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Motivation

Detecting repeatsin long biologicalsequences.
J

Adaptedindexstructure.
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Notations

y is a sequencef length n on the
alphaltet A.
$ is a terminatar symtol.

Sux tree

@ indexstructure;
o all substringsreresented;

@ edgeslabeled(begin position,
length);

o leavesrepresentsu xes.

Sux tree of tata$
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Ukkonen's algorithm

@ On-linealgaithm

@ Constructionsplit into n phaseswhich are alsosplit into
extensions.

o During the phasei, constructionof the implicit tree of y[0::i]
from the oneof y[O::i 1]

@ During the extensionj of the phasei, the sux y[j + 1:i]is
addedto the tree.

o The last addedsubstringisw = y[j + 1 1].
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The 3 rules

Ukkonen'salgaithm is basedon 3 rulesexpessedby Gus eld!:

7

w=y[j+1...i-1] )

7
’
7
’
7

L Algorithms on Strings, Treesand Sequences Computer Scienceand
Computational Biology, Camtridge University Press,1997
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Ukkonen'salgaithm is basedon 3 rulesexpessedby Gus eld:

wyli]=y[j+1...i] //
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The 3 rules

Ukkonen'salgaithm is basedon 3 rulesexpessedby Gus eld:

x vl
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The 3 rules

Ukkonen'salgaithm is basedon 3 rulesexpessedby Gus eld:
Rule 3

wyfilx
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Some properties

o leavesare addedin increasingorder;
o rule 1 doesnot needany treatment;

o phasei beginsat the extensionj- + 1, wherej- is the number
of the last createdleaf;

o phasei endsat the rst extensionj > |- suchthat rule 3 is
applied.
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@ Alternative data structure to
Su Xx trees

@ sameinformation in reduced
space

@ introducedby K. Monostai in
2001
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Su X vectors
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Intro duction to sux vectors

De nition
A successiomf boxeswhoselines
contain:

o the depth of the node;
@ the natural edge;
o the edgelist.

The root is a specialbox.

Notations

- Bj: box at positionj iny,

- The natural edgeof alinein B; is
the end position of the edge
beginningby y[j + 1].

| \
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Example

tatt is a substringofy ?

The root containsthe edge(2;1)
beginningby t leadingto B».
The edge(5; 1) by a leadsto Bs.
The natural edgebeginsby tt .
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Su X vectors
Root ©0;1 (@1 (13; 1)
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a a t atttattas
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A group of nodes is a set of nodeswhich are in the samebox and
haveexactlythe sameedges.




Intro duction Sux Vectors Computing maximal repeats

Conclusion
00000 000@00000

Compact su x vectors
3 rulesof compactionof a box:

Rule A the node with depthd 2 hasthe sameedgesasthe
node with depthd 1,

Rule B the node with depthd 1 hasthe sameedgesasthe
node with depth d and someextra edges,

Rule C the node with depthd 3 hasdi erent edgesto the
node with depthd 2.

RuleC d3
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On-line construction of a compact vector

Monostori _ Monostori _
extended vector compact vector
O(n) O(n) 6
Prieur, Lecrog
O(n)
Fasterand more spaceeconomicalconstruction. J
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On-line construction of a compact vector

Proposition

When an edgeis addedto the node w of depthd in a box By, this
edgewill be addedto all the nodesin B, of depth smallerthen d
in the group of nodesof w.

p+1 j i
v | o] v [] [faf v []
- = %W
w
p'+l ] i
y o] v [] [[a] v T[]
— %‘N
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Skipk 1 extensionswherek is the number of the nodesin the
groupinto the edgeis added.
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De nition

A maximalrepeat in a string is a substringsuchthat there exist at
least2 occurrences ajub; and a,uby, with a; 6 ay, by 6 b, and
ai;az; ;b 2 A.

Example

y =aattta ttta tta $
tta is a maximalrepeat at positions5 and 12.
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The deepest node of eachgroup of nodesrepresentsa maximal
repeat.
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Example

BoxesO0, 2, 5 et 7 are reduced:

a, t, tta, atttatt are maximal
repeats.

Box B3 is extendedthe 2 lineshave
di erent edges:

att, tt are maximalrepeats.
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More economicalkonstructionof the compactsu x vecta. J

Linea methad to compute maximalrepeatswith a compactsu x J
vecta.
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