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1. Giris
Nesneye dayal1 programlamanin (OOP) temel felsefes,
Yordamsal (procedural) programlama yontemi ile karsilastirma,
OOP den beklenen yararlar ve karsilagilabilen problemler.
2. C++ dilinin standart C’ye getirdigi yenilikler
C++'In nesneye dayall olmayan yeniliklerinin tanitilmasi:
Erim operatori (::),
Blok icinde yerel degisken tanimlayabilme,
inline fonksiyonlar,




Fonksiyon parametrelerine baslangi¢ degeri atayabilme,
Referans operatoril (&),
Dinamik Bellek kullanimi : new ve delete operattrleri,
Fonksiyonlaraislev yikleme (= Function overloading),
Operatérlereislev yiukleme (= Operator overloading),
Fonksiyon sablonlarl (= Function Templates).

3. Sinif (= Class) yapisi
Siniflarin ve nesnelerin (= Object) olusturulmasi,
Uyeere (= Members) erisimin denetlenmesi (= Access control),
Standart Kurucu fonksiyonlar (= Constructor),
Ozel amacli kurucu fonksiyonlar,
Nesne dizileri,
Y okedici fonksiyonlar (= Destructor),

« Icicenesneyapilari (= Nested objects),
= Sabit (= Congant) ve statik tyeler,
= Operatorlere yeni islevlierin yiklenmesi (= Operator overloading),

« Ozet: SInif yapisindan beklenen yararlar.

4. Kalitim (= Inheritance)
= Kalitimin kullanim amaci :
tekrar kullanilabilirlilik (= Reusability) kavrami,
= C++'dakalitim mekanizmasinin olusturulmasi,
« Kalitimile olusturulan tyelere erisimin denetlenmesi,
= Kalitimin kurucu ve yok ediciler Uzerindeki etkig,
= Coklu kalitim (= Multiple inheritance)
= Nesneisaretcileri (= Pointersto objects).




5. Cok Sekillilik (= Polymorphism)
Cok sekillilik kavrami,
Sanadl (= Virtual) fonksiyonlar,
Cok sekillik mekanizmasinin C++' da olusturulmasi,

Ayni programin ¢ok sekillik kavrami kullanilmadan ve kullanilarak
yazilmasl,

Sanal Kurucu Fonksiyonlar.
6. Parametrik Cok Sekillilik (= TEMPLATES)

7. C++ standart giris/cikis siniflari ve nesneleri : Streams
Tustakimi/ekran islemleri,
Disk (dosya) yazma/okumaislemleri.

8. Ayricalikli Durum Yo6netimi (= Exception Handling)

YAZILIM MUHENDISLIGI

Y azilim Nedir ?
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Software = Knowledge Coding
“The Business of Software” — Phillip G. Armour
Comm. Of the ACM, pp. 13, Vol.44, No.3, March 2001

—» Source code
(CIC++,Pascal,
Java,Delphi,VB,Perl,...)

Knowledge — Encoder




ornek:

ar? +bx+c=0

cout << endl << “Enter @’ ;

knowledge , an>>a,;, ) )
' cout << endl << “Enter b” ;
—b—\/b2—4ac§ } cin>>b;

5 : ) cout << endl << “Enter ¢” ;
— Encoder —* < cin>>c;

2 .
g - b Vb" —dac ”b_‘l‘wg D=sqrt(b*b—4*a*c);

ftreeeesesnnres 2] | x1=(-b-D)/(2* a);
! X2=(-b+D)/(2*9);
| cout << “Rootsare” ;
a— — 7 l\ cout << x1<<*“,"<<x2;
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YAZILIM MUHENDISLIGI

SE is the establishment and use of sound engineering
principles in order to obtain economically software that is
reliable and works efficiently on real machines.

Istemlerin Analizi, Sistem
Analizi, Tasarim, Process
Kodlama, Test, Bakim Management

Layered Technology
www.ygm.itu.edu.tr

Software Quality
Metrics




SUREC YONETIMI
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Process Maturity-CMM

Software Engineering Institute’ s Capability Maturity Model
Level | : Initial
Level 2: Repeatable
Level 3: Defined
Level 4: Managed
Level 5: Optimizing

SUREC YONETIM MODELLERI

The Linear Sequential Model
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System/Information
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YAZILIM YASAM CEVRIMI

System/Information Engineering and Modeling

Software Requirement Analysis
Design

Code Generation

Testing

M aintenance

PROTOTYPING MODEL
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NESNEYE DAYALI

Veri Tabani

Isletim Sistemi
Kullanici Arayuzu
Grafik Sistemleri
Benzetim Sistemleri
Video Kodlama

C++ve NESNEYE DAYALI PROGRAMLAMA _

NESNEYE DAYALI

Program  gelistirme,  problemi  olusturan  bilesenlerin
modellenmesini ve problemin bu model kullanilarak bilgisayar
Uzerinde ¢dzim sureglerini kapsar. Programlar ise tanimlanan
modelin bilgisayarda gerceklestirme metodlarini tanimlar.

- o €=

m Programlama Dili

Problem Uzayi PROGRAMCI o
(MODEL) Bilgisayar

Problemler genellikle (fiziksel/soyut) nesneler icermektedir. Bu
nedenle problemlerin nesnelerle modellenmesi, ¢ozimiin daha
kolay ifade edilmesini saglamaktadir.

C++ve NESNEYE DAYALI PROGRAMLAMA _




Yordamsal Diller — Nesneye Dayali Diller

» Pascal, C, BASIC, Fortran, ve benzer geleneksel diller
yordamsal (= Procedural) dillerdir : Her bir satir bilgisayara ne
yapmasl gerektigini sdyler.

= Program fonksiyonlara bolinmUstdr ve her bir fonksiyon iyi
tanimlanmis bir isleve ve programdaki diger fonksiyonlarlaiyi
tanimlanmis bir arayiize sahiptir.

= Yordamsal dillerde fonksiyonlarin gerceklenmesine énem
verilir. Verinin organizasyonu ikinci sirada gelir. Ancak
verinin varligl programin varliginin nedenidir.

= Bu nedenle yapisal dillerin bazi 6nemli sorunlari vardir.

Y apisal Dillerin Sorunlari

® Global degiskenlere, Uzerinde islem yapmamasl gereken
fonksiyonlar tarafindan erisilebilir.

B Degiskenlerin korumasi yoktur. Degiskene, sadece belirli
bazi fonksiyonlar tarafindan erisimine olanak saglayacak bir
mekanizma yoktur.

B Yeni bir veri yada veri yapisi eklendiginde, bu veri Gzerinde
islem yapan tim fonksiyonlar yeniden, eklenen veriyi isleyecek
sekilde guincellenmelidir.

B Yeni veri tipleri olusturmak zordur.
B Problemleri guclt bir sekilde modelleyemezler.




Nesneye Dayal1 Y aklasim

= Veri birincil derecede 6neme sahiptir.

= Amag veri ile bu veri Uzerinde islem yapan fonksiyonlar bir araya
getirerek yeni bir yapi olusturmaktir : SINIF.

= Veriye erismenin tek yolu SINIF fonksiyonlarini  kullanmaktir.
Bunun disinda veriye erisim engellenmistir. Bu sekilde veri gizlenerek
yanlislikla degistirilmesinin 6nline gegilmis olur.

= Veri ve bu veri Uzerinde islem yapan fonksiyonlar paketlenmistir.
Paketleme (encapsulation) ve veri gizleme (data hiding) nesneye
dayal1 programlamanin 6nemli iki kavramini olusturmaktadir.

= Vei islenmek istenildiginde, bu veri Uzerinde hangi Uye
fonksiyonlarin islem yaptigi tam ve kesin olarak bilindigi icin
fonksiyonlarin gerceklenmesi, hata ayiklama, kodun gtincellenmesi gibi
Yazilim Yasam Cevrimi adimlar kolaylasmaktadir.

= Tipik olarak bir C++ programi birbirleri ile Uye fonksiyonlari
araciligl ile etkilesen nesnelerden olusur.

Paketleme ve Veri Gizleme

Paketleme Veri gizleme

Sinif Adi

islemler
ozellikler /

ozellikler

U # PoloIN

islemler: .




Nesneler Arasi Iletisim
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Nesneye Dayal1 Y aklasim

B Nesneye dayall bir dil kullanilarak problem cozilirken, programci,
problemin ¢o6zUmi igin programin  hangi fonksiyonlara bdlUnmesi
gerektigini  dusinmek yerine, hangi nesnelere bolunmesi gerektigini
distnecektir.

B Nesneye dayal disiinmek, sadece programin daha kolay olusturulmasini
saglamayacak, ayni zamanda daha kolay modellenebilmesini saglayacaktir.
Bu programlama anlamindaki nesne ile gercek diinyadaki nesne arasindaki
yakin iligkiden kaynaklanmaktadir.

B Nesneye dayall programlarda ne tir biyuklikler nesne olarak
modellenebilir ?

- Fiziksel Nesneler: * Veri yapilari :
Asansor kontrol sistemindeki asansor Dizi
Ekonomik modeldeki tilkeler yign
Hava trafik kontrol sistemindeki ugaklar _ Baglantili liste
» Bilgisayar kullanici arayiiziindeki elemanlar * Insan kaynaklari :
Pencereler Isci
Mentiler Ogrenci
Grafik nesneleri (dogru, dikdértgen, daire) Musteri
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Nesneye Dayall Tasarim

Nesneler Arasi
[letisimin Tasarimi

Sinif ve Nesne
Tasarimi

Sistem Tasarimi

The OO Process Mode

Customer
Communication

Customer
Evaiuation

Corstruction & Release |

C++ ve NESNEYE DAYALI PROGRAM
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Nesneye Dayali Y aklasimin Avantajlari

m Okunabilirlik

B Anlasilabilirlik

B Test ve Bakim

B Tekrar kullanilabilirlik

BTakim Calismasi

Maintainability Portability

Flexibility Reusability

Testability Interoperability
RUCT TRANSITION

PRODUCT REV.

PRODUCT OPERATION

Correctness Usability  Efficiency
Reliability Integrity

tasarim istemler

kodlama

= dogrulama testi,

= gsistem testi,

Ilerl SeViye = alpha ve beta testleri,...

Testleri

Tamlestirme
Testleri
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Hata Ayiklama

Hatayl duizeltmek

Software .. .
Hardware  Meface . ICIN gecen sure
interface 6% Logic

% 20%

Error checking
11%
Datahandling

11%

User interface

12% Standards
%

Specifications

Origin of

25% oL
[] secificationrequirem | Hatanin tiriinii ve
B desig yerini bulmak icin

. code

gecen slre

C Programlama Dili

D. Ritchie tarafindan iki eski dilden yararlanilarak gelistirilmistir.
BCPL (Binary Coded Programming Language) ve B
= UNIX isletim sistemini yazmak icin kullaniimistir.

= GUnumuzde bir cok isletim sistemi C veya C++ kullanilarak
yazilir.

= Donanimdan bagimsiz, tasinabilir (portable) programlar
yazilabilir.

= C programlari fonksiyon (function) adi verilen bagimsiz
program parcalarindan olusur.

= Programcilar kendi fonksiyonlarini yazabildikleri gibi, C
kitUphanesinde bulunan ve o©nceden yazilmis olan
fonksiyonlari da kullanabilirler.
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oo }o C Programi Gelistirme Ortami

Preprocessor 4—>- 9 C Programinin Gel |St|r| Ime Asamal arl

1. Edit (Kaynak kod)
Compiler 9 -
2. Preprocess (On islemci)
ink .
e ° 3. Compile (Derleme)
Primary 3\
Loader 4. Link (Baglama)
i 5. Load (Yikleme)
6. Execute (YUritme)
Primary 4
CPU
'O
J
/* Ilk C programi */
#include <stdio.h>
void main()
{
printf( "Welcome to C!\n" );
}
Welcome to C!
Aciklamalar

/* ve*/ simgeleri arasindaki yazilar gz ardi edilir.
Programi anlasilir hale getirmek icin kullanilir.

#include <stdio.h>
Onislemci belli bir dosyay! diskten okuyup programa ekler.

<stdio.h> dosyasinda giris/cikis fonksiyonlarinin tanimlari bulunur.

14



= void main()
= C programlari fonksiyonlardan olusur.
« Ilk calisan fonksiyonun adi main dir.

= Kivircik parantezler { ve } bir blogun basini ve sonunu
belirtir.

= printf( ""Welcome to CI\n"");

= Bir cikis fonksiyonudur. Ekrana verilerin yazilmasini saglar.
Bu fonksiyon o©nceden hazirlanmistir ve derleyicinin
kitUphanesinde yer almaktadir.

= \ - escape character: printf fonksiyonu icin 6zel islemler
belirler.
= \n isthe newline character: Alt satira geg.

= Komutlarin sonuna ; konur.

Bdlek Kavrami

Bilgisayarlarin bellekleri sayisal adreslere sahip gozlereden olusur.
Y Uksek diizeyli diller ile program yazan programcilarin gergek bellek
adreslerini  bilmelerine gerek yoktur. Bu nedenle degiskenler
tanimlanir. Derleyici bu degiskenler icin bellekte yer ayirir.

Degiskenler bilgisayar bellegindeki gozlere kars! diserler.
= Her degiskenin bir adi, boyu, bellek adresi, tipi ve degeri vardir.

= Degiskene yeni bir deger atandiginda bellekteki eski deger
kaybolur.

= Degiskenlerin okunmasi bellekteki degeri degistirmez.
Degisken adi  Bellek Gozleri  Adres

sayil 45 3500
sayi2 12 3501
toplam 57 3502

15



Degisken Tanimlamalari

Bir C programinda kullanilacak olan degiskenlerin programin basinda,
yuritilen deyimlerden 6nce tanimlanmalari gerekir.

Degisken tanimlanmas,
a) bilgisayar belleginde o degiskenler icin yer ayrilmasini saglar,
b) ilgili bellek gdzlerinde sembolik ismler verilmesini saglar.

Degisken isimleri:

e Harf, rakkam ve dt cizigi ' "icerirler.

e Harf veya' 'ilebaslamak zorundadir.' ' ile baslamas onerilmez.
* Blyuk/kucuk harf ayrimi vardir.

o C dilinin anahtar sozcikleri degisken ismi olarak kullanilamaz.

» Ozel karakterler ve Tirkge'ye 6zgu harfler (s,8,0,1,¢) kullanilamaz.

Gegerli isimler:
al, sayi, sayi 3, llkDeger, SonSayi, alc32, deneme degeri

Gegersiz isimler:
lal, deger, int

Degisken Tanimlamalari

Programin anlasilirliligini saglamak icin degiskenlere, islevieriyle iliskili
anlamli isimler verilmeli.

Birden fazla sozcikten olusan degiskenlerde ikinc sbzcik buyik harf
ile baslatilmall yadaaraya' ' konulmall

Degisken Tipleri:

Degisken tipi Anahtar sbzcik | Byte CalismaAraligi
Karakter char 1 -128 ; 127

Tamsayi int 2 -32768 ; 32767
Kisatamsayi short 2 -32768 ; 32767

Uzun tamsay! long 4 -2,147,483,648 ; 2,147,483,647
Isaretsiz karakter| unsigned char 1 0; 255

Isaretsiz tamsay unsigned int 2 0; 65535

Isaretsiz uzunts. | unsigned long 4 0; 4,294,967,295

Redl sayi float 4 1.2E-38; 3.4E38

Cift hassss. r.s. double 8 2.2E-308 ; 1.8E308

Degiskenlerin kapladiklar! danlar bazi sstemlerde farkl olabilir.

16



Degisken Tanimlamalari

C/C++ tip denetimli bir dildir. Bu nedenle program
icinde her bir degisken mutlaka bir tip ile
iliskilendirilmelidir:

type variable name = initial_value;

i Bellek Goriintiisi i

variable name

Erim (= Scope) Kavrami

int x =12
/* only x available */
{
int g = 96;
[* both x & q available */
}
/* only x available */
[* qisout of scope */

17



Operatorler

Operatorleri aldiklari operand sayisina gore U¢ sinifta

toplayabiliriz:
B Tekli Operatorler
++ -1+ -
B jkili Operatorler
= +=,==,<,+, -, %/
® Uclu Operator ?:

operatorler
arasi oncelik

<

<

0
++ -+ -

* %

< <= > >=

= 4= = *= /= 0=

Onceden/Sonradan ArttirmalAzaltma ++/--
Operatorleri

int a=0,b=2;
a=b++;

= --a ,
a=Db-;
b=++a;

a=2, b=3
a=1, b=1
a=1, b=0
a=2, b=2

18



Atama Operatdrleri

int a,b;

a=a+b; |a=alb;

a+=h: al=b;

a=a-b; a=a*b; a=a%hb;
a-=b; a*= a%=>b;

Karsilastirma Operatorleri

a==
al=Db
a>b
a>=Db
a<b

a<=b

Esitlik
Esitsizlik
Buyiikl ik

Blyuk Esitlik

Kigukl ik

Kuiciik Esitlik

19



Bit Dlzeyinde islem Y apan Operatorler

~ DEGIL
& VE
| VEYA
A Dar VEYA
~=, &=, = =
C++ ve NESNEYE DAYALI| PROGRAM L_
Lojik Operatorler
o g b a&&b
! Degil 5 > !
&& VE non(jero nongem 8
” VEYA nonzero nonzero 1
AN Dar VEYA < : 2k
0 nonzero 1
Nnonzero 0 1
int a= O, b = 5, c=-2 : nonzero nonzero 1
X
((a||b)&&c) true y @
F F | F
ifa==5)| ., FIT|T
. i T E|T
if(a=>5) R e

——————
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Kaydirma Operatorleri

<< Sola Kaydirma
>> Saga Kaydirma
inta=-16;

a=a<<z;

printf(“%d” ,a) ; -64
a=a>>1;

printf(“%d” ,a) ; -32
unsigned int a=-16;

a=a<<z;

printf(“%d” ,a) ; -64
a=a>>1;

printf(“%d”,a) ; 2147483616

DiZiLER

gl

N
N

7
’
7
’

¥
dizinin tipi

4

dizinin boyu

C
C
C
C
~ C
C
C
C
C

v c[9]
dizinin adi Y

-48

6

0

72

1543

-89

0

62

-3

1

6453

78

indis Ideg“eri
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COK BOYUTLU DIZIiLER

indis degerleri

int b[2][2] = {{1,2}, Baslangic degerleri  satir
: dizeninde verilmelidir.
\;4}},
ikinci boyut b[O][0] | 1
bloJ[1] | 2
v b[1][0] | 3
birinci boyut b[}][}] 4

Kontrol ve Cevrim Y apilari

<+ Dallanma Komutlari
if, if-else, switch
< Cevrim Olusturma Komutlari
for(;;)
while()
do{...}while() ;

22



if, if-else

int sicaklik ; J

if (sicaklik <=18)
printf(“isit”);
else false l

if (sicaklik >=26)
pri ntf(“ SOgUt"); @"ﬂ println("sogut"),

falsei

printf(sicaklik <= 18 ? {isit”, : “sogut’) );

lojik ifade true false

sicaklik <= |8

println{"i=it"),

if (x>5)
if(y>5)
printf( "xand y are >5");
else
printf( "xis <=5");

if (x>5)
if(y>5)
printf( "xand y are >5");
}
else
printf( ""x is <=5");

23



while, do-while ddnguisti

int faktoriyel = 1, i=1;
while ( i <= 9 ){
faktoriyel *= i;

i1++;
}

printf (“9!=%d”, faktoriyel) ;

?

rue faktoriyel *=1i;

false
O

do{...}while(...)

int faktoriyel = 1, i=1;
do{

faktoriyel *= i;
i++ ;

Jwhile ( i <= 9 );

printf (“9!=%d”, faktoriyel)

24



for dongusii

int faktoriyel,sum,i;

for (i=1, faktoriyel,sum=0; i<=9; sum+=i,i++)

faktoriyel *= i;

printf (“9!=%d”, faktoriyel)

void main() {

for(inti=0;i<100; i++) {

if(i == 74) break; // Out of for loop

if(i % 9 != 0) continue; // Next iteration
printf(“%d”,i);

}

inti=0;

while(true) {

++;

intj=1i*27,

if(j == 1269) break; // Out of loop

if(i % 10 !'=0) continue; // Top of loop

printf(“%d”,i);

n

25



Fonksiyonlar

* Kendi icinde bagimsiz olarak caisabilen ve belli bir islevi yerine getiren
program moduilleridir.

* C programlari bu modtillerden (fonksiyonlar) olusurlar.

e Fonksiyonlarin  yazilmasindaki temel amag;, boylik boyutlardaki
programlarin daha kolay yazilabilen ve test edilebilen kiclk parcalar halinde
olusturulabilmesidir (Bdl ve yonet).

Fonksiyonlari Ozdlikleri:

* Her fonksiyonun bir adi vardir. Fonksyon isimlerinin verilmesinde degisken
isimlerinde uygulanan kurallar gecerlidir.

 Fonksiyonlar programin diger parcalarindan etkilenmeden bagimsiz bir
islem yapabilirler.

« Beli bir islevi yerine getirirler. Ornegin, ortalama hesaplamak, ekrana bir
veri yazmak, bir dizideki en blytk elemani bulmak gibi.

 Kendilerini ¢agiran programdan parametre olarak veri alabilirler.

o Gerektigi durumlarda Urettikleri sonuclart kendilerini ¢agiran programa
parametre olarak geri gonderirler.

Ornek

/* Fonksiyon drnegi. Kuip hesaplayan fonksi
#include <stdio.h>

’ Geri Donlis degerinin tipi ‘

Fonksiyon adi

I* Fo ayinin kiipund hesaplar */

long int kup(lpt_x)\

{ ’ Giris parametresi ‘

long yardimci; /I Yerel degisken
yardimci =X * X * X; Yerel degisken.

return yardimeci; Sadece fonksiyonun iginde gegerli
3* Ana pr:;mnw\ Sonug, ¢agiran programa
void main() gonderiliyor
int giris;
long int sonuc;

printf("Bir say!i giriniz: ");
scanf("%d" &g|r| :

’ Fonksiyon g¢agirilryor ‘

’ Fonksiyona giden deger ‘

Fonksiyondan gelen degerin

’// Fonksiyon ¢agiriliyor » -9<
yazilacagi bellek gozii

printf("\n%d Usst 3= %Ild\n", giris, sonuc);

26



Fonksiyonlarin Sagladigl Y ararlar

» Karmagik problemler daha kicuk parcalara boltnebilir. Her
parca ayri ayri fonksiyonlar seklinde cozllerek sonradan ana
programda birlestirilebilir.

* Grup calismalari icin uygun bir ortam hazirlar. Grup elemanlari
bagimsiz fonksiyonlari ayri ayri tasarlarlar. Son asamada bu
fonksiyonlar ana programda birlestirilir.

e Daha oOnceden yazilmis fonksiyonlar arsivlierden alinarak
kullanilabilir. Ayni program parcasinin tekrar yazilmasina gerek
kalmaz.

* Programin icinde sik sik tekrar edilen bolumler fonksiyon
olarak yazilabilir. BOylece ayni program parcasinin defalarca
tekrar edilmesine gerek kalmaz.

Fonksiyonlarin Isleyisi

Main (¢agiran) Fon_lf?iyon

x=k[1_p_) a);
Sonraki deyim —> -

=kup(b;
Sonraki deyim _y» p(

/return
Fonksiyonlarin Tanimlanmasi:

geri_donus_degeri_tipi  fonksiyon_adi ( parametre listesi)

{
deyimler
return <degisken/sabit/ifade>;

27



Eger fonksiyon geriye deger dondirmeyecekse geri donis degerinin
tipi void olarak tanimlanir. Bu durumda fonksiyondan cikisl
saglayan return sozclgunin yanina bir deger yazilmaz. Bu tir
fonksiyonlardaistenirse return sbzciigi yazilmayabilir.

Ornegin: Tki tamsayyi ekrana yazan fonksiyon
void yaz(int a, int b)

printf("\nsayi1=%d sayi2=%d", a, b);
return; // Bu satir yazilmayabilir.

}

/** Ana Program (Ana fonksiyon) **/
void main()

int i1=450, i2=-90;
yaz(i,23);
yaz(18,i2);
yaz(il, i2);

}

Bir fonksiyonda birden fazla return sbzcigi (cikis noktasi) olabilir.
Ornegin: iki tamsayinin biiyik olanini bulan ve c¢agiran programa
gobnderen fonksiyon.
#include <stdio.h>
int buyuk( int a, int b){
if (@>Dh) returna;
else  returnb;
}
void main()
{ .
int x, Yy, z
printf("\niki say giriniz: ");
scanf("%d%d", &X, &Y);
z = buyuk(x,y);
printf("\nDaha biyuk olan: %d.", z);
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Fonksiyonlarin Cagrilmasi

Fonksiyonlar isimleri yazilarak ve parantez icinde gerekli sayida
arglman gonderilerek cagirilir.

Eger fonksiyon geriye bir deger donduriyorsa, bu deger bir degiskene
atanabilir, baska bir fonksiyona argiiman olarak verilebilir, bir ifadenin
icinde kullanilabilir.

Ornegin: Bir tamsayinin yarisini hesaplayan ve gagiran programa
gonderen fonksiyon.
float yarisi( int a)

return (a/2.0);
}

Bu fonksiyon asagidaki satirlarda gosterildigi gibi ¢cagirilabilir.
x=yarisi(5);

z=yarisi(i) + 3*yarisi(k);

printf("\n Sayinin yarisi= %f", yarisi(sayi));

f=yarisi((int)yarisi(x));

Yerel Degisken/ Global Degisken:

Fonksiyonlarin gbvdelerininicinde ({ } arasinda) tanimlanan degiskenler
sadece o fonksiyonda (main veya diger) kullanilabilen yere
degiskenlerdir. O fonksiyon sona erdikten sonra yerel degiskenler
bellekten kaldirilirlar. Fonksiyon govdelerinin  disinda tanimlanan
(6rnegin main'in Gstiinde) degiskenler ise global degiskenlerdir. Bu
degiskenler bitin fonksiyonlar tarafindan yazilip okunabilirler ve
programin calismasl stiresince gegerlidirler.

#include <stdio.h>

float f; I/l Global degisken
int long kup(int x)

Ornegin; yandaki program
pargasinda f global
degiskendir ve tim

fonksiyonlar tarafindan long yardimci;  // kup'e ait yerel degisken

kullanilabilir. D
yardimci = X * X * x;

yardimici adli degisken return yardimci;
sadece kup adli fonksiyonda !
kullanilabilir. /* Ana program */

o . ) void main()
giris adli degisken ise sadece |
main iginde kullanilabilir. int giris; /I main'e ait yerel degisken
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Ornek: Asagidaki 6rnekte ayni global ve yerdl degiskenler ayni isimde
tanimlanmis (x vey). Bu durumda fonksiyonun icinde x ve y ismleriyle sadece
yerel degiskenlere erisilir.

intx=1,y=2; /I Global Degiskenler

void demo() { /I Parametre almiyor, deger dondirmuyor
intx =88,y =99; [/ yerel degiskenler
printf("\nFonkisyonun iginde, x =%d y =%d.", X, y);

void main() { /*** Ana program ***/
printf("\nFonksiyonu ¢agirmadan once, x = %d y = %d.", X, y);
demo();
printf("\nFonksiyonu ¢agirdiktan sonra, x = %d y = %d", X, y);
}

Asagidaki olumsuz yonlerinden dolayl global degisken kullanimindan kaginmak
gerekir:

* Global degiskenler bitin fonksiyonlar tarafindan degistirilebildigi icin
programdaki hatalarin ayiklanmasini zorlastirirlar.

» Grup elemanlari arasindaki bagimlilik artar. Hangi global degiskenin ne islevi
olacagina, ismine ve kimin tarafindan ne sekilde degistirilecegine énceden karar

vermek gerekir.

Karakter Katari (= String)

C dilinde, afabetik sbzcukler (string) karakter dizisi seklinde tanimlanr :
char sozcuk[8]; // 7 harflik bir sbzcik tagiyabilir.
void main()
{
sozcuk="merhaba";
printf("\n Mesgj: %s",s0zcuk);

}
sozcuk[O] | ‘m' | o Karakter katarinin her elemani bir karakter
sozcuk[1] | ‘€ | icerir.
sozcuk[2] | ¢y | ¢ Karakter katarlarina iliskin degerler iki adet
sozcuk[3] | k| Gift tirnak (") icinde yazilir.
sozcuk4] | ‘@ | © Bir karakterlik degerler tek tirnak (') isaretleri
sozeuk[s] | ‘p | aasindayazilir o
sozcuk6] | ‘@ | ° \0' Karakter kaFarlnln sona erdigini belirten
sozcuk[7] | \Q' 0zel bir karakterdir.
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Ornek

[* String: Karakter Dizisi */

20 harflik yer ayiriliyor

#include <stdio.h> 8 harflik yer ayiriliyor.

void main() Baslangig degeri "merhaba"

{
char isim[20]; scanf ile string okunurken
char mesaj[ | = "Merhaba"; basina & yazilmaz
inti;
printf(" Adinizi gisAiz: ); karakter ka‘r:Jr'lar'l
scanf( "%s", iswgn/ ekrana yazilirken %s kullanlir
printf( "\n%s %3$tn Nasilsin?\n",mesaj, isim );
printf("\Harflerin arasinda birer bosluk birakarak adiniz:\n");
for (i=0;isim[i]!="\0¢i++ -

printf( "%c ", isim[i]); ’ katarinin son harfi: \O ‘

printf( "\n");

}

’ isim katarinin i. harfi ‘

Bkz. string.c
C++ve NESNEYE DAYALI PROGRAML.

C++'In C'ye Getirdigi Gelismis Ozellikler

C++, C’nin bir Ust kimesidir,
C’de yazdiginiz kodlari bir C++ derleyicisi ile derleyebilirsiniz,

C++'In nesneye dayall olmayan 0ozelliklerini C programi
yazarken kullanabilirisiniz.

B Aciklama satirlar
/* This is a comment */
/I This is a comment

¥ C++'da tanimlamayr programin istedidiniz  yerinde
yapabilirsiniz. Bu programin okunabilirligini arttiracaktir.
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C++'In C'ye Getirdigi Gelismis Ozellikler

int a=0;
for (int i=0; i < 100; i++){ //iis declared in for loop

a++:
int p=12; /I Declaration of p
/I Scope of p

} /I End of scope foriand p

C++'In C'ye Getirdigi Gelismis Ozellikler

® Erim (=scope) Operator ::
Kural olarak C’ de her degisken tanimli oldugu blok
icerisinde erime sahiptir.

int x=1,
void f(){
int x=2; /[ Local x
X++; /l Local xis3
}
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int x=1,

void f(){
int x=2; /[ Local x
LIXH // Global x is2

inti=1;
main(){
inti=2;
{. .
int n=i ;
inti=3;
cout <<i<<""<<:ui<<end ;
cout << n<<"\n";

} _ , 31
cout <<i<<""<<:i<<endl;
return O ; 2

} 21
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C++'I1n C'ye Getirdigi Gelismis Ozellikler

® inline fonksiyonlar

C’ deki makrolara gore asagidaki avantgjlara sahiptir
® Hata ayiklama
® Tip denetimi
® Kolay izlenebilir

#define sq(x) (X*x)
inline int SQ(int X){ return (x*x); }

#define max(x,y) (y<x ?2X:y)

inlineint max(int x,int y){ return (y<x ?x:y); }

const false=0; #tdefine false O
const double pi = 3.14159 ; #define pi 3.14159
const double e = 2.71828;

const M_Size=100;

const *p=&M _Size; Tip belirtilmemis ise
char * const s= "abcde” : derleyici tipi int kabul
’ eder.




C++'In C'ye Getirdigi Gelismis Ozellikler

B Fonksiyon Parametrelerine Baslangic Degeri atayabilme

int e(int n,int k=2){

if(k ==2) e(i+5)
Il (i+5)* (i+5)
return (n*n) ; e(i+5,3)

I/ (i+5)’in kubu
else

return ( mult(n,k-1)*n) ;

oF

void f(inti, int j=7) ; // dogru

void g(int i=3, int ) ; // yanlis

void h(int i, int j=3,int k=7) ; // dogru

void m(int i=1, int j=2,int k=3) ; // dogru
void n(int i=2, int j,int k=3) ; // dogru ? yanlis
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C++'In C'ye Getirdigi Gelismis Ozellikler

® Referans Operattril &
Bir degiskenin adres bilgisine erismek icin kullanilir.
iki farkli kullanim bigimi vardir:

intn;

int& Nnn=n;

double g[10] ;
double& last =4 9] ;

const char& new_line="\n";

® jki degiskenin icerigini takas eden fonksiyon :

swap() bellek
void swap(int a, int b){

a=b; -
a
b=temp; } : : b :
main(){
inti=3,j=5;
swap(i,j) ; sistem yigini
cout << i<<""<<j<<end ;
35
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bellek

void swap(int *a, int *b){

inttemp:*a;=

*q=*p:
*b=temp; } : :
main(){
inti=3,j=5;
53 swap(&i,&j) ;
cout << i<<""<<j<<end ;
}

void swap(int& a,int& b){

inttemp =a;
a=b;
b=temp; }
main(){
inti=3,j=5;
35 swap(i]) ;
cout << i<<""<<j<<end ;
}
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void shift(int& al,int& a2,int& a3,int& ad){

inttmp=al;
al=a2,;
a2=a3; main({
aa3=ad; int x=1,y=2,z=3,w=4;
ad=tmp; cout << x <<y << z << w << endl;
} shift(x,y,z,w) ;
cout << X <<y << z << w << endl;
return O;
}

int squareByValue(int a){ void squareByReference(int& a){
return (a*a) ; a*=a;
} }
main(){ void squareByPointer(int *aPtr){
int x=2,y=3,z=4; *aPtr *= *aPtr ;
squareByPointer (&X) ; }
cout << x << end ;
squareByReference(y) ;
cout <<y<<end ; 4
Z = squareByValue(z) ; 9
cout << z<<end ; 16

}
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C++'In C'ye Getirdigi Gelismis Ozellikler

® Dinamik Bellek Kullanimi

Cde dinamik bellek kullanimi standart kottphaneler
kullanilarak gerceklestirilmektedir:

int*p; p=(int*) maloc(N*sizeof(int)) ; free(p) ;
® C++'daiki yeni operator : new ve delete
int*p;

_ int *p,*q ;
p =new int[N] ; p = new int[9] ; q
delete [Ip g =new int(9) ;

® jki boyutlu matris
© double** q;
g = new double*[row] ; // rowxcolumn’lik bir matris
for(int i=0;i<row;i++)
g[i] = new double]column] ;
for(int i=0;i<row;i++)
deleteq[i] ;
delete[]q ;
I. satir j. sttun elemaninaerisim : qi][j]
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® iki boyutlu matris
® double** g,*t;

p = new double*[row] ; // rowxcolumn’lik bir matris

t = new double[row* column] ;

for(int i=0,col=0;i<row;i++,col +=column)

qli] =t +col ;
delete q[0] ;
deleteq;
I. satir j. sttun elemaninaerisim : qi][j]

double ** g,*t ;
memoryAlign = column % 4 ;
memoryWidth = ( memoryAlign==0) ?

column : (column+4 -memoryAlign) X
p = new double*[row] ; // rowxmemoryWidth’lik bir matris
t = new double]row* memoryWidth] ;
for(int i=0,col=0;i<row;i++,col+=memoryWidth)

qfi] =t+col ;

delete q[O] ;
deleteq;




C++'In C'ye Getirdigi Gelismis Ozellikler

® Fonksiyon Y tkleme (=Function Overloading)
double average(const double g[],int size) ;

double average(const int a[],int size) ;
double average(const int &[], const double bf],int size) ;

@ double average(const int &[] ,int size) {
double sum=0.0;
for(int i=0;i<dzeji++) sum +=g[i] ;

return ((double)sum/size) ;

e double average(const double &[] ,int size) {
doublesum=0.0;
for(int i=0;i<sizeji++) sum+=q[i] ;
return (sunvsize) ;
}
© double average(const int &],const double bf],int size) {
doublesum=0.0;
for(int i=0;i<sizeji++) sum+=gi] + b[i] ;

return (sum/size) ;
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main() {
int w[5]={1,2,3,4,5} ;
double x[5]={1.1,2.2,3.3,4.4,5.5} ;
© cout << average(w,5) ;
@ cout << average(x,5) ;
© cout << average(w,x,5) ;

return O ;

C++'In C'ye Getirdigi Gelismis Ozellikler

® Function Templates
template <class T>
void printArray(T *array,cont int size){
for(int i=0;i < sizeji++)
cout << array[i] <<"";

cout << endl ;
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main() {
int a31={123};
double b[5]={1.1,2.2,3.34.4,5.5} ;
char c71={'a,'b,c,'d,'e,f,‘g};
© printArray(a,3) ;
® printArray(b,5) ;
© printArray(c,7) ;
return O ;

void printArray(int *array,cont int size){
for(int i=0;i < sizeji++)
cout << array[i] <<*,";
cout << endl ;
}
void printArray(char *array,cont int size){
for(int i=0;i < sizeji++)
cout << array[i] ;

cout << endl ;




Islev Y Ukleme

C++'da yerlesik operatorlere (+, -, = ve ++ gibi) adiklari
operandlarin tipine gore yeni islevler yuklenebilir. Asagida ornek
olarak iki karmasik saylyi toplamak icin + operatériine yeni islev
yuklenmistir:

struct ComplexT{
float real,img;
h
ComplexT operator+(ComplexT v1, ComplexT v2){
ComplexT result;
result.real=vl.real+v2.real;
result.img=vl.img+v2.img;
return result;
}
void main(){
ComplexT cl1,c2,c3;
c3=cl+c2; [/l cl+(c2)

}

C++'In C'ye Getirdigi Gelismis Ozellikler

#include <string>
#include <iostream>
using namespace std;
int main() {
string test;
while(test.empty() || test.size() <= 5)
{
cout << "Type a string longer string. " << endl;
cin>> test;
}
printf(“%s’,s.c_str())




#include <iostream>
namespace F {

floatx = 9;
}

namespace G { int main(void) {
using namespace F; float x = 19.1:
floaty = 2.0;

using namespace G;

namespace INNER_G { using namespace G::INNER_G;
float 2 =10.01; std::cout << "x =" << x << std::end!:
} std::cout << "y =" <<y << std::endl;
} std::cout << "z =" << z << std::endl:

return 0;

Nesneye Dayall Programlama Kavramlari

® Fonksiyonel programlamada probleme

“Verilen problemin ¢ézimi icin  algoritmayr hangi
fonksiyonlara parcalamaliyim” ?

sorusu ile yaklasilir.
® Nesneye dayall programlamada ise

“Verilen problemin ¢6zUmi icin veriyi hangi nesnelere
parcalamaliyim” ?

sorusu ile yaklasilir. Nesneye dayali programlamada temel
tasarim elemani “nesneler”dir.




Nesneye Dayall Programlama Kavramlari

® Nesneye dayall bir dil kullanilarak problem cozultrken,
programci, problemin ¢ozOmi icin  programin  hangi
fonksiyonlara bolinmesi gerektigini disiinmek yerine, hangi
nesnelere bolinmesi gerektigini distinecektir.

B Nesneye dayall disiinmek, sadece programin daha kolay
olusturulmasini  saglamayacak, ayni zamanda daha kolay
modellenebilmesini saglayacaktir. Bu programlama

anlamindaki nesne ile gercek dinyadaki nesne arasindaki yakin
iliskiden kaynaklanmaktadir.

B Insanlar olaylari zihinlerinde nesneler bigiminde canlandirir.

Ornek : Bir binanin asansor sistemi

e currentFloorNumber
* numberOfPassengersAboard durum

* listOfButtonsPushed goUp()

getinfo()

calculateWhereToGo() -

openDoors()

davranis CloseDoors()

goDown()
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C++'daSinif (=Class) Y apisi

struct Time{
int hour; //0-23 _
int minute; // 0-59 (- V&'l

int second; // 0-59 CIaS_S Time{
} _ publlc:
fonksiyonlar ? Time();

davranis < void SetTime(int,int,int) ;
void PrintTime() ;
private:

(int hour ;  // 0-23
durum < int minute; // 0-59

int second; // 0-59

} -

void Time: Time(){ hour=minute=second=0;}

void Time:SetTime(int h,int m,int s){
hour =(h>=0&& h<24) ?h:0;
minute= (M>=0 && m<60) ?m:0;
second = (s>=0 & & s<60) ?s:0;

}

void Time:PrintTime(){
cout << ((hour == 0) || (hour == 12) ? 12 : hour%12)
<< "t << (minute< 10) 20" : ™) << minute
<< " << (second < 10) 70" : ™) << second
<< (hour <127?"AM":"PM");
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+—— t.SetTime(13,27,16);

VERT Time d
hour, SetTime +— N .
minute, second) PrintTime«—+—— t.PrintTime();

FONKSIYONLAR
NESNE : Time

J

void main(){
Timet ;

t.PrintTime();

t.SetTime(13,27,16) ;

t.PrintTime();

£.SetTime(99,99,99) ;

t.PrintTime();
cout << endl ;
returnO ;

}

12:00:00 AM

1:27:16 PM
12:00:00 AM

Nesne Isaretcileri

void main(){
Time *t ;

t=newTime;

t->PrintTime();

t->SetTime(13,27,16) ;

t->PrintTime();

t->SetTime(99,99,99) ;

t->PrintTime(); 12:00:00 AM

cout << endl ;

return O ;

}

1:27:16 PM
12:00:00 AM




C++ Terminolgjis

® Sinif : veriler ve o veriler Gzerinde islem yapan fonksiyonlar
grubudur. C'deki struct yapisina oldukca benzer. Program icinde
bir degisken icin kullanilabilecek yeni bir tip olusturmaktadir.

® Nesne : Belirli bir tipten yaratilan degisken gibi belirli bir
siniftan yaratilan bir kopyadir. Program dogrudan nesneler
Uzerinde islem yapar.

® Metod : Nesneye dayall programlamada, bir sinif icinde
tanimlanan Uye fonksiyonlara metod adi verilmektedir.

® Mesg) : Nesneye dayall programlamada bir sinifa ait bir Gye
fonksiyonunun c¢agrilmasina nesneye dayall programlamada
mesaj denir.

class Time{ Sinif Tanimi
int hour; Nitelikler
int minute;
int second ;

public:

void SetTime(int h,int m,int s){ hour=h;minute=m;second=s} 1. metod
void PrintTime(); 2. metod

1

void Time::PrintTime() 2. Metodun govdesi

{

cout << ((hour == 0) || (hour == 12) ? 12 : hour%12)
<<"" << (minute < 10) ?"0" : ") << minute
<< "" << (second < 10) ?"0" : ™) << second
<< (hour <12 ?" AM":" PM");

}
void main()
{
Timet; t nesnesi yaratild
t.SetTime(13,26,6); nesneye hir mesg génderiliyor
t.PrintTime(); nesneye bir baska mesqj
gonderiliyor

}
C++ve NESNEYE DAYALI PROGRAM examplel.cp
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class Time{ Sinif tanimi
int hour; Nitelikler
int minute;
int second ;
public:
void SetTime(int h,int m,int s){ hour=h;minute=m;second=s;} ; 1. metod
void PrintTime(); 2. metod
1
void main()
{
Timet;
t.hour = 13: Error:
t.minute = 26 ; “Time:hour is not accessable’
t-gfoan =6; “Time::minuteis not accessable’
} tPrintTime); “Time::second is not accessable”’
Nesne Uyel erine Erisimin Denetlenmesi
® Public

Public Uyelere programdaki herhangi bir fonksyon tarafindan
erisilebilir.

= Private
® Herhangi bir tanimlamayok ise varsayilan tanimlama private dir.

m Private Uyeler sadece o sinifa ait Uyeler veya o sinifin frie% Uyeleri
tarafindan erisilebilir.

» Protected (Publicile Private arasinda)

Private Uyeler sadece o sinifa ait tyeler, o siniftan tiretilmis siniflarin
Uyeeri veya o sinifin friend tyeleri tarafindan erisilebilir.
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class Paint {

public:
void SetPaint(float, float);  // set coordinates
float GetX() const { return x; }; // get x coordinate
float GetY () const { returny; }; // gety coordinate

private: /I accessible by derived classes

float x,y; /I x andy coordinates of the Point

b
void Point:: SetPoint(float afloat b){ x=a; y=b; }

main(){
Point p;
p.x=1; /lp.SetPoint(1,2);
p.y=2;

}

class Time{
int hour;
int minute;
int second ;

public:
/I Get Functions
void SetTime(int h,int m,int s){ hour=h;minute=m;second=s;};
void SetHour(int h){ hour= (h>=0 & & h<24) ?h:0;} ;
void SetMinute(int m){ minute= (m>=0 & & mMm<60) ?m: 0;} ;
void SetSecond(int s){ second= (>=0 & & s<60) ?s:0;} ;
I/l Get Functions
int  GetHour(){ return hour;} ;
int GetMinute){ return minute} ;

int GetSecond (){ return second;} ;
void PrintTime();
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Bir sinifin friend fonksiyonlari ve siniflari

E Bir fonksiyon yada bir sinif bir baska sinifin friend’'i olarak
tanimlanabilir. Bu durumda friend olarak tanimlanan fonksiyon yada
sinifin Gyeleri o sinifin tim dyelerine erisebilir.

class A{
friend class B;  // ClassBisafriend of classA
private:
inti;
float f;
public:
void fonk1(char *c);
b
class B{
intj;
public:
void fonk2(A s){ cout <<s.i<<endl ;} // B can access private members of A

b

class ComplexT{
friend void print(ComplexT); // print function is a friend of ComplexT
float real,img; // private

3
void print(ComplexT z)  // is not a member of ComplexT but a friend
{
cout << z.real << "+ " << z.imgQ);
}
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Ozd bir isaretgi : this

¥ Nesne = Veri + Fonksiyon

® Her nesnenin veri alani bellekte farkll alana yerlestirilmistir. Ancak
fonksiyonlar icin bir kez yer alinir ve o siniftan tim nesneler ayni
fonksiyon alanini kullanirlar.

. hour=7

veri | =42 .
second=12 0

tl fonksiyonlar

hour=3
veri | minute=12 F”.()

second=53
——

F

t2

Bu durumda fonksiyon hangi nesnenin verisini isleyecegini nereden biliyor ?

Bir Uye fonksiyon ¢agrildiginda, nesnenin adresini tasiyan this adli 6zel
bir isaretci ¢agrilan fonksiyona parametre olarak aktarilir.

class dlink{
dlink *previous;
dlink *next;
public:
void insert(dlink *); // inserts a new node into the list

b
void dlink::insert(dlink * p)
{
p-> next = next;
p-> previous =this;
next -> previous =p;
next =p;

}
dlink di1,di2:

diLinsert(&dl2):
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Giris/Cikis : <iostream.h>

C++ programiniza “#include <iostream.h>" satiri eklerseniz dort
tane nesne yaratilir:

% Cin

("see-in* okunur) standart giris cihazindan (tus takimi) deger okur.
< cout

("see-out" okunur) standart cikis cihazina (ekran) deger yazar.

+cerr ("seeer" okunur) standart hata cihazina (ekran)
tamponlanmamis hatalari yazar.

4 clog ("seelog" okunur) standart hata cihazina (ekran)
tamponlanmis hatalari yazar.

Ekrana bir deger yazmak icin, cout’u izleyen << operatdrini
kullanmaniz gerekir:

#include<iostream.h>
void main() {
int i=5;
float f=4.6;
cout << "Integer Number =" <<i << " Real Number=" << f;

}

Klavyeden bir deger okumak icin ise, cin'i izleyen >>
operatorind kullanmaniz gerekir:

#include<iostream.h>
void main() {
inti,j;
cout << "Give to Numbers" << endl ;
cin>>i>>j;
cout << "Sum="<<j+j<<"\n"

}




Nesnelere Baglangic Degeri Verilmesi :
Kurucu Fonksiyonlar

< Siniflar, kurucu (= constructor) fonksiyon adi verilen 6zel bir Uye
fonksiyona sahiptirler.

4 Kurucu fonksiyonun adi sinif adi ile aynidir.

4 Kurucu fonksiyonlar parametre alabilirler, ancak bir deger
dondirmezler.

4 Kurucu fonksiyonlar, bir nesne yaratildiginda dogrudan derleyici
tarafindan cagrilir. Amag sinif Uyelerine baslangic degerlerinin
verilmesidir.

class ComplexT{
float real,img;
public:
ComplexT (1 /I kurucu fonksiyon
real=0;
img=0;
}
1

void main()
{
ComplexT z1,z2; [/ kurucu iki defa cagrilir
ComplexT *zp = new ComplexT; // kurucu bir kez cagrilir

}
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class ComplexT{
float real,img;
public:
ComplexT (float r){real=r; img=0;} ;

ComplexT (float r,float i){ real=r; img=i;};
/I diger uye fonksiyonlar

h

void main()
{
ComplexT z1(0.3);

ComplexT z2(0.5, 1.2);

ComplexT *zp=new ComplexT(0.4);

ComplexT z3; // Hatal!!

/[Could not find a match for ComplexT:: ComplexT()
}

Kopyalayici Kurucular

# Kopyalayici kurucu fonksiyonlar, o siniftan bir nesnenin Gyelerini
yeni bir nesneye kopyalamakta kullanilir. Bu nedenle
parametrelerden biri ayni siniftan bir nesnedir.

 Eger programci tarafindan tanimlanmamis ise derleyici bir tane

yaratir. Yaratilan kurucu fonksiyon nesnenin birebir kopyasini
olusturur.

class string{
int size;
char *contents;
public:
string(); /I default constructor
string(string &); /I copy constructor

void set (int, char *); // An ordinary member function
void print();

b
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string::string() /I Kurucu fonksiyon
{
size = 0; contents = new char[1];
strcpy(contents, ");
}
string::string(string &in_object) // Kopyalayici kurucu fonksiyon
{
size = in_object.size;
contents = new char[strlen(in_object.contents)];
strcpy(contents, in_object.contents);
}
void string::set(int in_size, char *in_data)
{
size = in_size;
delete contents; contents = new char|strlen(in_data)];
strcpy(contents, in_data);

void string::print()

cout<< contents << " " << sjze << endl;

}

void main()

{

string my_string;

my_string.set (8, "string 1");

my_string.print();

string other=my_string; // Copy constructor is invoked
string more(my_string); // Copy constructor is invoked
other.print();

more.print();
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Nesne Dizilerine Baslangi¢ Degeri Verilmesi

# Nesne dizilerinde kurucu fonksiyon her dizi demani icin teker
teker cagrilir:

class ComplexT{

float real, img;

public:

ComplexT(float, float);
h
ComplexT::ComplexT(float d1, float d2=1){
real = d1; img = d2;
}

void main(){
ComplexT s[ ]={ {1.1}, {3.3}, ComplexT(4.4,1.1)};
}

Y okedici (= Destructor) Fonksiyonlar

+ Yokedici fonksiyonlar, kurucu fonksiyonlar gibi o siniftan bir
nesnenin dyelerini yeni nesneye kopyalamakta kullanilir. Bu nedenle
parametrelerden biri ayni siniftan bir nesnedir.

+ Yokedici fonksiyonun adi ~ ile baslar ve sinif adi ile aynidir.

+ Yokedici fonksiyonlar parametre amazlar ve bir deger
dondirmezler.

4 Yokedici fonksiyonlar bir kere ve otomatik olarak nesne erimi
disina cikildiginda derleyici tarafindan cagrilir.

58



class string{
int size;

char *contents;

public:
string(); /I kurucu fonksiyon
string(string &); /I kopyalayici kurucu fonksiyon
void set (int, char *); // An ordinary member function
void print();

~string(); /I 'Yokedici fonksiyon

%

string ::~ string()
{

delete contents;

}

icice Siniflar

& Bir sinif Giye olarak baska bir siniftan nesneicerebilir.

rasyonelSayi

pay
payda

J

constructor
print()

Ound

10]12Nn11Suo0d

constructor
print()
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class rasyonelSayi{ /I rasyonel sayilari modelleyen sinif tanimi
int pay,payda;
public:
rasyonelSayi(int, int);
void print();
h

rasyonelSayi::rasyonelSayi(int py, int pyd) // kurucu fonksiyon
{
pay=py;
if (pyd==0) payda=1;
else payda=pyd;

}
void rasyonelSayi::print()
{
cout << pay << “/" << payda,;
}

class karmasikRasyonel { // rasyonel sayilar

rasyonelSayi reel,sanal ;  // nesne uyeler
public:

karmasikRasyonel(int,int); // kurucu fonksiyon

void print();

karmasikRasyonel::karmasikRasyonel(int r,int i):real(r,1),img(i,1)

- ||

} Uye nesnelere baslangig
}/oid karmasikRasyonel::print() degerleri veriliyor
reel.print();
sanal.print();
}
void main() {

karmasikRasyonel karmasik(2,5);
karmasik.print();
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Sabit Nesneler ve const Uye Fonksiyonlari

const, degistirilemez nesneler tanimlamak icin kullanilir. Const ile
tanimli bir nesnenin herhangi bir Gyesini degistirmeye calistirmak
hata olusturacaktir.

const ComplexT cz(0,1); // Sabit nesne

Bazen bir sinifin belirli bazi Gyelerinin degistirilmesini 6nlemek
isteriz. Bu durumda ilgili Glye fonksiyonun sonuna const belirteci
konur.

void print() const  // sabit fonksiyon

cout << “complex number=*“ << real << *“, “ <<img;

}

class ComplexT{

float real,img;
public:
ComplexT(float, float); // kurucu fonksiyon
void print() const; /I sabit fonksiyon
void reset() {real=img=0;} // sabit degil
h
ComplexT::ComplexT(float r=0,float i=0){
real=r;
img=i;
}

void ComplexT::print() const{ // sabit fonksiyon
cout << “complex number="* << real <<*, “ << img;

: void main() {
const ComplexT cz(0,1); // sabit nesne
ComplexT ncz(1.2,0.5) /I sabit nesne degil
cz.print(); // OK
cz.reset(); // HATA !
ncz.reset(); // OK
}
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static Sinif Uyeleri

Gendl olarak bir sinifa ait nesnelerin verileri bellekte farkl bolgelerde
yer alir. Ancak bazi durumlarda, bdirli bir Gyenin ortak bir alanda tek
bir kopyasinin bulunmasi isteyebiliriz. Bu durumda static anahtar
sbzclglinden yararlaniyoruz. Static tanimli Uyeler public yada private
tanimli olabilirler. Static tanimli Uyeler o siniftan hicbir nesne var
olmasa bile bellekte yer alirlar. Bu durumda static Gyeye erim operattri
ileerisilir: A::i=5;

C'iiz rAé Object p Object q
static int i; static
: char c inti char c
class A{ void main()
{
public: Ap,q.r, charc
\ static SetVal(int j){i=j;} : Object r
class A{
char c;

static int count; // Number of created objects (static data)

public:
static void GetCount(){return count;} // Static function to initialize number
A(){count ++; cout<< endl << "Constructor “ << count;}

~A(){count--; cout<< endl| << "Destructor “ << count;}

h

int A::number=0; // Allocating memory for number
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void main(){
cout<<"\n Entering 1. BLOCK............ "
A a,b,c;
{
cout<<"\n Entering 2. BLOCK............ "
Ad,e;
cout<<"\n Exiting 2. BLOCK............ "

}
cout<<"\n Exiting 1. BLOCK............ "

}

Entering 1. BLOCK............
Constructor 1

Constructor 2

Constructor 3

Entering 2. BLOCK............
Constructor 4

Constructor 5

Exiting 2. BLOCK............
Destructor 5

Destructor 4

Exiting 1. BLOCK............
Destructor 3

Destructor 2

Destructor 1
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Islev Y ukleme

* C tip-duyarli ve -odakli bir dildir. Her operator belirli tiplerde
operand alir.
*C'de temel tiplerden ve tiretilmis tiplerden yeni tipler
tUretilebilir.
* Turetilen tipler icin mevcut operatorleri kullanabilir miyiz ?
» C'de operatorleri aldiklar1 operand sayilarina gére

< Tekli Operatorler

-, +, 1, ++, --, new, delete, sizeof()
4 Ikili Operatorler

+1 -1 *1 /1 %! A! &! |! ~! ::! <! >! +:! -:! *:! :! %:l A:!
&=, |7 <<, >>, <<=>>=, <=, >= &&, |, ->*, ->,
[]. O, delete, ::, .

< UclU operator 2
seklinde siniflandirabiliriz.

/* A class to define complex numbers */
class ComplexT{
float real,img;
public:
. /I Member functions
ComplexT operator+(ComplexT&); // header of operator+ function

b

/* The Body of the function for operator + */
ComplexT ComplexT::operator+(ComplexT& z)

ComplexT result;
result.real = real + z.real;
result.img = img + z.img;
return result;

void main()

ComplexT z1,z2,z3;
/I Other operations

z3=z1+22; like  z3=zl.operator+(z2);

}




Islev Y ukleme

devam

Y erel olarak gecici nesne yaratmaktan kaginin.

Asagidaki fonksiyon daha az bellek kullanir ve daha hizlidir.
Neden?

ComplexT operator+(const ComplexT&); // header of operator+ function

/* The Body of the function for operator + */
ComplexT ComplexT::operator+(const ComplexT& z)

float myReal,mylmg ;

myReal = real + z.real;

mylmg =img + z.img;

return ComplexT(myReal,mylmg);

}

Atamaislevi (=) Y Ukleme

Genellikle bir sinifin birkag tyesini kopyalamak istedigimizde
atama operatorineislev yukleriz :

void ComplexT::operator=(const ComplexT& z)
{

real = z.real;
img = z.img;

}

65



class string{

int size;

char *contents;
public:

void operator=(const string &); /[ assignment operator
/I Other methods

void string::operator=(const string &s)

{ . .
size = s.size;
contents = new char[strlen(s.contents)];
strcpy(contents, s.contents);

}

Atamaislevi (=) Y Ukleme

devam

Bir 6nceki drnekteki atama operattriiile
S1=s2=S3;

seklinde i¢ ice atamalar yapilamaz. CUnkl islev yukledigimiz
atama operatorti ayni siniftan bir nesne dondirmemektedir.

string & string::operator=(const string &s)
{ . .
size = s.size;
contents = new char[strlen(s.contents)];
strcpy(contents, s.contents);
return *this;

}
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Tekil Islevier Y Uikleme

4 Tekli Operatorler : Tek bir operand alirlar
] +1 !! ++1 -
Bu nedenle herhangi bir deger dondirmezler.

void ComplexT::operator++()

{

re=re+0.1,;

}

void main()

{
ComplexT z(1.2, 0.5);
++2;
z.print();

}

Tekil Islevier Y Uikleme

devam

Eger tekli operatorlerin bir deger dondirmesini istersek, o
siniftan bir nesne geri dondirecek sekilde asagidaki gibi prototip
fonksiyon degistirilmelidir:

ComplexT & ComplexT::operator++()

{

real=real+0.1;
return *this;

}
void main()

ComplexT z1(1.2, 0.5),z2;

72= ++71; I Prefix or postfix
z2.print();

}
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Sinif Y apisi
Kaitim
Cok Sekillilik

KALITIM (= Inheritence)

C++'1n yazilan kodun yeniden kullanilabilir olmasini saglayan
mekanizmas! kalitimdir. Yeniden kullanilabilirlikten, bir sinifin
alinip bir baska yazilim uygulamasinda da kullanilabilmesini
anliyoruz. Bu 6zellik yazilim gelistirme cevrimini kisaltirken ayni
zamanda yazilimin daha gurbiiz olmasini saglayacaktir.

Tarihce :

» Kopyalave Y apistir + Uyarla+ Hata Ayikla,

* Tekrar tekrar kullanilan fonksiyonlar icin kittphaneler olustur,
* Yeni yazilim projesi =

KUtUphane Fonksiyonlari (Uyarla+ Hata Ayikla)
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KALITIM

Co6zim :
 Sinif Kituphaneleri
Problemleri daha iyi modellediklerinden yeni bir proje icin

kullanilmak istenildiklerinde daha az degistirilme ihtiyaci
duyarlar.

e C++ bir sinifin kodunu degistirmeden eklentiler yapmamiza
olanak tanir. Bu kalitim yolu ile bir temel siniftan yeni bir sinif
turetilmesi seklinde olur. tlretilen sinif ile temel sinif arasinda
“isa’ seklinde bir hiyerarsik iliski sdzkonusudur.

* Bir temel siniftan tiretilen sinifi belirtmek icin toretilen sinif
adindan sonra “:” konup temel sinif adi yazilir.

KALITIM
class teacher { /I temel sinif
public:
char *Name;

int Age,numberOfStudents;
void setName (char *new_name){Name=new_name;}

h

class principal : public teacher { // turetilmis sinif
char *schoolName;
int numberOfTeachers;
public:
void setSchool(char *s_name){schoolName=s_name;}
2
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temel sinif ile turetilmis
sinif arasinda is a iliskisi

is a

principal  (tiiretilmis sinif ) vardir

teacher (temel sinif)
Name,
Age,
number Of Students
setName(char *)

SchoolName void main()
numberOf Teachers {

N teacher t1;
setSchool (char principal p1;

pl.setName(" Principal 1");
tl.setName(" Teacher 1");
pl.setSchool(" Elementary School");

}
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class point { /I temel sinif
int x,y;
public:
void setPoint(int X,int Y){x=X;y=Y;}
b

class rectangle : public point { // turetilmis sinif
int Width,Height ;
public:
void setSize(int w,int h){Width=w;Height=h}
h

class circle : public rectangle { // turetilmis sinif
public:
void setRadius(int r){Width=Height=r;}
2

C++"1n yazilan kodun yeniden kullanilabilir olmasini saglayan
mekanizma kahitimdir. Yeniden kullanilabilirlikten, bir sinifin
alinip bir baska yazilim uygulamasinda da (aynen yada
degisikliklerle birlikte) kullanilabilmesini anliyoruz. Bu 6zellik
yazilim gelistirme slrecini kisaltirken ayni zamanda yazilimin
daha gurbuz olmasini saglayacaktir:

Istemlerin Analizi
Sistem Analizi
Tasarim
Kodlama
Test
Bakim
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Turetilmis Sinifta Uyelerin Y eniden Tanimlanabilmesi

BazlI durumlarda, temel siniftaki bir fonksiyonu, tiretilmis
sinifta yeniden tanimlamak gerekebilir:

class teacher{ /l Base class
public:
char *Name;
int Age,numberOfStudents;
void setName (char *new_name){Name=new_name;}
void print();
5

void teacher::print() /I Print method of teacher class

{

cout <<"Name: "<< Name<<" Age: "<< age<< endl;
cout << "Number of Students: " <<numberOfStudents << endl;

class principal : public teacher{ // Derived class
public:
char *schoolName;
int numberOfTeachers;
void setSchool(char *s_name){schoolName=s_name;}
void print();  // Print function of principal class

I3
void principal::print() /I Print method of principal class

{

cout <<“Name: "<< Name<<"“ Age: “<< Age<< endl;
cout << Number of Students: “ <<numberOfStudents << endl;
cout <<“Name of the school: "<< schoolName << endl;

}

Bu durumda principal sinifi icinde tanimladigimiz yeni print()
fonksiyonu temel sinifta tanimli print) fonksiyonu Uzerine
yazacaktir. Eger temel siniftaki print() fonksiyonuna erisilmek
istenirse :: operatort kullanilarak teacher::print() yazilir.
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Ornek

class A{ class B: public A{
public: public:
|nt_|a1,|a2; float ial; /l overrides ial
void fal(); float fal(float); // overrides fal
int fa2(int); 18
b
void main(){
B b;
int j=b.fa2(1);
b.ial=4; /I B::ial
b.ia2=3; Il Azia2 if ia2 is public in A

float y=b.fa1(3.14); // B:fal

b.fal(); // ERROR fal function in B hides the function of A
b.A:xfal(); // OK

b.A:ial=1; //OK

Erisim Denetimi

Hatirlatma: Bir sinif Qyesi (sinif icerisindeki) diger tum Uyelere
erisebilir. O siniftan bir nesne ise sadece public ile tanimli
Uyelere erisebilir.

Kalitim mekanizmasinda, turetilmis sinif tyelerinin, temel sinif
Uyelerine erisimi nasil denetlenebilir?

Kural : thretilmis sinif Gyeleri temel sinifin

public ve protected

ile tammlanmis Gyelerine erisebilir.
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Erisim Kendi sinifindan  Turetilm

public evet evet
evet evet hayir
evet hayir hayir

Genel olarak, Uyeleri private tanimlamak uygun
olacaktir. Boylelikle disaridan bir fonksiyonun yanlislikla
Uyenin degerini degistirmesi olasiligl ortadan kaldiriimis
olur. Temel sinif tasarlanirken olabildigince protected
kullanilmasindan kacinilmalidir.  Yeni siniflar  kalitim
yoluyla turetilerek genisletildikce, Ust siniflarin temel
sinif Gyelerine erisimi  (karmagikligl) 6nlenmis olur.
Boylelikle daha kararh  ve guvenilir  siniflar
gerceklestirilebilinir.

class teacher{ // Base class
private:
char *Name;
protected:
int Age,numberOfStudents;
public:
void setName (char *new_name){Name=new_name;}
void print();
h

class principal : public teacher{ // Derived class
char *schoolName;
int numberOfTeachers;

public:
void setSchool(char *s_name){schoolName=s_name;}
void print(); /I Print function of principal class
int getAge(){ return Age;} /I'1t works because age is protected

char * get_name(){ return Name;}
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void main()

{

teacher t1;
principal p1;

t1.numberOfStudents=100;

tl.setName(“Sema Catir");
pl.setSchool(*Halide Edip Adivar Lisesi");

Public Kalitim

Kalitim ile bir sinif taretilirken, genellikle public takisi kullanilir:
class Base

{h

class Derived : public Base {

Bu sekilde toretilen bir sinifta temel sinifin Oyelik
tanimlamalari degismez. Ornegin temel sinifin public Uyeleri
ayni zamanda tiretilen sinifin da public Uyeleri olacaktir.
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private Kalitim

class Base

{h

class Derived : private Base {

Buna private inheritance denir. Temel sinifin public Uyeleri
turetilen sinifin private Uyeleri olur. Bunun sonucu olarak
turetilmis sinifa ait nesneler temel sinifin hicbir elemanina
erisemezler. Turetilen sinifin Gyeleri temel sinifin public and
protected tanimli Gyelerine erisebilir.

Turetilmis Sinifta Erisimin Y eniden Tanimlanmasi

Temel sinifin public tanimli GOyelerine erisim tdretilmis sinifta
yeniden tanimlanabilir.

Class Base{
public:
void f();

|3

class Derived : private Base{ // All members of Base are private now

inti;

public:

Base::f(); /I () is public again

void fbl();
|3
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Class A

Class C:

C++ve NESNEYE DAYA|

Kalitim ile Aktarilamayan Fonksiyonlar

Temel sinifta tanimli bir fonksiyon, eger islev yiUkleme
yapiimamis ise, otomatik olarak tiretilen sinif Gyelerinin
kullamimina aktarilir. Ancak bazi 6zel fonksiyonlar, kalitim ile
turetilmis sinifa aktarilmazlar:

<+ Islev yiklenmis = operatorii
Islev yiklenmis atama operatOriniin amacini hatirlayiniz !
<+ Kurucu Fonksiyonlar

Temel sinifin kurucu fonksiyonu turetilmis sinifin kurucu
fonksiyonu degildir.

< Y okedici Fonksiyonlar

Temel sinifin yokedici  fonksiyonu tiretilmis  sinifin
yokedici fonksiyonu degildir.
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Kurucu Fonksiyonlar ve Kalitim

Turetilmis siniftan bir nesne yaratildiginda, temel sinifa ait kurucu
fonksiyon tdretilmis sinifa ait kurucu fonksiyondan once cagrilir.
Temd sinif Gyeleri tOretilmis sinifin bir alt parcasi oldugundan Ust
parca olusturulmadan once alt parcalara ait Uyelerin yapilandiriimasi
zorunlulugu vardir.

class teacher{ /I turetilmis sinif
char *Name;
int Age,numberOfStudents;
public:
teacher(char *newName){Name=newName;} // temel sinif kurucusu

h

class principal : public teacher{ // turetilmis sinif
int numberOfTeachers;
public:
principal(char *, int);  // // turetilmis sinif kurucusu

I

principal::principal(char *new_name,int numOT):teacher(new_name)

{

numOfTeachers=numOT,;

}

void main()

{
principal p1(“Sema Catir",20);

}

Eger temel sinif, parametre alan bir kurucu fonksiyona sahip ise
turetilmis sinifa ait kurucu fonksiyon, temel sinif kurucu
fonksiyonunu, uygun parametreler ile ¢agiracak bir kurucuya
sahip olmalidir.
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Y okedici Fonksiyonlar ve Kalitim

Yokedici fonksiyonlar nesnenin erimi disina cikildiginda otomatik
olarak cagirilirlar.  Kalitim ile toretilmis siniflarda  yokedici
fonksiyonlarin cagirilis sirasi kurucu fonksiyonlarin ¢agirilis sirasinin
tersi seklindedir.

Bu durumda ilk olarak tdretilmis sinifin yokedici fonksiyonu
cagirilacaktir.

#include <iostream.h>
class B {
public:
B() { cout << "B constructor" << endl; }
~B() { cout << "B destructor" << endl; }
|3
class C : public B {
public:
C() { cout << "C constructor" << endl; }
~C() { cout << "C destructor" << endl; }
5
void main(){
cout << "Start" << endl;
C ch; /I create a C object
cout << "End" << endl;

}
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Atama Islevi ve Kalitim

Temel sinifin atama islevi turetilen sinifin atama islevi olamaz.

class string {
protected:
int size;
char *contents;
public:
string & operator=(const string &); /I atama islevi
: /I Other methods
h

string & string::operator=(const string &in_object) {
size = in_object.size;
contents = new char[strlen(in_object.contents)+1];
strcpy(contents, in_object.contents);
return *this;

}
class string?2 : public string { /I string2 is derived from string
int size2;
char *contents2;
public:
string2 & operator=(const string2 &); // assignment operator for string2

: /I Other methods
k

[¥** Assignment operator for string2 ****/

string2 & string2::operator=(const string2 &in_object) {
size = in_object.size; /I inherited size
contents = new char[strlen(in_object.contents)+1]; // inherited contents
strcpy(contents, in_object.contents);
size2 = in_object.size2;
contents2 = new char[strlen(in_object.contents2)+1];
strcpy(contents2, in_object.contents2);
return *this;
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#include <iostream.h> .. .
class A { Ornek : Sinif ve Kurucu Zinciri
private:

int x;
float y;
public:
A(int i, float f) :
x(i), y(f) I/ initialize A
{ cout << "Constructor A" << endl; }
void display() {
cout << x<<", "<<y<<" "}

class B : public A {

private:
int v;
float w;
public:
B(int i1, float f1, int i2, float f2) :
A(i1, f1), Il 'initialize A
v(i2), w(f2) [l initialize B void main() {
{ cout << "Constructor B" << end|; } .
void display(){ Cc(1,1.1,2,22,3,33);
A:display(); cout << "\nData inc=",

cout << v <<, "<<w << c.display();

}
C++ ve NESNEYE DAYALI PRGGRAMLANA -

Ornek : Sinif ve Kurucu Zinciri — Aciklama

C sinifi B sinifindan ve B sinifi da A sinifindan taretilmistir. Her
sinif kendi ve alt siniflardaki kurucu fonksiyonlarina uygun sayida
parametre almakta ve aktarmaktadir: A sinifi kurucu fonksiyonu
iki, B sinifi kurucu fonksiyonu dort (ikisi A sinifi igin) ve C sinifi
kurucu fonksiyonu (A ve B siniflari kuruculart igin ikiser
parametre) alti parametre almaktadir.

main() fonksiyonunda C sinifindan ¢ adinda bir nesne tanimlayip 6
adet baslangic degeri verdik. Boylelikle tim alt siniflara uygun
baslangic degeri verildi.
C(int i1, float f1,int i2, float 2, int i3, float f3) :
A(il, f1), /I error: can't initialize A
y(i3), z(f3)  // initialize C

C++ ve NESNEYE DAYALI PROGRAMLAMA -

{}
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int ve float gibi basit veri tipine sahip sinif Uyelerine asagidaki
gibi baslangi¢ degeri verilebilir :

class A{
intil,i2;
A(int newl, int new2): il(hewl),i2(new2) {

}...
k

Ancak bu bir kalitim uygulamasi degildir.

Coklu Kalitim
bir sinifin birden fazla temel siniftan tiiretilmesi

class Basel{ /I Base 1

public:

int a; void main()
void fal(); Base2 {
char *fa2(int); Deriv d;
fie d.a=4; /[Deriv::a
float y=d.fal(3.14); //Deriv::fal
class Base2{ //Base 2 int i=d.fc(); /l Base2::fc
public: }

int a;

char *fa2(int, char);

int fc(); char * c=d.fa2(1);
e Atamasi gegerli degildir.
class Deriv : public Bas public Base2{ Kalmm e yem.den Tqmmlanan

ublic: fonksiyonlara iglev yiiklenemez.
P - Gecerli kullanim :

float fal(float); char * c=d.Basel::fa2(1);
yada

char * c=d.Base2::fa2(1,"Hello");

int fb1(int);

¥

82



Tekrarli Kalitim

class Gparent

{h

class Mother : public Gparent

{h

class Father : public Gparent

{ %}
class Child : public Mother, public Father

{h

Hem Mother hem de Father siniflarinin Gparent
sinifindan tdretildigine dikkat ediniz. Child sinifi
ise c¢oklu kalitim ile Father ve Mother
siniflarindan tiretilmistir.

Bu durumda Gparent sinifi hem Mother ve hem
de Father siniflarinda ortak oldugundan Child
sinifi iki adet Gparent alt sinifina sahiptir — biri
Father digeri Mother siniflarindan.

Father

Ayrica Gparent sinifinda asagida verildigi gibi bir int tipinde Uyeye
sahip olsun.

class Gparent

L
% protected:

int gdata;
h
class Child : public Mother, public Father
{
public:
void Cfunc() {
int temp = gdata; // error: ambiguous

}
h

Derleyici, “Father sinifindan gelen gdata’yr mi? yoksa Mother
sinifindan gelen gdata’yr kullanmal1?’ belirsizligi nedeni ile
hata verecektir.
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CO6zim : Sanal Siniflar

Bu problem virtual anahtar sozcigu kullanilarak ¢ozulebilir.

class Gparent

M { %
— class Mother : virtual public Gparent
& { %
@ class Father : virtual public Gparent
{ %
class Child : public Mother, public Father
{ %

virtual anahtar sozclgu derleyiciye kalitim ile at siniflardan tlretilen at
nesnelerden sadece hirinin kullanmasini sdyler. Ancak bu ¢ozimde burada
detayll olarak duramayacagimiz bazi karmasik durumlarda yeni belirsizlikler
getirebilmektedir.

Genel dlarak coklu kalitimdan kaginmaisiniz. Ancak C++' da deneyimli iseniz,
¢coklu  kalittmin  gerekli  oldugu durumlarda kullanmaniz  ¢bzUmi

kolaylastiracaktir.
class Base
{
public:
int a,b,c; Base
h
class Derived : public Base T
{ Drived
public:
int b; T
b ) ) ) Derived2
class Derived?2 : public Derived
{
public:
int c;
2




class A {

h
class B {
3 B
class C{ A\I/C
I3
class D : public A, public B, private C { D
%
class L {

public:

int next;

¥
class A : public L { L L
5
class B : public L {

A B
g \ e
class C: public A, public B { c

void f() ;
%
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class L {
public:
int next;
h

class A : virtual public L {

L
13 A/ \B
class B : virtual public L { \ /
c

%
class C: public A, public B {

%

class B {
h
class X : virtual public B {

B B
i /N
class Y : virtual public B { X v 7z
3 W

AA

class Z : public B {

};...
class AA : public X, public Y, public Z {

};...
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Sinif Y apisi
Kalitim

« Nesne Isaretcileri
Cok Sekillilik

Nesne Isaretcileri

Isaretciler veri degil verinin yerlesik bulundugu bellek géziinin
adresini tagirlar. Isaretciler basit tipte degiskenlere isaret edebildikleri
gibi bir nesneye de isaret edebilirler. isaretciler kullanilmadan 6nce
uygun baslangi¢ degeri atanmalidir:

B new operatord

Isletim sisteminden uygun miktarda bellek alani alir. Dondiirdiigii
deger bu alanin baglangic adresidir. Eger islem basarisiz olursa 0
(NULL) dondurr.

Nesne isaretcilerinde new kullanildiginda yukaridakine ek olarak
nesnenin kurucu fonksiyonu calistirilir. Boyle nesne yaratilirken
baslangic degerleri atanmis olur.
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Nesne isaretcileri

B delete operatori

Bellegin verimli ve ekin kullammi igin, new operatdrinin
kullanimina karsilik olarak bellek alani kullanimi bittiginde isletim
sistemine delete operatdrii ile geri verilmelidir.
new ile asagidaki bicimde bir nesne dizisi icin bellek alindiginda

int * ptr = new int[10];
deleteile

delete[ ] ptr;
seklinde isletim siteminde geri verilmelidir. isaretci oniindeki
“[1” kullanilmaz ise sadece dizinin ilk elemani icin bellek alani
geri verilir.

C++ ve NESNEYE DAYALI PROGRAMLAMA _

class person I class of persons © void person::setName(char *n)
{
char *name; /I person's name .
public: delete name;
person(): /IDefault Constructor name = new char(strlen(n)];

void setName(char *); // set the name strcpy(name, n);
void printName() /I print the name }

cout << "Name is:" << name<<end|;  RYeJleRnEVsl¢]
} {
~person() person* persPtr = new person[3];
{ cout << "Destructor” << endl; persPtr->setName("Person1");
delete names} (persPtr+1)->setName("Person2");
2 (persPtr+2)->setName("Person3");
persPtr->printName();
person::person() (persPtr+1)->printName();

{

cout << "Constructor" << endl;
name = new char;
name = \0';

}

(persPtr+2)->printName();
delete [ ] persPtr;
} // end main()

C++ ve NESNEYE DAYAL| PROGRAMLAMA _
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Nesne Baglantil Listeleri

Bir sinif kendi tipinden bir nesneye isaretci icerebilir. Bu
isaretci kullanilarak bir nesne zinciri (baglantili liste) kurulabilir.

class teacher{

friend class teacher_list; @\ =
w\\,
gl

char *name; \ L
int age,numOfStudents; A
teacher * next; I/l Pointer to next object of teacher
public: : :
teacher(char *, int, int); / Constructor I*linked list for teachers */
void print(); class teacher_list{
char *getName(){return name;} teacher *head,;
~teacher() /I Destructor public:
{ teacher_list(){head=0;}
cout<<" Destructor of teacher" << endl; char append(char *,int,int);
delete name; char del(char *);

} void print();

h

[saretciler ve Kalitim

Eger bir sinif temel bir siniftan tdretilmis ise, tdretilmis siniftan bir isaretciye
herhangi bir tip donisimli gerekmeksizin teme siniftan  bir isaretci
atanabilir. Teme sinifin isaretcisi tiretilmis sinifa isaretci olabilir. Ters bir
doénustm, tip déntsUimi gerektirir.

Ornegin, teacher nesnesine bir isaretci teacher ve principal nesnderine isaret
edebilir. principa ile teacher arasinda “is @’ iliskis vardir : principa is a
teacher. Ancak tersi her zaman dogru degildir : her teacher bir principal
olmayabilir.

% class Base{

class Derived : public Base {

h

Derived d,*dp;

Base *bp=&d; [/l implicit conversion
dp=bp; /I error Base is not Derived

dp = (Derived *)bp; /I explicit conversion
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Eger bir sinif kalitim ile private olarak temel siniftan tretilirse,
bu durumda tip donusimi yapilamaz. Cunkt temel sinifin
public Gyeleri temel sinifa ait isaretciler tarafindan erisilebilir.
Ancak tlretilmis siniftan nesneler yada isaretciler temel sinif
Uyelerine erisemezler.

84 | class Base{

int mi;
public:

int m2;
h
class Derived : private Base {// m2 is not a public member of Derived
b
Derived d;
d.m2=5; /I error m2 is private member of Derived
base *bp=&d; /I error private base
bp->m2=5; Il ok
bp = (base*)&d; /I ok: explicit conversion
bp->m2=5; /I ok

Isaretciler ve kalitim kullanilarak, heterojen baglantili listeler
olusturulabilir. Temel sinifa isaret eden nesnelerden olusan liste,
bu temel siniftan tdretilmis tim siniflara ait nesneler icerebilir.
Heterojen listeleri daha sonra ¢ok sekillilik konusunda tekrar
inceleyecegiz.

Ornek: 6gretmenler ve midurler listesi

L —
- ﬁ- - 0
insert()
delete() teacher t1 teacher t2 teacher t3

List my_list principal p1  principal p2

—
= /
==

{
\/‘\7

C++ ve NESNEYE DAYALI PROGR
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UYGULAMA

e ,

Sinif Y apisi
Kalitim
38 Cok Sekillilik

Nesneye dayal 1 programlamanin t¢ temel kavrami :
1. Siniflar,

2. Kalitim,
3. Cok Sekillilik (C++'da sanal fonksiyonlar ile saglanir)
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COK SEKILLILiK (=POLYMORPHISM)

Gergek hayattaki nesneler farkli siniflardan olsalar da, yada farkli
davranislarl gerceklestirseler de, bazi  ortak isleviere sahip
olabilmektedirler. Ornek olarak kare, daire, tcgen siniflarindan
nesneleri elealalim:
TUm bu nesnelere “Alan Hesapla” mesajini gdndermis olalim.
Farkli tipte nesneler (kare, daire, ucggen) farkli alan hesabina
sahiptir. Ancak farkli tipte nesnelere farkli mesaj gondermeye
gerek yoktur. Bu islem icin tek bir tir mesa ( Area() ) tim
nesnelerde icin calismalidir. Cunkl her bir tip nesne kendi
sinifindan nesnelerin alanini nasil hesaplayacagini bilmektedir:

kare—Area() ;
daire—Area();
tcgen—Area();

COK SEKILLILIK

Area() islevi farkli tipte nesnelerde farkl bicimler aldigindan
cok sekillik gosteren bir metodtur.

Cok sekillilik, genellikle birbirleri ile kalitimla iliskili siniflar
arasinda gerceklesir. C++'da c¢ok sekilligin anlami, bir Uye
fonksiyona yapilan cagrinin, farkli nesnelerde, nesnenin tipine bagli
olarak farkli fonksiyonlarin ¢agrilmasina neden olmasidir.

Bu hiraz, fonksiyona islev yuklemeyi cagristirmaktadir. Ancak cok
sekillilik daha gclii ve farkli bir mekanizma sunmaktadir. Onemli
fark, hangi fonksiyonun cagrilacagina ne zaman karar verildiginde
ortaya cikmaktadir.

Fonksiyon yUklemede bu karar, derleyici tarafindan derleme
asamasinda verilirken, cok sekillikte bu karar ylritme zamaninda

verilmektedir.
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Normal Sinif Uyelerine
Cok Sekillilik Mekanizmasi Kullanilmadan
Isaretciler ile Erisim

class Square { /I Temel sinif
protected:
double edge;
public:
Square(double €):edge(e){ } //temel sinif kurucusu
double Area(){ return( edge * edge) ; }

|3
class Cube : public Square { // Turetilmis sinif
public:
Q Cube(double €):Square(e){} // Turetilmis sinif kurucusu
t‘d double Area(){ return( 6.0 * edge* edge) ; }
1
C++ve NESNEYE DAYALI PROGRAM_
void main(){
Square S(2.0)
Cube C(8.0)
Square *ptr
char c
cout << “Square or Cube"; cin >> ¢
if (c=='s") ptr=&S
else ptr=&C
ptr—Area(); /I which Area ??7
}

Cube sinifi Square sinifindan tiretilmistir. Her iki sinifta Area() Uye
mesajini icermektedir. main() fonksiyonunda, Square ve Cube siniflarindan
birer nene ve Square sinifina bir isaretci tanimlanmistir.  Ardindan
tlretilmis siniftan nesnenin adresi teme sinifa isaret eden isaretciye
atanmistir:

ptr = &C;
Bu gecerli bir atamadir
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Asagidaki satir yarituldiginde

ptr-Area();
Square:: Area() fonksiyonu mu?

yoksa
Cube::Area() fonksiyonu mu?

cagirilir.

Isaretciler ile Erisilen Virtua Uye Fonksiyonlari

Simdi programda tek bir degisiklik yapalim: temel siniftaki
Area() fonksiyonunun éniine virtual anahtar sozciguni koyalim.

class Square { /I Temel sinif
protected:
double edge;
public:
Square(double €):edge(e){ } //temel sinif kurucusu
virtual double Area(){ return( edge * edge) ; }
b
class Cube : public Square { // Turetilmis sinif
public:
Cube(double €):Square(e){} // Turetilmis sinif kurucusu
double Area(){ return( 6.0 * edge* edge) ; }

b
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void main(){
Square S(2.0) ;

Cube C(8.0) ;
Square *ptr ;
char C ;

cout << “Square or Cube"; cin>>c ;
if (c=='s") ptr=&S ;

else ptr=&C ;
ptr—Area();

Simdi ptr'nin icerigine gore farkli fonksiyonlar cagirlacaktir. Fonksiyonlar
ptr’'nin tipine gore degil, icerigine gore ¢agiriimaktir. Bu sekilde ¢ok sekillilik
saglanir. virtual anahtar sozclgu, Area() fonksiyonunun ¢ok sekilli olmasini
saglamaktadir.

Peki derleyici hangi fonksiyonu cagiracagini derleme zamaninda nasl
biliyor? virtual anahtar sbzctigiinii kullanmadigimiz ilk érnekte bir sorun yoktu:
ptr—Area(); her zaman temel siniftaki Area() fonksiyonu calistirilir. Amaikinci
Ornekte, derleyici ptrisaretgisnin hangi tipten bir sinifin nesnesine isaret ettigini
bilmektedir. ptr yuriitme zamaninda Square sinifindan yada Cube sinifindan bir
nesneye isaret edebilir. Bu durumda hangi Area() cdistirillir? Derleyici derleme
esnasinda bu karar1 veremeyeceginden, yuritme zamaninda bu karari verecek
sekilde kodu dizenler.

Y Uritme zamaninda, fonksiyon ¢agrisi olustugunda, derleyicinin yerlestirdigi
bir kod, ptr nesne isaretcisinin hangi tipten bir nesneye isaret ettigini dgilar ve
ilgili fonksyonu cagirir: Square::Area() yada Cube::Area().

Buna late binding yada dynamic binding adi verilmektedir. Late binding bir
miktar ek islem yiUki getirmektedir (yaklasik %210 gibi). Ama bunun
karsihginda vyazdigimiz programa biyik bir esneklik ve yetenek

kazandirmaktadir.
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Virtual fanimlamasi igermeyen bir sinifa ait nesne sadece iiye
alanalari  bellekte yerlesik bulunur. Ilgili nesne igin bir iye
fonksiyona ¢agri yapildiginda, derleyici nesnenin adresini fonksiyona
parametre olarak aktarir. Bu adresin this degiskeninde sakli
bulundugunu  hatirlayiniz.  Derleyici, fonksiyonunun  formal
parametrelerine ek olarak (programciya gizli bir bigimde) this
isaretgisini ekler. Bu parametre her ilgili fonksiyon g¢agrisinda
derleyici tarafindan aktarilacaktir; this isaretgisi nesnenin uyeleri
ile fonksiyonlari arasindaki yegane baglantiy olusturmaktadir.

virtual taniml fonksiyonlar ise biraz daha karmasik bir davranig
gostermektedir. Tiretilmis sinifta tanimlanan her virtual fonksiyon
igin derleyici, Virtual Table adi verilen bir dizi (tablo) olusturur.
Square ve Cube siniflarinin her biri Virtual Table dizisine sahiptir.
Bu dizilerde, o siniftaki her bir virtual fonksiyon igin bir kayit
bulunur (tutulur).

Square si(1),s2(4),s3(3);  duare

Cube c1(2),c2(7) ; — sl.this

Cube c3(8),c4(8) ; '

Square *p X I .
virtual Area—— s3.this -
p=&c2 : :
kalitim
p->Area() ; Cube
6-: &53 . — ClthIS "":
p->Are() ' virtual Area___| W
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Bu ornekte, yada Cube sinifindan bir
nesnenin virtual tanimh fonksiyonuna bir ¢agri
yapildiginda, uygun iye fonksiyonunun ¢agrilmasi
igin gerekli islemleri derleme asamasinda
derleyici yerine, derleyicinin irettigi bir kod
ylriitme zamaninda gercgeklestirmektedir.
Uretilen bu kod, nesnenin virtual tablosunu
tarayarak, uygun iye fonksiyona erigimi
saglamaktadir.

Bunu Nesneler ile Denemeyin !

Sanal fonksiyon mekanizmasl sadece nesne isaretcileri ile
kullanimda calisir.

void main()

{
(4);
Cube C(8);
Area();
C.Area();
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Uyari

class Square { /I Temel sinif
protected:
double edge;
public:
Square(double €):edge(e){ } //temel sinif kurucusu
virtual double Area(){ return( edge * edge) ; }
|3
class Cube : public Square { // Turetilmis sinif
public:
Cube(double €):Square(e){} // Turetilmis sinif kurucusu
double Area(){ return( 6.0 * Square::Area() ) ; }

};

Burada Square::Area() virtual degil—T

Nesne Baglantili Listesi ve Cok Sekillilik

Sanal fonksiyonlarin en ¢ok kullanim alani buldugu uygulama
baglantili nesne liste yapilaridir:

class Square { /I Temel sinif
protected:
double edge;
public:
Square(double €):edge(e){ } //temel sinif kurucusu
virtual double Area(){ return( edge * edge) ; }
Sgaure *next ;

b

class Cube : public Square { // Turetilmis sinif
public:
Cube(double €):Square(e){} // Turetilmis sinif kurucusu
double Area(){ return( 6.0 * edge* edge) ; }

b
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void main(){

Cube ¢1(50);

Square s1(40);

Cube c¢2(23);

Square s2(78);

Square *listPtr; /I Pointer of the linked list

[*** Construction of the list ***/

listPtr=&c1;

cl.next=&s1,

sl.next=&c2;

c2.next=&s2;

s2.next=0L;

[*** Printing all elements of the list ***/

while (listPtr){
cout << listPtr->Area() << endl ;
listPtr=listPtr->next;

C++ ve NESNEYE DAYALI PROGRAM example27.cpp

Abstract Classes

To write polymorphic functions wee need to have derived classes. But sometimes we
don’t need to create any base class objects, but only derived class objects. The base
class exists only as a starting point for deriving other classes. This kind of base classes
we can call an abstract class, which means that no actual objects will be created from
it. Abstract classes arise in many situations. A factory can make a sports car or a truck
or an ambulance, but it can't make a generic vehicle. The factory must know the details
about what kind of vehicle to make before it can actualy make one. Similarly, you'll
see gparrows, wrens, and robins flying around, but you won't see any generic birds.
Actually, a class is an abstract class only in the eyes of humans. The compiler is
ignorant of our decision to makeit an abstract class.

Pure Virtual Functions

It would be nice if, having decided to create an abstract base class, | could instruct the
compiler to actively prevent any class user from ever making an object of that class.
This would give me more freedom in designing the base class because | wouldn't need
to plan for actua objects of the class, but only for data and functions that would be
used by derived classes. Thereisa way to tell the compiler that a class is abstract: You
define a least one pure virtual function inthe class.

A pure virtud function is a virtual function with no body. The body of the virtual
function in the base class is removed, and the notation =0 is added to the function

declaration.
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Ornek

class generic_shape{ /I Abstract base class
protected:
int X,y;
public:
generic_shape(int x_in,int y_in){ x=x_in; y=y_in;} // Constructor
virtual void draw()=0;  // pure virtual function

3
class Line:public generic_shape{ /I Line class
protected:
int x2,y2; /I End coordinates of line
public:

Line(int x_in,int y_in,int x2_in,int y2_in):generic_shape(x_in,y_in)
{

X2=x2_in;

y2=y2_in;

void draw(){ line(x,y,x2,y2); } /I virtual draw function

class Rectangle:public Line{ /I Rectangle class
public:
Rectangle(int x_in,inty_in,int x2_in,int y2_in):Line(x_in,y_in,x2_in,y2_in){}
void draw(){ rectangle(x,y,x2,y2); }  // virtual draw

h

class Circle:public generic_shape{ // Circle class
protected:
int radius;
public:
Circle(int x_cen,int y_cen,int r):generic_shape(x_cen,y_cen)
{

radius=r;
void draw() { circle(x,y, radius); } /[ virtual draw
/* A function to draw different shapes ***/
void show(generic_shape &shape)

/I Which draw function will be called?
shape.draw(); // It's unknown at compile-time

}
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void main()
{
int gdriver = DETECT, gmode, errorcode;
initgraph(&gdriver, &gmode, "\\tc\bgi"); //To graphics mode
Line Line1(1,1,100,250);
Circle Circle1(100,100,20);
Rectangle Rectangle1(30,50,250,140);
Circle Circle2(300,170,50);
show(Circlel);
getch();
show(Linel);
getch();
show(Circle2);
getch();
show(Rectanglel);
getch();
closegraph();

C++ve NESNEYE DAYALI PROGRAI example28.cpp

Sanal Fonksiyonlar ve Kurucu Fonksiyonlar

Kurucu Fonksiyonlar Sanal olabilir mi?

Hayir.

Bir nesne yaratildiginda, derleyici bu nesnenin hangi
siniftan oldugunu bilmektedir. Bu nedenle, sanal
kurucu fonksiyonlara ihtiyag yoktur.
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Sanal Y okedici Fonksiyonlar

class Base{
public:
~Base() { cout << "\nBase destructor"; }
|3
class Derived : public Base {
public:
~Derv() { cout << "\nDerived destructor"; }
|3
void main(){
Base* pb = new Derived,
delete pb;
cout << endl << "Program terminates.” << endl ;
}
C++ve NESNEYE DAYALI PROGRA_
class Base{
public:
virtual ~Base() { cout << "\nBase destructor"; }
|3
class Derived : public Base {
public:
~Derv() { cout << "\nDerived destructor"; }
|3
void main(){
Base* pb = new Derived,
delete pb;

cout << endl << "Program terminates.” << endl ;
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Sinif Y apisi
Kaitim
Cok Sekillilik

4 B Templates

Parametrik Cok Sekillilik Nedir ?

Siniflardaki fonksiyonlarin govdeleri incelendiginde, ¢ogu zaman
yapilan islemler, Uzerinde islem yapilan verinin tipinden
bagimsizdir. Bu durumda fonksiyonun govdesi, verinin tipi
cinsinden, parametrik olarak ifade edilebilir:

int abs(int n) {
return (N<0) ? -n : n;
}

long abs(long n) {
return (N<0) ? -n : n;
}

float abs(float n) {
return (N<0) ? -n : n;
}
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C
Her tip icin farkli adlarda fonksiyonlar.
ornek mutlak deger fonksiyonlart:
abs(), fabs(), fabsl(), labs(), cabs(), ...

e C++
Fonksiyonlaraislev yUkleme bir ¢6zim olabilir mi?
Islev yiklenen fonksiyonlarin gévdeleri degismiyor !

Govdeler tekrar ediliyor = Hata !
e COzUm
Tipi parametre kabul eden bir yapi : Template

#include <iostream.h>
template <class T>
T abs(T n) {

return (n<0) ?-n:n;

void main()

{
intintl = 5;
int int2 = -6;
long lon1 = 70000L;
long lon2 =-80000L,;
double dubl = 9.95;
double dub2 =-10.15;
/I calls instantiate functions
cout << "abs(" << intl << ")=" << abs(intl) << endl; /I abs(int)
cout << "abs(" << int2 << ")=" << abs(int2) << endl; /I abs(int)
cout << "abs(" << lonl << ")=" << abs(lonl) << endl; // abs(long)
cout << "abs(" << lon2 << ")=" << abs(lon2) << endl;  // abs(long)
cout << "abs(" << dubl << ")=" << abs(dubl) << endl; // abs(double)
cout << "abs(" << dub2 << ")=" << abs(dub2) << endl; // abs(double)
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template <class T>
void printArray(T *array,const int size){
for(int i=0;i < sizeji++)

cout << array[i] <<"";

cout << endl ;

}

main() {
int a[3]={1,2,3} ;
double b[5]={1.1,2.2,3.3,4.4,5.5} ;
char  c[7]={"a,‘'b,'c, ‘d,‘e,f, g},

printArray(a,3) :
printArray(b,5) :
printArray(c,7) :

return O ;
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void printArray(int *array,cont int size){
for(int i=0;i < sizeji++)
cout << array[i] <<"";
cout << end| ;
}
void printArray(char *array,cont int size){
for(int i=0;i < sizeji++)
cout << array[i] <<™;

cout << endl ;

template’in Isleyisi

Gergekte derleyici template ile verilmis fonksiyon govdesi
icin herhangi bir kod Uretmez. Clnkl template ile bazi
verilerin tipi parametrik olarak ifade edilmistir. Verinin tipi
ancak bu fonksiyona iliskin bir cagri oldugunda ortaya
cikacaktir. Derleyici her farkli tip icin yeni bir fonksiyon
olusturacaktir. template yeni fonksiyonun verinin tipine
bagli olarak nasll olusturulacagini tanimlamaktadir.

int in‘tl = B
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programi ister template yapisi ile olusturalim ister de
template yapisi olmaksizin olusturalim, programin bellekte
kaplayacagl alan degismeyecektir. Degisen, kaynak kodun
boyu olacaktir. template yapisi kullanilarak olusturulan
programin kaynak kodu, daha anlasilir ve hata denetimi
daha ylUksek olacaktir. CUnki template yapisi
kullanildiginda degisiklik sadece tek bir fonksiyon
gbvdesinde yapilacaktir.

template Parametresi bir Nesne Olabilir

class ComplexT{ I* A class to define complex numbers */
float re,im;
public:
. Il other member functions
bool operator>(const ComplexT&) const ; // header of operator> function

g

/* The Body of the function for operator + */
bool ComplexT::operator>(const ComplexT& z) const

floatfl =re *re +im *im;
floatf2 = z.re * z.re + z.im * z.im;
if (f1 > f2) return true;

else return false;

107



/I template function
template <class type>
const type & MAX(const type &v1, const type & v2)

if (v1 >v2) return v1;

else return v2;
}
void main()
{
inti1=5, i2=-3;

char c1="D', c2='N";

float f1=3.05, f2=12.47,

ComplexT z1(1.4,0.6), z2(4.6,-3.8);
cout << MAX(i1,i2) << endl;

cout << MAX(c1,c2) << endl;

cout << MAX(f1,f2) << endl;

cout << MAX(z1,z2) << endl;

Coklu template Parametreli Argumanlar

/I function returns index number of item, or -1 if not found template
template <class atype>

int find(const atype *array, atype value, int size) {
for(int j=0; j<size; j++)
if(array[j]J==value) return j;
return -1;
}

char chrArr[] = {'a','c', 'f', 's', 'u', 'z'}; /[l array
char ch ='f'; // value to find

int intArr[] ={1, 3,5, 9, 11, 13};

intin = 6;

double dubArr[] ={1.0, 3.0, 5.0, 9.0, 11.0, 13.0};
double db =4.0;
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void main()

{
cout << "\n 'f' in chrArray: index=" << find(chrArr, ch, 6);
cout << "\n 6 in intArray: index=" << find(intArr, in, 6);
cout << "\n 4 in dubArray: index=" << find(dubArr, db, 6);

}

template Imzalari

template <class T>
void swap(T& X, T& y) {

T temp;

temp=x;

X=Y;

y =temp;
}
char str1[100], str2[100] ;
inti,};
complex cl,c2;
swap(i,j);
swap(cl,c2);
swap( str1[50], str2[50] ) ;
swap( i, str[25]) ;
swap( strl, str2) ;
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Coklu template Parametreli Y apilar

Template parametre sayisi birden fazla olabilir:

template <class atype, class btype>
btype find(const atype* array, atype value, btype size) {
for(btype j=0; j<size; j++) /I note use of btype
if(array[j]==value) return j;
return (btype)-1;

Bu durumda, derleyici sadece farkli dizi tipleri icin degil ayni
zamanda aranan elemanin farkli tipte olmasi durumunda da farkli bir
kod Uretecektir:

short int result,si=100;
int invalue=5;
result = find(intArr, invalue,si) ;

Sinif Template Y apisi
class Stack {
int stMAX]; [/l array of ints
int top; /I index number of top of stack
public:
Stack(); /I constructor
void push(int var); // takes int as argument
int pop(); [l returns int value

’

class LongStack {

long stiMAX]; /[ array of longs

int top; /I index number of top of stack
public:

LongStack(); /I constructor

void push(long var); // takes long as argument

long pop(); /I returns long value
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template <class Type>
class Stack{
enum {MAX=100},
Type stiMAX];
int top;
public:
Stack(){top = 0;}
void push(Type );
} Type pop();

template<class Type>

{
if(top > MAX-1)

throw "Stack is full!”;
st[top++] = var;

}

/I stack: array of any type
/[ number of top of stack

/I constructor

/I put number on stack
/l take number off stack

void Stack<Type>::push(Type var) // put number on stack

Il if stack full,
/I throw exception

template<class Type>

Type Stack<Type>::pop() { [ take number off stack
if(top <= 0) II'if stack empty,
throw "Stack is empty!";  // throw exception

return st[--top];

}

void main()

/[ s1 is object of class Stack<float>
Stack<float> s1;
/I push 2 floats, pop 2 floats
try{
sl.push(1111.1);
sl.push(2222.2);
cout << "1: " << sl.pop() << endl;
cout << "2: " << sl.pop() << endl;
}
/I exception handler
catch(const char * msg) {
cout << msg << endl;

}

/I s2 is object of class Stack<long>
Stack<long> s2;
/I push 2 longs, pop 2 longs
try{
s2.push(123123123L);
s2.push(234234234L);
cout << "1: " << s2.pop() << endl;
cout << "2: " << s2.pop() << endl;
}
I/l exception handler
catch(const char * msg) {
cout << msg << endl;

}
} I/ End of program
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Sinif Y apisi
Kalitim

Cok Sekillilik
Templates

= OlL Kitiphanes ve “Generic Programming”

5

- (Standard Template Library)

Standard Template Library

Nesneye dayalil programlamada, verinin birincil éneme sahip
programlama birimi oldugunu belirtmistik. Veri, fiziksel yada
soyut bir cok buydkltgt modelleyebilir. Bu model oldukca
basit yada karmasik olabilir. Her nasil olursa olsun, veri
mutlaka bellekte saklanmaktadir ve veriye benzer bicimlerde
erisilmektedir. C++, oldukca karmasik veri tiplerini ve
yapilarini olusturmamiza olanak saglayan mekanizmalara
sahiptir. Genel olarak, programlarin, bu veri yapilarina belirli
bazi bicimlerde eristigini biliyoruz:

array, list, stack, queue, vector, map, ...

STL kitUphanesi verinin  bellekteki organizasyonuna,
erisimine  ve islenmesine yonelik c¢esitli  yontemler
sunmaktadir. Bu bolimde bu yontemleri inceleyecegiz.
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Standard Template Library (STL) Hewlett Packard’in Palo Alto (
California)’daki laboratuvarlarinda Alexander Stepanov ve
Meng Lee tarafindan gelistirilmigtir.

1970’lerin  sonlarinda  Alexander Stepanov  bir  kisim
algoritmalarin veri yapisinin nasil depolandiklarindan bagimsiz
olduklarini gozlemledi. Ornegin, siralama algoritmalarinda
siralanacak sayilarin bir dizide mi? yoksa bir listede mi?
bulundugunun bir 6nemi yoktur. Degisen sadece bir sonraki
elemana nasil erigildigi ile ilgilidir. Stepanov bu ve benzeri
algoritmalari inceleyerek, algoritmalari veri yapisindan bagimsiz
olarak  performanstan  0din  vermeksizin  soyutlamayi
basarmistir.  Bu fikrini  1985°de Generic ADA dilinde
gerceklestirmistir. Ancak o doénemde henliz C++’da bir onceki
bolumde inceledigimiz Template yapisi bulunmadigi icin bu
fikrini C++’da ancak 1992 yilinda gerceklestirebilmistir.

Generic Programming

Bir yazilim 0rGninin bilesenlerini ¢ boyutlu uzayda bir
noktaolarak diusunebiliriz :

(stralama,int,array)w. _
(siralama,double, list), -~

(strralama,int,list)y . "~

~ ~
~

template RN (»)

veri tipi : int, float, ...

(siralama,array) o Conéai”el“ ook
; izi, liste, kuyruk ...
(siralama,list) / agoritma:
... generic prog. I sraama, kaynastirma, arama...
S 2
(siralama)
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STL Bilesenleri

STL Uc temel bilesenden olusmaktadir:
 Algoritma,

» Kap (= Container): nesneleri depolamak ve yonetmekten
sorumlu nesne,

* Lineer Kaplar : Vector, Deque, List
* Asosyatif Kaplar : Set, Map, Multi-set, Multi-map

* Yineleyici (=lterator): algoritmanin farkli tipte kaplarla
calismasini saglayacak sekilde erisimin soyutlar.

C++'da sabit boyutlu dizi tanimlamak yuritme zamaninda bellegin ya koétl
kullanilmasinayada dizi boyunun yetersiz kalmasina neden olmaktadir.

STL kitUphanesindeki vector kabi bu sorunlari gidermektedir.
STL kitUphanesindeki list kabi, baglantili liste yapisidir.

deque (Double-Ended QUEue) kabi, yigin ve kuyruk yapilarinin birlesimi olarak
dustndlebilir. deque kabi her iki ugtan veri eklemeye ve silmeye olanak saglamaktadir.

Vector Relocating,
expandablearray ~ Quick random access (by index number).
Slow toinsert or erasein the middle.
Quick toinsert or erase a end.

List Doubly linked list ~ Quick to insert or delete a any location.
Quick accessto both ends.
Slow random access.
Deque Like vector,
but can be accessed
at either end Quick random access (using index number).
Slow toinsert or erasein the middle.
Quick toinsert or erase (push and pop) at
either the beginning or the end.
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Lineer Kaplar : Vector,List, Deque

vector<float> v;
cout << v.capacity() << v.size() ;

v.insert(v.end(),3) ; v=(3)

cout << v.capacity() <<v.size() ;

v.insert (v.begin(), 2, 5); v =(3,5,5)
vector<int> w (4,9); w =(9,9,9,9)
w.insert(w.end(), v.begin(), v.end() ); = w=(9,9,9,9,3,5,5)
w.swap(V) ; v=(9,9,9,9355) w=(35,)5)
w.erase(w.begin()); w=(3,5)

w.erase(w.begin(),w.end()) ;
cout << w.empty() ? “Empty” : “not Empty” | Empty

#define __ USE_STL
/I STL include files
#include “vector.h”

#include "list.h*

vector<float> v;

v.insert(v.end(),3) ; v=(3)
v.insert(v.begin(),5) ; v=(3,5)
cout << v.front() << endl; 5

cout << v.back() ; 3
v.pop_back();

cout << v.back() ; 5
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islem Y iritilen Islem
asize() a.end() — a.begin()

a.max_size()
a.empty() asize() ==
fslem  |Doniis Degeri|  Yritulen islem Uyg‘iznp?gr”d'g'
afront() T& *abegin() vector, list, deque
a.back() T& *a.end() vector, list, deque
apush_front(x) void ainsert(a.begin(),x) list,deque
apush_back(x) void ainsert(a.begin(),x)| vector, list,deque
a.pop_front() void a.erase(a.begin()) list,deque
a.pop_back() void a.erase(--a.end()) list,deque
an] T& * (a.begin()+n) vector,deque

Asosyatif Kaplar : Set, Multiset, Map, Multimap

Set sirall kiime olusturmak icin kullanilir.

#include <iostream>

#include <set>

#include <string>

using namespace std;

void main(){
string nameg[] = {"Katie", "Robert","Mary", "Amanda’, "Mari€'};
set<gtring> nameSet(names, names+5);// initiali ze set to array
set<gring>::.cong_iterator iter; // iterator to set

nameSet.insert(" Jack"); /I insert some more names
nameSet.insert("Larry");

nameSet.insert(" Robert™); I no effect; already in set
nameSet.insert("Barry");

nameSet.erase("Mary"); /I erase aname
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cout << "\nSize=" << nameSet.size() << endl;
iter = nameSet.begin(); /I display members of set
while( iter '= nameSet.end() )
cout << *jter++ << '\n';
string searchName; /I get name from user
cout << "\nEnter name to search for: ";
cin>> searchName;  // find matching name in set
iter = nameSet.find(searchName);
if(iter == nameSet.end() )
cout << "The name " << searchName << " isNOT in the set.";

ese
cout << "Thename" << *iter <<" |Sinthe sat.";
}
C++ve NESNEYE DAYALI PROGRAM_
/I set2.cpp set
void main() {

set<gring> city;
set<dring>::iterator iter;
city.insert("Trabzon");  // insert city names
city.insert("Adana");
city.insert("Edirne");
city.insert("Bursa');
city.insert(“Istanbul™);
city.insert("Rize");
city.insert("Antalya');
city.insert("Izmir");
city.insert("Hatay");
city.insert("Ankara');
city.insert("Zonguldak™);
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iter = city.begin(); /I display set
while( iter = city.end() )
cout << *iter++ << endl;

string lower, upper; /I display entries in range
cout << "\nEnter range (example A Azz): ";
cin>> lower >> upper;
iter = city.lower_bound(lower);
while( iter = city.upper_bound(upper) )
cout << *iter++ << endl;

void main(){
map<string,int> city _num;
city_num["Trabzon"]=61;

string city_name;
cout << "\nEnter acity: ";
cin>> city_name;
if (city_num.end()== city_num.find(city_name))
cout << city_name << " is not in the database" << endl;

ese

cout << "Number of " << city_name<<":" << city_num[city_name];
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Iterators

Iterators : Genellestirilmis Isaretci

A 4

Ran Cess BIDI NAL .| FO RD

o s | et
vector, deque list /\
Outputlterator r;

Inputlterator r; I o T
P e ok

Forwardlterator r;
Bidirectionallterator r;
Randomlterator r ;

Output Iterators

© Outputlterator a; © Outputlterator r ;
*a=t ; r++;
t="*a; Hata r++; Hata
® Outputlterator r ; ® Outputlterator i,j ;
*r=0; i=j;
*r=1; Hata *i++=a; Hata
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Forward and Bidirectional Iterators

>
>

John | Tom | Peter [ Mary | ... | Andy | Bill

<
<

—
range] v.begin(),v.end()]

ligt<int>1(1,1) ;
l.push_back(2) ; // list1:12
list<int>::iterator first=I.begin() ;
list<int>::iterator last=l.end() ;
while( last = first){

-- last;

cout << *last << “ " ;

template<class Forwardlterator, class T>
Forwardlterator find_linear(Forwardlterator first,
Forwardlterator last, T& value){
while( first = last) if( *first++ == value) return first;
elsereturn last ;
}

vector<int>v(3,1) ;

v.push_back(7); // vector:1117

vector<int>::iterator i=find_linear(v.begin(), v.end(),7) ;
if(i '=v.end() ) cout << *i ;

else cout << “not found!” ;

120



Bubble Sort

template<class Compare>
void bubble_sort(Bidirectionallterator first,
Bidirectionallterator last, Compare comp){
Bidirectiona lterator left = first, right = first ;
right ++;
while( first = last){
while( right 1= lagt ){
if( comp(*right,*left) )
iter_swap(l€eft right) ;

right++;
left++;
}
lagt -- ;
left =first; right =first; ..
} list<int>1; _ _
} bubble_sort(l.begin(),l.end(),less<int>()) ;

bubble_sort(l.begin(),l.end(),greater<int>()) ;

Random Access Iterators

vector<int>v(1,1) ;

v.push_back(2) ; v.push_back(3) ; v.push_back(4) ;//v:1234
vector<int>::iterator i=v.begin() ;

vector<int>:.iterator j=i+2;

cout << *j<<* 7

i +=3; cout << *i<<*” ]

j=i-=1;cout<<*j<<*";

j-=2;cout << *j <<t

cout << Vv[1] << endl ;

(j<i) ?cout << “j<i” : cout << “notj <i” ; cout << end ;

(j>1) ?cout << “j>i" : cout << “notj >i" ; cout << end ;

(j>=1) && (j<=i)?cout << *“j andi equa” : cout << “j andi not equal >i" ;
cout << endl ;

i=j;

j= v.begin();

i=v.end;

cout << “iterator distance end —begin : " << (i-}) ;
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Generic Algoritma Tasarimi

Algorithm
I — L 1|

[1terator] | | | | [iterator]

Object

Container

const int * binary_search(const int * array, int n, int x){
const int *lo = array, *hi = array + n, *mid ;
while(lo!=hi) {

mid = lo + (hi-l0)/2 ;
if( x ==*mid) return mid ;
if( x<*mid) hi =mid;
elselo=mid+1;
}
return O ;

}
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template<class T>
const T * binary_search(const T * array, int n, T& x){
const T *lo = array, *hi = array + n, *mid ;
while( lo!=hi) {
mid = lo + (hi-l0)/2 ;
if( X ==*mid) return mid ;
if( x <*mid) hi = mid ;
elselo=mid+1;
}

return O ;

}

template<class T>
const T * binary_search(T * first, T * last, T& X){
const T *lo =first, *hi = last , *mid ;
while( lo !=hi) {
mid = lo + (hi-l0)/2 ;
if( X ==*mid) return mid ;
if( x <*mid) hi=mid;
elselo=mid+1;
}
return last ;

}
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template<class RandomA ccesslterator,class T>
const T * binary_search(RandomAccesslterator first,
RandomA ccesslterator last, T& value){
RandomAccesslterator not_found = last, mid ;
while( lo !=hi) {
mid = first + (last-first)/2 ;
if( x ==*mid) return mid ;
if(x<*mid) last = mid ;
elsefirss=mid+1;

}
return not_found ;
}
Sinif Y apisi
Kaitim
Cok Sekillilik
Templates

STL Ktuphanesi ve * Generic Programming’

Stream K tlphanes
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STREAMS

A stream is a general hame given to a flow of data in an input/output situation.
For this reason, streams in C++ are often called /ostreams. An iostream can be
represented by an object of a particular class. For example, you've already seen
numerous examples of the cin and cout stream objects used for input and output.

Advantages of Streams

Old-fashioned C programmers may wonder what advantages there are to using
the stream classes for I/0 instead of traditional C functions such as printf()
and scanf() and—for files—fprintf(), fscanf(), and so on.

One reason is that the stream classes are less prone to errors. If you've ever
used a %d formatting character when you should have used a %f in printf(),
you'll appreciate this. There are no such formatting characters in streams,
because each object already knows how to display itself. This removes a major
source of program bugs.

Second, you can overload existing operators and functions, such as the insertion
(«<) and extraction (>>) operators, to work with classes you create. This makes
your classes work in the same way as the built-in types, which again makes
programming easier and more error free (not fo mention more aesthetically

satisfying).

The Stream Class Hierarchy

istream ostream fstreambase

ifstream ofstream

fstream
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The ios class is the base class for the iostream hierarchy. It contains many
constants and member functions common to input and output operations of all
kinds. The ios class also contains a pointer to the streambuf class, which
contains the actual memory buffer into which data is read or written and the
low-level routines for handling this data.

The istream and ostream classes are derived from ios and are dedicated to input
and output, respectively. The istream class contains such member functions as
get(), getline(), read(), and the extraction (>>) operators, whereas ostream
contains put() and write() and the insertion (<«<) operators.

The iostream class is derived from both istream and ostream by multiple
inheritance. Classes derived from the iostream class can be used with devices,
such as disk files, that may be opened for both input and output at the same
time.

The ifstream class is used for creating input file objects and the ofstream class is
used for creating output file objects. To create a read/write file the fstream
class should be used.

The ios Class

The ios class is the grand daddy of all the stream classes and contains the
majority of the features you need to operate C++ streams. The three most
important features are the formatting flags, the error-status bits, and the file
operation mode. We'll look at formatting flags and error-status bits now.

Formatting Flags

Formatting flags are a set of enum definitions in ios. They act as on/off switches
that specify choices for various aspects of input and output format and
operation.

skipws Skip (ignore) whitespace on input.

left Left adjust output.

right Right adjust output.

dec Convert to decimal.

oct Convert to octal.

hex Convert to hexadecimal.

showbase Use base indicator on output (O for octal, Ox for hex).
showpoint Show decimal point on output.

uppercase Use uppercase X, E, and hex output letters ABCDEF.
showpos Display '+ before positive integers.

scientific Use exponential format on floating-point output [9.1234E2].
fixed Use fixed format on floating-point output [912.34].
unitbuf Flush all streams after insertion.
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There are several ways to set the formatting flags, and different flags can be
set in different ways. Because they are members of the ios class, flags must
usually be preceded by the name ios and the scope-resolution operator (e.g.,
ios: :skipws). All the flags can be set using the setf () and unsetf () ios
member functions. For example,

cout .setf (ios::left) ; // left justify output text
cout >> "This text is left-justified";
cout .unsetf (ios::left); // return to default (right justified)

Many formatting flags can be set using manipulators, so let's look at them

now. .
Manipulators

Manipulators are formatting instructions inserted directly into a stream.
You've seen examples before, such as the manipulator endl, which sends a
new line fo the stream and flushes it:

cout << "To each his own." << endl;
There is also used the setiosflags () manipulator:

cout << setiosflags(ios::fixed) // use fixed decimal point
<< setiosflags(ios::showpoint) //always show decimal point
<< var;

No-argument ios Manipulators

ws Turn on whitespace skipping on input.
dec Convert to decimal.
oct Convert to octal.

hex Convert to hexadecimal.

endl  Insert new line and flush the output stream.

ends  Insert null character to tferminate an output string.
flush  Flush the output stream.

lock Lock file handle.

unlock  Unlock file handle.

You insert these manipulators directly into the stream. For example, to
output var in hexadecimal format, you can say
cout << hex << var;
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ios manipulators with arguments

setw() field width (int) Set field width for output.

setfill() fill character (int) Set fill character for output (default isa space).
setprecision() precision (int) Set precison (number of digits displayed). setiosflags()
formatting flags (long) Set specified flags.

resetiosflags() formatting flags (long) Clear specified flags.

Manipulators that take arguments affect only the next item in the stream. For
example, if you use setw to set the width of the field in which one number is
displayed, you'll need to use it again for the next number.

Functions

The ios class contains a number of functions that you can use to set the formatting
flags and perform other tasks. most of these functions are shown below:

ch=fAill(); Return the fill character (fillsunused part of field; default is space).
fill(ch); Set the fill character.

p = precison() Get the precision (number of digits displayed for floating point).
precision(p); Set the precision.

w = width(); Get the current field width (in characters).

width(w); Set the current field width.

setf(flags); Set specified formatting flags (e.g., ios::left).

unsetf(flags); Unset specified formatting flags.

These functions are called for specific stream objects using the normal dot
operator. For example, to set the field width to 14, you can say

cout.width(14);

Similarly, the following statement sets the fill character to an asterisk (as for
check printing):

cout.fill("*");

You can use several functions to manipulate the ios formatting flags directly. For
example, to set left justification, use

cout.setf(ios::left);

To restore right justification, use

cout.unsetf(ios::left);

The istream Class
The istream class, which is derived from ios, performs input-specific activities.

istream functions:

>> Formatted extraction for all basic (and overloaded) types.
get(ch); Extract one character into ch.
get(str) Extract characters into array str, until \O'.

get(str, MAX) Extract up to MAX characters into array.

get(str, DELIM)  Extract characters into array str until specified delimiter
(typically "\n").
Leave delimiting char in stream.
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istream functions:

get(str, MAX, DELIM) Extract charactersinto array str until MAX characters or the
DELIM character. Leave delimiting char in stream.

getline(str, MAX, DELIM) Extract charactersinto array str until MAX characters or the
DELIM character. Extract delimiting character.

putback(ch) Insert last character read back into input stream.

ignore(MAX, DELIM) Extract and discard up to MAX characters until (and including)
the specified delimiter (typicaly ‘\n’).

peek(ch) Read one character, leave it in stream.

count = gcount() Return number of characters read by a (immediately preceding)
cal to get(), getling(), or read().

read(str, MAX) For files. Extract up to MAX characters into str until EOF.

seekg(position) Sets distance (in bytes) of file pointer from start of file.

seekg(position, seek_dir) Sets distance (in bytes) of file pointer from specified place in
file: seek_dir can beios::beg, ios::cur, ios::end.
position = tellg(pos) Return position (in bytes) of file pointer from start of file.

The ostream Class

The ostream class handles output or insertion activities.
ostream functions:

<< Formatted insertion for al basic (and overloaded) types.
put(ch) Insert character ch into stream.

flush() Flush buffer contents and insert new line.

write(str, SIZE) Insert SIZE characters from array str into file.
seekp(position) Sets distance in bytes of file pointer from start of file.

seekp(position, seek_dir) Set distance in bytes of file pointer from specified placein
file. seek_dir can beios::beg, ios::cur, or ios::end.
position = tellp() Return position of file pointer, in bytes.

The iostream and the _withassign Classes
The iostream class, which is derived from both istream and ostream, acts only as a base class
from which other classes, specifically iostream_withassign, can be derived. It has no
functions of its own (except constructors and destructors). Classes derived from iostream can
perform both input and output.
There are three _withassign classes:
istream_withassign, derived from istream
ostream_withassign, derived from ostream
iostream_withassign, derived from iostream
These _withassign classes are much like those they’re derived from except they include
overloaded assignment operators so their objects can be copied.
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Predefined Stream Objects

Objects Name Class Used for

cin istream_withassign Keyboard input

cout ostream_withassign Normal screen output
cerr ostream_withassign Error output

clog ostream_withassign Log output

The cerr object is often used for error messages and program diagnostics.
Output sent to cerr is displayed immediately, rather than being buffered,
as output sent to cout is. Also, output to cerr cannot be redirected. For
these reasons, you have a better chance of seeing a final output message
from cerr if your program dies prematurely. Another object, clog, is similar
to cerr in that it is not redirected, but its output is buffered, whereas
cerr's is not.

Stream Errors

What happens if a user enters the string “nine” instead of the integer 9, or
pushes ENTER without entering anything? What happens if there's a
hardware failure? We'll explore such problems in this session. Many of the
techniques you'll see here are applicable to file I/O as well.

Error-Status Bits

The stream error-status bits (error byte) are an ios member that report
errors that occurred in an input or output operation.

goodbit No errors (no bits set, value = 0).

eofbit Reached end of file.

failbit Operation failed (user error, premature EOF).
badbit Invalid operation (no associated streambuf).
hardfail Unrecoverable error.

Various ios functions can be used to read (and even set) these error bits.

int = eof(); Returns true if EOF bit set.

int = fail(); Returns true if fail bit or bad bit or hard-fail bit set.
int = bad(); Returns true if bad bit or hard-fail bit set.

int = good(); Returns true if everything OK; no bits set.
clear(int=0); With no argument, clears all error bits;

otherwise sets specified bits, as in clear(ios::failbit).
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#include <iostream.h>
void main()
{ . .
inti;
char ok=0;
while(lok) /I cycle until input OK
{
cout << "\nEnter an integer: ";
cin >>j;
if( cin.good() ) /I'if no errors
ok=1,;
else
{
cin.clear(); /I clear the error bits
cout << "Incorrect input";
cin.ignore(20, '\nY; /I remove newline
}
}

cout << "integer is " <<i; // error-free integer

}

| See Example: inp.cpp I

No-Input Input

Whitespace characters, such as TAB, ENTER , and '\n', are normally ignored (skipped)
when inputting numbers. This can have some undesirable side effects. For example,
users, prompted to enter a number, may simply press the key without typing any digits.
Pressing ENTER causes the cursor fto drop down fo the next line while the stream
continues o wait for the number. What's wrong with the cursor dropping to the next
line? First, inexperienced users, seeing no acknowledgment when they press , may
assume the computer is broken. Second, pressing repeatedly normally causes the
cursor to drop lower and lower until the entire screen begins to scroll upward. Thus
it's important to be able to tell the input stream 70t to ignore whitespace. This is done
by clearing the skipws flag:
cout << "\nEnter an integer: ";
cin.unsetf(ios::skipws); /I don't ignore whitespace
cin >> i
if( cin.good() )

{

/I no error

}

/I error
Now if the user types without any digits, failbit will be set and an error will be
generated. The program can then tell the user what to do or reposition the cursor so
the screen does not scroll.
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Disk File I/0 with Streams

Disk files require a different set of classes than files used with the keyboard and
screen. These are ifstream for input, fstream for input and output, and ofstream for
output. Objects of these classes can be associated with disk files and you can use
their member functions to read and write to the files.

The ifstream, ofstream, and fstream classes are declared in the FSTREAMH file.
This file also includes the IOSTREAM.H header file, so there is no need to include it
explicitly; FSTREAM.H takes care of all stream I/0.

#include <fstream.h> /I for file I/O

void main()

{
char ch = 'x; /I character
intj=77; I integer
double d = 6.02; /I floating point
char strl[] = "Kafka"; /I strings

char str2[] = "Proust"; /I (no embedded spaces)
ofstream outfile("fdata.txt"); // create ofstream object
outfile << ch /l'insert (write) data
<<j << "' /I needs space between numbers
<<d
<<strl <<’ /I needs space between strings
<< strz;

C++ve NESNEYE DAYALI PROGRAMLAMA _

Here the program defines an object called outfile to be a member of the
ofstream class. At the same time, it initializes the object to the file name
FDATA.TXT. This initialization sets aside various resources for the file, and
accesses or opens the file of that name on the disk. If the file doesn't exist, it
is created. If it does exist, it is truncated and the new data replaces the old.
The outfile object acts much as cout did in previous programs, so the insertion
operator («) is used to output variables of any basic type to the file. This
works because the insertion operator is appropriately overloaded in ostream,
from which ofstream is derived.

When the program terminates, the outfile object goes out of scope. This calls
its destructor, which closes the file, so you don't need to close the file
explicitly.

You must separate numbers (such as 77 and 6.02) with nonnumeric characters.
Because numbers are stored as a sequence of characters rather than as a
fixed-length field, this is the only way the extraction operator will know, when
the data is read back from the file, where one number stops and the next one
begins. Second, strings must be separated with whitespace for the same
reason. This implies that strings cannot contain embedded blanks. In this
example, T use the space character (* ") for both kinds of delimiters.
Characters need no delimiters, because they have a fixed length.

C++ ve NESNEYE DAYALI PROGRAMLAMA _
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Reading Data

Any program can read the file generated by previous program by using an ifstream
object that is initialized to the name of the file. The file is automatically opened
when the object is created. The program can then read from it using the extraction
(>>) operator.

/l reads formatted output from a file, using >>
#include <fstream.h>
const int MAX = 80;
void main()
{
char ch; /I empty variables
intj;
double d;
char strl[MAX];
char str2[MAX];
ifstream infile("fdata.txt");  // create ifstream object
infile >>ch >>j >>d >> strl >> str2; // extract (read) data from it
cout << ch << endl /I display the data
<<j<<end
<< d<<endl
<< strl << endl
<< str2 << endl;

Detecting End-of-File

Objects derived from ios contain error-status bits that can be checked to
determine the results of operations. When you read a file little by little, you
will eventually encounter an end-of-file condition. The EOF is a signal sent fo
the program from the hardware when there is no more data to read. The
following construction can be used to check for this:

while( linfile.eof() ) // until eof encountered

However, checking specifically for an eofbit means that I won't detect the
other error bits, such as the failbit and badbit, which may also occur, although
more rarely. To do this, I could change the loop condition:

while( infile.good() ) // until any error encountered

But even more simply, I can test the stream directly
while( infile ) /I until any error encountered

Any stream object, such as infile, has a value that can be tested for the usual
error conditions, including EOF. If any such condition is true, the object
returns a zero value. If everything is going well, the object returns a nonzero
value. This value is actually a pointer, but the “address” returned has no
significance except to be tested for a zero or nonzero value.
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Binary I/0

You can write a few numbers to disk using formatted I/O, but if you're
storing a large amount of numerical data, it's more efficient to use binary
I/0 in which numbers are stored as they are in the computer's RAM
memory rather than as strings of characters. In binary I/O an integer is
always stored in 2 bytes, whereas its text version might be 12345,
requiring 5 bytes. Similarly, a float is always stored in 4 bytes, whereas its
formatted version might be 6.02314e13, requiring 10 bytes.

The next example shows how an array of integers is written to disk and
then read back into memory using binary format. I use two new functions:
write(), a member of ofstream, and read(), a member of ifstream. These
functions think about data in terms of bytes (type char). They don't care
how the data is formatted, they simply transfer a buffer full of bytes
from and to a disk file. The parameters to write() and read() are the
address of the data buffer and its length. The address must be cast to
type char, and the length is the length in bytes (characters), not the
number of data items in the buffer.

Example
/I binary input and output with integers
#include <fstream.h> /I for file streams
const int MAX = 100; /I number of ints
int bufff MAX]; /I buffer for integers
void main()
{

intj;
for(j=0; [<MAX; j++) /I fill buffer with data
buffj] =j; 1/ (0, 1, 2, ...)
ofstream os("edata.dat", ios::binary);  // create output stream
os.write( (char®)buff, MAX*sizeof(int) ); // write to it
os.close(); // must close it
for(j=0; <MAX; j++) /I erase buffer

buff[j] = 0;
ifstream is("edata.dat", ios::binary); /I create input stream
is.read( (char*)buff, MAX*sizeof(int) ); // read from it
for(j=0; <MAX; j++) /I check data

if( buff[j] '=j) cerr <<"\nData is incorrect";

else cout << "\nData is correct";
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Writing an Object to Disk

When writing an object, you generally want to use binary mode. This writes
the same bit configuration to disk that was stored in memory and ensures
that numerical data contained in objects is handled properly.

/I saves person object to disk

#include <fstream.h> /I for file streams
class person /I class of persons
{
protected:
char name[40]; /I person's name
int age; /I person's age
public:
void getData(void) /I get person's data
{

cout << "Enter name: "; cin >> name;
cout << "Enter age: "; cin >> age;

}

void main(void)
{
person pers; I create a person
pers.getData(); /I get data for person
ofstream outfile("PERSON.DAT", ios::binary); // create ofstream object
outfile.write( (char*)&pers, sizeof(pers) ); // write to it

} Reading an Object from Disk

/I reads person object from disk

#include <fstream.h> /[ for file streams
class person /I class of persons
{
protected:
char name[40]; /I person's name
int age; /I person's age
public:
void showData(void) /I display person's data
{

cout <<"\n Name: " << name;
cout <<"\n Age: " << age;

}

L
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void main(void)
{
person pers; /I create person variable
ifstream infile("PERSON.DAT", ios::binary); // create stream
infile.read( (char*)&pers, sizeof(pers) ); // read stream
pers.showData(); /I display person

}

To work correctly, programs that read and write objects to files, must be
working on the same class of objects. Objects of class person in these
programs are exactly 42 bytes long, with the first 40 occupied by a string
representing the person's name and the last 2 containing an int representing
the person's age.

Notice, however, that although the person classes in both programs have the
same data, they may have different member functions. The first includes
the single function getData(), whereas the second has only showData(). It
doesn't matter what member functions you use, because members functions
are not written to disk along with the object's data. The data must have the
same format, but inconsistencies in the member functions have no effect.
This is true only in simple classes that don't use virtual functions.

I/0 with Multiple Objects

/I reads and writes several objects to disk

#include <fstream.h> /I for file streams
class person /I class of persons
{
protected:
char name[40]; /I person's name
int age; /I person's age
public:
void getData() /I get person's data
{

cout <<"\n Enter name: "; cin >> name;
cout<<" Enter age: "; cin >> age;
}

void showData() /I display person's data

{

cout <<"\n Name: " << name;
cout<<"\n Age: " << age;

}
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void main()

{
char ch;
person pers; /I create person object
fstream file; /I create input/output file
file.open("PERSON.DAT", ios::app | ios::out | ios::in | ios::binary ); // open for append
dof /I data from user to file
cout << "\nEnter person's data:";
pers.getData(); /I get one person's data
file.write( (char*)&pers, sizeof(pers) ); // write to file
cout << "Enter another person (y/n)? ";
cin >> ch;
} while(ch=="y"); /I quit on 'n’
file.seekg(0); /I reset to start of file
file.read( (char*)&pers, sizeof(pers) ); // read first person
while( !file.eof() ) /I quit on EOF
{
cout << "\nPerson:"; /I display person
pers.showData();
file.read( (char*)&pers, sizeof(pers) ); // read another
} // person
} | See Example: objfile.cpp |

Reacting to Errors

The next program shows how errors are most conveniently handled. All disk operations
are checked after they are performed. If an error has occurred, a message is printed
and the program terminates. We will use the technique, discussed earlier, of checking
the return value from the object itself to determine its error status. The program
opens an output stream object, writes an entire array of integers to it with a single
call to write(), and closes the object. Then it opens an input stream object and reads
the array of integers with a call to read().

/I handles errors during input and output

#include <fstream.h> // for file streams

#include <process.h> // for exit()

const int MAX = 1000;

int buff[MAX];

void main()

{
int j;
for(j=0; j<MAX; j++) buff[ j ] = j; // fill buffer with data
ofstream os; // create output stream
os.open("edata.dat", ios::trunc | ios::binary); // open it
if('os) { cerr << "\nCould not open output file"; exit(1); }
cout << "\nWriting..."; // write buffer to it
os.write( (char*)buff, MAX*sizeof(int) );
if(tos) { cerr << "\nCould not write to file"; exit(1); }
os.close(); // must close it
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for(j=0; j<MAX; j++) buff[ j ] = 0; // clear buffer
ifstream is; // create input stream
is.open("edata.dat", ios::binary);
if(!is) { cerr << "\nCould not open input file"; exit(1); }
cout << "\nReading...";
is.read( (char*)buff, MAX*sizeof(int) ); // read file
if(!is) { cerr << "\nCould not read from file"; exit(1); }
for(j=0; j<MAX; j++) /I check data

if( buff[j] '=j ) { cerr << "\nData is incorrect"; exit(1); }
cout << "\nData is correct";

Analyzing Errors
In the previous example, we determined whether an error occurred in an
I/0 operation by examining the return value of the entire stream object.
if(lis)
// error occurred

However, it's also possible, using the ios error-status bits, to find out more
specific information about a file I/O error.

/I checks for errors opening file
#include <fstream.h> /I for file functions

void main()
{
ifstream file;
file.open("GROUP.DAT", ios::nocreate);

if( !file )

cout << endl <<"Can't open GROUP.DAT";
else

cout << endl << "File opened successfully.";
cout << endl << "file = " << file;
cout << endl << "Error state =" << file.rdstate();
cout << endl << "good() =" << file.good();
cout << endl << "eof() =" << file.eof();
cout << endl << "fail() =" << file.fail();
cout << endl << "bad() =" << file.bad();
file.close();
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This program first checks the value of the object file. If its value is
zero, the file probably could not be opened because it didn't exist.
Here's the output of the program when that's the case:

Can't open GROUP.DAT

file = 0x1c730000

Error state = 4

good() =0

eof()=0

fail) =4

bad() = 4

The error state returned by rdstate() is 4. This is the bit that
indicates the file doesn't exist; it's set to 1. The other bits are all
set to 0. The good() function returns 1 (true) only when no bits are
set, so it returns O (false). I'm not at EOF, so eof() returns 0. The
fail() and bad() functions return nonzero because an error occurred.

In a serious program, some or all of these functions should be used
after every I/O operation to ensure that things have gone as

expected.

File Pointers

Each file object has associated with it two integer values called the get pointer and
the put pointer. These are also called the current get position and the current put
position, or—if it's clear which one is meant—simply the current position. These
values specify the byte number in the file where writing or reading will take place

There are times when you must take control of the file pointers yourself so that you
can read from or write fo an arbitrary location in the file. The seekg() and tellg()
functions allow you fo set and examine the get pointer, and the seekp() and tellp()
functions perform the same actions on the put pointer.

/I seeks particular person in file
#include <fstream.h> // for file streams
class person // class of persons
{
protected:
char name[40]; // person's name
int age; // person's age
public:
void showData() // display person's data

cout << "\n Name: " << name; cout << "\n Age: " << age;

}

J
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void main()

{

person pers; // create person object

ifstream infile; // create input file
infile.open("PERSON.DAT", ios::binary); // open file
infile.seekg(0, ios::end); // go to 0 bytes from end

int endposition = infile.tellg(); // find where we are

int n = endposition / sizeof(person); // number of persons
cout << endl << "There are " << n << " persons in file";
cout << endl << "Enter person number: "; cin >> n;

int position = (n-1) * sizeof(person); // number times size
infile.seekg(position); // bytes from begin

infile.read( (char*)&pers, sizeof(pers) ); // read one person
pers.showData(); // display the person

}

Here's the output from the program, assuming that the PERSON.DAT file
contains 3 persons:
There are 3 persons in file
Enter person number: 2
Name: Rainier

Age: 21

File I/O Using Member Functions

So far, we've let the main() function handle the details of file
I/0. This is nice for demonstrations, but in real object-oriented
programs, it's natural to include file I/O operations as member
functions of the class.

In the next example, we will add member functions, diskOut() and
diskin() to the person class. These functions allow a person object
to write itself to disk and read itself back in.

Simplifying assumptions: First, all objects of the class will be
stored in the same file, called PERSON.DAT. Second, new objects
are always appended to the end of the file. An argument to the
diskIn() function allows me to read the data for any person in the
file. To prevent attempts to read data beyond the end of the file,
I include a static member function, diskCount(), that returns the
number of persons stored in the file.
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/I person objects do disk /0
#include <fstream.h> // for file streams
class person // class of persons
{
protected:
char name[40]; // person's name
int age; // person's age
public:
void getData() // get person's data
{ cout <<"\n Enter name: "; cin >> name; cout << " Enter age: "; cin >> age; }
void showData() // display person's data
{ cout <<"\n Name: " << name; cout << "\n Age: " << age; }
void diskIn(int ); // read from file
void diskOut(); // write to file
static int diskCount(); // return number of persons in file

¥

void person::diskin(int pn) // read person number pn from file
{
ifstream infile; // make stream
infile.open("PERSON.DAT", ios::binary); // open it
infile.seekg( pn*sizeof(person) ); // move file ptr
infile.read( (char*)this, sizeof(*this) ); // read one person

}
void person::diskOut() /I write person to end of file
{

ofstream outfile; /I make stream

outfile.open("PERSON.DAT", ios::app | ios::binary); // open it
outfile.write( (char*)this, sizeof(*this) ); // write to it

}

int person::diskCount() /I return number of persons in file

{

ifstream infile;

infile.open("PERSON.DAT", ios::binary);

infile.seekg(0, ios::end); /I go to 0 bytes from end

return infile.tellg() / sizeof(person); // calculate number of persons

}

141



void main(void)

{
person p; /I make an empty person
char ch;
do /I save persons to disk
{
cout << "\nEnter data for person:";
p.getData(); /I get data
p.diskOut(); I write to disk
cout << "Do another (y/n)? ";
cin >> ch;
while(ch=="y"); /I until user enters 'n'
int n = person::diskCount(); /I how many persons in file?

cout <<"\nThere are " << n << " persons in file";
for(int j=0; j<n; j++) // for each one,

{
cout << "\nPerson #" << (j+1);
p.diskin(j); /I read person from disk
p.showData(); /I display person
}
}

Overloading the << and >> Operators

In this session I'll show how to overload the extraction and insertion operators. This is
a powerful feature of C++ It lets you treat I/0 for user-defined data types in the
same way as for basic types such as int and double. For example, if you have an object
of class ComplexT called c1, you can display it with the statement

cout << cl;

just as if it were a basic data type.

You can overload the extraction and insertion operators so they work with the display
and keyboard (cout and cin). With a little more care, you can also overload them so
they work with disk files as well.

#include<iostream.h>
class ComplexT{
float re,im;
friend istream& operator >>(istream&, ComplexT&);
friend ostream& operator <<(ostream&, const ComplexT&);
public:
ComplexT(float re_in=0,float im_in=0){re=re_in;im=im_in;}
ComplexT operator+(const ComplexT&);

b
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istreamé& operator >>(istreamé& stream, ComplexT& z)  // Overloading >>
{

cout << "Enter real part:";

stream >> z.re;

cout << "Enter imaginer part:";

stream >> z.im;

return stream;

b
ostream& operator <<(ostream& stream, const ComplexT& z) // Overloading <<
{
stream <<"("<<zre<<","<<zim<<")\n"
return stream;
b

ComplexT ComplexT::operator+(const ComplexT& z) // Operator +

{

return ComplexT(re+z.re , im+z.im);
void main()

ComplexT z1,z2,z3;
cin>>z1;
cin>>z2;
z3=z1+272; -
cout << " Result=" << 73 | See Example: inout.cpp |

Overloading for Files

The next example shows how the <« and >> operators can be overloaded so
they work with both file I/0 and cout and cin.

#include<fstream.h>
class ComplexT{
float re,im;
friend istream& operator >>(istreamé&, ComplexT&);
friend ostream& operator <<(ostreamé&, const ComplexT&);

public:
ComplexT (float re_in=0,float im_in=0){re=re_in;im=im_in;}
h
istream& operator >>(istreamé& stream, ComplexT& z)
{
char dummy;

stream >> dummy >> z.re;
stream >> dummy >> z.im >> dummy;
return stream;

h

ostream& operator <<(ostream& stream, const ComplexT & z){
stream << "(" << zre<<"," << z.im<<")\n"
return stream;

h




void main()

{
char ch;
ComplexT z1,
ofstream ofile; /I create and open
ofile.open("complex.dat"); /I output stream
dof
cout << "\nEnter Complex Number:(re,im)";
cin >> z1; /I get complex number from user
ofile << z1; /I write it to output str
cout << "Do another (y/n)? ";
cin >> ch;
twhile(ch '="n";
ofile.close(); /I close output stream
ifstream fifile; /l create and open
ifile.open("complex.dat"); /l'input stream

cout << "\nContents of disk file is:";
while(lifile.eof())

ifile >> z1; /I read complex number from stream
if(ifile)
cout << "\nComplex Number =" << z1; /I display complex humber

| See Example: fileio.cpp |

Overloading for Binary I/0

So far, you've seen examples of overloading operator<«() and operator>>() for
formatted I/0. They also can be overloaded to perform binary I/0. This may be a
more efficient way fo store information, especially if your object contains much
numerical data.

#include <fstream.h> // for file streams

class person // class of persons

protected:

char name[40]; // person's name

int age; // person's age

public:

void getData() // get data from keyboard

cout << "\n Enter name: "; cin.getline(name, 40);
cout << " Enter age: "; cin >> age;

void putData() // display data on screen
cout << "\n Name =" << name; cout << "\n Age =" << age;
}

friend istreamé& operator >> (istreamé& s, person& d);
friend ostream& operator << (ostreamé& s, person& d);
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void persin(istream& s) // read file into ourself

{

s.read( (char*)this, sizeof(*this) );

}

void persout(ostream& s) // write our data to file

{

s.write( (char*)this, sizeof(*this) );
};} /I end of class definiton
istream& operator >> (istream& s, person& d) // get data from disk
d.persin(s);
return's;

}

ostream& operator << (ostreamé& s, person& d) // write data to disk

d.persout(s);

return s;
}
void main()
{ I create 4 persons

person persl, pers2, pers3, pers4;

cout << "\nPerson 1";

persl.getData(); // get data for persl

cout << "\nPerson 2";

pers2.getData(); / get data for pers2

outfile("PERSON.DAT", ios::binary); // create output stream
ofstream

outfile << persl << pers2; // write to file

outfile.close();

ifstream infile("PERSON.DAT", ios::binary); // create input stream

infile >> pers3 >> pers4; // read from file into

cout << "\nPerson 3";  // pers3 and pers4

pers3.putData(); // display new objects

cout << "\nPerson 4";

pers4.putData();
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Exceptions

Program Errors

» Kinds of errors with programs

* Poor logic - bad algorithm
* Improper syntax - bad implementation
» Exceptions - Unusual, but predictable problems

» The earlier you find an error, the less it
costs to fix it

* Modern compilers find errors early
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Paradigm Shift from C

* In C, the default response to an error is to continue,
possibly generating a message

e In C++, the default response to an error is to
terminate the program

e C++ programs are more “brittle”, and you have to
strive to get them to work correctly

e Can catch all errors and continue as C does

assert()

= a macro (processed by the precompiler)
= Returns TRUE if its parameter is TRUE
= Takes an action if it is FALSE
= abort the program

= throw an exception

= If DEBUG is not defined, asserts are collapsed so
that they generate no code
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assert() (cont’d)

When writing your program, if you know something is true,
you can use an assert

If you have a function which is passed a pointer, you can do
= assert(pTruck);

= if pTruck is 0, the assertion will fail

Use of assert can provide the code reader with insight to your
train of thought

assert() (cont’d)

Assert is only used to find programming errors
Runtime errors are handled with exceptions
= DEBUG false => no code generated for assert
= Animal *pCat = new Cat;
= assert(pCat); // bad use of assert
= pCat->memberFunction();
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assert() (cont’d)

= assert() can be helpful
= Don’t overuse it
= Don't forget that it “instruments” your code

= invalidates unit test when you turn DEBUG off
= Use the debugger to find errors

Exceptions

= You can fix poor logic (code reviews, debugger)
= You can fix improper syntax (asserts, debugger)
= You have to live with exceptions

= Run out of resources (memory, disk space)
= User enters bad data
= Floppy disk goes bad
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Why are Exceptions Needed?

= The types of problems which cause exceptions

(running out of resources, bad disk drive) are found
at a low level (say in a device driver)

The low level code implementer does not know
what your application wants to do when the
problem occurs, so s/he “throws” the problem “up”
to you

How To Deal With Exceptions

Crash the program
Display a message and exit
Display a message and allow the user to continue

Correct the problem and continue without
disturbing the user

Murphy's Law: "Never test for a system
error you don't know how to handle."
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What is a C++ Exception?

= An object

= passed from the area where the problem occurs

= passed to the area where the problem is
handled

= The type of object determines which exception
handler will be used

Syntax

try {
// a block of code which might generate an exception
catch (xNoDisk) {

// the exception handler(tell the user to

// insert a disk)

}

catch (xNoMemory) {

// another exception handler for this “try block”

}
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The Exception Class

Defined like any other class:
= class Set {
= private:

int *pData;

= public:

class xBadIndex {}; // just like any other class

Throwing An Exception

In your code where you reach an error node:
» if (memberIndex < 0)
" throw xBadIndex () ;

Exception processing now looks for a catch block
which can handle your thrown object

If there is no corresponding catch block in the
immediate context, the call stack is examined
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The Call Stack

= As your program executes, and functions are
called, the return address for each function is
stored on a push down stack

= At runtime, the program uses the stack to return to
the calling function

= Exception handling uses it to find a catch block

Passing The Exception

The exception is passed up the call stack until an appropriate
catch block is found

As the exception is passed up, the destructors for objects on the
data stack are called

There is no going back once the exception is raised
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Handling The Exception

= Once an appropriate catch block is found, the code in the catch
block is executed

= Control is then given to the statement after the group of catch
blocks

= Only the active handler most recently encountered in the thread
of control will be invoked

Handling The Exception (cont’ d)

catch (Set::xBadIndex)

// display an error message

}

catch (Set::xBadData) {

// handle this other exception

}

//control is given back here

= If no appropriate catch block is found, and the stack is at main(),
the program exits




Default catch Specifications

= Similar to the switch statement

= catch (Set::xBadIndex)

« { // display an error message |}

= catch (Set::xBadData)

» { // handle this other exception }

= catch (..)

» { // handle any other exception }

Exception Hierarchies

» Exception classes are
just like every other

class; you can derive xBadIndex
classes from them | I |
So one try/catch block xNegative XToolarge

might catch all bad
indices, and another
might catch only
negative bad indices
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Exception Hierarchies (cont’ d)

class Set {
private:
int *pData;
public:
class xBadIndex {};
class xNegative : public xBadIndex {};
class xTooLarge: public xBadIndex {};
}i
// throwing xNegative will be
// caught by xBadIndex, too

Datain Exceptions

= Since Exceptions are just like other classes, they
can have data and member functions

= You can pass data along with the exception object
= An example is to pass an error subtype

= for xBadIndex, you could throw the type of bad
index
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Data in Exceptions (Continued)

// Add member data,ctor,dtor,accessor method
class xBadIndex {
private:
int badIndex;
public:
xBadIndex (int iType) :badIndex (iType) {}
int GetBadIndex () { return badIndex; }

~xBadIndex() {}

-
~e

Passing Data In Exceptions

// the place in the code where the index is used
if (index < 0)

throw xBadIndex (index) ;
if (index > MAX)

throw xBadIndex (index) ;

// index is ok

157



Getting Data From Exceptions

catch (Set::xBadIndex theException)

{
int badIndex = theException.GetBadIndex() ;
if (badIndex < 0 )
cout << “Set Index “ << badIndex << ™ less than 0”;
else
cout << “Set Index “ << badIndex << “ too large”;
cout << endl;
}

Caution

= When you write an exception handler, stay aware
of the problem that caused it

= Example: if the exception handler is for an out of
memory condition, you shouldn’t have statements
In your exception object constructor which allocate
memory
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Exceptions With Templates

= You can create a single exception for all instances of
a template

= declare the exception outside of the template

= You can create an exception for each instance of the
template

= declare the exception inside the template

Single Template Exception

class xSingleException {};

template <class T>
class Set {
private:

T *pType:;
public:

Set();

T& operator[] (int index) const;

};:
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Each Template Exception

template <class T>
class Set {
private:
T *pType;
public:
class xEachException {};
T& operator[] (int index) const;
}i

// throw xEachException();

Catching Template Exceptions

= Single Exception (declared outside the template class)

= catch (xSingleException)
= Each Exception (declared inside the template class)

= catch (Set<int>::xEachException)
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Standard Exceptions

= The C++ standard includes some predefined
exceptions, in <stdexcept.h>

= The base class is exception

= Subclass logic_error is for errors which could
have been avoided by writing the program
differently

= Subclass runtime_error is for other errors

Logic Error Hierarchy

logic_error

domain_error Invalid_argument length_error out_of_range
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Runtime Error Hierarchy

runtime_error

overflow_error range_error

The idea is to use one of the specific classes
(e.g. range_error) to generate an exception

Data For Standard Exceptions

// standard exceptions allow you to specify
// string information

throw overflow error (“Doing float division in function div”);

// the exceptions all have the form:
class overflow error : public runtime error
public:

overflow_error (const string& what arg)

: runtime_error (what_arg) {};
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Catching Standard Exceptions

catch (overflow error)

{

cout << “Overflow error” << endl;

catch (exception& e)

{

cout << typeid(e) .name() << “: “ << e.what() << endl;

More Standard Exception Data

catch (exceptioné& e)
= Catches all classes derived from exception

= If the argument was of type exception, it would be converted
from the derived class to the exception class

= The handler gets a reference to exception as an argument,
so it can look at the object
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typeid

typeid is an operator which allows you to access the
type of an object at runtime

This is useful for pointers to derived classes

typeid overloads ==, !=, and defines a member
function name

if (typeid(*carType) == typeid(Ford))

cout << “This is a Ford” << endl;

typeid().name

cout << typeid(*carType) .name() << endl;

// If we had said:

// carType = new Ford() ;

// The output would be:

// Ford

So:

cout << typeid(e) .name()

returns the name of the exception
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ewhat()

= The class exception has a member function what

. virtual char* what();

= This is inherited by the derived classes

= what() returns the character string specified in the throw
statement for the exception

throw
overflow error (“Doing float division in function div”);

cout << typeid(e) .name() << “: “ << e.what() << endl;

Deriving New exception Classes

class xBadIndex : public runtime error ({
public
xBadIndex (const char *what arg = “Bad Index”)
runtime error (what arg) {}
// we inherit the virtual function what

// default supplementary information character string
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template <class T>
class Array{
private:
T *data ;
int Size ;
public:
Array(void);
Array(int);
class eNegativeIndex{};
class eOutOfBounds{};
class eEmptyArray(};
Té& operator[](int) ;

template <class T>

Array<T>i:Array(void){
data = NULL ;
Size=0 ;

template <class T>
Array<T>::Array(int size){
Size = size ;
data = new T[Size];
}
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template <«class T>

T& Array<T>::operator[](int index){
if( data == NULL ) throw eEmptyArray() ;
if(index < 0) throw eNegativeIndex() ;
if(index »>= Size) throw eOutOfBounds() ;

return data[index] ;

Array<int>a(10) ;

try{
int b=2a[200] ;

}

catch(Array<int>::eEmptyArray){
cout << "Empty Array" ;

}

catch(Array<int>::eNegativel ndex){
cout << "Negative Array" ;

}

catch(Array<int>::eOutOfBounds){
cout << "Out of bounds" ;

}
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