Bolum 4: Cizge Algoritmalari

Algoritmalar
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Cizge Algoritmalari

* DUnya aslinda bir ag gibidir.
= Sehirler yollarla,
= Insanlar iligkilerle,
= Bilgisayarlar kablolarla birbirine baghdir.

= Cizge algoritmalari bu aglari inceler ve
anlamlandirir.
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Cizge Algoritmalari

= Birbirine bagl noktalar (dugum) ve bu noktalari birlestiren cizgiler (kenar)
lle temsil edilen ag yapilarini inceler.

= Aglarda en kisa yolu hesaplama, gruplama gibi islemleri gerceklestirir.
» Sosyal aglar, harita uygulamalari, navigasyon gibi bircok alanda kullantilir.




Cizge Algoritmalarinin Cesitleri

= Farkli ¢cizge algoritmalari, farkli islemler icin kullantilir.

= Derinlik Oncelikli Arama (DFS):
» Bir dugumden baslar, dallanarak tim agi gezer.

= Genislik Oncelikli Arama (BFS):
* Bir dugumden baslar, katman katman tiim agi gezer.

= Dijkstra Algoritmasi:
» Baslangi¢c dugumunden diger dugumlere en kisa yollari bulur.

» Kruskal Algoritmasi:
= Bir agi minimum maliyetle birbirine baglayan kenarlari secer.
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Cizge Algoritmalari

= DFS bir labirentten cikis yolu ararken kullanilabilir.
» BFS bir haberin tim sehire yayillma surecini modelleyebilir.
» Dijkstra en kisa surede teslimat yapmak icin kullanilabilir.
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Cizge Algoritmalari

» Cizge gezinme algoritmalari (Graph traversal)

* En kisa yol algoritmalari (Shortest path)

= Minimum kapsayan agac algoritmalari (Minimum spanning tree)
= Ag akis algoritmalari (Network flow)




Minimum Kapsayan Agac Algoritmalari

» Cizgedeki,
» tim dagumleri birbirine baglayan ve
= toplam kenar agirliginin en az oldugu alt agactir.

» Kruskal, kenarlari agirliklarina gore siralar ve dongu olusturmayan
kenarlari secerek agaci olusturur.

* Prim, baslangi¢c dugumunden baslayarak, her adimda en dusuk agirlikli
kenari secerek agaci buyatur.
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Minimum Kapsayan Agac (MST)

11
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Kruskal Algoritmasi

= Cizgede tum dugumleri birbirine baglayan en kisa agirlikli agaci olusturur.
= Acgozli (greedy) bir yaklasim kullanir.
» Joseph Kruskal tarafindan gelistirilmistir.




Algoritma llkeleri

= Agirhikh cizge Uzerinde caligir.
= TUm dugumleri en ktcuk agirlikli kenarlari kullanarak birlestirir.
= DOngu olusturmadan, minimum kapsayan agaci olusturur.

» Baslangicta, her dugum ayri bir agaci temsil eder.
= Adim adim bu agaclar birlestirilir.




Algoritma Adimlari

= Adim 1: Cizge icindeki tum kenarlar agirliklarina gore siralantr.
= Adim 2: Sirali kenarlar arasindan en kucuk agirlikli kenar secilir.
= Adim 3: Secilen kenar, dongu olusturmuyorsa, agac icine eklenir.

» Adim 4. Eger secilen kenar, farkli agacglara ait dugumleri birlestiriyorsa, bu
kenar agac icine eklenir ve agaclar birlestirilir.



Karmasiklik Analizi

= Kenarlarin agirliklarina gore siralanmasi:
* O(E log E)

= Birlestirme-bulma (union-find) islemleri:
* O(log E) (amortize edilmisg)
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Kruskal
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Kruskal
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Kruskal
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Kruskal
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Kruskal

1/20/2023

ec

ed

Edge |ae|cd|ab gbel bc
Weight|] 1 | 2 | 3 5

Sercan KULCU, Tiim haklari saklidir.

19



Kruskal
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Kruskal

Edge |ae|cd|ab gbel bc | ec |ed
Weight| 1 | 2 | 3 51617
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Kruskal
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Kruskal
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Kruskal
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Ornek

= Asagidaki yonsuz cizge verilsin.
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llklendirme Asamasi

= Her bir dugum ayri bir agac yapilir.
= Kenarlar agirliklarina gore siralantr.

@ @ (1,3) = 2
(2,5) =2
@ (1,2) =3
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Adim 1

" (ul,u3) kenarini ekle
* vl ve v3 birlestir

Y
C

@ (1,3)=2

(2,5) =2

@ (12=3  wmea2
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Adim 2

= (u2,u5) kenarini ekle.
= v2 ve v5 birlestir.

1
Q 2 (1,3) =2

(2,5) = 2
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Adim 3

* (ul,u2) kenarini ekle.
= Adim 1 ve Adim 2'de olusan iki agaci birlestir.

O
O
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Adim 4

= (u3,ud) kenarini ekle, v4 birlestir.
= (u2,u3) ayri agaclari birlestirmiyor!
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Son Durum

= (ul,ud) kenari ayri agaclari birlestirmiyor!

2 wiT) =11
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Union Find
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Union Find

Disjoint!
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Union Find
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Union Find
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Union Find

Disjoint!
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Union Find
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Union Find
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Union Find
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Union Find

[ ] Disjoint! ]
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Union Find
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Union Find
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Union Find
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Union Find
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Union Find
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Union Find
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Union Find
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Union Find

] Disjoint!
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Union Find
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Union Find
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Ornek Kruskal
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Ornek Kruskal

visited nodes weight connected

{E, F} 1 NO
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Ornek Kruskal

visited nodes weight connected

{E E; €} 2 NO
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Ornek Kruskal

visited nodes weight connected

{E. F, C, D} 4 NO
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Ornek Kruskal

visited nodes weight connected

{E, F, C, D, H} 7 NO
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Ornek Kruskal

visited nodes weight connected

{E,F, C, D, H} {A, B} 11 NO
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Ornek Kruskal

visited nodes weight connected

{E,F, C, D, H} {A, B} 16 NO
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Ornek Kruskal

visited nodes weight connected

{E,F, C, D, H} {A, B} 11 NO
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Ornek Kruskal
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connected
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Ornek Kruskal
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visited nodes wcight

connected
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Ornek Kruskal
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visited nodes wcight
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Ornek Kruskal

connected

YES

visited nodes weight
{E,F,C,D,H,A,B,G,1} “
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Prim Algoritmasi

= TUm dugumleri baglayan en kucuk agirlikli agaci olusturmayi amaclar.
= Acgozlt (greedy) bir algoritmadir.
= Robert C. Prim tarafindan gelistirilmistir.




Algoritma llkeleri

= Agirhikh cizge Uzerinde caligir.

= Tum dugumleri en ktcuk agirhkh kenarlarla birlestirir.

» Baslangicta, bir dugum secilir ve agacin baslangi¢c dugumu kabul edilir.
= Her adimda,

» agac icinde olmayan dugumler arasindan,
» agacta olan en kucuk agirlikli kenar ile yeni bir dugum eklenir.




Algoritma Adimlari

= Adim 1: Baslangi¢c dugumu seclilir ve bu dugume ait olan tum kenarlar bir
oncelik kuyruguna eklenir.

= Adim 2: Kuyruktan, agacta olmayan en kicuk agirlikli kenar secilir.
= Adim 3: Secilen kenar ile baglantili olan yeni dugum agaca eklenir.
= Adim 4: Yeni eklenen dugume bagli kenarlar dncelik kuyruguna eklenir.



Karmasiklik Analizi

= Prim Algoritmasi'nin karmasikligi
* O(E +Vlog V) veya
* O(E log V) olarak ifade edilir.
* E kenar sayisini,

= VV dugum sayisini temsil eder.




Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Prim
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Ornek

= Asagidaki yonsuz cizge verilsin.
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llklendirme Asamasi

= Dugum 1 ile kuyruk baslatilir.
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Adim 1

= Kuyruktan dugum 1'i al, Q'yu gtncelle.
" u3.key = 2 ((ul,uld)), u2.key = 3 ((ul,u2)), ud.key = 6 ((ul,ud))

3|2 |1
w(T) =0
6 | 4 | 1
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Adim 2

= Kuyruktan dugum 3'U al, T'ye (u,,us3) kenarini ekle. Q'yu guncelle.
* u4.key =4 ((u3,ud))

4 4 3
2 w(T}=2
€ 5 !
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Adim 3

= Kuyruktan dugum 2'yi al, T'ye (ul,u2) kenarini ekle. Q'yu guncelle.
= us.key = 2 ((u2,u5))
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Adim 4

= Kuyruktan dugum 5'1 al, T'ye (u2,u5) kenarini ekle. Q'da guncelleme yok.
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Adim 5

= Kuyruktan dugum 4'0 al, T'ye (u3,u4) kenarini ekle. Q'da guincelleme yok.
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Son Durum

e 'i'l'm=11
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Ornek Prim
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Ornek Prim
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Ornek Prim
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Ornek Prim
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Ornek Prim
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Ornek Prim

C mim F
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Ornek Prim

C mi
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Ornek Prim

C mi
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Ornek Prim

C mi
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Ornek Prim

C mi
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Ornek Prim

C mm F
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Boruvska Algoritmasi

= Minimum kapsayan agaclari bulmak icin kullanilir.
= Cizgenin tum dugumlerini kapsayan ve agirligi minimum alt cizgeyi bulur.
= Nasil Calisir?
» Baslangicta her dugum birbirinden bagimsiz kabul edilir.
* Her adimda,
= en kuguk agirlikh kenar secilir ve
* pu kenarin bagladigi iki dugum birlestirilir.
* Bu islem, tum dugumler birlesinceye kadar devam eder.




Algoritma Adimlari

= TUm kenarlari agirliklarina gore sirala.
» Baslangicta her dugumu tek basina bir kime olarak ele al.

= En klcuk agirlikl kenari sec ve bu kenari baglayan dugumleri birlestir.
» Her adimda olusan alt kime agacinin agirligini guncelle.

= Tum dugumler birlesinceye kadar 3 ve 4. adimlari tekrarla.




Ozellikleri

= Agirlik siralamasi yaparak minimum agaclari bulur.
» Greedy (Acg0zlu) bir algoritmadir.
» Karmasikligr O(E log V)'dir,

» E kenar sayisi,

= VV dugum sayisidir.




Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka
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Ornek Boruvka

1
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Sollin Algoritmasi

» Baslangicta her dugum birbirinden bagimsiz olarak kabul edilir.
= Her adimda,

= her dugum icin en dusuk agirlikli kenar secilir ve
* bu kenarin bagladigr dugumiler birlestirilir.

* Bu islem, tum dugumler birlesinceye kadar devam eder.




Algoritma Adimlari

» Baslangicta her dugumu tek basina bir kiime olarak ele al.

= Her dugum icin, komsu kenarlar arasindan en dusuk agirlikl olani sec.
= Secilen kenarlarin her iki ucundaki dugumileri birlestir.

» Her adimda olusan alt kime agacinin agirligini guncelle.

= Tum dugumler birlesinceye kadar 2, 3 ve 4. adimlari tekrarla.




Ozellikleri

= Paralel islem glcunden yararlanabillir.
= Diger algoritmalara kiyasla daha hizli calisabilir.

= Zaman karmasikhgr O(E + V log V)'dir,
» E kenar sayisi,
= VV dugum sayisidir.




Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm

20

18

1/20/2023 Sercan KULCU, Tiim haklari sakhdir. 150




Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm
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Boruvka's Algorithm

D E
< 18

1/20/2023 Sercan KULCU, Tiim haklari saklidr. 160
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Boruvka's Algorithm

1/20/2023 Sercan KULCU, Tiim haklari saklidir. 163
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Reverse Delete Algorithm

= Tum kenarlari agirligina gore azalan sirayla sirala.

» En ylksek agirliga sahip kenari sil.

= Eger cizge hala bagli degilse, silinen kenari geri ekle.
= TUm kenarlar silinene kadar 2. ve 3. adimlari tekrarla.




Ters Silme Algoritmasi Ozellikleri

= Minimum kapsayan agaci bulur.
» Greedy (Acg0zlu) bir algoritmadir.
= Agirlik siralamasi yaparak kenarlari siler ve cizgenin bagliligini korur.
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Ters Silme
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Reverse Delete

= Asagidaki cizge verilsin. Sayilar kenarlarin agirliklarini gosterir.
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Reverse Delete

= En yuksek agirlikli DE kenari incelenir.
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Reverse Delete

» FG kenari ¢ikarilirsa cizge bagliligi bozuluyor mu diye kontrol edilir.
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Reverse Delete

= Bir sonraki en agirlikh kenar BD kontrol edilir.
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Reverse Delete

» EG kenari kontrol edilir, silinemeyeceqi gorultur. BC kenari incelenir.
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Reverse Delete

= EF kenari incelenir.
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Reverse Delete

= Silinecek baska bir kenar bulunamaz.

1/20/2023 Sercan KULCU, Tum haklari saklidir. 183




SON




