AAyOpLOpog Z

- Tieivol + mapddeypa

- Turi va BéAou e va tov utoAoyioou e + mapadelypa

- Twatl va pnv kavouue brute force + mapddelypa yLa TETPAYWVIKY) TTOAUTTAOKOTNTA
- Tpnyopog AAyoplBuog

- Tl elvat ypriyopog

- Yhormoinon

- Epwtnoelg katavonong

- NpoBAfuoata

Tueivay;

O AAyopLBpuocg Z gival o UTIOAOYLOUOC KATIOLWY TLUWV YLa pia cUBOAOCELPA TTOU HAG ETILTPEMEL VA KAVoU e Sladopa
evlladépovta mpdypata (0nwg string searching) ypriyopa. Mo cuykekplpéva yila pia cupBolooelpd S

Z [ i] = prkog peyahitepng akohouBiag mou Eekvdel amd to i kot sivat prefix tng S

Acg SoUpe kamola mapadeiyparta:

lepapaBaaByap
hBaBaBaaByaB
|aBaBaBaaﬁyaB | aBfafafacByap |afafaBoafyaf

Ss|a|B|la|B|a|B|la|la|PB|Vv]|]al|RB

Zlil: |12l ol s|o|3|ofa1]2]loflo]2]o0

|aaaaBaaaaB
\aaaaﬁaaaaﬁ }aaaaﬁaaaaﬁ
|
}aaaa?aaaaﬁ haaaﬁaaaaﬁ
aaaafacaal }aaaaﬁaaaaﬁ |

S: | a a | a a B a| a| a| a B

Zli: {0 3|21 lo|s|3]2|1]o0

afybdeaPyde

S:| a | B| v ]|6]|] e | a|B]| Vv ]|Sd]| e

Zli: (10| o | o|o]|o|a|o|lo]ofo




Mati va O£Aoupe va UTTOAOYIOOULE QUTEG TLG TLUEG Z;

H 1o kowvn xpron autou Tou Ttivaka gival yla thv geupeon piag oupBoloaoeipdg T péoa os pia GAAN S o€ YPAUULKO
Xpovo. Adlepwote Alyo xpovo va okedteite mwg Ba pmopovocape va PpoUue OAa Ta onuelo ou Eekwvael pia
oupBolooepa T oto S.

AUTO TIOU TIPETIEL VO KAVOUE €(VOL VO KATAOKEUAOOUUE Hia cupBoAooElpd WOTE oL TWEG Z va paG Aéve OGO
peydado sivat to prefix tou T nou Ekvael o€ autod To onpeio. H cupBolooelpd nou to Kavel auto sivoun T+'#' + S.
‘Etol, ol TIHEG Tou Z mou adopoUlV To PEPOC Tou S Ba pag Aéve Tolo sival To peyalutepo prefix tou T mou Eekvael
amno éva onueio oto S. Apa to Z[i] = |T| tote onuaivetl 6tL and ekel Eekvdel pia cupBolooelpd T.

Ma moapadelypo

T | a a B a

Brute Force AUon

O o sUKoAog TpOmoc va AUGOUE aUTO To MPOPBANUa Ba ATav va Eekiviicoupe amd KAbe i Kal va auEavoupes Evav
counter WOTIOU TO €MOUEVO OTOLXElO 0T cupPBorooelpd sival Sladopetikd amd To endpevo otolxeio oto prefix. H
Aoyikn auth ¢aivetol KOAUTEPA OTOV MAPAKATW KWOLKA.
for (int i = 1; i < n; ++i) {
z[1] = 0;

while(i + z[1i] < n && s[z[i]] == s[i + z[i]]) z[i]++;
}

Autog o alyoplBuog Ba kdvel cuvolikd Z[1]+ Z[2] + .-+ Z[n — 1] ouykpioelc. Itnv Xewpdtepn mepimtwon
(6nAadh n mepintwon mou Sivel Tig peyaAlTePES TIHEC Yo kABe Z[i]1) elvat n akdhoudn (ot yevikh Tng mepinmtwon
HE N Q):

S: | a o o o o o o o o o

Z[i:|10| 9| 8| 7|6 |5 |a|3]|2]1

H moAum\okotnta tou ahyoplBuou emopévwg eivat O(n+ (n—1)+-+2+1) =0 (% n-(n-— 1)) =0(n?

! Mropeite va autloAoyroete eiva TpaypaTikd oL peyaAUTEPES TIHEC yLot KABE Z[i];



MrmopoULE va KAVOULE KATL TILO YPYOPO;

Nat, evvoeital. AuTto ou MPETEL VA KOLTAEOULE lval 0€ TtoLo ohpeio urtoAoyiloupe mpayuata mou 8o prmopoloape
VoL elyoe BpeL oo auTd rou /o Eépoups. Ag Solue pia yevikeuon tou 2°° mopadsiypotog:

S:la|jla|la|la|B|lala|la|la|Bl|la|la|la|a|B|la|la|a|a]|P

Z[i]: [20] 3 0]15] 3 0|10] 3 O|5]3 0

MnAnw¢ prmopouoape va €xoupe poPAEPeL To potifo 3, 2, 1 yvwpilovtog TG TIpéG 15, 10 kat 5? H tiun 15 pag Aést
OTL OL TAPAKATW CUUPOANOCELPEC €lval LOEG:

AC OUYKPIVOUUE TIC TIUEG Z TwV §U0 akoAouBlwv:

20| 3 0(15] 3 0l10]| 3 0O|5]3 0

15| 3 0(10] 3 0513 0

loxuet ottt ot TiuéG Z twv Suo akoAouvwy eivat (SLeg;
OxL. Auto dev oupPaivel yia to 15 oute yia to 10 kat To 5.

TOTE UNTTWG LOXUEL OTL OL TIUEG TToU €xouV i + Z[i] utkpotepo amnd 15 Sa sival iosg;

Nat, aAAG ag doupe ylati. To 15 mou €xoupe uttoAoyioel otnv apxn Hag opilel OAa ta otolxeia amo to 5 éwg to 19.
Enopévwg autd Ba sival loa pe Toug mpwtoug 15 xapaktipeg tou S. Emopévwg av pia cupBoroosilpad prefix Eekvaet
Héoo o€ aUTOUG TOUG 15 XOpaKTPEG Kal TEAELWVEL péoa o auTtolg (SnAadr) umapxel otolyeio mou Sladépet amo to
enopevo oto prefix) Tote Oa SLopEPEL KAl OTO AVTIOTOL(O CNLELO OTOUG XOPaKTHPEC 5 éwg 19.

Ac SoUpe yla Ttapddetypa tL yivetat pe tnv tun Z[1]:

0 1 2 3 2 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19

alalala|B|la|la|l]a|la|B|la|l]a|la|a|B|a|a|a|a]|P

O Aoyog mou otopatdel elval otL to B dev elval (oo pe a kal €tol yivovtal matched povo oL mpwrtol TPeLg
XOPAKTAPEG. TO YEYOVOG OPWG OTL gival (ool ol tpwtot 15 xapaktipeg Lag AésL OTLTo B Ba UTIAPXEL KL OTNV EMOWEVN
okoAouBia emopévwg:

0 1 2 3 2 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

a|lajajla|Blajlajala|B|la|la|ja|la|B|ala|al|aldPp

EMoOpEVWG, UMOPOUUE va YEVIKEVOOUUE auUTr Tn Aoywkn Kpatwvtag to de§lotepo diaotnua [L, R] mou &€poupe OTL
éxeL yivet matched pe to prefix, 6tav éxouvpe Z[i — L] + i < R tote E€poupe otto Z[i] = Z[i — L]



MITopoULE Vo KAVOULE KATL YLO TIC UTTOAOUTEG TIUEC;

AuTO Tou €€poupe eival OTL kavouv match €wg To TENOC TIG TIEPLOXNG TIOU EXOULE €EEPEUVIOEL. Apa UTTOPOUUE va
Eekwrjooupe éva véo Sudotnua [L, R] kal va to enekteivoupe. Etol Ba Bpoupe thv T tou Z[i] kat to Kawoupylo
Sidotnuo. To Kalo pépog 6w eival OtL to R pévo aufdvel emopévwg oto olvolo Sgv Ba yivouv mavw armo |S|
au€noeLg.

O AAyoOpLOpog

Twpa nou eidape mepimou tnv Aoyikn nicw amod Tov alyoplOuo PmopoUue va SOUE OVOAUTLKA TIG TIEPUTTWOELS. J€
k&Be Bripa Tou alyopiBpou Ba Statnpolpe To Sefdtepo Stdotnual [L, R] kat Ba urtoloyiloupe to Z[i].

- Avrtoi > R, énAaédn to index poc Bpioketal Eéw amo autd mou ExouuE NN Koltaéel
Téte Ba xpnowomnotoou e tnv brute force Aoyikn yia va urtodoyicoupe to Z[i] kat oto téAog Oa
avapBaduicouvpe to Sidotnua ot [i, Z[i] +i — 1]

- Avrtoi < R, 6nAaén to index Bpioketal UEoa 0 QUTA TTOU EXOUUE NN KOLTAEEL
Tote pmopoUpe va Baloupe tnv T tou Z[i] = Z[i — L] &nAabr| tng TIUAG ou €X0UE 118N umtoloyiosL.
AN\G Omwg elmape auth n T propsi va eival oAU peydAn (svvowvrog ott Z[i — L] + i > R 3) emopévwg
Ba npénet va napoupe Z[i] = min(Z[i — L], R—i+ 1). Twpa avto i + Z[i] sival ico pe to R mpémneL va
€AEYEOUUE TL YIVETAL UE TIG UTIOAOLTTEG TIMEG KOL TO KAVOUWE QUTO TIAAL e TtnVv brute force Aoyikr). Emopévwe
av xpelaotei va avénooupe to R Ba mpémnel va avaBabuicoupe kol To Stdotnua (ag.

ALQypOUUATIKA UITOPOUHE va 50U ME TNV SeUTEPN TEPIMTWON WG SUO UTIOTIEPUTTWOELG:

L—i L i R

ZIL =] i+Z[L—i]-1<R

MropoUpe va LAOOUUE e olyoupld Tl oL T tou Z[i] eivan Z[L — i] yoti otig Tiuéc mou yvwpiloupe 4t eivat
i6Leg oto SLdotnpa [L, R] epdaviletal kat to ototxeio mou dpalet to Z[L — i] kat emopévwg dppdlet kat to Z[i].

L—i L [ R

ZIL -]

N . , Ztolxeio mou To Z BéeL va |:| . o
&\\ Stotxelo Tou GTapaTdel To 7 & cival loa Srouyela mou sival (o

i+Z[L—i]—-1<R

Aev EEpouiE va TTOUUE
KATL YU OUTEC TLC TLUEC

L—i L [ R .,

N| N

Z[L — 1]
i+Z[L—i]-1>R

2 ' . . ’ .
AuTO Ttou €xeL To peyaAutepo 6e€l endpoint.
3 i . . )
Matt ev eival puololoykd auto;



Marti ivat ypryopoc o aAydptduoc’;

To p€pog Tou alyopiBuou mou naipvel Tov £ETpa XpOVO €lvalL TO KOUUATL TTOU TPEXOULE TNV brute force Aoyikr). AAAQ
KaBe popd mou to Kdvoupe autd avfavoupe kaltto R. To R umopei va mapet to moAU |S| Tipnég emopévwg o
aAyopOuoc tpexeL og O(|S)).

Mari eivot owotog o adyopiduoc;
KaBe dopa mou otapatape tnv brute force pébodo tétE oNnuaivel OtL €xoupe Bpel To xapaktipa (1 To TEAoG) mou
otapotdel to prefix mou Eekvael and tnv Béon i kAL OTL OAa Ta TTponyoL Leva elval otolyeia eival loa.

YAomnoinon AAyoplOou

H uAomoinon eival oxeTka pkpr Kal amin

int L =0, R= 07
for (int i = 1; i < n; ++1i) {
z[1i] = 0;

// To otolxeio pag e€ival oto dL&oTnuo mou &xouue eAéyéel
if (i <= R)

Z[i] = min(R - 1 + 1, Z[i - L1);
while (i + Z[i] < n && S[Z[i]] == S[1 + Z[i]1]) Z[i]++;
// BAv éxouupe KaLvoupyLo de&idtepo dLdoTnu
if (i + Z[i] - > R) {

// BAvoB&OuLon 1ou dLAOTHUATOC

l=41i; r =1+ Z2[i] - 1;

- Yndpyxouv apkeTeg SLadOopETIKEG MOPAAAAYEG AUTOU TOU aAyopibuou

- Oa umnopoloape va adatpécoupe tov Eleyxo i + Z[i] < n, av Bécoupe tov TeEAeuTaio
xapaktipa S[n] =" #'.

- Napotnpriote 6t Sev umtohoyiloupe tnv twur tou Z[0]

4 . v . il . . I ' '
Mropel va lval o eUKOAO vVa KATOVONOETE TNV TTOAUTTAOKOTNTA TOU aAyopiBuou av Koltaéete Tov KwdLka pwTa.



Napadeiypota EktéAeong

Z[i]:

Z[i]:

Z[i]:

Z[i]:

Z[i]:

i+2[i]
a | B | al|B
E
Zli]  i+2[i]
a B o B
7
/ 0
i+2[i]
a | B| a|PB
7
7 / 0
Z[i] i+2[i]
a | B | a| B
'k
Z[il i+Z[i]
a | B | a|PB

'k




Y
B
| Y
B

a
2[i] B a v
i+‘1 5 | B _:
i] B IB i+2[i] a v =3
Z:l [i] a ° i+2[i] B Ll:o (5'3)
B ! il ! .
a 0 o - zli] a Z[,]B 3+1
S]:. i B B a L]'BG' _v

[i. a a | (@it
zs: | B B “;‘;i_r_‘t
z[i]: ) 0 o [i] a :_z_ii_]_z

S: B 5 i+[23 [;
Z[i]: | O a 0 a

2

[iS]:: E ZE[;i] E
zS: B :

[i]: 0
zS:

[i]:
Z




Z[i] i+2[i]

Ss|la|B|a|B|a|[B|a|a|B|yv|a]|SB LR== 26
Z[i]: ofs|ofs3 Z[i1=0
T n 2=z =0 |
Ss|la|B|la|B|a|B|la|a|B|y|a]|B LR== 26
2 o s ]o|s]o Zli] =0
I 20 = min(Z[iL), 626 + 1) = min(3, 1) =1 |
S| a | B|a|B|la|[B|a|la|B |y |aldB ;== 25
2| Jo|s|o|s]o 20i] = 1
(i} i+2i)
S:|la | B|a|B|a|B|la|a|B |y |al|SB ;277
Zi ] Jo|s|ofs]o]s 20i) =1
2] i+2[i]
S| a|B|la|B|la|B|a|la|lB]|yv]als :‘:2
Z[i]: % ofs|o|3|[o]f1 Z[i1=1
2 2]
S| a | B|la|B|a|B|lala|B ]|y |lal|6B :; 25
Z[i]: % ols5]of3]o0f1 Z[i] =2




2[i] i+2[i]

S:|a | B|la|B|la|B|ala|B|y|al|ldB ;Z;
Hﬂ:%Z% olslol3]lol1]2 Z[i]=2
FIECTIECY
S| a|B|a|p|a|BlalalB|y|alp]|L?
Z[i]: ols]o|3]o]|1|l2]o0 Z[i1=0

Z[i] i+2Z[i]

Bla|Bla | Blajal By | a P

S: | a
Hﬂt%%% ols|o|l3|lofl1]l2]0]o0 Z[i]=0

2[i] i+2[i]

Bla|B|a|B|a|ja | By |a]|lpBP

S: | a
Hﬂ:%%Z ols|lofl3|ola|l2]|0]o0 Z[i1=1

Z[i] i+2[i]

S: | a B o B o B o a B v a B L=10

2] fo|s|ofs|of1|2]0]0]> 2[i] =2

Ll Zli]=zfi-L =0 | 2]

S: L=10
a | B|la|B|la|B|a|lal|PB]|y|al|RB v

un:%%é o|ls|ofls|lo|a]l2|o]o]2]o]|HI=0




EpwTNOELS KaTAvONoNG

Mropouv §Uo Siapopetikéc ouUBoAooelpEC va ExouV TIC (OLeC TIUEC Z;

Nat. Mpodavweg dpa mapoupe pio cuppBolooslpa kat alafoupe 6AoUG TOUG XapaKTHPEeC ‘@’ og ‘B’ kol GAOUC Toug
XapaKTNPEeC ‘B’ og ‘o’ TOTE oL TIHEG Z Ba mapapeivouv ol iSleg kKaBw¢ To LOVO TIOU XPNOLUOTIOLOULE OToV 0AyopLBo
elvat n wotnta (kat oxt StadopetikoL TUTOU CUYKPLON).

Zlil:| s {o| 2|0 ]o Zli:| s |{o| 2|0 o

Mo 0Aec Ti¢ oupBoAoaelpec mou Exouv (OLEC TIUEC Z MPETIEL va LOXUEL OTL UTTAPXEL UETATKNUATIOUOC 1-1 pueTaél Twv
xopaktipwy e piac kaw e dAAng’; Tt onuaivet autd;

H amavtnon sivat oxL. Aev untapxet 1-1 HETAOYXNUATIONOC HETAEY TWV TAPAKATW TAPOAO TIOU £XOUV TIG (OLEC TIUEG Z.

S: o B B B B S: a B Y 6 €

Zlil:| s |ofloflo| o Zlil:| s ] oflo|lo|o

AUTO onpaivel OTL S&v UMOPOULE VA AVOKTHOOUE Hia cUBOAOCELPA ATTO TIG TIUES Z.
Tt uropou e va mou e yia pic oupBoAooeipd mou éxst Z[1] = 4;

MNpodavwg, dev Pdaxvoups va BpoUe CUYKEKPLUEVOUC XOPOKTNPES (Seite TNV MPpWTN €pwTnON). EMOpéVWE XWpIg
BAGBN TNG YEVIKOTNTOC O¢ TIOUKE OTL 0 TIPWTOC XAPoKTApACG eival ‘o’. Tote amd to Z[1] = 4 éxoupe OTL OL MPWTOL
TEOOEPELG XOPOKTHPEG KAvouv match touc xapaktipeg amno to 1..4. H Aoyikn mou akoAouBoUpe dalvetal MapakaTw:

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
el [T T T T T felal TTTT T ({afal TTTTT] lefaja] | | ] ]|
ll [T TTT] [ TTTIT] (o TITT] flodof | ] ]|
12 3 4 5 6 7 1 2 3 45 6 7 12 3 45 6 7 12 3 4 5 6 7
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 17
lafafafa] [ [ [ ] [e]afafafa] | [ | [a|afafaja] | | |
lalafa] [ [ [ | |efalafa] [ [ ]| |efafafaf | | |
12 3 4 5 6 7 12 3 45 6 7 12 3 4 5 6 7

Emopévwg kaBe popd UmopoUEe va UTtooTnpiEoue OTL 0 EMOUEVOG XOPOKTHPAG ival ‘a’ ylati E€poupe To matching
petafy tou prefix kot tou 1..4. Tehewwoape; OxL, av o xapoaktipac 5 Atav ‘o’ tote to Z[1] = 5, dpa npénet va tov
B€ooupe kATl SltadopeTikd amo ‘a’ (r to TéAog TG cUUPBOAOCELPAC).

0o 1 2 3 4 5 6 7

B

alaja|o|a
aloalajal|p
1 2 3 4 5

5 y , , y y i y ’ y ) y )
Me amAd AGyLa av aVTIKOTOOTHOOUE KABE XapaKTpa TG Uiog pe KAt GAAo, xwpig va urmopolv U0 XOpaKTAPES va
avtikotaotabouv amnod tov idio.



Inueiwon: Efloou onupaviiki pe tnv éwota tou Z[i] eivar to Swdotnua [i,i + Z[i] — 1]. Avty eivow n
umoocuBoAoCELPG TOU gival lon pe kamolo prefix TNg apxLKAG Kol gival To Sldotnua Tou emnpedletal amod Thv
yvwon tou Z[i].

Mropouue va gxouue duo Staotruata va téuvovtal (mptv Seite tnv Avaon BeBawwBeite OtL TNV ExeTe npoonadroel
OPKETA);

‘Eva mapadelypa piag tétolag cupBorooelpdg sivat n akdloubn:

oa|lBlaly|b|la|Bla|B|aly|d

H 1o amAn 18idtnta twv Staotnudtwy piag cupBolooelpdc S, sival otLi + Z[i] < |S| kaBwg Ba mpemet to
SlaoTnua va TEAELWVEL TIPLV Ao To TEAOG TNG S. To EpWTNUA TTIOU YEVVATAL Elval To akoAouBo:

T onuaivet yia éva prefix p va éxeti + Z[i] < |p| — 1 yia 6Aa ta i;

InUaivel OTL OAa TA SLOOTAUATA TEAELWVOUV UECA OE AUTH T cUUPBOAOCELPQ, EMOUEVWCE Ba paiveTal KATIWG oAV TO
TOPAKATW:

Mo tv untdAoutn cupBolooelpd® éxoupie ot dmou epdaviletal autd To prefix oL TLHES Z Ba €xouv TNV SLa Lopdr.
O \oyog eival o i610¢ e auth TNG Mepimtwon 2.a otov aAyopLBuo, £xoupe &N BPEL TOV XOPOKTHPA TTOU OTAUATAEL
10 Sldotnpa. Emopévwe kapia tiun Z dev Ba pnopeoel va Eemepaoel To dpaypa Tou p. Kat mote pumopei;

Mropei dtav UTIAPXEL pia TIr oTLG Z TEG Tou p Tov €xeL Z[i] = p — 1. Aq LEAETHOOUUE QUTH TNV TepimTwon yatl
elval pia pe apketég epappoyEg.

la[B[v]a|B]

Inpaivel OtL To p TeAelwvel pe va SLko Tou prefix. AUTO elval Tou Tou Sivel Tn SuvaTOTNTA VoL EMEKTEWVEL TIG Z TLEG
TOU, OTAV TPOCOETOUE XOPAKTAPEG OTO TEAOC TOU. AKOUO TILo evlLladEépov elval dpa apxicoupe va Kdvoupe match..

A¢ OVOUAOOUUE A TO KOUUATL LeTafl apXA¢ KaLTou i yla to onoio i + Z[i] = |S| — 1.

6 ' . .o .
KaBwg to p elval amAad va prefix




Emopévwe, mopatnpoUpE OTL UTIAPXEL Hia TteplodikoTnTa. H ouvBnkn yLa to mote PpAkape pio mepiodo tng
oUMPOAOCELPAG elval HEPOG TWV TIPOPANUATWY.



