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MinaH 3aHATUMA

1. BxoxxgoeHna naTtTepHa B TEKCT. BepoATHOCTb
BCTPETUTb HE MeHee S BXOXXOeHNN B CIy4YaNHOM
TekCcTe OJIMHbl He MeHee N.

[BepHynnn. HMM - camocTodaTeIbHO]

2. PewweHne c noMmouwbio aBToMaTa Axo-Kopacuk.
HYTo MOXXHO NpnaymaTb?

3. lNepekpbiTUAa. AXo-Kopacuk. KHyT-Moppuc-lpaTT.
. ['pah nepekpbiTU.
. Pekypcun4a yepes ganbHue n 61m3kmne MHoXecTBa.
. OUeHKa CNoXXHOCTWU - Teopud

. OueHka cnoXxXHocTu - Tabnunuyebl.

. PackpblTne cekpeTa - Bbl4NTaHNE BEPOATHOCTEN.
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1. BBeaenme

‘x""‘ Pattern (motif) — set of words specifying functional fragments in
" biological sequences

Examples:
* TATA-box TATA(AIT)A(AIT) — 4 words of length 7

*Consensus of transcription factor binding site Antp (Drosophila)
ANNNNCATTA - 256 words of length 10

Example of occurrences of pattern TATA(AIT)A(AIT)

TTGT'I\'ATAAA'!'/ATATA)'G GACT G\TATATAP)GTG

1st occur. 3rd occur

2nd occur.



MocTaHoBKa 3a4aun

[aHo: Andhasut A
MartepH H = {h,,...,h}, AnnHBI M
NnnHa TekcTa L
Kon-Bo BXOXAOEHUWA S
BepoATHOCTHOE pacnpeaeneHne Ha At
Hantu: BeposaATHOCTb TOro, YTO CNyYanHbIA TEKCT A/INHbI L
COAIEPXUT HE MEHEee S BXOXAeHU natTtepHa H

TepMmun: P-sHavyeHue [P-value]



P-value

P-value is the probability to find at least S occurrences of
words from a pattern H in a random sequence of length N
generated according to a given probability model.

P-3HaueHne — mepa nepenpencTas/ieHHOCTU NaTTepHa B AaHHOM
doparmeHTe TekcTa.

Ecnu P-3HavyeHue p masno (= -log p Benuko),
TO 3TO HecnpocTa/



‘ H K.a.

& Mﬂeﬂ NeKapToBO npousBeneHne astomaTa Aut(H) v
}; ‘«aBTOMaTa-Leno4Ykn», KOTOpbIN AOoNyCKaeT BCe CNoBa OJINHbI
L

ECnn HY>XHO He MeHee S BXOXXOEHUWN - «MOMHUM>» CKOJIbKO
BXOXXOEHUN yXXe BblNo (K-BO COCTOAHUN YMHOXaETCA Ha S).

Ecnn Hy)>XHa BEepPOATHOCTbL - AeKapTOBO YMHO>XaeM Ha rpag
HMM, noTom pelwaem 3agavy bonbumaHa.

CToKM rpagha COOTBETCTBYIOT AOMYCKaIOWMNM COCTOAHUAM
aBToMaTa Aut(H) .
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Aho-Corasick trie

e CGTAC
S H:  ACCCA
e ACTGA

T OV(H) ={g, A, AC, C}




Time: ~L,
a He ~mL




Overlap graph
ACCCA, ACTGA, CGTAC

CGTAC
H: ACCCA
ACTGA

Regnier M., Kirakosian Z., Furletova E.I., Roytberg M.A. A word counting gpaph. // London
algorithmics 2008: theory and practice. 2009. P. 10-43.



Left overlap graph (LOG)

GTAC

Overlap graphs
ACCCA, ACTGA, CGTAC

Right overlap graph (ROG)




R and E-sets

E(n,s,h) ={T € Vn| T contains at least s occurrences of H &
& T ends with h}

R(n,s,h) = E(n,s,h) \ E(n,s+1,h)

Computation of E-sets probabilities is the main part

of the algorithm!



TeKCcTOoBble MHO)XeCTBa

% +B(ns)={Te W| T contains at least s occurrences H}

\‘E

N P-value is Prob(B(N,5S))

R(n,s,h) ={T € Vn| T contains exactly s occurrences of H &
& T ends with h}

Proposition Let n > m then

B(n,s) = B(n-1,s)-V U R(n,s,H)

Proof. Two cases are possible:

1) prefix of T of length n-1 contains at least s occurrences of H

2) T ends with s-th occurrence of H







