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> Minimum Edit Distance



Agaglarin Bagl Yapisi
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ifade edilen bir nesnedir.

“*Her bir baglanti (edge) igin, birer
baglant bilgisi tutulur.

‘Nesne/Deger (Element)
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Metin agaglari (TRIE)

Trie agacinin ismi retrieval kelimesininin [3..6] arasindaki harflerinden
olusmaktadir.

Bir agacin iizerinde bir metin (string, sozliik, ...) kodlanmak isteniyorsa TRIE
agaglari tercih edilir,

= Igili metni veren agacin iizerinde izlenebilir tek bir yol vardir.
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= Metin agaglarinin en onemli avantaji, bir metni ararken metinin boyutu
kadar islem gerektirmesidir .

= Agagta ne kadar bilgi bulundugunun 6nemi yoktur.

» Hafizay! verimli kullanirlar. Trie agacinin en derin noktasi, agag tzerindeki
en uzun metin kadardir.,



String kiimesinin TRIE zerinde gosterilimi
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Sikistirilmis TRIE




.I E)rnek: A, E. |, P, R harflerinden olusan bir trie
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Wﬂék_: A, E, |, P, R harflerinden olusan bir trie (kullaniimayan alanlarin
silinmis durumu) A ETRPR

EEVEFR R




H)rnek: A, E, |, P, R harflerinden olusan bir trie’in binary tree olarak gdsterimi
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Suffix Tree

> Suffix Tree (Sonek Agaci) kelime isleme
algoritmalarindandir

» DNA  dosyalari  gigabyte  seviyesinde vyer
kapladiklarindan DNA analizinin elle yapilmasi mimkin
degildir. Hatta, DNA dosyalarinin bilgisayar yardimiyla
islenmesi de ¢ok uzun sirmektedir.

> Biyolojik veriler, arama motorlari, derleyici
tasarimi, isletim sistemi, veri tabani, vs... kullanilir.



Suffix Trees

Substring bulma problemidir...

* Verilen text m uzunlugunda bir string (S)
S icin harcanan zaman O(m)
* Bulunmasi istenen string Q olup, n uzunlugunda olsun

« Q'nun S icerisinde aranmasi i¢in harcanan zaman O(n)

Suffix Tree ler kullanilarak bu problemi ¢ozebiliriz.



Suffix Tree'nin Tanimi

m uzunlugundaki bir S string igin T suffix tree asagidaki 6zelliklere
sahiptir:

« Kokld bir agagtir ve yonlidir

*lile m arasinda etiketlenmis m yaprag: vardir

* Agagtaki her bir dal S string nin bir alt stringini olugturur

« Kokten, i. yapraga kadar etiketlenmis bir yol lizerindeki kenarlar
birlestirilebilir

ceo\seoo .o

ee\Seo



S=abab

S string'inin suffix tree'si, S'nin biitiin suffix'lerini
sikistirilmis bir trie de tutsun. $ sembolii ilgili suffix'in
sonhunu gostersin.

b$
ab$
bab$
abab$




Suffix Tree'nin olusturulmasi
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Herbir yaprag: etiketleyerek nerden erisecegimizi biliriz.




Longest Common Subsequence

A subsequence of a string S, is a set of characters that appear in left -to-
right order, but not necessarily consecutively.

Example
ACTTGCG

* ACT, ATTC, T, ACTTGC are all subsequences.
- TTA is not a subequence

A common subequence of two strings is a subsequence that appears in both
strings. A longest common subequence is a common subsequence of maximal
length.

Example
S51= AAACCGTGAGTTATTCGTTCTAGAA
S2 = CACCCCTAAGGTACCTTTGGTTC

S1= AAACCGTGAGTTATTCGTTCTAGAA
S2 = CACCCCTAAGGTACCTTTGETTC

LCS is ACCTAGTACTTTG
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LCS — Length(X,Y)
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3 fori—1tom
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Longest Common Substring (of two strings)

S aab#
S, abab$




Longest Common Suffix

LCSuff (S1.p, T1.q) = { ]

Ornek :"ABAB" ve "BABA"

Lcsuﬂ(sl..]?—lj Tl..qr—l} + 1 if S[p] — T[q]

otherwise

function LCSubstr(S[1..m], T[1..n])
L :=array(l..m, 1..n)
z:=0
ret ;= {}
fori:=1..m
forj:=1.n
if S[1] = T[j]
ifi=lorj=1
L[1j]:=1
else
L[1j] :=L[1-13-1]+1
if L[1,j]>z
z :=L[1,]]
ret ;= {}
ifL[1,j]=2z
ret :=ret U {S[1-z+1..z]}
return ret

Dinamik Programlama kodu



Minmmum Edit Distance

¢ Is the minimum number of editing operations
needed to transform one nto the other
— Insertion
— Deletion
— Substitotion

« Many applications in string
companson/alignment, e g spell checking.

-machine translation. biomnformatics, etc.



Minimum Edit Distance

INTE+«NTION
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* If each operation has cost of 1
— Dastance between these 15 5

« If substitutions cost 2 (Levenshtein)
— Dastance between them 15 8



Minmmum Edit Distance

One possible path
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Detining Min Edit Distance

= For two strings S; of len s, S, of len m
— distance(7,7) or D(i,j)
+ means the edit distance of S;[1..i] and S,[1.j]

¢ 1e._ the mimimum number of edit operations need to

transform the first 7 characters of S, mto the first j
characters of S,

* The edit distance of S;. S, 15 D{(n,m)
= We compute D(n,m) by computing D(7,j) for all
(0<i<n) andj(0<j=<m)
= Note the index associated with the source/target
string: first 1s source and second 1s the target



Detfining Min Edit Distance

* Base conditions:
—D(i.0)=1 /* deletion cost™/
—D(0j) = /* insertion cost™/

— Recurrence Relation.

(D(i-1.j) + 1 /* cost for deletion*/
— D(ij) =min¥ D(13-1) + 1 /* cost for insertion*/
D(1-13-1) +| 2; 1f 5;(1) # S5(p)
‘ 0; if S1() = S())
/* cost for substitution */




Dynamic Programming

* A tabular computation of D(n.m)

* Bottom-up
— Compute D(1,) for smaller 1

— Increase 1, | to computer D(1,)) using previously
computed values based on smaller indexes.
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Adding Backtrace to MinEdit

* Base conditions:

- D=1
— IO =j

* Recurrence Relation:

- D) =

] D{13-1)+ 1 LEFT

D-15)+ 1 DOWN

D(i-1j-1)+ | 1: if S,(1) £ S,()
0; 1f 5,(1) =5,(3)
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MinEdit with Backtrace
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MinEdit with Backtrace

| B[] 9= 10— 10 71 12] |

| T|r=1 8] =1 9L=1 10L—| 11] =
| 6| A= T| =B =9 : e 10
A0 LT LB ~ 10} 11

14|, 5] |6

-4

TETRITY IS TN . N ) I R
L




Performance

* Time: O(nm)
» Space: O(nm)
« Backtrace: O(n+m)



