Bolum 10: Arama Agaclari
Veri Yapilari
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Arama Agaci

= Her dugum, belirli bir 6geyi temsil eder.

= Her o0genin bir anahtar degeri vardir.

= Ogeler bu anahtar degerlerine gore bir diizen icinde saklanirlar.

= Arama islemi O(log n) veya O(h) zaman karmasikligina sahiptir.

= "'n" agactaki dugum sayisini, "h" ise agacin yuksekligini temsil eder.




Temel Islemler

» Ekleme (Insertion): Bir ogeyi agaca ekler.

= Arama (Search): Belirli bir anahtarla ogeyi arar ve dondurur.

= Silme (Deletion): Belirli bir anahtara sahip ogeyi agactan cikarir.

» Gezinme (Traversal): Agac icindeki ogeleri belirli bir sirayla gezme.




Arama Agaci Turleri

= [kili Arama Agaclar (Binary Search Trees): Her digim, sol alt agactaki

dugumlerden daha buylUk ve sag alt agactaki dugumlerden daha kucuk bir
anahtari temsil eder.

» Kirmizi-Siyah Agaclar (Red-Black Trees): Agacin yuksekligini kontrol
ederek hizli arama saglar.

= AVL Agacglari: Her dugumun iki alt agacinin yudkseklik farki (balance
factor) en fazla 1 olan agac turu.



Ikili Arama Agaci
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Kirmizi-Siyah Agaclar

* Her dugum kirmizi veya siyah renkte olabilir.

= KOk dugum siyah renkte olmalidir.

= Her yaprak dugumun (NIL dugumleri) siyah olmasi gerekmektedir.
= Ardigik kirmizi dugumler kabul edilmez.




AVL Agaci

= Her dugumun denge faktort degeri vardir.

» Denge faktor, sol ve sag alt agaclarin yiukseklik farkini temsil eder.
* Her dugumun denge faktoru -1, 0 veya 1 olmalidir.

» Agac¢ dengeli oldugunda, her dugumun alt agaclari da dengelidir.







Agac Dugumu Yapisi

«—— sol veri sag >

AgacDugumu

public class AgacDugumu {
private int veri;
private AgacDugumu sol;
private AgacDugumu sag;

public AgacDugumu(int veri) {
this.veri = veri;
this.sol = null;
this.sag = null;
}
}




Ikili Arama Agacina Oge Eklenmesi
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ublic AgacDugumu ekle(AgacDugumu kok, int deger)
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if(kok == null) {
kok = new AgacDugumu(deger);
return kok;
}
if(deger < kok.veri)
kok.sol = ekle(kok.sol, deger);
else
10 kok.sag = ekle(kok.sag, deger);
11 return kok;
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public AgacDugumu ekle(AgacDugumu kok, int deger)
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kok = new AgacDugumu(deger);

return kok;
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11 return kok;
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1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
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5 return kok;
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9 else
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1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
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5 return kok;
6 }
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9 else
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—>» 11 return kok;
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public AgacDugumu ekle(AgacDugumu kok, int deger)
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public AgacDugumu ekle(AgacDugumu kok, int deger)
{

if(kok == null) {

kok = new AgacDugumu(deger);

return kok;
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public AgacDugumu ekle(AgacDugumu kok, int deger)
{

if(kok == null) {

kok = new AgacDugumu(deger);

return kok;

if(deger < kok.veri)

kok.sol = ekle(kok.sol, deger);
else
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11 return kok;
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public AgacDugumu ekle(AgacDugumu kok, int deger)
{

if(kok == null) {

kok = new AgacDugumu(deger);

return kok;

if(deger < kok.veri)

kok.sol = ekle(kok.sol, deger);
else
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public AgacDugumu ekle(AgacDugumu kok, int deger)
{
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kok = new AgacDugumu(deger);

return kok;
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kok.sol = ekle(kok.sol, deger);
else
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1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A

—» 3 if(kok == null) {
4 kok = new AgacDugumu(deger);
5 return kok;
6}
7/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else
deger = 1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;
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1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
4 kok = new AgacDugumu(deger);
5 return kok;
6}

—» 7 if(deger < kok.veri)
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9 else
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11 return kok;
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public AgacDugumu ekle(AgacDugumu kok, int deger)
{

if(kok == null) {

kok = new AgacDugumu(deger);

return kok;

if(deger < kok.veri)

kok.sol = ekle(kok.sol, deger);
else

kok.sag = ekle(kok.sag, deger);
11 return kok;
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3 if(kok == null) {
4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else

deger =1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;
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4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else

deger =1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;
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— 1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {

—> 4 kok = new AgacDugumu(deger);

5 return kok;
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9 else
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11 return kok;
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— 1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
4 kok = new AgacDugumu(deger);

—» 5 return kok;
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/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else

deger =1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;




&)

ekle 8 5 3 7 1
—> ekle 8 3 null null 1

null null null null

public AgacDugumu ekle(AgacDugumu kok, int deger)
{

if(kok == null) {

kok = new AgacDugumu(deger);

return kok;

if(deger < kok.veri)

kok.sol = ekle(kok.sol, deger);
else

kok.sag = ekle(kok.sag, deger);
11 return kok;

1
2
3
4
5
null  null 6 }
7
8
9
10

deger = 1



ekle 8 5 3 7
—> ekle 8 3 1 null

1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
null null 4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
— 8 kok.sol = ekle(kok.sol, deger);
9 else
deger =1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;




ekle 8 5 3 7
—> ekle 8 3 1 null

1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
null null 4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else
deger =1 10 kok.sag = ekle(kok.sag, deger);
—>» 11 return kok;

12 }




—> ekle 8 5 3 7
1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
null null 4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else
deger =1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;




—> ekle 8 5 3 7
1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
null null 4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
— 8 kok.sol = ekle(kok.sol, deger);
9 else
deger =1 10 kok.sag = ekle(kok.sag, deger);

11 return kok;




—> ekle 8 5 3 7
1 public AgacDugumu ekle(AgacDugumu kok, int deger)
2 A
3 if(kok == null) {
null null 4 kok = new AgacDugumu(deger);
5 return kok;
6 }
/ if(deger < kok.veri)
8 kok.sol = ekle(kok.sol, deger);
9 else
deger =1 10 kok.sag = ekle(kok.sag, deger);

!

return kok;
12 }




&)

WA
|

ublic AgacDugumu ekle(AgacDugumu kok, int deger)

~~ O

if(kok == null) {
kok = new AgacDugumu(deger);
return kok;
}
if(deger < kok.veri)
kok.sol = ekle(kok.sol, deger);
else
10 kok.sag = ekle(kok.sag, deger);
11 return kok;

nhull null
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Verilen Bir Anahtar Ikili Arama Agacinda Arama




=

ublic AgacDugumu ara(AgacDugumu kok, int anahtar)

—~~ O

if(kok == null || kok.veri == anahtar) ({
return kok;

}

if(anahtar < kok.veri)
return ara(kok.sol, anahtar);

else
return ara(kok.sag, anahtar);

CSCLWooO~NOYUILDE WN B

-



anahtar

5

=

ublic AgacDugumu ara(AgacDugumu kok, int anahtar)

—~~ O

if(kok == null || kok.veri == anahtar) ({
return kok;

}

if(anahtar < kok.veri)
return ara(kok.sol, anahtar);

else
return ara(kok.sag, anahtar);

CSCLWooO~NOYUILDE WN B
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o o ara 6 5

— 1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




o o ara 6 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
—>» 3 if(kok == null || kok.veri == anahtar) ({
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




—_ ara 6 5

ublic AgacDugumu ara(AgacDugumu kok, int anahtar)

—~~ O

if(kok == null || kok.veri == anahtar) {
return kok;

}

if(anahtar < kok.veri)
return ara(kok.sol, anahtar);

else
return ara(kok.sag, anahtar);

anahtar = 5

=
CSCLWooO~NOYUILDE WN B
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o o ara 7 6 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
- 7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




ara 7 6 5

— ara 4 5
— 1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




ara 7 6 5

— ara 4 5
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

—>» 3 if(kok == null || kok.veri == anahtar) ({
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);

anahtar = 5 8  else ( )3

9 return ara(kok.sag, anahtar);
10 }




ara 7 6 5

— ara 4 5

ublic AgacDugumu ara(AgacDugumu kok, int anahtar)

—~~ O

if(kok == null || kok.veri == anahtar) {
return kok;

}

if(anahtar < kok.veri)
return ara(kok.sol, anahtar);

else
return ara(kok.sag, anahtar);

anahtar = 5

=
CSCLWooO~NOYUILDE WN B

-




ara 7 6 5

— ara 4 5
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 —» 8 else ( )3
9 return ara(kok.sag, anahtar);
10 }




ara 7 6 5

— ara 9 4 5
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);

anahtar = 5 8  else ( )3

— 9 return ara(kok.sag, anahtar);

10 }




anahtar

5

—

=

ara 7 6 5
ara 9 4 5
ara 5 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

5

—

=

ara 7 6 5
ara 9 4 5
ara 5 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

5

—>

=

ara 7 6 5
ara 9 4 5
ara 5 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



ara 7 6 5

— ara 9 4 5
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




ara 7 6 5

— ara 9 4 5
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);

anahtar = 5 8  else ( )3

— 9 return ara(kok.sag, anahtar);

10 }




o o ara 7 6 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




o o ara 7 6 5

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
e V4 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 5 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
8 else
9 return ara(kok.sag, anahtar);
10 }




1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metot agrmi | _satrno | kok | _anahtar__
o o ara 6 10

— 1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metot agrmi | _satrno | kok | _anahtar__
o o ara 6 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
—>» 3 if(kok == null || kok.veri == anahtar) ({
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metot agrmi | _satrno | kok | _anahtar__
—_ ara 6 10

ublic AgacDugumu ara(AgacDugumu kok, int anahtar)

—~~ O

if(kok == null || kok.veri == anahtar) {
return kok;

}

if(anahtar < kok.veri)
return ara(kok.sol, anahtar);

else
return ara(kok.sag, anahtar);

anahtar = 10

=
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" metot agrmi | _satrno | kok | _anahtar__
o o ara 6 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 —» 8 else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metot agrmi | _satrno | kok | _anahtar__
o o ara 9 6 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
— 9 return ara(kok.sag, anahtar);
10 }




" metotgagrm | _sateno | kok | anahtar__
ara 9 6 10

ara 8 10

— 1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metotgagrm | _sateno | kok | anahtar__
ara 9 6 10

ara 8 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
—> 3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




metot agrmi | _satrno | kok | _anahtar__
ara 9 6 10

ara 8 10

ublic AgacDugumu ara(AgacDugumu kok, int anahtar)

—~~ O

if(kok == null || kok.veri == anahtar) {
return kok;

}

if(anahtar < kok.veri)
return ara(kok.sol, anahtar);

else
return ara(kok.sag, anahtar);

anahtar = 10

=
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-




" metotgagrm | _sateno | kok | anahtar__
ara 9 6 10

ara 8 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 —» 8 else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metotgagrm | _sateno | kok | anahtar__
ara 9 6 10

ara 9 8 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
— 9 return ara(kok.sag, anahtar);
10 }




anahtar

10

=

ara 9 6 10
ara 9 8 10
ara 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

—

=

ara 9 6 10
ara 9 8 10
ara 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

—

=

ara 9 6 10
ara 9 8 10
ara 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

l

=

ara 9 6 10
ara 9 8 10
ara 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

l

=

ara 9 6 10
ara 9 8 10
ara 9 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

null

null

—

=

ara 9 6 10
ara 9 8 10
ara 9 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

null

ara 9 6 10
ara 9 8 10
ara 9 9 10
ara null 10

null «— kok
— 1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
8 else
9 return ara(kok.sag, anahtar);
10 }



anahtar

10

null

ara 9 6 10
ara 9 8 10
ara 9 9 10
ara null 10

null «— kok
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

—> 3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
8 else
9 return ara(kok.sag, anahtar);
10 }



anahtar

10

null

ara 9 6 10
ara 9 8 10
ara 9 9 10
ara null 10

null «— kok
1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
—) 4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
8 else
9 return ara(kok.sag, anahtar);
10 }



anahtar

10

ara 9 6 10
ara 9 8 10
ara 9 9 10

null null <«

=

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



anahtar

10

l

=

ara 9 6 10
ara 9 8 10
ara 9 9 10

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



" metotgagrm | _sateno | kok | anahtar__
ara 9 6 10

— ara 9 8 10

null null <«

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




anahtar

10

ara 9 6 10
ara 9 8 10

null null <«

l

=

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {

3 if(kok == null || kok.veri == anahtar) {

4 return kok;

5 }

6 if(anahtar < kok.veri)

7 return ara(kok.sol, anahtar);

8 else

9 return ara(kok.sag, anahtar);

0}



" metot agrmi | _satrno | kok | _anahtar__
o o ara 9 6 10

null null <«

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
9 return ara(kok.sag, anahtar);
10 }




" metot agrmi | _satrno | kok | _anahtar__
o o ara 9 6 10

null null <«

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
anahtar = 10 8  else ( )3
— 9 return ara(kok.sag, anahtar);
10 }




null null <«

1 public AgacDugumu ara(AgacDugumu kok, int anahtar)
2 {
3 if(kok == null || kok.veri == anahtar) {
4 return kok;
5 }
6 if(anahtar < kok.veri)
7 return ara(kok.sol, anahtar);
8 else
9 return ara(kok.sag, anahtar);
10 }







Generic IkiliAgacDugum Sinifi

public class IkiliAgacDugum<E extends Comparable<E>> {

E veri; // Dugumun sakladigi
TkiliAgacDugum<E> solCocuk; // Sol cocuk dugumun
IkiliAgacDugum<E> sagCocuk; // Sag cocuk dugumun

public IkiliAgacDugum(E veri) {
this.veri = veri; // Dugumin verisini ata
this.solCocuk = null; // Sol cocuk baslangicta
this.sagCocuk null; // Sag cocuk baslangicta

}
}

1/20/2023 Sercan KULCU, Tum haklari sakhdir.
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Maksimum Degere Sahip Dugum

IkiliAgacDugum<E> maxDeger(IkiliAgacDugum<E> dugum) {

while (dugum.sagCocuk != null) {
// Dugumu sol c¢ocuga tasi ve en kucuk degeri ara
dugum = dugum.sagCocuk;

¥

return dugum; // En kuc¢uk degeri dondur

¥
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Minimum Degere Sahip Dugum

IkiliAgacDugum<E> minDeger(IkiliAgacDugum<E> dugum) {

while (dugum.solCocuk != null) {
// Dugumu sol c¢ocuga tasi ve en kucuk degeri ara
dugum = dugum.solCocuk;

¥

return dugum; // En kuc¢uk degeri dondur

¥
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Oge Arama

boolean ara(IkiliAgacDugum<E> kok, E veri) {
if (kok == null) { return false; }
if (veri == kok.veri) {
System.out.println("Agacta
return true;
} else if (veri.compareTo(kok.veri) < 0) {
return ara(kok.solCocuk, veri); // sol alt agac¢ta ara
} else {
return ara(kok.sagCocuk, veri); // sag alt agac¢ta ara

}
¥

+ kok.veri + " bulundu.");

1/20/2023 Sercan KULCU, Tum haklari saklidir. 117



Oge Ekleme

Insert 5
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Oge Ekleme

IkiliAgacDugum<E> ekle(IkiliAgacDugum<E> kok, E veri) {
if (kok == null) {
kok = new IkiliAgacDugum<E>(veri);
System.out.println("Agaca eklendi: " + kok.veri);
return kok;

if (veri.compareTo(kok.veri) < 0) {

kok.solCocuk = ekle(kok.solCocuk, veri); // sol alt agaca
} else if (veri.compareTo(kok.veri) > @) {
} kok.sagCocuk = ekle(kok.sagCocuk, veri); // sag alt agaca

return kok;

¥
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Oge Silme — Yaprak Diigiim
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Oge Silme — Sol Cocugu var
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Oge Silme — Sag Cocugu var
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Oge Silme — Sol ve Sag Cocugu var
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Oge Silme

IkiliAgacDugum<E> sil(IkiliAgacDugum<E> kok, E veri) {
if (kok == null) { return kok; }
if (veri.compareTo(kok.veri) < 0) {

¥
¥

¥
¥
¥

kok.solCocuk = sil(kok.solCocuk, veri); // soldan devam

else if (veri.compareTo(kok.veri) > 0) {

kok.sagCocuk = sil(kok.sagCocuk, veri); // sagdan devam

else if (kok.solCocuk != null & & kok.sagCocuk != null) {
kok.veri = minDeger(kok.sagCocuk).veri; // sonraki dugumu bul
kok.sagCocuk = sil(kok.sagCocuk, kok.veri); // sagdan devam
else if (kok.solCocuk == null) {

return kok.sagCocuk; // sol cocuk yoksa, sag cocugu geri dondur
else if (kok.sagCocuk == null) {

return kok.solCocuk; // sag c¢ocuk yoksa, sol cocugu geri dondur

return kok;
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Ikili Arama Agaci Islemlerinin Analizi

= Bir islemin maliyeti, son erisilen dugumun derinligi ile dogru orantilidir.
= lyi Dengelenmis Agac (Best Case):

= |[slemler logaritmik maliyetle gerceklesir.

» Derinlik dengeli oldugu icin erisim hizlidir.

» Devrik Agac¢ (Worst Case):
= slemler lineer maliyetle gerceklesebilir.
= Derinlik arttikca erisim maliyeti kotulesir.
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Dengeleme




Dengeleme
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Ogrenci Sinifi

public class Ogrenci {

int ogrenciNo;
String adSoyad;

public Ogrenci(int ogrenciNo, String adSoyad) {
this.ogrenciNo = ogrenciNo;
this.adSoyad = adSoyad;

}
}
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OgrenciDugum Sinifi

public class OgrenciDugum {

Ogrenci ogr; // Dugumun icerdigi veri
OgrenciDugum solCocuk; // Sol ¢ocuk dugumin referansi
OgrenciDugum sagCocuk; // Sag c¢ocuk dugumun referansi

public OgrenciDugum(Ogrenci ogr) {
this.ogr = ogr; // Dugumun verisini ata
this.solCocuk null; // Sol cocuk baslangic¢ta bos
this.sagCocuk null; // Sag cocuk baslangic¢ta bos

}
}
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Ogrenci Ekleme

OgrenciDugum ekle(OgrenciDugum kok, Ogrenci ogr) {
if (kok == null){ kok = new OgrenciDugum(ogr); return kok;}

if (kok.ogr.ogrenciNo > ogr.ogrenciNo) {
kok.solCocuk = ekle(kok.solCocuk, ogr); // soldan devam
}

else if (kok.ogr.ogrenciNo < ogr.ogrenciNo) {
kok.sagCocuk = ekle(kok.sagCocuk, ogr); // sagdan devam
}

return kok;
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Ogrenci Arama

boolean ara(OgrencibDugum kok, int numara) {
if (kok == null) { return false; }

if (numara == kok.ogr.ogrenciNo) {
System.out.println(kok.ogr.ogrenciNo + " bulundu.");
return true;

} else if (kok.ogr.ogrenciNo > numara) {
return ara(kok.solCocuk, numara); // soldan devam

} else {

return ara(kok.sagCocuk, numara); // sagdan devam
}

¥
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