!' << '\n';

return 0;

1-5 *
int main ()
{ // prints "Today is Feb 5 2005":
cout << "Today is Feb " << 5 << ' ' << 2005 << endl;
return 0;
}
Today 1s Feb 5 2005
5 L »
2005
1-7

1 — Variable
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type name iInitializer

char

CHt

50;

int n

50

C++

50

C++

type

nhame

tializer

n

int

1 — Declaration

int
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n n=m; 45 m
45 n m
n m k 45 n=m=k=45;
45
1-6 *

int main ()
{ // prints "m = 45 and n = 55":

int m = 45;

int n = 55;

cout << "m = " << m << " and n =" << n << endl;

return 0;

458 int m 5
55 & int n
cout
1-7 *
1-6
int main ()
{ // prints "m = 45 and n = 55":

int m;
int n;

m = 45; // assigns the value 45 to m
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n=m+ 10; // assigns the value 55 to n
cout << "m =" << m<< " and n =" << n << endl;
return 0O;

n m
m+10 . m 45
n 50 45+10
cout
n m
int m,n;
int
, n m
! 1-8
1-8 *
int main ()
{ // prints "x = ?? and y = 45":
int x; // BAD: x is not initialized
int y=45;
cout << "x = " <K< x << " and y = " << y << endl;

1 — Initializing



return O;

48y sy lwdo Loy 16

}
x
2?2 X 5 .
x
x

1

« » ) 7091260
N y = x + 5;

1-9
PI 4

« »

1 — Garbage

2 - Constant
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const
k int k=3;
5 38
const int k=3;
5 308 k
1-9

int main ()
{ // defines constants; has no output:
const char BEEP ='\b';
const int MAXINT=2147483647;
const float DEGREE=23.53;
const double PI=3.14159265358979323846

return 0;

>>
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cin >> variable;

cin >> m; . variable
m ( )

m
1-10 *

int main ()
{ // reads an integer from input:
int m;

cout << "Enter a number: ";

cin >> m;
cout << "your number is: " << m << endl;
return 0O;
}
Enter a number: 8
cin >> m; . Enter

o
3

m your number is:

s

o

cout << "Enter a number: ";
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endl '"\n'
<<
>>
cin >> x >> y >> z;
zZ y X
5 (space)

enter
1-11 *

1-10 5

int main ()

{

// reads 3 integers from input:

int g, r, s;

cout << "Enter three numbers: ";

cin >> g >> r > s;

cout << "your numbers are: << g << ", " < r
<< ", " <K< s << endl;

return O;

o
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C++
(
(
C++
Java(
Pascal(
(IDE)
(
¢
C++
/7 ( >> ( #(
n1Q"
10" (
"10" (
int k = 8;
- 8
int
8
8
C++
1= ( #( ==
const int x=7; x+=9;
x 16
X

Basic (

Simula (

"lo" (
"10" (
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(

cin >> age; -9
age (
age (
age cin (
age (
#include<iostream> -10
"iostream" (
iostream (
iostream (



CH+

#include <iostream>

int main ()

{

cout << "Hello, /* change? */ world.\n";

//prints "Hello, World!"
cout << "Hello, World!\n"

return 0O;

#include <iostream>

int main

{

//prints "n = 22":
n = 22;
cout << "n = << n << endl;

return 0;

int k=6, age=20, grade=1, A+ =20;

int Grade;

grade = 18;

int main ()

cout >> "Enter a number:";

cin >> n;

400 iy ¢ Lwdo LSy 22

CH++

cout >> "Your number is" >> n >> endl

o
1
oo
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& =9
int main ()
{ // testing:
cout << "Your age is: " << age << " years." << endl;
cin >> age;
cout << "Enter your age: ";
int age;
return 0;
}
5 -1
ox7 B 5 -2
*kkkk
* *
* *
*kkkk
* *
* *
*kkkk
3 -3
Tx7
-4
\a, \b, \n, \r, \t, \v, \",\",\\,\?
-5
7 60 5

o
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1 — Binary



ﬂz » « »
P ) I R ey
o gl g3l
boolean ¢ ¢ —
bool
L g —
enum—jy
SHSIHLS g9 |
char
unsigned char
wchar_t —
T 8 g s
short
int
long
unsigned short -
unsigned int
unsigned long
Jod s gl el
float
ouble
lon ouble

Cibyduy silwdaliy 26

C++
2 1 0 )
(..
187/352
18/7352x10
-l 1/87352x10°
18735/2x1072  1873/52x10
10
« »
2-2
C++

1 — Integer

2 — Floating point
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o -]
ol gl g5l int
o gl o) B
aAmo sd4s g o
e
int
long P
unsigned short <limits>
unsigned int
unsigned long
2-1 *
C++
#include <iostream>
#include <limits> //defines the constants SHRT MIN, etc.

using namespace std;
int main ()
{ //prints some of the constants stored in the <limits>

header:

cout << "minimum short " << SHRT MIN << endl;
" << SHRT MAX << endl;

cout << "minimum unsigned short = 0" << endl;

cout << "maximum short

cout << "maximum unsigned short = " << USHRT MAX << endl;
cout << "minimum int = " << INT MIN << endl;
cout << "maximum int = " << INT MAX << endl;

cout << "minimum unsigned int = 0" << endl;

cout << "maximum unsigned int = " << UINT MAX << endl;
cout << "minimum long = " << LONG MIN << endl;
cout << "maximum long = " << LONG_MAX << endl;

cout << "minimum unsigned long = 0" << endl;
cout << "maximum unsigned long = " << ULONG_MAX << endl;

return O;
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SHRT MAX SHRT MIN

<limits>
8 USHRT MAX
short SHRT MIN
short SHRT MAX
98 Pentium II
short: -32,786 32,767 (2* = 1 byte)
int: -2,147,483,648 2,147,483,647 (2% = 4 bytes)
long: -2,147,483,648  2,147,483,647 (2% = 4 bytes)
unsigned short: 0 65,535 (2* = 1 byte)
long 5
unsigned int unsigned long int
5
2-3

C++ .
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(%) (/)

(*)

2-2 *
5
int main ()
{ //tests operators +, -, *, /, and %:
int m=54;
int n=20;
cout << "m = " << m << " and n = " << n << endl;
cout << "mt+n = " << m+n << endl; // 54+20 = 74
cout << "m-n = " << m-n << endl; // 54-20 = 34
cout << "m*n = " << m*n << endl; // 54*20 = 1080
cout << "m/n = " << m/n << endl; // 54/20 = 2
cout << "m%n = " << m%n << endl; // 54%20 = 14
return 0;

o

20 54

oe

14

m/n 5

(o)

msn

54%20

C++

++
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« » « »

2-3 *

int main ()
{ //shows the difference between m++ and ++m:

int m, n;

m= 75;

n = +m; // the pre-increment operator is applied to m

cout << "m =" << m<< ", n=" << n << endl;

m= 75;

n = m+; // the post-increment operator is apllied to m

cout << "m =" << m<K ", n="<<n < endl;

return 0;

n = ++m;

76 m
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n = m++;
n 75 m
76 m
n =175 m = 76
C++
2-5
m m = m+8; m 75 m=75;
C++ .
m +=
m += 8;
m=m + 8;
= + « » =
&= /= k= -= += C++
5
m += 8; — m=m+ 8;
m -= 8; — m=m - 8;
m *= 8; — m=m * 8;
m /= 8; — m=m/ 8;
m %= 8; — m=m% 8;
2-4 *
int main ()

{ //tests arithmetic assignment operators:
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int n=22;

cout
n 4=
cout
n -=
cout
n *=
cout
n /=
cout
n %=

cout

<<
9;
<<
5;
<<
2;
<<
3;
<<
7;
<<

"n="<<n << endl;

// adds 9 to n

"After n += 9, n = " << n << endl;
//substracts 5 from n

"After n == 5, n =" << n << endl;

//multiplies n by 2

"After n *= 2, n =" << n << endl;

//divides n by 3

"After n /= 3, n =" << n << endl;

//reduces n to the remainder from dividing by 4

"After n %= 7, n = " << n << endl;

return 0O;

123.45

123.45

123.45

»

0.

1111011.0111001,

2

11110110111001 x 27

7 « »11110110111001
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123.45

0.000000001
100000000.00000002

double float . C++

. long double

float
long double double
23 | ) 32 float
8
52 ( ) 64 double
11
2-17
double float 5
X float x;
X float x=12.3;
be double x,y=0; . 12.3

Y X double



48y sy lwdo Loy 34

2-5 *
2-2
float
int main ()
{ //tests operators +, -, *, /, and %:
float x=54.0;
float y=20.0;
cout << "x = " << x << " and y = " << y << endl;
cout << "x+y = " << x+y << endl; // 54.0420.0 = 74.0
cout << "x-y = " << x-y << endl; // 54.0-20.0 = 34.0
cout << "x*y = " << x*y << endl; // 54.0%20.0 = 1080.0
cout << "x/y = " << x/y << endl; // 54.0/20.0 = 2.7

return 0O;

54.0 / 20.0 = 2.7

double double float
float double . float
float double

double
float
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2-8
« » « »
1.234567x10* 12345.67
-0.000000000123 = -1.23x107%°
123000000000 = 1.23x10"
e C++
E
-1.23x107% = -1.23e-10
1.23x10% = 1.23ell
999.999 0.1
2—-6 *

(1/x) () é

int main ()
{ // prints reciprocal value of x:
double x;
cout << "Enter float: "; cin >> x;
cout << "Its reciprocal is: " << 1/x << endl;

return 0;
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C++
C++
3 : CH++
1
bool 2-9
bool
false true . false true
false true
0 1

.false 0 true 1.

bool 2-17 *

int main ()
{ //prints the vlaue of a boolean variable:
bool flag=false;

cout << "flag = " << flag << endl;
flag = true;

cout << "flag = " << flag << endl;
return 0;

1 —Boolean
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bool falg 5
false
true
true false flag
1 0
char 2-10
5
vt '3’ A Tt (
I_I_l LI | '9' 'O'
5
65 AT
IAI
’A’ 65
65 A
char
T (v)
38 '8!’
5
char 2-8 *

int main()
{ //prints the character and its internally stored integer value:

char ¢ ='A';
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cout << "c = " << ¢ << ", int(c) = " << int(c) << endl;
c =ltl;

cout << "c = " <K ¢ << ", int(c) = " << int(c) << endl;
c ="\t'; // the tab character

cout << "c = " << ¢ << ", int(c) = " << int(c) << endl;
c="1";

cout << "c = " << ¢ <", int(c) = " << int(c) << endl;
return 0O;

'AT char c °

) A

65 c int (¢)

l\t';

Q
I

l\tv . |\tl

V\nl

320

or
o
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enum

CHt

enum

enum typename{enumerator-list}

typename

enum

enumerator-list

enum Day{SAT, SUN,MON, TUE, WED, THU, FRI }

FRI THU WED TUE MON SUN SAT

Day dayl,day2;

dayl = MON;
day2 = THU;
8 Day
Day day2 dayl
THU day2 MON dayl
SUN  SAT
2 1 0
' SUN  SAT

1 — Enumerator

Day
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enum Day{SAT=1, SUN=2,MON=4, TUE=8, WED=16, THU=32, FRI=64 }

enum Day{SAT=1, SUN, MON, TUE, WED, THU, FRI }

7 1
enum Answer {NO=0, FALSE=0, YES=1, TRUE=1, OK=1}
YES 0 FALSE NO
1 OK
Answer answer;
cin >> answer;
if (answer==TRUE) cout << "you said OK.";
Answer answer;
Answer answer
C++» . C++
Answer . answer Answer

Answer answer

FALSE OK TRUE YES

TRUE

«

answer

NO
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char float int

enum Score{A+,A,A-,B+,B,B-,C+,C,C-}

c- C+ B- B+ A- A+

enum Score{A,B,C,D}
enum Group{AB, B,BC}

Group Score B

enum Score{A,B,C,D}
float B;

char c;

C B

Score



»

enum
enum
enum
enum

enum

Color{RED, GREEN, BLUE, BLACK, ORANGE }
Time { SECOND, MINUTE, HOUR }

Date{DAY, MONTH, YEAR}

Language {C, DELPHI, JAVA, PERL}
Gender {MALE, FEMALE }

CHt

400 iy ¢ Lwdo LSy 42

o
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int ()
2-9 *
int double

int main ()
{ // casts a double value as an int:

double v=1234.987;

int n;

n = int(v);

cout << "v = " <K v <K", n="<<n < endl;

return 0;

1234.987 double v

int n

n = int(v);
int v

int () . n
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1234 int 1234.987

v 1234.987 v °
double

n int v

int main ()

{ // adds an int value with a double value:

int n = 22;

double p = 3.1415;

P += n;

cout << "p =" <K p<K<K", n="<KLn < endl;
return 0;

}

22.0 22 n

o

double float int char

int main ()

{ //prints promoted values of 65 from char to double:

char c='A"'; cout << " char ¢ = " << ¢ << endl;
short k=c; cout << " short k = " << k << endl;
int m=k; cout << " int m = " << m << endl;
long n=m; cout << " long n = " << n << endl;
float x=n; cout << " float x = " << x << endl;
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double y=x; cout << " double y = " << y << endl;

return 0O;

'A’ char c
k . short k c
65 short c c
k 'A'
int m. m k
int k short
m
long m
b4 float n n
y double X
65 65.0 y X

CHt
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5 double long
double 1long

o

1000 n

int main ()

{ //prints n until it overflows:
int n =1000;
cout << "n = " << n << endl;

1 — Overflow
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n *= 1000; // multiplies n by 1000
cout << "n = " << n << endl;
n *= 1000; // multiplies n by 1000
cout << " n =" << n << endl;
n *= 1000; // multiplies n by 1000
cout << " n =" << n << endl;
return 0O;
1000
X

int main ()

{

//prints x until it overflows:
float %x=1000.0;

cout
x *=

cout

cout

<<
X;
<<
X;
<<
X;
<<
X;

<<

"X o= " << ox <<
//multiplies
"X o= " << ox <<
//multiplies
" o= " << ox <<
//multiplies
" o= " << x <<
//multiplies
" o= " << ox <<

return 0O;

endl;
n by itself; i.
endl;
n by itself; i.
endl;
n by itself; i.
endl;
n by itself; i.
endl;

1,000,000,000

it

it

it

it

2-13

squares x

squares x

squares x

squares x

*
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1000 X
inf
( infinity )
« »
inf
! 2-15
1/3
1/3 0.333333
1/3
2-14 *
int main ()
{ //illustrates round-off error:
double x = 1000/3.0;
cout << "x = " << x << endl; // x = 1000/3
double y = x-333.0;
cout << "y = " << y << endl; /]y =1/3

double z = 3*y-1.0;

1 — Round-off
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cout << "z = " << z << endl; // z =3(1/3) -1
if (z = 0) cout << "z == 0.\n";

else cout << "z does not equal 0.\n"; //z !=0

return 0;

333% 1000/3 X
1/3 333 %
1 3y Y
Z z 1
! z
3
1/3 . v
1/3 0.333333
1/3
3
0.333333« »
z

« »
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#include <cmath> //defines the sqgrt() function

#include <iostream>

using namespace std;

int main ()

{ //implements the quadratic formula

float a,

b, c;
cout << "Enter the coefficients of a quadratic equation:"
<< endl;

cout << "\ta: ";

cin >> a;
cout << "\tb: ";
cin >> b;

cout << "\tc: ";

cin >> c;

cout << "The equation is: " << a << "*x*x + " << Db
<< Mrx 4+ " <K<K ¢ << "= 0" << endl;

float d = b*b - 4*a*c; // discriminant

float sqgrtd = sqgrt(d);

float x1
float x2

cout
cout
cout
cout

cout

cout

<<
<<
<<
<<
<<
<<
<<
<<

(-b + sgrtd /(2*a);

(-b - sgrtd /(2*a);

"The solutions are:" << endl;

"M\txl = " << x1 << endl;

"M\tx2 = " << x2 << endl;

"check:" << endl;

"\ta+x1l*xl + b*xl + ¢ = " << a*x1*x1 + b*xl + ¢
endl;

"\ta+x2*x2 + b*x2 + ¢ = " << a*x2*x2 + b*x2 + ¢
endl;

return 0;
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ax> +bx+c=0 5 c b a
c b a . x2 x1
float
) c b a °

'\t'

b? —4ac 5
float d
sqrt () . sqrt ()
<cmath>
#include<cmath>
sgrtd
x2 x1
X2 x1
x2 x1

2x* +1x=3=0 5
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x2=-1.5 x1=1

2x* +8.001x +8.002 =0
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nan

sqrt ()

nan

IX* +2Xx+3=0

not a number nan)

nan 5

X, =

H =

OX*+2X+5=0 5

.
o

_b+m=_(z)+ (2'-40)©3) _-2+2 0

2a

X2

2(0) 0 0

nan

_-b-+b’—dac -2 -40)5) _-2-2 -4
2a

2(0) 0 0

—-inf



o

inf

o

int main ()
//illustrates the scope of variables:

{

x = 11;

int x;

400 iy ¢ Lwdo LSy 54

-inf inf nan

inf
5 2-16
5
«
Ctr
{1}
int main ()
}
5
5 2-17

// ERROR: this is not in the scope of x
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{
X = 22; // OK: this is in the scope of x
y = 33; // ERROR: this is not in the scope of y
int y;
1 —Scope 2 - Block
= 44; // OK: this is in the scope of x
y = 55; // OK: this is in the scope of y
}
X = 66; // OK: this is in the scope of x
y = 77; // ERROR: this is not in the scope of y
return 0;
}
int main ()
13
5
5
X
X X
% &
Yy
y yé
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yb
Yy
5
2-18 *
int x = 11; // this x is global
int main ()
{ //illustrates the nested and parallel scopes:
int x = 22;
{ //begin scope of internal block
int x = 33;
cout << "In block inside main() : x = " << x << endl;
} //end scope of internal block
cout << "In main() : x = " << x << endl;
cout << "In main() : ::x =" << ::xX << endl;
return 0O;
} //end scope of main ()

11 X : X 5
°
22 main () pe . (main() )
X b4 . main () 2
% b main ()
X X
X X
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main ()

D
elsst [/ pod Juad

i X

o
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-1
int ( double (
short nm -2
1.5( 1(
n double m -3
m/n
1.5( 1(
float m -4
k m*n
short(
int ( float (
z += ++y -5
z
6 ( 12 (
1.23e-1 -6
-12.3( 12.3(
float a =7
6 ( 5(
m/n -8
m (
n m
-9

enum ( include (
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ch

ch = "™M"; (

C++

ch M(

nan (

int

inf (

—-inf (
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b. m += --n;
-2
7 n 25 m
aam- 8 - n
b.m=n=23
Cc. m%n
d. m&n++
e. m%++n
f. ++m - n--
-3
char ch = 'A';
char ch = 65;
100 -4
« » -5
-6
-7
-8
-9
-10

enum Semester {FALL, SPRING, SUMMER};
enum Season {SPRING, SUMMER, FALL, WINTER};

-11
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enum Friends {"Jerry", "Henry", "W.D"};
n 1 C++ -1
5 C++ -2
++
n = 100 + m++;
5 C++ -3
++
n = 100 + ++m;
y z y X C++ -4
n C++ -5
total
short -7
2-8 -8
( « b )
float double 2-15 5 -9
16.9 . -10
). 42.946 cm
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« »

CH+

if 3-1
° if
If (condition) statement;
) Condition
statement (
condition Statement

1 — Selection
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3-1 *
int main ()
{ int n, d;
cout << "Enter two positive integers: ";
cin >> n >> d;
if (n%d) cout << n << " is not divisible by "
<< d << endl;
}
7 66
3 66%7
cout
7 56 °
0 56%7
cout
0 C++
« » 13 « »
d n 3-1 5

if..else
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if..else 3-2
if..else
if (condition) statementl;
else statement2;
condition
statement?2 statementl
statement?2 statementl
3-2 *
if 3-1 5
if..else
int main ()
{ int n, d;
cout << " Enter two positive integers: ";
cin >> n >> d;
if (n%d) cout << n << " is not divisible by "
<< d << endl;
else cout << n << " is divisible by " << d << endl;
}
56 56
7

else

56%7
if

if..else
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3-4
=  >= <= > < C++
| —
x<y // v X
x>y // y x
x <=y // v x
x>y // v x
x =y // y X
x =y // v x
5
Tx8<6x9
5 3-3 *
int main ()

{ int m, n;
cout << "Enter two integers: ";
cin >> m >> n;
if (m<n ) cout << m << " is the minimum." << endl;

else cout << n << " is the minimum." << endl;
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x == 33; X 33 x = 33;
33 x
x = 33; // X 33
x == 33; // 33 X ( )
3-4 *

int main ()
{ int n;

cout << "Enter an integer: ";

cin >> n;

if (n = 22) cout << "n = 22" << endl; // LOGICAL ERROR!

else cout << "n != 22" << endl;
}

5
22
! n = 22 77
77 n 22 n = 22
if n =22
(n = 22) 22
« » 0 « »
else

if (n = = 22) cout << "n = 22" << endl; // CORRECT

1

1 — Logical Error
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® 3-5 *
3-3
int main ()
{ int nl, n2, n3;
cout << "Enter three integers: ";
cin >> nl >> n2 >> n3;
int min=nl; // now min <= nl

if (n2 < min) min n2; // now min <= nl and n2
if (n3 < min) min = n3; // now min <= nl ,n2 ,and n3
cout << "Their minimum is " << min << endl;

}

nl min I 5
if . {n1}s 5 min
min . min n2 n2 min
n3 min if . {n1,n2} s 6
min n3
{n1, n2, n3}s 2 min

3-5

{ int temp=x;
X =vy;
y = temp;
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c++
if 3-6 *
int main ()
{ int x, y;
cout << "Enter two integers: ";
cin >> x >> y;
if (x > y) { int temp = x;
X =y
y = temp;
} //swap x and y
cout << x << " <= " << y << endl;
}
y X
temp
temp
1
temp ( x<=y )
Ct++ o

1 — Local Variable
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5 main ()
(1-5 )
5 >
® 3-7 *
n
int main ()
{ int n=44;
cout << "n = " << n << endl;
{ int n; // scope extends over 4 lines
cout << "Enter an integer: ";
cin >> n;
cout << "n = " << n << endl;
}
{ cout << " n =" << n << endl; // n that was declared first
}
{ int n; // scope extends over 2 lines
cout << "n = " << n << endl;
}
cout << "n = " << n << endl; // n that was declared first
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! (or) || (and)
X n%d
5
P q P&&q
T T T
T F F
F T F
F F F
p&&g

&&

44
n
44 n
X>=y n
p
P
p
(n%
P q pllg
T T T
T F T
F T T
F F F
p

3-6

H|o

pllag
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3-8 *

int main ()
{ int nl, n2, n3;
cout << "Enter three integers: ";
cin >> nl >> n2 >> n3;
if (nl<=n2 && nl<=n3) cout << "Their minimum is "
<< nl <<endl;
if (n2<=nl && n2<=n3) cout << "Their minimum is "
<< n2 <<endl;
if (n3<=nl && n3<=n2) cout << "Their minimum is "
<< n3 <<endl;
}

5 3-5
3-9 *
"Y" mn

int main ()
{ char ans;

cout << "Are you enrolled (y/n): ";

cin >> ans;

if (ans= ='Y' || ans= ='y') cout << "You are enrolled.\n";

else cout << "You are not enrolled.\n";
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n vy 5
IYI lyl
"nO"
3-7
[ &&
[ &&
q . P p&&g
p pllg
q
3-10 *
5

int main ()
{ int n, d;

cout << "Enter two positive integers: ";

cin >> n >> d;

if (d '= 0 && n%d = 0) cout << d << " divides " << n
<< endl;

else cout << d << " does not divide " << n << endl;
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n%d == 0
d
n%d
3-8

(>0 s& n%d==0) n%d == 0 d>0

« »
5
if (n) cout << "n is not zero";
n is not zero n

if (n%d) cout << "n is not a multiple of d";

n%d n%d
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3-11 *
int main ()
{ int nl, n2, n3;
cout << "Enter three integers: ";
cin >> nl >> n2 >> n3;
if (n1 >= n2 >= n3) cout << "max = " << nl; // LOGICAL ERROR!

}

s
o

(n1>=n2>=n3)

« » 0>=0 nl>=n2
1 n3 1
1>=1
0)!
( 1 0%
5 3-4

«

3-9
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3-12 *
3-10

int main ()
{ int n, d;

cout << "Enter two positive integers: ";

cin >> n >> d;

if (d !'= 0)

if (n%d = = 0) cout << d << " divides " << n << endl;

else cout << d << " does not divide " << n << endl;
else cout << d << " does not divide " << n << endl;

if..else if..else 5
d if..else

does not divide

n%d d if..else
d
if..else
«, if else »
>
if (a > 0) if (b > 0) ++a; else if (c > 0) //BAD CODING STYLE
if (a > 4) ++b; else 1f (b < 4) ++c; else -a; //BAD CODING STYLE
else if (c < 4) —--b; else —--c; else a = 0; //BAD CODING STYLE
if (a > 0)

if (b > 0) ++a;
else
if (¢ > 0)
if (a < 4) ++b;
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else
if (b < 4) ++c;
else -a;
else
if (¢ < 4) -b;
else -c;

else a = 0;

if (a > 0)

if (b > 0) ++a;

else if (c > 0)
if (a < 4) ++b;
else if (b < 4) ++c;
else -a;

else if (¢ < 4) -b;

else —c;

else a = 0;

else if

3-8 3-5

if..else

int main ()

{ int nl, n2, n3;
cout << "Enter three integers: ";
cin >> nl >> n2 >> n3;
if (n1 < n2)

if (nl1 < n3) cout << "Their minimum is " << nl << endl;

o

3-13

else cout << "Their minimum is " << n3 << endl;

else // nl >= n2

if (n2 < n3) cout << "Their minimum is " << n2 << endl;

else cout << "Their minimum is " << n3 << endl;

o
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(n2<n3) (nl<n2)
n2
3-8 8
5
3-8 8
3-14 *
8 1 8
int main ()
{ cout << "Pick a number from 1 to 8." << endl;
char answer;
cout << "Is it less than 5? (y|n): "; cin >> answer;
if (answer = = 'y') // 1 <=n <= 4
{ cout << "Is it less than 3? (yln): "; cin >> answer;
if (answer = = 'y') // 1 <=n <=2
{ cout << "Is it less than 2? (yln): "; cin >> answer;
if (answer = = 'y') cout << "Your number is 1."
<< endl;
else cout << "Your number is 2." << endl;
}
else // 3 <=n<=4
{ cout << "Is it less than 47? (yln): "; cin >> answer;
if (answer = = 'y') cout << "Your number is 3."

<< endl;
else cout << "Your number is 4." << endl;

}
else
{ cout << "Is it less than 7? (yln): "; cin >> answer;

// 5 <= n <= 8

if (answer = = 'y') // 5 <=n <=6
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{ cout >> "Is it less than 6? (yln): "; cin >> answer;
if (answer = = 'y') cout << "Your number is 5."
<< endl;

else cout << "Your number is 6." << endl;

}

else // 7T <= n <= 8
{ cout << "Is it less than 8? (y n): "; cin >> answer;
if (answer = = 'y') cout << "your number is 7."
<< endl;

else cout << "Your number is 8." << endl;

3-14 . 6

s
o

else if 3-10

if..else
if else

else if

1 — Binary search



int main()

{ char language;

cout << "Engl., Fren., Ger.,

cin >> language;

if (language = = 'e'

else if (language

else if (language

else if (language

else if (language

48y sy lwdo Loy 80

else if 3-15 *

Ital.,

o

or Rus.? (elflglilr): ";

) cout << "Welcome to ProjectC++.";

'£') cout <<
'g') cout <<
'i') cout <<

'r') cout <<

"Bon jour, ProjectC++.";
"Guten tag, ProjectC++.";
"Bon giorno, ProjectC++.";

"Dobre utre, ProjectC++.";

else cout << "Sorry; we don't speak your language.";

if..else
if (language = = 'e') cout << "Welcome to ProjectC++.";
else
if (language = = 'f') cout << "Bon jour, ProjectC++.";
else
if (language = = 'g') cout << "Guten tag, ProjectC++.";
else
if (language = = 'i') cout << "Bon giorno, ProjectC++.";
else

if (language

== 'r') cout << "Dobre utre, ProjectC++.";

else cout << "Sorry; we don't speak your language.";
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® else if 3-16 *
> > 5
int main ()
{ int score;
cout << "Enter your test score: "; cin >> score;

if (score > 100) cout << "Error: that score is out of range.";
else if (score >= 90) cout << "Your grade is an A." << endl;
else if (score >= 80) cout << "Your grade is a B." << endl;
else if (score >= 70) cout << "Your grade is a C." << endl;
else if (score >= 60) cout << "Your grade is a D." << endl;
else if (score >= 0) cout << "Your grade is an F." << endl;

else cout << "Error: that score is out of range.";

score
else
switch 3-11
else if switch
switch

switch (expression)

{ case constantl: statementlistl;
case constant2: statementlist2;
case constant3: statementlist3;

case constantN: statementlistN;
default: statementlistO;
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case expression
case statementlist
statementlist default case
default
expression . switch
constant
3-16 5 3-17 *
3-16 5
switch
int main ()
{ int score;
cout << "Enter your test score: "; cin >> score;

switch (score/10)

{ case 10:

case 9: cout << "Your grade is an A." << endl; break;
case 8: cout << "Your grade is a B." << endl; break;
case 7: cout << "Your grade is a C." << endl; break;
case 6: cout << "Your grade is a D." << endl; break;
case 5:
case 4:
case 3:
case 2:
case 1:
case 0: cout << "Your grade is an F." << endl; break;

default: cout << "Error: score is out of range.\n";

}
cout << "Goodbye." << endl;

}
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10

break

switch

int main()

{ int score;

o

8 839
case 8
switch

"Goodbye." switch

break case

case
case b
1 r
switch 5 3-18 *
3-17 &
E break

cout << "Enter your
switch (score/10)

{ case 10:
case
case
case
case
case
case

case

N W d O oo 94 0 ©

case

case 1:

cout <<
cout <<
cout <<

cout <<

test score:

"Your
"Your
"Your

"Your

grade
grade
grade
grade

",
’

is
is
is

is

o

10 score

cin >> score;

an A." << endl; // LOGICAL ERROR
a B." << endl; // LOGICAL ERROR
a C." << endl; // LOGICAL ERROR
a D." << endl; // LOGICAL ERROR

case 0: cout << "Your grade is an F." << endl; // LOGICAL ERROR

default: cout << "Error: score is out of range.\n";

1 — Fall-throw error
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cout << "Goodbye." << endl;

case 8

case 7 break

"Your grade is a C."

default case 5
switch
3-12
C++
? . if..else
condition ? expressionl : expression2;
condition
expressionl
expression?2
min = ( %<y ? x 1 y )’
y X<y min b 4 x<y
y xb . min

min
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int main ()

{ int m, n;

o

cout << "Enter two integers: ";

cin >> m >> n;
cout << (m<n ? m :

and
auto
bool
catch
compl
continue
dodouble
enum
extern
for

m (m<n ? m :

float case if

& 74

and _eq
bitand
break

char

const
default
dynamic_cast
explicit
dfalse
friend

1 — Keywords

o

3-19 *

n ) << " is the minimum." << endl;

n)

n

3-13

C++

float &

C++.

asm
Bitor

case

class
const_cast
delete
else
export
float

goto



o

if

long

new
operator
privat
register
short
static
swich
throw
typedef
using
virtual
wchar t
xor_eq

14 .

bool

CH+

C++

o

inline
mutable

not

or
eprotected
reinterpret cast
signed
static_cast
template
true

typoid
union

void

while

else

L yduy silwaaliy 86

if

dynamic_ cast

C 5 329

else 1if

int
namespace
not_eq
or_eq
public
return
sizeof
struct
this

try
typename
unsigned
volatile
xor

CH+

o

o

int

CH+
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if (k = 0) i=k; -1
ik ko
ik ko (
- - (
ik k 5 (
if(b) !'b; b -2
false D true b (
true b false b (
true b false D true b (
false D true b false b (
if (i==0) if (j==0) k=0; -3
if ((i==0) || (3==0)) k=0; (
if ((i==0) && (j==0)) k=0; (
if (i==0) k=0; (
if (§==0) k=0; (
-4
(
(
(
(
if (m) i++ else i--; m -5
i i true m (

i i false m (
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i i true m (
i i False m (
if (i<0) i++; j++; -6
] i
] i
] i
3 ] i
if (i<3) {i++; j--;}) -7
] i1
] i1
] i (
i ] (
-8
int n=55;
{ dint n=77;
cout << n << endl;
éout << ny;
77 55 (
55 77 (
55 (
77 (
m=0 d=2 if ((d>1) || (d/m)) d++; -9
(
d++ if (
a (
d++ (
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if (a==1)
if (b==1)
else c——;

switch (1)
{ «case 5:
case 0:

default: i--;

c c=2 b=1 a=0 -10
c++;
c =4 c =2 c =1 c = 3(
i i=5 -11
i++;
i-=;
i = 3( i =4 i =5( i =6
-12
(=) (==) (
if (
(
break switch (
if (x>y) p=x; else p=y; =—13

p=( x>y ?2 y : x);(

(x>y ? p=y : p=x); (

if

switch

p=( x>y 2 x : y); (
(x>y ? p=x : p=y); (

» ® -14
(
(
(
(
- 15
break (

if..else (
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100 cout CH++ -1

"Too many"

a. cin << count;
b. if x < y min = x

else min = y;

-3
cout << "Enter n: ";
cin >> n;
if (n < 0)
cout << "That is negative. Try again." << endl;
cin >> n;
else
cout << "o.k. n =" << n << endl;
5 5 -4
-5
'p Il lqg Hellg) -
'p 'lp -
p && (g || r) p && g || r -
-6
q p (1 o)
'p Il g-
p&&q || !pss&lg-

(b Il @ && ! (p&&q)-
-7
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Hp && 9) 'p && !q-
'p p-
'p Il g p Il 'g-
P && (g && 1) (p && g) && r—
p Il (9 && r) (p Il 9 && r-—
-8
-9
if (x = 0) cout << x << " = 0\n";
else cout << x << " != 0\n";

-10
if (x < y < z) cout << x << " < " KKy << "< KL
z << endl;

-11

90 80 score -
N 'n' answer -
8 n -
(capital) ch -
-12
3 7 0 n -
7 0 n-
30 3 n-
ch -

-13

if (x = = 0)
if (y = = 0) cout << "x and y are both zero."
<< endl;
else cout << "x is not zero." << endl;
-14

a. if (n > 2) { if (n < 6) cout << "OK"; }
else cout << "NG";
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b. if (n > 2) { if (n < 6) cout << "OK" ;
else cout << "NG"; }

s -15
-16
(x <y ?2-1: (x==y 20 :1));
C++ =17
absx X
100 count C++ -18

"Too many"
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18
65 18
65

(

o\

)

d n 3-1 &
5 3-5 &
3-5 5
3-6 5
3-17 6

"You are a child"
"You are an adult"

"you are a cenior citizen"

"not" "multiple"

(*) (-)
()
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( ) ( )
L)
switch 9 -10
94 -11
5 -12
c b a. ax’+bx+c=0
X
5 : double float
x2 x1
double
-13
() ()

6 n/1000%10 876,543
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C++ .
for do while while
2
while 4-1
while
while (condition) statement;
statement condition

statement ( )

1 — Iteration 2 - Loop
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while

statement ( )

o

while 8 4-1 *

n 1 +2 + 3 4+ ..+ n

int main ()
{ int n, i=1;
cout << "Enter a positive integer: ";
cin >> n;
long sum=0;
while (i <= n)
sum += i++;

cout << "The sum of the first " << n << " integers is "

<< sum;
}
1 i . sum 1 n 8
n
while & . 0 sum
sum i i<=n . n 1
i . sum
sum n . i>n
n=8

sum | O 1| 36| 10| 15| 21| 28] 36
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100 while? 100
1+2+3+..+98+99+100=5050 5

while 8 4-2 *

o

while 8

int main ()

{ double x;
cout << "Enter a positive number: ";
cin >> x;

while (x > 0)

{ cout << "sgrt(" << x << ") =" << sgrt(x) << endl;
cout << "Enter another positive number (or 0 to quit): ";
cin >> x;

X . (x > 0)
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4-2
switch break

break ( 3-17 )

break 4-3 *
4-1

int main()
{ int n, i=1;
cout << "Enter a positive integer: ";
cin >> n;
long sum=0;
while (true)
{ if (i > n) break; // terminates the loop immediately
sum += i++;
}

cout << "The sum of the first " << n << " integers is " << sum;

true

o

break i>n

true
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break

4-4
FOI Fll F2/ F3I
F0=0 > F1=1 5 Fnan—1+Fn—2
n=2
F2:F2_1+F2_2:F1+F0:0+1:1
n=3
F3=F3_1+F3_2=F2+F1=1+1=2
n=4
F4=F4_1+F4_2=F3+F2=2+1=3
3 3 3
int main ()
{ long bound;
cout << "Enter a positive integer: ";
cin >> bound;
cout << "Fibonacci numbers < " << bound << ":\n0O, 1";
long f0=0, f1=1;
while (true)
{ long f2 = f0 + f1;
if (£2 > bound) break; // terminates the loop immediately
cout << ", " << f2;
fo0 = f1;

fl = £2;
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(f2 > bound)

":\nO,l" 5 l\nl

exit (0)

int main ()

{

long bound;
cout << "Enter a positive integer: ";

cin >> bound;

while &

break

4-5 *

exit (0)

cout << "Fibonacci numbers < " << bound << ":\n0O, 1";

long £0=0, fl1=1;
while (true)
{ long f2 = f0 + f1;

if (£2 > bound) exit(0); // terminates the program immediately

cout << ", " << f2;
fo0 = f1;
fl = £2;

4-4
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break

o

4-6 *

o

« »
Ctrl+C

Ctrl

o~
Q

int main ()
{ long bound;
cout << "Enter a positive integer: ";

cin >> bound;

cout << "Fibonacci numbers < " << bound << ":\n0O, 1";
long £0=0, f1=1;
while (true) // ERROR: INFINITE LOOP! Press <Ctrl>+c.)
{ long f2 = f0 + f1;

cout << ", " << f2;

£f0 = £1;

fl1 = £2;




Ctrl+C ( )
do. .while 4-3
do..while

do statement while (condition);

statement condition
statement
condition
while do..while
do..while 8 5
while &
do..while 8 4-7 *

4-1

int main ()
{ int n, 1i=0;
cout << "Enter a positive integer: ";
cin >> n;
long sum=0;
do
sum += i++;
while (i <= n);
cout << "The sum of the first " << n << " integers is " << sum;
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4-8 *
31 20 11 o
0'=1 , n!=n(-1)
5 n=1
11=1((1-HH) = 100 = 1(1) = 1
n=2
21=2(2-D)) =2(1) =2(1) =2
n =3

31=3(3-)) =32H=3(2) =6

int main ()
{ long bound;
cout << "Enter a positive integer: ";
cin >> bound;
cout << "Factorial numbers < " << bound << ":\nl";
long f=1, i=1;
do
{ cout << ", " K f;
f *= +41;
}
while (f < bound);

(f < bound) do..while &



for 4-4
for
for (initialization; condition; update) statement;
initialization
condition
statement
update
5 statement
initialization -1
.condition -2
statement -3
update -4
4 2 -5
update condition initialization
8 for & 4-9 *
4-1
int main ()
{ int n;

cout << "Enter a positive integer: ";
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cin >> n;
long sum=0;
for (int i=1; i <= n; i++)
sum += I;
cout << "The sum of the first " << n << " integers is " << sum;

i<=n . int i=1 5 5
i+
4-7 4-3 4-1 8
for & C++
for & 5 ( i
>
foré
for & ) 4-10
4-1 5 5
int main ()
{ int n;

cout << "Enter a positive integer: ";
cin >> n;
long sum=0;
for (int i=l; i < n/2; i++)
// the scope of this i is this loop
sum += i;
for (int i=n/2; i <= n; i++)
// the scope of this i is this loop
sum += i;
cout << "The sum of the first " << n << " integers is " << sum ;

4-9 5 for & 5 for &

n/2:

o
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o

for 8 C++

4-11 *

o

4-8

int main ()
{ long bound;
cout << "Enter a positive integer: ";
cin >> bound;
cout << "Factorial numbers < " << bound << ":\nl";
long f=1;
for (int i=2; f <= bound; i++)
{ cout << ", " K £;

f *= 1i;

(f <= bound) i

do..whiles for &

for

for & 4-12 *
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o

int main ()
{ for (int i=10; i > 0; i--)
cout << " " << i;

}
10987654321

for & 4-13 *

int main ()
{ long n;
cout << "Enter a positive integer: ";
cin >> n;
if (n < 2) cout << n << " is not prime." << endl;
else if (n < 4) cout << n << " is prime." << endl;

else 1if (n%2 == 0) cout << n << " = 2*" << n/2 << endl;
else
{ for (int d=3; d <= n/2; d+=2)
if (n%d == 0)
{ cout << n << " =" << d <K< "F" << n/d << endl;
exit (0);

}

cout << n << " is prime." << endl;

bi
}

s I3

d ° for s

for ® 4-14 *
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int main ()
{ int n, max;

cout << "Enter positive integers (0 to quit): ";
cin >> n;
for (max = n; n > 0; )

{ 1f (n > max) max = n;

cin >> n;
}
cout << "max = " << max << endl;
}
n 5 5 for &
n<=0

(max = n; n > 0;)

o~

max

max

for & 4-15 *
5 for s

int main ()
{ for (int m=95, n=11, m%n > 0; m -= 3, n++)

cout << m << "$" <K<K n <K<K " =" K< m%n << endl;
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n m
n m
(89,13) (92,12) (95,11) (m, n)

16 80 . (80,16) (83,15) (86,14)
(80,16)
for 4-16 *

5
#include <iomanip> // defines setw()

#include <iostream> // defines cout
using namespace std;
int main ()
{ for (int x=1; x <= 10; x++)
{ for (int y=1; y <= 10; y++)
cout << setw(4) << x*y;

cout << endl;

}
}

5 x=1 5

1*y 10 y=1
cout << endl; °

x=2 5



cout << endl;

setw (4) ) setw 5

<iomanip>

#include <iomanip>

#include<iostream> &

break 4-5
break
do..while while switch
break . for &
while o
6 for & do..while &
break

4-17 *
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int main ()

{ int n, count=0, sum=0;

cout << "Enter positive integers (0 to quit):" << endl;
for (;;) // "forever"
{ cout << "\t" << count + 1 << ": ";

cin >> n;

if (n <= 0) break;

++count;

sum += n;

}
cout << "The average of those " << count << " positive
numbers is " << float (sum)/count << endl;

break 0 5

o

for

break . foxr( ; ;)

break

break 4-18 *
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(3x4 = 4x3 )

-16

int main ()

{ for (int x=1; x <= 10; =x++)

{ for (int y=1; y <= 10; y++)
if (y > x) break;
else cout << setw(4) << x*y;
cout << endl;

x 5 y @ y>X
3 y 8 x=3
(v>x) . 9 6
cout<<endl; break .
5 (v 5 )
x=4 b 4
continue 4-6

5 Dbreak

continue
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continue break 4-19
continue break 6
int main ()
{ int n =1;
char c;
for( ; ;n++ )
{ cout << "\nLoop no: " << n << endl;
cout << "Continue? <y|n> ";
cin >> c;
if (c = = 'y') continue;
break;
}
cout << "\nTotal of loops: " << n;

(23

lyl
continue
VyV

break

s
o

(c=='y")



switch continue

continue break .

case switch (

() :

goto

o

break

o

goto

int main ()
{ const int N=5;
for (int i=0; i<N; i++)
{ for (int j=0; J<N; Jj++)
{ for (int k=0; k<N; k++)
if (i+j+k>N) goto esc;
else cout << i+j+k << " ";
cout << "x ";

}

by ) Lwdo LS 114

goto 4-7

break

~—
o

o

goto

switch

goto

4-20 *

esc: cout << "." << endl; // inside the i loop, outside the j loop

}
}
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1 — Jump 2 - Label
goto (i+3+k>N)
esc
ko]
k8 j i
5 1 7 . * 01234
* 12345 k
2 345 ko 2 3
(i+9+k>0) k8
goto . i+j+k = 6
L
i , i8 3
=0 j 8 i=1
k=0 ke
goto
o
goto

goto 5 4-21 *
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4-20 5

int main ()

{ const int N=5;

bool done=false;

for

{

true

«

(int i=0; 1i<N; i++)

for (int j=0; J<N && 'done; j++)

{ for (int k=0; k<N && 'done; k++)
if (i+j+k>N) done = true;
else cout << i+j+k << " ";

cout << "x ",

}

cout << "." << endl; // inside the i loop, outside the

done = false;

done . done

false

o

4-20

116

J loop

o

o

4-8
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« »

rand () c <cstdlib>
RAND MAX 5
1 — Pseudo Random 2 - Simulation
<cstdlib> RAND MAX
unsigned rand ()
5
4-22 *
rand ()

#include <cstdlib> // defines the rand() and RAND MAX
#include <iostream>

int main ()
{ // prints pseudo-random numbers:
for (int 1 = 0; 1 < 8; 1i++)
cout << rand() << endl;
cout << "RAND MAX = " << RAND MAX << endl;

unsigned 5

RAND MAX . RAND MAX 056
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5 . 2,147,483,647

s
]

srand ()

4-23 *

o

4-22

o
o

#include <cstdlib> // defines the rand() and srand()
#include <iostream>

int main ()
{ // prints pseudo-random numbers:
unsigned seed;
cout << "Enter seed: ";
cin >> seed;
srand (seed) ; // initializes the seed
for (int 1 = 0; 1 < 8; 1i++)
cout << rand() << endl;
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1 —Seed

5 seed srand (seed) ;

rand ()

seed

rand () (12345)
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4-22
((l » .
<ctime> time ()
unsigned
rand ()
1 — System timer
4-24 *
3 5 4-23 3 5
<ctime>
<time.h>
#include <cstdlib>
#include <ctime> // defines the time() function

#include <iostream>

//#include <time.h> // use this if <ctime> is not recognized

int main ()

{

// prints pseudo-random numbers:

unsigned seed = time (NULL) ; // uses the system clock
cout << "seed = " << seed << endl;
srand (seed) ; // initializes the seed

for (int 1 = 0; 1 < 8; i++)
cout << rand() << endl;
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808,148,157 time ()

808,148,160 time ()

intel pc
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) 4-25 *
5 4-24 8
3
#include <cstdlib>
#include <ctime> // defines the time() function

#include <iostream>

//#include <time.h> // use this if <ctime> is not recognized

int main ()

{

// prints pseudo-random numbers:

unsigned seed = time (NULL); // uses the system clock
cout << "seed = " << seed << endl;
srand (seed) ; // initializes the seed

int min, max;
cout << "Enter minimum and maximum: ";
cin >> min >> max; // lowest and highest numbers
int range = max - min + 1; // number of numbers in rsnge
for (int 1 = 0; 1 < 20; 1i++)
{ int r = rand()/100%range + min;
cout <K r << " "y
}

cout << endl;

100 rand() for &
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range-1 08 rand () /100%range
rand () /100%range + min

max min



-1
switch — while —
do..while— for —
while (false) i++; -2
i ° -
i ° -
i ° -
5 —
i 8 8 5 i -3
While (1<10) 1i+=2;
12 — 9 — 11 — 10 —
n ] ] 0 n -4
While (n<5)
{ 1if (n>3) break;
n++;
}
3 - 6 — 5— 4 —
k ° 5 5 k -5
do
k++
while (k<5);
k — k— 6 — 5—
-6
break -
exit (0) -
continue -

for (3j=0; true; j++) {..} 5 -1
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k -8
k = 0;
for (i=0; 1i<5; i++)
for (3=0; 3<5; J++)
k++;
50 — 25— 10 — 5 —
-9
do..while ® —
while®  —
for ® -
for & while 8 -
-10
— foré — do..while® - while®  —
-11
— forb — do..while?d - while & —
-12
break -
break —
s break -
break -
-13
do..while® while & for b —
do..while® while 8 for & —

while & for b —
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do..while ® for 8
true
5 false bool i
while (!i) i=true;

continue
5
5
for & initializing

for &

for

126

-14

- 15

- 17
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( ) false while & -1

) foré -2

break -3

while o -

do..whileb® -

5 -5
while (n <= 100)
sum += n*n;
5 -6
int main()
{ const double PI;
int n;
PI = 3.14159265358979
n = 22;
}
« 5 »-7
-8



5 -1
float x = 4.15;
for (int i=0; i < 3; i++)
X *= 2;
while s for -2
for (int i=1; i <= n; i++)
cout << i*i << " ";
-3
int main ()
{ for (int 1 = 0; i < 8; i++)
if ( 1%2 == 0) cout << 1 + 1 << "\t";
else 1f (i%3 == 0) cout << 1i*i << "\t";
else if (i%5 == 0) cout << 2*i - 1 << "\t";
else cout << i << "\t";
}
5 -4
int main ()
{ for (int i=0; i < 8; i++)
{ 1f (i%2 == cout << 1 + 1 << endl;
else if (i%3 == 0) continue;
else 1if (i%5 == 0) break;
cout << "End of program.\n";
}
cout << "End of program.\n";
}
5 -5
5 . while
52+4243%42%+17 55
for s 5 -0
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(m, n)

112
(28,0)

(532,112)

=

n

532

(112, 84)

do..while ®

=

(

13 ).

-11

(n,0)

(532,112)

(84,28)

=

(28,0) .



<climits>

5-1

C++ 5-2

« Ct++ 8 »

sqrt () (2—1 )

<cstdlib> rand ()
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(4-24 ) <ctime>
sqrt () 5-1 *
3 9 ° 5
9 5
2 3
- 8 . 1/41421
1/41421 2
1/41421
2
3 5 5
#include <cmath> // defines the sqgrt() function

#include <iostream> // defines the cout object
using namespace std;
int main ()
{ //tests the sqrt() function:
for (int x=0; x < 6; x++)

cout << "\t" << x << "\t" << sqgrt(x) << endl;

sqrt () sqrt (x)
C++ 8

#include <cmath> . X sqgrt (x)



sgrt ()
<cmath>
sgrt ()
y=sqrt (x).
sgrt (x) . « y o« »
% » X sqrt ()
X « »
sgrt (x) x=3 , 3« »
3 sgrt ()
1.73205
main () sqrt()
[ : .
int
o [T e 1.73205 main () v
double 3 %
sqrt ()
main () 1.73205
5 sgrt ()
b 5-2 %
<cmath>
Sin2x=2SinxCosx b
int main ()

{ // tests the identity sin 2x = 2 sin x cos x:
for (float x=0; x < 2; x += 0.2)
cout << x << "\t\t" << sin(2*x) << "\t"

1 — Function call 2 — Argument 3 — Pass by value
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<< 2*sin(x) *cos (x) << endl;

Sin2x x 6
2SinxCosx
23inxCosx Sin2x b4
5
float X
x += 0.2

y = sqrt(2);

cout << 2*sin (x)*cos (x);

y = sqrt(l + 2*sgrt(3 + 4*sqrt(5)))

<cmath>
<cmath>
1.36944 acos (0.2) ( ) x acos (x)
0.201358 asin(0.2) ( ) x asin (x)
0.197396 atan(0.2) ( ) x atan (x)
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4.0 ceil (3.141593) ( ) x ceil (x)
-0.416147 cos (2) ( ) x cos (x)
7.38906 exp (2) (e ) x exp (x)
2.0 fabs (-2) X fabs (x)
3.0 floor(3.141593) ( ) x floor (x)
0.693147 log (2) (e ) x log (x)
0.30103 1ogl0(2) (10 ) x logl0 (x)
8.0 pow (2, 3) P X pow (x,p)
0.909297 sin(2) ( ) X sin (x)
1.41421 sqrt (2) X sqrt(x)
-2.18504 tan(2) ( ) x tan (x)
double
double
C++ o
C++ b
<assert> <assert>
<ctype>
<cfloat>
6 <climits>
<cmath>
<cstdio>
<cstdlib>
<cstring>
<ctime>
C o

(<iostream> ) C++
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<cstdlib>

#include <cstdlib>

Ct++ 8

int cube (int x)
{ // returns cube of x

return x*x*x;

cube . int

int cube ()

int cube (int x)

return

rand ()
5
cube ()
8
cube ()
X int
int

5-3

5-3 *

cube (2)
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cube 5

{ // returns cube of x:

return xX*x*x;

o

b return
return 5
return expression;
expression
5 int main()
main . int . « »
& 5-4
>
! ]
> 5
- « »
5 S

1 — Testing program
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cube () ) 5-4 *
5 cube ()

int cube (int x)
{ // returns cube of x:

return x*x*x;

int main ()

{ // tests the cube() function:
int n=1;
while (n != 0)

{ cin >> n;

cout << "\tcube (" << n << ") =" << cube(n) << endl;

0
cube () cube (n)
cout cube (n)
main () cube () 5
5 o [::] cube () main ()
n 5 P X
int 125 int .
5 main ()

cube ()



by silwaaliyy 138

3 n . main () 125
X . X
main () cube ()
8 C++ main () cube ()
max ()
max () )

int max(int x, int y)

{ // returns larger of the two given integers:
int z;
z=(X>y) ? X VY ;

return z;

int main ()
{ // tests the max() function:
int m, n;
do
{ c¢in >> m >> n;
cout << "\tmax (" << m << "," << n<< ") ="
<< max(m,n) << endl;
}
while (m != 0);

cube ()

5-5 *
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Z max ()

main () return

max () . return

int max(int x, int y)
{ // returns larger of the two given integers:
if (x < y) return y;

else return x;

return

(break ) return

return

o

5-5

o

o
o

1 — Declaration 2 - Definition



o~

main ()
é y o« »
y X
max ()
5
max () n m
« »
n m max ()
Y X
(max (22,44) )
X 2*m max (2*m, 3-n) )
( y 3-n

max () 5-6 *
5-5 max () 5

o

int max(int,int);

// returns larger of the two given integers:

int main ()

1 — Argument 2 - Parameter
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{ // tests the max() function:
int m, n;
do
{ c¢cin >> m >> n;
cout << "\tmax(" << m <K< "," K n<wK" ="
<< max(m,n) << endl;
}
while (m != 0);

int max(int x, int y)
{ if (x < y) return y;

else return x;

o

5-6

C++ 6

« »

o

1 — Compiling 2 - Linking



o

o

o

o

o

max ()

max. Cpp

. . ) max.c
int max(int x, int y) PP

{ if (x < y) return y;

else return x; max.cpp
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test.cpp ° . °

test.cpp

int max (int, int);
// returns larger of the two given integers:

int main()
{ // tests the max() function:
int m, n;
do
{ cin >> m >> n;
cout << "\tmax (" << m << "," <K<K n<K ") ="
<< max (m,n) << endl;
}

while (m != 0);

5 ) max () ®

int int max ()

8 DLL
DLL

c++ DLL

5-6

1 — Data Link Library 1 — Local variable
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5-7 *
n . 4-8

long fact(int n)

{ //returns n! = n*(n-1)*(n-2)*...*(2)* (1)
if (n < 0) return O;
int £ = 1;

while (n > 1)

f *= n-——;

return £f;
}
n f n
° f
5
long fact(int);
// returns n! = n*(n-1)*(n-2)*...*(2)* (1)

int main ()
{ // tests the factorial() function:
for (int i=-1; 1 < 6; 1i++)
cout << " " << fact(i);
cout << endl;
}
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5-8
p(n, k)
né k
5
n!
P(n,k) = ———
(k) (n—=k)!
4-2) 21 2
H 12

12, 13, 14, 21, 23, 24, 31, 32, 34, 41, 42, 43

long perm(int n, int k)

{ // returns P(n,k), the number of the permutations of k from n:
if (n <0) || k<0 || k>n) return 0;
return fact (n)/fact(n-k);

if

perm () 8

1 — Local function
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long perm(int,int);

// returns P(n,k), the number of permutations of k from n:

int main ()
{ // tests the perm() function:
for (int 1 = -1; 1 < 8; i++)
{ for (int j= -1; J <= i+1l; J++)
cout << " " << perm(i,j);
cout << endl;

fact () perm()

void 5-7
C++
void °

void

void PrintDate (int,int,int);

// prints the given date in literal form:

int main ()

{ // tests the PrintDate() function:
int day, month, year;
do
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{ cin >> day >> month >> year;
PrintDate (day,month,year) ;

}

while (month > 0);

void PrintDate(int d, int m, int y)
{ // prints the given date in literal form:
if d<1 1 d>31 |lm<1||m>12 |] y <D0)
{ cout << "Error: parameter out of range.\n";
return;
}
Cout << d;

switch (m

)

{ case 1 cout << "Farvardin "; break;
case 2 cout << "Ordibehesht "; break;
case 3 cout << "Khordad "; break;
case 4 cout << "Tir "; break;
case b5: cout << "Mordad "; break;
case 6 cout << "Shahrivar "; break;
case 7 cout << "Mehr "; break;
case 8 cout << "Aban "; break;
case 9 cout << "Azar "; break;
case 10: cout << "Dey "; break;
case 11: cout << "Bahman "; break;
case 12: cout << "Esfnad "; break;

}
cout << y << endl;




PrintDate ()

void

31 Esfand 1384

return void
void
return 8
return;
return
void
5
PrintDate
5-8
. false true.
5-10 *

bool isPrime (int n)

{ // returns true if n is prime, false otherwise:
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float sgrtn = sqgrt(n);

if (n < 2) return false; // 0 and 1 are not primes
if (n < 4) return true; // 2 and 3 are the first primes
if (n%2 == 0) return false; // 2 is the only even prime
for (int d=3; d <= sqgrtn; d += 2)
if (n%d == 0) return false; // n has a nontrivial divisor
return true; // n has no nontrivial divisors
}
false . n
true . n
n
- 3. -2 . -1:
-4,
n
true 3 2 n . false
false n . n
for & n
n
for ® . n

#include <cmath> // defines the sqgrt() function
#include <iostream> // defines the cout object
using namespace std;

bool isPrime (int);
// returns true if n is prime, false otherwise;
int main ()
{ for (int n=0; n < 80; n++)
if (isPrime(n)) cout << n << " ";
cout << endl;
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isPrime
5
isLower () C++ 8
isUpper ()
(x/0)° / 5-9
-] -]
5
5
5-9 PrintDate ()

1 — Input/Output functions
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5-11 *

120 78

int age()
{ // prompts the user to input his/her age and returns that value:
int n;
while (true)
{ cout << "How old are you: ";
cin >> n;
if (n < 0) cout << "\a\tYour age could not
be negative.";
else if (n > 120) cout << "\a\tYou could not
be over 120.";
else return n;

cout << "\n\tTry again.\n";

true

o

return

£

° return cin

(n>120 n<7)

( a )
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return

o

int age ()

int main ()
{ // tests the age() function:
int a = age();

cout << "\nYou are " << a << " years old.\n";

( )t 5-14

cube (x)

1 — Reference
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«

=l s [ prig Jad

» x . b
8
cube (2*x-3) cube ()
cube (2*sqgrt (x) —cube (3))

swap () 5-12

void swap (float& x, floaté& y)

{ // exchanges the values of x and y:

float temp = x;

X

Yy

y7
temp;
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float& x, floats y

o

void swap(float&, floatég)

// exchanges the values of x and y:

int main ()

{ // tests the swap() function:

float a = 55.5, b = 88.8;
cout << "a =" <K<K a<KK", b="<<Db < endl;
swap (a,b) ;
cout << "a =" <K<K a <", b="<<Db < endl;
}
o y a X swap (a, b)
( a ) X temp
a5 S g5 4d alsin Y
cvranla h)
main () swap () X ( b )
aEIA—" "‘;{- (a )
float | floaté& ) y temp
b[ s :-3‘(" .
float v floats& I} (b
a
Y b
main () w s Z e swap ()
a -88.8 «- [ —\i;;
float floaté&
b[ s5.5 —_-A Ty
float - floaté

cemp 57

float
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swap ()
void swap (float&, floaté&)
C . &
C++ (float &x )
(floats x ) &
void f(int,int§&);
// changes reference argument to 99:
int main ()
{ // tests the f() function:
int a = 22, b = 44;
cout << "a =" <K a<< ", b=" < Db << endl;
f(a,b);
cout << "a =" <K a<< ", b="<Db << endl;
f(2*a-3,b) ;
cout << "a =" <K a<< ", b=" < Db < endl;

void f(int x , inté& y)
{ // changes reference argument to 99:
x = 88;

5-13



44

Ly ) lwda LS 1o

£()
® a f(a,b)
22 . y
o y
. x 88  f()
. Y y 99
22 a 99 b
a 99 b
£ 8 -
S B alsa
main() Y 72NN TN . ”f()
2 =] =]
int int
b =] v ]
int ints
SRR E )
main () w s 2 £()
2 7] x
int int
[ 'y
int < inté&
5
int& x; int x;
X X
X

156
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return

5-14 *
area

r ( ) circumference

void ComputeCircle (double& area, double& circumference, double r)

{ // returns the area and circumference of a circle with radius r:
const double PI = 3.141592653589793;
area = PI*r*r;

circumference = 2*PI*r;

o

void ComputerCircle (double&, double&, double);

// returns the area and circumference of a circle with radius r;

int main ()
{ // tests the ComputeCircle() function:
double r, a, c;
cout << "Enter radius: ";
cin >> r;
ComputeCircle(a, c, r);
cout << "area = " << a << ", circumference ="
<< ¢ << endl;
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5-11

o

o

CH+

o

const

1 — Constant reference
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5-15 *

void f(int x, int& y, const inté& z)
{ x += z;
y t= z;
cout K "x =" Kx K", y="Ky<K", z="

<< z << endl;

on
=

void f(int, inté&, const inté&);

int main ()

{ // tests the f() function:
int a = 22, b = 33, c = 44;

cout << "a =" <K a<<",b="<<<b<w", c="
<< ¢ << endl;

f(a,b,c);

cout << "a =" <K a<<",b="<<b<w", c="
<< ¢ << endl;

f(2*a-3,b,c);

cout << "a =" << a<<",b="<<b<w", c="

<< ¢ << endl;
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(float int )

5-12

inline

cube () 5-16 *
5-3 cube ()

inline int cube (int x)

{ // returns cube of x:

return xX*x*x;

inline 5

cube (n)

1 — Inline
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int main ()
{ // tests the cube() function:
cout << cube(4) << endl;
int x, y;
cin >> x;
y = cube (2*x-3);

int main ()

{ // tests the cube() function:
cout << (4) * (4) * (4) << endl;
int x, y;
cin >> x;

y = (2*x-3) * (2*x-3) * (2*x-3);

5-13

C+t
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max () 5-17
max () 5-3
int max(int, int);
int max(int, int, int);
int max(double, double) ;
int main ()
{ cout << max(99,77) << " " << max(55,66,33) << " " <<

max (44.4,88.8) ;
}

int max(int x, int y)
{ // returns the maximum of the two given integers:

return (x >y ? X : y);

int max(int x, int y, int z)
{ // returns the maximum of the three given integers:
intm=(x>y?x:vy); //m=mx(x, V)

return (z >m ? z : m);

int max(double x, double y)
{ // return the maximum of the two given doubles:
return (x>y ? X : Vy);

}

162

max () . max ()

max () . max

int int
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int
double double
C++
12
main () 5-14
C++ . main ()
main ()
main ()
main ()
int . main ()
return 0; main ()
C++
return
0
return
return 5-18 *
int main ()
{ // prints the quotient of two input integers:
int n, d;
cout << "Enter two integers: ";
cin >> n >> d;
if (d = = 0) return 0;
cout << n << "/" << d << " =" << n/d << endl;
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0
return
main () return
return -1
exit () -2
abort () -3
! —4
exit () 8
exit () . <cstdlib>
main ()
exit () 5-19 *
#include <cstdlib> // defines the exit () function
#include <iostream> // defines thi cin and cout objects

using namespace std;
double reciprocal (double x);

int main ()
{ double x;
cin >> x;

cout << reciprocal (x);

double reciprocal (double x)
{ // returns the reciprocal of x:

1 — Exception
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if (x = = 0) exit(l); // terminate the program
return 1.0/x;

reciprocal () 0 5

1 5-15

C++

a, +ax+a,x> +ax 5

a, +(a, +(a, +a;x)X)X
double p(double, double, double=0, double=0, double=0);

int main ()
{ // tests the p() function:
double x = 2.0003;

cout << "p(x,7) = " << p(x,7) << endl;

cout << "p(x,7,6) =" << p(x,7,6) << endl;

cout << "p(x,7,6,5) = " << p(x,7,6,5) << endl;
cout << "p(x,7,6,5,4) =" << p(x,7,6,5,4) << endl;

}
double p(double x, double a0, double al=0, double a2=0, double a3=0)
{ // returns a0 + al*x + a2*x"2 + a3*x"3:

return a0 + (al + (a2 + a3*x) *x) *x;

}

1 — Default



p(x, a0, al, a2, a3)
a3 a2 al a, +ax+a,x> +a,x’
p(x,a0) 0
a0 p(x,a0,0,0,0)
p(x,a0,al)
p(x,a0,al,0,0)
p(x,a0,al,a2) . a, +a,X

a, +aX+a,x’

a, +ax+a,x> +a;x’ p(x,a0,al,a2,a3)
5 4 3 2
5

void f( int a, int b, int c=4, int d=7, int e=3); // OK
void g(int a, int b=2, int c=4, int d, int e=3); // ERROR

6 al 7 al 8.0

a3 a2
X

az al a3 a0
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const —

=l s [ prig Jad

<cmath> -

<iomanip> -

null -

bool —

C++
<lostream>
<cstdlib>
int f(float a)

f
float
int
int
return
void
int
void —

int



int —

void £ (int k,

void —

int x=0,

const

inline —

int y=1)

-8
-9
-10
const —
-11
£ -12
k —
x -
y —
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void g(int m,

int& n)

g(x, y);

14



include -4

« - »

-10

int f£(int a, int b=0, int c¢);

void -1

cos2X =2cos* x—1 3 5-2 -2

cos’ X +sin’ x=1 8 5-2 -3

bn — e(nlogb) 5_2 _4

int min(int,int, int,int);
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max () -6
5-5 max (int, int)
int max(int,int, int,int);
min () =7

min (int, int)

int main(int,int, int,int);

average () -8

float average(float x1, float x2, float x3, float x4)

average () -9

float average(float x1, float x2 =0, float x3=0, float x4=0)

4-9 ) for o fact () -10
fact (n) n (
p(n, k) 5 -11
P(n,k)=n(n=1)(n-2)....(n—=k+2)(n—=k+1)
. n-k+1 n k

5-10 perm ()

k ( ) c(n, k) -12
5 n o
n!
Cinky=———
(n.) k!(n—k)!
] c(n, k) -13
Cnio P10

k!



5-135% 5
. 5 c(n, k) s -14
C(n,k)=((((((n/D(n=1))/2)(n=2))/3)....n=k +2))/(k=1))(n—k +1))/k

5-13s 5
for & 5-125

1 8 28 56 70 56 28 8 1
( 5-13 ) c(n, k)
k n 0
6 c(6,2) = 15 . c(n, k)
5-14 . 2
digit () -16
int digit(int n, int k);
29415 n . n k
digit(n,2) 5 digit(n,0)
0 . 4
-17

( 115
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-18
(175 )
power () -19
double power (double x, int p);
P p X
20 x X0 6
-20
[ J
( o o
[ J o o e o o
n=1 n=3 n==6

10 6 3 1 O
45 36 28 21 15

int isTriangular (int n);

issquare () -21
[ X X
° :: ::: int isSquare (int n);
n=1 n=4 n=9 9 4 1 0
81 64 49 36 25 16
c a ComputeCircle () =22
ré

void computeCircle (float& a, float& c, float r);

P a ComputeTriangle () -23

c b a

void computeTriangle (float& a, float& p, float a, float b, float c);
s v computeSphere () -24
rb

void ComputeSphere (floaté& v, float& s, float r);



«

«

»

»

»

1 — Arrays

6-1
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) « y @ »
(
al0] a
n 1 all]
a[n-1]
n-1 ne
13
al3]
al0]
0 [17.50 .
1 |19.00 afo] : a-e
2 [16.75 a[4] 19.0 alll 17.5
3 [15.00
4 118.00 . 18.0

6-2

1 — Index
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6-1 *

or
or
or

int main ()

{ int a[3];
a[2] = 55;
a[0] = 11;
a[l] = 33;

cout << "a[0]
cout << "al[l]
cout << "a[2]

" << a[0] << endl;
" << a[l] << andl;
" << a[2] << endl;

o~

int

6-2 *

o~

int main ()
{ const int SIZE=5; // defines the size N for 5 elements
double a[SIZE]; // declares the array's elements as type double
cout << "Enter " << SIZE << " numbers:\t";
for (int i=0; i<SIZE; i++)
cin >> alil;
cout << "In reverse order: ";
for (int i=SIZE-1; 1i>=0; i--)
cout << "\t" << af[il;
}
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5 int SIZE
float a
for &
for
type array_name[array size];
array_name . type

array size

a 0-2 . int

double SIZE

for é

6-3

C++

float al] = {22.2,44.4.66.6};

22.2
44 .4
66.6

a float
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a0 5
int main ()
{ float al]l = { 22.2, 44.4, 66.6};
int size = sizeof (a)/sizeof (float);
for (int i=0; i<size; i++)
cout << "\ta[" << i << "] =" << a[i] << endl;

ao
2 . sizeof ()
4 sizeof (float)
float
5 12 sizeof (a)

-( )

size sizeof (a)/sizeof (float)

a for s

a
0 [55.5
1 [66.6
2 177.7
3 0.0
4 0.0
5 0.0
6 0.0

float a[7] = { 55.5, 66.6, 77.7};
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float asb

int main ()
{ float a[6] = { 22.2, 44.4, 66.6};
int size = sizeof (a)/sizeof (float);
for (int i=0; i<size; i++)
cout << "\ta[" << i << "]

=" << ali] << endl;

float a[3] = { 22.2, 44.4, 66.6, 88.8 }; // ERROR: too many values!

float al ] , 0, 0, 0, O, O, O, O, O},

= {0
float a[9] = { 0, 0};
= {0

float al9] , 0, 0, 0, O, O, O, O, O};
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o

6-5 *

Q
o
o

int main ()

{ const int SIZE=4; // defines the size N for 4 elements

float a[SIZE]; // declares the array's elements as float
for (int i=0; i<SIZE; i++)
cout << "\ta[" << 1 << "] = " < a[i] << endl;
}
5

float al[7] = { 22.2, 44.4, 66.6};
float b[7] = { 33.3, 55.5, 77.7};
b = a; // ERROR: arrays cannot be assigned!

s
o

float al[7] = { 22.2, 44.4, 66.6};
float b[7] = a; // ERROR: arrays cannot be used as
initializers!

6-4

o
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C++
5 6-6 *
5
5
int main ()
{ const int SIZE=4;
float a[SIZE} = { 33.3, 44.4, 55.5, 66.6};
for (int i=0; i<7; i++) // ERROR: index is out of bounds!

cout << "\ta[" << 1 << "] = " < a[i] << endl;




cout << "x = " << x << endl;
al3] = 88.8; // ERROR: index is out of bounds!
cout << "x = " << x << endl;
}
X = 88.8
a b x
22.2
a
0f22.2 e
44 .4 -E
. al3] 88.8
e (

L iy ) Lwdn LS

int main ()

{

const int SIZE=4;
float al] = { 22.2, 44.4, 66.6};
float x=11.1;

88.8 { — . «

o

o

int main ()

{

const int SIZE=4;

1 — Unhandled exception

182
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float al]l = { 22.2, 44.4, 66.6};

float x=11.1;

cout << "x = " << x << endl;

a[3333] = 88.8; // ERROR:

cout << "x = " << x << endl;

Unhandled Exception E|

|Unhandled exception: 00000005
At address: 00401 02e

«

CH+

a . float

0040108e

«

a float all:;

1 — Exception handler

index is out of bounds!

6-5
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a
5
6-9 *

int sum(int[],int);
int main ()
{ int al] = { 11, 33, 55, 77};

int size = sizeof (a)/sizeof (int);

cout << "sum(a,size) = " << sum(a,size) << endl;

}
int sum(int a[], int n)
{ int sum=0;
for (int i=0; i<n; i++)
sum += alil;
return sum;

}

(int a[], int n)
int int
main ()

sum (a, size)

6-10 *
read ()

print ()
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void read(int[],inté&;)

void print(int[],int);

int main ()

{

}

const int MAXSIZE=100;

int a[MAXSIZE]={0}, size;

read(a,size) ;

cout << "The array has " << size << " elements: ";
print(a,size) ;

void read(int al], int& n)

{

}

cout << "Enter integers. Terminate with 0:\n";

n = 0;
do
{ cout << "a[" << n<K"]:";

cin >> aln];
{ while (a[n++] !=0 && n < MAXSIZE);
--n; // don't count the 0

void print(int al], int n)

{

for (int 1=0; i<n; 1i++)

cout << afi] << " ";

n ae read ()

read() n



o~
o

0x0064fdbb
0x0064fdbc

0x0064fdbd ||
oxoesfibe [l 2101

0x0064fdbf

0x00647dcO ||
0x0064fdc1

ouooseiacz [ a1l |
0x0064fdc3 [ |

0x0064fdc4
0x0064fdc5
0x0064fdc6
0x0064fdc7
0x0064fdc8
0x0064fdc9
0x0064fdca
0x0064fdch

0x0064fdcc

offset = 12 bytes

C++

o

6-10 2

int 100
5 read(a,size)
read() a
cin >> alnl;
) no
n=3
a[0] & al3]
int int asé
3*4=12 5 al[3]
al3] «* » 12

1 — Offset
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-] -]
5
5
0x0064fdbc as
0x0064fdbc a
8 6-11 *
>
int main ()
{ int al[] = { 22, 44, 66, 88};
cout << "a = " << a << endl; // the address of a[0]
cout << "a[0] = " << a[0]; // the value of a[0]
}
a 5 a
3
a
al0] a
! 6-6

1 — Linear searching



int index (int,int[],int);

int main ()

{ int al] = { 22, 44, 66,
cout << "index (44,a,7)
cout << "index (50,a,7)

}

int index (int x,

Ly s)ledelisy

«

88, 44, 66, 55};
" << index (44,a,7)

" << index (50,a,7)

int a[], int n)
{ for (int i=0; i<n; i++)
if (a[i] == xX) return i;

return n;

// x not found

X
n
5
X
as X
alll 44
44 ) ab 40
7 al6] ab

188

6-12

<< endl;

<< endl;

index ()

for
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« » .

o

1 — Bobble sorting

6-7

o

6-13 *
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void print (float[],int);
void sort (float[],int);
int main ()
{ float al]l = {55.5, 22.2, 99.9, 66.6, 44.4, 88.8, 33.3, 77.7};
print(a,8);
sort(a,8);
print(a,8);
}
void sort(float al], int n)
{ // bubble sort:
for (int i=1; i<n; i++)
// bubble up max{a[0..n-i]}:
for (int j=0; j<n-1i; Jj++)
if (al3] > alj+l]) swap (aljl,ald+1]);
//INVARIANT: a[n-1-i..n-1] is sorted
}

for . 5 sort ()

5 for
5 for &

for

1 - Binary searching
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6-14
0-12 H 8
int index(int, int[],int);
int main ()
{ int al[] = { 22, 33, 44, 55, 66, 77, 88};
cout << "index (44,a,7) = " << index(44,a,7) << endl;
cout << "index(60,a,7) = " << index(60,a,7) << endl;

int index (int x, int a[], int n)

{ // PRECONDITION: a[0] <= a[l] <= ... <= a[n-1];
// binary search:
int lo=0, hi=n-1, i;
while (lo <= hi)

{ 1i= (lo + hi)/2; // the average of lo and hi

if (a[i] == x) return i;

if (a[i] < x)

lo = 1i+1; // continue search in a[i+l..hi]

else hi = i-1; // continue search in a[0..i-1]

}

return n;

}

// x was not found in a[0..n-1]



index (44,a,7)

hi=6 lo=0 n="7 x=44
° ali] (0+6)/2 = 3 i
X X 55 al3] al0..6]
2 i-1 hi 5 5
lo=0 hi=2
33 all] x all] al[0..2] @
2 i+1 lo X
af2..2] » lo=2 hi=2
al2] X al2]
lo|hi| i [a[i] | 22| %
X 44
0 3 55 44
2 | 1 33 44 x 2
2 2 44 == 44 al2]
index (60, a,7)
al[0..6] ¢ hi=6 lo=0 n=7 x=60
i+1=4 lo X al[3]1=55
° lo=4 hi=6
i-1=4 hi X al51=77 al4..0]
lo=4 hi=4
hi X al[4]1=606 a[4..4] 8
1i-1=3
lo | hi i al[i] ?? x )
hi<lo
0 9 3 55 60
5 | 77 60 7
4 4 06 > 60
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%50 5

log,n+1

log,100+1=7.64

100

100

6-15

o

o

bool isNondecreasing(int al], int n);

int main ()
{ int al]
cout <<
<<

cout <<
<<

}

= { 22, 44, o6, 88, 44,

"isNondecreasing(a, 4)
endl;
"isNondecreasing(a, 7)
endl;

66, 551};

" << isNondecreasing(a, 4)

" << isNondecreasing(a, 7)

bool isNondecreasing(int al], int n)

{ // returns true iff a[0]

for (int i=1; i<n; i++)

if (a

<= all]

<= ... <= a[n-17:

[i]<a[i-1]) return false;

return true;
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ali] ali-1]
false alil<ali-1]

false true

0o 1
6-14 !
assert ()
false
true
<cassert> asset ()
assert () 6-16 *
6-14 search () 5 8
6-15 isNonDecreasing ()
assert ()
#include <cassert> // defines the assert() function

#include <iostream> // defines the cout object
using namespace std;

int index (int x, int a[], int n);

int main ()

{ int al]l = { 22, 33, 44, 55, 66, 77, 88, 60};
cout << "index (44,a,7) = " << index(44,a,7) << endl;
cout << "index (44,a,8) = " << index(44,a,8) << endl;

1 - Precondition
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cout << "index (60,a,8) = " << index(60,a,8) << endl;
}
bool isNondecreasing(int al], int n);
int index(int x, int a[], int n)
{ // PRECONDITION: a[0] <= a[l] <= ... <= a[n-1];
// binary search:
assert (isNondecreasing(a,n)) ;
int 1lo=0, hi=n-1, i;
while (lo <= hi)
{ 1= (lo + hi)/2;

if (a[i] == x) return i;
if (a[i] < x) lo = i+1; // continue search in a[i+l..hi]
else hi = i-1; // continue search in a[0..n-1]
}
return n; // x was not found in a[0..n-1]
}
al] ®
true index (44,a,7)
assert ()
isNondecreasing () index (44, a,8)
false
Assertion Failure assert ()

Agzerion (izMondecreazing(a.n)) failed in "'Testing. cpp” on line 23

o

6-9
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6-17 *
float high!]
int main ()
{ enum Day { SUN, MON, TUE, WED, THU, FRI, SAT };
float high[SAT+1] = {28.6, 29.1, 29.9, 31.3, 30.4, 32.0, 30.7};

for (int day = SUN; day <= SAT; day++)
cout << "The high temperature for day " << day << " was "
<< high[day] << endl;

£
o

« »

6 SAT SAT+1

Day int day

6-17

for (int day = SUN; day <= SAT; day++)

for ®

6-10

enum Color { RED, ORANGE, YELLOW, GREEN, BLUE, VIOLET };
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Color

VIOLET BLUE GREEN YELLOW ORANGE RED

Color shirt BLUE;
{ GREEN, RED, BLUE, RED};

float wavelength[VIOLET+1] = {420, 480, 530, 570, 600, 620};

Color car|]

BLUE Color shirt
RED GREEN 8 car
float wavelength . RED BLUE
5+1=0 VIOLET+1
typedef 5, C++

typedef type alias;
alias type
Integer long

Real double

typedef long Integer;
typedef double Real;

Integer n = 22;
const Real PI = 3.141592653589793;
Integer frequencyl[64];

typedef

typedef element-type alias|[];



typedef float sequencel];

as
sequence a = {55.5, 22.2, 99.9};
typedef
typedef 5
6-18 *
typedef 0-13 5 8
sequrnce
main () a

typedef float Sequencel[];
void sort(Sequence,int) ;
void print (Sequence, int) ;

int main ()

{ Sequence a = {55.5, 22.2, 99.9, 66.6,

print(a, 8);

sort(a,8);

print(a, 8);
1
void sort (Sequence a, int n)
{ for (int i=n-1; i>0; i--)

for (int j=0; j<i; Jj++)

44.4, 88.8, 33.3, 77.7};

if (aljl > alj+1l]) swap(aljl,alj+1]);

typedef float Seguencel];

typedef
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Sequence []
float
float
6-11
5
1
-] -]
o -]
int int a[5];
int af[31[51: . 5
5 . int 8
int al2]1[31[5];
5 . int
alll[2]1[3] = 99;
(1,2,3) 99

1 — Multi dimensional arrays
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void read(int af[]l[5]);
void print(int afl]l[5]);
int main ()
{ int al3]1I[5];
read(a) ;
print (a);
}
void read(int af[][5])
{ cout << "Enter 15 integers, 5 per row:\n";
for (int 1=0; i<3; i++)
{ cout << "ROW " << 1 << " "
for (int j=0; j<5; J++)
cin >> alillil;

}
void print (const int al[][5])
{ for (int 1i=0; i<3; i++)
{ for (int j=0; 7j<5; Jj++)
cout << " " << a[i][3j];
cout << endl;

200
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o
T
N
o

const NUM STUDENTS = 3;
const NUM QUIZZES = 5;
typedef int Score[NUM STUDENTS] [NUM QUIZZES];
void read(Score);
void printQuizAverages (Score);
void printClassAverages (Score) ;
int main ()
{ Score score;
cout << "Enter " << NUM QUIZZES
<< " quiz scores for each student:\n";
read (score) ;
cout << "The quiz averages are:\n";
printQuizAverages (score) ;
cout << "The class averages are:\n";
printClassAverages (score) ;
}
void read(Score score)
{ for (int s=0; s<NUM STUDENTS; s++)
{ cout << "Student " << s << ": ";
for (int g=0; g<NUM QUIZZES; g++)

cin >> score[s] [q];

1
void printQuizAverages (Score score)
{ for (int s=0; s<NUM STUDENTS; s++)
{ float sum = 0.0;
for (int g=0; g<NUM QUIZZES; qg++)
sum += scorels][q];
cout << "\tStudent " << s << ": " << sum/NUM QUIZZES
<< endl;
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}
void printClassAverages (Score score)
{ for (int g=0; g<NUM QUIZZES; g++)
{ float sum = 0.0;
for (int s=0; s<NUM STUDENTS; s++)
sum += score[s] [q];
cout << "\tQuiz " << g << ": " << sum/NUM STUDENTS
<< endl;

o

3*5 typedef

Score

o 5 for 5

printQuizAverages ()

printClassAverages ()

o

6-21 *

o~
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int numZeros (int a[][4][3], int nl, int n2, int n3);
int main ()
{ int a[2][41(3] = { { {5,0,2}, {0,0,9}, {4,1,0}, {7,7,7} },
{ {3,0,0}, {8,5,0}, {0,0,0}, {2,0,9} } };
cout << "This array has " << numZeros(a,2,4,3)
<< " zeros:\n";

}

int numZeros (int af[][4][3], int nl, int n2, int n3)
{ int count = 0;
for (int 1 = 0; 1 < nl; i++)
for (int 7 = 0; j < n2; j++)
for (int k = 0; k < n3; k++)

if (ali]l[j][k] == 0) ++count;
return count;

. 24

int a[2] [4] [3]:{5IOI2IOIOI9’4’1’O’7I7’7I3IO’O’815IOIOIO’0’2IOI9};

int a[2][4]1[3] =
{{5,90,2,0,0,9,4,1,0,7,7,7},13,9,0,8,5,0,0,0,0,2,0,9} };

for &



-1
int a[5]; -2
5 —
® int a[] = {0, 0, 0}; -3
int a[0]; — int a[] = {0}; —
int a[3] = {0}; — int a[0,0,0]; —
int a[5] = {1, 2, 3}; -4
a —
as -
a _
5 -
float a[2] = {1.11, 2.22, 3.33}; -5
float as -
as -
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cout << a;

print(al]); —

int a b _ 7
float b[] = a;
float a6 _
be —
b s -
int a[2][4]; _8
5 -
5 -
5 -
5 —
4
a -9
as _
ab _
asd H _
print() ~10
b a
print ()

print(a[3] ) ; —



a.print(); — print (a); —
int c[2][3]1[4]; c b - 11
cd void print ()
print ()
void print(int [][]I[1); -

void print(int [2]1([3]1[41); -—
void print (int[]1[3]1[41); -

void print (int, int, int); -—

ab -12
cout << afl]l; — cout << al[0]; -
cout << [a0]; - cout << a; -—

10 int ab -13
al4] = 10; - al[5] = 10; -
a(4) = 10; - a(5) = 10; -
int a[5][5]1I[5]; ab - 14
a[5]1[51[5] = 0;
as -
as (5, 5, 5) -
a6 5 —
as -

typedef -15
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n+k —

- 16

- 18
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typedef enum -6

6-1 & -1
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6-1 5

float ave(int[] a, int n);

// returns the average of the first n elements of al]

6-10 5
( 6-3 5 6-9 ).
8 o-11 5
at+2 a+l a a
all]l al0]

* (a+2) *(a+1l)
unsigned int al]

cout

6-12 6

*a



true 6-15 5 =7

float min(float all, int n);

int minIndex(float a[], int n);

:
-]

void getEXtremes (float& min, float& mex, float all, int n);

-11
5 n ( )

void largest (float& maxl, float& max2, float a[l, int n);

-12
void remove (float a[], int& n, int i);

ali]
n
-13

bool removeFirst (float a[], int& n, float x);
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X X all e n
X
true n
X
( 12 ). false
-14
void removeAll (float al], int& n, float x);
n n x 5
( 135 ).
-15
void rotate(int a[], int n, int k);
k k ) kK a n
k.
5 {22,33,44,55,66,77,88,99} & rotate(a, 8, 3)

{77,88,99,22,33,44,55,66}

rotate(a, 8,-5)

-16
void append(int a[], int m, int b[], int n);
asb m b b n
asb . m+n b a b
b {22,33,44,55,66,77,88,99}
append(a,5,b, 3) {20,30,40,50,60,70,80}
{22,33,44,55,66,20,30,40} abd



=17
void insert (float a[], int& n, float x)
n x n a 5
( n+l
-18
int frequency(float a[l, int n, int x);
n X
a X
-19
void reverse (int a[] , int n);
n
(22,33,44,55,66} 5 reverse (a, 5)

{66,55,44,33,22}

-20
void add(float a[], int n, float b[]);
a . a n b n
b {2.2,3.3,4.4,5.5,6.6,7.7,8.8,9.9}
add(a,5,b); {6.0,5.0,4.0,3.0,2.0,1.0}
{(8.2,8.3,8.4,8.5,8.6,7.7,8.8,9.9} ad
-21

float outerProduct (float pl] [3], float all, float bIl);
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{2.0,-1.0,0.0}

P

0 O
o O

90

11
44
77

77
88
99

Lol T/ piid Juad

d

-2.2
-3.3
-4.4

22
55
88

44
55
66

33
66
99

11
22
33

{2.2,3.3,4.4}

[oNeNe)
[eoNeNe]

a

outerProduct (p,a,b);

-22



0x00000000

0x00000001

0x00000002

0x00000003

0x| 4

0x00000005

0x00000006

0x00000007

0x0064£dc5

0x0064£dcé

0x0064£dc7

0x0064£dc8

Ox0ffffffe
0

int

« »

RAM 256
268:435:.456 &

268.:435:455

s

5
>

OxOfffffff 0x00000000

int n; .« » o«
n

0x0050cdcO

1 — Pointers

2 - References

»

7-1

(27%2)
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n
OxOOSOcchI:I
int

0x0050cdb8
0x0050cdb9
0x0050cdcO
0x0050cdcl
0x0050cdc2
0x0050cdc3
0x0050cdc4
0x0050cdc5

0x0050cdb8
0x0050cdb9
0x0050cdc0
0x0050cdcl
0x0050cdc2
0x0050cdc3
0x0050cdc4
0x0050cdc5

int main ()
{ int n=44;

cout << " n =
cout << "gn =

n
. int
. int
n
0x0050cdc3 0x0050cdcO
int n=32; .
n 32
0x0050cdc0
int .
5
7-1
C++
« »
7-1 *

" << n << endl;
" << &n << endl;

// prints the value of n

// prints the address of n

1 — Reference operator



0x00c9fdc3 n

0x
13,237,699

7-2
5 « »
type& ref name = var_hame;
var_name ref name type
int& rn=n; // r is a synonym for n
n . n rn
7-2 *
n rn b
int main ()
{ int n=44;
int& rn=n; // rn is a synonym for n
cout << "n = " << n <K ", rn =" << rn << endl;
—-n;
cout << "n = " <K<K n<< ", rn =" << rn << endl;
rn *= 2;

cout << "n "<K<Kn<< ", rn =" << rn << endl;
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rn n
n rn rn n
5
int& rn=44; // ERROR: 44 is not a variable
5 rn
7-3 *
int main ()
{ int n=44;
int& rn=n; // rn is a synonym for n
cout << " g&n =" <K<K &n <K ", &rn =" << &rn << endl;
int& rn2=n; // rn2 is another synonym for n
int& rn3=rn; // rn3 is another synonym for n
cout << "grn2 = " << &rn2 << ", &rn3 = " << &rn3 << endl;
}
rn3 rn2 rn. n 5
rn3 rn2 rn . n



7-3
int
float
bool char
° &
*
float* px;
float px
type* pointername;
type
pointername
int* int

float™* float
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7-4 *
int* n int 6
pn
int main ()
{ int n=44;
cout << "n = " <K< n <K ", &n =" << &n << endl;
int* pn=&n; // pn holds the address of n
cout << " pn = " << pn << endl;
cout << "&pn = " << &pn << endl;

0x0064fddc 44 n
[ e ]
i s &n pn . 0x0064fddc
0x0064fde0 pn . n
pn
intr ) 0x0064fddc
pn &pn . pn .(
n pn
n
n n pn pn
n
int . 44
« n pn»
rn
int* . n pn
7-4
n pn 22 n

* . 22 pn



int main ()
int n=44;

{

cout
int*
cout
cout

cout

<<

pn=

<<
<<
<<

int main ()
int n=44;

{

cout
cout
int*
cout
cout
cout

<<
<<

pn=

<<
<<
<<

n "

n =

&ny;

n

n &pn

" *pn —

n" n
” &n
&n;

A1) pn
" &pn
1] *pn

int** ppn=é&pn;

cout
cout
cout
cout

<<
<<
<<
<<

" ppn
" &ppn
" *ppn
"**ppn

by silwdalsyy 220

7-5 *
7-4 %
<< n<< ", &n =" << &n << endl;
// pn holds the address of n
pn = " << pn << endl;

" << &pn << endl;
" << *pn << endl;

(23
o

7-4

= " << n << endl;
=" << &n << endl;
// pn holds the address of n
=" << pn << endl;
=" < &pn << endl;
= " << *pn << endl;
// ppn holds the address of pn
= " << ppn << endl;
= " << §&ppn << endl;
= " << *ppn << endl;
= " < **ppn << endl;
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n
* pn
ppn
n .
n -
* *
ppn
T*
T*
pn .
&n
&n
p

&*
p

pn .

ppn

o

ppn

int

int**

ppn
. int*

«

(23

int**

*&n

*
p

int**

»

ppn

pn

pn
ppn

ppn

pn

T*

T*

T**

int*



&*n  *&n . . P

(int* ) . *

(o )

55 55 = n;

«* »
( ) @ »
("aBC" 15 )
const int MAX = 65535; // MAX is an lvalue
MAX = 21024; // ERROR: MAX is constant

« »

int a[]l = {1,2,3}; // 0O.K
all = {1,2,3}; // ERROR

1 —-L values 2-R_values
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int&

inté&
inté&
inté&

Lglayl 5 LaySoylsl / pids Jab

= 44;
= n++;

= cube (n);

// O.K. n is an lvalue

// ERROR:
// ERROR:
// ERROR:

44 is not an lvalue
n++ is not an lvalue

cube (n) is not an lvalue

7-7

o
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7-8 *
int& max(int& m, inté& n) // return type is reference to int
{ return (m >n ? m : n);
}

int main ()

{ dint m = 44, n = 22;

// m and n are non-local references

cout << m << ", " <K< n<", " << max(m,n) << endl;

max (m,n) = 55; // changes the vale of m from 44 to 55
cout << m << ", " <K< n<", " << max(m,n) << endl;

n m max ()
m max (m, n) n m
55 max (m,n) = 55;
max (m, n) .( m>n ) m
m
n m max ()
n m
max ()
int& max (int& m, inté& n)
&
7-9 *

float& component (float* v, int k)
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{ return v[k-1];

}

int main ()

{ float v[4];

for (int k = 1; k <= 4; k++)
component (v, k) = 1.0/k;

for (int i
cout << "v[" << i << "]

v([2]

int main ()

0; 1 < 4; i++)

» v

component (v, 3)

{ const int SIZE = 3;

=" << v[i] << endl;

component ()

«

7-10

7-8
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short a[SIZE] = {22, 33, 44};

cout << "a = " << a << endl;
cout << "sizeof (short) = " << sizeof (short) << endl;
short* end = a + SIZE; // converts SIZE to offset 6

short sum = 0;
for (short* p = a; p < end; p++)
{ sum += *p;

cout << "\t p = " << p;

cout << "\t *p = " << *p;

cout << "\t sum = " << sum << endl;
}
cout << "end = " << end << endl;

sizeof ()
2 short
short 6
short end p
P short
) short p p
p a b for o ( 3
p
p p
sum sum += *p;
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float a[8];

Legloy! 5 LapSoylal / pida Juad

float* p =

+4p;

float* p =
p += 5;

float al[8];
float* p = al[7];

++p;

*p:

22.2;

ar

ar

sizeof (double) double

p

// p points to a[0]

// increases the value of p by sizeof (float)

++p 4 float
20 p p += 5;

// p points to al[0]
// now p points to a[5]

o

// points to last element in the array
// now p points to memory past last element!
// TROUBLE!

(const)
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7-11 *
int main ()
{ short al[] = {22, 33, 44, 55, 66};
cout << "a = " << a K", *a =" K *3 << endl;
for (short* p = a; p < a +5; pt++)
cout << "p = " K p <K ", fp =" K *p << endl;

short . P a
a . 0x3£f££d08

P
a+5. (p < a+h)

O0x3fffd08 + 5*sizeof (short) = 0x3fffd08 + 5*2 = 0x3fffd08 + Oxa = Ox3fffdl2

p < Ox3fffdl2

* []

a[0] == *a
al[l] == *(a + 1)
af2] == *(a + 2)

for (int i = 0; 1 < 8; i++)
cout << *(a + 1) << endl;
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) 7-12 *
n2 al s nl loc ()

a2 al . a2 e

NULL

short* loc(short* al, short* a2, int nl, int n2)
{ short* endl = al + nl;
for (short* pl = al; pl <endl; pl++)
if (*pl == *a2)
{ for (int j = 0; j < n2; j++)
if (pl[j] !'= a2[j]) break;
if (j == n2) return pl;
}

return O;

int main ()
{ short al(9] = {11, 11, 11, 11, 11, 22, 33, 44, 55};
short a2[5] = {11, 11, 11, 22, 33};
cout << "Array al begins at location\t" << al << endl;
cout << "Array a2 begins at location\t" << a2 << endl;
short* p = loc(al, a2, 9, 5);
if (p)
{ cout << "Array a2 found at location\t" << p << endl;
for (int 1 = 0; 1 < 5; i++)
cout << "\t" << gpli] << M": "M << p[i] << "M\t"
<< gal2[i] << ": " < a?2[i] << endl;

}
else cout << "Not found.\n";




pl 8 H
pl al s
pl 8 a2 b
5 az
pl s
al s
5 a2 s
pl az . az pl
pl . rl
pl[J]
s pl+]
new 7-13
float* p; // p is a pointer to a float
sizeof (float) ) P
p
*» = 3.14159; // ERROR: no storage has been allocated for *P
P
3.14159
float x = 0; // x cintains the value 0

float* p = &x // now p points to x

*p = 3.14159; // O.K. assigns this value to address that p points to
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X p *p
p
new . o)
float* p;
p = new float; // allocates storage for 1 float
*o = 3.14159; // O0.K. assigns this value to that
storage
b P new

float* p = new float(3.141459);

float>* P
p float
5 new . 3.14159
« »
NULL
double* p = new double;
if (p == 0) abort(); // allocator failed: insufficent memory

else *p = 3.141592658979324;

abort ()

float x = 3.14159; // allocates named memory



float* p = new float (3.14159); // allocates unnamed memory
x 5
5
*p
delete 7-14
5 new delete
delete
5 . new

float* p = new float(3.14159);

delete p; // deallocates g
*o = 2.71828; // ERROR: g has been deallocated
new P
5 sizeof (float)

const int* p = new int;

delete p; // ERROR: cannot delete pointer to const objects

K »

delete
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float x = 3.14159;

float* p
delete p;

float a[20];

Legloy! 5 LapSoylal / pida Juad

// X contains the value 3.14159

= &x; // p contains the address of x

// WARNING: this will make x free

X )

// a is a const pointer to a block of 20 floats

float* const p = new float[20]; // so is p
float 20 P
3 2 a
a
5
5
float* p = new float[20];
P float 5 20
« 5y 5
« y
a ° p 5 a 5
5
P 5
5 delete
delete [] p;
1 — Dynamic arrays 2 — Static binding 3 — Dynamic binding

7-9
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7-15

void get (double*& a, inté& n)
{ cout << "Enter number of items: "; cin >> n;
a = new double[n];
cout << "Enter " << n << " items, one per line:\n";
for (int 1 = 0; 1 < n; i++)
{ cout << "\t" << i+l << " ";

cin >> ali];

}

void print (double* a, int n)

{ for (int 1 = 0; 1 < n; i++)
cout << af[i] <€« " " ;
cout << endl;

}

int main ()

{ double* a; // a 1s simply an unallocated pointer
int n;
get(a,n); // now a is an array of n doubles

print (a,n);

234

delete [] a; // now a is simply an unallocated pointer again

get (a,n); // now a is an array of n doubles

print(a,n);
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double* a

5 get () . get ()

get ()
new , 5
for b

cin >> alil;

7-12 : a+i alil] )
H a b (
print ()
6 delete
5 - 5 get ()
[] J
a . delete
get ()
void get (double*& a, int& n)
a get ()
a
double*& doublex* a

a print ()



7-10

7-16 *
cp p

. cpc pc
int n = 44; // an int
int* p = &n; // a pointer to an int
++(*p) ; // OK: increments int *p
++p; // OK: increments pointer p
int* const cp = &n; // a const pointer to an int
++ (*cp) ; // OK: increments int *cp
++cp; // illegal: pointer cp is const
const int k = 88; // a const int
const int * pc = &k; // a pointer to a const int
++ (*pcC) ; // illegal: int *pc is const
++pc; // OK: increments pointer pc
const int* const cpc = &k; // a const pointer to a const int
++ (*cpc) ; // illegal: int *pc is const
++cpc; // illegal: pointer cpc is const

(++p) P . n
cp (++(*P))
cp
rc
pc pc
cpc

cpc cpc
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float* pl4];

(float ) float*

pl0] = new float (3.14159);
pll] = new float(1.19);

double

void sort (float* p[], int n)
{ float* temp;
for (int 1 = 1; 1 < n; 1i++)
for (int j = 0; J < n-i; Jj++)
if (*plj] > *plj+1])
{ temp = p[jl;
pli] = plj+l];
pl[j+1]

temp;

for

7-11
p
7-17 *

sort ()
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7-12
char ¢ = 't';
char* pc = &c;
char** ppc = &pc;
char*** pppc = &ppc;
***pppc = 'w'; // changes value of ¢ to 'w'
C pc
prpc (@] pc ppc
ppc pppc
ppC (@
rc @
pppc
C
7-13

int f(int); // declares function f
int (*pf) (int); // declares function pointer pf
pf = &f; // assigns address of f to pf
pf * pf
int

pf . int pf
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pf
£
!
int £ (int n)
{
-
7-18 *
'n pf : sum ()
int sum(int (*) (int), int);
int square (int);
int cube (int) ;
int main ()
{ cout << sum(square,4) << endl; // 1+ 4+ 9+ 16
cout << sum(cube,4) << endl; // 1+ 8+ 27 + 64
}
sum ()

sum (square, 4)
square (1) +square (2) tsquare (3) +square (4)
sum (square, 4) k*k square (k)

1+4+9+16=30

int sum(int (*pf) (int k), int n)

{ // returns the sum £(0) + £(1) + £(2) + ... + f(n-1):
int s = 0;
for (int 1 = 1; 1 <= n; 1i++)

s += (*pf) (1);

return s;

int square (int k)
{ return k*k;

}
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int cube (int k)
{ return k*k*k;

}

sum () pf
k. int int
pt sum
square (1) (*pf) (1) . int
cube (1)
sum ()
square
sum (square, 4) sum () . square ()
pf square
pt i (*pf) (1)
NULL NUL 7-14
int (0)
char ¢ = 0; // initializes ¢ to the char '\0'
short d = 0; // initializes d to the short int 0
int n = 0; // initializes n to the int 0
unsigned u = 0; // initializes u to the unsigned int 0
float x = 0; // initializes x to the float 0.0
double z = 0; // initializes z to the double 0.0

"\O' NUL . NUL

5 NULL . NULL « »
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NULL
8 5 . 0x0
« » NULL
new
5 NULL

NULL

int* p = 0; // p points to NULL

*o = 22; // ERROR: cannot dereference the NULL pointer
NULL

if (p) *p = 22; // O.K.

if (p !'= NULL) *p = 22;

o
o



n -1

(n) ( n ( *n ( s&n (
inté& k=n; -2

n n k(

n n k(

n k(

n k(
ints k=37; -3

k 37 (

3 37 (

k 37 (

(
int& c=n; -4

n cf

n cf

n c

n cf
float* p=k; -5

k P (

k P (

K P (

x P (
0x000cc70 50 nt -6

int* p=é&nt; P

cout << p;
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50 (
0x000cc70 (
"ent" (
P (
1 float k -7
float>* 1(
float*~* l(
float 1(
floaté& l(
pt -8
cout << pt << endl << *pt << endl << &pt ;
pt pt (
pt
pt (
pt pt
pt pt (
pt
pt pt (
pt
n -9
&(*n):n( *(&n) =n (
&n=n( *n=n(
£() -10
int* f(int k) ( int f(ints k) (

void f(ints& k) ( ints f(int k) (



sizeof (float)=4

(const)

float* p -11

new (

delete (

new -13
NULL (

NUL (

float* t[10]; - 15
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int nl=n;

Legloy! 5 LapSoylal / pida Juad

int& n2=n;

int& r
p = &n;

int* g
n = *p;

inté& r
int* p

char c
char p

int** ppn

ppn

»

-10

-11

-12
-13



-14
short al[32];
for (int i = 0; i < 32; i++)
*at+ = i*i;
-15
m 4
0x3fffd0oo
int m = 44;
int* p = &m;
int& r = m;
int n = (Yp++);
int* g =p - 1;
r =*(--p) + 1;
++*qg;
o «(C  p( em( n( mf
-16
double x = 1.23; (
4.56%x + 7.89 (
const double y = 1.23;(
double a[8] = {0.0}; (
al5] (
double f() { return 1.23 }; (
£(1.23) (
double& r = X;(
double* p = &x;(
*p(
const double* p = &x;(
double* const p = &x; (
-17
float x = 3.14159;
float* p = &x;
short d = 44;
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short* g = &d;

p = qa;
-18
int* p = new int;
int* g = new int;
cout << "p =" <K p K", pt+tg="<KLKp+g
<< endl;
NULL -19
P -20
double**** p;
q p O0x3fffdlc X =21
double x = 1.01;
double* p = &x;
double* g = p + 5;
int n int g p -22
p + n( p - af p + af
n - qf n+ p( p - n
-23
-24
i a b -25
a[i] == *(a + 1);
*(a + 1) == ila]l;
ali] == if[al;
-26
double * f();
double (*f());
=277

float (
float (



float
float
float
float
float
float
null
float n
float n
n float
float sum(float* p[], int n);
flat
p
void abs (float* p[], int n);
float
p
void sort (float* p[], int n);
S
I\Ol
unsigned len (const char* s);
*s2 n
s2 n. *sl
l\O'

void cpy(char* si1,

const char*
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*352 n . -8
s2 n *sl
n . '"\O'

1 -1 s2 sl

int cmp (char* sl, char* s2);

c s n . -9
s n
c . "\0'
NULL
char* chr (char* s, char c);
f(n) W £(2) £(1) n -10
( 7-18 )

int product (int (*pf) (int k), int n);
-11

double trap(double (*pf) (double x), double a,
double b, int n);

b a. f pf
n f
1.41421 trap(square, 1, 2, 100);

h = (b-a)/5

g[f(a)+2f(a+h)+2f(a+2h)+2f(a+3h)+2f(a+4h)+ f(b)]



«

l\Ol

Ct+t

C o

NUL

)char*

strlen(s)

char

<cstring>

»

8-1

.
o

(char
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int n = 44;

int* p = &n;

int

64fddc

float* g = &n;

d P

cout << *p;

NUL

64fddc
64£f£f19

char*
int*
n
p
55
n
p
d

8-2

&n



cout << p;
cout << py;
«
NUL
char str[] = "string";
lnl li' lrl ltl |S|:

cout << str;

str 8

cin >> str;

str

NUL

Qb ydagy silwdeliyy 252

char*

» C++

\O!

str o

8-3

lgl
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<cstring> -5
strlen ()
strcat () strncpy () strcpyl()
strncmp () strecmp () 6 strncat ()
8-8 . strtok()
NUL 8-1 *
"0 5
int main ()
{ char s[] = "ABCD";

for (int 1 = 0; 1 < 5; i++)

cout << "s[" << 1 << "] = "M << s[1] << "'"\n";

S "\O"' s 2
JEN
1B
2(C] , cout  '\0'
3|D |
ar
/ 8-4
C++

string
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o
®
N

*

int main ()
{ char word[80];
do
{ «cin >> word;
1if (*word) cout << "\t\"" << word << "\"\n";

} while (*word);

cin

£
o o

Enter

cin Enter

cin

(28
o

o

cin

cin
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while
( Ctrl+z )
Enter
5 . wn
Enter
*word word *word
) *word . E
2 word 3 (false
J : "\O"'
NUL
AR 6
Ctrl+Zz
word 5
8-2 5

cin >> word
while (*word)

{ cout << "\t\"" << word << "\"\n";

cin >> word;

char* <<

char*



cout cin 8-5

cin

cin.getline() , cin.get() , cin.ignore() , cin.putback() , cin.peek()

cin

cout.put ()

int main ()
{ char 1ine[80];
do

cin 5

cout

cin.getline(str,n);

str

cin.getline() 8-3

{ cin.getline(line,80);

if (*line)

true

cin.getline (str, n, ch);

str
ch

« »

cout << "\t[" << line << "]\n";

} while (*1line);

(*1line)

5 line 8

line 5 80

5 getline ()

ch
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getline ()

cin.getline () 8-4 *

int main ()

{ char clause[20];
do
{ cin.getline(clause, 20, ',');
if (*clause) cout << "\t[" << clause << "]1\n";
} while (*clause);

"weary, "

cin.get ()
cin cin.get (ch)

1 . ch
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cin.get() 8-5 *
lel
ch cin.get (ch)

int main ()
{ char ch;
int count = 0;
while (cin.get(ch))
if (ch = = 'e') ++count;
cout << count << " e's were counted.\n";

cout.put () . put () get ()

cout.put () 8-6 *

o &
int main ()
{ char ch, pre = '"\0';
while (cin.get(ch))
{ if (pre == " "' || pre = = '"\n")

cout.put (char (toupper(ch))) ;
else cout.put(ch);

pre = ch;
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6 pre
ch pre
ch 5
ch toupeer (ch)
<ctype.h>
ch += 'A' - vav;
cin.get () cin.putback ()
cin
cin.ignore ()
cin.putback() cin.ignore () 8-7

int nextInt();
int main ()
{ int m = nextInt(), n = nextInt();
cin.ignore (80, '\n"); // ignore rest of input line
cout << M<K " + " KK n<KK"="<Kmn << endl;
}
int nextInt ()
{ char ch;
int n;
while (cin.get(ch))
if (ch >= '0' && ch <= '9') // next character is a digit
{ cin.putback(ch); // put it back so it can be

cin >> n; // read as a complite int



by ) Lwdo LS 260

break;
}
return n;
}
cin nextInt ()
3
cin cin 305
5
305 . n
n
cin.putback () cin.get() cin.peek ()
ch ch = cin.peek();

.
o

cin.peek () 8-8 *

nextInt ()

int nextInt ()
{ char ch;
int n;
while (ch
if (ch >= '0' && ch <= '9")

cin.peek())

{ cin >> n;
break;

}

else cin.get(ch);

return n;
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ch ch = cin.peek()
ch 1
cin n
0 ch = cin.peek();
o] 8-6
toupper () 8-6
<ctype.h>

<cctype>

isalnum () int isalnum(int c);
C

isalpha () int isalpha (int c);
C

iscntrl () int iscntrl (int c);
C

isdigit () int isdigit (int c);
C

isgraph () int isgraph (int c);
C

islower () int islower (int c);
C

isprint () int isprint (int c);
C

int ispunct(int c);
ispunct () c




int isspace (int c);

N )

‘ l\fl ] ] C
sspace
1 p () '\t’ ’\rl ’\nl
l\vl
isupper () int isupper (int c);
C
int isxdigit (int c);
C
iSXdigit() VCV IBI VAV lfl VeV ldl VCV lbl VaV
'F' 'E' VDV
int tolower (int c);
tolower () c
C
int toupper (int c);
toupper () C
C
int 2
char int
char
char
« »
8-7

s
o

char name[5][20];

0123456 7880NR2BMUBEBEITENY
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o~
o~

name[4] name[3] name[2] name[l] name[0]

s
. ]

5 name b

8-9 *

or
[+ 238

int main ()
{ char name[5] [20];
int count=0;
cout << "Enter at most 4 names with at most 19 characters:\n";
while (cin.getline (name[count++], 20))
—-—count;
cout << "The names are:\n";
for (int i=0; i<count; i++)

cout << M\t" << 1 << ", [" << name[i] << "]" << endl;

0123456 7800N12R8BMUKBETIENH nameé

M|o]
A
E|b|r|alhli|m| |H|e|m|m|

flal [Clh|a|m|r]a

0
=
Q

3
[

while b .

=3
3
o
Q.
=
[e]
p
®
<
©
[
w
[0)
=
=
»
=
IS

)
T
8

- N = =




cin.getline (name[count++],20)

cin.getline ()

count name [count]
getline ()
while &
getline () (Ctrl+2)
5 . while &
while & : while 8

char* name(4];
char

8 . 8 name [1i]

8-10

5 8-10 *

8-9 . getline ()
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name & . "\n'

name @

int main ()
{ char buffer([80];
cin.getline (buffer,80,'S$S");
char* name[4];
name [0] = buffer;
int count = 0;
for (char* p=buffer; *p ! '\0'; p++)

lf (*p p— '\I’l')
{ *p = '"\0"; // end name[count]
name [++count] = p+1; // begin next name

}
cout << "The names are:\n";
for (int i=0; i<count; i++)

cout << "\t" << i << . [" << name[i] << "]" << endl;
}
80 buffer
getline ()
'8! 80
name &
5 for s . char
P . 8] . buffer
count & "\O' "\n'
name [count] p+1l
for o . name [count]
name 5 6
Enter
>
80 . cin  '\n'
rg

0 |@——=={[o[s]t[a[f]a] [c|h]am|r|an|o]
1 |@——=[e[n|d]i[ [z]e[i]n]o]d]d]i[n|&]
2 |@——=|Eb|r[alh]im] [hle|m|m|alt]o|
s (O—1z]
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"Mostafa chamran\nMehdi Zeinoddin\n Ebrahim Hemmat\n"
name 5 buffer

8-9

(8-9 ) ;

(23

o

8-11 *

o

name

int main ()
{ char* name[]
= { "Mostafa Chamran", "Mehdi Zeinoddin", "Ebrahim Hemmat" };
cout << "The names are:\n";
for (int 1 = 0; 1 < 3; i++)
cout << "\t" << i << ", [" << name[i] << "]"
<< endl;

8-8

« 5 » <cstring>

(23
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strlen () 8-12 *

strlen () 5 3
s b strlen (s)
NUL
#include <cstring>
int main ()
{ char s[] = "ABCDEFG";
cout << "strlen(" << s << ") =" K strlen(s) << endl;
cout << "strlen(\"\") = " << strlen("") << endl;
char buffer[80];
cout << "Enter string: "; cin >> buffer;
cout << "strlen(" << buffer << ") = " << strlen (buffer)
<< endl;
}
« »
5
strrchr(), strchr(), strstr() 8-13 *

5 5 5

#include <cstring>

int main ()

{

char s[] = "The Mississippi is a long river.";

cout << "s = \"" << s << "\"\n";

char* p = strchr(s, ' ');

cout << "strchr(s, ' ') points to s[" << p - s << "].\n";
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p = strchr(s, 'e');
cout << "strchr(s, 'e') points to s[" << p - s << "].\n";
p = strrchr(s, 'e');
cout << "strrchr(s, 'e') points to s[" << p - s << "].\n";
p = strstr(s, "is");
cout << "strstr(s, \"is\") points to s[" << p - s
<< "1.\n";
p = strstr(s, "isi");
cout << "strstr(s, \"is\") points to s[" << p - s
<< "1.\n";
if (p == NULL) cout << "strstr(s, \"isi\") returns
NULL\n";

v s 6 strchr(s,' ")
s 8 s-p
( 0 )
3 s @
s 8 Te! strchr (s, 'e'")
s-p
2 'e!

strrchr(s, 'e'")

is" o strstr(s, "is")
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s[22] 5
"isi" NULL strstr(s, "isi")
s 5
(=)
s2 5 strcpy(sl, s2)
strncpy(sl, s2, n) sl 5
sl & n s2 8 n
5 s2 sl
strcpy () 8-14 *
strcpy(sl, s2) 5
#include <iostream>
#include <cstring>
int main ()
{ char sl1[] = "ABCDEFG";
char s2[] = "XYZ";
cout << "Before strcpy(sl,s2):\n";
cout << "\tsl = [" << sl << "], length = " << strlen(sl)
<< endl;
cout << "\ts2 = [" << s2 << "], length = " << strlen(s2)
<< endl;
strcpy(sl,s2);
cout << "After strcpy(sl,s2):\n";
cout << "\tsl = [" << sl << "], length = " << strlen(sl)
<< endl;
cout << "\ts2 = [" << s2 << "], length = " << strlen(s2)
<< endl;

SISl CH 5y Ladols 5 ¢iSIHLS slaass, / plda Juad

}
Before stropy(sl,s2):
- sl = [BBCDEFG], length =7
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sl
strcpy(sl, s2)
strcpy(sl, s2) 3 s2
(  s2 NUL ) s2
sl 3 s2 sl
52 sl
strncpy ()
strncpy(sl, s2, n)
int main ()
{ char sl1[] = "ABCDEFG";
char s2[] = "Xyz";
cout << "Before strncpy(sl,s2,2):\n";
cout << "\tsl = [" << sl << "], length = " <<
<< endl;
cout << "\ts2 = [" << 82 << "], length = " <<
<< endl;

strncpy(sl,s2,2);
"After
"\tsl =
endl;
"\ts2 =
endl;

cout

cout

cout

<<
<<
<<
<<
<<

strncpy (sl,s2,2) :\n";
[" << sl << "], length = " <<

[" << 52 << "], length

s2
XY7Z

sl

8-15 *

strlen(sl)

strlen(s2)

strlen(sl)

strlen(s2)
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s2 8 strncpy (sl,s2,2)
8 sl s2 . sl 8
sl
n strlen(sl)>n strncpy(sl,s2,n)
strlen(sl)<=n sl n s2
strcpy ()
strcpy () strncat () strcat ()
s2 6 strncpy ()
"catenate" & "cat" . sl @
8 s2 sl ) « »
sl s2
strcat () 8-16 *
strcat (sl, s2) 5

int main ()

{ char sl1[] = "ABCDEFG";
char s2[] = "XYz";
cout << "Before strcat (sl,s2):\n";
cout << "\tsl = [" << sl << "], length = " << strlen(sl)
<< endl;
cout << "\ts2 = [" << 82 << "], length = " << strlen(s2)
<< endl;

strcat (sl,s2);

cout << "After strcat(sl,s2):\n";

cout << "\tsl [" << s1 << "], length
<< endl;

cout << "\ts2 = [" << s2 << "], length
<< endl;

<< strlen(sl)

" << strlen(s2)
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sl strcat (sl,s2)
strcat (sl, s2) 3 s2
s2 sl
sl NUL
s2 sl
stancat () 8-17 *
strncat (sl,s2,n) 5

#include <iostream.h>
#include <cstring.h>
int main ()
{ // test-driver for the strncat() function:
char sl1[] = "ABCDEFG";
char s2[] = "Xyz";
cout << "Before strncat(sl,s2,2):\n";
cout << "\tsl [" << s1 << "], length
<< endl;
cout << "\ts2 = [" << s2 << "], length
<< endl;
strncat (sl,s2,2);
cout << "After strncat (sl,s2,2):\n";

" << strlen(sl)

" << strlen(s2)

cout << "\tsl = [" << sl << "], length = " << strlen(sl)
<< endl;
cout << "\ts2 = [" << s2 << "], length = " << strlen(s2)

<< endl;
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sl s2 strncat(sl,s2,2)
sl NUL
sl strncat () strcat()
sl 8
5
<cstring>
size t
<csting>
<cstring>
void* memcpy (void* sl, const void* s2, size t n);
memcpy ()
S. *S2 n *S1
char* strcat (char* sl, const char* s2);
strcat ()
sl. sl
char* strchr (const char* s, int c);
strchr () .
NULL s Cc . S c
int strcmp(const char* sl, const char* s2);
strcmp () |s2 sl . s26
char* strcpy(char* sl, const char* s2);
strc ()
PY sl. sl
size t strcspn(char* sl, const char* s2);
strcspn () -
s[0] sl




s2
size t strlen(const char* s);
strlen() | NUL s[0] S
char* strncat (char* sl, const char* s2, size t n);
strncat () n>=strlen(s2) . sl s2 n
strcat (sl, s2) strncat (sl,s2,n)
int strncmp(const char* sl, const char* s2, size t n);
5 s2 n sl n
strncmp () 5
strncmp (s1, s2, n) n>=strlen(s2)
strcmp (sl, s2)
char* strncpy(char* sl, const char* s2, size t n);
sl s2 n sl n
strncpy ()
n>=strlen(s2) . sl n<=strlen (sl)
strcpy(sl, s2) strncpy(sl, s2, n)
char* strpbrk(const char* sl, const char* s2);
strpbrk () s2 . sl s2
NULL sl
char* strrchr (const char* s, int c);
strrchr () NULL s Cc . Sé C
size t strspn(char* sl, const char* s2);
s[0] sl
strspn ()

s2
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char* strstr(const char* sl,

const char* s2);

strstr() | NULL sl s2 . slsa s28
char* strtok(char* sl, char* s2);
S26 sls
strtok () strtok (NULL, s2) strtok(sl, s2)
sls sl 5 5
NUL
C++ 8-9
C
3 C++
NUL
C++.
NUL

8-10




C++
stream
istream
ostream
5
ifstream
ofstream
5
5 istream
5
( ) «>> »
istream
2
>> 8-18 *
" 4 6"
int n;

cin >> n
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|4| ] | ] | ] ]
l6l l4l l\nl
1 — Streams 2 - Formatting
l\nl
cin
tab )
cin int cin >> n
lOl T_ l+l E
191 l8l |7| l6l l5l l4l 131 |2|
244
cin '47
cin
cin
cin
46 l6l l4l

cin
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>>
X cin >> x;
3
true
false
8-19 *
int main ()
{ int n;

while (cin >> n)
cout << "n = " << n << endl;

° tab ) °

8-11

<iostream>
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cin.get ()
5 cin.getline ()
cin.get () 8-20 *
while (cin.get(c))
{ if (c >= 'a' && c <= "z') c += 'A' - 'a'; // capitalize c
cout.put(c);
if (¢ = = '"\n') break;

o

cin.get (c)
(ctri+z )
false cin.get ()
break
if
cout.put (c)

.
o

cin.getline() ) ) 8-21 *
5
5
const int LEN=32; // maximum word length
const int SIZE=10; // array size

typedef char Name[LEN]; // defines Name to be a C_string type
int main ()
{ Name martyr[SIZE]; // defines martyr to be an array of 10 names
int n=0;
while (cin.getline (martyr[n++], LEN) && n<SIZE)
--n;

for (int i=0; i<n; i++)
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cout << "\t' << i+l << ". " << martyr[i] << endl;
}
. Name 10 martyr
char 32 Name typedef
(NuL+ 32 )
5 cin.getline (martyr[n++], LEN)
LEN-1
5 .
. martyr[n]
, 5
. while @ 6
n==size
n .
. n
n
for & .
martyr.dat

Thamen-al-aemmeh (1360/7/5) - ABADAN
Tarigh-al-ghods (1360/9/8) - BOSTAN :
Fath-al-mobin (1361/1/1) - DEZFUL
Beyt-al-moghaddas (1361/2/10) - KHORAMSHAHR
Ramazan (1361/4/23) - TACTICAL

Val-fajr 6 (1362/12/2) - CHAZABEH
Val-fajr 8 (1364/11/20) - MAJNOUN

Karbala 1 (1365/4/10) - MEHRAN
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Ct+ string 8-12

string C++
<string>
string . 5
string sl; // sl contains 0 characters
string s2 = "PNU University"; // s2 contains 14 characters
string s3(60, '*'); // s3 contains 60 asterisks
string s4 = s3; // s4 contains 60 asterisks
string s5(s2, 4, 2); // s5 is the 2-character string "Un"
string
string sl .
6 (s1 ) string
string .
string .82
s3
string. vt
s4 . string
string . s3 5
s2 s5 . string
5
) 5o -1
-3 ( s214] ) -2 ( =2



string

5
getline () string
cin.getline ()
string s = "ABCDEFG";
getline (cin, s); // reads the entireline of characters into s

string

char ¢ = s[2]; // assigns 'C' to c
s[4] = '"*'; // changes s to "ABCD*FG"

o~

string

const char* cs = s.c_str(); // converts s into the C-string cs
length () C++ string

string

cout << s.length() << endl;
// prints 7 for the string s = = "ABCD*FG"

string C++

if (s2 < sb) cout << "s2 lexicographically precedes s5\n";
while (s4 = = s3) //

string += +
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string s6 = s + "HIJK"; // changes s6 to "ABCD*FGHIJK"
s2 += s5; // changes s2 to "PNU UniversityUn"
string substr ()
s4 = s6.substr(5,3); // changes s4 to "FGH'

string replace () erase()
s6.erase (4, 2); // changes s6 to "ABCDGHIJK"

s6.replace (5, 2, "xyz"); // changes s6 to "ABCDGxyzJK"
erase ()

replace ()

string find()

string s7 = "The SOFTWARE MOVEMENT bases";
cout << g7.find("EM") << endl; // prints 17
cout << g7.find("EO") << endl;

// prints 27, the length of the string

5 ° find ()
string
5 5 string
(getline() ) 5
string

string String



string 8-22 *

Al \J Al "
p E

"The SOFTWARE MOVEMENT is began"

o

5
-]

The SOFTWARE, MOVE,ME,NT is began

string word;
int k;
while (cin >> word)
{ k = word.find ("E") + 1;
if (k < word.length())
word.relace(k, 0, ",");

cout << word << ' ';

5 while 8

8-13

C++

1 —Files
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fstream
ofstream ifstream s fstream.
ifstream
ofstream
13 <fstream>

#include <fstream>

ifstream readfile ("INPUT.TXT");
ofstream writefile ("OUTPUT.TXT") ;

readfile

writefile INPUT.TXT

>> . OUTPUT.TXT

writefile << readfile
8-23 *

5
PHONE . TXT
0

#include <fstream>
#include <iostream>
using namespace std;
int main ()
{ ofstream phonefile ("PHONE.TXT") ;
long number;
string name;
cout << "Enter a number for each name. (0 for quit): ";
for (; )
{ cout << "Number: ";
cin >> number;
if (number == 0) break;



phonefile << number << ' ';
cout << "Name: ";
cin >> name;

phonefile << name << ' ';

’
cout << endl;

ofstream phonefile 8
PHONE . TXT
PHONE . TXT ofstream
name number
for s 5

(break
<< >
phonefile
phonefile
8
cout <<
>>
8-24 *

#include <fstream>
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#include <iostream>

using namespace std;

int main ()

{

ifstream phonefile ("PHONE.TXT") ;
long number;
string name, searchname;
bool found=false;
cout << "Enter a name for findind it's phone number: ";
cin >> searchname;
cout << endl;
while (phonefile >> number)
{ phonefile >> name;
if (searchname == name)
{ cout << name << ' ' << number << endl;
found = true;
}
if (!found) cout << searchname

<< " is not in this phonebook." << endl;

PHONE.TXT phonefile °
istream

while &

while (phonefile >> number)

number phonefile

phonefile>>number



>>

cin . get ()

cout . put ()
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C++



char* p[]

char* p="test"; (

char* p[]="test";

cin.getline(str, p,

-1
"\t ( "\n" (
char str[]="test"; -2
str(
str(
str(
str(
cout << str; -3
int* str (
char* str (
float™ str (
(
= "test" -4
b o (
b p (
b p (
b P (
b -5
char p="test"; (
char pl[l="test"; (
cin -6
getline () ( put () (
'9'); '9!’ -7

(
(
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Str ‘g i
191 (
result = (cin >> x); -8
bool result X =
bool X result —
bool result char b
bool x char result —
>> -9
e — '0' — vt — 'n' —
cin >> n; 328 int n -—-10
n 'p327'
327 — 32— 0-— p—
cin.get() -11
<fstream> - <iostream> -
<cmath> - <iomanip> -
c cout.put(c) ; -12
float - string -
double - char -
char* s2 string sl -13
S2 sl—
s2 sl—
s2 sl —
S2 sl—
"1234" ® string sl - 14
S1[2]
"34M — "ion — '3 — 2" —



char c?d string S - 15
c s
length () c strlen () ] -
strlen () C length () S -
length () c s -
strlen () c s -
"IRAN" string n - 16
n n.erase(1l,2);
"IN" — "AN" — "RA" — "IR" —
"ABCD" string strl - 17
"EFGH" strl

strl.replace(0,0,"EFGH"); —
strl.replace(l,1,"EFGH"); —
strl.replace (0,4, "EFGH"); —
strl.replace(1l,4,"EFGH"); —
"PNU" string _t1 - 18
_tl.find("PU");

3 - 2 — 1- 0-
c++ -19
<fstream> - <iostream> -
<cmath> - <iomanip> -
ifstream filel ("test.txt"); - 20
test.txt filel —
test.txt filel —
test.txt filel —

test.txt filel —
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-1
char s[6];
char s[6] = {'H', 'e', '1', '1', 'O'};
char s[6] = "Hello";
char s[];
char s[] = new char[6];
Char S[] = {IH', lel, 'l', lll, lol},.
char s[] = "Hello";
char s[] = new("Hello");
char* s;
char* s = new char[6];
Char* s = {'H', 'el’ lll, Vl', lo'};
char* s = "Hello";
char* s = new("Hello");
3 C++ -
5 5 C++ -
"Hello" s
5 5 C++ -
"Hello" &
5 C++ -
-2
s 5 "Hello, word"
cin >> s;
-3
char s[] = "123 W. 42nd St., NY, NY 10020-1095";

int count = 0;

for (char* p = s; *p; p++)
if (isupper (*p)) ++ count;
cout << count << endl;



char s[] =
for (char* p = s;
if (isupper (*p)) *p =

cout << s << endl;

char s[] =

for (char* p = s;
if (isupper (*p))

cout << s << endl;

char s[]
int count = 0;
for (char* p = s;
if (ispunct (*p))

cout << count << endl;

char s[]
for (char* p = s;
if (ispunct(*p)) * (p-1)

cout << s << endl;

char* sl = s2;

strcpy(sl,s2);

"Hayes" & last

- int n =

- char* sl
- char* sl =
- char* sl =

- strcpy (first, last);

"123 W. 42nd St.,
*p; ptt)
(*p) ++;

= "123 W. 42nd St.,

= "123 W. 42nd St.,
*pi ptt)

strchr (first,
strrchr (first,

strpbrk (first,

-4

"123 W. 42nd St., NY, NY 10020-1095";
*p; ptt)
tolower (*p) ;

NY, NY 10020-1095";

NY, NY 10020-1095";

*p; ptt)
++ count;

NY, NY 10020-1095";

tolower (*p) ;

char* s2 sl

"Rutherford" & first

strlen(first);

T

"rstuv") ;
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- strncpy (first, last, 3);
- strcat (first, last);

- strncat (first, last, 3);

n -10
- int n = strspn("abecedarian", "abcde") ;
- int n = strspn ("beefeater", "abcdef");
- int n = strspn("baccalaureate","abc");
- int n = strcspn("baccalaureate", "rstuv");
-11
char* sl = "ABCDE";
char* s2 = "ABC";
if (strcmp(sl,s2) < 0) cout << sl << " < " << 82 << endl;
else cout << sl << " >= " << 52 << endl;
-12
char* sl = "ABCDE";
char* s2 = "ABCE";
if (strcmp(sl,s2) < 0) cout << sl << " < " << 82 << endl;
else cout << sl << " >= " K 52 << endl;
-13
char* sl = "ABCDE";
char* s2 = "";
if (strcmp(sl,s2) < 0) cout << sl << " < " << 82 << endl;
else cout << sl << " >= " << 52 << endl;
-14
char* s1 =" ";
char* s2 = "";
if (strcmp(sl,s2) == 0) cout << sl << " == " << 52 << endl;
else cout << sl << " =" << g2 << endl;
string -15
-16

-17



« »-18
-19
C C++
8-11 -1
int main ()
{ char name[10][20], buffer([20];
int count = 0;
while (cin.getline (buffer,20))
name [count] = buffer;
—-—count;
cout << "The names are:\n";
for (int 1 = 0; 1 < count; i++)
cout << "\t" << 1 << ", [" << name[i] << "]" << endl;
}
-2
5 -3
8-3 -4
while (cin >> word)
do..while (*word)
5 -5
-6

strcpy () strncat () strchr ()
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strrchr () strstr ()
strcat () strcmp ()
strspn () strcspn ()

today 1is Tuesday

char csl[] = "ABCDEFGHIJ";
vhar cs2[] = "ABCDEFGH";
cout << cs2 << endl;

cout << strlen(cs2) << endl;
csz2[4] = 'X';

GRS HLS slaasidy / F.LM Juad

strncpy ()
strncmp ()
strpbrk ()

5 -7

-8

-9

-10

-11

Tuesday 1is today
-12

if (strcmp(csl, cs2) < 0) cout << csl << " < " << ¢s2 <

endl;

else cout << csl << " >= " <K< ¢s2 << endl;

char buffer([80];
strcpy (buffer, csl);

strcat (buffer, cs2);

char* cs3 = strchr (buffer, 'G');

cout << cs3 << endl;

string s = "ABCDEFGHIJKLMNOP";
cout << s << endl;

cout << s.length() << endl;

-13



s[8] = '"!'"';
s.replace (8, 5, "xyz");
s.erase (6, 4);

cout << s.find("!");
cout << s.find("?");
cout << s.substr (o6, 3);
s += "abcde";

string part(s, 4, 8);

string stars(8, '*');

string s;

int n;

float x;

cin >> s >> n >> xXx >> s;

ABC 4567 .89 XYZ -
ABC456 7.8 9 XYZ -
ABC4 56 7.89XY 7Z -
AB C 456 7.89XY7Z -

PHONEL . TXT 8-23

5

-14

ABC 456 7.89 XYZ -

ABC 456 7.8 9XYZ -
ABC456 7 .89 XYZ -
AB C456 7.89 XY7Z -

-15

5 -16

b -17

PHONEZ2 . TXT

PHONEBOOK.TXT



«

«

»

1 — Assembly

9-1



o

» .
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5
5 « » «
« » 3
« »
« »

« »
1 — Object orienting 2 —Class
4 — Attribute 5 — Method

« »
»
« » « »
« 3 »
« > »
.6
3 — Object

6 - Encapsulation



o

« »  « » o

1 — Abstraction 2 — Inheritance 3 — Polymorphism
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o

o

class Ratio
{ public:
void assign (int, int);

viod print();

private:
int num, den;
};
class 5
1 : .
print () assign()
« » « »
2 3
° den
. private public
3 .
« » public
4 .
« » private
1 — Function member 2 — Data member

3 — Public member 4 — Private member

num

Ratio



private

Ratio 9-1 *

class Ratio
{ public:
void assign(int, int);
void print();
private:
int num, den;

};

int main ()
{ Ratio x;
Ratio y;

x.assign (13, 7);
y.assign(19,5);
cout << "x = ";
x.print () ;

cout << endl;
cout << "y =";
y.print();

cout << endl;

void Ratio::assign (int numerator, int denumirator)
{ num = numerator;

den = denumirator;



void Ratio::print ()
{ cout << num << '/' << den;

}

Ratio 5

o

Ratio y X

o

| [
o ) (oo

x.assign(13,7);

Ratio Ratio
assign ()
X
b4 x.assign(13,7); '
Ratio b4
assign ()
.
print () assign()
Ratio
Ratio

9-1 5

1 — Owner



y X 3 . Ratio
den num 5
13 7 x.assign (13,7);
y.assign(19,5); . X den num
y den num 5 19
y.print () ; x.print () ;
y X Y x

den num

o

assign ()

print ()

Ratio

Ratio 9-2 *

class Ratio

{ public:
void assign(int, int);
double convert();
void invert () ;
void print();

private:

int num, den;

}i

int main()

{ Ratio x;
x.assign (22, 7);
cout << "x =";

x.print () ;



cout << " =" << x.convert() << endl;
X.invert () ;
cout << "1/x = "; x.print();

cout << endl;

void Ratio::assign (int numerator, int denumirator)
{ num = numerator;

den = denumirator;

double Ratio::convert ()
{ return double (num) /den;

}

void Ratio::invert ()
{ int temp = num;

num = den;

den temp;

void Ratio::print ()
{ cout << num << '/' << den;
}

invert () convert ()

Ratio

o

convert ()

invert ()

o

o



public den num

Ratio 9-3 *

Ratio

class Ratio
{ public:
void assign(int n, int d) { num = n; den = d; }
double convert () { return double (num)/den; }
void invert () { int temp = num; num = den; den = temp;}
void print () { cout << num << '/' << den; }
private:

int num, den;

9-2 Ratio

o

9-2

o~

o
o
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assign ()

Ratio

float int

int n=22;
float x=33.0;

9-1

Ratio

1 — Interface

2 - Implementation

9-3

Ratio

assign ()

CH+ .

3 — Constructor Function
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assign ()

Ratio 9-4 *

class Ratio
{ public:
Ratio(int n, int d) { num = n; den =d; }
void print () { cout << num << '/' << den; }
private:
int num, den;

};

int main ()

{ Ratio x(13,7) , y(19,5);
cout << "x =";
x.print () ;
cout << "and y = ";
y.print () ;

X

den num
Ratio x(13,7), y(19,5);
9-1

Ratio x, y;
x.assign (13,7);

y.assign(19,5);

o
o
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( 5-13

Ratio 5

class Ratio
{ public:
Ratio() { num = 0; den = 1; }

Ratio(int n) { num = n; den = 1;

Ratio(int n, int d) { num = n; den = d; }

void print () { cout << num << '/' << den;

private:
int num, den;

};

int main ()
{ Ratio x, y(4), z(22,7);
cout << "x = ";

x.print () ;

cout << "\ny = ";
y.print () ;
cout << "\nz = ";

z.print () ;

9-4 2

Ratio

}

int



C++

9-5

Ratio(int n, int d) : num(n), den(d) { }

5

Ratio -( )

Ratio 9-6

class Ratio
{ public:
Ratio() : num(0) , den(l) { }
Ratio(int n) : num(n) , den(1l) { }
Ratio(int n, int d) : num(n), den(d) { }
private:
int num, den;

};

1 — Default constructor 2 — Initializing list

9-4



313 ol 5k [ p Juad

(private)

Ratio 8 9-7
class Ratio
{ public:
Ratio(int n=0, int d=1) : num(n), den(d) { }
private:
int num, den;
}i
int main ()
{ Ratio x, y(4), z(22,7);
}
4/1 y 0/1 X
22/7 z
5-15
n
X 1 d 0
X.n Ratio
x.den=1 x.num=0 x.d
y .num=4 4 \%
y.den 1 Yy
722 z
7 z.den 22 Z .num
9-5



1
5
Ratio 9-8 *
class Ratio
{ public:
Ratio(int n=0, int d=1) : num(n) , den(d) { }

int numerator () { return num; }
int denomerator () { return den; }
private:

int num, den;

int main ()
{ Ratio x(22,7);

cout << x.numerator() << '/' << x.denumerator () << endl;

denumerator () numerator ()

9-6

o

1 — Access function



class Ratio
{ public:
Ratio(int n=0, int d=1) : num(n), den(d) { }
void print() { cout << num << '/' << den << endl; }

void printconv() { cout << toFloat() << endl; }
private:

int num, den;
double toFloat();
};

double Ratio::toFloat ()

{ // converts Rational number to Float
return num/den;

}

int main ()

{ Ratio x(5, 100);
x.print () ;
x.printconv () ;

}

toFloat () Ratio 5

o

o
(23

printconv ()
5

toFloat () printconv ()

1 — Utility function



-] -]
° 9-7
int x;
int x=k;
int X
k X
k X X
Ratio x;
Ratio X
5
1 4
5 5 5
3
-] -]
Ratio(); // default constructor
Ratio(const Ratiog); // copy constructor
3 5

1 — Copy constructor



Ratio y(x);

X Ratio %

Ratio ] 9-10 *

class Ratio
{ public:
Ratio(int n=0, int d=1) : num(n), den(d) { }
Ratio(const Ratio& r) : num(r.num), den(r.den) { }
void print() { cout << num << '/' << den; }
private:
int num, den;
bi
int main ()
{ Ratio x(100,360);
Ratio y(x);
cout << "x =";
X.print () ;
cout << ", y=";
y.print () ;

num 5

r den

5 y Ratio y(x);



class Ratio

{ public:

Ratio(int n=0,

Ratio(const Ratio& r)

by ) Lwdo LS 318

[+ 23 -
| |
w N

5 9-11 *

int d=1) den(d) { }

den (r.den)

num(n) ,

num (r.num) ,

{ cout << "COPY CONSTRUCTOR CALLED\n"; }

private:
int num, den;

};

Ratio test(Ratio r)
{ Ratio g = r;

return qg;

int main ()

{ Ratio x(22,7);
Ratio y(x);
£(y);

o

o

// calls the copy constructor, copying ? to r
// calls the copy constructor, copying r to gq

// calls the copy constructor, copying gq to ?

// calls the copy constructor, copying x to y

o
o
o
o

(23
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y test ()

test ()

Ratio g(r);

« » « »

Ratio g=r;

1 — Destructor

9-8
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o

Ratio 9-12 *

class Ratio
{ public:
Ratio() { cout << "OBJECT IS BORN.\n"; }
~Ratio() { cout << "OBJECT DIES.\n"; }
private:
int num, den;

};

int main ()
{ { Ratio x; // beginning of scope for x
cout << "Now x is alive.\n";
} // end of scope for x
cout << "Now between blocks.\n";

{ Ratio y;

cout << "Now y is alive.\n";
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main ()

o

const char BLANK = ' ';

const int MAX INT = 2147483647;
const double PI = 3.141592653589793;
void int (float a[], const int SIZE);

const
const Ratio PI(22,7);
print ()
PI Ratio
PI.print(); // error: call not allowed

const
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° const °

Ratio print ()

void print() const { cout << num << '/' << den << endl; }

const Ratio PI(22,7);

PI.print(); // o.k. now
9-10
5
9-13 *
class X
{ public:
int data;
}i
main ()
{ X* p = new X;
(*p) .data = 22; // equivalent to: p->data = 22;
cout << " (*p).data = " << (*p).data << " =" << p->data << endl;
p—>data = 44;
cout << " p—>data = " << (*p).data << " =" < p->data << endl;
}
X *p X p
*p - & (*p).data
(.)
*p.data (*)

*(p.data)
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p—->data (*p) .data

p—->data

Node 9-14

class Node
{ public:
Node (int d, Node* p=0) : data(d), next(p) { }

int data;

Node* next;
}i
Node

int

Node

int main ()

{ int n;
Node* p;
Node* g=0;
while (cin >> n)
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new Node (n, q);

qa=ps

o]
Il

}
for ( ; p—->next; p = p->next)
cout << p->data << " ->";

cout << "*\n";

}
a g p Node
E while &
P data p
P . q next
q a P qé
p p
P 3
q 5 P
p
q

I dud - adig e LS L= R

48l eadil 43la W1 <H
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»

class X
{ public:

o

o

1 — Data structure

2 — Static member

NUL

static

o

o

p->next

9-11

5



static int n; // declaration of n as a static data member
}i
int X::n = 0; // definition of n
5
9-15 *
widget
widget . count
widget
widget count
count

class Widget

{ public:
Widget () { ++count; }
~Widget () { --count; }
static int count;

}i

int Widget::count = 0;
main ()
{ Widget w, x;
cout << "Now there are " << w.count << " widgets.\n";
{ Widget w, x, vy, z;
cout << "Now there are " << w.count << " widgets.\n";
}
cout << "Now there are " << w.count << " widgets.\n";
Widget y;
cout << "Now there are " << w.count << " widgets.\n";



class Widget

{ public:
Widget () { ++count; }
~Widget () { —--count; }

int numWidgets ()
private:

static int count;

int Widget::count = 0;

main ()

{ Widget w, x;

n <<

cout << "Now there are

{ Widget w, %, vy, z;

"

cout << "Now there are
}
cout << "Now there are " <<
Widget y;
cout << "Now there are " <<

widget

{ return count; }

w.numiWidgets () <<

<< w.numWidgets ()

w.numiWidgets () <<

w.numWidgets () <<

6 widget
9-16 *
" widgets.\n";

<< " widgets.\n";

" widgets.\n";

" widgets.\n";



count 9-15
Widget v
Widget () D .
~Widget () x numWidgets ()
numWidgets () [::]
w

[:] | 5

count
Wy X Widget
count
9-12
count .
w
w.numWidgets () w
count
9-17 *

class Widget
{ public:

Widget () { ++count; }
~Widget () { —--count; }
static int num() { return count;

}
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private:
static int count;

}i

int Widget::count = 0;

int main ()

{ cout << "Now there are

Widget w, x;

cout << "Now there are

{ Widget w, %, vy, z;
cout << "Now there are

}

cout << "Now there are

Widget y;

cout << "Now there are

LIPS

"<

LIPS

LIPS

Widget::num() <<

Widget::num() <<

<< Widget: :num()

Widget::num() <<

Widget::num() <<

or

o

" widgets.\n";

" widgets.\n";

<< " widgets.\n";

" widgets.\n";

" widgets.\n";

num ()

Widget: :num()



private

public

funct
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5 vector -6
vector (const vectoré&) — vector () —
vector* (const vector) — ~vector () -
® -1
5 —
5 —
5 —
5 —
8 -8
R —
£() x -9
main () X main () -
£() X main () -
£0 X £0 -
main () b4 £() -



x2 x1

media m2=ml;

vector

x2
x1

static

static:

s
o

«

k -11
vector
k —

x2 x1-=

x1 -

X2 -
-12
»-13
ml - 14
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Widget f (Widget u)
{ widget v(u);
Widget w = v;

return w;

main ()
{ widget x;
Widget v = £(£(x));

-13

-14



(%, Y, 2)
° negate ()
(0, 0, 0)
8 . int

pop ()  push()

(*P) .data -15

Point -1
norm ()

print ()

stack -2

isFull () isEmpty ()

Time -3

advance (int h,int m,int s)

reset (int h,int m,int s)

print ()

print ()

2%X2

inverse ()

Random -4
person -5
5
Matrix -6
-] -]

det ()
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isSingular ()
print ()
J (x, V) point -7
5 negate () 5
(0,0) 5 norm ()
print ()
Circle -8
float y X
area () 5
5 circumference ()
count () 28 Stack -9
print () 5 Stack -10
int 5 Stack -11
float
area () 8 s Circle -12
5
3X3 6 8 Matrix -13






« »

10-1
45 C++
int ) 13

(char float

(*:

CH+

1 — Overloading operators



class Ratio
{ friend int numReturn (Ratio);
public:
Ratio();
~Ratio();
private:

int num, den;

int numReturn (Ratio r)
{ return r.num;

}

int main ()
{ Ratio x(22, 7);

cout << numReturn(x) << endl;

10-2

1 — Friend function
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Ratio numReturn ()
friend 5
(= 10-3
5
5
Ratio 10-1 *
8 Ratio
5
class Ratio
{ public:
Ratio(int = 0, int = 1); // default constructor
Ratio(const Ratiog); // copy constructor
void operator=(const Ratio&); // assignment operator

// other declarations go here
private:
int num, den;

}i

operator=

o



void Ratio::operator=(const Ratio& r)
{ num = r.num;

den = r.den;

r
Ratio y X
X=y;
this 10-4
C++
x =y =1z = 3.14
z 3.14
X y y z
X=y=7 z Yy X
x=(y=2)
x=f (y, z)
f X f
this

this
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T& operator=(const T&);

T

T& T::operator=(const T& t)

{ // assign each member datum of t to the corresponding

// member datum of the owner

return *this;

o

Ratio

class Ratio

{ public:
Ratio(int =0, int =1);
Ratio(const Ratio&);
Ratio& operator=(const Ratio&);
// other declarations go here

private:

int num, den;
// other declarations go here

}i

Ratio& Ratio::operator=(const Ratio& r)
{ num = r.num;
den = r.den;

return *this;

10-2

// default constructor
// copy constructor

// assignment operator

Ratio



Ratio x, vy, z(22,7);

X =Y = Zy

Ratio x(22,7); // this is an initialization
Ratio y(x); // this is an initialization
Ratio z = x; // this is an initialization
Ratio w

W = X; // this is an assignment

o

10-5

o~
S~
X
|
+

o

o

~—~
*

o

o

Ratio

Ratio operator* (Ratio x, Ratio vy)
{ Ratio z(x.num*y.num, x.den*y.den);

return z;
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Ratio

Class T
{ friend T operator* (const T&, const T&);
public:
// public members
private:

// private members

friend o o

T operator* (const T& x, const T& y)
{ T z;
// required operations for z = x*y

return z;

Ratio

Ratio 10-3

class Ratio

{ friend Ratio operator* (const Ratio&, const Ratioé&);
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public:
Ratio(int = 0, int = 1);
Ratio (const Ratio&);
Ratio& operator=(const Ratio&);
// other declarations go here
private:
int num, den;
// other declarations go here
bi
Ratio operator* (const Ratio& x, const Ratioé& y)
{ Ratio z(x.num * y.num , x.den * y.den);

return z;

int main ()
{ Ratio x(22,7) ,v(-3,8) ,z;

zZ = X; // assignment operator is called
z.print (); cout << endl;

X = y*z; // multiplication operator is called
x.print(); cout << endl;

10-6

o
Il
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class T
{ public:
T& operator*=(const T&);
// other public members
private:
// private members

}i

T& T::operator*=(const T& x)
{ // required operations

return *this;

5 = *this
/= *= -= += C++
5
o * —
* —
Ratio
*= Ratio 10-4

class Ratio

{ public:
Ratio(int = 0, int = 1);
Ratio& operator=(const Ratioé&);
Ratio& operator*=(const Ratioé&);
// other declarations go here

private:

int num, den;
// other declarations go here

}i

Ratio& Ratio::operator*=(const Ratio& r)

{ num = num*r.num;



den = den*r.den;

return *this;

o

y X o
5
X *=y,
X = x*y,
<= => < >
false
1 true
int
class T

{ friend int operator==(const T&,
public:
// public members
private:

// private members

Ratio
10-7
C++
| = ==
true
0 false
const T&);

int operator==(const T& x, const T& y)

{ // required operations to finding result
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return result;

result
Ratio (== 10-5 *
class Ratio
{ friend int operator==(const Ratio&, const Ratio&);

frined Ratio operator* (const Ratio&, const Ratio&);

// other declarations go here
public:

Ratio(int = 0, int = 1);

Ratio (const Ratio&);

Ratio& operator=(const Ratioé&);

// other declarations go here
private:

int num, den;

// other declarations go here

bi

int operator==(const Ratio& x, const Ratio& y)

{ return (x.num * y.den == y.num * x.den);
}
X==y a Ratio
b
(a*d==b*c) a__¢
b d
5
10-8
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class T
{ public:
T operator++();
// other public members
private:

// private members

T T::operator++ ()
{ // required operations

return *this;

*this
*this
1
5
Ratio 10-6
1 ++y Ratio y
1 y
y=22/7
22+7 29
++y=—+1= =—

348
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num+den num vy

class Ratio
{ public:
Ratio(int n=0, int d=1) : num(n) , den(d) { }
Ratio operator++();
void print() { cout << num << '/' << den << endl; }
private:
int num, den;
// other declarations go here
i
int main ()
{ Ratio x(22,7), y = ++x;
cout << "y ="; vy.print();
cout << ", x ="; x.print();
}
Ratio Ratio::operator++ ()
{ num += den;
return *this;

}
y=29/7, x=29/7

operator++

T operator++ (int);
int

« »



Ratio 10-7 *
y = X++;
y X
( ) *this
*this
Y
class Ratio
{ public:
Ratio(int n=0, int d=1) : num(n) , den(d) { }
Ratio operator++(); //pre-increment
Ratio operator++ (int); //post-increment

void print() { cout << num << '/' << den << endl; }
private:
int num, den;

}i

int main ()
{ Ratio x(22,7) , y = x++;
cout << "y ="; y.print();

"

cout << ", x ="; x.print();

Ratio Ratio::operator++ (int)
{ Ratio temp = *this;
num += den;

return temp;
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operator++ ()

(1) (.>>) (<<)

CHt



*this -3

operator==() -
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Date -7

operator<(const Date&, const Date&)

Person - 8

Person operator--(int) ;

*this -
*this
-10

float — double — char — int —



Ratio y(x);
Ratio y = x;
Ratio y = x;
Ratio y; Y = X;
Ratio
Ratio

Ratio

*this

Ratio

operator s -1
*this -2
*this -3

-10

int -11

5 Vector -1



355 La 38 ae L_G‘)l:lj‘)‘_))_w/(}.béw

-6
C++
Ratio
- 4 (9 3% ) Time =7
> < ==
* = (9 6% ) Matrix -8

/4 (9 7 5 ) Point -9






«

»

12-1

12-2

1 — Composition

2 - Inheritance
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Date 11-1 *

Date

class Date
{ public:
Date (int y=0, int m=0, int d=0)
year (y), month(m), day(d) {};
void setDate(int y, int m, int d)
{ year = y; month = m; day = d; }
void getDate ()
{ cin >> year >> month >> day ; }
void showDate ()
{ cout << year << '/' << month << '/' << day ; }
private:
int year, month, day;

int main ()

{ Date memory(1359,6,31);
cout << "SADDAM attacked to IRAN at ";
memory.showDate () ;
memory.setDate (1367,4,27) ;
cout << "\nThat war finished at ";
memory.showDate () ;
cout << "\nEnter your birthday: ";
memory.getDate () ;
cout << "\nYour birthday is ";

memory.showDate () ;
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Book 11-2

Book
class Book
{ public:
Book(char* n =" ", int 1 = 0, int p = 0)

name (n), id(i), page(p) { }
void printName () { cout << name; }
void printId() { cout << id; }
void printPage() { cout << page; }
private:
string name, author;
int id, page;

int main ()
{ Book reference ("C++", 1, 450);

cout << " reference id pages " << endl;
cout << "M———mmmm " << endl;
cout << " "o, reference.printName () ;

cout << " " ; reference.printlId();

cout << " " ; reference.printPage();

}
Book
Book 11-3

#include "Date.h"

class Book
{ public:

Book(char* n =" ", int 1 = 0, int p = 0)



name (n) ,

void printId()
void printPage ()

id(i), page(p) { }
void printName ()

{ cout << name; }
{ cout << id; }

{ cout << page; }

void setDOP (int y, int m, int d)

void showDOP ()

private:

{ publish.setDate(y, m, d) ; }

{ publish.showDate(); }

string name, author;

int id, page;
Date publish;

o

5 showDate ()

\

Book ()
printName ()
printId()
printPage ()
setDOP ()
showDOP ()

name, author
idr page;

Date()
setDate ()
getDate ()
showDate ()

year, month, day J

)

int main ()

{ Book reference ("C++",

Date
showDOP () setDOP ()
setDate ()
Date

Date publish
Date
Date
"Date.h"
Book
Book include

Date

Book

1, 450);

reference.setDOP (1384, 6, 15);
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cout << " reference id pages DOP " << endl;

cout << M——mmmmm e " << endl;

cout << " "o, reference.printName () ;

cout << " "; reference.printId();

cout << " " ; reference.printPage () ;

cout << " "o, reference.showDOP () ;
}

11-3
« »
« »
5
X
X Yy

class Y : public X
{

//
i
public X y

Yy
« G y 1 X X
4 3

«

1 — Base class
3 — Sub class

2 — Parent class

4

Child class
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class X
{ public:
int a;
private:
int b;

}i
class Y : public X

{ public:
int c;
private:
int d;
}
Y b a X
X X
c a Y
X b
Y
X Y
int a @~ Y X d
intbed.__
b Y
5
Book Ebook 11-4 *
Book Ebook

Book
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Ebook

#include "Book.h"

class Ebook : public Book

{ public:
Ebook (char* n, int i=0, int p=0)

Book(n,i,p), format ("PDEF"), size(0) {}
void printFormat () { cout << format; }
void setSize(int s){ size = s; }
void setFormat (char* f) { format = f; }
void printSize() { cout << size; }
private:

string format;

int size;

int main ()
{ Ebook reference ("C++", 1, 450);

reference.setSize (5500) ;

cout << " Ebook id pages format size (KB) \n";
cout << Mmoo \n";
cout << " " ; reference.printName () ;

cout << " "; reference.printId();

cout << " "; reference.printPage();

cout << " "; reference.printFormat () ;

cout << " "; reference.printSize();

printPage () printId() printName ()

Book Ebook

o



author

Ebook

Book

(private)

protected

Book 5 Ebook
Book
11-4
Ebook
>
5 11-2 Book
Ebook
5
Ebook
author
(protected)
1
protected Book 11-5 *
11-2

protected Book private

1 — Protected members
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Ebook & printAuthor () setAuthor ()

class Book

{ public:
Book (char* n =" ", int 1 = 0, int p = 0)
name (n), id(i), page(p) { }
void printName () { cout << name; }
void printId() { cout << id; }
void printPage() { cout << page; }

protected:

string name, author;
int id, page;

}

class Ebook : public Book

{ public:
Ebook (char* n, int i=0, int p=0)

Book(n,i,p), format ("PDE"), size(0) {}

volid setAuthor (char* a) { author

a; }

s; }

volid setFormat (char* f) { format = f;

void setSize(int s){ size

void printAuthor () { cout << author;

void printFormat () { cout << format;

— e e e

void printSize() { cout << size;
protected:
string format;

int size;

o

Ebook Book 5

int main ()
{ Ebook reference ("C++", 1, 450);
reference.setSize (5500);
reference.setAuthor ("P.N.U") ;
cout << "\n Ebook name: "; reference.printName () ;

cout << "\n id: "; reference.printId();



cout << "\n pages:
cout << "\n format:
cout << "\n  size(KB):
cout << "\n Author:

"w.

"w.

by silwaaliyy 366

reference
reference
reference

reference

.printPage() ;
.printFormat () ;

.printSize();

.printAuthor () ;

protected
class X
{ public:
// public members
protected:

// protected members
private:
// private members
}i

protected

(2

public

private

protected

private
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paperkind
Ebook
paperkind Ebook
5
private
5 5 Y
printName () Ebook
« » printName ()
o
jS) X
P Y
Y P
»
P vl.p Y vl
P
£0
vl.£()

Book

protected

11-5

Book

«

p yl.X::p



dominate override

11-6 *

class X

{ public:
void f() { cout << "Now X::f() is running\n"; }
int a;

}i

class Y : public X

{ public:
void f() { cout << "Now Y::f() is running\n"; }
// this f£() overrides X::f()
int a;

// this a dominates X::a

(23

int main ()

{ X x1;
xl.a = 22;
x1.£();
cout << "xl.a = " << xl.a << endl;
Y yl;
yl.a = 44; // assigns 44 to the a defined in Y
yl.X::a = 66; // assigns 66 to the a defined in X
v1.£(); // calls the f() defined in Y
yl.X::f(); // calls the f() defined in X
cout << "yl.a =" << yl.a << endl;

cout << " yl.X::a = " << yl.X::a << endl;
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X x2 = Y1;
cout << "x2.a = " << x2.a << endl;

%2 . 5 x2 = yl;

yl

yl.X::a
( ). yl.a x2.a

a int

double
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11-7 *

class X
{ public:
X () { cout << "X::X() constructor executing\n"; }
~X() { cout << "X::X() destructor executing\n"; }
bi

clas Y : public X
{ public:
Y() { cout << "Y::Y() constructor executing\n"; }
~Y () { cout << "Y::Y() destructor executing\n"; }
bi
clas Z : public Y
{ public:
Z (int n) {cout << "Z::Z(int) constructor executing\n";}
~Z() { cout << "Z::Z() destructor executing\n"; }

}i

int main ()
{ 2 z(44);
}

X Y Y Z °
7 main () 5
7 3
v > 3 7 5
5 Y 5 X Y
X 5 Z X

N
on

=
or
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Z main ()
7
Y Z
Y X Y
8 X X Y
Y
Y
> >
5
5 5
5 5 5
5
5
5
5
5
11-6
IS
b
class X
{ public:

void f£();



}

class Y : public X // Y is a subclass of X
{ public:
void f£();
}
int main ()
{ X* p; // p 1s a pointer to objects of base class X
Y y;
P = &y; // p can also point to objects of subclass Y
}
X Y X P
*p.£() p->£ ()
p->f () Y X* P
Y::f() X::f () £()
x* D Yiif()
P X::£()
X*
11-8 *
X Y >
X* P £0
class X
{ public:

void f() { cout << "X::f() executing\n"; }
}i

class Y : public X
{ public:
void f() { cout << "Y::f() executing\n"; }

int main ()
{ X x;
Y y;
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X* p = &x;
p—>f(); // invokes X::f () because p has type X*
p = &y;
p—>£(); // invokes X::f () because p has type X*
}
X X . p->f () 5
p Y Yy
X::£()
X Y::f£() p—->f () Y
» X::f () p->f ()
«
11-7
. . 1
virtual °
11-9 *
£0 11-8 5
class X
{ public:

virtual void f() { cout << "X::f() executing\n"; }

1 — Virtual function
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}i
class Y : public X

{ public:
void f() { cout << "Y::f() executing\n"; }

int main ()

{ X x;
Y y;
X* p = &x;
p—>£(); // invokes X::f ()
p = &y;
p—>f(); // invokes Y::f()
}
X::f () p—>f () X P
p->f () Y P
« » ) Y::f()
P p->f ()

11-10 *

class Book
{ public:
Book (char* s) { name = new char[strlen(s+1l)];
strcpy (name, s);
}

void print() { cout << "Here is a book with name "
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<< name << ".\n";

protected:
char* name;
}i
class Ebook : public Book
{ public:
Ebook (char* s, float g) : Book(s), size(g) {}
void print() { cout << "Here is an Ebook with name "
<< name << " and size "
<< size << " MB.\n";

private:
float size;
}
class Notebook : public Book
{ public:
Notebook (char* s, int n) : Book(s) , pages(n) {}
void print() { cout << "Here is a Notebook with name "
<< name << " and " << pages

<< " pages.\n";

private:
int pages;

}i

int main ()
{ Book* Db;
Book mybook ("C++") ;
b = &mybook;
b->print () ;
Ebook myebook ("C#", 5.16);
b = &myebook;
b->print () ;
Notebook mynotebook (".NET", 230);
b = &mynotebook;
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b->print () ;
}
Book 5
print () 6 . Notebook Ebook
Book* b
Book print () b->print ()
print ()

class Book
{ public:
Book (char* s) { name = new char[strlen(s+1l)];
strcpy (name, s);
}
virtual void print () { cout << "Here is a book with

name " << name << ".\n";

protected:
char* name;

}s

b b->print ()



377 aSlos 5 wxSyS /[ padily Juad

o

11-8

o

5 11-11 *

o

class X
{ public:
x() { p = new int[2]; cout << "X({(). ")

~X() { delete [] p; cout << "~X().\n" }
private:
int* p;

};

class Y : public X

{ public:
Y() { g = new int[1023]; cout << "Y() : Y::g=" << g
<< ", "; )
~Y () { delete [] g; cout << "~Y(). ", o}
private:
int* g;
}i
int main ()

{ for (int 1i=0; 1i<8; i++)

{ X* r = new Y;
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delete r;

for ®
Y () X ()
4092 x 8) 4100
X X r (v
4092 8
! 3992
~X ()
class X
{ public:
x() { p = new int[2]; cout << "X(). "; }

virtual ~X() { delete [] p; cout << "~X().\n" }

private:

int* p;
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B 5 for s
r
1
) 11-9
BOOK\
Paper BOOK EBOOK

INEZIANN

REFERENCE MAGAZINE COOKBOOK HLP HTML

Html
Ebook Book &

Html Ebook

o

1 — Memory leak 2 - Derrive



1
=0;
print () o 5
>
Book &
virtual void print ()=0;
8 . Book
5
5 ) 2 6
s (
« 5 »
5
8 8 11-12 *
class VCR
{ public:

virtual void on() =0;

virtual void off () =0;

virtual void record() =0;

virtual void stop() =0;

virtual void play() =0;
}i

1 — Pure virtual function 2 — Abstracted base class
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class Video : public VCR
{ public:
void on();
void off ();
volid record();
void stop();
void play();
}i
class Camera : public VCR
{ public:
void on();
void off ();
volid record();
void stop();
void play();
}i

o

Camera Video VCR
VCR

Camera Video



class X

Y

public Y { } -1
X -
Y X -
X Y -
X -
B A -2
A -
B -
B -
B -
A -3
m
m A -
m A -
m A -
5 A —
A -4
a X
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-10

void -
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private

class X

{

}i

protected:

int a;

class Y : public X

{

}i

public:

void set (X x, int ¢) { x.a = ¢; }
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b X

Triangle Rectangle

name

first| Mahmoud

last | Kaveh

nick | Tehrani

Person

address

country| IRAN

state | Tehran

city | Tehran

street | Azadi

b yduy silwielsyy 386

-1
shape
ThreeDimentional
Box Cone Cylinder Sphere
Name -2
Person
Person
Name string
Address -3
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