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GIRIS

Bir agac
O vve wdugum

ciftinden olusan basit
bir graftir

O viden w'ya tek bir yol
vardir

O dairesel bir yapi
icermez



Koklu Agac (Rooted tree)

root

Dugumlerinden biri kok
olarak (root) belirlenmis
bir agactir



Dugum seviyesi ve agacin

yuksekligi

T koklu bir agac olsun:
O Bir dugumun seviyesi, o dugumun /(v) root
bulundugu yerden agacin kokune
olan yolun uzunlugudur
O Bir agacin yuksekligi, o agacin
maksimum seviyeye sahip olan
didgumunun degerine esittir
h=max{I(v)}
v e V(T)

o Ornek:
= sagdaki agacin yuksekligi 3



Terminoloji

O Parent (ana/baba)
o Ancestor (ata) parent

0 Child (¢ocuk)
O Descendant (torun)

o Siblings(kardes digum) child
O Terminal vertices

uc dugum il

(ug digim) siblings

O Internal vertices
(ara dugum)
O Subtrees (alt agaclar)



Ara (internal) ve
Uc (terminal) Dugumler

int O En az bir gocuga sahip
olan dugumler ara
(internal) dugumlerdir

O Hig gcocugu olmayan
dagumler ug (terminal)
duagumlerdir

erminal termingl 0 Ornekteki agacta 4 adet

Internal ve 4 adet terminal

dugum mevcuttur

int

terminal terminal



Alltagaclar (Subtrees)

Bir T agacinin altagaci (subtree) T' olup
o V(T') < V(T) and
o E(T') < E(T)




Agaclarin Karakteristigi

Theorem

Eger T, n dugumlu bir graf ise asagidakiler
dogrudur:

a) T bir agactir

b) T baglantili (connected) ve acyclic
(“acyclic” = dongu mevcut deqil)

c) T baglantili ve n-1 kenara sahiptir
d) T acyclic ve n-1 kenara sahiptir




Ikili Agaclar (Binary trees)

Bir ikili agacta, her bir dugum
en fazla iki cocuga sahiptir. Bir
duagum 0,1 veya 2 cocuga
sahip olabilir




Binary Tree -- Ornek

* Ais the root.
* B is the left child of A, and
C is the right child of A.

* D doesn’t have a right child.

* H doesn’t have a left child.
B, F, Gand I are leaves.
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Binary Tree — Matematiksel ifadelerin Gosterilimi

a-b a-bl/c (a—b)=xc

© © 0
0.0 O @ oG

(

O O © O
(b) (c)
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A
B

C C
D

F

E F G

F

G

(a) (b) (c)

Ayni digim sayisina sahip, farkli yiksekliklerdeki Ikili Agaclar
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Ayni diigiim sayisina sahip farkls Tkili Agaclar

n=0 = empty tree

=1 > . (1 tree)

n=2 = / \ (2 trees)

n=3-)/ < /\ > \\ 5 trees)
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Tam Ikili Agac (Full binary tree)

Bir full binary tree ‘de ug
dugumler haric her
dugum iki cocuga
sahiptir.




Tam ikili agac (full binary tree)'da :

* tadet ugc dugum varsa agacin
yuksekligi Ig(t)<h

* i adet ara dugumu varsa (i+1) adet
uc dugumu vardir

* [ adet ara dugumu varsa toplam
diagum sayisi (2i+1)

=Ornek: k = 4 internal vertices (a, b, ¢ ve f) ve
5 terminal vertices (d, e, g, h and i)
toplamda 9 dugum




Ikili Arama Agaclar
(Binary Search Trees)

o Veri digimlere yerlestiriliro Ornek: "Computers

: : < are an important
O Verl alfa_l:_)etlk S__Ifqda__agaca technological tool"
yerlestirilir. Dugumun sol

tarafindaki vVerli, o)

dugumdeki veriden daha

kucuktur [COMPUTERS|
O Ve dugumun sag

ARE IMPORTANT |

tarafindaki veri de o /
dugumdeki veriden daha & %m
buyuktur \

TOOL




Dengeli Agac (Balanced Tree)

Yuksekligi h olan bir agacin yapraklarinin seviyesi h
veya h-1 ise dengeli agac adini alir

Dengeli agac Dengesiz agac



Ornek : Binary Search Tree Olusturma
1 3 4 5 6 10 16 17 19

e i,
s,







Binary Search uygun sekilde verilmis olan 23 13 19 47 11 43 7 29 52
diziyi belirli bir kurala gore bir agaca yerlestirelim.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
23113 147/11119/43.5217 | | (29 | |



Agacin Dugumlerinin Listesi
(Tree Traversals)

O 1: Pre-order traversal
(onden siral)

O 2: In-order traversal
(icten sirali)




devam....

O 3: Post-order traversal
(sondan sirali)

O 4. Reverse post-order
traversal (ters onden sirali)



‘ Pre-order rT,T,... T,

OO
<) G (o GO

abejknopfcdglimhi



‘ In-order T,r T,... T,

OO
<) G (o GO

jenkopbfaclgmdhi



‘ Post-order T, T,...T,r

OO
<) G (o GO

jnopkefbclmghida



Aritmetik Ifadeler

O Standart: infix formu
(A+B) * C—-D/ E

O Tum parentezli form (in-order
& parenthesis):

(A+B)=*C)-(D/E))

O Postfix formu (Polish
notasyonunun tersi):

AB+C=DE/-

O Prefix formu (Polish
notasyonu):

-*+ABC/DE




Huffman Kodlar (Huffman Codes)

O Sol taraftaki agaci kullanarak rate kelimesini kodlarsak
001 000 011 100

O Sag taraftaki agaci kullanarak rate kelimesini kodlarsak
11 000 001 10



HUFFMAN KODLAMA

Elimizde a, e, k, I, m ve z sembollerinden sirasi ile 25, 14, 8, 7, 4 ve 2 adet olsun.
Her bir sembol icin Huffman kod degerini bulalim.

Adim 1: Sembollerin kullanim sikliklari kugukten buytuge dogru siralanir.

2 4 7 8 14 25

Adim 2: Siklik degerleri, soldan baslayarak siradaki iki siklik degerinin toplamlarinin
siralamay! bozmayacak sekilde diziye yerlestirimesi ile devam edilir.

2 4 6 7 8 13 14 -21 25 -35 -60

Toplam degerleri kirmizi ile gosterilmigtir. Eksi deger bir ara toplam oldugunu soyler.

n tane sembolimuz varsa, genisletiimis dizimiz 2n-1 adet olacaktir.



Adim 3: En sondaki eleman Huffman kodlama agicinin kok degeri olacak sekilde
ikili aga¢ seklinde diger elemanlarda agaca belli bir kural ile yerlegtirilir.

Bir sonraki (2n-2) degeri agacin sol dalina, (2n-3) degeri de sag dalina yerlesir.

-60

7

25 degeri “a” sembolun siklik degeri olup, bir yapraktir.
-35 ise bir ara dugumdur. Agac bu dugum uzerinden olusturulmaya devam edilir.






Huffman Kodlama Agacinin son durumu




Huffman Kodlama Agacinin yapraklarina sembolleri yerlestirelim.

4
@



Adim 4: Agacin dallarina Huffman kodlarini olusturacak olan 1 ve 0 degerlerini
yerlestirelim. Sol dal igin 0, sag dal igin 1 degerini yazalim.




Spanning Trees

Verilen G grafinda, T bir spanning tree
Ise;
T,
0 G grafinin bir subtree’sidir
ve ¢
0 G grafinin butun dugumlerini

icerir



Farkli Spanning Trees

I 3 g O e
R g G I



Spanning tree olusturma
yontemleri

i |
0 Breadth-first search

method

O Depth-first search
method (backtracking)




DFS (Depth First Search — Derin Oncelikli Arama)
Ziyareti kOk digumden baslatir ve gidebildigi en uzak digume kadar gider.

Tum dugumler ziyaret edilene kadar islem tekrar edilir.

Stack-y1gin veri yapisini kullanir.

Adim

Output : A-D-F-H-B-E-C

Islem

Push(A)
Push(D)
Push(F)
Pop()
Pop()
Push(H)

Pop()

Push(E)
Pop()
Push(C)
Pop()
Pop()
Pop()

Stack

A
D-A

F-D-A

B-A
C-B-A
B-A
A

Cikan

> W Q0

Output



BFS (Breadth First Search — Genis Oncelikli Arama)

« Dugumleri seviye bazinda ziyaret eder.

« Kok dugumden baslar ve dugumleri duzey duzey ziyaret eder.

» Bir sonraki seviyeye gegmeden once bulundugu seviyedeki tum dagumleri ziyaret eder.
* Queue-kuyruk veri yapisini kullanir.

Adim  Eklenen Cikan Kuyruk Output

StartA 1 A - A A
2 B-C A B-C B-C
3 F B C-F F
4 E-D C F-E-D E-D
S - F E-D -
6 - E D -
7 H D H H
8
9 - J - -

Output : A-B-C-F-E-D-H-J



Minimal spanning trees

Verilen agirlikh bir G grafinin

Minimal spanning tree’si

0 G grafinin spanning tree ‘si
olup (tum dugumlerden gegilmisg) ,

o Agirliklar toplamida minimumdur

1.




Ornek : PRIM Algoritmasi

1100 100 300 600 1000 400

2 1100 O M M M M 900
3 100 M 0 M 500 M M
4 300 M M 0 M 700 M
S 600 M 500 M 0 200 M
6 1000 M M 700 200 O 800
7 400 900 M M M 800 0




1000 400mm) 1
M M M M 900 2
0 M 500 M M =D 3
M 0 M 700 M ==) 4
500 M 0 200 M 5

M M M 800 0 7

- | O @ 600 1000 400y 1
2 1100 M M 900 2
=) 3 10 500 M M =) 3
4 300 M 700 M mm 4
5 6 0 200 M 5
6 1000 700 200 0 800 6
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.
[vonag | [Tottor |
Chiz | wadayama
[Tﬂy_ama Fukuc_h_i}rama

[rimei [

Okayvama kakogawa Lﬁkashi_i Ozaka

Tu_kushima

Applet written by Foenji Tkeda
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.
[Yonago [Tottori
Chizy [ Wagayama
o]
[Tsuy_ama Fukuchiyama

[vimei | [

Okayama Kakogawa |_Akashi_i Qsaka

Takushima

n

<

£r

Applet written by Kenji Tkeda

[ [ [ |4 nternet
J @the shortest .. ”@Prim's algor... é;HELP | @JUNG Derna: ., |Miu:ru:usu:||"t P, |QE'E@ @@ e e 20033

E' Spplet Prim started

;mﬁtart| | ] & i B
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.
[Yonago [Tottori
Chizy [ Wagayama
o]
[Tsuy_ama Fukuchiyama

[vimei | [

a5
Okayama Kakogawa Osal-fa
140 ]x
140 85
0
Applet written by Kenji Tkeda ﬁ
Fe.
2] Applet Prim started [ [ [ |4 nternet
R 5tart| | ] & & »|| & the shortest ... ||@prim's Algor... wpHELP | & 720MG Dema: .. | [ElMicrosoft Pow... JBrO&EES 205
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.
[Yonago [Tottori
Chizy [ Wagayama
o]
[Tsuy_ama Fukuchiyama

[vimei | [

a5
Okayama Kakogawa Blkashi Osal-fa
140
140 85
0
Applet written by Kenji Tkeda ﬁ
Fe.
2] Applet Prim started [ [ [ |4 nternet
R 5tart| | ] & & »|| & the shortest ... ||@prim's Algor... wpHELP | & 720MG Dema: .. | [ElMicrosoft Pow... JBrO&EES 205
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.
[Yonago [Tottori
Chizy [ Wagayama
o]
[Tsuy_ama Fukuchiyama

[vimei | [

Okayama 19
140 ]‘x

19
140 85

n

<

Applet written by Kenji Tkeda

i
2] Applet Prim started [ [ [ |4 nternet
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Java Applet Demo of Prim's Algorithm
Click on the below applet to find a minmum spanning tree.
@nagn |l:|’rt_|:|ri
Zhizu Wadavama
Miimi |
Tsuyama Fukuchﬂrama
| Hime [ Kyota
85
Dkayama Kakogawa |—19 39—| Dszaka
140 19 349
140 85
Tokushima
0
{

Applet written by Keng Tkeda

@‘] Applet Prir started

Mstart ||| 1] & S »|| &the shortest ... |[&prim's Algor... pHeLP

| @JUNG Dermnal ... | Micru:usu:uFt Pow...,

-

l_ l_ ’_ |4 Inkernet
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.
[Yonago [Tottori
Chizy [ Wagayama
]

126

[Tsuyama Fukuchivama

Okayama
140

140

n

<

£r

Applet written by Kenji Tkeda

[ [ [ |4 nternet
J @the shortest .. ”@Prim's algor... é;HELP | @JUNG Derna: ., |Miu:ru:usu:||"t P, |QE'E@ @@ e e 20036

E' Spplet Prim started

;mﬁtart| | ] & i B
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori

Chizy [ Wadayama
[

126

[Tsuyama Fukuchivama

Hirmeji 126 [ Kyota |
% 12

Okayama
140

g
140 a5
1]
Applet written by Fenji Tkeda ﬁ
F
2] Applet Prim started [ [ [ |4 nternet
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori
ala] Gy
Chizu Wadayama
Miimi |
100 126

Tsuyama 65 BY Fukuchivama

100

26
a5
Okayama 19 39— 0saka |
20 14 a4
g5
0
Applet written by Kenji Tkeda ﬁ
i
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori
ala] Gy
Chizu Wadayama
Miimi |
100 126

Tsuyama 65 BY Fukuchivama

100

26
a5
Okayama 19 39— 0saka |
26 14 a4
g5
0
Applet written by Kenji Tkeda ﬁ
i
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori
ala] Gy
Chizu Wadayama
G5 126

Tsuyama 65 BY Fukuchivama

G5
26
a5
Okayama 19 33— Osake]
14 a4
85
]
Applet written by Kenji Tkeda ﬁ
i
2] Applet Prim started [ [ [ |4 nternet
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori
ala] Gy
Chizu Wadayama
G5 126

Tsuyama 65 BY Fukuchivama

G5
26
a5
Okayama 19 39— Osaka
14 a4
g5
0
Applet written by Kenji Tkeda ﬁ
i
2] Applet Prim started [ [ [ |4 nternet
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori
ala] Gy
Chizu Wadayama
G5 105

Tsuyama 65 BY Fukuchivama

30
G5 104 kiyoto
26 30
a5
Okayama 19 39
14
85
0
Applet written by Kenji Tkeda ﬁ
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Java Applet Demo of Prim's Algorithm

Click on the below applet to find a minimum spanning tree.

[Yonago [Tottori
ala] Gy
Chizu Wadayama
G5 105

Tsuyama 65 BY Fukuchivama

30
B5 105
26 30
a5
Okayama 19 39
14
g5
0
Applet written by Kenji Tkeda ﬁ
bt
2] Applet Prim started [ [ [ |4 nternet
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Kruskal’s Algorithm

o Adim 1: Graftaki en kuguk
agirlik degerine sahip
kenari bul (eger birden
fazla varsa rastgele birini

seg)

0 Adim 2: En kucuk
degere sahip bir sonraki
kenari bul ancak kapali
bir dongu olusturmasin

2 Adim 3: Graftaki her bir
dugumu dolasana kadar
adim-2 yi yap

n dugum icgin n-1 kenar secilmelidir
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Karar Agaclar (Decision trees)

Karar Agaclari, bir Binary Tree olup bir olayin
sonuclandiriimasinda sorunun cevabina gore
hareket ederler. Binary Search, Hileli paranin
bulunmasi ornek olarak verilebilir




Tumevarimsal Sonu¢ Cikarim
(inductive inference) i1¢cin kullanilan
en popiiler yontemlerden birisi

Karar Agac’laridir (Decision Tree)



Karar Agaci Algoritmasi

icerik

v

siniflandirma



FIVE-COINS PUZZLE

*Gorunusgleri birbirinin ayni olan 5 paradan biri sahtedir.

*Sahte olan para digerlerinden daha agir veya daha hafif
olabilir.

*Karar agacini kullanarak hangi paranin sahte olduguna
karar veriniz

*Sahte olan para digerlerine gore hafif midir yoksa agir
midir?

KARAR ??7?7?






Play Tennis ?????

Day Outlook Temperature Humidity Wind PlayTennis

1 sunny hot high weak no
2 sunny hot high strong no
3 overcast hot high weak yes
4 rain mild high weak yes
5 rain cool normal weak yes
6 rain cool normal strong no
7 overcast cool normal strong yes
8 sunny mild high weak no
9 sunny cool normal weak yes
10 rain mild normal weak yes
11 sunny mild normal strong yes
12 overcast mild high strong yes
13 overcast hot normal weak yes

14 rain mild high strong no



Ozelliklerden biri kok secilir
(outlook, temp, huminity, wind)

high (1,2,3,4,8,12,14) ! !normal(5,6, 7,9,10,11,13
weak (1,3,4, SMW,M) weak (5,9,1 ! !3) I\ strong (6,7,11)

SN SN ]

sunny o ercast miny SUnny overcast ramysunny overcast rainy sunny overcast miny
(L8 G @ a4 9 (A3 100D () (6)
[NOJ  [YES] [YES] NO] [YES] [NOJIYES] [YES] [YES][YES] [YES] [NO]




Karar Agaci 1y1 bir ¢oziimdiir
ancak

optimum degildir

optimum bir karar agacinin olusturulmasi
i¢cin bir kuralin olmasi gerekir



Information Gain (maksimum kazang)

Entropy(S) = P« 1082 Pe-P, log2 P,
Biitiin ornekler ayn1 sinifa ait 1se E(S)=0 (homojen)

Biitin ornekler siniflara esit dagilmis 1se E(S)=1 (heterojen)
1.0

Entropy([9+,5-] = 0.940
Entropy([7+,7-] =1

Adonyud

0.0 1.0



A 0zelliginin, S 0rnegi 1¢in kazanci (information gain)

Gain(S,A) = Entropy(S) -Z P(v) Entropy(S(v))

v: Values of A
P(v) = |S(v)| /[S]



S:[9+,5-]

E =0.940
Gain(S,wind) = ? Wind
Gain(S,huminity) = ?
Gain(S,temperature) = ?weak strong
Gain(S,outlook) = ?
(6+,2-] 3+ 3-]

E=0811 E=1.0
Gain(S,wind)

= 0.940 — (8/14)[-(6/8)log,(6/8) — (2/8)log,(2/8)]
—(6/14)[-(3/6)10g,(3/6) — (3/6)l0g,(3/6)]
=0.048



Gain(S,wind) = 0.048
Gain(S,huminity) = 0.15

Gain(S,temperature) = 0.029

Gain(S,outlook) = 0.246



outlook

sunny _“overcast rainy
[+2,-3] [+4,-0] )
s YES )
S sunny:[+23'3]
E(sunny)=-(2/5)log,(2/5)-(3/5)log,(3/5)=0.97
Gain(S sunny,huminity) =7

Gain(S

)="?
sunny,temp .

Gain(S

sunny,wind) =7



ain(S ) = 0.97-(2/5)[-(2/2)l0g,(2/2)-(0/2)log,(0/2)]

-(3/5)[-(3/3)l0g,(3/3)-(0/3)log,(0/3)]

sunny,huminity

= 0.97
Gain(s sunny,wind) =0.019
Gain(s sunny,temp) — 05 7



outlook

rainy
(1,2.8,9.1 ]}?unny overcast (4,5.6,10,14)
) (3,7,12,13) [+3,-2]
[+2,-3] [+4]-0]
huminity YES ?

normal
(9,11)
[+2,-0]




Ayni 1slem

Gain(S =7

rainy,huminity)

Gain(S

. )=7
ramy,temp :

Gain(S

rainy,wind) =1

bulmak 1¢in yapailir.



outlook

rainy
(1,2,8,9 szunny overcast (4,5,6,10,14)
,2,0,9, (3,7,12,13) [+3,-2]
[+2,-3] [+4]-0]
huminity YES wind
strong weak
normal (6,14)

[+0,-2] (4,5,10)

[*3.-0]
YES

(9,11)
[+2,-0]




nydavidiua DCIILCIIIN
(lIsomorphism

Verilen iki agag T, ve T, olsun T1
a T, ve T, isomorphic dir /Q

O Bire-Bir ve orten fonksiyon
ozelliklerini gormemiz gerekir

]

o T, ve T, birbirlerine ¢gok yakindir



Koklu Agaclarda (Isomorphism)

T,veT,,r,ver, kok degerine sahip koklu iki
agac olsun. Eger

O Bire-Bir fonksiyon ozelligi mevcut ise
f: V(T,)—> V(T,)
Ornek:

a T, ve T, koklu bir agag olarak

iIsomorphic ry

T.1 fz



Devam...

Ornek: asagidaki iki agac
2 iIsomorphic koklu bir agac olarak
2 not isomorphic binary tree olarak

r

1 Fa



Ozet...

Agaclarda 3 c¢esit isomorphism vardir
2 Agaclarda Isomorphism

2 Koklu agacglarda Isomorphism

2 Binary Tree'de Isomorphism

r1 \"2
/\

Two binary trees
iIsomorphic as rooted frees,
nhot as binary trees



Agaclarda Non-isomorphism

0 Cogu zaman iki agacda not isomorphism oldugunu
gostermek agaclarda isomorphism oldugunu
gostermekten daha kolaydir

o Iki agac arasinda isomorphism aramak icin asagidaki
sartlarin olusmasi beklenir

= Dugum sayilari ayni olmali

Kenar sayilari ayni olmali

Karsilikli dugumlerin dereceleri ayni olmali
Kokten koke esleme yapilmali (rooted tree)

H
H
H
= Cocuklarin(child-leave) pozisyonlari ayni olmali (binary tree)



Koklu Agaclarda Non-isomorphism

0 En tepedeki dugumu kok olarak kabul edersek dugum ve
kenar sayilari esit olsa bile bu koklu agaclar
non-isomorphism dir

0 Koklu agag ozelligi verilmeseydi, 1 ve 2. agag, 3 ve
4.agac¢ kendi aralarinda isomorphism olacakti

NA

(1,1.1.3) 113 (1.1.2.2) (1,1.2.2)




Binary Tree'lerde Non-isomorphic

Theorem

0 n dugumlu, C(2n,n) / (n+1) adet non-isomorphic
ikili agag(binary tree) vardir, n >0

\.\- N A _f./ ./'_

N

5 nonisomorphic binary trees
with 3 vertices



