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TexVIKEC Slaxelploncg —
AAyoplOpoL eUpeoNC MPOTUTIWVY



Alaypappa YANG

A’ Mépog

- KepaAawo 1o: Eloaywyn otn xprion aAyopiBpwyv yla amoteAeopatikr dtaxeiplon
Kol artoBrkevon cupBoAlooelpwy (strings)kat akoAouBLwv BLodoylkwv SedopEVwv.

- KedpaAawo 20: AAyopBuot akplBouc talplaopatog npoturmou (Boyer-
Moore,Knuth-Morris-Pratt,Shift-Or, MoAAamAwv MNpotunwv).

- KepaAawo 30:Elcaywyn oto évtpo emBnuatwy (suffix tree) kat otig epappoyEC
TOoU.

- KepaAawo 40:AAyOpLBLIOL TTPOCEYYLOTIKOU TALPLACUOTOC TIPOTUTIOU KAl OTOLXLONC
oupBoAoospwyv/ akoAouBuwv (Sequence Alignment).

- KepaAawo 50: AAyoplBuol eupeonc os Baoelg Asdopevwyv akoAouBlwv (FASTA,
BLAST, PROSITE)



B’ Mépog

KegpdaAaio 1o0: H OswpnTikl Baon tou Mopiakou 2xediaouou
KegpdaAaio 20: Mopiakd MovtéAa kai Bioxnuikr NMAnpogopia
KepdAaio 3o0: H Bao1{buevn otn Aoun 2xediaon Papuakwyv
Keg@daAaio 40: AvolkTa INpofAnuara

I’ Mépog

TexVIKEC kKaTnyoplotToinong BioAoyikwy dedouévwy (Clustering

Techniques) pe oko1to TNV TTPORAEWN TG CUUTTEPIPOPAC
BioAoyIKWwV Popiwv.



Texvikec Avaluonc kar Zuykpionc AkoAouBiwv
BioAoyikwv Asdopevwv

Napadeiypata Baoswv Asdopevwv BioAoyikwv
AKOAOUBIWV

Baoikoi Opiopoi

To npoBAnHa Tou akpifoug TaipIAoHATOq
NPOTUNOU

— AnAoikny MgBodoc

— AAyOpiBuoc Boyer-Moore

— AAyopiBuoc Knuth-Morris-Pratt

— AAyopiBuoc Shift-Or/Shift And

— To AutopaTto Aho-Corasick

Eqpapuoyec o MpoPAnuaTta Mopiaknc BioAoyiac



BloAoyikec Baoelc Asdopevwy
(tnyn: Wikipedia)

O Tlevikeupéveg (Generalised) 1 Apxetakec (Archival) BloAoyikég Baoelc Sedopévwy. Alakpivovtal oe:

- Mpwrtoyeveic Baoelg Sedopevwv akoAouBwwv (Primary Sequence Databases). MeplExouv
VOUKAEOTLOLKEG KOl OLLVOELKEG OlKOAOUBLEC o YOVISLW AT OPYAVIOUWV TIOU ELTE £XOUV
anokpurntoypodnOel mAnpwg eite

- Baoelg Sedopévwv IOV TIEPLEXOUV TPLOOLACTATEG SOUEC VOUKAEIVIKWY OEEWV KOL TIPWTEIVWY
(GENBANK, EMBL-Bank, DDJB, Swiss-Prot, PIR-PSD)

O Asutepelouosg (Secondary) BLvovLKeq Baoelg éeﬁouevwv TIOU TTPOKUTITOUV OO 0VAAUGH TWV
SebopEVwyY TOU glval amoBnKeVHEVA OTLC OPXELOKEC BLOAOYLKEG Baoelg SeSopEvwy Kol
Slakpivovtal o€:

v Agutepeovoeg BA akoAouBuwv DNA kot mpwTteivwy IOV TIPOKUTITOUV aTto TIG Baolkég BA
akoAouBLwv Kot mepthapBavouv

(a) BA akoAouBLwv oTLG oTtoleG Exouv armopakpuvOel ol akoAouBieg mou €xouv amobnkeutel
TLEPLOCOTEPEC ATO pia dopEg

(B) BA ou kataypddouv petalAayEg R mapaAlayeg otig akoAouBieg DNA kal TpwIEVwV

(v) FovuSquarLqu BA mtou eite opadomnolovv ouyyevn A OXL MANPWG arokpumtoypadnuUeva
yoviSlwpata £ite aoXoAoUVTOL LE YOVISLWHUATO OPYOVIOHUWY HOVTEAWY



v BA 1tou aoyoAoUVTaL HE TIG LEPAPXNOELS n/kow OUOXETIOELG HeTay Blopopiwv
OTIWG OLKovevsqu TMPWTEIVWVY, KOWEC SOUEC TPWTEIVWYV Kowva poTifa akoAouBlwv DNA
KOLL TIPWTEIVWV.

LEEs1dikeupévec B.A., Katnyopla otnv onola avkouv:

v B.A. pkpoouoTtoLLwV Tou TteplAapBavouv Anpodoplec yia tnv kdppaon
yoviSilwv Kal TpwTeivwv

v B.A. MeTABOAKWY LOVOTIATLWY TIOU TIEPLEXOUV TTANPOPOPLEC YLa TLC XNULKEC
AVTLOPACELC TIOU TIPAYHLOTOTIOLOUVTAL OTO KUTTAPO

LBBALoypadkéc Brodoyikeg Baoelg Sedopévwy
LBloAoyikec Baoelg Sedopevwy LoTooeAbwv Tou mephapBavouv:
v B.A. mou nepthapBavouv we eyypadec BloAoyikeg BAoeLg

v JuvdEopouc peTaL BloAoylkwy Baoswv dedopevwy.
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MNapadeiypaTta Baocswv BioAoyikwv
AedOEVWV

GenBank: NCBI (http://www.ncbi.nlm.nih.gov)
PIR: Protein Information Resource (http://pir.georgetown.edu)

Swiss-Prot + TrTEMBL.: Swiss-Prot.ntm (http://tw.expasy.org/sprot/)
PROSITE: Prosite (http://tw.expasy.org/prosite/)

PDB-Protein Data Bank: PDB (http://www.rcsb.org/pdb/

SCOP: (http://scop.berkeley.edu/) Structural Classification of Proteins
PRINTS: ( http://umber.sbs.man.ac.uk/dbbrowser/PRINTS )
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http://www.ncbi.nlm.nih.gov/
http://pir.georgetown.edu/
http://tw.expasy.org/sprot/
http://tw.expasy.org/prosite/
The RCSB Protein Data Bank.htm
http://www.rcsb.org/pdb/
http://scop.berkeley.edu/
http://umber.sbs.man.ac.uk/dbbrowser/PRINTS

Baoikoi Opiopol (1)

o Juupolooeipa-string. x=x[1]x[2].....x[n], X[i]eZ & |x|=n
X= acgttaaaca, |x|=10 & >2={A,C,G,T}
(Adevivn, ©upivn, Kutoaivn, Mouavivn)

. %‘*: TO OUVOAO TwV cupBoAoceipwv nou opifovral aTo aApapnTo

? MNooec oupBoAooelpec unkoug «A» opifovtal oto 2={a,c,qg,t}

«  Kevn ouuBolooeipad: €

« Yno-ouupolooeipa-substring w. x=uwv
« [lpoBeua —Prefix w: x=wu

«  EniBnua-Suffix w: x=uw

12



Baoikoi Opiopoi (2)

Border cupBolooelpadc x: cupfoAlocelpd W Ttou €ival
npoBepa kol emiBepa Tou X.

xk=x...x , K-00TN SUvapn Tou X

H_}

K POPEG
y=x¥, k>1 = 10y neplodiko pe nepiodo x
Meplodoc y= n UIKpOTEPN TETOL CUUBOAOCELPA
Primitive (mpwtapxkn) cupfoAocelpa
KaAvppo (Cover) cupBolooelpag
Dutpo (Seed) ocupBolooelpadg
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MpoBAnuata Tatplaopatoc Mpotunou (1)

e AkplBEc Talplaopua: evOLadpePOUOOTE VAL
EVTOTILOOUE OAEC TIC epdavioelc evoc SooUEVOU
nipoturniou (potifou) P (“Sopnuevou” N “un-
dounpevou”) og pla cupPorooelpa (BroAoyikn
aAAnAouxia) T .

* [pooeyylotiko Taiplaopa: Ma eva keipuevo T, eva
HotiBo P, uia mapauetpo k Kol pLo ouvaptnon
ouototntac d( ), evrortioe ti¢ 9eoelc i, j OTO
KEIUEVO , ETOL WOTE

d(P. T ) >=k.
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MpoBAnuoata Tatptaopatocg Mpotumov (2)

H dtadwkaoio ouykpLong tng opolotnta Suo akoAouBLwv otnpiletal o
Tilvakec tou PaBpoAoyouv tig opolotnteg (matches) kat Stadopég
(mismatches) petafl dtadoxlkwv cUBOAWV. TETOLOU TUTIOU TIVOKEC £lvoil
oL: Dayhoff Mutation Data Matrix, BLOSUM ktA.

Entionc n olykplon akoAouBLwv Umopet va katnyoplonolnBel os: o) TOmkA
gvOuypappion -local alignment kot B) oAtk euBuypappion - global
alignment. 2tnv tomwkn evBuypAppLon avalnNToU UE TIEPLOXEC TOTILKAC
opolotntac. N'vwotol tetolol aAyoplBuol eivatl twv Smith-Waterman
(torikoi), Needleman & Wunsch (oAwot). Kat otic Suo mepLmtwoelg
UTTALPXOUV TTALPATIAVW aTto pa Suvatec euBuypappiostc. H BEAtiotn Avon
TPETEL VO EAaXLOTOTIOLEL TIC StadopEC avapeoa ot Suo akolouBiec N
SLaPOPETLKA VO LEYLOTOTIOLEL TN OUVAPTNON OUOLOTNTALC.

15



2tolylton AkoAouBLwv

YUVEKPLVE SUO 1) TtEPLOOOTEPEC aLkoAOUBIeC EAEyyovTac yia pia akoAouBia
QTOMLKWY XOPOKTAPWV TIou lval He TNV dla oelpd ot akoAouBiec.

AvakaAu e Aettoupytkn, oLk Kal e€eAekTIKA TAnpodopia.

LGPSSKQTGKGS-SRIWDN
‘ ‘ ‘ ‘ ‘ ‘ ‘ OAIKr} OTOiXION
LN- 1 TKSAGKGAI MRLGD A
- - - = - - - TKGS — - == = — - -

‘ ‘ ‘ ‘ TOTTIKI) OTOIXION
- - = - - = - --AKGA - - - - -
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EUpeon EmavaAnypewv o BLOAOYLKEC
AkoAouBliec

* OLemavaAnyelc oe BroAoyikec akoAouBiec
KaTnyoplomolouvtol oTLc €€NC 3 BAOLKEC
KOTNYOPLEC:

— enavaAnPeLC MEPLOPLOUEVOU UNKOUC TTOU
eudavidovtal o€ TOMLKO ETMEDO, KOL TWV OTIOLWV N
AELTOLpYLA ELVOL YVWOTH,

— enavaAnPEeLC TEPLOPLOUEVOU UNKOUC TTOU
eudaviloviol oe OAo To HAKOC TNC akoAouBdiag, Ko
Twv omolwv n Asttoupyia ev glval amoAuta yvwoTtn,

— OOUNMUEVEC enava)\ml)aq LLEYAAOU LLINKOUC TWV OTIOLWV
n Asttoupyia Sev XL MPOOSLOPLOTEL.
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Napadeiypata Enavainpewv

1n katnyopla:

— To CUUMANPWHATIKA TtaAivdpopa o akoAouBiec DNA & RNA, ou
puBuilouv tn peteyypadn tou DNA,

— 1o EpPwAeUpEVA CUUNANPWHATIKA TtaAivépopa oe akoAouBisc RNA
2n katnyoplia:
— ouvexopeveg emavaAnyeig- tandem repeats,

— Sopudopika tppota DNA- satellite DNA, (micro & mini satellite
DNA)

3n katnyoplia:
— SINE-Short Interspersed Nuclear Sequences (m.x.: Alu family)

— LINE-Long Interspersed Nuclear Sequences.

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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[potuna

 Motifa DNA
TRANSFAC, JASPAR, SCPD, DBTBS, RegulonDB

 Mortifa mpwteivwv

PROSITE, Pfam, ProDom, BLOCKS, TIGRFAM,
Interpro
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AkpLBec Talploopa (epapLoyEC)

EreepyaoTteC KELWEVOU
Utilities (grep oto Unix)

Textual Information Retrieval (Medline, Lexis,
Nexis)

Internet News Readers
On-line dictionaries kot Oncoupouc

Molecular Biology Databases
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AkpIBNc Eupeon MpoTunou
The Exact Pattern Matching Problem

Oploudc: «E0TwW Wia akoAouBia Xapaktrpwv
1. Avalntouue T1IC BEOEIC £UPAVIONG TOU
npotunou/ Ae&€nc Pueoa ornv akoAovbia».

P= acgttaaaca

T= tcd,acgttaaacattttaaattﬂacgttaaacaggggaattcdacgttaaaca

-‘m EpPpavion 2N epPavion 3n'eppavion

21



H anAoikn pyebodoc eniAuonc — Naive

Method

1o Bnpa: Ztoixidoupe TNV akoAouBia kal To NPOTUNO & CUYKPIVOUKE TOUC XAPAKTNPES

t

t

t

20 BAua: 1o npwTo mismatch — 4n 6€on peratonifoupe To NpOTUNO Kata 1 Bon
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H anAoikn puebodoc eniAuonc — Naive

30 Briua: e kabe mismatch peratonifoupe To NpOTUNO Kata 1 B€on

Method

gc:a:t alglt|alt
|
1|2
l
g fc|a
40 Bnua:
gca:t;g alg|lt|a]|t
L
1112 8
g [lc g
-
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H anAoikn puebodoc eniAuonc — Naive
Method

50 Briya: 1n eupeon Tou NpoTUnou Ly, ={5,...}

glclal|t|g |cla|gla|gla|g|t |a|t|a|cl|la|g|t]|a]|c]|g

2/3/4|5/6|7 |8

g (¢la|gjajgj|a g

@]
o
Q
(@]
e))
~
Q
—~
Q
@]
Q
(@]
—~
Q
(@]
(@]

«Q
n_
Q

Qo
Q

(@
Q

«Q

I — _— — _— — —_— l
—
N
LN
(O))
oo
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Kwdkac ArtAoikne Mebobdou

void Naive-Method (char *P, int m, char *T, int n)
{
inti,j;
for (j=0; j<=n-m; ++j) {
for (i=0; i<m && P[i]==T[i+j]; ++i);
if (i>=m) output(j);
}
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AvaAuon Tnc anAoiknc neBodou o€
XPOVO

[oAunAokotnta peBodou: O(n*m), onou |T|=n & |P|=m

[ooec peTaTonioslc Ba XPeIAoTEl va Yivouv?
|T|- |[P|[+1=n-m +1

[M00EC CUYKPIOEIC NpayuaTonolouvTal To NoAU Kabe popa?
|P|=m

> UVOAIKOC Xpovoc ene€epyaaiac: (n —m +1)*m
Mwc pnopw va BEATIWOW TO XpOVo?
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Ac BuunBoupe Ta peyEdN TWV
OEOOUEVWV

©a napouciacoupe 3 anodoTIKoUG aAyopiBUOUC YPAUMIKOU XPOVOU WG
Npo¢ To heyeBoc TNE akoAoubiac eicodou O(|T])



Baown Mpoeneéepyaoio (1)
(D. Gusfield)
* Z(S)=Tto uNKOG TNG HeyaAutepng
urtooupBolooelpac tou S, mou apxilel oTo i Kal
Taplalel mpoBepua tou S.

e 7Z-box at i= To oUvoAo xapoKTHpwV 1ou apxilouvv
arto i kal teAewwvouv otn Beon i+Z(S)-1.

* o kABe i, r, cupPoAileL To 6e€LOTEPO AKPO TWV Z-
boxes mou &ekva oo N npLv tn B€on .
AlopOPETIKA, I; ElVOL N LEYAAUTEPN TLUN TOU j+Z:-
1 yua kaBe 2<j<=i. To aplotepO AKPO (j) TO
ocuppoAiloupe wg l..

[nyn Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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Baowkn MNpoenetepyaoia (2)

AoBeviwyv Z yia i<=k-1 kavr, | yua Z, ,:

1.
2.

If k>r, find Z, explicitly. If Z,>0, r=k+Z,-1, |=k.

If k<=r, S[k..r] matches S[k’..Z]] and the substring at k
matches a prefix of S of length >=min(Z,,r-k+1) (k’=k-
1+1)

2.a.If Z, < |S[k..r]| then Z,=Z,. , r,l remain unchanged

2.b. Compare the characters starting at r+1 of S with
the characters starting at |S[k..r]| until a mismatch.
Say the mismatch occurs at g>=r+1. Then Z, is g-k, ris
set to g-1 and | is set to k.

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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Baowkn MNpoenetepyaoia (3)

Edappooe tov alyoplBuo otnv akoAouBia PST

KaBe tyun Z=m, i>m onuatodotei match otn Beon i-m-
1.

H nuébodoc pmopel va UAomolnBel £ToL WOTE Vo ATALTEL
emuntA€ov (Tou xwpou amoBnkevonc P, T), O(m) xwpo.

Elval peBodoc mou oL ToAUTTIAOKOTNTEC TNC £lval
ave&apTNTEC armo 1o peyeboc touv addafntou (idLa
LdLotnta £xeL o aAyoplBuoc Boyer Moore, Knuth Morris
Pratt, oxt Opwc o Shift Or kat o aAyoptBuoc Aho-
Corasick)

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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O aAyopiBuoc Boyer-Moore

1n 18€a: >Toixi(oupe TNV akoAoubBia kal To NPOTUNO & CUYKPIVOUUE TOUG XaPAKTNPES
ano dg&id npoc Ta aploTePa

glcla|t|c |g|lclafglalgla|g|t |a|t|a|lc|la|g|t]|a]|c]|g
|

2345678:

gcagagag\:

: F
2n 180€a: e kabe mismatch peraToni{w To NPOTUMNO NEPIOOOTEPEC and 1 Beoelc Baoel
2 KavOvVwV - —

glcla|t|c |glclal|glalgla|g|t |a|tl|la|lc|a|g|t]|a]|c]|g

1121(3(4 |5l6!7

g|c|a|g |algla|g
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a’ kavovac: "good suffix shift”

P—

|

T It b II u
s

PLi-1] =T [j+i-2] 1 I <

P e ﬂ. y P[i... m] = T[j+i-1...j+m]
] jl
+ =1 1I0€a: ag OTOIXICOUKE TNV €NOUEVN
I £UPAVION TOU U HE TO AVTIOTOIXO
: : Tunua T[+1-1, ..., j+m]
I 1
1 1 .
; ; > shift

32



B’ kavovac: “"bad character shift”

=
I

o

Q
I S S S . .

T

u

P[i-1] =T [i+j-2]

y T[i+j-2] = b

J

1I0€a: ag OTOIXICOUKE TO XapakTnpa
T[i+j-2] =b pe Tn d€€0TEPN EPPAVION
TOU -av undapyel- oto npoTuno P

v
s

[l — — = = =

> shift
Oev nepiExel b

o

P—
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YAorntoinon “bad character shift”

(Simple Shift) Xpnowuomnoinoe éva mivaka peyéBouc m x |2 | koL cdpwoe to
MPOTUTIO OTTO APLOTEPA TtPOC Ta SelLaL.

(Extended Shift) 2dpwoe to mpotuTo Ao Se€Ld TPOC TAL APLOTEPA KOl Lo KABE
xopoaktipa dnuiovpynoe pia Atota ano epdaviocelg. Zapwoe tnv KatdAAnAn Alota
OTOV EVTOTILOTEL.
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YAonoinon “goof suffix shift” (1)

* Eotw L(i) n peyaAutepn B€on oto P, Etol wote
n P[i..m] va taiplalel eva eniBepa Tou
P[1..L[i]] pue tov emuTA€OV TIEPLOPLOUO OTL O
XOLPOKTAPOC TIOU TTPONYELTAL TOU ETIOEUATOC
Oa npemel va eival Stadopetikoc tou P[i-1].

* Opiloupe wc I’(i) To pRkoc Tou peyoAutepou
emBgpatoc tou P[i..m] mmou eivol enionc
npoBeua tou P.

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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YAornoinon “goof suffix shift” (2)

* Eotw N;(P) To pnkog tou peyaAutepou
emeeuatoq tnc cupBolrooelpac P[1..j] mou elvau
eniBepa tou P .

N(P)= Z,, a (P

ATIO TOV OPLOMO aUTO npokuTttel OTL L(i) elval n
LEYAAUTEPN TLUA j<M £TOL WOTE

N:(P)=|P[i..m]|
Telog I'[i] elval Tto peyaAvtepo j<=|P[i..m]|, €toL
wote N;(P)=j

[Mnyr) Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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YAortoinon “goof suffix shift” (3)

for i=1 to m do L'(i)=0;
for j=1 to m-1 do
begin
I=m-N,(P)+1;
L(i):= j;
end

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Seqguences, Cambridge University Press, 2010.
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AvaAuon Tou aAyopiBuou Boyer-Moore g€ Xpovo

[oAunAokotnta peBodou: O(n*m), onou |T|=n & |P|=m

O1 anaiToupevol nivakeg unohoyilovral o€ O(m+a) Xpovo.
>€ NPAYMATIKEC EQapPoyec anarrouvTal “3n” CuyKpioEIC.

Na peyalo aAgapnto |Z|= (=|pattern|), anairouvral
O(n/m) CouyKpIGEIC.

Xwpic match o xpovoc €ivar O(n).
Ynapyouv napaAiayec pe worst-case O(n+m) xpovo

38



O aAyopiBuoc Knuth-Morris-Pratt

u

o |

P-

PLi+1] =T [i+1+j

—— .| L |
[ .

ii

u

Q

shift

<
(@]

SRS U — |

=== " "T%5%a =

P[1... i] = T [j...i+j-1] = u

J

1I0€a: ac OTOIXIOOUNE TO MEYIOTO NPOBEUa
prefix(P)=v pe To avTioTOIXO THAMA ANO
TO €niBePa u TNG akoAoubiag
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Ac doupE TOV aAyopiBuo oTnv nNpaén

1o Bua: ZToixiCoupe TNV akoAouBia kal To NPOTUNO & CUYKPIVOUUE TOUC XAPAKTNPEC
ano apioTePa npog Ta Oe€ia

xyabcxabc'x:adcdqfegagtacg
1234567I8:9
al|bj|c [x|a|b]|c |d|e
== .

20 Bnua: Meratonidw To NPOTUNO KATA 4 BECEIC

X|yla|b|c |x|a|b|c|x|a|d]|c |d}

q
112(3|4|5(6(7|8]9
S

abcxabcd:
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YAorntoinon KMP (1)

* Opllw wg sh,(P) to urkog tou peyoAuTtEPOU
emBepatoc tou P[1..i] mou taplalel eva
npoBepa tou P, pe tnv emumA€ov cuvOnkn otL
oL xapaktnpeg Pli+1] kat P[sh.(P)+1] eival
SlopopETLKOL.

* HB¢on j>1 avtiotowyiGetal oto i gav i=j+Z(P)
-1.
* [wa kaB¢ i>1 sh,(P)=i-j+1 ;omou j elvat n
LLKpOTEPN B€0N IOV avTLoToLXL(ETOL OTO .

[lnyn Dan Gusfield, Algorithms on Strings, Trees and
Seqguences, Cambridge University Press, 2010.
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YAortoinon KMP (2)

For i=1 to m to sh.(P)=0;

For j=m downto 2 do

begin
iI=j+Z,(P)-1;

S

enc

1i(P)=Zj(P);

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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Real Time KMP

* Opilw wg sh(Px) To unkog tou peyautepou
emBepatoc tov P[1..i] mou taplalet eva mpobepa tou
P, e tnVv emuTA€ov ouvOnNKn OTL 0 XAPOKTAPOLC
P[sh.(Px)+1] elvat o x.

e Onwc mpLv:
For i=1 to m to sh,(P)=0;
For j=m downto 2 do
begin
i=j+Z;(P)-1;
x=P[Z,(P)+1]
shi(Px)=2(P);
end

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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Avaiuon Tou aAyopiBuou Knuth-Morris-Pratt o€ xpovo

[MoAunAokoTnta pebBodou: O(n+m), onou |T|=n & |P|=m

2€ xpovo O(m) unohoyilw, v «NEPIOOO» TOU MPOTUMOU ME
Tnv onoia peratoni{w To NpoOTUNO
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O aAyopiBuoc Shift-Or

O aAyopIBUOC XpnOIUONOIEl apIOUNTIKEC TEXVIKEC:

'E0Tw yia kaBe char ¢ € Z, To diavuopa S, peyebouc m=|P|,
Nou anoBnkeuel TIC EYPAVIOEIC TOU C HEGA OTO NPOTUNO (ME
0 p npoodiopileTal N eppavion),

O nivakac R[mxn]: bit-array onou R[i,j] €ivar 0 av kar povo
av ol nNpwTol i yapakTnpec Tou P Taipialouv PE TOUC i
XAPAKTNPEC NOU TEAEIWVOUV OTO j-00TO XapaktTnpa Tou T.

Ri,; = Shift (R;) OR Sy,

[Mnyr} Dan Gusfield, Algorithms on Strings, Trees and
Sequences, Cambridge University Press, 2010.
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Ac dOUNE TOoV aAyopiBuo oTnv Npaén

1o Brpa: YnoAoyilw Ta diavuopara Scyia To NpOTUNO p=gcagagag

Sa S S, S
g 1 1 0 1
C 1 0 1 1
a 0 1 1 1
g 1 1 0 1
a 0 1 1 1
g 1 1 0 1
a 0 1 1 1
g 1 1 0 1




...Ac doupe Tov aAyopiBuo oTnv npaén

20 Brua: YnoAoyilw TIC TIMEC TOU nivaka R, cuppwva Pe Tov TUNO:

0 1 2 3 4 5 6 7 8 9 10 11 12

g c a t c g c a g a g a g
0 g 0 1 1 1 1 0 1 1 0 1 0 1 0
1 C 1 0 1 1 0 1 0 1 1 1 1 1 1
2 a 1 1 0 1 1 1 1 0 1 1 1 1 1
3 g 1 1 1 1 1 1 1 1 0 1 1 1 1
4 a 1 1 1 1 1 1 1 1 1 0 1 1 1
5 g 1 1 1 1 1 1 1 1 1 1 0 1 1
6 a 1 1 1 1 1 1 1 1 1 1 1 0 1
7 g 1 1 1 1 1 1 1 1 1 1 1 1 0
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AvaAuon Tou aAyopiBuou Shift-Or o€ xpovo

[MoAunAokotnta peBodou: O(n+m), onou |T|=n & |P|=m

2€ Xpovo O(m*ag) unoAoyilw, Ta diavuopaTa S.
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AKpIBNC Eupeon yia Eva ouvoAo
NPOTUNWV
Opioude: «EOTW MIa akoAouBia yapaktrpwv Y. Avalnrouue

TIC BEOEIC EUPavIonc eVOC OUVOAOU npoTunwv P peoa omyv
akoAouBia».

P= {acg, taaaca}

Y= tcgjé'_'g'_éjtl:aaacattttaaattﬁé'gf_éﬂfaacapgggaattcgé'_c'_éﬁ:aaaca|

- s s el
A

A A

|1r| spipc'uvwn | 2N epPavion 3n'eppavion
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To AutopaTto Aho-Corasick

'EoTtw P={ca, tca, cgt, cat}

c a t
g
t
Cc a
3

goto function




H Zuvaptnon “goto”

g(s, a) = s": To auTopaTo PeTannda OTnV KATAoTaon S'Kal O EMNOUEVOC
xapaktnpac Tn¢ akoAoubiac diapaleTal oTnv €i00060,

g(s, a) = fail, TO auTtopato petafaivel otnv kataortacon s'=f(s)
oup(pwva ue Tn failure function. H avalitnon GUVEXICETCII UE Tpexouoa
KCITCIOTCICH] TNV s’ kal cUPBoAo €100d0uU TO XApakTnpa Mou Non Exel
diaBaoTei oTnv €icodo — a.
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H >uvaptnon “failure-function”

f(s) = 0, yia kaBe kataoTaon s, fadouc 1.

Ma va unoloyioeic To f(s), yia kaBe kataotaon s, Babouc d, Bewpnoe OAEC TIC
KaTaoTaoelg r, fabouc d-1 :

Av g(r,a) = fail, yia kG6¢e @, pnv Kaveig TiNnoTaq,

AlapopETIKA, Yia kabe aupBolo a, eTol woTe g(r,a)= s, TOTE:
0 Ocoe state = f(r)

o0 Ekteheoe Tnv evToAn state « f(state), ewg oTou g(state, a) #fail
Ocoe f(s)= g(state, a)
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Eqpapuoyec eupeonc npoTunwv o€ npoBANUaTa
BionAnpogpopIkng

« Avalntnon Sequence-tagged-site (STS) & Expressed

Sequence Tags (ESTs) oc akoAouBiec yovIOiwuaTwy.

— 87S6: Tunuata Tou DNA pnkouc 200-300
VOUKAEOTIOIWV

— ESTs: tunuata mRNA & cDNA akoAouBiec nou
avTinPoowneUOUV TA TUNUATA KWOIKOMOINONC
LIac NpWTEIVNC o€ pia akoAouBia yovidiwv.

« Avalntnon “"kavovikwv ek@ppaoewv” (regular expressions)

_ [ED]-[ENJ-L-[SAN]-X-X-[ DE]-X-E-L -
ENLSSEDEEL
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Teloc Evotntac



Xpnuoatodotnon

To opov ekmaldeuTLKO LALKO €XeL avamtuxBel oto mAaiolo Tou
eKTIALOEVUTLIKOU €pyou Tou dtddokovTta.

To £pyo «Avoikta Akadnpaika Madnipata oto MNaveniotipo Natpwvy

EXeL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTTOLOEUTIKOU
UALKOU.

To €pyo vlomoleital oto mAaiolo Tou Emiyelpnolakou MNpoypappatog
«Ekmaidsvon kot Ala Biou Madnon» kat cuyxpnuatodoteital ano tnv

Evpwraikn Evwon (Eupwmaiko Kowvwviko Tapeio) kol amo €Bvikoug
TTOPOUC.

2 EMIXEIPHZIAKO MPOITPAMMA |
£ M EKMAIAEYZH KAI AIA BIOY MAGHZH 3 EZI-IA
<4 4 criévdyon gTny uowwrig zne pviiorc I (UU/=£U S
* x K —

[ T oo
YNOYPTEIO MAIAEIAL KAl BPHIKEYMATQON ATKO KOINQNIKO TAMEIO

Evpwmaiké Koivwviké Tapeio : o
Me tn cuyxpnpatodotnon g EAAaSag kat tng Evpwmaikig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To tapov €pyo amoteAel tnv €kdoon 1.0.
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>NUElwpo Avadopag

Copyright MNavernotiuo MNatpwyv, Makpnig Xpriotog, Mepdikolpn Awkatepivn.
«Eloaywyn otn BlomAnpodopikn. 2" dtaieén». Ekdoon: 1.0. Matpa 2015. OAeg
Ol ELKOVEC €xouv dnuoupynBet amo tnv kupia Mepdikoupn AKatepivn, EKTOC
av avadepetal Stadopetikd. AtaBeotpo amo tn diktvakn dtevBuvon:
https://eclass.upatras.gr/courses/CEID1047/
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>NUelwpa Adelodotnonc

To apov LALKO SlatiBetal e toug 0poug tneg adestac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] A petayevéotepn, ALeBViC
‘Ekboon. E&atpolvtal ta autoTeAn £€pya Tpitwy m.X. pwtoypadiec, dStaypappata
K.A.TT., TOL OTIOLOL EUTTEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Pe Toug
OPOUC XPrONG TOUC OTO «Xnuelwpa Xpnonc Epywv Tpitwv».

[oloce

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopwkn opiletal n xpnon:
* 10U Oev MePAOUPBAVEL AUEDCO 1 EPUECO OLKOVOULKO OPEAOC amtd TNV XPron Tou £€pyou, yLd
TO Slavopéa Tou €pyou Kal adelodoyo

* 10U Oev mepAapBAveL olkovouLk cuvaAayr wg tpolnoBbeon yla tn xpron n mpoocfaocn
OTO £pYO

* 10U Sev npooTmopilel oTto SlavopEa Tou €pyou Kol adEL0SOX0 EULECO OLKOVOULKO OPEAOC
(rt.x. Stadpnpuioelc) amod tnv mpoPoAr Tou £pyou o€ SLASLKTUOKO TOTIO

O Swaovyo¢ pmopel va rmapexeLl otov adelodoyo Eexwplotr adela va XpnoLLLOTIOLEL TO £pYO yLa
EUIOPLKA Xpnon, epooov autod tou {ntnO«L.
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Alatpnon ZNUELWHATWVY

Ornoladnmnote avamapoywyn N SLaokeun Tou UALKOU Ba TtpeEmeL
va cupmeplAapBavet:

" 10 2nueilwpo Avadopdc

" 10 2Znueilwpo Adelodotnong

= N 6nAwon Alathpnong ZNUELWUATWY

= 10 2Znuelwpa Xpriong Epywv Tpitwv (epooov umtdpyel)

noll e touc ouvodEVOUEVOUC UTIEPOUVOEGOUC.
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