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Muxauny, colRYy moemy, NOCBAULAI.

NMpeaucnosue

Bce m0i13KHO OBITH M3JI0MKEHO TaK
IPOCTO, KaK TOJHKO BOZMOKHO, —
HO-He TpOoIIe.

Anvbepm JiiHwmelln

Yro moskeT ObITh 3 PEeKTUBHEE NJIsA PA3BUTUA TBOPUECKUX
BO3MOKHOCTEH IITKOJbHUKA 1 €70 NHTEJLJIEKTA, UYeM pellleHie 3a-
Jad, Ka3ajJoch Obl, OUEHb IIPOCTHIX, HO « TAHYIIIUX » 3a COOOM IIpo-
6JIeMBbI, ICCJIeIOBAHNEM KOTOPhIX 3aHNMAJINCEH BeAyIIye ClIeIua-
JucThl o nH@opMaTtuke B nocaenuue 20—30 jer? OxHolt 13 Ta-
KHUX 3ajau ABJIAETCA 3adaia noucka nodcmpoku 6 cmpoke,
KoTopas Tak WU WHaue 3aTparuBaeTcs B JHOOOM yueOHUKE II0
nadopMaTuKe. JINTeIbHOCTh €€ PeIIeHNnsI ¢ IOMOIILI0 CaMOI'0o
IPOCTOT0 AJIFOPUTMA IIPOIOPIMOHAJbHA IIPOU3BEACHUIO IJINH
CTPOKHU M IIOACTPOKM, 1, HECMOTPS HA BO3POCIIYIO IIPOU3BOLMU-
TeJbHOCTh KOMIIBLIOTEPA, OHA OKA3bIBAETCHA CJIMUIIIKOM OOJIBIIION
IJIsT MHOTHX IIPUJIOKeHu. MOMKHO JIM HafiTH TaKue aJrOPUTMbI
pellieHus: 9TO¥ 3aavuu, YTOOLI IPOU3BeAeHNE 3aMEHANIOCh XOTS
661 cymmoit? OKkasbIBaeTcs, 4a, 1 9Ta 3aMeHa ABJISIeTCSA CYyThIO pa-
60T JIYUIIINX YMOB B MH(pOPMaTHKe, MHOTHE 113 KOTOPBIX IIPO0JI-
JKaioT CBOIO MeATEeJbHOCTb U B HACTOSAIIEE BPeMs.

JlamHas KHUTA KOHCTPYKTUBHO IIOCTPOEHA B BUIe 3aHATHUI,
ee MaTepuaJ alpoOMPOBAH B XOole IPOBeIeHUs PeabHbIX ypo-
koBY. OCOBEHHOCTD U3II0/KEHUA 9TOTO MaTepuaja 3aKJI0YaeTCa
B TOM, UTO OH He IIPUBOAUTCS B BHAE KOHEUHBIX Pe3yJILTATOB
(;1eMM, TEeOpeM, (pakTOB U T. AI.). HarrpoTus, aBTOPOM caejiaHa mo-
OBITKA IIOKa3aTh caM IIPOIlecC IOJIyUYeHWsA HOBOTO pesyJibTara,
a OH He TIOABJIAETCSA cpasy MoKasaTeJabHO opopMiIeHHBIM. Komeu-

b IlepBas MOMBITKA U3JI0MKEHU YACTHU IIPEIIaraeMoro 3aech MaTepruasa Oblaa cie-
nana B 1997 r. (Babywruna H. A., Bywmenesa H.A., Oxynoe C. M., ep-
notx C. JO. KoHcnekTol 3aHaTHi 110 nHdopmaTuke (mpaktukym o Typ6o ITacka-
a10). — Kupos: Usxa-so BI'TIY, 1997).



6 Ipenuciaosue

HOe o(popMJIeHNEe TI0 IPUHATHIM «IIPaBUJIaM UTPHI» IIPU HAIKUCA-
HUU KHUT TAKOTO THMA OOBLIYHO CKPBIBAET CIIOCOO ero «poikie-
HUA» — B KAKUX «MyKaX» 1 KaK OH IojyueH. « Hu oivH yueHbIi
HEe MBbBICAUT QopMyJaaMu», — JIOOUJI TOBOPUTH AJnbepT
dituireiin. B ocHOBe J1I000T0 AJITOPUTMA JICXKUT KaKas-To odpas-
Has KapTHUHKA WJIu scHasd wuied. Bocco3maTh sTy KapTHUHKY,
B3ATH Ha ce0si CMEeJIOCTb YTBEPIKACHUS O « POYKISHUN» Pe3yaIbTa-
Ta UMEHHO TaK, KaK OMMChIBaeTCsA B KHUTe (Uepes3 IpumMepsl, de-
pes3 9KCIIepUMEeHTbl — a OHU 00s3aTeJIbHbI — U OIIMHMOKHU C «Ha-
OpockaMu» Koja) — crpairHo. Ho ecau uuTaTesab IIOABEPrHET
BCE COMHEHHIO, TO aBTOp OyJeT CUMTATh, UTO OH yiKe JOCTHUT
meJin, 160 CIeIuaJncT o nH(OpMaTHKe 00513aH BCe IOIBEPraTh
COMHEHUIO 1 HUUero He IpUHUMATL Ha Bepy! Takoe comHeHUe B
OPaBUJIBLHOCTH PE3YyJbTATOB M CAMOCTOATEIbHAsA paboTa mpuBe-
IyT Bac K MOMEHTaM «IBpuKal», K POKIeHNIO HOBOTO, 1, MOYKET
OBITH, Ballla (paMUJINS TAK Ke BONAET B MCTOPUIO NH(OOPMATUKH,
Kak u (paMuWInM aBTOPOB paccMaTpUBAEMBIX 3IeCh AJTOPHUT-
MOB...

B mpeamere «uHpOpMATHKAa», a UMEHHO B OJUMITAATHBIX
COPEBHOBAHUAX M0 MHMOPMATHKE, CIOKUIACH, YHUKAIbHAA CU-
Tyauus, KOTOPOH HeT HU B OAHOM IITKOJIbHOM ITpeameTe. Hampu-
Mep, TeMaTuKa 3aJaHuii OTUMITA 10 MaTeMaTUKe OITNPaeTcs
Ha IITKOJBLHBIN KyPC, YTO BIIOJIHE €CTECTBeHHO. B oiuMIuagHoi
'Ke nHpOpPMAaTHKE (HA30BEM €€ TaK) CYIeCTBYeT KAK MUHUMYM
TpU HaOpaBJeHHUs: HMepBoe, MOAAep:KUBaeMoe U pPasBUBaeMoe
MeKIYHAPOIHBIM COOOIIECTBOM, CBA3aHO C aJTOPUTMaMU U
OpOTpaMMHPOBAaHNEM; BTOPOE — 39TO OJUMIHNAILI IT0 6a30BOMY
Kypcy mHGOPMATHUKM; TPEeThe — Pa3JINUUYHOTO POJla COPEeBHOBA-
HUSA 0 UCIIOJIb30BaHUIO MHGOPMAITMOHHBIX TeXHOJIOTUHM. CBA3H
IepPBOT0 HAIIPaBJEHUS CO IIIKOJbHBIM KYPCOM HH(MOPMATHUKN
orpaHHMYeHa HECKOJbKHUMHN pasiejiaMH, BTOPOe HaIpaBJieHUe
MOJIHOCTBIO aIeKBaTHO KYpPCY, a TPeThe — JIUIIIb YaCTUUHO. [
IOCTUIKEHUsS Pe3yJIbTaTOB B pPaMKaxX IIePBOrO HAIIPaBJIEHUA
3HATDh U YMeTh TpebyeTcsa MHOTO, O4€Hb MHOT'0, 1 JIFOOOM IITKOJIb-
HBIH YUeOHUK He BXOJIUT B 3TOT HEOOXOAMMBIE MUHUMYM. Ecin
BBIPA3UTHCS TOUHEee, TO HobOeAuTefib COPeBHOBAHWI MEepPBOTO
THUIAa He Bcerga CMOYKeT BEIPa3UTh CBOU MBICJIY TEM S3BIKOM, KO-
TOPBII 3ajlaeTcA YUeOHUKAMU, XOTA, KOHEeUHO, OH 3HaeT X Ma-
Tepuaj, HO TOJbKO HA COBEPIIIEHHO APYTOM YPOBHE IIOHNMAHUSA
Y OCO3HaHUAA.

PaccmarpuBaemMble B KHUTE aJIrOPUTMBI (OCHOBHBIE) BXOIAT
B IPUMEPHYIO IPOorpaMMy I10 OIUMONATHON nHGOPMATHUKE BCETO
OJHOM CTPOKON — «Q20pUMMbL NOUCKA NOOCMPOKU 8 CMPOKe



IIpeguciosue 7

3a O(n+m )»1). IATH aJTOPUTMBI OTHOCATCA K OUAAKTUUECKUM
eIUHUIIAM, «U3yUeHle KOTODPBIX y(opMUpPYyeT y IIKOJIbLHUKOB
KJIIOUEeBbIe YMEHHUsS B 00JIaCTU OJHUMIIMATHONM HOATOTOBKMU, OT-
KPBIBAeT IIepeJl YUYaCTHUKOM OJUMMIIMaJHOTO COCTS3aHUS BO3-
MOYKHOCTDh HNPOSIBUTH CBOM TBOPUYECKHUN IIOTEHIIMAJ HA JOCTOM-
HOM ypOBHE ... — IobequTteseil M MPU3EPOB 3aKJIIOUUTEIBHBIX
sTanoB Bcepoccuiickoi ormMInagbl IIKOJBHAKOB» 2.

CTpyKTypa KHUTH

IlepBas rimaBa, ¢ OJHOM CTOPOHBI, ABJSETCA BBOMHOM, a C
IPYroil — IaeT OCHOBBI IPENBAPUTEILHOTO aHAJIN3a CTPOK, 6e3
KOTODPBIX MMIOHUMAHNE MHOTUX M3JI0KEHHBIX JaJjiee aJIlTOPUTMOB
HeBOo3MOKHO. Ho, BeposTHO, TJIABHLIM B HEU cjJaeayeT CUUTATh
«O0YepUMBaHUE» OZHOTO U3 OCHOBHBIX CIIOCOO0OB ITOCTPOEHMA 3(h-
(eKTUBHBIX AJTOPUTMOB, KOTOPBIN 3aKJIIOUAETCSA B TIATE]b-
HOM aHaJIu3e UCXOAHBIX JaHHBIX C IeJbI0 BEIABJIEHUA B HUX 3a-
KOHOMEPHOCTEMH, a 3aTeM — B UCIIOJIb30BAHUY 3TUX 3aKOHOMED-
HOCTell Ipu pelreHruy OCHOBHOM 3aTauu.

Bo BTOpOIii ri1aBe paccMaTpPUBAIOTCSA CTABINNE YiKe KJIACCHU-
kot anroputmel [[. Kuyra — [Iox. Moppuca — B. IIparra; P. Boii-
epa — [I:x. Mypa; P. Kapra — M. Pabuna; Shift—And (B. [1émén-
ku — P. Besa-Hetc — I'. Tonrer); M. Kpouemopa u M. Meiina —
P. Jlopenmna. Eciu mepBble YeThIpe aJIfOPUTMA IOCBAIIEHBI IIPO0-
JieMe TIOMCKa IIOACTPOKU B CTPOKE, TO IIOCJETHUE ABA SABJSIOTCS
OCHOBOIIOJIATAIOIITUME B 3ajJaue aHajii3a CBOMCTB CTPOKHU (TeK-
cra). Bo BTOpoOiIi ri1aBe KpaTKO IMIOKAa3aH0, KaK MCI0JIb30BaTh alllla-
paT Teopuu aBTOMATOB IIPU ONMUCAHUU AJTOPUTMOB Ha CTPOKAX.

TpeThsl TyIaBa IEJIUKOM IIOCBSAINEHA Jdepesviam CcYPhuk-
€08 — CTPYKType AAaHHBIX, B KOTOPOil (PHUKCUPYIOTCA OCOOEH-
HOCTU CTPOKHU (TeKcTa), mo3BoJisiolue 3((EeKTUBHO peInaTh
MHOTOUYHMCJIeHHBIE 3a/jaui 00paboTKU CTPOK. PaccMOTpeHbI Ba
aaropurmMa — 9. YKKoueHa u E. Mak-Kpeiira, oggaxo nx pac-
CMOTPEHUIO IPEIIIeCTBYeT aHAJINS3 IPOCTHIX METOAO0B IIOCTPOe-
HUA JgepeBa CypOUKCOB, UTO IIO3BOJISAET CHeJlaTh U3JIOXKeHUe
IOCTYIIHBIM U SICHBIM (C TOUKM 3peHusa aBropa). Ha ocranbHBIE
W3BECTHBIE aJITOPUTMBI PEIIeHU STOM 3a4aUM B JaHHOM KHUTe
OPUBOAATCA TOJBKO CCBHLIKH.

B uerBepTOI IIIaBe paccMaTPWBAIOTCS 3a4aUM BHIUYMCIEHUA
pPacCcTOSHUA MEXKAY CTPOKAMH U HAXOMKJeHUA HanboJIbIeil 06-
el IMOAIIOCJIeI0OBATEeILHOCTH ABYX CTPOK. AHAaIM3 IIepPBOi 3a-

D Ruproxun B. M. TadopmaTuka: Bcepoccuiickue onumuuansi. — M.: IIpocsemte-
5 uune, 2008.C. 71.
) Tamsxe. C. 67.
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Jauy OTPaHNYUBAETCA OCHOBHBIM AJTOPUTMOM U Pe3yJIbTaTOM
9. YrkoneHa — 0. Matiiepca. Bropas npobsema aHaInu3upyeTcs
uyepes gocruxkenus C. Hynenbmauma — K. Bynma, II. Xaurta —
T. S3umanckoro u JI. dmnucona — T. dukca.

Ilaras raaBa IIOCBAINEHA JOCTATOUYHO 3HAUMMOII 3ajaue
JaHHOU IPo0JIeMaTUKN — IPUOIUKEeHHOMY IIOUCKY IMOICTPOK B
TexcTe. [laHbI IPOCThIe aJITOPUTMEI, a TakKe ajaroputm C. By —
1O. Meu6epa, aJropuTm pelieHns 3a5adui O k-HeCOBHAIeHUAX U
uneriHbsie ocHOBEI ajnroputma FO. Maiiepca.

BwmecTo 3akJiroueHUA UynTATENISAM IIpEaaraeTcsa HebOoJIbIoe
acce 0 mpeaMeTe «MHQPOPMATHIKA» , I3 KOTOPOTO CTAHOBSTCS fC-
Hee POJIb U MECTO KaK MaTepuajia JaHHO KHUTH, TAK U Pe3yJib-
Tara, MOJy4aeMoOT0o B HUTOTe AeATeJbHOCTU IO OCBOEHHUIO pac-
CMATPUBAEMbIX aJITOPUTMOB.

B mpunoskeHMsx pacKpBLIBAIOTCS HEKOTOPble MOMEHTBHI
OpraHM3aIuu Yray0JeHHOTO 9KCIIePUMEHTAIBLHOTO McCeqoBa-
HUA aJITOPUTMOB U IIPUBOAUTCA PAJ ITpobJieM (3axav) AJIsd MHIA-
BUAYAJIBHON TBOPYECKOM pa6o'r511). PaccmorpenHble B JaHHOM
KHHUTEe aJTOPUTMbI — 3TO, €CJN MOYKHO TAK BBIPA3UTLCS, TOJIb-
KO IEePBBIN «IIJIAaCT» YKa3aHHOTO pasgesia nHpopMmaTuku. IIpo6-
JIeMbl, IIPUBEJEHHbIEe B IPUIOKEHUH, JIUIIH YACTUIHO BOCIIOJI-
HAIOT 3TOT IP00eJ, MOJHOCTHIO YCTPaHAEMbIi, BEPOATHO, JHUIIh
HocJeayIniuMy paboTamMu.

BaarogapraocTn

51 61aromapro xosier: EBrenus BadeciaBosuua Korenbun-
KoBa, AHapes BacunbeBuua JIannHa m MHOTUX APYTUX 34 UH-
TeJLJIEKTYaJbHYIO IIOMOIIb, 0€3 KOTOPOU BPAL JIU COCTOSAJICS ObI
aToT TpyA. Ocobasa mpusHaTeabHOCTh — [Murpuio IOpreBuuy
YceukoBy, coTpyasHUKY usgareabectsa « BMHOM. JIabopaTopus
3HAHUM» , OIIePATUBHOCTD U T00POKeIaTeIbHOCTh PA00TEHI KOTO-
poTo BBI3LIBAIOT BoCcXUIIleHMEe. [ ry6ouaiimniasa 6J1arofapHOCTb —
IupeKTopy magareabcTBa Muxamny HukomaeBuuy Bopoauny,
KOTODBIHA He TOJIBKO IIOBEPUJI B «IPUIIIEAIIIETO C YIUIILI» aBTOPA
(82001 r.), HO U BCe 3TU T'OAbI ITPO(EeCCUOHATBHO IOAAePKUBAET
ero0 IeATEeJTbHOCTD.

D Ha PYCCKOM sI3BIKE NMEIOTCS TOJBKO ABe GyHIaMeHTaIbHbIe IIePeBOLHbIE KHUTH
o fjauHo npobiremaruke: Cuum 5. MeToAbI 1 aITrOpPUTMEI BEIYKCIEHNU Ha CTPO-
Kax: nep. ¢ auri. — M.: 000 «H1. [I. Buabsgmc», 2006 u 'acgund [J. Ctpoku, ge-
PEeBBA U IIOCJIENOBATEIHLHOCTH B aJropurMax: VHGopMaTrKa 1 BEIYUCIUTEIbHAA
6uosnoruda: mep. ¢ anra. V1. B. PomamoBekoro. — CII6.: HeBckuit [uasexT;
BXB-Ilerep6ypr, 2003. ABTOpD, KOHEUHO K€, NCII0JIb30BaJI X (KaK U aHTJIOA3bIU-
HbIe CTaThH) IPY HATMCAHUY JaHHOM KHUTHY, KOTOPas, BEIPAKasACh Iefaroruiec-
KUM ABBIKOM, ABJISETCSA IPOIIeJeBTUKON K U3YUEHNIO Ha3BaHHBIX KHUT, IIPEJOC-
TaBJIAIINNX OOMIMPHBINA MaTepuaJs 1o mpobieMam AJsA UHAVBUIAYAIBHON TBOD-
YeCKOU paboThl KaK IIKOJbHUKA, TAK U CTYAEHTA.



W mpuxomaT MHe B TOJIOBY CKa3KU
MynapemamMmu oTMedeHHBIX THEH,

W 6ay:kmgaio 1 B HUX II0 YKa3Ke

Y auBUTEIbHOM ITUIILI MOEH.

Hukxonait 3abonoukuil

1.1. OCHOBHbIe NOHATUSA

CreHy MOYKHO IIPOOUTH TOJBKO I'OJIOBOM.
Bce ocTanbHOE — TOJBKO OPYAUA.

Jlewerx Kymop

OOBIYHO TOBOPAT, UTO cmpoka (S) — BTO MOCIeOBATEDb-
HOCTH CUMBOJIOB, B3ATHIX U3 3apaHee OIIpeleIeHHOTO alasu-
ma. IIpu sToM cpady BO3HUKAIOT KaK MUHUMYM JBa BOIIpoca, 3a-
KJIIOUEHHBIE B MOHATUAX «IIOCTEIOBATEIbHOCTb» U «aJI(paBUT».

ITocanedosamenvbHocmbs — 3TO SHAUUT CTPOKA KaK OJHOMED-
Has CTPYKTYypa, B KOTOPOH KaKIbIN 3JeMeHT (CUMB0Jl) MMeeT
YVHUKaJBHYIO METKY B BUJie HOMepPa, a paccMaTpPUBaIOTCA TOJBKO
KOHEYHBbIE 3JIeMEHTHI CTPOKU (TepBbIii m mocaenHwuit). Ilamee,
KaKIBIHM 3JIeMEHT CTPOKY, KpoMe IIEPBOro (caMoro JIeBOT0), MMe-
€T eAWHCTBEHHBIN IIPEAIIECTBYIOIIUA 3JIEMEHT, a KasKIbIA aJe-
MEHT, KpoMe IIocjJeqHero (caMoro IrpaBoro), UMeeT eIUHCTBEH-
HBIU cJIemyIoIuil ajieMeHT. IIpoBOAsA aHAJIOTUIO ¢ A3BIKOM IIPO-
rpamMupoBaHud llackasb, MOYKHO CKasaTbh, YTO JJs CTPOKU
paborator onepanuu pred (i) u succ (i) , Te i — HOMep CIMBOJIA
B CTPOKe, M CIIpaBeJJiMBbI paBeHCTBa: [ = succ (pred(i))
(3a MCKJIIOUEHMEeM CcaMOro JIEBOTO CUMBOJIA) M i = pred (succ (i) )
(3a MCKJIIOUEHEM CaMOI'0 IIPAaBOTO CHMBOJIA).

Aagasum — 3TO UHTYUTUBHO JOCTATOUHO SCHOE IIOHATHE;
OIpesieJINM ero KaK KOHEeYHOe MHOKECTBO A PasIuuYMMBIX dJIie-
MEHTOB, Ha KOTOPOM OIIPeJIeJIEHO OmHouleHue nopsadxka. Tpanu-
IIMOHHBIE TPUMEPHI aa(aBUTOB: JIATUHCKUI; PYCCKUIi; BCE CIM-
BOJIBI B COOTBeTCTBUY ¢ uX KoaupoBKou ASCII. Andasut us 1syx
CUMBOJIOB (2 KOMITBIOTED paboTaeT ¢ JaHHBIMU, ITPEJACTABJIIEHHBI-
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MU B TakoM aJjdaBute!) HA3BIBAIOT OUHAPHBIM (080UYHBLM).
OrHoITeHre TOPAAKA A CHMBOJIOB U3 aa(aBuTa TOBOPUT O TOM,
YTO AJIA JIIOOBIX X € A M Yy € A MOXKHO CHEJIaTh BBIBOJ, KaKOM
AJIEMEHT OOJIBIIIE IPYTOTO, T. €. UTOX < YUWINY < X TIPU X # Y.
ITonarue «nodcmporxa» cmporxu S oupeneasercs Kak S[i..j]

IJisa J1000% mapbl Takux uncesn i v j, uto 1 <i<j< n,rnen —
KOJITYECTBO CUMBOJIOB B S (OnuHa cMpPoKu, 0003HAUUM ee KaK
i > j, TO MBI cumTaeM IOACTPOKY S[i..j] nycmoil.
JdpyrumMu caoBaMu, IOACTPOKA#— 9TO YaCTh CTPOKU, COCTOSIIA
M3 HEKOTOPOIr'0 KOJIMYECTBA CMEXKHBIX CHMBOJIOB HCXOIHOI
CTPOKH, I B JAaHHOM CJIyuyae «HEKOTOPOe KOJIMUYECTBO» OIIpeje-
aserca Kak j — i + 1. Mo’XHO BBIAEIUTH TOYHO n — k + 1 mox-
CTPOK IJIUHBI £ U3 CTPOKHU S AJIUHLI n: 3T0 moacTpoku S[1..k],

S[2..k + 1], ..., S[n — k + 1..n]. OOGIlee KOJUYECTBO IIOJX-
c'rporc c JZ[.JII/IHaMI/I or 1 mo n ompepeasieTca cCyMMONl —
Z(n kE+1)= n’ +n’ T. €. IMeeT TOPAI0K O(n2).

k=l

Crpoxu (ecTecTBeHHO, Ha ogHOM ajihaBure) S; u Sy paBHHI,
ecJyiu:

1) coBagamT UX AJUHEI (1);

2) S4[i1 = Syli] nna Bcex i =1, ..., n.

Ha mHoOKecTBe CTPOK Ha yIOpsgoueHHOM ajipaBure A oT-
HOIlleHUE MOopAaKa (JJeKCUKOoTrpa)uuecKoro) BBOAUTCSA €CTECT-
BeHHBIM oOpaszom. Ilycts mmeerca nBe crporum Si[l..n] u
So[1l..m], Tormza MmbI TOBOPUM, 4TO S < Sy (S 1excurorpadu-
YeCcKH! MeHbIne Sy), eCJIN BHIIIOJHAETCS OLHO U3 CJIENYIOIINX
yCJI0BUM (B3aMMOUCKJIIOUAIOIIUX):

a)n <mu Sql..n] = Sy[1..n];

0) cymmecTByeT Takoe 1eJoe uncio i (i € 1..min{n, m}), uro
Si[1..i — 1] = Sy[1..i — 1] u Sq[i] < Sy[i] (wnu, gpyrumu
cJI0BaMu, i — IIepBas MO3UINSA CJIeBa, B KOTOPOI dJIeMeH-
TeI S| U Sy PA3IUHHEI).

lNpumepsi

abc < abcd (n =3, m = 4); abdef < ada (i=2,b <d).

IIpegpurc cTpoxku S, 3aKaHUYMBAIOIIUICA B NOSUIUNA i, —
aTo nmoxcTpoka S[1..i].

Cypdurc cTpoKku S, HAUMHAIOIIUHACA B MTO3UIUU i, — ITO
noacrpoka S[i..n].
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ITpedurcer u cyhduUKCH HA3BBIBAIOT COOCMBEHHbLMU, €CIIN
OHU He ABJAIOTCA IYCTHIMU U He COBIIAAAIOT € S.

OcHoBHan 3amaua. [lana crpoka P (ee uarie Bcero Ha3bIBa-
T ob6pa3yom) m crporka T (mexcm). Tpebyerca HalTU Bce
BXOKIeHUus oopasia P B TekeT T. [JIuHBI CTPOK 0003HAUNM KaK
m=|Plun=|T

MNMpumep

P = aab, T= aacbaabaatabaabaaw. P Bxogut B T, Hauu-
Hada ¢ mosunuii b u 13.

ITpocToii, nnu « HAUBHBIN » , AJITOPUTM PEIIEHUS 3aJaUH I10-
Kasad Ha puc. 1.1. 3mecs HaligeHO ABa BXOKIeHuUdA (oba moj-
YepPKHYTHI) 00pasia B TeKCT.

123456789012345678

aacbaabaatabaabaaw
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab
aab

Puc. 1.1. IIpumep mpocToro moucka obpasiia B TeKCTe

Kak HeTpyamo BuIeThb, IJIs peIlleHUsa IOCTaBJIeHHON 3a1aun
obpaser P «IpuUKJIagLIBAETCA» JIEBLIM KOHIIOM K TeKcty 1T, Ha-
YUHAaA C eT0 IePBOH IO3UITHUY, 4 3aTEM OCYIIECTBIAETCS MTOCUM-
BOJIbHOE CpaBHEeHNe 00pasiia ¥ COOTBETCTBYIOIINX CUMBOJIOB TeK-
cta. IIpu 9TOM BO3MOKHBI JBa MCXO0Ja: IPOU30HUIET HEeCOBIIade-
HYe CHMBOJIOB B KaKOI-TO MHO3MIUU JNOO OyaeT HaMWIeHO
Bxoskaenue P B T (Bce cuMmBoJibI P cpaBHeHBI). Bo BTopoM ciryuae
durcupyerca GaKkT COBIAAeHUA, HO B 000X ciaydaax sareMm P
cABUTAeTCA Ha OAHY ITOSUIIUIO BIIPABOsW IIPOIlECC ITPOBEPKU CO-
BIOAJeHUSA IIOBTOPsAETCSI. B JaHHOM aJIrOpuUTMe He YUYUTBIBAIOTCA
KaK pe3yJbTaThl IPEIbIAYIINX CPABHEHUHN, TAK U CTPYKTypa 00-
pasiia U1 TeKCcTa.

dopman3oBaHHAsA B3alHCh PACCMOTPEHHOTO AaJrOPUTMAa
WMEET CJEeNYIOIUA BUI.
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Procedure Solve;
{P, T - rnoBajbHHEE BEeJUUMHHE Tuna String}
Var i, j:Integer;
Begin
For i:=1 To n-m+l Do Begin
J:=1;
While (j<=m) And (P[J]=T[i+J-1]) Do Jj:=j+1;
If j=m+1 Then WritelLn ('mammeHo BxXOXHmeHue P B T,
HaumMHag C nosuumm ', 1i);
End;
End;

O1reHrM BpeMs pabOTHI 3TOTO aJITOPUTMA B KOJIMUECTBE OIle-
paumit cpaBHeHuss. OHO OoueBMAHO W mMeeT 3HaueHme O(n-m).
Taxas olleHKa AOCTUTAeTCA Ipu n — m + 1 coBmajeHusx, T. e.
Korma m P, u T cocTosAT m3 ogHOTO cuMBoJa. IIpu 3HaAUEHUAX
m > 103, n > 10° BpeMs paboThl TAKOTO aJITOPUUTMA CTAHOBUT-
CcA HENIPUEMJIEMBIM IJIsI MHOTUX ITPUJIOMKEHUH.

Ienbio crermanucToB 1Mo nHGoOpMaTUKe 3a mocaennue 30 Jer
ABJsSIETCS paspaboTKa aJrOPUTMOB MOMCKA BXOXKAEHUS o0pasiia B
TEKCT (MHOIA — YAMBUTEILHBIX Y HEOKUIAHHLIX, KaK CKasKa ©),
a TaKJ’Ke pellleHue I1eJIOTO Psiia POACTBEHHBIX 3a/1aU, C BpeMeHHOH
oreHkoit mopaaka O(n + m). BoJbIIMHCTBO pPE3yJIbTATOB IIPU
9TOM OCHOBAaHO Ha IpeJBapUTeJbLHOM aHajn3e o0pasiia N TeK-
cTa (B 3aBUCHMOCTH OT 3aJauM), HAIIPaBJIEHHOM Ha BbISIBJIEHUE,
€cJI1 MOYKHO TaK BBIPA3UTHCH, €T0 CTPYKTYPHI, C MOCIEIYIOIIUM
HMCIIOJIb30BAHUEM 5TOM MH(MOPMAIIUH IJIs PellleHusa 3agaun. Pasy-
MeeTCd, CMbBICTI UMEIOT TOJbKO aJITOPUTMBI C BpEMEHHOH OIeHKOM
O(n) nuau O(m). CkaxkeM,, Takoli anaaus3 P mo3BonI ObI PEIInuTh
3amauy 13 IpHuBeAeHHOoro Ha puc. 1.1 npumepa He 3a 16 cgBUTrOB,
a 3a Topaso MeHbIllee UX Yucyo (Hanpumep, 9).

T\ YnpaxHeHus

1. CoopmynaupyiiTe oTjnumne CJAeAYIOIIell pealusaliuil IIPo-
CTOTO aJITOPUTMA IouCcKa BXoxkaeHusAa P B T oT paHee mpuse-
JTeHHOM.

Procedure Solve;
{P, T - rnoBajibHEHE BeJIMUMHE TUla String}
Var i, j:Integer;
Begin
For i:=1 To n-m+l Do Begin
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Jji=m;
While (3>=1) And (P[j]=T[i+J-1]) Do j:=j-1;
If j=0 Then WritelLn ('HalineHO BxOXIeHMe P
B T, HauMHag Cc nosuumum ', 1i);
End;

End;

2. B dopmManmszoBaHHOUN 3alUCH aJITOPUTMA IIPOCTOTO MOUCKA
CUHTAJIOCH, UTO KaK P, Tak u T MMeIT OJNHBI, JOIIYyCKAao-
e WCIIOJb30BaHMWE TUIIA JAaHHBIX String. CHUMUTE 3TO
orpannuenue. IIpegnoaoxxure, Hanpumep, uro m = 100, a
n = 10000. CooTBeTCTBEHHO U3MEHUTE PEATU3AITUI0 METO-
la 1 oIleHuTe (9KCIepUMEeHTAJIhLHO) BpeMs ero paboThI.
ITpumeuanue. Jas sroro moTpebyeTcsa TOTOTHUTEIHLHO Ha-
nrcaTh reHepaTop CIAyUYauHBIX CTPOK 3aJaHHOU IJIUHBI.

3. lausl aBe cTpoku — S U Sy. OnpenenanTe, HaIuCcaB COOTBET-
CTBYIOIIYIO IIPOrPaMMYy, MOXKHO Ji1 OAHY (JII00YI0) M3 3TUX
CTPOK IMOJYYUTH IUKJINUECKUM CABUTOM APYTOH CTPOKH.

1.2. MeToabl NnpeaBapuUTeNbHOro aHanusa
CTPOK

Kaxkavrit 13 Hac JIUITL BLIUTPAET, CO3aBasd Bpe-
M OT BPEMEHU <«UZDPYULeYHble» NPOZPAMMbL C
3aJaHHBIMM MCKYCCTBEHHBLIMU OTPaHUUYECHUI-
MU, 3aCTaBJSOIUMHU HAC OO0 IIpeaesa HaIps-
raTh CBOU CIIOCOOHOCTH... MICKYCCTBO peIllleHusA
MUHU-3aa4 Ha IIpefieie CBOUX BO3MOKHOCTEH
OTTaYMBaET HAIIlE YMEHUE JJIf PealbHblX 3a0ay.

Honanvd Knym

MeToasl npeaqBapuUTEILHOIO aHAJIN3A CTPOK ITO3BOJIAIOT BBI-
SABUTH UX CMPYKMYPY — 3aKOHOMEPHOCTHU PACIIOJIOKEHUA CUM-
BOJIOB B CTpPOKe. PellleHue 3agauu 3a JuHeiiHOe BpeMs (OT AJIH-
HBI CTPOKM) CO3JaeT IPEANOCBLIKY IJd HaxoykaeHus sddex-
THUBHBIX aJITOPHUTMOB IIOMCKa IIOACTPOKHN B CTPOKeE. N 3BecTHEI
IBe CXeMbl IIPeNBApPUTENLHOIO aHANMW3a — HAXOMKAeHUe zpa-
neit) u 6aoroe c'rpoxz). Paccmorpum mx.

1)

Cmum B. MeTOAbI U aJITOPUTMBI BBIYMCJIEHUS Ha CTPOKaX: Imep. ¢ aHrja. — M.:
000 «U. 0. Buabamc», 2006.

T'acpund [I. CTporu, nepeBbd U IIOCJIEL0BATEILHOCTH B airoputMax: VHbopMa-
TUKAa ¥ BBIUMCJIUTEJIbHAA Ouosiorus: nep. ¢ auria. 1. B. PomaroBckoro. — CII6.:
Hesckuit Juanexkt; BXB-Iletep6ypr, 2003.

2)
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1.2.1. 'paHu cmpoku

Ha rpasu mapra u anpend,
TpaHUIle AHSI U TEeMHOTBI —

C co3HaHBEM, YTO B KOHIE TOHHEJA
Ha caMoM JieJie TOJIbKO THI.

Hmumpuii Bviros

Omnpenenenue

I'panvio (border, verge, brink) br cTpoku S Ha3bIBAETCA JIIO-
001i COOCTBEHHELIN IIPedUKC 9TOM CTPOKU, PABHBIN cypPUKCy S.

Crpoka S = abaababaabaab umeer aBe rpanu (He myc-
Thie) — ab u abaab. Crpoka S = abaabaab TakKe mMeeT ABe
rpaHu — ab u abaab, HO BTOpad rpadb — IIEepPEeKPbIBAIOIIAAC.
CTpoka AJWHBI 71 W3 IIOBTOPSAIOIIET0CA CUMBOJIa, HAIpPUMeEp
aaaaaaaa (uam a8), umeer n — 1 rpaub. Hua S = 2% aTo TpaHu:
a, aa, aaa, aaaa, aaaaa, aaaaaa U aaaaaaa.

ITousaTMe «CcOOCTBEHHBIHM MpePUKC» UCKJIIOYAET T'PaHb, CO-
BIAJAIOIYI0 C CAMOM CTPOKOM.

Jauna epaHu — 3TO KOJUUECTBO CMBOJIOB B Heli.

EcrecTBeHHBIM 0000IIIeHEM MHOHATUA «TPaHb» ABJIAETCS
TIOHATHUE «HAUWOO0AbWell 2PDAHU» — 9TO HAUOOJBINH (110 KOJIU-
YeCTBY CHMMBOJIOB) COOCTBEHHBIN HNpe()UKC CTPOKM, PaBHLII ee
cybhduxcy.

ITpocThIM aJrOpUTMOM BBIUMCJIEHUS HAMOOJBINIEN TI'paHU
CTPOKU S ABJIgeTCA II0ocJeloBaTelbHasd IIPOBEepPKa COBIIAJeHUSA
npedurcos S[1], S[1..2], S[1..3], ..., S[1..n — 1] c cooTBeTCTBYIO-
mumu cypdurcamu S[n], S[n—1..n], S[n — 2..n], ..., S[2..n]:

Function MaxBorder (S:String) :Word;
Var i, j, br, n:Word;

Begin
n:=Length (S); {BuumuciaseM OIMHY CTPOKU W}
br:=0;
For i:=1 To n-1 Do Begin {luxkyi no namHe TPaHU}
Ji=n-1i+1;

While (j<=n) And (S[i+j-n]=S[]j]) Do j:=j+1;
{Ipeduxc m cydbdmuxc namHE 1 coBHamamoT?}
If j=n+l1 Then br:=i;
End;
MaxBorder:=br;
End;
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. 2
BpemenHasa ciosKHOCTE aTOTO anaropurma — O(n).

Chenmaem o0oOiienune s3agaun. IlycTh HEOOXOIMMO BBIUMC-
JINTH 3HAUEHUA HAaUOOJIbIIINX I'PaHEeH AJIa BceX oacTpor S[1..i]
(i = 1..n) u coxpanuth ux B maccuse br[1..n]. OueBugHo, 3Ha-
yenue br[1] paBao 0, u6o moactpoxa S[1] He umeeT coGCTBEH-
HBIX IoAcTpok. IlocieqoBaTebHOe IpUMeHeHNe IpeabIAyInei
JIOTUKHU K KaKJOH IIOJCTPOKE MPUBOAUT K CJIEAYIOIIEMY ajiro-
PUTMY C BpeMeHHOUN CJI0KHOCTHIO O(n3):

Procedure MaxBorderArray (S:String);
{Maccur br - 1joOaJibHbIM}
Var i,n,t:Word;
Begin
n:=Length (S) ;
br[l]:=0;
For i:=2 To n Do
br[i] :=MaxBorder (Copy(S,1,1i));
{"BrpezaeM" m3 S NOOCTPOKY IJMHH I,
HauMHasaA C [IepBOT'O CMMBOJIA}
End;

lNpumepsi
B Tab6n. 1.1 mpuBemeHbl TpUMepPhl BBIUMCIEHUS MacCCHUBa
rpaHeii br mjisi pa3JIuYHBIX CTPOK S.

Ta6auma 1.1
Ne S Br
1 |aaaaaa 0,1,2,3,4,5
2 |abcdef 0,0,0,0,0,0
3 |abaababaabaab 0,0,1,1,2,3,2,3,4,5,6,4,5
4 abcabcabcabc=(abc)4 0,0,0,1,2,3,4,5,6,7,8,9
5 |abcabdabcabeabcabd |0,0,0,1,2,0,1,2,3,4,5,0,1,2,3,4,
abcabc 5,6,7,8,9,10,11,3

Kaxue mabiromeHusa MOXKHO CIeJaTh Ha OCHOBAHUM 3THUX

IauHbIX? Bo-nepBrIX, br[i + 1] < br[i] + 1 gna arobeix i oT 1 10
n — 1, u eciu 3HaAYEHUS BJIEMEHTOB br BO3pacTalOT, TO OHU BO3-
pactator c¢ marom 1. Bo-BTopwix, Korma br[i + 1] = br[i] + 1?
Orger omuosduauen: npu S[i + 1] = S[bri] + 1]. Apyrumu cJo-
BaMM, €CJIM CUMBOJ S B mos3umuu i + 1 coBmazaer ¢ CIMBOJIOM,
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CJIeAYIONIM 3a MaKCUMaJbHBIM npedurcom S[1..i], coBnagaro-
M ¢ cyddurcom S[1..i], To HambosbIasa rpaub br{i + 1] naa
S[1..i + 1] mpocto yBesmuuBaerca Ha 1. A ecau S[i+ 1]=#
# S[br[i] + 1]? Curyanusa gust crpoxku S[1..12] TpeTbero npume-
pa us tabu. 1.1 nosacHserca Ha puc. 1.2a, a niua crporu S[1..24]
nsiToro mpuMepa m3 Tads. 1.1 — Ha puc. 1.26.

1234567890123 123456789012345678901 2 3 4
abaababaabaab abcabdabcabeabcabdabec a b ¢
br=0011232345645 br:OOO120‘1\2?01234567891011 3
S[12]# S[7], vo S[12] = S[4], S[24] = S[12], S[24Y= S[6], Ho S[23] = S[3],
ciaenoBaTesbHO, br{12]=br[6]+ 1 ciaenoBaTesbHO, br[24]=br[5] + 1
a) 6)

Puc. 1.2. IIpumeps! BIYUCIEHUN 3BHAUEHUH br Ipu

S[i + 1] = S[br{i] + 1]

Wrax, ecoiu Het coBuagenusa S[i + 1] # S[br][i] + 1], To pac-
cMaTpuBaeTcAa HauOoJIbIasa rpadb noactpoku S[1..br[i]] u npo-
BepsaeTcda paBeHcTBo S[i + 1] = S[br[br{i]] + 1]. Ona npumepa
Ha puc. 1.2a 0HO BBHINOJHSIETCH:

S[12] = S[br[11] + 1] = S[7] (a # b);
S[12] = S[brbr{11]] + 1] = S[br[11] + 1] =

— S[br{6] + 1]= S[3 + 1] = S[4] (a = a)
u br{12] = br[6] + 1,

a IJis mpuMepa Ha puc. 1.26 oHo (Ha BTOPOM IIIare) He BBITIOJIHSI-
eTcs, U TpebyeTcs ellle OAUH ITar aHaJOTMUYHOTO «CKauYKa» M0
CTPOKe.

B dopmupoBanuu MmaccuBa rpaHelil KJIOUEBYIO POJIb UT'PaeT
daxT, uTo ecau t (CTpoKa) — rpaHb CTPOKHU S, To t’ (TpaHb IOA-
CTPOKU t) ABJAETCS I'PaHbIO CTPOKU S. MaccuB rpaHeil MOKHO
«Pa3BepHYTh» B IBYMEPHYIO CTPYKTYPY (€e HacThb AJid mpuMepa
Ha puc. 1.20 npeacrasigena B Tads. 1.2). EcrecTBernHO, UTO Ha
dopmMupoBaHUe 3HAUEHHUI ABYMEPHOrO MaccuBa MOTpedyercs
BpeMs O(nz). .

Ecau BBecTu obosunauenue bri[i], j = 1, 2, .., k, apaaiomniee-
cAd 3HaYeHWeM MAJIWHBI j-i II0 BeJIMYMHE IpaHu TIOACTPOKH
S[1..i], To S[1..br[i]] ecTs rpans mogerporu S[1..br' [i]]. Ipy-
rumu ciosamu, br'[i] = br{br' [i]], unu j-a o BeuuuHe rpaHDb
mogcTpoku S[1..i], ABasercsa rpaubio (j — 1)-if mo BeauumHe
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Tab6uumna 1.2
I JauHa rpaHei
24 3,0
23 11,5,2,0
22 10,4,1,0
21 9,3,0
20 8,2,0

rpaHu nop;c'rpomn S[1. l], U CYIIIeCTBYyeT HauMeHbIIlee 3HaUeHue
k Takoe, 4TO br" [i] =

dopmMaIn30BaHHAS 3AINCH AJIMOPUTMA BBIUKCJICHU br IJIs
S MosKeT ObITH IIPeACTaBJeHa TaK:

Procedure MaxBorderArray (S:String);

{Maccur br - 1jo0OaJibHbBIM}
Var i,n,t:Word;
Begin
n:=Length (S) ;
br[1]:=0;
For i:=1 To n-1/Do Begin
t:=brli];
While (t>0) And (S[i+1]<>S[t+1l]) Do t:=br[t];
If S[i+1]=S[t+1] Then br[i+l]:=t+1
Else br[i+1]:=0;
End;
End;

OneHUM BpeMeHHbBIe ITapaMeTphl 3TOoro ajaropurma. [k
For BeImoJsiHAeTcA 1 — 1 pasd. KosuduecTBO 1IaroB BJIOMKEHHOTO
nukKJga While padanuHo. BpeMsa BBINTOJIHEHUSA aJITOPUTMA IIPO-
TMOPIIMOHAJIBHO O0IIeMY KOJMUYECTBY IPUCBAUBAHUN 3HAUEHUH
nepeMmenHoii t. OHo paBHO 1 — 1 (B IfuKJIe For) ILJIIOC KOJIUYECT-
BO 3TUX OIlepaliuii BHyTpHU nuKJa While. B niukae While mpo-
WCXOIUT YMEHbBIIIeHNE 3HaUeHnA nepeMeHHOM . Ha Kammoi ke
urepanuu For 3HaueHme t (a OHO Bcerjga HEOTPHUIIATEJIbHOE)
Jaubo ocTaeTcsA PaBHBIM HYJIIO, JIMOO YBeINUMBAETCSA HA eUHU-
y. Takum 06pasom, KOJIUUECTBO YBEJIUUEHUH IIPOIOPIINOHAIb-
HO (n — 1), HO 00IIlee KOJMYECTBO YMEHBIIIEHUH B ITUKJe While
(a O0HO Bcerjga OCyIIeCTBJISIETCSA He MeHee ueM Ha 1) He MOXKeT
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IPEeBOCXOIUTL KomdecTBa yBeanuenuii. CiaegoBaTebHO, ¢ U3-
MeHseTCs BHYTpHU nukJa While me GoJsiee (n — 1) pas, Tak uTo
TTOJTHOE KOJUYECTBO IIPUCBAMBAHUN ¢ OTPAHUUYEHO CBEPXY BeJIU-
yunoi 2(n — 1) = O(n). Utak, maccus br g S opMupyercsa He
3a BpeMs O(n3), KaK OBLII0 pacCMOTPEHO paHee, a 3a Bpema O(n).

Kax mo:xHO BumeTh, B MaccuBe br GUKCUPYIOTCA TPAHU BCeX
moxactpok S[1..i], i = 1...n, niu, IPyruMu CJIOBAMU, BEIUNCIIS-
IOTCA I'PaHU BceX NpedUKCOB CTPOKH S. AHAJOTUUHYIO 3amaUy
MOKHO PeIluTh U AJid cypPUKCOB CTPOKU S, HAIIpUMEP B Mac-
cuBe bw cpopmuponarts rpauu S[i..n], i=1..n. Ha puc. 1.3 mo-
Ka3aHO, B YeM B3aKJIIYaeTcd OTJIMYHe BJTOT0 crocoba oOT
MIpeabIAYIIEro.

s . 7, s 777, 7777
¥ : : f :

1 i n 1 i n
a) 6)

Puc. 1.3.I'paun:
a) rpaub npedukrca S[1..i] — br[i]; 6) rpaus cyhdurca S[i..n]— bw[i]
lNMpumep

B raba. 1.3 mokasana cTpoKa S 1 MacCHUBBI I'paHei mpeduk-
coB br u cydppurcoB bw naa Hee.

Tabauma 1.3

1/12(3[4(5|6[7|8(9|0(1|2|3|4|5|6|7| 8|9 |0]|1

S |a|blalal|bla|bla|a|blala|blal|blalal|b a |bla
br ([0/0(1]1(2|3|2|3|4|5|6|4|5|6|7[8]|9[10|11|7|8
bw|(8|7(6|5(4|3(2|1(8|7|6|5|4(3|2[1]|3|2 |1 (0|0

Jloruka (hopMupoBaHUA 3HAYEHU 9JIEMEHTOB MaccuBa bw
aHaJOTUYHA paHee paccMOTpPeHHON’ B nporenype
MaxBorderArray U UMEeT BUJ:

Procedure BorderRigth (S:String);
Var i, t:Word;
Begin
n:=Length (S) ;
bw[n]:=0;
For i:=n DownTo 2 Do Begin
t:=bw[i];
While (t>0) And (S[i-1]<>S[n-t]) Do t:=bw[n-t];
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If S[i-1]=S[n-t] Then bw[i-1]:=t+1
Else bw([i-1]:=0;
End;
End;

O6paTtuMcs Temepb K OCHOBHOU 3amade, cOPMYIUPOBAH-
HOM B m. 1.1, — K IOMCKY BXOXKIeHuA obpasima P B Texct T.
IIycTh mMeeTcsa cUMBOJI $, He IpUHAAJeKaIIUi aapasury A.
Cohopmupyem us P u T ctpory S = PST u Beruucaum br nasa S.

lNMpumepsi
Ha puc. 1.4 npuBeneHbl 1Ba IpUMepa TaKOT'0 PellleHus 3a-
maur. B mepBoii cTpoKe yKasaHbI HOMePA IMO3UINI CUMBOJIA B S,

BO BTOPOiI — CTpOKa S, a B TPeTbeil — 3HAUYEeHUS DJIEMEHTOB
Maccusa br.

123456789012 1234567890123456789
aba$abaabaab ba$abbabaabbaababba
br=001012312312 br=10000112120112012112

Puc. 1.4. [IBa npumepa BeIuucjaeHuA br 1jia cTpoK Tuna S=PST

Pemenwne 3amaum gocratouHo oueBUAHO. B chopmMupoBan-
HOM MaccuBe br TpebyeTcsa HAUTU 3HAUEHUA, paBHbIe AJauHe P,
a HOMep IMO3UINHY i YKas3bIBaeT Ha IIPABBII KOHEI[ MeCTa BXOK/Ie-
Hua P B T. 3agaua peitaercs 3a BpeMmsa O(n + m).

HNrak, B MaccuBe rpaHeii pukcupyerca HeKasa nHGopMaI s
0 CTPYKTYPHO# opraHmsanuu S, IO3BOJAIONIAA PEIIaTh UCXOM-
HYIO 3amauy 6ojee 3(p(hpeKTUBHO, T. €. 3a MeHbIllee BpeMmsd. Iloz-
YEePKHEM CJIEAYIOIIYIO MBICIE 00 5TOM IIpueMe (MU MeTofe) UH-
dopmaTuru: 88e0eHUe OONONHUMENbHbLX CMPYKmMYp OAHHbLX,
IpPexmuero opmupyemvLx U LUO0 ONUCLLEATOULUX UCXOOHYIO
3a0ayy HeCKONbKO UHaye, AU60 CMPYKMYPUpyowux uH@Gopma-
U 00 UCX00HbLX OAHHBbLX, — 9MO NYMb K HAX0HCOeHUo Oosee
6vicmpodeiicmayouux memodos peuleHus 3a0ay.

1.2.2. BNoKun CTpoKu
C10:XHOCTB — BTO CyMMa
IPOCTHIX TPYAHOCTEI.
Teopeuii Anexcandpos
Ompenenenue
Baoxom (bloc) crpoxku S B mo3uniuu i (bl[i]) HazoBeM namHy
HamMbOJbIITell TOACTPOKHY S, KOTOopas HauMHaeTCs B i M cOBIaa-
eT ¢ mpedurcom S.
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Hnsa xpaHneHus: 6JI0KOB CTPOKU S HamboJsiee eCTeCTBEHHOMN
CTPYKTYpO# MaHHBIX fABJseTcAa MaccuB. OmpeneauM ero Kak
maccug o60kx08 (bl).

lNpumepsi

Ha puc. 1.5 mpuBezeHo BoceMb HPUMEPOB BbIUUCJICHUS
MaccuBa 0JIOKOB CTPOK.

1) 123456789012 2) 12345678901
S =abcabdabcabd S =aabcaabyaaz
bl=000200600200 bl=01003100210

3) 12345678 4) 12345678
S =abababab S =abaabaab
bl=00604020 bl=00150120

5) 1234567890123 6) 123456789
S =abaababaabaab S =aaabaabab
bl=0013060150120 bl=021021010

7) 12345678901 8) 1234567890123456
S = abcabcabcab S = abbabaabbaababba
bl=00080050020 bl=0002014001204001

Puc. 1.5. IIpumeps! BeiuucieHuA bl AJ1d pa3aIudHBIX CTPOK S

dopmann3oBaHHASA 3alUCh aJTOPUTMA BBITHCICHI 6J10-
KOB CTPOKM C BPEeMEHHOH CJ0KHOCTBI0O O(n”) umeeT BUI:

Procedure Bloc (S:String); {Maccur bl - 1inoOaJsibHBI}
Var i, j, n:Word;
Begin
n:=Length (S) ;
bl[1]:=0;
For i:=2 To n Do Begin
Ji=1i;
While (j<=n) And (S[j-i+1]=S[j]) Do Jj:=j+1;
bl[i]l:=7-1;
End;
End;

ITocTaBuM BOIIPOC: MOKHO JIM BEIUUCIAATH OJIOKU CTPOKH aJI-
TOPUTMOM C JUHEHNHON BpeMeHHOH cIoKHOoCcThIo O(n)? Beposr-
HO, €IUHCTBEHHBIM BO3MOKHBIMN ITyTh — 9TO YUYET IIPU BbIUKNCIIE-
HUY OYepeqHOro O/IoKa MHGOPMAIMM O PaHEee BBIUMCJICHHBIX
0Js0Kax. B mpuBeieHHOM BBIIIIE AJITOPUTME 3TOTO He JAeJIaeTCs, 1
KasKAbIi GJIOK ompenesigeTcsa KaK ObI ¢ HYJIEBOM OTMETKH.
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Brenem ¢pyHryuio cpasHernus (comparison) moaCcTPOK CTPO-
KU, KOTOopasd IIoJiyuyaeT HoMepa IIePBBIX CMBOJIOB IIOACTPOK (P
U py) U onpefendeT AJUHY (KOJIMUYeCTBO CIMBOJOB) COBIazaio-
e YacTu:

Function Cmnp (p:, p;:Word) :Word;
{CuMBOJIEI CTPOKM S CPaBHMBAITCS, HauMHaA C IOo3uumuy pl
n p2: S(pll=S(p2], S[pl+l]=S[p2+1l], ..., IO OepBOTO
HEPAaBEHCTBa CMMBOJIOB MM OO IOCTVXEHMS KOHLa CTPOKM}
Var j,t:Word;
Begin
If (pl>n) Or (p2>n) Then Cmp:=0
Else Begin
If n-pl<n-p2 Then t:=n-pl Else t:=n-p2;
{OnpenenseM MMHMMAJIBHOE 3HadYeHMEe IO KOHIIA CTPOKMU}
3:=0;
While (j<=t) And (S[pl+jl1=S[p2+j]) Do j:=j+1;
Cmp:=7;
End;
End;

ITpu manmumm 310 QYHKINY MPEABIAYIITUNA aJITOPUTM 3a-
IHUCHIBAETCA B CJAEAYIOIeM BUE:

Procedure Bloc (S:String); {Maccus bl - rysoBaJjibHEI}

Var i, n:Word;
Begin

n:=Length (S) ;

bl1[1]:=0;

For i:=2 To n Do

bl[i] :=Cmp (1,1)

End;

ITpaBna, nis pelteHuA 3afauy HAMU IIOKA HUYETO He cesa-
HO, a IPOBeJleHa YNCTO TeXHUYeCKasd IpaBKa ajropurma. I1os-
TOMY HPOJOJIXKIM.

Ons nio60i mosunuu i > 1 3Hauenwue bl[i] > 0 oupenensaer
npaByio rpaHuny i + bl[i] — 1 O6sokKa, coBmasamwIIero ¢ mpe-
¢durcom S, HauMHAIONIETOCSd B i ¥ 3aKAHYMWBAIOIIETOCA B
i +bl[i] — 1. Ho mo3uiiusd i CTPOKH MOIKET «IIOKPBIBATHCS»
HECKOJIbKMMU 0JOKAMU, IO9TOMY BIIOJIHE €CTeCTBEHHO OymaeT
ompeneJUTh camMoe IIpaBoe (HaumboJjiblllee) 3HaueHue r[i] =

= Max(j + bl[j] — 1) mo Bcem 1 < j < i. B kauecTBe JieBOI1 r'pa-
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HUIIHI [[i] MBI BO3BbMEM JIEBYIO TPAHUILY JII060TO 6JI0Ka, comepsKa-
I[ero IIO3nINIO i.
lNMpumep

B Tta6xa. 1.4 npuBeneHbl cCTPOKa S U BEIYMCJIEHHBIE IJIA Hee
suauenusda bl[i], a raxske r[i] u [[i].

Ta6auma 1.4
i|1|2[(3(4|5|6 8191(10|11(12(13(|14(15|16(17|18(19|20(21|22(23|24
Sla|b|cla|b|d blcla|b|ela|b|c|a|b|d|a|b|c|a|b]|c
blj0|0|0(2[0|0 0/2/0{0(11/0|0]|2[0|0|5(0|0|3|0|0
r|0(0|0|5(5|0(11|11{11|11(11] 0 |23|23|23|23|23|23|23|23|23|24|24|24
1{0|0[|0(4]|4]|0 7 (10({10| 0 |{13(13|13(13|13(13|19|19|19|22|22|22

ITycTs Beruncasiercsa bl[i], u mosunusa i He BXOJUT HU B OJTUH
paHee BBIUWCJIEHHBIA OJIOK ((paKTMUecKM HaAM NOTPeOdyrTca
TOJIBKO IIOCJIeHYWE 3HAUEHWA ' U [, TaK UTO B MCIIOJIb3OBAHUU
MacCCHBOB HET HeOOXOAMMOCTH).

ITycTs i > r. B aToMm ciryuae npssMBIM CPABHEHUEM IO HECOB-
mageHnA MOICTPOK, HAUMHAIONNXCA C TO3UITUHY 1 U C TO3UITNH i
(unu mo mcuepIaHUsA CTPOKM), OIpenesisieTcsa 3HaueHume bl[i].
Tormar=i+blli]-1ul=1i.

PaccmoTpum Tenmeps BTOpOIn.Ccirydam: i < 7, T. €. MO3UIUA i
HaxoauTtcsa B 61oke. O uem sTo roBoput? Takas cuTyamusa moxa-
3aHa Ha puc. 1.6, 1 13 Hee cjIeAyeT, UTO IPUHALJIEIKHOCTD S[i]
GJIOKY JaeT OCHOBaHME yTBEePIKAAaTh 0 Hamnuuu rnpedurca S, CoB-
magarInero ¢ JaHHBIM 0JJ0KOM (Ha puc. 1.6 oH BbIAeJEeH TYHK-
TUPHOI JIuHUEH). A 3HAUUT, B mosutiuu k = i — [ + 1 maxogurcs
cumBoJ S[k], paBubii S[i]. Bosee Toro, moacrpoka S[i..r ] momx-
Ha coBIanaTh ¢ moacTpokoil S[k..bl[i]]. Ho 3nauenme bl[k] y:xe
BBIYMCJIEHO, ¥ U3BECTHO, C KAKOI YacThIo IpepuKca S coBIamaeT
IOACTPOKA, HauMHaomasaca ¢ mosunuu k. Torga moayuaercd,
YTO y HAC eCTh BCE OCHOBAHUA YTBEPyKIATh O COBHAJEHUU IIOM-
CTPOKHU, HAaUMHAIOIIEeNC A ¢ MO3ULNY i, U IIpeuKca S IJIMHOM,
paBHoOIi MuUHUMYMY 3Hauenuii bl[klur —i + 1.

R — —

E bl [i] l i r

Puc. 1.6. Ilosunus i HaxonuTcs B 6ioKe bl[i] c rpanunamu [, r]
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Jlormuecku Opu HAXOMKIAEHUHU i B OJIOKEe HEeHYJIEBOM JAJIMHBI
BO3MOJKHBI CJIAVIOIINE CUTYAIUU.

IlepBass — xorma bl[k] <r —i + 1, T. e. giauHa IpeduKca
S, cOBIIaIAIOIIEro ¢ IOACTPOKOM, HAUMHAIOIIEHCsA ¢ TO3UIuM &,
MeHbIIle, YeM «0ocTaToK» 0Joka bl[i]. Torma bl[i] = bl[k] u 3Hua-
yeHusd [, r He U3MEHAIOTC.

Bropasa curyanus — npu bl[k] >r — i + 1 — Gosee unre-
pecHa. IMeeT MecTO IOJIHOE coBHaZeHUe oAcTpok S[k..b{[i]] u
S[i..r], HO 0OHO MOKeT OBITH MPOJOJIKEHO, HaUMHAaA C IIO3UITUHA
r + 1ubl[i] + 1. CregoBaTesbHO, HEOOXOOUMO HEIIOCPEICTBEH-
HBIM CPaBHEHUEM IIDOBEPUTH COBIIaZieHIE IIOACTPOK, HAUMHATO-
ITUXCSA C 9TUX MOo3uIuii. U ecsiu mpu 9TOM IPOMU30HAET ¢ COBIIa-
menuii, to bl[il=r—-i+1+q, r=r+gq,l=1i.

B dopmain3oBaHHOM BUAESDTOT AJITOPUTM MOYKHO IIPEICTA-
BUTH B CJIEAYIOIIEM BUE:

Procedure Bloc (S:String);

{Maccur bl - rnoOa’libHEIM}
Var n,r,1,1i,k,g:Word;
Begin

n:=Length (S) ;

r:=0;

1:=0;

bl[1]:=0;

For i:=2 To n Do Begin
bl[i] :=0;

If i>r Then Begin
bl[i]:=Cmp(1l,1i);
{BriuncriissieM nMHy ' 'COBHameHMs NOICTPOK
Y KOPPEKTUPYEM, €CJIM eCTb COBIaIeHUe,
3HaueHud 1 u r}
If bl1[i]>0 Then Begin
r:=i+bl[i]-1;
1l:=1i;
End
End
Else Begin {llo3uuusa i BXoIMT B OJIOK}
ki=i-1+1;
If bl[k]<r-i+1l Then bl[i]:=bl[k]
Else Begin
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{PasMep OJjioKa B NO3ULMUM K IIPEBHUIAET

"ocTaTok" 6iyoka, "nmokpuBawomwero" mos3muMo I}
bl[i]:=r-i+1;
l:=1i;

g:=Cmp (r-i+2,r+l);

If g>0 Then Begin
{EcTpr manbHeMiiee COBIANEHUE — YTOUHSEM
paszMep OJjioKka M ero’ TpaByld T'PaHMULY}
bl[i]:=bl[i]l+g;
r:=i+bl[1i]-1;

End;

End;
End;
End;
End;

Bpems paGoThI 3TOT0 aJITOPUTMAa BEIUUCJIEHUSA GJIOKOB paB-
HO O(n). Ilpu MOBepXHOCTHOM aHAJIN3€ HETPYAHO YBUIETDH, UTO
KOJIMUECTBO UTepaInuii (IUKJI For) IPOMOPIIMOHAJBHO 11, U €CTh
BHYTPEeHHUU HUKJI While mpm peasusanuu CPaBHEHUSA MOJ-
CTPOK, T. €. BpeMeHHAs OIleHKa MOJIKHA ObLia Obl PaBHATHCS
O(nz). Ho mmuka While sakaHUYMBaeTCs IIPU IIEPBOM HECOBIIaie-
HUU CUMBOJIOB. Eciau mOmycTUTHL OOHUW HecoBHameHUs (Korma
BCS CTPOKA COCTOUT M3 PA3JUUYHBIX CUMBOJIOB), TO KOJIUYECTBO
HecoBIaJeHUuil He IIpeBbIlIaeT 3Hauenus n — 1. Pazbepemca Te-
epb ¢ COBIIaieHueM CUMBOJIOB. CaeyeT MOHATD, YTO KaKAbIi
CHUMBOJI CTPOKHY yYaCTBYeT B COBIIaJIeHUUW OAWH pas, T. €. IO-
BTOPHBIX IIPOBEPOK, HECMOTPSA Ha BJIOKEHHBIN ITUKJI While,
HeT. BepxHusasa rpauuiia ¥ — 5TO KOJHUYECTBO IIPOBEPEHHBIX (CO-
BIOABIIINX) CUMBOJIOB. Ee 3HaUeHUe He yMeHbIIIaeTCs, a TOJIbKO
YBeJIMYMBAETCA OT UTePAINU K UTEPAIUU: 1; > I;_; JJId JII0060ro
3HayeHusg i. IlycTh Ha ouepeqHON nTepauu i cumBoJ S[i] Haxo-
JUTCA B GJI0Ke, U BBINIOJHEHO ¢ CPaBHEHUM, TOTZA 7'; yBEJIUUN-
BaeTcs Ha 3HaueHUe ¢. OnHaKO BepxXHAA rpaHuIla 0JI0KOB He IIpe-
BOCXOJIUT 7, CJIeLOBATEJIbHO, 00Iee KOJNUeCTBO COBIaaeHnii (Ha
BCeX UTepaInAax) Tak:Ke He IPeBocXoauT n. Takum o6pasom, Ko-
JNYECTBO COBIIAJEHUN M HECOBIIaAeHUil mMeeT oleHKy O(n).

ObpaTuMcs B ouepegHOI pas3 K/OCHOBHOU 3amaue, chopMy-
JupoBaHHOI B m. 1.1, — K IOUCKY BXOXKIeHus obpasma P B
TeKcT T. AJropuTM ee pellleHUs C HMCIOJb30BaHMEM MAacCHUBa
rpaHeii OBIJT paccMOTpPeH paHee. MOKHO JIM MCIIOJb30BATDH AJIS
9TOM IeJIU MACCUB OJIOKOB?
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Ilycth mMeeTcss cuMBOJI S, He IpUHALJIEKAITUN alpaBUTy
A. Chopmupyem us P u T ctpory S = PST u Berumciaum bl
st S.

lNpumepsi
Ha puc. 1.7 npuBemeHbl aBa ImpuMepa. B 1mepBoii cTpoke

yKasaHbI HOMepa IIO3UIINY CUMBOJIa B S, BO BTOPOIi — cTpokKa S,
a B TpPeThbell — 3HaUYEeHUWA 3JIEMEHTOB mMaccuBa bl.

123456789012 1234567890123456789
aba$abaabaab ba$Sabbabaabbaababba
bl=001030130120 bl=0000120200120020120

Puc. 1.7. [IBa npumepa Beiuucaenua bl nasacrtpok tuma S=PS$T

Pemmenue sToi#t 3amaum moctaTouHo oueBUAHO. B chopmupo-
BaHHOM Maccuse bl TpeOyeTes HaiiTy 3HaUeHU s, paBHbIe JjuHe P.
Howmep mosutiuu i (i > n) mpu 3TOM yKasbIBaeT Ha JIEBBIN KOHEI]
mecTa BxoxkaeHusa P B T. 3agaua pertaerca 3a Bpemda O(n + m).

IIpumeuanue. Kasanoch ObI, 3aUueM HaM IIPOJOJIXKATh pac-
cMaTpPUBaTh IIPO0JIEeMY, eCJIH AJIsI Hee yoKe eCTh ABa IIPOCTHIX Ba-
puanTa perterua? OgHaKo 3a4aUn MHOTOUHCJIEHHBIX IIPUJIOKe-
HUM, CBOAAIIUXCSI K 00paboTKe CTPOK, He MCUEePIIBIBAIOTCS 3TOH
npocToii cxemoit! Hanpumep, IIpu IIOMCKe B peaIbHOM BpeMeH!
WJIN OIIePAaTUBHOM 00paboTKe JaHHBLIX (B peskume on-line), Kor-
Ia meficTBUsS 00A3aHbI BBIIIOJHATHCS 10 Mepe IOCTYILIeHA UH-
dopmaIrinm, BO3BpaIIaThCA K IIOBTOPHBLIM OIIePAIlUAM C OTAeb-
HBIM CUMBOJIOM TeKCTa (U1, B 3aBUCUMOCTH OT 3aJauu, oopas-
1[a) He IPeACTaBIAETCA BOZMOMKHBIM.

T\ YnpaxHeHus

1. B aaropurmMme HaxoOXKIeHNS HaMOOJbBIIIEH I'PAHU CTPOKHU S C
BPEMEHHOM CJI0KHOCTBHIO O(nz) HOWCK HAUYMHAJCS C Hau-
MEHBIIIEr0 BO3MOKHOT'O 3HAUeHUs I'paHuU. VIBMEHUTe 3TOT
aJITOPUTM TaK, YTOOBI ITOWMCK HAUYMHAJCSI C MAKCHUMAaJIbHO
BO3MOKHOTO 3HAUEHU 1 IIPU HAXO0KJeHUH ITIePBOTO COBIIA-
IeHUs 3aBepIag paboTy.

2. Brurumcaurte MmaccuB rpaHeil npe@uKcoB 1 cyGHOUKCOB s
CTPOK:
e ab;
e abba;
e abbabaab;
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abbabaabbaababba;
abbabaabbaababbabaababbaabbabaab;

abcab;

abcabacabcbacbcacbabcabacabcb;
abcabacabcbacbcacbabcabacabcbabcabacbcacbabc
abacabcbacbcacbacabcbabcabacbcacbacabcbacbca
cbabcabacbcacbacabcbabcabacabcbacbcacbabcaba
cabcbabcabacbcacbabcabacabcbacbcacbacabcb;
aba;

abaab;

abaabaab;

abaababaabaab;

abaababaabaababaabaab;
abaababaabaababaabaababaababaabaab.

PaspaotoratiTe nporpammy noucka P B T ¢ UCIOIb30BaHUEM
MeToJa BBIUHCJIEHHS MaccuBa rpaHeil mpe@UKCOB. JKCIIe-
PUMEHTAJbHO OIEHUTEe BpeMs ee padoThl AJA IIPeAesIbHO
GOJIBIIINX CTPOK.

Paspaboratite nporpammy noucka P B T ¢ UCIIOJIb30BaHUEM
MeTo[a BBIUMCJIEHUS MacCuBa 0JJOKOB. OKCIIePUMEHTAIBHO
OIIeHUTe BpeMdA ee PabOoThI AJIA IPeAeJbHO O0JIbIITNX CTPOK.

BosbMmure mpomsBosabHYIO CTPOKY S. «IlepeBepHuUTE» ee,
T. €. IOABEPTHUTE IIPEO0PA30OBAHUIO:

I «—7r 7 .
Srhe=rr;

For i:= n DownTo 1 Do S’ :=S’'+S[i]; {n=Length(S)}

Brruncaure ans S’ maccuB rpaHei cy@durcos bwt u yde-
nuTech, uto bwt[n — i + 1] = bw[i]. [JaiiTe 06 bsACHEeHUE ITO-
My QaxTy.

IlokakuTre, UTO BpeMeHHAs OIleHKA BBLIUMNCJIEHUII MaccuBa
cy®durcos bw aBIsgeTcsa JUHEHNHON.

Kak BzaumocBsazanbl rpanu (mpeduKcoB) 1 OJIOKU CTPOKU?
PaspaboratiTe mporpaMMbI IJIs UX B3aWMHOTO IIpeobpaso-
BaHUS.
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Meroaudyecknii KOMMeHTaPHI

ITpu paccmoTpeHny 3ajauy TOYHOTO MIOUCKA 00pasIia B U3BECT-
HBIX aBTOPY KHUTAX ~ HA PYCCKOM SI3BIKE OOBIUHO HCIIOJIb3YETCS
OJVH M3 METOJOB IIpeABapUTEeIBLHOF0 aHaaunsa oopasma. PaccmoT-
peHre 060MX METOIOB U MX HUCIIQJIB30BAHUE IIPU OOCYIKIEHUM 0CO-
GEHHOCTE aJrOPUTMOB He HAPYIIIaeT I[eJIOCTHOCTU MU3JIOKEHUA;
HA000pOT, TAKOI MOAXOM IMO3BOJSAET B OUEPENHOM pas MOgUepK-
HYTb OCHOBHOE IIOJIO}KEHME Iporecca monydeHusa 3hGHeKTUBHBIX
aJITOPUTMOB — «U3 HUUETO He POKIaeTcA HEUTO». [[pyrumu cjo-
BaMU, IJIsI JOCTUKEHUSA pe3yabTaTa TpedyeTcs BLIABUTL 3aKOHO-
MEPHOCTY B UCXOJHBIX JaHHBIX U IPEJACTABUTH UX B HOBBIX CTPYK-
Typax AaHHBIX, UCIOJb30BaHNE KOTOPBHIX IPUBOAUT K adderTy
(o 3aTpaTram BpeMeHH Ji6O0 II0 PACXOJAOBAHUIO pecypca IaMsaTH)
IpU peaausalii OCHOBHOM 00paboTKU (JIOTUKU aJropuTMa).

b T'acpund [J. CTporu, nepeBba U IIOCJIEL0BATEILHOCTH B airoputMax: VH(DopMa-
TUKA U BRIYUCJIUTEJIbHAA Guosiorusd / mep. ¢ auri. . B. Pomanosckoro. — CII6.:
Hesckuii [uanexkt; BXB-Iletep6ypr, 2003; Cuum 5. MeTobl 1 aJITOPUTMBI BBI-
yucaeHui Ha cTpokax. — M.: 000 «H. [I. Buabsamc», 2005.
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Knaccnueckue anroputMbl pellieHus
3aga4 06paboTkmn CTpok

Ham BBIma/io — cTpeMUTBHCS 34 IPeIesIbl.
3ps, 4TO Jin, CyIlecTBYIOT HebGeca?!

Pobepm Bpaynunez

21. Anroputm 1. KHyta— x. Moppuca —

B. MpatTa
XpaHu B IaMATU UMeHa BEJIUKUX
JIIoJell 1 B CBOUX MOXO0JaX UM JeHCTBUAX
c GylaropasdyMueM CcJaeAyil uX IIpuMepy.
Aunexcandp Cysopos
ITO — OAWH M3 CAMBLIX M3BECTHBIX AJTOPUTMOB PeIIeHUs

3amauu nmomcka obpasmna P B Tekcrte T, nMeOIuii BpEMEHHYIO
oreHKy O(n), T. e. B HeM IIOMCK o0pasiia OCYIIeCTBJIAETCS 3a
BpeMsdA, NPOHNOPIIMOHAJIbHOE IJWHE TeKCcTa. B Kakoi-To mepe
STOT Pe3yJIbTAT MOXKHO CUHNTATHL ¢TOYKOM OTCUeTa» B CTPEM.JIe-
HUY CIIEIMAJINCTOB 110 MHPOPMATUKE CO3qaTh HOBBLIE AJITOPUT-
MBI pellleHusA OAaHHOM KJacCUYecKON 3aJaduMu.

3mech obpasell, Kak 1 B IIPOCTOM AJITOPHUTMeE, IIOCJIeZ0Ba-
TEJIbHO «IIPUKJIAABIBAETCA» K TEKCTY U OCYIIIECTBJISAETCS MOoIIa-
roBOe CpaBHeHMNe CUMBOJIOB. Ho ecyiv B IpoCcTOM aJropuTMe mo-
cJie HeCOBIIAIeHUA B KAKOM-TO MMO3UIIUU OCYIIECTBISETCS CABUT
HaA OJHY IO3UIINIO, TO B pacCMaTPUBaeMOM, 3a CUEeT IIpeaBapu-
TeJIbHOTO aHaaus3a P, CABUT BBIMOJHAETCSI B HEKOTOPBIX Cayda-
sX 0oJiee UeM Ha OJWH CUMBOJI.

ITycTs Berumciien maccuB rpasHeii P (cm. . 1.2), nan, gpyru-
MU cJ0BaMU, IJis Kaxkaoi nmosunuu i B P oupenenena br{i] —
IanHa HanboJibilero coocTBeHHOTO cydhdukrca P[1..i], coBnaga-
forero ¢ npepurcom P. B ta6i. 2.1 gan npumep P u ero maccu-
Ba rpaHei br.
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Ta6auma 2.1
i|1(2|3|4|5|6|7|8|9(10(11(12|13(14|15|16|17
Pla|b|cl|lale|la|b|c|la|b|lc]|a
br{fO|O0|O0O|1]|0(|1]|2[3|4|2|3]|4

alblc|a

elalblclal|lb|lc|a

ITpegmoso:kmM, UYTO TPOUBOIILIIO HECOBIAJEHUE CHMBOJIOB
npu i = 9 u npu HeKOTOpol mo3unuu k Tekcra 7. 3HauyeHUEe
br[8] roBoput o HasmMuMu cyhdrKca ITUHON 3, COBIATAIOIIETO C
npedpurcom P. 3HAUUT, UTOOBI 3TOT HPedpuKc coBOaI ¢ cyPPuK-
coM, caenyeT caBUHYTH P Ha (8 — 3) = 5 mo3unuii. IIpu sTom ra-
pauTupyetca coBuamenue br[8] (T. e. Tpex) cuMB0OJIOB P ¢ COOT-
BETCTBYIOITMMY CUMBoJIaMu T', TaK UTO cJeAyIolllee CpaBHEHME
cjenyeT BBIHOJHATL Mexkay cumBosamu 1[k] u P[br[8] + 1].

B sTom 3aka0UaeTcs BCA CYyTh pacCMaTPUBAEMOTO aJITOPUT-
Ma: 61aromapsi 3SHAHUIO CTPYKTYPHI obpasiia P, aHains KoTopoii
BBITIOJIHAETCA 3a JIMHEMHOE BPEMs, MOYKHO BBIIOJHATH CIBUT
npu moucke BxokJaeHus P B T GoJsiee ueM Ha OLHY IOBUIUIO.
ITpu sTom cumBoJs T[k] yuacTByeT B cpaBHEHUM KaK MUHUMYM
IBa pasa.

lNMpumep

Ilycths Tpebyerca B T=ababcxabdabcxabexabede maiiTu
BXokIeHus P=abcxabcde. Maccus rpaueii br=(0, 0, 0,0, 1, 2,
3, 0, 0). ITporecc moucka npeacTasjaeH B Tada. 2.2.

Tab6auma 2.2
i(/1)12[(3(4(5]|6|7[8|9]10{11(12|13(14(15|16|17(18(19|20|21(22
Tla|bla|b|c|x|a|b|d|a|blc|x|a|blc|x|al|blc|d]|e
Pla|b|lc|x|a|blc|d]|e

alblc|x|al|b|c|d]e
a|blc|x|a|b|c|d]|e
alblc|x|lal|blc|d]e
alblc|x|al|blc|d]e
alblc|x|alb|c|d]|e

ITocie 1epBOro «IIPUKJIAABIBAHUSA» IIPOUCXOIUT ABA COBIIA-
IeHUs CUMBOJIOB, 3aT€M B TpeTheil IO3UIIUKU — HEeCOBIaJeHIe
(a#c). Tark xax br[3]=0, TO ocymecTBIgeTCA CABUT HAa
(2 — 0) = 2 mosurnuu. I[Ipy BTOPOM «IIPUKJIAABIBAHUN» HECOB-
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mageHNe IIPOUCXOOUT B 7-1 mo3uliuu P, Torga sHaueHne HOBOTO
caBura ompezesisercda Kak (6 — br[6]) = (6 — 2) = 4. [eticTBU-
TeJbHO, V moacTpoku P[1..6] ecTts cydhdurce gauHbl 2, COBIA-
maroImuii ¢ npedpurcom P, 1 3TOTAIIPe(PUKC CIedyeT «IIPUJIO-
JKUTh» K uacTu Tekcra T[7..8]. 3aTem ocyliecTBIsieTca cpaBHe-
Hue cuMBoioB T[9] (moBTopHoe) m P[3]. HNmeer mecTO
HecoBmageHue u caBur Ha (2 — br[2]) = (2 — 0) = 2 mosunuu
BapaBo. Temeps cumBoa T[9] cpaBuuBaerca ¢ P[1] u BbIIOJI-
HseTCcs CABUT Ha onuy nmosunuio. [lociienoBaresbHOE cpaBHEHUE
cuMBOJIOB T 1 P 1Ipu JaHHOM «IIPUKJIAABIBAHUM » JOCTUTAET 8-
nosunuu. 3HaueHue br{ 7] paBHO 3, YTO TOBOPUT O HAJIUUUU CY(-
¢uKca um3 Tpex CHMBOJOB, COBHamaroInero ¢ mpepurcom P, u
ATOT HpedUKC CaenyeT «PasMeCTUTh» IO COOTBETCTBYIOITUMU
cumBojamMu T[14..16], a gaa sToro TpebyeTcs BBITIOJIHUTH
caur Ha (7 — 3) = 4 nmosunuu. Jlagee HaX0AUTCS BXOoKaeHue P
B T, u ciieayeT 3aMeTUTh, UTO ecJii Obl TeKCT T IIPOJOJIIKAJICH,
TO CJeAYIOIUM cABUT (Iocyie GUKCAIIUU BXOXKIEHUS) BBIIOJI-
HsAJIcA ObI Ha Bcio AauHy P, u6o br[9] = 0.

IIpumeuanue. MbI 31ech TOBOPUM O «CIABUTAX» U «IIPUKJIA-
OBIBAHUAX » , HO HAAO0 IIOHUMATh, YTO (DAKTUYECKU HET HUKAKUX
pealbHBIX CIBUTOB W OpPUKJIAAbIBaHUM cTpok! MameHsiorcs
JIUIITHb UHIEKCHI COOTBETCTBYIOIINUX 3JieMeHTOB T u P, ITOCKOJIb-
Ky ImpeAmojaraercs, 4To /T m P mpencTaBieHbl B IIaMATH
KOMIIbIOTEpPa KaK MaccuBbI cuMBoJibHOTO Tumna. (Ilpu apyrom
cmocobe mpeacraBiaeHus T u P u3aMeHsaeTCA cxeMa agpecanui K
CUMBOJIAM, HO CYTh OT 3TOTO HE MEHSAETCH.)

lNMpumep 1

Ilycts T = aaaaaaaaaaaa u P = aaaaa. OueBuguo, uto P
BxoguT B T (n —m + 1) = (12 — 5 + 1) = 8 pas. Iloacuuraem
KoamyecTBO cpaBHeHuii. Ilpm mpocTroM wMeTone MBI HMEEM
(n — m +1) -m = 40 cpaBHenuii. Maccus rpaueii br njia P paBeH
0,1, 2, 3, 4). Cxema moucka BXoKkAeHu mo aaropurmy . Kuy-
ta — II»x. Moppuca — B. IIlparra nmokaszauna B Ta6a. 2.3.

ITocie HaXOMKOeHUA IIEPBOTO BXOMKICHUA BBIUNCISAEM 3HA-
yenue casura. OHo pasuo (5—-br[5]) = (5—4) = 1. dpyrumu cJio-
BaMU, MbI CABUTaeM MOJACTPOKY HPU OOHAPYIKEHUU KaKIOTO
BXOMKIEHU Ha onHy mo3uituio. Ho cpaBHMBaeM MBI ITOCJIEe CABU-
TOB TOJIBKO mocyenuuii cumMmBoJ P[5] ¢ ouepenubivM cumBosiom 7'
P[5]c T[6]; P[5]1c T[7]; P[5]c T[8]u T. n. Takum obpasom, AJjis
TMOMCKAa BCeX BXOXKAEHUUN TpedyeTcsa JUITh 1 CPaBHEHUH, B JaH-
HOM cayuae — 12, a me 40.
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Tab6aumna 2.3
i 1 2 3 4 5 6 7 8 9 |10 | 11 | 12
T a a a a a a a a a a a a
P a a a a a
a a a a a
a a a a a
a a a a a
a a a a a
a a a a a
a a a a a
a a a a a
lMpumep 2

Ilycte T = aaaaaaaaaaaa u P = aaaab. Kak HeTpyaHo Bu-
IeTh, P He Bxonut B T. IIpocThIM aJropuTmMoM 3TOT (PaKT ycTa-
HaBsimBaercs 3a 40 cpaBHenuii. MaccuB rpaneit aja P pagen (0,
1, 2, 3, 0). Cxema momucka BxoxzaeHus P B T mo aaropurmy
. Kayra — [I:x. Moppuca — B. IIparra npuBegena B Tabi. 2.4.

Ta6aumna 2.4
i 1 2 3 4 5 6 7 8 9 10 | 11 | 12
T a a a a a a a a a a a a
P a a a a b
a a a a b
a a a a b
a a a a b
a a a a b
a a a a b
a a a a b
a a a a b

Tak KaK HecoBIIaAeHUs IPOUCXOAAT B mo3uiiuu P[5], To Be-
JUYMWHA cABUTra Bcerma paBHa (4 — br[4]) = (4 — 3) = 1. B xkax-
noMm caryuae cumBoJisl T[5], T[6], ..., T[11] moBTOpPHO CpaBHUBA-
[oTCcA ¢ cuMBoJIOM P[4], T. e. ABasKIbI y4aCTBYIOT B CDABHEHUAX .
OO11iee KOJIMUECTBO cpaBHeHU# paBHO (m —1+2-(n—m +
+ 1) - 1) = (2n — m). IlocnenHee BBIUMTAHWE EIUHUIILI 00-
YCJIOBJIEHO TeM, 4TO cuMBOJ T[n] cpaBHMBaeTCs TOJBKO OAUH
pas. [Ija paccMaTpuBaeMoro mpmuMepa KOJMYeCTBO CPaBHEHUHN
paBuo 19, a me 40, Kak npu mpoctoM ajaropurme (cm. m. 1.2).
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dopmanmzoBanHad 3anuck anropurma 1. Kayra — [:x. Mop-
puca — B. Ilparra noucka P B T' uMeeT BUA:

Procedure KMP (T, P:String);
Var n, m, i, g:Word;
Begin
n:=Length (T) ;
m:=Length (P) ;
MaxBorderArray (P) ;
{BrlumcIiseM 3HAUEHUSA BJIEMEHTOB MacCCMBa I'paHel br
(m. 1.2)}
g:=0;
{VlHDexC CcpaBHMBAeMOI'O CHUMBOJa, obpazua P}
For i:=1 To n Do Begin
{lnoexc cumMmpBoJila TekcTa T}
While (g>0) And (P[g+1]<>T[i]) Do qg:=br[q];
{imuTauusa coBmura}
If P[g+1]=T[i] Then g:=g+l;
If g=m Then Begin
Writeln ('HaMmeHo BxoOxmeHme P B T c nosuuum '
i-m+1);
q:=br[m];
End;
End;
End;

14

B npumepe, npeacraBienHoM B Ta0J. 2.2, JKUPHBIM HIpud-
TOM OBIJ BLIJEJIEH CJOyYail, JAIOIMIUil OCHOBAHUS IJA JTAaJIbHEM-
IIIeTO YCOBEPIIIEHCTBOBAHUS aJTOpUTMa. B 5TOT MOMEHT CMBOJI
T[9] cpaBauBaercs ¢ P[7] (i = 9, g = 6). PaboraeT mukyg While
(cM. cOOOTBETCTBYIONIYIO (DOPMAJIM30BAHHYIO 3aIIUCh), U 3HAUE-
HUe q cTaHoBUTcA paBHBIM 2 (br[6] = 2). IIpoucxonuT cpaBHe-
mue T[9] c¢ P[3]. Pesynbrar B3aBefoMO u3BeCTeH, ubO
P[3] = P[7], u yxe ObL10 3apUKCHPOBAHO HECOBIIAAEHNIE CHM-
Bosa P[7] c¢ T[9]. 3arem ¢ 'upucBauBaercsa 3HaueHue O
(br[2] = 0) u ocymrectBaAeTca cpaBHenue T[9] ¢ P[1], HO BTO
yoKe cienyrolnas cTtpoka Tabauiibil:MoKHO U MCKJIIOUUTE 9THU
JUIIHUE COBUTN?

VYTouHuM nmoHATHE TpaHu. JId KarKI0M HOSUITUA i CTPOKM
S ompepenum brs[i] Kak AAMHY HaMOOJBIIETO COOCTBEHHOTO
cyddurca S[1..i], coBmagaroriero ¢ mpeduKcom S 1 TAKOT0, UTO
S[i + 1] # S[brs[i] + 1]. Ipyrumu cJioBaMu, CJIEAYIONIANA CUM-
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BOJI 3a Ipe()MKCOM, PaBHBIM Cy(p(PUKCY, HE TOJKEH COBIAaTh C
cumBosom S[i + 1].

B Tab6xa. 2.5 npuBeneHbl TpU HpUMepa BBIUMCJIEHUS 3HAUE-
HUI yTOUHEeHHBIX rpaHeii. (KoHeuHo, 3HAUEHUS 9JIEMEHTOB Mac-
cuBa brs mosrydyeHbI Ha OCHOBE BBIUMCJIEHHOT'O paHee MaccuBa br.)

Tabauma 2.5
1/2(3(4|5(6|7|8|9|10/11/12|13{14|15|16/17|18|19 20|21
S|alb|c|x|a|b|c|d]|e
br|{0|0(0{0|1(2]|3|0]0
brs|0({0|{0]|0{0|0|3[|0]|0
S|lalblala|b|la|blala|blalal|b
br|{0({0|1|1(2|3|2|3(4|5|6[|4|5
brs|0({0[{1|0({0|3|0[1]|0|0|6]|0]|5
S|alblala|b|a|blala|b|lala|bla|bla|la|b|a|b|a
br|{0({0(1]|1]|2(3|2|3|4|5|6|4(5(6|7|8[9(10|11|7|8
brs{0|0(1(0|0(3|0|1(|0|0(6|0|0(3|0|1[0|0 (11|08

IIpumevanue. 3Hauenue brs[n] mosyueHO TIpU YyCJIOBUMH,
UTO K S IPUNNCHIBAETCS CUMBOJI, KOTOPOTO HET B ajdaBuTe.

Ecau B anropurme 1. KayTa — [Io%. Moppuca — B. IIparTa s
oIpeJieJIeHNA BeJIMYUH CABUTOB KCIIOJIB30BaThH He br, a brs, To
CIBUTU, O KOTOPBIX IILJIa Peub BBIIIe, UCKJIIOUaTcs. B paccmar-
puBaemoM npumepe (cMm. Taba. 2.2) brs[6] = 0, u caBur, BeIAEIEH-
HBIUA JKUPHBIM HIpU@MTOM B Taba. 2.2, yiKe He BBIIOJIHAETCH.

ITonyuenmue brs ua br Tpedyer suHeitHOTO BpeMeHu O(n) u
peanusyeTrcs CJIeLyIOMIMM 00pa3oM:

Procedure Brst (S:String);
Var i, n:Word;

Begin
n:=Length (S) ;
brs[1]:=0;

For i:=2 To n Do
If S[br[i]+1]<>S[i+1l] Then brs[i]:=br[i]
Else brs[i] :=brs[br[i]];
{CuMmBOJIEI coBmamawnT - OepeM paHee
cbopMMpPOBAHHOE 3HAYeHUue}
End;
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B cayuae ncnonbs3oBanus Kak br, Tak u brs nmpu HecoBIIae-
HUU B mosuniuu ¢ + 1 obpasiia P u mo3unuu i Tekcra T mpu
caBure P va q — br[q] Bupaso seBbie br{q] cumBos0B P coBamyT
¢ cooTBeTCTByWOIMUMU cuMBosiamu B T'. Ciiegyioiiiee cpaBHEHUE
caeAyeT BBIMOJNHATHL MexkAy cumBoaamu T[i] u P[br[q] + 1].
J1JIst TOJTHOTHI 000CHOBAHUA HYKHO TaKJKe II0Ka3aTh, 4TO obpa-
3e1; P He COABUTAETCSA CJIUIIKOM OAJIEKO, WJIN, IPYTUMU CJIOBA-
MU, UTO He OYAyT IPOIYINeHbl BXoxaeHuss P B T. 3To uHTyuU-
TUBHO SICHOE yTBep:KAeHMe (OHO cJielyeT U3 ONpeeieHIs Mac-
cUBa TpaHell W JOTMKU CABUIra) AOKA3LIBAETCA METOAOM «OT
TIPOTHUBHOTO» : IPEATIOJIATAETCS, UTO ITPOIYIIeHO TAKOe BXOXKIe-
HUEe W HaXOAUTCA I'PaHb, IIPEBOCXOAAINAA 10 NJINHE 3SHAUYEHUEe
briq].

Agaropurm . Kuyra — [I:x. Moppuca — B. IIparra BBIIOJI-
HseTcA 3a BpeMa O(n); mpu 3TOM BpeMsa, HeOOXOAWMOe MIJis
IpeABapuTeabHOM 00paboTKu obpasma P (ana ¢hopMUpPOBaAHUSA
MaccuBa rpaueir), paBao O(m). Torga ob6iiee Bpema — O(n+m).

JleficTBUTEIJILHO, OJA OI[eHKN BPeMEeHHOU CJIOKHOCTH aJITo-
putma . Kuyra — I»x. Moppuca — B. IIparTa Tpebyercs moa-
CUMTATh KOJIMYEeCTBO cpaBHeHUil. Eciiu pesysbTaT cpaBHEHUA
Pl[q + 1] = TT[i] oxassiBaeTca MOJIOKUTEJIBHBIM, TO 3BHAUYEHUA ¢
¥ i yBeJINUYMBAIOTCA HA eTUHAIY 1 oOopaser] P He cIBUTaeTCA OT-
HocuTesbHO T'. Eciiu :Ke pesyabTaT cCpaBHEeHUA OTPUIlATEIbHBINA
(cuMBOJIBI He COBIIaAAIoOT), To ipu ¢ = 0 3HaUeHMe i yBeIMUMBa-
eTcs Ha eUHUILY, a P caBuraetrcd BIIPAaBO HA OJHY IIO3UITUIO.
ITpu ¢ > 0 3HaAUeHUe i He MEHAETCA M HAXOAUTCA I'PAHb (IIyTeM
npucBoeHusa q:=br[q] nau q:=brs[q]), nmaroimas coBmajgeHUE
P[q + 1] = TTi], uro obecrieunBaeT TpeOyemMblii caBur. Takum
o0pasom, o0IIiee KOJIMYECTBO CPaBHEHUII CMMBOJIOB He IIpeBOC-
xonutn + t,rge t — KOJINUYECTBO CABUI'OB, BBIIIOJTHEHHBIX aJII'O-

putmoMm. Ho sHauenue t < n — m + 1, mosTomy o0Illee KOJIU-
YeCTBO CPaBHEHUI He IPEeBOCXOAUT 3HAUeHUS 271.

T\ YnpaxmeHus

1. Bromosaure TpaccupoBKy aaroputrma . Kayra — IIxx. Mop-
puca — B. IIlparTra ¢ ucrnonb3oBaHreM KaK MaccuUBa IpaHei
br, Tak u maccuBa brs Oad cIenyoInux IPUMEPOB:

e T=abbabaabbaababba, P=abbab;

e T=abcabdabcabeabcabdabcabc, P=abda;
e T=abcabdabcabcabcabd, P=abcabc;

e T=abcabcabdabcabcabcb, P=abcabcabc.
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2.

Horakure yrBep:xaeHue, uro aaroputm . Kayra — I[3x. Mop-
puca — B. IIpaTrTa He TpommycKaeT BXOKAeHU obpasiia P B
Texct T.

IIycrs obpasern P u Texcr T umetor Bun: P = (abcd) u
T = (abcd)’, rae t wr — HaTypaJabHBIE YMCJIA, IPUYeM ¢ < I.
(Hampumep, nyctuict =2, r=5, torma P = abcdabcd,
T = abcdabcdabcdabedabedabed.) Croabko cpaBHe-
Huit morpedbyercsa aaropurmy . Kuyra — k. Moppuca —
B. IIparTa gad HaxoKIeHUsS BceX BXoxkaeHuiit P B T?

PaspaboraiiTe moJIHYIO BepCUIO IIpOrpaMMbI IIOKUCKa o0pas-
ma B Texkcre mo aaroputrmy . Kumyra — I:x. Moppuca —
B. IIparra.

B anropurme [I. Kayra — I[ox. Moppuca — B. IIpaTTa obpaseir
P «IIpukJgagbIBaeTCsa» K IOACTPOKe T, M OHU IIOCHMMBOJIBHO
CPaBHUBAIOTCA cJjieBa Hampaso. IIpu HecoBIaeHUN B KAKUX-
aubo nosunuax q + 1 B P u i B T upu brs[q] > 0 obpaser, P
caBUTraeTcd BIIpaBo Ha ¢ — brs[q] mecT. ATOT cABUT rapaHTHU-
pyetr coBnazenme npedurca P[1..brs[q]] ¢ npuneraromieir
nozcTpokoit T, u gajsiee OyIyT cpaBHUBATHCA CUMBOJIBI T[i] 1
P[brs[q] + 1]. CoBur, ocHoBaHHBIN He Ha br{q], a Ha brs[q],
rapaHtupyer, uto P[q + 1]<>P[brs[q] + 1], HO oH He 00ec-
neunBaeT paBeHcTBO T[i] u P[brs[q] + 1], mosToMy cuMBOJI
T[i] BHOBB yuacTByeT B cpaBHeHUU. Ecjiu BBeCTU orpaHuye-
HUe, YTO KaKJbIil cuMBOJ T MOKeT yuacTBOBaTh B CpaBHe-
HUUW TOJIBKO OJAUWH pas, TO MOAUMDUIIMPOBAHHBINA aJTOPUTM
. Kayra — II3)x. Moppuca — B. IIparTa Ha3wsIBawT aszopum-
mom peanvrozo épemernu. U3mennure anroputm . Kuyra —
H:x. Moppuca — B. IIparra yKasaHnHbIM 00pa3oM.

Ilpumenwanue. [1yis1 3TOTO HYKHO ITpeobpasoBaTh OJHOMEP-
HBIH MaccuB rpanHeir brs[l..m] B #ByMepHBIII MaccuUB
brsa[l..m, |A|], rae |A| — MomHOCTH KOHEUHOTO UCTIONB3Y-
emoro aindaButa A, caengyomniuMm oopasom. Ilyets x € A.
Hna xkasxmgoil mosunuu q obpasmna P BeruucauM brsalq,x]
Kak Takyio rpaub P[1..q], uto P[brs[q] + 1] = x. 910 npe-
oOpas3oBaHUeE OCYIIECTBJIAETCA 3a JUHEHOe BpeMsA. [laee
OPEAIIONOKUM, UTO IIPOUBOIII0 HEeCOBIIaJAeHEe CUMBOJIOB
T[i] u Pl[g + 1] u uro T[i] = x. Torma ocyiiecrBiadeTcsa
caBur P Ha ¢ — brsa[q,x] nosunuii Bupao. B aTom ciyuae
He TOJIbKO npedukrc P[1..brsa[qg,x]] coBmamaeT c cooTBeT-
cTBylomuMu cuMBoJsiamu T, Ho u cumBoJ T[i] coBnazmaer



36 T'nasa 2. Kraccnyeckne aaropatmsl 06pa6oTKH CTPOK

¢ cumBoJgom P[brsa[q,x] + 1], moaTomy caenymoiiee cpas-
HeHue ciaenyer BBIIIOJIHATH MeX oy CHMBOJIaMMN
Plbrsalqg,x] + 2] u T[i + 1].

2.2. Anroputm P. Bonepa—[x. Mypa

Ho kxak BBI cIeJuCh!
H3s k/¢ «Ilokposckue opoma»

B anropurme P. Boitepa — [I;x. Mypa o6paserr repeMeIiaeTcs
II0 TEKCTy cJieBa HAIpPaBo, HO (M 9TO OTJIMUYUTEIbHAdA uepral)
CpPaBHEHUE CUMBOJIOB BLIIOJIHAETCS CNPABA HAJLEB0, T. €. IEPBHI-
My (IIpU NIEePBOM NIPUKJIAALIBAHUN) CPABHUBAIOTCS CHUMBOJIBI
P[m] u T[m]. JaHHBI{ aJTOPUTM IIOCJIE €T0 IOABJIEHUA NMeeT,
BEPOATHO, HauboJIbIllee KOJIRUECTBO «IIPOJOJIKATENe»: MHOIO-
4YuCJIeHHbIe aBTOPHI Pa3sBUBAJIU €r0 U IPeAJIOKUIN CBOU MOIU-
uKauy 5TOTo0 aIrOPUTMAa, ABJIAIONIET0CH, €CJIN TaK MOYKHO BbI-
pasuThCH, IEPEeIOBLIM, «IIMOHEPCKUM» B OIUCBIBaeMOIl mIpobJie-
MaTHKe.

IlepBaa sBpuctura amropurma P. Boiiepa — II»x. Mypa 3a-
KJII0UaeTcs B TOM, UTO ecju cuMBojia T[m] u jiio6oro apyroro,
YYacTBYIOIIIETO B CPAaBHEHUM, HEeT B P, To oO6pasel MOYKHO CIBU-
HYTBb 3a 3TOT cuMBOJI. Tak, ecjiu Ipy mepBOM IPUKJIAABIBAHUU
P[m]#T[m]u T[m] uet B P, To P caBuraeTcsa cpasy Ha m IIO3UIUi,
U CJIeLYIOINMMY CUMBOJIAMY, IIOJJIEKAIIIIMY CDaBHEHNIO, ABJIA-
orcsa P[m] u T[2 - m]. Ecanu »xxe cumBos T[m] ects B o6paste P,
To P ciegyer cIBUHYTH BIPABO TaK, YTOOBI O STUM CHUMBOJIOM
OKasajica caMblii mpaBbIfi cuMmBoJ P, coBmagmatomuii ¢ T[m].
W ecam camoe nipaBoe BxoxxaeHMe T[m] HaXOAUTCA B MO3UIUU §
o0pasiia, ToO BeIuUMHAa CABUTA OIpeHesseTca Kak m — (.

lNMpumep

B Ta6s. 2.6 (ctpoku 1 u 2) mpuBeseHa UJTIOCTPAIINA OIIN-
caHHBIX BhIIe cayuaeB. CumBoaa 7 (T[5]) HeT B o6pasiie, u mo-
cJaenHuii caBuraeTcs 3a 9ToT cuMBoJI. CuMmBoJI ke b (T[10]) ectb
B oOpasiie, I03TOMY OCYII[EeCTBJIsIeTCS CABUT Ha b — 2 = 3 mmo3u-
.

ITpegnonoxxum, uro mpousoniio cpaBueHue P[m]u T[i] (ua-
npuMep, KakK B cTpoke 3 Tabua. 2.6). Torma manee ciaemyer cpas-
HUBAaTh IIPEJIIECTBYIOIIe CUMBOJIBEI B 00pasiie 1 TeKCTe, II0Ka
Bech 00paserl He COBIIAAET C MOACTPOKOI TeKceTa (0yaeT HaligeHo
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Tab6auma 2.6
3(4|5 718 10{11{12(13|14({15(16|17|18(19|20|21
T X a|bla|x|bla|d|la|bla|x|a|x|alal|d
1|P bl|a
2 albla a
3 alblal|x
4 alx|a
5 alx|a
6 alblal|x]|a
7 albla
8 alb a

BXOMKIEHWEe) MM MOKa He OyAeT BCTPEUYEeHO HeCOBMIaJeHNe.
B mepsom cayuae (ctpoxa 4 Tabin. 2.6) puxcupyerca GarT
BXOMKIEHUs, a 3aTeM oOpasell CIBUTAETCSA HA OOHY ITO3UIIUIO
BIIpaBo (TI0OKa ImpemoaraeM 3TOT, HauXyAIIUHi, BApUaHT CABU-
ra), u IIpoIliecc IIOKMCKa IPOoAoJKaeTcsai. Bo BropoMm ciiyuae BO3-
MOJKHBI Ba BapuauTa. Eciiu cuMBoJIa TeKCcTa, Ha KOTOPOM IIPO-
M30IILJIO HecOBIIaieHe; HeT B 00pasIiie, TO IIOCJIeJHUN CABUTaeT-
cs BIIPABO 3a 9TOT CHMBOJI. B cuTyalnuu ke, KOTJa CUMBOJI
TeKCTa ecTh B 00pasiie, MoJ HIM Hal0 PACIOJJIOKUTh CAMBbIH IIpa-
BRI aHAJOTUYHBIN CHMBOJ 00pasiia, 00ecIeurB COOTBETCTBYIO-
muii caBur (cTpoka 5 Tabs. 2.6), HO TOJIBKO TOTAa, KOTAA 9TOT
CUMBOJI HaXOJAUTCS CJle6a OT MecTa HeCcOBHAaJleHWA B oOpasIie.
ITpu ero HaxoxkaeHUU cnpasa (CUMBOJI X B cTpoKe 6 Taba. 2.6)
o0pasel], cABUTAeTCA BIPABO Ha OAHY moaunuio. OnucaHHas sB-
PHUCTUKA HOCUT HAa3BaHUE «NPABUJO NJA0X020 CUMBOLA» .
lNMpumep

B Ta6a. 2.7 mpuBemenbl caBuru obpasma P = abcxabcde
B TeKkcTe T = ababcxcdedeaxaabcxabede.

ITpu nmepBoM «IpukKJIagbIBaHUN» (cTpoka 1 B Tabda. 2.7) He-
COBIIaJieHUe ITPOU3O0IILI0 MeK Ay cuMBosiamu T[6] = x u P[6] = b.
CuMBOJI x ecThb B P Ha UeTBEPTOM MeCTe, IIO9TOMY BeJIWYMHA
casura paBHa 6 — 4 = 2. Bo BTopoii CTPOKe IPOM3O0IILI0 HECOBIIA-
nernue T[9] # P[7]. CumBoxa T[9] = e ecTb B P, HO OH HaXOAUTCH
cupaBa oT P[7], — 3HauuT, o0paser; ciBUraeM Ha OLHY IIO3UIUIO
BOpaBo. B Tperbell CTPOKe TIPOM3OIIIO HECOBIAJAeHUE
T[12] # P[9]. Camblii mpaBbIii CUMBOJI a B P HAXOAUTCSA HA IISITOM
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Tab6auma 2.7
2(3|4|5(6|7(8|9(10/11{12/13(14/15(16/17|18/192021(22)23
T bla|b|c|x|c|d|e|d|e|la|x|alal|b|c|x|a|b|c|d]|e
1P blc|x|a|blc|d|e
2 alblc|x|a|b|c e
3 alblc|x|al|b d
4 alb X|a c e
5 alb b d|e
6 b x|a|b|c|d]|e
MecTe, cJiefoBaTeJbHO, BeJnunHa caBura — 9 — 5 = 4. B uer-

BEePTO¥i CTPOKe BHOBL IPOMIONLIO HecoBmaaeHme T[16] = P[9].
CambIil TIpaBBIfl CUMBOJ b B P HaXoauWTCs HA IITECTOM MeCcTe —
caeuraeM P Ha 9 — 6 = 3 mosunuu. AHaJIOTMUYHBIE NelCTBUA
IpescTaBJIeHBI U B IIATOM cTpoKe. Ilocie coBmamenus P ¢ moacTpo-
Koit 3 T (cTpoka 6) oOpaselr, ecau ObI TEKCT He 3aKOHUMJICH,
COBUHYJICS ObI Ha OSHY MO3UIIUIO BIPABO (KaK B XYAIIIEeM CIyUuae).

Ilepeiinem Temepdb K (popMaJIbHOU peam3anuy OIIMCAHHON
aBpucTuku. [[1a puKcamum caMoro IIPaBoro BXOMKIEHUS CUM-
BOJIOB aJihaBUTa (IPEIIOJIOMKUM, YTO ITO OYKBBI JIATUHCKOTO
aypaBuTa OT a 10 z) B P HaM HeoOXOAUM MacCuUB — 0003HAUUM
ero Kak bs. @opmMupoBaHUe e€ro 3HAYEHUIH MOKET OCYIIeCTB-
JSATHCA CJIEIYIOIIUM 00pasoM.

Procedure ShiftBadSymbol;
{Maccue bs (bs:Array['a'..'z'] Of Integer),
TakK Xe kKak obpasel P M KOJIMYECTBO CHUMMBOJIOB m B P,
ryo0aJyibHEIE IIE€PEMEHHHE }
Var i:Integer;
g:Char;
Begin
For g:='a' To 'z' Do bs([g]:=0;
{HauanbHad MHMULMATIMSALNT }
For i:=1 To m Do bs[P[i]]:=1i;
End;

ITpocToii anropur™m moucka obpasiia B Tekcre (cm. m. 1.1)
C BBOJOM PACCMOTPEHHON 3BPUCTHUKU N3MEHSIETCSA HEeIIPUHILN-
nuanbHo. Iuka For 3amMeHseTcsa Ha NUKJI While (UTO ecrect-
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BEHHO), U B CJIyuyae HECOBHAAeHUSA CHUMBOJIOB IIPU OUYEpPeTHOM
OPUKJAABIBAHUY BeJINUNHA UBMEHEHUA NHAEKca [ QOPMUPYET-
Cs C IIOMOIIBI0 ChOPMUPOBAHHOTO MaccuBa bs — MaccuBa IO3U-
muii caMoTo IMIPaBOTr0 BXOXKIEHUA CUMBOJIOB ajJd)aBuTa B obpa-
serr P:

Procedure BadSymbol;
Var i, Jj:Word;
Begin
i:=1;
While i<=(n-m+1) Do Begin
Jji=m;
While (j>=1) And (P[j]=T[i+j-1]) Do j:=j-1;
If j=0 Then Begin
Writeln ('o6bpaszeu ',P,' Bxomur B ', T,
' ¢ nozmuum ',1i);
i:=1+1;
End
Else i:=i+Max(1l,j-bs[t[i+7-1]1]);
{dyHKLIMS Max — HaXOXIeHMe MaKCUMaJIbHOI'O
¥3 OBYX LEJIBIX 4uce}
End;
End;

«IIpaBuo MaI0X0ro CUMBOJIA» MOMKHO yJIyUYNIUTh. B Maccu-
Be bs XpaHATCS TOJBKO MO3UIMU CAMOIO IPABOTO BXOXKIAECHIA
CHMBOJIOB B oOpasel P, II03TOMY 35TO IIPAaBUJIO OOecIIeurBaeT
CIOBUT 00Jiee UeM Ha OJHY IIO3UITHIO IIPU HECOBIAMEHUIX, OJIM3-
KX K IpaBoMy KOHIIY oOpasiia. Ecau sKe mpaBoe BXOKIeHUE
CHMBOJIA IPOUAEeHO, IPOUIOIILJIO HEeCOBIaleHe JieBee ero mpa-
BOT'O BXOJKJIeHUS B 00pasel U CUMBOJIOM 1’ ABJIAETCSA 3TOT CHUM-
BOJI, TO CABUI BBIMOJIHsETCS Ha OOHY IMO3UINIO. Eciau Temepsb
MaccuB bs mpeoOpas3oBaTh B ABYMEPHYIO CTPYKTYPY AJIA XpaHe-
HHUS MecTa OJIMMKAMIIero ImosBJIEHWs CHMMBOJIOB B P cieBa oOT
KasKJOOM MOBUIUM i, TO Ta Ke 9BPUCTUKA JACT BOSMOKHOCTD BBI-
MMOJIHATDL OOJIBININE CABUTH-IPU IIOUCKE.

lNMpumep

ITyctes P = abcdabdccbad. JBymepHbII MaccuB bs
(TabJ. 2.8) comep:KUT JaHHLIE O OJMIKANIINX JIEBBIX BXOMKIEHI-
sAX cmMBOJIOB B obpaser. Tak, P[12] = d, mpuuewm caeBa B P cum-
BOJI d TIOBTOpAETCA HA 7-M MecTe.
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Tab6auma 2.8

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

o |0 |TO|w
o
w
(o]

MaccuB bs MOXHO OpPraHM30BaTh M HECKOJBKO WHAYe —
TaK, Kak IMoKasaHo B TabJu. 2.9, Korga ()OpMUPYIOTCA CIIMCKIU
BXOXKIEHUA KaKJJOTO0 CUMBOJIa B oOpaserr.

Tabmauma 2.9
1 2 3 4
a 11 5 1 0
b 10 6 2 0
c 9 8 3 0
d 12 7 4 0

Jloruka ¢dopmMupoBanusa MaccuBa bs IJis PaCIIUPEHHOTO
«IIpaBUjia IJIOXOr0 CHMBOJIA» IIPETepIieBaeT He3HAUUTeJIbHOe
U3MeHeHUe:

Procedure ShiftBadSymbol;
{Maccue bs (bs:Array['a'..'z',0..NMax] Of Integer),
TaK Xe Kak obpasen P M KOIMUECTBO CMMBOJIOB m B P, -—
Tyio6aJibHEIE TIePEMEHHHE }
Var i:Integer;
g:Char;
Begin

For g:='a' To 'z' Do

For i:=0 To m Do bs[qg,i]:=0;
{HauanbHasa MHMLUMAJIM3ALMLI }

For i:=m DownTo 1 Do Begin
bs[P[i],0]:=bs[P[1i],0]1+1;
bs[P[i],bs[P[1],0]]:=1;

End;

End;
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(I)OpMaJII/I3OBaHHaH 3alliuCh PaACIIMPEHHOI0 «IIpaBuWJia IILJIO-
XOro CUMBOJIa» MMeeT BU/:

Procedure BadSymbol;
Var i, ]j,k:Word;
w:Char;
Begin
i:=1;
While i<=(n-m+1) Do Begin
ji=m;
While (j>=1) And (P[j]=T[i+j-1]) Do j:=j-1;
If j=0 Then Begin

Writeln ('o6pazey ',P,' Bxomutr B ', T,
' ¢ nozmumm ',1i);
i:=1i4+1;
End
Else Begin
k:=1;

w:=T[i+3-1];
While (k<=bs[w,0]) And (bs[w,k]>j) Do k=k+1l;
i:=i+Max(l,j-bs[w,k]]);
{®dyHukumsa Max - HaAxXOXIEeHMe MaKCUMAaJIbLHOTO
M3 OBYX LEJIBIX 4Mce}
End;
End;
End;

IIpesxge uem mepeiiTu K OOCYKIEHUIO BTOPOU SBPUCTUKIU,
pas6epeM cayuaii Bxoxaenusa P B T. Jlo aToro MoMeHTa IpPeaIio-
JIaraJjioch, YTO CABUT B 9TOM CUTYAIIUU OCYIIECTBJIAETCA Ha OTHY
HO3UIINIO. A MOXKHO JIX CAeJIATh 9TO 6oJee sPPeKTUBHO?

lNMpumep

Ilyecre T = abaabaabaababaabaaba, a P = abaaba. B
Tabsa. 2.10 moKasaHbLI 3HAYEHUA CABUTOB IIPU MOUCKE BXOKIE-
auit P T.

ITpu nepBoM npuKJIagbiBanuu P coBnasio ¢ moacTpokoi us T'.
Casur Ha OOHY IO3UIIUI0O HepallnoHaJ eH, ecau chopMUPOBAH
maccuB rpasnei (br, cm. . 1.2.1) g P, — B JaHHOM mpuMepe
br=(0,0,1,1, 2, 3). lIpaBna, B fTaHHOM CJIy4yae JOCTATOUYHO
TOJIBKO 3HaueHUA br{m], KoTopoe roBOpUT 0 TOM, uTO Y P ecThb
cydPUKC 3TOH AIUHBI, COBIAAAIONINI ¢ COOCTBEHHBIM HPepUK-
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Ta6auma 2.10

2 4|56 819(10(11{12({13({14({15(16|17|18|19|20
T b alblalal|blala|b|a|blala|bla|la|b|a
1P b albla
2 albl|a b|a
3 b b|a
4 bla a
5 b|a bla
6 alb alb
7 alb albl|a

COM, U KaK 9TOT Cy(p@PukKc, Tak 1 9TOT Ipe()UKC CPAaBHUBAJIUCH
C COOTBETCTBYIOIINMU cUMBoJamMu 1', 100 y Hac 3a(pUKCUPOBAHO
coBmagmenue. CieqoBaTesibHO, IPU CABUTE Ha m — br{m] moau-
Ui (a MEHbIIIWE CIBUTY IPUBOAAT TaK MU MHAUE K HECOBIAle-
HUIO P ¢ cooTBeTCcTBYyIOIIEH moAcTpPoKoi T') nepBbie br{m] cum-
BOJIOB P OynyT coBnagaThk ¢c cuMBoJsiaMu 13 7T'. B Hatmem nmpumepe
BcTpokax 1, 2, 3, 6 Taba. 2.10 P caBuraercs oTHocuTeabHO T Ha
Tpu mo3unuu. Ho us aToro mpumepa mpAMo «ObET B TJIasa» erne
OJHO BO3MOJKHOe yiayulinenueanropurmal Tak, B ctpoke 1 Hali-
meHo Bxoxkgeume P B T,/'m MBI BBINOJHUJIU CABUT Ha
m — br[m] = 6 — 3 = 3 nogunuu. CumBoJasl npedukrca P giau-
HOU br{m] coBnazaioT ¢ cooTBeTcTBYyIomuMu cumBosiamu 1. Tor-
Ia B CTPOKe 2 cjielyeT CpaBHUBATh TOJbKO cuMBoJbI T[9] ¢ P[6];
T[8]c P[5]u T[7] c P[4]. B ob1tiem ke cayuae, eciu IIOCJIe CIBUTa
P[m] «upunoxxen» K T[k], Hago cpaBHUBATE CUMBOJEI P[m] ...
P[m — brim] + 1] c T[k], ..., T[k — br[m] + 1].

IlycTh Ha cTaguy HpeaBapUTEILHOM 00paboTKMY ¥ Hac chop-
MHUpPOBaH MaccuB Trpamenr br (m. 1.2.1, mnpomexaypa
MaxBorderArray). Torma peamusaiius pasoopaHHOro BBIIIE CIIY-
yasa 00paboTku (1ipu BxoxkaeHun P B T') PUBOAUT K CJIEAYIOITNUM
M3MEHEeHIIM IIePBOr0 BapUaHTa IIPoIeayphl BadSymbol (Ha3oBeM
MOAMMUITMPOBAHHYIO JIOTUKY TIPOIEAYypoil BadSymbolJump).
B nepemenHoO# jump MBI QUKCHPYEM MecTO B P, 10 KOTOPOTro
cJielyeT OCYIIeCTBJIATh cpaBHeHUe cuMBoJIoB P u T, HaunHAas ¢
mOCJIeJHETO0 CUMBOJIA B COOTBETCTBUU C JIOTUKOM MeToza
P. Boiiepa — :x. Mypa.
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Procedure BadSymbolJump;
Var i, Jj,jump:Integer;

Begin
i:=1;
Jump:=1;
While i<=(n-m+l1) Do Begin
Ji=m;

While (j>=jump) And (P[j]=T[i+j-1]) Do j:=j-1;
If j=jump-1 Then Begin
Writeln ('o6pasey.',P,' Bxomur B ',
T, ' ¢ nosuumm ',i);
i:=i+br[m];
Jjump:=m-br [m]+1;
{Ilp HOBOM MNpPMKJIAIBIBAHUM CpaBHUBaeM P u T
TOJILKO OO DSTOM IIO3ULUN}
End
Else Begin
i:=i+Max (1l,j-bs[t[i+]-111);
Jjump:=1;
{Iloka HaM HEMU3BECTHO, KkKak paboTaTb
C NepeMeHHOMW jump B B3TOM Ciydae}
End;
End;
End;

Ilepeiigem Termepsb K 0OCYKIEHUIO BTOPOI 9BPUCTUKU aJIr0-
putma P. Boiiepa — I;x. Mypa — K «npasuay xopouiezo cygp-
durca». B ueM coCTOUT ero CyTh U KaK 00eCIeuyuTb HAnbOOIb-
IIre U3 BO3MOMKHBIX CABUTY 00pasila OTHOCUTEJIHHO TeKcTa?

ITycTs o6paser; P mpujosKeH K TeKCTY T’ U OCYIIECTBJIAETCSA
cpaBHeHUWEe CMBOJIOB CJieBa Hampaso. [IycTh Ipu 9TOM yCIIelr-
HO, T. €. C MOJIO}KUTEJbHBIM Pe3yJIbTaTOM, BBHITIOJHEHBI CPpaBHEe-
HUS JJIS TIOACTPOKY W, ¥ CUMBOJIBI HE COBIIAAAIOT B IO3UITUN ¢
obpasma (puc. 2.1). Tpebyercss BBITOTHUTH CABUT P OTHOCHU-
TeJbHO T Ha KaK MOXXHO 0OJbIlIee KOJMUYECTBO MMO3UIIUI, HO
TaK, 4TOOBI He IIPONYCTUTh BXOKIeHuss P B T.

P b w a w
] ¥ ¥
J q m

Puc. 2.1. OcHoBHAas uges «IpaBuia xopoimero cyhdurca»
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OueBUHO, UTO €cJi Obl MBI 3HAJIM CaMOe IIPaBoe BXOMKIe-
HUe w B P, T.e. mogunuio j (puc. 2.1), To P MOXHO OBLIO
OB CABUHYTH BOpaBo Ha ¢ + 1 —j mosumumit (waum Ha
m — (j + |w| — 1)). Takum 06pazoM, OCHOBHAA W/es CABUTOB IO
«IIpaBuJy Xopoiero cypdpurca» B anroputme P. Boiiepa —
. Mypa 3akJjouyaeTcsa B TOM, UTOObI Ha CTAAWU IIpedBapu-
TeJbHOU 00paboTKM 3a JuHeHOe BpeMs (0T m) IpoaHaIns3upo-
BaTh CTPYKTYpPY P Ha mpeaMeT 3HaAHUSA O BXOXKJIeHUU cyPHUK-
COB B 00pasell ¥ UCIIOJb30BATh OTW 3HAHUSA HA CTAAUU IIOMCKA
Bxo:xgenuii P B T.

Ha puc. 2.1 B mosunum ¢ yKasaH CUMBOJ a, a B IO3UIUHA
j — 1 — cumBoOJ b. OTH CUMBOJIBI IIPEAIIECTBYIOT ITOACTPOKAM W
B P. Eciu ObI 3T CMMBOJIBI COBHANAJIM, TO CMbBICJI CIBUIa Ha
q + 1 — j mosunuii Tepsdasica ObI, MOCKOJBKY P[g] He coBnazaer ¢
coorBeTcTByIOmUM cuMBojioM 1. Ilpu P[q] # P[j — 1] o0s1uHO
TOBODAT O «CUJbHOM npasujie xopoiuezo cy@purca», a eCjiu 3To
ycJIOBUE He paccMaTpuBaeTcs (KaK B IepBOHAYAJIbHOM BapUaH-
Te anroputma P. Boiiepa — [I:x. Mypa), To IpocTO 0 «IIpaBuje
xopoirero cyppurca.

HamoMuuM MeTonbl IpeaBapuTeJIbHON 00paboTKU obpasia
3a JUHEWHoe BpeMsda, pacCMOTpeHHEBIe B . 1.2 (puc. 2.2).

P w w
T T :
1 q| m

briq]

s P w w
b ¥ ¥
1 ]q | m

bllq]

Puc. 2.2. O611111e cxeMbI METOOB IIPeABAPUTEIbLHOM 00paboTKU 06pas-
Ia: a) BeIYUCJIEHUE TPaHell; 6) BEIUKUCIeHNE OJIOKOB

I'panbio cTpoku S MbI HasbIlBaeM JIF000¥ COOGCTBEHHBIH IIpe-
dukc, paBHbIN cydPurcy S. EcrecTBeHHBIM 0000IIIeHEM HIPU
9TOM ABJISIETCS MOHATHE HAaUOOJIbIIel rpaHu. Briuucyienue rpa-
Hell Ay Bcex moacTpok S[1..i] (i=1..m) IpuUBOAUT K IIOHSATHUIO
MaccuBa rpaHeii br. 3Hauenue br{q] roBOpUT O TOM, YTO UMEETCH
HambosabImuii cypdurc w mogcrporu S[1..q], coBmagaroiuii ¢
npedurcom S (puc. 2.2a).
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Biok cTpoku S B mo3unmuu ¢ ecTh AJIMHA HAMOOJbINeH mo-
CTPOKM S, HAUMHAIOIIENCH|B ITIO3UIINU ¢ W COBIIAAAIOIEN C IIpe-
durcom S (puc. 2.26).

Kak rpanu cTpoku, Tak 1 ee OJIOKU BBLIYUCJIAIOTCS 3a JIH-
HellHOe BpeMsA, HO B «UHCTOM» BHUJle HE OTBEUAIOT TPeOOBAHUAM
anrroputrMma P. Boiiepa — [I:x. Mypa, 100 B TaHHOM CJyuae peub
JOJIXKHA UATH O BXOXKIEHUAX cy(pPuKcoB B S.

BosMoikeH ciaenyooIiuil mepexoa OT MMEIOIUXCs MeTOI0B
IpeABapUTEJIBHON 00paboTKM K TpPeOOBAaHUAM aJTOPUTMAa
P. Boitepa — [I:x. Mypa. «IlepeBeprem» P B P’ , HanmipuMep CTPO-
Ky P = abcdef mpeobpasyem B P’= fedcba (sTa omepanus
TpebyeT JuHEeHHOro BpemeHu). [us P’ momcumTaeM MacCUB
6J10K0B bl (puc. 2.3). Kakasa nundopmaliys OTHOCUTEJILHO UCXOMI-
HOM CTPOKU OYyAeT mpHU 9TOM 3ajiokeHa B bl? OTHOCUTEIBHO UC-
XOJHOU CTPOKMU P M3 JaHHBIX IO 0JIOKaM IIePeBEePHYTOH CTPOKU
MOJKHO TOJYYUTH MHPOPMAINIO O JIWHAX HAMOOJIBINUX cyd-
¢urcosB moacTpok P[1..i], coBmagaroiux ¢ cyGpPUKCOM IIOJTHOM
crpoku P. ChopMupyeM 9T AJAUHBI OIS KaXKIOM IMOACTPOKU
P[1..i] B maccuBe bsuf. [Ija sToro TpedyeTrcs:

1) monyuuts P’ us P;

2) BeiumcauTh maccus bl[i] (i = 1..m) gna P’

3) BBLIIOJHUTL PPArMeHT JIOTUKH:

For i:=1 To m Do bsuf[i]:=bl[m-1i+1]

Ha puc. 2.3 npuBegen npumep crpoku P. Maccus bl cdop-
MUupPOBaH AJis cTpoku P’ . 3uauenue bl[4] = 2. C ogHOM CTOPOHEBI
(cM. BepXHIOIO YacThb puc. 2.3), 3TO TOBOPUT O TOM, UTO C IIO3U-
nuu 4 B P’ ecTh IMOACTPOKA AJIUHEI 2, COBIIAIAIONIA C IpeduK-

coMm P’ , ac gpyroit — uTo B P ecTh HOACTPOKA AJIMHBI 2, IPaBLIXA
KOHeIl KOTOPOIi 3aKaHYnBaeTcsA B mo3uituu 12, u sTa moACcTpoKa

123456789101112131415

P=ababaabbaalb a]b[b a
P'=b‘aabba ababa

bl=0002014001 20201
P'=labbabalabba ab aba

P=ababalabbala bla b b a

Puc. 2.3. IIpumep, MIIIOCTPUPYIONINIH, KAK OJIOKU IepeBePHYTOI
CTPOKM OIIMCHIBAIOT BXOXKAeHME Cy(P(PUKCOB UCXOTHOI CTPOKY
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coBmagaer ¢ cyppurcom P 13 IByX CUMBOJIOB. B HUKHeI yacTu
puc. 2.3 3Ta cxeMa WLJIICTPUPYyeTCcs s 3Hauenus bl[7]. B P’
€CTb IIOACTPOKA 13 YeThIPeX CUMBOJIOB C HA4YaJIOM B IIO3UIIUH 7,
coBmagamIiaa ¢ npepukcom P’, a B P cydpdurc giauHoi 4 1o-
BTOpseTCA, HAaUMHASA ¢ mo3unuu 9 Biaeso. IIpu sTOM CHMBOJIBI,
npenIinecTByoInue cyp@PuKCy 1 IIOACTPOKE, HE COBIIANAIOT, UTO
ciaenyeT U3 npaBmia (opMupoBaHUA MaccuBa 0610KoB bl. Mac-
cuB bsuf nina npumepa Ha pue. 2.3 pasen (1,0, 2,0,2,1,0,0, 4,
1, 0, 2, 0, 0, 0).

Opuako nisa peanusanuygioruku P. Boiiepa — k. Mypa
TpedyeTca yKasaHue He Ha JJIUHBI BXOKAeHUN cyHPOUKCOB, a Ha
Kpaiiuue mpaBble (MM JIeBble) IMO3UINU BXOXKICHUA KOMHUI
aTux cydpdurcos (cMm. puc. 2.1). [TosTomy MmaccuB AauH caexyeT
mpeoOpa3oBaTh B MaccuB mo3uIiuii (psuf), mpuuem u3 BceX BO3-
MOKHBIX JJINH TpebyeTcs BEIOUPATh Ty, KOTOPad JaeT HanboJIb-
IIee 3HaUEeHUE IPaBOU I'PAHUITBI BXOXKIeHU A cyhhukca. [Ipyru-
MU CJIOBaMHM, IJA KasKA0U mo3unuu i sHaueHue psufli] onpene-
JseT HauOOJIBIIIYIO IIO3UIINI0, TaKyio, uTo P[i.m] coBmagaer c
cydbdurcom moacrpoxu P[1..psuf[i]].

Hna npumepa Ha puc. 2.3 maccus psuf = (0, 0, 0, 0, 0, 0, O,
0, 0, 0,0 0, 9, 0, 12, 10). 9To 3HAUUT, UYTO CyDPUKC
P[1..10] = P[15..15], cyddurc P[1..12] = P[14..15], a cyd-
¢urc P[1..9] = P[12..15]. HeiicTBuTenbuo, bsuf[9] = 4 (j = 9),
T. €. IOJACTPOKA M3 UEThIPEX CUMBOJIOB BJIEBO OT Io3unuu 9 co-
Buagaer c¢ cyppurcom P. JleBasg rpanuiia cydpdurca P BeIumc-
asercaKaki = m — bsuf[9] + 1= 15 -4 + 1 = 12. Takum 00-
pasowm, psufli]:=j, nau psuf[12] = 9.

WUrak, dopmupoBanmue psuf OCYIECTBJISETCS MO CJEAYIO-
el JoTHKe:

For i:=1 To m Do psuf[i]:=0;

For j:=1 To m-1 Do Begin
i:=m-bsuf[j]+1;
psufl[i]l:=7j;

End;

PesioMmupyeMm IIepBYIO YacThb «CHJIBHOI'O IIPABUJIA XOPOIIIETo
cybdukrcar». IlycTs B HallleM mpuMepe Ha puc. 2.3 mocJie IpuKJIa-
IbIBaHUA P K TeKCTy HecoBIIaJleHue ITPOMU30IILI0 B OMMHHAAIIATOMN
mosutniuu (¢ = 11, cm. puc. 2.1). 3Hauenne psuf[12] = 9. ITocie
casura P Ha m — psuf[q+1] mosunuit Ha MecTe cyhdukrca P pas-
MeIllaeTcss ero caMas nmpaBad Konus (BeIpakeHwe q — i+ 1 —
cM. puc. 2.1 — mpeobpasyercsa B m — psuf[g+1]).
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A MOXKHO JI¥ TIOCTPOUTH JIOTUKY CABUTOB B 3TOM CJIyYae, VcC-
MOJIbL3Y s UAEI0 BhIUuMCIeHus rpaHeit crpoku? B m. 1.2.1 BeIumc-
JISLINCH TPAaH’ KaK moAcTpokK P[1..i] — rpaHu npeuKCOB, TaK
¥ 1oAcTpoK P[i..m] — rpanu cydppurcos (i = 1..m). OueBuguo,
IOCKOJBbKY cpaBHeHuA B ajroputme P. Boitepa — . Mypa
UIYT cjeBa HAIPaBo, OoJiee IPpUEeMJIEM BTOPOM BapUaHT.

lNMpnmep

B Tab6xa. 2.11 npusenen npumep cTpoku (obpasma) P. B mac-
cuBe bw dukcupyorcsa rpaHu cypdurcoB crtporu. Tax,
bw[6] = 4 roBOPUT O TOM, UTO C IIECTON IO3UIUN HAUNHAETCH
moacTpoka P[6..9] niunHoi B yeThIpe CUMBOJIA, KOTOPAas COBIIA-
maet ¢ cyddurcom P[12..15]. Maccus rpaneii cy(p(puKCOB BbI-
YUCJIAEeTCA C IIOMOINBbI0 IIpomenypbl BorderRigth (cm.
m. 1.2.1). B maccuBe bwt purcupymoTcd rpanu cyPGuKCOB, HO
C IOIIOJHUTEJbHBIM YCJIOBHEM: CHUMBOJBI, IIPEIIIECTBYIOIIIE
noacTpoke Pli..m], u rpaHu 3TOH NOACTPOKM HE COBIIAAloT,
niu, gpyrumu ciosamu, P[i — 1]<>P[m — bw[i]]. Torga soru-
Ka BLIUUCJEHUN MMeeT CAedyIONnuil BUI:

Procedure BorderGRigth (P:String) ;
Var i:Word;
Begin
bwt [m] :=0;
For i:=m-1 DownTo 1 Do
If Plm-bw[i]]<>P[i-1]
Then bwt[i] :=bw[i]
Else bwt[i] :=bwt[bw[i]];

End;
Tabauma 2.11
1123|456 |7 8|9(10|11(12(13|14(15
P alblalblalal|lb|blala|bl|lal|b|b]|a
bw 112(1(2|1(4(383|2|]1|1]|]2|1|0|01{0O
bwt |1 | 2|0 |2|0|4|0|0|O0|1|2|0|0|O0]O0
pbwt 0| 0| 0|0|0]|]0|]0|O0|O0O|O0|O0|6|0(11(10

ITocsie paccMoTpeHMsI 3TOTO IPUMeEpPa CTAHOBUTCS SICHO, UTO
HeoOXOAUMbIe BeJIMUYWHBI CIBUTOB B «IIPaBUJIie XOPOIIero cyd-
¢dukrca» (maccuB pbwt) popmMupynTca n3 3HaueHUU bwt 3a ofUH
miar. IIpu sToM O KasK oM Ho3UIuY i TpedyeTcs YKas3aTh, eCTh
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an cy®@opurc Pl[i..m] B P, u ecau ecTh, TO yKasaTb TI'PAHUILY
(HM)KHIOIO MJI BEPXHIOI0) CAMOTO ITPAaBOTO €r0 BXOXKAeHUA B P,
IpUYEeM CHUMBOJBI, IIpeAIIecTByONMe cCy(pPUKCYy U ero KOIuwu,
IOOJIXKHBI He coBHazaTh. Jlormka aToro ara:

Procedure GudSuf (S:String) ;
Var i, j:Word;
Begin
For i:=1 To m Do pbwt[i]:=0;
For j:=1 To m Do Begin
ir=m-bwt[j]+1;
pbwt[i]:=3;
End;
End;

B mpumepe (Tabins 2:11) pbwt[12] = 6. ITo 03HaAUaET, UTO
P[12..15] = P[6..9] u/enmBosasl P[11]# P[5]. Torga ecau mpu
cpaBuenuu P ¢ T coBnageHune He IPOUSOILIO B rtosunuu ¢ = 11,
TO P MOXKHO COABUHYTH OTHOcUTENbHO T Ha q + 1 — pbwt[q + 1]
MO3UIINII BIPABO.

Temnepsb y HAC OCTAJICA OTKPBHITHIM eIlle OAUH JOTUUYECKU BO3-
MOJKHBIN ciaydai (1o KpaiiHeii Mepe, Ha TeKYIIIUI MOMEHT pac-
CMOTPEHUA aJITOPUTMA): KOT/ZIa BXOXKACHUI KOomuu cyPduirca B
obpaaerlr, P HeT, T. €. COOTBETCTBYIOIIUM 3JIeMEeHT MaccuBa psuf
niu pbwt paBeH Hy 0. CABUT HA OAHY IMOSUIUIO IIPU 3TOM BPAL
JIU panyoHaJjeH. 31ech TpedyeTcda HaliTU HAanOOoJIbIllee 3BHAUCHIE
j (puc. 2.4), takoe, uro P[1l..j] aBaserca cypdUKcOM CTPOKU
Pl[qg + 1..m]. Apyrumu cioBamMu, uirercsa Hauboabpmiasa rpadss P
npu ycyaosuu j < m — q. Tak xak nogctpoka P[qg + 1..m]coBna-
Jla ¢ COOTBETCTBYIOIIEeH moacTpokon1, To:

1) MBI MMeeM TIPaBO CABUHYTHL obpasern P Ha m — j mosumnuii,
TaK KaK MeHBbIIINe CABUTY, UCXOAA U3 CTPYKTYpHI P 1 pakTa
OPOUBOIIEAINNX CpaBHeHUN ¢ T, IpUBEAYT K HECOBIIAJe-
HUAM;

2) mocie caBura nepBbie j cUMBOJIOB P u Te cuMBOJIBI T', K KO-
TOPBIM OHU IPUJIOKEHBI, OYAYT COBOANATH.

r | .

4 } } 4 4

1 j q m—-j+1 m

Puc. 2.4. Hauboabimuii npedukrc P, coBnagaroiuii c cyhdurcom P,
IIpU YCJIOBUU, UTOj < m — ¢q
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Hatitu 3nauenue j nina xaxumoro P[q] (chopmupoBats aie-
MEHTBI MacCUBa, KOTOPHIN MBI Ha3oBeM brsuf) ciegyeT Ha CTaguU
mpegBapuTeabHO 00paboTKu. IlycTh MaccuB rpameil br Imoiy-
ueH. 1 popmupoBauusd brsuf TpedyeTcsa 3HATDH 3JIeMEHTHI YObI-
BaloIlell IocJgemgoBaTeabHOCTU brim], brz[m], cens brk[m] = 0.

Torza gJyia Kakaoro Takoro ¢, uro 0 < g < m — br[m], mosoxum
brsuflq] = brim]. Tak, gna sHadeHwuit ¢ us uHTepBasia m — brim] <

2 2
< q < m — br'[m] mer umeem brsuflq] = br[m] u t. n. OueBug-
HO, YTO MaccuB brsuf npu n3BeCTHOM br BBIUMCJISETCS 34 JIUHeI-
HOe BpeMd.

Procedure BrSuff;
Var 1,t,qg:Word;

Begin
1:=0;
t:=br[m];

For g:=1 To m Do Begin
If (g>1) And (g<=m-t) Then brsuf[q]:=t;
If g=m-t Then Begin

1l:=m-t;
t:=brlt];
End;
End;
End;

HocTaTouHO OYEBMAHO, UTO B DTOM CJIydae, II0 aHAJOTUU
c Bxoxxknenuem P B T, mepeMeHHOU jump, onupeneasionieii, 0
KaKoii mo3uiiuu P HeoO0XOAMMO BBIIIOJIHATH CPABHEHUS IIPU CJIe-
OVIOIIeM IpuKJaAblBaHUU K T, cjefyeT IIPUCBOUTH 3HAUEHUE

brsuflq].

C yueTOoM BCeTO BBIIIIECKA3aHHOTO TPeOyeTcsa U3MEHUTH CJIe-
IVIOIINH pparMeHT PaCCMOTPEHHOM paHee MPOIeayprl Search:

Begin
i:=i+Max (1, j-bs[t[i+]-11A4Hs;
jump:=1;

{lloxa HamM He MU3BEeCTHO, kak pabdoTarTb
C INepeMeHHOM jump B B3TOM CcJlydae}
End;

Bri6epem BTOpOiT c1ocob peanusanumy «IpaBUaa XOPOIIETo
cydpurca» — uepes MacCUB I'paHeil — 1 OyAeM CUUTATE, UTO Ha
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cTaany MpeqBapuTeIbHOM 00paboTKM P BBIUMCIEHBI 3SHAYCHUS
9JIeMeHTOB MaccuBOB bs, br, pbwt, brsuf. Torga MBI TTOTYyIUM
CJeAVIONIYIO JIOTUKY 9TOTO (hparMeHTa:

Begin
If pbwt[j+1]=0 Then v:=m-brsuf[j+1]
Else v:=j+l-pbwt[j+1];
g:=Max(v,j-bs[t[i+]-111;
i:=i+qg;
If g=m-brsuf[j+1] Then jump:=g
Else jump:=1;
End;

Onenrka BpemeHu pabots! anroputMa P. Boiiepa — [[xx. Mypa —
9TO Oojiee caoKHAas 3amaua, ueM Ius aiaroputma [[. Kuyra —
. Moppuca — B. IIparra. Eif mocBaIeHsl MHOTOUYNCIIEHHBIE
TeopeTUUYeCcKue U IpaKTuYecKue ucemenopanus. [lokasamo, uTo
cpenHee KOJMYECTBO BBIMOJIHAEMbIX OYKBEHHBIX CPAaBHEHUH AB-
JAeTCsA IMMOUTH JINHEHHON (DYHKIIUeH OT AJNHBI TeKcTa. [1d Tek-
CTOB HA €CTeCTBEHHOM sA3bIKe 3Ta oleHKa umMeetT Bun 0,3 + n (npu
yCJIOBUU, UTO IJIMHA obpasma 6osbiiie 10, HO HAMHOIO MEHbLIIIE
sHauveHud n). Asgroputm ke [I. Kayra — [I»x. Moppuca — B. IIpar-
Ta B 9Toli curyamuu Tpedyer 1,0 - n OYKBEHHBIX CpPaBHEHIA.
Opuaro anroputm P. Boiiepa — [[:x. Mypa «1m0oxo ceba Bener»
HA KPaTHBIX CTPOKAaX, a B XYAIIIEeM CJIyuyae MMeeT TOUHO TaKyIo
JKe BpeMeHHYIO OIeHKY, UTO 1 IPOCTOH aJITOPUTM MOUCKa 00pas-
Ila B Tekcre, T. e. O(m * n).

T\ YnpaxHeHus

1. PaspaboraiiTe mporpammy moucka P B T TOJIBKO C MCIIOJIb30-
BaHMEM «IIpaBUJIa ILJIOXOT'0 CHMBOJIa» (PacCMOTPUTE KakK
OpPOCTOIi caydaii, TaK M yJaydlleHHbIi). OleHuTe BpeMs ee
paboThI Ha PABJIMUYHBIX TECTOBBIX HPUMEpAaX, BKJIIOUAA CIIY-
yaii, korga P =a™, T =a" (m < n). CpaBHUTE BpeMs paboThI
STOU ITPOrpaMMBbI C BpDEMEHHBIMHU XAPAKTEPUCTUKAMU OObIU-
HOTO aJITOPUTMAa TOUCKa 00pasiia B TEKCTe.

2. HWameHure pelleHue yupaskHeHUs 1 TakK, YTOOBI IpU Ha-
xoxaenuu P B T caBur P oTHOCUTENABHO T OCYIIECTBJISAJICS
He Ha OJITHY TTO3UINIO, a Ha 3HAUEHWeE, OIpeieIsieMoe MaKCH-
MaJIbHOUW AJMHOU mpeurca P, coBmagaioinero ¢ cyhpux-
com P.
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3.

ITpuBenuTe puMmep cTPOoKU P U1 BHITIOJIHUTE BPYUYHYIO CJI€e-
IyIOIue neicTBUI:

«mmepeBepHuUTE» P B P’

BBIUNCJINTE MacCcUB OJIOKOB bl mia P’

npeobpaasyiiTe maccuB bl B bsuf — maccuB AJIMH Han00JIb-
mux cyddurcoB mozpcTpok P[1..i], coBnagammux ¢ cyd-
(pUKCOM IIOJIHOM CTPOKH P;

mpeobpasyiiTe MacCuB bsuf B MaccuB mo3utnuii psuf, ompe-
IeJSUi KpaliHue IpaBble IMTO3UIUU BXOMKIEHUSA Cyd-
¢uxcoB P B ob6paserr P (IIpu 5TOM HEOOXOANMO YU€CThb, UTO
€CJIV MO3UINA [ BXOOUT B HECKOJIbLKO BXOMKIEHUH, TO CJe-
OyeT BRIOMPATh BXOXKAeHNe, Jallee HanboJblllee 3HaUe-
HUe IPaBO¥ I'PAHUILLI).

ITpusenuTe mpuMep CTPOKU P U BBIIIOJHUTE BPYUYHYIO CJIe-
OyIoIue neiicTBUI:

BBIUKUCJINTE MaccuB bw rpaHeiln cyPHPUKCOB CTPOKU;
npeoOpasyiiTe MmaccuB bw B MaccuB bwt, omIpeneIaionii
rpaHu cy(h@GUKCOB CTPOKU, HO C JOIOJHUTEIbHBIM yCJIO-
BUEM, UTO CHUMBOJBI, HOPEAINEeCTBYIOIINE IIOJACTPOKE
Pli..m], u rpaHu 5TO¥ MOACTPOKU HE COBIIAJAIOT;
npeoOpas3yiTe MacCuUB AJUH bwt B MacCUB HOMEPOB II03U-
nuii pbwt.

OmnpenennTe, UMEIOTCS JIX OMINOKY B CJeAYIOIIIeM BapUaHTe
peanusamnuu aiaroputrma P. Boiiepa — I;x. Mypa. B s1060Mm
caydae HaliiuTe BO3MOYKHOCTH OIITUMU3UPOBATH IPOTrPaMM-
HBIN KOZ:

Procedure Search;

Var i, j, jump, v, g: Integer;

Begin
Jump:=1;
i:=1;
While (i<=n-m+1l) Do Begin
j:=m;
While (j>=jump) And (P[j]=T[i+3j-1]) Do

Ji=j+1;
If j=jump-1 Then Begin
Writeln ('obOpazell BXOIUT B TEKCT
c nozuumm: ',1);
i:=i+Max (1, br[m]);
Jump:=m-br [m]+1;
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End

Else Begin
If pbwt[]j+1]=05Then v:=m-brsuf[j+1]

Else v:=j+l-pbwt[j+1];
g:=Max(v,Jj-bs[t[i+]-1]11);
i:=i+qg;
If g=m-brsuf[j+1] Then jump:=q
Else jump:=1;
End;
End;
End;

2.3. AnroputmP. Kapna — M. PabuHa

MaremaTuka MokeT OTKPBITH
OoInnpeneJIeHHYIO II0CIeJ0BaTEeJIbHOCTh
JAaxe B xXaoce.

T'epmpyda Cmaiin

Ausropurm P. Kapnia — M. Pabuna B «ugeiiHoM» mJjiaHe Kap-
JIUHAJIBHO OTJINYAETCA OT PACCMOTPEHHBIX PaHee METOIOB, 1 eT0
N3yUYeHre — 9TO HeoOXOoAMMAas COCTAaBJAIOINAas oOpasoBaHUA
crenuajgucTta mo mH(pOpPMAaTHKE, IMOKA3LIBAIOINAsA, KaK, Kasa-
JIOCh OBbI, «HA POBHOM MeCTe» MOKHO HaXOIUTh HOBbIE PEe3yJb-
TaThl IO TPEOJOJEHUI0 OTPAHNUYEHHOCTH -KOMITbIOTEPA.

Orpannuenne ma aindpasur — A = {0, 1}. ITo He cTOIb
IPUHIINTINAJIbHO, 100, B KOHEYHOM CUETe, CTPOKY BIIOJIHE MOK-
HO TPaKTOBaTh KaK ABOWYHYIO IIOCJEeIO0BATEeIbHOCTL. IlycTh P
€CThb ABOMYHASA IIOCJIEOBATEJIbHOCTD AJUHBI M, a T — mBOMY-
Hasd IOCJIEOBATEJbHOCTD JJIUHBI . KaK MOXHO peam3oBaThb
HOUCK BXOkIeHus P B T?

O6pasers P mpeobpasyeM B JeCATUYHOE YNCJIO TPAIUIIMOHHBIM
o0pasoM (IepeBoj umcJa M3 ABOMYHOUM CHCTEMBI CUUCJIEHUS B

m .
IeCATUYHYIO HazoBeM npeobpasosanunem H) — H(P) = 22”‘ ~ Pli).
i-
AHAJIOTHYHYIO OIIEePAIAI0 BLIIOJHUM U Ajd T, HaumHasA ¢ IO3HU-
m .
wu r, — H(T.)= ZZ”H Plr +i—1]. OueBupHO, UYTO ecau
i=1
H(P) = H(T,), To P Bxogur B T, HaunMHAas C IO3UIUU T
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MNpumep

P=10101, m=5uH®P)=1-2*+0-23+1-22+0-2'+
+1-2°=21. Ecam T =1011010101, r =2, To H(T,) =
—0-2*+1-22+1-22+0-2'+1-2°=13, a mpu r=6
saHauenue H(Tg) = 21. BeiBoa: obpasen, P sxogur B T ¢ mrecToil
mo3unuu (1 ¢ TpeTbhei).

Taxkum oGpasom, 3amavua moumcka Bxoikmenusi P B T 3mech
dakTUUEeCKN CBelleHAa K BBIUNCJIWTEJILHOI 3aJauve, B KOTOPOU
cpaBHuBaroTca nBa uucia H(P) u H(T,). Ho onpenenenue T,
IJI KasKI0T0 3HAUeHUA r — TPyJZoeMKas 3ajaya, a KpoMe Toro,
CTeHeH! IBOMKM OBICTPO BO3PACTAIOT, IOITOMY IIpeoOpasoBa-
Hue H njis peaJbHBIX 00pas3ioB P cTaHOBUTCA MaJIOd(heKTUB-
HBIM.

Passutnem sTOl maen — IpeoOpPa3OBaHUsS CTPOKM B UMC-
JI0 — CTaJIO MCIIOJIb30BaHME OTHOTO M3 KJIACCUYECKUX Pas3fesioB
TEOPUU YUCEeJ, a UMEHHO MO0YbHOU apupmemuru. (B mpuH-
mune, ¥ KOMIOBIOTEPHOE BHINIOJHEHNE apudMeTUUECKUX omepa-
UM — 9TO BBIUUCJIEHUA IO MOIYJI0 MAKCUMAJIBHO AOTTYCTUMO-
ro YymcJjia B MWHTEepBaJie,)OllpeleJIeHHOM THUIIOM JaHHBIX.) IIlpu
9TOM BMECTO pPaboThI cO.CIUITKOM Oosbinumu yuciaamu H(P) u
H(T,) npennaraercs BBIIOJIHATD AEUCTBUA C OCTATKAMU II0 MO-
LyJII0 HEKOTOPOTo urciia ¢ (0THOCUTEeIbHO HEOOJIBIIIOTO, YTO 110~
3BOJISIET MCIIOJB30BaTh MaJjoe KoJsimuecTBo 6utoB). Ho B aTom
caydyae BOBHUKAET apyrad npobjgeMa: pasjudHbIe YNCJIa MOTYT
UMETh ONVWH W TOT K€ OCTAaTOK, UTO HEeM30eKHO IIPUBOAUT K
J0KHBIM coBragenusMm P u T. IlosTomy ciaenyer BBIOUpaThH ¢
TaK, YTOOBI BEPOSATHOCTH JIOMKHOTO COBHAJeHUA OblIa MUHU-
manbHOU. Urak, H(P) nepesopurcs B H (P) myreMm HaxomKje-
uus H(P) Mod g u H(T,) = H(T,) Mod ¢q. OnHako Takas moce-
JIOBaTeJbHOCTH AeHfcTBUil, Kak Berunciaenue H(P)u H(T,), a 3a-
TeM HaxXOMKJeHHe OCTAaTKOB II0 MOZIYJIO ¢, ellle He peIlllaeT
po6JieMbl, 100 IPOMEKYTOUYHBIE PEe3YJIbTATHI OCTAIOTCA IIPEeXK-
HuMu (OosbiiuMu), a He B nuamnasoHe ot 0 mo g — 1. Kaxk xe
66ITH? PaccMOTpUM TPOCTO# mpUMep.

lMpumep

ITycte ¢ = 7. Beruucaum 2° Mod 7 = 32 Mod 7 = 4. Dro nps-
moe Bbrumciienue. A temepb BerumcsuM ((((2 - 2 Mod 7 + 2) Mod
7): 2) Mod 7 - 2)=4, T. e. OyAeM BBLIIOJHATH OIEPAIUIO TaJb-
HeMIero Bo3BeJeHUA B CTENEHb HaJ OCTATKOM IIPEABIAYIIEeTO



54 T'nasa 2. Kraccnyeckne aaropatmsl 06pa6oTKH CTPOK

BbIUKCJeHUsA, Kak BUAMM, TPOMEXKYTOUHBIE PEe3YyJIbTAThI IIPU
9TOM CYIIleCTBEHHO MeHbIIIe.

1
MOﬂy.HBHaH apI/I(l)MeTI/IKa) AaeT BO3MOMHOCTB OII€epHPO-

BaTh IPU apuPMeTUUYeCKUX BLIYUCIEHUAX (JIIO0BIX, He 00A3a-
TEeJILHO TOJIBKO C BO3BEIEHNEM B CTEIIEHB) C OCTATKAMU 110 MOJY-
JIIO ¢, IOSTOMY IPOMEXKYTOUHBIE Pe3yJIbTAThl HUKOTAA He IIpe-
BBICAT 3HaueHUe 2 ° ¢.

Bropoii ncnons3yembrit MaTeMaTuyecKui (paKT — BCEM U3-
BecTHasA cxema I'opHepa Ajis BLIYUCIECHUA 3HAUEHUUN ITOJWHO-
MOB:

Ap g X"+ ay 2%+ ay ot +ag = (((((@y_q X +

+a, ) x+ta,3) x)+t. . lFa;) - x+ agp).

HpyrumMu cjioBaMu, BO3BeJeHUSA B CTEIeHb 3/Iech y:Ke HerT.
Cxewma 'opHepa mo3BoJIsieT 000HTUCH OIepaIIUaAMU YMHOMKEHU A
U CJIOKEeHHUA, a KpoMe TOr0, IMIPOMEKYTOUHBIe DPEe3yJIbTAThl B
IIPOIlecce BHIUUCJIIEHUM OCTAIOTCS HEOOJIBIITUMU.

B paccmarpuBaemoii HamMu 3azade X paBHO 2, a Koa(PuUIm-
€HTBHI @; — 9TO ABOUUYHBIE Pa3pAnbl B mpencraBiaenuu P u T,.
NuaTterpupysa oba yKasaHHBIX BBIIIe MaTeMaTHUYeCKUX (aKTa B
enuHOe IeJjioe, Bbiuucjenue H(P) MOKHO OCYIIIECTBUTD II0 CXe-
me: H(P) = ((...(((P[1] - 2 Mod g+ P[2]) - 2 Mod g+ P[3]) - 2
Mod q + P[4])...) * 2Mod g+P[m])Mod q.OTmeTum, 4TO omrepa-
1S YMHOMKEHHU Ha 2 TP KOMIBIOTEPHOI pealnsalu 3aMeH -
€TCsI IPOCTHIM CABUIOM YMCJIa Ha OJWH Pas3psij BJIEBO, HEOOXO-
JUMO TOJIBKO UCKJIOUUTH MOTEPIO CTAPIIIETO PaspsAia B Pes3yJib-
TaTe TAKOTO CABUTA.

lMpumep

Eciou P = 1010111 u g = 11, To H(P) = 87 u H(P) = 87 Mod
11 = 10. BeruucjaeHus 10 IIPUBEIEHHOI BBIIIIE CXeMe NMEeIOT BU/I:

1-2Mod11+0=2; 2:-2Mod 11 +1 = 5;

5-2Mod 11 + 0 = 10; 10- 2 Mod 11 +1 = 10;

10-2Mod 11 +1=10; 10-2 Mod 11 +1 = 10.

Amnanorununo Beruucidgerca u H(T p)ansa aoboro sHaueHug 7.
OgHAKO cXeMYy BBIUUCJIEHUA IPU 7>1 MOXKHO YIIPOCTUTH (IIOBBI-
cuthb ee a(pekTUBHOCTSD), Tonyuas sHavenue H(T,)us H(T,_;) 3a
IIOCTOSAHHOEe HeOOJbINIOe KOoJuuecTBO omeparuii. Torza
H(T,) = H(T,) Mod q u H(T,) =2 - H(T,_;) - 2" - T[r — 1] +
+ T[r + m — 1]. Ilogo6Hasa cuTyanusa moKasaHa Ha puc. 2.5.

b Cwm., HatpuMeDp, Burozpados H. M. OcHoBbI Teopum uncen. — M.: Hayka, 1972.
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H(T,_)) / H(T))

HomMep r—-1 r rtm—-2 r+m-1
paspaga—

Puc. 2.5. Cxema nnpeobpasoBanusa H(T,_1) B H(T,)

Ecau Ka)kayio mocaeayonyio cCTeleHb JBONKY OpaTh II0 MO-
aymo 2, T. e. (2™ Mod q) = 2 ~(27! Mod ¢) Mod ¢, To H(T,) =
= (2 H(T,_;)Mod q) — (2" Mod @i T[r — 11+ Tlr+m — 1]Mod ¢
BeIuncasercsa us H(T,_;) 3a mocTogHHOe BpeMs.

OueBupgHO, uTo ecau P Bxoaut B T HAaUMHAS C IO3UIUH I, TO
H (P) = H/(T,), 5o oGpaTHOe BepHO He Bcerga. B qannoii cxeme
noucka P B T BO3MOJKHBI JIO’KHBIE COBHAJeHUSA.

MNpumep

P =1010111,q9 = 5, H(P)Modq = 2, T = 010101110010110.
ITonyuaem, uto H5(P) = Hy(Ts) = H5(Ty). B mepBoM citydae co-
BIIaJIeHNE MCTUHHOE, BO BTOPOM — JIOJKHOE.

Kaou K pemmmeHuio npob6JeMbl JIOMKHBIX COBIAAeHUI
OIATHL-TAKHU JJaeT TeOPUS UKCeJI: CJIelyeT B KauecTBe ¢ BLIOUPaTh
IIPOCTOE YMCJIO U UCIIOJIB30BATH CBOMCTBA MPOCTHIX YKCEJI. SHA-
yeHue n(q)l) ompeneanM KaK KOJMYECTBO IIPOCTHIX UMCe], He
IIPEBOCXOAAIIUX IIOJOMKUTEIBHOTO 1esoro q. Il n(q) ussecTua

TaKas OIeHKa: li < m(g) <1.267(q) B,
nqg

ITpuBenem (0es ZI?(?KaSaTeHBCTBa) OCHOBHYIO meopemy
P. Kapna — M. Pabuna ),

Teopema. Ilycte P u T — HeKOTOpbIEe CTPOKM, IIPUUYEM
n-m> 29, rae m = |Plun=|T|. Iycts I — HeKoTOpOe II0JIO-
JKUTeJbHOE umciyio. Ecaum ¢ — cirydalitHo BBIOpaHHOE IIPOCTOE
YHUCJIO, He IPeBocxoAlIee I, TO BEpDOATHOCTD JIOJKHOT'O COBIIale-
n(nm)

n(l)

HudA P u T He mpeBoCcxOoUT

1
) 3].'[901) rpeuecrasa 6yKBa T ICIIOJIb30BaHa TOJIBKO KaK yCJIOBHOE o003HaUYEHUE U HE

MMeeT OTHOIIeHUA K yncay T = 3,1415926... — ITpum. ped.

Byxuimab A. A. Teopusa uucen. — M.: Yunearus, 1960.

Tacgund J[. CTpoKHU, nepeBbs U IOCJIEeL0BATEILHOCTH B anropurmax: Nudopma-
THUKAa U BblumcauTeabHaa 6uongoruda. — CII6.: Hesckuit [fuanexr; BXB-Iletep-
6ypr, 2003.C. 110-111.

2)
3)
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Y IuBuUTENbHLIM SBJISIETCSI TOT (PaKT, UTO JaHHAaAsS TeopeMa
BepHa IIpu JioboM BeIOOpe obpasmna P u Texcra T, TAaKMUX, UTO

m-n > 29. «BepoATHOCTbE» B 3TOH TeopeMe OTHOCUTCA He K
caydaiinomy Bbeioopy P u T, a K caydaiilHOMY BBIOGOPY IIPOCTOTO
g, He TIPeBOCXOAAIIEero 3HaueHue 1.

W3 npuBemeHHON TeoOpeMbl HETPYAHO BUIETH, YTO IIPU BO3-
pactrauuu I BepOATHOCTB JIOXKHOTO COBNIafeHnA yobiBaer. OqHa-
KO B 9TOM CJIy4yae YBeJINUNBAETCA M 3HAUEHUE ¢, UYTO IPUBOAUT K

YBEJIMUEHUIO 3aTpaT BpeMeHu Ha Beruucienue H (P)u H (T),).

A BOT elre oquH JIO0OIIBITHBINA (paRTl). Ecoul =m- nz, TO

BEPOSTHOCTH JIOKHOTO COBIAAeHUA He mpeBocxoaut 2.53/n.

HeilicTBUTENIBbHO:
2
(mn) <126 mn In(mn®) :1.261(1nm + 2lnnj< 2.53.
(mn?) mn? In(mn) n\ Inm+Inn n
MNpumep

Mycrs m = 100, a n= 2000, Torza I = 10%- (2 - 10%)? =
=4-10% <4-10%%7"=2%. (21927 =229 < 232, [lonyuaewm,
uTO0 32 OUTOB JOCTATOUYHO JIJIA IIPEICTaBJIeHU A ITPOCTOTO Yucja ¢,
opuueM MOAyJIbHAA apudmeTura Oyaet apPeKTuBHO paboTaTsh,

a BEepPOATHOCTH JIOKHOTO COBIaZeHHs He OyJeT IIPeBOCXOAUTH
2.53/2000 < 0,001265.

WUrak, anropurm P. Kapnia — M. Pabuna umeetr BpeMeHHYIO
oneHKy O(n). Ha craguu npeaBapuTebHOM 00pabOTKM caeayeT
BBIOPATH IIPOCTOE YUCJIO ¢, HE IIPEBOCXOASIIEe OJOKUTEIbHO-
ro nesoro I, u Beruucauts H(P). danvHelinne neicTBUSA CBO-
JATCA K IIocjefoBaTeabHOoMYy Beruncienuto H(T,) u ero cpaBHe-
Huio ¢ H(P). I3-3a BOBMOXKHOCTH JIOJKHOTO COBIAIEHUA ITPY pa-
BeHcTBe H(P) um H(T,) MOXHO OpraHu3oBaTh II00MTOBOE
cpaBHeHUe 3TOU mmoAacTpokm T ¢ P.

TN YnpaxHeHus

1. IlIpu zagamuom m (Hanpumep, 100) ompenennTe MUHUMAJIb-
HO BO3MOJKHOe 3HaueHUe 7, IIPU KOTOpoM 32 paspsaoB He
OymeT XBaTaTh OJId IpeicTaBJaeHus I.

b Tacgund []. CTpoKU, fepeBba U MOCJIEJ0BATEILHOCTY B anropurmax: udopma-
TUKa U BblumcaureabHaa 6uongoruda. — CII6.: Hesckuii [[uanexkr; BXB-Iletep-
6ypr, 2003.C. 112.
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2. PaspaboraiiTe IPOrpaMMHYIO peaJu3aliio aJTropUTMa
P. Kapma — M. Pa6buna. Bei6op IIpocToro uncjia OcyIiecTBI-
Te C IIOMOIIBIO M3BECTHHIX BaM aJITOPUTMOB. Ha cnyqaﬁme
TecTaX OIIeHNTE KOJIMNMYECTBO JIOMKHBIX COBHaﬂeHHﬁ.

2.4. Anropurtm Shift-And

TeI He 3a0bIBall, YTO Y MEHA B I'OJIOBE
ONWJKU, U AJUHHBIE CJIOBA MEHS TOJBKO
oropuvaror...

Anan Muan. « Bunru-ITyx u ece-ece-gce»

ITO — YIAUBUTEJbHBLIA aJTOPUTM, ABJIAIOIINUNACI OCHOBOM
I[eJIOT0 KJIacca MeTOJOB PeIlleHns 3a4adu Ha CTPOKAaX, BKJIOUYA
IpuOIMIKeHHbBI MONCK o0pasiia B TeKcTe. EnnHCTBeHHOE ITPUH-
MUINAJbHOE ero orpaHnvYeHre — HeOoJIbIloe 3HAUeHue M, T. €.
obpaselr He JOJKeH ObITh OUeHb MAJIMHHBIM.

HUrak, mycts obpaserr P umeer giauny m, teket T — n. By-
JeM HMCKaThb HEeCKOJIbKO 0OJIbIlle, UeM OT Hac TpedyeTcs, — He
TOJIBKO Bce BxokJgeHud P B T, HO u BxoxkgeHus B T Bcex BO3-
MOXKHBIX Ipedukrcos P.

lNMpumep

Ilycth obpasern P = acacd, a Teker T = acacdfafacacda.
ITpu sTom P uMmeeT nATH OpepuKCoOB: a, ac, aca, acac u acacd.
JJ1st KaMK oM MO3UITUM TeKCTa HEOOXOIMMO 3HATh, SIBJISETCH JIN
OHAa KOHIIOM BXOKIEHHS He TOJbKO 00pasiia, Ho 1 JI000T0 13 ero
npedurcoB. C 3ToH 1eJIbI0 I KaKJI0M MO3UIIUYU TeKCTAa [ MBI
IIOCTPOUM M-3JIeMeHTHBINI MacCUB 13 HyJIeN 1 eqUHUIL, B KOTO-
poMm j—ii ajaeMeHT paBeH 1, ecau j-it mpeHUKC cI0oBa BXOIUT B
MPEeILIAYIIIUHA TEKCT U 3aKaHYMBAaeTCs Ha STOH MO3UINH, a nHa-
ye j-i1 asemeHT paBeH 0. B uTore MbI'TI0JIyY”M ABYMEPHBIN Mac-
cuB R 3 n CTPpOK um m CTOJIOIIOB, KOTODBIN IIpeACcTaBJeH B
Tabs. 2.12. (Bregenue HyJeBOTO cTOJIONA R, 3aTI0JTHEHHOTO €11~
HUIlaMHU, OyaeT o0'bACHEHO YyTh IO3JKe.)

Paccmorpum popMupoBamme ueTBepToii cTpoKu R (a5 ueT-
BEpPTOU ITO3UIINU TeKCTa), B Tabj. 2.12 oHa BhIJejieHa KYpPCU-
BoM. IlepBhIil IpeUKC a He BXOOUT B MPEAbIAYIITUI TEKCT, 3a-
KaHYMBaACh HA MAHHOW MHO3UIIUU, IIO3TOMY II€PBLIA 3JI€MEHT
maccuBa paBeH 0. Bropoii mpeduKc ac BXOIUT B TEKCT U 3aKaH-
YmBaeTCsA Ha NAaHHOW ITO3UIIMU, IIO3TOMY BTOPOI BJEMEHT pa-
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Ta6auma 2.12

R C“ﬁ‘”‘ C‘;;“‘i‘)’” a c | a|ec| a
Howmep Howmep

CHMBOJIA cCUMBOJIa 0 1 2 3 4 5
T P>

1 a 1 1 0 0 0 0

2 c 1 0 1 0 0 0

3 a 1 1 0 1 0 0

4 c 1 0 1 0 1 0

5 d 1 0 0 0 0 1

6 £ 1 0 0 0 0 0

7 a 1 1 0 0 0 0

8 £ 1 0 0 0 0 0

9 a 1 1 0 0 0 0

10 c 1 0 1 0 0 0

11 a 1 1 0 1 0 0

12 c 1 0 1 0 1 0

13 d 1 0 0 0 0 1

14 £ 1 0 0 0 0 0

BeH 1. [Tasee aHAJIOTMYHO paccCMaTPUBAIOTCA TpeUKCHI aca (He
BXOJUT), acac (Bxoaut) m acacd (He BXOAUT) M 3ATIOJIHAIOTCS
TPEeTUil, YeTBEePTHINA U MATHIH BJIEMEHTHL CTPOKU, KOTOPhIE PaB-
HbI 0, 1 1 0 cooTBeTcTBeHHO. EAVHUIILI 7K€ B IIATOM 1 TPUHALIIA-
TOM cTpoKax TabJ. 2.12 o3HauaioT, YTO' B TeKCT 1T BXOAUT BeCh
obpaszers, P.

Ocrasioch HaydYuThcsA ObICTPO (hopMupoBaTh R, CTPOKa 3a
crtpokoii. Ilyers R[i] — i-a ctpoka Tabaunbl. Ha camom mese
Kaskgada cTpoka R[i] 3aBHCHUT TOJIBKO OT IIPEIBLIAYIIEN CTPOKU
R[i — 1], ot P u ot TeKyImero cumBoJia Tekcra T[i]. Utak, mycTsb
y Hac yKe umeercs crpoka R[i — 1] u Ha o6paboTKy moCTymua
cumBoJ Texkcra T[i]. Crpoum ciaexpyiomiyio ctpory R[i]. Tak, B
paccmatpuBaemMoM npumepe RJ[5] =1, T. e. naTeiii npedurc
acacd BXOAUT B TEKCT W 3aKaHUYMBaeTCA Ha TEKYIIEeH I0o3u-
WA i, TOJTHKO €CJIX OJHOBPEMEHHO BBITIOJTHAIOTCS JBA YCIOBUA:
1) B TEKCT BXOOUT U 3aKaHUMBAETCS HA IPeIbIAYIIEN II03UIINU

i — 1 menbmui npeduxc acac, unu R[i — 1,4] = 1;

2) Texymuii cumBoJ Tekcrta T[i] coBnazaer ¢ HATHIM CHMBO-

aom P, nau T[i] = P[5].
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ITepBoe ycioBue o3HauaeT, YTO BCe NPEABIAYIIE CUMBOJIBI
npedukca acacd A0 TOCJIETHETO, KOTOPHIN PACCMATPUBAETCA B
TaHHBIMH MOMEHT, BXOJAT B TEKCT, & BTOPOEe — UTO U IOCTEeTHUHA
cuMBoJ mnpedmKca acacd BXOIUTHB TEKCT. AHAJOTUYHO,
RJ[i,4] = 1 Toabko TOorAa, Korga ogHoBpemeHnHo R[i — 1, 3] =1
u T[i] = P[4] u 1. n. [IlpyruMu cjaoBaMu, ouepeaHas ctpoka R

nas Bcex 1 < j < m crpouTcs us mpeabIAyineii mo gpopmyae:

1L, ecau R[i —1,j—-1]=1uT[i]= P[j];

Rl j1=
0, B OCTaJIBHBIX CJIyYadX.

EanmcrBenHOe MCKJIIOUEHME BO3HHKAET IIPU 3allOJIHEeHUH
mepBoit mosunuu R[i,1], 1ad KOTOpOIi IIepBoe YCIOBUE, OUEBU/I-
HO, BCerjga MCTHUHHO, IIOCKOJIBKY IIPEIBIAYIINX CHMBOJIOB IIO-
npocty HeT. UToObI yKasamHasa GopMyaa padoTaja M B 3TOM
ciIydae, OyaeM XPaHUTh B JOMOJHUTEJILHOM HYJIEBOM 3JIEMEHTE

Ka)KIol CTpoKU eguHUIy, T. €. R[i,0] =1 nna Bcex 1 <i<n
(TO TOT caMbIii HYJIEBOM CTOJIOEIT, CYIIIeCTBOBaHME KOTOPOT'O MbI
obemniany 00BSACHUTL B MPEAbIAYINeM IIPUMeEpe).
B pesyisibTaTe MBI HOJYYNM CJAEAYIOIINII aJITOPUTM IIOMCKA
MMOACTPOKY B CTPOKeE:
e IIPOCMAaTPUBAEM TEKCT;
e Ha OCHOBAHUM MPEAIIeCTBYIONIe nHPpOpMATUY A1 KarK-
IO¥ ero ImO3UINU i CTPOUM OMUTOBBIII MaCCHUB;
e IIpoOBepseM, IOABMUIACH JIM €JUHNIA B KOHIE HOBOI'O Mac-
CcHUBa: eCJIU J1a, TO CJIOBO BXOJUT B TeKCT U 3aKaHUNBAaETCS
Ha TeKylnedl Mmo3uInum) i, a HaUMHAETCS C IO3UIUU
i—-m+ 1.

Procedure Search (P, T:String);
Const Wsize=...;
{MaxcuMaJIbHEI pas3Mep CcJoBa Ww}
Var R:Array [0..Wsize] of Byte;

{BMTOBEI MAaCCUB}
n,m,1i,j:Byte;
Begin

n:=Length (T) ;

m:=Length (P) ;

R[0] :=1;

For j:=1 To m Do R[j]:=0;

For i:=1 To n Do Begin
For j:=m DownTo 1 Do
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{BuumciigeM OUTOBHIM MAaQCUB IJIS TEeKyleIo CUMBOJA
TeKCTa, MCIONb3ysS CTapeil Maccue. Kcrartu,
CaMOCTOSATENIBHO OTBETH[E Ha BONPOC: IIOUEMY
MBI BHIUMCJISEM €TI0, HauMHasg C IIOCJIeIHETO
sJIeMeHTa? }
If (R[j-1]=1) And (T[i]=P[]j]) Then R[j]:=1
Else R[]]:=0;
If R[(m]=1 Then WritelLn (i-m+1);
{Eciu nocyenHuUy SJIEMEHT - eIOVMHWYHEM,
TO CJIOBO HaMIEHO}
End;
End;

HWrak, Ha Ka)KIOM IIIare TaKOM aJTOPUTM IIO3BOJISIET IIOJIY-
YUTH NHPOPMAIIUIO O BXOKISHUN He TOJLKO BCEro CJIOBa, HO U
Jro6oro u3 ero npedpurcos. OgHAKO BO BpeMeHHOH s(dpeKTuB-
HOCTH BBIUTIPBIIIA IIOKA HET: IJA KaKJAOro 3HaueHH!s [ Bcerma
BBIIOJIHSIETCS M CPaBHEHU, TaK UTO BPeMeHHAs CJI0KHOCTDH B
Jo6oM caydae cocrasiaser O(m - n).

Ha mepBbIii B3TJIAA, HOIBITKA OKas3aJjach HeyJTauHOM, HO aa-
BaliTe caejaeM cJleAyIOmIni mar. Ecin ganHa MCKOMOTO CJI0Ba
He TIpeBbINaeT 32, TO JIO0YIO U3 CTPOK TAOJIUITHI (2 9TO — Mac-
CUB 13 HYJIed U eIUHUI[) MOXKHO IIPEeICTABUTDL B BUAE OTHOU IIe-
JIOUMCJIEHHOU IIepeMeHHO! Tuma LonglInt: Iiejioe YHCJIO Bedb
TOK€ COCTOUT U3 HYJIeH U eJUHUIL (B €0 ITBOMYHOM IIPEICTaBJIe-
Hun)! OxasbplBaeTcsa, UTO TOTAA OUYepPeSHYI0 OMTOBYIO CTPOKY
MOJKHO BBIUMCJIATE BCIO Cpasy, 0es3 IIUKJa II0 Hell, 3a HeCKOJbKO
OMTOBBIX OIEpPAaIliA.

Paccmorpum, Hanpumep, Kak mo Tperbeill ctpoxe 10100
crpoutcsa yersepTad — 01010. HamoMmHMM, UTO e JTMHUIIA B UET-
BEPTOM CTPOKE Ha HEKOTOPOIl MO3UIUU j MOKET IIOABUTHCSH
TOJIBKO IIPY OSHOBPEMEHHOM BBIIOJHEHUU IBYX YCJIOBUI:

1) B TpeThell CTPOKe cjeBa OT IMO3UIUU j CTOUT egfuHUIIA (T. €.
B TEKCT BXOJST BCe IIepBble CUMBOJIBI j-TO IIpeduKca g0 II0-
CJIeJTHEr0);

2) TeKyIIN# CUMBOJI TeKcTa (IJs HaIlllero mpuMepa 3To C) CO-
BIAJIAET C j-M CUMBOJIOM 00pasma (T. €. B TEKCT BXOJUT U I10-
CJIeJHUII CUMBOJI j-TO IIpeduKca).

s OpoBEepKHU IIEPBOr0 YCJIOBUS OOCTATOYHO CABUHYTH
BOpaBo TpeTbio cTpoKy 10100. A Tak KaK B HOMOJHUTEJIHLHOM
HYJIEBOM JJIeMEHTEe BCerjga XpPaHUTCSA eJUHHIA, II0JydaeM
11010. BctoMHUM, 4TO OOBIUHBIN CABUT ShR 3aII0JHSIET OCBOOO-
OUBIIUHACA paspal HyJeM, [I03TOMY IIOCJIe CABUTA ellle Heo0XOo-
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IUMO YCTAHOBUTH €IUHUITY B IePBOM djeMeHTe. B Tex mosuiiu-
AX TOJIYYWBIIIEHCA HOBOW CTPOKM, TJe CTOSAT €TWHUIILI, BO3-
MOJKHO, OYAYT CTOATHh €IUHUIILI M MCKOMOII HaMU YeTBepTOi
CTPOKU: AJIS BCeX MPe(pUKCOB, IOMEUEeHHBIX STUMU eIUHUIIAMH,
UX TIePBBIe CUMBOJIBI IO TOCJIEIHETO YKe TOUHO BXOASAT B TEKCT.
I 151 MpoBePKM BTOPOTO YCJIOBUSA IJIsI KAKIOT0 CUMBOJIA aJI-
daBuTa MBI 3apaHee IIOATOTOBUM XAPAKMEPUCMUYECKUI 8eK-
mop nauHou m (o6o3HauuM ero Kak V). B HeM j-11 ajieMeHT paBeH
1, ecsiv JaHHBIN CUMBOJI COBIIQ/IAET C IIOCJIEJTHUM CHUMBOJIOM j-T'O
mpeduKca (MJIM IMIPOCTO COBIAAAET C j-M CHMBOJIOM O0pasIia), u
paseH 0 B mpoTuBHOM cay4ae. [[Jig paccMaTpuBaeMoro mpumepa
XapaKTepHUCTUYEeCKre BeKTOPhI IIpeAcTaBieHsl B Tada. 2.13

Ta6auma 2.13

N m|<
(= =31 1]
o= o0
OO ||
(=21 N l=ls]
-0 |0 |

IJj1s1 BceX OCTaJIbHBIX CHMBOJIOB aji(paBuUTa XapaKTepPUCTH-
yecKue BeKTopbl OyayT myseBbiMu (00000), Tak KaK 3TUX CUM-
BOJIOB BOOOIIle HET B CJIOBE.

IlycTs HaAM M3BECTEH XapaKTEePUCTHUECKUH BEKTOP TEKY-
miero cuMBoJia Tekcra. [aa cumBoga ¢ ato 01010. B Tex mosu-
IUAX BEKTOpPA, I'lle CTOAT eJUHUIIbI, BOSMOXKHO, OYIyT CTOATDH
eIUHUIIBI 1 UICKOMOM UeTBepPTO# cTpoKu. [lJis Bcex npeUKCoB,
IMOMEUEHHBIX d3TUMU eIUHUIAaMU, ITOCTeTHUN CUMBOJI COBIaIa-
eT ¢ TeKYIIUM CHUMBOJIOM TeKCTa.

OcTajioch 00beAUHUTD 002 9TUX YCIOBUSI — BEIb OHU JOJIK-
HBI BBITIOJHATLCSI OAHOBpeMeHHO. [Ipu aToM mo3uiiuu, I Ko-
TOPBIX U B TPETHEN CTPOKE, CABUHYTON BIPABO, I B BEKTOPE CTO-
uT eguHUIA (T. €. TpedUKC MOJTHOCTHIO BXOAUT B TEKCT), TOJIY-
YaloT TaK/Ke eIMHUYHOEe 3HaueHHe, a OCTAJbHbIE II03UIIUU
o0HyIAI0TCS. VcmoabayeTcs AJis 9TOT0, KOHEUHO JKe, OMToBasA
omepanusa And. A moayuaemasi B pe3yJbTaTe CTPOKa M CTAHO-
Butcda yerBeproii: 11010 And 01010 = 01010.

Wrak, y Hac Bce TOTOBO, UYTOOBI C(hOPMYIMPOBATH OKOHYA-
TeJbHBIN BapuaHT anzopumma Shift-And. Buauane ana Kask-
JIoTo cuMBOJIA ajahaBUTa MBI BEIUNCJIAEM €TI0 XapaKTePUCTUUEC-
KUI BeKTOp — Iiejioe umcyo tumna LongInt. [flamee mpocmarpu-
BaeM TEKCT: KaK ¥ PaHbIIe, JJId Ka'KJ0M eT0 MO3UIUHU i CTPOUM
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OHTOBYIO CTPOKY (BEKTOD), HO XPAHUM ee yKe B OJHOM IIepeMeH-
Hoii Tumna LongInt. CaBUraeM cTapyio CTPOKY BIIPABO, B ee Iep-
BBIl 5JIEMEHT yCTaHaBJIMBAaeM €IUHUIY U O0beAuHsIeM Uepes
And ¢ XapaKTepUCTUUECKUM BEKTOPOM TEKYIIero CHMBOJIA TEK-
cra. OmaTs JKe, HO C IOMOIIbI0 OMTOBBIX OllepaIinii, IpoBepaeM,
nosaBMJach a1 1 B KOHIIEe HOBOM cTpoku. Ecau ga, To CJI0BO BXO-
OUT B TEKCT 1 3aKaHUYNBAETCA HA TeKYIIel TO3UINH i, a 3HAUUT,
HaumHaeTcsa ¢ nosunuu i —m + 1. (IlepBoHauasbHO Ke OUTO-
Bas CTpOKa HyJieBasd.)

Procedure SearchShiftAnd (P, T:String);
Var V:Array [Chr (0)..Chr(255)] Of LongInt;
{Maccup njsa XpaHeHUS XaAPaAKTEPUCTUUECKMUX BEKTOPOB
BCcex CcUMBOJIOB Tabjauusl ASCII, or O-ro mo 255-r0}
n,m, i:Byte;
R, first:LongInt;
j:Char;
Begin
:=Length (T) ;
m:=Length (P) ;
For j:=Chr(0) To Chr (255) Do V[]j]:=0;
For i:=1 To m Do V[P[i]]:=V[P[i]] Or
(1 ShL (m-1i));
{BrunciigeM xXapakKTepUCTUUECKMEe BEKTOPH }
first:=1 ShL (m-1);
{Uucmo Buma 10..0, MCHOIL3yeTCHS OJS YCTAHOBKU 1
B IEPBYKL HO3ULUIO OUTOBOM CTPOKM}
R:=0;
For i:=1 To n Do Begin
R:=((R ShR 1) Or first) And V[T[i]];
{BelunciiseM OMTOBYK CTPOKY IJIS TeKylleM TO3MLUN}
If R And 1=1 Then WriteLn(i-m+1l);
{Ecau nmocnemHum OUT e€IOVMHMUHEI, TO CJIOBO
HaMmoeHo }
End;
End;

AJropuT™M, TO CYILIECTBY, HOJYUYUJICA JIMHEHHBIM, C Bpe-
MeHHOI ciiosKkHOCThIo O(nn). BHyTpeHHUI IIUKJI B HEM 3aMeHeH
TpeMs OMTOBBIMU OTIePAIUAMU, 8 OHU BBITIOJHSIIOTCA AasKe ObIc-
Tpee OOBIUHBLIX apudMeTHuecKux omepariuii! OrpannyeHue xe
Ha JJINHY cJoBa (MaKCUMyM 32 CMMBOJIA) IIPHUEMJIEMO IJId PALa
IPaKTUYECKUX IIPUMEHEeHUN.
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PaccmoTpuM Temeps OLHY M3 BO3MOMKHBIX MOAU(MDUKAIIMI
anroputMma Shift-And nns npubauxenHoro moucka P s T.

3amaua. I[IpeamosouM, 4TO MICKOMBIHM 0O0paselr B TEKCTe CO-
IEPIKUTCA, BOSMOYKHO, C OJHIUM HECOBIAJAOIIMM CHMBOJIOM.
Heo6xoamMo, HECMOTPA Ha 3TO HECOBIIA[eHNe, HANTU BXOMKIe-
Hue oOpa3siia.

MNMpumep

ITycts P = acacd u T'"=> acacafacacda. Tormza Bxoxxnge-
HuA P B T OyAyT HAUMHATHLCSA C IIEPBOrO U CEABMOIO CIMBOJIOB,
IpUYeM IIepBoe 13 HUX OyZeT HEeTOUYHBLIM, a BTOPOe — TOUHBLIM
BXOXKIEHNEM.

g moucka TOYHBIX BXOXKAEHUI chopMupyeM Maccus R
(rabi. 2.14), aHAJOTUYHBINA TOMY, UTO IPEACTABJIECH B aJITOPUT-
me Shift-And. [lns moncKa Ke HeTOUHBIX BXOMKIEHUH ompeae-
JguM MaccuB Ry (Tabia. 2.15), KoTophIil TOX0XK Ha NepBHIH ¢ To
JIUIITh PA3HUIIEH, YTO OTPaKaeT KaK TOUHbIe BXOMKACHUA, TaK U
BXOMKIEHUSA TIPU OAHOM M3MEHEHHOM CHUMBOJIE.

Ta6aumna 2.14

Ro CumsBoJ CumsBoJ a c a c d
T P
Homep Howmep
CHMBOJIA CHMBOJIA 0 1 2 3 4 5
T P
1 a 1 1 0 0 0 0
2 c 1 0 1 0 0 0
3 a 1 1 0 1 0 0
4 c 1 0 1 0 1 0
5 a 1 1 0 1 0 0
6 £ 1 0 0 0 0 0
7 a 1 1 0 0 0 0
8 c 1 0 1 0 0 0
9 a 1 1 0 1 0 0
10 c 1 0 1 0 1 0
11 d 1 0 0 0 0 1
12 a 1 1 0 0 0 0
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IIpumeuwarnue. Mbl roBopuMpo MaccuBax Ry u R, naa Ha-
TVIATHOCTU M3JOoKeHUusd. PakTUIeCKU, KaK U paHee, IJs Gop-
MUPOBaHUA ouepenHol cTpoku Rfi] Heo6xogumMo 3HATH TOJIBKO
R[i—1].

Kax u mpe:xne, naa Ka)KIOW IIO3UIIUN TEKCTA MbI COCTaB-
JseM OUTOBYIO CTPOKY (BeKTOp) AJauHOM m. B Hell j-ii a1eMeHT
paBeH 1, ecau j-ii mped@uKc o6pasiia BXOAUT B HNPEABIAYIITAH
TeKCT (BO3BMOIKHO, C ONHUM U3MEHEHHBIM CUMBOJIOM) U 3aKaH-
YMBaeTCs HA ATOM MO3SUIINU, MHAUe j-i1 asemeHT paBeH 0. Exqu-
HUIlA B KOHIle IATON U OAUHHAAIIATOHN cTpPOK R; o3HauaeT, 4TO
B TeKCT BXOOUT (BO3MOKHO, C OHIM N3MEeHEHHBIM CIMBOJIOM)
Bech oOpasell, ¥ JaHHAA MO3UIUA IBIAETCA KOHIIOM eTr0 BXOMK-
IeHUsd.

Tabauma 2.15

R, Cu*ﬁon CMII;'If:)JI a c a c d
Homep Howmep

CHMBOJIA CHMBOJIA 0 1 2 3 4 5
T P

1 a 1 1 0 0 0 0

2 c 1 1 1 0 0 0

3 a 1 1 0 1 0 0

4 c 1 1 1 0 1 0

5 a 1 1 0 1 0 1

6 £ 1 1 1 0 1 0

7 a 1 1 0 1 0 0

8 c 1 1 1 0 1 0

9 a 1 1 0 1 0 0

10 c 1 1 1 0 1 0

11 d 1 1 0 1 0 1

12 a 1 1 0 0 0 0

Kakx mosxkHO O6BICTPO IOCTpOUTH Tabaumny R;?

ITycTs y Hac y:xe numeroreda ctpoku R[i — 1] u Ry[i — 1], aHa
o6paboTky mocTynua cuMBoJ Tekcra T[i]. Iloctpoum caemyro-
m1y1o cTpoKy Ry[i]. ExuHNUIIa B HOBOM CTPOKE R 114 HEKOTOPOTO
j—-TO IpedhmKca MOMKET MOABUTHCA TOJBKO B IBYX CIydYadX:
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e eCJIM BCe IIepBble CUMBOJIBI j-TI'0 Ipedurca, KpoMe IIO-
CJIeJHETO CHMBOJIA, TOYHO COBIIANAIOT C TEKCTOM, T. €.
Ry[i — 1,j — 1] = 1 (mpoBepATH HA COBHAJIeHUE TTOCTETHUI
CHUMBOJI He TpeOyeTcsi, OH MOKeT OBITH M OTIMYAIOII[MIM-
cd — DTO JOIIYCTUMO);

e eCJIM B IEPBBLIX CHMBOJIAX j-TO IpeduKca yxKe MMEeeTCs
OIVH M3MEHEHHBIN CUMBOJI, HO IIOCJEIHUN CUMBOJI 3TOTO
npeduKca COBIIaAeT ¢ TEKYIIUM CUMBOJIOM TEKCTa, T. €.
Ri[i—1,j—1]1= 1 u T[i] = P[j]:

Ecau caBuryTs BIIpaBo (€ TOTIOJTHEHMEM eIUHUIEHN) TPEeIbI-
OYIIYIO CTPOKY Tabaunsl Ry, TO MBI IOJIYYUM BCE eAUHUIBI HO-
BOI cTpoKU R; 110 IepBOMY cJIydalo, U AJd BceX IpedrKCcoB, II0-
MEeUYeHHBIX 9TUMU eIUHUIIAMU, U3MEeHEeHNe MOYKET OBITH TOJIbKO
B mIocJeqHeM cuMBoJie. Eciu jKe CIBUHYTH BIIPABO (C JOMOJIHE-
HUeM eJUHUIeN) IPeAbIAYITYIO CTPOKY R 1 COeIUHUTE ee uepes
And ¢ XapaKTePUCTUUECKUM BEKTOPOM TEeKYIIero CUMBOJIA TeK-
CTa, TO MBI IIOJIYYUM BCe IMHUIILI HOBOHM CTPOKU R, IO BTOPOMY
cayuyato. [y Bcex TpeUKCOB, IIOMEUEHHBIX 9TUMU eqUHUIA-
MU, U3MeHeHNe CUMBOJIa, BOSMOXKHO, IIPOU3O0IILIO T/Ae-TO BHYT-
pu. OcraeTca TOIbKO coOpaTh Bce eIMHUIILI B HOBOI cTpoke R,
IIpu IIOMOIIU olepanuu Or.

PaccmoTpum, Kak B 00CyKIaeMOM IIPUMeEPEe CTPOUTCH BOCH-
mada ctpoka R;. Cexpmad ctpoka R, pasaa 10000, mocse casura
¥ JOIoJHeHusA eauHuieil ona mnepexoaut B 11000. Yacts enu-
HUIT BOCBMOI cTpoku R, y:ke ectb. Cempmas crpoka R; 10100
TIocJie CABUTA, AOTIOJHEHUA eIUHUIIEH U omlepanuu And ¢ Xapak-
TEPUCTUUECKUM BEKTOPOM TeKytiero cuMmBoJia ¢ (01010) crano-
BuTcsa paBHoi 01010. Temeps y Hac ecTsb U Apyras 4acTb eIH-
uuit. CoeIMHUM IIOJIyYeHHBIE CTPOKU deped Or, TaK KaK HaM
HYKHBI eITUHUIBI 13 obeux cTpok: 11000 Or 01010 = 11010.
Jto u Gyzer BocbMasa cTpoka R;.

Procedure SearchShiftCh (P, T:String);
Var V:Array [Chr (0)..Chr(255)] Of LongInt;
n,m,i:Byte;
RO,R1,first: LongInt;
j:Char;
Begin
n:=Length (T)
m:=Length (P)
For j:=Chr (0

’

) To Chr (255) Do VI[j]:=0;
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For i:=1 To m Do V[P[i]]:=V[P[i]] Or

(1 ShL (m-1i));
RO:=0;
R1:=0;

first:=1 ShL (m-1);
For i:=1 To n Do Begin
{BruncigeMm OUTOBHE CTPOKM}
RO:=(RO ShR 1) Or first;
Rl:= RO Or ((R1 ShR 1) And V[T[1i]]);
{DonosHeHMe enMHMIIEN MOXHO He IeJjlaThb,
TakK kak OHa yxXe ecTb B RO}
RO:=R0 And V[T[1i]];
If R1 And 1 = 1 Then WriteLn(i-m+1);
End;
End;

MoskHO Ji1 0000IIUTh PACCMOTPEHHYIO 3aJauy Ha caydaii
0oJiee UueM OJHOT'O HECOBIAAEeHUSA CHMMBOJOB?

IIpegmoso:kuM, YTO 3a1aHO BO3MOKHOE KOJIMYECTBO HECOB-
majeHui w 1 HeoOXoamMo HaiiTu Bce BxokaeHusa P B T ¢ Tou-
HOCTBIO IO 9TUX W HECOBIAJEeHUIA.

Onpenenum 3HaueHve Rp[i, j] paBHBIM efuHUIE, ecau j-i
npedurc P coBImazaeT ¢ TOYHOCTHIO 10 kE CUMBOJIOB C HOACTPO-
ko T, 3akaHUMBAIOIMIENCcsa B MO3UNUM i. B mpoTuBHOM ciyuae
R.li, j] paBHO Hy110. OUeBUIHO, YTO MAacCUBLI R BBIUNCIAIOTCA
nocjenoBaresnbHo: Ry, Ry, ..., Ry, ..., R,. IIpu aToM 11pu BeIumC-
JeHNU 3HaueHUus R, [i, j] moruuecku BOBMOKHEI cjleyIOIIHe Ba-
PUAaHTHI:

e mepBbie j — 1 cumBomoB P coBmagaioT ¢ moacTpokoi T,
KOHUaroIelca B mo3unuu i — 1 ¢ He 6ojiee ueM k HecoB-
nagenuamu, u P[j] pasao T[i]; aTo ycioBue 3anuchIBaeT-
ca KakK Ry[i — 1] 1 paspax And V[T[i]];

e mepBbie j — 1 cumBOJIOB P coBmazaroT ¢ moacTpokoit T,
KOHuUaloIlenca B mosunum i — 1, ¢ He O0oJjiee uem k£ — 1
HECOBIIAIEHUAMM; 9DTO YCJIOBHE 3alNCHIBaeTCA Kak
kal[i - 1]—)1 paspsane

Ocraercad 00BbeIUHUTHL yKa3aHHBLIE YCJIOBUSA C IIOMOIILIO
omeparuu Or.

lNMpumep

ITycts P = abcdu T = abceabfeakrt. IlocaenoBaresnbHOE
BBIUMCJIEHNEe MaccuBOB R mokaszano B Tabi. 2.16.
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Ta6auma 2.16

on [cnvmona 0 R Bz Rs
a 1 1/0(0{0|1|0(0|0O|1]|0|0]|O|1]|0|0O]|O
b 2 0/1/0({0|1|1|0|0O|1|1|0|O0O|1|1]|0]|O
c 3 0/|0|1{0}|1|0|1|0O(f1|1|1|O0f1|1|1]O
e 4 0/|0|0|0O|1|0O|O|1|1j1|0O|1|1|1|1]|1
a 5 1/0{0{0|1{0f|O|O|1|1f{O0O|O|1|1]|1]|O
b 6 0/1/0({0|1|1|0|0Of1|1|0|Of1|1|1]0O0
£ 7 0/|0|0(0O|1|O0O|1|Ofp|{1|21|Of1|1|1]O
e 8 0/0|0[0|1]|0|O0O|O4Lp1|O0O|1 |1 1|11
a 9 1/0(0{0|1|0f(0|0Of1|1|0|O|1|1|1]|O
k 10 0(0/0(0|1{12(0|0(f1}1(0|0O|1|1|1|O
r 11 o/0/{0(0Of1|0|O0O|O|1|1|1]|0O|1|1|1]O
t 12 o0/0/{0(0Of1|0|0O|O0O|1|1|0OfO]|1|1|1|1

Enumnna B nocienuem crosbie R, roBOpUT 0 BXoxaAeHUU P
B T c He OoJjiee ueM k HeECOBIAIEHUAMMU.

T\ YnpakHeHus

1. Bromosuure TpaccupoBry aaroputma Shift-And, mampwu-
mep, npu P = abac u T = aabaccababacab.

2. 9KcHepUMeHTaJHLHO CPaBHUTE BpeMs PabOThI IIPOCTOTO aJji-
ropuTMa IIoucKa oopasiia B TeKcTe u aaroputma Shift-And.

3. B amroputme Shift-And Ha BxoKIeHUEe TPeUKCOB YKa3bI-
Baetr 1. IsmMeHUM yCJ0BHe: IIYCTh Ha BXOMKIeHUE peduKca
ykasbiBaeT 3Hauenue 0, Torma sTo y:ke G6yaeT ajJropuTM He
Shift-And, a «Shift-Or». Paszbepure IpuBeIeHHbBIN HUXKe
JIVCTUHT W IPOBEPhTE ero paboTOCIIOCOOHOCTS.

Procedure SeachShiftOr (P,T:String);
Var V:Array [Chr (0)..Chr(255)] Of LongInt;
n,m,i:Byte;
h,R: LongInt;
j:Char;
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Begin
n:=Length (T) ;
m:=Length (P) ;

)
)
h:=1 ShL m-1;
For j:= Chr(0) To Chx (255) Do V[j]:=h;
For i:=1 To m Do V[P[i]]:=V[P[i]] And
(Not (1 ShL (m-i)));
R:=h;
For i:=1 To n Do Begin
:=(R ShR 1) Or VI[T[i]];
If R And 1 = 0 Then WriteLn(i-m+1);
End;
End;

IIpumevarnue. B 0CHOBHOM ITMKJIE HA OHY OMTOBYIO oIepa-
IIUIO 37IeCh CTaJI0O MeHbIIe, TaAK KaK JOIOJHeHNe eTUHUIIeH
npu caBure He TpedbyercdA. (O6BbACHUTE TOUEMY.)

Paspaboraiite meTon «permcrpoHeldaBuUCUMOTO» (T. €. BHE
3aBHCHUMOCTH OT perucTpa 0yKB) MOMCKAa 00pasiia B TEKCTeE.

IIpumevanue. [I1d 3TOTO TOCTATOYHO JIJId OOJHUX U TeX Ke
OYKB PasHOro perucTpa IIOCTPOUTH OAMHAKOBBIE XapaKTe-
puctuueckue BeKTOpbl. OCHOBHAs JKe YacTh aJIrOPUTMa
Shift-And ocramercsa 0e3 U3MeHEeHU.

WasBecTHO, uTO B TEeKcTe 6e3 MudpP HEKOTOpPhie OYKBBI OBLIN
3aMeHeHbI nudppamu. Halimzure BXoKIeHne obpasia B Ta-
KOM «HCIIOPYEHHOM>» TEeKCTe.

Ilpumevanue. IIasgs 3TOTO cienyeT XapaKTEPUCTUYECKUE
BEKTODHI UMD cAeaTh eIUHUYHBIMHU: 9TO Oy/IeT 03HAUATh,
uTo mudpa MOKeT IMOABUTHCA B JIO00I IMO3UIUU CJIOBA.

ABTOMOOUIBbHBEIE HOMEPA UMEIOT BU: «O0yKBa, TpU MUdPHI,
aBe OYKBBI», Hampumep «M815Tk». Haligure B TeKcTe Bce
TaKue aBTOMOOMJIbHBIE HOMEDA.

Ilpumevarnue. XapaKTepUCTUUYECKHE BEKTODHI MAJIsI BCEX
OYKB HYKHO IMOJIO:KUTHL paBHbIMu 100011, gaa mupp —
011100, a gna BcexX OCTAJIbHBLIX CIMBOJIOB — HYJIEBLIMU.

B TekcTe HEKOTOpPBIE OYKBBLI, HAIPUMEDP O, OBLIN 3aMEHEHBI
OykBOH a. Kak HAiTU CJIOBO B TAKOM «VCIIOPUYEHHOM» TEK-
cre?

ITpumevanue. HysxkHO chHOpMUPOBATH XapaKTepPUCTUUEC-
K¥e BEKTODHI IJIA BCeX CUMBOJIOB aji(aBuTa, a 3aTeM CKOP-
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PEKTHUPOBATH BEKTOP A OYKBEI a, COeIUHSSA eTo uyepes Or ¢
BEKTOpOM [ OYKBBHI o. TeM caMbIM OIIpeAessieTcsi, UTO
OyKBa a MOKEeT CTOATh B CJIOBEe M Ha MecTe OYKBBI O.

8. HeoOxoauMo HATH B TEKCTe He KOHKPETHBII o0paselr, a 00-
pasey no HeKomopomy wabJaoHYy, HaIPUMEP IO IMabJIoHY
c*c*s, B KOTOPOM CHMBOJI * 3aMeHseT Jito0oii cumBoj. To
ecThb TpebyeTcs HaliTU BCe CJIOBA U3 IIATU OYKB, B IIEPBOH U
TpeThell MO3UIUAX KOTOPHIX HAXOAUTCS CUMBOJI C, a B IIO-
cJIegHell — CHUMBOJI S.

ITpumeuanue. IlocaesipopMUPOBAHUS XapaKTepPUCTUUEC-
KHX BEKTOPOB UX CJIEAYET IIOABEPTHYTH KOPPEKTHUPOBKE: BO
BTOPOM U YeTBEPTOM MO3UIUAX (T. €. B IIO3UIUIX C CUMBO-
JIOM *) B 9THX BEKTOPAaX CJIEAYeT HOCTABUTL €IUHUIILI. ITO
03HAUYAaeT, YTO B ATUX IIOSUIUAX MOMKET HAXOIUThCS JII000i
CUMBOJI.

9. IIycTh KBagpaTHBIE CKOOKM YKa3bIBAIOT TPYIIy CUMBOJIOB
nyd noucka. Hanmpumep, 1mo 3anpocy 6 [au] pxa TOJKHBI
OBITHL HaIeHBI CJIOBA Bapxa u 6upxa, T. €. CJIOBa, HAYMHA-
IOIMecsa ¢ CUMBOJIa © U 3aKaHUMBAWOIIUECS HA pxa, Iae
BTOPBIM CUMBOJIOM MOKET ObITh KaK a, TaK U 1. BeITOJIHU-
Te COOTBETCTBYIOIYI0 Momupukamuio airropurma Shift-
And.

IIpumeuanue. KBagpaTuble CKOOKU ONpPeNeaAOT OOHY He-
KOTOPYIO IIOSUIMIO CJI0BAa. B XapaKTepUCTUUYECKUX BEKTO-
pax aJs BCeX CUMBOJIOB, 3allMCAHHBIX B KBAJAPATHBLIX CKOO-
Kax, HaJ0 YCTAHOBUTL €OUHUIY B JAHHOM MO3UIIUU.

10. ITycts ¢purypHble CKOOKM YKAa3bIBAIOT T'PYIIITY CUMBOJOB,
KOTOPBIX He OO0JMHCHO COAEepsKaThCsi B MCKOMOM oOpasiie.
Hanpumep, mo sampocy {asc}rry Heo6XOquMO HANTU Bce
CJIOBa 13 YeThIpeX OYKB, He HAUMHAIOIIWeCcsd Ha a, B WU C U
3aKaHYMBAIOIIMECAd HA I'T'y. BBIIIOJIHUTE COOTBETCTBYIOIIYIO
Momupukamuioo aaropurma Shift-And.

IIpumevarnue. PurypHble CKOOKY TOXKE ONPEAEJIAIOT OTHY
HEKOTOPYIO MO3UIIUIO CJI0Ba. B XapaKTepUCTUUECKUX BEK-
TOpax JAJIS BCEX CUMBOJIOB, 3alIMCAHHBIX B (DUTYPHBIX CKOO-
Kax, HaJo 3alucaTh HYJb B JaHHOUW IIO3UIINH.

11. IIpeamooKuM, YTO NCKOMBIM 00pasel] B TEKCTE COLEPIKUT-
cs, BOSMOYKHO, C OOHUM JUIITHUM cuMBoJioM. PaspaboraiiTe
JIOTUKY IIOCTPOEHUSA COOTBETCTBYIOMIMX TAOJMUIL IO aHAJO-
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ruu ¢ tada. 2.14 u 2.15. IIpoBepbTe pabOTOCIOCOOHOCTH
CJIeAYIONIeTro JUCTUHTA:

Procedure SearchShiiftIns (P, T:String) ;
Var V:Array [Chr (0)..Chr(255)] Of LongInt;
n,m,1i:Byte;
RO,R1l, first:LongInt;
j:Char;
Begin
n:=Length (T) ;
m:=Length (P) ;

For j:=Chr (0) To Chr (255) Do V[j]:=0;
For i:=1 To m Do V[P[1]]:=V[P[1]] Or
(1 ShL (m-1i));
RO:=0;
R1:=0;
first:=1 ShL (m-1);
For i:=1 To n Do Begin
Rl:= RO Or (((R1 ShR 1) Or first) And
VIT[i1]1);
RO:=((RO ShR 1) Or first) And VI[t[i]];
If R1 And 1 = 1 Then WriteLn(i-m);
End;
End;

12. IIpeamnosoKuM, UYTO UCKOMBIN 00pasel] B TEKCTe COLEePIKUT-
cs, BOBMOJKHO, C OTHUM yAAJeHHBIM cUMBoJioM. Kak, He-
CMOTPSA HA 9Ty «OMINOKY yAAJeHuA» , HalTH BXOKIeHNre 00-
pasma? IlpoBepbTe IPaBUIBLHOCTD CJIEAYIOIIETO JUCTUHTA:

Procedure SearchShiftDel (w,t:String);
Var V:Array [Chr (0)..Chr(255)] Of LongInt;
n,m,i:Byte;
RO,R1, first:Longlnt;
j:Char;
Begin
n:=Length (T) ;
m:=Length (P) ;

For j:=Chr(0) To Chr (255) Do V[j]:=0;
For i:=1 To m Do V[P[i]]:=V[P[i]] Or

(1 ShL (m-1));
RO:=0;
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13.

first:=1 ShL (m-1);

For i:=1 To n Do Begin
RO:=((RO ShR 1) Or first) And V[TI[i]];
R1:=((RO ShR 1)Or first) Or (((R1 ShR 1)

Or first) And V[T[i]]);

If R1 And 1 = 1 Then WriteLn (i-m+2);

End;

End;

Paccmosnue P. XemmuHza MeK Iy IBYMS CTPOKaMU OqUHA-
KOBOM AJWHBI OIpeeigeTcsa Kak KOJUUYEeCTBO MO3UIUMN, B
KOTODPBIX CUMBOJIBI HE COBIIAAAIOT. [[aHO CJI0BO U HEKOTOPOE
yucio d. Heo6xomumo HaliTu BCe CJIOBA B TEKCTe, yIajeH-
HBIE OT TaHHOTO CJI0Ba He 00J€e ueM Ha paccTosHue d. Pas-
OepuTe HIpPUBeIEeHHOE PeIlleHue U IIPOBEPbTE ero IIPaBUJIb-
HOCTb.

Ilpumenanue. Ilepeopmynupyem 3agauy: Tpedyerca HaNTH
CJIOBa, KOTOpbIEe coAepsKaTcs B TeKcTe He OoJsiee ueM ¢ d
«ommbxamu 3aMeHnbl» . Cayuaii ¢ OLJHOMN «OIIINOKOI 3aMeHbI »
(c OTHUM MB3MEHEHHBLIM CHUMBOJIOM) Yy Ke OBLLJI paccMOTPEH.
Heo6xoauMo BBeCTH 110 OHOM AOIIOJHUTEIbHON TabauIle Ha
KaXKIYI0 «OIMMOKY 3aMeHBI» 1 IIPOBOAUTHL aHAJOTHUUHBIE
npeobpas3oBaHUA OOHOII TaOMAUIILEI B APYIYIO.

Procedure SearchShiftChk (P, T:String;d:Byte);
Const Maxd=...;
Var V:Array [Chr (0)..Chr(255)] Of LongInt;
R:Array [0..Maxd] Of LongInt;
n,m, k,1i:Byte;
first,01dR0O, tmp:LongInt;
j:Char;
Begin
n:=Length (T) ;
m:=Length (P) ;
For j:=Chr (0) To Chr (255) Do V[j]:=0;
For i:=1 To m Do V[P[1]]:=V[P[i]]
Or (1 ShL (m-i));
For k:=0 To d Do R[k]:=0;
first:=1 ShL (m-1);
For i:=1 To n Do Begin
O01dRO:=R[0];
R[0]:=((R[0] ShR 1) Or first) And V[TI[i]];
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14.

15.

16.

17.

18.

For k:=1To d Do Begin

tmp :=RI[KT;
R[k]:=((R[k] Shr 1) And V[T[i]])
Or (O1ldRO Shr 1) Or first;

OldRO:=tmp;

End;

If R[d] And 1=1 Then WriteLn (i-m+1);

End;
End;

Kak nsmenuTcs peiienue B ynpakuenuu 13, ecau HeoO6Xo-
IUMO HAHTH BCE CJIOBA, yAaJleHHbIE OT JAHHOTO CJI0BA TOUHO
Ha paccroaHue d?

B cioBe BosMoOXHA OgHA 3aMeHa, OAHO yAAaJleHNWe W OJHA
BCTaBKa CIMBOJIA, T. €. BCE TPHU «OIINOKMN» CPa3y, HO TOJILKO
O OZHOM Kaskgoro tumna. Kakue maMeHeHHusa morpedyercs
BHeCTH B ajyroputm Shift-And pasa mnmomncka Takux cJaoB?

Bo Bcex BapumanTtax aaroputma Shift-And Ha BXOXKIeHUe
npedukrcoB yKaseiBaeT sHaueHue 1. IlycTs Tenneps HA BXOK-
IeHue yKasbiBaeT 3sHaueHue (. lVsmeHuTe perieHus B
yupakHeHusax 8,11, 12, 13 u 15 ¢ yuerom samens! 1 uHa 0.

IIpumeuanue. ITpumep momo6HOM MogudUKanuu ObBLT pac-
CMOTPEH [JIS TOYHOTO ImoucKa. IIpu 3ToM AOomoJIHeHUe eIu-
HUIe 0Ka3aJI0Ch JUITHUM. BBITH MOXKET, U 37IeCh 9TO IIPU-
BeJleT K COKPAIleHNI0 KOJMUYeCTBa OMTOBLIX omepaliuii?

ITlycTs yrioBble CKOOKM YKas3bIBAIOT I'PYIIIIY CHMMBOJIOB, B
KOTOPBIX, BO3MOJKHO, €CTh OJHa «OIMMOKa 3aMeHbI». Ha-
opumMep, IyCcTh HEOOXOAMMO HAUTHU AaBTOMOOUJIBHBIN HOMED
M815TK 1 €CTh YBEPEHHOCTh B TOM, UTO OYKBBI IPABUJILHEI,
a B mudpax BO3MOKHA OfHAa OIIMUOKA, TOraa 3alpoc Ha II0-
NCK MOKHO 3ammcaTbh Kak M<815>rk. Kak momuduiupo-
BaTh ajaroputm Shift-And njis IOKMCKAa CJIOB IO TAKOMY I11a0-
JIOHY?

OmHUM ¥3 CTAHAAPTHBIX 3HAKOB B INMA0JOHAX SABJISAETCS
CUMBOJI #, O3HAUAIOIIHI; UTO HA €ro MeCTO MOXKeT ObIThb
moAcTaBJIeHO Jiio0oe cuaoBo. Hampumep, mabaou ab#cd
03HauaeT, YTO MIMETCA IMOACTPOKA ab, 3a Hell ciemyeT Jiio-
6011 Habop CMMBOJIOB, a 3aTeM Ha JIIOOOM PACCTOSHUU UIET
moacTpoka cd. MoKHO i U3MEHUTh ajaroputm Shift-And
TaK, YTOOBI OCYII[ECTRJISAJNIACEH IIPOBEPKA HATHUYUA B TEKCTE
CJIOB, COOTBETCTBYIOIINX ITOAOOHBIM ITabioHAM?
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2.5. Wcnonb3oBaHue 35IeMEHTOB TeOpumn
aBTOMAaTOB B peLueHnn 3agadu
06paboTKm CTPOK

Her w#wuuero mnpakTuuHee XoOporeit
TEeopuu.

Pobepm Kupxzogp

2.5.1. OcHoBHOM hopmanusm Teopmm asToMmaToB

ITpuexan ns I'epmannu BoitnoBuu. IToce-
Jaujcda B roctuHuiie Ha bpoasee. IToramo-
OMJIOCH €My clieIaTh KONUH. 3alllJid OHH C
JKeHOH B cHeInaJIbHYI0 KOHTOPY. IIpoTsa-
HYJX KOIUPOBIIMUKY HECKOJLKO CTpa-
Huil. ToT crparnmBaer:

— One of each? («Kaxxkayro mo ogHOI? »)
BoiitHOBUY roBOpPUT KeHE:

— UWpka, T casnmnana? OH crupocwu:
«BoitHoBuu? » OH Mmeua ysuaiu! Tel npen-
craBJjsenib? Bor oHa, MOMyJIIPHOCTD!

Cepeeil J[oenamos

ITycts A — KOHeYHOE MHOKECTBO CHMMBOJIOB (andasBur).
Onpenenum A" KaK MHOKECTBO BCex cTpok andasura A. Kaxk u
paHee, CUMBOJIOM & 0003HaYMM ITYCTYIO CTPOKY (OHA mpUHALIe-
HUT A ) ITo cBoeit cyTu, aBToMar M — 9TO HEKOE yCTPOUCTBO,
pacIiosHaoIee oNpeAeIeHHbIe dIeMeHTsI u3 A . Il 3ajaHHo-
ro A aBromaT M COCTOUT M3 MHOKECTBA COCTOAHUN @ U PYyHK-
nmuuy mepexonoB F:A - @ > @. Asromar M mMeeT HadaJIbHOE CO-
CTOAHUE ¢y € @ ¥ OLHO NI HECKOJbKO KOHEUHBIX COCTOAHUII
(E — MHOKeCTBO KOHEUHBLIX COCTOAHUI, E C Q).

HUrax, M = (A, Q, qy, E, F)iBxonom dysKIIUU F ABIgEeTCA
mapa — CHUMBOJI &, COCTOAHMUE ¢. ABTOMAaT HAXOAUTCA B COCTOA-
HUU ¢ ¥ YUTAET CUMBOJ a; B pe3yJbTaTe OH IepPexXOoIuT B HOBOE
cocTosiHMe, onpenensemoe Fla, q].

lNMpumep

= {a7 b}’ Q = {qO’ q1> QZ}’ E = {Q2}' CDYHRHI/IH F IpuBeae-
Ha B Taba. 2.17.
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Tab6auma 2.17

F a b
Jo d1 do
d1 d1 d2
d2 d1 d2

Tpakxryrorca gamubie Taba. 2.17 caexyiomuM o6pasoM: aB-
TomMaT M HaXOAUTCS B COCTOAHUU ¢, U YUTAET CUMBOJ &, B pe-
3yJbTaTe Uero OH IepPexXoAuT B cocToaHue ¢ (F(a, q¢) = q1),
an6o aBromMar M HaXOAUTCA B COCTOSHUU (o 1 YUTAET CUMBOJI b,
B pe3yJbTaTe Yero OH IEPEeXONUT B COCTOAHUE (g, TAK KaK
F(b, g2) = qs-

PaGory aBToMmaTa M MOKHO HATJISIHO M300pPa3uTh B BUIE
opueHTHUpPOBaHHOTO rpada (duazpammvt cocmoarnuil), y KOTopo-
ro MeTKaMU BePIIUH ABJIAIOTCSI COCTOAHUA aBTOMATa ¢, a MeT-
KaMHu Oyr — CHMBOJIBI ajipaButa A (puc. 2.6).

Puc. 2.6. [IpuMmep gAuarpaMMbI COCTOSHII aBTOMATa

Ecau aBromar M oOpabaTbiBaeT CTpPOKH ab, aab, aabb,
a...ab...b,bab,b...ba...ab...b, To B uTore M mepeiiger
B KOHEYHOE COCTOSHUE (9, ) 9TU CTPOKU CUUTAIOTCA IOIIYCTH-
MBIMH WJIX pacuo3HaBaeMbiMu. IIpu oO6paboTKe Ke CTPOKU aba
M B uTOTE OKaXKETCHA B COCTOAHUU (1, IIOITOMY TaKas CTPOKAa
HEIONMyCTHMa WJIM Hepaclio3HaBaeMa [TaHHBIM aBTOMAaTOM.
(AmajornuHa cuTyanus W €O CTPOKaMu Tuma b...b wnuam
b...ba...a.)

AsTomaTsl M, y KOTOPBIX AJIA JIOOOTO COCTOAHUA ¢ U JII000-
ro cuMBoJia ajg@aBura A, IOCTyHaloIero Ha oo6paboTKy, Cy-
IITeCTBYeT OJHO U TOJBKO OJHO COCTOSHNE — OAUH BO3MOYKHBIH
mepexo], OUPeeAT KaK 0emepMUHUPOSBAHHbLE ABMOMAMDbL.
CBOMiCTBO JeTEePMUHHPOBAHHOCTH CJeAyeT U3 TOro, 4yro F —
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dysrnua. Ecau jxe paccmarpuBaTh F Kak MHOYKECTBO TPaBUJI,
TO B 9TOM CJydYae IJIs HEKOTOPOro a € A 1 ¢ € Q IpaBuUJia MoO-
JKeT He CYII[eCTBOBATh. ABTOMAT KaK ObI «3aBHCAET» 1 HE MOMKET
paboraThb; 0 TAKMX aBTOMATAaX I'OBOPSAT, YTO OHU HeIeTePMUHU-
POBaHHBI.

Ha puc. 2.7 npusemeHa quarpaMMa HeJeTepPMUAHNUPOBAHHO-
ro aBromara (gs — KOoHeuHOe cocTosaHUue). OH KOppeKTHO obpa-
faThIBaeT CTPOKHM TUIIA ab...bc, HO, HaIpUMep, CTPOKa aa
MIPUBOIUT K €r0 «3aBUCAHUIO».

Puc. 2.7. IIpumep HeZleTepMUHUPOBAHHOT'O aBTOMATA

WsBecTHO, UTO A1 KAXKIOTO HEJeTePMUHAPOBAHHOT'O aBTO-
MaTa CYIIleCTBYeT SKBUBAJEHTHBIA eMy JeTepMUHUPOBaHHBIN
aBTOMAT, PEHIAIOIUHi Ty Ke 3aJauy .

ROHe‘IHLII‘/JI' aBTomMaT M (aKTuuecKU oOIIpenesisieT HEKYIO
byHKIIUIO ¢: A" > @.3Hauenne ¢(S) ecTb cocTOsIHUE, B KOTOPOE
mepeieT aBToMaT II0cje 00paboTKM CTPOKHU S. ABTOMAT AOIIyC-
KaeT CcTpPoKy S, ecau ¢(S) € E.

DYyHKIUA @ OIMYCKAET PEKYPPEHTHOE OIpeeieHIe:

9(e) = qo; .
o(Sa) = Fl[o(S),a], niua nooeix S € A ua € A (toe Sa — «CRJe-
Ka» CTPOKHU S M CUMBOJIA a).

T\ YnpaxreHus

1. Jln1a KaskIoTo U3 IPUBedeHHbIX Ha puc. 2.8 aBToMaToB (gu-
arpaMM COCTOSHWI) OoIpeaenTe MHOMKECTBO MOIYCTUMBIX
CJIOB.

IIpumeuanue. HauanbHOe COCTOSAHUE — (9, KOHEUHBIE CO-
CTOSHUS BBIJEJECHELI CePbIM I[BETOM.

b Amnodepcon []. luckpeTHasa MaTeMaTuKa 1 KomOnHaTopuka. — M.: Fsgarensckui
nom «Buibsmce», 2003. C. 736-737.
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Puc. 2.8. [IpuMepsI guarpaMm COCTOSIHIHA aBTOMATOB

2. IloctpoiiTe aBTOMATBI, A KOTOPLIX MHOMKECTBA IOIIYyCTH!-
MBIX CJIOB IMEIOT BHUI:

® aa...abb...bcc...c;

® a...aba...aba...ab;

e a...abub...ba;

® aa...abac...cubb...baac...c.

Ilpumevanue. Yepes MHOTOTOUME MEKAY CUMBoJamMu (Ha-
opuMep a...a), obodHauaeTcsa JI000e KOJIMUECTBO TAKUX
sKe CMMBOJIOB, BIIJIOTH IO UX OTCYTCTBUS.

2.5.2. KOHeYHbIM aBTOMAT ANA NOUCKa obpasua

CﬂyqalebIe OTKPBITUA AeJIal0OT TOJIb-
KO IIOATOTOBJIEHHBIE YMBI.

Baes Ilackanwv
s moucka obpasna P B Tekcte T KoHeuHBIN aBTOMaT M

KOHCTpyupyercsa caexyiomiuMm oopasom. Ilycts P = aabbabcaa.
JIuarpamMmMma IIepexom0B TAKOT0 KOHEUHOT0 aBToMaTa (OpueHTH-
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poBaHHBIN rpad) aiisa 3aganaoro P npuBenena Ha puc. 2.9. Coc-
TOSTHUE (( 3/leCh 0003HAaYeHO KPYIKKOM (BepIIMHA OPUEHTUPO-
BaHHOTO rpaga) c MeTKO ¢ 1 ABJIAeTCA HadaabHbIM. KoHeuHOE
COCTOsIHMEe — BePIINHA C MEeTKOH qq. [lyru, ugyiiue cieBa Ha-
mIpaBo, UMEIT MeTKH, COOTBETCTBYIOIINEe cuMBoJaM P, 1 Ha-
IIPaBJIeHbl OT BEPIIWH C METKAMU ¢; K BePUINHAM C METKaMU
¢j+15 ®TH AYTY COOTBETCTBYIOT YCIIEIIHBbIM dTanam novcka P s T'.
HaxoxzaeHne B cocTOsIHUU q; (BepIIMHE C METKOH ¢;) TOBOPUT O
TOM, UTO j CUMBOJIOB P coBIIaju C j mocjaefHUMU cuMBojaamMu 1.
ITepexoxn B cOCTOsIHUE @, TOBOPUT 00 YCHEIIHOCTU CPABHEHUS
j + 1 cumBosOoB obpasia P u COOTBETCTBYIOIIEro cuMBoJja 7.
JlocTm:keHe KOHEUHOT'O COCTOSTHUSA COOTBETCTBYET YCIEIITHOMY
moucky P B T.

Puc. 2.9. [luarpamMmma mepexog0B KOHEYHOTO aBTOMAaTa
st P = aabbabcaa

OcTaJjioch IOHATH Ha3HaueHWe AyT, UAYIIUX CIIpaBa HAJIeBO
(o6patHBIX AyT). IIycTh MBI HAXOAUMCS B COCTOSIHUH ¢g. Ecsin Ha
06paboTKy u3 T MOCTYIMJI CUMBOJI C, TO MBI IIePEXOAUM B CO-
cTosAHUEe @ (UTO OUEBUAHO U3 BBINIEM3JIOKEHHOTO TeKcTa). A
ecJu Ha 00paboTKy HOCTYIIMJ CUMBOJ a? ¥ CTpPOKU aabbaba
JJINHA MaKCUMaJbHONO,cydhdurKca, coBrnasamollero ¢ npedpux-
coMm P, paBHa eguuuiie (3To CUMBOJI a), IIO9TOMY U Ayra UAeT B
cocTosHUe ¢;. Ecou sxe mocTynus cuMBOI b, TO 9TO Oyzer nyra,
UAymIias B COCTOSAHUE ¢y, — Ha puc. 2.9 oHa He IpuBeJeHa, TaK
KaK JJINHa MaKcuMaJbHOTro cy(ppuKca aabbabb, coBmamaroiie-
ro ¢ npepurcom P, paBHa HyJso — mycras crpoka. (Coorser-
CTBEHHO, U BCE IyTH, UAYIIHUE B COCTOAHYE ¢, HE IPUBEJEHBI HA
puc. 2.9.)

Ilepexon B cocTosHVE ¢; TOBOPUT O TOM, YTO CJeAyIOIiee
cpaBHeHMEe OuepeaHOro cuMBoJa T OyIeT OCYIIEeCTBISATHCA C
cumBoJjoM P[2]. Ilepexos 1o oOpaTHOM Ayre TOBOPUT O HAJTUYNH
npedpukrca P, copmagaoInero ¢ cypGuKcoM OPOoNaeHHON YacTu
rexkcra T.
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ITycTs cpaBHMBaJica cumBoOJ Tekcra T[i], u aBTOMaT mepe-
I1eJI B COCTOAHYE ] — (PAaKTUUECKH 3THU ITapaMETPHI OIIPEIETTIOT
BeauuwmHy caBura P orHocuTtesnbHo 1. K j mociegHuM cuMBOJIaM
T cnemyer IPUJIOKUTH j IMEPBBIX CUMBOJIOB P, a ciepmyrolee
cpaBHeHUe (€CJIX ero JeJjiaTh) CJAeAyeT BBIIIOJHATH MEXKIAY CUM-
Boqamu T[i + 1] u P[j + 1].

Tem caMbIM MBI MPUOJTUBUINCH K IIOHUMaHNIO0 QGYHKIIUH TIe-
pexonos F omucwiBaemoro aBromara. A paccMaTpuBaeMoOTo
IpuMepa OHa IIpuBeAeHa B Taba. 2.18.

Ta6auma 2.18

P Cocroanue
o|l1l2[3]4]5]6 7|89
a 1221521892
Bxonmoit b |o|o|3|4|lo0|6|0]|0|0]3
CHUMBOJI
c |lolololololo|7]o]o0]o0

Jloruka opmMupoBaHua QYHKIUYU IIePEXOIOB (ecau He Ka-
caTbcs Bompoca ee 3¢ PeKTUBHOCTH) 3[eCh JOCTATOYHO OUEBU/T-
Ha. g Kaxxkgoit mosunuu j oopasia P u cumBoia anpaBuTta A
MBI OIIpefiesisieM MaKCUMaJIbHYIo NiauHy npedurca P, coBmana-
ortero ¢ cy@durcom crpormu (P[1..j] + <cumeon angpasu-
ma>). 9ra «ppasa» B popMaIn30BAaHHOM BUJIE 3aMUCHIBAETCS
Tak:

Procedure Automat;
Var j, k:Integer;
g:Char;
Begin
For j:=0 To m Do
For geA Do Begin
{Iluxnn o cumMBoOJIaM aydpaBmuTa A}
k:=Min (m,j+1);
{HaumHaeM C MakCUMaJIbHOT'O 3HaueHus Kk}
While Not MaxSuf (k,j,qg) And (k>0) Do k:=k-1;
{Ecmn npeduxc P[I1..k] He aBudgercsa cybdbmxcom
P[1..j]+g, TO yMeHbllaeM 3HadyeHMue Kk}
F[j,q9]:=k;
{F - mMmaccuB Tuna F : Array [I1..Length
(MaxString) ,A] Of Integer. IIepBEM €T0 MHIEKC
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u3MeHseTcsa oT 1 no <OgJaMHa MaKCHUMAaJIBEHO
BOBMOXHOM CTPOKM>, a BTOPOM MHIOEKC -
no cuMmpBoJiaM ajibaBmuTa A}
End;
End;

IIpoBepka coBmageHMUA CIMBOJIOB BO3JIOKeHA Ha PYHKITUIO
MaxSuf:

Function MaxSuf (k, jiInteger;g:Char) :Boolean;
Var 1l:Integer;
W:String;
Begin
{IlpoBepsaem: gBigeTcd Jju npedéuxc P[1..k] cydbdbuxcom
cTpoxku P[1..7]+q}
W:=Copy (P, 1,7);
W:=W+qg;
1:=1;
While (P[k-1+1]=W[j+1-1+1]) And (1l<=k) Do 1l:=1+1;
If 1=k+1 Then MaxSuf:=True
Else MaxSuf:=False;
End;

BpemeHHAA CIOKHOCTL JIOTUKU — O(m3 - |A]) — BmOMKeH-
HbIE ITUKJLI 1o P 1 cuMBoJIaM A, a 3aTeM IJId KayKI0u mapsl (10-
3uyus, CUMB0OJNL) — O(mz) Ha HOUCK IJUHLI MaKCHUMAaJbHOTO
npedpukrca P, coBmazaroriero ¢ cyppurcom crporu. OcraBuM
IIOKa 3TOT cI0oco0 BuiumcaeHusA pyuxiiuu F, 160 MbI CO3HATEIIb-
HO He BCIIOMUHAJIX IIPO MaTepuaJ u3 II. 1.2 (IoHATUA I'PaHU U
MaccuBa rpaHeii), u npuBeaeM ajropuTtm mouwcka P B T c mo-
MOII[bI0 KOHEeUHOTro aBToMaTa M, IIOCTPOEHHOT0 AJisI oopasiia P.

Procedure SearchAutomat;
Var i,g:Integer;
{menTHdMUUPYEM COCTOAHME g C eI'0 HOMEepOoM J}
Begin
n:=Length (T) ;
g:=0;
For i:=1 To n Do Begin
q:=F[q,T[i]];
If g=m Then <obpazern P BxoauT B T C HO3MUIIMUMA
i-m+1>
End;
End;
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Kaxk sugum, npu Haauuum asromara M nis P BpeMms mouc-
ka P B T ects O(n).

lNMpumep

ITycts P = abaababa u T = abaaababaababaa. [lmarpam-
Ma mepexonoB M mpuBenpena ma puc. 2.10, a pyHKnua F — B
Taba. 2.19.

Puc. 2.10. [JuarpamMma nepexoa0B KOHEUHOT0 aBTOMAaTAa JIJIA CTPOKU
P = abaababa

Tabauma 2.19

F Cocrosanue
0 1 2 3 4 5 6 7 8
BxomgHoit a 1 1 3 4 1 6 4 8 4

CHUMBOJI b 0 2 0 2 5 0 7 0 2

NzmeHnenmne sHaUeHUA IepeMeHHOMH ¢ (COCTOAHMSA aBTOMATA)
B mporiecce noucka P B T npuseneno B Tadua. 2.20.

Tabauma 2.20

T| |a|blalal@|{bl|lal|lblalal|b|la|b|ala
q|0|1|2|3|4|1|2|3|2|83|4|5|6|7|8|4

A Temepb BCIOMHUM O MaccuBe rpaneit br (cm. m. 1.2.1). On
BbIUHCJIgETCs 3a BpeMs O(m) u pakKTUUYeCKU COAEPIKUT JaHHbBIE O
anuHax cy@durcoB cTpok P[1..i], coBmamamomux ¢ mpe@uKcoM
P. (Tar, gna mocaemuero nmpumepa br = (0, 0, 1, 1, 2, 3, 2, 3).)
3uaueHue br{j] roBoput o Tom, uTOo y cTpoKu P[1l..j] cybdurc
9TO# AJIMHBI COBIIAAaeT ¢ mpedurcom P, niu, IpyruMu cJaoBaMu,
€CJIV B COCTOSTHUM j aBTOMAaTa 00pabaTbIiBaeTCA CUMBOJI W, TO HAM
cjaenyeT IPOCTO Y3HATDH, KAK 3TOT CUMBOJI 00pabaThIBajICAa B CO-
crosguun br{j], TOCKOIBKY ero o6paboTKa MAEHTUYHA IJIA dTUX
cocroaumii. (B paccmarpuBaemom mipumepe br[6]=3 wu
F[6,a] = F[3,a].) Torga soruka ¢hopMmupoBanmsa QPyHKIIUN TIepe-
xomos F asromaTta M 3a Bpemsa O(m - |A|) 6yger cremyrormeii:
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Procedure Automat;
Var j:Integer;
g:Char;
Begin
For geA Do
If P[l1]=g Then F[0,g]:=1 Else F[0,qg]:=0;
For j:=1 To m Do
For geA Do
{Iuxnn o cumMBoJaM ajipaBUTar A}
If P[j+1l]=g Then F[j,qgll:=]j+1
Else F[]j,ql:=F[br[j],ql;
End;

IIpumeuanue. Ilpeamnosiaraercs, 4To K KOHIy P mpunucad
CUMBOJI, OTCYTCTBYIOIUiT B A, HampuMep S.

T\ YnpaxHeHus

1. IIpuBemuTe mpuMep oOpasiia 1 IOCTPOMTeE AJIsI HeTro aBTOMAT
pacro3HaBaHUA.

2. TloctpoiiTe aBTOMAT pacIo3sHaBaHUA oOpaslia B TEKCTe Ha
OCHOBe MaccuBa rpaseil cy@ukrcos.

3. CrkoHcTpyupyiiTe aBTOMAT (€CJIM 9TO BO3MOXKHO) IJIA pac-
HOo3HaABaHUS 00pasiia B TEeKCTe C NCII0Jb30BaHNEM JaHHBIX,
IpeIcTaBJIeHHBIX B MaccuBe 0JOKOB.

2.6. Anroputm M. Kpouemopa

HeBosmoixHO pemuTh mpobjeMy Ha TOM
JKe YpOBHe, Ha KOTOPOM OHA BO3SHUKJIA.
Hy:xHO cTaTh BbBIIlIe 3TOI IIPOOGJIEMBI,
HONHABIINCH Ha CIAeAYIONIUI YPOBEHbD.

Anvbepm SUHWmMelH

IIycts umeercsa cTpoka S u3 m cumMBoJioB. IloHsiTHE IpaHu
omnpegesieHo B 1. 1.2.2 — aT0 10601 cyhdurc S[i..m] (i # 1), co-
BHajgamoominii ¢ npepurcom S. O603HAUNM OJIMHY HAMOOJILIIIEH
rpaHu cTpoku S uepes z. Torga Beauuwmma r = m Div (m — 2)
ompeiesigeT KpamHocms cmpoxku, a nogctpory U = S[1..m — 2]
Ha3BIBAIOT 00pasyruieil nodcmpokxoil. Eciau nias ctpoxku S mapa-
MeTp r — I[eJIoe YHCJO U I > 2, TO S cunuTaeTrca KPaTHOU CTPO-
KOI.
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lNpumepsi

1) S = abcabcabcabe; 2 =9; = r =4; U = abc;

2) S = abab; z=2;=>r=2; U = ab;

3) S = bbbbb; z=4; = r=5; U = b;

4) S = ababa; z = 3; = r = 5/2, cTpoKa He ABJSIETCA KPaT-
HOI.

KparHyio cTpOKY MOKHO 3anucaTh B Buge S = (U)". ¥V mio-
0ol KpaTHOM cTPOKU S obpasymoiiad U He ABJsAETCI KPATHOIM.

ITocranoBka 3amaum, llycTs gan texct T[1..n]. Tpedbyercsa
HaWTH BCe KpPaTHBIE IMOACTPOKU T'.

OnuchlBaTh BXOMKIEHHE KpaTHOW CTPoKH S B T MOXKHO
Tpoiikoi uucen (i, p, ), Tle i — UHAEKC no3unuu cumBoiua B T,
C KOTOPOT'0 HaUMHAETCs S; p — KOJINUECTBO CUMBOJIOB B 00pasy-
IOIIeli; ¥ — KPaTHOCTD.

lMpumep

S = aababbbaa.
Orser: (1, 1, 2), (2, 2, 2), (5, 1, 3), (8, 1, 2).

Aneopumm M. Kpouemopa TIOABepraeT TEKCT 0eKOMNO3U-
yuu. IIJ1s 3TOro Ha KaxkaoM 1miare (ypoBHe) L aJITOPUTM HAXOTUT
YVHUKAaJbHbIE IMOACTPOKM AJguHOM L. IIpu L = 1 BBEIYHCIASAIOTCA
TMOCJIEIOBATEIBLHOCTH TO3UINI, B KOTOPBHIX BCTPEUAIOTCA OIU-
HaKOBbIe CUMBOJIbI. [lajiee a1 ypoBHeit L > 1 HaxogATCsA IIO-
CcJe0BAaTEILHOCTH ITOSUIIUH, C KOTOPBIX HAUMHAIOTCSA OJUHAKO-
BbI€ ITOJCTPOKHU AJIUHOM L.

MNpumep

Texct T npuBeneH B Tabi. 2.21 (B mepBoOii CTPOKE YKa3aHBI
HOMepa MO3UIIUU CUMBOJIOB B TEKCTE).

Ta6auma 2.21

i 1 2 3 4 5 6 7 8 9 10
T a a b a b b b a b $

Ha puc. 2.11 nmoxasana pasOéuBKa TeKCTa Ha YHUKaJbHbBIE
IIOACTPOKMU.
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L=1 {1,2,4,8} {3,5,6,7,9} Ug}
a b

L=2 {1} {2,4,8} 3,7 {561 {9

aa ab ba bb bs

¥\
L=3 {22 {4 {8 {3, 7} {5} {6}
aba abb ab$ bab bbb bba

L=4 3 {7}
babb bab$

Puc. 2.11. Pas6buBka Tekcra T Ha YHUKAJIbHBIE IOICTPOKM

Brickaskem yTBep:KIeHUE O TOM, uTO riepexox or Lk L + 1
BO3MOJKEH TOJIBKO Ha OCHOBE IIOCJIeJOBaTeJIbHOCTell TeKyIero
YPOBHA.

Ilo oueBugHOI JOTHKE, IJA HEKOMIIO3UIINY HEKOTOPOM IIO-
CJIeOBATEJbHOCTY YPOBHA L, IIpeACcTaBIEHHON IIOCJIEIOBATEb-
HOCTBIO UHAEKCOB {iy, ig, ..., ip}, TPEOYETCA IPOBEPUTH COBLIAJE-
Hue cumBoJioB T[i; + L], T[i, + L], ..., T[i;, + L]. Tornza npu cos-
majeHuyu KaxKou-imbo Imapbl cMMBOJIOB (Hampumep, T[i; + L] =
= Tliy + L]) uHAEKCHI i U iy IOMEIIAIOTCA B OTHY U TY ¥Ke II0CJIe-
IoBaTeJabHOCTh ypoBHA L + 1 (puc. 2.12). Takasa jjoruka mmeeT
BPEMEHHYVIO CJIOKHOCTH O(nz).

A
L: {iry gy eoey i) oee o)}

:

L+1: {...} {...} ... {...}
Aa; Aa, Aa,

Puc. 2.12. O6pIuHasA cxeMa Iepexoia OT OOJHOTO YPOBHA K APYTOMY.
A — HeKoTOpasd MOACTPOKA; Aa; — KOHKATeHAIIUA OJCTPOKU A
C CUMBOJIOM a;. Bce cuMBOJIBI 3; (i = 1..f) pa3iauuYHbI

Haomronenue 1.

BosbmeM MHAEKCHI U3 OAHOI TTOCIeI0BATEILHOCTH YPOBHS
L (mampumep, i; um ip) ¥ OpHOABMM K HUM IO eIUHUIIE:
j1 = i1 + 1, jo=iyt+1. Eciiuz okaxxercs, 4TO j; U j, IPUHAIJIEKAT
OJHOII ITOCIe0BATEILHOCTY YPOBHA L, To Ha ypoBHe L + 1 mH-
IEeKCHI iy U iy CJIeAyeT BKJIOUHUTH B ONHY IIOAIIOCJIEZOBATEJDH-
HOCTb.

O6ocHoBaHMe 9TOr0 PaKTa «JIEKUT Ha IIOBEPXHOCTU » . Jleii-
CTBUTEJBbHO, IYCTh A — CTPOKAa, COOTBETCTBYIOIIAA OJAHOMN MO-
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ciaenoBaTeIbHOCTH yPoBHA L + 1. YOpaB u3 Hee NEPBBINl CUM-
BOJI (OH OOII[MiT), MBI IOJyYaeM IOCJIeI0BATEIbHOCTh AJIUHEI L,
XapaKTepu3yeMyl CBOeH II0CJIeI0BATEJbHOCTHI0O MHIEKCOB.
W 5Ty nHAeKCH 00sI3aHBI UMETEH ONHY IIPUHALJIECKHOCTD; B IIPO-
THUBHOM CJIy4Yae HapPyIIAeTCA JOTMKA TeKOMIIO3UIINYU TEeKCTA.
Bepuemca x npumepy Ha puc. 2.11. 3gech ecTh mocjesoBa-
TeJbLHOCTE {2, 4, 8} Ha ypoBHe 2. IIpubaBiieHne eqUHAILI JAET
yucia 3, 5 u 8. Hu ogHa mapa m3 s3THUX 4Yuces He IPUHALICKUT
OJHOM M3 IOCJIEOBATEJIbHOCTEHM BTOPOro ypoBHA. Torga nexoxn-
HasA II0CJIeNOBATEJBHOCTL pa3buBaeTcsa HA TPHU IIOLIOCIEeL0Ba-
TeJbHOCTH. EIme omHA mocjegoBaTeabHOCTL — {3, 7}.
AHajoruuHas omepaluda IpuOaBIeHNs eIUHUIILI JaeT uucia 4
u 8. OHU HPUHALIEKAT OLHOHN II0CJ/IeL0BATEJIbHOCTH, IIO3TOMY
HCXOJHYIO II0CJIeL0BaTEeIBHOCTD MEI OCTaBJIsIeM 0e3 N3MeHeH .
IIpoBepuTh 9TO HAOJIIOAEHNE MOXKHO C IIOMOIIBIO €Ille OJHOTO
mpuMepa, IpuBegeHHOro Ha puc. 2.13 (Ha moguepKHYTHIE II0-
CJIeOBATEILHOCTH UM IIYHKTHPHBIE JUHUHN MOKA He obpalaem
BHUMAHUS).
172 34567 890123
T=abcbcabcabcas$
1 {1,6,9,12}  {2,4,7,10} {3,588, 11} {13}
a b R c

- '
s '

¥ :
L=2 {1,6,9} {12} {2,4,7,10} V{3} {5, 8, 11}
ab a$ b --"cb ca

c .
v ¥ 2 X [N
L=3 {1,6,9} {2} {4,7,10} {5,8y {11}
abc bcb bca cab ca$

N ¥ A
L=4 {1} (6.9 @7 {10 . 8}

abcb abca bciab bca$ ca+bc
L=5 {6y {9 4,7} {5, 8}
abcab abca$ bcabc cabca

Puc. 2.13. IIpumep 1eKOMITIO3UIINI

Haoarogenue 2.

CuoBa obpaTumca K mpumepy Ha puc. 2.13. IlycTs HE06X0-
OIUMO pasOuTh IociaemoBaTeJbHOCTh {2, 4, 7, 10} Ha BTOpOM
yPOBHE. ITa II0CIeL0BATEILHOCTL COOTBETCTBYET IIOCTPOKE be,
uMmewIneit cypdurc c. IlociemoBaTebHOCTE, COOTBETCTBYIO-
mad cy(ppuKcy c Ha IIepBOM YPOBHe, ObljIa pa3douTa Ha ABe MOI-
nociaemosareabHocTr: {3} u {5, 8, 11}. OnHa U3 HUX — KOPOT-
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Kasi, a Apyrag — OAuHHAs. I1o3ToMy, BO-IIEPBBLIX, MOYKHO
YTBEPKIATH, UTO IIOCJIEN0BATEJIbHOCTD NHIEKCcoB {2, 4, 7, 10}
TosKe OyZeT pa3buTa Ha ABe MOAIIOCIEIOBATEIbHOCTH IIPU TIepe-
XOJie Ha TPETUH YPOBEHb, 4 BO-BTOPBIX, UTO 9TO PA30HEeHIe MO -
HO IIOJIYYUTh, MCIIOJBL3YS TOJBKO KOPOTKYIO IIOAIIOCJIEN0BAa-
TeJBHOCTD {3} (May0), yKe MMEIOIIYIOCsa HAa BTOPOM YPOBHE.
C ee MOMOIIBIO IIOJIYYAETCA KOPOTKAA IIOAIIOCIEL0BATEILHOCTD
{2}, a umHAeKCHI AIUHHON (OOJIBIIIONI) IIOAMOCJIELOBATEILHOC-
™ — {4, 7, 10}, — ecJyu 370 HEOOXOAUMO, IPOCTO IIePEIUCHIBA-
IOTCSA M3 MCXOMAHOM mocJjemoBaTeibHOCTU. Pasymeercsi, goiyc-
THMO HOJIY4aTh W MOAIIOCIEA0BATEILHOCTE {4, 7, 10} ¢ ucmoan-
30BaHMeEM IIOCJefoBaTeJbHOCTH] {5, 8, 11}, a «B ocTaTKe» UMETH
{2}, HO 3TO — GOJIEe 3aTPATHBIM BapUAHT.

B mexkomMmosuiuuy mocJieoBaTeIbHOCTH YPOBHS L Ha moj-
mocJiefoBaTeIbHOCTH YPOoBHSA L + 1 oaHy IOAIIOC/IeTOBATEb-
HOCTB C HAMOOJIBLIINM KOJUYECTBOM DJIEMEHTOB MbI oIrpenejamnm
KakK 60JIbULYI0 W COCTOSIIYIO U3 OOJBIIEro KOJMUECTBa UHIEK-
COB, a OCTaJIbHbIE MOAMIOCJIeI0BaATeIbHOCT — KakK MaJble (Ma-
Jble uHOekcot). [IJisi mepBoOro YPOBHSA BCe MOCJeI0BaTeIbHOCTU
COCTOAT M3 MaJbIX WHAEKCOB.

OcHoBHasa ugesa aiaroputma M. Kpouemopa sakjiouaercsi B
TOM, yTOOBI HA KaKJ0M YPOBHE BBIIIOJTHATH JEKOMIIO3UIIUIO TOJIb-
KO MaJIbIX MHIEKCOB. IIpy 1McIoIb30BaHUM TOJBKO UX (IIPU YCJIO-
BUU, YTO 00paboTKa KayKIOro TpedyeT KOHCTAHTHOTO BPeMeHI)
BeChb TEKCT ITOABepraeTcA AeKoMIto3uuy 3a BpeMa O(n « logy(n)).

HeiicTBUTENBHO, IIOACUNTAEM,, CKOJIbKO Pa3 3a BCIO JeKOM-
MO3UIINIO0 WHAEKC i OyaeT IpUHANUIEKATh MaJIOHM IIocJieoBa-
TeJbHOCTH, T. €. Oyaer masbiM. IIyeTh HAa ypoBHe L = 1 oH mpu-
HAIJIEKUT MAJIOU IT0CJIeq0BATeILHOCTH, B KOTOPOII COMEePIKUTCS
n UHAEKCOB. B HauxyaIIeM ciydae IIocJeq0BaTeIbHOCTh, KOTO-
poii TpUHAIJIEKUT i, OyaeT pasbuTa HaA ABe paBHbIE IIOCIeI0Ba-
TeJbHOCTH, ¥ MHJEKC i ToTIafaeT B OaHY u3 Hux. OTciona ciaeny-
€T, UTO MHAEKC i He BXOIUT B O0JIbIle ueM logy(n) + 1 MasbIx mo-
cyesmoBaTesibHOCTel. Becero y Hac n MHAEKCOB, CJIeOBaTEJILHO,
B MAJIBIX ITOCJEJOBATENBHOCTAX Ha BCEX YPOBHAX COMEPIKUTCS
O(n ' logy(n)) UHZEKCOB.

Oo6miuii Bug aaropurma M. Kpouemopa:

L:=1;

<BEYMCJIEHME BCEX I[I0CJEeIOBAaTEJILHOCTEN II€PBOIO
YPOBHST>;

While <ecTr MmajBle MHOEKCE Ha ypoBHe L[> Do Begin
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<BEIBOZL KPATHEIX CTPOK C HepuonoM L (Opm ux

HaJMymm) >;

<C MCHOJIE3OBAHMEM TOJILKO MAaJIEIX MHIEKCOB

npoBeleHre INEKOMIIO3ULIMM YPOBHS L

B ypoBeHB L+1>;

L:=L+1;

<BEIYMCJIEHME MAaJIEIX MHIEKCOB YPOBHSI L>;
End;

TTokasanHada (OPMANU3AIUS JIOTUKYU OTOBAPUBAET TOJIHKO

ofIIiee yIrpaBjieHre BLIUMCJINUTEJIbHBIM IIpolieccoM. ITomyuenue
BpeMeHHOI onteHKU O(n * 1ogy(n)) 3aBUCUT OT UCKYCCTBA CUHTE-
3a CTPYKTYP JaHHBIX U YIPABJAIOIIEI JIOTUKU TOT'0, YTO HA3BI-
BaloOT IporpamMMoii. B jamHoM ajiropuTMe 5TO HeTPHUBUAJIbHAS
3aava, YaCTUYHO OHA BhIHECEeHA B VIIPasKHEHUs, HO B IIE€JIOM 9TO
IpeaMeT AOCTOMHOTO MCCJIEeJOBaHUS U IIPOBEPKU YPOBHSA IIPO-
deccronasndmMa YNTATES!

T\ YnpaxHeHus

1.

Hama ctpoka S u3 n cuMBOJIOB (aypaBuUT A yHmopsamgoUueH,
KasKIbIM CUMBOJ UMeeT nHaeKc). 3a Bpema O(n) moacuuraii-
Te KOJUYECTBO BXOKICHUN KaKJI0Tr0 CMMBOJIA B CTPOKY S.

PaspaboraiiTe anrroputm pasémuBKU TeKCTa Ha YHUKAaJbHbBIE
HOJICTPOKY C BPEMEHHOH! CJIOIKHOCTHIO O(n ).

IIpuBenuTte mpumep TekcTa. BrITOTHNTE €T0 TEKOMITIO3UITUIO
C UCHOJIb30BAHUEM TOJILKO ITOCJIeIOBATEIHLHOCTEH MHIEKCOB
Ha KasKJI0M YPOBHEe (K CHMBOJIaM TeKCTa MOYKHO 00paIaThbes
TOJIBKO Ha mepBoM ypoBHe). IIpoBepbTe pesyJbrar.

IIpuBenuTe mpumep TeKcTa. BeIDOJHUTE ero JeKOMIIO3M-
IIHIO TaK, KaK 9TO YKa3aHO B IPEALIAYINEM YOPaKHEeHUH, a
TaKJKe C yUeTOM HPUHIIUIA MAJBIX UHIEKCOB.

s BBIBOA KPATHBIX CTPOK € mepuoaoM L HeoOXOamMO B
KaKIOU TOC/IeJOBATEJIbHOCTH WHAEKCOB YPOBHA L HaWTH
TPYIIbI HAYIHX TOADSAA MHAEKCOB C IePHOAOM L. Hampu-
Mep, Ha puc. 2.6 ipu L = 1 ato 1, 2 (a ) U3 IepBOoii mocjem0-
BATEILHOCTH 1 5,6, 7 (b ) u3 BTOpOii, ampu L =2 — 2, 4
(ab?). IIpegIoKUTe CTPYKTYPY LAHHBIX AJISA XPAHEHUS HH-
JIEKCOB IIOCJIeIOBATEJIBHOCTE 1 pasdpaboraiiTe IpoOrpaMMmy
BBIBOJ[a KPATHBIX ITOACTPOK.

Ilpenmono:xum, 4TO A XpaHEHUS IIOCJIEeI0BATEIbHOCTEN
Ha KaKIOM YPOBHE WCIOJbB3yeTcsI MAacCuB S¢ BUIaA
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Array[l..n] Of Record num, mark End (mygsa mpumepa Ha
puc. 2.6 mpu L=1 u L = 2 ou mpuBegeH B Taba. 2.22).
B mose num xpanuTcsEmHIEKC CUMBOJIA, a B moje mark —
HOMED IIOCJIeq0BATEIBHOCTH.

Tabauma 2.22

num 10

mark

num

|t |t [
DN [DD | = | DD
W W (W
DO [ W [ = [
B [ OT || Ot
O ||
w | ~a|no |~
Do (00 [ |00
(28 IN=R § \C} [Ne]
|

mark

10.

11.

BosMmoskHa Ju IIpu BhIOOPE TaKOil CTPYKTYPHI JaHHBIX pea-
JIU3aIusa IepBoro HabaogeHud 3a Bpema O(n)?

IlpenmonoxkmM, YTO AJsd XPaHEHUS IIOCJeoBaTeJIbHOCTEeH
Ha Ka'KXJOM YPOBHe HCIIOJIL3yeTCs MacCUB Sq W3 3anuceit
BHA:
Record
<MeTkKa IIOoCJIENOBaATENILHOCTH (mark)>;
<KOJIMYECTBO BJIEMEHTOB B IIOCJIEIOBATEJIEHOCTIL>;
<ykKazaTesib Ha CHOMCOK INap BuIOa (MHIEKC SJIEMEHTA
(num) , CBsS3BL O MHIOEKCY), Tmne "cBsa3p 10 mMHOEKCY"
- BTO MEeTKa MNOCHAEHOBATEJIEHOCTM, K KOTOPOM
OPUHAOJIEXUT CJAEOYRIMY MHOeKC — mark (num+1)>;
End.

BoamoskHaA i TpU BBIOOPE OMMMCAHHOIM CTPYKTYPHI JaHHBIX
peanusalus BTOPOro HabmogeHus 3a Bpemsa O(n)?

JJ1s1 cBsI3U MHIEKCOB IIOCJIe0BATEeILHOCTEN OTHOTO YPOBHSA
WCIIOJIb30BaJIach omepalus mpubaBieHUsa eIUHUIBI. Bo3-
MOMKHO JIX MCIIOJIB3OBAaHME JIA 3TOTO OIlepan BbIYNTaHUA
eINHUNLI?

IIpu mepexome OT YPOBHS K YPOBHIO ITOABJIAIOTCA HEUCIIOJb-
3yeMble UHAeKChl. KaKkyoo CTPYKTYPY JaHHBIX CJIEAYET BbI-
OpaTh IJA UX XpPaHeHUs?

Kaxymo cTpyKTypy JAaHHLIX CIeAyeT BEIOPATh AJIA XPaHEeHU A
MAaJIBIX UHIAEKCOB?

PagpaboraiiTe moSIHYI0 TPOTrPAMMHYIO Peau3ariuio ajro-
putma M. Kpouemopa.
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2.7. Anroputm M. MenHa — P. JlopeHua

... JEJUTH KaXKIYI0 U3 pacCMaTPUBaeMBbIX
MHOIO TPYIHOCTEHI Ha CTOJBKO UYacTew,
HACKOJABKO IIOTpebyeTcsi, YTOOBI JIydIIle
WX Pas3peIuThb...

Pene [Jexapm.
Paccysxncdenue o memode

Aneopumm M. Meitna — P. Jlopenya mipegHasHa4YeH IJIA
BLIUMCJIEHUA BCeX KBaApaToB MoAcTpok crpoku S (|S| = n).

lNMpumep

S = babaabab. Pazobbem S Ha ABe paBHBIE IIOACTPOKU (II0-
JIOBUHBI): U = babauv = abab, T.e. S = uv. Torga B S cy1ecrt-
BYIOT KBaJApaThl TPEX TUIIOB:

e TIOJTHOCTBHIO HAXOMAIIUECA B U — (ba)z;

e TOJIHOCTBHIO HAXOASAIIMECA B U — (ab)z;

e HAUMHAMONIINECd B U W 3aKAHUYMBAIOIIUECT B U — (aba)z;

(a)’.

HUpesa aaropurma.

BerumcamnMm Bce KBaApaThl CTPOKUW S MyTeM PEeKYPCUBHOMN
pasbéuMBKU CTPOKM S ITOTI0JIaM ¥ BLIUUCJIEHUSA KBaJPaTOB TPEThe-
ro tutna. (O4eBHuIHO, UTO B 3TOM CJyUae OIIPeIead0TCa KBaapa-
THI ¥ IEPBBIX ABYX TUIIOB.) Eciiu ipu aToM 11ar pekypcuu 0yaer
BBIIIOJIHATHCA 3a JUHENHOe BpeMs, To obIiiee BpeMsi paboThI Ta-
Koro ajroputMa Oymer mMmeThb oueHKRY O(n-logsn) — aHa-
JIOTUYHO OMHApPHOMY IIOUCKY.

3amnuiiemM CKasaHHOe B APYroM BHUIE.

Procedure Solve (S:String); {n=Length(S)}
Begin
If n>1 Then Begin
<BEIYMCJIEHME KBaOPATOB TPETHLEI'O THUIIA
oIsa u:S[l..Ln/2J] u V:S[Ln/2j+l..n]>;
Solve (u);
Solve (V) ;
End;
End;

Beenem nBa HOBBIX MOHATHUA: K8AOPAMbL NPABOZO U JE6020
suda (puc. 2.14).
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W — TIpaBbI¥ KBajapaT

w — JeBBI KBagpaT

u v

Puc. 2.14. VlnarocTpaiiys IMOHATUHI IIPABOr0 1 JIEBOI'O KBAaAPAaTOB

Ilycto w? — KBajJaparT ¢ o0pas3ymolmeii w, a & u U — IIOLACTPO-
ku crpoku S (u = S[1..L.n/2]], v = S[Ln/2] + 1..n]). Torga npa-
8bLil Keadpam — 3TO MOACTPOKA w?, B KOTOPOM BTOPOE BXOXKIe-
HIUe W B CTPOKY S IOJHOCTHIO HAXOAUTCS B IIOACTPOKe V. Jleauvlil
K8adpam — 3TO MOJCTPOKA W", B KOTOPOM BTOPOE BXOMKICHUE W
B CTPOKY S mMeeT HeIyCcToU IpeduKC B IIOACTPOKE U.

lNMpumep
S = ababaa, u = aba, v = baa. UMeloTcsa IpaBbIii KBagpaT
(ba)2 u JeBbIit — (ab)”.

IlepBasa cxema paccCyskIeHUI.

Pasbepemcs co cTpyKTypoil mpaBoro KBaapara (puc. 2.15).
Ilycth gama nosunusa i Bv (i = 1..n — Ln/ZJ). ABasercs ju sTa
MO3UINA OKOHUYaHMeM KBajpaTa w” (roe w — AauHa KBaapara)?
IIpegmoso:xum, 4TO ga, ¥ CHAYAJIA BEIYKCINM 3HAUCHUA NHIEK-
COB, ONIPENeAINX BXOXKIeHNE W B S.

u<-_\___ui\ /_LP_‘ —
el \\ ™ ’,/_’—-——>l) ™~ -7 =~
¥ W \ P '\
k ny j i \\\ ///
a) 6) =

Puc. 2.15. CrpykTypa mpaBoro Kpajgpara

ITpaBoe BxosKkgeHMe w HaUMHaeTCA ¢ mo3uiuu j + 1 B v, rae
j =i — w(puc. 2.15a). JIeBoe BX0oKAeHVE W HAUNHAETCS C TIO3U-
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i k B u: k=ny+j-w+l=n+i-w-w+1=ng-
— (2w —i—1). Yro6bl B mO3WIIMU i 3aKaHUMBAJCA KBaapaT
IJIUHOM w, TpebdyeTcs BHIIOJNIHeHNe paBeHCTBA: U[k..n Ju[1l..j] =
= y[j + 1..i], a ono pasbuBaeTcs Ha ABe yactu (puc. 2.150):
e V[1..j]=v[i—j+ 1.i]umm v[l..i — w] = v[w + 1..i];
o ulk.ny]=v[j + 1..i — j] wam u[n, —- CQw —i - 1)..n41] =
=v[i-w+ 1l..w].

IlepBoe paBeHCTBO — 9TO He UTO NHOE, KAK I'Palb CTPOKHU U B
mo3unuu i (cM. 1. 1.2.1), KoTopasd BeIUUCIAETCA 3a JUHEUHOE
Bpemsa. (Hamomuum, uTo rpaus v[1..i] — aTo pamua HanbOOJIL-
miero mpeduKca CTPOKHU, coBHagaioinero ¢ ee cyddurcom.)
Wrak, HaM HE0OOXOAMMO BBIUKCINTH MACCHUB I'paHel a1 v (0603-
Ha4YMM ero Kak br,). Bropasa xe gacTs paBeHCTBa TpebyeT 3Ha-
HUS o0mux cyh@GUKCOB CTPOKM U M IOACTPOK v (0603HAUUM
MaccusB o01ux cyhOUKCOB KaK CS,), T. €. ¢S, [t] — 9TO nauHa Ha-
uboJibiriero cyddurca crpoku u u moactpoku v[1..t]. Ilpeamo-
JIOXKUM, UTO 3a JUHENHOe BpeMs BBIUMCJSIETCA He TOJIbKO Mac-
cuB rpaseii br,, Ho u cs,. Kak Ha ocHOBe 3TO¥l MHpOpPManMM
OIpeNeuTh HaJIUUYNE IIPABbIX KBaJpPaTOB?

lpumepsi
B Tabn. 2.23 u 2.24 pgaHbBI CTPOKHU S = UV, OJA KOTOPBIX
IIOJICUNTAHbl 3HAUEHUA SJIEMEHTOB MacCUBOB br, U CS,,.

Tabauma 2.23

u v
1 |2 4156 8 0(1|12|3|4(5(6|7]|8|9|0(1(2|3]|4
a |blcla|b|d blc|a dla|b|clal|b|d|a|b|c|a|b]|c
i 1/2(3(4|5|6|7|8[(9(0|1]|2
br, 0(0(0|1]|2]|0(1(2|3|4|5]|3
cSy o(jojojo|joj6(ofofoj|o|o0|0
Ta6auma 2.24
u \4
1 2 4 5 6 7 8 9 10 | 11 | 12 13
a b a a b a b a a b a b a
i 1 2 3 4 5 6 7
br, 0 0 0 1 2 1 2
cSy 0 2 1 0 5 0 3
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BrickaxkeM mpenmosioskeHMe: UTOOBI IIPAaBBIM KBaapaT 3a-
KaHYMBAJICA B IIO3UIINU i, HEOOXOAMMO BBIMIOJITHEHUE YCJIOBUS
2br [i] + csli — br[i]] > i.

Jisa mepBOi#l CTPOKU MMeeM IIeCTUKPATHOE BBINOJHEHUE
9TOTO YCJIOBUS:

e 2br,[6] + cs,[6 — br [6]]=2:-0+ 6 =6 > 6 — xBagpar

abcabdabcabd;

e 2br,[T] +cs [T —-br[T]]=2-1+ 6 =8 > 7 — xkBagpar

bcabdabcabda;

o 2br,[8] + cs[8 —br[8]]=2-2+6=10 >8 — xBag-

par cabdabcabdab;

e 2br,[9] + cs 9 - b [9]]=2-3+6=12>9 — KBag-

patr abdabcabdabc;

e 2br,[10] + ¢s,[10 — b1 [10]]=2-4+6 =14 > 10 —

KBagpar bdabcabdabca;
e 2br,[11] + cs,[11 — br [11]]=2-5+6=16 > 11 —
KBazgpat dabcabdabcab.

JJ1g BTOPOM CTPOKM YKa3aHHOE BHIIIIE YCJIOBUE BBHITIOJIHAET-
cs UeThIpe pasa:

e 2br,[2] + cs[2 —bry[2]] =20+ 2 =2 > 2 — kBagpar
baba;

e 2br,[b5] + cs 5 —brb]]=2-2+1=5>5— kBagpar
abaaba;

e 2br,[6] + cs[6 —br[6]]=2-1+5=7 > 6 — xBagpar
aababaabab;

o 20r,[T] + cs [T -br[TI]I=2-2+5=9 > 7 — xkBagpar
ababaababa.

Pasbepemcs Temeph €O CTPYKTYpPOH JIEBOTO KBajpara
(puc. 2.16). Ilycts fananosunuaiBu (i = 1..ny, ny = nDiv 2).
fABnsercsa iy aTa MO3UNKA HAaUAJIOM KBaapara w” (roe w — IJu-
Ha KBaJpaTa), 3aKaHYNBAIOIIerocs B IIOACTPOKe v (puc. 2.16a)?
OnATh-TaKU IPEAIIOJIOMKKIM, UTO Ja, 1 CHauajia BBIYHUCJIUM 3HAa-
YeHUS WHAEKCOB, OMPeNeAIX BXOXKIeHne w B S.

U-- -
RN T R N =
AN ,’( g \ /’// ‘\\s\
, 1 ‘\ % W/ N
i j ny k - N P A

Puc. 2.16. CTpyKTypa JieBoTo KBaapara
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IIpaBoe BxO:KAeHWE W HAUMHAETCS C MO3UIUU j B U, TOe
j=1i+ w (puc. 2.16a), 3akanumuBaeTcAd B IMO3UIUUA Kk B U, THAe
E=j+w-1-ny=i+ 2w -1 - n;. Yro6sI B no3unum i Ha-
yuHAJCA KBaapaT AJUHON w, TpeOyeTcA BBIIOJHEHUE PaBEH-
crBa: ufi..j — 1] = u[j..n{Jv[1..k], a oHO pasbuBaeTcs Ha JBe
yacTtu (puc. 2.166):

o uyli..j — k- 1]1=ufj..n1] wiu ufi..i+w—-i—- 2w +1 +

+ny — 1] = uli..ny/—w] = uli + w..nq];

e uli+w—k..j—11=w[1..k] wnmm u[n,—w+1..i +

+w-1]=v[l..i + 2w — 1 — n4].

WsBectHo (cM. 1. 1.2.1), 4TO rpaHy MOYKHO BBIUYUCIATEH OT-
HOCUTEJIbHO HE TOJBKO HNpPe()UKCOB, HO U Cy(Pp(PUKCOB CTPOKH.
B . 1.2.1 maccuB rpaueii cypdurcos (Mbl 0003HAUATN €TI0 KaK
bw) ompenensieTcsa 3a JUHeHOe BpeMsd, a IepBasd 4acTh PaBeH-
cTBa — 9TO HE UTO MHOEe, KaK MacCHUB rpaHell cy(pPuKCcoOB mom-
cTpoku u (ob6o3Haumm ero kax bw,). Bropaa yacts paBeHCcTBa
TpebyeT 3HAHUSA OOIMUX NMPEPUKCOB CTPOKH U U HOIACTPOK U
(o6o3HauuM MaccuB obIIX NpeUKCOB Kak cp,), T. e. cp,[t] —
9TO AJIMHA HamOOoJIbIeTro mpeduKca CTPOKH U U IIOACTPOKU
u[t..nq]. Ilpegnonoxkum, 4TO 3a JINHEHHOE BPEMSA BBIUUCJIAETCS
He TOJILKO MacCUB rpaseii bw,, Ho u cp,,.

lNpumepsi
B Taban. 2.25 u 2.26 maHBI cTpOKU S = UV, AJA KOTOPBIX
IIOACUNTAaHbI SHAUECHUA 3JIEMEHTOB MAaCCUBOB bwu n Cpu'

Tab6auma 2.25

u \4
112[(3|4(5|6|7[8]9[0]1(/2[3|4[5|6[7]|8[9]|0|1[2]|3|4
alblalblclal|blald|a|b|clalbla|dlalal|lb]|c blcla
112[3]4(5]6|7[8|9[0]12 i
0[(0]3[2]1]/0]|0|0[0]0[0]O0 bw,
3(0{2|/0[0]|5({0{1[/0]|2]|0]|0 Cpu

Tabauma 2.26

u \4
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
a b a a b a b a a b a b a
1 2 3 4 5 6 i
1 2 1 1 0 0 bw,

o[ 5][o0of]ol2T0 P
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Brickaskem nmpeamosiosKkeHme: UTOOBI JIEBBIN KBaIpaT HAYUM-
HaJica B TO3UINMUHU i, HEOOXOAWMO BBITIOJHEHUE YCJIOBUS
2bw,[i] + cep li + bw,[i]] > n; — i + 1.

IJiss mepBO# CTPOKU MBI MMEEM ABYKPATHOE BBLITIOJHEHUE
9TOTO YCJIOBUA:

e 2bw,[3] + cp 3 + bw,[3]] =23 +5=11>12-3 +1 =

= 10 — kBagpar abcabadabcabad;

e 2bw,[4] + cp 4 + bw, [4]]=2-2+5=9>212-4+ 1=

= 9 — KBaapatr bcabadabcabada.

A Bor mpu i=15 yciaoBue YyiKe He BBIIOJHAETCH:
2bw, [5] + cp, [5 + bw, [5]]=2-1+5=72>12-5+1=8.

st BTOpO# cTpoKu (cM./Tadu. 2.26):

e 2bw,[1] + cp 1l +bw, [1]]=2-1+56=7T>26-1+1=
= 6 — KBajgpaT abaababaab;

e 2bw, [4] + cpJ4 +bw, [4]]=2-1+2=4>6-4+1=
= 38 — KBajgpar abab;

e 2bw,[5] + cp b +bw, [B]]=2-0+2=2>26-5+1=
= 2 — KBajgpar baba.

IIpumeuanue. Ilepen mepBbIM CUMBOJIOM U H00ABIAETCA He-
CYIIIECTBYIOIIUY B a(aBUTE CUMBOJI.

Eciau ncxoanTh 13 BEPHOCTH IPUHATHIX HAMY IIPENI0JI0Ke-
HUMH, TO IJId 3aBepIeHn O0CYKAeHNA He0OX0MMO TOHNMaHMIe
TOT0, KaK 3a JIMHEHHOe BpeMs BbIUYNCIATH SHAUEHUA 9JIEMEHTOB
MaCCHUBOB €S, — AJUH HanboJIbIIUX Cy(PHUKCOB CTPOKHU U U IO -
crpok v[1..i](i = 1..n,), u cp, — AIUH HanbOOIBIINX IPePUKCOB
cTpoku U u nmoacTpoku ufi..n;] (i = 1..n;).

Haunewm c mocaenuero maccuBa (puc. 2.17). Ilpegnonoxum,
YTO AJIA HEKOTOPOT'O 3HAUEHUSA i BBIUKCIIEH O0Iuil mpeduKrc, u
OH 3aKaHYUBAETCA B IOSUIUY £, T. €. UBBECTHO 3HaUYeHUe cp, [i].
CrpykTypa 5TOT0 IIpeduKca ornpeaesseTca 3HadeHeM MacCuBa
rpaHeii br, B mosunuu ¢ — i + 1, 4TO mMO3BOJIAET, BO-IEPBHIX,
BBIUMCJIATH cleAyiomuM 3HaueHme cp,[q] (Bce ocranbHbIe cnBU-
I He UMeIOT CMbICJIa), a BO-BTOPBIX (1 9TO riiaBHOe!), BBIIOJI-
HATH CpaBHeHVe cuMBOJOB u[t + 1] u v[br [t —i + 1] + 1]. Ta-
KuM 00pasoM, BO3BPATOB II0 CTPOKE U HET, UTO AaeT IIPeAI0ChLI-
KU IJA IIOJIyUYeHUsA JUHEHHOTrO aJropuTMa.

Tak YTO IPUHIIWUII UCHOJIB30BaHUA br, I MOJIYyYEeHUS Cp,,
yiKe IMPoCMaTPUBAETCsI, OCTAJIOCHh IIPOPAdOTATEL AeTaJIu.

Amnanornysas cUTyanus — M C MaCCUBOM CS, — JJINHAMU
HAMOOJABIINX CYHOUKCOB CTPOKM U U TOACTPOK U[l..i]
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i ¢ t—i+1
V A A cp,
brjt—j+1]+1

i oz A vz br

q t+1

T

Puc. 2.17. IIprHIINT BEIYUCIEHUS MACCUBA CP,,

(i = 1..n,). Ona npusBeseHa Ha puc. 2.18; Ipu 5TOM HCIIOJIb3yeT-
cdA yKe BBIUUCJEHHBIH MaccuB bw, — rpaHu cypdurcos mosi-
cTpoku u. IIpeanono:kuM, YTO BBIUMCIEHO 3HaUeHUe ¢S [i], u
obmiuii cypdurc sakanunBaercsa B mosunuu t. CTpyKTypa cyd-
dukrca ompenesieHa COOTBETCTBYIOIIMM 35JeMEHTOM MAacCCHBa
bw,, 1TO TO3BOJIAET IepeliTU K BEIUNCIEHNUIO 3HaYeHNUA ¢S, [q] u
BBIIIOJIHATH CpaBHeHUeE dyeMeHTOB v[t — 1] u u[n,; — bw,[nq —

- @@=l

ny;—bw,[n, —(i-1)]

o 72 /7%

Puc. 2.18. ITpruniun BEIYKUCIEHUS MACCHUBA CS,

Bropasa cxema paccyskIeHUIil.

Kaszamoch Obl, JIOTMKA PeIIeHWs 3aJa4d ysKe BBICTPOEHA.
O,Z(HaRO BCIIOMHHMM, YTO CjJenyeT BCe IIoaBepratb COMHEHHNIO —
9TO OJMH U3 IPUHIIUIIOB PabOThI CIEIMAJINCTA II0 MH(pOPMATH-
Ke, — VK OueHb (B JaHHOM CJIydae) IIPOCTAa I0oJydyaeMas «KOH-
CTPYKIIUA» AJIA JOCTATOYHO CJIOKHOII P00 iemMbI!
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MNpumep

B Ta6u. 2.27 npencraBiieHbl JaHHBIE eIlle II0 OSHOM CTPOKe,
IS KOTOpOM TpebyeTcs HaliTu Bce' eeé KBaapaTbl. IIpoBepum
HaJW4YMe IPaBbIX KBAAPaTOB, — a XOTHA OBl OMMH TAKOBOII y Hac
ABHO eCTb — abcdcabcabcdcabe.

Tabauma 2.27

u v
1/2(3[4|5|6|7|8|9|10(11(12({13[14|15|16|17|18
alala|b|c|d|c|la|b|lc|la|b|c|d|c|a|b|c

i 1|12|3(4|5|6|7|8]|9

br, 0|{0(0|1|0|1]|2|83]|4

cSy 0|0(3|0|0|O0O]|O|T7]|O

IIpoBepuM Hallle TpeAHOJIOMKEHME OTHOCUTEJIHHO IIPABBIX
kBagparos: 2br [i] + es i — br [i]] 2 i. Quai=9: 2 - br [9] +
+ s [9-0br[9]]1=2 4+ 0 =8, — aT0 ycIOBUE HE BBHIIOJIHA-
ercs, HO aud 2 * br [br [9]] + ¢cs [9 — br [br 9111 =2 -1+ 7=
=9 > 9 oumo Bepuo! Ilosyuaercsi, 4TO cjJaeAyeT IPOBEPATH He
TOJIBKO I'DaHb, 3aKAaHUNBAIONIYIOCA B TO3UINY i, HO U €e TPaHU,
3aTeM — T'PaHU STUX I'PaHel, U TaK IIOKa MbI He HoaAeM 10 HY-
JIEBOTO 3HAUEHUA. AHAJOTUUYHBIA KOHTPIPUMED MOYXKHO HAUTU
" 1 JIEBBIX KBaJIPATOB.

Bepuemcsa x amamuay mpaBoro KBaaparta (cm. puc. 2.15).
Brinmosnenme paBencTsa ulk..n Ju[l..j] = v[j + 1..i] HeobxoxM-
mo. Ho paBeunctBo v[1..j] = v[i — j + 1..i] MO}XHO 3anucaTh KakK
v[1..j] = v[w + 1..i], a aT0.mouTH; hopMmMyJia AJsd OJI0OKA CTPOKH U
B mo3uniuu w + 1 (B (popmysie 6J10Ka — AJIMHA MaKCUMAJbHOM
IIOACTPOKY, COBIIaJAIONIEH ¢ npeduKcoM cTpoku). Ilompodyem
BBHIYWCJIUTh He UPAaHU CTPOKU U, a Osokm — MaccuB bl, (cm.
. 1.2.2). ITycte maccuBsl bl, u ¢S, BbIUnCIeHbI. UTOOBI KBagpaT
IJIVHON W 3aKaHUYMBAJICA B IMO3UIMU [ CTPOKU U, HEOOXOAUMO
BHIIIOJIHeHMe HepaBeHCTB bl [w + 1] > Iy u cs Jw] > [, uHaue B
KBajapaTe OyzaeT «paspbiB» (puc. 2.19), u moacTpoka He Oyaer
KpaTtHoii. Ha ocHOBe 3TMX HEPABEHCTB IIOSABJIAETCA BO3MOMK-
HOCTBH OTIPEIEJIUTH TPAHUIIHI i, B KOTOPBIX MOKET 3aKaHUNBATh-
cA KBagpar.

3mech B CTpoKe S = uv mMeeTcsa KBaApaT AamHoil 2w, 3a-
KaHYMBAIONIIUICA B TMTO3UIIUHU i TIOACTPOKM U TIPU YCJIOBUU, UTO
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w w
ng+i-2w+1 ny w i

Puc. 2.19. ITpaBbIit KBagpar

2w - csylw] <i<w+ bl [w+ 1]. HelicTBuTeabHO, UYTOOBI B
TMO3UINY i 3aKaHUYMBAJICSI KBaJpaT NJIUHOH w, TpeGyeTcs BbI-
IIoJIHeHUe paBeHcTBA: u[k..n Ju[l..j] = v[j + 1..i], a oHO pasdu-
BaeTcA Ha JIBEe YACTHU:
e uln,— 2w —-i—-1)..n]=v[i —w+ 1l..w];
e V[l..i —w]=v[w + 1..i]; nmpu i = w KBaapaT QopMu-
pyetrca u3 cypdurca u u npedurca v, 1 dTa 4aCTh «BBbI-
POKIaeTCs» .

ITepBas yacTh JaHHOT'O PABEHCTBA TOBOPUT O TOM, UTO CTPOKA
v[i — w + 1..w] anunsoit 2w — i ABAsAeTcA Cy(PHUKCOM CTPOKY U, U
OHO BBINOJIHAETCS TOJBKO TOTrja, Korma cs,[w] > 2w —i, T. e.
2w —cs,Jw] < i. AHajoru4HO, AJSA BTOPOH YacTU DaBeHCTBA:
ctpoka v[w + 1..i] gauHOI i — w ABJIsETCS 6JJOKOM CTPOKH U, OT-
Kyzna ciaenyert, uro bl Jw+ 1] > i —w, T. e. i < w + bl Jw +1].

Hrak, nna kakgoro JOIIyCTUMOTO BHAUEHUSA W € 1..719 COOT-
BETCTBYIOIIVE BHAYEHUS | MOTYT HAXOAUTHCSA TOJIHLKO B MHTEPBA-
ae 2w —cs [w]..w + bl Jw +1]. IlosToMy npm BBIYMCIEHHBIX
MaccuBax bl, u cs, bakTUUecKue 3HAUEHUA | ONIPEeNesIAIoTCa 3a
KOHCTaHTHOE BpeMs IIyTeM BBIBOJa TI'DAHUIT dTUX WHTEPBAJIOB
IIpu BbIOJIHeHUN ycuaoBusa bl [w + 1] + cs [w] > w.

PaccmoTrpum Temeps geBbiit KBagpat (cm. puc. 2.16). Hdaa
Hero HeoOXOAMMO BBIIOJHeHMWe paBeHcTBa ufi..i +w — 1] =
= ul[i + w..nqv[1..i + 2w — 1 — nq], KoTopoe pasbuBaeTcsa Ha
IBEe YaCTU:

e uli.my—w]l=uln— (G +w-1)+ 1..n];

e u[(ni—w)+1l.ng—(G+w-1)]=v[l..i + 2w -1 — n4].

Bygmem cuuTaTrh, 4TO MaccuBHI bw, U cp,, BEIYUCIEeHbI. Mac-
cuB bw, naet HauboabIuit o0HINI cyddukrc nogcrporu u[l..ilu
CTPOKH U, T. €. 3HaYeHUe bw, [n,; — w] (puc. 2.20) gosxHO OBITH
6osbire /. Maccus ke cp, fJaeT HanOOJBIINI o6IIMiT IpedUKC
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HOACTPOKM u[i..n] u cTpoKu v, T. e. 3HaUeHUe cp,[n; — w + 1]
JIOJIXKHO OBITH Oouibirie [, (puc. 2.20).

n-w+1

Puc. 2.20. JIeBblIii KBagpar

YT00BI B cTPOKE S = UL UMeJICA KBaApaT AJINHOMK 2w, Haun-
HAIOIIUKCA C IIOBUIIUU i TOACTPOKU U, HEOOXOAUMO BBIIOJIHE-
Hyue ycuoBusa (nq—w)-bwfn;y—w]l<i-1<(n;-2w)+
+ cp,In; — w + 1]. He#icTBuTebHO, IIepBasg YacTh PaBEHCTBA
TOBOPHUT O TOM, UTO cTpoKa u[i..ny — w] gnuboiin, —(i + w — 1)
ABingerca cydpdurcom cTpoku u, T.e. bw,[n; —w] > n;—
—-(i+w-1) wm (n; —w) —bw,[n, —w] <i-1. Bropaa xe
yacTh paBeHcTBa TpebyeT (mas crporm ul[(n; —w) + l..ny —
— (@ +w—-1)] gousoit i + 2w.— 1 — 1) BHINOJIHEHUA YCIOBUA
epny—w+1]12i+2w-1=ny, nm i-1<(n;-2w)+
+ cp,In; — w + 1]. CremoBaTesnbHO, AJIA KAMKIOTO JOIIYCTHMOIO
3HAUeHUSA W € l..7; COOTBETCTBYIOIIVE 3HAUEHNSA [ MOTYT HaXO0-
IUTBCA TOJBKO B HMHTepBase or (ny —w)— bw,y[n; — w] mo
(nqy - 2w) + epyny — w + 1]. IlosToMy IpU BEIYKCIEHHBIX Mac-
cuBax bw, u cp, paxkTruecKkue 3HaUYEHUA i OIPeJeNAIOTCA 3a
KOHCTAHTHOE BPEMs IIyTeM BBLIBOJAa I'DAHUIL 3TUX MHTEPBAJIOB
IIpU BHIIIOJIHEHUN ycaoBuda cp,[n, — w + 1] + bw, [ny — w] > w.

Ha sToMm MBI 3aBepmium oOCy KIeHUE aJrOPUTMAa, BBIHECS
OCTaBIIYIOCA YaCTh (B TOM UHCJIe BbIUNCIeHNEe MaCCUBOB CS,,, CP,,
u bw, Ha ocHOBe MaccuBa bl,) B ynpaskHeHUd.

TN YnpasHeHus

1. IIpuBemuTe mpumep cTPOKU S. BRIIUIIINTE BCe ee KBAAPAThI
B TOI OUYEpPeSHOCTH, B KOTOPOM OHU OYAYT BBIBEAEHLI IIPHU
pexypcuBHoi peanusamnuu aaropurma M. Meitma — P. Jlo-
peHIIA.
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MogudunupyiiTe npomeaypbl BEIUYNCIIEHUA MAaCCUBOB I'pa-
Hell ipehukcoB u cyddurcosn (br,, bw,), TpuBeIeHHBIE B
o. 1.2.1, njna ux ucroab3oBaHusA B aaroputrme M. Meiina —
P. Jlopenna. Mo:xHO 1 JOBEETH TIEPBBIH CcIIOCOO paccysKae-
HUH OO aJIrOPUTMa C JUHEMHON BpeMeHHOI olleHKOoii pabo-
Tb1 O(n)?

s cTpokM S BBIUMCINTE 3HAYEHUS DJIEMEHTOB MAaCCUBOB
CSy ¥ CPy BPYYHYIO U € UCIIOJIb3OBaHueM bry,, bw,. CpaBHUTE
pesyJabTaTHhI.

IlpuBenuTe KOHTPIPUMEP, ITOKA3BIBAIOIIUNA HEKOPPEKT-
HOCTB OIpeJiesIeHUs JJeBOT0 KBaJipaTa IIpu IepBOM cIiocobe
paccy:KIeHmiA.

IIpoBepbTe TPaBUIABHOCTH BBIUYMCJIEHUS MaccuBa OJIOKOB
CTPOKH C IIOMOIIIBIO ciIenyioreii npomueaypol. OeHuTe Bpe-
MsA ee paboOTHI.

Procedure Bloc (s:String);
Var i, k,1l:Byte;

Begin
s:=s+'$S";
blv([2]:=0;
While (s[blv[2]+1l]=s[blv[2]+2]) Do
blv[2]:=blv[2]+1;
k:=2;

For i:=3 To Length(s)+1l Do Begin
l:=k+blv[k]=1;
If blv[i-k+1] < 1 Then blv[i]:=blv[i-k+1]
Else blv[i] :=max(0,1);
While (s[blv([i]+1l]=s[blv[i]+i]) Do
blv[i]:=blv[i]+1;

Ha ocHoBanum mpuBesieHHON IponeAyphbl Cpu OUpPeAeanTe
JIOTUKY (hOPMUPOBAHUSA MAaCCUBA CP, — AJIMH HAUOOJIBIITNX
npedUKCOB CTPOKHU U U HMOACTPOK u[t..n1] (t = 2..n1).

Procedure Cpu (v,u:String);
Var i, k, 1l:Byte;
Begin
vi=v+'S$S'; u:=u+'Q';



2.7. Auaropurm M. Meiina — P. Jloperna 99

cpul2]:=0;
While (v[cpul2]+1l]=ulcpul2]+2]) Do
cpul2] :=cpul2]+1;
k:=2;
For i:=3 To Length(u) Do Begin
l:=k+cpulk]-i;
If blv[i-k+1]<1 Then cpuli]:=blv[i-k+1]
Else cpuli]:=max(0,1);
While (v[cpuli]+l]=ulcpul[i]+i]) Do
cpuli] :=cpulil+1;

7. C mOMOIIBIO IPOIEeAYPHI Bwu BEIUUCIASIOTCS 3HAUCHUSA dJIe-
MEHTOB MaccuBa bw, — rpaHu cypQPUKCOB IOIACTPOKU U.
IIpoBepsTe ee paboTocmocobHOCTh. CpaBHUTE TAHHYIO JIOTH-
KY BBIUYMCJIEHUS C OIpuBefeHHO#N B m. 1.2.1.

Procedure Bwu (s:String);
Var i, k, 1, nl:Byte;
Begin
s:="Q@"'+s;
nl:=Length(s) ;
While s[nl-bwul[(nl-1)-1]11=
s[(nl-bwul (nl-1)-1])-1] Do
bwul[ (nl-1)-1]:=bwul (nl-1)-11+1;
k:=nl-1;
For i:=nl-2 DownTo 1 Do Begin
l:=bwulk-1]-(k-1);
If bwul (nl-(k-i)+1)-1]<1 Then
bwul[i-1]:=bwul[ (nl-(k—-1i)+1)-1]
Else bwu[i-1]:=max (0,1);
While (s[nl-bwul[i-1]7=s[i-bwul[i-1]]) Do
bwul[i-1]:=bwul[i-1]+1;
k:=1i;
End;
End;

8. Ompepenure mo nporenype Csv JOTUKY (DOPMUDPOBAHUA
MAacCHUBa €S, — AJUH HANOOJBIINX 00IINX cyPPUKCOB CTPO-
Ku u u nonactpok v[1l..t] (t = 1..n9).
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Procedure Csv (u,v:String);
Var i, k, 1, nl, n2:Byte;

Begin
vi="'S"+v;
u:="Q"+u;

nl:=Length (u) ;
n2:=Length (v) ;
While u[nl-csv[n2-1]]=v[n2-csv[n2-1]] Do
csv[n2-1]:=csv[n2-1]+1;
k:=n2;
For i:=n2-1 DownTo 1 Do Begin
l:=csv[k-1]1-(k-1);
If bwul[nl-(k-1i)+1]<1;;Then

csv[i-1]:=bwul[nl-(k-1i)+1]
Else csv[i-1]:=max(0,1);
While (u[nl-csv[i-1]]=v[i-csv[i-1]]) Do
csv([i-1]:=csv[i-1]1+1;
k:=1i;
End;
End;

9. IlpuBeneHHBIN HUMKe (parMeHT IPOTPAMMHOTO Kojaa obec-
HeYrBaeT BLIBOJ KBAAPATOB. SHAUEHNE IIePEeMEHHOM C paB-
HO 1 1160 n; + 1 (B 32aBMCUMOCTH OT TOT'O, BLISBIBAETCS JIO-
TMKa C U UWIN ¢ V). YAYUIINUTE 3TOT MPOrPAMMHBIHA KOI.

w:=1;
While w<=n2 Do Begin
If (blv[wt+tl]l+csv[w]>=w) Then Begin
WriteLn('(',w,"',"', ((2*w-csv([w])+nl+c-1)-
2*w+1,"', "', ((w+blv[w+1l])+nl+c-1) -
2*w+1,') R");
For i:=((2*w-csv([w])+nl+c-1)-2*w+1l To
((wtblv[w+l])+nl+c-1)-2*w+1 Do
Writeln ('llpaBent xBazmpat ',Copy(S,1i,2*w),
' ¢ pgnuHOM=',w,' M HauaJjioM
B mnosuumuy ',1i);

End;
If (cpul (nl-w)+1l]l+bwul[nl-w]>=w) And (w<nl)
Then Begin
If (((n;—-w)-bwul[nl-w])+1)=

((nl-2*w)+cpul (nl-w)+1]1+1)
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Then WriteLn('(',w,"',"', (((nl-w)-bwu[nl-w])
+1)+c-1,","', ((n1-2*w)+
cpul (n1l-w)+1]+1)+c-1,") L")
Else WriteLn('(',w,"',"', (((nl-w)-bwul[nl-w])
+1)+c-1,","', ((n1-2*w) +bwu[ (nl
-p)+1]4l)+c=-2,") L");
For i:=(((nl-w)-bwu[nl-w])+1)+c-1 To
((n1-2*w)+cpul (nlmw)+1]+1) +c-2 Do
Writeln ('JleBsnt kBazpaT ',Copy(S,1i,2*w),
' ¢ mamHOM=',w,' M HauaJOM
B nosmuum ',1i);
End;
w:=w+1;
End;

10. PaspaboTaiiTe IOJHYIO HPOrPaMMHYI0 pealn3aruio aJjiro-

putma M. Metina — P. Jlopenma.

Meroandyecknii KOMMeHTaPHIT

Anroputmer . Kuyra (Donald Knuth) — Sllm Moppuca
(James Morris) — B. IIparra (Vaughan Pratt)1 u P. Boiiepa
(Robert Boyer) — Ilsx. Mypa (James M oore)z) ABJAIOTCS KJIACCU-
Ko¥ maHHOTO pasaena mHPopmaTuru (computer science). B Tou
WM UHOU Mepe OHU 3aTpParuBaioTCA BO MHOTUX yUyeOHMKAaX IO MH-
dopMaTHKe IIPU U3YUEHUN TeMEE [IOMCKa JaHHbBIX , BKJIIOUAsd KJac-
cuueckyio pa6ory H. Bupra (Niklaus Wirth)3).

P. Kapu (Richard Karp) u M. Pabuu (Michael Rabin)‘“ omryo-
JIMKOBAaJIV CBO¥ METO/ IIoMcKa oopasia B TekcTe B 1987 r. B pado-
Te II. F'achunga (c. 108), onHaxko, yTBeps;KgaeTcs, YTO OH usobpe-
TeH pecatuaerneM pauee. Ecau amropurmsl . Kayra — [I»x. Mop-
puca — B. Ilparra u P. Boitepa — [I:)x. Mypa, a Taxkke ux
MHOTOYMCJIeHHbIe MoOAu(UKaAIlUU, cAaejlaHHble mociae 1977 r.,
OCHOBAHLI HA CPABHEHUY CMBOJIOB U CIBUT'aX, TO B JAHHOM METO-
e 3aJI0KeH COBEPIIeHHO APYroMl MPUHIUI — <«apudMeTuuec-
Kuii». OGpaselr ¥ CTPOKAa TeKCTa IpeodpasyioTes B UnCia, U IpPo-
WCXOIUT CPaBHEHMeE He CUMBOJIOB, a yucej. IIpu a3ToM Bce onpeje-
asiercss 3 PEeKTUBHOCTHIO TPeodpa3oBaHUs MOACTPOKU B UHMCJIO.

1)

2)

3)
4)

KnuthD.E.,Morrisd.H., PrattV.R.Fast pattern matching in strings //SIAM J.
Comput. 6-2,1977. P. 323—-350.

Boyer R. S., Moore J. S. A fast string searching algorithm // CACM, 20-10,
1977.P. 762-772.

Bupm H. AJaropuTmsl 1 CTPYKTYDPHI faHHBIX. — M.: Mup, 1989.

Karp R. M., Rabin M. O. Efficient randomized pattern — matching algorithms //
IBM J. Res. Develop. 31-2, 1987. P. 85-103.
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P. Besa-Merc (Ricardo Baeza-Yates) u T'. Tommer (Gaston
Gonnet)l) B 1992 r. mpeasio:Kuan IPOCTOM OUTOBBIN MeToH (aJro-
put™m Shift—And), KoTopblii oueHb 3(QEKTUBHO peIaeT 3amady
TOYHOTO IIOMCKA [JIsI OTHOCUTEJIHHO MaJbIX 00pas3oB (Hanpumep,
IJIMHOM B TUIIMYHOE aHTJINICKOe cJa0B0). OmHaKo, KaK yKasaHo B
pabore B. Cmura (Bill Smith)(c. 240), mepBoHaYaJIbHO 3TOT aJITO-
putM erte B 1968 r. 6611 ontmcan B. [léménku (Balint Domolki)z).

dopmasu3dM TEOPUM aBTOMATOB HABJAETCA HOCTATOYHO KO-
HCTPYKTUBHBIM MHCTPYMEHTOM OIMCAHUA aJITOPUTMOB 00pabdoT-
KU CTPOK. B maHHOII ryiaBe 3aTPOHYTHI TOJBKO IIEPBUUHBIE TOHSA-
THA 3TOI XOPOIIIo padpaboTaHHO Teopuu. CCHIIKY HA UCTOYHUKN
He IPUBOIATCA, MO0 HPU HEOOXOAMMOCTH WHX HETPYIAHO HAWTU
CaMOCTOSTEILHO.

Ausropurm M. Kpouemopa (Maxime Crochemore)3) ABJISETCA
OJHUM U3 OCHOBHBIX B 3a/laue IIOMCKa KPAaTHBIX CTPOK. Ecau nunesa
JaHHOTO aJITOPUTMa IOHWMAETCA JOCTATOUHO IIPOCTO, TO ITOTO
HeJIb35 CKas3aTh 0 ero IPOorpaMMHOI peaans3anuu, KoTopas (B IIoJI-
HOM BapHaHTe U C YYETOM TECTUPOBAHUA), OE3YCIOBHO, CIYIKUT
OpegMeToM IIPOBEPKU MIPOMECCUOHAIHLHOTO YPOBHSA UYUTATENA.
ITpuuem obparrenue Kk Kuure b. CMuTa He MPOACHUT CUTYAIUIO C
OporpaMMHOM peasiusaiueii, a ckopee 3amnyraetr ee. (IIpumeua-
Hue. IIpuBOAUTSL B TaHHOI KHUTE IIOJHYIO PeaJM3aIliio IPOTrpaM-
MBI 1 ee pa360op aBTOP He CTaJl, TAK KaK 3TO BJIEUET 3HAUNTEIhHOE
yBeauueHue 00'beMa KHUTH U BPAJ JIX 11eJIecCO00PasHo, NCXOaA 13
TIOCTaBJIEHHBIX IIeJIEH.)

Agroputm ke M. Meitna (Michael Main) u P. Jlopenma
(Richard Lorentz)4) WHTepeceH JHe TOJBbKO C TOYKH 3PEHUs HC-
TOJb30BAHUS KJIACCUUYECKOTO IIPWHITNIIA «Pa3HesIsii U BJIACTBYM »
B peIllleHuu 3a7a4, HO 1 3(pPeKTUBHHIM IPUMEHEHUEM paHee pac-
CMOTPEHHBIX METOAOB IPEJBAPUTEIHLHOIO aHAJIN3A CTPOK.

1

2)

3)

4)

Baeza-Yates R. A., Gonzaio N. H. A new approach to text searching // CACM,
35-70,1992. P. 74-82.

Domolki B. A universal computer system based on production rules // BITS,
1968. P. 262-275.

Crochemore M. An optimal algorithm for computing all the repetitions in a word
//IPL, 12-5,1981. P. 244-248.

Main M.G., Lorentz R.J. An O(n'logn) algorithm for finding all repetitionsin a
string // J. Algs., 5,1984. P. 422-432.



FnaBa 3

OepeBbs cydpdpukcos

JlepeBbsa IPUHALIEIKAT K UYUCIY CAMBIX
JYYIINX Belel, KaKkue g TOJBKO 3HAIO.
Bopa, nepeBbsa u neByIIKHU.

Ipaend Jy

3HaHUA O CTPYKType obpasma (M3 KaKuxX uacTeii, HAIIPHU-
Mep, IMOBTOPSAIOIINXCSI (DPArMEHTOB U KaK OHU CBA3aHBI MEXKIY
co0oi1) mo3BoIAIT 3MPEKTUBHO peIlaTh 3aJauy ero IIONCKa B
TeKcTe. ATOT BBIBOJ, BIIOJIHE €CTECTBEHEH II0CJIe N3YUeHUs aJiro-
pUTMOB U3 BTOPOIi riaBbl. Temepsb K€ MbI PACCMOTPUM HOBYIO
CTPYKTYDPY BaHHBIX — 0epeso cyddurcos, KOTOPOe CTPOUTCA Ha
CTaauU IIPEIBAPUTEILHON 00paboTKYU AJISI TEKCTa, a He IJIsI 00-
pasiia, u 3a JUHelHOoe BpeMs (MHaUe CMbBICJI €TI0 IIOCTPOEHIS Te-
psaercs). ITocse mocTpoerua gepeBa cyhOUKCOB 3aaua ompee-
JICHUS BXOXKJEHIA 00pasIiia B TEKCT TAKMKe PelllaeTCs 3a JINHEeH-
HOe BpeMsl.

3.1. OCHOBHbIEe NOHATUA.
MpocTble anropnTMbl NOCTPOEHUA

AepeBa cydppukcon

B oxHe 3Be3a, AepeBbsA 32 OKHOM,
Kak cTpakHUKM, MOM OXPAHSIIOT AOM.

Bopuc Puiicuil

Ilepeso cyddurcos crporu S JIUHBI 1 — 3TO He YTO MHOE,
KaK CII0co6 KOMIIAKTHOTI'Q OIIMCAHUs MHOYKeCTBa ee cyhhUKCOB.
ITO IepeBo ABJSIETCA OPUEHTUPOBAHHBLIM; BCsS €ro crenudura
3aKJII0YaeTCA B TOM, KaK OHO cTpoutcs. CTpoka S JOomoJIHseTCA
mepmMuHaLbHbIM CUMB010M (0OBIYHO $), KOTOPOTO, IO IIPEJIIO-
JIO}KEeHUI0, HeT B ajipaBute A. IlepeBo cydPuUKCOB mMeeT KO-
peHb, n + 1 auCTheB (KOHEUHBIX BEPINNH, IIOMEUYaeMbIX 1eJIbI-
Mu umcjaMu oT 1 1o n + 1) u He Oojiee n BHYTPEHHUX BEPIIINH.
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Kaxxnpaa nqyra mepeBa mmMeeT METKY B BHJIE COOTBETCTBYIOIIEN
moCTPOKY CTPOKM S. OOBIYHO ITPY DTOM B IIAMSATU KOMITBIOTEPA
XPaHAT He caMy HOJCTPOKY, a ABa IeJbIX YHCcJa, OUpeesdio-
IUX HAYaJo U KOHEI[ IMOJCTPOKU B CTPOKE S, UTO MO3BOJISIET
YMEHBIIIUTh TPeOyeMbIil 00beM maMaTu. VI3 KarKgoi BHYTPEH-
Hell BEPIIIMHEI JlepeBa BEIXOIUT He MeHee JBYX AYT, IPUYeM OHU
He MOTYT MMETb METOK, HAUYMHAKIIUXCA C OJHOTO CHUMBOJIA.
Torgpa ckielika (KOHKaTEHIINA) MTOACTPOK (MeTOK IyT) Ha IIyTU
OT KOPHJ JiepeBa K JIUCTYy ¢ HOMepoM i gaetr cyhdukrc S[i..n].

lNMpumep

Ha pwuc. 3.1 npuBeneno aepeBo cy(pdHUKCOB s CTPOKH,
mpeJcTaBJIeHHO# B Ta0J. 3.1, Te B IepBOii CTPOKE YKa3aHbI HO-
Mepa CUMBOJIOB B ICXOOHOI cTpoKke. Ha puc. 3.1 MmeTKu nyr aasa
ymobcTBa 0003HaUEHbBI ITOICTPOKAMHU, a He HOMepaM Havaia u
KOHIIA IOACTPOK B cTpoke. Tak, MeTKa cabdab cOOTBETCTBYeT
MeTKe 3:8 (HauMHaeTcs ¢ TPEeThero M 3aKaHYMBAETCA BOCHMBIM
CHMBOJIOM CTPOKM).

Tabauma 3.1
2 51| 6 819 |10|11 (12|13 |14 |15
a b b d b c a d a b S

cabdab

Puc. 3.1. [TepeBo cyddUKCOB AJiA CTPOKU abcabdabcabdab$

IIycTh HaM M3BECTHBI AJITOPUTMBI IIOCTPOCHUA AepeBa cyd-
dbuxrcos a1a rexcra T 3a Bpema O(n) (n = |T|). Torga paccmar-
puBaemMasi 3aZiaya IMOMCKA BCEX BXOMKAEHUI CTPOKU B TEKCT pe-
maeTcsa caeayoomum o6pasom. Umeercs crpoka P (m = |P|). Iy-
TeM IIOCMMBOJIBHOTO CPABHEHUS HAXOAUM BBIXONAINYIO U3
KOpHsS Ayr'y, MeTKa KOTOpoii HaunmHaeTcsa ¢ cumBoja P[1]. 3a-




3.1. OcHOBHEIe MOHATHS H MTOCTPOEHHe JepeBa cy(PhHuKCcoB 105

TeM OCYIIECTBJISIeM NaJIbHEHINe IIOCUMBOJIbHBIE cpaBHeHUsaA P
¢ metkaMu ayr. IIpu sToM BO3MOMKHBI Tpu Bapuanrta. Ilep-
BBIII — €CJIM IPOM3O0IILJIO HEeCOBIaJAeHWe, B 3TOM cjayuae P Her
B T'. Bo BTOpPOM ’Ke U B TPETHEM CJIyUasIX CpPaBHeHUEe P BLITIOJIHE-
HO ycmeIlrnHo (Bce cuMBOJIBI P coBmain), HO 3aKOHUYUJIOCH OHO,
COOTBETCTBEHHO, WJIN B BepIlinHe ([IOoCJIeIHNM cuMBOJI P coBmaJ
C TOCJIEIHUM CHMBOJIOM OYepeqHOW MeTKM AyTHu), WJIU Ha
KaKOM-TO CHMBOJIe METKHN IYTrud. OTU OABa IMOCJIEeTHUX CIydas
IpaKTUYEeCKU UAeHTUYHbBI, 10O B MOJOOHBIX CUTYAIIUAX HAM U3~
BeCTHA BepIIuHA AepeBa. Ecam oHa -+~ JHCT, TO UMeeT MeCTO
equHcTBeHHOe BxoxxaeHue P B T. Eciiu *Ke 9To BHYTpPEeHHASA Bep-
IIIMHA, TO UMEEeT MEeCTO MHOKeCTBeHHoe Bxoxkiaenue P B T, u
Torga (pparMeHT JAepeBa, HaurMHadA C 9TO BEePIIUHbBI, 00XO0IUTCS
METOIOM IIOMCKAa B INIyOMHY, UTOOBI HAMTU METKH JHUCThEB, YKa-
3LIBAIOINME HA HaUaJIbHBIE MO3UNU BXokaeHuit P B T. Ilpu us-
BeCTHOM (IIOCTpOeHHOM) aepeBe cydpduKcoB BpeMdA moucka P
nuMeeT OUeBUAHYIO oreHKy O(m) (1u6o O(m + k) mpu MHOKeCT-
BEHHOM BXOJKIEHUU, TAe B — KOJUUYECTBO BXOXKIEHUI).

IIpocroit anroputM nocrpoeHus aepena cydgurcos (m-
JIocTpanusd JaHa Ha puc. 3.2).

ITycTs mama ctpoka S. I[omoJHMM ee CUMBOJIOM $, OTCYT-
cTByIOIIUM B ajipaBuTe A. Ha mepBoM I1are momMecTuM B I€PEBO
nyry ¢ meTkoi S$ (S[1..n]$), a 3aTem OyzeM mocjaenoBaTeIbLHO
BCTaBJATH cyddurcer S[i..n]s.

abaab$ baab$
abaab$

ITaz 1 IlTaz 2

Puc. 3.2. [Ipumep paGoThI IPOCTOT0 AJITOPUTMA IIOCTPOCHU JepeBa
cydOUKCOB AJIA CTPOKU abaab$
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Ilepexon ot nepesa T; Kk nepeBy T'; ; IDU 9TOM BBINIOJIHAETCA
rak. Ects cydhdukrce S[i + 1..n]$. Ero cumBoaBI MOCTEqOBaTEI -
HO CPaBHHUBAIOTCA C METKaMU AyT, HAUMHAA C YT, BBIXOIAIINX
u3 KopHs. Ilo coBmageHnAM CHMBOJIOB OyAeT IIpoiifeHa dacTb
IepeBa (B TOM YHCJe, MOMKeT ObITh, 1 He OyaAeT IIPoiaeHo HI Of-
HOT'O CUMBOJIA, KaK Ha 1are 2, — puc. 3.2). 9TOT IPOiAeHHbIH
OyTh — €IUHCTBEHHBIN, B CUJIY TOTO UMTO AYTY, BHIXOAAIINE U3
JII0001 BEPIIIUHEI iepeBa, UMeIOT METKY, HAUMHAIOIINEeCd C pas-
JUYHBIX CMMBOJIOB, X IIPOM3OIILJIO HECOBIIaJeHNe CHMBOJOB B
KaKoii-To mosunuu q cypdurca. ITpuuem paxkT Takoro Heconia-
IeHusa obszaTelieH, n00 KasKILIA cy(pPUKC YHUKAJIEH — OH 3a-
KaHYMBaeTCsd CUMBOJIOM $, OTCYTCTBYIOIIUM B ajipasure. [Ipu
9TOM CO3IaeTCA HOBAS BEPIIIMHA C IBYMS CHIHOBbAMU; K OJHOMY
W3 CBIHOBEM HJIET ayra C OCTaBIIelicaA dYacThio cyddurca
S[g..n]$, a K Apyromy — C OCTaBIIeicsA YacThbi0 METKU AYTH.
Ecau ke HecoBIIaZeHMe IIPOM3OIILTIO B BEPIIIMHE AepeBa, TO 3Ta
BepIIrHA I0JIyYaeT OJHOTO HOBOTO ChbIiHA. B J1f060M ciyuae co3za-
eTcs HoBasd BepITnHa — JIUCT C MeTKOM i (HoMmepoM cyddukrca).

lNpumep (puc. 3.2)

O6pabarwsiBaercda cydurc aab$ (mar 3). CuMmBoJI a coBIIa-
JaeT ¢ IePBLIM CUMBOJIOM MeTKM AYyTU abaab$, HO OJd BTOPOTO
CUMBOJIA a HeT coBnageHusi. Co3maeTcsa HOBaA BHYTPEHHAA Bep-
IInHAa, TAe K IIEPBOMY CBHIHY HJAET Ayra C OCTABIIEMCA YaCTbhIO
MEeTKH’ baab$, a KO BTOPOMY ChIHY (JIMCTY C METKOH 3) maeT ayra
C ocrasIIelica yacTbio cydpurca — abs.

PaccmoTpum ocobeHHOCTH peasu3anuiyi 3TOTO aJIrOPUTMA.
OnucaHue JaHHBIX (OHO MUHUMAJHHO) MMEET BUJ:

Type
PList = “node;
node = Record
cnt:Integer;
{KommuecTBO CBHHOBEMsY BEPUMHE IepeBa}
d:Array[|A|] Of Record
{IlpennonaraeM, 4YTO ‘anl®aBUT KOHEUEH,
eCThb OTHOUIEeHMKe IIopsalka}
first, last:Integer;
{HoMepa mnepBOTO M IOCJEOHETO CHMMBOJIOB
INOOCTPOKM — METKM IOyIu}
next:PList;
{YxazaTesnbr Ha BepUMHY — CBHa}
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num: Integer;
{MeTxa snmucra. LOnsg BHYTPEHHE)M BEPUMHB, BKJIOUAS
KOpeHb, OHa umeer /3HaueHue 0}
End;
End;
Var
S:String;
n:Integer;
tree:PList;

B rakmoit BepIiiinHe AepeBa MbI BHIHYKIE€HBI BBOIUTH Mac-
cuB d, MIOCKOJIbKY MaKCUMAaJIbHOE KOJIUIECTBO AYT, BBIXOIAIIAX
U3 BePIIINHbBI, PABHO MOIITHOCTH ajipaButa A. OnrcaHue CTPOKHU
S, Takoe, UTO OrpaHUYEHUE Ha ee PasMep OIpeessieTcsd CUCTe-
MOIi IPOrpPaMMUPOBAHUA, B3ATO 3[€Ch AJIsI IPOCTOTHI.

IIpuBenem onmH 13 BO3BMOMKHBIX CIIOCOOOB peain3alluu pac-
CMOTPEHHOT'O aJI'TOPUTMA.

Procedure TreeSufl;
Var w,v: PList;
i,j,1,t:Integer;
bl:Boolean;

Begin
S:=S+'S"';
n:=Length(S) ;
{IlepBBllt War ajropmMTMa — B KOPHe IepeBa HaeTcsd
onMcaHMe IOyIru, mMOyweM B BepumHy C MeTkom "1"}
st:=1; {Homep mmucra}
New (tree) ;
tree”.cnt:=1;
tree”.d[1l].first:=1;
tree”.d[1l].last:=n;
tree”.d[1l] .next:=Nil;
tree”.d[1l] .num:=st;

{Cybduxc S[i..n] omnmuceBaeM (IpelcTaBJiIIeM) B IepeBe}
For i:=2 To n Do Begin

w:=tree;
t:=1;
bl:=False;

While Not bl Do Begin
{Iloxa He cdopMMPOBaH JIMCT, COOTBETCTBYIOWUN
cybbukcy, BHIIOJIHIEM IOeMCTBUS LMUKJIIA }
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Jj:=1;
1:=0;
While (1=0)And(j<=w".cnt) Do Begin
{IlpocMaTpuBaeM OyTIM, BHXOOAIME W3 BEPIMHEL,
Ha koTopyn "cmorpur" w'}
If S[{w"r.d[j].first]=S[t] Then 1l:=7;
{Iyra HavzmeHa — [NEPBBI CUMBOJ cybdmkca coBIazaeT
C TEPBHM CMMBOJIOM METKM IOYyTH}
Ji=3+1;
End;
If 1=0 Then Begin
{Iyra He HalIeHa — CO3IZaeM HOBYK BEPUMHY-JIUCT,
OTLIOM KOTOPOM SABJISeTCs BepumHa w'}
w”.cnt:=w”.cnt+l;
st:=st+1l;
bl:=True; {Cyddmxc obpaborTaH}
wh.d[w”.cnt] .next:=Nil;

wh.d[w”.cnt] .num:=st;
wh.d[w”.cnt] . first:=t;
wh.d[w?.cnt] .last:=n;
End
Else Begin
{Iyra HaMmeHa — CpaBHMBAEM CUMBOJIE cybdomxca
U MEeTKM IOyITu}
Jj:=1;

While (w”.d[l].first+j<=w~.d[1l].last) And
(S[t+j]=S[w"*.d[1].first+3]) Do

Jji=3+1;
If wr.d[1l].first+j<=w".d[l].last Then
Begin
{CozmaeM HOBYI BHYTPEHHIOKL BEpUMHY}
st:=st+l;
New (V) ;
vh.cnt:=2; {Y BepumMHE IOBa CHHA}

vr.d[1l] .next:=w".d[1l] .next;
{HoBas mMeTka IOyI'u — CoOBIajawmas dyacTb cybdbmxkca
¥ CTapo¥ MeTKM OyTu}

VA.d[l].num:=w d[1l] .num;
vr.d[l].first:=w".d[1l].first+];
vr.d[l].last:=w".d[1l].last;
VA.d[Z].next.=N11,



3.1. OcHOBHEIe MOHATHS H MTOCTPOEHHe JepeBa cy(PhHuKCcoB 109

{OcraBmascsa uyacTtb cyddmkca sABJIAEeTCS METKOW IOyITH,

MOyumeM K JIMCTY C HOMepoM ofOpabaTelBaeMoro cydduxcal
v*.d[2] .num:=st;
vr.d[2].first:=t+7;
vr.d[2].last:=n;

{KoppekTupyeM OINMCaHMe BEePUMHE — OTLa}
wh.d[1l] .next:=v;
wh.d[1l].last:=w".d[1l].first+j-1;
wh.d[1l] .num:=0;
bl:=True; {Cydduxc obpaborTaH}

End
Else Begin

{IlepexomuM K CJenyolel BeplMHe IOepeBa - YacThb

cybdmkca IOJIHOCTBI COBIIaJla C METKOM IOyI'u}
t:=t+w”.d[1l].last=w".d[1l].first+1;
w:=w".d[l] .next;

End;
End; {Koneln o6paboTky HAMOEHHOMW IOyIW}
End; {Koren uwkja no obpadorke cybdbmukcal
End; {KoHen umukja no cybémxcam}
End;

BpemeHHAA CI0KHOCTL aJropuTMa O(nz) — BTO B IIPEJIIO-
JIO}KeHUU, uTO aadaBUT KOHEUeH, IIOITOMY BpeMs o6paboTKu
cuMBoJia (M1 BBIOOpA AYTU, BRIXOAAIIEH 13 BEPIITUHBI) TMeeT
IIOCTOAHHOe 3HaueHUe (sABJIgeTcAd KOHCTaHTOM). IelicTBuTe b-
HO, MBI 0OOpabaTbiBaeM 71 CY(PPUKCOB, U AJIsI 00PaOOTKY KAaXKIOTO
cyddukca TpedbyeTcs BHIIOJSHUATH KOJIMUECTBO OMepPaIUii, IPo-
TIOPIIMOHAJBbHOE €T0 JJIUHE.

A Temepb IIOCTABUM IIepe] cO00M APYryIo 3agadyy — MOYKHO
JIU CO3AAaTh JepeBO cyPPUKCOB, «IIepeBEPHYB» CXeMy IIOCTpOe-
HUS 9TOTO AepeBa (OMMCcaHUe BEPIINH JePeBa OCTABIAEM IIPEXK-
HuM)? To ecTh OymeM HAUMHATD He C IOJIHOI CTPOKY, a C ee Iep-
BOT'O CUMBOJIA 1, IIOCJIEOBATEIBHO PACIITU P JePEBO, TOJIYUUM
TOT JKe pe3yJbTaT. [[pyrumu ciioBamMu, HauHeM ¢ cuMmBoJia S[1];
3aTeM, UBMEHA AepeBo, onuiieM Bce cydhdurce: S[1..2], sarem
Bce cyhdurcet S[1..3] u 1. x., BoiIoTh 1o cydhdurcos S[1..n]S.
CxeMa TaKoOTO IIOCTPOEHUS OJA CTPOKM abaab$ mokasaHa Ha
puc. 3.3.

IIpuBenem erre OV H mpuMep. s CTPOKM
abcabdabcabdab$ mpoliecc IIOCTpoeHUA JepeBa Ccyh@PuKCOB
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a baa
a ab b aba ba
a baa
®e OO
Hlae 1 Ilaez 2 Ilaz 3 Ilaz 4

a baab

ab baab

®

Illaz 5

Puc. 3.3. IIpumep BTOPOTO cIIoco6a peans3aliny aJropuTMa
TIOCTPOoeHUA fepeBa cyOUKCOB AJIsI CTPOKU abaab$

npuBeneH Ha puc. 3.4. Ha mociaemnem 1mare mon HomepoMm 15
(ero HeT Ha puc. 3.4) mosryyaercs aepeBo cypPUKCOB, TOKa3aH-
HOe paHee Ha puc. 3.1.

é ONO) @@@ @@@

ITaz 1 IlTaz 2 IlTaz 3 IllTazu 4-5

cabdabcabdab

IllTaz 6 IlTazu 7-14

Puc. 3.4. UnnaiocTpaliumsa BTOPOTO CII0co0a IIOCTPOeHU A
nepeBa cyMPUKCOB A1 CTPOKU abcabdabcabdab$



3.1. OcHOBHEIE IIOHATHS H IIOCTPOEHHE AePeBa Cy(hPuKcos 111

B uem Ke 3axJrrouaroTcs -0COOEHHOCTU IIOCTPOEHUS AepeBa
cy@pHUKCOB 110 JaHHOM cxeme? DOpaTuMCA K IIOCJIeJHEeMY IIPU-
Mepy.

IlTaz 1. Co3maercs jiucT ¢ HoMepoM 1 m ayra, mmylnas M3
KODHS C METKOM a.

IlTaz 2. IlogcTtpoka ab — ee cy®duKchl ab u b. IlepBhlii
cydhduKc onmuchIBaeTCA IyTeM N3MeHeHUsA MeTKU a Ha ab. Bro-
poii cyhdUKC — co3qaeTCs JINCT C HOMepOM 2 1 MeTKOU IyTu b.

IlTaz 3. TlogcTpoka abc — ee cydpdukce abc, bc, c. Obpa-
0OTKa MepBBIX ABYX CYMPOUKCOB CBOAUTCA K U3MEHEHUIO METOK
oyr: ab Ha abc u b Ha bc. Tperuit cyppukc — cosgaercs JUCT C
HOMepOM 3 M MEeTKO# IyTu C.

IlTaz 4. IloacTpoka abca — ee cy@dukcs abeca, bca, ca, a.
IlepBbie Tpu cydduKca BBOAATCS B JePEBO IIyTeM NPUNNCHIBA-
Hus (Ha30BeM 3TO TaK) CUMBOJIA a K YiKe CYIIeCTBYIOIIUM MeT-
KaMm ayr. YeTBepThIiil cyh@PUKC a COCTABIISIET YaCTh METKHU AYTUA
abca, T. e. OH y’Ke IIpeJCTaBJIeH B JiepeBe.

IlTaz 5. IlogcTpoka abcab — ee cydpdpukrcel abcab, bcab,
cab, ab, b. IlepBble Tpu cyd@Purca ToKe o06padbaTbIBaAIOTC MY-
TeM IIPUIINCHIBAHUSA CUMBOJIA b K yKe CYIIeCTBYIOIIUM MeTKaM
OyT, amocjenHue ABa cypukrca yKe IIpecTaBJI€HbI B IePEBE.

IlTaz 6. IloacTpoka abcabd — ee cydhdurcel abcabd,
bcabd, cabd, abd, bd, d. [Ijsa nepBbIX Tpex cyh(PHUKCOB Aeii-
CTBUS QHAJIOTUYHBI T€M, UTO BBIMIOJHSIIOTCA Ha IIare 5, a ajad
IMOCJeJHNX TPeX CO3MaloTCs HOBble BHYTPEHHUE BEPIINHBI U
BEPIIMHBI — JIUCThs C COOTBETCTBYIOIIIMMU HOMepamu 4, 5, 6.

Illaz 7. IloacTpoka abcabda. IlepBrie 1mecTsb ee cyPHUKCOB
00pabaTeIBAIOTCA IyTEM IIPUINCHIBAHUS CUMBOJIA a K COOTBET-
CTBYIOIIIMM METKaM JIyT, a ceAbMOM cyp@PuKc IIpeacTaBIeH B Je-
pPeBe KaK YacTb METKU IyTu, UAYINEeR K Jucty ¢ Homepom 1.

IlTazu 8—-14. Auamoruunbl mary 7. IlepBwie miects cyd-
¢duKcoB 060pabaThIBAIOTCS IYTEM IIPUINCLIBAHNS CUMBOJIOB, a
ocrajbHble cy(hdUKChHl Ha Ka)KJIOM Ilare y»Ke IIpelcTaBJIeHbl B
Iepese.

IlTaz 15. IlomHasa crpoka SS$. Ilepshie mecTs cyPpUKCOB
0o0pabaThIBalOTCA IyTeM NPUNNCHIBAHUA, a OCTAJbHEIE IeBATH
CYyPPUKCOB — MyTeM CO3TaHUA HOBBIX BHYTPEHHUX BEPIINH U
BEepPIIINH — JINCTHEB C COOTBETCTBYIOIIMMHN HOMepaMu 7,
8, ..., 15.

B utore MmbI 1 mosyuaeM mepeBo cypPUKCOB, IIpeAcTaBIIeH-
HOe Ha puc. 3.1.
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HNrak, B 9TO cXeMe ABHO IPOCMAaTPUBAIOTCSA TPU THUIIA Aeii-
crBuii. HazoseM meficTBUSA IO IIPUMINCHIBAHUIO CUMBOJIA K METKE
IyTHu npasuiom 1, 1o co3gaHnIo HOBBIX BEPIIIUH AepeBa — Npa-
susom 2, a 1o o0HaAPYKeHUI0 (PaKTa mPUCYTCTBUA cyhPUKca B
IepeBe (KorJga OH €CThb B HESIBHOM Buie — 0e3 BEepIIUHBI JUC-
Ta) — npasuaom 3. B rabua. 3.2 nmpefcTaBaeHbI IOCIET0OBATEb-
HOCTU NIpUMeHeHUs Ha3sBaHHBIX IPaBUJ Ha KasKJOM IIare IIO-
cTpoeHUusA JepeBa cyP(PpUKCOB A CTPOKM abcabdabcabdab$.

Tabaumna 3.2
cﬁlﬁffﬁa 1 3|4 7 9|10(11|12(13|14|15
IIlar al/lblc|a|b|d|a|b|c|a|b|d|a|b|$§
1 2
2 1|2
3 1112
4 1113
5 1/1(1[3]|3
6 1/1(1]2|2]2
7 1(1(1]1|1]1]383
8 1l1]1]1|1]1]3]|38
9 1111 |1]1]|3|B873s
10 1|1(1]1|1]1]|3|3|3]3
11 1l1|1]1|1]1]38|3[3|3]|3
12 1|1f(1|1|1]1(3|3[3|3|3]|3
13 1|1(1|1|1]1(3|3[3[3|3|3]3
14 1|1(1{1|1]1(|3|3[3|3[3[3|3]3
15 1111 l1]1]2|2]2|2]2]|2|2]/2]2

Kaxue BBIBOABI (MM IIPEAIIONOMEHUSA OJIA OAaJbHEHIero
000CHOBAHUS) MOYKHO CHeJaTh U3 aHaJ13a 9TOTo mpumepa?

1. Ecaiu ma Kakom-am0o Iiare mpu oo0paboTKe ouepeqHOTro
cyddurca S[j..i] cpaborasmo npasuio 3, To oHO OyaeT paboTraTh u
maJsbItie (Ha aToM Irtare) mpu obpaboTke cyddurcos S[j + 1..i],
S[j + 2..i], ..., S[i..i]. 9T0 caexyer U3 CTPYKTYDPHI IepeBa cyd-
¢ukrcos. [leificTBUTEIHLHO, B lepeBe yiKe IpecTaBaeHbl cyhhUuK-
cel S[j..i — 1], S[j + 1..i — 1], ..., S[i — 1..i — 1]. Ecsau =Haiineno
mpomosKenue cydhdurca S[j..i — 1] cumBosom S[i], wau, npyru-
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MU cJIOBaMU, HaJimume B aepeBe cyddurca S[j..i], To oueBugHO,
uyTo OyAyT HaNAEHBI MPOMOIIKEHUS W OCTAJIbHBIX CY(QPUKCOB
cumBosiom S[i]. IIpaBuio 3 He TpeOyeT BHIMIOJHEHUS HUKAKUX
omepaiuii o o6paboTKe, U IIOCJe ero IMepBOro cpabaThIBaHUS
STOT IIAT IIOCTPOEHUA AepPeBa MOXKHO 3aKaHUNBATD.

EcrecTBeHHO, UTO TpM peanmsanuu aJTOPUTMa CJIEAYET
BBECTH HEKYIO JIOTUUYECKYIO IlepeMeHHYyIo (Hampumep, bl), mis
durcanuu paxkTa cpadaTbIBaHNUA IPaBUIa 3 U II0 ee 3HAUEHIIO
BBIXOJUTH U3 JaHHOU uTepanuu oo0paboTKM m1ara, T. €. Iepexo-
IUTh K CJIeAYIOIeMy 3HaueHUIo i.

2. ITycTh K MOMEHTY BBHITIOJIHEHUA IT1ara i y»Ke ObLJIO CO3JaHO0
q nuctoB. Toraa Ha 11are i mepBbie ¢ cyHPUKCOB 00pabaTLIBAIOT-
cdA 10 IpaBuUJy 1, a OHO CBOAUTCS K M3MEHEHUIo 1oJis last (ero
YBeJIMUYeHHNIO Ha eJUHUITY) ¥ ¢ COOTBETCTBYIOINX METOK AYT.

A eciiz He U3MeHATH 9T0 moJie? Ecau mpu co3maHum JIucTa
BBECTH NPU3HAK TOTO, YTO OH — JIUCT, TeM 0OOJiee UTO TaKOM
MIpU3HaK ysKe eCTh B OMMCAHUU BEPIIWHBLI — BJTO IOJIe NuUm
(BHYTpeHHUE BepIIUHBI JepeBa, BKJIOUasd KOPeHb, He MMEIOT
HOMEPOB), TO HA KaKIOM Ifare o0paboTKy cy(ppruKCOB MOIKHO
Oymer HaumHATh He ¢ mepBoro — S[1..i], —ac(q + 1)-To, T.e.c
cybdurca S[qg + 1..i]. Peanusamnua sToro moJyioskeHuss Tpedyer
yueTa IPU HOUCKe KOHITa ouepeqHOro cy(p@ukca Toro, 4YTo MeT-
Ka Oyru, UAyIlnei K JUCTy, He IPOIMCAaHA ABHO.

3. KoanuecTBo cpabaTeiBaHuii npasuia 2 pasuo n. Ero pac-
mpegejeHure 0o maraM (IIudpsl HaL OTPE3KaMi) B paccMaTpUBa-
eMOM BBIIIIe IIpuMepe o0paboTKU CTPOKU abcabdabcabdab$
IpUBEIeHO Ha puc. 3.5.

Ilaz 1 T
IIaz 2 v ]
Ilaz 3 —
Illaz 6
Iaz 15 9
Puc. 3.5. CpabarsiBanue mpaBsuia 2 Ipu IIOCTPOEHU T
nepeBa cy(h@PuKcoB

IIpaBuao 2 saxjmouaeTca B CO3JAHNM HOBOI BHYTPEHHEH
BePIINHLI ¥ BEPIIIUHBI — JIXCTA C HOMEPOM, OIIPeAe IAI0OIUM Ha-
yaJjo oopadareiBaemMoro cyd@dukrca B crpoke. Ecau HalileHO Tpe-
6yeMoe MecTo B mepeBe (KoHell cy(dduKca), To peaamsaius dTO-
r'o IIpaBuJia TpedyeT KOHCTAaHTHOTO BpeMeHH (OHO He 3aBUCHUT OT
IJIVHBI CTPOKM).
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Bpemsa noctpoenus gepeBa cyp@PUKCOB IO TaHHOMY METOIY
UMeeT OIEeHKY O(n3). HeficTBUTENBHO, 31€Ch UMEETCA ITUKJIN-
yecKad KOHCTPYKIUA 1o maram (i), The B TeJie IUKJa obpaba-
ThIBaeTCA i cyPPUKCOB, M HAa 00pPabOTKY Kaskaoro cyhdukrca j
Tpebyerca O(i — j) onepanuii. [IpaBusia 1 u 3 mo3BossioT nsbe-
ratb 00paboTKM yacTu cyPGPUKCOB, HO B I[€JIOM OHU He M3MeHs-
IOT BpeMeHHYIO OIleHKY. ,CienoBaTenbHO, HeobxoauM 3shdek-
TUBHBIH CII0CO0 omlpeeeHd OKOHUaHUS cy(hduKca B Jepese u
MeTon 0o0paboTKM Kaskmore cydbdrrca (Korza JOKaJIU30BAHO
ero MecToO B JiepeBe). B 9TOM ciayuae y JTaHHOTO aJTrOPUTMA IIOA-
BUTCS BOBMOYKHOCTD ITIEPEHUTH B Pa3PsA] IMHEHHBIX 10 BPEMEeHH.

OnvH 13 BO3MOYKHBIX CIIOCOOOB peasn3alliil BBINIEIIPUBe-
IEeHHOI CXeMBbI ITOCTPOeHUA AepeBa cyhduKcon (6e3 mpasuia 1)
IPUBOAUTCA HUKe (mporeaypa TreeSuf2). OHa MaKcUMaJIbHO
mpubanKeHa K IPeIbIAyINeil BepCUM IMOCTPOEHUA AepeBa cyd-
durcos. Haubosiee TPyAHBIIT MOMEHT — BBIABJIEHUE IPaBUI
mpu aHaause cyddurca, mosToMy BHaUYaJle IPUBEAEM €ro CJIO-
BECHOE OIIMCAHIE:

If <cydodmrxc BaxoxHumics> Then <mpaswmio 3>
Else If <meTxa gyru He 3axkoHumnach> Then <mpaBmio 2>
Else If <smcr> Then <mpaswmio 1>
Else <nepeanmpecalms O HOEPEBY>;

Procedure TreeSuf?2;
Var w,v: PList;
i,j,1,t,k:Integer;
bl,bll:Boolean;
Begin
S:=S+'S$"';
n:=Length (S) ;
st:=1;
New (tree); {Co3maeM nepByl BEPUMHY }
tree®.cnt:=1;
tree”.d[1].first:=1;
tree”.d[1l].last:=1;
tree”.d[1l] .next:=Nil;
tree”.d[1l] .num:=st;
For i:=2 To n Do Begin
{ObpabareBaeM cTpoku S[I1..1i] — MBMeHAEeM IepPeBO
cybbmukcon}
k:=1;
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{Ilpn peanmzauuy npaeBuia 1 3HaAYEeHMEe K HaUMHAET
MBMEHATHCS HE C E€IOMHMLE}
bl:=False;
{Ilpy3Hak TOTrO, UTO cJemyoume CyOOMKCE nJg OOJIbIINMX
3HaueHuUM k obpabaTeiBaTh He cJjenyeT (npasujo 3) }
While (k<=i) And (Not bl) Do Begin
{ObpabaTrBaem cybdbmuxc S[k..i]}

w:=tree;
t:=k;
bll:=False;

{Ilpu3Hak obpaborku cyddbuxcal
While Not bll Do Begin
Jj:=1;
1:=0;
{llovck myru, HauMHaLmEMNcs Cc cuMmpoja S[t]}
While (1=0) And (j<=w”".cnt) Do Begin
If S[{w".d[j].first]=S[t] Then 1l:=73;
Ji=j+1;
End;
If 1=0 Then Begin
{Oyra He HalneHa - GopMMPYyEeM HOBYK BEpPUMHY—CHHAa
y w” (npaswmio 2)}
bll:=True; {Cydbduxc obpaborTan}
w”.cnt:=w".cnt+1;

st:=st+l;
wh.d[w”.cnt] .next:=Nil;
wh.d[w?.cnt] .num:=st;
wh.d[w”.cnt].first:=t;
wh.d[w”.cnt].last:=1i;
End
Else Begin
J:=0;

{Iyra HaumeHa. CpaBHMBAeM CUMBOJIH Ccyddbuxca
U METKM OyTu}
While (w”.d[l].first+j<=w".d[1l].last)
And ((t+j)<=1i) And (S[t+]j]=
S[wA.d[1l].first+3])
Do, ji=J+1;
If t+j=i+1 Then Begin
{CpaBHeHMEe 3aBepUMIIOCH I[IOJIHEIM MCUepllaHUeM
cybdmxca (mpaswmiio 3). Cybdmxc obpaboTal;
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Bojiee TOTO, OOpaboTka cienynumx cybdmxcos
OIS OAaHHOTO BHAUeHUS 1 JMeHa CMBCJIa —
OHM yXe TIpenCTaBJIEHEl B IepeBe CybOMKCOB}
bl:=True;
bll:=True;
End {3}
Else If w*.d[l].first+j<=w".d[1l].last
Then Begin
{Ecu MeTka OyTM He 3aKOHUMJIACH, TO HAaIO
Cco3IOaTh HOBYI BHYTPEHHIOI BepUMHY (NpaBuio 2)}

st:=st+l;
New (V) ;
vh.cnt:=2;
vhr.d[1l] .next:=w".d[1l] .next;
vr.d[1l] .num:=w".d[1l] .num;
vr.d[1l].first:=w".d[1l].first+7;
vh.d[1l].last:=w".d[1l].last;
vhr.d[2] .next:=Nil;
v*.d[2] .num:=st;
vhr.d[2].first:=t+];
vhr.d[2].last:=1;
wh.d[1l] .next:=v;
wh.d[1l].last:=w".d[1l].first+j-1;
wh.d[1l] .num:=0;
bll:=True;
End
Else If w*.d[l].num<>0 Then Begin
{MeTxa nOyru 3aKOHUYMIIACh, a Ccydbuxc - HeT. 3Hauur,
MBl MMEeM JeJI0 C BEepUMHOM — JIMCTOM. B »TOoM ciydae

nobaBJygeTCcs CMMBOJ K MeTKe nyI'um (mpasmuio 1)}
wh.d[1l].last:=w".d[1l].last+1;

bll:=True;
End
Else Begin

{He nmcT - nepeanpecalusa IO HOepeBYy}
t:=t+wn.d[1l].last-w".d[1l].first+1;
w:=w".d[1l].next;

End;
End;
End;
k:=k+1;
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End;
End;

End;

T\ YnpaxreHus

1.

ITocTpoiiTe mepBBIM cIOCOOOM AepeBbs CYPPUKCOB IJIs
CTPOK:

abcdefghijklmnopg;
aaaaaaaaaaaaaaaab;

abaababa;

abaababaabaab;
abaababaabaababaababa;j
abbabaab;

abbabaabbaababba;
abcabacabcbacbcacb;
abcabacabcbacbcacbabcabacabcb.

PaspaboraiiTe mporpamMmy moctpoeHus aepeBa cyhGHOUKCOB
HePBBIM CIIOCOOOM.

ITpumeuanue. Bo3MOKHBIN BUJ BCIOMOTaTeJIbHOU IIPO-
Ieayphl BHIBOJA 9JIEMEHTOB JepPeBa MOJKET OBITH CJIEAYIO-
UM :

Procedure Print (pt:Plist;k:Integer);
Var i,tl,t2:Integer;
Begin
If pt<>Nil Then
For i:=1 To pt”.cnt Do Begin
tl:=pt”~.d[i].fidrst;
t2:=pt~.d[i].last;
Writeln (Copy (SHEL, t2-tl+1) : k) ;
Print (pt”.d[1i] .next,k+10);
End;
End;

ITocTpoiiTe BTOPHIM CHOCOOOM HOepeBbs CYPHUKCOB s
CTPOK, IPUBEJEHHBIX B IE€PBOM yIPAKHEHUMU.

PaspaboratiTe mporpamMmy IIOCTPOoeHUA aepeBa cyhPOUKCOB
BTOPBIM CIIOCOOOM.

ITpousBeguTe MogMMpUKATINIO TPOTPAMMBI IOCTPOEHU S Jlepe-
Ba BTOPBIM CIIOCOOOM TaK, UTOOBI YUUTHIBAJIOCH ITPABUJIO 1.
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ITpumeuanue. Ilpu 3TOM BO3MOKHEI JBa CIOCO0a peayimsa-
WU 3TOTO HPaBUJIA.

1. Eciu nyra umer K BepIliuHe-JUCTY, TO CPaBHEHUE B ITUKJIe
no maraMm (i) ocyIiecTBIISgeTCA O CUMBOJIA C HOMEPOM i.
2. K BepummHaM-JIUCThAM HOOABJISIETCA METKa «oo». HKeam
BEPIIUHA-JIUCT j TPUXOAUTCS CHIHOM HEKOell BEepIIUHBI U,
OyTh 10 KOTOPOU nmeeT MeTKY S[j..k], TO fyra oT BepIInHbI
v o JucTa j moMedaercs Kak (2 + 1, ©), 4To yKasbIBaeT Ha
cydbdpukrc S[h + 1..n].

3.2. Anroputm 3. YKKOHEHa

Ha BbICOKyI0 O0AalllHIO MOKHO
MOAHATHCS JIUIIL IO BUHTOBOI
JIECTHHUIIE.

Dpsncuc Baxkon

AsropurMm cosgmanwms mepeBa cyGMOUKCOB, IIPEII0KEeHHbBINA
9. YKKOHEHOM, OCHOBaH Ha BTOPOM IIPOCTOM cHIocobe ero mo-
crpoenus (cM. 1. 3.1). Ha nepsom mare crpourcsa gepeBo Ty us
KOPHSA U OZHOU AYTHY, BRIXOAAIIEH 13 HEro B JIUCT C HOMepoM 1,
¢ MeTKo# xyru — cuMBoJsioM S[1]. Ha Bropowm miare 7T'; npeo6pa-
3yerca B Ty, coflepiraliiee onucaHue Bcex cypdpurcos moacTpo-
ku S[1..2]. Ha Ttpersem 1mare us Ty MBI osryuaem T's 115 IIOJ-
crpoku S[1..3]u T. 1. — mononyuenus gepesa T, | I CTPOKH
S[1..n]$. Ilpu sTom npu nepexoze ot nepeBa 1, ; k¥ T; (Tme i —
HOMeED IlIara) UCHOJIb3YIOT¢A HpaBuiaa 1, 2 u 3, KoTopbie TPedy-
IOT KOHCTAHTHOro BpemeHu. IlosToMy, UTOOBI ¥ Hac Oblja Ha-
IeKaa Ha ToJydyeHue JUHEHHOTO IO BPpeMEeHU aJropuTMa IMo-
CTpOeHUs JepeBa cyPOUKCOB, HaM HeOOXOAMMO 3a MOCTOSHHOE
BpeMsA MCKAaTh KOHIIBI IOACTPOK (cydh(PUKCOB) B AepeBe.

Ilycth u — HeKoTOpasda BepmInHa gepeBa cyPdurcos. Merka
OyTH 0 U OT KOPHA WJIW KaKOTo-JIu0O0 IIpesKa U HOJydaeTCs
CKJIETKOU METOK IYT.

Onpenenum cyp@urcryio c6:3b s (3T0 QYHKIUA; IIPU €€ pe-
aJIU3aIluU B OIMIUCAHUHY KaK IO BEePIITUHbBI IOABJIAETCS IT0JIE AJIs
XpaHeHud aJpeca IPYyTroi BepIINHEI lepeBa) AJis JJI000¥ BepIu-
HBI U JepeBa CJIeAYIONIIM 00pasoM:

e I KOpPHA mepeBa s(u) = u;

e 15 JII000I1 BEPIIIUHBI AepeBa U ¢ MeTKOI IIyTHU OT KOPHSI
xt, Toe X — IEePBbIIl CHMBOJ METKH, a  — ee ocTaBUIAsACA
YacTh, CYIIECTBYET BEePIIINHA U C METKOM IIyTHU, PaBHOM ¢,
To s(u) = v.
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MNpumep
Hana cTpoka, mpeacTaBjaeHHas B Ta0ia. 3.3.

Tabauma 3.3

Homep | 415131 4(5/6|7/8|9|10[11]|12]13|14]|15]16

HMO3UINH
S blalc|b|la|bla|blala|b|c|b|a|b]|s

IlocTpoum s Hee mepeBoO ¢ cyPPUKCHBIMU CBA3AMU. Ilep-
BbIE D II1aTrOB IPUBOLAT K AePEBY, MOKA3AHHOMY B JIEBOM UacTu
puc. 3.6. IToka 3gech muMeeTcs TOJIBKO ofHA cyhdUKCcHAA CBA3b
U3 KOpHA B Kopeub. (CydhduKcHbIle CBA3U OT JUCThEB 1300pa-
JKaThb He 0yAeM, UYTOObI He IePerpys3uTh PUCYHOK — OHU OUEeBUJ-
HBI ¥ UAYT OT OJHOTO JHCTa K APYTOMY: OT II€PBOTO JIUCTA KO
BTOPOMY, OT BTOPOTO K TpPeTheMy U T. [I.)

Paccmorpum mar 6. B mem o6pabGaThIiBaeTCs IIOACTPOKA
bacbab. Ilepsrie Tpu cydPuKca momagaioT oL npasuio 1, T. e.
dakTuuecku He obpabareiBatoTcs. Ocranuchk cyhdurcsl bab,
ab, b. Hauunaem ¢ cydpdpurca bab.

Puc. 3.6. Illar 6 mocTpoeHus AepeBa cyphuKrcos

CosgaeTcsd BHYTPEHHAS BePINUHA U, U3 KOTOPOH MCXOMUT
Oyra B JINCT ¢ MeTKoii 4. ITpu o6paboTke ciaenyroiero cydpdurca
ab (MMeHHO Ha 9TOM Iare!) BHOBb CO3aeTcsA BHYTPEHHSS Bep-
IMIMHA U U OKasbIBaeTcs, uTo s(u) = v. Ilocaemuuit cypdurc b
obpabaTwsiBaeTcsa IO TpaBuily 3, a cydhdurcHas cBA3b (Takue
CBA3Y HA PUMCYHKaxX M300pasKarloTcd NYHKTUPHBLIMU JUHUSMU)
U3 U UJeT B KOpPeHb JepeBa.

IToka HaMm erte He OUEeHHb MOHATHO, YTO AAIOT cy(hPUKCHBIE
CBSI3U, HO OTJIOXKHM 9TO MUHU-OTKPBITHE 10 PACCMOTPEHIS CJIe-
IYIOIIUX IIaros.
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ITaru 7, 8, 9 He KAIOT HOBBIX JUCTLEB, T. €. He IPUBOIAT K
cpabaTbpiBaHUIO TpaBuia 2. Ha KaKaoMm 1miare 3ech TPOBEPSAIOT-
ca cyhduKchl, HauMHAaOIMeca ¢ Imectoir mosunuu (ba, bab,
baba), cpabaTbiBaeT MPaBUJIO 3 U AeHCTBUA AJISI JaHHOTO IIara
3aKaHYMBaAIOTCH.

IITar 10. O6paboTke, moane:xkar cydp@uKcsl babaa, abaa,
baa, aa, a, 1 Mbl HQUUHAEM IIIar UMEHHO C IIIecTOoro cypdukca.
ITocnemoBaTeIbHOCTh U3MEHEHUN JepeBa IIPHU IIepexoje OT 00-
paboTku ogHOro cyd@uirca K o0padoTKe APYroro npuBeaeHa Ha
puc. 3.7.

Puc. 3.7. lllar 10 mocTpoenus nepesa cyhdpurcon

OcranoBuMcs Ha 00paboTke cyddukca abaa. Tpedyercs Hati-
T KoHell cy(ddurca aba B gepese. IIpu 06paboTKe IpeabIAyIIero
cyddurca ObLIa co3maHa BHYTPEHHssS BepinuHa. IlogHmMemcs
OT Hee BBepPX II0 JIePEBY K ee OTIly. ITa BepIIIruHA-0Tell mMeeT cy(h-
dukcHYIO cBsa3b. [lepeiimem mo Heii (BOT OH, MOMEHT «dBpHUKa»!),
a He OyZleM HauMHATL C KOPHS lepeBa, KaK B ITPOCTOM aJITOPUTME.
YHacts cydhdukca aba npoiigeHa, U 3aBeJOMO U3BECTHO, UTO €CTh
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ocrasiascsa yactb. OcTasocsh BHIOPATE AYTY, UAYIIYIO U3 BEPIITH-
HBI, B KOTOPYIO MBI lepentin no cyhPuKcHOH cBa3u. OcraBimnasi-
cs yacTh cyQpPuKca MOKeT ObITh «HcUueplaHa» MeTKOM HaliieH-
HO¥ nyru (KakK B JAHHOM CJIydae), a-MOYKeT OBbITh U «He mcuepia-
Ha». B mepBoM ciyuae cpabaThIBaeT MPaBUJIO 2, a BO BTOPOM —
BBIIIOJIHAETCA IEPEeXoJ BHUB IO JEPEBY A0 TeX IOP, IIOoKa cyd-
durc He OyzeT oOpaboTaH IIOJHOCTBHIO. B joboM ciyuae cos-
JaroTcsA HOBas BHYTPEHHSS BepINWHA W JINUCT, U K 9TON HOBOM
BHYTPEHHEH BepIllnHe HoiaeT cyPPruKcHaA CBA3b OT BEPIIHUHEI,
obOpasoBaHHOM mpu 00paboTke mpeabigyimero cyddurca. Ilpm
aHanuse cyPpGUKCOB baa U aa HOBBIX BHYTPEHHUX BEPIIUH He
cozgaeTcsa (TOJIBKO BEPIIIUHBI-JINCTHI), HO CYQPOUKCHBIE CBA3U
TOKe OTIPeIeIAI0TCA. B nTore Karkaas BHyTPEeHHASA BePITUHA Je-
peBa mmeeT CyQPPUKCHYIO CBA3bD.

IIlar 11 He u3MeHsAET CTPYKTYPHI lepeBa — HOBBIX BEPIITUH
u cyPPUKCHBIX CBA3EH B HEM HE IMOABJIAETCS.

Puc. 3.8. IIlar 12 nmocTpoenus nepeBa cyhpurcoB

B pesyabTaTe BuIMOSHEHU A I1ara 12 MBI mojJyuaeM IepeBo,
nokasamHoe Ha puc. 3.8. Tpebyerca obpadoraTh CydpUKCHI
adc, bc u c. O6paboTKa IMepPBLIX ABYX M3 HUX BBIMOJHAETCA II0
MIPaBUJIy 2 U IPUBOAUT K MOABJIEHNIO HOBBIX BEPIIIMH C COOTBE-
TCTBYIOIUMHU CYPOUKCHBIMU CBA3IMU.

Ilpumevanue. Ha HeKOTOPBIX Ayrax Ha puc. 3.8 MeTKU He
OPUBOLATCSA. ATO OeJjiaeTcs, UTOOLI He 3arpyKaTb PUCYHOK
JUNTHAMU JIeTajlaMU, TeM Oojiee YTO (paKTUUYECKM HaAM HaIO0
XPaHUTh HEe CAMU METKH, a HOMepa UX IIePBOTO U IIOCJIeTHEro
CHMBOJIOB.
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ITaru 13, 14, 15 He TPUBOAAT K UBMEHEHUIO CTPYKTYPHI JIe-
peBa.

B pesyibrare pa6oTrsl mara 16 — o6paboTKu cy(hPUKCOB
cbab$, bab$, ab$, b$ 1 $ — MBI HOJIy4aeM gepeBO, IIOKa3aHHOe
Ha puc. 3.9.

Puc. 3.9. Illar 16 mocTpoenus gepesa cyppuKcon

Wrak, n1006ass BHYTPeHHASA BepIINHA, co3aBaeMas B IIPO-
Imecce IIOCTPOEHUS AepeBa cypPUKCcoB, OymeT mMeTsb cyphurc-
HYIO CBsI3b. IIyCcTh MBI cO3Mau BepIINHY U (IpaBujo 2) Ipu 0o-
pabotke cyddurca S[j — 1..i], u meTKa nyTu (CKJIEeHKa METOK
IYT) OT KOPHA K U eCTh X1, TJle X — IIePBbIM CUMBOJI. OTO O3Ha4a-
eT, uTo cymiecTByoIuil nyts S[j — 1.. i — 1] mpogoskaaca B
nmepese He cuMBoJioM S[i] (Torma cpabdoTaso 661 mpaBuio 3). B ne-
peBe cyIllecTByeT IIYyTh C METKOIi ¢ ¥ OH COOTBETCTBYET IIOACTPO-
Ke S[j..i — 1]. 9ToT IyTh 3aKaHYMBAETCA UJIU HA Iyre, UJIU BO
BHYTpeHHeH BepiuHe . B mepBom ciydae 6yAyT CO3AAHBI BHYT-
PeHHAA BePIINHA U, BEPIINHA-JUCT C HOMEPOM j 1 METKO! AyTU
S[i], a Tak:ke ycraHoBgeHA cyhduKcHaA cBaA3b s(u) = v. Bo BTO-
poM :Ke ciiyduae co3aeTcs TOJBKO BEPIIUHA-JIUCT (HO 5TO TOXKe
npaBuo 2!), a cypdurcuasa cBsasb uMmeeT Buf s(u) = t.

Cyddukrcuble cBsa3u o0jerdyamT (ABJAACH UAEHHONM OCHO-
BOI1) HAXOJKJeHNe OKOHUYAHUU cleayomux cypdruKcoB, HO He
OUEeBHUAHO, UTO WX KCIIOJIb30BaHNUE JaeT aJrOPUTM C JUHEeNHOM
BpPeMeHHOH olleHKoIi. [leslo B TOM, UTO IIOCJE IIepexoa I1o cyd-
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(PUKCHOI CBSABHU OCTAETCA IIOCIMBOJbLHOE CPaBHEHME YaACTH CY(h-
¢dukca (OkOHUaHUSA) ¢ MEeTKOUM ayru (uam ayr). Y moka MbI He
HalgeM ciocoba YHTH OT 9TOr'0 MeTOJAa aHajln3a OKOHUYAHMUI
cyddukrca, curyanus He usMmeHuTcs. C 9Toii 11eJIbI0 UCIOIb3Yy-
erca npuem, KoTopblii Mocud BaagmmupoBuy PoMaHOBCKUHA B
nepeBoge kKuuru . 'achuaga™’ HazBasl «CKAUYKOM IO CUETYU-
Ky». Ero cmbIcs 3akJjirouaeTcd B IIepexojie OT CPaBHEHUA CUMBO-
JIOB K CPaBHEHWUIO JJIUHBI METOK YT U OCTaBIIeiicsa yacTu cyd-
duKca, YTO IMO3BOJIAET OCYIIECTBJIATH IepexXoabl (CKauKoM, 6e3
aHaJIN3a CUMBOJIOB) OT BEPIIINHBI-OTIIA JlepeBa K BePIIIUHE-ChIHY
JIo TeX TIOpP, MOKa He OyaeT mcuepiian cyGPukKc.

ITosicHuM cyTh omepamnmuu «CKayoK IO CUETUUKY» C IIO-
MoOIIbIo TpuMepa (puc. 3.10).

Mertka nyru g, Metka noyru h,
cocmﬂmaﬂ,‘\\ _cocrodiad,
Hanpumep, u3 - /7 Hampumep,

10 cumBOJIOB u3 6 CUMBOJIOB

Mertka ayru k&,
cocTodAmad, -~

\ HAIIpUMeD,

\ u3 7 CUMBOJIOB

~

Oxonuanue cydpduxca S[j..i — 1];

__OpeJToaraeM, 4To o0paboTKa

" S[i] mpuBesa K CO3LAHUIO
BHYTPEHHEH BePIINHBL

OxoHuaHue cyd)d)ﬁxca Sj—-1.i-1]; Vv
mpejIioaraeM, 4To oopaborka
S[i] npuBeJia K CO3TaHUIO
BHYTPEHHEHN BepPIIUHBL

Puc. 3.10. ITpumep, TOACHAIONINH CYyTh OTIepaIlL
«CKaYOK II0 CUETUUKY »

IIycts ipu 06paboTke cyddukrca S[j — 1..i] HalimeHO OKOH-
yaHwue noacTpoku S[j — 1..i — 1] u B peadyabTaTe cpabaTbIBaHUA
mpaBuJa 2 co3JaHa BHYTPEHHsA BepinuHa u. MeTKa yTH K u
ecThb xtg (aT0 u ecthb cyhPuresS[j — 1..i — 1]). Uro MBI Tenmepsb
memaeMm? MbI mogHUMAaeMCcs BBEPX 110 IEPEBY OT BEPIITHUHEI U K €€
BepPIINHE-OTILY 1 IePeXoauM I10 cy(hGUKCHOI CBA3U K BEPIITNHE 2.
ITo oOBIUHOM JIOTHKE IIOCcJie BBIOOPA AYTH ITPOUCXOIUT IIOCUM-
BOJIBHOE CPaBHEHNE CHMBOJIOB METKHU A C OCTaBIIIEHCA YacThIO
cybdurca S[j..i — 1], — nyctb 510 6y et yacTs S[q..i — 1] (uep-

2 Tacgund []. CTpoKU, fepeBbs U MOCJEJ0BATEILHOCTY B aaropurmMax. udopma-
TUKa U BeIuucauTeabHad 6uonorusa. — CII6.: Hesckuit Juanext; BXB-Iletep-
6ypr, 2003.C. 134.
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BbI€ CUMBOJIBI, COOTBETCTBYIOIIME METKEe AYTH {, NUCKJIIOUEHbI U3
obpaborku). To ects S[q] cpaBHUBaeTca c¢ h[l]; S[qg + 1] —
ch[2]uT. n. IIpu «CKauKe II0 CYETUNKY» CPABHUBAIOTCS AJIMHBI
S[q..i — 1]u h. B gannom npumepe gausa S[q..i — 1] 6oablne, u
MBI IIepexonuM (JejlaeM CKadoK!) K BepIIUHe-ChIHY 2. B aroi
BepIIMHE BBIMOJHSAIOTCA AHAJOTMUHbIe MeNCTBUSA, HO YyiKe C
ocrasieiica yacTbio cyhdurca S[qg #+ 6..i — 1]. OxaspiBaeTcs,
YTO AJAWHA MeTKH k Gosbiie nauHbl Sfg + 6..i — 1] — cyhdukrc
S[j..i — 1] He oxamuuBaeTcA B BepIImHe AepeBa. lIpeamoJo-
KUM, UTO cuMBoJa S[i] HeT majiee B MeTKe Ayru (mpaBuJo 3),
TOTZa CO3JaeTcAd HOBAas BHYTPEHHAS BEPIIMHA U U BepIINHA-
JIUCT C HOMEPOM j, & MeKAy BepIINHAMU U U U YCTaHaBJIUBAETCS
cy@ppukcHasa CBA3b.

B pesyabTaTe BpeMs moucKa oKoHuaHus cydhuKca B gepe-
Be CTAHOBUTCSA IIPOIIOPIIUOHAILHBIM He KOJIMYEeCTBY CUMBOJIOB B
cyddukrce, He gauHe 3TOT0 cyPduKca, a KOJIUUECTBY IPOHIeH-
HBIX BEPIIUH IePEeBa, UTO U ABJSIETCS YCIOBUEM MOJYUEeHUT JIU-
HEWHOTro 10 BpeMeHHU aJrOPUTMA.

BBenem monsATHME 8epULUHHOUL 2Yy0UHbL 3aJaHHOU BEPIIIU-
HbI, 0003HAaYaIoIee KOJNUEeCTBO BEPIIIUH Ha ITYTH 0 Hee OT KOp-
HS, ¥ cAejiaeM IIOIMBITKY He)OpMaJbHOTO 0O0CHOBaHUA JIMHET-
HOT'0 BpeMeHH! paboThI ajropurma d. Y KKoHeHa. [ sToro He-
00X0OMMO OIIEHUTEL 00Ilee KOJINYEeCcTBO 00paboToK cydhduKCcoB
CTPOKM U BpeMs 00padboTku cyPopurca. IIpasuaa 1 u 3 uck.ro-
4aT 060paboTky yactu cydpdurcoB. Camo nmpasmiio 2 TaKKe BbI-
MMOJTHAETCA 3a IMOCTOSAHHOE BpeMs IIPUW YCJIOBUU, UTO HaMIEHO
OKOHUYaHUe cy(PpduKca, IOUCK KOTOPOTO obecleuymBaeTca Cyd-
(PUKCHBIMU CBA3AMU U «CKAYKaMU IO CUETUNKY». HamoMHUM,
YTO Ha KasKJIoM Inare oopadorka cyddurcor noactporu S[1..i]
HauYMHaeTCs He ¢ IepBOTo, a ¢ HeKoToporo cyddurca g S[q..i],
rae ¢ — HOMep MocJeqHero cpabaTsiBaHus npaBua 2 (aucra).
BepmrHa-sincr co3maerca B 00s13aTeIbHOM TOPAAKE, a BHYT-
PeHHsA BepIIuHA — B 3aBUCUMOCTH OT TOTO, 3aKAHUYUBAETCS
cyduKe Ha 1yre UM B paHee CO3MaHHON BHYTPEeHHEN BepIITU-
He. 3HaAUeHNe ( He yObIBAaeT IIpU padboTe ajJropuTMa 1 He nu3Me-
HseTCs IPHU IIepexojie OT Imara K Iary.

ITpumep nusmenenus q npuseseH Ha puc. 3.11. Kaxnaa au-
HUS 37ech 0003HaUaeT Iar aJropuTMa, a Yucjao — 3HaYeHue ¢,
T. e. oOpabaTeIBaeMbIll Ha JaHHOM mI1are cyddurc S[q..i]. Oue-
BU/IHO, UTO KOJIMUYECTBO 00pPabOTOK CcyP(PHKCOB HEe MOXKET IIpe-
BOCXOJUTH 3HAUEHUA 2 * 1.
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6 7 8 9 10 11 12

13 14 15 16 17 18
19 20

Puc. 3.11. IIpumep nsMeHeHU I 3BHAUEHU A IIEPEMEHHOM ¢

Ocrajoch OIEHUTH KOJIMYECTBO cpadaThIBAHUU Oleparnuu
«CKAYOK II0 CUETUUKY» B I[€JIOM IIPW MCIIOJHEHUU aJITOPUTMA.
ITocmoTpuM, KaK M3MEHsETCA IIPU ATOM 3HaUeHNE BEePIMIUHHON
rayounbl. Kaykaeiii miar aJaropuTMa HauMHAeTCs ¢ 00paboTKu
cybdurca g (3To — mocaenHmit o6paboTaHHBIN cyhdUKC Ha
IpeabIAYIIEM IIare), T. €. BEPIIUHHAA I'TyOHA He U3MEHAETCS
IIpU Iepexojie OT Iara K mary. [Ipu moucke okoHUaHUA cyd-
¢duKca BepHIMHHAA IIyOMHA BHadaJie YMEHBIIIAeT CBOe 3Haue-
HUe He 0oJiee ueM Ha 2 (BBepX IO AepPeBYy Ha OIHY IYTy ILJIIOC IIe-
pexon mo cyGPUKCHOII CBA3M), a 3aTeM yBeJIUUnBaeTcs Ha 1 mpu
Ka)KJIOM «CKauke». MakcuMaJabHOe 3HAUEHVE BePITMHHOU TJIy-
OuHBI — 1, a KOJIMYECTBO cpabaThIiBaHUl IpaBuja 2 He IPeBOC-
XOAUT 2 * n; OTCIOJA CJIELYET, YTO KOJIMYECTBO «CKAUYKOB IIO
CUETUYUKY», BHIIOJHEHHBIX Ha BCEX IIarax ajJirOPUTMa, MMeeT
mopanok O(n).

JIpyrumu cjJioBaMu, MUKJ 1Mo npedurcam (i) Heusbe:xeHn. Ho
IIJIs BCeX 3HAUYEeHUH i KOJIMYeCcTBO cpabaThbIBaHUi TpaBuja 2 Jiu-
HelHOo, 100 mepeKpPhITHe MEeXKAY nmaraMu i u i + 1 BOBMOMKHO He
6oJtee ueM o ogHOMY cyPuKcy. V3 Bcero mHoskecTBa cyhhuk-
coB (Bcex mpedUKCOB TeKCTa — MOPSAI0OK O(n2)) TOJBKO IJIs
qyacTu CyPPUKCOB TPedyeTcsa KOHCTAHTHOE BPeMSA IPU UX BKJIIO-
YeHUU B JePeBO, U 3TA YaCTh He IPEBOCXOAUT 3HAUEeHUA 2 * N.
Hamee, mpu cpabaTblBaHWM NOpaBuja 2 HeEOOXOAUMO HaNTU
okoHuaHUe cypPuKca. 3HaAsI MECTO B lepeBe OKOHUYAHUA IIPeabl-
Oyinero cpabaTeIBaHUS IpaBuia 2, CJIeAyeT UATH BBepPX IO Je-
PeBy Ha OOHY BepIINHY, 3aTeM HorcydduKcHON cBA3u (a oHA
y2Ke eCTh B JIepeBe) U BHUB IIO ePEBY C IIOMOIIBIO «CKaUKa 10
CUeTYnKy». B nTOore OKa3wIBaeTcd, UTO CYMMapHOE KOJMUYECTBO
(Tpm BcexX 3HAUEHUAX i) TAKUX «IIPBIKKOB» II0 IEPEBY JIMHENHO.
B urore ob1as ormenka BpeMenu ectb O(n).

Oco0GeHHOCTH peaju3aliy OINCLEIBAEMOT'O aJiTOPUTMAa BBI-
HeceM B ympakHeHus. IIpuBememM 3aeCh TOJBKO BO3MOIYKHOE
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OIlMCaHVe JaHHBIX — MUHUMAaJBbHOE, HO JOCTATOYHOeE AJId Halll-
CaHUsA IIPOrPaMMHOTO KOJa.
Type
PList="node;
node=Record
cnt:Integer;
{KonmmuyecTBO CHHOBEM y BEPWWHBE IepeBa}
parent:PList;
{YxazaTesnb Ha OTLa BEpPMHEH}
sufn:PList;
{CydbdukcHas cBa3b}
num: Integer;
{MeTkxa sucrTa. [jisa BHYyTPEeHHEM BEPUMHH,
BKJIOUASA KOpPEeHb, OHa uMeeT 3HaueHue 0}
d:Array[|A|] Of Record
first, last:Integer;
{HomMepa mepBOIO M INOCJIEOIHET'O CHMBOJIOB

IIOOCTPOKM — METKM OyTIu}
next:PList;
{YxazaTesnb Ha BepuMHY — CHHAa}
End;
End;

TN YnpaxHeHus

1. Hcmonabsayd ajaropuTmM 9. YKKOHeHAa, IIOCTPOITEe AepeBbsd
cyPPpukrcoB ¢ cypPUKCHBIMU CBA3AMU IJIA CTPOK:

abcdefghijklmnopg;

aaaaaaaaaaaaaaaab;

abaababa;

abaababaabaab;

abaababaabaababaababaj;

abbabaab;

abbabaabbaababba;

abcabacabcbacbcacb;

abcabacabcbacbcacbabcabacabcb.

2. IIpuBeguTe MpUMep CTPOKH, AJISA KOTOPOI Ha KaKIOM IITare
IpU IIOCTPOEHUN JepeBa cy(pGUKCOB mpaBuJio 2 cpabaThiBa-
eT OLWH pas.
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3. InscTpoku S 1 ee «IIepeBepTHIMIa» S’ MOCTPOHTE JepeBbs
cy®@purcoB ¢ cyPPUKCHBIMU CBA3AMU. ¥YCTAHOBUTE, CY-
IIEeCTBYeT JIM B3aNMOCBA3b MEXKIY dTUMU AePEeBbIMU.

4. PaspaboraiiTe NOpPOrPaMMHYIO peaH3aIl[ui0 aJTOPUTMAa
9. YKKOHeHaA.

3.3. AnroputmE. Mak-Kpeura

...pPYKOBOJIUTH XOJ0M CBOUX MBICJIEH, Ha-
YMHAA C IPEJMETOB IIPOCTEHIIINX U JIETKO
IO3HABAEMBIX, U BOCXOJUTH MAaJo-
moMajy, Kak II0 CTYIIeHAM, [0 IT03HaHUS
HanboJiee CJA0MKHBIX...

Pene Jlexkapm.
Paccymxncdernue o memode

B anropurme 9. YKKOHeHa B KaueCTBE OCHOBEI HCIIOJIb3yeT-
cA BTOPOM IIPOCTOH cmoco0 IIocTpoeHMSA AepeBa cyHOUKCOB
(cMm. mm. 3.1). A MOKHO v B3ATH 32 OCHOBY IIEPBBIN ITPOCTOI CITO-
cob co3maHusA OepeBa U M3MEHUTH er0 TaK, UYTOOBI IMOJIYyUMJICS
aJITOPUTM C JIMHEHHOM BpeMeHHOH omeHKoil paborsi? Ha aTor
BOIIPOC OTBeYaeT pe3yJbTarT, mojayueHHbIl E. Mak-Kpeiirom.

BBengem psig HOBBIX HOHATHIMA.

Ha puc. 3.12 npuBenen nmpumep aepeBa cyddurcoB (6e3
cyhPUKCHBIX CBs3eii) AJIs CTPOKU abaababs$.

Puc. 3.12. JlepeBo cyhdpurcos (6e3 cydPUKCHBIX CBA3€EI)
IJI CTPOKU abaababs$

ITonaTue HauboavuLezo obuLezo npejpurca [ByX cyhdurcoB
S[i..n]u S[j..n] oueBUIHO — 5TO HAMOOJBITIAA IOJCTPOKA W, AB-
JAoINasacsa npeduKcoM 1 TOro, u apyroro cydhpurcos. Tak, giad
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cyddurcos S[2..8] u S[5..8] na puc. 3.12 HanboabIITUI 00T
npedUKC eCcTb CTPOKA ba, a nid cydpdurcon S[2..8] u S[3..8] —
¢ (mycras crpoka). HeTpygHo 3aMeTUTh, YTO HAMOOJIBIINI 00-
miuii npeuKc coBIagaeT ¢ METKOM MyTH B AepeBe A0 BEPIINHEI,
SABJIAIONIEHCA HANMEHBIITUM 00IITIM ITPEeJKOM BEPIIMUH-JINCTLER,
COOTBETCTBYIOIINX paccMaTpuBaeMbIM cyddurkcam. IToT haxT,
ecJM TaK MOYKHO BBIPA3WThCs, 3aJI0’KEH B CTPYKType AepeBa
cy@PPukrcos.

Paszobrem Kaxkawiit cypdurc S[i..n]S (koropomy cooTBeT-
CTBYeT BePIIUHA-JINCT C HOMePOM i) Ha JBe YaCTH: IOJCTPOKY
head[i] — «romoBy» cydhduKca u noacTpokry tail[i] — «xBocCT»
cydbdurca. 3uauenue head[i] cybdurca S[i..n]S MbI ompene-
JUM KaK oO0IMuil mpedrKc MaKCUMAaJbHON AJWHBI, BHIUNCJIEH-
HBIH 114 Bcex S[j..n]$, 1 < j < i— 1 (kead[l]=¢). 3HaueHUE KE
tail[i] — aTo ocTaBmIasgcsa yacTh cypdurca. B Tabi. 3.4 npuse-
IeHbI IPUMePhl CTPOK U 3HaueHui head[i] nia Hux.

Tabaumna 3.4
Crpoka abaaaabaa |abcabdabcab |abaababaab |bacbababaabc
aab$ dab$ aab$ bab$
i head[i] head[i] head[i] head[i]
1 € € € €
2 e € € €
3 a € a €
4 aaa ab aba ba
5 aa b ba a
6 abaaaab € abaaba baba
7 baaaab abcabdab baaba aba
8 aaaab bcabdab aaba ba
9 aaab cabdab abaab a
10 aab abdab baab ab
11 ab bdab aab b
12 b dab ab cbab
13 € ab b bab
14 b € ab
15 € b
16
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B uem pmoisskHA COCTOATH HAes IIOCTPOEHUS AepeBa cyd-
¢duKcoB 3a auHelHOe BpeMsa? HamoMHMM, YTO B ONHCHIBae-
MOM cHoco0e TOCTPOEeHU A AepeBa MEePBEIM oIIpeesdeTcs cyd-
durc S[1..n]$, sarem S[2;:n]$ u T.A., BOJIOTH 10 cyhHUKCOB
S[n]s u $. Ha kaaoM I1are ajJropuTMa co3saeTcs JIUCT C HO-
mepoM i. Eciiu mpu sTOM co3faeTca BHYTPEHHAA BEePIINHA, TO
MeTKa OyTHu K Hell, KaK OKa3bIBaeTcd, paBHa head[i], a nyra,
BBIXOAAINAA K BEPIIUHE-JUCTY i, mMeeT MeTRY tail[i]. C mo-
MOIbI0 CYPPUKCHBIX CBsA3el (a OHM 3Aech ONpPeNeasaioTCs
TOYHO TaK ke, KaK 1 B aJropurMe 9. YKKOHeHAa) cjaeayeT 1c-
KaTh KOHEI] ouepeaHOro cy(ppukca HaunHad He ¢ KOpPHA, a C
HEKOTOpPO¥W BHYTPEHHE! BepHIMHBI. [[pyrumMum ciioBamMu, HaM
TpebyeTcsa 3¢ HeKTUBHBIN mepexo oT cydhdukrca
Sl[i — 1..n]$ = head[i — 1]tail[i — 1] k¥ cyddurcy S[i..n]$ =
= head[i]tail[i], T. e. oT BHyTpeHHell BepIINUHLI, OlIpefese-
moii head[i — 1], ¥ BepmuHe ¢ MeTKou nytu head[i]. Ecan
IpOoaHaAJIM3NPOBATH 3HAUeHUA head (cM. Tabu. 3.4; HEOOXOAMMO
paccMaTpuBaTh U CIYUYAU ITYCTON CTPOKH €), TO IPOCMATPUBAET-
Cs 3aBUCUMOCTL: ecam w = head[i — 1] — crpoka u3 k cuMBO-
JaoB (k > 0), To mogcrporka w[2..k] aBaserca npedTKCOM CTPO-
KU head[i] (a momCcTpOKa IyCTOM CTPOKM €CTh IIyCTasi CTPOKA).
Wnu, npyrumu cioBamu, head[i] ecth (0cobble caydau MbI HC-
KJITouaeM) HaumbOJbINUM coOCTBeHHBIN cyddurc head[i — 1].
Ho cydpdurcuas cBA3b S, COTJIACHO ee OIpeaesIeHUI0, 9TO He UTO
WHOe, KaK yKasaTeJb OT BEePIIUHBI JepeBa ¢ METKOU MyTH W K
BepINIUHE epeBa ¢ MeTKOM, paBHOI HanboJIbIIIeMy COOCTBEHHO-
my cydpdurcy w, T. e. s(head[i — 1]) = head[i]. Ograxo cyd-
¢uKcHaa CcBA3L yCcTaHABJIMBaeTCA TOJNBKO IIOCJTE TOro, Kak
ompejesieHa BepIlinHa fepeBa ¢ MeTKo head[i], mosTomy ce-
IyeT B KauyecTBe OTIPABHOII TOUKHU ee TTOUCKA B3ATh BEPIIUHY
s(parent(head[i — 1])) — enenats mepexo mo cyhGuKCHO CBA-
3u (paHee ycraHoByieHHOW)oT oTia head[i — 1] u or aT0i Bep-
IMTUHBI UCKATh OKOHYaHUe MeTKu head[i].

ITonrbiTaemMcsa Ha ypoBHEe mpuMepa KOHKPETU3UPOBATH CXe-
My Ilepexola OT OKOHUYaHusA OAHOIo cypduKca K OKOHUAHUIO
Apyroro.

lNMpumep

ITocTpoum nepeBo cyPUKCOB I CTPOKU abaaaabaaaabs$.
(IlTarm 3-8 mokasanbl Ha puc. 3.13, a marm 9-12 — Ha
puc. 3.14.)
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IIporiecc hopMupoBaHUA JepeBa HauMHAaeTcsA C miara 1 —
co3nraeTcsa KOpeHb ¢ cy(hdUKCHOU CBsA3BIO HA cebsA caMoTo U Bep-
IIIUHA-JIUCT ¢ HOMepoM 1; gyra, uayias ns3 KOpHs, UMeeT MeTKY
abaaaabaaaab$.

IITar 2 npusBau 06padboTaTs cyPpurc baaaabaaaabs; geii-
CTBHUS IIPU 3TOM aHAJOTUYUHBI.

Ha m1are 3 mocJjie BoiObopa Ayru, BEIXOOAIIEH 13 KOPHS, IIPO-
M3BOJIUTCA CpPaBHEHNE MeTKM IyTu U cypPukca aaaabaaaabs.
Ha BTOpOM CHMBOJIE COBIIaJleHUS 3aKAHUMBAIOTCSA, CO3JAETCS
BHYTPEHHASA BepIINHA, BXOAAIINAA Ayra (U3 KOPHsS) UMeeT MeT-
Ky a, a BBIXOAMAINAA B BEPIIHUHY-JUCT ¢ HOMepOM 3 — MeTKY
aaabaaaab$. CydhdurkcHad CBA3b UAET IIPU 9TOM U3 KOPHS B KO-
peus (head[i — 1] ecTh KOpPeEHBD).

IITar 4 anamoruyeH IPEeaLIAYIINM IeHCTBUIM, U IIOKA KJIIO-
yeBas uies aJTOPUTMa y Hac ellle He mpocMaTpuBaeTcsa. Cyd-
duKcHaA cBA3b unetT us head[i — 1] = a B Kopeus (puc. 3.13).

IITar 5. Jloruka sToro miara mokasaHa Ha puc. 3.13. Cyd-
dUKCcHaA CBA3b CO3IAETCA OT BEPIIIUHBI C METKOI aaa 0 BHOBb
o0pa3oBaHHOII BHYTpPeHHell BepinuHbl. CaesaeM IIpeaIojokKe-
Hue (HaOsomeHMe): oT BepiuHbl s(parent(head[i — 1])) (mepe-
X0 110 cy(hPUKCHOI CBA3YM BEPIIMHBI-OTIIA) C METKOM, PABHOM
meTke ayru ot parent(head[i — 1]), no BepmuHbl head[i — 1]
B lepeBe MOJKHO cIejaTh «CKAYOK II0 CUeTUUKY ». [[pyrumu cio-
BaMH, 3Ta MeTKa coBIagaeTr c¢ npeduxcom cydpdpurca S[i..n],
OKOHYaHIEe KOTOPOTro B JAepeBe HaM HeoO0XOIMMO HaWTH, U 3TOT
npeduKc yKe IIpeJcTaBJIeH B Jepese.

Ha mare 5 ot orma head[i — 1] cydhduKcHaA cBA3HL UAET K
KOpHIO. I3 HETO «CKauKOM II0 CUETUNKY » MbI HJIeM C METKOI aa.
Omneparnus 3aKkaHyuBaeTcA Ha AyTe, UTO IPUBOAUT K ee Pas3OouB-
Ke Ha IBe IyTH, T. €. K 00pa3oBaHUIO HOBOII BHYTPEeHHEN BepIIn-
HbI, IPUYEM K Hel moiigeT cy@duKcHas cBA3b oT head[i — 1],
a M3 Hee HOBaA Ayra ¢ METKOMU tail[i] Kk BepIInHE-JIUCTY C HOMe-
pom i.

IITar 6 moaTBep:kOaeT sTo Halle HabaogeHue. Cyhdukcuas
CcBs3b OT oTia head[i — 1] onsaTs B Kopeub. «CKavYOK I10 cUeTUHN-
Ky» ¢ METKOII a 1 JajibHelas oopadorka cypPpurca abaaaab$
MIPUBOIAT K CO3TaHUI0O BHYTPEHHEH BePIITUHEI U BePITUHBI-JINC-
Ta ¢ HoMepoM 6.

ITar 7. I3 KOpHA BBIMOJHSETCA «CKAUOK II0 CUETUUKY»
Cc MeTKO# baaaab.

IITar 8. VI3 KOpHA BBIMOJHSETCA «CKAUOK II0 CUETUHKY»
c MeTKOM aaaab. IIpu saToM MBI mpoxoAmM TpHW BeprnwHbI. Ha
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IlTaz 4

\ -7 T~

baaaab aaaab$
©,

head[i—1

baaaab aaaaL $O

ITaz 7 IlTaz 8

Puc. 3.13. Illaru 3-+81mocTpoeHus nepesa cypdurcos
IJIS CTPOKM abaaaabaaaab$

Iyre ¢ MEeTKOM abaaaab$ co3maeTcsa HOBaA BHYTPEHHAA BEPIIIU-
Ha, a cy(pdukcHada cBa3b unet us head[i — 1] (puc. 3.13) B o6pa-
30BaHHYIO BEPIIIUHY.

IITar 9. Harmre mpexmoso)keHnre HaunHaeT padorars! Cyd-
¢duKcHaA cBA3L OT BepmuHukbl parent(head[i — 1]) mpuBoguT K
BepmiuHe u (puc. 3.14), OT KOTOPOH «CKAYOK IO CUETUUKY» C
METKOM ab OBICTPO MIPUBOAUT K 00PA30BAHUIO HOBOUM BEPIIUHBI,
T. €. K OIIpelesieHNIo OKoHUaHuA cy(dduKca aaab B nepese. Ilpu
9TOM mpedukrc aa cydp@Purca B paboTe He yIacTBOBAJI.

IITar 10. BeimosiHsIeTcsT aHAJIOTUYHO IPEeIbIAyIleMy Iary,
OT BEPINUHLI U, HO C METKOH b.

ITar 11. Cybdurc — ab$. Onepanua s(parent(head[i — 1]))
JlaeT HOBOe 3HAYEHUE U.

ITar 12. gem ot KopHSA (4 €CTh KOPEeHBb) C METKOM b.
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Illaz 9
aaaab$

IlTaz 10
IlTaz 11

R head[i— 1]

’ baaaab_ aaaab$
— 1
SO

Iaz 12 R ey VN

Puc. 3.14. Illaru 9—-12 nmoctpoeHus aepeBa cyGhHUKCOB I CTPOKHU
abaaaabaaaab$
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Onucanue ajJropuTMa B 00IlleM BIe MOJKET OBLITh CJIeHYIO-

M

<cospaTe nepeBo Ti;>;
qg:=Nil;
For i:=2 To n+l Do Begin

<[IEepeMeHHOM U IPHUCBOUTE BHAUEHME yKaszaTesyisd Ha OTIa
BepumHE gepeBa (q'.parent)>;
<IepeMeHHOM V NPUCBOUTE BHAUYEHMUE METKM OYyIH,
unymey oT oTia K CEHYy (orT u” k q*)>;
If u<>Nil Then Begin
<no Ccy®@muKCHOM CBSA3M OTIla HNEepernTH K BeplmmHe t>;
<oT BepmmHBE t C METKOM V uATH "CKaykKoM
no cyuerumky" 1o mepeBy MMONIPENEJIUTE BEPUIMHY W>;
End
Else <unTwm OT KOPHS C METKOW, | HadYMHAKIENCS
c cmMBoJsia V[Z2], M OHNpeneyiMTh BEPIMHY W IYyTEM
OBBIYHOI'O (OPOCTOM aJaropmMTM) MHIPOCMOTPE BEPIIMH
n Oyr mepeBa>;
If <w HoBas BepmmuHa> Then <w ecrr head[i] -
nOBaBUTE 5Ty BEPHIMHY B OEPEBO>;
<YyCTaHOBUTE CYQPUKCHYI CBA3B OT BEPIUIMHE]
head[i-1] k BepumHEe W>;
<gobaBUTE JIMCT C HOMEPOM 1 B IEPEeBO M AYyTY OT W
K JIMCTYy C MeTkKoy taill[i]>;

End;

E.

Texuuka 000OCHOBAHUSA BPEMEHHOU OIEHKU aJropuTMa
Maxk-Kpeiira mpakTuueeku cOBIIafaeT ¢ TOM, UTO OBLIA pac-

CMOTPEHa IIPpY aHaJu3e pe3dyJabTaTra 9. YKKOHeHa.

T\ YnpaxHeHus

1.

2.

WNsmenuTe cTpoOKy abaaaabaaaab$ Ha abaaaabaaaabaaaab$
¥ IPOJOJIKUTE IIOCTPOeHUe fepeBa cy(h(PprUKCcoB, TOKa3aHHO-
ro Ha puc. 3.13 u puc. 3.14.
Hanuiure mporpaMmmy BeIYUCIeHUS 3HAUeHUM head[i] nisa
IPOU3BOJBLHOI CTPOKHU S.
IlpenmnonoxumM, 4YTO 3aaHO CJENYIOIlee OIIMCAHUE BEePIIN-
HEBI gepeBa cyp(PUKCOB:
tree="node;

node=Record

cnt :Word;
{KonmnuecTBO CHHOBEM}
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parent:tree;
{Ccrnka Ha pommurTend}
first, last:Word;
{VlHmexCcH HauaJjla M KOHLlIA METKU OyIu}
suf:tree;
{CybduxcHaa cra3b}
num:Word;
{MeTxa BepPWMHEL}
1n:Word;
{KommuecTBO CMMBOJIOB B CTPOKe, I[IOJIydaeMol
"ckyeMkom" MeTOK Oy Ha INyTU OT KOPHS
0O BEPLIMHEH }
next:Array[l..|A|] Of tree;
{Maccup ykaszsaTejie¥ Ha CHHOBEM BEpPIIMHH}

End;

31ech B IeEpeMeHHOM pt XpaHUTCA YKasaTeab Ha KOPEHbB Jie-
peBa (Ha MOMEHT BbI30Ba mpolleAypbl). Halinure BO3MOK-
HOCTH YJIYYIIUTH IPOTPAMMHBIN KOJ IIPOIeypPhI Search —
noucka obpasna P B Tekcre T Ipu IIOCTPOEHHOM JIepeBe
cyppukrcos.

Procedure Search;

Var i, j,r:Word;

fn:Boolean; {Ilpm3Hak 3aBepueHrs paboTe}

Begin

r:=1; {Homep cumMmBOJIa B P}
fn:=False;
Repeat
i:=1;
While (i<=pt”.cnt) And
(T[pt".next[i]".first]<>P[r]) Do i:=i+1;
If (i>pt”.cnt) Then Begin
Writeln('P HeT B TekgTe');
fn:=True;
End
Else Begin
pt:=pt®.next[i];
J:=1;
While (T[pt”.first+j]=P[r+3]) And
(pt”.first+j<=pt~.last) And
(r+j<=m) Do j:=j+1;
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If (r+j>m) Then Begin {BuBOz}
If (pt”.num0) Then Writeln (pt”.num)
Else <0O6xonm yacTwm gepeBa (HOMUCK
B 1Uy1yOMHY) C BEPUIMHEl Pr>;
fn:=True;
End
Else
If (pt”.first+i>pt”.last) Then r:=r+j
{Ilepexon k cJenywouey BeplMrHE }
Else Begin
Writeln ('CTtpoku HeT B TekcrTe');
fn:=True;
End;
End;
Until fn;
End;

OnuH 13 BOBMOMKHBIX BAPMAHTOB Pean3alini 00xoga 4acTu
JepeBa MMeeT BUJ:

Procedure Pg(t:tree);
Var i:Word;
Begin
If (t”.cnt=0) Then WriteLn (t”.num)
Else
For i:=1 To t”.cnt Do Pg(t".next[i]);
End;

4. OmpepenuTe HazHaueHre GyHKIUU Scan. MOMKHO JI yIy4-
IIUTH JAHHYIO ee peajusaluio (Bce U mapaMeTphl B OIIuca-
HUU BepPHINHBI JlepeBa cy(P@PUKCOB MCHOJBb3YIOTCA 3(pQeK-
TUBHO)?

Function Scan (Var vf:Word;w:tree) :tree;
Var i, j:Word;
fn:Boolean;
tt:tree;
Begin
fn:=False;
Repeat {Mmem crHa}
i:=1;
While (i<=w”.cnt) And
(T[w”.next[i]".first]<>T[vE])
Do i:=i+1;
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If (i>w”.cnt) Then fn:=True
Else Begin {CuH HalineH}
w:=w".next[i];
j:=1;
While (T[w".first+j]=T[vf+3j]) And
(wh.first+j<=w".last) Do j:=j+1;
If (w".first+j>w”.last) Then vf:=vf+j
Else Begin
{CoBnameHrsa 3aKOHUMUJIUCH BHYTPU OYyI'M -
pazbuBaeM Oyry}
<CozmaeM HOBYK BEPIIMHY M KOPPEKTHUPYEM
OJIS BEPUIMHE W™>;
w:=<B3HayeHMe yKasaTesisd Ha BHOBL
COBIAHHYK BEPIMHY>;

vii=vi+j;
fn:=True;
End;
End;
Until fn;
scan:=w;

End;

5. PaspaboraiiTe mTpoOrpaMMHYIO peaJusaliuio aJTropUuTMa
E. Maxk-Kpeiira.

6. ODKcumepuMeHTaJBLHO HccaenyiTe s(pPeKTUBHOCTL aJITOPUT-
moB 9. YkkoueHa u E. Mak-Kpeiira Ha pasjaudHbIX THUIIAX
BXOIHBIX HAHHBIX (KpaTHbIE CTPOKHU, CTPOKM HA €CTEeCTBeH-
HOM $I3BIKEe, CTPOKU Ha HebGOoJIBIIIOM ajxdaBuTe U T. I).

3.4. CyddukcHble maccuBbl

Kak e »TO0 BBl 0e3 IrpaBUITANIIbI
memeJsial, BBIKAThIBaeTe W3 rapaka?
ITO HETIOPAIOK...

(K/¢p «Kun-03a-03a»)

IIycts gan Texer T (n = |T|), u AJ1a Hero MOCTPOEHO AepeBO
cyddurcor. IlpenmosokumM, 4TO B 5TOM AepeBe cY(hPUKCOB
IYTHY, BEIXOAAIINE U3 KaKI0U BHYTPEeHHEN BePIIIUHBI U U3 KOP-
HS, JeKCcUuiecKu ynopsadouenvl, T. e. nyra (v,u) JIeKCUUYECKU
MeHbIIe nyru (U,Ww), ecau NePBhIN CUMBOJ AyTHU (U,1) JIEKCUUeC-
KU MeHbIIIe epBoro cuMBoJia (v,w). Torga npu o6xomae B riryou-
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HY TaKOro AepeBa (Mogu@UKAIIUA IPOIeAYPHI Print U3 ympask-
HeHUd 2 K 1. 3.1) u BemmucwiBanuu cyPPUKCOB B MaccuBe (Ha-
mpumep, ArSuf) MBI TOJXYUYUM 1 JIEKCUUECKU YIOPATOUEHHBIX
cyddpurcos T (TouHee, uX HOMEPORB). [lepeBo cyGhPUKCOB CTPO-
urca 3a BpeMma O(n); ooxoa B riayOuHyY Tak:ke TpebyeT BpeMe-
HE O(n). Takum 06pa3om, u cyMOUKCHBIA MacCUB MBI TOXKe II0-
JaydaeM 3a Bpema O(n).

lNMpumep

IJist cTpok 13 Taba. 3.5 maccuBbl cy@durcoB ArSuf npuse-
IeHnl B Tabi. 3.6.

Tabauma 3.5

Homep |, |5 13 |4 |5(6 (7 |8]9 |10]11 |12 |13 |14 |15 |16

TMO3UINH

T a |b |a|a|bla|blala|b |a |a |b
T b la|c|bla|bla|blal|a |b |c |b |a |b |a
Tabaumna 3.6

ai?wtilla Homep Homep
MACCHBA cyh- Cydduxc cydh- Cydduxce
ArSuf ¢duxca ¢purca

1 11 aab 16 a

2 8 aabaab 9 aabcbaba

3 3 aababaabaab 14 aba

4 12 ab 7 abaabcbaba

5 9 abaab 5 ababaabcbaba

6 6 abaabaab 10 abcbaba

7 1 abaababaabaab 2 acbababaabcbaba

8 4 ababaabaab 15 ba

9 13 b 8 baabcbaba

10 10 baab 13 baba

11 7 baabaab 6 babaabcbaba

12 2 baababaabaab 4 bababaabcbaba

13 5 babaabaab 1 bacbababaabcbaba

14 11 bcbaba

15 12 cbaba

16 3 cbababaabcbaba
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s BTOpOii cTpOoKHU B Taba. 3.5 nepeBo cyhGUKCOB ITOKa3a-
HO Ha puc. 3.15 (HeKOTOpbIe METKH AYT, B CHJIY UX OUEBUJTHOC-
TH, HA 3TOM PHUCYHKe He IIPUBEIEHBI).

® CNORO

Puc. 3.15. [TepeBo cydhduKcoB ayia cTpoKUu bacbababaabcbaba

IlyTs oT KOpHS OepeBa A0 Jamcra ompeneinseT cypdurc
(cKkJIeiKoii MEeTOK IyT).

WUrak, npu o6xoze B riryOMHY AYTH, BEIXOAIINE U3 KaXKIOH
BHYTPEHHEN BEPIINHBI, ITPOCMATPUBAIOTCA B JIEKCUYECKOM IIO-
panke. CiemoBaTesbHO, U JUCTBA (4 OHM COOTBETCTBYIOT Cy(h-
duKcaMm) TaKKe IPOXOIATCA BICOOTBETCTBUY C 3TUM K€ OTHOIIIe-
HueM nopaaka. Maccus ArSuf — 9To He YTO MHOE, KaK YIOPSAL0-
yeHHBIE (JIeKcuuecKu) HoMmepa cyddurcoB T. EcrecTBeHHO, UTO
TePMUHAJIBHBIN CUMBOJI $, €CJIM MbI BBIITUCHIBAEM HE TOJBKO HO-
Mepa, HO U caMu cY(P(PUKCHI IIyTeM CKJIEHKU METOK AYT, CIeqyeT
UCKJIOUUTDL W3 OTepPaIuu.

ITpu manmuum maccuBa ArSuf 3agaua MOMCKA BXOMKIEHUS
obpasta P B Texct T peliaeTcsa OyTeM HCIOJb30BaHUSA KJIACCU-
YeCKOr0o aJITOPUTMa JBOUYHOTO (OuHapHOro) moucka. IleiicTu-
TeJbHO, TPU BxoKAeHuu P B T Bce HayabHBIE TTO3UIUU B MaC-
CHBE DACIIOJIOMKEHBI IIOCJIeA0BATEJILHO, HAYMHASA C KaKOr0-TO
MecTa, W 9TOT (PAaKT ABJIAETCSA OCHOBAHUEM JJIS MCHOJIb30BAHUS
JIOTUKY JBOUYHOTO IIOWCKA.

PaccmorpuMm Tpu BapmaHTa 3TOro ajroputrma. IlepBbie
JBa HMeIOT BpeMeHHyI0 oleHKYy O(m - logyn), a Tperuii —
O(m + logyn).
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IlepBoIit axTOpUTM HAYHEM paccMaTpPMBATH ¢ IpPUMepa.

lNMpumep

Ilycres T — oTO BTOpas cTpoka m3 Tabja. 3.5, u Tpedbyercsa
Hayitu P = baba. Bugum (cMm. Ta61./3.6), uTroB 10-M, 11-Mmu 12-m
asieMeHTax MmaccuBa ArSuf ykasaHbl Homepa cyhhUKCOB, HAYU-
Hatomuxcs ¢ P. IIpu satom numeeT MmecTo Tpu BXo:KaeHuA PB T'.

HamoMHUM JIOTUKY ZBOMYHOIO IIOMCKA.

Function PSearch (P:String) :Integer;
Var m,j,1,r,g:Integer;
w:String;
Begin
m:=Length (P) ;
3:=0;
1:=1;
r:=n;
Repeat
g:=(l+r) Div 2;
w:=Copy (ArSuf[q],1l,m);
If P=w Then j:=qg
Else If P>w Then l:=q Else r:=qg;
Until (l=r) Or (j<>0);
PSearch:=7j;
End;

Hamuasa GpyHKIUA BO3BpalllaeT HOMEDP dJeMeHTa MaccuBa
ArSuf, B KoTopoM yKasauo Hauajyo cyppurca T, cogepraliero
P B KauecTBe cBoero npedukca. OHa obecrieunBaeT HaX0K IeHMIE
enquHCTBEeHHOTO BXOXKAeHUusA P B T (ecsiu oHO ecTh). 14 moucka
Bcex Bxo:kaeHUul P B T HeoOXOIMMO IPOAHAJIN3UPOBATE COCE-
Hue cyPpdurcer T.

OmeHKa BpeMeHU IIOMCKa 3hech oueBugHA: 3T0 O(m * logyn)
(cunTaeM, YTO OCYIIECTBISAETCA ITIOCUMBOJbLHOE cpaBHeHUe P u
npedukca cyddukrca, onpeaeassemoro anementom ArSuflt], a
He CpaBHEHNE CTPOK, KaK IpUBeAeHo B PYyHKIIUU PSearch).

Bropoit aaroputm. OcobenHocTh GPyHKIMU PSearch — B
TOM, UTO Ha KaKJIOU UTepanum norucka P cpaBHHUBaeTCH C IIpe-
¢purcom ouepengHoro cydppurca, HaunHad C IIePBOTO CUMBOJIA.
Ho cydpduKkcHBIT MaccuB TaAKOB, YTO B HEM PAJAOM PACIIOJIOMKE-
HbI cy(hPUKCHI, UMeIoIye HauOOoJIbIIINe [0 AJUHE COBIAaIaio-
mue npeduKcbl. MOKHO JIM HCIIOJIB30BATh 3TOT (DAKT M TEM ca-
MBIM UCKJIIOUUTH SBHYIO M30BITOUHOCTD (II0 KOJIUYECTBY CPaB-
HeHUM cuMBOJIOB) QyHKIMU PSearch? IlycTs [ 1 r ompenensaioT
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TPAHUILI TOVCKA HAa OUYEePeTHON mTepanuu, a 3HadeHusd Il u lr
onpenenAT AJUHBI O0IIUX IPe(UKCOB: B IIEPBOM CJIydYae —
nnasa cydpdukca ¢ mauaabHOM mosunueit ArSuf[l] u P, a Bo BTO-
pom — ArSuf[r] u P. Ecau uepes.lt oupeneauts min(ll,lr), To B
uHTepBaJie oT [ 1o r Bce cyhdurchyT nMmeroT npe@UKCHI JJINHON
lt, coBmagaroIue ¢ IpedKCOM 3TOH Ke NJIUHBI P 1 Mexay co-
6oii. IToryuaercs, 4To cpaBHEHUE CMBOJIOB MOYKHO OCYIIECTB-
JISTH He ¢ IIePBOro CUMBOJIA, a C CMMBOJIa ¢ HomepoMm [t + 1.
ecau 3HaueHUd [l 11 [r KOPPEeKTUPOBATHL BMECTE CO 3HAUSHUAMU [
U I, TO MBI yMEHBIIIaeM KOJINUYECTBO CPAaBHEHUH (ABHO HEHYK-
HBIX) CUMBOJIOB B QyHKIIUU PSearch.

MomgudunupoBanHbiii BapuaHT (GyHKIUU PSearch Torma
uMeeT BU:

Function PMSearch (P:String) :Integer;
Var m,Jj,1,r,g:Integer;
11, 1r, 1lg, lt:Integer;

Begin
m:=Length (P) ;
3:=0;
1:=1;
r:=n;

<BplumcjieHme 11 u 1lr myTeM cpaBHeHus P
c cypomuxcamm ArSuf[l] wm ArSuf[r]>;
Repeat
g:=(l+r) Div 2;
lt:=Min(11l,1r);
{dyHKUMa Min BEUMCJIISET MMHMMAJIBHOE M3 IOBYX UMCEJ}
1g:=<3HayeHMe OJIMHE COBHNAIaKIel 4YacCTin
Pl[1t+1..m] m T[ArSur[qg]+lt..n]>;
lt:=1t+1qg;
If 1t=m Then j:=qg
Else If P[1t+1]>T[ArSuf[g]+lt] Then Begin
1l:=qg;
11:=1¢t;
End
Else Begin
r:=q;
lr:=1t;
End;
Until (1l=r) Or (j<>0);
PMSearch:=73;
End;
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MNpumep

Ilycte mam Tekcr T = abaaaabaaaabaaba. MaccuB cyd-
durcoB ArSuf nna T npencrasien B Tabdba. 3.7.

Tabauma 3.7
ﬁ{gﬁiﬁ::%?;? Howmep cyddurca Cydbduxrc

1 16 a

2 3 aaaabaaaabaaba

3 8 aaaabaaba

4 9 aaabaaba

5 4 aaabaaaabaaba

6 13 aaba

7 5 aabaaaabaaba

8 10 aabaaba

9 14 aba
10 1 abaaaabaaaabaaba
11 6 abaaaabaaba
12 11 abaaba
13 15 ba

14 2 baaaabaaaabaaba
15 7 baaaabaaba

16 12 baaba

Jloruka nmoucka P «C IPpUBA3KOW» K IePEMEHHBIM (QYHKITUN
PMSearch npusemena B Tabdiu. 3.8.

Tabaumna 3.8
1 r |11|Ir| q| It | lq| It | CpaBHeHUE
P=aaaba |1 |16|1| 0 8| 0| 2| 2 |P[3]<T[15]
1 81| 2|41 3 | 4 | OnemeHT HaligeH
P=aabaa |1 |16 1| 0 | 8| 0| 4| 4 |P[5]<T[17]
1|8 |14 |4|1|1]|2]|P[3]>T[11]
4 8 [2| 4|6 | 2| 3| 5 |9nemenT HaligeH
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ITycts P = aaaba. Ha nepBoii urepanuu P cpaBHUBaeTCA C
cy@PpurcoM, HAXOOAMIMMCA HaA BOCBMOM MeCTe€ B MAacCuUBe
ArSuf. HauajibHoe 3HAUeHNE KOJIMUYECTBA COBIALAIOIIUX CHM-
BOJIOB (I/t) paBHO HYJII0, KOHEUHOEe — JIBYM (HOBOe 3HaueHwue lt).
Tak xax P[3] mensbime T[15], To usMeHsseM BepPXHIOIO TPAHUILY
noucka (r) u sgauenue lr. CpasHenue P ¢ cypdurcom, onpene-
JIIEMbBIM UETBEPTHIM 3JieMeHTOM ArSuf, HaUuMHAeTCA CO BTOPOTO
ajeMeHTa P (9TOT 3JIeMEHT HMOBTOPHO yUYacTBYeT B CPaBHEHU-
X, — OH CpaBHUBAJICA U Ha IepBoil ureparnuu). CoBmaao Tpu
cumBoJja. O6paselr ucuepIiad M HAHAeHO ero BXoxkaenue B T.

ITycts Temepsr P.= aabaa. Ha Bropoii mrepamuu (cM.
Tabs. 3.8) Bropoii cuMBOJI P BHOBL yUYaCTByeT B CDaBHEHUAX.
3nauenue P[3] 6oabimie/ T[11] — usmeHAaeTcsa HUMKHASA IPaHUIlA
noucka u 3HaueHue [l. Ha TpeTbeil nTepanuu cpaBHeHUs HaAUYU-
HAIOTCA ¢ TpeThero cuMmBoJia P. IIpousomniio Tpu coBnageHus, u
obpasern P HaigeH.

Ananusupysa @yHKnuio PMSearch, MbI BUAUM, YTO YaCTh
M30bITOYHBIX CPABHEHUH B HEM MCKJII0OUeHAa, HO BpeMeHHAs OIleH-
Ka ocraercs npexxHeit — O(m - logyn). MoXHO Jm cBecTHu ee K
O(m + logyn)? 9To o3HaUaIO GBI, YTO HA BCEX UTEPAIIMAX JBOUY-
HOT'O IIOMCKA KOJHWYECTBO CPaBHEHUU CHMBOJIOB (CyMMapHOeE)
UMeeT TaKOH MOPANOK, UJIN, JPYTUMU CJIIOBAMU, KOJIUYIECTBO U3-
OBITOYHBIX CPABHEHUI IO OTHOIIIEHUIO K AnuHe P paBHO logyn.

W3 Bcero mpenIecTBYIONIEr0 M3JI0KEHUA SCHO, UTO €CJIU
5TO BOBMOJKHO, TO TOJIBKO 34 CUET BBEIEHUS ITOIMOJHUTEIbHBIX
CTPYKTYP OAHHBIX, OIMCBLIBAIOIIUX KAKOM-TO acieKT (ocobeH-
HOCTB) 3ajauu U (OPMUPYEMBIX Ha IPEeABAPUTEIHLHOHN CTaauuU
ob6paboTku. [Ipyroro HaM He IaHO, M 3TO OUepPedHOI pas IOoA-
TBep:kaaeT Tesuc H. Bupra: mporpamma (meron o6paboOTKM)
€CThb CUHTE3 JAHHBIX U yIIPaBJIECHUA!

Tperuii aaropurMm. PaccmoTpums 6ojiee mOAPOOHO cxemy
JIBOUYHOTO ITOMCKAa U MONBITAeMCA NCIHOJIb30BaTh UAEI0 NCKJIIIO-
YeHUsS JUIITHUX CPaABHEHUM, B3aJ0°KeHHYI0 B QYHKIUU
PMSearch. Haunem onmATh-TaKu ¢ IIpuMepa.

MNpumep

Bo BTOpoii cTpoke Tab6ia. 3.5 Oblia IIpUBEIEHA CTPOKA
T = bacbababaabcbaba. MaccuB cydpdpukcoB ajsa Hee OBLI
npuBeneH B Tada. 3.6, a gepeBo cyddurcoB (6e3 cyPPUKCHBIX
cBsi3eli) moKasaHo Ha puc. 3.15. PaccMoTpuM BO3MOIKHBIE 3HA-
yeHUA | ¥ r — TPAHUI[ UHTEPBaJIa B CXeMe ABOMYHOTO MOUCKA
(oHU TpuBeAeHBI Ha puc. 3.16 B KPYTrJIbIX CKOOKaxX y KasKIOM
BEPIIIUHEI IepeBa).
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BMOUOII OIOHRUOLY ITINOXD HA:H..NMQQBEH\H ‘O1°¢ oudg

[s1 o] Nl @ vl ¥ el [zl [ol [l [c] gl el [ [l ol
(91L'g1) GS:V_ (e1zL) (1L'oL) (6'8) (8°2) (2'9) (9'9) (G'y) (v'e) (2 (1) (1)
(ri'et) @' (01'6)
@ (91 p)  [®(pLz1) V&0  [EI®(019) [0] & (g*9) [c1® (9p) & () [01®(z1)
[o] [o] fol [0]
(9k'2h) (z1'8) (8'v) (¥'1)
[o] lo]
(918) (8'1)
[0]
(911)
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KoanuecTBO BOBMOMKHBIX I'PAHUIL MHTEPBAJIOB ITIONCKA PaB-
HO KOJIMYEeCTBY BepIIWH Aepena, T. e. 2n — 1. Buaum, uro He-
KYIO XapaKTepucTUKY (mapaMeTp), CBA3aHHYIO CO CXeMOU IBO-
MYHOIO IIOMCKAa, MOYKHO Ha CTaANHU IPeIBapUTeIbLHOME 00padoT-
KU BBIYMUCJIUTH 3a BpeMda O(7n). ITOA XxapaKTePUCTUKON MOKET
Ob1Th lcp[l, r] — pnpamHa HaubosbLWeEz0 o00uezo npepurca
(longest common prefix) cypduKcoB, olipeeIeHHBIX TO3UITU-
avmu | m r wmaccuBa ArSuf. Tak, B Halmem ImpuMepe
ArSuf[10] = 13, a ArSuf[12] = 4, u lcp[10,12] = 4 (cydPuk-
cel baba 1 bababaabcbaba). Ha puc. 3.16 sHauenwue lcp nasa
BCeX I'PAHMUII ITOVCKA YKa3aHO B KBaAPATHBLIX CKOOKAaX Y BEPIITUH
Iepesa.

IIpenmonosxum, 4TOo 3HAUEHUS [Cp BBHIUYUCIEHBI HA CTALUU
mpeaBapuTebHOM 00padoTku. UTo OHM MOTYT IaTh B IIpoIiecce
moucka? (MbI, KOHEUHO K€, B PACCY:KIEHUSIX OTTAIKHBaeMCs
oT (pyHKIIUM PMSearch.)

Ecnau Ha Kakoi-TO MTepanuy AJUHBI COBIAAAIOINUX IIpe-
durcos P, ArSuf[l] (1) u P, ArSuf[r] (Ir) coBnagator (Il = Ir),
TO IpedUKCHI TaKO# JJIUHBI BceX cy(p(HUKCOB U3 3TOT0 MHTEePBAa-
Jia paBHBI IpeduKcy P, 1 cpaBHEeHUeE cJaeAyeT HAYaTh C CUMBOJIA
U+1=1Ir+1.

3Hauenue q = (I +r) Div /2, m wW3BeCTHO 3HAYEeHUE
lepll, q] — aTo guHA HanboOJIBINIETO O0IIero npeduKrca cyQhuk-
COB, IPEACTABJIEHHBIX B IO3ULIUAX | 1 ¢ maccuBa ArSuf.

Ecnu lep[l, q] > Ul (o6muit npedukce cydhdurcoB ArSuf[l] u
ArSuflq] nnunnee, yem obuit npedpurc P u ArSuf[l]), To cum-
Boa ll + 1 o6pasua P mekcuuecku 0osbime cumBosall + 1y cyd-
duxrcoB ArSuf[l] u ArSuf[q] (oH y HUX OJUH U TOT ’Ke). ITa CU-
Tyalnus mokasaHa Ha puc. 3.17: (a) — gaa ll > lr; (60) — nna
Il < Ir. B nagHOM cJjyuae Ha JII0OOOH nMTepaiui JBOMYHOIO IIOKC-
Ka mpoBepoK P He Tpebyercs, | 3ameHsaeTcA Ha ¢, a [l u lr ocra-
IOTCS HeM3BMEHHBIMU — BXOKAeHUA P B T MOJKHBI HaXOAUTHCS
cupasa ot nosuniuu q B ArSuf.

Brinonnenue HepaBencTsa lep[l, q] < ll roBopuT o ToM, 4TO
obmuii mpedpukc cyhpdurca ArSuf[l] u P 6onabiie (qiuHHEE) 06-
mero npedpurca cypdurcor ArSuf[l] m ArSuf[q]. Ciaemona-
TeJIbHO, CUMBOJI lcp[l, q] + 1 y P u cyddurca ArSuf[l] onun u
TOT K€, ¥ OH JIeKCUUYEeCKU MeHbIle, ueM y cyhdurca ArSuflq],
moaToMy BXO:KAeHusA P B T IIpu UX CYIIeCTBOBAHUY BO3MOYKHBI
TOJIBKO B cy(hdUKCHI, IIPEeACTABJIEHHLIE 1O TTo3uliuu q B ArSuf.
ITpu BOBHMKHOBEHNY TaKOU CUTyallu HUKAKWX ITPOBEPOK P He
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P  aaabbdccc
[ ArSufll] aaal;*;}i)ccdd =5 lepll, q]> U
a T Ar.S-u.f[q] aaalébbt‘:def lepll, q1=6 | IMeiicrBus:
B Ar.S.u-f[r] aaal:)defgh ir=4 li=q
P aaabdabc
i ArsSufll] aa@bbcedd 1= 4 lepll, q]> 1l
6) T ArSuf[q] aaabb<‘:<%1ef lepll, q1= Teiicraus:
ArSuf[r] aaabdabgh Ir=7 l:i=q

Puc. 3.17. ITouck P B T — cayuaii, korga lcp[l,q] > 1l

Tpebyercd, lr 3amenaerca Ha lcp[l, q], a r 3ameHAeTca HaA ¢
(puc. 3.18).

P aaa?babch

ArSuf[l] aéaaabbbc =4 lepll, ql< U
T ArSuf[q] aéLbbcdef lep[l, ] =3 | He#icTBus:
] r=gq
ArSuf[r] aabcdefgh Ir= 2 Ir:=Icp[l, q]

Puc. 3.18. ITouck P B T — cayuaii, korga lep[l,q] < Il

ITpumeuanue. Bapuanur Ir > Il npu lep[l, q] < Il cranoBUT-
Ccs HEBO3MOMKHBIM.

Breimmonnenue paserncrsa lep[l, g] = Il — aTo cayuaii, korga
npeduKchl Bcex cyhdurcoB (aauuoii [l) B uHTEepBaJie ot [l 10 q
coBmagaioT ¢ npepurcom P. Heobxogumo cpaBHUBATEL P ¢ cyd-
durcom ArSuf[q] maunnasa ¢ mosurnuu [l + 1 1 mo pesyabTaTam
CpaBHEHUA UBMEHATH [ UJIU I C COOTBETCTBYIONTNM N3MEHEeHNEeM
Il n lr (puc. 3.19).

P aaaabbbch

HeticTBus:
ArSuf[l] aaaabaaa =5 Cpaswenne ArSuflq, 6]

T Ar‘Suf[q] aaaabcaaf lep[l, q]1=5 lepll, q] = ll|u P[6] ; BBIGOD MHTEpBaIA
or l 1o q and ciaepyroiei

ArSuf[r] aaabcdfgh Ir=3 UTeparun

Puc. 3.19. ITouck P 8 T — cayuaii, korzaa lcp[l,q] = Ul

Peanusanus ganHoM JIOTUKY IPUBOIUT K aJITOPUTMY C Bpe-
MeHHOH omenkoi O(m + logyn).
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HeicTBUTENBHO, HA KAXKIOU UTEPAI[UU TBOUYHOTO IIOMCKA
Yy Hac WJIU He IIPOBePsETCS HU OJHOTO CUMBOJIA, & U3BMEHAIOTCA
TOJBKO TPAHUIIBI ITIONCKA, NN WUTepalusa 3aKaHuYuBaeTcs mep-
BBIM HECOBIIaJI€eHWEM, a CPAaBHEHUSA HAUMHAIOTCA C CHMBOJIA
max(ll, Ir), coBmamaeT HEKOTOPOe KOJUUECTBO CUMBOJIOB W — 1
U Ha CUMBOJIE ¢ HOMEPOM W IIPOUCXOAUT HecoBmazeHue. Torma
Ha 3HaueHUe w—1 B KOHIe UTepalluy YBeJINUNBAETCA U BEJIU-
yuHa [l, niu lr, a cienyoliasa uTepanyua HAUNHAETCA C CHMBOJIA
c Homepom w. Takum obpasom, HA KaXKIOU UTEPAIINN AeJIaeTCA
He OoJiee OZHOTO MBOBITOYHOTO CPaBHEHUSA, T. €. Bcero logyn
CpPaBHEHUI, a KOJTMYECTBO COBIaieHNI (YCIEIITHBIX CPABHEHMA)
He IIPEBOCXOAUT M.

OxHaKO y Hac ocTajcAd OTKPBITBIM BOIIPOC O BBIYUCJIEHUU
3HAUEHUH DJI€eMEHTOB MAacCHUBa [cp, BBIMOJHAEMOM Ha CTaAUU
IpeaBapuUTEIbHOM 00paboTKY IIPU CO3JaHUMN MacCUBa CyPPUK-
coB ArSuf.

Ha pwuc. 3.16 6b1y10 TOKa3aHO MOJIHOE IBOMYHOE JAEPEBO C I
JUCTBAMU (JIUCThA UMeIOT MeTKH (i, i + 1), a oquH JIUCT — MeT-
Ky (1,1) ) ana ctrpoku T = bacbababaabcbaba (BTopas cTpoKa
Taby. 3.5), 3ajgarolliee Bce BO3MOKHBLIE MHTepBaJbl (I, r) mpu
IBOoMYHOM moucke. IlepeBo cy(ppUKCOB »Ke ObLIO IPUBEAEHO Ha
puc. 3.15. IIpu o6xonme B rayouny aepeBa cyPPUKCOB MEXKIY
IIPOCMOTPaMU BEPIIUH-JIUCTHEB, COOTBETCTBYOINUX CyPPuK-
cam ArSufli] m ArSuf[i + 1], mocemniaroTcss HeKOTOpPble BHYT-
PeHHUe BepHIMHBI. Bim:kaimias M3 HUX K KOPHIO OmpenessieT
suayenue lcp[i, i + 1]; TouHee, AJIMHA TOACTPOKHU, OJTyJarOIIIa-
sAcCA TyTeM CKJIENKU METOK AYT OT KOPHA [0 Hee (CTPOKOBasd TJIy-
OwHa BepIIuHBI), paBHa lcp[i, i + 1]. CTpokoBada rayomuHa Bep-
IMIWHBI KaK ee mapamMeTp opMupyeTca NpW CO3TaHUU AepeBa
cyddurcos, Torma mpu moaydenuu ArSuf ompemendaroTca u
sHaueHusd lcp[i, i + 1], uto TpebyeT BpemeHu O(n).

JlJ1s1 BEIUMCJIeHU A OCTaBIINXCA 3HaueHul lep[i, j] 3ameTum,
uro lepli, i + 2] paBHO M™MuHUMYMY u3 lIlcpli,i+ 1] mn
lepli + 1, i + 2]. IIpomos:xkasa pacCysKAeHUA, OIPENeIAeM, YTO

lepli, j] = min{lep[k, k + 1]:i < k < j}. Eciiu moiHOE JBOMYHOE
JIepeBOo OOXOMUTH IO IPUHITUITY «JIEBBII ChIH, IPaBBIM CHIH, a 3a-
TeM OTeIl CLIHOBEM » 1 Ha BHIXO/Ie N3 PEKYPCUBHOTO 00X0/1a CpaB-
HUBATh 3HAYEHUs [cp CHIHOBeU, TO BpeMa (POPMUPOBAHUSA
lepli, j] mponoprioHaIBPHO KOJIMUYECTBY BEPIIUH JIepeBa, T. €.

O(n).
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T\ YnpaxHeHus

1. Hanwumure npoiieaypy dopMupoBaHusa cypdUKCHOTO Mac-
cuBa U3 JAepeBa cyp(PUKCOB.

2. C momomibio pyHKIIUN PSearch obecreunBaeTCs HAXOMKIe-
HUue eduHcmaeenHHoz0 BxoxkaeHus P B T. PaspaboraiiTe Jio-
TUKYy omcKa gcex Bxoxxkaenuit P B T.

3. IIpusBemute nmpumep (3HaueHuA T u P), B KOTOPOM QYHKIIUA
PMSearch He yMEHBINIAeT KOJMYECTBA CPABHEHUU CUM-
BOJIOB II0 OTHOIIEHUIO K QyHKIUM PSearch.

4. IlpuBenuTe mpuMep AJdA ciaydas, KOTa KOJIUUYECTBO HECOB-
nageuuit B axropurme (BTOPOM) B TOUHOCTU PaBHO logan.

5. HaiiguTte cmocob XpaHeHUs 3HAUeHUI [cp B OOJHOMEPHOM
MaccHugBe.

6. IlpuBemure mpuMep CTPOKU. Brrumcanre AJiA Hee MacCUBBI
ArSuf u lcp.

7. PaspaboTaiiTe IpOrpaMMHYI0 Peajn3alilio TPETHETO aJro-
putma noucka P B T.

3.5. Anropuntm A. Axo — M. Kopacuk

ITpencraBaseinib, Buepa XOOUJI B JeC U Y
MOJISTHBI BCTPETUJI OTPOMHYIO TOJIITY
JlepeBbeB-CBEPCTHUKOB. 30PUK, 4 KJacc.

M. Tvtmos «Jemu nuwym Bozy»

ITycTs B Texcte T (n = |T|) Ham Heo6X0oaUMO HAITH BCe BXOMK-
JIleHVA He ofHOTrO obpasua P, a HecKoiabKux — Py, Py, ..., P,. Ko-
HEeYHO, TaKas 3aJadva MOKeT ObITh pellleHa IIyTeM MocJjeoBa-
TeJBHOTO IIOMCKa 00pas3ioB M, COOTBETCTBEHHO, WMMETHh Bpe-
MeHHYI0 olleHKY O(t * n + m). Ogaako A. Axo u M. Kopacuxk
IPENJOKUIN aJITOPUTM C BPpEMEeHHOU oleHKoir O(n + m + k),
rge kB — cyMMapHOe KOJIMYECTBO BXOKJAeHUIl o0pasmnoB P,
(1 <i<t)ysrerkcr T, a m — cymMMapHasa OJuHa 00pas3IioB.

Beenem nmousTue «depeso karyeily . OHO OTINYAETCS OT Jie-
peBa cydpdurcos (cM. 1. 3.1) TOTLKO TEM, UYTO METKaM IyT B HEM
MIPUNNCHIBAIOTCA HEe 3HAUEHUS TMOACTPOK, a OTAEeJbHBIE CUMBO-
Jabl. [lepeBo KJtoueil CTpOUTCA AJIsI BCETO MHOMKeCcTBa 00pasIioB,
IpUYEeM CBOMCTBO AepeBa cyPPUKCOB — UTO JIIOObIe ABe AYIH,
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BBIXOAIINE 3 OAHOM U TOM YK€ BEPIIINHBI, UMEIOT Pa3HbIe MET-
KW, — B HEM coxpansercd. Torga kaxagomy oopasmy P; cooTBeT-
CTBYET TaKas BePIINHA JepeBa KJIUel, YTO CKJIeHKa CUMBOJIOB
Ha ITyTHU W3 KOPHA JlepeBa B 3TY BEPIIIUHY B TOUHOCTU COCTABJIS-
er P,.

Jloruka mocTpoeHuA AepeBa KJIOUYEH JOCTATOUYHO «IIPOo3pad-
Ha». Mbl HaUnHAEeM U3 OJHOU BepIINHBI — KOPHA, a 3aTeM o0pa-
O6aTbIBaeM 00paslbl P; ofWH 3a JPYTUM: UJeM U3 KOPHS IO Y-
ram, oTMe4YeHHBIM cuMBoJjiaMu u3 P;, 10 Tex 1op, IoKa 3TO BO3-
MoskHO. Ecau P; 3akaHYnBaeTcA B KaKOM-TO BEPIIINHE U, TO MBI
coxpaHseM uaeHTudurarop P; (Haupumep, i) B v — HyMepyeM
BepminHy. B cirydae 'Ke, Korjga Ayru, IIOMEYEeHHOU OYepeHBIM
cuMBOJIOM P;, HEeT, MBI cO3/aeM HOBBIe AYTW ¥ BEPIIWHBI I
BCceX ocTaBIInXcA cuMBoJ0B P;. IIpu BeIOOpe AyTY M3 BePIINHBI
3a KOHCTAHTHOE BPEMs.MbI IIOJYYaeM OUYEBUAHYIO OIEHKY —
O(m). 3a sT0 BpeMA AePeBO KJII0Uel OyaeT IIOCTPOEHO.

lNpumep

ITycte pmamo wmHOXKecTBO o0pasmoB: P; = abcdccb,
Py, = bcdeceb, Pg = deccb, Py = be, Py = dc, Pg = cb. JlepeBo
katouert aiaa P; (i = 1, ..., 6) nmokasano Ha puc. 3.20.

Puc. 3.20. IIpumep nepeBa Kiiroueit
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TemubsiM horoM Ha puc) 3.20 BbIAEJIEHBI BEPIITUHBI U, COOT-
BETCTBYIOIIME o0pasiaM ¢ ' HoMepoM i. 3HaUeHUe i YKasaHo pA-
IOM C KasKIoii TaKOIi BEPIINHON B KBaAPAaTHBIX CKOOKAX.

HanomuwnMm, uto aBromar — aro nsitepka M = (A, Q, ¢y, E, F),
rae A — andasur (IJd paccMaTpUBaeMOro IpuMepa 3To {a, b,
c, d}); @ — MHOJKECTBO COCTOAHUI (BEPIIUH AepeBa KJIOUei);
qo — HadaJbHOe cocTosHUe (KOpeHb AepeBa); £ — MHOMKeCTBO
KOHEUYHBIX COCTOAHUM (BEpPIINH AepeBa ¢ TeMHBIM (DOHOM Ha
puc. 3.20, uiu BepIlInH AepeBa, UMEIOINX MEeTKHU B BuAe HOMe-
paobpasia), F — QpyHKIuA mepexoqoB. YacTuuHo GyHKIUA 1Ie-
pexomoB F: A - @ — @ ompegejieHa IIPU IOCTPOEHUU AdepeBa
KJIIOUel: ecjium aBTOMAaT Ipu 00paboTKe HEKOTOPOro CMMBOJIA
Texcra T[i] HaxopuTcsa B coctoauuu q u T[i] coBnagaer ¢ CHMBO-
JoM oOpasIta, ToO HOBOe COCTOSHUE OUEeBUIHO — ITO IIEePeXo/ Mo
IepeBy Karoueii. YToOwl paboTajia cTaHZAPTHAA JOTUKA aBTOMA-
Ta ¢ JUHEMHOM BpeMeHHOU OIleHKOI, TpebyeTcs caesaTh, Kak
MUHUMYM (OIATH sKe 3a JUHeHHoe BpeMs Ha CTaauu IIpeaBapu-
TeJbHOU 00paboTKM), ABe Bellu (OTBETUTH HA JABa BOIIpOCa).

Procedure Search;
Var i,g:Integer;
Begin
n:=Length (T) ;
qg:=0;
For i:=1 To n Do Begin
q:=Flq,T[1]];
If geE Then <BrBecTM BCe 00OpasIE P., CBsS3aHHEE
C COCTOSHMEM q; Hayajlo MX BXOXICHUS
onpegesigsercs Kak i-Length (P.)+1>
{VlHOoexC t OpMHMMAaeT 3HAaUeHMEe M3 HEeKOTOPOI'O
IIOOMHOXECTBAa MHOXeCTBa HOMEpPOB 00pasLOoB}
End;
End;

IlepBBIil BOompoc 3aKJIIOYaeTcd B ONPENEJeHUU COCTOSHUS
aBTOMAaTa, B KOTOPOE CJIelyeT IEePeXOAUTh MPU HEeCOBIAaAeHUN
CHMBOJIOB. ByZieM paccysKIaTh IO aHAJOTUU C IIOHATHEM CYyQ-
¢dukcHO cBsasu (cm. 1. 3.2). Kaxxaoii BepiiuHe U (COCTOSTHUIO)
IepeBa KJoueil cooTBeTcTByeT npedukc (IyTeM KOHKAaTeHaIlTU
MeTOK YT OT KOPHA) HeKoero ob6pasna; mycTh aTo P,[1..j]. Cae-
JyeT HaWTH TaKy0 BepIINHY JepeBa w (muu obpaser P,), 4To
npedurc Pi[l..E] coBmajaer ¢ caMbIM JUIMHHBIM cyhdurcom
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P [1..j]. dpyrumu croBamMu, TpeOyeTCs HAMTH CaMbIi JIMHHBIN
cybdurc P,[1..j], coBnagaromuii ¢ IpepuKCcOM KaKoro-To o6-
pasiia (T. e. MBI AejiaeM 0000ITeHMe TIOHATUA I'PaHel CTPOKM).
B cuny cBOMCTB AepeBa KJIIOUEel — BCe MYTH, BHIXOIAIINE U3
BepPIINH, UMEIOT Pa3jnYHble 3HAUEHUS METOK, — TaKas Bep-
muHa (mpedUKC) — eIUHCTBEeHHAadA (ecju OHa CYIIeCcTBYET) U,
COOTBETCTBEHHO, TAKAasA CBA3b U — W. YTO AaeT sTa CBA3b U KaK
ee CTPOUTH?

IIycTb MBI HAXOAUJINCH B COCTOAHUY U, ¥ IPOUBOIILIO HECOB-
nagenue cuMBoJja T[i] ¢ ouepegHBIM CHMBOJIOM KaKOI'0O-TO 00-
pasma. ABTOMAT OCYIIECTBJISET IIepexon U — w. 3HaueHue i
ocTaeTcd IPeKHUM (HeT BO3BpaTa Hasaj 1o TeKcTy T', UTO ABJIA-
eTcAa HeoOXOMMMBIM YCJIOBUEM ITOJYUEHUA JUHEHWHOTO IO Bpe-
MEeHU aJITOPUTMa), U HeT He0OOXOAUMOCTH CPABHUBATH CUMBOJIbI
Ha IYTH OT KOPHSA A0 BepIIuHbI w. Hauamo BXo:KAeHUA obpasiia
B TEKCT MePECUYUTHLIBAETCS IIPU U —> W OUYEBUIHBIM 00pasoM —
10 3HAUEHUIO i, JTUHe TpedUKca U M3BECTHOMY JI0 TIepexoa Ha-
qajay BXOMKICHUS.

Ha puc. 3.21 npeacrasieHa fuarpamMma IepexoioB aBToMa-
Ta IJISI pacCMaTpuBaeMoOro IpuMepa, a B Tabua. 3.9 — pyHKIua
nepexomoB F. CkakeM, ecii MBI HaXOAUMCS B cocToAHUU 12,
i = 18 u npedukc bcdcc BXoguT B TeKCT ¢ 13-i mosuiium, To Ha-
Yajio BXOKAeHUusa dcc ompeneaseTcsa Kak 18 — 3 = 15.

Tabauma 3.9
F{0[1|2({3|4|5|6|7|8|9(10{11|12|13|14|15(|16|17|18|19
al1(0(8(9(10|11|12(13]0|18(14|15|16(17| 0 (18|18(19|0 | 8
b|8|2|8|9(10|11| 7 |13[/0(18(14|15(13|17| 0 |18|17|19|19| 8
c|(18(0(3(9|5|6(12(13|9|18(11|12|16(17|15(16|18(19|0 | 8
d|(14(0|8(4(10({11|12|13|0({10{14({15({16(17| 0 (18(18|19|0 | 8

MeTon ompenesenus MyHKTUPHBIX cBaAsell (puc. 3.21) sa
JUHeHOe BpeMs U3BECTeH HaM IO TeMe «JIepeBbA CYy(PPUKCOB».
Hamomuauwm ero (puc. 3.22). IlycTh MbI HAXOIMMCS B BePIIIHHE V.
Torma MBI BIEM K OTILY 3TOU BePIINHEI U’ (Ayra Mexay U’ u U 1o-
MeueHa CUMBOJIOM a), a 3aTeM mepexoauM K BepinuHe w'. CBA3L,
obecrmieunBaloias 3TOT MePeX0, yViKe mMeeTcsA B AepeBe. Ecau
U3 BEePIINHLI W' eCTh AyTra, IOMeUYeHHas TeM Ke CUMBOJIOM a, U
OHAa MJET B BePIIUHY W, TO CBA3b MEXKAY U M W YCTaHOBJIeHA (OHA
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Puc. 3.21. [[marpamma mepexo0B KOHEYHOT'O ABTOMATA AJISA IIONCKA
B TeKcTe obpasmoB P; = abcdccb, P; = bedecb, P3 = dccb, Py = bc,
Ps = dc,Pg = cb

BbIJeJIeHa TOJICTOM JumHHeln Ha puc. 3.22). Ecau Her, TO MBI
UIeM AAJIbIIe 10 AepeBy (IYHKTUPHASA CTPeJKa U3 BePIITuHbI W'
Ha puc. 3.22). B m000M ciaydae aTOT mpoliecc KoHeueH (B Xy/I-
IeM cJaydae Mbl BEpHEeMCS B KOPEeHb JepeBa).

Puc. 3.22. ®opmupoBamme CBI3U MEXKAY BEPITUHAMU U U W

Ocrajiock OTBETUTH HA BTOPOM BOIIPOC — KaK BBIBOAUTDH
BXOJKJIeHuA o0pasos B TekceT? Oopatumcesa K puc. 3.21. Cocros-
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HUS aBTOMAaTa, COOTBETCTBYIONINE OKOHUAHUAM 00pas3IloB, BbI-
IleJIeHbI Ha 9TOM PUCYHKe TeMHBLIM (hOHOM M MMEIOT MEeTKH B
BUJle HOMepa obpasiia. EcTecTBeHHO, UTO JJisT HUX MB3BECTHBI U
IJIWHBI 00pasioB. YTo HaM TpebyeTcd caesnaTh? Ila mpocTo co-
OpaTh 4JIsI KayKI0T0 COCTOSTHUA aBTOMATA « TEMHBIE KPYKOUKM » |
Pesyabrar aT0ii cOOpKHM (a OHa OCYIHECTBJIAETCSA B IIpoIlecce
dopmupoBauua byHKIuu F aBromara 1 He BJAUAET HA BPEeMEH-
HYIO OIIeHKY) IPUBeAEH AJIA HAIero «CKBO3HOTO» IpuMepa B
Tabua. 3.10.

Tab6auma 3.10

Homep cocroa- | Ciucox Home- | Homep coctosa- | Cmcox HOMEpOB
HHUSI ABTOMATa | POB OGPa3IOB | HUI ABTOMATA o6pasuos

3 4 13 2,3,6

5 5 15 5

7 1,2,3,6 17 3,6

9 4 19 6

11 5

O6cy:xaenue anropurma A. Axo u M. Kopacuk 3aBepmium
paccMoTpeHHeM cleayiomiero mnpumepa. IIycTb OaH TeKCT
T = abcdccbedecbbecabedech. Pabora aBromara (oHa OmHO-
3HAYHO OTCJIE}KUBaeTCA ¢ IToMOIIbIo F (Tabi. 3.9) win xuarpaMMbl
mepexonoB Ha puc. 3.21), co3maHHOro IJs IIPUBEJEHHOr0 MHO-
JKecTBa 00pasIloB, JaeT pe3yJIbTaT, IIPpeACcTaBJIeHHbIN B TabJ. 3.11.

Tabauma 3.11

Homep | Homep | Hauvamsnasn| Homep | Homep | Hauvansnan
Ho3uINu | 00pas- MO3UIUA | MO3UIMM | 00pas- HO3UIUA
B TEeKCTe na oopasua B T| B Tekcre na oopasuaB T
>1) ()
3 4 2 12 3 9
5 5 4 12 6 11
7 1 1 14 4 13
7 2 2 17 4 16
7 3 4 19 5 18
7 6 6 21 1 15
8 4 7 21 2 16
10 5 9 21 3 18
12 2 7 21 6 20
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HeTpyznzo npu 3TOM OTCIEIUTH IIOCTIEIOBATEIHLHOCTE IEepe-

XOO40B M3 OJHOI'O COCTOAHHA aBTOMAaTa B ApPyroe.

T\ YnpaxHeHus

1.

PaspaboraiiTe mpocToit aJaropuTM NOMCKA 00pas3IoB B TEK-
cTe ¢ BpeMeHHoO# onneakoit O(t - n + m), rae m — cyMMapHas
IJanHa 00pasIosB.

IIpuBenuTe mpuMep MHOKeCTBa 00OpPA3IOB, AJA KOTOPOTO
IrarpaMma IepexoJoB aBToMara He OyaeT UMeTh MYHKTUP-
HBIX cBsa3eii (cm. puc. 3.21). Kak B aTOM cayuae paboTaer
anroputMm A. Axo — M. Kopacuk?

ITpuBenuTe mpumep MHOXKecTBa 00pasmnos. IlocTpoiiTe miis
HEero IepeBo KJIIoUell 1 IpeodpasyiTe ero B fuarpaMmy pa-
6oTel aBTOMaTa. ChopmMupyiiTe /Aaa Ka’KIOTO COCTOSHUS
CIIMCOK 00pasIioB, KOTOPhIE CJAEAYET BHIBECTU IIPU €T0 JOC-
TUKEHNN.

Briscaure, kak aaroputm A. Axo — M. Kopacuk pabdoraet ¢
OepUuoOgNUYEecCKMMM CTPOKaMu. Ilpumep IepUOAUUECKOM
crpoku: (abc)’, rme t — HATYpasbHOE UHCIIO.

Peanuzyiite anroputm A. Axo — M. Kopacuka (Hanuimnure
nporpamMmy). OcHOBHAsA YacTh JOTUKHU MOMKET BBITJIAIETH
CJIeIYIOITM 00pasoM:

Begin
Init; {lHMUManM3aUuMsa IJaHHBX }
KeyTree; {llocTpoeHMUe IepeBa KJouel}
Automat; {IlocTpoeHme aBTOMarTa}
Search; {Ilouck BXOXIOEHUS OOPasLOB B TEKCT
C BEIBOIOM Ppes3yiibTaTa}
End;

Ilpumevanue. U3saiecTBo peamusdanuu OyneT, Kak OObIU-
HO, 3aBHCETL OT BBIOOPA CTPYKTYP SAHHBIX.

Meroaudyeckuii KOMMeHTaPHIH

IlepBBIil aITOPUTM TOCTPOEHUS AepeBa cyPPuKcos (mepena Imo-
suMIMit) 8a JHMHeHHoe Bpems paspaGoran II. Baitmepom'
(Peter Weiner) B 1973 r. 3arem B 1976 r. E. MaR-erf/’II'OMz)
(Edward McCreight) 6611 IpeaI0KeH APYToii ajaropuTMm. BapuaHTt
E. Maxk-Kpeiira 6osiee sxkoHoMuueH o namATu. B 1995 r. 3. YKKo-

Y Weiner P.Linear pattern matching algoritms // Proc. of the 14" IEEE Symp. on

2)

Switching and Automata Theory. 1973.P.1-11.
McCreight E. M. A space-economical suffix tree constructor algorithm //
J.ACM. 1976. Vol. 23. P. 262-272.
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Hen” (Esko Ukkonen) paspaboTaJi HOBBII BapuaHT ajroputMma. Ero
OPUHIININAJbHOE OTJINYNE 3aKJII0UAETCS B BOSMOXKHOCTU 06paboT-
KM TEKCTa B peaJibHOM MaciiTabe BpeMeHH — IepeBo cy(PPUKCOB
CTPOUTCA IO Mepe MOCTYIJIEHMA CUMBOJOB Tekcra. B 1997 r.
M. <I>apaq2) (Martin Farach) nns MHIeKCUPOBAHHBIX aJI(DaBUTOB
co3IaJI APYro¥l BapuaHT aJlOPUTMAa IIOCTPOEHUS JepeBa cyhHUK-
coB. Onucanme anroputma II. Baiimepa MOXHO HaliTu B KHUTe
II. Tachunga, a anropurma M. @apaua — B kuure b. Cmura.

CyddurcHbIe MACCUBBI KaK HOBas CTPYKTYpAa JaHHBIX, PAI1O-
HaJIbHO WCIOJIB3YIOINAas NaMATh B 3ajladye IIOWCKA IOJCTPOKU B
TeKcTe, npeaaosxkena ¥. Maubep (Udi Manber) u I'. Maitepcom
(Gene M yers)3). WNsBecTHO, uTO CcyddUMKCHBIE MACCUBBI MOTYT
ObITH c)OPMUPOBAHBI 6€3 UCIOJIL30BaHUA AepeBa cyhHOUKCOB, HO
3a HECKOJBKO GOJIbIIee BpeMs .

Agropurm A. Axo (Alfred Aho) u M. Kopacuxk (Marga-
ret Corasick5)), C OOHOUM CTOPOHBI, PA3BMBAET TEMY MCIIOJIH30BAa-
HHS METOJOB TEOPHUM aBTOMATOB B DPeEIIeHWHU 3amad o0paboTKu
CTPOK, a C APYIrof — HaTJIATHO JeMOHCTPUPYET IPUMeHeHUe et
paccMaTpuBaeMoOil CTPYKTYDPHI JAHHBIX — AepPeBbeB cyDDHUKCOB.

1)

2)

3)

4)

5)

Ukkonen E.On-line construction of suffix—trees // Algorithmica. 1995. Vol. 14.
P. 249-260.

Farach M. Optimal suffix tree construction with large alphabets // Proc. 38th
Annual IEEE Symp. Foundations of Computer Science, 1997. P. 137-143.
Manber U., Myers G. Suffix arrays: a new method for on-line string searches //
Proc. First Annual ACM — SIAM Symp. Discrete Algs., 1990. P. 319-327.
Manber U., Myers G. Suffix arrays: a new method for on-line string searches //
SIAM J. Comput. 22—-5, 1993. P. 935-948

Sadakane K. A fast algorithm for making suffix arrays and for Burrows-
Wheeler transformation // Proc. IEEE Data Compression Conference, 1998.
P.129-138.

Aho A., Corasick M. Efficient string matching: an aid to bibliographic search //
Comm. ACM. 1975. Vol. 18. P. 333-340.



Fnasa 4

BbluncneHme paccrossHUA
Mexay CTpoKaMm

Kakas maipHOCTH paccToOsIHbs!

B oaHOI 13 ropoaCKUX KBAPTUP

B cTosoBoit — peun o JIsgosmue,

A B meTCKOIi — TYIIbL ¥ TPAHCIIOPTHUDP.

Bopuc ITacmepnak

B usyuaemom pasgeiie Teopuy IOCTPOEHUSI AJITOPUTMOB Ha
CTPOKAX pelltaeTcs 3ajgava NPubLuUNieHH020 CPaBHEHUS ABYX
cTtpok. Ho a1 nsmMepeHusa NpuOInKeHHOCTH TpedyeTcsa BBeje-
HMe Mepbl, MJIN <«PACCTOAHMNA» MEXIY OG’LeKTaMI/I, B JAHHOM
ciaydae — cTpoKamu. ToJBKO IIOCJIe 3TOr0 MOXKHO CKa3aTh, Ha-
CKOJIBKO CHJILHO OTJIMYAIOTCS CTPOKHU APYT OT Apyra. B mamHoi
rJIaBe pacCMaTHBAETCA 3aJaua HAXOMKIEHUS PACCTOSHUA MeK-
Iy CTPOKaMIU M POJACTBEHHASA el 3aJaua O HaXOXKIeHUHN Hau-
0OJIBIIIEeH OOIIel IIOAIIOCJEeI0BATEeILHOCTA. B OCHOBE METOIOB
BBIUNCJIEHNUSA PACCTOAHHUA JeXaT HNJAen AMHaMHN4YEeCKOI'oO IIPO-
I'paMMUPOBaHUNA, a PEIIeHUAMMU ABJAIOTCA aJI'OPUTMBbI AUHA-
MHUYECKOT'0 IporpaMMUPOBaHUA ).

41. OCHOBHOM anNropuT™m

I'1aBHOE BCIOAY — HAUaTh; HAYAJIO
BasKHeNIIad MacTh JeJl.

Asconull

Mepa 6ausocmu (paccmostue) IOJKHA YIOOBJIETBOPATH
caenyiomuM yrBepikgenuam. Ilyers S;, Sy u S3 — cTpoku, a
d — paccrosiHue, TOrga:

e d(S1,S3) > 0 — ycioBUe HEOTPUIATEJIHLHOCTH;

e u3 d(S1,S3) = 0 caemyer, uTO U = U U HA0OOOPOT — YCJIO-

BUe eIMHCTBEHHOCTH;

1
) CuunraeMm, 4TO C METOJOM JMHAMUYECKOT0 IIPOrPaMMUPOBAHNA YNTATEIb 3HAKOM,
Hanpumep, no kaure: Oxy.nose C. M. IIporpaMmMupoBasue B aaropurmax. — M.:
BUHOM. Jla6opaTopus 3uauuii, 2007.
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e d(S1,S3) = d(S2,S1) — ycaoBUe CUMMETPUUYHOCTH;
e d(S1,S3) < d(S1,S2) + d(S2,S3) — HepaBeHCTBO Tpey-
TOJIbHUKA.

Pagnuune cTpok S; u Sy Mex Ay cO00H 0OOBIUHO OIIPE eS0T
B KOJIMYECTBE OIllepalinii, KOTOPbIE) CAeAyeT BBIMOJHUTH s
mpeobpasoBanua S; B Sy. K TakmM 61iepaiusiM OTHOCAT: BCTAB-
Ky (In —Insert)cuMmBoJga; yaajgenue (D1 — Delete) cuMBOJIA;
IIOJICTAHOBKY MU 3aMeHy (Re — Replace) cuMBoJIa; GYKBOCO-
yeTaHUEM Ke Ma (oT ciioBa Match) 0603HAYNM OTCYTCTBHUE OIIe-
pamuii Hajg CMMBOJIOM CTPOKHU. Bce Takue omepanyuy OObBIYHO
onpenendrT KaK onepayul pedakmupo8arnus.

Paccmosanue P. Xemmunea nyia cTpok S; u Sy OIMHAKOBOH
IJINHBL N OIIpefesdeTca KaKk MUHIMAJIbLHOE KOJIMYECTBO oIepa-
nuii mojacTaHoBOK (Re), HEOOXOOMMBIX IJA HpeodpasoBaHUA
S; B S,.

MNpumep

ITycre S; = abcd, Sy = acbd. Torza paccroanue P. Xem-
MUHTa JJIS 3TUX CTPOK d(Uq, Uy) = 2.

.1
Paccmosnue B. Jlesenwmeiina® JUIS CTPOK Uy U Ug OIIpeJe-

JseTcAd KaK MUHUMaJIbHOEe KOJIMYEeCTBO oIepaIuii BcTaBok (In),
yaasnenuii (D1) 1 moacTaHOBOK (Re), HEOOXOAMMBIX IJIA ITPE0s-
DPa3oBaHUA U B Usy.

MNMpumep

ITycte S; = abbca, a Sy/= aca. IlocienoBaTeabHOCTH Olle-
pammit MaReReD1D1 HaJ CHMBOJIaMHU IIEPBOM CTPOKU (IIE€PBBINA
CHMBOJI He U3MEHAETCS, BTOPOH U TPeTUH 3aMeHIIOTCs, UeTBep-
THIH U OATHIU — yJajasaioTca) faet d(S1,S;) = 4. AHaIornuyHo
IOCJIeOBATEJIbHOCTD Oollepaliuit MaReD1D1Ma IpPUBOIUT K pac-
croaauoo d(S;,S;) = 3, a mociaexnoBaTeJbLHOCTL MaD1D1MaMa —
d(Sl7SZ) = 2.

Taxum ob6pasom, ecjiu peub UAeT 0 MUHUMAaJIbHOM PaCCTOsI-
HUU, TO CJIeAyeT IIOHUMATh, YTO OIIpeaessdeTcs He TOJIbKO KOH-
KpeTHOe YHCJIOBOe 3HaUeHUue, HO U II0CJIeJ0BATEJIbHOCTD Ollepa-
nuii, IpuUMeHeHue KOTOPBIX o0ecIeumBaeT ero AOCTHUIKEHUe.
Kpowme Toro, mepBas cTpoKa nmpeobpasyeTcsa BO BTOPYIO, OJHAKO
OUYEeBUHO, UTO BCTABKa CHMMBOJIA B OOHY CTPOKY MOXKeT pac-

b JleseHusmeiin B. H. [[Bon4HBIE KOABI C UCIIPABJIEHNEM BBINTaJ€HU, BCTABOK U 3a-
MerneHuH cumMmBoJioB // Hokaangst AH CCCP. 1965. T.163. C. 707-710.
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CMaTPUBATBHCSA KaK yJajJeHre CUMBOJIA U3 IPYTOA CTPOKU, W HA-
060opoT.

IIpumeuanue. [lanee B OCHOBHOM MBI OyIeM ITOAPA3yMeBATH
paccroauue B. Jlesenmreitna®). Ecau sxe peYb MOUAET O APYTOH
Mepe 6JIMBOCTH, TO ATO OYAET CIeInraabHO OTOBOPEHO.

ITycts mans g8e crporu Sp (S| = n) u S, (IS, = m), u Tpe-
6ye’rca BBIUYHNCJIUTH PAaCCTOAHUE MEX Ay HMMU. BBe,E[eM MacCcCuB
D[0..n, 0..m], rae anmemenT D[i, j] onpenensieTcsa Kak pacCcTos-
HUue Mexxay noxcrpokamu Sq[1..i] u Sy[1..j]. Torma d(S;, Sy) =
= D[n ,m].

CraesnaemM oueBUIHbBIE YTBEPKACHUA:

e D[0, 0] = 0 — mycras cTpoka npeobpasyeTcsa B MYCTYIO

CTPOKY 3a HYJeBOe KOJUUECTBO OIlepalliii;

e D[0, j]=jnnnajor 1l pgom — mycras cTpoka npeobpasy-
ercs B CTPOKY Sy[1..j] 3a j omepamuii BcTaBKU, U 3TO —
MUHUMAaJIbHOE KOJINYEeCTBO TaAKUX onepauuﬁ;

e D[i, O] =ignaiorlpgon— crpokraSi[l..i] mpeobpasyer-
cAd B IMYCTYIO CTPOKY 3a i omepanuii yJajJeHusd, U 9TO —
MUHUMAaJIbHOE KOJINYECTBO TaAKUX onepauuﬁ.

OcTaoch OIpeneJUTh CJAeAyiolllee PEeKYPPEHTHOE COOTHO-
mienue i D[i, jlmpul <i<nwul <j< m:

Dli, j1 = min{D[i — 1, j1+ 1,B[i, j - 1]+ 1,
Dli -1, - 1] +4,

rge t = 1, ecau Sy[i] # Syljl, u t = 0, ecau Sq[i] = Sy[j].

VrasaHHOe PeKYPPEHTHOE COOTHOIIIEHNE OTPakaeT CJIeny-

romue (paxToi:

e addumusHocmb 3a0a4u — IJis IIOJYUYeHUS MUHUIMAJIbHO-
ro paccTodHUA Mexxkay moactporamm Si[l..i] m So[l..j]
IOCTATOUYHO 3HATH MHUHUMAJbHBLIE PACCTOAHUS MEXKIY
noxcrpokamu: Si[l..i—1] u Soll..j]; Si[l..i] =n
So[l..j — 1]; S4[1..i—1Ju Sy[1..j — 1], — HUUero APYroro
He TpebyeTcs;

e Jocmudscumocms 3HaveHus D[i, j] — KOHKpeTHBIE OIle-
pamuu, IepeBOAINTe KaK0e N3 MUHUMAaJIbHBIX PACCTO-
auauit D[i — 1, j], D[i, j — 1], D[i — 1, j — 1] B DJ[i, j].

b Paccrosinue B. JleBeHInITeliHA B PA3JIMYHBIX NCTOYHUKAX OMPEEJIAIOT II0-PasHO-
my. B pa6ore B. Cmura B onpeneneHnu GUTryPUPYIOT TOJIBKO OIIePAIINY BCTABKY U
yAaJeHud, a AJd PACCTOAHUA, OIPeZle IeHHOI0 TaK, KaK 9TO CAeJaHO B TEKCTe AaH-
HOI KHUTY, BBOAUTCA HOBOE IIOHATHE — PACCMOAHUE NPeobPA306AHUA.
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IIprocTaHoBUM mOKAa MONLITKY 000CHOBAHUS 9TUX YTBEPIK-
JIEeHUN U pacCMOTPUM HECKOJBKO IIPUMEPOB, TeM 0oJiee UTo JIo-
ruka opMUpoBaHUsa MaccuBa D aOCOJTIOTHO «IIpo3pauHa» (Kak
U B OOJIBIITMHCTBE 3aJla4 TMHAMUUYECKOTO IIPOrpaMMUPOBAHUS,
ecJii OCO3HaHa CYyTh aAAUTUBHOCTHU):

Procedure CreateDist;
Var i,Jj,t:Word;
Begin
D[0,0]:=0;
For i:=1 To n Do D[i,Q]:=1;
For j:=1 To m Do D[0,3jT1:=];
For i:=1 To n Do
For j:=1 To m Do Begin
If S;[i]=S,;[j] Then t:=0 Else t:=1;
D[i,]j]:=Min(D[i-1,31+1,D[i,Jj-11+1,
D[i-1,3-11+t);
{OYHKLUMSA BBUMCIIEHUS MUHMMAJILHOTO M3 TpPEexX uYKuces}
End;
End;

MNMpumep 1

S; = abcdbad, Sy = bacaba. Maccus D (tabu. 4.1) 3amoi-
HseTCA II0CJIe0BaTEeIbHO: CHAUaJa 3JIEMEHTHI IIePBOM CTPOKMU,
3aTeM — BTOPOM U T. A. 3Hauenue D[6, 7] TOBOPUT O TOM, UTO
cTpoka S; mpeobpasyeTcsa B CTPOKY S, 3a UeThIPe OIepaIlyuu.
Tax, mnozcrpora S;[1..6] = abcdba npeobpasyercsa B
Sy[1..6] = bacaba 3a Tpu onepanuu (D[6, 6] = 3), a yranaa us
Si[1..7] nocneguuit cumBoJs (ofHA ollepalus), MBI IIOJydaeM
yeTsIpe oneparnuu. IToxcrpora Si[1..6] = abcdba mpeobpasy-
eTcsa B Sy[1..5] = bacab 3a uersipe ontepanuy. Beimoausasa 3ame-
Hy cuMBoJsa S{[7] = d Ha cumBos S,y[6] = a, MBI UMeeM OgHY
onepanui, a B utore — narh. Ilogcrporka S;[1..7] = abcdbad
npeobpasyetcd B Sy[1..5] = bacab 3a naTte onepanuii. Beimos-
HAS BCTaBKY B S| CHUMBOJIA a, MBI IIOJIy4aeM IIIeCTh OIlepaIiuii.
MunuMaiabHOe U3 Tpex uncen {3, 4, 5} ects 3. ITo Takoii e J0-
FUKe B COOTBETCTBUU C YCTAHOBJIEHHOMN OUYePEeqHOCTHIO (hOPMU-
pyioTca u npyrue sjieMeHTHl D.
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Ta6auma 4.1
D Homep | | 4 | 5 | 3| 4|5 |6 |7
CHMBOJIA
Homep CumMBOJI a b c d b a d
cUMBoOJa
0 CumMBoOJI 0 1 2 3 4 5 6 7
1 b 1 1 1 2 3 4 5 6
2 a 2 1 2 2 3 4 4 5
3 c 3 2 2 2 3 4 5 6
4 a 4 3 3 3 3 4 4 5
5 b 5 4 3 4 4 3 4 5
6 a 6 5 4 4 5 4 3 4
lMpumep 2

Crpoka S; = aababab npeobpasyercsa B Sy = abbaa 3a Tpu
oneparnuu (MaccuB D ipuBeneH B TabJ1. 4.2). [locaenueii omepa-
el mo npeobpasoBaHmio S B Sy MOXKeT ObITh KaK 3aMeHa CUM-
BOJIa b Ha CUMBOJI a — MbI ntepexoaum us D[4, 6] B D[5, 7], Tak
U yJaJjleHre cuMBoJa b 13 .S; — nepexonum us D[5, 6] 8 D[5, 7].
Ho u B ToMm, u B fpyrom ciaydae npeobpasoBanue (S{[1..6] B
So[1..5] u S4[1..6] B Sy[1..4]) ocy1iecTBisgeTcs 3a ABe olepa-

IUu.
Tabruua 4.2
D Homep | o | 1 | 2| 3| 4|5 |6 |7
CHMBOJIA
Homep CumMBoOJI a a b a b a b
cUMBOJIa
0 CumMBoOJI 0 1 2 3 4 5 6 7
1 a 1 0 1 2 3 4 5 6
2 b 2 1 1 1 2 3 4 5
3 b 3 2 2 1 2 2 3 4
4 a 4 3 2 2 1 2 2 3
5 a 5 4 3 3 2 2 2 3
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BepraeMcs K 00CY:KIEHHNIO PEKYPPEHTHOTO COOTHOIIMEHWS.
Hawm meob6xonumo BeruucauTb D[i, j] (MUHIMaIbHOE KOJIUUECT-
BO omeparnuii mo npeodbpasoBanuio S¢[1..i] B Sy[1..j]), u usBect-
HBl 3HaueHusa D[i -1, j], D[i, j— 1] u D[i—-1, j— 1]. IIpnu
ATOM JIOTMUYECKU BO3MOYKHEI UeThIpPE Caydas:
e BcTaBKa cuMBoJa So[j] Ha Mecto i B S; (mepexoxm orT
Dl[i — 1, j] ¥ DJ[i, j] 3a ogHy oIlepaIiiuio);

e ynajsienue cuMBoJia Sq[i] us S; (mepexon ot D[i, j — 1] ®
DJli, j] 3a ogHy omeparnuio);

e 3ameHa cuMBoJia Si[i] Ha cumBoa Sy[j] (mepexoxm ot
D[i -1, j—- 1] D[i, j] 3a ogHy onmepanuio);

e orcyTcTBUe omeparmuu — Si[i] = So[j] (mepexox oT
D[i -1, j—- 1] x DJ[i, j] 3a HyJIeBoe KOJNYEeCTBO OIllepa-
nui).

Bre160p MUHUMAJIILHOTO U3 9TUX YKCE/I JaeT UCKOMOe 3Haue-
HUe KOJIMYeCTBa omepanuii mo mnpeoopaszoBaHuioo S;[l..i] B
Sy[1..j]. dpyrue cmoco0bl IpeobpasoBaHuil (a oHU, KOHEUYHO,
ecTb, HaIpUMep yAajleHue BceX cUMBOJOB us Si[1..i], a 3aTem
BCTaBKa CHMBOJIOB, IIPUCYTCTBYIOIUX B Sy[l..j], — Kom-
4ecTBO ollepanuil i + j: MBI UeM BHaJajie 10 TOPUBOHTANU IO
CcTOJIOIIa ¢ HOMEPOM j, a 3aTeM II0 BEPTUKAJM IO CTPOKH i) JIUIIIA-
IOT HaC CBOMCTBAa MUHUMAJIBLHOCTH.

Bpemennasa caokHOCTS Takoro ajgropurma — O(n - m), oHa
IPOIOPITMOHAJIbHA Pa3Mepy’ 3aIloJHsaeMoro MmaccuBa D, KOTO-
PBIA haKTUUYECKH ONPEEeNsaeT 1 00beM NaMATU, HeO0XOqMMBbI
IS pelleHus 3agadun.

3aMeTHM, YTO IIPU BCEM STOM MBI BHIUMCJISEM PACCTOSHUE,
HO He II0CJIe0BATEJIbHOCTD OIlepaIiii mo npeodpasoBaHnIo S; B
S,! B mociegHeM Ke ciyuae MCHOJB3YIOTCS ABa CTAHZAPTHBIX
nmpueMa (cuuTaeM, 4To MmaccuB D chopMUpPOBaAH), CTABIIIUX YIKe
TpasunuoHHbIMU. OmnpemelnM MX KaK OOpPATHBIA IIPOCMOTP
MaccuBa paccroguHuii D.

B nepBoM cayuae momosHUTEIbHAA IAMATH HE UCHOJIb3YeT-
cs, a paboTa IPou3BOAUTCS TOJBKO ¢ MaccuBoM D. Onpeneninm B
KayecTBe «cocened» ssuemeHnTta D[i, j] samementsr D[i — 1, j],
Dli,j—1luD[i -1, j—- 1], (i > 0, j > 0). Haunem c siemenTa
D[n, m] u BeIOEpPEM €ro «cocefa» C MUHUMAaJbHBIM 3HAUEHUEM
D. Eciu HEeCKOJBKO «coceleil» MMET OZHO U TO Ke (MUHU-
MaJibHOe) 3HaueHue D u cpeau HUX ectb D[i — 1, j — 1], To BBI-
oupaemM ero (OCYIIeCTBJIsSEM IIepexol K 3TOMYy aJjeMeHTy D).
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Ecau :xe D[i — 1, j — 1] Het, TO BBIOMpPaeM J1000 COCeTHMI 1€~
MEHT — IPHU PEIIeHUN 3aJauu O BBIBOJIE OJHOU IIOCJIeq0BaTe I b-
HOCTHU ollepanuii 1o mpeobpasoBanmio S; B S,. (IIpu moucke xe
6cex TocJieloBaTeIbHOCTel ollepanuii o 1peod6pasoBanmuio S; B
Sy 9Ty «pasBUJIKY» cJlefyeT 3allOMHUTh, UTOOBI 3aTeM, IIOCJe
TOTO Kak OymeT HaliieHa ouepeJgHAsA IOCJIEJ0BATEIHLHOCTh OIIe-
paiuii, BepHyThCA K Heit.) s BeiOpamHoro sjaemenTta D meii-
CTBUS aHAJOTUYHEI, ¥ 9TOT IIPOIECC IIPOOJIKAETCA OO0 TeX mop,
moKa He OyzeT mocTuUrHyT asjaemeHT D[1, 1]. B Ta6a. 4.1 Kup-
HBIM IIPUATOM U CEPHIM IIBETOM (pOHA OBLI BHIAEJIEH 9TOT 00paT-
HBIA yTh 0 D. Ilepexon ot D[i, j]® D[i, j — 1] mpu aTom cooT-
BeTcTBYyeT ygmanenuto (D1) cumBosna Sq[i]; nmepexon ot D[i, j] ¥
Dli — 1, j] — BcraBke (In) cumBosaa Sy[j] mocue S{[i]; HakoHeIr,
nepexon ot D[i, j]k D[i — 1, j.= 1] cooTBeTCTBYEeT NO/ICTAHOBKE
(Re) cumBogia S[i] Ha cumBoJI Sy[j] nam oTcyTecTBUIO OIEpPAIIIY
(Ma). Tak, B mpumepe, IorasamHoM B Taba. 4.1, cTpoka
S; = abcdbad mpeobpasyercsa B S, = bacaba mociienoBaTesb-
HOCTBIO ollepanuit ReReMaReMaMaD1, 1 9Ta MOCJIEeI0BATEJILHOCTh
MHUHUMaJIbHa. Bo BTOpoM paccMaTpuBaeMOM TIpuMepe (CM.
Taba. 4.2) crpoka S; = aababab mpeobpasyercsa B S, = abbaa
II0CJIeJOBATEJILHOCTAMMU omepalui MaReMaMaD1MaD1l u
MaDlMaDlMaMaRe.

Bo BTOpOM K€ ciryuae MCHOJIb3yeTCA NOIOJIHUTEIbHAA I1a-
MATh — MaccuB yrasarteaeit Dp[0..n, 0..m], dopmupyembrii
npu 3anosHeHNN MaccuBa D. @aKTHUEeCKM B HEM B KaKJOM dJie-
menTe Dp[i, j] sanomuHaeTca (Tak wiau nHade) nHGopmManmda o
TOM, OT KaKOro «coceia» OBLI OCYIIleCTBJIEH nmepexon K D[i, j].
Tak, ecau cuurarb, 4to oT D[i, j — 1] ¥ D[i, j] aT0 3HaueHUE
paBHO eguHHIe (onepanuda D1), ot D[i — 1, j] x D[i, j] — zBym
(omeparusa In), aor D[i — I, j — 1]x D[i, j] — uernsipem (omepa-
Uy Re MM Ma), TO JIOTUKY IoJyueHus D ciaenyeT HOIOJHUTH
dpparMmeHTOM:

If D[i,j-1]=DI[i
If D[i-1,3]=DI[i
If D[i-1,3-1]1=D

j]-1 Then Dp[i,j]:=Dpl[i,Jjl+1;
j]1-1 Then Dpli,j]:=Dpl[i,J]+2;
ilj]it Then Dp[llj] ZZDp[in]+4;

4
14
[

ITocse Toro kak maccussl D u Dp chopMupoOBaHbI, OCTaeTCA
BBITIOJTHUTH 00paTHBIN TPOCMOTP OT ajeMeHTa Dp[n, m]mo yKa-
3aTenaM a0 saemenTa Dp[l, 1], sanmuceiBasg mpu 3TOM oIllepa-

IIU1, COOTBETCTBYIOIIME IlepexonaM. Bpemsi paboTsl aToro (par-
MeHTa Joruku — O(n + m).
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T\ YnpaxHeHus

1. IIpuBemuTe mpuMepbl CTPOK S; u So. HalinuTe Bce criocoOwI
npeobpasoBauus S; B Sg. BeibepuTe us HUX Te, KOTOPLIE pe-
1af0T 3a/1aYy 3a MUHUMAaJbHOE KOJUUECTBO OTlepaIinii.

2. IIpuBegute mpuMepsl eTPOK S1 u S2. Chopmupyiite Bpyd-
HYI0 MaccuB paccTodaHmuii D. BrimosHuTe 00paTHBIN IIPO-
cMoTp MaccuBa D.

3. PaspaboraiiTe aaropuTM BBIUYHCJIEHUS PACCTOAHUSA XeM-
MHUHTa MEXAY IBYMS CTPOKAMM IJHHEBIL 7.

4. TIlIpu usBecTHOM MaccuBe D HalauTe IIOCJIETOBATEJIbHOCTDH
omepanuii mo npeodpasoBaHuio S; B Ss.

5. IlIpm msBecTHBIX MaccuBax D mu Dp HaliguTe Bce IOCeqoBa-
TeJIbHOCTHU OIepanuil IIo mpeodpaszoBaHuio S B Ss.

6. Bssgewennoe paccmosarue. O6o3HaUUM uepe3d ds «CTOU-
MOCTh» OmIepanuii BCTaBKU U yAaJIleHUSA CHUMBOJA, Yepe3
'S — «CTOMMOCTB» OIlepAaIly MOJACTAHOBKY UJIN 3aMeHBI, a
yepes es — «CTOMMOCTh» coBIageHusa. CraBuTcsa 3ajjava me-
peBoza CTPOKHU Si B CTPOKY S2 ¢ MUHUMAJIBHOU CyMMAapPHO
«CTOMMOCTBIO» OIlepanuil (¢ MUHNMAJIbHBIM B3BEIIIEHHBIM
paccrossauem). IIpoBepbTe NMPUBELEHHYIO HUXKE JIOTUKY U
yb6enuTech (Ha KOHKPETHOM IIpUMepe), UTO B 3TOM CJIydyae
BBIUUCJISETCA KaK B3BEIIEHHOE PACCTOSAHUE, TAK U MAaCCUB
ykasateieit Dp.

Procedure CreateD;
Var i, ]j,t:Word;
Begin
D[0,0]:=0;
For i:=1 To n Do Begin
D[i,0] :=i*ds;Dp[i,0]:=2; End;
For j:=1 To m Do Begin
D[0,]j]:=J*ds;Dp[0,3j]:=1; End;
For i:=1 To n Do
For j:=1 To m Do Begin
If S,[i]=S,[j] Then t:=es Else t:=rs;
D[i,j]:=Min(D[i-1,]j]1+ds,D[i,j-1]1+ds,
D[i-1,3-1]1+t);
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If D[i,J-1]1=D[i,]j]-ds Then
Dp[i,3]:=Dpli,3j]+1;

If D[i-1,3]1=D[i,]j]l-ds Then
Dp[i,3]:=Dpli,Jj]+2;

If D[i-1,3-1]1=D[i,j]l-t Then
Dp[i,j]:=Dpli,j]+4;

End;
End;

7. BrblgcuuTe, Kakad 3ajada pelnaeTcs ¢ IIOMOIIbIO IPUBeIeH-

HOU JJOTUKY (1 KaK UMEHHO). Y IPOCTHUTe pellleHue (HAIIpu-

Mep, HallcaB PEKYPCUBHBIN BapHUaHT pean3arum).

Procedure FindAllWay;
Var s:String;
ok :Boolean;

St:Array[l..2*MaxN,1..2] Of Word; {Crex}

Stm:Array[l..2*MaxN] Of Set Of 1..3;
vk:Word; {Yxaszsaremnb cTeka}
it,jt, k,mask:Word;

vk:=1;

Stlyk,1]:=n;

Stlyk, 2] :=m;

Stm[yk]:=[1..37%

While yk<>0 Do Begin {Iloxa cTek He IycCT}
it:=Stlyk,1];

jt:=Stlyk,2];

If (it=0) And (jt=0) Then Begin
{Hamny oIHO M3 peleHUM}
Writeln (s);
vki=yk-1;

Delete(s,1,1);
Continue;

End;

k:=0;

ok:=False;

Repeat

{BeIOOpP HanpaBJIEHMA IepeMelleHMs }
k:=k+1;
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mask:=(1 Shl (k-1));
If (Dplit,jt]) (And Mask = Mask)
And (k In Stm[yk])
Then ok:=True;
Until ok Or (k>=3);
If ok Then Begin {IlepemeleHMre HaMlOeHO}
Stm[yk]:=Stm[vk]-[k];

vki=yk+1;
Stmlyk]:=[1::3];
Case k Of
1: Begin
Stlyk,1]:=1it;St[vk,2]:=jt-1;
s:='In'"+s;
End;
2: Begin

Styk,1]:=it-1;St[vk,2]:=7¢t;
s:='D1l'"+s;
End;
3: Begin
Stlyk,1]:=1it-1;St[vk,2]:=7t-1;
If S1[it]<>S2[jt] Then s:='Re'+s
Else s:='Ma'+s;

End;
End;
End Else Begin
yk:=yk-1;
Delete(s,1,1);
End;
End;
End;

8. Cxodcmeo cmpok. Ilycts andaBuT A HOTOJHEH CUMBOJIOM
npoGesa (0003HAUMM €ro Kak «__ »), M AJA JIOOBIX OBYX
CHMBOJIOB X, iy € A~ (A* = A + «__») ompejnesieHa OlleHKAa
rs[x, y] (ot cioBa resemblance — «CXOICTBO»), 3amaromiasd
CXOJCTBO CHMMBOJIOB X W Y IIPU PasMeIeHUU UX APYT HOM
IPYTrOM IPU BLIPABHUBAHUU. BblpasHuBaHUe IBYX CTPOK
S1u Sy mosryyaercs BCTaBKOM CMMBOJIa mpobesia B S u So u
pasMeIeHrneM CTPOK APYT MO APYTOM TaK, UTOOBI KasKI0-
My CUMBOJIY IePBOI CTPOKU (BKJIIOUAS ITPOOEJIBI) COOTBET-
CTBOBAJI CUMBOJIBI IPYTO# CTPOKMU, M HA0OOPOT.
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MNpumep
A ={a, b, c}, S; = aabbcc, Sy = aacb, =
1 -2 4 -3
3 -1 -2
rs= .
2 -5
0
aabbcc
BripaBHuBanue UMeeT CYMMAapPHYIO OIeHKY
aa_ _cc
1+1-2-2+2-5=-5, aBpraBHHBaHI/Ieaabbcc mo-
aacb _

JydaeT cyMMapHy onmesky 1 +1 -1+ +3 -5 -5 = -6.

CxoncTBO CTPOK S| U S, onpenessgeTca KaK MaKCUMaJIbHOE
CyMMapHOe 3HAa4YeHUe OIIeHOK, MOoJIyJalollleecd B Pe3yJIbTaTe
BBIIIOJIHEHM S PA3JIUYHBIX CIIOCOO0OB BHIDABHUBAHUA S; U Sy OT-
HOCHUTEJbHO APYT Apyra.

O6Gosuauum uepes R[i, j] sHaueHUe MaKCUMaJbHOU OIeHKHU
pna npedurco Sqi[1..i] u Sy[l..j]. Torga smauenme R[n, m]
JlaeT MaKCUMAaJbHYIO OIIeHKY B IIeJIOM AJs CTPOK S u Ssy.

1. OGocHyiiTe cupaBedINBOCTh PEKYPPEHTHOI'O COOTHOIIIE-

HUS:
R[0,j1= ) rs[_,Su[kIl u R[i0]= D rs[Si[k],_];
1<k<j 1<k<i
R[l _l,j _1] + I"S[Sl[i], Sz[j]]a
R[i, jl=max{ R[i -1, j] +rs[S;[i], _],
R[i, j-1]+rs[_, Sy[j1]

2. PaspaboraiiTe mporpaMMy BBIUUCJIEHUSA CXOJCTBA CTPOK
U HaXOMKJIEHUsA BCeX CIIOCO00B BhIPABHUBAHUS, IIPU KO-
TOPBIX 00eCIIeUNBAETCA 9TO CXOJCTBO.

4.2. Anroputm 3. YKKoHeHa — 0. Maunepca

Boepen, B pykonamiuyio!
(M/¢ «Ocmpos coxposuuy»)
YTouHUM Mepy OJIN30CTH MeKAY CTpOKaMu S; 1 Sy, BBeIeH-

Hy10 B II. 4.1. 3ameHUM (YCJIOBHO) OTIEPAINIO TOJACTAHOBKY WUJIN
3aMeHbl cuMBoJa (Replace) Ha JBe omepamuu — BCTaBKY
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(Insert) u ynanenue (Delete) cuMBOJIOB. [pyrumu caoBamu,
omepanus Re 6yaetr uMeTh Bec 2. BeIuuciuM MaTPUILy PacCTOA-
Huit D. HamoMmEUM peKyppeHTHOe cooTHoIIeHme niad D[i, j] upu

1<i<nul<<j<m

D[l’]]:mln{D[l_1’]]+1,D[l’ j_ 1] + 17 D[l - 1,] - 1] + t}’
raet = 2, ecau Sq[i] # Soljl, ut = 0, ecm S{[i] = Sylj] (muEMIIN-
anusanusa D ocyIiecTBIAeTCA Tak Ke, Kak 1 B 1. 4.1).

HOns crpok S; = abcaadbbd u Sy = bcadabbdc marpuna D
npenacraBiieHa B Tabus. 4.3. 3Hauenue D[n, m] 3mech paBHO 4,
T. €. 3a YeThIPe OIlepaIiy CTPOKa S| MOKeT ObITH Ipeo6pa3oBa-
Ha B CTPOKY Sy, ¥ 9TO — MUHUMAJIbHOE KOJIUYIECTBO OIIepaInii.

Ta6auma 4.3

oo |m|o|bie (Y
NN NENE N NN SN NN EVURE SR el N
oo |ot|hs|w |||~ |b
SNo|jo|s|w (|-
ootk |w || || do|eo |
(S EVCRE CR FVURE OB FVUR NN R NG o
O[Otk o | Do ||k otk ot
(W |w ||k oo B
BRjw (ko |on|oy oty [ |D
W k(o |ot|o || |~a|00 |
Alo|lo|a|o(a|o|(a|w|o|a

IIpegcraBum sty mudopmaliuio B Bumge rpadpa G = (V, E),
rae V — KOHEeUHOEe MHOXKECTBO BEPIIIUH, KOTOPhIE COOTBETCTBY-
ot uuaexcawm (i, j),i € 0 ...n,j e 0... m, a E — gyru rpada.
Kaxxkgaa Bepmuna (i, ) ‘uMmeer He 6ojiee TpexX BXOAAIIUX YT
(xpowme BepiuHEI (0, 0)), HaTpaBIeHHBIX 13 BepmuHEI (i — 1, j),
u3 BepIuHEI (i, j — 1) m u3 Bepmuws (i — 1, j — 1). Kaxknmoii Ta-
KOWU Jyre MBI IIPUIINIIIEM BEC, PABHBIN padHocTu Mexxay D[i, jlu
D[i’', j']. Bec :xe camoit BepinuHEI (i, j) OIIpeesiuM Kak 3HaUeHIE
Dli, j].

Bec Bepmiun® (i, j) orpesesisier MUHUMAJIBbHOE KOJIUUYECTBO
omepanuil mo mpeodpaszoBanuio npedurca Si[l..i] B mpedukrc
Sy[1l..j] 1 paBeH cyMMe BeCOB AyI' OPHEHTHUPOBAHHOI'O IIyTH U3
(0,0)B (i, j). Torga myTh ¢ MUHUMAJbHBIM CYMMAapPHBIM BECOM U3
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(0, 0) B (n, m) orrpene isieT HANMJIYUIIINI CIIOCO0 Ipeodpa3oBaHms
S; B S,. 3amerum, uTo B mogo6HOM rpade HET JYT OT BEPIINH C
6OJIBIITMM BECOM K BepIITMHaAM ¢ MeHbITUM BecoM. Ha pwmc. 4.1
mokasaH rpad G, COOTBETCTBYIOIIUI MaTpuilie D ajisg paccMar-
puUBaeMoro mpuMmepa.

Puc. 4.1. I'pad G, cooTBeTcTBYyIOIIUM MaTpuiie D

IToxa MBI IpeACTaBUIN NCXOOHBIE JaHHbIE 3aaUll B APYTOM
BHUe, 1 TOJbKO. KOHeUHO, ¥ HaC eCTh BO3BMOYKHOCTbD MCIIOJIb30-
BaTh aJITOPUTMBI TeOpUU Irpad)OoB II0 IMOMCKY KpaTyaHINUX IIy-
Teli ', HO UX BPEeMEHHAsA CJIOKHOCTH COIIOCTABMMAa C BpeMeHeM
dopmupoBanud D, Tak UTO HA/STOM IIYTH YCKOPEHUE He JOCTU-
raercs.

1
) Oxynos C. M. MuckpeTHas MmaTeMaTuKa. Teopusa u mpakTUKA PeIIeHns 3a4a4 10

unadopmaruxke. — M.: BUHOM. Jla6opaTopusa suauuii, 2008.
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O6paTuMcs BHOBB K rpady G ¥ BOCTIONIB3yeMCsI OUE€BUTHBIM
HabaomeHneM. Ha myTH ¢ MUHUMAJIbHBIM CYMMAapPHBIM BECOM U3
(0, 0) B (n, m) He MOKeT OBITH TaKuxX BepmmwuH (i, j), YTO
Dli, j1 > D[n, m]. Eciu reneps u3 G yopaTh Bce BepIIHUHBI C Ta-
KHMM BECOM M BCe IIyTHU, BeAYII1e TOJIbKO K HIUM, TO IIOJYUYUTCS
COKpallleHHbIl (YMeHbIIIeHHBIIT) rpad. [[aa paccMaTpuBaeMoro
nmpuMepa oH IpuBeaeH Ha puc. 4.2. Uro oH gaet? OuepenHoe Ha-
OJIrofleHVe: BePINUHBI «KOHIIEHTPUPYIOTCSA» BOKPYT TIJIaBHOM
IuaroHajJu, KOTopas Comep:uT He 6ojee ueM n Ayr (cumraem,

uyto n < m). UHTYUTHUBHO SCHO, UTO BEPIINHBI COKPAIIEHHOTO
rpada He MOTYT OTCTYIIaTh OT BTOM AMaroHaJm 0oJjiee yeM Ha

d = D[n, m]uiaros (ayr). [laxe 60Jiee TOUHO — Ha g II1aros.

Puc. 4.2. Cokparenusniii BapuaHT rpada G
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Torma o6Iee KOJIMYECTBO BEPIITUH B COKPAIleHHOM rpade nMmeeT
mopanok O(n - d). 1 BoT y Hac ouepeqHOH MOMEHT «3BPUKA»:
YTO eCJU CTPOUTH CPasdy COKpaIlleHHBIN rpad, ToTga BpeMsA ero
mocTpoeHus (eCTeCTBEHHO, C IOJYyUYeHMreM OIleHOK) OyaeT IIpo-
MMOPIIMOHAJBLHO KOJUYECTBY BEPINMH, a 3ajada pelraeTrcs 3a
O(n - d)? TIpoBepuM 3Ty UJEI0 OJA «KPAaMHUX» CJIyYaesB.

MNMpumep 1

ITycres S; = abcde, Sy = fghijk. Marpuna D npexncrasJiie-
Ha B Tabia. 4.4.

Tabaumna 4.4
D O|f|g|h|i j k
0(0|1]|]2|3[|4]| 5 6
a|l|2|3|4|5]| 6 7
b|2|3|4|5|6]| 7 8
c|3|4|5|6|T7| 8 9
dl4 (5|6 |78 9 |10
e |56 |7[8|9, 10|11

Coxkpamiennbsiii rpadp G 3mech COBMALET C MCXOOHBIM, HO
ecJI1 U3BeCTHA BEPXHAS OlleHKa d, TO, IIPOUIA 10 IJIaBHOM qua-
rOHAaJIX OAWH pas (II0 COOTBETCTBYIOIIEMY IIyTH B rpade), MOXK-
HO HaTu 3HaueHue d.

lMpumep 2
ITycte S; = aaaaa, Sy = aaaaaa. Marpuna D npuBejeHa
B TabJa. 4.5.

Tab6auma 4.5

v O|T
W |=O|@
B W N -=(O |-
WIN|-=|IO|-=|N|P
N[O W|M
= O[NP
O [N |W|(k|OT|p
=N W[t O |P
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A 3pecy — adpderT makcumanbHbIl! OT TIaBHOM AMAaroHAa-
am, unayiei or (0, 0) o (n, n), MBI OTCTyIIaeM TOJIBKO Ha OAUH
IIar BBepx U BHU3 (cumTaeM, UTO n < m).

Ho kak cTpouts cokparenubiii rpad G? A ecau ero BoooOIIe
He CTPOUTH, a IIPOCTO!3aII0JHATh MaTPUILy D UMb YaCTUYHO B
TON Mepe, B KOTOPOI OHa OyIeT COOTBETCTBOBATH COKPAIIIEHHO-
My rpady, TOuHee, IPEAI0JJI0KEHNI0 00 ero CTPYKType IIpu 13-
BeCTHOI o1rierKe d? B aToM ciyuae mipu 3amoHeHuu D 1A KaK-
IOro 3HaUeHUA i (HoOMepa CTPOKHU) caenyeTr (popMUpPOBATh He BCe
9JIeMEHTHI CTPOKY (MHIEKC j), a TOJbKO OT HUKHETr0 3SHaYeHUS
(o6o3HauMM ero KakK @) 40 BepxXHero sHaueHusA (0003HAUUM ero
Kak b).

BenuuunHbl a u b onpemendAOTCcsa OIleHKON d U pasMepaMu
maTtpuilel n u m. Ilycrs m paBuo n. Torga npu i = 1 sHaueHue j
IOJIKHO n3MeHATheA oT 1 1o 1 + d (Ha d muaromajeil BBepx), a
npu i = n — ot n — d (ua d guarouajueit BHu3) go n. Od6obmasn,
noaydaeMm: a = max(l,i—-d) u b =min(n, i + d). Ocramock
ydecThb cJy4dai HepaBeHCTBa m U n. Ho Torga mpu JoCTHKEeHUU
mocJefHe  CTPOKY II0 TJIaBHOM AUATOHAJIN He0OXOIMMO CIeJIaTh
m — n (n < m) maroB BIIPABO II0 CTPOKE. JTa Pa3HOCTh U OIIpe-
IeJiseT OKOHYATeJbHBIE TPAHUIBI MHAEKCA j IPU KasKJOM 3Ha-
YeHUH i.

OdopMuM 5Ty JIOTUKY B BUAe PYHKINU Trail.

Function Trail (d:Integer) :Integer;
Var i,7j,q,t:Integer;
Begin
g:=|d-(m-n) Div 2]|;
For i:=1 To n Do
For j:= Max(l,i-g) To Min(m,i+g+m-n) Do Begin
D[i,3]:=Min(D[i-1,J1+1,D[i,]J-11+1);
If S1[i]=S2[j] Then t:=0 Else t:=2;
D[i,3]:=Min(D[i,Jj]1,D[i-1,j-11+t);
End;
Trail:=D[n,m];
End;

B ocHOBHOII mpoIiegype ocTaeTcsa TOJbKO MHUIIUAJIUINUPO-
BaTh D u BerumcaaATs D[n, m] Ko Tex nop, IOKa 5TO 3HAUEHUE He
cTaHeT 00JIbIlle OIleHKU d, KOTOPYIO MBI YBeJIMUMBAeM BABOe Ha
KaKIOl UTeparium:
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Procedure Dist;

Var i, j,d:Integer;
Begin

D[0,0]:=0;

For i:=1 To n Do D[i,0]:=D[i-1,0]1+1;
For j:=1 To m Do D[0,]J]:=D[0,3j-1]1+1;
d:=1;

While d<Trail (d) Do d:=2*d;
WriteLn(D[n,m]) ;

End;

Bpemsa BeinmosHenusa Gpyukmuu Trail cocrasiser O(n - d),

o t
a BBIMIOJIHSETCS OHa IJid 3HaueHuii d, pasHbIX 1, 2, ... 2", rome t —
t
HanMeHbIIIee IeJioe, Takoe, uTo d < 2°. CiemoBaTesbHO, 00IIee
BpeMsA paboTel Trail MMeeT TaKyIO JKe OIleHKY.

T\ YnpaxHeHus

1.

IIpuBeauTe mpuMep ABYX cTpok. IlogcunraiiTe njida HUX MaT-
puny D. IToctpoiitTe rpad G 1 ero coKpaieHHbII BapUaHT.

BreimosmHuTe TpoOrpaMMHYIO peasu3alnuio  aJropuTMa
9. Ykkonena u 0. Maiiepca.

PaspaboraiiTe Mmogupukamnuio ajaropurmMa 9. YKKOHeHa U
IO. Maiiepca, o6ecrieunBaOIIYIO HE TOJBKO IIOMCK HANOO0JIb-
el o0Iell IMOAIOCTIEeN0BATEeILHOCT, HO M BBIBOJ CaMOM
9TOIi IIOAIIOCIEeN0BaATEeILHOCTH!.

ITycTs usBecTHa BepXHAA olleHKA Oaa d. Moguduiiupyire
aaroputm 9. YKKoueHa u FO. Matiepca ajs 9TOro caydas.

IIpencraBum rpag, COOTBETCTBYIOIUM cTpoKaM S u Sg, He-
CcKOJIbKO nHaue. IIycTh B HeM JuaroHajJbHOe pedpo OT BepIIi-
HbI (i — 1, j — 1) K BepiuHe (i, J) ugeT TOIHLKO B TOM cJayvae,
ecim  Sq[i] = So[j]. Hua ctpoxk S; = abcaadbbd wu
Sy = bcadabbdc Takoit rpag npencrasiieH Ha puc. 4.3.

IlyTe gnuHOIM L — 5TO IIyTh, coAepskaInuii L Bepiuu rpada
(i1, j1)» (@2 j2)s «.» (iz, jo), mAa KoTOPBIX Si[ix] = Saljl
(= 1..L) nn iy 1 < i, jr1 < jr. Torma mpobiieMa HaxoXKmae-
HUA HanOOJIBIIIel 00Ilel IIOAIOCIeN0BATEeILHOCTH S1 1 Sy
SKBUBaJICHTHA HaxoKJAeHUI0 myTm u3 BepiuHb (0, 0) B
BepIIuHY (1, m) HanboJabIel JIUHBI NN COAeP;KAIIero Ha-
nOoJIbITIee KOJUYECTBO AMATOHAJIBHBIX pebep. OGo3HAUMM
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Puc. 4.3. I'pad, oTparkaroiuii CBA3KM MEXKIY CUMBOJIAMU CTPOK
S1 = abcaadbbdu S, = bcadabbdc

Kak d-IyTh HEKOTOPHIN IyTh, HaunHawmuiicd B (0, 0) u co-
Iepskaiuii d HeguaronaJabHBIX pebep. Torga O-myTh cocTo-
UT TOJLKO M3 AUATOHAJILHBLIX pedep, a d-IIyTh CTPOUTCS U3
(d — 1)-mytu mobaBjeHMeM ellle OJHOTO HeAMATOHAJLHOTO
pebpa U BOBMOJKHOI IIOCJIEZOBATEJIILHOCTH AMaroHaJbHBIX
pebep. IIpomecc mocTpoeHuA d-TIyTell 3aKaHUMUBAETCA IIPU
IOCTUKEeHUU BEPINUHEI (n, m). 3HaUueHUe d IIPU 3TOM JaeT
KOJIMUECTBO OIepaluii o mpeodpasoBaHuio S, B Sy, a KOJIU-
YeCcTBO AMATrOHAJBHBIX pedep — AJINHY HaubOabIIIeN 00IIei
O IOCIeI0BaTeILHOCTH.
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BroisgcuuTe, Kakasd 3amava pelraeTcs ¢ IOMOINbIO HUYKeIIPH-
BelleHHOU mnpouenypsl Solve. HMcciaemyiiTe Bompoc o ee
yaydieHnu (HallpuMep, ¢ TOUKY 3PEHUA BO3MOKHOCTHU BhI-
BOJA HAMOOJIbILIEH OOIlel IIOAIOCIeL0BATeJILHOCTH, a He
TOJILKO KOJIMUECTBa omepaluii mo npeodpasoBanuio S; B Sy
UJIU ee IJUHBI):

Procedure Solve;
Var d,j,x,yv:Integer;
Begin
Res[1] :=0;
{MaccuBr Res mMeeT TUII
TArray=Array[-NMax. .NMax] Of Integer;}
For d:=0 To Max (n,m) Do Begin
{Max - QyHKUMS oOIpeneJieHMS MaKCUMMaJIbHOI'O
U3 OBYX UYMCEJI}
For j:=-d To d Do
If (Abs(j) Mod 2)=(d Mod 2) Then Begin
If (j=-d) Or (j<>d) And (Res[]j-1l]<Res[j+1])
Then x:=Res[j+1]
Else x:=Res[j-1]+1;
yi=x-3;
{lmem no mmaroHayiM OT KOHLA NPEIHIOYIEeIO
yyacTka Ha IOMaroHanu j}
While (x<n) And (y<m)
And (S;[x+1]=S;[y+1]) Do

Begin
x:=x+1;
y:=y+1l;

End;

Res[j]:=x;

{3anoMmMHaeM KOHell IMAT'OHAJLHOT'O ydacTKa }

If (x>=n) And (y>=m) Then Begin
WriteLn (d); {WriteLn (Max(n,m)-d);}
Exit;

End;

End;
End;
End;
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4.3. 3apgayva o HaubonbLluen odLlen
nognocrenoBaTesibHOCTU ABYX CTPOK

Hy:xH0 mMeThb UTO-TO 00IIlee, YTOOBI
IOHUMATL APYT APyra, U 4eM-TO OTJIH-
YyaTbCsd, YTOOBI JIIOOUTH APYT Apyra.

ITonv Mepanvou

4.3.1. MpocTon anropuTm peLueHns

A cynpyra y MeHa npocTas, U3 Ha-
poza.
Cepzeii [[osnramos

OmnpemenuM II0 uMelOIeiicss CTpPoKe S CTPoKy S’ Kak
S' = S[i11S[iy]...S[iz], tmel < iy <ig < ..<ip<nul <k<n.
O cTtpoke S’ MBI B 9TOM cJIiydyae OyAeM I'OBOPUTL KaK O IIOJIIOCTIE-
IOBaTEJIbHOCTHU S U CUUTATh, UTO IIyCTAsI CTPOKA € TAKIKe SIBJIA-
eTcsA IMOJIIOCJIEA0BATEJIbHOCTBIO S.

Ecnu naubl 1Be cTpoku S U Sy, TO BOBHUKAET 3a7ada O Ha-
XOMKIEHUU Hauboavulell 06ueil nodnocaiedo8amesbHoCmU ITUX
cTpok — lcs(S1, Sy) (Longest Common Subsequence — «Hau-
bosblIas obIas MOAIIOCTIEL0BATEILHOCTEY ).

lNMpumep
S; = abcdefgk, Sy = bdafk = les(S;, Sy) = bdfk.

Omnpenenum V[i, j] KaKk AJIUHY HaWOOJBINEH 0O0IIel moj-
mocjaemoBatesbHOCTH InpedurcoB Sq[1..i] m Sy[l..j] —
lles(Sq[1..i], Sy[1..j])|. Kax ona dopmupyerca? Eciu ussecTHO
saauenue V[i — 1, j — 1]mS[i] = S,y[j], To oueBHAHO paBEeHCTBO
VIi, jl1=V]i -1, j —1] + 1 — nauna HaubGoJbIIIel 00IIeli mOI-
IIOCJIEIOBATEJIBHOCTH yBENIMUYMUBaeTcA Ha equHuny. Eciau xe
Her — Sy[i] # Sy[j] u omnpenenennsl sHaueHus V[i—1,j] u
VIi, j — 11 (les(Sy[1..i — 1, Sol1..jD| u les(Sy[1..0], Sol1..j — DD,
TO C TOH ’Xe O4eBUAHOCTBIO cienyer, uto V[i, j] paBHO Makcu-
manbHOMY U3 uucex V[i—-1, jlu V[i, j — 1].

HNrax:

e V[0,/1=0,0<j<m

e V[i, 0]1=0,0 <i< n;

V[i-1,j-1]+1,ecan S;[i] = S, [jl;

max(V[i-1,j],V[i,j—1]) — B nupoTuBHOM cayuae.

o Vi, jl=
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3amnuch 3TOro aaropuTMa B hOpMaJIM30BaHHOM BUE ITPOCTA
U He TpebdyeT MOsICHEeHUIA.

Procedure CreateV;
Var i, 7j:Word;
Begin
For i:=1 To n Do VI[i, 0] :50;
For j:=1 To m Do V[0, ]]:=07%
For i:=1 To n Do
For j:=1 To m Do
If S1[i]=S2[j] Then V[i,j]:=V[i-1,3-1]+1
Else V[i,j]:=max(V[i-1,73]1,VI[i,J-11);
{OdyHKILUMSA HaXOOUT MaKCHUMAJIbHOE M3 OBYX UYMCEes}
End;

lMpumep

ITycte S; = abcaadbbd u Sy = bcadabbdc. B Ta6i. 4.6 mo-
KasaH MmaccuB V. [[amHa HamboOJIbIIE OO0Iel IIoAmocjenoBa-
TeabHOCTU paBHAa 7. Ho ux — aBe: bcaabbd u bcadbbd. [daa ux
BBIBOJIA B IIpoOIlecce mojydeHud V caeayer (popMUpPOBATHL U Mac-
cuB ykasareJjeil Vp (anamoruuno maccuBy Dp us 1. 4.1), a 3aTem
BBINOJIHUTHE OOpaTHBIN IIPOCMOTP OT 3JjieMeHTa Vp[n, m]
Vp[1,1]. B Ta6x. 4.6 nmocyieroBaTeIbHOCTh II€ePeXOJ0B IIpU 00-
paTHOM IIPOCMOTPE BBIZeJieHA cepbIM (DOHOM.

Tab6auma 4.6
% Homep | | y 151 3| 4|5 |6|7|8]09
CHMBOJIA

Homep CumBoa al|lb|c|la|la|d|b|b|d

CHMBOJIA
0 o|l0j(O0OjO]j]O|J]O]J]O|O|O]O
1 b 0|01 1 1 1 1 1 1 1
2 c o|o0f(1}(2|2|2|2|2]|2]|2
3 a 0|1]|1|2|3|3|3|3| 3|3
4 d 0|1 1|1 2|33 |4|4]| 4] 4
5 a 0 1 1 2 34| 4|4 |4]| 4
6 b o|1|2|2,3|4|4|5|5]|5
7 b O|1 |2 |23 |4|4|5|6]|6
8 d o|l1(2(2|3|4|5|5|6/|T7
9 c o123 |3|4|5|5|6]|T7
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Bpemsa paboThl 5TOro ajropuTMa IPOIOPIIMOHAJILHO
O(n - m), Tak Ke KaKk M 00'beM HCHOJL3yeMoU maMATu. Ecam
peYs uaeT TOJBKO O AJIMHEe HauOOJIbIIel 00Iell IIOAII0CIeI0Ba -
TeJbHOCTH, TO JOCTATOYHO OUEBUAHO ero ympoilreHwe. [amHa
lcs paBHa V[n, m], u npu GopMuUpoOBaHUYU OUEPETHON CTPOKU V
JOCTATOYHO 3HAHUS TOJBKO IIPEeAbIAYIIel CTPOKM, IIO3TOMY Tpe-
OoBaHME K IIaMATH MOYKET OBITh YMEHBIIIEHO A0 3HAUEHUS
O(min(n, m)). C aT0ii 1EJbIO B JIOTUKY (hopMUpPOBaHusa V BBO-
IUTCA MOIOJHUTENbHAasA MepeMeHHas ¢, ¢ IOMOIIbI0 KOTOPOMH
OCYII[ECTBJIAETCS IMepeagpecalusa MeX Iy IBYMs OJHOMEPHBIMK
MaccuBaMu pasMepHocTu min(n, m). IlpuBemgem (opMaIbHYIO
sanuch (mporegypa CreateM), HIOCKOJBKY OHa MOTpedyercs
HaM B JaJIbHEHINNX HOUCKAaX YIyUIIIeHN IepBOHAYAIBLHOTO pe-
IIeHUA:

Const NMax=...;
Type
TArray=Array|[0..NMax] Of Integer;
FArray=Array|[0..1] Of TArray;

Procedure CreateM(S1l,S2:String;Var V:TArray);
{IlapaMeTpH 3TOM NPOLEOYypH HOoTpedylTCs
B JaJIbHEMIIEeM M3JIOXESHUM }
Var Vs:FArray;
i,j,q,n,m:Integer;

Begin

n:=Length (S1) ;

m:=Length (S2) ;

For j:=0 To m Do Vs[0,j]:=0;

{lHuuManm3aumMsa IJaHHBIX }
Vs[1l,0]:=0;
q:=0;
{IlepexiouaTesyib CTPOK MaccuBa Vs}
For i:=1 To n Do Begin
q:=1l-q;
For j:=1 To m Do
If S1[i]=S2[j] Then Vs[qg,]j]:=Vs[l-qg,j-1]+1
Else Vs[qg,j]:=Max(Vs[l-gq,]j],Vslqg,j-11);

End;

V:=Vs[ql;
{PesynbTaT - nocjenHasa chOopMMpOBaHHAS CTpPOKa}
End;
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Wrak, TpeboBaHMS TO IIaMATU COKpPAIeHBI, PEe3yJIbTAT
onpenenseTcA 3HaueHueM V][q, m], H0 BOBMOYKHOCTH 00PaTHOTO
IIPOCMOTPA C IeJILI0 BBIBOIA CaMOM [cS MBI IMIITUJINCH. A MOKHO
JIX ¥ B 3TOM CJy4Yae HaWTU He TOJbKO IJINHY [cS, HO U BBEIBECTU
caMy IocJiefoBaTeabHOCThH? EcTecTBeHHBINM HNyTh MOMCKA: pas-
OMBKA CTPOK Ha MOACTPOKM, PeIlieHne 3aa4 s MOACTPOK, pe-
KypCUBHAA peansaIns 5TOU CXeMbl U CKJIeHKa pe3yJIbTaToOB Ha
BBIXOJI€ M3 PEKYPCUBHOIO CIIyCKa. Bes CIOMKHOCTH B TOM, KaK
pasouts cTpoku S; u Sy. Caexnyer BbIOpaTh napy uuces (is, js)
TaK, 4YTOOBI pellleHNe 3a8auu AJId IoACTPoK Sq[1..is], So[1..js]u
Silis + 1..n], Syljs + 1..m] (ux ckjeiika) maBajioO Pe3yJIbTAT
nnsa Sy u Sy. AHAJOTHMUYHYIO ITapy YHCEN cleAyeT HaXOOUTh U
IS KasKIol cieayroleil napel moAacTpok. Takasa 3amaua, mpu
YCHeITHOCTN HaxXoxKaeHus: (is, js), odsamasia ObI CBOMICTBOM aj-
IUTUBHOCTH.

Ilycts, kak u panee, S; = abcaadbbd u Sy, = bcadabbdc.
Pazobrem S; Ha 1Be moacTpoKU S11 U S;y (BeIeHMEM TOTI0IaM —
is:=n Div 2). dasa kammoi mapsl (Sq1, Sy) 1 (S1g, Ss) «mporo-
HUM» JIOTUKY CreateM. PegyabTarhl IpeacTaBjeHbl B TabJ. 4.7
u Tabi. 4.8.

Tabauma 4.7
V| dowmep | g | 12|38 4(5|6[7 |89
cillzrsga CumBoJa b|l|c|lal|d|a|b|b|d|c
0 o(o|j0|]O0O|]OjO|JO]J]O]O]|O
1 a 0|00 1 1 1 1 1 1 1
2 b 0 1 1 1 1 1 2 2 2 2
3 c 0 1 2 2 2 2 2 2 21 3
4 a 0 1 2 3| 3 3 3 3 3| 3

IlomcTpoku abca m bcadabbdc mmeroT HamOOJBIIYIO 00-
IITYIO ITOAIIOCIEOBATEIbHOCTD AJUHLI 3, M B HAIIEM Pacmops-
JKEHHM OCTAJIaCh TOJBKO IIOCIEAHSAS CTPOKA C Pe3yJIbTaTOM
(o6o3nauum ee kak V). IloncTporku adbbd u bcadabbdc umeror
lcs pyiuHBI 5, U y HAC €CTh MACCUB C Pe3yJIbTaTOM Vy. A UTO fajb-
me? MosxHO pasdouBaTh Sy II0 TAKOMY K€ HPUHIIUITY, HO OIY-
IITeH U A rapaHTUPOBAHHOCTY PE3yJIbTAaTa BCe Ke He BOSHUKAaeT.



178 TI'nasa 4. BerauciaeHne paccTOSHUS MEXTY CTPOKAMHI

Tab6auma 4.8
v | Jower 1o 1|2|3|4a|5]|6[7|8]09
cﬁ?[r:.rll)a CumBoa b|c|la|d|a|b|b|d]|ec
0 0[0|0|0|]O0]|]O0O]|]O0O]JO]|JO]|O
1 a o|jo0ojo0|1|1|1]|]1|]1]1]|1
2 d ojojof(1|2|2|2]|2|2]|2
3 b o(1|]1|1}2|2|3|3]|3]|3
4 b 0|1 1 11 2|2 (3|4|4]| 4
5 d oO(1|]1|1]|2|2|3|4|5]|5

ITpoananmsupyem V; (mociennsasa ctpoka B Tabu. 4.7). B meit
HesSBHBIM 00pa3oM 3aJioykeHa mH(GOpPMAIlUSI O CIIOCO0axX BLIPAB-
HUBAHUSA S|y OTHOCUTEJIBHO Sy — TOUHEe, O IOCIEJHEM CUMBO-
Je S5 OTHOCUTEJBHO Sy. CII0COOBI TAKOT'0 BEIDABHUBAHUS IIPU-
BeZeHBI B Tabi. 4.9. 3HaueHne MakcumMyMa B V; Jocruraercs
yoxe Ha asieMeHTe V[3], 4TO cCOOTBeTCTBYeT OCJIefHe CTPOKe B
Taba. 4.9.

Tabauma 4.9
b c a d a b b d c

a L b L c a

b R o a

a L I b L c a

a . . b o . c a
a b c L o a

a b c a

Hraxk, sHauenue 3 gocTuraercs yKe Ha IIOJACTPOKAaX abca u
bca — V4[3]. Ecau us S, ybpars bca, To ocTaHeTcs CTpPOKa
dabbdc. [IanHa HanbOJIbIIIEHN 00IIEel MOAI0OCIe0BATEIbHOCTH
Si2 (adbbd) u dabbdc paBHa 4 — Vy[m] — V5[3]. Bosuukaer
IIPeIIoJ0KeHre O TOM, UTO B KauecTBe jS ceyeT B3ATh 3Haue-
HUe j, TIPU KOTOPOM [OOCTUTaeTCd MAaKCUMYM BeJIUYUHBI
V1lj]1 + Va[m] — V,[j]. IIlpoBepum ero (u uzeio B mesaom), ub6o
ero (Qopmanusanusa He IIPeACTABIAET O0CO00IH CIIOMKHOCTU
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1
(bysrua Lcs). Ecau orma paborocmocobHa ), TO Bech OCHOB-
HOI KOJ CBeJEeTCS K BBOAY CTPOK U BBIBOAY PE3YyJIbTATOB pabdo-
Thl PYHKIIUN.

Function Lcs (S1,S2:String) :String;
Var n,m,1i,3j,1is,js,max:Integer;
V1,V2:TArray;
Begin
n:=Length (S1) ;
m:=Length (S2) ;
If (n=0) Or (m=0) Then Lcs:=""
Else If S1=S2 Then Lcs:=S1l
Else
If n=1 Then Begin
{Haxogum cumMmBoJsi S1 B S2}
j:=1;
While (j<=m) And (S1[1]<>S2[]J]) Do j:=j+1;
If j>=m+l1 Then Lcs:=""
Else Lcs:=S2[j];
End
Else Begin
is:=n Div 2;
CreateM(Copy (S1,1,1is),S2,V1);
CreateM(Copy (S1,1is+l,n-is),S2,V2);
Js:=0; max:=0;
For j:=1 To m Do
If (V1[j]1<>0) And ((V1[j]+V2[m]~-
V2[j])>max)

Then Begin
js:=3;
max:=V1[j]1+V2[m]-V2[]];
End;

Lcs:=Lcs (Copy (S1,1,1is),Copy(S2,1,73s)) +
Lcs (Copy (S1,is+l,n-is),
COPY(S2/jS+1/m_jS) ) ;
End;
End;

D' B kuure B. Cmura (c. 288—-291) noraswiBaeTcs (JIeMMbI, TeOpeMa) IIPAaBUIHLHOCTD

[IaHHOTO Pes3yJbTaTa, HO HACc MHTePecyeT He KOHEUHBII pPe3yabTaT KaK TaKOoBOMH,
o(OpMIEHHBIH HOKAa3aTeJbHO, & IPOIleCC ero «POKJEeHUA» (IpeZIosaraeMblii)
y cuenuanucra 1o uapopmaTuke. MoXXHO ¢ oIIpe/iesIeHHOH A0Jieil yBepeHHOCTH
YTBEPXKAATH, UTO JIEMMBI X TeOPeMBbI O(DOPMIAIOTCSA yiKe IIOCJIe eT0 IOTyIeHUs
(u He Bcerzga ygaduHo).
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s paccmaTpuBaeMoro mpuMepa (1 eMy og00HbBIX ) TPUBe-
JeHHas BBIIIe JIOTHMKA JaeT IPaBUJIbHLBINA pes3yabTar. PasouBka
Ha IMOACTPOKU IIPOUCXONUT TaK, KAK ONKMCAHO PaHee, ¥ MBI I10-
JydaeM OIHY U3 OOIIUX TOAIIOCIeIOBATEIHLHOCTEH, a MMEHHO
bcadbbd. OgHaKo He OyAEM TOPONMUTHCA. Bo3bMeM CTPOKU 13
onHO¥ OYKBBI a pasHOW AJUWHBI, HampuMmep S; = aaaaaa u
Sy = aaaaa. Ilpu nepBom BbIB0OBe (PyHKIINY LCs 3HAUEeHME iS Oy-
IeT paBHO 3, a js — 1, 1 peKypCUBHbBIE BEIBOBEI L.CS BBITIOJIHAIOT-
cd ¢ IOJCTPOKaMu: IepBhIili — S;; = aaa u Sy; = a; BTOpPoit —
Sis = aaa u Sgy = aaaa, YTO IPUBOAUT K ABHO HETOUHOMY De-
3yJIbTATy, 4 UMEHHO [cS = aaaa. Bompoc 0 BO3MOKHOCTHU J0Be-
meHus GyHKIUU Lcs 10 paboTOCIIOCOOHOTO COCTOSAHU S BhIHECEH
B yIpasKHEeHUA.

T\ YnpaxreHus

1. IIpuBeauTe HpUMepPhI IBYX CTPOK U BBLIUUCJINTE BPYUYHYIO
IJIVHY WX HamboJbIleill oO0Ieil MIOoAIIOC/IeL0BATEJIbLHOCTH.
BrimosiauTe 00paTHBIA IPOCMOTP II0 3HAUEHUAM U3 V 1 Hall-
nuTe Bce lcs (ecau MX HECKOJIBKO).

2. MHckarounm B paccTrosauuu B. JleBeHIIITeiHA OoIlepaIiio MO-
cranoBKU Re. Tounee, OyJeM CUMTATEL, YTO 9TA OIEPAIlM
HMeeT BeC 2 U BBIMOJIHAETCSA IIyTeM YAAJEeHNI CHMBOJIA U3
S1 u mocJexnyooIneii BCTaBKM CHUMBOJIA, PABHOI'O COOTBET-
CTBYOIIeMYy cuMBOJY U3 Sg. [IokakuTe, UTO B 9TOM CJIyUae
d(S1, S2) =n +m — 2 - les(S15°S2).

3. JlomoJsiHuTE JIOTHMKY BBIUYMCJICHUS IJINHBI HAaMOOJbIIeH 00-
el HoAIOCIefOBATEIBHOCTH S1 1 So BBIUNCIIEHEM MAaCCH-
Ba yKasaTeJiell 1 mocJaeqyoIuM BEIBOIOM Beex [cs(S1, Sa).

4. WcciaenyiiTe BOSMOYKHOCTD JOBEIEHUA PEKYPCUBHOM CXEeMbI
BBIUMCJIEHUA [cs 10 paboTOCIIOCOOHOIO0 COCTOSHMS.

4.3.2. Anroputm [1. XaHta — T. 3umaHcKoro

Boobpaxkenue BasKkHee, 4eM 3HAHUA. 3HA-
HUA OTPaHUYEHEI, TOTZA KaK BooOpaske-
HUe OXBAThIBAET IeJbIl MUDP, CTUMYJIHN-
pydA Iporpecc, IOPOXKIAs dBOJIOIUIO.

Anvbepm JiitHwimeilH

JaHHBIN aaropuTM OCHOBaH (KaK 9TO, BEPOATHO, U OBIBAET
C HOBBIMU pe3yJbTaTaMM) Ha JOCTATOUYHO ITpocToil unee. Ilosic-
HUM ee C TIOMOIIbI0 IIpuMepa. IIpeacTaBUM paccMaTpuBaeMble
cTpoku S; = abcaadbbd u Sy = bcadabbdc Ha KBagpaTHOM ceT-
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Ke, KaK MoKasaHo Ha puc. 4.4. Toukamu BbIZIeJIEHBI Y3JIBI CETKH,
COOTBETCTBYIOIIME COBIAAAIONINM CUMBOJIaM B S| 1 Sy. ITU TOU-
KU MOKHO COEJUHSATH IPYT C APYTOM OTPE3KaMU U IOJIyYaTh pas-
JIMUYHBIe JoMaHble JuHHK. COBIAZAIOIMM IIOAIIOCJIETOBATEb-
HOCTAM B S; 1 Sy TOTJa COOTBETCTBYIOT CTPOT'O YOBIBAIOIINIE JUa-
roHaJibHbIe (03 TOPUBOHTAJIBHBIX U BEPTUKAJILHBIX OTPE3KOB)
JIMHUM, & HanOOJILIIIeH 00IIei IT0II0C/IeJ0BATeILHOCTH COOTBET-
CTBYeT JINHUS, COCTOAINAA U3 HANOOJBIIIEro KOJINUYECTBA TAKUX
OTPE3KOB.

d . J

Puc. 4.4. CeTka Jis IpeACTABIEHUA CTPOK

Taxum obpasoM, 3ajaua O HAXOKAEHUUW HAMOOJbIIei 006-
el IOAIIOCJIeLOBATEJIbLHOCTH SKBUBAJIEHTHA MHONCKY MAaKCH-
MaJbHOM MOHOTOHHO BO3pacTaloIleil IIOCJeI0BATEeJIbHOCTU Ta-
kux nap uuceda (i, j), aro S;[i] = Sy[j]. Ilo puc. 4.4 nna pac-
CMATPUBAEMOI'0 IIPUMEPA €€ OYeHb IIPOCTO BBINHCATL, XOTS
HOMepa CHMBOJIOB CTPOK He HpuBeAeHbI Ha puc. 4.4: (2, 1),
3, 2), (4, 3), (5, 5), (7, 6), (8, 7), (9, 8). Ho Kkpome MaKCcHMAaJIb-
HOIi MOoCJIefOBAaTEJIbHOCTHY Ha puc. 4.4 ABHO IPOCMAaTPUBAIOTCSA 1
Ipyrue o0Iye IOAIIOCIeI0BATeIbHOCTH S U Sy, OLHA U3 KOTO-
PBIX n3o0parkeHa MyYHKTUPHOMN JIMHUEH.
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CilemyomiuM IIaroM sBJISETCSA HOBBIH CI0OCO0 OMMCAHUS
B3aMOCBA3U CUMBOJIOB B CTPOKax S; 1 Sy. BBegeMm nBymMepHBIH
maccus V. IlepBbIM uHAEKCOM (i) B HEM ABJIAETCSI HOMEP CUMBO-
Jga B S;, BTOpPbIM (q) — AauHA 001I1eli IOAIIOCTIE0BATEIEHOCTH
npedurca Sq[1..i] u Sy, a 3HaueHUEM diIeMeHTa MaccuBa V[i, q]
SABJIAeTCA MUHUMAaJIbHOe BHaAUeHNe j (HoMepa cuMBoJia B Sy), Ha
KOTOPOM IJnHA HAMOOJBIIEH o0Ieil IOAIOCIeI0BATeILHOCTI
npedurcoB Sq[1..i] u Sy[1..j] paBHa 3HaUEHUIO q.

ITogcunTaem BpyuHyI0o 3HaUeHUA, Hanpumep s V[ 7], T. e.
Iis npeduKca CTPOKU S, paBHOTO abcaadb. Ilyers ¢ = 1. Mu-
HUMaJIbHOe 3HAUEeHUeE j, AJIA KOTOPOTO JJIMHA 00IIel mocaeaoBa-
resbHOCTH Sq[1..i]1 Sy[1..j] paBHa @, ecTb eguHUITA — So[1..1].
Amnajorunusno, giasa q = 2 (bc), 3 (bca), 4 (bcad). dus g = 5 Tpe-
OyeTcsa B3ATH nIpedukc S, U3 IecT CHUMBOJIOB — becadab. Ecin
mpozesaTh TAKYIO Ke padoTy /1A BCeX OCTABIIMNXCS IPe(UKCOB
S, TO MBI IIOJIyYUM MACCHUB CJIeAYIOIIEro Buaa (IpU YCIOBUU,
YTO IIEPBOHAYAJIBHO €T0 3JIEMEHTAM ITPUCBAMBAIOTCS 3SHAUYEHUA
m + 1, a ajleMeHTaM HYJIeBOTO cToJiOIa — 3HaueHus 0):

10 10 10 10 10 10 10 10 10
3 10 10 10 10 10 10 10 10
1 10 10 10 10 10 10 10
10 10 10 10 10 10
10 10 10 10 10 10
10 10 10 10 10
8 10 10 10 10
6 10 10 10 10
6
6

o

7 10 10 10
7 8 10 10

O O O © O O O O O
= T T = S =

N DD NDDNDDNDDNDDN O
W W W W w w ©

HNmes B cBOEM pacropsisKeHUU MaccuB V, BEIINCATh MaKCH-
MaJIbHYI0O MOHOTOHHO BO3PaCTaIOIIYIO IIOCJIEIOBATEILHOCTD Ta-
Kkux nap uwucer (i, j), aro S;[i] = S,[jl, He cocraBuser Tpyxa.

Yro orpaskaercsa B maccuBe V? B 1e1omMm — HeKoe momobue
OyTU HanOOJIbIIei 00IITell ITOAI0CIeI0BATeILHOCTH IBYX CTPOK
S;uS,, rae nnjgeKc i (HoMep CTPOKM) oIIpefiesisgeT HOMepP CUMBO-
aa S, uHAeKc ¢ (HoMep cToJb1a) — HoMep cuMBoOJIa B [cS, a 3HA-
yenue V[i, ] — MUHMMaJIbHOE 3HAUYEHUE AJIUHLI IpeduKca S,,
Ipu KOTOPOM TIoJydaercs ara lcs.
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Wrax, Vi, q] :1mi‘g ‘(]). Kax dopmupyercs saement V]i, q]?
<j<|S,

MosxHO yTBEPKAATH, UTO 3HaueHue V[i, ¢] HAXOAMTCA B UHTEP-
Baje ot V[i — 1, ¢ — 1] mo V[i — 1, q] (upoBepbTE 9TO yTBEPIKIE-
HUe Ha IpUBeJeHHOM MaccuBe V). JleliCTBUTENBHO, €CJIU
S1li] # Solj], To lcs He MoxkeT 6BITH IPOAOJKEeHA cuMBOJIOM Sq[i],
u VIi, q] = V[i — 1, q]. Paccmorpum Temnepsb ciaydail paBeHCTBa
Sq[i] = Sslj] 1 pasbepemcs ¢ 1eBoii rpaHuIlell HHTepBajla. 3HaUe-
HUe j AJA HanboJbIeii o0Iel mocjieoBaTeJTbHOCTH JJIUHBI ¢ He
MOXKEeT OBITH MeHbIIIe 3HAUeHU j A4 [cs pouubl ¢ — 1. eficTBu-
TenbHO, les(Sq[1..i], Syo[1..V]i, q]]) obpasyerca myTtem mobasie-
HUA OJHOI0 cUMBOJIa 13 S1 1 Sy K les(Sq[1..i — 1], So[1..V[i — 1, ql]),
T.e. V[i-1,q—- 1] <V]i, q]. Oupenenum mnpaBy TIpaHUILy:

VIi, q] < V[i — 1, q]. Tak xak mauboabIlIaa o0IAasI MOIIIOCIE0-
BaTEJLHOCTh IJIMHBI ¢ yiKe IIOCTPOoeHa, TO Hpu (GOpMUPOBAHUU
sgyurneii [cs aToil AaUHBI (q) He00X0AUMO B3ATH CUMBOJI U3 Sg, 00-
Jagaroninii O0JBIINM «IIOTEHIIUAJIOM» co3fgaHusd Ics (T. e. cuM-
BOJI C MEHBIIINM MHJIEKCOM), Torja B cyddurce Sy[j..m] okaker-
cs 0OJIBIIIE CUMBOJIOB, KOTOPbIE MOT'YT BXOOUTH B ICS.
dopman3oBaHHAA 3alMCh 9TOM JIOTMKN MMeEeT BIJ:

Procedure Build;
Var i,]j,q,t:Integer;
Begin
t:=1;
For i:=1 To n Do Begin
For j:=m DownTo 1 Do
{CxaHMpyeM BTOPYK CTPOKY B OOpPaTHOM HalpaBJIEHUM.
B MaccuBe V milyTCcd MHIEKCH Jj, YIOOBJIETBOPSIKIIME
yenoeuw: V/[i-1,g-1]<jp<jm-1<...<7:<V[i-1,qg]}
If S1[i]=S2[j] Then Begin
q:=Find(V[i-1],3);
{llouck "camoro Jseporo" wmHIekca,
YIOOBJIETBOPAKIETO YCJIOBMIO}

If g<>0 Then Begin VI[i,q]:=7j; t:=qgq; End;
{3anoMmHaeM 3HaueHME g, TaK Kak B B3TOM CTPOKe
norpebyeTcsa KOPPEeKTUPOBKA 3HAUEHUM (IyTeMm
IIEePENMCEHBAHMA M3 Npenbaylier CTpoku) V
C MEeHBbIMMM MHIOEKCaMM}

End;
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For j:=1 To t-1 Do
If V[i,j]l>=m Then VI[i,]j]l:=V[i-1,7];
{B3HaueHueM mt+l OBLIM NPOMHMLMATIUIUPOBAHE BCE
DJIEMEHTH V, KpoOMe B3JIEMEHTOB M3 HYJIEBOT'O CcToJbLa}
End;
End;

Hasumauenne QpyHKIUNM Find CTPOro ompenesieHO: HANTH
yucJyo B uHTepBaJse ot V[i — 1, ¢ — 1] mo V[i — 1, ¢q], oupenens-
Iolllee AJMHY [cs, IpU 3alaHHOM HOMepe CUMBOJIA Sy (9TUM CHM-
BoJIoM [cS MO:KeT ObIThH yBeJWYeHa Ha eIUHUILY, IMOCKOJIBKY
Find BBI3BIBaeTCs IOpU yEaoBuM paBeHcTBa Sq[i] u Sy[j]).

Function Find (A:TArray;w:Integer) :Integer;

{B pazmesne Tunos (Type) onpenejsgeMm:
TArray=Array([0..NMax] Of Integer;
FArray=Array[0..NMax] Of TArray, Torzma B HOTaLUMU
[lackaJig CTPOKY MacCCMBa MOXHO IepelaThb KaK [IapaMeTp}
Var i:Integer;

Begin
i:=1;

While (i<m+1) And {(Afi]<w) Do i:=i+1;

If A[i]=w Then Findz=0

{TpebyeTcsa HaWTK MeHbllee, YeM W, 3HAUeHMe MHIEKCa, -
TOJIBKO B BTOM CJydae 1csS MOXHO YJIYUIMTEH }

Else Find:=i;

End;

ITo okoruanum; paGoThI IPOIEeAYPhI Build sHaUueHNEe IJINHEI
HamboJsbIIeil o0Iell IMOAIIOCIEOBATEIBHOCTH CTPOK S; U Sy
ompeneaseTcd MAKCHUMAaJbHBIM OINpeleJeHHbIM (He PpPaBHBIM
m + 1) sHauenuem V[n, q].

Bpemennaa caoxkrOCTh anroputma — O(n - m * q), rae ¢ —
IJarHaA HanboJbIllel 00IIeil moanocjesoBaTesbHOCTH. [leficTBu-
TeJbHO, IIYCTh CTPOKU S U Sy PaBHBI U COCTOAT U3 OLHOTO CUM-
BoJia (HampuMmep, a"). Torga MOKMCK HMO3UIIUM j OyAeT BBLIIOJ-
HATBCA N * M pas, a BpeMdA IoMcKa OyAeT IPOIOPIIMOHAJIBHO
IJIVHE yiKe uMerlencs [lcs.

Mo3KHO JIX YIAYYIIATE 3TOT aJaroputMm? CaMbIM OU€BUIHBIM
YJAYUYIIeHUEM ABJAAETCA ONTUMMU3aInnua QyHKOun Find — mouc-
Ka MO3UIIMU B MAcCHBe OOIMX ITOCJiefoBaTeJbHOCTelH. 3Haue-
HUS DJIEMeHTOB MaccuBa V (B CTpOKe) ABJIAIOTCA BO3PaCTAIOINen
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IOCJIeJOBATEJILHOCTHIO YHUCEJ, TTO9TOMY JIMHEWHBIU IOUCK WH-
JeKca MOKeT OLITh 3aMeHEeH Ha OMHapHBIN MOUCK. BpeMeHHAsA
CJIO0KHOCTH aJI'OPUTMa B 9TOM CJydae OIeHHBaeTCsa Kak
O(n - m * logyq). HoBasa Bepcuda Find BBITJIALUT Tak:

Function Find (A:TArray;w:Integer) :Integer;
Var up, down, mid:Integer;
Begin
up:=m+l; down:=0;
While down+l<up Do Begin
mid:=(down+up) Shr 1;
If A[mid]<=w Then down:=mid Else up:=mid;
End;
If A[down]<>w Then Find:=up Else Find:=0;
End;

Bropoe yayuriieHue TosKe ABHO TPOCMAaTPUBAETCA U3 paHee
[IPUBEJEHHOM JOTMKU — 9TO IIOMCK COBIIAMAIOIINX CHMBOJIOB:

For i:=1 To n Do Begin
For j:=m DownTo 1 Do
If S1[i]=S2[j] Then

IdTa KOHCTPYKIIUS JaeT HaM KBaAPATUYHYIO BPEMEHHYIO
ornteHKy — O(n - m). BeposTHO, e IMHCTBEHHBIN NYTh PEIIeHUA
mpo0JieMbI 3aKJII0UAETCA B BBIHECEHUU YaCcTy Pa6OThI Ha CTAAUIO
IpeaBapuUTeJbHONM 00paboTKu. BosdbMeM 0oJiee NJIMHHYIO CTPO-
Ky U IIpeJCTaBUM HOMEepa HO3UIUU C OAMHAKOBLIMY CUMBOJIAMU
B BUJe CBA3HOIO COUCKa (3ech 9Ta IIpolieAypa He IIPUBOIUTCS).
Torma, 3HadA CUMBOJI, Mbl OJHO3HAUHO BLIOMpaeM CIIMCOK, CO-
Iep:KRaluii HoMepa IIO3UINM, B KOTOPLIX OH HaXomuTcs. Boas-
MOJKHOE OIMCaHNe JaHHBIX IJIS peau3alluy 3TON uaeu — cJe-
Iyrolmnee:

Type
PListEl1=~TListEl;
TListE1l=Record
x:Integer;
next:PListEl;
End;
TListAr=Array|[Byte] Of PListEl;
Var AListEl:TListEl;

HNsmenennas Bepcus nporeaypbl Build (mpeobpasyeMm ee B
(QYHKIINIO) BBITVIAAUT TaK:
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Function Build:Integer;
Var i, Jj,q,t:Integer;
p:PListEl;
Begin
t:=1;
For i:=1 To n Do Begin
p:=AListEl[Byte(S1[i])];
{®dyHkumsa Byte npeobpal’yeT CUMBOJ B €I'0 OIBOMYHOE
npencTaBpjyieHre — uucjio. CIOMCKM HOMEPOB I[1O3ULIUM
CUMBOJIOB B S, OpPT'aHM30BAHH B yOHBalleM NOopanke }
While p<>Nil Do Begin
g:=Find(V[i-1],p".x);
If g>0 Then Begin V[i,q]:=p”.x; t:=q; End;
p:=p”.next;
End;
For j:=1 To t-1 Do
If V[i,j]l>=m Then VI[i,]j]l:=V[i-1,7];
End;
Build:=t-1;
End;

Bpemsa paboTsl TaKOT0 ajJropmuTMa yMEHBINAETCs C OIeHKHU
O(n - m) mo O(n + r), Toe r — KOJUYECTBO IIap COBMIALAIOIIUX
CUMBOJIOB B S; u S,. OZHAKO eCTh eIfe KOHCTPYKIIUA

For j:=1 To t-1 Do
If V[i,j]>=m Then V[i,]j]:=V[i-1,73];.

Takum o6paszom, o0IIIad BpeMeHHAs OIleHKA OCTAeTCA B BUIE
O((n +r) - logeq + n - q). Oua xyamiero ciaydas (coBHamaio-
mux cTpok) Ml umeeM O((n + n : n) *logen + n * n), a gua
CTPOK M3 Pa3HBbIX CUMBOJIOB — O(n).

Crrocob yMeHbIITeHU S TPpeOOBaHUHA K UCIOJIb3yeMOM IIaMATH
(yxon or maccuBa V) TakiKe oueBuieH. 14 BEIUYMCIIeHUA 3HAYE-
HUH 9JIEMEHTOB CTPOKM V[i] MCIIOIB3yeTCs TOJBKO MIPEAbIIYITIaa
ctpoka V[i — 1], upuuem o6paboTKa BeaeTcs IO CTOJIOIaM, UTO
JaeT BOBMOKHOCTD BBIIOJHUTH 3aMeHYy ABYMEPHOr'0 MaccHBa Ha
oxHoMepHBIN. Ho 5TO m03BOJISIET 320JHO UCKJIIOUYUTD «T00aBKY»
K JOrMKe B BHe 3alOJIHEHUs HeOoIpeJejIeHHbIX 3HAYeHUd
VIi, q], 4T0o cBOmZWUT BpeMeHHyI0 oueHKY K O((n + r) * logyq).
OmgHako IIPU 9TOM MBI JHUIITaeMCS JaHHBIX IJA BBIBOZA caMOi
HauboJIbIIIeH 00IIeil mMocae0BaTeILHOCTY 1 OMPEIEIIeM TOJb-
KO ee niauHy. YTOOBI He NCKJIIOYATH dTOM BO3MOXKHOCTH, CJAELY-
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eT UBMEeHUTDb KOHCTPYKIUIO (IIPU UCTUHHOCTY ycJioBusi) If g>0
Then Begin V[i,q]:=p”".x; t:=q; End; — Heo6X0oamMO 3a-
TIOMUHATH BCE Maphbl OJMHAKOBBIX CUMBOJIOB B TOM HOPAIKE, B
KOTOPOM OHU IPOXOAMJINCH B YCIOBUU, a TaK:Ke HOMED IO3U-
MUY 9TUX CUMBOJIOB B lcs. Il 9TOM Iieyiu ciedyeT MUCIIOJIb30-
BATh €Ille OAUH CBSBHBIN CIIMCOK THIHA:

Type
PSegEl="TSeqgEl;
TSegEl=Record
xv:Integer;
yv:Integer;
sv:Integer;
next:PSeqgEl;
End;
Var pt:PseqgEl;
{YkxazaTeynb Ha I[IEepPBBM DJIEMEHT CIMCKa -
ryobayibHasg IepeMeHHas}

B xauecTBe CIIPaBOYHOI'O MaTepuaJia IIpuBeaeM IIporneaypy
BCTaBKH B HaAYaJiO CIINCKAa )Z

Procedure AddSeqg(Var sqg:PSeqgEl; Const a,b,c:Integer);
Var temp:PSeqgEl;
Begin
New (temp) ;
temp”.xv:=a;
temp”.yv:=b;
temp”.sv:=c;
temp”.next:=sq;
sqg:=temp;
End;

ITocsie aTux pasmbInIeHNT HOBas Bepcuda QPyHKIuU Build
OyaeT BBHITJIALETH TaK:

Function Build:Integer;
Var i,]j,q,t:Integer;
p:PListEl;
Begin

t:=1; {KosmmuecTBO 3JIEMEHTOBR B Maccupe V}

b Okxyaoe C. M. Pa3zBuTve WHTEJJIEKTa IIKOJIbHUKA. AGCTpPaKTHBIE TUIBI AaH-
HbIX. — M.:BUHOM. JIa6opaTopusa suauuii, 2009.
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For i:=1 To n Do Begin
p:=AList[Byte (S1TiT)1;
{BriObupaeM CHMCOK HOMEPOB I[IO3ULUNM BXOXIEHMUSI
cuMBoJia S;[1i] B CTPOKy Sy}
While p<>Nil Do Begin
g:=Find(V,p".x,t);
{MaccuB V umMeeT TUII:
TArray=Array[0..NMax] Of Integer;}
If g>0 Then Begin
t:=Max (t,g+l);
AddSeq (pt,i,p".%,9d);

Vgl :=p".x;
End;
p:=p”.next;
End;
End;
Build:=t-1;

End;

OcTajioch TPUBECTU IIPOIEAYPY BBIBOAA HaMOOJIBLIIIEN 006-
el moAmocJaenoBaTeabHOCT (Path) 1 Ha 9TOM 3aKOHUYUTL pa-
6oty o ontTuMmusanuu anropurMma I[. Xaara u T. 3umaHcKoT0:

Procedure Path;
Var temp:PSeqEl;
i,j,1n:Integer;

Begin
temp:=pt;
{pt - yxazaTesb Ha I[EPBHM BJIEMEHT

CHOMcCKa CHYMBOJIOB, OOpas’youMx HauOOJILUIYO
ofuyn INOONOCJIeOOBaTEeJIbHOCTD }

In:=Build;
ln:=1n+1;
lcs:="'";

{T'nnobanbHasa IepeMeHHas CTPOKOBOI'O THUIA —
HamboJbplmasa obmasa HOONOCJIeIOBaATEJIbHOCTD
cTpok S; u Sy}

i:=MaxInt; j:=MaxInt;

{MaxInt - MakKcuUMaJIbHOE lieJioe UMCJIO}

While (temp<>Nil) And (1n>0) Do Begin
If(temp”.xv<i) And (temp”.yv<j) Then Begin
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i:=temp”.xv;
Jj:i=temp”.yv;
lcs:=S1[i]+lcs;

In:=1n-1;
End;
temp:=temp”.next;
End;
End;

Bpemennasa omeHka paboThl ONMMU3WPOBAHHOTO BapuaHTa
anropurma umeet Bug O((n + r) * log,q), roe n — nIvHA MeHb-
e CTPOKM, ' — KOJIMYECTBO COBIIAJAIOIINX CUMBOJIOB, a ¢ —
KOJITYEeCTBO CHMMBOJIOB B 0OIIeil mMOAIOCaen0BaTeILHOCTY HAU-
OOJIBbIIEH AJIVHBI.

TN YnpawHeHus

1. IIpuBemuTe mpuMephl ABYX CTPokK. IlyTem (hopmMupoBaHms
maccuBa V mojcumTaiiTe AJd HUX IJANHY HaubOJbIIel 00-
el oAIIoCIe0BATEIHbHOCTH.

2. Ilyrem 06paTHOTO IPOCMOTPA IJIEMEHTOB V BHLIMUIITNTE HAU-
GOJIBIITYIO ODOIIYIO IIOAIIOCIeN0BaTEeIbHOCTD CTPOK.

3. PaspaboraiiTe NTPOrpaMMHYIO peaJu3alUi0 aJIrOpuTMa
. XanTta u T. 3uMaHCKOr0 (HEOIITUMU3UPOBAHHBIN BAPHUAHT).

4. [Hana crpoka S. PaspaboraiiTe mporpaMmy (OPMUPOBAHUA
CIIMCKOB 13 HOMEPOB MO3UINII C OAMHAKOBLIMU CUMBOJIAMU
CTPOKMU.

5. PaspabGoraiiTe IpPOrpaMMHYIO pPEaAIM3AINI0 AJTOPUTMA
. XauTau T. 3uMaHCcKOro (OITUMU3MPOBAHHBIN BADUAHT).
OrennTe BpeMs pabOTHI B HAUXYAIIIEM ¥ HAWJIYUIIIEM CJIY-
Jyasax.

4.3.3. Anroputm J1. dnnucoHa — T. [lukca

HewussecTHO, UTO YeJOBEK eIlle BBLIAY-
MaeT: ToJIoBa — KpyrIJiasd.

Xenpur Az003unvcruil

Bech cMBIC 9TOrO ajJropuTMa 3aKJII0UaeTCs B IIOCTPOCHUU
IBOMYHOU MaTPUILI R, oTpakaiolieil CBA3U MeKIY CUMBOJIaMU
CcTPok S; 1 Sy, ANMHA HauOOoJIbIIIel 00111el TocIe[0BaATEeIbHOCTH
(lcs) xkoroprix umiercsa. IlocTpoeHne HaUMHAETCS € IIOCJETHEN
ctpoxku R[m]. Ecau B anroputme P. Boitepa — [I:x. Mypa ob6pa-
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3ell cpaBHUBAJICA ¢ (DPPAarMEHTOM CTPOKHU cIIpaBa HaJjeBo (OT mo-
cJeIHero CMMBOJIA 0 IIePBOr0), TO U 3/1eCh, 110 AHAJOTU U, UIIIET-
cda guuHa les mocsegHero cuMBoiia Sylm] u S;, sarem — cyd-
durca Sy[m — 1..m]u S;ur. a. Ilo okoHUaHUU STOr0 IpoIECcCa
B IIepBOil cTpoke R mpeacrasBieHa MHGoOpMausd o ajauue lcs.

ITouemy MBI HauMHAEM € KOHIIA CTPOKU S,? OTBeT 3aKJIIO-
YyaeTcsi B TOM, UTO HA KasKJAOM IlIare MIIETCSI caMoe IIpaBoe
BxoxaeHue lcs cydpdurca Sy[i..m] u crpoxu S;. (Iloka MBI He
TOBOPUM O TOM, KaK UMEHHO IpecTaBIeHa NHGOPMAIIU O JJIU-
He lcs B cTpoOKe.)

Bropas unes sakaiouaercsa B UCTIOJIb30BAHUU XApPAKMepPUC-
muiecKux 6eKmopoa, ONMUCHIBAIOIIINX BXOMKIeHIEe CUMBOJIOB B

OIHY U3 CTPOK (B paccMarpumBaeMoM ciaydae S;, T. e.n K m u
n < 32), u B IpUMeHeHUHu upeojoruu ajropurma Shift-And
(cMm. 1. 2.4) 015 OCYIIECTBJIEHUS IIepexoia OT 00paboTKU OHO-
ro cypdurca Sy K xpyromy.

«IIpuBs:KkeM» M3JIOKEHME MaTepuaja 3Toro maparpada kK
CKBO3HOMY IIPHMeEDY.

lNpumep

Anpasur A COCTOUT U3 CUMBOJIOB {a, b, c, d}. JlaHLI CTPOKHU
S; = bcadabbdc, Sy = abcaadbbd. Tpebyerca HaliTm IInHY
HauOoOJIbIIIe o00Ieli MTOAIIOC/JIeS0BATEILHOCTH 3STHUX CTPOK.
B Tabs. 4.10 mpexcraBiieHBI XapaKTEPUCTHUUYECKNE BEKTOPBI
[JJINHOI 1 GUT, OIUCHIBAIOIINE BXOKAEHIe CHUMBOJIOB B S (MaT-

puma V).

Tabauma 4.10

= l=2=Rk=RE}
ol=|O|O|(n

o|o|=|Oo|b

o |0|w |
ol|lo|~|O|b
olR|OC|O|Nn
S|o|O|~=|p
=l == E=R k"
S|o|O|=|p
o|lo|~=|O|b

Pemum mpoctyio samauy. TpebyeTrcss ocTaBUThL B XapakTe-
PHCTHUYECKOM BEKTOPE OOHY €IUHUITY, OIIMCHIBAIOIIYIO TOJBKO
caMoe mpaBoe BXOKJeHUe CUMBOJIa B CTPOKY. IlycTs aTo Oymer
cumBoJI a. Tpebyemas mociefoBaTeJaAbHOCTD JeiCTBUN IIPUBEIe-
Ha B Tabia. 4.11 u umeer Buzg: ((V[a] — 1) Xor V[a]) And V]a].
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Ta6auma4.11

V]a]

Enuauna

Beruuranue: V[a] — 1

(V[a] — 1) Xor V[a]

o|o|o|o|o
[} fe) fe) fa ) fan)
QIO |O (=
(=)=} e) e}l
- OO =
OlR=OlC
Ol~=~lolo
Ol=|=OO
= I =

((VIa] — 1) Xor V[a]) And V]a]

A Terepn YyTh-UyTh YCIOMKHUM 3a4a4Uy, BPEMEHHO OTBJICK-
IIVCh OT HAaIllero cKBosdHoro mpumepa. Ilycts S; = aaaaa u
Sy = aaaa, n = 5, m = 4 (3HaUeHUe M MOXKeT OBITH U yBeJIUYe-
HO — CMBICJI OT 9TOT'O He U3MEHUTCs). EAMHCTBeHHBIHN XapaKTe-
puctuueckuit BekTop V[a] AJsA cUMBOJIA a COCTOUT U3 OTHUX
enquuuil. Ctpoka marpunsl R[5] — HyneBasa. Crpoku R dopmu-
pyorca B ouepenHoctu 4, 3, 2, 1. IlocaegoBaTelbHOCTL Oeii-
CTBU mpuBeneHa B Tabi. 4.12.

Ta6auma 4.12

R HeiicTBue Paspansr
R[4] |x = V[a]or R[5] 1 1 1 1 | 1
t= R[5]<—Ha 1pa3p5m+1 0 0 0 0 1
x—t 1 1 1 1 0
x Xor (x — t) 0 0 0 0 1
x And (xXor (x — 1)) 0 0 0 0 1
R[3] |x = V[a]Or R[4] 1 1 1 1 1
t= R[4]<—Ha 1paspsazg +1 0 0 0 1 1
x —t 1 1 1 0 0
x Xor (x — t) o o] o] 1] 1
x And (x Xor (x — 1)) o | oo 11
R[2] |x = V[a]or R[3] 1 1 1 1 1
t= R[3]<—Ha lpaspsz +1 0 0 1 1 1
x—t 1 1 0 0 0
xXor(x — t) 0 0 1 1 1
x And (xXor (x — 1)) 0 0 1 1 1
R[1] |x = V[a]Or R[2] 1 1 1 1 1
t = R[2]¢ na1paspag T 1 0 1 1 1 1
x—t 1 0 0 0 0
x Xor (x — t) 0 1 1 1 1
x And (x Xor (x — t)) 0 1 1 1 1
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11
11
Taxkum ob6pasom, R= 01 . B crpoke R[4] omma

o O O
oS o =
—

00O0O0

eIVHUIIA, ¥ OHA TOBOPUT O TOM, 4TO cyHMUKCHI a CTPOK Sy 1 Sy
umMeloT lcs nauHbI 1 M yKaskIBaeTCd caMoe IIpaBoe BXOMKAeHUe
lcs. Aranoruuno — g4 ctpok R[3]mw'R[2]. KonuduecTBo ke equ-
Hu B R[1] naet pauny lcs niad ctpok.S; u S,.

—

Paccmorpum emre oguH mpumep. Ilyers R[i] = 000110010,
a ouepenHBIM, (i — 1)-M cuMBoOJIOM S, ABJIAETCA CUMBOJI b (ero
xapakrepuctuueckuii BekTop — 100001100). Pazmenum RJi]
Ha GiOKH (pasgenurenab OGO3HAUEH CHMBOJIOM  «1»)
000717100710 mo cirexyoImeMy IpaBIIIy: NAEM IO CTPOKE CIe-
Ba HampaBo; OJIOK 3aKaHUMWBAeTCs neped TMepBOH equHUIE
cipaBa (yCJIOBHO CUMTAaEM, UTO CTPOKA R Bcerma HaumHaeTCs C
eOIUHUILI — HYJIeBOM CTOJIOeIl), a CJAeLYIOINil HauMHaeTcs C
9TON eAMHUILI; 0JIOK MOYKeT 3aKOHUUTHCA HYJIeM, €CJIU OH —
nocyuenuuit B crpoxke. Oobwenuuenuem R[i] ¢ V[b] ¢ nmomoIsio
onepanuu Or GUKCUPYETCA IPUCYTCTBUE CUMBOJIOB b B KaKI0M
o6sioke: x = R[i] Or V[b] = 100111110. CaBur Ha oxuH paspsf
BJIeBO cTpoku R[i] u mobaBiieHre eTUHUITLI K MJIaAIIeMy paspsi-
ny (¢ = R[i] 1 paspag = 1 = 001100101) coxpanser cTpyKTypy
pasbueHuA CTPOKM Ha OJIOKU U BBOAUT OAUH (BO3MOYKHBIN) OJIOK
B caexnyiorieii R[i — 1]-i ctpoke. Ocrambuble onteparnun: ((x — t)
Xor x)And x=((100111110-001100101) Xor 100111110) And
100111110 = 100710071710 — pemator 3azadyy QUKCALKH
crapIiei efTUHUIBI, HO yiKe B KaRkgoMm O0sioke. Ctpora R[i — 1]
COJIEePIKUT UeThIpe eUHUIIEI, T. €. y cyddurca So[i — 1..m]u S;
cyIecTByerT lcs nanubl 4 (06paTuTe BHUMAaHME, YTO 3IeCh HE TO-
BOPUTCS O TOM, 13 KAKUX CHUMBOJIOB COCTOUT [cS, — TOBOPUTCH
JIUIIIBL O TOM, YTO OHA COCTOMUT M3 UeThIpeX CHMBOJIOB!).

OGpaTuMcs BHOBB K HAILIEeMy CKBO3HOMY IIpuMepy. OKoHua-
TeJbHBIN BuA MaTpuilbl R nmpuBeneH B Tabia. 4.13.

ITycTs popmupyercs R[4]. Umeem: R[5] = 00710T1T17T1710
(pasmenuin Ha 0JIOKM), a4 XapaKTEePUCTUUECKUHA BEKTOP CUMBO-
ga a pasex 001010000. Jlormueckas cyMMa paBHa
x = 001011110. 3nauenue R[5], cABUHyTOE Ha OOWH pPa3PAL
BJIEBO C IpubaBjaeHneM efuHUIL, pasHo 010111101, PasHocTh
t = 110100001 (o6paTuTe BHUMAHUE, UTO IIPUIILIOCH 3aTMCTBO-
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Ta6auma4.13

R S1 b c a d a b b d c
Sa i/j | O 1 2 3 4 5 6 7 8 9
a 1 1 1 1 1 0 1 1 1 0 1
b 2 1 1 1 1 0 1 1 1 0 1
c 3 1 0 1 1 0 1 1 1 0 1
a 4 1 0 0 1 0 1 1 1 1 0
a 5 1 0 0 1 0 1 1 1 1 0
d 6 1 0 0 0 1 0 1 1 1 0
b 7 1 0 0 0 0 0 1 1 1 0
b 8 1 0 0 0 0 0 0 1 1 0
d 9 1 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0

BaTh eQUHUIIY U3 HYJEBOTO cToJiOIa). JlasbHelme nTeficTBUsA
(omepanuu Xor m And) IpuUBOAAT K 3HaueHuio R[4], paBHOMY
00710T1T17T17110. Crpykrypa lcs He U3MeHUIACS.

Ha caenyromiem 11are obpadarteiBaeTca cydpdurc caadbbd.
HNmeem x =011011111, t=011011111 - 010111101 =
= 000100010. Omepamuu Xor m And mupuBoAaAT K R[3]=
= 0T1710T17T1171011. Buauenue nuuns lcs gis aToro cypHux-
ca u S; pPaBHO IIIECTU.

OueBUHO, UTO IIPU IMOJACUETE JJIUHBI [cS Ha KasKIOM IIare
JIOCTATOYHO 3HATH TOJBKO IPEBIAYIIYI0 CTPOKY R. @opmasiu-
30BaHHAS 3aMKCh 9TOT'O JIMHENHOTO 110 BpeMeH BapuaHTa JIOTU-
KU MMeeT CJEeIYIONINN BUI:

Procedure Search(S1,S2:String);
Var V:Array[Chr(0)..Chr (255)] Of LongInt;
n,m,i:Byte;
r,t,x:LongInt;
j:Char;
Begin
n:=Length (S1) ;
m:=Length (S2) ;
For j:=Chr (0) To Chr(255) Do V[j]:=0;
For i:=1 To n Do V[S1[i]]:=V[S1[i]] Or
(1 ShL (n-1i));
t:=0; {3HaueHmMe r Ha OpenpOyleM mare oOpaboTKM}

0
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For i:=m DownTo 1 Do Begin
x:=V[S2[1i]] Or t; {PabBouasa nepemMeHHas}
r:=x And ((x-((t ShL 1)+1)) Xor x);
t:=r; {3anommHaem r}

End;

i:=0;

While (r>0) Do

{llogcuMTEHBAEeM KOJMUECTBO E€IVHMII B I}
If (r Mod 2=1) Then Begin

i:=1+1;
r:=r ShR 1;
End;
Writeln ('ngmvHa lgsopaBHa ',1);

End;

3mech HalifeHa IJaWHA [cS CTPOK, HO He caMa IMOAIIOCIeI0Ba-
TeJbHOCTD! OmHaKo ecu MaTpuila R IIOJHOCTBIO OIIpeaeseHa, TO
IJIs BBIBOZA caMou Ics y Hac ecTh WMCXOnHas WH(poOpMAaIW.
B Ta6. 4.13 emUHUIIBI, COOTBETCTBYIOIINE [CS, BbIIEJIEHbBI YKUP-
HBIM KypcuBoM. J[JisT BEIBOZA MOIIIOCIEeN0BATEILHOCTH HAUNHAA
C mepBoii cTPOKU R ciaeqyeT HaNITH IIOCJIETHIOI CTPOKY C MaKCH-
MaJIbHBIM 3HAUEHNEM KOJIMYEeCTBA €IUHUII, a 3aTeM COBEPIIUTDH
«yTJI0BOM 00x01» . CyTh 9TOT0 00X0a B TOM, UTO B KaXKI0i CTPO-
Ke MbI HaXOOUM MEePBYIO eIVHUIY W OOXOAUM €ee, T. €. «CIyC-
KaeMcs» B CJIEAYIOIIYIO CTPOKY, HUIIEM C 3TOM IIO3UIUY HIEePBYIO
eIWHUITY U T. I., TOKA He OyIeT MOCTUTYT IOCJIeTHUI CcTOJGerr.
CumBoJIBI U3 S;, COOTBETCTBYIOIIINE€ BBHIIEJIE€HHLIM E€IUHUIIAM,
KaK pas M COCTABJISIOT [cs.

T\ YnpaxreHus

1. Ina crpok S; = tgcctaag m Sz = gctacctc ybegurech,
yTo Mmatpuna R numeer Bum:

01011001
1 0011010
101021010
R=00110010,
00110010
00011000
10001000
00010O0O0O0O0
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T. e. xauHAa lcs paBHA 4. Vlcmonb3ys «yIJI0BOM 00X0/» , Hali-
JUTE caMy ATy MOAIIOCJIEeI0BATEILHOCTD.

2. Ilycre Si1 = aaaaaaa um Sy = aaaaab. Chopmupyiite mis
HuUX Marpuny R.

3. IlpusemuTe mpuMep ABYX CTPOK Ha 3aJaHHOM ajd)aBuUTe.
Briuncaure nnmHy nx HanboJblneil oOIel moAIIocienoBa-
TEJIbHOCTH.

4. IIpu usBecTHOI MmaTpuiie R paspabdboraiiTe Ipolenypy IOuc-
Ka HamboJIbIlIeH 00Ieli IIOAII0CIeI0BATEeILHOCTH].

5. UHcmoosnbaysa MaTepuaJ IIpeAbIAYINero pasaea, paspadborari-
Te JIOTUKY BBIBOZA [cs s caydasi, Korja AJsA IIoacueTa
IJIVHBI [cS NCIIOJIB3yeTCs TOJBKO HPeAbIAYIasi CTPOKA MAT-
puiibl R (a oHa cama He pOopMUPYyeTCs).

6. Hu:xe npencraBieH BApUAHT JIOTUKY, Pealn3yIOIei IIONCK
IJIMHBI HanboJIbIIe o01Ieil MoAIIoCc/IefOBATEIbHOCTY CTPOK
(n =|Si|, m = |Ss|) mpu n > 32. IIpoBephTe ero paboTocCIO-
COOHOCTh M HAWANTE BO3MOYKHOCTH YJYUIINTH IPUBEIEH-
HBII HU)Ke IPOrpaMMHBIA KOJ.

Procedure SearchLong(S1l,S2:String);
Const nmax=10;
{3uauenme 10 ycJOBHO, OHO oOIpenesysgeTcs
KOHKPETHOM 3amauey. OCTajibHEIE KOHCTaHTH
OCTAaBJIEHH B JIMCTUHTE | HJII HATJSOHOCTMU}
Type mas=Array[l..nmax] Of Longint;
Var V:Array [Chr (0).:Chr(255),1..nmax]
Of Longint;
n,m,i,j,g:Byte;
R, T:mas;
y:Char;
Begin
n:=Length (S1) ;
g:=n Div 31;
If (n Mod 31>0) Then g:=g+l;
For y:=Chr (0) To Chr (255) Do
For j:=1 To q Do VI[y,]j]:=0;
For i:=1 To n Do
If (i Mod 31=0)
Then V[S1l[n-i+1],1i Div 31]:=
W[S1[n-i+1],i Diwv 31] Or
(1 ShL(i-31* (i Diwv 31-1)-1))
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Else V[S1[n-i+1],1i Div 31+41]:=
V[Sl[n-i+1],& Div 31+1] Or
(1 ShL (i-31*(i Div 31)-1));
m:=Length (S2) ;
For i:=m DownTo 1 Do Begin
For j:=1 To g Do Begin
R[3]:=T[§] Or V[S2[i],3];
If (j=1) Or ((T[Jj-1] Diwv 1073741824=1)

And (§>1)) Then T[j]:=(T[j] ShL 1)+1
Else T[j]:=(T[j] ShL 1);
T(j]:=R[j] And ((R[J]-T[j]) Xor R[j]);
End;
End;
i:=0;

For j:=1 To g Do
While (T[j]>0) Do Begin
If (T[j] Mod 2=1) Then i:=i+1;
T[J]1:=T[j] ShR 1;
End;
Writeln ('nonuHa lcs paBeHa',1i);
End;

Meroanvyecknii KOMMeHTapHIH

AJTOpUTMBI BEIUUCJIEHUS PACCTOSHUSA MEKY CTPOKaMU U Ha-
XOXKIEHUA IIOIII0CIEIOBATEILHOCTEN ABJIAIOTCS, ECJIU TAK MOKHO
BBIPA3UTHCS, «IPeaMOyJIoii» K I[eJIOMY KJacCy aJlOPUTMOB IIPU-
GJIMKEeHHOT'0 COTIOCTAaBJIEHUA CTPOK. IlocaenHIEe UMEIOT OTPOMHOE
3HaUeHUE KaK B MOJIEKYJIAPHOI OMOJIOTNH, TaK U B APYTUX 00Jac-
TSAX 3HAHUA, BKJIOYas computer science.

AJropuTM HaXO0MKIEHUSA PACCTOSAHUA MEXKAY CTPOKAMU JOCTa-
TOYHO U3BECTEH, XOTS €r0 OMMCAHNE MOYKHO BCTPETUTD HE TaK Yac-
TO (B CHJIy €ro IIPOCTOTHI U oueBUAHOCTU). B. CMUT Ha3bIBaeT ero
«aaroputmom P. Barmepa (Robert Wagner) m M. ®wumepa
(Michael Fischer)». IIpocToii aJropuTM HaXOXKIEeHUS HAMOOJIb-
el o0Imeil IOAIIOC/IeI0BATEILHOCTH IPUIINCHIBAIOT PA3INYHBIM
aBTOpaM, HO Ha PYCCKOM sIBBIKE OH CTAJI U3BECTEH KAK «aJTOPUTM
C. Hyznenpmauma (Saul Needleman) — K. Byuma (Chris-
tian Wunsch)»l). Ero uamenenus, HanpaBJeHHbIE Ha YMeEHbBIIIE-
HUe 00'beMa MCIO0Jb3YEeMOI MaMATH, ONPENeIAI0T KaK aJrOPUTM

D' Needleman Saul B., Wunsch Christian D. A general method applicable to the
search for similarities in the amino—acid principle of two proteins //
J. Molecular Biology 48, 1970. P. 443—-453.
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II. Xem6epra (Dan Hischberg)l). C amropurmamu [I[. Xanra
(James Hunt) — T. 3umanckoro (Thomas Szymanski)z) u
9. YxxoHeHa (Esko Ukkonen)3) — 0. Matiiepca (Gene M yers)4)/:mﬂ
000CHOBaHUS HEKOTOPBIX JIeTaJIell MOKHO IOopadoTaTh U M0 KHUTEe
B. Cmura. Asgropurm JI Ounucona (Lloyd Allison) m T. [ukca
(Trevor Dix)s) WHTEepeceH CHUHTEe30M uzeii meromoB P. Boiipa —
II>x. Mypa u P. Besa-Vetc u I'. Touner (axropurm Shift-And).

IlpencraBiaeHHBIN B JaHHOU IJIaBe MaTepuaJj, KOHEUHO Ke, He
TMOJIHOCTHIO OXBATHIBAET pPaccMaTpUBaemMyio npodiemaTury. Hau-
0oJiee EPCIEKTUBHBIM HAallPaBJIEHUEM €€ Pa3BUTUA, BULUMO, AB-
JIeTCs UCIIoJb30Bauue uneii aaropurma Shift-And nias pelieHus
mocTaBJIeHHOI 3amaun. [IpuMepoM TOMY SBJIsIETCS He TOJILKO pac-
cMmoTpeHHbIN aaroputm JI. danucora — T. Jukca, Ho 1 MogudUKa-
nusa agroputrmoB [l. Xembepra u . Xaura — T. 3umanckoro ’,
OoCTaBJIeHHAs 3a IIpeaeslaMu PACCMOTPEeHUA.

1)

2)

3)

4)

5)

6)

Hirschberg Dan S. Algorithms for thelongest common subsequence problem //
JACM 24-4,1977. P.664-675.

Hynt James W., Szymancki Thomas G. A fast algorithm for computing longest
common subsequences // CACM 20-5,1977. P. 350—353.

Ukkonen Esko. Algorithms for approximate string matching // Information &
Control, 64, 1985. P. 100-118.

Myers Gene W. An O(ND) difference algorithm and its variations //
Algorithmical, 1986. P. 251-266.

Allison Lloyd, Dix Trevor. A bit string longest subsequence algorithm // IPL,
23-6,1986. P. 305-310.

Crochemore Maxime, Iliopoulos Costas, Pinzon Yoan. Speeding up Hirschberg
and Hunt—Szymancki LCS algorithms // Proc. Eighth IEEE Internal. Symp.
String Processing & Information Retrieval. IEEE Computer Science Press,
2001. P. 59-67.



FnaBa 5

ANropuTMbl NpubINIKEHHOIrO
NOMCKA NOACTPOK

— Kaxoit y Hero Temnedon?
— He nowmmnro.
— Hy, xoTsa 6bI IPUOIUBUTEIHHO?

Cepeeil [Josnamos

KonuuecTBOo anropuTmMoB IpubAMKEHHOTO IIOMCKA IOMI-
CTPOK, IpeaaokeHHblx ¢ 1980-x rr., COIIOCTaBMMO C KOJIMUECT-
BOM aJITOPUTMOB TOYHOI'O IIOMCKAa IOACTPOKUH. VX umayueHue
mmpecjenyeT IeJb He TOJbKO aHAJM3a XO4a MbICJIEN yUYeHBbIX-
UHGOPMATUKOB, HO U (DOPMUPOBAHUA 0a3bl I/ PEIIeHnuA MHO-
TOUMCJIEHHBIX TPUKJIAIHBIX 3a0ad.

5.1. [pocTtou anropntm

MouJiogocTs MHE MHOT'O o0elraJia,
Bru1o MHe Korga-To gBajgIlaTh JIET,
ITOo OBLIO caMoe Haualo,

§1 6bLT oIy, W BTO HE CeKperT.

Bopuc Puicuil

B 11. 4.1 G111 BBeI€HEL Pa3JIUUYHBbIE MEPhI OJIM30CTU MEKIY
ctpoxamu S; u Sy: paccroguHme P. XemMMuHra m paccrosHue
B. JleBenmreiiHa. B HEKOTOPBIX cirydasax omepanus II0ACTaHOB-
KU mMeeT Bec 1; B ApYyrUX OHA 3aMeHseTCs ABYMsA olleparusd-
MU — BCTaBKOU M ynajleHueM — W UMeeT Bec 2.

ITycts gan texcr T (n = |T|)u o6pasen P (m = |P|). Oupene-
JauM paccrodaHue d mexay npedpurcamu T[1..i] u P[1..j] Kak
d(i,]):org_irg (d[T[i',i], P[1.. j]]) moia Bcex i € 0..n, j € 1..m.

<i'<i

Bynem xpaunuTs 3HaueHusa d B MmaccuBe D. 'maBHOe, Ha UTO
cjenyeT o0paTUTh BHUMAaHUE B 9TOIH QopMyJie, 3aKJII0UaeTCA B
HeobOA3aTeJ bHOCTN paBeHcTBa i — i’ + 1 = j. Wmerca muHuT-
MaJbHOE 3HAUYEHWE PACCTOAHUA MEXAY cyPPuKrcaMu npepukca
T[1..i] m mpedurcom P[1..j].
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OnpenenuM 3aBUCUMOCTH:

e D[0, 0] = 0 — mycras cTpoka npeobpasyeTcsa B MYCTYIO
CTPOKY 3a HYJb OIlepaIiuii;

e D[0, j]=jnnnajor 1l pmgo m — mycras cTpoka nmpeobpasy-
ercsa B npedukrc P[1..j] 3a j omepamnuii BCTaBKHW, W 3TO MU-
HUMAaJbHOE KOJIMUECTBO OIIePAaIlIii;

e D[i, 1] = min(D[i — 1,1] + 1, DI[TI[i], P[j]]) — wummerca
MUHUMAaJIbHOe paccTrodgHme mexay P[1] m moxcTpoxoi
T[i', i]. Ecau TI[i]l= P[j], To D[T[il, P[jl]l = 0; npwmu
T[i] # P[j] mbt umeem D[TTi], P[j1] = 2.

PexyppenTHOoe coorHotnenue auaa D[i, jlopu 1 <i<nn

1 < j < m umeer BUn:

D[i, jl=min{D[i - 1, j1+1,D[i, j —1]1+1,D[i — 1, j — 1]+ ¢},
rae t = 2, ecau T[i] # P[j], u t = 0, ecau T[i] = P[j].

ITocse BeIYMCI€HUS MaccuBa paccTodHuM D nisd aro6oro He-
OTPUIIATEJBHOTO IIeJ0ro ymncia k u npedukrca P[1..j] y Hac ecTb
BO3MOYKHOCTH OTBETUTH Ha BOIIPOC O TOM, BxoxuTt au P[1..j]8 T
C TOYHOCTBIO N0 k omlepanuii pegakTupoBanusd (k-npubauiicer-
Hoe 8xoxcdenue P 6 T). [Insa 3TOro JOCTATOYHO ITPOCMOTPETH

croJiOen] j u HaliTu 3HaueHusa D[i, j] < k. HaiinerHoe 3HaUeHUE
Dli, j]roBoput o TOM, 4TO CcyIIecTByeT nnoactpoka T7[i’'..i], oTau-
yaromasacs oT P[1..j] He 6Gosee wem Ha 3HaueHUE k (B-npubauice-
Hue). WUnu, OPyruMuy CJIOBaMM; dTa IOACTPOKA M IpeduKC
P[1..j] moryT OBITH ITPe0OpPa30OBaHBI APYT B APyTra OlepaluaMu
peIaKTUPOBAHUSA C CYMMapHBIM BeCcOM He 0OoJiee ueM k.

lNMpumep

Ilycres T = abcaadbbd u P = bcadab. Ilomyuaembliii ajis
HUX MaccuB D mpeacraBiieH B Tada. 5.1.
Bosbmem npedurc P[1..4] = bcad. IIpoanaausupyem mam-
HbIe 13 cTosoma Ne 4:
T[1..1] = a — BcTaBKa Tpex CUMBOJIOB;
T[1..2] = ab — moacTpoKa b, BcTaBKa TpeX CUMBOJIOB;
T[1..3] = abc — moAcTpoKa bc, BCTaBKa IBYX CUMBOJIOB;
T[1..4] = abca — moacTpoka bca, BCTaBKa OJHOTO CUM-
BOJIA;
e T[1..5] = abcaa — moacTpoka bcaa, IOACTaHOBKA OLHO-
TO CUMBOJIA;
e T[1..6] = abcaad — noacTpoka bcaad, yaajeHue OTHOTO
CUMBOJIA a;
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Ta6aumna 5.1
D Homep 1 | 2| 3| 4|5 s
CHUMBOJIA
Homep CumMBoOJ b c a d a b
CHMBOJIA
0 Cumao.a 1 2 3 4 5 6
1 a 2 3 2 3 4 5
2 b 0 1 2 3 4 4
3 c 1 0 1 2 3 4
4 a 2 1 0 1 2 3
5 a 2 2 1 2 1 2
6 d 2 3 2 1 2 3
7 b 0 1 2 2 3 2
8 b 0 1 2 3 4 3
9 d 1 2 3 2 3 4
e T[1..7] = abcaadb — mnoxctpoka bcaadb, ynageHue

IBYX CUMBOJIOB;

e T[1..8] = abcaadbb — moacTpoka bcaadbb, yzamseHue
TpeX CHMBOJIOB;

e T[1..9] = abcaadbbd — moacTpoka bd, BcTaBKa ABYX
CUMBOJIOB.

JaHHBIHA aITOPUTM IPAKTUUYECKU COBIAIAET C TEM, UTO OBLI
onucaH B 1. 4.1. EquHCTBeHHOE OTJINYME 3aKJII0UYAETCSI B BO3-
MOKHOCTH €r0 MCIIOJb30BAHUA OJIS PACCTOAHUII, OIpeaeseH-
HBIX Pa3JIMYHBIM 00pasoM. B JanHOM ciydae omepanui BCTaBKHU
U yaajJeHusa uMeJu Bec 1, a omepaiiusa IoACTaHOBKY — Bec 2, HO
9TH 3HAYEHUSA MOTYT OBITh U JPYTUMMU.

Jia onpenenenusa noactpoku T7[i'..i], coBnamarolieil ¢ mpe-
durcom P[1..j], ciemyer (Tak ke, Kak 9To onucaHo B 1I. 4.1) BBec-
TH TOHOJHUTENbHbBIE CTPYKTYPhI JAHHBIX, B KOTOPBIX IPEAIIoIa-
raercsa GUKCUPOBATHL KOOPAUHATHI IPEAIIIECTBYIOIEH TO3UINH,
obecrieunBaIOIeil MUHNIMAJIbLHOE 3HAUEHNE PACCTOSHUS.

AJropuTM 3aTpaTHBIN: C TOUKW BPEeHUS KaK BpeMeHU —
O(n - m), Tak u ob0beMa HaMSITH, WUMEIOIIEr0 aHaAJOTHUYHYIO
orenky. OmHaKo TpeboBaHME K MAMSATH MOXKHO YMEHBIIUTD,
HOCKOJBbKY 3HAUEHUA B CTPOKE i 3aBUCAT TOJBKO OT 3HAUEHUI B
ctpoke i — 1. B aTom ciryuae TpeboBaHUSA K 00beMY HaMATH CO-
Kparmatorea 1o O(m).
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T\ YnpaxHeHus

1. IIpuBemuTe mpumMepbl cTPoK P m T. Berumeaure AaA HUX
martpuny paccrosguuiut D. [lna xkasxgoro npedurca P ompe-
IeJuTe MOoACTPOKY T, HA KOTOPOM JOCTUTAETCA IIOJIyUYeHHAA
OIIeHKA.

2. PaspaboraiiTe mporpamMmy popMupoBaHusa MaccuBa D 1 mo-
uCcKa Takoro 3uauenusd i’, uro d(T[i'..n], P) = D[n, m].

3. g samamHoro 3HaueHUs k- HalauTe Bce TaKWe 3HAUYEHUS
i'um i, uro d(T[i'..i], P) < k.

5.2. AnroputmC. By — 0. MeHGepa

BecneneH TOT, KTO IojaJl IIeHHYIO HJeI0.
T'eopzuii Anexcandpos

Augroputrm C. By u I0. Meub6epa pa6oTociiocobeH Ipu pas-
JUYHBIX Becax omepaluii BCTABKM, YAAJEHUA U IMOACTAHOBKU
(3ameHBI) 1 onmpaeTcs Ha 0a30Bble PEKYPPEHTHBIE COOTHOIIIEe-
HUs, IpuBedeHHBIEe B . 5.1, OgHako matpuiia D 31ech He BBI-
YUCJIAETCSA, & BMECTO 3TOTQIUCHOJB3YIOTCA WAEW aJITOPUTMAa
Shift-And, cBogsaIue 3agady’ K MaHUIIYJIAIUAM C OMTOBLIMI
BeKTOpamMu. [ ompenesieHHOCTHM U TIPOCTOTHI M3JIOYKEHUS
npuMeM 3HAYeHUs BECOB, paBHbIe 1 mJiA olmepainuii BCTAaBKU U
yOoaJeHus u 2 IJis ollepaluy 3aMeHbl. Peub B 9TOM ciyuae ugeT
He 0 k-HEeCOBMIAAeHUAX, a 0 k-npubauxcenun (k > 1). Ipyrumu
cjoBaMu, Tpebyercsa HauTu BxokaeHue P B T ¢ TOUHOCTBHIO IO
k — korga cyMMAapHBIM Bec omepalnuii o mpeodpasoBanuioo P
B KaKyio-To moacTpory T[i'..i] He mpeBwIliaeT 3HaueHUA k. BoI-
yucauB matpuity D (1. 5.1) u mpocMOTpeB MOCJIEHUN CTOJI0eIT,
OTBET 3aJauy MOYKHO HaliTH, HO CYTh aJIrOPUTMa UMEHHO B TOM,
4yTOOBI HEe BBIYUCJATL €€ B IPSIMOM BH/IE.

«ITo Tpagunum» pacCMOTPUM IIPUMEP.

lNMpumep

ITycts P = bacaba, T = abcdabd u B = 3. IIpuBenem mar-
puny D (tabJs. 5.2), HO TOJABKO AJIsI IOHUMAaHUA UAEHHON OCHO-
BBI ajJIrTOpUTMa.
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Tab6auma 5.2
D b a c a b a
a 2 1 2 3 4 5
b 0 1 2 3 3 4
c 1 2 1 2 3 4
d 2 3 2 3 4 5
b 0 1 2 3 3 4
a 1 0 1 2 3 3
d 2 1 2 3 4 4

IIpenmonoxuM, YTO KAKMM-TO CIIOCOOOM BLIUKCICHBI MATPHU-
el R, roe g = 0,1, 2 u 3 (Tabi. 5.3). dremeHT R [i, j] pasen
HYJIIO TOTZIa ¥ TOJBKO ToTAa, Korga npedukc P[1..j] ¢ TouHOCTBIO
g BXOJIUT B KaKyio-To moncTpokKy (T[i'..i]) mpedpuxrca T[1..i], nuuna-
ue R [i, j] = 1. IIpu Hanuuuu marpunst D sneMeHTs R, 17151 BeeX
3Ha4YeHU ¢ BeINUCBIBatOTCA TpocTo. [ia Ry: ecau D[i, j] = 0, To

Ryli, j]] = 0, mraue Ry[i, j]=1. Oua Ry: ecau D[i, j]< 1, TO
Ryli, j] = 0, nunaue Ry[i, j] = 1. AHajorn4Ho — ™ AJISA OCTaB-
mImxcsa 3HaAUeHU#H q.

Tabauma 5.3
Ry R, R R3

bla|c|a|b|a|b|afc|a|lb|la|b|a]|c|a|b|a|blalc|a|b|a
a|(l{1|1|1f{1(1{1{0|1|1{1|1{0(0f0f1|{1|1|0(0[|0O|O|1|1
b|0f1f{1|1)|1|1|0(0O|1|1|1({1}0|0O|O|1|1|{1|0O|O|OfO|O]|1
c|1f1f1|1|1|1)0f{1|0|1|1f{1)0|0O|O|Of1|21|O|O|O[O|O]|1
d|1|1|1|1f1f1{1|{1|1f1{1{1{0(1{0f1|{1|{1|j0(0[0O|O|1]|1
b|(0O|1f{1|1|1]|1|0|0|1|1|1({1|{0[|0|0f1|1|{1|0|O|0O|O0(O0]|1
a|l/0|1|1(1|1}0|0|O|1f1|1|0O|O|O|0Of1|1|O|0O(0O|O|0O]|O
d|1|1|1|1f1({1{1{0|1|1{1|1{0(0f0Of1|{1|1|jO0(0|0O|O|1|1

O uem romoputT, HampuMmep, 3HaueHue R3[6, 6] = 0?7 la
TOJIBKO O TOM, UTO CTPOKa P = bacaba MoKeT OLITL IIpeodpaso-
BaHAa B oAcTPOKY T[2..6] = bcdba 3a omepamnuu ¢ cyMMapHO
crorMocThio 3. BoT 5Tu omepamuu: BcTaBKa CMMBOJIA & TIOCJE
IepBOTO CUMBOJIA b 11 3aMeHa cuMBoJia d Ha CUMBOJ a. IIpu Be-
cax oIepanuii, 0 KOTOPLIX MBI TOBOPUJIN B HaUaJe 3TOT'O Pasie-
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Ja, 9TO KaK pas cocramiiger 3HaueHue 3. IIpaBma, mbI 3mech
4yTh-UyTh CAYKaBUIU: 3HaueHue R3[6, 6] = 0 roBoputr TOIBKO
0 caMoOM 3ToM (haKTe, HO AJIsI TOTO, YTOOBI OIIPEIEJIUTD IIOACTPO-
Ky T u camu TpebyeMble OIepaIu, Heo0XOAUMBI JOIIOJIHUTEIb-
HbIE YCUJIUA.

IIpumeuanue. O6paTuTe BHUMaHUE, YTO IO OTHOIIEHUIO K
OpeapIAyIlieMy BapuaHTy MarTpull R (0000IieHne ajroputrMma
Shift-And) suauenusa 1 u 0 uHBepTHUpPOBaHbI. 3aberas BIepen,
CKa’keM, YTO B JaHHOM aJrOPUTMe U 3HAUEHUS DJIeMEHTOB MaT-
putisl V (xapaKTepuCTHUYECKUE BeKTOPHI), OTPAKAOIIUX BXOMK-
IeHue cUMBOJIOB ajdaBuTta A B obpaselr P, To:ke MHBEPTHUPOBa-
ubl. Tak, 14 paccMaTpuBaeMoro npuMepa V uMeeT BU, IpUBe-
IeHHBIN B Tabua. 5.4.

Tabauma 5.4
A\ b a c a b a
a 1 0 1 0 1 0
b 0 1 1 1 0 1
c 1 1 0 1 1 1
d 1 1 1 1 1 1

W BoT, makoHell, IIPUIIJIO BPEMs 3aJaTh I'JIaBHBIN BOIIPOC:
MOXKHO JIU 3HaUeHUA R BBIYUCAATH 6e3 3HaHUA D?

BunapHBIMU BEeKTOpPaMU B JaHHOM CJIy4Yae ABJIAIOTCA CTPO-
ku R [i]: Ro[i], Rq[i], ..., R,[i1(0 < ¢ < B). Sanaua sakmiroyaercs
B TOM, 4TO0bI Ha OCHOBE U3BECTHBIX 3HaueHui R [i — 1] Bbrunc-
autk R[i]. Apyrumu cioBamMu, BEIYUCIAIOTCS I€PBble CTPOKU
Bcex mMarTpuI R, 3aTeM BTOpBIE, TPeTbU U T. A. [loABIeHUE HYIA
B cTOJIOIEe m (M — BTO KOMIIOHEHT KaKoro-to u3 ¢ + 1 BeKTO-
POB) TOBOPUT O TOM, uTO obpaserr P Bxoaut B ipepurc T (eciu
Ha IIocJIegHeM Iare, To B Tekct 1', a unaue — B T[1..i]) ¢ Tou-
HOCTBIO k. EcTeCTBEHHBIM SABJISAETCS U BBOJ HYJIEBOU CTPOKU U
HyJseBoro crosbua: saauenue R [0, j1=(0, 1, 1, ..., 1) nna
j=0,1,2,..,m,aR][i,1]=0p1a2i=0,1, 2, .., n.

Yro Heo6XOAMMO 3HATDH IJIs, BBIUMCIECHUS KOMIIOHEHTHI j
BexTopa R [i], 1. e. R [i, j] (oupeAeiisiercs BXoxAeHNe IPePUK-
ca P[1..j] B upedurc T[1..i] c TouHocTsI0 ¢)? Bo-nepBHIX, BXO-
mgut gu upepurc P[1..j] B8 mpedurc T[1..i — 1] ¢ TOUHOCTHIO
q — 1. Bo-BTOp®nIX, Bxoaut jiu npedpurc P[1l..j — 1] B mpedurc
T[1..i] ¢ TounOCTRIO ¢ — 1. VI B-TpeTHUX, BXOAUT JIU IpPedDUKC
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P[1..j — 1] B mpedukc T[1..i — 1] ¢ TouHOCTBIO ¢ — 2 (a ecau OBI
olepanus IIOACTAHOBKU MMeJia Bec, HAIIPUMepP, 3, TO ObLIO ObI
q — 3). BeimosHeHME X0TsA OBI OJTHOTO M3 3TUX TPEX yCJIOBU (pa-
BEHCTBO HYJIIO 9JIEMEHTa COOTBETCTBYIOIIEN MAaTPUIIBI R) TOBOPUT
0 TOM, YTO coBIIageHue cuMBoJioB P[j] u T[i] He npuHIIUTIIATBHO,
ubo rapaHTUpoBaHo, uTo P[1..j] Bxoaut B T[1..i] ¢ TOUHOCTHIO q.
Orcroma cienyeT HeOOXOZUMOCTb BBIYWCIEHUS BBIPAKEHUSA
R, i -1, j] And Ry 4[i, j — 1] And R, y[i — 1, j — 1]. Ho aT0 —
ellle He OKOHYATEJILHBIN pedyabrar. Ecau npedurc P[1..j — 1]
BxoputT B T[1..i — 1]c Tounocrsio q (Ry[i — 1, j — 1] = 0) u cum-
BoJibl coBniagaioT: P[j] = T[i], To mbl uMeeM BxoxkaeHUe P[1..j]
B T[1..i] c TouHOCTBIO ¢. TaKMM 06pa3OM, MBI IOJIyIaeM HEOOXO-
IUMOCTDH BBIUNCJIEHUS BHIPAKEHUA:

R i, jl:=Ryli — 1, jl 2nd R,_4[i, j — 1] And
R, oli -1, j—1]And (Rj[i - 1, j — 1] Or VIT[i], jD-

Beprenmca k Hamemy npumepy. B Ta6i. 5.3 ssemenT R3[6,6]
BBIEJIeH KUpHBIM InpudToM, a 3HaueHus Ry[5,6], R,[6,5],
R,[5,5]m Rg[5,5] — kypcuBoM. Beiparkenue Ry[5,6] And R,[6,5]
And R,[5,6] paBHO exuHUIE, T. €. 00paser; P He MOMXeT OBITH
mpeobpasoBaH B IOACTPOKY mpedurca T[1..6] omepamuamu c
cyMMapHbBIM BecoM 3. OgHako npedurc P[1..5] = bacab mosxeTr
ObITh mpeobpasoBaH B moacTpokKy cydhdurca T[1..5] = abcdb
(BCTaBKOM CMBOJIA & IOCJIe IEPBOT0 CUMBOJIA b ¥ 3aMeHOH CHM-
BoJia d HAa CUMBOJI a B mOACTpPoKe bcdb) u cumBoa T[6] = P[6].
CinenmoBaTesbHO, oOpaser P mpeobpasyeTcss B HMOACTPOKY IIpe-
durca T[1..6] 3a omepanuu ¢ CyMMapHLIM BecoM 3.

APpdexrT Mo BpeMeHM BBIUMCJACHNI, KaK W B aJTOPUTMe
Shift-And, gocTuraercsa 3a cuyeT MCKJIIOUEHUS IIUKJIA II0 KOM-
IMOHeHTaM OMHAPHBIX BEKTOPOB: OH 3aMEHSeTCs JIOTUUEeCKUMU
omepanusaMu B IeJIOM C OWMHApHBIMH BeKTOpaMu (CTpOKaMu
matpui R u T), a BRBIpaBHUBaHUe NOo3unuii (1o uHAEKCY j) ocy-
IIECTBJAETCS C IOMOIIBIO OIlepalluy CABUTA HA ONUH pPas3psamn
BOpaBo. IIpm sTomM HyJeBOU pas3psajn Bcex BeKTOpPoB paseH 0.
Nmeem:

Rq[i]:=Rq_1[i - 1] Am?l R, 4[i] 1 And R, o[i — 1] ,; And
(R,[i — 1] 1 Ox VITTZ]D.
Bpemsa BBINOJHEHWS TAKOr0 aJIOPUTMA HMEET IIOPAI0K

O(k|—m / w n), roe w — nuHA (B OuTax) mpeacTaBJIeHUSA JaHHBIX
B KOMIIbIOoTepe (CKasKeM, s Tuna LongInt aTo 32 6ura).
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T\ YnpaxHeHus

1. IIpuBepute mpumep P u T. Buruucaure Bxoxaenue PB T ¢
TOYHOCTHIO O TPEX HECOBIAJEHUM.

2. Ilycrp omepamnmsa BCTaBKU MMeeT Bec 2, omepalnus yzaje-
HUA — Bec 3, a onepanua 3aMeHbI — TaK:Ke Bec 3. [Ipoana-
ausupyire padory anropurma C. By — 0. Men6epa njs aTo-
ro ciydas IIyTeM TIIOSTAITHOTO BBIUMCJIEHUS OWHAPHBIX
BEKTOPOB IIPU KOHKPETHBIX 3HaueHuax P u T.

3. PaspaboraiiTe mTporpaMMHYIO peasn3aliuio aJTOPUTMAa
C. By — IO. Men6epa.

5.3. 3apaua o k-HecoBnageHusAX

HaHAaN TPUAIATH KOPPEKTOPOB, UTO-
ObI m36eKaTh OMIUOKY, M BCe PABHO Ha
TUTYJIBHOM JINCTE W3TAaHUA CTOSJIO
«BpuraHcKaa SHIIUKJIOMY AU .

Hava Unvg) u Eeezenuii Ilempos

Iau Texct T (n = |T|) u ob6pasen; P (m = |P|). Mepa 6.usoc-
mu oupeneaseTcs KaK paccrosguue Mexxay P u mogcrporavu T
muabl m. (HamomumM, uTo paccroanue P. XeMMUHra Mexay
CTPOKaM¥ OOWHAKOBOM NJIWHBI OoIpenenseTcd KaK MUHUMAJb-
HOe KOJIMYECTBO OIlepaIluii IOJCTAHOBOK, HEOOXOAWMBIX JJIsA
IpeoOpPa3oBaHUSA OLHOI CTPOKHU B APYIYIO.) 3aZaHO HEOTPUIA-
TeJabHOe 11es10e uucJo k. Tpebyetcsa HaliTu Bce BXoxkaeHusa PB T
C TOYHOCTBHIO 10 k (BKJIIOUMTEIBHO) HECOBIAIEHUIA.

Paccmorpum aBa BapumaHTa pPEIIeHUSA 9TOU 3aJaum: MOIM-
duranuio aaropurma Shift-And u, BeposSTHO, MCTOPHUUECKU
nepBeiit anroputm I'. Jlaggay — 10. Bumnkuna.

5.3.1. Moaudmkauma anroputma Shift-And

B aaropurmax Shift-And u C. By — FO. Men6epa paccMmar-
puBasnch OMHApPHBIE BEKTOPHI, OTPaKaOIINe XapaKTep B3au-
MOCBS3U CHMBOJIOB IpedmKcoB obpasma P m moxmctporu T.
OcHOBHaAsA MAes IepPBOTO U3 PACCMATPUBAEMBIX aJITOPUTMOB 3a-
KJIIOUaeTCcA B TOM, UTOOBI MCIOJIB30BATH AJISA STUX Ilejiel He

OoQUH OuT, a t OUTOB, r'Ie t = rlogzk—| + 1 (masoBeM 9Tu t OUTOB
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«0000IIeHHBEIM OHUTOM>»). OTO 3HAUYEHNE MO3BOJIIET (PUKCHUPO-
BaTh Bce HecoBmazeHus orT 0 g0 k. PakT :Ke OOJBIITETO KOJIU-
yecTBa HeCOBIAIeHNT HAC He MHTePeCyeT C TOUKU 3PeHUA UX KO-
JIUYECTBA, HO HAJINUYUE 3TOTr0 PaKTa PUKCUPYETCHA B CIIEUAIIb-
HOM BeKTope mepernojHeHus R'. Eciu mpoBoAUTH aHAJJOTHIO C
pamee pacCMOTpPeHHBIMU ajaropurmamu, To R[i, j] cocToutr us ¢t
6uros, a ero 3HaueHueq (¢ = 0..k) roBopuUT 0 TOM, UTO IIpePUKC
P[1..j] mw mopcrpokra T[i="j + 1..i], 3aKkaHUMBaOMIIaACA B IIO3U-
Uy i, UMEIOT ¢ HecoBHaieHu#. JlormuecKkre omepanmum B ajaro-
putmax Shift-And u C. By — F0. Meu6epa npeobpasyoTcsa B
9TOM CJIyYae B OIepalliy CJIOKEHU 10 MOAYJI0 B + 1 1 Kax-
moro obobienroro 6uta BeKTopos R[i]u V[T[i]] u caiBura BeKTO-
pa R[i] Ha ¢ 6uToB BupaBo (Ha «0000II[eHHbIH O0uT» ). OueBUAHO,
YTO B 9TOM cJaydae ¥ (DaKT BXOKIEHUA CUMBOJIOB ajidaBuUTa B 00-
paselr, P TpebyeT s KaKAOU MOSUIINHN XapPaKTEPUCTUUECKUX
BEeKTOpPOB ¢t OMTOB — «0000OIleHHOTrO0 OuTa». Hampuwmep,
Tabs. 5.4 naa P = bacaba, A =[a, b, ¢, d]u t = 2 BRIITIAAUT
TaK, KaK IpeacTaBJieHo B Taba. 5.5.

Tabauma 5.5
A\ % b a c a b a
a 01 00 01 00 01 00
b 00 01 01 01 00 01
c 01 01 00 01 01 01
d 01 01 01 01 01 01

IIpounniocTpupyem JOTUKY PabOTHI 3TOTO aJrOPUTMa Tpa-
OIUITMOHHBIM METOIOM.

MNpumep

P = bacaba, T = badabaacbabaca, k = 3. O6paser P Bxo-
OUT B IIOACTPOKY:

e badaba — ¢ OJHUM HeCOBIAJeHUEM;

e baacba — ¢ AByMdA HeCOBIIAAEeHUAMU;

e acbaba — ¢ TpeMd HeCOBIAeHUAMU;

e babaca — ¢ AByMdA HeCOBHAAEHUAMU.

B Tabnm. 5.6 sTM BXOMKIEHUSA BBIJEJEHBI TOJYKUPHBIM
mpudTom B mmosurnuu R'[m].
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Tab6auma 5.6
CumBos| Bekrop BekTop |CumBoa BekTop BekTop
T R R’ T R R’
b 000000 011111 o 011133 000000
011101 110111
011101 011111 121200 000011
a 001110 001111 b 012120 000001
101010 011101
102120 001111 023221 000001
d 010212 000111 a 002322 000000
111111 101010
121323 000111 103332 000000
a 012132 000011 b 010333
101010 011101
113102 000011 021030 000101
b 011310 000001 a 002103 000010
011101 101010
022011 000101 103113 000010
a 002201 000010 c 010311 000001
101010 110111
103211 000010 120022 000101
a 010321 000001 a 012002 000010
101010 101010
111331 000001 113012 000010

HauansHoe cocToanme BekTopa R = 000000 (13 «0600111€H-
HBIX OMTOB» ), a BeKTopa R’ = 011111. O6pabaTsiBaeTcsa CUMBOJI
T[1]: R[1]=R[O] + V['b'] = 011101 (Tabxa. 5.6). 3aTeM BeK-
TOop R cABUraeTcs BIIPaBo Ha { OUTOB, a BeKTOp R’ — Ha oauH OUT
(cieBa umeT, Kak 00OBIYHO, JOIIOJIHEHME HYJIIMH). 3aTeM oopada-
TeIBaeTcsa cuMmBoJ T[2] = 'a'. IIpu o6paboTke cumBosa T[4] B
nsaToM paspdage (umu m — 1) mpoucxomut ciokeHume 3 + 1 =
= 0 (Mod 4) — nepenoJHeHNE, KOTOPOe PUKCUPYETCA B COOTBET-
cTByIoIleM O6uTe R', HO B JAHHOM CJydae TaM yiKe eJUHUIa, U
HU4Yero He udMeHsercsa. OQHAKO B aHAJIOTUYHOU CUTYAI[UU IIPU
obpaborke T[5] = 'b' B ueTBepTOM paspdane R' mosaBJgETCA
eIVHUIIA, OoTMedass (GaKT IMepernoTHeH! .
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IIpu o6paboTke cumBoaa T[6] = 'a' MBI HAaXOAWM IIEepPBOE
1-uecoBuagenue: R'[m] = O u R[m] = 1. OgHako y:Ke npu obpa-
0OTKe CJIeAyIOIero CMMBOJIA MBI IIOJIy4aeM IIATH HecoBIIaje-
HUT — R'[m] = 1, a aTo y:kKe ueTwipe (uysu 60Jee B 00OIIIEM CIY-
yae) HEeCOBIIaJIeHNUs, IIJIIOC OJHO HecoBIaaeHue naetr R[m] = 1.
06006111851, MOKHO YTBEp:KJIaTh, UTO BeamuuHa R[j] + 2tR’[j]
JaeT HUIKHIOI OIEHKY KOJIMYEeCTBA HECOBIIaAeHuil mpeduxca
P[1..j] ¢ cooTBeTcTByMOMIei moacTpokoii T'. IIpomomxasa obpa-
60TKy T, HaXOAUM eIle TPU YKA3aHHBIX BBHIIIe HECOBIANEeHUS,
YAOBJIETBOPAIOIINUX YCIOBUAM 3aJauu.

BosMmoskeH Takske caeIyIONIUI BapuaHT paboThl C BEKTOPOM
nepenonHenusa. Kamapiii 00001IeHHBINT OUT BeKkTOpa R J0IoJi-
HseTCA OOHUM pasdpamoM. Ilocse BHINOJHEHUS OHepaIiiu CJIo-
JKeHUs 9TU PaspAnbl M3BJIEKAIOTCA U3 BeKTopa (JIorumuecKas
omepamnus And ¢ COOTBETCTBYIOIITNM 00pa30oM IIOL00paHHOT KOH-
CTaHTOI), a 3aTeM WHBEPTUPYIOTCA B HyJeBoe coctosHue. 1o
M3BJICUEHHBLIM JAHHBLIM MOJKeT ObITh HoJiyueH R’ 1 ero m—i our.

Ouenkra epemenu pabomosr anzopumma. IIpenmnonaosxum,
yTO BEeKTOp R MOKeT ObITH pasMellleH B MAIINHHOM CJIOBE
(w = 32). Hanpuwmep, aada cayuad k£ < 3, m < 10 MbI umeeM:
m- (rlogzk—| + 1) < w. Torma onepamnuu 1mo o6paboTKke KarKI0ro
cuMBoJia T OyAyT BBHIIOJHATHCA 34 KOHCTAHTHOE BPeMsi, 1 MbI
moaydaeM omeHKy O(n).

5.3.2. Anroputm I'. llanaay — HO. Buwkuxa

B anropurme I'. Jlangay — FO. Bumikuna 3agaua o k-HecoB-
HaJeHUAX PellaeTcA ¢ HECKOJbKO APYTUX Mo3uluii. Mcrmoabay-
eTcsd MEeTOJ TPeJBapuTEIBLHOTO aHaIi3a 00pasifa, HO OH OTJINYa-
eTcs OT paHee PACCMOTPEHHBIX (OT BbIJJeJIEHU I'PaHel npeduk-
COB MJI OJIOKOB CTPOKM’).

O6paTtuMcd s «BBIUJEHEHUA» KJIIOUEBON MUAEU aJITOPUT-
ma K mpuMmepy. Ilycts T, P u k Te ’Ke, UTO U B palee pacCMOTPEH-
HOMl mMomuduxanuu aaropurma Shift-And. B Ta6ua. 5.7 npexa-
cTaBJieHa OOBIYHAs JIOTWKA IIOMCKa oOpasma B Tekcre. Enun-
CTBEHHOE OTJINYNE — IPU KaKJI0M IIPUKJIAABIBAHUYN 00pasIia K
TEKCTY B COOTBETCTBYIOIIEN CTPOKE MAaTPUILI HECOBIAJIEHUN
(pc) ukcupyoTCcA HOMepa IO3UIIUA HECOBHABIIUX CHUMBO-
goB P. IlepBoHAuYanbHO pc 3amoJIHAETCSA 3HadeHmeM m + 1.
B nmocsenmem cTos611e TAOIUIBI TPUBOAUTCA KOJINUECTBO HECOB-
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nageHuit (cnt) mpu KaaoM nmpukJgaasiBaaum P Kk T (Ha Ka)x-
nowm tmiare). Pemenne 3agaum gqocrturaercs npu 0, 4, 6 u 8 npu-
KJaablBaHUAX.

Tabauma 5.7

?ﬁ:ﬁ? b|a|d|a|b|a|la|c|b|a|b|a|c]|a pc|1|2|3|4| ent
0 bla albla 0 |3|7|7|7| 1
1 b clal|bla 1(1(2(3(4| 4
2 blalc|la|bla 211|3|5(6| 4
3 blalclalb|a 3|1(2|3|5| 4
4 bla|clal|bla 4 (3|4|7|7| 2
5 blalclalbla 51(1|4(5|6| 4
6 blalc|alb|a 6 (1|2|3|7| 3
7 bla|c|al|b|a 7111234 4
8 blalc bla 8 |3|5|7|7| 2

IIpuBemeM OGBIUYHYIO JIOTUKY TIOMCKA, YTOOBI HOSICHUTD CYTh
IPOBOAVMBIX U3MEHEHWN:

Procedure Solve;
Var i, j,cnt:Integer;

Begin
For i:=0 To n-m Do Begin
cnt:=0;
J:=1;

While (j<=m) And (cnt<=k) Do Begin
If P[j]<>T[i+j] Then Begin
cnt:=cnt+l;
pcli,cnt]:=7j;
End;
Ji=3+1;
End;
End;
End;

Hamma oueBugHadA 1mesb — mM3MeHEHUE HAHHOTO ITPUHITUAIIA
dopmupoBanua matpuinsl pc. Ho ona (marpuiia) goaxHa dop-
MUPOBATHCA, IOATOMY TTEPBBIM « KHPIUUYUKOM 3JaHUA» SIBJIAET-
Cs JIOTHKA II0JIyUYeHNA 3HAUEeHWH YacTU KOHKPETHON CTPOKHU pPC
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(wHIEKC i) TPU CPaBHEHUAX, TPOBOJNMBIX C KOHKPETHOM ITO3M-
muu B P (uHAekc j). [IpyrumMm ciioBamMu, MBI JOJIXKHBI YMETH
«BBITATUBATL» («extend») mpm HEOOXOAMMOCTM CTPOKY pC.
IIpuBemeM COOTBETCTBYIONIYIO JIOTUKY:

Procedure Extend(i:Integer; Var j, cnt:Integer);
Begin
While (cnt<k+l) And (j-i<m) Do Begin
Ji=3+1;
If T[j]<>P[j-i] Then Begin
cnt:=cnt+l;
pcli,cnt]:=j-1;
End;
End;
End;

Kax BugumMm, Bbi30B Extend (0, 0, 0) IpUBOAUT K (POPMUPO-
BaHWIO IEPBOI CTPOKM pPC, T. €. OTPAKaeT Pe3yJbTaT HYJIEBOTO
npukaagbiBanuda P K T (cm. Taba. 5.7).

W BoT momo1mnio BpeMs IJ1d PaCCMOTPEHUA KJIIOUEeBOT'O BOII-
poca. IlepBoHauasbHO ympocTuM ero. Kakyio mpeagBapuUTeJib-
HYIO paboTy ¢ ob0pasiom P ciiefyeT BBIIIOJHUTD AJIS UCKJIOYe-
HUS IIOCUMBOJILHOTO cpaBHeHUusA Pic T Ha mIepBoOM II1are, 3Hasd pe-
3yJabTaThl HyJeBoro 1mara? O6bpatumca K Taba. b5.7.
IIpomenypoii Solve Ha 9TOM ITare moacTpoka ' = adabaa cpas-
HuBaetrca ¢ P = bacaba. Ho Ha npeapigyiiem 1miare ¢pparMeHT
IIOACTPOKU adaba y)e cCpaBHUBAJICA C acaba U pe3yIbTaT 3TUX
IeticTBUil y:xe 3adukcupoBaH B pc[0]! BeiBog yike mouTu Hampa-
IIMBAEeTCsA: eCJIU Ha CTaAUuU IIpeJBapUTeIbHON 00paboTKYU B He-
KOTOPOH CTPYKTYpPE JaHHBIX OYAYT c(hOPMUPOBAHLI PE3YJIbTATHI
IIOCUMBOJIBHOTO CpaBHEHUA bacab ¢ acaba, To OHU MOTYT OBITH
HCIIOJIb30BaHBbI IJId COIIOCTABJIEHUA IIOLCTPOK adaba m bacab.
JleficTBUTE/IbHO, HATIDUMEDP, IIepBble CUMBOJLI bacab u acaba
He COBIIQJAalOT, a IIepBbIe CUMBOJIBI acaba u adaba coBmazaror.
3HauuT, IepBLle CUMBOJIEI bacab 1 adaba He coBmnagaioT. Ocra-
JIOCHh TPOAYMATh BCE€ BO3MOJKHBIE BapUAHTHI CPaBHEHWI, HO
KJoueBas wumes IIpeIBapUTENbHOI 00paboOTKM y Hac YyiKe
ecTh — cJenyeT 3aUKCHUPOBATH Pe3yIbTAaThl CPABHEHUSA IOX-
cTpok P Me:kay co60il B HEKOTOPOIi CTPYKTYpPe JaHHBIX (MaTpU-
me pn[l..m — 1, 1..2k + 1]). PesynbTarsl aTuUX AeficTBUil masa
paccMaTpuBaeMoOro IpuMepa IpuBegeHbl B TabJ. 5.8.
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Ta6aumna 5.8

ITogcTpoxku P CTpoka MaTpuIbl pn Homep
bacab 1234577 1
acaba
baca

1377777 2
caba
bac 1287777 3
aba
ba TTTTTTT 4
ba

1777777 5
a

I InTeJbHOCTDh TaKOIi IIpeaBapuUTeIbHOI 00paboTKu P nme-

er omeHrky O(m - k).

Procedure Form pn;
Var i,7j,t:Integer;
Begin

For i:=1 To m-1 Do Begin

J:=0;
t:=0;

While (j<2*k+1) And (j<m-i)

Ji=j+1;

If P[j]1<>P[j+i]
t:=t+1;
pnli,tl:=3;

End;

End;
End;
End;

Then Begin

Begin

A ceituac cpaBHuM pn[l] us taba. 5.8 u pc[1] us Tabda. 5.7.
OkasbIBaeTcs, UTO MOXKHO IIepenucaTth k£ + 1 3HaueHUe U3 CTPO-
ku pn[1] B ctpoky pc[l], u npu sTOM OyIeT BBIIIOJHEHO TOJIBKO
OJHO DOIIOJIHUTEJIbHOEe CpaBHeHUe cuMBO0JIOB u3 P u T, a uMeH-
HO T[3] m P[2]. Crpoka pc KakK OBl «IIOTJIOTHUJIA» PEe3yJIbTATHI
npensiayinein padorsl. B rammoMm ciyuae oHa c()opMUPOBaAIaCh
TIOJIHOCTHIO, HO BO3MOYKHO U ee TOJbKO YacTuuHoe (hopMUpoBa-
Hue (ecau He Habupaercsa k + 1 HecoBmageHue U cTpoxka P He
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OpoiiieHa 40 KOHIIA IPU OUePEeIHOM IIPUKJIaAbIBaHUM). B aTOM
ciydae caedyeT 3alyCTUTh IIPOIeAypy Extend ¢ KOHKPETHBIMU
napamerpamu. Eciu BLIHECTU AEHCTBUS IO «IOTJIOIIEHUIO» B
OTIEeJbHYIO IPOIenypy Merge, To padpabaTbiBaeMbIil BAPUAHT
pelieHus OyaeT UMeThb CJIEAYIONIUHA BUI:

Procedure Solve;
Var i,j,cnt,r:Integer;

Begin
r:=0;
j:=0;
For i:=0 To n-m Do Begin
cnt:=0;

If i<j Then Merge(i,r,j,cnt);
If cnt<k+1l Then Begin
r:=i;
{3anoMmMHaeM HOMEpP MOCJIEOHETO PaCULMPSIEeMOTO
NPUKJIAOEBAHUSA WMJIM HOMEP CTPOKM,
Ha KOTOpPOM OyImeT IOOCTUIHYTO 3HAUYeHMe 7}
Extend (i, j,cnt);
End;
End;
End;

Yro xe mpoucxoauT B Solve? OueBHUAHO, UTO HHIEKC i
«HAEeT IO TeKCTY» M YKasbIBaeT Ha JIeBYIO 'PaHUIly CpaBHUBAae-
MOTO YUacTKa, a 3HaUeHUe j — 9TO camMasd IIpaBas MO3UINA TeK-
cTa, JOCTUTHYTasd Ha IpeapIayniux marax. Obpaser P mpocMat-
puBaeTcs OJHOBPeMeHHO ¢ TekcroM. Ha miare i ¢ P cpaBHUBaeT-
ca dacthb Tekcra T[i + 1..i +m] (rme i — HOMEpP CTPOKHU
MaTpunel pc). 3HaueHue j paBHO|r + pc[r, B+ 1] (unu r+m B
ciay4dae, korga pc[r, k + 1] = m + 1). A 3naueHue r — 3TO HO-
Mep CTPOKH, IPU aHAJIN3€e KOTOPOIi OBLIO JOCTUTHYTO SHAUECHUE j.
IIpu i < j BBIBBIBaeMasi MpoIeAypa Merge HaAXOAUT HeCOBIIaIe-
aHua mexay P[1..j — ilu T[i + 1..j] nyTreMm, Kak MbI OOpasHO Ha-
3Bajin, <«IIOTJIOLIeHuA». IIpum sTOM oIpenesercsa 3HAUEHUeE
cnt — KOJIMYECTBO HEeCPAaBHEHUWI, WJIM HOMED CTOJOIla B pC.
Eciu B pesynbraTe oKakercs, UTO 3HaueHue cnt < k + 1, To
BBI3BIBAETCA IpoIlenypa Extend, 3akaHuuBaromasa GopMupoBa-
HUe CTPOKU i + 1 MmaTpuis! pc (UBMeHAIOTCA ', j U, BOSMOIKHO,
cnt). Ecau :xe mo-npexkHeMy octaHercsa cnt < k + 1, To Oyzer
HaliJeHO ouepenHoe k-HecoBHaleHUe.
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Onenum BpeMs paboThl Solve (BpeMs aHaluM3a TEKCTA).
Ecau ncKII0YNUTHL BHIBOBEI IPOIenyp Merge u Extend, TO KaiK-
madga us n — m + 1 urepamnuil MuKJIa BHITIOJHAETCA 3a GUKCUAPO-
BaHHOE BpeMsd, UTO JaeT B OOIell CJIO0KHOCTU OIleHKYy O(n).
OOG11iee ymMcJIO omepalinii, BBIMMOJHAEMBIX HPOIeAypoil Extend
IIpU BceX BBI3ZOBAX, ecTh O(n), — KaKIbIii CHMBOJI TEKCTa IIPO-
BepseTcs He OoJiee ofgHOTO pasa. KEciu ke okaskeTrcsa, UTO IIPO-
nenypa Merge paboraer 3a Bpema O(k), To obItiee BpeMs aHAJ -
3a Tekcra coctaBut O(n - k).

PaccmoTrpum sioruky paborsl mpolieaypsl Merge (puc. 5.1).
dopmMupyercss cTpoka i MaTpuiibl pc. IsBecTHO, UTO Ha IIIare r
IOCTUTHYTA MO3UIUA j TeKCTA U PE3YJIbTATHI 9TOTO HPUKJIAIBI-
BaHUA OoTpaskeHbI B pc[r]. Kpome Toro, Ha crazuu npenBapu-
TeJbHOI 00paboTKM chopMUpPOBaHA MATPUIA PN, B YACTHOCTHU
cTpoka pn[i — r]. dpyrumu cjioBamMu, HaM M3BECTHHI PE3yJIbTa-
Tl IOCMMBOJBHOTO cpaBHeHUs mogcTtpoku P[1l..j — i] ¢ moa-
crpokoit P[j — i+ 1..m]. Ha ocHoBaHMM OdTUX MTaHHBIX MbI
IOJIKHBI CAeJaTh BBIBOJ O pe3yJibTaTe cpaBHeHusa P[1..j —i]lu
T[j — i]. Eciu KoJaum4ecTBO HecpaBHeHUI «Habepercsa» (OymeT
paBHO k + 1), a ©X KOJINUYECTBO (pUKCUPYeETCA B cUeTUUKe cnt,
TO cJenyeT IIepeiTH Ha CJHeAYIOIIUN Iar, a ecjau HeT, TO Hago
3alefiCTBOBATH B aHAJIM3€ OCTABIIYIOCA YacTh oOpasiia (oHa 3a-
mrpuxoBaHa Ha puc. 5.1). Ho aro 3ameiictBoBanue 6yzer ocy-
IIEeCTBJATHCA yKe He B IIPoIeaype Merge.

q

Puc. 5.1. ITosicHeHUe K JIOTUKE PabOTHI IPOIeAYyPHI Merge

Ilycts amanusupyerca KOHKpeTHad mosunuda q (puc. 5.1).
HmeroTca pe3yabTaThl cpaBHeHUiT A u B, Ha OCHOBAHUU KOTO-
PBIX HEOOXOAMMO cAesaTh 3aKJIIOUeHNEe O CDABHUMOCTY CUMBO-
a0oB Pl[q]lu T[i + 1 + q]. Bce Bo3Mo:xHBIe BapraHTHL IPECTAB-
JIeHBI B Tabiu. 5.9.
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Tab6auma 5.9

A B KommenTapuii

= = | CoBnazmeHue; IOSUIIUY ¢ HET B MaTpuiax pc u pn. Ilepe-
XOJ K CJIELYIOIIeMy 3HaYeHUIO q

= # | HecoBmaseHue; mO3UIUU ¢ HET B PC, HO OHA ecTh B pni. Ho-
Mep IIO3UILIUU @ CJIeyeT 3anucaTh B pcli, cnt]

#* = | HecoBnazeHnue; no3unusa q ecTb B pc, HO ee HeT B pn. Ho-
Mep IIO3UIIMH ¢ cIeyeT 3anucarsh B pc[i, cnt]

#* # | Heompenenenunoctsb. Tpebyercsa cpaBHeHHE CHMBOJOB
PlqluT[i + g + 1], mo pe3yabTaTaM KOTOPOT'O IPUHUIMA-
eTcsd pellleHue

3asepiiasa obcy:xaenue aaropurMa/ I'. Jlaggay — FO. Buii-
KMHA, IpUBeIeM AuarpaMMy cpabaThIBaHUM mpolienyp Extend
U Merge npu (QOPMUPOBAHUYN MATPUIILI pC IJA paccMaTpuUBae-
Moro paHee mpuMepa (puc. 5.2). S3HaueHUA 9JIEMEHTOB PC TaHbI B
Tabi. 5.7, a Ha puc. 5.2 yKasaHO, C IIOMOIIbIO KAKOH IPOIeayPhI
oHU popMupytoTcs (obosHauenus «E» u «M»). [JanHa cTpOKU
IUarpaMMbl TIPU 9TOM IIPOMOPIIMOHANbHA KOJINUYECTBY dJeMeH-
TOB B CTPOKe pc (UX UeThIpe, TaK Kak k = 3).

0 E

1 M

2 M E

3 M

4 M E

5 M E

6 M E
7 M

8 E

Puc. 5.2. [luarpamma cpabatbsiBaHuii mporenyp Extend u Merge
npu GOPMUPOBAHUY MATPUILEI PC
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T\ YnpaxHeHus

1. IIpuBemuTe mpumepsbl cTpok P u T, 3amaiiTe nx sHaueHue k
¥ BBIMOJIHUTE PYYHYIO TPACCUPOBKY PabOThI MOIU(PUIIAPO-
BaHHOTO ajgroputrma Shift-And noucka k-HecoBmageHu (1o
Tuny Tabua. 5.6).

2. PaspaboraiiTe IpOrpaMMHYIO peau3aliuio MOIAUMUIIIPO-
BauHOTO ayiroputma Shift-And ¢ BpemenHoOit oreukoi O(n).

3. 3apaiite 3HaueHusa P, T u k. [Ipouienypa Extend aaxropurma
T'. JJaamay — FO. BuinkuHa BbI3LIBAETCA C ONPeaeIeHHbBIMHI
mapaMeTpaMu. Y KasKHUTe TO MeCTO TeKCTa, C KOTOPOoro Oyaer
IPOUCXOAUTH CPAaBHEHNE CUMBOJIOB.

4. Ilycts P = a"uT = a" (n >/m). Ilpoananusupyiite paboTy
000MX PACCMOTPEHHBIX AJIIOPUTMOB IIPH 3THX MCXOJHBIX
TAHHBIX.

5. IlycTth B P HeT MOBTOPAIOIIUXCA CUMBOJIOB U HU OOUH CUM-
BoJI u3 P He coBnagaet ¢ cumBosiamu usd T (t. e. P u T cocTo-
AT W3 pas3HbIX cUMBOJIOB). IIpoananusupyiiTe pabory pac-
CMOTPEHHBIX aJIlOPUTMOB IIPU 3THUX NCXOAHBIX HaHHBIX.

6. 3agpatite 3HaueHus P, T u k. Bes ncnosb3oBauuA Iporpam-
mMHOTO0 Kofa anroputrMma I'. Jlanmay — FO. BumikuHa cocTaBb-
Te AuarpaMMy cpabaTbhIBaHUWH mpoleayp Extend u Merge
(mo Tumy mpuBeAeHHON HaA puc. 5.2).

7. PaspaboraiiTe NIPOrpaMMHYIO peaju3aluio aJropuTMa
T'. Jlaugay — }O. Bumkuna.

5.4. Anroputm 0. Manepca

Bcé, B TOM umnciie U J0MKb, CIYIKUT
ucrute. TeHu He racaT COJHILA.

Dpany Kagpra
Anropurm IO. Maiiepca aaa npubJaM:KeHHOT0o IOHCKa 00-

pasma B TEeKCTe CUHTaeTCd OOJHUM M3 caMbIX 3(P(PeKTUBHBIX.
PaccmoTpuM ero maeiiHy0 OCHOBY Ha «CKBO3HOM» IpPUMepe .

1
) Usnosenme MAKCHMATBHO npubaInKeHHo K TeKkeTy Kuuru B. Cmura (c. 325—-332)
[0 IPUYMHE, KOTOPAs CTAHET sICHA B KOHIIE 9TOr'0 pasjeia.
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MNpumep

Sy = aabcab (m = [S4), Sy = caabb (n = [Sy)).
Bsegem martpuimy V:

. 1, npu Sl [l] * S2 [j],
V =
L&J] {o, mpu S, [i] = Sy ]

Hnsa S; u S, oHa nmpusenena B Tabu. 5.10.

Tabmauma 5.10

olo|e oo |

=== o

el = (=1 L]
ol Ll =R =Rl ]
OO || |=|b
el Ll Ll L]
OO ||~ |b

Ilogcumraem (Tak, KakK 9TO caesiaHo B . 4.1) maTpuiry pac-
croauuii (Taba. 5.11): D[0, 0] = 0; D[O, j] = j onsa jor 1 go m;
Dl[i,0]l=i gna i or_1 mo n; D[i, jl=nin{D[i-1, j]+ 1,
Dli, j—11+1,D[i — 1, =11+ V[i, jllupul < i< n,1 <j< m.
Eciu okaskerca, uro D[i;im] < k, roe kK — 11eJ10€ HEOTPUIATEIb-

HOe YHCJIO, TO pelrraeTcs 1 3ajava rnoucka S; B Sy[1..i] ¢ 3agan-
HBIM OPUOJIUIKeHUEM k.

Tabauma 5.11

o|o(m(p |

O [N |=O
(N[ ==
QO [N [ (= D[N [
N|= (NN w|w|(T
[\CRR\CREVVR RV VVR N o)
[VCARVCRRVVRRVVR S R g -1
W W[ |~ [o|O T

W3 comocoba mocTtpoenuss D MbI BUAUM, UTO 3HAUEHUE Pas-
"Hoctu DI[i, j] — D[i — 1, j] npuHaajIeXUT MHOXKECTBY U3 TPeX
anemenToB {—1, 0, 1}; amamormyHo pmena OOCTOAT IJIs
Dli, j1-Dli, j— 1lu D[i, j]-D[i — 1, j — 1].
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Bsenem, ncxomsa us aToii ocobeHHocTu D, 1B HOBLIX MaTpPU-
upl — A u A’ (traba. 5.12 u 5.13):

e Ali, j] =Dli, j1 —Dl[i,j —1] — ropusoHTaJbHbIe PA3HOCTH;
e A'li, j1 =DIi, j1 —D[i —1, j] — BepTUKaJIbHbLIE PABHOCTH.

Tabauma 5.12

A a a b c a b

0 1 1 1 1 1 1
c 0 0 1 1 1 1 1
a 0 -1 0 1 1 0 1
a 0 -1 -1 1 1 0 1
b 0 -1 -1 -1 1 1 0
b 0 -1 -1 -1 0 1 0

Tabauma 5.13

A a a b c a b

0 0 0 0 0 0 0
c 1 0 0 0 -1 -1 -1
a 1 0 -1 -1 0 -1 -1
a 1 1 0 0 0 0 0
b 1 0 1 -1 -1 0 -1
b 1 1 1 1 0 0 0

Cruepyromiye 3aBUCUMOCTY COCTABJISIOT OCHOBY AJ120PUMMA
I'. Maiiepca:

o Ali, jl=min{D[i -1, jl; ATi, j— 1L VIi, j1- 1} + (1 - AL, j - 1]);
o AL, jl=min{Ali—1,j1; A'Ti,j— 1 VIi, j1- 1} + (1 - Ali, j— 1]).

Kak ux monyuuts? IIpoBepuUTh IPOCTO: MOACTABJISIEM IaH-
HbIE U oJay4daeM paBeHcTBo. O0paTHBIN JKe IIPOIlect, BePOATHO,
uIeT U3 IPAaKTUKU. ¥ Hac eCTh IIeJIb — pa3paboTaTs aJropuTMm
Ha OCHOBe OMHAPHBIX Ollepaliuii, U aHajJor — ajaroputm Shift-
And. Ectb Habaiogenue: D pasbuBaeTcs Ha IBe MATPUIIBI, B KO-
TOPBIX 9JIEMEHTHI MPUHUMAIOT 3HAYeHUA 13 nHTepBaja oT —1 10
1. [asee n3 npakTukKy (U3 IPUMEPOB) MBI TOJIy4aeM Tpedyembie
3aBUCUMOCTH U IeJIaeM CJIeAyIONTnii 1ar, a *MeHHO u36aBisgeM-
csor —1, n6o0 B OMHAPHBIX OIIE€PAI[UAX ee IIPUCYTCTBIE HeKeJIa-
TeJbHO.
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Cxema mckigoueHusi —1 OCHOBaHA Ha 3aMeHe KaXKJoW m3
matpuil A u A’ Ha ouepeHbIe 1Be MaTPUILbl. [l1a A — aTo maTpu-
net Pu M, a nna A' — marpunel P’ u M'.

BBogum sty MaTpUITHI:

1, ecau A[i,j1=1;

0 — B IPOTUBHOM cJyYae

P[i,J]={

. 1, ecau Ali,j]=-1;
M[w]={
0 — B IPOTUBHOM cCJIy4ae.
-1 < M, J=1;
Torma A[i, jl={ 0 < MIi, jl£0u PJi, j1=0;
1 < P[i, j]=1.

Amnajiormuno, marpuiia A’ pasbuBaeTcsa Ha OBe MAaTPHUILbI
P' ' u M'. B Tabn. 5.14—-5.17 mpuBeieHbI 3HAUEHUS BJI€MEHTOB
matpui P, M, P'u M' nnsa paccMaTpuBaeMoOTo B JaHHOM pasie-
Jie CKBO3HOI'O IIpuMepa.

Tabaumna 5.14

P a a b c a b
c 0 1 1 1 1 1
a 0 0 1 1 0 1
a 0 0 1 1 0 1
b 0 0 0 1 1 0
b 0 0 0 0 1 0
Tabauma 5.15
P’ a a b c a b
c 0 0 0 0 0 0
a 0 0 0 0 0 0
a 1 0 0 0 0 0
b 0 1 0 0 0 0
b 1 1 1 0 0 0
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Ta6aumna 5.16

M a a b c a b
c 0 0 0 0 0 0
a 1 0 0 0 0 0
a 1 1 0 0 0 0
b 1 1 1 0 0 0
b 1 1 1 0 0 0
Tabmuma 5.17
M a a b c a b
c 0 0 0 1 1 1
a 0 1 1 0 1 1
a 0 0 0 0 0 0
b 0 0 1 1 0 1
b 0 0 0 0 0 0

Ilenr mocTturnyra: MmaTpulbl A 1 A' cBeeHbl K OMHAPHBIM
marpuniam P, M, P' u M'. Ocrajoch creiaTh CJIELYyIOIIUIi
mIar — JIOTUKY BbIuncaeHusI A 1 A’ mpeo6pasoBaTh B JIOTUKY BbI-
ynciaenusa P, M, P' u M'.

Beegem dopmyssr (K[j] — BCcmomorarenbHad BeJIMYWHA,
CMBICJIOBOI HATPY3KM OHAa He HecCeT):

e K[j] = Not(VIi, j]) or M[i — 1, j];

e Pli, j1]= M'[i, j — 1] Or Not(K][j] Or P'[i, j — 1]);

e MJi, j]1 = P'[i, j — 1] And K[j].

Brickasxkem  yTBepikaeHme o ToM, uTo Ali, j]=
= PJli, j1] — M]Ji, j]. EcrecTBeHHO BO3HUKHOBEHMNE BOIIpOoCca —
a Kak ouu (atu popmyJibl) mosryuerbl? ITonbiTaeMcss BOCCTaHOBUTH
aToT mportecc. 3aBucumoctb A[i, j] = min{Ali — 1, jl; A'[i, j — 1];
VIi, j1 — 1} + (1-A'[i, j—1]).y:ke BeIBemena. B mpaBoit uactu aTo-
ro paBeHctBa BeauuwHb Ali — 1, j] u A'[i, j — 1] npuHUMAaOT
3HaYeHUs U3 MHOKecTBa {=1, 0, 1}, a Beauuuna V[i, j] — us
mHOoskecTBa {0, 1}. Bcero MmoxkeT OLITH BOCEMHAAIIATE PA3JIAY-
HBIX 3HaueHui# (3 - 3 - 2 = 18). Brinumiem ux (1eBas 4acTb
tabsn. 5.18) u momcumraem sHauenue Ali, j]. A Temeppr —
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BHUMAaHIE, BOIPOC: KaK u3 ajaemMeHToB martpun P, M, P' u M'

MMOJIYYUTh TOYHO TaKoe Ke 3HaueHue A[i, j]? BeposaTHo, TOIbKO
HacToiymBasa paboTa C IpUMepaMHU MO3BOJISIET «YTJIAAETh» dTHU
saBucumocTu. IIpaBasg uacth T7abds. 5.18 maeT mpaBo cunuTaTh MC-

TUHHBIM yTBepskgenue Ali,'f'= Pli, j] — M[i, jl.

Tabauma 5.18

ALi — 1,j1| AL, j — 11| VI4, jl| Ali, jl | K4, j] | Pli, j] | Ml j]| AL, j]
-1 -1 0 1 1 1 0 1
-1 -1 1 1 1 1 0 1
-1 0 0 0 1 0 0 0
-1 1 0 1 0 0 0
-1 1 0 -1 1 0 1 -1
-1 1 1 -1 1 0 1 -1

0 -1 0 1 1 1 0 1
0 -1 1 1 0 1 0 1
0 0 0 1 0 0

0 0 1 1 0 1 0 1
0 1 0 -1 1 0 1 -1
0 1 1 0 0 0 0 0
1 -1 0 1 1 1 0 1
1 -1 1 1 0 1 0 1
1 0 0 0 1 0 0 0
1 0 1 1 0 1 0 1
1 1 0 -1 1 0 1 -1
1 1 1 0 0 0 0 0

AHaJIOTUYHO yCTaHABJIMBAIOTCS 3aBUCUMOCTHU U aJia A'[i, j]:
e K'[j] = Not (V[i, gD Or M'[i, j — 1];
e P'li, j1= MJi — 1;/j] Or Not(K'[j] Or P[i — 1, j]);
e M'[i, j]= P[i -1, j] And K'[]],
u yrBep:xugenue A'[i, j1 = P'[i, j] — M'[i, j], npoBepsemoe npu
BCeX BO3MOJKHBIX MCXOOHBIX JaHHBIX (Tadum. 5.19).
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Ta6auma 5.19

Ali — 1, j1|A'l, j — 1) i, j1 | AL, 31| KT, j1 | PLG, 31| ML, ] | A'TH, j]
-1 -1 0 1 1 1 0 1
-1 -1 1 1 1 1 0 1
-1 0 0 1 1 1 0 1
-1 0 1 1 0 1 0 1
-1 1 0 1 1 1 0 1
-1 1 1 1 0 1 0 1

0 -1 0 0 1 0 0 0
0 -1 1 0 1 0 0 0
0 0 0 0 1 0 0 0
0 0 1 1 0 1 0 1
0 1 0 0 1 0 0 0
0 1 1 1 0 1 0 1
1 -1 0 -1 1 0 1 -1
1 -1 1 -1 1 0 1 -1
1 0 0 -1 1 0 1 -1
1 0 1 0 0 0 0 0
1 1 0 -1 1 0 1 -1
1 1 1 0 0 0 0 0

Bech cMmbBICc ajgropuTMa 3aKJIH0YAETCA B UCKIIOUEHUHN K-
JIaTI0 j — B €ro 3aMeHe Ha HeKYIO II0CJIeJ0BaTeJIbHOCTD JIOTUYEC-
KUX Ollepaluii, BLEIIOJHAEMbIX C MAIIIMHHLIM CJIOBOM IJIUHON W
out. O0bIuHO W paBHO 32 1 64. Ecotu m > w, To UCIIOJIB3yeTCs

w

m
— | CMEeXXHBIX CJIOB.

BBegem mepeMeHHYIO cOSt C HAUAJbHBIM 3HAUEHHEM /1 U BBI-
IMUIIIEeM HOJIyYeHHbIe 3aBUCHUMOCTH:

K':=Not(V[i]) Or ShR(M'[i], 1);
P'[i]:=(M[i — 1]) Or Not(K' Or P[i — 1]);
M'[i]:=P[i — 1] And K';
cost:=cost + P'[i, m] — M'[i, m];
K:=Not(V[i]) or MJ[i — 1];

Pl[i]:=ShR(M'[i], 1) Or Not(K Or ShR(P'[i], 1));
M[i]:=ShR(P'[i]) And K.
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HNcnonbzoBaHue onepanuu cABUTa BIPABO HA OJAWH Pa3pPANL
CTaHZapPTHO. ITOT NOPHEM HCIIOJb30BAJICA UM B aJrOpPUTMe
Shift-And nna obpamieHusa K j — 1 ajlemeHTaM OMHAPHOTO BEK-
Topa.

OpHaKo IpU BHUMATEJHLHOM aHAJIN3€ 3aBUCUMOCTEN MbI BU-
JIUM, YTO OHU HepaboTOCHOCOOHBI: 3HaUueHWe K' BBIUMCIIAETCA
yepes M'[i], a smauenme M'[i] — c wucnomabzoBammem K'!
B. CMuT ’ 3Ty HETOUHOCTD Pa3bsICHAET MIPOCTOM CCHLIKOM Ha pa-
6oty IO. Maﬁepcaz), TOBOPS, UTO BLIKJIATKY, IPUBOAAIINE K 9K-
BuBaseHTHOU ¢opmyae K' = Not(V[i]) Or (((Not(V[i]) And
P[i — 1]) + P[i — 1]) Xor (P[i — 1])), mocTaTouHO CJIOKHBI. IIpo-
BEpPKaA Ke 9TOTO COOTHOIIEHUA MyTeM HPAMOTO MocueTa 3HaUe-
Huii K' 1y CKBO3HOTO IIpuMepa IpuBeaeHa B Tabda. 5.20.

Tabauma 5.20

; |K =Not(VIi)  |K' = Not(V[il)Or (Not(V[il)And P[i — 1])
or ShR(MTil,1) |+ P[i— 1])Xor (P[i — 1]))

1 000111 000100

2 111111 111111

3 110010 110010

4 001111 011011

5 001001 001001

B nmepBoii 1 yeTBEpTOI CTPOKAX TAOJUIIHI 3[1€Ch UMEET MECTO
HECOBIIaJIeHNe, UTO TOBOPUT 0 HedKBUBAJIEHTHOCTH (hopMy.I!

T\ YnpaxreHus

1. IIpuBemuTe mpuMep ABYX CTPOK. BuIUmcauTe OJIST HUX MaT-
puny paccroaauii D m maTpuilbl pasHocreit A m A'.

2. Hamnwuinure mporpaMmy [OJs BOCCTAHOBJIEHUS MATPUIIbLI D
o 3agaHHBIM MaTtpuiiam A m A'.

3. IlpuBemuTe mpuMepbl ABYX CTPOK. BunIumcianTe Ojad HUX
MaTPUIbl A 1 A' 1 IPOBepbTE IIyTEM HOACTAHOBKY 3HAUCHU I
NCTUHHOCTL 3aBUCUMOCTEI:

1 .
) Cmum B. Mertoasl u aaropuTMbl BBIUMCIEHUIT Ha cTrpokax. — M.: 000

«U. 0. Bunbsamc», 2006. C. 332.
Myers G.W. A fast bit—vector algorithm for approximate string matching based
on dynamic programming // JACM 46-3, 1999. P. 395—-415.

2)
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° Ali, j] = min{Ai-1, j AL, j-1E VILj-11+0 -
= ATi, j— 1D

o AT, j1=min{Ali - 1, jl; A'[i, j - 1L VIi, j1- 1} + (1 -
= Ali, j - 1]).

Hanwuimure mporpaMmy IJis BOCCTAHOBJIEHUSA MaTPUIIbLl D
mo 3amaHHBIM Matpunam P, M, P' u M'.

ITo amamorum c Taba. 5.18 1 5.19 cocTaBbTe A1) KOHKPETHO-
ro IpuMepa TabJINIbI IPOBEPKY NCTUHHOCTU YTBEPKICHUI

Ali, j1 = Pli, j1 — Mli, jl1u A'li, jl1 = P'[i, j1 - M'[i, j].
PaspaboratiTe mporpaMMHYI0 PeaJu3aIluio aJropuTMa C uc-
noab3oBaHueM Gopmyasl Qi Maiiepca s BbBIUYUCIEHUS
sHauenuy K'. Hainure (ecaiu oHU eCTh) IPUMEPHI, IJII KO-
TOPBLIX Pe3yJbTAT BLIUMCJIEHUII OygeT HeBepPHbBIM.

Haiinure KoppeKTHBIN cmocod BeIuuciaeHusa K' miam oboc-
HYHTEe KOPPEKTHOCTH ITPOBEIeHHOM 3aMeHbl. (Il pumevanue.
ABTOp He CMOT 9TOT0 cAeJaTh.)

MeTtoaudeckuii KOMMeHTAPHIT

IIpocToit anropuTM perieHus pacCMOTPEHHOM B 9TOH riase 3a-
ladyyd OCHOBAH HA UAEAX AUHAMHUECKOrO IPOrpaMMUPOBaHUA, OH
JOCTaTOYHO XOPOIIIO U3BECTEH U MOKET OBITH NCIIOJb30BAaH KaK 3a-
Iada cpemHell CJIOXKHOCTU IIPU M3YYEHUU DTOU TEMBI.

C. By (Sun Wu) u 0. Maub6ep (Udi Manber)l) B 1992 r. paspa-
6orasu MeTo[, obobmaoIuianropuT™m Shifi—And Ha HaxoxKIe-
HUEe HETOYHOTO BXOJKAEHUs 00pasia B TEKCTe.

Pemrenme 3amauu o k-HeCOBIIaJleHUAX OPeACTaBIEHO Moau(pI-
ramueii aaroputma C. By u FO. Maubep, a Tak:ke aJropuUTMOM
T. JJaagay u IO. Bummkwuna.

Augropurm I'. Jlangay (Gad Landau) — 0. Bumkwuna (Uzi
Vishkin) ), KpOoMe TOTO UTO OH OTHOCUTCSA K UHCJIy IIEePBBIX, IIPed-
Ha3HAYEHHBIX AJIA PEIIeHUdA 3aJauyi O k-HeCOBUAJEHUAX, UMEET
CBOIi, OTJIMUYAIOIINICA OT paHee PACCMOTPEHHBIX, METOJ IIpeaBa-
puresbHOM 06paboTku obpasma P.

Aaropurm FO. Maiiepca (Gene Myers)S) (Tounee, ero moguMu-
Kalysi) CYUTAETCS OOHUM U3 caMbIX 9()(EKTUBHBIX B PEIlIeHUH 3a-
Jady MOVCKa HETOUYHOTO BXOKAEHU 00pasiia B TeKcT. e moau-

D wy S., Manber U. Fast text searching allowing errors // CACM 35-10, 1992.

P.83-91.

Y Landau G. M., Vishkin U. Efficient string matching with k mismatches // TCS

43,1986. P. 239-249.
Myers G.W. A fast bit-vector algorithm for approximate string matching based
on dynamic programming // JACM 46-3, 1999. P. 395—-415.
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dburanuu 3aKgOYaeTca B BBIUUCJIEHUU HE MOJHBIX OMHAPHBIX
BEKTODOB IJIMHBI M, a TOJBKO MX YaCTell, ONMpenesideMbIX KOH-
cTaHTOi k. B aTOM ciiyuae BpeMeHHASA OIleHKAa IIpeobOpasyeTcs U3

Az ] )=tz )

ITpoGiemaTuka 9TO¥ IJIaBBI HE MCUEPIBLIBAETCS ONMUCAHHBIMU
anropurMaMu. VISBeCTHBI TaKyKe AJITOPUTMBI D. YKKOHeHa',
B. Yanra (William Chang) — E. Jloynepa (Eugene Lawler)z),
P. Koyna (Richard Cole)=P. Xapuxapaua (Ramesh Hariharan)s)
u T. 1. X cpaBHUTEJbHBIN aHAJIU3 MOKET OLITHL IIPEeIMETOM Cca-
MOCTOATEJBHOTO UCCIenoBaHua. B paborax P. Besa-llerc
(Ricardo Baeza-Yates) u I'. HaBappo (Gonsaio Navarro)4) 3agava
OpubINKEHHOI'0 IIONCKA 00pasiia MM MHOXKEeCTBa o0pasIloB pe-
IIaeTcA ¢ UCIIOJb30BAHUEM allllapaTa TEOPUHN aBTOMATOB U OMISATH
JKe uaei GUTOBOTO IIPeACTaBIeHUS JAHHBIX, T. €. IyTeM CBeI¢HIU
omnpenesIeHHOM YacTu JeMCTBUM aJIrTOPUTMA K JIOTUYECKUM oliepa-
IUAM C MAIIUHHBIMU CJIOBAMU.

1)

2)

3)

4)

Ukkonen E. Finding approximate patterns in strings // J. Algs. 6, 1985.
P.132-137.

Chang W. I., Lawler E. L. Approximate string matching in sublinear expected
time // Proc. 31st Annual IEEE Symp. Foundations of Computer Science. Vol. 1.
1990.P.116-124.

Cole R., Hariharan R. Faster approximate string matching // Proc. Ninth
Annual ACM-SIAM Symp. Discrete Algs., 1998. P. 463-472.

Baeza-Yates R., Navarro G. Multiple approximate string matching // Proc.
Fifth Annual Workshop on Algorithms & Data Structures. F. Dehne et al. (eds.),
1997.P.174-184.



BMecTO 3aKknrouyeHus

— A Ha TOIl yIaHeTe eCTh OXOTHUKU?
— Her.

— Kak unrepecuo! A Kypbl TaM eCTb?
—-Herr.

— HeT B Mmupe coBepieHcTal —
B3IOXHYJI JIUC.

Anmyan de Cenm-9dk3wonepu,
«ManeHbKuil npuny»

Bsrisag Ha nagopMaTUKy KaK Ha IpeaMeT B o0IeobpasoBa-
TeJbHOU IIKOJIe 3a HEMHOTUM 0oJiee ueM ABajllaTHJIETHEee pas-
BUTHE 00JIamajl HeKoel «aHOMAaJIbHOI» M3MeHUYUBOCThbIo. C on-
HOII CTOPOHBI, 9Ta CHUTyalusa OO0yCJIOBJIeHA OOBEeKTUBHBIMU
npuyrHaMu (IUHAMUYHOCTDb PA3BUTHUA MaHHOU objacTu meti-
CTBUTEJBHOCTHA U T. I.), & C APYTOM — BCe JIU JIAJHO B HAIIIEM
«JTaTcxoM KopoJieBcTBe» ? ITonpobyeM Kax ObI 3a0BITH HA BpeMs
000 BCeX CYIIeCTBYIOIUX KOHIENIUAX, MO3UINUAX, YUeOHU-
Kax ' U T. I. U, OMUPAsCh TOJbKO Ha 0ojiee UueM TPUIIIaTUJIET-
HU OIBIT PA0OTHI KAK B pa3paboTKe peaIbHBLIX CHICTeM 00padoT-
Ku mH(bpopManuu, TaKk u B o0pas3oBaTeJbHON HH(pOpMATHKE,
chopMyaIUPOBaTh TOUKY 3pPEHUS IparMaTuKa.

3amzaguM ceOe MEepPBLIA HAWMBHLIA BOIPOC — «UTO TaKoe WH-
dopmaTura» ? I okaswIBaeTcs, UTO JATH IPOCTOI 1 ACHLIA OTBET
Ha Hero He oueHb rrpocto! Takue objiacTu, KaK, HallpuMep, MaTe-
MaTHKa Ui GU3UKA, MMEIOT JOCTATOYHO UeTKMe I'PAaHUIIbI, a MH-
dopmatuka? KoHeuHO, TOTYCTUMO CKas3aThb: 9TO — YTO-TO CBA-
3aHHOe ¢ MHMPOPMAIIMOHHLIMU IIpoIleccaMu, ¢ oOpabOTKOIl MH-
dopmMauu u T. 1., HO TOTAA OAHO IIOHATHE OYAEeT OIIpeaelAThC
yepes Apyrue, oopasyercsa IJINHHASA MOHATUNHAA 1IeIlo4YKa, Jac-
TO — TaBTOJIOTUUYECKasd, 1 MparMaTuKy He OUeHb SCHO, I'lle Haua-
JIO U T/le KOHEeII 3TOTO MOHATHHHOTr0 MHOTO00Dpa3ms.

Yupoctum (unm ycaoskHuUM?) IIepBOHAUAJIBHBIA BOIIPOC:
«Bosmoskua gu mHpopmMaTuKa 6e3 KommnbioTepa»? Eciu oTse-
TUTD «Ja», TO TPAHUIILI 9TOM 00JIaCTH CTAHOBATCA elrle 0oJiee He-

b ABTOD He Urpaer 371eCh B UTPY «KTO IIPaB, KTO BUHOBAT» UJIU «UTO TAKOE XOPOIIIO,
4TO TaKoe IIJI0X0», & PACCMAaTPUBaeT CUTYallI0 KaK JaHHOCTD, CJIOKUBIIYIOCA B
X0Jle ICTOPUUECKOTO PA3BUTUA ABJIEHUS, €CTECTBEHHO, B Pe3yJIbTaTe 00bEeKTUB-
HBIX U CyO'bEKTUBHBIX (PaKTOPOB.
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omnpeneeHHbIMU, TOHATHE «UH(pOPMATHUKa» IIEPEeXOAUT B pas-
PAL «CBEPXOTKPBITHIX», M BIIOPY 3aJaTh BOIIPOC — «a UTO He
ecmv uH@OpMaTuKa»? Ho mpeamoso:KuM, YTO Mbl OTBETUJIU
«HeT». B aTOM ciydyae y Hac yKe MOABJSIETCA TPAHUIA, TYCTh
HOKa TOJBKO «IYHKTHDPHaA». Ho moABdgeTCsS M HOBOe IOHA-
THEe — «KOMIBIOTEDP», I TYT K€ BOSHUKAIOT BOIIPOCHI KAK MUHU-
MYM O B3aMMOCBSASU IIOHATUU U O TOM, %10 €CTh KOMIIBIOTED —
00'BEeKT U3yUeHUs B NHMOOPMATUKE UJIU CPENCTBO (MHCTPYMEHT)
usyuyeHus MHGOpMaTUKMU?

OmnpenennMcd ¢ YCAOBHBIMY I'PAHUIIAMY IOHATUSA «KOMIIBIO-
Tep». CamMblli HUBIIUI YPOBEHb — 3TO «iKeye30» (hardware).
BesycaoBHO, TOHUMaHMEe TOr0, KaK, QYHKIIMOHUPYET almnapar-
HOe obecmeueHue, HEOOXOAMMO. X OPOIII0, HAIPUMep, 3HaAHUEe
TOTO, UTO AJIA Peasnl3aluy BCeX BO3MOYKHOCTEHN 9TOTO YPOBHSA
KOMOBIOTEPY AOCTATOUYHO YMETH BBITOJHATH TOJBKO OMEePAIUU
WHBEPCUM, CABUTA HA OJWH Paspsaa 1 IPUOaBIeHNA efUHUIIEI, a
BCe OCTaJIbHBIE OepaIiu KOHCTPYUPYIOTCA U3 9TUX IPUMUTHU-
BOB. Ho moisie3HOCTh KOMOBIOTEPA IIPU TAKOM OT'PaHUUYEHUU
MEeHBIIIe, UeM Y MOJIOTKA: IIOCJIEJHUM XOTd ObI MOYKHO I'BO3AU
s3abuBarh ©. Takum 06pa3oM, B MOHATHE «KOMIILIOTED» CJIELY-
€T BJIOYKUTHh KAK MUHUMYM ONEPAI[MOHHYIO CUCTEMY (ee OCHOB-
Hble QYHKITMOHAJIbHBIE BOBMOYKHOCTH U CTPYKTYPY) U IPOCTEH-
MIYI0 CHUCTeMYy HporpaMMupoBanmusa. Llociie 9TOro KoMIIbIOTep
yoKe BBIOJIHAET CBOE OCHOBHOE IIpeHasHaueHne — BBIUUCIAET
u mepebupaer, T. €. IPOUCXOAUT TO UYAECHOE «O0KHBJICHUE»,
KOTOpOe JejlaeT KOMIILIOTED YHUBEPCAJIBHBIM YCTPOWCTBOM,
YHUBepCAaJbHBIM BEIUMCIUTEIEM U IePECOPIITMKOM BADUAHTOB.

Wrak, rpaHuma odepueHa, W TPOCMATPUBAETCA, B KaKOM
ob6beMe (X0Td ObI MUHUMAJIBHOM) KOMIILIOTED SIBJISAETCS O00heK-
TOM m3ydueHusi. A uro manbine? Ianbiie y Hac aBa myTu. Llep-
BBIII — pAaCIIUPAS MOHATHE «KOMIIBLIOTEDP», MO0ABIAA K HEMY
yiKe HeKUU TOTOBBIN (DyHKIIMOHAJ (HanpuMep, rpadudecKkuii pe-
ITaKTOP), MBI MOYKEM M3Yy4aTh €r0 U YTBEP:KAATh, UTO U3YUAETCs
nH(pOpPMATHKA — PeJaKTOPLI JKe CBA3aHbI ¢ KoMibioTepom! Bro-
pO¥i IIyTh — OTBETHUTH HA BOIIPOC, UTO IIPOUBOIILJIO B IIETIOYKE OT
OOTPEOHOCTH UYeJIOBEKA PUCOBATH K IIOABJIEHUIO Y KOMIILIOTEDA
Takoro (pyHKIIMOHAJIA, YIOBJIETBOPAIOIIETO 3Ty MOTPEOHOCTS.

OcTaBuM Ha BpeMdA BTOPOU ITYTh W 3aKOHYNM PACCYKIEHUS
0 HaIlleM MTOHMMaHuM’ KOMIIbioTepa. [IOBTOPUM MBICTH, UTO BO3-
MOYKHOCTH KOMIIBIOTEPA OTrpaHuWYeHbl. IIpocTredinuii mpumep
(4yTh-4yTh aOCYPAHBIN): JIFOOOU U3 HAC, €CJIU ITI0TPedyeTcs, BbI-
IOJIHUT OIIePAaINI0 BLIUMCIEHUS 101000, IPOCTO 3aIHCHIBAS CO-
OTBETCTBYIOIIlee KOJMUYECTBO HYyIeil, a BOT KoMmnbioTep (6e3 cire-
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MUaJbHBIX YXUIIIPeHuit) aToro e craesaer! EcrecTBeHHO, UTO
BO3MOYKHOCTU KOMITBIOTEPA YBEJIUUYUBAIOTCA CO BPeMEHEM —
CPaBHUM XOTA OBl KOMIBIOTEDHI ABAAIATUIETHEN TAaBHOCTU U
HbIHEITHre. PacliupeHre BO3MOKHOCTeIl IT03BOJISET pellaTh
BCe HOBBIE POOJEMBI 1. COBEPIITEHCTBOBATH PEIeHUA CTapPhIX,
HO OTPAHUUYEHHOCTb KOMIIHLIOTEPA OCTAeTCA.

OnHaKO BepHEMCA K HAIITUM PaCCyKIAeHNAM 00 mHpOpMaTH-
Ke U IPOJOJIXKUM UX C IIOMOIIbIO ITpuMepa. YesloBeK U [0 IOSAB-
JIeHus KOMObIOTepa paboTaJsi ¢ TeKcToM. B 3aBUCUMOCTH OT BUAA
ero neATeJbHOCTHU, 3Ta padoTra ObLiIa pas3jJnuyHOl (II1caTesb, pe-
IaKTOp U T. A.). Il pyrumMu cjioBaMu, eCTb nOMmMpeoGHOCmb PaboThI
C TEKCTOM U €CTb npob.iema paboTsl ¢ TekcToM. C MosgBIeHTEM
KOMOBIOTEDPA YEJOBEK «YTJIALEN», UTO HOCJTEeTHUNA MOMKET ObITh
oJIe3eH JJIs1 YIOBJIeTBOPEHU S dTOH MOTPeOHOCTH, 1 paspaboTalt
BHAUaJie IIPOCTEUIINN TEeKCTOBBLIA peJaKTop, a 3aTeM TEeKCTO-
BBIA IIPOIECCOP C OTPOMHBLIMU (€CJM CPAaBHUBATH C HMEPBBIMU
BepcuAMM) BO3SMOXKHOCTAMU. OTMETHM, UTO B JAHHOM CJIydae
(KaK u B JPYTuX) COBEPIIEHCTBO MHCTPYMEHTAa, a TEKCTOBBIHA
OPOIleCCOp ABJIIETCS MMEHHO MHCTPYMEHTOM, OKas3bIBaeT 00-
paTHOe BJMAHWE Ha IIpollecc paboThl ¢ TeKcToM (oOpaTHasA
cBA3b). Ho He 5TO riiaBHOe, a IPOJOJI;KEHUe HAIIIEerO0 HAUBHOTO
BOIIpOca — «TJie 3lech MHPOpMaTUKA» ?

HNrak, B camom ob1iem Buze (cm. puc. 1) ecTb AeHiICTBUTEI -
HOCTb, €CTh IIPO0JIeMbI 9TOI AefCTBUTEIBLHOCTH U €CTh OToOpa-
JKeHMe 3TUX MpobJjieM B HeKWe UX PeIleHUNs, UCIIOJIb3YIOIIne
KOMIObBIOTED, B PE3yJabTaTe Yero IOJYUaloTCAd HeKre MPOAYKThI
(mpryeM Tak Ha3bIBaeMble « HOBbI€ MH(POPMAIMOHHBIE TEXHOJIO-
TUU» — 9TO JIUIIL HEOOJIbIIad YacTb 3TUX IIPOJYKTOB), YIOB-
JIETBOPSIOIINE IIOTPEOHOCTAM 3TOM NeCTBUTEILHOCTH.

ITprmepsI MOKHO ITPOAOIIKUTE. BOT elte 0iuH 13 HUX JJI Ha-
TJISITHOCTH, CBSABAHHBIN, B YACTHOCTU, U C 00PAbOTKOM TEKCTOB.
B moserynsapHON OMOJIOTHMH U B APYIUX 00JIACTAX 3HAHUM Cy-
IIIecTByeT IrpobJieMa IoncKa B G0JIbINNX 00beMaxX TeKCTOBBIX JaH-
HBIX BXOIAIINX B HUX 00pasmoB. IIpooGpas3om 9Toit IpodIeMbI AB-
JIeTCs dJIeMeHTapHasA 3aJada IIOUCKa cjoBa B Tekcre. IlocTosaH-
HOe Hapall[BaHMWe BO3MOKHOCTell ypoBHs B (cm. puc. 1) He
peraso 3ampochkl AeHCTBUTEIbHOCTU. VI ITOATOMY B TOCJIEIHUE
30 JteT chopMuUpOBAJICA HOBBIN moApasaes NHGOPMATUKUA — «Me-
modvL 06pabomKuU CMpPoK>».

BepHemca k nepBoHayasibHOMY Bolrpocy. MuMopMaTnka —
aT0 ypoBHU A, B, C miin A u B? (MsI ocTaB/isieM TOJBKO caMbIe
JIOTUUEeCKU pasyMHbIe coueTanud.) OTMeTHuM, UTO IIPU TTOJOKU-
TEeJBbHOM OTBETE Ha BOIIPOC O B3aMMOCBA3W HHMOPMATUKU U
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IIpoGaembr

A)
Orobpaxenue (Wiu permenwne Ipodiem)
KommbioTep:
B) 1) «xeye30»; IleficTBUTEIBHOCTD

2) omtepaIrmOHHAsA CUCTEMA;
3) cucTeMbl MIPOTPAMMUPOBAHUST

N L

CucreMbl 00pabOTKM MHGOPMAIIUA:
C) 1) ob11ero HasHAUYEHU S,
2) cmenuaan3upPOBaHHbIE

Puec. 1

KoMObioTepa («BOo3MOKHA i nH(GOPMATHKa 03 KOMIbIoTepa»)
B HaIllleii cxemMe, a OHA IPUMeHNMa He TOJbKO K MH(popMaTHKe,
HOSBJSAETCA eIlle OOWH TPYAHOTOUPEeIeINMBIN «IPAMOYTOIb-
HUK» .

Jlasee MOKHO OBLIO OBI PACCYKAATH CIAEAYIOIINUM 00PasoM.
MoskHO B3ATH 00pa3oBaTeIbLHBINA CTAHIAPT IMIKOJLHOIO Kypca,
COOTHECTH €T0 MOJOKEHUA C IPUBEIeHHON CXeMOM, a 3aTeM Ha
OCHOBe HEKOeTo aHaJamn3a C yUeTOM IIPUBHECEHHbBIX U3BHE I0JI0-
"KeHUH chejiaTh OIlIpeeieHHbIe BhIBOALI U OTBETUTH HAa IIOCTAB-
JIeHHbIH Bompoc. OUeBUAHO, YTO B 3aBUCUMOCTHU OT 3TUX «IIPHU-
BHECEHHBIX M3BHE MOJIOKEeHUN» MOT'YT IIOJYyUYNUTHCA Pa3InUHbIe
pesyJabTaThl — BILJIOTH IO TOT'O, UTO MBI paccy:KaIaeM BOBCe He O
TOM, WJIX IO IIOSBJIEHUS HEeKoell «HOBOUW mH(opMaTUKu» (HAa-
OpuMep, «acolluaibHOM»). Ho MbI mompoOyeM ITOUTU APYTUM
OyTeM — CIPOEIHPYeM CUTYaIlUI0 Ha BBICIIYIO IITKOJY, IIOI-
MeM, KaK OTBeUAIOT Ha IIOCTAaBJIEHHBINA BOIIPOC B HEl, 1 cAeiaeM
«00paTHYIO IPOEKITNI0» Ha 00IIeo0pasoBaTeabHyo mKoyy. (Ta-
KHe Oleparuu «IIPOoeIinpPpoOBaHUs», KaK IIPAMOro, TaKk 1 oopar-
HOT'0, He IPUBOASAT K UCKaKeHUIO IIpeJaMeTa aHaansa, nbo peub
ugeT o0 OJHOM M TOM ’Ke, IPOCTO B PasHBIX 00beMax.)
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O6J1acTh BBICIIIEH IITKOJIBI TAKYKE TOPAXKaeT CBOMM MHOT000-
pasueM HaIpaBJEeHHOCTH ITOATOTOBKY CIEIMAINCTOB 10 MHAMOP-
MaTHUKe, HO uMeeT 0oJiee OompeesieHHbIe I'PaHUIbl. BhIuIeHuM
TPU OCHOBOIIOJIATAOIIUX POCCUUCKUX 00pa30BaTEJIbHBIX CTaH-
mapra.

CneyuanvrHocms 010200 — «IIpukaiadHas MamemamurKa u
UH@OpMAMUKA» , KEALUPUKAUUSL — MAMEMAMUK, CUCTMEMHbLIL
npozpammucm. EcTecTBeHHO, UTO 3IeCh OCyIlecTBIAeTCa (hyH-
JIaMeHTaJbHas IIOATOTOBKA II0 MaTeMaTuke. B 6yioKe o6ireobpa-
30BaTeJIbHBIX AUCHUILINH WH(pOpPMATHKA IIPeJCTaBJIeHA 3IeCh
Kypcamu «SBBIKY TPOTpaMMUPOBAHUA U METOABI TPAHCIAIIUN »,
«CucreMHOe W MOPUKJIAAHOE IIPOrpaMMHOEe obeclieueHue» u
«Basbl JaHHBIX U AKCIIEPTHBIE CUCTEMBI» . OCcTaJIbHBIE COCTABJIIA-
[oII[ye MOATOTOBKM 3aBUCAT OT BLIOPAHHOI B By3e CIIeIUaIn3a-
U, HO B OCHOBHOM, €CJIU TTOCJIeIHAS CBA3aHa ¢ MHGOPMaTUKOI,
paccMaTpMBaIOTCA BOIIPOCHI IIPOTPAMMUPOBAHNA U PYHKITMOHU-
poBaHUs OIMEPAIMOHHBLIX CHCTEM PAa3HOTO HasHaueHUs. Tarkum
ob6pasom, corsrtacHO Halrel cxeme (cMm. puc. 1), aTo ypoBHU A u B,
OpUYeM YPOBEHb A TPAKTYETCA UMCTO C MaTeMATUYECKUX TO3U-
muit. CoryiacHo JIOTHKE CTaHAApTa, MOATOTOBKA II0 MaTeMaTUKe
obecIleurBaeT peanns3aluio oTooOpaskeHus A, ¢ ueM, KOHEUHO,
TPYLHO corjacutbcd. MaremaTuuecKas COCTaBIAMOINAA B A,
6e3yCJIOBHO, €CTh, B HEKOTOPBIX IIPobyieMax OHA UMeeT IPUHITUA-
nuaabHOe 3HAaUYeHUWe, HO CBeJEHUE METOAOB PeIleHusa IIpobJem
TOJBKO K HEM He COOTBETCTBYET PealbHOMY COCTOSHUIO nei. U
3mech B MH(OPMATUKE UMeeT MeCTO MapagoKcaabHasd CUTyallus,
00pasHo XxapakTepusyemasi ppasoil «camoxXHuk 6es camor» . Crie-
[UAaJINCThI 10 MH(MOPMATUKE CO3JAIOT CUCTEMBI 00PabOTKU WH-
dopmMauy pasIUIHOTO HA3HAUYEHUS, B YACTHOCTU aBTOMATU3U-
pyroIiiyie pasauuHble BUABI JeATEILHOCTH, HO COOCTBeHHAs Jed-
TeJLHOCTD II0 OTOOPAKEHMIO IIPO0JIeMbl B)HEKUI IIPOrpaMMHBIHA
OPOAYKT (YpOBeHL A) COOTBETCTBYIOIIEH TIOAMEeP:KKN TPAKTU-
yecku He uMeeT! CTPYKTYpHOE, O0BEKTHO-OPUEHTUPOBAHHOE
IPOEKTUPOBaHMeE, a TaKsKe pasanunble TexHosoruu tuina CASE
(Computer Aided Software Engineering) mau RAD (Rapid
Application Development) auiis YacTUUHO peniaoT 3Ty IpobJie-
My, IpPUYEeM IIOCJIeHUEe OTHOCAT CKopee K ypoBHIO C, a He A.
EcrecTBeHHO, UTO 5Ta UacTh HpoOJIeMaTHKU YpPOBHS A cjabo
mpejAcTaBJIeHa B 00pa3oBaTeJIbHBIX CTaHIapTaX UJIW BOOOIIE HU-
KOMM 00pa3oM TaM He 3aTParmuBaeTcsd.

CneyuanvHocms 351400 — «IlpukaadHas uH@opmamura
(no obracmam )», kearupurayus — urHpopmamuk (Kearuu-
Kauyus 6 obaacmu ). Ilns onpeneseHHOCTH OyIEM CUNTATh TaKOM
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00JIaCTBI0O YKOHOMUKY (CaMbIii PacCIpPOCTPAaHEHHBIA BapUAHT).
006111e00pa30BaTENBHBIN OJOK 37eCh IPEACTaBIeH CTaHIAPTHBIM
Ha00pPOM KYPCOB: BBIUMCIUTEIbLHBIE CUCTEMbI, CETU U TE€JIEeKOM-
MyHHKaIuu; nHGOPMAaIMOHHEIE CUCTEMBI; 0a3bl JaHHBIX; BBICO-
KOYPOBHEBbIE MeTOAbl MH(MOPMATUKU U IIPOrPaMMHPOBAHUS;
oIeparnnoHHbIe CUCTEMBI, CPEeAbI 1 000JOUKM ; MHPOPMAIIMOHHBIE
TexHosoruu. K crenuaabHbIM JUCITUILINHAM OTHOCATCS ITPOEK-
TUpOBaHMe MH(POPMAIIMOHHBIX CUCTEeM; UHTEJJIEKTya IbHbIe UH-
dopMalMOHHBIE CHUCTEeMbI; MH(MOPMAaIMOHHAA 0e30IIacHOCTb, a
Tak:Ke MHGOPMAIIMOHHBIE CUCTEMBI B OyXTajJTEePCKOM ydueTe U
aynure, B 0aHKOBCKOM fiesie 1 T. A. IToro, B JaHHOM CTaHIApTe
YeTKO NIPEJACTaBJIEH YyPOBEHb B (ero mporpaMMHas COCTaBJISAIO-
m1as1) u Ta 4acTh ypoBHA C, KOTOpas OTHOCUTCA K BEIOPAHHOH OT-
pacau. YpoBeHb A maeTcs CKOpee B TEXHOJIOTMYECKOM ILIaHe,
CBSIBAHHOM C OOIIMMM BOIIPOCAMU IIPOEKTHPOBaHUS mH(pOpMA-
ITUOHHBIX CHUCTEM.

CneuyuanvHocmsb 654600 — «HHpopmamukra u 8blyUCLU-
meJbHaAs MeXHUKaA», kKéarupurayus — uHicenep. O61reodpa-
30BaTeJbHBII OJIOK 3/eCh C TOUHOCTBIO 0 JeTajeii COBIaaeT C
aHAJIOTUYHBIM OJIOKOM TPENBIAYINeil ClelnaJbHOCTH, a B CIe-
[UAaJbHBIX AUCIUIIINHAX (B 32aBUCUMOCTU OT CIIEI[UAJIMBAIIVIN)
OoJiee meTaJIbHO IIPEACTaBJIE€H YPOBEeHb B, HanpuMep KypcaMu
«Teopusi BLIUMCIUTENBHBIX IMPOIECCOB», «APXUTEKTypa BbI-
YHCJUTEJbHBIX CUCTEM» U T. . ¥ POBEHL A OTOXKIECTBJIAETCA
C IpOTrPaMMUPOBAHUEM.

C HEKOTOPBIMU OTOBOPKAMHU MOYKHO CUUTATD, UTO IIOATOTOB-
Ka CIIeInaJuCTOB II0 YPOBHIO A OCYIIIECTBJISETCS B paAMKax cIie-
nmuanbHocTu «I[IpuKkaamHas MmMaTeMaTuKa U WHOOPMATHKA»
(KBasTM(UKAINUS BEINYCKHUKA — MaTeMaTUuK, CUCTEMHBII TTPO-
IpaMMICT), IO YPOBHIO B — «HMH(MpopMaTUKa U BHIUUCINTEIIb-
Had TeXHUKa» (KBAIU(PUKAIIUSA BBINTYCKHUKA — WHIKEHep), 110
ypoBHIO C — «IIpuknagunaa mHpopMaTuKa (II0 OTPACTAM)»
(kBamuUKAINUS BBIIYCKHUKA — HaIpuMep, MHPOPMATUK-
SKOHOMUCT).

HUrak, ecaiu yposHN' B 1 C OCTATOUYHO YETKO OUEPUMBAIOT-
cs, TO C ypoBHEM A Bce OOCTOUT HECKOJIbKO cioskHee. Tak miu
WHaUYe, B HEM IMPUCYTCTBYET TO, UTO OOO3HAUAIOT MOHATHEM
«ImporpammMupoBanue». Ho camo mo cebe mporpamMMupoBaHme
KaK 3HAHWE CHCTEeM IIPOTPaMMMUPOBAHUS W YMEHUE UTO-TO Ha
HUX 3alIUCHIBATh, yCTh Aake B (hOpMaIn30BaHHOM BHUJE, He pe-
mraeT npobJieMbl oToOpaskenus A (cMm. puc. 1), Kak He peliaeT ee
¥ YMCTO MaTeMaTU4YecKas COCTaBJAIOINASA HOATOTOBKU!
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IIpuBemem mpuMepHI B TOAKPEIIJIeHE TOUKY 3PeHU «3a» U
«IpoTuB» . HoBrIil pasaesn nuHGoOpMaTUKU — METOAbI 00PabOTK YU
CTPOK, MMEIOIINIl OIPOMHOE 3HAYeHUEe IJI MHOTOUYMCJIEHHBIX
npujgoxkeHuii. Ero maremaruuecKas COCTaABJIAIOIIAA MUWHU-
MaJibHAa. [pyroii pasmes — MeTOAbI 3aIUThI MHGOPMAIIUU, TIe
0e3 3HAHUA MaTeMaTUKHU He JOCTUTAaeTCA Jdaske MePBUYHOE TIO-
HUMAaHUe CyTU NuoHepcKoit paboTel ¥. Muddu u M. 9. Xemmma-
Ha. Ho 1 B TOM, U B I[PyroM ciaydae KJIIOUOM SABJISETCS IMOHATHE
«aJITOPUTM» ¥ HeUTO (BCIIOMHUM CUTYAIUIO «CAIIOKHUK 0e3 ca-
or»), UTO MBI YCJIOBHO O0003HAUMM KaK UCKYCCMB0 nepegoda
pewenus npobaemv. (3aMeTUM — OHO He CBOOUTCA K aJITOPUT-
my!) Ha A3BIK, MOHATHBIA Ha ypoBHE B.

IToaBemeM ompenesieHHYIO UEPTY O BBINMIEU3JI0KEHHBIM.
Vpoeau B u C 4eTKO MPONUCHLIBAIOTCSA B CTaHIapTaX, Yero He
CKa’KeIllb 00 ypoBHe A: OOIIeNIPUHATOTO0 MIOHNMAaHNUSI YPOBHA A
HeT, a pa3JInyHble eT0 TPAKTOBKU OMMPAIOTCA HA HE OUEeHbBb IO-
HATHYIO aKCHOMAaTUKYy. Menmoab30BaHMe Ke HaMU IMOHATUS «HC-
KYCCTBO» — BBIHYKJIEHHOE. UeJ0BEeK, KOrJa ero He YA0BJIEeTBO-
pseT ompenesieHHBIH SA3BIK KaK WHCTPYMEHT (hopMau3aliuu,
co3JaeT HeKUU «MeTasaA3bIK» . Ho B JaHHOM cjiydae Bce IIOIBITKY
co3ZaHusA ero B mHGOPMATHKE TPYAHO CUUTATH YCHEIIHBIMU, U
TOTIYJIAPHOE B HACTOAIIEee BpeMsa 00'beKTHO-OPHUEHTHUPOBAHHOE
IIPOEKTUPOBAHIE BPA JIU B IIOJHOM 00'beMe pelaeT mpobiemy.

A B 11KOJI€, B IITKOJHLHOM 00pPa30BaHUU, EJIaeTCs IMOUBITKA
WHTerpaiuu ypoBHEHN B eIUHOE ITeJI0e B PAMKaX OTPaHUYEHHOTO
BpeMeHM Ha maydeHue. Il ecTeCTBEHHO, BO3BHUKAET BOIIPOC —
BO3MOJKHO JIU pellleHre faHHoi npobsembi? Kak cobpars B Mma-
JioM (110 BpeMeHu) 60JIbIIIoe, U He IIPOCTO 00JIBIIIOE, a IIOCTOSIHHO
pacryiiee, ocobenHo Ha yposue C, 1mesoe?

ITomuMoO TeopeTnUeCKOl BO3MOKHOCTY TAKOM MHTETPAI[UH,
€CTb ellfe OUH BOIIPOC — a HaJo Jix 8To fejaTh? Eciu ciemoBaTh
JIOTHKeE OJHOTO U3 I'OCYyIapCTBEHHBIX MYIKel, YTBEPIKIAIOIIero,
YTO OCHOBHO 3aJaueil MIKOJbI ABJIETCA «IIOATOTOBKA I'PAMOT-
HOTO TIOJIb30BATeJsA TEXHOJOTuii» (eeTecTBEHHO, C IIPUCTAB-
KOU — «HOBBIX MH(MOPMAIIMOHHBIX» ), TO, KOHEUHO, «Ja», — U
OCHOBHOM aKIIeHT JOJIKeH OLITL caejaH Ha ypoBHe C. Kcraru,
usyuenue ypoBHs C mMeeT ellle OJHY OCOOEHHOCTH, KOTOPYIO
OopocTo Heob6XoamMoO OoTMeTuThb. HayuHO KoKasaHo, 4ro cy-
MIeCTBYOIIe METOAUKY u3yueHus ypoBHA C (BO BCAKOM CJIY-

b Okxyaoe C. M., Cysoposa T. H. O TpaguIiIOHHON MeTOAVIKEe U3yUeHusa nHdopma-
IUOHHBIX TeXHoJoruii // Mudopmarura u oopasosanue. 2006. Ne 11. C. 93-96;
Cyeoposa T. H. CoBepIIIeHCTBOBAHME METOAWUKN W3YUYeHUsS HH(POPMAIIMOHHBIX
TEeXHOJIOTUN B IIKOJBHOM Kypce mHpopMaTuku: ABToped. AUC. ... KaHI. IeH.
Hayk. — M., 2007.
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yae Te, KOTOpble TPEICTABJIEHBI B COBPEMEHHBIX IIKOJbHBIX
yueOHUKAaX) He Pa3BUBAIOT UJIU OUEHb cJ1ab0 pa3sBUBAIOT MHTEJI-
JIEKTYaJIbHBIN MOTeHIIUAM IIKOIbHUKA. (MBI He TOBOPUM, UTO
He yuam, HO 3TO HECKOJBKO pasHbIe cpessl ABjeHnA.) Cymma 3a-
noMuHaeMoro (axrTorpa)iuecKkoro Marepuajia OrpoMHAa, TaK
JKe KaK ¥ HaBBIKY MaHUNYJIUPOBaHUA MBINTbio. Ho Beab cBATas
CBATHIX 00pPa30BaHUSA — 9TO pa3gumue NMIKOJbHUKA, PA3BUTHE
ero yMCTBEHHBIX CIIOCOOHOCTEH M BO3MOYKHOCTEMH, IT03BOJISIO-
IIUX PelIaTsh JII00YI0 BCTPEUaoIIYVIOCs IIPodIeMy, Onupasich He
TOJILKO Ha YYBCTBEHHBIN anmnapar, JaHHbBIHA YeJIOBEeKY, HO U HC-
MOJIB3YS MOIIb BCEro AHAJUTUYECKOTO alapara yMa, KOTOPbIHi
¢dopmMupyeTcsa y 4esioBeKa, B YaCTHOCTH, B IIpoIlecce ero odoyde-
HuaA. [JokazarembHasa 6a3a «I'PeXOBHOCTU» TPANUITMOHHBIX Me-
TOOUK WM3yUYeHUs WHOOPMAIMOHHBIX TEXHOJIOTUI HpeneIbHO
npocTa. BoT ofHa 13 BOSMOKHBIX CXeM TaKOT'O JOKa3aTeJbCTBA.
Ectp, Hanmpumep, meopus nosmanHozo pa3sumus YmMCmeeH-
HbLX cnocobHocmell ULKOJLbHUKA OJHOTO U3 BeAYIIUX IICUXO0JI0-
roB u nexaroroB XX crosertusd, [lerpa AxosieBuua 'anbmepu-
Ha. Onyckas MHOTOe (UTO eCTeCTBeHHO AJIsA JAHHOrO MaTepua-
Jja), 3ad@UKCHUPyeM «UTOTO», T.e. IJlaBHOe. HemnmpeMeHHBIM
YCJIOBEM YMCTBEHHOT'O PA3BUTHUSA IITKOJbHUKA SIBJISETCSA OIpe-
JIleJIeHHad ITI03HaBaTeJbHadA JeATeJbHOCTD (BOOOIIle TOBOPS, CJIO-
BO «II0O3BHABATeJbHAsI» MOYKHO OIIYCTUTH), BKJIIOUAIOIAS B ce0s
IeHfCcTBUSA, KJIacCuPUITUPyeMble KaK NCIIOJHUTEIbCKIE, OPUEH-
TUPOBOUYHBLIE U KOHTPOJbHbIe. He OymeM pacKpbIBaTh UX, MO0
5TO TOJIBKO OTATOTUT TEKCT, HO He HMOSACHUT CYTh JOKa3aTesb-
cTBa. YIIpoIlas, CKaskeM, YTO B PA3BUTUU YMCTBEHHBIX CIIOCO0-
HOCTe# KJII0OUeBYIO POJIb UT'paeT mpeodafanre U CUHTE3 UMeH-
HO NeMCTBUHA BTOPOTO M TPETHETO TUIOB, M 3apUKCUPyeM BTOT
MOMEHT KaK HEKHU «O0CEeJOK» HAaIllero MOHUMAaHUA MPOOJIEMBI.
Tarkum o6pazoM, BRICTPANBAIOTCS HEOOXOIMMbIE YCJIOBUS Pas-
BUTUSI. A 3aTeM MblI «pacujeHseM» MeTOAUKY M3YUeHUS WH-
GhopMAITMOHHBIX TeXHOJOTUH IMTKOJbHBIX YUeOHNKOB IO YPOBHS
KOHKPETHBIX AefCTBUII — TeX, KOTOphIe AOJKeH BBITIOJHUTH
MIKOJbHUK, — U COTIOCTaBJsAeM (YCTaHABIMBAaeM COOTBETCTBHE)
ux ¢ pgericrBuamu 1o II. f. T'anpnepuny. Ecam oxkaswiBaeTcs,
9TO GOJIBIIIMHCTBO AEHUCTBUII OTHOCUTCA K IIEPBOMY THIY, a He
BTOPOMY U TPETheMY, KAK He00X0aMMO, TO JOKa3aTeJIbCTBO 3a-
BepIeHo (HeoOXoAMMBI€ YCIOBUSA He BBITIOJHEHBI), & MbI OJIY-
yaemM o0OyueHUe B COOTBETCTBUU C «IPUHITUIIOM OaHaHa» (U3-
BECTHBIN 00pas 1o BEIPAabOTKe YCI0BHOTO pedJieKkca y 00e3bAHbI
0o JocTaBaHUIO OaHAaHA)...

B szaxaroueHne HEOOXOAMMO BCIIOMHUTH 00 OTPOMHOIT OTBET-
CTBEHHOCTY COBPEMEHHOI'0 O0IIecTBa Iepes IeThbMU 3a UxX Oyny-
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miee. JIrob6oe mocTu:keHre MUBUIN3AIINN KPOMe ITO3UTHUBHOMN He-
ceT B ce0e 1 HeTaTUBHYIO COCTABIAINTYI0. KoMIIbIoTep — 9TO XO-
POIITO UJIY TIJIOXO AJIsI O0pa30BaHUA, AJIA PASBUTHUA IITKOJbHUKA?
CoBpeMeHHBIH MIKOJbHUK He 3HaeT Tab/InIly YMHOMKeHNA — 3a-
YeM, eCJIU eCTh KAJTbKYJAaATOp? TaK B UueM sKe 3aKJII0UaeTCs Hera-
TUBHAs COCTaBJISAIONIASI KOMIIbIOTepa (a oHA 00s3aTeJIbHO eCTh)?
JIroboMmy memarory, CBA3aHHOMY C MH(POPMATUKOI, IPUXOANIOCH
(u, BEPOATHO, He OAWH Pa3d) OTBeYaTh Ha BOIIPOC poauTeseii: « Mbr
Kynuiu pebeHKYy KOMIIbIOTEP B HaJlesK/Ae Ha TO, UTO OH ITOBJINSET
Ha ero pasBuUTHE, a PeOEHOK AeHb U HOUb UTPAeT — UTO AeJIaTh» ?
ITpuBenem mouTu aGCypAHBIN IIPUMED U3 IPYTOi 00JIaCTH, YTOOBI
TOSACHUTH 9Ty MbICJIb. [loTpeOHOCTL UesioBeKa yOuBaThL cebe 1mo-
IOOHBIX XOPOIIIO n3BecTHA. YeI0BeK MpuAyMaJ aTOMHYIO 00MOYy,
uyTo0bl 3((deKTrBHO yOmBaTh. IIpeamosiosKuM, UTO OHa cTaja
OpeaIMeToM OOIero IoJb30BaHuA. UTO Torga IPOU3OHIET —
mpeacKasaTh HeTpyaHo. A urto yoner KomnbioTep? Kommbro-
Tep — Opu ero 0e3TyMHOM HCIIOJb30BaHUN — YObET B UeJOBeKe
TBOPYECKOE HAYaJIO U CAEJIaeT U3 HEero HeUTO KaK HauuHAaIoIee-
cd, TaKk U B3aKaHUYMBaWIIeecs IPUMUTHUBHBIM II0TpPebIeHreM
KeM-TO CO3aHHBIX ycayr! U mycTh 3TO HECKOJIbKO rUmnepTpodu-
poBaHHOe yTBEp:KIeHHWe, HO JTO JIyUIlle, ueM ouepemHas sitdo-
pus, cBs3aHHAs C BCeOOIell KOMIIbIOTepUu3aluei...
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3KCNepuMeHTanbHOro uccrnegoBaHus anropMTMoB

CToOMJIO TOJIBKO IOMIPOCUTH MYKUYUHY 10~
MOYb BBIMBITE IOCYZY — U TYT K€ IIOABU-
Jachk aBTOMaTUYeCKasd IIOCYIOMOMKA.

Cupuan Hopmrxom Ilapkuncon

Opranusanusa paboThl II0 IKCNEPUMEHMALLHOMY UCCedO0-
saHur anazopummosg (DHMA) TpedbyeT B METOOAUUECKOM ILJIaHe
(kpoMe ueTKO (popMyIHUPYyEeMbIX IMP0o0JIeM) paspaboTK HEKOero
MHCTPYMEHTAJIbHOTO 000PYIOBaHUs, HEKOU IPOrpaMMHOII cpe-
vl (o6o3HauuM ee Kak COH A). Oua (9Ta cpezia) He OTHOCUTCA K
pPaspAIy CI0XKHOIO IIPOrPaMMHOTO IIPOAYKTA, HO cos3maeT 06asy
LIS CJIeAYIOIIEero STamna TBOPUEeCKOo 1eATeJTbHOCTH (TIe IepPBbIi
9Tal — HTO OCO3HAHNE M MOHMMAHNE TOT'0, KaK aBTODLI aJiro-
puUTMa LU K CBOEMY Pe3yJabTaTy).

YT0o0bI HOHATH €€ PYHKIMOHAJIIbLHBIE BOBMOYKHOCTH, IPEST-
craBuM cebe OOBIYHYIO (TPaIMIIMOHHYIO) paboTy MIKOJbHUKA
(crymenTa) ¢ amroputMmom. OHA IIpocTa M BBIPaKaeTcs OSJHUM
peAJIoKeHNeM: IIOCJe OCO3HAHUS CYTH aJITOPUTMa ITHUIIEeTCS
IPOTPAMMHBIH KOJA M HPOoBepAeTCcA Ha HECKOJbKUX CIAYYAHHO
mog00PaHHBIX TECTaX. 3aTeM, KOHEUHO, MOTYT IPOBOAUTHCA He-
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Kue Mogu(UKaIlUW WJIHN,JOIIOJHEHNs, HO cxeMa pabdoThl IIpu
9TOM He M3MEeHdAeTCHd.

BsrissmHem ma mocraBiieHHYI0 3azauy (paspaborky COUA
KaK MHCTPYMEHTA TBOPUYECKOM esATeIbHOCTH ) HECKOJIBKO C IPY-
ro# mosunuu. Eciau o0paTUTHCA K aHTJIOA3SLIYHOMN IEepUOIUKe
IO paccMaTPUBaeMOM HaMM B 9TOUM KHUIre IIpodjeme (MeTomam
00paboTKU CTPOK), TO OKAKeTCs, UTO 3HAUNTEJbHASA YacTh CTa-
Tell (He «IMOHEPCKUX » ) MUIIIETCS II0 cJIeayioIiei cxeme. Beper-
Ccs aJITOPUM WJIM HECKOJbKO aJrOPUTMOB OJHOTO TuUHa. B ayu-
mieM ciiyuae (HO He Bcerja) IIPOBOAUTCA ero MOAu(MUKAIUg, a
3aTeM [JaloTCs pPes3yJabTaTbl SKCIEPUMEHTAJbHONH OIeHKH.
OKCIIePUMEHT sKe CTPOUTCS OIATh TPAAUIIMOHHBIM 00pa3oM: ce-
pUsA TECTOB, Ha KOTOPBIX OIeHMBAIOTCSA, HAIPUMeDP, BpeMs pa-
GOThI U UCIOJIb3yeMAasi IaMATDh AJIropuTMa (M1 aJITOPUTMOB).

IIpu moxgmep:KKe TaKoro BUAA MesATeILHOCTU TPeOOBaHUA K
COUA MUHUMAJIBHBI:

e Hajguure OMOJIMOTEKU TECTOB;

e Hajuuue OmOJIUTEKU MOJYJIel BLIBOIA Pe3yIbLTATOB B Pas-

JUYHBIX (hopmarax;
e HaJIWUMe YIPABIAAOINEll HPOrpaMMbI IO OOGecIeueHUIo
mpollecca TeCTUPOBAHUA .

Tarkas CONA mo:xkHa/CO31aBATHCA IJIA KaXKA0T0 aJITOPUTMA,
a cxeMa ee pabOTHI HE3HAUUTEIHHO OTJINUYAETCSA OT IIpodeccuo-
HaJIbHOW TPOBEPKHU (TECTUPOBAHMUS) OOBIYHON 3amadun.

OnumreM KOPOTKO PYHKIIMOHAJIbHBIE Bo3MoKHOCT COUA,
KOTOPYVIO KeJIaTeJIbHO MMEeTh YUYUTEJNI0 AJd 0ojiee MPOAYKTUB-
HOM paboTHhI CO IMKOJbHUKAaMU. ITO, KOHEUHO K€, OJTUH U3 Bapu-
aHTOB, — YYUTEJb B IpoIllecce ee co3gaHusA (COBMECTHO C IIPO-
rPpaMMHUCTOM) U B XOJ€ €e DKCILJIyaTalluu, eCTECTBEHHO, BHECET
CBOM KOPPEKTUBHI, OTPAKAIOIINE €Tr0 CHeIUPUKY PabOTHI.

1. O6wue mpebosarnus:

e HaJMUMe ABYX BEePCUIi: CeTeBOM U JOKAJbHOII;

e BO3MOJKHOCTB YIIPABJIEHUA JeATEJIbHOCTRIO IIIKOJbHUKOB
(mocTaHOBKA 3ajad, OpraHMU3alUsad UHANBUAYAJILHON U
I'PYIIIIOBOM PaboThl, BeJeHle CTATUCTUUYECKUX TAHHBIX O
paboTe IMKOJBHUKA U T. 1.);

2 OpraHusamusa TaKkoil paboThI (C IPUMePOM YIPaBJIAIOIIEN IPOrpaMMbI) PACCMOT-
peHa B kHure: Orxy.nos C. M. IIporpammupoBanue B anroputmax. — M.: BUHOM.
Jla6oparopusa suanuii, 2002. C. 325—-328.



236

IIpunoxenus

BO3MOJKHOCTL JIOTHYECKOI opraHmsanuu mnpobJem (3a-
Iau) B IPpYyIObI (I8 KOHKPETHOTO IMKOJbHUKA); ITPU 3TOM
oIHa 3aJaya MOJKET HaXOMUTLCSA Cpa3dy B HECKOJIbKUX
rpyImnax;

BO3MOJKHOCTD JOOABJICHIUS, YAAJIEHUA 1 PeIaKTUPOBAHU
TpyIII, 3aJad, TEeCTOB, MOAYJeill OIleHKH pPe3yJLTaTOB;
IMeHTPpaJIn30BaHHOE XpaHeHne TeCTOB U Pe3yJIbTaTOB Tec-
TUPOBAHUS;

BO3MOKHOCTB (DMKCHUPOBATDL U PEeTyJINPOBaTh BpeMs pabdo-
TBI IIPOTPAMMGBI, a TaK:Ke BBICTABJATHL MaKCUMAaJbHO JI0-
OYCTUMBINT 00beM IIaMsTH, KOTOPBIA MOJKET HCIOJIb30-
BaTh 3ajaya.

2. TpebosaHusa Kk unmepgeiicy:

IPOCTOM M MOHATHBIN MHTEpPQeEc;

e OIMHAKOBBIN mHTep(eiic 1ad 00erX BepCuil CUCTEMBI —

JIOKAJILHOM U CeTEeBOM.

3. TpebosaHus kK cemegoil epcuu:
e HAJIWUYME CUCTeMBI ayTeHTUPUKAIIUU — 3aIlpoca UMEeHU

TOJIL30BATEJIA U ITapoJisd;

e TIOAZEPKKA ABYX PEKUMOB:

- IIKOJbHUK MOXKET OTIPABUTH YUHTEJI0 HA IIPOBEPKY
JI00YI0 U3 3a/1a4 U IIOJYUUTH Pe3yJIbTaT IPOBEPKU B Iie-
JIOM;

- IIKOJIbHUK MOXKET UCCJIeI0BATh JII00YI0 U3 3a1aU, IOy -
YaTh JOCTYI K OMOJIMOTEeKe TeCTOB 1 MOAYJIAM 00padoT-
KU pe3yJbTaToB, CO3/laBaTh COGCTBEHHbBIE TECTHI U BCIIO-
MoraTeJbHBIE TTPOTPaAMMBEI.

4. Tpebosarnus K JOKAJLbHOU 8epcuu — OOECIIeUNBAETCS

BTOpOfI peXM paﬁOTbI ITIKOJIBHUKA (I/IS YKa3aHHBIX BBIIIIE€ OJIA
CeTeBOU BepcuuU).

5. Bosmoxcnocmu CIOHA, npedocmasnsemvie yiumeio
(KaK MUHUMYM):

yIIpaBjeHre I'PYIIIaMy 3a4a4Y W OTIAEJbHBIMU 3aJadyaMu
(mobaBieHUe, PEJAaKTUPOBaAHME, yIaleHUe);

yIpaBJieHre OuOJIMOTEKOH TeCTOB U MOAYJIEH OIleHKHU pe-
3yabTaToB (codmaHue, nobaBjeHUe, pelaKTHUPOBaHUE,
yIajeHue);

yIpaBiieHre paboToil IMKOJLHUKOB (CTaTUCTUYECKUeE
IaHHble, CO3JaHMe TPYII 3a4a4Y U T. 1.).
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6. Ocnosnvie komnonenmuvl COHA (cemesas epcus):

e cepBepHAadA YacCThb, 00eCIeunBaIoiasa BCI0 PYHKIIMOHATE-
HOCTH II0 paboTe CO ITKOJIbLHUKAMU;

e KJINEHTCKad YacTh, 00ecIIeunBaIoOIlas IePeChIKY pellie-
HU MIKOJbHNKOB Ha cepBep u/oTobpaskenue ((pukrcaiuo)
pes3yJIbTaToB PabOTHhI;

e YIIPaBJAMOIIAA YaCTh, 00ecmeuynBaIoIias HaCTPONKY CHUC-
TeMBI.

Jlokaanvras epcuss — 3T0 (B OCHOBHOM) TPETUI KOMIIOHEHT

CeTeBOU BEPCUU.

7. Tpebosanusa k 3adavam, dobasnsemvim 6 COUA.

ITpu moGaBiienuuM HOBOII 3aJauM B CHCTEMY HEOOXOIMMO
YUUTBHIBATh, UTO OHA MOKET KaK OBbITh MCCJIeLOBATEIbCKOM, TAK
U HCIOJIb30BAaThCS 3aTeM IJA IIPOBEPKU 3HAHUIN HIKOJbLHUKA
IIyTeM ero MHANBUAYAJIbLHOTO TECTUPOBAHUA UJIY OPraHU3aIuu,
HAIIpUMep, TYPHUPOB TUIIa onuMIuan. B 3aBucuMOCTU OT 9TOTO
IMTKOJIbHUKY IIPEeNOCTABIAIOTCA Pas3jJnUHbIe IpaBa paboThl ¢ pe-
cypcamMu cucteMbl. B jif060M ciayuae pe3yabTaThl pelleHus 3a-
ITauu DOJIKHBI O(pOPMJIATHLCA B BUJE BBIXOTHOTO (haiiiaa, popmar
KOTOPOTO 3apamee OTOBapUBAETCA. OTO MO3BOJIUT, B YACTHOCTH,
IpU HAJWUUYUU STAJOHHOTO pPeIleHuA YumuTeas (UJIud OPYyroro
IIKOJbHUKA) OCYIIeCTBJIATh IIPOCTOE CpaBHeHUe (PAMJIOB. ITOT
MOMEHT OCOOEHHO BajKeH IIpU padboTe ¢ MCXOAHBIMU JaHHBIMU
6oJIBIIIOT0 00'BeMa.

Bririe «ouepueHbl» JUINb «KOHTYPhI» COUA c 1eabio o6oc-
HOBAaHUS YTBEPIKIAEHUA O HEOOXOAMMOCTUA WCIOJb30BAHUSA
ompeneseHHOro GopmanmsmMa B JeATEJLHOCTH KaK YUYUTEeNsd,
TaK 1 MIKOJbHUKA. TaK Miu mHaye, HO IPU IPOBEIEHUU CEPhe3-
HOIl MHAMBUAYAJIbHOM pabOThHI JajKe IIKOJbHUK CO3JAET B IIPO-
Iecce Hee Pa3/JIMYHOTO POJia BCIOMOraTeJ bHbIe IIPOrpaMMbl, Ha-
6opnl (haiiyioB s aHanmsa perrenusa u T. n. OnpeneaeHHas
yuupuranua (CucreMaTus3alus) sTOT0 aclneKTa pPadoThI IOBbI-
mraeT OOIMIyIO0 NMPOAYKTHUBHOCTL, MO0/ 0OCBOOOKIAET OT MHOTUX
TeXHUYECKUX AeTajledl KaK MIKOJIbHUKA, TakK u yuurens. Ho
9TO — JEeHCTBUTENHHO TOJIBKO « KOHTYPHBI», TOCKOJbKY B HUX HE
0003HaUeHbl MHOTHE JeTanu (Hampumep, HeoO0XOAMMOCTL Oub-
JUOTEeKU OJisi paboThl CO CTPOKaMHU OOJBIIIONH AJUHBI U IIP.).
I'maBHOe — 3ax0TeTh, Pe3yJbTAT IPUIAET.
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MpunoxeHune 2

YesoBeK HauMHAET MKUTh JIMIIbL TOIIA,
KOrjga eMy yAAaeTcCs IIPEB30MTH CaMOro
cebs.

Anvbepm dUHWMelH

Mpo6nembl n 3agaum

ITopoii 3agaua cTOSL CIOKHA, UYTO BOZHU-
KaerT JKeJlaHWe TOCMOTPETh B IJIa3a ee aB-

TODY.
T'eopzuii Anexcandpos

Cospanune COMA (cMm. mpuiaokenue 1) — 3To KaK ObI TeXHU-
YecKU acueKT geATeabHocTu. Ho riiaBHOE BCe JKe — 9TO IIPoo-
JeMbl 1 3amaun (comepsKanue), KOTOpble HEOOXOIMMO CTaBUTh
mepes IMIKOJLHUKOM (CTYOeHTOM), 100 UX PeIleHle U NCCIIeI0-
BaHUe He TOJLKO JAIOT TO COCTOSHIE NHTEJIeKTyaJIbHOI pamoc-
T, KOTOPOEe JAejaeT YeJoBeKa UeJIOBEeKOM, HO M MOYKEeT CTaTh
«0OCBIO», «CTEePXXHEM» BbI3peBaHUA Ipodeccronasna B uHpopMa-
TuKe. [IpeTeHsunii Ha HEKYIO MMOJHOTY IpobJjeM 1 3aJad, IpuBe-
IEeHHBIX B JAHHOM IIPUJIOKEHUY U OXBATHIBAIOIIIUX PACCMATPU-
BaeMylo Mpo0IeMaTUKy, KOHEUHO JKe, HeT, — Peub UIeT TOJbKO
0 IpuMepax

IIpo6s1ema. Huxe puBeneH nporpammubiil kox P. Koyaa,
peanusyiomiuil IpeaBapuTeIbHyl0 00paboTKy obpasma P aasa
CUJIBHOTO IIpaBumJjia xopoirero cydhdurca”™ (aaxroputrm P. Boiie-
pa — I:x. Mypa). TpebyeTcs us aTOro Kofja U3BJIEUb U0 U aJI-
TOPUTM 00PaGOTKM U OIIEHUTH BpeMs ero padoThl, — HO He TOJIb-
Ko! Heobxoaumo mcciegoBaTh BO3MOMKHOCTD IIPUMEHEHUS BhI-
SIBJIEHHOT'O MEeTO/Ia IIPeIBaPUTENbHON 00paboTKY AJIsI CO3TaHU A
aJITOPUTMOB ITOMCKa obpasiia B Tekcre. [[pyrumu cioBamu, cJie-
IyeT IOIIBITAThCSA paspaboTaTh CBOU AJTOPUTM U OIeHUTH ero
9(p(PeKTUBHOCTE.

1 . .
) O6paboTKa 3aJauHOr0 MaTepuaJia 1o JaHHO# (paBHO KaK U POACTBEHHOIT) IIpobJe-

MaTUKe U ero KjaccuuKamus — 9TO cofeprKaHue OTAeJIbHON paboThl, KOTOPOIt
elrfe HeT B yueGHOI IuTeparype 1o nHGopMaTuKe.

T'acpund [I. CTporu, fepeBbd U IIOCIEJ0BATEIHHOCTH B ajJropurmax: HbDopMa-
TUKa U BhIUncauTenabHasa 6uosnorud / Ilep. c aara. Y. B. Pomanosckoro. — CII6.:
Hesckuit Juanexkt; BXB-Iletep6ypr, 2003. C. 56-57.

2)
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Procedure GSshift (P:String; Var gs shift:IndexArray;
m:Integer) ;
Var i,j,j old, k:Integer;
kmp shift:IndexArray;
{Tun mcnoyb3yeMbXx MaCCMBOB MMEET BUI:
IndexArray=Array[l..NMax] Of Integer;/}
go_on:Boolean;
Begin
For j:=1 To m Do gs_shift[j]:=m;
kmp shift[m]:=1;
Jji=m;
For k:=m-1 DownTo 1 Do Begin
go_on:=True;
While (P[Jj]<>P[k]) And go on Do Begin
If (gs_shift[j]>j-k) Then gs shift[j]:=j-k;
If (j<m) Then j:=j+kmp shift[j+1]
Else go_on:=False;
End;
If (plk]l]=pl[j]) Then Begin
kmp shift[k]:=j-k;
Ji=j-1;
End
Else kmp shift[k]:&5jtk+1;
End;
ji=j+1;
j_old:=1;
While (j<=m) Do Begin
For i:=j old To j-1 Do
If (gs_shift[i]>j-1) Then gs shift[i]:=3j-1;

j_old:=j;
Ji=j+kmp shift[j];
End;

End;

3amaya. [laso k cTpok S1, Sy, ..., Sp. TpebyeTca mocTpoutsb
IJis HUX 0000IIIeHHOe JepeBo cypduKcoB ', T. €. IepeBo, B KOTO-
poM mpencTaBJeHBbI CyPPUKCHI BCEX CTPOK.

D Tacguad []. Crporu, AepeBbs U II0CJIeL0BATEILHOCTY B anropurmax: Mudopma-
THUKAa U BBIYUCIUTENbHAas Ouosorus : Ilep. c aura. 1. B. Pomanosckoro. — CII6.:
Hesckuit Juanexkt; BXB-Ilerep6ypr, 2003. C. 151-152.
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Kommenrapmii. ITycTs S; = ababa$, S = baaba$ (K cTpokam J0-
6aBJIeH KOHEUHBIII cUMBOJI «$»). Toraa mosyuyaemoe 060011ieHHOE Tepe-
BO cy(ddurcos npexncrasieno Ha puc. I12.1. [Ina aucTbeB B KBagpar-
HBIX CKOOKaXx NMPUBEIEHBI METKHU, COCTOAIINE U3 ABYX Uucea: [Homep
cnoea, Homep cyppurcal.

[2,2]

a ba ba
O,

$
[1.4]
(2, 4]

@[1,2]

Puc. I12.1. O60611eHHOE AepeBo cydhduKcon (6e3 cyhHUKCHBIX CBA3EIT)
IJIA CTPOK S; = ababau Sy = baaba

Jlozurka nocmpoenus. CTpoutcs aepeBo AJs S; (Hampumep, C II0-
MOIIBIO aJiropuTMa J. Y KKOHEHA), a 3aTeM JIePeBO JOCTPAUBAETCS I
Sy OOBIYHBEIMY TEHUCTBUAMY aJropuTMa J. ¥ KKOHeHa (C MCII0JIb30OBAHU-
eM cyh@PUKCHBIX CBA3€M M CKAUKOB II0 CUeTUUKY). B obIieMm ciyuae
mpollecc IPOAOJKaeTcs A0 TeX II0p, IIOKa He OyayT obpaboTaHbI Bce
CTPOKU. 3/1ech TPeOYIOT YTOYHEHUA JUIIH JBA MOMeHTa. Bo-mepBhIX,
JIUCT JlepeBa MOYKEeT OTHOCUTHCS K cyPdUKcaM pasaiudHbBIX CTPOK, I109-
TOMY AJIsI KaXKJAO0TO JIMCTA CJIeAyeT XPaHUTh CIUCOK CTPOK M HOMEPOB
cyddurcos. Bo-BTOpBIX, METKU AYT, B BUAE UHIEKCOB HAYAJIHLHOTO U
KOHEYHOT'0 CHMBOJIOB B CTPOKE, IIpeTepeBaioT usmenenne. Heooxoqu-
MO CBSI3BIBATDL OTU JAAaHHbIE C HOMEPOM CTPOKH.

06006111eHHOE fepeBo cyDHOUKCOB A 3aJaHHOTO MHOKECTBA CTPOK
C CYMMAapHOM AJUHOM N MOKeT ObIThMHCTPYMEHTOM /IS PEIIeHus 3a-
mad norcka. IIpemooKmuM, 4To ZEPEBO IIOCTPOEHO, ¥ HEOOXOJUMO OT-
BETUTH Ha BOIPOC, €CTH JIU CTPOKA'S B 3aJaHHOM MHOYKECTBE CTPOK.
Torma MbI OOBIYHBEIM 00PA30M «HIeM» II0 AepeBy co cTpokoit S. Ecau
IIPOCMOTP 3aKOHUYEH B JIMCTE JepeBa U CTPOKa S mcuepmaHa, TO OTBET
HOJIOKUTENbHBIH. A ecsiu HeT? Eciiz moMCK 3aBepIlieH BO BHYTPeHHEeH
BepIUHE AepeBa wuiau Ha ayre? B aTom ciyuae mMpoOCMOTD «HUMKHEH»,
OCTaBIIEHCS YaCTU JepeBa faeT CTPOKHU, B KOTOPBIe S BXOJUT B KaUuec-
TBe MOACTPOoKu. OcTajics JOTUYECKU TOCTAeTHUN BO3MOMKHBIN CJIy-
yail — HalifileHO HecoBnazeHue. Ho u us 3T0il cuTyanum n3BiIeKaeTcsa
nubopManud, 160 MOKHO YKa3aTh CAMbIH JJINHHBIN npe@uKc S, KOTO-
PBIi eCTh CpeAy 3aJaHHOTO MHOYKECTBA CTPOK B KAUECTBE ITOICTPOKU.
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3amaya. Tpebyercs HAliTH HANOOJIBIIIYIO OOIIYIO HOACTPOKY
IBYX CTPOK HAa OCHOBE JAaHHBIX, IIPEeICTaBJEHHBIX B UX 0000-
IIIeHHOM JepeBe cy(pPUKCOB.

Kommenrapuii. BHyTpeHHMe BepIIUHBI U OOOOIIIEHHOTO JAepeBa
IOJI’KHBI UMeTh MeTKu. Ecau B moaiepeBe ¢ KOPHEM B BepIINHE U €CTh
JINCT, OTHOCAIINICA K IIePBOil CTPOKEe, TO 3HAUeHHe MeTKHU paBHO 1,
€eCJIM KO BTOPOH — 2, 1 HAKOHEIT, eCJI OH OTHOCUTCA U K IePBOM, U KO
BTOPOI cTpokam, To MmeTKu 1 u 2. ITocse aToro ocraerca HaiiTu Hanubo-
Jiee yIAJeHHYIO OT KOPHSA JepeBa BepPIIUHY CO SHAUYEHUEM METKHU II0-
CJIeJHEeTro TUIa.

3agada. [lamo k ctpok. [aa Kammoro i ot 2 10 k Tpedyercs
HaWTHU JJINHY caMoOil AJMHHOM IIOACTPOKH, O0IIell He MeHee ueM
I i CT%)OR. CJI0:KHOCTD aJTOPUTMAa OOJIKHA MMETh IIOPALOK
O(k - n)V.

Kommenrapwuii. Ha puc. 112.2 nokasano 06001enHOe gepeBo cyd-
(PUKCOB IAJA CTPOK S; = cabca$yhSs = bcabcal u S3 = aabc*, rae K
Ka)KI0li CTPOKe IPUIIMCAH HEKOTOPBIN KOHEUHBIIT CUMBOJI (OTCYTCTBY-
fotuii B andasure). JIucthba (OHU M300paskeHbl KBAAPATUKAMU) NMe-
0T METKH B BHJle HOMEPa CTPOKH.

Puc. I12.2. O600111eHHOe 1epeBo cy(hPUKCOB IJd CTPOK S; = cabcas,
Sy = bcabcal, S3 = aabc*. KBaaparamMu 0603HaUYEHBI JIUCThHA C MET-
KaMM, PABHBIMY HOMEPY CTPOoKu. KpysKKaMu — BHYTpeHHIE BepIIIu-
HBI C HOMEPaM’, COOTBETCTBYIOIIMMH OUE€PEJHOCTY NX CO3TAHUS IPU

IIOCTPOEHUU nepeBa

D 1o undopmanuu us Kauru I. Fachuisg (c. 165), sTa 3agaua MoKeT ObITH pelreHa
3a Bpems O(n). IIpu aTom faeTcs cchblIKa Ha cienyromuii ucrounuk: Hui L. Color
set size problem with applications to string matching // Proc. 3rd Symp. on
Combinatorial Pattern Matching Lecture Notes in Computer Science. Springer.
1992. Vol. 664. P. 227-240.
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JJia KasKkaoil BHYTpeHHeH BepIUWHBI U (MX HOMepa 3aJaHbl B TOU
OUuepeIHOCTH, B KOTOPOI OHU 006pas3yioTCs IPHU CO3JAAaHUM JepeBa) IMoA-
CUMTBHIBAETCA 3HaueHUe cnt[v] =— KOJIMUECTBO Pas3IUUYHBIX METOK Ha
JUCTBAX TOAJepeBa ¢ KOpHeM ‘D. [Iasa paccMaTpuBaeMoro mpuMepa
cnt = (3,2, 3,2,2,2, 3, 3, 3). [Ipeanono:xum, 4To A1 KayKA0H BHYT-
PEHHEH BEPIIUHBI OIIPeieJIEHa CMPOK08asa 2AyouHa (KOJINIECTBO CHUM-
BOJIOB B IIOJICTPOKE, MOJIyUYaOIeica CKIeiKoil MeTOK AyT Ha IYTU OT
KOPHSA [0 BEPIITNHBI). BeIIUIeM [IJIsi HaTJISIAHOCTU CTPOKOBHIE TJIyOu-
HBI BEPININH B Haltem npumepe: vg = (0,2, 1, 3, 5,4, 3, 2, 1). Ocranocs
IJISI KasKA0ro i oT 2 10 B HAWTU TaKOM MaKCHUMAJLHBIN 9JIEMEHT B UZ,
urto cnt[v] = i. Haupumep, npu i = 2 MaKCUMaJIbHBIN DJI€MEHT PaBeH 5
U COOTBETCTBYeT BepiiuHe 5. O0Iasa mogcTpPoKa AJIsI IBYX CTPOK (aJ1e-
MEHTHI cnt U Vg BhIJEJEHBI MOJYKUPHBIM IPUGTOM) ¢ MAKCUMAIbHO
IJIUHOI ecTh cabca, a A7 TpeX CTPoK — abc. OcTasoch OTMETUTD, YTO
peasbHO [JIs PelieHns dTol 3aJjauu MacCUuB g He TpedyeTrcsi, a Heo6Xo-
IUM MACCUB AJA XPaHEHUA MAaKCUMAaJbHBIX 3JIEMEHTOB, 3JIEMEHTHI KO-
TOPOro OPMUPYIOTCA IPU OOBITHOM 00X0/le IepeBa.

ITpo6aema. VccienoBaHMe TeKCTa HA HAJWYME KPATHBIX
moacTpok. McmosbayioTes aaroputmbl M. Kpouemopa, M. Meii-
Ha — P. JlopeHIIa 1, BOBMOXKHO, PAL IPYTUX. JKCIIePUMEHTAJb-
HO OIIeHUBAETCA BpeMdA UX PaboThI.

Kommenrapuii. Cpein MCHIOJB3yeMBIX TECTOB IOJYKHBI MMETHCS
ctpoku PuboHAUYM PA3HON AJIMHBI, 10O M3BECTHO, UTO IIOCJIEIHIE
MMeIOT 3HaUNTEJIbHOE KOJINUYEeCTBO KPAaTHBIX IIOACTPOK. B aTOM ciyuae
HeoOxoxuMa paspaboTka zenepamopa cmpok Pubonayiu, KOTOPHIT
o 3aJaHHOMY 3HAUYEHUIO n (GOpMUPYET CTPOKY f, U 3alMCHIBAET €€ B
OuOJIMOTEKY TECTOB.

Cmporu Pubonayyu crpoarcsa Ha OuHapuoMm andasure A = {a, b} u
YIOBJIETBOPAIOT PEKYPPEHTHOMY COOTHOIIIEHUIO:

fOZb’ f1:a7 fn:fn—lfn—2 (n>2)-

ITepBbie cTpoku PuboHAUYMN U UX AJUHBI (1):

f0=ba l=1;
fi=a, l=1;
fo=ab, l=2;

fy=aba, l=3;

f, = abaab, l = 5;

fs = abaababa, | = 8;

f¢ = abaababaabaab, | = 13;

f; = abaababaabaababaababa, [ = 21;

fs = abaababaabaababaababaabaababaabaab, | = 34;

HerpyaHo 3aMeTHUTh, UTO JJIUHBI CTPOK f, YAOBJIETBOPSIOT KJIACCH-
YECKOMY COOTHOIIEHUIO: f, = f,1 + a2 (n = 2).
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3amauda. Ilo 3agannomy o6pasity P TpebyeTcs HATHU BCe ero
BXOKJeHudA B TeKcT 1. O0pasery P Ha oIIpeieJIEHHBIX MECTaX CO-
JEPIKUT CIIeIUATbHBINA CUMBOJ (HAIIpUMep, @), KOTOPBIHA MOKeT
o3HavaTh J1000ii cuMBOJ TeKkcTa 1. BpeMeHHAsS CJI0KHOCTD aJI-
roputma — O(k + m), rie m = |P|, a k — KoaudecTBO MOJICTPOK
P 6e3 cuMBoJIa Q.
KommeHnTapuii. O6Gpaserr P = bclRalRabc BXOAUT B
T = abcdadaabcbcaaadabced aBa pasa — €O BTOPOH ¥ OQUHHALIIATOM
nosunuii. Pazo6sem P Ha P; = ab, Ps = a, P3 = abc, k = 3. IlepBsbrit
obpasern P; Bxonut B P ¢ mosunuu [1=1; BTopoit — Iy = 4; TpeTuiti —
l3 = 7. Ucnonb3ys, HanpuMep, aaroputMm A. Axo — M. Kopacuxk (cMm.
. 3.5), uitieM BxoKaeHus Pi, Ps, P3 B TexkcT. Pesyabrar moucka Quk-
cupyeTcA B HEKOTOPOM MaccuBe cnt[l..n] caegyromum obpazom. Eciu
HaleHO BXOoKgeHre obpasa P; B T ¢ IIO3UIUHA j, TO K 9JIEMEHTY Mac-
cuBa cnt[j — [; + 1] npubasasercs eqgunuiia. Tak, JJis paccMaTpuBae-
moro rexcra T maccus cnt = (0,3,0,1,1,0,0,0,1,1,3,1,0,0,0,0,
0, 1, 0, 0, 0, 0). Ocraercsa HaliTH 2JIEeMEHTHI cnt, paBHLIEe 3.

3amada. IlycTh Hexkoe mM300pasKeHle ONMCHIBAETCS B BUIE
maTpuiibl T', 3JileMeHTaM1 KOTOPOI SIBJISAIOTCS IIOJIOMKUTEJIbHbIE
ImeJjible YHCJa, OIIpPeJessaioliue, HaIpuMep, I[BeT M SPKOCTDb
ToueK. JacTh M300pakeHus OIMCLIBAETCA MaTpuiieii P MeHb-
mieii pasmeproctu. TpebyeTcsa HaiiTu Bce Bxoxkaeuusda P B T.

2511 4

31421
Kommenrapuii. [Iycts T=|4 5 1 9 6| aP :[; ﬂ

5 4 1 4 7

51 5 1 2

Ilpeobpasyem T'B T = 25114$31421$45196$541475$51512$, a P
BP; = 14u Py, = 51 (8 o01iem ciyuae — k 00pasiioB). Pe3yabTaTsl mo-
ucka P, u Py, B T' pukcupyrorca B matpuiie cnt. Ecau P; Bxoaut B 1" ¢
TOo3UINHA j, TO IpeobpasoBaHme j B mapy (ps q), OIpeeasioniyo HoMep
CTPOKU M HOMED CTOoJ0IIa cnt, OUeBUHO: AJIEMEHTY cnt[p,q] npucBau-
BaeTcs 3sHaueHue i. Tak, B HaIlleM cJIy4dae

02010
01000
cnt=|0 2 0 0 O
00100
202 00
OcraeTcsa B croJsbiiax cnt HaiiTu uuciaa 1, 2, ..., B (MMeHHO B TaKoit

ouepenuocTtu!), 3amrucaHHbIe B IIOCJeI0BATEIbHBIX AUYeliKaX OJHOTO
croJbia.



244 Ipunoxenns

ITpoo6aema. Tekcr T HazoBeM uck.awwaemvim oopasyom P,
ecJi oTcyTcTBYeT BxoxkaeHue P B T. Hanpumep, B cTpokax Pu-
0oHAYYM OTCYTCTBYIOT IOACTPOKH P = bb, T. e. KpaTHasa mon-
CTpOKa bb mopsaaka 2.

Ilyctres andaBur A cocTouT M3 n cuMBOJIOB. Tpebyercs uc-
cJIeIoBaTh BO3MOJKHOCTE «IIOCTPOEHUS CTPOK (BO3SMOYKHO — U
0ecKOHEUYHBIX) Ha ajipaBuTe W3 1 CHUMBOJIOB, CBOOOJZHBIX OT
KPaTHBIX HTOICTPOK MOPAAKA ', HO COAEPIKAITNX MOICTPOKH I10-
pangkoB 2, 3, ..., r — 1»Y. O603HaueHE npobsemMsl — (1, r)-uc-
KJaIOYernue.

KommenTapuii. PemterHue sToit mpo6geMbl KaK MUHUMYM CJIE€AYET
HavaTh ¢ aHasausa cTpok A. Tye (Axel Thue)z). CrenyeT HanmmucaTh reHe-
pPaTopLI CTPOK, ABJIAOMINXCA (2, 3)—ucKiaueHuamu u (3, 2)—HCKJIIO-
yeHusaMu. Crpoxu A. Tye, apuatomuecs|(25 3)-ucKII0OUeHIAMY, HA aJ-
dasure A = {a, b} 3amarorcsa oTobpasKeHIEM:

a — ab;
b — ba.
ITepBeie ctrpoku A. Tye u ux pgiaussb! (1):
to=a,l=1;
t, =ab,l=2;

t, = abba, | = 4;

abbabaab, [ = 8;

abbabaabbaababba, [ = 16;

t, = abbabaabbaababbabaababbaabbabaab, I = 32;

&~ o~
N
([t

Ecnur 0603HaUUTb @ = b, b = a, To gIa moboron > 1: ¢, =t, it ;.
Crpoku A. Tye, asusamorniuecs (3, 2)-UCKIIOUEHUAMY, HA aipaBuTe
A = {a, b, c} sagarorcs orobpakeHneM:
a — abcab;
b — acabcb;
c — acbcacb.
Ilepssie cTpoku A. Tye”:
hy = a;
h, = abcab;
h2 = abcab acabcb acbcacb abcab acabcb;
hy = abcab acabcb acbcacb abcab acabcb abcab

acbcacb abcab acabcb acbcacb acabcb abcab acbcacb
acabcb acbcacb abcab acbcacb acabcb abcab acabcb

D cmum B. MeTonbl ¥ ajnropuTMBI BBIUMCJIEHUA Ha cTpokax. — M.: 000
9 «U. O. Buasame», 2006. C. 86.
) Tam xe.

3
) Buak npobeJia B 3anucu Ay U A3 MCIIOJIB3yeTCA TOJIBKO IJIA YA00CTBA UTEHUA.
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acbcacb abcab acabcb abcab acbcacb abcab acabcb
acbcacb acabcb;

3amaya. VI3aBecTHO, UTO AepeBbs CyGHUKCOB ABJISAIOTC 0O-
CTATOUYHO 3aTPATHOI IO MCHOJL3YEeMOM MaMSATH CTPYKTYPOM
nauHabIxX. Tpebyerca npeobpasoBaTh AepeBo cyDHUKCOB B OpuU-
€HTUPOBAHHBIN alluKJINUYeCKUN rpad.

Kommenrapuii. Ha puc. I12.3 npencraBieHo aepeBo cyhdOUKCOB
IJas1 cTpoKu S = abacabbac$. CyddurcHbie cBA3U HN300paKEHBI
OYHKTUPHBIMU JUHUSIMU.

acabbac$ @

bac$

abbac$

Puc. I12.3. IepeBo cyhdUKCOB a4 CTPOKU S = abacabbac$

Ha pwuc. I12.4 moxasaH OPUEHTUPOBAHHBIN alUKJINYECKUHN
rpad, IIOCTPOEHHBIN IO 9TOMY AepeBy cyddurcos. Homepa MmeTok
Yy BEepIINH-JNCTHEB COXPaHEeHbI, a B KBaJpPATHLIX CKOOKaxX yKasa-
HBI METKMU JIUCTHEB iepeBa CY(PPUKCOB, «CTAHYTHIX» B 9Ty BEPIIIU-
Hy. HacThb AyT, IMOUTH COOTBETCTBYIOMINX CY(DMOUKCHBIM CBA3AM,
UMEIOT IIyCThIE METKMU.

[7. 8]

Puc. I12.4. OpueHTHupOBaHHBIHN allUKJINYECK U rpad I pacimo3HaBa-
HUS IIOACTPOK S = abacabbac
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Kamxpomy cyddurcy S cooTBETCTBYET IIyTh U3 KOPHA B JIUCT B OPU-
eHTHUPOBAaHHOM alluKJIudecKkoM rpade, 1 Hao60poT, J1000i cyhdurc S
OpeACcTaBJIeH KaKUM-JIU00 U3 TaKUX IyTeH.
AjropuTM mogo6HOro IpeodpasoBaHUsI MOXKET ObITH OIMMCAH TaK:
e [ITaz 1. IlocTpouTsh nepeBo cyhdPUKCOB U BLIIKCATD BCE IIaphbl Bep-
muH (p, q), MEXIYy KOTOPOMU CYIIecTByeT cydhdurcHas cBA3b,
€CJIM KOJINYEeCTBO BEPIINH-JINCTHEB B IIOJIEePEeBbAX, OIpeess-
MBIX BEPIIWHAMU P U ¢, COBIALAET.

e [Ilaz 2. Ilokra cyiecTBYIOT apsl (p, ) U 00e BepPIIUHBI IIPUHA-
JIeXKaT TEeKYIEMY aluKJINYecKOMYy Irpady, O0beJUHUTL BEPIIN-
HBI D U q.

Me:xny pes3yabTaToM paboThI TAKOTO aJrOPUTMa M IIPUMEPOM Ha
puc. I112.4 ects HebGOJBIIIOE HECOOTBETCTBUE, HO OHO YCTPAHUMO IIPU
pabore Hax 3amadei.

3amaya. Cpeiu BceX CTPOK, IMOJYUAIOITNXCSA ITUKJINUECKUM
casurom ctpoku S (n = |S|), Tpebyerca HaiiTu TeKcukorpadu-
YeCKU HaMEHbBIIIYIO.

Kommenrapuii. EcTecTBeHHO, UTO CTPOKA S mMOCTpOEeHA HA KOHEY-
HOM u ymnopamouenHoMm aindasure A. Ilycrs S = bacda (n = 5). Ee
IUKJINYecKue cABUTru: bacda, acdab, cdaba, dabac, abacd. Hamn-
MeHbIITel B JIeKCUKOorpahrnIecKoM IOPAAKe ABIAETCA CTPOKa abacd.

Bosbmem cTpoky SS$ = bacdabacda$ (CHMBOJ $ cumTaeTcs JeK-
cuKorpapuyecKky HambGOJIBIINM) U IIOCTPOUM II0 Hell JepeBo cyPPUuK-
cos (puc. I12.5). lanee naem 1o 1epeBy, BHIOUPAA B KaXKI0U BepIITUHE
JIeKCUKorpadryecKu HauMeHbBIITy0 MeTKY nAyru. O0xo/ 3aKaHUMBaeT-
cd, ecau OyAeT MOCTUTHYTa CTPOKOBas riyouHa n (Ha puc. I12.5 ato
MECTO BbIJIeJIEHO moguepKuBanuem). CKJIeKa MeTOK AyT HPOHIeHHOT0
OyTU AaeT UCKOMYIO CTPOKY.

bacda bacda$ @

Puc. I12.5. [TepeBo cyddDUKCOB AJid CTPOKU bacdabacdas$
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3amada. 175 110001 TO3UIUY i CTPOKM S TpebyeTcsa HANTU B
moncTpoke cTpoku S[1..i — 1] Hayaso KpalfHETro JIEBOTO BXOXK-
nenuda (r;) u gnuny (l;) camoro gimaHOTO npedurca S[i..n].

Kommenrapuii 1. [na ctpoku S = abcabdabcabdabc$ Ha
puc. I12.6 npexncrasieHo gepeBo cydhdurcoBs B pesyabraTe o6xoza re-
peBa, — a OH ocyIlecTBAsAeTCA 3a Bpema O(n), — Kak 10l BHyTpeHHeHl
BEpIIVHE U IIPUCBAWBAETCA METKA, PaBHAA® HAUMEHBIIEMY HOMEDY
JIMCTA B IIOAAepPeBe C KOPHEM B V. T MeTKU Ha puc. I12.6 npuBeaeHb! B
KBaJpPaTHBIX CKOOKAaX.

Puc. I12.6. IepeBo cyhPUKCOB AJid CTPOKHU S = abcabdabcabdabc$
(6e3 cy(hpuKCHBIX CBsI3€IT)

ITyers i paBHO 8, T.e. TpebGyerca HaiiTH Npe@UKC CTPOKU
bcabdabc, BeTpeuaromuiica B abcabda. Uaem mo gepeBy cy@duKcoB.
W3 xopHs BeIOpaHa Ayra ¢ MeTKOM b, 3aTeM — C, a IOTOM — JIyra ¢ MeT-
Koit abdabc (puc. I12.6). Ho MBI ZOJIXKHBI JOCTUYD TOJIBKO CTPOKOBOM
rayouns: 6 (8—2, rae 2 — MeTKa MepBOil BHYTPEeHHEH BePIIUHBI ITYTH)
uam MeHbIne#. IIpocMoTp 3aKkaHUMBaeTcA He BO BHYTPEHHE BePIIIU-
He, a Ha 1yre. BepeM MeTKY ciieqyioieil BHyTPEHHEN BEPIITUHBI — OHA
paBHa 2,  9TO ecTh Hauajo mpedurca (r;), a IIUHA — MOCTUTHYTad
cTpokoBas raryouHa (1;). [yis paceMaTpuBaeMoro npuMepa 3HaYeHUA 1
u [; npexncraBiieHsl B Tabu. I12.1.

Tab6auma I12.1

211314 |15

o~

OOV [
o|o|o N
ooa |w
DD |
D= O ot
(==} loNe
- ISHEN
NSO |00
W[ [©
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OOt |O =
O [Q [
- Q0|

N (DN |O

Q= Q[
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KommenTapuit 2. [JaHHBII aJIropuTM sABJIAETCA OCHOBON MeTOZAa
cokaTuda fa"HHbixX [1. 3uBa — A. Jemmens®. Hampumep, paccMOTpeHHYIO
CTPOKY B CXKaTOM BHJle MOXKHO IIpefcTaBUTh Kak abce(l, 2)d(1, 6)(1, 3).
ITepBoe umcyIO B KPYTIJIBIX CKOOKaX €CTh I, a BTopoe — [;.

IIpo6aema. B n. 3.5. mpuBoauTca aiaroputm A. Axo —
M. Kopacuk ogHOBpeMeHHOTO NONCKa HECKOJIBKUX 00pas3IioB B
TexcTe. Ero mmeitHo#l ocHoOBOU sBJsierca aaroputm . Kumy-
ta — I[»x. Moppuca — B. IIparra. PaszpaboTrka mMeToma momcka
HECKOJIBKUX 00pas3IloB B TEKCTEe HA OCHOBE CUHTE3a uAel ajro-
putmoB P. Boitepa — I»)x. Mypa u A. Axo — M. Kopacuk — pe-
maeMasi, HO He TPUBUAJbHAA npodJiema.

KommenTapuii. [Januasa nmpobJsiema periieHa B. RommeHu-VonTep2),
HO OT CaMOCTOATEJIbPHOI'O IIOMCKAa IIOJIyUYeHNe HNHTEJJIEKTyaJIbHOI'O
YIOBJIETBOPEHUA rapaHTHpoBaHo. Kpome Toro, Baia pabora MOKeT
3aBEePIINUTHCA CO3JaHUEM dosee IIPOCTOTO MeToaA.

3amada. Jlamo moJiHOe TBOMYHOE IepeBo (Kaskaas BepIinHa
JlepeBa mMeeT JBYX ChIHOBeI). J[J1s1 KasK oM mapsl BePIIUH X U Y
TpebyeTcAa HAUTH BEPIIUHY 2, ABJSIONIYIOCA UX HAUMEHBIITUM
OOIIIMM IIPEINeCTBEHHUKOM.

Kommenrapuii. Ha puc. I12.7 mokasaso moJHOe JBOMYHOE JePEBO
u3s 15 BepiuH. HoMmepa Bepmins (PAIOM ¢ UX JECATUYHBIM IIPEACTAB-
JIeHVEeM IPUBOAUTCS M JBOMYHAS 3allUCh) YKa3aHBI B IOPSAAKe 00X01a
JlepeBa B TIIyOMHY UJIN CHMMETPHUYHOTO 00X0/ia — KOPeHb HyMepyeTcs
mmocJie IPUCBOEHUS HOMEPOB BEPIINHAM JIEBOTO IIOALEPEBa, HO Iepes
HyMepaIieil BepIINH IpaBoro Hojgepesa’).

HaHHO! HyMepanuy BePIInH MOKHO JaTh U APYT'YIO UHTEpIpeTa-
nuto. [lyia mepeBa ¢ p JUCTHSIMU 3alUCh HOMEPA BEPIINHBI TpeOyeT
d + 1 6uros, rae d = logsp.

D zivd ., Lempel A. A universal algorithm for sequential data compression // IEEE

Trans. on Info. Theory. 1977.Vol. 23. P. 337-343; ZivJ., Lempel A. Compression
of individual sequences via variable length coding // IEEE Trans. on Info.
Theory. 1978. Vol. 24. P. 530-536; I'acgund /. CTporu, nepeBbs U II0CIeL0Ba-
TeJIbHOCTHU B anropurMmax: MHGopMaTuka U BEIUUCIUTeIbHAA 6uosorusd / Ilep. ¢
auria. Y. B. Pomanosckoro. — CII6:: Hesckuit [{uanext; BXB-Iletepoypr, 2003.
C.208-212.

Commentz-Walter B. A string matching algorithm fast on average // Proc. of
the 6th Int. Collog. on Automata, Languages and Programming. 1979. P.
118-132; I'acgund []. CTporu, AepeBhbs U IMOCJIEeL0BATEILHOCTH B aJITOPUTMAX:
Nudopmatura u BeruucauTenabHasa 6uosorus / Ilep. ¢ aura. Y. B. PomanoBcko-
ro. — CII6.: HeBckuit Juanexkt; BXB-Iletep6ypr, 2003. C. 200—-208; Cmum B.
MeToabl m ajaropuTMbl BBIYMCJIEHMS Ha CTPOKax: mep. ¢ aura. — M.: OO0
«U. O. Buabsamc», 2006. C. 364—366 (1paBza, 3eCh aJITOPUTM HAa3bIBAETCA «aJI-
ropurmom Kommenn-Banbrepa», HO aT0 — crenuduKa IepeBoja pasIudHbIMU
JIIObMU).

Okxyaoe C. M. Pa3zBuTve WHTEJJIEKTa IIKOJIbHUKA. AGCTpPaKTHBIE TUIBI AaH-
HbIX. — M.: BUHOM. Jla6opaTopus suauuii, 2009. C. 96.

2)

3)
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Puc. I12.7. ITonHOE ABOMUYHOE AepeBo 13 15 BepIiuu

Paccmorpum myTh OT KOPHA K KaKoi-11b0 BepIINHE, HAIIPUMeED 5.
ITyTs BIeBo o603HaumM Kak 0, a BipaBo — Kak 1. J{o msaATO# BepIIIUHBI
Mol ugem HaseBo (0), sarem Hanpaso (1) u, HaKkoHeIl, onATh HajeBo (0).
ITonyunnau merky mytu 010. Ilpunumiem K Hell efUHUILY — HUMeEM
0101.

E1ie npuMep — oT KOpHs A0 Bepiuabl 10. MeTka myTH umMeeT BUJ,
10. IlpunwuckiBaem eauHUIly u ocTaBmimeca g0 (d + 1)-ro Gura
uayau, — noaydaem 1010. KopeHb nepeBa Bcerma nMeeT MeTKY B BUIE
eIUHUITLI HA MePBOM MecTe (IPUMKUCAHHYIO) U OCTaBIIKUEeCS HYJIN.

WUrak, K MoJyUYeHHBIM B pe3yJbTaTe IMPOXoja 10 pedbpam aepeBa
6uTaM MBI IPUIUCHIBAEM €IUHUILY U AOTIOJHSIEM HYJIAMHU J0 TpeGyeMo-
To KOJIuuecTBa OUTOB.

BepHeMmcsa k moctaBiieHHOM 3agade. Heo6xoaqumo HAWTH HAMEHb-
rero o6IIero IpeAIlecTBeHHNKA BePIIUH X U Y. VICKII0OUUM ITOKAa CJIy-
yai, Korga oHa W3 BEPINUH mpexmiecTByer apyroii. Ilycts x = 9
(1001), a y =13 (1101). BrimosrHUM omepanuio Xor HaJ JBOUYHBIMU
momepamu: 1001 Xor 1101 = 0100. [To nmepBoii eAUHUILI cjieBa (TOU-
Hee, HOMepA ee MO3UIIMYU k) pe3yJIbTaThl OIlEPAIIUU XOr IYyTU IO Bep-
IIVH X U iy U3 KOPHSA COBIIafaloT, T. €. IepBbie £ — 1 pebep oAMHAKOBBHI.
ITyTs o aTUM pebpaM u3 KOPHA KaK pas U JaeT BEPIINHY, IBIAIOIIYIO-
CsA HAMMEHBIIINM OOIIIUM IPEAIIIeCTBEHHUKOM BEePIINH X U Y. [lpyrumu
CJI0BaMM, HOMED 3TO¥ BepUIUHEI cocTouT u3 k — 1 6urta x wiu y, 3a-
TeM — equHUNELI 1 d + 1 — k Hyaeii. [l1a ero mojay4uyeHus ciienyeT BbI-
TOJIHUTH OIlEPAINI0 XOr, 3aTeM HaWTHU k, CABUHYTH X (MU Y) BIIPABO
Ha d + 1 — k, TOJIO}KUTHL KPAaWHUUA IIPaBBINM OUT PAaBHBIM €QUHUIIE U
COBUHYTH pe3yJbTaT BjeBo Ha d + 1 — k mosuruii. Bee aTu omepariuu
BBITIOJHSIOTCA 32 KOHCTAHTHOE BpeMsA W, TAKUM 00pa3oM, HAMMEHb-
mIni OOIUIT MIPEeAINIeCTBEeHHUK BEPIIUH B IIOJHOM ABOUYHOM JepeBe
HaXOAUTCA 3a MOCTOSHHOE BpeMd.

Ocrajsca HEpPacCMOTPEHHBIM CJIydail, KOTAAa X IPEeAIIEeCTBYeT Y
WJIN Y TIPEAIIEecTBYeT X. BBIIOJHUM omepanuio Xor 1 HaiifeM 3Haue-
HUe k. BepiiuHa X npeflecTByeT BepIIUHE Y TOTJa U TOJBKO TOTAA,
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KorZa 3HaueHUe k£ cTPoro 6oJbIlle, UeM KOJIMUECTBO pebep B IYTU OT
KODHSA [0 BEPIIUHBI X.

ITpo6aema. Tpebyerca HAUTU METOJT IPeIBAPUTEILHOU 00-
paborku gepeBa cy(h@UKCOB C JIWHEHHON BpPeMEHHOH OIleH-
KO — TaKOI, YTO AJIA IMOJIyYeHUA OTBETA Ha 3aIIPOC O HAMMEHb-
meM o0IIeM npeAliecTBeHHUKE JIIOOBIX JBYX BEPIINH IIOTPe0y-
eTcsi KOHCTaHTHoe BpeMdA. J[[pyrumMm cJjoBamMu, Korjga 3a
KOHCTAHTHOE BpeMs (IPU MOCTPOEHHOM U IIPeABAPUTEIBbHO 00-
paboranHOM JepeBe cydhduKcoB 3a obIiee BpeMs O(n)) ompeze-
JsieTcsa HauOOJBIMUHA O0muil mpeduKc ABYX ITPOMBBOJBHBIX
cyPPUKCOB CTPOKMH.

Kommenrapuii. Eciin HaliTu orobpaskenue gepeBa cy(hduKrcoB B
IIOJIHOE€ OABOMYHOE NePeBO, BBIIIOJIHAEMOE 3a JUHeNHoe BpeMsda U coxXpa-
HAMIOIIee OTHOIIIeHWEe HacJeJOBaHUA B JepeBe cypduKcoB, To mpobie-
Ma pelnieHa .

3amaua. [Jans! g8e cTpoku S; (n = |S4) u Sy (m = [S4)). Oaa
KaKIoii mapsl 3Hauenuii (i, j) TpedyeTcsa HAUTU AJIUHY HAaOOJIb-
mrero obmrero npedukca cyddurcos Sqi[i..n] u Sy[j..m].

Kommenrapuii. CiieyeT mocTpouTh 0000111eHHOE JepeBo cyhhur-
COB [JIA CTPOK ¥ BBINIOJIHUTEL €r'0 IIPeJBapUTeJbHYI0 00paboTKy Tak,
KaK 9TO YKa3aHO B ONMCAHUU K IpenbIayIinei npobsaeme. Ilocsae sToro
3a/laua CBOAUTCA K HAXOMKAEHUIO CTPOKOBOM IIyOMHBI HAaMMEHBIIIETO
00I11eT0 IpeAIlleCTBeHHUKA JBYX BepiuH (i 1 j) gepea.

IIpo6aema. Ananus mexkcmos HA PYCCKOM s3blKe.

ITo onpenenennio K. IllenHoHA, SHTPOIIKNIO NCTOUYHIKA CO00-
II[eHUs MOYKHO OIPENeNNTh KAK MEPY COAEePIKAIlerocsi B HeM
o6bema uHpopmanuu. IIycTs y Hac ecThb A3BIK A, COCTOAIINH 13

n pasHbIX cUMBOJIOB A = {a;, a9, ..., a,}. IIpeanonoxum, 4To
UCTOYHUK S MOYKET TeHepUPOBATh 9TU CUMBOJIBI C HE3aBUCUMBI-
MU BepoATHocTAMU plaq], plas]l, ..., pla,], npudem nocienane

n
YIOBJIETBOPAIOT YCJIOBUIO: Zp[ai] =1. Torma anmponus UCTOU-
i=1

n
HuKa S paBua H(S)= Zp[ai] -log, [1] . Ee 06bIuHO ompene-
a

i=1 i

b Tacgund []. CTpoKkuU, fepeBbs U IIOCJIEN0BATEIFHOCTY B ajnropurmax: Mudopma-
THUKAa U BEIYUCIUTENIbHAasA 6uosorus / Ilep. c aura. Y. B. Pomanosckoro. — CII6.:
Hesckuit IuanexT; BXB-Ilerep6ypr, 2003. C. 227—-244; Harel D., Tarjan R. E.
Fast algorithms for finding nearest common ancestors // SIAM J. Comput.
1984. Vol. 13. P. 338—-355; Schieber B., Vishkin U. On finding lowest common
ancestors: simplifications and parallelization //SIAM J. Comput. 1988. Vol. 17.
P.1253-1262.
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JISIOT KaK cpefHee KOJMUYECTBO OMTOB B COOOIIEHN, IIOPOIKIECH-
HOM B mcTOUuHMKe. IIpeAmnogoKXuM, 4TO Mbl IMeeM JIeJI0 C TeK-
CTaMU HA PYCCKOM SA3BIKE M aJ(aBUT COCTOUT U3 32 CUMBOJIOB
(«e» 1 «€» He pasamyaeM).

3anava 1. TpebOyercsa MIPOM3BECTH SKCIEPUMEHTAJbHEIE
OlleHKY 3HaueHUui p[a;] 1o TekcTaM Ha PYCCKOM f3bIKE U IIOJ-

& 1
cuuTtaTth Benuununy H(S(A))= Zp[ai] logy| —— |.
i-1 pla;]
Kommenrapuii. CiieqyeT B3ATH ¢ He3aBUCUMBIX TeKCTOB. 10 KaxK-
IOMY TEKCTYy j (PKCIIEPMMEHT) IOACUYUTHIBAIOTCA (IJIsI BCEX CHUMBO-

KOJU4ecmeo CuUME0086 a;
J0B a;) BenwuuHnl pjla;]= U HaXOIUT-
. dsruHa mexkcma
ij[ai]

j=1
cdA 3HaueHuepla;] =

t
Benwuuny r(|A|) = log,|A| HasbBatoT abconrtommoit snmpo-
nueil a3vtka ¢ aapasurom A. I[J1st pyCCKOro A3bIKA 9Ta BEJINYM-
Ha paBHa logy,32 = 5 6uToB Ha OYKBY (IJIg aHTJIMIICKOTO A3BIKA
logy,26 ~ 4,7 6uToB Ha GYKBY).

3aaava 2. I1peamoao:KuM, UTO B CpeJHEeM KaKIoe CJIOBO Ha
PYCCKOM $I3BIKE COCTOUT U3 kB cuMBOJIOB. TpebyeTcsa BBIIOJI-
HHUTHh SKCIEePUMEHTAJbHYIO OIeHKY BEeJUUUHEI £ IO TEeKCTaM
Ha PYCCKOM SI3BIKE.

CumuTaeMm, 4TO UCTOMHUK S TOPOKIAET CJI0OBA B BUE IIOCJIE-
JIOBAaTEeJIBHOCTH, COCTOAIEH n3 k cuMBoOB. IlycTts A, 0603HA-
yaeT MUHIMAJbHOE OKUIaeMOoe KOJIMYeCTBO OUTOB, TPeOyeMbIX
[IJIs 3aIlMICU CJIOBa M3 K CUMBOJIOB.

Teopema K. IllenHoHa hpopMyampyeTcsa B BUAe YTBEPIKIe-

. A
Husda: lim jk:H(S). JdpyrumMu cjioBaMu, MUHUMAaJbHOE CPeJ-
k— o

Hee KOJIMUeCTBO OMTOB, HEOOXOAMMOe AJIS 3allMCU CJIOBA, PABHO

H(S(4))

H(S). Besmnuuny r = Ha3bIBAIOT IHMpoOnueil A3vlka ¢

aadasuroMm A. B cBoe Bpemsa K. IllenHOH moKasaj, YTO SHTPO-
nug aHPHHﬁCIICOPO A3LIKA JeXKUT B nHTepBaje or 1,0 1o 1,5 6u-
TOB Ha OYKBY ),

Y MaoB. CosBpemenHasi Kpunrorpadus: reopusd u npaktTuka. — M.: I3gaTeabCKuit
noMm «Buabsmce», 2005. C. 114.
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3apgava 3. Tpebyercss BBINIOJIHUTH 3KCHEPUMEHTAJBHYIO
OIIeHKY SHTPOIINY PYCCKOI'0 A3BIKA.

H30btmouHocmbio I3bIKa ¢ aIPaBUTOM A HaA3BIBAIOT BEJIN-
yuHy r(A) —r. Tak, oasa aHTJIWHACKOTO SA3LIKA OHA paBHA
4,7 — 1,5 = 3,2 6uToB Ha OYKBY UJIH, B IIPOIIEHTHOM BbIpasKe-
Hu", 3,2/4,7 =~ 68% . [IpyrumMmu cjioBaMu, aHTJIUHACKUHA TEKCT
6e3 moTepu MHAOPMAIIUU MOMKHO COKPATUTh Ha 32% .

3anaya 4. TpebyeTcs sSKCIePUMEHTAJIbHO OIIPEIEJNTEL N30hI-
TOYHOCTb PYCCKOT'0 SA3BLIKA.

WN3BecTHO, UTO B €CTECTBEHHBIX SA3BIKAaX HEKOTOPHIE OYKBO-
COYEeTaHUS BCTPEUAIOTCS Yallle, YeM Apyrue. BykBocoueTaHusa
U3 ABYX OYKB HaA3BIBAIOT OUZPAMMAMU, a U3 TPEX — MPUZPAM-
mamu. 3HaHUE 3TUX O0COOEHHOCTeH fA3bIKa UTIPAaeT 3HAUNUTEJIb-
HYIO POJIb B METOAAX KPUNMOAaHaAu3a (BCKPBITHUA 3aIiu@po-
BaAHHBIX JaHHBIX). ECii KOTMY€CTBO OMTPAMM B PYCCKOM A3BIKE
paBHOo 992, To KoamuecTBO TpuLpamMm — 29760.

3anava 5. TpebyeTcd sKCIIepPUMEHTAJIbHLIM IIyTeM BLISIBUTH
HanboJiee YacTO UCII0JIb3yeMble OUIPaMMEbI 1 TPUTIPAMMEI B pycC-
CKOM fA3bIKe.

IIpumeuvarus. 1. [Iyis 3TOr0 HY3KHO UMETH TE€KCThI U3 PA3JIUYHBIX
obJsiacteit 3HaHUA. 2. PemreHne nyTeM mpAMOTO IIOACUYETA UMEET «IIpa-
BO Ha JKU3Hb», HO Balll yPOBEHDb PA3BUTHUA II03BOJIAET PEIIUTH 3aJa4y U
6oJiee mocTOMHBIMU MeTomamu. ©

Kaxxaprit 13 Hac o6J1amaeT onpeaesieHHBIM CJI0BAPHEBIM 3a1a-
COM KaK B YCTHOM, TaK U B MUCLMEHHOU peun (BAPUAHT «JIIOJ0-
eIKN DJIJIOUYKU >V wim 0e31yXOBHBIX MAHKYPTOB 3/ieCh He pac-
cmarpuBaetrca. OOpasoBaHHBIN YeJIOBEK, UUTASA CTUXU UJIU PO-
MaH M He 3Had aBTOPAa, II0 OCOOEHHOCTSM S3bIKa C JOCTATOUYHO
0OJIBIIIOI BEPOSATHOCTBIO MOYKET CKa3aTh, KEM 5TOT T€KCT HAIIX-
can. Hanpumep, oraunune nos3uu B. MasgKOBCKOro oT TBOpUec-
TBa E. EceHnHa oueBUIHO AJId GOJIBIIINHCTBA.

KOHK%GTI/ISaLU/Iﬂ npo6siemsl (a TOuHee, HMpobJeMa Ha HOJITHE
rogel ©) ). Tpebyercsa paspaboTaTh aHaAJIU3aTOP TEKCTOB pPycC-
CKOr0 A3bIKa. [[pyrumMu cJI0BaMu, €CJIM Ha BXOJ] TAKOM Iporpam-

b T'epounsa pomana U. Unbda u E. ITerpoBa «[[BeHanaTh CTyJILEB» , KOTOPas orpa-
HUYMUBAJIACh B OOIIIEHUY TOJHKO TPUAIIATHIO CJIOBAMU.

VueHBIMU, WCCIELOBATENSIMU, Ja U IIPOCTO YMHBIMU JIIOJbMU CTAHOBSTCH HE
TOJIBKO B Pe3yJIbTaTe YTeHUS KHUAT U HAKOIJIEHUS B IaMATH (GaKTorpaduIecKux
maHHBIX. CKOpEee Bcero B 9TOM ciyduae Kak pas 1 He ctaHoBATcsa! « MHorosuanme
yMy He HaydaeT», — 9TO F'OBOPMJ, KaKeTcd, eife I'epaxuaut. IIycTh HECKOIBKO
IpeyBeJINYEeHHO, HO 9TO TaK, — IPO(eCcCuoHAaJIbI « BEIPACTAIOT» B PE3yJIbTaTe pe-
eHus npobJieM, a nHorzaa (1 He OYeHb PeJKO) — B Pe3yJbTaTe PeIleHus OLHON
npo6aembl. Ho ona (mpobema) nossxkHa 0043aTeIbHO BacC «B3ATH 3a YKUBOE» , OHA
IOJIXKHA OBITE 8awueil!

2)
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MBI IIOJaeTcs HeKUi TEeKCT, TO Ha BBIXOIe, HAaIlpuMep, JOJIKeH
OBITh YKa3aH aBTOP 3TOr'O TEeKCTa.

Ilpumeuanusa. 1. B camom mmpocToM ciryuae TpeOyeTcs pasindyaTh
TEKCTBI BYX aBTOpoB. 2. Ilpm perreHun 3To#l mpobIeMbl MHOTOE U3
TOr0, YTO U3YYEHO C IIOMOIIbIO 3TOM KHUIHU, OyaeT BocTpeGOBaHO, HO
IaHHOTO pasnesia computer science O0yneTr ABHO HeZOCTATOUYHO. 3. Pe-
3yJbTAT Ballleil paboThl, JOBEAEHHBIN 10 «IPOMBIIILJIEHHOTI0» BAPUAH-
Ta, OyaeT BOCTpeOoBaH OUeHb MHOTUMU. 4. ABTOD He MOYKeT IaTh pas-
BEPHYTHIX PEKOMEHJAIUN M0 PEIleHuIo 3Toi mpobaeMsl. ©

IIpobaema. Tpebyercsa paspaboTaTh IPOTPAMMHBIN CHHTE-
3aTOpP OCMBICJIEHHBIX TEKCTOB Ha 3aJaHHYIO TeMY C TOUKHU 3pe-
HHUSA PYCCKOTO SA3BLIKA.

KomMmenrapuii. CM. mpuMedyaHusa K IPeIbIAYINell KOHKpeTus3a-
oM. E,IT[I/IHCTBeHHoe JOIIOJIHEHMEe: €CJIN Bbl HaAy4YHTe KOMIIBIOTED II0 3a-
AJAaHHOMY CIOMKETY «BblJaBaThb» NJE€TEKTHUBBI COBPEMEHHOI'0 TuIla, TO, Be-
POATHO, CTAHETE OUEeHb 00EeCIeUYeHHBIM YeJoBeKoM. ©

IIpob6aema. TpebyeTcs paspadoTaTh aHAJIN3ATOP COOOIIEHIMI,
mepeaaBaeMbIX 110 JIEKTPOHHOM IOUTe Ha OITpeaeJIEHHBIN agpec.

KoHkpeTtusauums npobremsi. C 31eKTPOHHOH ITIOYTON B HACTOS-
Iee BpeMs He paboTaeT pasBe TOJBLKO OUeHb JIeHUBBIH. OmHaKO0
MHOTUX pasapaskaer obuame cmnama. Jlioboe mmcbMO mMeer
omnpeneJeHHBIN (hOpMAaT M TaK WJIN MHaYe IIPEJICTABJIEHO B BUJIE
OHTOBOI moOcJenoBaTeIbHOCTH. IIpeAnoIoKM, YTO B HEKOTO-
poMm xpaHmauiie (6aze JaHHBIX) €CTh «3allpPelleHHbIe» JTBOWY-
HbIEe TIOTIOCIe0BATEILHOCTH: TIPU UX HAJIUUYNU B TEKCTE CO00-
IIeHUA IIocJiefHee oTOpachkiBaeTcA. ECTEeCTBEHHO, UTO AOJIXKEH
OBITH OOecIieueH U MHCTPYMEHT JJIA JOTOJHEHUS U U3MeHEeHUA
IaHHBIX B XPaHWUJIUIIE.

Kommenrapuii. Ha Bo3pakeHHe 0 TOM, UTO TaKue IIPOTrPaMMBbI
Ve €CTh U OHUM Ha3bIBAIOTCA TAKUM-TO «MYAPBIM» aHI'NIMMNCKHNM CJIO-
BOM, MBI OTBEUATh He OyaeM, KaK M He OyJeM KCIOJIb30BATh CAMUX

ITUX <«MYAPBIX» aHTJINNCKUX CJOB. Barre pelIreHnrue MOMeT OBITH U
JIydliie, 1 KaueCTBeHHee, — HO caMoOe I'JIaBHO€ — OHO 6y,t[e'1‘ pammum! ©

IIpo6sema. Tpebyercsa paspaGoraTh aHaamsaTop Tpaduira
9JIEKTPOHHOM IOUTHI C IIeJILI0 BBEISBJIEHUS OIIACHBIX COOOIIe-
HUMN.

KoHkpeTtusaums npobnems!. VI3BECTHO, YTO BJIEKTPOHHYIO
TIOUTY MCIIOJb3YIOT 1 He OUeHDb XOPOIITHe JIOAN, HaIpuMep Tep-
popuctsl. IIpenoIoKuM, YTO UX COOOIITEeHNA MOYKHO OXapaKTe-
p130BaTh HEKMM MHOKECTBOM JBOWUHBLIX CJIOB, KOTOPHIE YyiKe
BBISIBJIEHBI. VIX Hajauuwne (B JIIO60M COUYETaHNM) B COOOIIEHU Y T'0-
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BOPHUT O TOM, UTO OHO IIepemaeTCda «HEeXOPOIIINMM YeJIOBEKOM» H
ABJIAETCA OIIaCHBIM.

Kommenrapwuii. CM. KOMMeHTapuil K IpeAbIAyIeii KOHKpeTusa-
UHU.

IIpo6sema. Tpebyercsa HanucaTh HPOTPaMMYy AJIS TeMATU-
yecKoil KiaccuuKaIuy TeKCTOB.

KoHkpeTtusauums npobsemsi. [laH MacCUB TEKCTOB HECKOJBKUX
Pa3JINYHBIX TeMATUK (HAIIpuMep, 13 00JIaCTh MaTeMaTuKu, (Pu-
3UKU, aCTPOHOMUHU U T. 1.). TpebyeTca HamucaTh IporpaMmy,
KoTopas Ha 3TOM MaccuBe 00ydyaeTcsa paclIo3HaBaTh TEMATUKY
TexcTa. ITocie mpollecca o0yueHusA IporpaMMe IpeabaBIaeTC
HOBLIH TEKCT, KOTOPOTO He ObIJIO B'oOyuarIieM maccuBe. Ha BbI-
Xo/e TOoJKHA IIOABUTHLCA TeMa HOBOTO TeKCTa UJIU 3aKJI0UeHre
0 HEeM3BECTHOU TeMe.

Kommenrapuit. OnuH 13 MOAX0I0B K JaHHOU MpobJjeMe 3aKa04a-
eTCs B HaXOKJeHUHU B 00yUaIoIeM MacCUBe TEKCTOB BCeX TEPMUHOB —
CJIOB WJI CJIOBOCOUETAHMM, 3HAUUMBIX [JIS ONpPEeJeJeHU TeMaTUKU.
Kasxkmomy TepMuHy IpucBanBaeTCsi CBOM 8eCc — YUCJIO, XapaKTepuay-
[olllee 3HAUYMMOCTh 9TOT0 TepMuHA. Bec B mpocreiiiiem ciayuae cOBIA-
IaeT ¢ YacTOTON BXOKIEHUS TEPMUHA B TEKCT. Bojiee CIOMKHBIN CIIO-
co0 — mprcBaMBaTh OOJIBINNI BEC TEPMUHAM, KOTOPbIE YaCTO BCTpeYa-
IOTCA B TEKCTAaX OMPENeJIEHHOM TeMATUKU W PEJKO — B OCTAJbHBIX
IOKYMEHTaX, M Hao0OpOT, MEHBIIINI Bec AaBaTh OOIIeyIOTPeOUTe b
HBIM CJIOBAM, KOTOPbIE UaCTO BCTPEUAIOTCA BO BCEX JOKYMEHTax o0yyJa-
IOIIeT0 MaccuBa.

Taxkum 06pazom, 3aaua CBOAUTCS K IIOUCKY B JAHHOM TEKCTE BCeX
cioBocouertanmii ayuHOM n (n = 1...N), Bec KOTOPHIX IIPEBHIIIIAET 3a-
maHubIil mopor. Korga Bce Takume cJI0BOCOYETAHUS OYAYT ONPeeseHbl,
mpoIiece O0yUYeHUs CUNUTAETCSA 3aKOHUYEHHBIM, M Ha BXOJ[ IIPOI'PAMMBI
MOCTYMAEeT HOBBIA TEKCT, TEMATUKY KOTOPOT'0 HYYKHO OIIPEIEIUTh.

3aMeTHM, UTO IIporpaMma OyzaeT padoTaTh yCTOHUMBeEe, eCJi 00-
PaGoOTKy OCYIIECTBJIATD IIOCJIe MOPPOL02UutLecK0z0 pa3bopa, T. . IPU-
BeJIEHUsI BCEX CJIOB K HOPMaJILHOM hopme: oMa, JOMOMH, O JOMe = IOM.

IIpo6aema. TpebGyeTcsa cOCTaBUTL IIPOrpaMMy AJIsI aBTOMA-
TUYECKOro pedeprpoBaHUSA TEKCTA.

KoHkpeTtuszaums npobiemsl. Ha BXoa mporpaMMBbI IIOCTYIIAET
TexkcT Aauubl N. Tpebyercsa Ha BbIX0Oe IMOJYYUTh TEKCT JJINHBI
n (pegpepam), areKBaTHO OTPAIKAIOIINI COIEPIKAHIE NCXOTHOTO

TeKcTa; Ipu 3ToM n <'N.

Kommenrapuii. CymiecTByeT HECKOJIBKO IIOX0J0B K PEIIIeHUIO TaH-
HOI Tpob6eMbl. B 0fHOM 13 HUX MCIIOJIb3yeTCA IPUHITUI 0TOOpa B pe-
depat Haubosiee MHOOPMATUBHBIX IPEAJOMKEHUH MCXOIHOTO TEKCTa,
MEMINX HanboJabInuil ec (CM. 3aaUy TeMaTHUUYeCKOIl KiIaccudura-
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nuu). [Ipyroi moaxon 3akmOUYaeTcsa B MOACTAHOBKE Hanbojee 3HAUM-
MBIX CJIOB U CJIOBOCOUETAHUIT B 3apaHee 3aJaHHbIe (DPa3bl-KJMIIIE, Ta-
Kue Kak «B crarne paccmarpusaerca rema...», «B Tekcre ykasbiBaerT-
CsI, UTO...».

OpHoii M3 BasKHBIX XapPaKTEePUCTUK ITOAO0HOI IporpaMMBbl ABJIS-
eTcsl BOSMOYKHOCTb HACTPOMKU IJINHBI pedepara n.

IIpo6aema. Tpebyercsa paspaboTaTh IPOrpaMMy MAIITUHHO-
ro IepeBpojia ¢ KaKoro-Jnb0 MHOCTPAHHOIO A3bIKAa HA PYCCKUH 1
obpaTHO.

KoHkpeTtusaums npobaemsl. [IaH TeKCT Ha MHOCTPAHHOM S3bI-
kKe. IIporpamma mosxkHa (C MCIOJIHL30BAHMEM CJIOBaps) cocTa-
BUTH TEKCT HA PYCCKOM A3BIKE, KOTOPBIN ABJIAETCA IEePEBOIOM
MHOCTPaAHHOI'O TEeKCTa.

KomMmenrapuii. 3aaua MOKeT PeIiaTbes «B JIOG», KOTAA KaK0-
My WHOCTPaHHOMY (HalpuUMep, aHTJIMICKOMY) CJIOBY COOTBETCTBYET
pyccKoe, a mporpaMma IIPOCTO 3aMEeHAeT aHTJIMNCKMe CJI0Ba Ha COOT-
BETCTBYIOII[Me€ PYCCKUE U3 CJIOBaps.

CienyrmoiiuM IIIaroM MOJYKeT ObITh aHAJOTHYHAS 3aMeHa He OT-
IeJIbHBIX CJIOB, & YCTOMYMBBIX CJIOBOCOYETAHUM, (PPaseoTOru3MOB.
ITpu sTOoM, UTOOBI N30EIKATEH CIAUIIMKOM CTPEMUTEIHLHOIO POCTa 00beMa
TAKOTO CJIOBapsA, MOYKHO OTPAHUUYUTHCA OIIPEeAeIeHHON IIpeaMeTHOI
obJiacThio (HampuMep, IPorpaMMUPOBAHUEM).

HanbHeire ycoBepIIeHCTBOBAHNASA BeAyT HAC B 00JIaCTh CUHTAK-
CHUYEeCKOro pa3bopa IpeasioKeHNs U BIABJIEHUA CMbICJIa TeKcTa (B 00-
JacTh cemaHmuku). B xome pellieHus: Takoil 3agaun BO3SHUKAET IIPO-
6ieMa MOpGON02zUYeCKO20 AHAAU3A — OUPeNeIeHUs M MOACTAHOBKU
HYXKHOI (DOPMBI cJI0Ba (IPUCTABOK, cy(hdpUKCOB, OKOHUAHMIT), HATIPU-
Mep sblilmu u3 doma — udmu domor. MoKHO IMogyMaTh Hal COOCTBEH-
HBIM peIlleHreM JIn00 BOCI0Ib30BaThCS CIIeUATbLHBIMIU ITPOTPaAaMMaMU
MOPGOJIOTUUECKOT'0 aHAIN3A.
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PA3SBUTHUE MHTENNEKTA WKONbHUWKOB

Ha maTtepuane 3agaum novcka nNofcTpoKM B CTPOKE, PeLIeHno KOTOPOM
nocBsLleHbl paboTbl MHOTMX NpodeccuoHanos 3a nocnegHve 20-30 ner,
NMOKa3aHO, KaK MNMOCTPOUTb 3aHATMA MO I/IH(I)OpMaTI/IKe, yTOObI I'I06y,EU/ITb
LUKOJIbHNKa K TBOPYECTBY, Pa3BUTb y HEro BKYC K peLlleHn0 nccinenoBa-
TeNIbCKUX Mpobniem.

OnA WKoNbHMKOB, NpenogaBaTteneinl MHGOPMATUKN, @ TaKXKe ANA CTYAEHTOB,
Bbl6paBLIMX UHGOPMATUKY B KaueCcTBe OCHOBHOW crieuuanbHOCTW. KHura
MO>KeT ObITb MCMONb30BaHa Kak B OObIYHbIX LWKOMAxX MNpY NpoBeAeHuu
baKynbTaTUBHbIX 3aHATUN, Tak 1 B 06pa3oBaTebHbIX YUYpEXKLEHNAX
C yrny6seHHbIM n3yvyeHnem nHGopMaTUKM 1 MaTemMaTuKm.

OKYJIOB CraHucnas Muxainosuy

[ekaH dakynbTeTa MHPOPMaTMKM BATCKOro rocyfapcTBeHHOro
ryMaHWUTapHOro yHUBepcuTeTa, KaHAWAAT TEXHUUECKUX HayK, AOKTOP
nepfarornyecknx Hayk, npogeccop, ¢ 2001 r. NOYETHbI PabOTHMK BbIC-
wero npogeccroHanbHoro obpasosaHua PO. ABTop 9 nsobpeTeHnin
Nno 3/1eMeHTaM acCoOLMATVBHbIX BbIYMCANTENbHBIX CTPYKTYP U aBTOp
(coaBTop) 15 KHUT MO MHOPMaTIKE ANA WKONBbHUKOB U CTYAEHTOB.

LWKOJIbHUKagMPW aKTUBHOM M3Yy4YeHUn VIH¢0pMaTMKVI, MeTofuKa npeno-

O6nacTb yMHTEPeCoB: Pa3BUTME WHTENNeKTyaNlbHbIX CNOCOGHOCTeN
naBaHua ‘ﬂa PMaTUKM B LIKONe U By3e.

C 1993 nal2003 ron neATenbHoCTb B By3e COBMelLLasn ¢ paboTon yuntens
MHGOPMATMKU. 33 3TO BPEMA ero yYeHNKN oTMeueHbl 33 guniomamu
(1-7 1 2-i cTeneHn) Ha POCCMINCKMX ONMMMUAAAX LUKONIbHUKOB MO WH-
dopmaTunKe; Tpoe 13 HUX NPeAcTaBaAnn Poccnio Ha MexayHapOAHbIX
onnmnuapax.
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