2vuvaptnoelc otn C++

NEPIEXOMENA

e  MaOnuarikég ZuvapTnoeig (Math Library)
ZUVAPTNOEIG

Header Files

FevvATpIa TUXAiWV apiOp®V

XapaxkTtnpioTika MeTtaBAnTov

*  Storage Classes

o Kavoveg EpBeAeiag (Scope Rules)
Avadpoun

ZUVAPTNOEIG HE KEVEG AIOTEG NAPAHETPWV
Inline Functions

Ava@opég MapapeTpmv

Ava@opég MeTaBAnTov

Default Opiopara

Movadiaiog TEAEOTNG Scope Resolution ::
Ynep@opTwon ZuvapTROewV (Function Overloading)
Nepiypappa ZuvapTRoewV (Function Template)
AoK1OELS

© 2003 Prentice Hall, Inc. All rights reserved. - -

MaOdnpatikeg Zuvaptioetg (Math Library)

* ... Y10l VAOTOINGT) OTAGY LOOMULOTIKOV

AELITOLPYIDOV
— Amotteiton n ovumepiinyn tov header file <cmath>

* [lapdoderypo
cout << sqrt( 900.0 );

— To anotélecpa eivar 1 ektvmmwon g tiung 30.0
— Olegg o1 cuvaptnoelg g math library emotpépovy double

© 2003 Prentice Hall, Inc. All rights reserved. - -




MaOnpatikeg Zuvaptioelg (Math Library)

e To Oplopa pmopel va etvar:
— Xt0ofepd
e sqrt( 4 );
— MetafAnt
esqrt( x );
— 'Exopaon

© 2003 Prentice Hall, Inc. All rights reserved.

e sqrt( sqrt( x ) )
esqgrt( 3 - 6x );

14

Method

Description

Example

ceil( x )

rounds x to the smallest integer
not less than x

ceil( 9.2 )is10.0
ceil( -9.8 )is-9.0

cos( x )

trigonometric cosine of x
(x in radians)

cos( 0.0 )is1.0

exp( x )

exponential function ex

exp( 1.0 )is2.71828
exp( 2.0 )is7.38906

fabs( x )

absolute value of x

fabs( 5.1 )is5.1
fabs(C 0.0 )is0.0
fabs( -8.76 )is8.76

floor( x )

rounds x to the largest integer
not greater than x

floor( 9.2 )is9.0
floor( -9.8 )is-10.0

fmod( x, y ) remainder of x/y as a floating- |fmod( 13.657, 2.333 )is1.992
point number
log( x ) natural logarithm of x (basee) |log( 2.718282 )is1.0
log( 7.389056 )is2.0
loglO( x ) logarithm of x (base 10) logl0( 10.0 )is1.0
logl0( 100.0 )is2.0
pow( x, y ) x raised to power y (xy) pow( 2,7 )is128
pow( 9, .5 )is3
sin( x ) trigonometric sine of x sinC 0.0 )isO
(x in radians)
sqrt( x ) square root of x sqgrt( 900.0 )is30.0

sqrt( 9.0 )is 3.0

tan( x )

trigonometric tangent of x
(x in radians)

tan( 0.0 )isO

Fig. 3.2 Math

library functions.

© 2003 Prentice Hall, Inc. All rights reserved.




3.5 Oplopoi ZuvaptRoswv

e IIpwtdTUTO GLVAPTNONG
— Evnuepovel 10 LETOYAMTTIOTH Y10 TOV TUTO TWV
TOPOUETPOV KOL TOV EMGTPEPOUEVO TOTO TN GLVAPTNOTG
— int square( int );
» Yuvdptnon mov AapPdvel int kot emoTpéPel int
* Amortelel (function declaration)

« KAnom ocvvaptnong
— square (x) ;
— IMapevBéoelg, TeAeotn|g KANOMG GLVAPTNOTG
 [Iépacpo mapapéTpov x
* H ocvvdptnon 6éxetar To 91Kd TG avIiypopo TV TopOUETPOV
— AoV teppaticel mepviel To® TO AMTOTELEG LA

© 2003 Prentice Hall, Inc. All rights reserved. - -
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// Fig. 3.3: £ig03 03.cpp @ Out“ne
// Creating and using a programmer-defined function. —
#include <iostream>

IIpwtoTumo: opilel Tovg fig03_03.cpp
using std::cout; TOTTOVG OESOUEVMV KOl a ofz)

using std::endl; eMOTPEQOpEVES TIéC. H

square ovapével int,

int square( int ); // functi , q
quare( ) EMOTPEPEL int.

int main()

{

O mapevbéoeig ()
" TpokahovY KAfoN
ouvaptnong. Otav

// loop 10 times and calculate
// square of x each time

for ( int x = 1; x <= ; X++ ) 5 :
cout << square( x ) << " "; // TSXSHDGOlH/SanTQSQSTalTO
OTOTELEG AL
cout << endl;
return 0; // indicates successful termination

} // end main

© 2003 Prentice Hall, Inc.
All rights reserved.




23 // square function definition returns square of an integer @ Outline
24 int square( int y ) // y is a copy of argument to function e
25 { E
;: return y * y; // returns square of y as an int ﬁg03_03.cpp
28 } // end function square 2 “ (2 sz)
Opwuog square. To y etvan
aVTiYpOpO TOL OPIGULATOG TTOL fig03_03.cpp
1 4 9 16 25 36 49 64 81 100 nepvdel. Emotpépery * y. output (1 of 1)
© 2003 Prentice Hall, Inc.
All rights reserved.
1 // FJ..g.'3.4: f1g03TO4.cpp . ' @ Outline
2 // Finding the maximum of three floating-point numbers. —
3 #include <iostream> E
L fig03_04.cpp
5 using std::cout;
6 using std::cin; (1 of 2)
7 using std::endl;
8
9 double maximum( double, double, double ); // function prototype
10
11 int main()
12 {
13 double numberl; H GUVdPTnGn maximum
14 double number2; , , ,
15 G maipvel 3 TOPOAUETPOVG (O\ec
16 double) ko1 ETIGTPEPEL
17 cout << "Enter three floa double.
18 cin >> numberl >> number2 >> number3;
19
20 // numberl, number2 and number3 are arguments to
21 // the maximum function call
22 cout << "Maximum is: "
23 << maximum( numberl, number2, number3 ) << endl;
24
25 return 0; // indicates successful termination

© 2003 Prentice Hall, Inc.
All rights reserved.




9

2 _ A Outline
27 } // end main , , -
28 Aloto TopopéTpev mov E
29 // function maximum definition: meiCSTal pe Kéuu(l’[(l, v fic03 04
30 // x, y and z are paramet TCO)\)\.éQ napauétpovg. 185°_Y3.cpp
31 double maximum( double x, double y, double z ) (2 of 2)
32 {
33 double max = x; // assume x is largest ﬁg03_04'cpp
34 output (1 of 1)
35 if (y > max ) // if y is larger,
36 max = y; // assign y to max
37
38 if ( z > max ) // if z is larger,
39 max = z; // assign z to max
40
41 return max; // max is largest value
42
43 } // end function maximum
Enter three floating-point numbers: 99.32 37.3 27.1928
Maximum is: 99.32
Enter three floating-point numbers: 1.1 3.333 2.22
Maximum is: 3.333
Enter three floating-point numbers: 27.9 14.31 88.99
Maximum is: 88.99

© 2003 Prentice Hall, Inc.

All rights reserved.
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3.6 [MpwTtotuNa CUVAPTHOEWV

e ApYIKEC ONAMGELC TOV CLVOPTNCEDY DGTE VO
UTOPOLV YPNOLOTOINO0VV IO TPOYPOLLLLOL

* To mpwtOTLIO TPEMEL VO TOPLALEL LE TOV OPIOUO
NG GLVAPTNONG

— Function prototype
double maximum( double, double, double );

— Definition
double maximum( double x, double y, double z )
{

-
* Ymoypoprn cuvaptnong

— To puépoc Tov TPMTOTOTOV UE OVOLLOL KO TTOPAUETPOVS
e double maximum( double, double, double )|;

YTmoypa®n auvdptnong

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Header Files (Apxeia emikepaAidwv)

» IlepiEyovv
— IIpotoTVTa GLVAPTHGEDV

— Op1opove TOTOV Kot otadepdv

* To apyeia emkeparidonv Exovv Katdinén .h

— Programmer-defined header files
#include “myheader.h”

 Library header files

#include <cmath>

© 2003 Prentice Hall, Inc. All rights reserved. - -
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FevvntpLa Tu)aiwv aplOpwv

e rand function (Kcstdlib>)
— i = rand();
— IMapdayer Evav unsigned integer petacy 0 kot RAND MAX
(ocvvnBmc 32767)
» Scaling and shifting
— IMoapaderypa
i =rand() % 6 + 1;
e “Rand () % 6” mopdyet évav aplBuod petald 0 ko 5 (scaling)
e “+ 17 diver to dtotua 1 €mg 6 (shift)

© 2003 Prentice Hall, Inc. All rights reserved. - -




. . 13
// Fig. 3.7: £ig03 07.cpp Outline
// Shifted, scaled integers produced by 1 + rand() % 6. e

#include <iostream>

fig03_07.cpp
(10f2)

using std::cout;
using std::endl;

#include <iomanip>

O 00 N O U1 A W N B

[y
o

using std::setw;

R
N =

#include <cstdlib> // contains function prototype for rand

[y
w

14 int main()

15 {

16 // loop 20 times

17 for ( int counter = 1; counter <= 20; counter+
18 shifted to be a number
19 // pick random number from 1 to nd output it between 1 and 6.

20 cout << setw( 10 ) << ( 1 + rand() % 6 );

21

22 // if counter divisible by 5, begin new line of output

23 if ( counter % 5 == 0 )

24 cout << endl;

25

26 } // end for structure

Output of rand () scaled and

© 2003 Prentice Hall, Inc.
All rights reserved.

14
27 @ Outline

28 return 0; // indicates successful termination

29

30 } // end main ﬁg03_07.cpp
6 6 5 5 6 (2 0of 2)
5 1 1 5 3
6 6 2 4 2 fig03 07.cpp
6 2 3 4 1 output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.




FevvntpLa Tu)aiwv aplOpwv

* To gmduevo TPOYPOLLLLOL

— Agiyvel v KaTavoun TV TapayOUEVOV aplOUdV oo
rand ()

— E&opowmver 6000 piyeig evog Laplon

— Tundvel Ta oTATIOTIKA TOV plye®V (TOGEC POPES PEpaLE 1,
2,3,K.0.K.)
— Avapévovope mepimov 1000 gppavicelg ke dvvaton
ATOTELEGLOTOC

© 2003 Prentice Hall, Inc. All rights reserved. - -
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15
16
17
18
19
20
21
22
23

// Fig. 3.8: £fig03 08.cpp
// Roll a six-sided die 6000 times.

#include <iostream>

using std::cout;

using std::endl;

#include <iomanip>

using std::setw;

#include <cstdlib>

int main()

{
int
int
int
int
int
int

int

frequencyl
frequency2
frequency3
frequency4
frequency5

frequency6 =

© O ©O o o

// contains function prototype for rand

0;
face; // represents one roll of the die

Al outine
A4

fig03_08.cpp
(10f3)

© 2003 Prentice Hall, Inc.
All rights reserved.
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. . 17
24 // lool-: 6000 times and summarize results @ Outline
25 for ( int roll = 1; roll <= 6000; roll++ ) { I—
26 face = 1 + rand() % 6; // random number from 1 to 6 E
27 ) ) ) fig03_08.cpp
28 // determine face value and increment appropriate counter
29 switch ( face ) { (2 0f3)
30
31 case 1: // rolled 1
32 ++frequencyl;
33 break;
34
35 case 2: // rolled 2
36 ++frequency2;
37 break;
38
39 case 3: // rolled 3
40 ++frequency3;
41 break;
42
43 case 4: // rolled 4
a4 ++frequency4;
45 break;
46
47 case 5: // rolled 5
48 ++frequency5;
49 break;
© 2003 Prentice Hall, Inc.
All rights reserved.
18
> A Outline
51 case 6: // rolled 6 E——
52 ++frequency6; E
:z break; fig03_08.cpp
55 default: // invalid wvalue (3 0f3)
56 cout << "Program should never get here!";
57
58 I/ encisnttch H default nepintwon
29 mephappdvetar cav delypa
60 } // end for 2
61 KOAOD TPOYP. LTUA, OV KOl TO
62 // display results in tabulg np(:)ypauua dev Ba (Prdcgl
63 cout << "Face" << setw( 13 £d.
64 << "\n 1" << setw( 13 ) << frequencyl
65 << "\n 2" << setw( 13 ) << frequency2
66 << "\n 3" << setw( 13 ) << frequency3
67 << "\n 4" << setw( 13 ) << frequency4
68 << "\n 5" << setw( 13 ) << frequency5
69 << "\n 6" << setw( 13 ) << frequency6 << endl;
70
71 return 0; // indicates successful termination
72
73 } // end main

© 2003 Prentice Hall, Inc.

All rights reserved.




Face

o U1 W IN K

19
B ouine
1003 E—

1017

983 fig03_08.cpp

994
A output (1 of 1)

999

© 2003 Prentice Hall, Inc.
All rights reserved.
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FevvntpLa Tu)aiwv aplOpwv

* H ypnon ¢ rand() o€ emavarapufovoueves
EKTEAEGELC TOV TPOYPALUOTOS
— Amodidel v 101 akolovBio apOumv
* [ va mdpovpe draupopeTikeg akoAovdiec apOumv
— Xpnoomotovue po tiun evTpo (seed value)
» Avtictoryel o€ Tuyaio onueio ekkivnong g akoiovdiog
* To 1610 seed Ba amoddGeL TNV 10100 akorovBio
— srand (seed) ;

e <cstdlib>

* Xpnowomnoteiton mptv od ™ rand () yio m1pocdlopicel To
Tuyaio onueio ekkivnong

© 2003 Prentice Hall, Inc. All rights reserved. - -




FevvntpLa Tu)aiwv aplOpwv

e MmopoOuE va YPMNGILOTO|GOVUE TNV TPEYOVGO,
wpa S PUTPO (seed)
— srand( time( 0 ) );
— time( 0 ) ;
e <ctime>
* Emotpépel v tpéyovca dpa ce devTEPOAETTO
* General shifting and scaling
— Number = shiftingValue + rand () % scalingFactor
— shiftingValue = first number in desired range
— scalingFactor = width of desired range

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Xapaktnplotikd MetapAntwv

* O petapintéc yopoktnpilovtor amd o1dpopes
1010TNTEC
— OVOU, TUTTO OEdOUEVMV, LEYEDOC, TIUN
— Tdaén amodnkevong (Storage Class)
* ['a mowo drdotnua n petafAnti vrdpyet otn uvnun (Duration)
— Eppéretn (Scope)

* To TuqUO TOL TPOYPALLATOC TTOV LU0 OVOPOPA GTT) LETAPANTY
glvau Eyxopn

— Xvvoeopotnta (Linkage)

* Ortav éva mpdypappo vAomoleiton 6e TOAALA apyeia, Toln
apyelo LTOpovV val TN (PTGLLOTOU|GOVV

* Av onlaon elvar opatéc otov linker 1 oyt

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Storage Classes

* Automatic petapAntég
— H petapint) onpovpyeitor 0tav 0 EAeYY0G EIGEPYETOL G EVaL
block evtohav, m.y. for (int i = 0;..)
— H petapint) kataoctpépetar dtav o Eleyyog eEépyeTon amd Eval
block evtolav
— Movo o1 TomiKéG LETAPANTES GLVOPTNCE®Y UITOPOVV Vi Eivat
automatic
* Eivat automatic €€’ opiopov
* Mmnopei va ypnoiponombei to keyword auto

= register keyword-(katopyndnke ot C++ 11)

— IIpotpémer Tov PETOYA®TTIOT| VA amoOnKevoel T petafAn
évav high-speed register

— Kol toktikn yio deikteg mov tpooneddlovtal cuyva (loop
counters)

— 'Evog kaAo¢ petayAottiotg pmopet va mpordpet tov
npoypaupatiot! (BeAtiotonoinon)

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Storage Classes

« Static petafintég
— Ot petaPintéc eEaxorovBovv va vdpyovv ko’ OAN TN ddpKeLd,
Cong Tov TPoyYPEUATOG
— Ta 11 suvaptoEelg To Ovopa Vtdpyel Kab’ OAn ) drapketo Lo
TOV TTPOYPAULOTOG
= static keyword
— Ed&v epappootel og tomikéc petafAntéG cuvaptnoewv
— Awtnpei v Tun g LETAPANTAG LETOED S1POPETIKAOV KANGEWV
NG GLVAPTNONG
— H xatdotaon g petafAnmg sivar yvoot povo otn cuvdptnon
e extern keyword
— Default yia global variables/functions (aAAd 6yt yio const)
— Awyopiler ™ MMAoon and tov opiopd (m.y. oe Eexwplotd apyeio)

© 2003 Prentice Hall, Inc. All rights reserved. - -
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25

Kavovec EpBEAeilac (Scope Rules)

* Eupéiewa (Scope)
— H meproyn tov mpoypdppatoc mov Eva dvopa (.. LETaPANTIC)
umopet va ypnoporom et
» Eupéiera apyeiov (File scope)
— Opiletan extdG pog cuvapTNoNG, SLOECTUOTNTA YO0 OLES TIG
GLVOPTNGELS
— KoaBohkég petapintéc, opiopol kol TpOTOTLTO GLVOPTICEDV

— Static file scope: dev pmopei va ypnoonombel oe ahlo apyeio
(internal linkage)

— Non-static file scope: pumopei va ypnowonom0Oel oe aGAra apyeia
(external linkage, pécw forward declaration - extern)

* Eupéiern cvvaptnong (Function scope)

— H neproym npoécPaong mepropiletar povo 6T GLVAPTNOT TOV
opiletal To dGvopa

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Kavovec EpBEAeilac (Scope Rules)

* Eupéiera pmrok (Block scope)

— Zekwva amd 1o onueio MAwong Tov ovOUaTOg Kot TepUATICEL
070 KAEIGIHO TOV UTAOK TTOV LTOdNA®VETOL e TO GOUPBOAO }

— Tomukég peTafANTES, TOPAUETPOL GLVOPTICEDV
— oL static petafPintéc eniong unopel va £xovv euféreta
LTTAOK
* Ao to Storage class kot GAAo 1 epPéreia

* Eupérero mpmtdTumon cuvaptnong
— Aloto mtapapéTpov
— Ta ovopato 610 TPO®TOTLTO EIVAL TPOUPETIKA

* O petoyAoTTIoTNG TO Oy VOEl

© 2003 Prentice Hall, Inc. All rights reserved. - -




1 // Fig. 3.12: £ig03 12.cpp @ . 27

) - Outline
2 // A scoping example. e
3 #include <iostream> E
L fig03_12.cpp
5 using std::cout;
6 using std::endl; (1 of 5)
7
8 wvoid uselocal( void ); , ,
9 void useStaticLocal( void ) K(IOOXIKT] SMBSXSIG
10 void useGlobal( void ); // function prototype
11
12 int x = 1; // global varig
13 Tomkn epPérelo pésa ot
14 int main() cuvaptnon
15 {
16 int x = 5; // local variable to main
17
18 cout << "local x in main's outer scope is " << x << endl;
19 Eupérero xotd to ypovo (ong
20 { // start new scope z

TOV UTAOK.
21
22 int x = 7;
23
24 cout << "local x in main's inner scope is " << x << endl;
25
26 } // end new scope
© 2003 Prentice Hall, Inc.
All rights reserved.
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“ : : : @ Outline
28 cout << "local x in main's outer scope is " << x << endl; _—
29 E
30 useLocaZ.L(); // useLoca]'. has local x . fig03_12.0pp
31 useStaticLocal(); // useStaticLocal has static local x
32 useGlobal () ; // useGlobal uses global x (2 of 5)
33 useLocal () ; // uselocal reinitializes its local x
34 useStaticLocal(); // static local x retains its prior value
35 useGlobal () ; // global x also retains its value
36
37 cout << "\nlocal x in main is " << x << endl;
38
39 return 0; // indicates successful termination
40
41 } // end main
42

© 2003 Prentice Hall, Inc.
All rights reserved.




43 // uselocal reinitializes local variable x during each call @ Outline 29
44 void uselocal( void ) _—
45 { E
46 int x = 25; // initialized each time uselocal is called fig03_12.Cpp
47
48 cout << endl << "local x is " << x Avtopotn petafint (tomkn (3 of 5)
49 << " on entering uselocal" << endl; uﬁT(IB)ﬂ]‘CT’] vadpmcmg).
50 +Hx; Kataotpépetan pe v £€0d0
51 cout << "local x is " << x oo ™m Guvdpmcm Ko
52 << " on exiting uselocal" << endl; snavapxuconms{tm otoy OLD’I:ﬁ
>3 Eexva.
54 } // end function useLocal
55
© 2003 Prentice Hall, Inc.
All rights reserved.
. e . . @ 30
56 // useStaticLocal initializes static local variable x only the Out“ne
57 // first time the function is called; value of x is saved E—
58 // between calls to this function E
59 void useStaticLocal( void ) ﬁg03_12.cpp
60 {
61 // initialized only first time useStaticLocal is called (4 of 5)
62 static int x = 50;
63
64 cout << endl << "locakx static x is " << x
65 << " on entering use icLocal" << endl;
66 ++x;
67 cout << "local static x is " << x ZT(X‘CIKﬁ TOTIZIKT'] uST(IBMTUI’].AleKO%OlSi‘C(H
68 << " on exiting useStaticLocal" << H()VO Ho (Popd Kat 81(11’1’][)8{ mv ﬂ”f] me
69 LETAED TV KAOEMVY TG GLVAPTNONG.
70 } // end function useStaticLocal

71

© 2003 Prentice Hall, Inc.
All rights reserved.




72 // useGlobal modifies global variable x during each call
73 void useGlobal( void )

74 {
75
76
77
78
79
80

cout << endl << '"global x is " << x

<< " on entering useGlobal" << e 2
x *= 10;
cout << "global x is " << x

<< " on exiting useGlobal" << endl;

81 } // end function useGlobal

local
local
local

local
local

local
local

X in main's outer scope is 5
X in main's inner scope is 7
X in main's outer scope is 5

x is 25 on entering uselocal
X is 26 on exiting uselocal

static x is 50 on entering useStaticLocal
static x is 51 on exiting useStaticLocal

global x is 1 on entering useGlobal

global x is 10 on exiting useGlobal

@ Outline
Vv

Av 1 cuvdptmon o€
dnAovel petafAnTéc.

Xpnotponotel Tnv kaBoikn x

7oL opileTon GTNV APYN TOV
TPOYPALLOTOC.

03 _12.cpp
of 5)

03 12.cpp
tput (1 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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local
local

local
local

x is 25 on entering uselocal
X is 26 on exiting uselLocal

static x is 51 on entering useStaticLocal
static x is 52 on exiting useStaticLocal

global x is 10 on entering useGlobal

global x is 100 on exiting useGlobal

local

X in main is 5

Al outine
A4

fig03_12.cpp
output (2 of 2)

© 2003 Prentice Hall, Inc.
All rights reserved.
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Avaépoun

e AVaOpPOLKES GUVAPTNOELS
— XVVOPTNGELS TOV KAAOVY TOV E0VTO TOVG
— Advouv povov pio Bactkn mepintwon
* Ed&v dev cuvavtncovpe ) Pactkn mepintmon
— To mpoPAnua dtocmdtal oe pikpotepo(a) vwompoPAnua(Ta)
— KoaAeiton éva véo avtiypago g cuvapTnong yio vo
ePYaoTEl TAV® 0TO VITOTPOPANUA (AVOOPOLUKT KAT|OT)
* H dwdwocio cuykAivel mpog ) Pacikn mepintwon

* H ovvdptnon cuvnbowg kaiel Tov 00To TG EVTOG TNG EVIOANG
return

— X210 T€A\0G N Pacikn mepintmon emAveTOL

* H Abom dwdideton mpog ta Tave, ETMAVVOVTAS OLOKANPO TO
TpOPAN UL

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Avadpoun

* TTapaderyua: Iapayovtikoi apOuoi
nl=n*(n-1)*(n-2)*...%*1I
— Avadpouikry oyé¢on 2> n!l=n* (n—-1)!
5/=5%*4]

4] =4 *3/...
— Boowm nepintoon 2 11 =0!=1

© 2003 Prentice Hall, Inc. All rights reserved. - -
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1 // Fig. 3.14: £fig03_14.cpp @ Outline 35
2 // Recursive factorial function. _
3 #include <iostream> E
v fig03_14.cpp
5 using std::cout;
6 using std::endl; (1 of 2)
7
8 #include <iomanip> Data type unsigned long
? ) can hold an integer from 0 to
10 using std::setw; 4 billion.
11
12 unsigned long factorial( unsigned long ); // function prototype
13
14 int main()
15 {
16 // Loop 10 times. During each iteration, calculate
17 // factorial( i ) and display result.
18 for ( int i = 0; i <= 10; i++ )
19 cout << setw( 2 ) << i << "I ="
20 << factorial( i ) << endl;
21
22 return 0; // indicates successful termination
23
24 } // end main
© 2003 Prentice Hall, Inc.
All rights reserved.
’s Al ' 36
: N : Outline
26 // recursive definition of function fad X i E—
27 unsigned long factorial( unsigned long H B(XG“O] TEPITTOCT E
28 | eppaviCeton 6tav €yovpe 0! 1 {003 14
29 // base case 1!.Okeg o1 GhAeg 189>_14.cpp
30 if ( number <= 1) TEPUTTMOCELG TTPETEL VAL (2 0f2)
31 return 1; dl00TO.GTOVV (OVASPOUTKO fie03 14
32 - BAL0). 1gU5_14.cpp
33 // recursive step output (1 of 1)
34 else
35 return number * factorial( number - 1 );
36
37 } // end function factorial
0! =1
1! =1
21 =2
3! =6
4! = 24
5! = 120
6! = 720
7! = 5040
8! = 40320
9! = 362880
10! = 3628800

© 2003 Prentice Hall, Inc.
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ZUVOPTNOELC LE KEVEC ALOTEC MOLPAUETPWV

» Kevn Mota napapuéTpov
— void 1| apnvovue T AoTA TOPAUETPOV KEVT
— H ovvaptnon print dev éxetl opiopata Kot 0ev EMOTPEPEL
KOULA TN
e void print();

e void print( void );

© 2003 Prentice Hall, Inc. All rights reserved. - -
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O 00 N O U1 A W N B

R R R R R R R R R R
W 00 N O U & WN R O

// Fig. 3.18: £fig03_ 18.cpp @
// Functions that take no arguments.
#include <iostream>

Outline

fig03_18.cpp

using std::cout;

using std::endl; (1 of 2)
void functionl() ; // function prototype

void function2( void ); // function prototype

int main()

{
functionl(); // call functionl with no arguments
function2(); // call function2 with no arguments

return 0; // indicates successful termination

} // end main

© 2003 Prentice Hall, Inc.
All rights reserved.
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39
20 // functionl uses an empty parameter list to specify that @ Outline
21 // the function receives no arguments _
22 void functionl ()
23
{ fig03_18.cpp

24 cout << "functionl takes no arguments" << endl; ~

(2 of2)
25
26 } // end functionl
27 fig03 18.cpp
28 // function2 uses a void parameter list to specify that OUtPUt (1 of 1)
29 // the function receives no arguments
30 void function2( void )
31 {
32 cout << "function2 also takes no arguments" << endl;
33
34 } // end function2
functionl takes no arguments
function2 also takes no arguments

© 2003 Prentice Hall, Inc.
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Inline Functions

 Inline functions
— Xpewaleton to Keyword inline mpwv amd Tov opiopo g
oLVAPTNONG
— ZNT4 amd TOV HETAYAMTTIOTN VO OVTIKOTAGTNOEL KAOE KA o™ TG
GLVAPTNONG GTO TPOYPOLUN L’ VO AVTTYPOPO TOV KMOTKA TNG
GLVAPTNONG
* Meidvel Ty emiapuvon amd TV KANoN UG GUVAPTNONG
* O peTayA®TTIOTNG HUmopel va ayvonoetl Ty odnyia inline
— KoAn mepintmon yio pikpég Kot ouyvé KOAODUEVEG GUVOPTNGELS
o Ilopdderypo,
inline double cube( const double s )
{ return s * s * s; }

— To const pog Agel 0TL 1] GLVAPTNOT OEV UTOPEL VO TPOTOTOLGEL
T0 S

© 2003 Prentice Hall, Inc. All rights reserved. - -
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1 // Fl?’. 3.193 f:.l.g03_19.c1.>p @ outline
2 // Using an inline function to calculate. _
3 // the volume of a cube. E
: #include <iostream> fig03_19.cpp
6 using std::cout; (1 of 2)
7 using std::cin;
8 wusing std::endl;
9
10 // Definition of inline function cube. Definition of function
11 // appears before function is called, so a function prototype
12 // is not required. First line of function definition acts as
13 // the prototype.
14 inline double cube( const double side )
15 {
16 return side * side * side; // calculate cube
17
18 } // end function cube
19

© 2003 Prentice Hall, Inc.

All rights reserved.
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20 int main()

21 {

22 cout << "Enter the side length of your cube: ";
23

24 double sideValue;

25

26 cin >> sideValue;

27

28 // calculate cube of sideValue and display result
29 cout << "Volume of cube with side "

30 << sideValue << " is " << cube( sideValue ) << endl;
31

32 return 0; // indicates successful termination

33

34 } // end main

Enter the side length of your cube: 3.5
Volume of cube with side 3.5 is 42.875

Al outine
A4

fig03_19.cpp
(2 0f2)

fig03 19.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
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Avadopéc NapapeErpwv

« KAnon ue tiun (call by value)

— Avtiypo@o ¢ TIUNG TG LETAPANTIS-OPICUO TEPVA G
GLVAPTNON

— AA\ayég 610 avtiypo@o 0ev aAAALOVY TNV aPYIKT
netopfAnTy

— EpmodiCovtar avembounta side effects

« KAnon ue avagopad (call by reference)

— H ovvaptmon unopei va tpocrerdoet an’ gvbeiog o
dedopéva e petaPAnc-opiopa (0ev ypetaletal
avTiypapo)

— Ot aArayég emmpedlovy KoL TNV apyky HetaPAnt

» Call by const reference

© 2003 Prentice Hall, Inc. All rights reserved. - -
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Avadopéc NapapeErpwv

e Avo@opd TopapETPOL

— Xpnowomotovue to cOUPOAO & LETE amd TOV TUTO
dEOOUEVOV GTO TPMTOTLITO

e void myFunction( int &data )

* Awpaleton “n data eivor o avogopd ¢° évav int”
— H x\nomn g ocvvaptnong mopapével Onme yvopilovpue

* Ot aArayég emnpedlovV KoL TNV apyLKT LETOPANTA

© 2003 Prentice Hall, Inc. All rights reserved. - -
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1 // Fig. 3.20: £ig03_20.cpp @ outline
2 // Comparing pass-by-value and pass-by-reference —
3 // with references. E
4 $#include <iostream> ﬁg03 20.Cpp
5 —
6 using std::cout; ’ . (1 of 2)
R — HPO’08§T’8 10\,/ TEAESTN &, O
. omoiog gtval £vOgEn Tov
9 int squareByValue( int ); // functi HSPdGHMOG ue owa(popd.
10 void squareByReference( int & ); // function prototype
11
12 int main()
13 {
14 int x = 2;
15 int z = 4;
16
17 // demonstrate squareByValue
18 cout << "x = " << x << " before squareByValue\n";
19 cout << "Value returned by squareByValue: "
20 << squareByValue( x ) << endl;
21 cout << "x = " << x << " after squareByValue\n" << endl;
22
© 2003 Prentice Hall, Inc.
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23 // demonstrate squareByReference @ Outline
24 cout << "z = " << z << " before squareByReference" << endl; ——
25 squareByReference( z ); E
26 cout << "z = " << z << " after squareByReference" << endl; ﬁg03 20.Cpp
27 .
28 return 0; // indicates successful termination (2 of 2)
:2 S Cl}apges number, but.
31 // squareByValue multiplies numbe orlglnal parameter (x) 1s not
32 // result in number and rety the new val modified.
33 int squareByValue( int number )
34 {
35 return number *= number; // caller's argument not modified
36
37 } // end function squareByValue
38 Changes numberRef, an
39 // squareByReference multiplies numberRef its alias for the original
40 // stores 1-:he resui!.t in t-:he variable which nu parameter. Thus, s
41 // refers in function main
42 void squareByReference( int &numberRef ) Changed'
43 {
44 numberRef *= numberRef; // caller's argument modified
45
46 } // end function squareByReference

© 2003 Prentice Hall, Inc.
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4
x = 2 before squareByValue @ Outline 7
Value returned by squareByValue: 4 —

x = 2 after squareByValue

fig03_20.cpp
output (1 of 1)

z = 4 before squareByReference
z = 16 after squareByReference

© 2003 Prentice Hall, Inc.
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Avadopéc MetaBAntwv

* Ot avapopéc petafAntov eivor aliases ALV
LeTAPANTOV
— Ovotlaotikd TpoKeLTOL Yo, TNV 1010 LeTafAnT)

— Mmnopei va ypnoipomomBet kot viog pog cuvaptnong
int count = 1; // declare integer variable count
int &cRef = count; // create cRef as an alias for count
++cRef; // increment count (using its alias)

e Ol avapopES TPEMEL VAL APYLKOTOLOVVTOL OTAV
ONAmvovTol
— Al0POpPETIKA, O LETAYAMTTIOTNG TAPAYEL €TTOT
— Dangling reference
* Avoopd cg un opiopevn HeTaPAnt

© 2003 Prentice Hall, Inc. All rights reserved. - -
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15
16
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19
20

. . 49
// Fig. 3.21: fig03 21.cpp @ Outline

// References must be initialized.
#include <iostream>

fig03_21.cpp

using std::cout;

using std::endl; (1 of 1)
int main() fig03_21.cpp
{ output (1 of 1)

int x = 3; y declared as a reference to x.
// y refers tﬁfor) x

int &y = x;

cout << "x = " << x << endl << "y = " << y << endl;
y=7;

cout << "x = " << x << endl << "y = " << y << endl;
return 0; // indicates successful termination

21 } // end main

KOX K OX

N 9w w

© 2003 Prentice Hall, Inc.
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MpokaBoplopeva Opiopota

* Emtpénovv v KANoN WA GuVAPTNONG Y ®PIC
OAEC TIC TOPOALETPOVS TNG
— Av dev mapEyovtor OAEC Ol TOPAUETPOL, O1 OEELOTEPES TTOL
Aeimovv maipvouv Tig TPoKaBoPIGUEVES TIUEC
— IIpoxaBopiopéveg TipéC
* Mmnopei va eivan otabepéc, global petafintéc, ) function calls
* Oa mpémel va oploTovV 01 TPOKAOOPIGUEVES TILEG
GTO TPWTOTLTO TNG GLVAPTNONG
int myFunction( int x = 1, int y = 2, int z = 3 );
— myFunction (3)
e x = 3,y K z get defaults (rightmost)
— myFunction (3, 5)
ex = 3,y = 5«xo z gets default

© 2003 Prentice Hall, Inc. All rights reserved. - -
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// Fig. 3.23: £ig03_ 23.cpp

// Using default arguments.
#include <iostream>

Outline

A
A4

i td:: B2 “ 3
using s cou Oétel TIC TIPOKABOPICUEVES

TINEG OTO TTPWTOTUTTO TNG
specifies d ouvapTtnaong.
1, int width

fig03 23.cpp
(10f2)

using std::endl;

// function prototype

O 00 N O U1 A W N B

int boxVolume( int length 1, int height 1),

[y
o

11 int main()
12 {
13
14
15
16
17
18
19
20
21
22
23

KMoeig suvaptnong pe
KATO1EG O TIG TOPAUETPOVG
va Agimovv— ot de&10Tepeg
TOPAUETPOL AOUPAVOLY TIg
TIPOKABOPIOUEVES TIpEG.

// no arguments--use default values for all dimensions
cout << "The default box volume is: " << boxVolume () ;
// specify length; default width and height
cout << "\n\nThe volume of a box with length

<< "width 1 and height 1 is:

g \nn
" << boxVolume( 10 );

// specify length and width; default height
cout << "\n\nThe volume of a box with length 10,\n"

<< "width 5 and height 1 is: " << boxVolume( 10, 5 );

© 2003 Prentice Hall, Inc.
All rights reserved.
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25
26
27
28
29
30
31
32
33
34 int boxVolume( int length,
35 {

36
37
38

// specify all arguments

cout << "\n\nThe volume of a box with length 10,\n"
<< "width 5 and height 2 is: " << boxVolume( 10,
<< endl;

Outline

A
A4

fig03_23.cpp
(2 0f2)

5, 2)

return 0; // indicates successful termination

fig03 23.cpp
output (1 of 1)

} // end main

// function boxVolume calculates the volume of a box
int width, int height )

return length * width * height;

} // end function boxVolume

The default box volume is: 1

The volume of a box with
width 1 and height 1 is:

The volume of a box with
width 5 and height 1 is:

The volume of a box with
width 5 and height 2 is:

length 10,
10

length 10,
50

length 10,
100

© 2003 Prentice Hall, Inc.
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Movadiaioc teAeotric Scope Resolution ::

* Movaotaiog tereoti)g Scope Resolution (: :)

— Emupénel v npoonélaon wag global petafAntg edv po
TOTIKT LETAPANTY €xEL TO 1010 GvopaL.

— Agv yperdleton v ta, ovopaTa Eivot O1popPETIKA

— Xpnon : :variable

ey = ::x + 3;

— Etvon xoAd va amoeetvyetal o1 kaBoAkéc petafAntéc va

£YOLVV TO 1010 VoL LLE TIC TOTIKEG.

© 2003 Prentice Hall, Inc. All rights reserved. - -

// Fi 3.24: fig03 24 @ >4
ig. 3.24: fi .c H

J i _ Outline
// Using the unary scope resolution operator. —
#include <iostream>

fig03_24.cpp
(10f2)

using std::cout;
using std::endl;

#include <iomanip>

O 00 N O U1 A W N B

=
o

using std::setprecision; ) "
[Ip6cPaocn tov kaboAkod PT

e
N =

// define global constant PI pe : :PI.
const double PI = 3.14159265358979;

[y
w

14 Metatponn tov KafoAtkov

15 int main() PI oc float yia 0 TOTIKO
H2 PI. Avto to mopadetypa Oa
17 // define local constant PI 58{&81 g Sta(popég ]JST(X&I’)

18 const float PI = static_cast< float >( ::PI ); float kol double.

19

20 // display values of local and global PI constants

21 cout << setprecision( 20 )

22 << " Local float value of PI = " << PI

23 << "\nGlobal double value of PI = " << ::PI << endl;

24

25 return 0; // indicates successful termination

© 2003 Prentice Hall, Inc.
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2 Al |
_ Outline
27 } // end main E
Borland C++ command-line compiler output: fig03_24.cpp
Local float value of PI = 3.141592741012573242 (2 0f2)
Global double value of PI = 3.141592653589790007
fig03 24.cpp
Microsoft Visual C++ compiler output:
output (1 of 1)
Local float value of PI = 3.1415927410125732
Global double value of PI = 3.14159265358979
© 2003 Prentice Hall, Inc.
All rights reserved.
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Ynepdpoptwon Zuvaptioswv (Function
Overloading)

* YTEPPOPTMOT LVVOPTIGEWDV
— XVVOPTNGELS LE TO 1010 OVOLLA KO OOPOPETIKEG
TOPAUETPOVS
— YAomotovv mapouoto SOVAELd,
* ILy. ovvaptnon square yio ints Kot cuvaptnomn square yio
floats
int square( int x) {return x * x;}
float square(float x) { return x * x; }
e O1 GLVOPTNCELS TOV EIVOL VTTEPPOPTOUEVEC
olaympilovtot amd TNV VITOYPOPY| TOVG
— Meg Bdon 10 Ovopa Kol TOVG TOTOVS TOV TOPAUETPOV (1)
o€lpd moilel poro)
— H aAoyn anAd otov 1O TOL EMGTPEPOUEVOL
anoteAEGHaTOC 0ev lval vtepedptwon!!! (aAid Adbog
LETOYADTTIONG)

© 2003 Prentice Hall, Inc. All rights reserved. - -




// Fig. 3.25: £ig03_25.cpp
#include <iostream>

using std::cout;
using std::endl;

// function square for

O 00 N O U1 A W N B

int square( int x )
10 {

11 cout << "Called square with

12 return x * x;
14 } // end int version of fun
16 // function square for do

17 double square( double y )
18 {

// Using overloaded functions.

OLvmEepPOPTOUEVES
GUVOPTNOELS £XOVV TO 1510
ovopa aAld Eeywpilovv amd
TG OLPOPETIKES
TOPOUETPOVG.

nt argument: " << x << endl;

ion square

le values

19 cout << "Called square with double argument: " << y << endl;
20 return y * y;
21

22 } // end double version of function square

@ Outline i
\d

fig03_2S5.cpp
(10f2)

© 2003 Prentice Hall, Inc.
All rights reserved.

24 int main()

25 {
26 int intResult = square( 7 ); // calls int version
27 double doubleResult = square( 7.5 ); // calls double version
28
29 cout << "\nThe square of i;}ngz , ,
H katdAAnin covapto
30 << "\nThe square of doubl Aei d n, p n n
31 << endl; Kfl SlT’(Xl He B(XGT] TO Opoua
32 (int 11 double).
33 return 0; // indicates successful termination
34

35 } // end main

Called square with int argument:

7

Called square with double argument: 7.5

The square of integer 7 is 49
The square of double 7.5 is 56.2

5

@ Outline !
V]

fig03_25.cpp
(2 0f2)

fig03 25.cpp
output (1 of 1)

© 2003 Prentice Hall, Inc.
All rights reserved.




59
Mpotuna ZuvaptnoEWV

(Function Templates)

e 2uumayng TPOTOG Y1 VO TEPLYPAYOVLE TNV VIEPPOPTMOO
GUVOPTIGEDV
— TMopdyetar po S10popETIKY) GLVAPTNGT] Y10 SLOUPOPETIKOVS TOTOVE
dedoUEVOV
o 2Ovtoén
— O opopdg Eexwvd pe to keyword template
— TMopapetpikoi tomot divovion oe brackets <>
» Kd0Oe mapopetpucodg Tomog mov opiletor Taipvel og mpdbepoa
typename 1] class (synonyms)
* Ovmapapetpikoi Tomot etvon placeholders ywa built-in types (w.y. int)
1N user-defined types
* Xapoaxtnpilovv oV TOTO TOV OPICUAT®V TNG GLVAPTIONG,
EMOTPEPOUEVNG TYUNG N TOTKAOV HETAPANTOV
— O optopdg g suvaptnong yivetal dnwg cuvNOWG pe TN d1Popd
OTL TOPO YPNOIUOTOIOVUE AVTL Y10 TOTOVG OEOOUEVIOV TOVG
TOPAUETPIKOVG TOTTOVG

© 2003 Prentice Hall, Inc. All rights reserved. - -
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MNpotuna ZuvaptRoEwWV

(Function Templates)

o [Tapdoetypa
template < class T > // or template< typename T >
T square( T valuel )
{

return valuel * valuel;
}
— T glvon £vog ToPOUETPIKOS TUTOG
* O 1OHmoc¢ ™G EMOTPEPOUEVNC TIUNG €lvat 0 1010¢ e TOV TUTTO
TOV 0PIGUATOG TNG GLVAPTNONG
— XV KANomn g cvvaptnong, to T avtikabiotator w Evov
TPOYLOTIKO TOTO
* Edv Badiovpe int, 6Aa to T yivovtor int
int x;

int y = square (x);

© 2003 Prentice Hall, Inc. All rights reserved. - -
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// Fig. 3.27: £ig03_27.cpp @

1 .

2 // Using a function template. OLllne
3 #include <iostream>

: fig03_27.cpp

5 wusing std::cout; -

6 using std::cin; (1 of 3)

7 using std::endl; Formal type parameter T

. placeholder for type of data to

9 // definition of fynction templat be tested by maximum.

10 template < class T > // or template < typename T >

11 T maximum( T valuel, T value2, T value3 )

12 {

13 T max = valuel;

14 maximum expects all

15 if ( value2 > max ) parameters to be of the same

16 max = value2; type.

17

18 if ( value3 > max )

19 max = value3;

20

21 return max;

22

23 } // end function template maximum

24
© 2003 Prentice Hall, Inc.
All rights reserved.

25 int main() @ . 62

Outline

26 { —

27 // demonstrate maximum with int wvalues

:: int intl, int2, int3; ﬁg03_27.cpp

30 cout << "Input three integer values: "; (2 0f3)

31 cin >> intl >> int2 >> int3; maximum called with various

32 data types.

33 // invoke int version of maximum

34 cout << "The maximum integer valu

35 << maximum( intl, int2, int3 );

36

37 // demonstrate maximum with double values

38 double doublel, double2, double3;

39

40 cout << "\n\nInput three double values: ";

41 cin >> doublel >> double2 >> double3;

42

43 // invoke double version of maximum

a4 cout << "The maximum double value is: "

45 << maximum( doublel, double2, double3 );

46

© 2003 Prentice Hall, Inc.
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a7 // demonstrate maximum with char values @ outline
48 char charl, char2, char3; I
49
50 cout << "\n\nInput three characters: "; ﬁg03 27.Cpp
51 cin >> charl >> char2 >> char3; >

(3 of 3)
52
53 // invoke char version of maximum
54 cout << "The maximum character value is: " ﬁg03_27'cpp
55 << maximum( charl, char2, char3 ) output (1of1)
56 << endl;
57
58 return 0; // indicates successful termination
59
60 } // end main
Input three integer values: 1 2 3
The maximum integer value is: 3
Input three double values: 3.3 2.2 1.1
The maximum double value is: 3.3
Input three characters: A C B
The maximum character value is: C

© 2003 Prentice Hall, Inc.
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Aoknon-1

* Tielvou AdBoc 610 TOPAKAT® TPOYPOLLLLAL?
* Edv dev vdpyet AABo¢ Tt KAVEL TO TPOYPOULLLAL?

* To EOF divetal otnv €i6o0oo w¢ *Z (DOS-
mopabvpo) 11 o¢ D (Unix)

1 // ex03_49.cpp

% #include <iostream>
4 using std::cin;

g using std::cout;

7 int main()

8 {

9 int o;

10

11 if ( ( ¢ = cin.get() ) != EOF ) {
12 main();

13 cout << c;

14 3

15

16 return 0;

17 3

© 2003 Prentice Hall, Inc. All rights reserved. I




Aoknon-2

e TikdAvel TO TOPAKATO TPOYPOLULLOL?

1 // ex03_50.cpp

2 #include <iostream>

3

4 using std::cout;

5 wusing std::cin;

6 using std::endl;

7

g int mystery( int, int );

10 int main()

1T 1

12 int x, i

13

14 cout << "Enter two integers: ";

15 cin >> x >> y;

16 cout << "The result is " << mystery( x, ¥ ) << endl;

17 return 0;

18 13

19

20 // Parameter b must be a positive

21 [/ integer to prevent infinite recursion

22 int mystery( int a, int b )

23 {

24 if (b == 1)

25 return a;

26 else

27 return a + mystery( a, b - 1 );
©200 28 3
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Anavinon-1

« H Standard C++ dev emitpénetl avadpoOpKeS
KANGELS TNC main

e Xeviomomoelg g CH+ mov autod emttpEneTan
(non-standard C++ compilers) to npdypappo o
TUTTWGEL TOVC YOPOKTNPES EIGOO0V GE AVTIGTPOPN
GEPa

© 2003 Prentice Hall, Inc. All rights reserved. - -
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* AoBévtmv 000 akepainv aplOU®V T0 TPOYPOLLLLOL

Anavinon-2

TUTTMOVEL TO YIVOUEVO TOVC.
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