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I[I/ICHI/IHJ'II/IHa BBpI/ICTI/I“IGCKI/IC AJI'OPUTMBI

KOHCHEKT JIEKIIUH

Jlexkusa Nel

Tema: Beenenue. OCHOBHbIC TEPMHHBI, ONpeAeJIeHUS U OHATHA.

Bonpocsr:
1. Onpenesenue ajaropurma.
2. OTan4me IBPUCTHYECKOT0 AJITOPUTMA OT JAPYrUX aJrOPUTMOB.

AJITOPUTM - TOYHOE TMPEANUCAHUE HCIOJHUTEIIO COBEPIIUTH  OINPEICICHHYIO
OCJIEAOBATEILHOCTL JEUCTBUM JJISI JOCTMOIKCHHUSI IOCTABJICHHOM IIeJM 3a KOHEYHOE

YHCJIO IIaroB.

OnanM 13 GyHTaMEHTAIBHBIX MTOHATHH B MH(OpPMATHUKE SBISETCS TOHITHE aITOPUTMA.
[IporcxokIeHrne cCaMOro TEPMHHA «aJTOPUTM» CBS3aHO C MaTeMaTHKOM. DTO CJIOBO
npoucxoaut ot Algorithmi — maTHHCKOro HamMcaHus UMEHU MyxaMMe/ia allb- XOpe3MHu
(787 — 850) BBIIaromerocss MareMatruka cpenneBekoBoro Bocroka. B cBoeii kaure "O06
UHIAKWCKOM cueTe" oH chOpMYyJIUpOBaJI IIpaBWjia 3alldCH HATypadbHBIX YHCEN C
MOMOIIBbIO apabCcKuxX nmudp W NpaBuia ISUCTBUN HAJ HUMH CTOJIOMKOM. B nmanpHelem

aJIropuTMOM cTrajin Ha3bIBATb TOYHOC npcaImnMcaHmuc, OIIPCACIIAIOIICS



MOCJIEIOBATENIbHOCTD IEUCTBUI, 00ECIIEUNBAIOLIYIO MTOJyYEeHUE TPeOyeMOoro pe3ynbraTa
U3 UCXOJIHBIX TAHHBIX.

AJITOPUTM MOXKET OBbITh TIPEJAHA3HAYEH IS BBINOJIHEHUS €ro YeJIOBEKOM WU
aBTOMAaTUYECKUM yCcTpoiicTBOM. Co3/laHH€E aNropuT™Ma, MyCTh JaKe€ CaMOro MpoCToro, -
nporecc TBopueckuil. OH JTOCTYNEH HCKIIOYHMTENIBHO JKUBBIM CYILIECTBaM, a JOJT0€
BpEMSI CUMTAJIOCH, YTO TOJBKO 4yenoBeKy. B XII B. ObLI BBINOIHEH JIATUHCKUANA MEPEBOJL
€ro MAaTreMaTU4YEeCKOro TpakTaTa, M3 KOTOPOTO €EBPOIEUIbl Y3HAIM O JECATUYHOU
MO3UIIMOHHOW CHUCTEME CYMCJICHUS U MpaBWiIaX apu(PMETUKH MHOTO3HAYHBIX YHCEIL.
NmeHHO 3T npaBWiia B TO BPEMSI HA3bIBAJIU AJITOPUTMAMHU.

JlaHHOE BBILIE OINpENEICHUE ANTOPUTMa HENb3sl CYUTATh CTPOTUM — HE BIIOJIHE SICHO,
YTO TAKOE «TOYHOE TMPEANHUCAHUE» WIH  «IOCJIEI0BAaTeIbHOCTh  JICVCTBUM,
o0ecrieunBaroas Mmoy4eHrue TpedyeMoro pe3ysbTraTa.

[ToaToMy OOBIYHO  (OPMYIUPYIOT  HECKOJIBKO OOIIUX  CBOMCTB  AJTOPUTMOB,
MO3BOJISIFOIIMX OTIMYATh AJITOPUTMBI OT IPYTUX UHCTPYKIIHM.

TakuMu CBOMCTBaMHU SIBIISIFOTCSL:

* /luckpemnocmp (IPEPHIBHOCTh, PA3ACIBbHOCTh) — QJITOPUTM JOJKEH MPEJCTABISAThH
MPOIIECC PENICHUs 3aJaud KakK IMOCIeI0BATEIbHOE BBIMIOJIHEHUE MPOCTHIX (KU paHee
onpejiesieHHbIX) maroB. Kaxpoe JedcTBUe, NPEIyCMOTPEHHOE  aJIrOPUTMOM,
MCTIOJIHSIETCS TOJBKO MOCJIE€ TOTO, KaK 3aKOHYMIIOCH MCTIOJIHEHUE MPEIBIYIIETO.

* OnpedeneHHocmp — KaXKJI0€ TPABWIO  AITOPUTMa  JIOJDKHO  OBITh  YETKUM,
OJTHO3HAYHBIM M HE OCTaBJATh MecCTa JUIsl MpOU3BoJia. braromaps 3TOMy CBOMCTBY
BBITIOJIHEHUE aQJITOPUTMa HOCUT MEXaHUYECKUH XapakTep M He TpeOyeT HUKaKUX
JIOTTOJTHUTEIIBHBIX YKA3aHUW WM CBEJICHUM O pelaeMou 3a1aye.

* Pesynomamugnocms (KOHEUHOCHIb) — AITOPUTM JOJDKEH NPUBOAUTH K PELIEHUIO
3a/1a4M 32 KOHEYHOE YMCIIO 1IAroB.

* Maccoeocms — airOpuTM pellieHUs 3a]jaun pa3padaThiBaeTcsl B 0011IeM BUJIE, TO €CTb,
OH JIOJDKEH OBITh MPUMEHHUM JJISI HEKOTOPOIro Kiacca 3ajiay, pa3IMYaroluxcsi TOJIbKO
MCXONIHBIMU JTaHHBIMU. [Ipr 3TOM UCXONHBIE TaHHBIE MOTYT BBIOMPATHCSA W3 HEKOTOPOU
o0acTH, KOTOpasi Ha3bIBAETCSl 00JACTHIO0 MPUMEHUMOCTH AITOPUTMA.

Ha ocHOBaHMM 3TUX CBOWCTB HWHOTAA JA€TCA  OMNPEICICHUE  aJIrOpUTMa,

HaIIpUMCP: “AJZZOPZ/IWZM — OMO NOCAe008aMeNbHOCHb mamemamudeckKux, J102u4ecCKux



unu  emecme  83AMbIX  Onepayuil,  OMAUYAIOUWUXCSA  OeMEPMEHUPOBAHHOCIbIO,
MACco80CmMblO, HANPABIEHHOCMbIO U NPUBOOAWAS K DPEeuleHUro 8cex 3a0ay OaHHO20
K1acca 3a KOHeyHoe Yucio wazos”.

Takas TpakTOBKa IMOHATHS “aITOPUTM SBJISIETCSI HETIOJIHOM U HETOYHOM.

Bo-niepBhiX, HEBEPHO CBS3BIBATH AJTOPUTM C PEIICHUEM KaKOM-TMOO0 3a7auu. AJITOpUT™M
BOOOIII€ MOXKET HE peliaTh HUKAKOW 3a/1a4u.

Bo-BTOpBIX, MOHATHE “MacCOBOCTh’ OTHOCUTCS HE K aJrOpuTMaM Kak K TaKOBBbIM, a K
MaTeMaTU4eCKMM METOJaM B IeJoM. PelieHne MOCTaBIECHHBIX MPAKTUKOM 3a1ad
MaTeMaTUYECKUMU METOJIaMU OCHOBAHO Ha aOCTpParupOBaHUU — Mbl BBIACISIEM DS
CYILIECTBEHHBIX ITPU3HAKOB, XaPAKTEPHBIX JJIs1 HEKOTOPOTO Kpyra SIBIICHUI, U CTPOUM Ha
OCHOBAaHUU ATUX TMPU3HAKOB MATEMATHUUECKYI0 MOJEJb, OTOpachiBasi HECYIIECCTBECHHBIC
MPU3HAKK KaKJOTO KOHKPETHOTO SIBJICHUs. B 3TOM cMpbicie nro0asi MareMaTudeckas
MOJieJb 00JIalaeT CBOMCTBOM MaccOBOCTH. Ecim B pamMkax MOCTPOEHHOW MOJENIU MBI
pemiaeM 3ajady M pEIICHUE MPEJCTABIsAeM B BHUJE aTOPUTMA, TO PEIICHHE OyAeT
“MaccoBbpIM” Oylarofapsi TPHPOJEC MaTeMAaTHYeCKHX METOJI0OB, a He Omaromaps

“MacCOBOCTH’ aJIrOpUTMa.

Bunbr anroputmon

Buapl anroputMoB Kak JIOTMKO-MaTEMATHYECKUX CPEICTB OTPAXKAOT YKa3aHHBIE
KOMITOHEHTBhI YE€JIOBEUECKOM NESATEIbHOCTH MW TEHJICHIIMK, a CaMHU aJrOPUTMBI B
3aBUCUMOCTH OT 1I€JIM, HAaYaJIbHBIX YCIOBUM 33/1a4u, MMyTE€W €€ PElICHHs, ONPEACICHUS
JEeWCTBUHN UCTIOTHUTES TTOAPA3ICIISIOTCS CIASAYIOITUM 00pa3oMm:

* Mexanuueckue anzopummpl, Ui WHA4YE JCTEPMUHUPOBAHHBIE, KECTKHUE (HAIIpUMep,
JITOPUTM PabOThI MAIIIMHBI, IBUTATEIISI U T.I1.);

e l'uokue anzopummosl, HANPUMEP CTOXAaCTHUYECKHUE, T.€. BEPOSITHOCTHBIE U
ABpPUCTUYECKHE. MEeXaHUUECKUN aITOPUTM 3a/1aeT OMpPEIeNICHHbIC IEUCTBUS, 0003HAYas

X B €IMHCTBEHHOW M JOCTOBEPHOW MOCJEI0BATEILHOCTH, OOECIeurnBasi TeM CaMbIM




OJTHO3HAYHBII TpeOyeMblid WJIM MCKOMBIM pPE3yJbTaT, €CJIN BBINOJHIIOTCA T€ YCIOBUS
npolecca, 3aa4u, JUisi KOTOPbIX pa3padoTaH ajaropuTM.

* Bepoamnocmmuuwiit (CTOXaCTUUECKUI) aJITOPUTM J1aeT NPOrpaMMy pELICHUs 3a]add
HECKOJIBKUMHU MYTAMU WIM CIIOCOOAMH, MPUBOJIAIIMMHU K BEPOSTHOMY JTOCTHXKEHHUIO
pe3yJbTarta.

* Jépucmuyeckuii anrOpuT™ (OT FPEUECKOro CJIOBA “IBPUKA’’) — ITO TAKOW aIrOPUTM, B
KOTOPOM JIOCTHMIKEHUE KOHEYHOI'O pPe3yJbTaTa IMpPOrpamMMbl JEHCTBUN OJHO3HAYHO HE
IpelonpeieleHo, Tak K€ Kak He 0003HayeHa BCsl MOCJEN0BaTeNbHOCTh JEHCTBUMN, HE
BBISIBJIEHBl BCE JEHCTBUA HUCHONHUTENSA. K 3BPUCTHUECKMM alropuTMaMm OTHOCHT,
HanpuMmep, WHCTPYKIMM U IpeAnucaHus. B 3TUX anroputMax HCIOJIB3YIHOTCS
YHUBEpCaJIbHbIE JTOTMYECKHE MPOUEAYPhl U CIIOCOOBI MPUHATHUS pELICHUH, OCHOBAaHHBIE

Ha aHAJIOTMAX, aCCONUAHUAX W ITPOIIJIOM OIILITC PCIHICHNA CXOXKUX 3aaad.

Hmareaituen .
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. o Jluneunwvii  anzopumm — HaA00p KOMaH
(Yka3zaHwuil), BBIMOJHAEMBIX MTOCIEI0BATEIBHO BO BPEMEHU JIPYT 3a JIPYTOM.

* Pazeemenatowuiica airOputTM — ajropuTM, COJEPKAIIUM XOTs Obl OAHO YCJIOBHE, B
pe3ynbTaTe MnpoBepku KoTtoporo DBM obecrneunBaeT mepexoi Ha OJIUMH M3 JABYX
BO3MOKHBIX I11aroB.

e [Juknuueckuit  anzopumm — QUITOPUTM, MPEIYCMATPUBAIOIIMKA  MHOTOKPATHOE
MOBTOPEHUE OJTHOTO U TOTO K€ JEHCTBUSA (OJHUX M TE€X K€ Olepanuil) HaJ HOBBIMU
UCXOAHBIMU JTaHHBIMU. K NUKINYECKUM aJropuTMaM CBOAUTCS OOJIBIIMHCTBO METOJIOB
BBIYUCJICHUH, ITlepedopa BapHUaHTOB.

[{uxn mporpaMMbl — OCIEA0BATEILHOCTE KOMaH I (CEpHsi, TEIO IIUKIIa), KOTOpas MOXKET
BBITIOJIHATHCS MHOTOKPATHO (JUIs HOBBIX MCXOJHBIX JIAaHHBIX) JIO YJIOBJIETBOPECHUS

HCKOTOPOI'o yCJIOBH:.



Bcnomozamenwvuwtii (MOMUYMHEHHBIA) aNropuT™M  (MpolLeaypa) — aJIrOpUTM, paHee
pa3paboOTaHHBIA U LEITUKOM HCIIOIB3YEMBIN MIPU AJITOPUTMHU3AIMN KOHKPETHON 3a/1au.
B HekoTophIX ciydasx MpU HaJWYUU OJMHAKOBBIX TMOCJIEIOBATEILHOCTEH YKa3aHUN
(koMaHIT) JUIS Pa3IUYHBIX JAHHBIX C IIEJIBI0 COKpPAIICHHUS 3alMCH TaK)Xe BBIICISIOT
BCIIOMOTaTeJIbHBIA aJITOPUTM.

Ha Bcex »3Tamax MOArOTOBKM K QJITOPUTMHU3ALMHU 3a7aud I[IUPOKO HCIOIb3YETCS

CTPYKTYpHOE IPEJICTABICHUE aIrOpUTMA.
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Cmpykmypnas (Onok-,  rpad-)  cxema

aropuT™Ma — rpaguiIecKoe M300paKeHUE aJTOPUTMA B BHJIE CXEMbI CBSI3aHHBIX MEKTY
co0oli ¢ TMOMOIIBIO CTpeloK (MMHUN mepexoaa) OJOKOB — TpauYeCKHX CUMBOJIOB,
KaKJbI U3 KOTOPBIX COOTBETCTBYET OJHOMY IIary ajaroputMa. BHyTpu Oioka maercs
OIMCaHNE COOTBETCTBYIOIIETO JCHCTBHSL.

I'padmyeckoe  m300pakeHHWE  QJITOPUTMA  MIMPOKO  HCIONB3YeTCS  TMepen
MPOTrPAaMMHUPOBAHUEM 3aJaudl  BCJICICTBUE €r0 HAIISAHOCTH, T.XK. 3pUTEIHHOE
BOCIIPUSTHE OOBIYHO OOJEer4aeT MPOIECC HAMMCAHUS MPOTPaAMMBI, €€ KOPPEKTUPOBKU

MIPU BO3MOXHBIX OIITMOKAaX, OCMBICIIMBAHUE Mpoliecca 00paboTKu UH(POPMALTUH.



MOoHO BCTPETHUTDH AK€ TAKOE yTBEPKIAeHUE: “BHEIIHe allropuT™ MpeacTaBIiIsgeT co0oi
cxemy — Ha0Op MPSIMOYTOJIBHUKOB U APYTUX CHMBOJIOB, BHYTPU KOTOPBIX 3aIIMCBIBAETCS,
YTO BBIYMCIAETCS, YTO BBOJUTCS B MAallMHYy M YTO BBIJACTCS HA Ie4aThb W Jpyrue
cpenctBa oroOpakenus: mHbopmanuu . 3mech ¢GopMa MPEACTaBICHUS alropuTMa

CMCHINBACTCA C CaMHM aJITOPUTMOM.

TpeboBanusi, MpeabSIBISIEMBIEC K AITOPUTMY

Ilepsoe npasuno — npu TOCTPOCHUM AITOPUTMA MPEXKIE BCErO HEOOXOAMMO 3alaTh
MHOXKECTBO OOBEKTOB, C KOTOpPhIMH OyneT pabortath anroputMm. dopmann3oBaHHOE
(3aKOIMPOBAHHOE) MPEJCTABICHUE dTUX OOBEKTOB HOCUT Ha3BaHUE JIAHHBIX. AJITOPUTM
NpUCTyNaeT K pabdoTe C HEKOTOpbIM HAOOpPOM JAaHHBIX, KOTOPbIE HAa3bIBAIOTCS
BXOAHBIMU, M B pe3yjbTaTe CBOeW padOThl BBIJAET JaHHbBIE, KOTOPbIE Ha3bIBAIOTCA
BBIXOJIHBIMU. TakuM 00pa3oMm, aJiIrOpUTM NMpeoOpa3yeT BXOAHBIE JTAHHBIE B BBIXOJHBIE.
OTO MpaBWIIO MO3BOJSET Cpa3y OTAETUTH AJITOPUTMBI OT “METOJOB” M ‘‘CIOCOOOB”.
[Toxa mMbl HEe MMeeM (HOPMATM30BAHHBIX BXOJHBIX JIAHHBIX, Mbl HE MOXKEM MOCTPOUTH
AJITOPUTM.

Bmopoe npasuno— nns pabothl anroputMma Tpelyercs maMmsaTh. B mamsatu
pa3MelaloTCsd BXOAHBIE JIAHHBIE, C KOTOPBIMH QJITOPUTM HAyMHAET padoTaTh,
MPOMEXYTOUYHbIE JAHHBIE W BBIXOJAHBIE JaHHBIC, KOTOPBIE SBISIIOTCA PE3YJIbTATOM
pabotel anroputMa. llamsTe sBISIETCS TUCKPETHOM, T.€. COCTOSIIEH W3 OTIENbHBIX
auyeek. [lomMeHoBaHHas s4elKa IaMATH HOCUT Ha3BaHWUE IIEpeMEHHOW. B Teopuu
aJITOPUTMOB pa3Mepbl MaMsITH HE OTPaHUYMBAIOTCA, T. €. CUMTAETCS, YTO Mbl MOXKEM
MPEIOCTABUTh AJITOPUTMY JIFOOOH HEOOXOAUMBIA Juisi paboThl 00beM mamaATu. B
IIKOJIBHOW “TEOpHM alrOpUTMOB~ ATH [Ba NpaBWJIa HE paccMarpuBaroTcs. B To xe
BpeMsl TpaKkThyeckas paboTa c anropurMamMu (IpOrpaMMUpPOBAaHUE) HAYMHAETCS
MMEHHO C peajiu3aliy 3TUX MPABUIL

B s3plkax =~ mporpaMMUpOBAaHMS  pPACIpPEACNICHHE  MaMsITH  OCYILECTBIISETCS

JEeKJIapaTUBHBIMU OMNEparopaMu (OomeparopaMu OIMCAaHUs TEPEMEHHbIX). B s3bike




beiicuk He Bce MepeMEHHbBIE OIMUCHIBAIOTCS, OOBIYHO OMHUCHIBAIOTCS TOJHKO MACCHUBBHI.
Ho Bce paBHO mpu 3amycKe MOPOrpaMMbl TPAHCISATOpP S3blKa aHAIMU3UPYET BCE
UJIEHTU(PUKATOPBl B TEKCT€ MPOTPaMMbl M OTBOAUT MaMSTh IOJ COOTBETCTBYIOIIWE
MIEpEMEHHBIE.

Tpemve npaguno— NIUCKPETHOCTb. AJTOPUTM CTPOUTCA U3 OTACIBHBIX IIaroB
(meiicTBuid, oneparuii, koMaH1). MHOKECTBO IIAaroB, U3 KOTOPBIX COCTABIIEH aJTOPUTM,
KOHEYHO.

Yemeepmoe npaeuno — nerepMeHUpOBaHHOCTh. [locne Kaxaoro mara HEOOXOAMMO
YKa3bIBaTh, KAKOM IIar BBIMOJHAETCS CIEAYIOMINM, JUOO JaBaTh KOMaHAY OCTAHOBKHU.
[IsToe mpaBUIIO — CXOOUMOCTH (PE3YJIbTATUBHOCTH). AJITOPUTM JOJDKEH 3aBEpILATh
paboTy mociie KOHEYHOro yucia maroB. [Ipu 3ToM HEoOXoAUMO yKa3aTh, YTO CUUTATh

pE3yIBTATOM padOThI AITOPUTMA.

Munumaxchulit anzopumm

JlepeBo Urpsl MPOCMATPUBAETCS TOJIBKO BIUIOTH 10 HEKOTOPOU ITyOMHBI (OOBIYHO HA
HECKOJIbKO XOJIOB), @ 3aT€M JJIsl BCEX KOHIIEBBIX BEPIIMH J€peBa NMOUCKA BBIUUCISIOTCS
OLICHKHM IpU MOMOIIHM HEKOTOPOH OoleHOYHON (pyHkumu. Maes coctoutr B TOM, YTOOBI,
IIOJIYYMB OLICHKH 3TUX TEPMUHAIBHBIX ITOMCKOBBIX BEPIIMH, HE IPOJABUTATHCS AAJIBIIE U
MOJIyYUTh TEM CaMbIM JKOHOMMIO BpeMeHU. Jlanee, OLICHKM TEpMHHAJIbHBIX MMO3ULUN
pPacIpOCTPAHAIOTCA BBEPX II0 JIEPEBY IIOMCKAa B COOTBETCTBMHM C MHUHHMMAaKCHBIM
IPUHIUIOM. B pesynbraTe BCe BEpIIMHBI AEpEBa IOMCKA MOJyYarOT CBOM OLEHKH. U
HAaKOHEL], UI'POBas IporpaMma, y4acTBYIOIIAsl B HEKOTOPOM peallbHOM UTpe, AEIaeT CBOU
XOJI - XOJI, BN U3 UCXOTHOU (KOPHEBOI) MO3UIIMK B HanboJiee MepCIeKTUBHOTO (C

TOYKH 3PEHUSI OLICHKH) €€ MPEEMHUKA.

OOpatuTe BHUMaHUE Ha TO, YTO MBI 37€Ch JIEJIA€M ONPEJCICHHOE Pa3Inuue MEXKIY
"nepeBom urpel" u "nepeBom noucka'. JlepeBo moucka - 3T0 TONBKO YaCTh JEPEBA UTPHI
(ero BepxHsS 4YacThb), T. €. Ta €r0 YacTh, KOTOpasi ObLJIa SIBHBIM 00pa30M MOPOXKACHA B
npoliecce noucka. TakuMm 00pa3oM, TepMUHAIbHbIE MOMCKOBBIE MO3HUIIMM COBCEM HE

00s13aTENBLHO AOJIKHBI COBIIaAAATh C TCPMHUHAJIbHBIMU ITO3UIHUAMUA caMoit HI'PBI.

OdeHb MHOIO€ 3aBHCHUT OT OLIEHOYHOM (DyHKLMH, KOTOpas Mg OOJBIIMHCTBA WID,

MNPpCACTABILAIOIINX UHTCPCC, ABJLICTCA HpH6JIH)KGHHOﬁ 3BpHCTH‘I€CKOﬁ OHCHKOﬁ nraHCOB



Ha BBIUTPBIII OJHOTO U3 YYACTHUKOB UTPbl. UeM BBIIIE€ OLIEHKA, TEM OOJIbIIE y HEro
[IIAHCOB BBIUTPaTh M YE€M HHUXKE OIICHKA, TeM OOJbIIE IIAHCOB HA BBIUTPHIII y €r0
npoTtuBHUKAa. OJIMH M3 YYaCTHMKOB MIPHl BCETAA CTPEMUTCS K BBICOKMM OIICHKaM, a
Jpyroi - Kk HU3KUM, Mbl AaauM uMm umeHa MAKC u MHUH cootBerctBeHHO. MAKC
BCETJa BBIOMpAET XOJI ¢ MakchuMaiabHOW oreHkoi; B MUH Bcerma BeIOMpaeT Xom ¢
MUHUMaJIbHOM oneHkoil. Ha pucyHke BHIHO, 4yTO ypoBHUM no3unmii ¢ xonoM MAKC'a
YepeayroTcs ¢ ypoBHIMU no3uiiuid ¢ xonoM MIMH'a. OnieHku BepIIMH HUKHETO YPOBHS
OMPENIETSAIOTCS TIPU MIOMOIIU OLICHOYHOM (pyHKIUU. OLIEHKH BCEX BHYTPEHHUX BEPIIUH
MOXHO OIPEJEINTh, IBHUIasiCh CHHU3Y BBEPX OT YPOBHA K YPOBHIO, IOKa MbI HE
JIOCTUTHEM KOPHEBOW BepIIMHBI. B pe3ynbrare OlleHKa KOpPHSI OKa3bIBA€TCs paBHOU 4
(puc), u, coorBercTBeHHO, JyumuM xoaoM MAKC'a u3 mozummu a - a-b. Jlyummii
orBer MUH'a Ha »toT X0 - b-d, ¥ T.A. DTy MOCIENOBATEIILHOCTh XOJOB HAa3bIBAIOT
TaK>K€ OCHOBHBIM BapuaHTOM. OCHOBHOI BapHaHT MOKAa3bIBAET, KaKOBA "MHUHHUMAaKCHO-
onTuMaibHas" urpa g oOOMX y4acTHHUKOB. OIEHKH BCEX MO3UIIMI, BXOISAIIUX B

OCHOBHOW BapHWaHT, COBIAJAIOT.

xom MAKCa

xwom WIMH"a

wom BAAKC"a
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CTATHC THUECEME  OLIEHEX

Puc. Cratndeckue (HM>KHUM YpOBEHb) U MUHUMAKCHbIE Pa0OUYUE OIIEHKH BEPIIUH
JepeBa noucka. BeineneHHbie Xoapl 00pa3yroT OCHOBHOM BapHaHT, T. €. MUHUMAKCHO-

ONTUMAJIBHYIO UT'PY C 00X CTOPOH.

Mpbl paznnuaeM ABa BUAA OLICHOK: OLIEHKM BEPIIMH HM)KHETO YPOBHS M OILICHKH
BHYTPEHHUX BepuinH (paboune ormeHku). [lepBble M3 HHUX HAa3bIBAIOTCS TaKXKe

"craTu4ecKMMM", TaK KaK OHM BBIYUCIISIIOTCSI TIPU TTOMOIIM 'CTaTUYECKOM' OLIEHOYHOU



HKIIUHA, B IMPOTHUBOIOJIOKHOCTH PabOYMM OIl€HKAM, MOJy4YaeMbIM ''ITUHAMHUYECKH'"
9 M

IIpHu paCripOCTpaHCHUHN CTATUICCKUX OLCHOK BBCPX I10 ICPCBY.

[IpaBuia pacrpocTpaHeHHs OLIEHOK MOXHO C(HOPMYIHPOBATH CIETYIOITIM 00pa3oM.
bynem 0003HauaTh cTaTUYECKYIO OlIEHKY no3uiuu P depes v( P), a ee pabouyto onieHKy
- yepe3 V( P). Ilycts P1, .., Pn - pazpemiennbie npeemHuku no3uuuu P. Torma
COOTHOIIICHUS MEXIy CTaTHUYECKUMH W PabOvYMMM OIIGHKAaMH MOYKHO 3aIlicaTh TakK:
V( P) = v( P), ecnu P - TepmunanbhHas no3unus jnepesa noucka (n=0); V( P) = max
V(Pi), ecu P - mozumusa ¢ xomom MAKC'a; V( P)=min V(P1), ecnu P - nmo3urus ¢
xonoM MHUH'a

JlexkuaNe2

Tema: 3agaua odecrieueHus1 CBA3HOCTH.
Bonpocobr:
1. Onpenesienue 3a1a4u CBSI3HOCTH.

2. AOCTpaKTHBIE ONepanum.

Br10op HammydIiero aaropuTMa BhIMOTHEHUS] KOHKPETHOM 3a/1a4l MOKET OKa3aThCsl
CJIOHBIM MPOLIECCOM, BO3MOKHO, TPEOYIOIIUM CJI0KHOIO MAaTEMaTUYECKOro aHaJIU3a.
HarmpaBienue KoMIbIOTEpHBIX HayK, 3aHUMAIOIIEECS U3yUYEeHUEM MOI00HBIX BOIIPOCOB,

HA3bIBACTCS AHAJIU30M AJITOPUTMOB. AHAJIU3 MHOTUX M3Y4aeMbIX aJlTOPUTMOB
MOKAa3bIBAET, YTO OHU UMEIOT MPEKPACHYIO MPOU3BOAUTEIBHOCTD; O XOPOIIeil padoTe
JPYTUX U3BECTHO MPOCTO U3 OTbITA UX MpUMeHeHus. Haia ocHOBHas 11e51b —
M3Yy4YEHUE MMPUEMIIEMbIX aJITOPUTMOB BBIITOTHEHUS BAXKHBIX 33/1a4, XOTS 3HAYUTEIILHOE
BHUMaHHE OyJIET yJICJICHO TAaK)Ke CPABHUTEIHHOU MTPOU3BOIUTEILHOCTH PA3THYHBIX
MeTon10B. He ciieyer ncnonb3oBarh aaropuTM, HE UMesl PEJCTaBICHUs O pecypcax,

KOTOPBIC MOT'YT HOTpe6OBaTBC$I IJIs1 €T0 BBITNTOJIHCHMSA, ITIO3TOMY MbI CTPEMUMCSA 3HATD,



KaK MOTYT BBIIIOJHATHCS UCIOJIB3YEMBIE AJITOPUTMBI.
1.2 Ilpumep 3agaun: CBSI3HOCTh
[Ipeanonoxum, 4To UMEETCs OCIEI0BATENbHOCTD Map LEJIbIX YUCET, B KOTOPOM
KaX/10€ 1IeJI0€ YMCIIO0 IPeACTaBIsieT 00BEKT HEKOTOPOro THIIa, a napa p-"
UHTEPIIPETUPYETCS B 3HAUEHUU "p CBsi3aHO ¢ A". MBI npeanonaraem, 4To OTHOILIEHUE
"cBA3aHO C" ABIAETCSA TPAH3UTHUBHBIM: €CIIA P CBSA3AHO C (, & 51 CBA3AHO C T, TO P CBA3aHO
C I. 3aJja4a COCTOUT B HAIMMMCAHUM POTPAMMBI JJIs1 UCKJIFOUEHUS JTUIIHUX [Iap U3
Habopa: Korja nporpaMmma BBOAMT Iapy p-11, OHA JOJDKHA BBIBOAUTH 3TY Mapy TOJIBKO B
TOM CITy4dae, €Iy IPOCMOTPEHHBIE IO TAHHOTO MOMEHTA Maphl HE MPEANOIaratoT, 4To P
CBs13aHO ¢ q. EciM B cCOOTBETCTBUU C paHEe MPOCMOTPEHHBIMU NTApaMU CIIEIYET, UTO P
CBSI3aHO C Mporpamma J0KHA UTHOPUPOBATh Mapy p” U NEPEXOIUTH KO BBOTY
cienyronieil napel. [IpuMep Takoro nporecca nokasas Ha puc. 1.1.
3aaua COCTOUT B pa3pabOTKe MPOrpaMMbl, KOTOPast MOKET 3alIOMHUTh JOCTATOUHBIHI
00beM HH(OPMAIIUU O TPOCMOTPEHHBIX Mapax, YTOOBI PEIINTh, CBsI3aHa JIM HOBas mapa
00beKTOB. JlocTaTouHo HEPOpMaNbHO 3a/1a4y pPa3padOTKHU TAKOTO METOJ[a MbI Ha3bIBAEM
3a/1a4eil CBSI3HOCTH. JTa 3a/1a4a BOZHUKAET B PAJIC BAXKHBIX MIPUIIOKEHUU. [{ns
NOJITBEPKJICHUS BCEOOUIETro Xapakrepa 3TOM 3aJ]aui Mbl KPaTKO pACCMOTPUM TpH
npuMepa.

Hamnpumep, enpie ynciaa Morim Obl IPEACTABIATh KOMIIBIOTEPHI B OOJIBILION CETH, a
napbl MOIJIM OBl MIPEICTaBIATh COEAMHEHNUS B ceTH. Toraa Takas nmporpaMma Moria Obl
UCIOJIb30BATHCS AJIs ONpese-
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PUCYHOK 1.1 ITPUMEP CBA3HOCTHU
[Ipu 3amanHOM MOCIEA0BATEILHOCTH Map HEbIX YHCEI, TPEACTABIISIONINX CBI3b MEKITY
oObeKkTamu (cieBa) 3a/1aueil alropuTMa CBSI3HOCTHU 3aKJIF0UYaeTCs B BHIBOJIE TEX Map,
KOTOpbI€ 00ECIEeUnBalOT HOBBIE CBsI3U (B LIeHTpe). Hanpumep, napa 2-9 He nomkHa
BBIBOJIUTHCS, TOCKONIBKY CBSA3b 2-3-4-9 onpenensieTcs paHee yKa3aHHBIMU CBS3SIMU

(moaTBEpKACHUE ATOTO TTOKA3aHO CIIPABa).

Yactp 1. Ananus
TOTO, HY’KHO JI YCTaHABIIMBATh HOBOE MPSMOE COSAMHEHHUE MKy P U 5, YTOOBI UMETh
BO3MOXKHOCTh OOMEHHUBATHCS MHGOPMAIIUEH, UITH K€ MOXKHO OBLJIO ObI HCTIOIH30BaTh
CYIIECTBYIONTNE COCTUHECHUS JIJI1 YCTAHOBKH KOMMYHHUKAIIMOHHOTO IyTH. B MOg00HBIX
MIPIIOKESHUSIX MOXKET TTOTPeOOBaThCsl 00pabOoTKa MAJUTHOHOB TOYEK Y MAJUTHAPIOB A
0onee coequHeHuit. Kak Mbl yBUAMM, pEIUTh 3a]a4y JJIsi TAKOTO MPUIIOKEHUS OBLIIO ObI
HEBO3MOXKHO 0€3 3D PEKTUBHOTO aITroOpUTMa.

AHaNOTUYHO, 11eJIbIE YMCIIa MOTIIM OBl MIPEICTABIIATh KOHTAKTHI B DJIEKTPUUYECKOMN CETH,
a mapbl MOTJIM OBl MPEACTABIISTH CBSA3BIBAIOIINE UX TPOBOJAHUKHU. B aTOM Ccityuae
pOrpaMMy MOXKHO ObLTO OBl MCTIONB30BATh JJIS OMPEICTICHUs CIToco0a COSAMHEHUS
BCEX TOUEK 0€3 KaKuX-I100 M30BITOYHBIX COEIUHEHH, €CIIN 3TO BO3MOKHO. He
CYIIIECTBYET HUKAKOW TapaHTHH, YTO peOep CIUCKA OKAKETCS JOCTATOUHO JIJIs
COCTMHEHMUSI BCEX TOUEK — JIEHCTBUTEIHLHO, BCKOPE MBI YBUIIUM, YTO OTIPECIICHHAE
dakra, TaK JI1 3TO, MOKET OBITh OCHOBHBIM MPUMEHEHHEM Halllel MPOrpaMMBbl.
Pucynok 1.2 wimocTpupyer 3TH J1Ba TUIA MPUIOKEHUN Ha 00Jiee CI0KHOM MPUMEPE.
W3ydenne 3Toro pucyHka JaeT NpeICTaBICHUE O CI0KHOCTH 3a]1a4d CBSI3HOCTH: KaK
MO>KHO OBICTPO BBISICHUTD, SIBJISIFOTCS JIU JIIOOBIE JIBE 3a/IaHHbIE TOYKU B TAKOH CETH

CBSI3aHHBIMU?

PUCYHOK 1.2 BOJIBILIOM ITPUMEP CBIA3HOCTU



OOBeKTHI, 33/IHCTBOBAHHBIC B 33/1a4€ CBI3HOCTH, MOTYT MPEICTABISTh TOUKU
COEIMHEHM, a Tapbl MOT'YT OBITh COCIMHEHUAMH MEX1y HUMH, KaK I0Ka3aHO B 3TOM
U/ICaTM3UPOBAHHOM MPUMEPE, KOTOPBIA MOT OBl IPEACTABIATH MTPOBO/IA, COSTUHSIIOIINE
3[1aHMsI B TOPOJIE MJIM KOMIIOHEHTHI B KOMITBIOTEPHOM MUKpocxeMe. DTo rpadudeckoe
IPEJCTABIICHUE TIO3BOJISIET YEIOBEKY BBISIBUTh HECBSI3aHHBIE Y3JIbl, HO AJITOPUTM
JIOJDKEH paboTaTh TONBKO C MEPEIaHHbIME €My MapaMu IeNbIX yrces. CBA3aHbl JIU JBa
y371a, TOMEYEHHbIE YePHBIMU TOUKAMH ?

Takue npuiokeHus, KaK 3aja4a yCTaHOBIICHHUS DKBUBAJICHTHOCTH UMEH TEPEMEHHBIX,
onucaHHas B IpeapaynieM ad3aue, TpeOyeT, YTOOBI LIEeT0€ YUCIO0 ObUIO COMOCTABIIEHO C
KaX/IbIM OTAEJIbHBIM HUMEHEM MEPEMEHHON. DTO CONOCTABICHUE OAPA3yMEBAETCS
TaK)Ke B ONMMCAHHBIX MPUIIOKESHUIX CETEBOTO COCTUHEHHS U COSTMHEHUS B
AIIEKTPUYECKOM 11enu.. Takum 00pa3oM, B 3TOM riiaBe 0e3 yiiepoa asist 00IHOCTH
MO’KHO IPENIOJI0KUTh, YTO UMeeTCsl N 0OBEKTOB C LIEJI0YUCIEHHBIMU UMeHamu oT 0 10
1.

Hawm tpebyercst nmporpamma, KOTopasi BHIIOIHIET KOHKPETHYIO, BIIOJIHE OMPEICIEHHYIO
3agady. CyliecTByeT MHOXKECTBO JIPYTHX CBSI3aHHBIX C 3TOH 3a/1a4, PeIIeHUE KOTOPHIX
TaKXe MOXXeT moTpedoBarbest. O/lHa U3 MEPBBIX 334a4, C KOTOPOU MPUXOAUTCA
CTAJIKMBAThLCS IPU pa3pabOTKe aIropuTMa — HEOOXOAUMOCTh YOeIUThCs, UYTO 3a/1a4a
onpeJesieHa npueMiaeMbiM 00pa3oM. Yem Oosibliie TpeOyeTcst OT alNropuTMa, TeM
Oosblle BpeMEHU U 00beMa MaMsATH MOXKET OTPEOOBATHCS JIJIsl BHITOJIHEHUS 3aJ1au.
DTO COOTHOIIEHNE HEBO3MOKHO B TOYHOCTH OIPENIEIUTh 3apaHee, U 4acTo
oTpesieTICHHUE 3a/1a41 MIPUXOJUTCS U3MEHSTh, KOT/Ia BBISICHSETCS, UYTO €€ TPYAHO PEIIUTh
100 penieHure TpeOyeT CIUIIKOM OOJIBIINX 3aTparT, WK ke KOTAa, IPU yIaYHOM
CTEUEHUH O0OCTOSTENHCTB, BBISICHIECTCS, YTO AITOPUTM MOXKET MPEAOCTaBUTh Oojiee
MOJIE3HYI0 MH(POPMAIIHIO, YeM TPeOOBaIOCh OT HETO B UCXOTHOM OTPEACTICHHUH.
Hanpumep, npuBeeHHOE ONpeesIeHNE 3ajaull CBSI3HOCTH TPEOYET TOIBKO, YTOOBI
nporpamMma Kak-J1u0o y3HaBaja, SBISETCS JIM JaHHasl mapa p-1] CBsI3aHHOMW, HO He ObLIa
CIIOCOOHa JEMOHCTPUPOBATH JIFOOOM MIIM BCE CITOCOOBI COCTMHEHUS ATOM TapHhl.
VYnoMsiHyThIE B IPEBIAYIIEM ab3alle onpeaesneHus TpeOyoT 6obliie nHOpMauH, YeM
NEpBOHAYATBHOE; MOXKET TaKkke TpeOoBaThcsi MeHbIle nHpopmarmu. Hanpumep, moxer

TpeOOBAThCS IMIPOCTO OTBETUTH Ha Bompoc: "JlocTatouno 11 M cBsi3el 1Jis COSTUHCHHS



Bcex N 00bekTOB?". DTa 3a1a4a CIIy>KUT WIUTIOCTPALMEN TOTO, YTO JJIs pa3padOoTKH
3G (HEKTUBHBIX aJITOPUTMOB YaCTO TPEOYETCs BBINIOJHEHHUE YMO3AKIIOUEHHU 00
abcTpakTHBIX 00pabaThiBaeMbIX 0OBEKTAX Ha BHICOKOM YpOBHE. B m1anHOM ciiyuae u3
(byHIaMEHTaNbHBIX MOJIOXKEHUN Teopuu rpadoB cieayeT, uTo Bce N 0OBEKTOB CBSI3aHbI
TOT/Ia ¥ TOJIBKO TOT/IA, KOTJla KOJMYECTBO Map, 00pa3oBaHHBIX aJITOPUTMOM PEIIECHUS
3aJ1a4d CBSI3HOCTH, paBHO TOYHO YY— 1 (cm. paznen 5.4). MHave roBopsi, airOpuT™M
pEeIIeHNUs 3a]]aul CBA3HOCTH HUKOTAa He oOpa3yeT 6onee N — 1 map, HOCKONBKY Kak
TOJIbKO OH 00paszyeT N — 1 mapy, nt00ast BCTpETUBIIIASICS TTOCTIE ATOTO mapa OyJeT yke
cBa3aHHOM. COOTBETCTBEHHO, MOKHO CO3/1aTh ITPOTPaMMy, OTBEYAIOIIYIO "'na-HeT" Ha
TOJILKO UTO MOCTABJIEHHBIN BOMPOC, U3MEHUB MPOrpaMMy, KOTOpasi peliaeT 3a1aqdy
CBS3HOCTH, Ha TaKyl0, KOTOpasi yBeJIMUYMBAET 3HAYCHHE
Yacte 1. Ananus
CUETYHMKa, a HE 3allMChIBACT paHee He CBA3aHHYIO Mapy, oTBevas "na'", Korjaa 3HaueHue
cuerunka gocturaet jV — 1, u "HeT", ecau 3TO He MPOUCXOAUT. DTOT BOMPOC — BCETO
JMIb OJUH U3 MHOXKECTBA, KOTOPbIE MOTYT BOBHUKHYTh OTHOCUTENIBHO CBSI3HOCTH.
Bxonnoit Habop map HazwsiBaeTcs rpadom (Graph), a BeIXogHOM HAOOP Map — OCTOBHBIM
JepeBoM (spanning tree) 3Toro rpada, KOTOpoe CBA3BIBAET Bce 00BbeKThl. CBOMCTBA
rpadoB, OCTOB-HBIX JIEPEBHEB U BCEBO3MOKHbBIE CBSI3aHHBIE C HUMH aJITOPUTMBI OYyT
paccMarpuBaThCs B 4aCTH 7.

HmeeT cMbICI MONBITAThCSI ONPEACIIUT OCHOBHBIE ONEPALUU, KOTOpbIE OyIyT
BBITIOJIHATHCS, U TAKUM 00pa3oM cliesarh J000i alropuTM, pa3padaTbiBaeMblid J71s
pELIeHMs 3a7]aui CBA3HOCTH, MOJIE3HBIM IS Psiia aHAJIOTUYHBIX 3a1a4. B yactHOCTH,
IIPU MOJTyYE€HUH KaXKJ10i1 HOBOM Maphl BHa4aje HEOOXOAUMO OIPEIeIUTh, TPEACTABIAET
JIM OHA HOBOE COEJIMHEHNE, a 3aTeM BHEAPUTH UH(POpMAIUI0 00 0OHApYKEHHOM
COEIMHEHHH B OOIIYIO0 KApTUHY O CBA3HOCTH OOBEKTOB JIJIsl IPOBEPKH COETUHEHUH,
KOTOpbIe OyIyT HaOMoIaThCs B Oyay1ieM. Mbl MHKANCyIMpyeM 3T ABE 3a]]a4d B BHUJIE
aOCTpaKTHBIX Olepalui, CuuTas LeJOYUCICHHbIE BBOJUMbIC 3HAUECHUS
MIPEICTABIISIOMIUMHU JIEMEHTHI B a0CTPaKTHBIX Habopax, a 3aTeM pazpaboraem
QJITOPUTMBI U CTPYKTYPBI TaHHBIX, KOTOPbIE MOTYT:
| HAXOZIMTH HAOOP, COAepKAIIHI TaHHBIN JIEMEHT

| 3aMeIaTh HabOoPhI, COACPIKAIINE JIBA TAHHBIX AJIEMEHTA, UX O0BEAMHEHHUEM.



OpraHu3aiys anropuTMOB MTOCPEICTBOM ITUX a0CTPAKTHBIX ONEPALUid, TOXOXKE, HE
MPENATCTBYET HUKAKUM OMNIUSM PELICHHUS 33]a4l CBSI3HOCTH, @ CAMHU 3TU ONlepaluu
MOTYT OKa3aThCs MOJIE3HBIMU MPHU PEIICHUU Apyrux 3anad. PazpaboTka ypoBHel
a0CTpaKIuu C ere OOJbITUMU BO3MOKHOCTSIMU — OCHOBHOM TIPOILIeCC B
KOMITBIOTEPHBIX HAayKaX B 1I€JIOM U B pa3pabOTKe aJIrOPUTMOB B YACTHOCTHU, U B ITOU
KHUTE MBI OyZieM o0palarhCcsi K HeMy MHOTOKpaTHO. B 3To# 171aBe MbI HCTIONb3yeM
He(dopMaIbHOE aOCTPAKTHOE MPEACTABICHHE ISl pa3paboTKU MPOTrpaMM peLIeHHs
3a/1auyl CBA3HOCTU; BHEAPEeHUE a0cTpakiuil B ko C++ 1eMOHCTpUpyeTCs B I1aBe 4.
3agaua CBSI3HOCTH JIETKO PEIIaeTCsl MOCPEACTBOM abCTpakTHBIX onepanuii find (mouck)
u union (ooweauHenue). [locae cunThIBaHUS HOBOM Maphl p-q U3 BBO/IA Mbl BHITIOJIHSAEM
onepauuto find nns kaxaoro wiena napel. Eciu 4ieHbl mapbl HAXOAATCSA B OTHOM
Habope, MbI IEPEXOAUM K CIEAYIOLIEH Mape; eclid HeT, TO BBIMOJIHAEM OIEepaIiio union
U 3anucbiBaeM napy. Habopsl npeacTaBisitoT CBSI3aHHbIE KOMIIOHEHTHI: TTOJTHA0OPHI
0O0BEKTOB, XapaKTEPU3YIOIIHECS TEM, UTO JIFOObIEC 1BA 00bEKTa B JAHHOM KOMIIOHEHTE
CBSI3aHbl. DTOT MOAXO/ CBOJIUT pa3pabOTKy aJrOPUTMUYECKOrO PEILEHUS 3a1auu
CBSA3HOCTH K 3aJ]auaM ONpeIeICHUSI CTPYKTYpPbl JaHHBIX, KOTOpas MPEACTABIIAET
Ha0opkI, U pa3padboTKe anropuTMoB union u find, koTopeie 3pPEKTUBHO UCTIONIB3YIOT

3Ty CTPYKTYpPY JaHHBIX.

JlekmusaNe3

Tema: AnropurMbl 00beIHHEHUA-TIOUCKA.

Bonpocobr:

1. . Peanu3anus ajaropurmMa ObICTPOro MOUCKA.

2. Peanm3auus ObICTPOro 00beMHEHHUS.

CyTh 3aJ1a4u CBI3HOCTHU

NmeeTcs nociaenoBaTeabHOCTD Nap HEKUX AJIEMEHTOB, Kaxaas napa valuel - value2
MHTEpIpeTupyercs, kak “valuel cBsizano c value2”. OTHomeHue “CBA3aHO ¢ SBISETCA

TPaH3UTUBHBIM, TO €CTh, eciii valuel cBs3ano c value2, a value2 cBsizano ¢ value3, To



valuel cBszano ¢ value3. 3agaua 3aKaroyaeTcs HAMMCAHUU MPOTPAMMBI, KOTOpast

OT(UIBTPOBBIBAET CYLIECTBYIOLINE CBSI3U U3 HAOOpa.

PaccMmoTpuM 3aady Ha mpumepe

CrpykTypa, cocTosiuas U3 nap 3J1€MeHTOB, Moryia Obl PEICTaBIATh COO0M
KOMITBIOTEPHYIO CETh, B KOTOPOI AJIEMEHTBI - 3TO KOMITbIOTEPHI, KOTOPHIE CBSI3aHbI

MEXTy OO0 CeTeBBIM KabeseM:

JM L Com i S D r S D emge 11 rC ] L]
255.255.0.0 255.255.0.1 255.255.0.6 255.255.0.5
255.255.0.8 255.255.0.4 255.255.0.9
255.255.0.7 255.255.0.3 255.255.0.2

[Ipennonoxum, 4To Ha BXOJI HAILIEH TPOTPAMMBI ITIOCTOSHHO TTOCTYIAOT 110 JBa [P-
azpeca, HaM HY>KHO OIPEJIEIUTh, CTOUT JIM YCTAHABIMBATH HOBOE COCIMHEHNE MEKITY
COOTBETCTBYIOIIUMU KOMITBIOTEPAMU, WJIIN K€ MOKHO BOCITOJIB30BAThCA YIKE
CyllecTBYIOIUM coenuHenneM. [Ipu »ToM He 3a0bIBaeM, UTO ClIeyeT YUUTHIBATh HE

TOJIBKO IIPAMBIC, HO U TPAH3UTHUBHBIC CBA3H.

HCpBOC PCHICHUEC, KOTOPOC IIPUXOAUT B I'OJIOBY - 9TO 3allIOMHUHATL CBA3U KAXKIAOT'O y3Jia
CO BCCMM APYTHUMHU y3JIaMH CCTHU. BapI/IaHT, KOHCYHO, HO 3TO MOT'YT OBITH OYCHb
OospIIre 00bEMBI JaHHBIX, KOTOPBIC HYKHO 3dIIOMHUTD B IIaMATH, BEAb Y3JI0B U CBsI3eH

MOKET ObITh HAMHOTO OOJIBIIIE, UEM Ha HaIIeH MPOCTON cCXeMe.

Pemenuem naHHoM 321241 MOXET ObITh MPUMEHEHHE aliTOPUTMa OBICTPOTO MOUCKA,
pemarmero 3aaa4dy cBa3HOCTH. CyTh alirOprUTMa OCHOBBIBAETCS HA UCITOIb30BAHUN
CBSI3BIBAIOIIIETO MACCUBA M TOM YTBEPKICHHH, UTO 1-U U j-Il Y3IIbI CBA3aHBI MEXKIY

co0ol TorJa ¥ TOJABKO TOT/IA, KOTJa 1-€ M j-€ 3HaYeHUsI MacCHBa OJIMHAKOBBHI.



Meton ObICTPOro 0O0BEIMHEHUS

B ocHoBe MeTo/1a ObICTPOro 00BEAMHEHUS JICKUT MACCUB, MHIAECKCAMU 3JIEMEHTOB
MaccuBa sBJIsIOTCs Haiu [P-afipeca, a 3HaUeHHE KaX0ro 2JIEMEHTa YKa3bIBAEeT Ha
JPYTOM AIIEMEHT, TAKUM 00pa3oM CTPOUTCS HEKas HEUKJIMYecKasi CTPYKTypa - AepeBo.
Eciu 00beKThl HaXOATCS B OJTHOM JICPEBE, 3HAYUT OHU YK€ CBSI3aHBI MEXKTy COOOM.
Jiist Toro, 4To0 onpeneanuTh, HaXOIATCS JTU OOBEKTHI B OHOM JEPEBE, HYKHO
“NOMHATHCSA” BBEPX IO JIEPEBY U MIPOBEPUTH UITU Y 0OOUX DJIEMEHTOB KOPHEBOM 3JIEMEHT

OOIIHH.

[IpoustocTpupyeM AaHHBINA aJTOPUTM:
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BaxxHo noHumars, 4To y3ibl B GOpMUPYEMOM CTPYKTYpE HE 00s13aTeNIbHO OyayT
CBSI3aHBI B TOM TIOPSJIKE, B KOTOPOM OHU MOCTYIAIOT Ha BXOJ MPUIIOKEHUS, TaK KaK
CBSI3BIBAIOTCS] HE CAMM Y3JIbl, @ UX KOPHEBBIC AJIEMEHTHI. B oTiinunu oT MeTona
OBICTPOTO MOUCKA, METOJT OBICTPOTO OObETUHEHUSI TPEOYET MEHBIIIEC BHIYUCICHHUM JITIsI
00OBbETMHEHHUS Y3JI0B, 32 CYET OOJIBIIIErO KOJTUYECTBA BEIUUCICHUMN ISl TIOMCKA,

cOOCTBEHHO, OTCIOJAa M €ro Ha3BaHUE.

JleknusaNe4

Tema: AropuTrMbl MNOUCKA.
Bonpocsr:
1. JInHeiHBbIH NOUCK.

2. OMHAPHBII MOKUCK.

[TocnenoBaTenbHbIN (JIMHEWHBIN) TOUCK
IHocaenoBaTe/ibHbII (JIMHEHHBINH) MOUCK — 3TO IPOCTEUININI BU TOMCKA 33 ITaHHOTO
3JIEMEHTAa Ha HEKOTOPOM MHOKECTBE, OCYILIECTBISIEMbII ITyTEM MOCIEA0BATEILHOTO
CPaBHEHUS OYEPETHOIO PACCMATPUBAEMOIO 3HAYEHHUSI C UICKOMBIM JI0 TEX IOP, OKA 3TH

3HAYCHHUA HE COBIIAAYT.

Wnest 3TOro MeToia 3aKJIr04aeTcs B cieAayomeM. MHOXXECTBO 3IEMEHTOB
IIPOCMATPUBAETCS TIOCJIEN0BATEILHO B HEKOTOPOM MOPSAKE, TAPAHTUPYIOIEM, YTO
OyIlyT MPOCMOTPEHBI BCE 3JIEMEHTHI MHOXKECTBA (HanpumMep, ciesa Hanpaso). Eciu B
X0JIe MPOCMOTpa MHOKECTBA OyZIET HaliJIeH UCKOMBIH 3JIEMEHT, IPOCMOTP
MIPEKPAIIAETCS C MOJTOKUTEIbHBIM PE3YJIBTATOM; €CJIH K€ OyZIET MPOCMOTPEHO BCE
MHOKECTBO, a JIEMEHT He OyJIeT Half[IeH, aJlTOPUTM JIOJDKEH BBIAATh OTPUIATEIbHBIN

pe3yJbTar.
Aneopumm nocnedoeamenbHO20 NOUCKA

[ar 1. [Tomaraem, 4to 3Ha4eHHUE epeMeHHON 1rKa 1=0.



[Tar 2. Ecnu 3HaueHue »reMeHTa MaccuBa X[1] paBHO 3Ha4eHUIO Kitova key, To
BO3BpAIIlAEM 3HAUEHHE, PABHOE HOMEPY UCKOMOTIO JIEMEHTA, U aJITOPUTM 3aBEPLIAET
paboty. B nmpoTUBHOM cilydae 3HaYeHHE IEPEMEHHON 1UKJIa YBEIMUYUBAETCS HA

eauHuUIty i=1+1.

[ar 3. Ecim 1<k, rae k — 9ncito sJ1eMeHTOB MaccHBa X, TO BeinonHseTcs Illar 2, B

MIPOTUBHOM CiIy4ae — paboTa anropuTMa 3aBepilieHa U BO3BPAIIAETCsl 3HAYCHUE PaBHOE

-1.

[Ipu HAIMYMY B MacCHUBE HECKOIBKUX AJIEMEHTOB CO 3HAUYCHUEM key TaHHBIN alropuTM

HAXOJIUT TOJBKO MEPBHIN U3 HUX (C HAUMEHBIIINM UHJIEKCOM).

int LinearSearch(int *x, int k, int key){

inti=0;

for(1=0;1<k;it++)

if (x[1] ==key )
break;

returni<k ?1:-1;
b
Bpems BbINOIIHEHUS JAHHOTO AJITOPUTMA MOUCKA JIJIs1 BEIIECTBEHHBIX YHCEI n/e ,
IJIe N — KOJIMYECTBO 3JIEMEHTOB MHOXKECTBA, @ = — TOUHOCTh. [[OMCK Ha TUCKPETHOM
MHOXKECTBE M3 N AJIEMEHTOB OCYIIECTBIISIETCS B XY/IIIEM CIIy4ae 3a n uTepaiui, a B
CpeIIHEM ATOT AITOPUTM TpeOyeT n/2 urepanuii mukia. CienoBaTebHO, BpeMEHHAs
CIIOKHOCTD nOCIe008amebHo20 noucka npomnopiuonansaa O(n). Hukakux

OFpaHI/I‘IeHI/Iﬁ Ha IMOpsAAOK 3JICMCHTOB B MaCCHUBC I[aHHBII\/’I AJITOPUTM HC HAKJIIAAbIBACT.

HenocraTtkom paccmaTprBaeMOro ajJropuTMa rnoucka siBiasieTcs To, YTO B Xy/IIIEM
Clly4yae OCyUIECTBISETCSl MPOCMOTP BCero Maccupa. [103TOMy naHHBIN anroputM

HCIIOJIB3YCTCA, €CJINM MHOKCCTBO COACPIKUT HEOOIBIIOE KOJIMYSCTBO IIIEMEHTOB.

JlocTOMHCTBA nocnedosamenbHo20 NOUCKA 3aKIIOYAIOTCS B TOM, UTO OH MPOCT B
peanuzaiuu, He TpeOyeT COPTUPOBKHU 3HAUEHUM MHOKECTBA, JIOTIOTHUTEILHON aMATH
U JIOTIOJIHUTENbHOTO aHam3a GyHkiui. CienoBareibHO, MOXKET paboTaTh B TIOTOKOBOM

PEKHUMCE ITPHU HCTTIOCPCACTBCHHOM IMOJIYUYCHHUN JAHHBIX U3 JF000T0 MCTOYHHUKA.



CyiectByeT MOIU(UKAIUS AITOPUTMA 1OCIE008AMeNbHO20 NOUCKA, KOTOpask yCKOPSET
MOUCK. DTa MoAU(UKAIUS ABIIIETCS HEOONIBIIUM YCOBEPIIEHCTBOBAHUEM

pacCMOTPCHHOI'O aJIrOPHUTMaA ITOUCKA.

Wnest noucka ¢ bapbepom COCTOUT B TOM, YTOOBI HE TIPOBEPSTH KAKIBINA Pa3 B IIHKIIC
YCIIOBHE, CBSI3aHHOE C TPaHUIIaMU MHOXKECTBA. DTO MOYKHO OOCCIIEYUTh, YCTAHOBUB B
JTAHHOM MHOECTBE TaK Ha3bIBaeMblii Oapbep. [lox 6appepom moHumaercst o060k
AIIEMEHT, KOTOPBIN YIIOBIETBOPSIET Ycloguto noucka. Tem cambiM OyZIeT OTpaHUYCHO

N3MCHCHHEC HHCKCA.

Brixon u3 nukia, B KOTOPOM TETeph OCTAETCS TOJIBKO YCIOBUE TTOUCKA, MOXKET
MPOU30MTH MO0 HA HAllZIECHHOM 3JIeMeHTe, JIn0o Ha Oaphepe. CyliecTByeT JiBa crocoba
YCTaHOBKH Oaphepa: TOTOTHUTEIHHBIM JIEMEHTOM WIJIH BMECTO KPAHETO IIeMEHTA

MacCHuBa.

//onurcanue (PyHKIIUU MOCIEA0BATEIBHOIO MOUCKA C OapbepoM
int LinearSearchWithBarrier(int *x, int k, int key){

x = (int *)realloc(x,(k+1)*sizeof(int));

x[k] = key;

inti=0;

while ( x[i] !=key )

1t+;

returni1<k ?1:-1;
b
3aMeTHuM, 4TO MOUCK ¢ 0apbepoM paboTaeT ObICTpee, HO BpEMEHHAas CII0XKHOCTh
JITOPUTMa OCTAETCs Takou ke O(n), TIIe N — KOTMIECTBO PIIEMEHTOB MHOXKECTBA.
['opazno Gonbiuii UHTEPEC MPEICTABISIOT METO/IbI, HE TOJILKO padoTaroIue ObICTPO,

HO 1 pCAJIM3YIONC aJITOPUTMEI C MEHBIIIEH CIIOKHOCTBIO.

BunapHbIil (IBOUYHBIN) TOUCK
bunapHbIil (IBOMYHBINA, IMXOTOMHYECKHUIT) MOMCK — 3TO TTOMCK 33/ITAHHOTO AJIEMEHTA
Ha YIOPSAI0YEHHOM MHOXECTBE, OCYIIECTBIISIEMBIN ITyTEM HEOJHOKPATHOTO JICJICHUS
ATOTO MHOKECTBA Ha JIB€ YACTH TAaKUM 00Pa30M, YTO MCKOMBIN 3JIEMEHT I10I1a/1acT B

OAHY M3 3THUX yacteu. Ilouck 3akaHuYMBaeTCs ITpH COBIMAaJICHUH NCKOMOT'O 3JICMCHTA C



DJICEMCHTOM, KOTOpBIﬁ ABJIACTCA FpaHHHeﬁ MCIKAY YaCTAMU MHOKCCTBA WJIH IIPH

OTCYTCTBHUHU UCKOMOTI'O 2JICMCHTA.

EMHaprlZZ nouck NMPpUMEHACTCS K OTCOPTUPOBAHHBIM MHOKCCTBAM M 3aKJIIHOYACTCA B
IIoCJaCcaA0BaTCIbHOM pa36ueHuu MHOOHcecmea 110I10J1aM U ITOMCKa 3JICMCHTA TOJIBKO B

O}IHOI\/’I IIOJIOBHHE Ha KEDK)IOﬁ HUTCpaluu.

Taxum 00pa3zomM, uaest 3TOro MeTojia 3akiitoyaeTcs B cienyromeM. [louck HykHOTro
3HAYEHUS CPEJIU DIIEMEHTOB YHOPSAJ0YEHHOT0 MaccHBa (110 BO3pacTaHUIO WU 110
yOBIBAaHUIO) HAYMHAETCS C ONPEACIICHUS 3HAUCHUS [IEHTPATIHHOTO JIEMEHTA 3TOTO
MaccHBa. 3HAUYEHUE JJAHHOTO AJIEMEHTA CPAaBHUBAETCS C UCKOMBIM 3HAaYEHUEM U B
3aBUCUMOCTH OT PE3YyJbTaTOB CPABHEHUS MIPEANPUHUMAIOTCSI ONIPE/ICIICHHbIC IEHCTBUSI.
Ecnu uckomoe u 1ieHTpaibHOE 3HAUEHUS OKa3bIBAIOTCSL PABHBI, TO MOUCK 3aBEPIIACTCS
ycrenHo. Eciu uckoMoe 3HaueHre MEHbIIe IEHTPAJIbHOTO WA OO0JIbIIIE, TO
(dbopMHUpyeTCsl MACCHUB, COCTOSIIIIMM M3 JIEMEHTOB, HAXOSAUIUXCS CJIEBA WM CIIpaBa OT

HCHTPAJIBbHOI'0 COOTBCTCTBCHHO. 3aTeM MOHUCK ITOBTOPACTCA B HOBOM MACCHUBC ([H/IC.

37.1).
Aneopumm 6unapHozo noucka
[ar 1. Onpeaenuts HOMEp cpeanero nemeHTa maccuBa middle=(high+/ow)/2.

[ITar 2. Ecnu 3Ha4eHUE CPEAHETO 3JIEMEHTa MacCUBa PABHO UICKOMOMY, TO BO3BpallaeM

3HAUCHHUC, paBHOC HOMCPY UCKOMOTO 3JICMCHTA, XU aJITOPUTM 3aBCpIIaCT pa60Ty.

[ar 3. Ecau rickoMoe 3HaueHue OO0JIbIIe 3HAYSHHSI CPETHETO DJIEMEHTa, TO BO3bMEM B
KAueCTBE MAcCCHBA BCE AIIEMEHTHI CIIPaBa OT CPEIHEr0, MHAYE BO3bMEM B KAu€CTBE
MacCHBa BCE JIEMEHTHI CJIEBA OT CPEIAHETO (B 3aBUCUMOCTH OT XapaKTepa

ynopsinoueHHoctr). [leperinem k [lary 1.

B mMaccuBe MOXET BCTpeYaThCs HECKOIBKO AIEMEHTOB CO 3HAUCHUSIMH, PABHBIMU KITFOUY.
JIaHHBIN aNTOPUTM HAXOAUT MEPBBIM COBIABIINN C KIIFOUOM 3JIEMEHT, KOTOPBIN B
MOPSIAKE CIEAOBAHUSI B MACCUBE MOXET OBITh HU MEPBBIM, HU MOCJIEIHUM CPEIU PABHBIX
kitouy. Hanpumep, B maccuse uncen 1, 5, 5, 5,5, 5, 5, 7, 8 ¢ ximouom key =5 coBnaaet
AIIEMEHT C NOPSIAKOBBIM HOMEPOM 4, KOTOPBIN HE OTHOCUTCS HU K IEPBOMY, HH K

MOCJICAHEMY.
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CymiecTBYIOT J1B€ MOIU(DUKAIIUYA PACCMATPHUBAEMOTO aIrOpUTMa JJIsl IOUCKA MEPBOTO U
MOCJIETHETO BXOXIeHHsI. Bce 3aBUCUT OT TOro, Kak BRIOUPAETCSl CPEIHUN JIEMEHT:

OKpPYIJIEHMEM B MEHBIIYIO WK OOJIBIIYIO CTOPOHY. B epBom citydyae cpeHuil 31eMeHT

OTHOCHTCS K JIEBOM YaCTU MAacCHBa, a BO BTOPOM — K IIPaBOM.

A A A A

1 low > 1 1 1

24 24 24 24

2: middle |——== 2: I-l'.'?“", 2: fg“-’ 2:

3 3 middle = 3 middle, = 3

5 high |——=| 5 high > 5 high 5
key=23 key=23 key=23 key=23

Puc. 37.1. JleMoHCcTparus aropuTMa OMHAPHOTO TTOWCKA
//onrcanne (PyHKIMH OMHAPHOTO TTOMCKA
int BinarySearch(int *x, int k, int key){
bool found = false;
int high=k - 1, low =0;
int middle = (high + low) / 2;
while ( !found && high >= low ){
if (key == x[middle])
found = true;
else if (key < x[middle])
high = middle - 1;
else
low = middle + 1;
middle = (high + low) / 2;
b
return found ? middle : -1 ;

}

B mpouecce paboThl aroput™Ma 6uHapHo20 noucka pasmep pparMeHTa, rjae 3T0T MOUCK

JOJKEH MPOI0JIKATHCS, KAl pa3 yMEHbIIAeTCsl IPUMEPHO B JBa pas3a. ITo



00ecIeynBaeT CI0KHOCTh allropuTMa nponopuroHainsHyto O(log n), roe n —

KOJIMYCCTBO 3JICMCHTOB MHOKCCTBA.

BpeMs BBINONHEHHS AITOPUTMA OUHAPHO20 NOUCKA: €CIU (PYHKIUS UMEET

1|Z'J,E;?I

BEILIECTBEHHBIN apIyMEHT, HAUTU PELICHUE C TOYHOCTBIO 10 & MOXHO 33 BpEMsI ,a

€CJIM apTyMEHT IMCKPETEH, TO MOUCK pelieHus 3aiimer 1 + log n BpemeHu.

I[OCTOI/IHCTBOM AaHHOTI'O aJIrOpUTMa ABJIACTCA OTHOCHUTCIIbHAA 6BICTpOTa BBITTOJIHCHU A
IMTOUCKa, 110 CPABHCHUIO C AJITOPUTMOM nocae008amenbHo20 NOUCKA. HGI[OCTaTOK
3aKJII04YacTCA B TOM, 4TO 6uHaprlﬁ nouck MOXKET IPUMCHATBHCA TOJIBKO Ha

YIIOPSI0YEHHOM MHOKECTBE.

KiroueBbie TEpMUHBI
bunapHbIi (IBOMYHBIN, ITMXOTOMUYECKHUN) MOUCK — 3TO IMOUCK 3aJaHHOTO AJIEMEHTA
Ha YIOPSJI0YEHHOM MHOXECTBE, OCYIIECTBIISIEMbIA TyTEM HEOJHOKPATHOIO AECICHUS
ATOTO MHOKECTBA Ha JBE YACTHU TaKUM 00pa30M, UTO UCKOMBIN 3JIEMEHT IOMaJIaeT B

OJIHY U3 OTHX YaCTEH.
Ku1104 moucka — 370 1oJie 3anucy, 1o 3Ha4€HUI0 KOTOPOr0 MPOUCXOIUT IIOUCK

IMouck — 3T0 TIpoIIecC HAXOKACHHSI KOHKPETHON MH(GOPMAIIUK B paHee CO3JaHHOM

MHOXCCTBC JaHHBIX.

IMouck ¢ 6apbepoM — 370 MOAUDUKALIHS aJTOPUTMA HOCIE008AMENLHO20 NOUCKA,

YCKOpsromiasa nmponecce myTeM OInpeACICHUA 'PAHUYHOI0 3JICMCHTA.

IHocisienoBare/ibHbIN (IMHEHHBIN) MOUCK — 3TO MPOCTEUIINI BUJ TOMCKA 33 IaAHHOTO
3JIEMEHTa Ha HEKOTOPOM MHOKECTBE, OCYILIECTBISIEMbII ITyTEM MOCIEA0BATEILHOTO
CpPaBHEHUS OYEPETHOIO PACCMATPUBAEMOIO 3HAYEHHUS C UICKOMBIM JI0 TEX TOP, OKA 3TH

3HA4YCHUA HC COBIIAAYT.

JlekuaNes

Tema: Auropurmbl o0xona rpaga.

Bonpocsr:

1. Ilouck B IUPHUHY.



2. Ilouck B riryOuny.

IIpouenypa novcka B IUPUHY
Pabora Bcsikoro anroputma 06xozia COCTOUT B IOCIIEI0BATEIbHOM MOCEIEHUH BEPIINH
U uccnenoBanuu pedep. Kakve uMeHHO JeCTBYSI BBIOIHAIOTCS MIPU NOCEIIEHUN
BEPILMHBI U UCCIIEI0BAaHUU pedpa - 3aBUCUT OT KOHKPETHOM 3a7auu, JIs PEIICHHUS
KOTOpPOH TIpou3BOIUTCS 00x0a. B mobom citydae, oHaKo, GakT MOCEIICHNS BEPIITUHBI
3aIIOMUHAETCS, TaK YTO C MOMEHTA MOCEIIEHUS U 10 KOHIIA pabOThI ajJropuT™Ma OHa
CUMTaeTCs MOCEIIEHHOMN. BepinHy, koTopas ele He NocelleHa, Oy1eM Ha3bIBATh HOBOLL.
B pe3synbraTe nocemeHus BepiuiniHa CTAaHOBUTCS OMKPbIMOU U OCTAETCS TAKOW, ITOKa HE
OyIlyT MccieI0BaHbl BCe MHIMIAEHTHBIE el peOpa. [locie aToro oHa nmpeBpaiaercs

B 3AKPbIMYIO.

Wnes noucka 6 wiupury COCTOUT B TOM, YTOOBI ITOCEIIATh BEPIIUHBI B MOPSIKE UX
YIQJICHHOCTH OT HEKOTOPO 3apaHee BRIOPAHHOM WM yKa3aHHOW CTapTOBOM
BeplInHBI 4 . FIHadye roBopsi, CHauasa ocenaercs cama BepiinHa @, 3aTem Bce
BEPIIMHBI, CMEXKHEIE C @, TO €CTh HAXOMALIMECS OT Hee Ha pacCTOSHUM |, 3aTem

BCPIIKWHBI, HAXOIAIIHUECCA OT 1 Ha pPacCTOAHNN 2 , 1 T.1.

PaccMoTtpum anroput™ noucka 6 wiupuny ¢ 3aJJaHHOW CTapTOBOM BEPIIMHOMN .
Bravasie Bce BepmmHbBI IOMEUYarOTCs Kak HOBbIE. [lepBoi mocemniaercs BepumHa @, oHa
CTAHOBUTCS €JUHCTBEHHOW OTKPBHITOW BEPIUMHON. B nanpHeNeM Kaxbli 04epeIHON
11ar HAYMHAETCS C BBIOOPAa HEKOTOPOU OTKPBITOM BEPIIMHBI + . DTa BepLIMHA
CTAaHOBUTCS akmuegnou. Jlanee uccineayrorcs pedpa, MHIIUICHTHbIE AKTUBHOM BEPILIHE.
Ecnu takoe pebpo coequHseT BEPIIMHY £ ¢ HOBOU BepiuHoi ¥, To BeprmHa ¥
MOCEIAeTCs ¥ MpeBpalaercs B oTKpbITyio. Korna Bce pebpa, HHIIMIEHTHBIE aKTUBHOM
BEpILUHE, UCCIIE0BaHbl, OHA MIEPECTAET ObITh AKTUBHOM U CTAHOBUTCS 3aKPBITOM.
[Tocne 3Toro BeIOMpaeTcss HOBasi aKTUBHASI BEPILMHA, U ONIMCAHHbIE JEHCTBUS
nosTopsAroTcs. [Iponecc 3akaHUMBaETCs, KOIZIa MHOKECTBO OTKPBITBIX BEPIINH

CTAHOBHUTCH ITyCTBIM.

OcHoOBHast 0COOEHHOCTh NOUCKA 8 WUPUHY, OTINYAIOIIAS €r0 OT APYTUX CIOCOO0B

06XOI[a Fpa(bOB, COCTOHUT B TOM, YTO B KQUCCTBC AKTUBHOM BCPIINHLBI BI)I6I/IpaCTC}I Ta U3



OTKPBITHIX, KOTOpas ObliIa MOocenieHa panblie Apyrux. IMeHHO 3TUM o0ecrieunBaeTcs
IJJaBHOE CBOMCTBO NOUCKA 8 wiupumy: 4eM OJIMKe BEpILNHA K CTapTy, TEM paHbIIIE OHa
Oynet noceieHa. Jljisg peaau3anuy Takoro NpaBuiia BbIOOpa aKTUBHOW BEPIIMHBI
yJI0OHO MCIOIB30BaTh ISl XPAHEHUSI MHOKECTBA OTKPBITHIX BEPILLIUH OYepeb - KOrja
HOBAsl BEpIIMHA CTAHOBUTCS OTKPBITON, OHA JO0OABIISIETCSA B KOHELl OUepEeI, a aKTUBHAs
BbIOMpaeTcs B ee Hadane. CxeMaTndecKu MpoIecc N3MEHEHHS CTaTyca BEPIIUH
n300paxeH Ha puc. 4.1. YepHbIM Kpy>KKOM 0003HauU€Ha aKTUBHAS BEPILIUHA.

Hompe CMEPRITER JARPBITRIE

Puc. 4.1.
OmnwuieM npouenypy noucka 6 wupury (BFS - OT aHINIMIICKOrO Ha3BaHUS 3TOTO
anroputMa - Breadth First Search) u3 3agannoii craptoBoit Bepiussl ¢ . B aTom

)

V(Z) oGosnauaer MHOKECTBO Boex BEPIIHMH, CMEKHBIX C BEpIIMHON ¥, * -

OITMCaHHuHnu
o4epCab OTKPBITBIX BCPIIHH. HpezmonaraeTcsI, 4TO IIPpHU MOCCHICHNWHU BECPIIMHBI OHA
IMOMCYACTCA KaK IMOCCIICHHAA 1 9Ta IIOMCTKA O3HAYACT, YTO BCPIIKMHA YK€ HC ABJIICTCA

HOBOW.

Procedure BFS(a)

1. mocetuts BepuIMHY

9. 4= )

5. for ¥ & Vi) do
6. uccienosars pebpo L Y)
7. if Bepmmna Y HoBas

8. then moceruts Bepunny ¥
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I

9.

OTMeTHM HEKOTOPBIE CBOMCTBA NpoLeAyphl BES.

1. Ilpoyeodypa BFS 3axanuueaem pabomy nocie KOHeuH020 YUCIA WA208.

JleficTBUTENBHO, TPU KaXA0M MoBTOpeHuM 1ukia while u3 ouepenu ynansercs
OJlHa BeplIMHA. BepinHa nobasisercs K ouepeiu TOIbKO TOraa, Korua oHa
nocemaercs. Kaxnas BepinHa MoXeT ObITh ITOCeIeHa He 0oJiee OJJHOTO pasa,
TaK KaK IIOCELIAI0TCs TOJBKO HOBBIE BEPLINHBI, 4 B PE3YJIBTATE IIOCELIECHUS
BEpILMHA IIepecTaeT ObITh HOBOM. TakuM 00pa3oM, UUCII0 OBTOPEHUMN

nukiaa while He mpeBoCXOAUT YKCIa BEPIIIMH.

2. B pesynbmame evinonnenus npoyedypol BFS 6y0ym nocewenst 6ce sepuiutvl u3

KOMNOHEHmMbl C6A3HOCMU, codepofcau;eb? 6EPUIUHY A, U NMOJIbKO OHU.

O4eBUAHO, YTO BEPIIMHA MOXKET OBITh MOCEIIEHA TOJILKO B TOM Cily4ae, Korjua
CYILIECTBYET ITyTh, COCTUHSAIONIUIN €€ C BEpIIMHON @ (TakK Kak MOCEeIIaeTcsl Bceraa
BEpIIIMHA, CMEKHAA C y)Ke MocenieHHoi). To, uTo Kak/ias Takasi BepiinHa OyaeT
MOCEIIEHA, JIETKO JIOKA3bIBAETCS MHAYKIMEH 10 PACCTOSIHUIO OT JaHHOM

BEPLIMHBI 10 BEPIUUHBI & .

3. Bpems pabomul npoyedypei BFS ecmp @) | rie m - uncno peGep B

KOMIIOHEHTE CBS3HOCTHU, COACPIKAILEH BEPIINHY @ .

N3 npenpiaymux paccykAeHul BUIHO, YTO KaX/1as BEPIINHA U3 3TOM KOMIIOHEHTHI
CTAHOBUTCS] aKTUBHOM TOYHO OJUH pa3. BHyTpenHuil uukin for 1y akTuBHOMN

leg

BepinHbl © BeinonHsaercs ““5\ ) pas. CnenoBarensHo, 001Iee YHUCIIO MOBTOPEHUI

Y deg(z) = 2m
BHYTPEHHETO IUKJIa OyJeT paBHO =V G

Uraxk, nponenypa BFS( @ ) mpou3BOAUT 00X01 KOMIIOHEHTHI CBSI3HOCTH, COJIEpIKaIIeH
BepiIMHY @ . UTOOBI epelTH K APYyroi KOMIIOHEHTE, 10CTATOYHO BHIOpaTh KaKyro-
HUOY/Ib HOBYIO BEPIIMHY (€CJIM TaKHe BEPIIMHBI €1ll€ UMEIOTCS), B KAUECTBE CTapTOBOM.
[ycts V' - MHOMNECTBO BepunH rpada. Clieayronuii alropuT™ OCYIIECTBIISET

MIOJIHBIA 00X00 2pagha METOIIOM NOUCKA 8 WUDUH) .



Aaroput™ 1. Ilouck 6 wupuny.

I. moMeTHuTh BCe BCPUIMHBI KaK HOBBLIC

2. co3maTh MyCTYIO OYEPENb Q

3. for @ € V" do if @ noBas then BFS( @ )

VYuuteiBas, yto ukKiI for B cTpoke 3 IoBTOpseTCs 't pas, rae ' - YuciI0 BEPIINH

O(m +n)  Heobxoaumo oTMETHTS,

rpada, mosyyaeM OOLIYIO OLIEHKY TPYAOEMKOCTH
9TO 3TA OLIEHKA CIIPABEIMBA B IIPEIIOIIOKEHUH, YTO BpeMs, TpeOyeMoe Ui IIPOCMOTpa
OKPECTHOCTH BEPILIUHBI, IPOIIOPIIHOHAIBLHO CTEIICHH 3TOM BEPIIUHBL. DTO HMEET MECTO,
Hanpumep, eciau rpad 3aman cnuckamu cmedscrnocmu. Eciu ke rpad 3a1aH MaTpuULEei
CMEXHOCTH, TO /I IIPOCMOTPA OKPECTHOCTH JIFOOOM BEPLIMHBI Oy/IET 3aTPauMBaThCS
BpEMsI, TIPONIOPLUOHAIBLHOE 7 . B 5TOM citydae o0liee BpeMs pabOThl aIroputMa Oyuer
O(n?)

OIICHUBATHCAI KaK . HanOonpliee 3HaueHne BETUYNHBI ' IIpu TaHHOM

nin—1)

—_— a3
paBHO 2 , T.e. UMeeT nopsaaok "~ . Takum oOpa3zom, TPyJOEMKOCTh ajJropuTMa
IIOWCKA B IIUPUHY IIPU 3aJJaHUU Tpada cnuckamuy cmMexcHocmu He BbIIIE, 4YeM IpU
3aJlaHuK MaTpUIIeN CMEXHOCTU. B 11e110M ke nepBsliif crnocod 3agaHus

MPEANoYTUTEIbHEE, TAK KAK JA€T BHIMTPHIII JIJIs TpadoB ¢ HEOOJIBIINM YHCIOM pedep.

B kauecTBe npocreiiiiero npumepa NpUMEHEHUS nouUCKa 6 wiupuxy s rpada
PacCMOTPUM 3a/iauy BBISIBICHUSI KOMIIOHEHT CBSI3HOCTH. J[OMMyCTUM, MBI XOTUM
MOJIyYUTh OTBET B BUJIC TAOJMUIIbI, B KOTOPOU JIJIsl KaXKJ0M BEpITUHBI © yKa3aH

HoMep COMP(T)

KOMITOHEHTBI, KOTOPOU TPUHAJICKUT 3Ta BepiliHA. KOMIIOHEHTHI
OymyT moJry4aTrh HOMepa B mpoliecce 0o6xoma. J{s pemenus 3o 3a/1a4u J0CTaTOYHO

BBECTU IIEPEMEHHYIO € CO 3HAUCHHUEM, PABHBIM TEKYIIIEMY HOMEPY KOMIIOHEHTBI, U

Ka)KJIBIH pa3 MPH MOCEIIEHNH HOBOM BepiiuHbl ' mojarate “YMPLE) = € 3yagenne ©
TIepPBOHAYAIILHO YCTAHABIIMBAETCS PaBHBIM U 1 MomupUIMpPYeTCs IPU KaXJI0M BbI30BE

npouenypsl BFS.

[Tycts G — HEeOpHEHTHPOBAHHBIN CBsI3HBIN Tpad. B mporecce moucka B TayOuHY
BepirHaM rpada G npucanBarotcs HoMmepa (I1I" — Homepa), a ero pedpa momeyarorcs.

B Havane peOpa He momedeHbl, BepiminHbl He uMeroT III' — HomepoB. Haunnaem c



npousBosibHOM BepuinHbl VO, npucBauBaeM eii [1I" — nomep I1I'(VO) = 1 u BeiOupaem
npousBoiabHOe pebpo (VO,W). Pebpo (VO,W) mnomewaercs kak “npsmoe”, a
BepiimHa W nontyyaet (u3 VO) III' — nomep IIT(W) = 2. Ilocne 3Toro mepexoaum B
BepuinHy W. IlycTh B pe3ynbTaTe BBINOJHEHHS HECKOJIBKHUX IIAroB 3TOTO Ipoliecca
NPUIIUTM B BepIIMHY X, M IMycTh k — mocneauuii npucBoeHusiii I1IN — HoMep. [lamee
JIEHUCTBYEM B 3aBUCHMOCTHU OT CUTYal[MH CJIETYIOIIMM 00pa3oMm.

1. Umeercs nemomeuennoe pedpo (X,Y). Eciu y Bepmmnsl Y yxe ecth [T —
Homep, To peopo (X,Y) momedaem kak “oOpaTHOE” M TPOJOJDKAEM IOUCK
HEMOMEUeHHOro pelpa, mHuuAeHTHoro BepunHe X. Ecnu Bepmmna Y ITIIN —
HoMmepa He uMmeet, To nonaraem III(Y) =k + 1, pedpo (X,Y) nmomeuaercst Kak
“npsMoe” u mepexoauM B BepuinmHy Y. BepmmHa Y cunTaercs nory4yuBIIEH CBOU
[1I" — nHomep u3 BepuuHbl X. Ha criemyromem mmare OygaeM mpocMaTpuBarh pedpa,
VHIIWJICHTHBIE BEPILIMHE Y.

2. Bce peOpa, MHLIUJIEHTHBIC BepIlIMHE X, TOMEUEHBI. B 3TOM citydae Bo3BpamiaeMcs
B BEPIIUHY, U3 KOTOPOM X nosyuniia ceoit [1I" — Homep.

[Ipouiecc 3akoHUMTCS, KOrAa Bce pedpa OyayT MOMEUEHbI U MPOU30iIET BO3BPAIICHUE B
BepmnHy V0.

OnucaHHBII  TpollecC  MOXHO  peaju3oBaTh Tak, 4TOObl  Bpemsi  palboThI
cooTBeTcTBYMONIEro anroput™ma coctasisiio O(|EG+HG|) , toe |[EG| - uucino pebep
rpada, |G| - yucno BepiuH rpada.

[Tycth rpad G 3amaH cnuckaMu CMEXHOCTH, T.6. NV — CIIHCOK BEpUINH, UHITUACHTHBIX
BepumHe V, VO — ncxomHas BepiuMHa, ¢ KOTOPOM HayMHAETCs NOMCK. B mponecce
paboThI aropuT™Ma KaXk/iast BepiirHa rpad)a pOBHO OJIMH pa3 BKIFOYAETCS B CIUCOK Q U
UCKJIIOYaeTcsl U3 Hero. BepuimHa BK/IIOYaeTcs B 3TOT CHHUCOK cpa3y Iociie MOJTy4YeHUs
I[II' — HOMEpa, M MCKIIOYAETCS, KaK TOJIBKO MPOU30MAET BO3BpAILCHUE U3 3TOU
BEpLIMHBI. BKIIFOUEHNE U UCKIIFOUEHHUE BEPILIHWH MPOU3BOIUTCS BCETAA C KOHIA CIIHCKA,
T.e. Q — crek. Pe3ynpraT pabotsl anroput™ma — yetsipe cnucka Il F, T, B: TII'(V) — TII'
— "HoMmep BepumnHbl V; F(V) — uMs BeplInHbI, U3 KOTOPOM BepIIMHA V MOJTy4dusia CBOM
[II' — Homep; T u B— COOTBETCTBEHHO CHHUCKH OPUEHTUPOBAHHBIX “NPSAMBIX U

“o0patnbIx” pedep rpada G. ITu pedpa MONydarOT OPUSHTAIUIO B TpoIiecce paboThI



anroputma. Imenno, ecnu pedpo (X,Y) nomevaercs: U3 BepIIMHBI X Kak “TpsiMoe”, TO

B T 3anocutcs nyra (X,Y), a ecim kak “oOpaTHoe”, TO 9Ta Jiyra 3aHOCHUTCS B B.

AJNTOpPUTM MOKCKA B NIyOMHY B HEOPUEHTUPOBAHHOM CBSI3HOM Tpade

l.

[r(vo) := 1, Q(1):=vo0o, F(v0) = 0, T := 0, B := 0, ki=1, p:=1 [ k — nocnennuit
npucBoeHHblid [1I" — HOMeEp, p — ykazarenb koHa cteka Q, T.e. Q(p) — BepinHa
creka Q].

V:=Q(p)

[IpocmarpuBast cnucok NV, Haiitu Takyro BepmuHy W, uyto pebpo (V,W) He
IIOMEYEHO, U MEPEUTH K 1. 4. Eciin Takux BEPIIMH HET, TO MIEPEUTH K II. 5.

Ecnu Bepmmmna W umeer I1I" — Homep, To mometuts pedpo (V,W) kak obpaTHOe
1 3aHecTH B cnucok B. Ilepeiitu k nm. 3 U mpoOAOIKUTH MPOCMOTpP crucka NV.
Nnaue k :=k+1, IIIN(W) =k, F(W) =V, pebpo (V,W) momeTuth Kak “npsmoe”
u 3aHectd B ciucok T, p :=p+1, Q(p) := W [BepmmnHa nonyuuna [1I" — Homep u
3aHeceHa B ctek Q]. Ilepeiitu k 1. 2.

p :=p-1 [BepmmHa v BeruepkHyTa u3 Q. Ecnu p = 0, To xoHen. Muaye nepeiitu

m. 2.

JlekusaNe6

Tema: I'eHeTHYecKHe M apaJJieJIbHbIE AJITOPUTMBbI.

Bomnpocsr:

OcHoBHbIe mouaTusa I'A.

HOI[XOI[])I K PCHICHUI0 OITUMHU3AIHOHHBIX 3a1a4.

I'enemuueckue Anzopummor  (I'A) — >mo  adanmueHvie  Memoobl

(j)yHKI/ﬂ/lOHCUZbHOIJ onmumusayuu, OCHOBAHHbIE HA KOMNBIOMEPHOM UMUMAUUOHHOM

Moodenuposanuu ouonozuueckoi 3eonroyuu. OcHoBHble TpUHIUIEI ['A  ObuH

chopmymupoBanbl ['omtangom (Holland, 1975), u xopomio omucansl BO MHOTHX

paboTtax u Ha psjie cailiToB B Internet.

B nacTosiiiee BpeMsi CylmiecTByeT psij Teopuil Oronmorunueckoit 3somoruu (K.-



b.Jlamapka, Il.Teiisipa ne Illapnena, K.2.bspa, JIL.C.bepra, A.A.JlroOuiiena,
C.B.Meiiena u 1p.), OAHAKO, HU OJHA W3 HUX HE CUUTACTCS OOIICTPHU3HAHHOM.
HauGonee n3BecTHOI U MOMyJsIpHON, KOHEUHO, siBisieTcst Teopust Yapinb3a lapBuHa,
KOTOpYI0 OH mpesacTaBui B pabote "[Ipoucxoxaenue Bugos" B 1859 rony.

Ora Teopus, Kak W JPYrU€, COIAEPKHUT JOBOJIBHO MHOTO HepeuieHHbIX
npoonem, TIIyOOKOE PACCMOTPEHHE KOTOPHIX MalieKO BBIXOAWT 33 PaMKH JaHHOU
paboThl. 37eCh MBI MOKEM OTMETHUTH JIMIIThL HEKOTOphIe Hambojee W3BECTHBIE W3
Hux. Kak 3To HUM mapajokcajbHO, HO HECMOTpsL Ha TO, uTo cam Yapnp3 JlapBuH
Ha3Ball  cBow  pabory  "l[Ipoucxoxnenne  BumoB" — HO  Kak  pa3
UMEHHO Npoucxodcoenusi 6udog OHa MW He Oo0BsicHAeT. Jleno B TOM, 4YTO
BO3HMKHOBEHME HOBOTO BHJa 'mo anroputMmy JlapBuHa" sBISIETCS KpailHe
MaJIOBEPOSITHBIM COOBITHEM, T.K. JIJIsl TOTO TpeOyeTcs ciy4ailHoe BOZHUKHOBEHHE B
OJTHOM TOYKE MPOCTPAHCTBA U BpeMeHH cpady He MeHee 100 ocobeit HOBoro Buja,
T.e. 0CcO0€H, KOTOphIe MOTIIM Obl WMETh IUIOJOBHTOE MOTOMCTBO. [Ipu MeHbIeM
KOIMYeCcTBE ocoOeli Bua oOpedeH Ha BeIMuUpaHue. IloaTomMy mpormecc
BUJI000pa30BaHUS HAa OCHOBE C/IYUAUNHBIX MyTallUd JOJDKEH ObUT OBl 3aHSTh
HECYpPa3HO MHOT'O BpEMEHH (10 HEKOTOPHIM OIIEHKAM Jla)K€ B HAMHOTO pa3 OoJbIIIe,
yeM BpeMs cymiectBoBaHusi Bcenennoit). Kpome Ttoro, "anroputm JlapBuHa" He
OOBSICHSIET  SIBHOWcCHUCMEMHOCMU B~ MHOTOOOpa3MM  BO3HHUKAIOMUX  (HopM,
THUIA 3aKoHa 2omonoeuynsix psiooe H.W. Basunosa. [lostomy JI.C. bepr npennoxun
OYEHb MHTEPECHYIO
KOHLECTIIUIO HOMO2€He3a— 3AKOHOMEPHOI NI HANPAEIeHHOU 3BOJIIOLIUA  KUBOTO.
B »TOi KOHIENIMHM TpeArnojaracTcs, 4Yro (QuiIoreHe3 HMEET OIPEACIICHHOE
HaIpaBJICHUE U cMeHa ¢hopma A6asemcs He CAVYAUHOU, a 3a0aemcsi HeKOmopbiM
8€KMOpoM, TIPUPOJa KOTOpOoro He sicHa. Maem HOMoreHesa rniyboko paszpadoran u
pazBun  A.A. JlioOumieB, BBICKa3aBIIMM  TUMOTE3y O  MaTeMaTHYECKUX
3aKOHOMEPHOCTSX, KOTOPBIE OMPEIEIsIIOT MHOrooOpa3ue uBbix popM. Kpome Toro,
JlapBuH He CMOI  [OKa3aTb MEeXAHU3M  HAC1e006AHUsA, TIPU  KOTOPOM
MOJIIEP>KUBAETCS] U 3aKPEIUISIETCS U3MEHYMBOCTh. JTO OBUIO HA MATHAECST JET J0
TOTO, KaK T€HEeTUYECKash TEOpHUsl HACIEACTBEHHOCTH Hayaja paclpOCTPAHITHCA IO

MUpPY, U 32 TPUALATh JIET 0 TOT0, KaK "SBOJIOLMOHHBIM CHUHTE3" YKpENHI CBS3b



MEXKIy TEOPHUEHN IBOIIOLMU U MOJIOAOW T€HETUKOM.

Tem HM MEHEE U HE CMOTPSI HA CBOU HENOCTATKU, UMeHHO meopus /lapeuna
mpaouyuonno u mooeaupyemca 6 I'A, XOTS, KOHEYHO, HTO HE HCKIIOYAET
BO3MOYKHOCTH MOJEJIHMPOBAHUS U APYrux Teopuid sBomtounu B ['A. bBonee moeo,
B03MOXNCHO UMEHHO MAKoe KOMNbIOMEPHOe MOOeIupo8anue U CpagHeHUue e2o
pe3yIibmamos ¢ KapmuHou peanbHol 380JI0YUU HCUSHU HA 3emie modxcem Obimb u
cblepaem NoJIONCUMENbHYIO POb 8 OdlbHeliuell pazpabomie Haubonee adeKk8amHoll
meopuu 6U0N02UYECKOU IBONOYUU.

Teopus [lapBuHAa NMpUMEHMMAa HE K OTACJIBHBIM OCOOSIM, a K HORYIAAUUAM
— 00JIBIIOMY KOJIMYECTBY 0CO0EH 00HO020 6uda, T.e. CIOCOOHBIX /1aBaTh TUIOAOBUTOE
IMOTOMCTBO, HaXOJAILIEHCS B ONPEAECICHHON CTaTUYHOW WJIM TMHAMUYHOW BHEUIHEHN
cpene.

B OCHOBE MOZEIIH SBOIIOLINU JapBuna Jexar ciayyailHvle
U3MEHeHUA OTACIbHBIX MaTePUAIBHBIX JJIEMEHTOB JKHMBOTO OpraHu3Ma MpH
nepexojie OT TMOKOJEHUs K mMoKoleHuto. llemecooOpa3Hbie W3MEHEHUS, KOTOPBIC
00JIeryaroT BKUBAHUE U MPOU3BOJICTBO TOTOMKOB B JJAHHOW KOHKPETHOUM BHEIIIHEH
Cpelne, COXpaHSIOTCS U TMEepeNalTcsi MOTOMCTBY, T.€.Haciedywmcesa. OcolOu, He
MMEIOIIME COOTBETCTBYIOLIUX MPUCTIOCOOIEHUH, MOrndaroT, HE OCTAaBUB IMMOTOMCTBA
WM OCTaBUB €TI0 MEHbIIe, YeM MPHUCIOCOOJEHHbIE (CUUTACTCS, YTO KOJIUYECTBO
MOTOMCTBA MPOIMOPIIMOHANILHO CTeNeHu mpucnocodnennoctu). [lostomy B
pe3ylbTaTe ecmecmeeHHo20  Omoopa BO3HUKACT  TOMYJSIIUs U3  Hauboiee
IPUCIIOCOOJIEHHBIX 0CO0€, KOTOpasi MOKET CTaTh OCHOBOM HOBOT'O BHJIA.

Ecmecmeennstii.  omoop NpoUCXOAUT B  YCIOBHSIX KOHKYPEHUUU 0COOei
IIOITYJISAIIMHA, & MHOTAA W Pa3Iu4YHbIX BUJIOB, IPYT C APYTOM 3a pasiIu4HEIE pecypcnl,
Takue, HanmpuMmep, Kak muina win Boaa. Kpome Toro, wieHsl NOMYJSIAU OJHOTO
BU/Ia YACTO KOHKYPHUPYIOT 3a MpuBJeueHrue OpayHoro napraepa. Te ocoOu, KOTOpbIe
HanOoJee MPUCIIOCOOIEHBI K OKPYXAIOLIUM YCIOBUSM, OyyT UMETh OTHOCUTEIBHO
00JIbIIIE MIAHCOB BOCIPOU3BECTU MOTOMKOB. Ciiabo mpucnocoOi1eHHble 0co0u Tud0
COBCEM HE TMPOU3BEAYT TIOTOMCTBAa, JMOO HX TIOTOMCTBO OyJeT OueHb
HEMHOTOYUCJIEHHBIM. JTO O3HA4aeT, YTO T'€Hbl OT BBICOKO aJaNTHUPOBAHHBIX WIIU

MPUCTIOCOOJIGHHBIX ~ 0co0eli  OymyT paclpOCTPaHITCS B YBEIIMYUBAIOIIEMCS



KOJINYECTBE TOTOMKOB Ha KaJ0M ITOCIIEIYIOIEM ITOKOJICHUH.
Takum oOpazoM, IO CyTH Jena KaXIblii KOHKPETHBIN 2eHemuyecKuil

anzopumm npeocmagiAIOm UMUMAUUOHHYIO MO0elb HEKOMOPOU OnPeOeeHHOU

meopuu 0u0102U4ecKoll IGONI0YUU UAU ee eapuanma. BMecte ¢ TeM HEOOXOIUMO
OTMETUTH, YTO CaMH HCCIEJO0BATEeIN OMOJOTMYECKOM JBONIIOLMHU TIOKa eIlle He 10
KOHIIA OMNpEAETMINCh C KPUTEPUSIMH U METOJaMHU OIpeNeiCHHUs CTEHeHH
CYLIECTBEHHOCTH JI MOJACPKUBAEMOW HUMHU TEOPHM SBOJIIOLUU TEX WIM HMHBIX
OMOJOTMYECKUX  MPOLIECCOB, KOTOpPbIE COOCTBEHHO M  MOJCIHUPYIOTCA B

IFCHCTUYCCKUX aJIFTOPpUTMaX.

1.1.6.2. Ilpumep pabomwvl npocmoco eenemuuecko2o aieopumma

Ha pucynke 85 npusezneH npumep IpocTOro reHeTH4eCKOro alrOpUTMA.



COE30ATE HAMANEHYHY NOAYAA LUMED W3 N O OEER,
OENAOAHIWHE TNYHAHHEIMH HABOPARM K NPHIHAKOE

3 ¥
EOPEEA JACYIUECTEOEAHWE:

CUEHHTE NPHCNCOENEHHOCT b KAEOOH OO0 EN
N EE NPHEHAKARM C WCNCNB3OEAHHEN KEPHTERHEE

; ¥

HAYANC UMKnA
CMEHEI NOHONEHW W

-

-

o~ i’
HAY2NC UMENnA

POPRHPOBAHWA HOBOMD MOKONEHK A

F v

OTEOF:
EbIEPATE OEE SOEW M3 NPEORIOYIWERD NOKONEHWA ONA CKPEWWHEBAHWA

6 ¥
KFOCCOEBEF:

CKPECTHTEEBIEFAHHBIE C:2OEW HDCAY YT R NCTOM KX E,
HACNEQY KA WHE Mo NONGENHE CNYY2HHO BBl EPAHHEI Y NTPHZHAKCE
oT POOATENEN. KQNHHYECTED NOTOMESE NP NCPUNSHANEHC
CYMRMAPHOH NPHCNCCOENEHHCCTH POOWTENEN

. ¥
M¥TALKWA:

MPUIHAKN NOTOMESE 3208 HHOH MAND A BEPOATHOCT R
NOOBEPTAKTCA CNYHAHHEIM HNH HANPAENEHHBIM MY TA LW AM

g ¥
EOFPEEA SACYWECTEOEBAHHE:

OUEHNTE NPHCNC OO ENERHCC TR NOTO
NSMECTHTE NOTOMECE B NNy NALW K HO B M NOECT EH WA

BZE NaAPBI NPEQRIOY LWEMD
NOEOINEHNA PASTRMOTREHRBI?

10
NEPEHECTH HAWBZNEE NPHUT NI ENEHHBIE SO EH W3 CTAPOMD
NOKONEHWA EHOECOE, M 32MEHHTE CTAPOE NOKCNEHHME HOBBIRM

HOBOE NOKONEHH E
¥ IWECTEBEH HO
CTNHYLETCA OT CTAPOIO?

L

Pucynok 85. IIpocToii reHeTU4eCKui airOpUTM
Pa6ora T'A npencraBiasier coOOM MTEPAallMOHHBINA MPOLECC, KOTOPBIN

MPOAOJDKAETCA [0 TEX IIOp, NOKAa MOKOJEHHS HE MNEPECTAHYT CYLIECTBEHHO
OTJIMYATHCS APYT OT APYra, Wiy HE MPOMIET 3aJaHHOE KOJIMYECTBO MOKOJICHUN WU

3amaHHoe Bpemsa. JIms KaXIOro MOKOJIEHUS pEeaNn3yroTcs OTOO0p, KpOCCOBEp



(ckpeluBaHue) U MyTanus. PaccMOTpHUM 3TOT anropuTM.
Hlaz 1: renepupyeTcs HauvajdbHas MOMYJSIUsA, cocrosias u3 /N ocodeit co
Clly4ailHbIMM HaO0OpaMH MPU3HAKOB.

Hlaz 2  (bopvba 3a  cywecmeoeanue): BHIUUCIACTCS aOCOMOMHA

NpUCnocobeHHOCMb KOKI0NM 0coOM TOMYJSAIMM K  YCIOBUSAM  Cpenbl f(i) u
CyMMapHasi  MPHUCIOCOOJICHHOCTh  OCOOCH  TOMyJAlHMH,  XapaKTepU3YIoIas
MPUCTIOCOOJIGHHOCTh ~ BCEH  TOMYNSANHMH.  3aTeM  IPU HPOROPUUOHATbHOM
omoope sl KAKI0U 0COOH BBIYHCIISIETCS €€ OMHOCUMENbHYIL 8KAAO 8 CYMMAPHYIO
npucnocobnenHocms  nonynayuu Py(i), T.e. OTHolleHHWEe €€  aOCOJIIOTHOMU
MIPUCIIOCOOJICHHOCTH f(i) K CyMMapHO# MPUCIIOCOONEHHOCTH Beex 0cobei momysimn (3):
() =5 (3
2. f ) )

iml

B Belpaxkenun (3) cpa3dy oOpamiaer Ha ceOs BHUMaHUE BO3MOXHOCTD

CpaBHEHMSI  aOCOJNIIOTHOM  MPHUCIOCOOJICHHOCTH i-1f OCOOHU f(i) e ¢  cymmapHoii
MPUCTIOCOOICHHOCTRI0O  BCeX  ocobedl  momymsamuu, a Cco  cpemHed  aOCOMIOTHOU

MPUCTIOCOOTICHHOCTHIO 0cO0U momysiuu (4):

i
f = %Zﬂi) (4
iml )
Torga nomxyuum (5):
aip=T 010 (s
E}Z_.;.f@:' )

Ecnu B3arh Jorapudm 10 OCHOBaHHIO 2 OT BbIpaxkeHus (5), ToO
NOJIyYHM KOJIUYECmE0 uHpopmayuu, cooepicauieeci 6 npusHaKkax ocoou o mom,

YUMo OHa GbLICUBEH U 0ACH NOMOMCHIBO (6).

(6
)

HeobOxomumo oTmeTuTh, 4TO 3Ta (opMmyna coBmagaer ¢ (opMmynod s

CCMAaHTHYCCKOI'O KOJIM4YCCTBA I/IH(bOpMaHI/II/I XapKeBI/ILIa, CCJIN OCIbIO

CUUTATh UHOUBUOYAIbHOE GbIHCUGAHUE U HPOOOINHCEHUE POOa. DTO 3HAYUT, YTO

Jaxe YHUCTO dbopMaIbHO BpUCHOCOONEHHOCHb 0COOU npeocmaeisiem

coboil Konuyecmeo _ungopmauuu, cooeprycauieeca 6 ee (penomune 0

npodomfceuuu ee cenomuna 6 nocnedylomux NOKOJ1eHUAX.



[TockonbKy  KOJIMYECTBO MOTOMCTBA OCOOM  NIPOMOPILUOHATIBLHO €€
MIPUCIIOCOOJICHHOCTH, TO €CTECTBEHHO CUWTaTh, YTO eClu JMO KOAUYEeCmE0
ungopmayuu:

— nonodcumenvHo, TO  JJaHHas 0coOb BBDKMBAeT M JIa€T TOTOMCTBO,
YUCJICHHOCTh KOTOPOTO MPONOPIIMOHANIEHA 3TOMY KOJIMYECTBY MH(POPMAIIHH;

— paeHo Hymo, T0 0COOb JOKMBAET JO TMOJOBO3PEIOr0 BO3pacra, HO
MOTOMCTBA HE JaeT (€ro YMCJICHHOCTh PaBHA HYIIIO);

— MeHbwie HYd, TO 0COO0b TMOrudaeT a0 JOCTHKEHHUS IO0JOBO3PEJIOro
BO3pacTa.

Takum 00pa3oM, MOXKHO cliesiaTh (GyHIaMEHTAIbHBINA BBIBOJI, UMEIOIIUM JaKe
MHUPOBO33PEHUYECKOE 3BYUaHUE, O TOM, UTO eCHIeCHBEHHbLIL OMOOp npeocmasisiem
coboii npouecc cenepauyuu u HAKONIAEHUA UHOOpMAUUU O BLIHCUGAHUU U
RPOOOICEHUN POOA 8 PsiOe NOKOJICHUII NONYIAUUU, KAK CUCHIEMDL.

OT0 HakomieHne WHGOPMAIMK TPOUCXOAWT HA PA3IMYHBIX YPOBHAX
UEpapXuul HONYAAYUU, KAK CUCHEeMbl, BKITIOUYAIOIIICH:

— DJICMCHTBI CUCTCEMBI. OTACIIbHBIC OCO6I/I;

— B3aUMOCBA3UW  MCKAY SJICMCHTAMH:. OTHOIICHUA  MCKIAY 0oco0sIMH B

NOMYJISAIIMK,  OOCCIeUMBAIONINEe  Iepenady  MOCICAYIONIMM  TOKOJICHHSIM
MaKCHMaJIbHOTO KOJM4YecTBa HH(popMaIuu 00 MX BRDKUBAHUH M TIPOJOKCHUH PO
(myTeM ckpemnuBaHusi HambOojee MPUCTOCOOJICHHBIX OCO0e U HacieIoBaHUs
palMOHAJILHBIX TPHOOPETEHU ),

— LeJIb CHCTEMBL: COXPAaHEHUE W Pa3BUTHE MOMYJSILUN, PEATH3YETCS 4Yepe3

e 0Co0eH: MHANBUAYaTbHOE BEDKUBAHKE M MPOJIOJDKEHUE POJIa.

@DEHOTUTT COOTBETCTBYET TE€HOTHITY W TIPEICTaBIsET COOOH €ro BHEITHEe
MpOSIBIICHUE B MpU3HAKaX 0coou. OcoOb B3aUMOACHCTBYET C OKpYyXkalolle cpenoit
U JIPYTUMH OCOOSIMH B COOTBETCTBHH CO CBOMM (eHOTHIIOM. B ciydae, ecnu 310
B3aMMOJICUCTBUE YAA4HO, TO OCOOb TMepenaeT TeHeTHYECKYI0 HWH(POPMAIHIO,
OTIPEICIIAIONIYI0 (PEHOTHUII, TTOCIETYIOITUM TTOKOJICHHSIM.

Hlaz 3: Hayano nyKIa CMEHBI TTOKOJICHUH.

Hlae 4: navano nukina GopMUPOBAHUS HOBOTO MTOKOJICHUSI.

Hlaz 5 (om6op): OCYMECTBISACTCS NPONOPYUOHANbHBIL OMOOP OCOOEH,



KOTOpPBIE MOTYT y4acTBOBaTh B MPOAOJLKEHUHU poja. OTOMpaIOTCs TOIBKO T€ 0COOH
HOIYJISILMY, Y KOTOPBIX KOJIWYECTBO HH(pOpManuu B (EHOTUIIE M TEHOTHUIE O
BBDKMBAHUU U TPOJODKEHHH POJia IMOJIOKHUTENIbHO, IPUYEM BEpPOSTHOCTH BhIOOpa
IPONOPLUUOHATIbHA 3TOMY KOJIMUECTBY UH(OpMaLIUU.

Hlaz 6 (kpoccogep): oToOpaHHbIE AJIA TMPOAODKEHUS POJa HA MPEIbITyIIeM

mare ocoou c 3aJaHHOM
BEPOSATHOCTBHIO P. MOJBEPralOTCs CKpeuusanuro Ui Kpoccosepy(pexomounayuu).

Ecin KpoccoBep MPOUCXOOUT, TO TMOTOMKH IMOJYYarOT MO TOJIOBUHE

Clly4ailHbIM 00pa3oM OIpPEAENEHHbIX NPU3HAKOB OT KaXJIOr0 H3 POJIUTENEH.
UKCIIEHHOCTh TIOTOMCTBA MPOMOPIUOHAIBHA CYMMapHON MPUCIIOCOOICHHOCTH
poautenei. B HekoTopbix BapuaHTax ['A MOTOMKHM MOCJHE CBOETO MOSBICHUS
3aMEHSIOT cCOO0M poauTeNel U MEPEXOIAT K MyTalluu.

Ecnu KPOCCOBECP HC IIPOUCXOIHNT, TO HCXOIHBIC 0CcOOM — HECOCTOSIBIIIHECS

pOOAUTECIIN, IICPCXOJAT HAa CTAANIO MyTallUH.

Hlac 7 (mymauus): BHINOJHSIOTCS ONEpaTopbl Mymauyuu. llpu >TOM
MPU3HAKA TIOTOMKOB C BEPOSITHOCTHIO P, CllydallHbIM 00pa3oM W3MEHSIIOTCS Ha
npyrue. OTMETHUM, YTO HCMOJb30BAaHUE MEXaHW3Ma CIy4YalWHbIX MyTalluid POJHUT
TCHETUYECKUE AJITOPUTMBI C TAaKUM IIUPOKO M3BECTHBIM METOJIOM MMHUTAIIMOHHOTO
MOJEIIUPOBaHUs, Kak memod Monume-Kapno.

Hlaz 8 (6opvba 3a cywecmeosanue): ONICHUBACTCS TMPHUCITOCOOICHHOCTD

MOTOMKOB (110 TOMY K€ aJITOpPUTMY, UTO U Ha Iare 2).

Hlae 9: poBepsieTcsi, Bce IM OTOOpaHHBIE 0COOU JaJIi IIOTOMCTBO.

Ecnu HeT, To mpoucxoauT nepexos Ha mar 5 u npogosnkaeTcs: (GopMupoBaHue
HOBOT'O MOKOJICHUSI, MHAYE — MEPEX0]] Ha cliieayronui mar 10.

Hlac 10: nponicXoauT CMEHA MMOKOJICHUM:

— OTOMKH MTOMEIIAI0TCSl B HOBOE MOKOJICHHUE;

— HanboJsiee MPUCIIOCOOIEHHBIE 0COOM M3 CTApOro MOKOJIEHUS MEPEHOCITCS B
HOBOE, MPUYEM ISl KaXKI0M U3 HUX 3TO BO3MOXKHO HE OoJiee 3a/1aHHOT0 KOJIMYecTBa
pas;

— MOJy4YeHHAs HOBas MOMMYJISIMS 3aMeIIaeT co0oi cTapylo.

Hlac 11: npoBepsieTCs BBINOJIHEHUE YCJIOBUSI OCTAHOBA T'€HETUYECKOIO



aIropuT™Ma. Bsixo0 U3 reHeTUYecKoro ajaropuTMa MPOUCXOAUT JHOO Toraa, Koraa
HOBBIE MMOKOJICHUSI TIEPECTAIOT CYIIECTBEHHO OTIMYATHCSA OT MPEAbIAYIIUX, T.€., KaK
TOBOPSAT, "alIropuTM cxomutcs", Iu0O0 Korja MPONAEHO 3aJaHHOE KOJIMYECTBO
MOKOJICHUM WM 3aJlaHHO€ BpeMsi paldoThl anropuTMma (4rodbl HE OBLIO
"3aIMKIMBAHUA" U JTUHAMUYECKOrO 3aBUCAHUS B CIIyyae, KOrja perieHrue He MOXKET
OBITh HAZICHO B 33JITaHHOE BpPEMS ).

Ecnu I'A cowenca, mo smo o3nauaem, 4umo peuieHue HaAuoeHo, T.e. MOIYyUEHO
MOKOJIEHUE, HJICaJIbHO MPUCIIOCOOJIEHHOE K YCIOBUSAM JIaHHOM (DUKCHUPOBAHHOM
cpenbl OOUTaHUS.

WNnave — nepexox Ha mar 4 — Hayaino GOpMUPOBAHUS HOBOTO MTOKOJICHUSI.

B peanvnoii 6uonozuueckoii 26010yuu Smum 0el0 He 02PaAHUYUBAEMC S, M.K.
n100as NOnyIaAyUsi Kpome OCBOCHUsl HEeKOMOPOU IKONOSUYECKOU HUWU Nblmaemcs
makdxce 8blUMU 3a ee npeodeibl 0C8OUmMb U Opyeue HUWU, KAK Npasuilo
"cmedrcnvle”. IMEHHO 3a CUeT 3TUX MPOLECCOB KU3Hb BBIIUIA M3 MOpPS Ha CyILy,
IIPOHUKJIA B BO3AYIIHOE MPOCTPAHCTBO M MOBEPXHOCTHBIM CJIOM MOYBBI, a cenyac
OCBaMBaeT KOCMUYECKOE MPOCTPAHCTRBO.

KoHeuHO, peanbHble TI€HETUYECKHE AJITOPUTMBbI, Ha KOTOPBIX IPOBOAATCS
Hay4YHbIE MCCJICIOBAHUS, Yallle BCEr0 Majo TOXO0XKH Ha TMPUBEICHHBIM MpUMED.
HccnenoBareny 3KCIEPUMEHTUPYIOT € PA3NUUYHBIMU MapaMeTpaMHd Te€HETHYECKUX
QITOPUTMOB, HAMpUMeEp: crmocodamMu oTOOpa 0cobei AJig  CKpEelIMBaHUS;
KPUTEPUSIMU TMPUCIIOCOOJIEHHOCTH M KECTKOCTBbIO BIMSHHUS (PAKTOPOB CpEbl;
cnocobamMu BBIOOpa TPU3HAKOB, TMEPEJAIONIMXCS OT POJMUTENCH MOTOMKaM
(peueccuBHBIE M HE PEUECCUBHBIE TI€Hbl M T.J1.); HHTEHCUBHOCTBIO, BHUIAOM
CIly4ailHOr0  pacrhpeleieHusi M  HalpaBICHHOCTbIO MYTalMi; pa3IuYHbIMU
MOJIXOIaMH K BOCIIPOU3BOJICTBY U OTOODY.

[ToaTOMy mOA TEpMUHOM "TEHETUYECKHE aJTOpPUTMBI" MO CyTH Jieja Hajlo
MOHUMAaTh HE OJIHY MOJIENb, & IOBOJIbHO IIMPOKHUI KJIacC aJlTOPUTMOB, MTOYac Majo
MOXOXKUX JPYT Ha Apyra.

B Hacrosiee BpeMsi paccMaTpUBaeTCs MHOTO Pa3jIMYHBIX OINEpPaTOpOB
oTrOopa, KpoccoBepa W MyTanuu: TypHMPHBIA 0oTO0p (Brindle, 1981; Goldberg u

Deb, 1991), peanusyeT nTypHUPOB, YTOOBI BBIOPATh 7 OCOOCH, IMPU ITOM KaXKIbIit



TYpPHHUP TOCTPOEH Ha BBIOOPKE k 3JIEMEHTOB W3 MOIMYJALMH, WM BbIOOpa JydlIel
ocobu cpeau HUX (Hambojee pacnpoCTpaHEeH TYPHHUPHBIA O0TOOpP ¢ k=2); 3JIMTHBII
oroop (De Jong, 1975) rapantupyior, 4To MNpu OTOOpe 00s3aTeabHO OyIyT
BBDKMBATh JIYUIIMA WM JIyYIIAE WICHbl TOMYJSIIIMM COBOKYIHOCTH (Hambosee
pacmpocTpaHeHa mpoleaypa o0s3aTeIbHOTO COXPAHEHMsI TOJBKO OJHOW Jydllein
ocobu, eciu OHa He MpoIia Kak JpyrHe uepe3 mpouecc oTdopa, KpoccoBepa U
MyTaIun);AByxToueunblii kpoccoBep (Cavicchio, 1970; Goldberg, 1989c) wu
paBHOMepHBIN KpoccoBep (Syswerda, 1989) ornuuarorcest criocobamu HacieI10BaHUS
ITOTOMKaMH ITPU3HAKOB POAUTENEH.

He cmotps Ha TO, 4TO MOJeNH OMOIOTUYECKON 3BOJIOLUU, pPeau3yeMble B
['A, 0OBIYHO CHJIBPHO YIPOIICHBI IO CPAaBHEHHUIO C TIPUPOJHBIM OPUTHHAIIOM, TEM HH
MeHee ['A ABISAI0TCS MOIIHBIM CPEJICTBOM, KOTOPOE MOKET C YCIIEXOM IPUMEHSATHCS
JUTSL pEIICHHS] IIMPOKOro Kiiacca MPUKIAAHBIX 3a/a4, BKIIOYas T€, KOTOPbIe TPYIHO,

4 MHOIr'Zla 1 BOBCC HCBO3MOKHO, pCIINUTL APYTUMHU MCTOaMHU.

1.1.6.3. [locmouncmea u He0oCmamxu ceHemuyeckKux aieopummos

Opnako, 'A He rapanTupyer OOHApyXE€HHsS IJI00AJIbHOIO PEIICHHUS 3a
npuemsiemoe Bpemsi. ['A He rapaHTHpPyOT U TOTO, YTO HalJICHHOE pelieHue Oyner
ONTUMAaJIbHBIM pelIeHUEM. Tem HU MEHee OHU MIPUMEHHUMBI
JUISl noucKa "TOCTaTOYHO XOPOLIEro' pemieHus: 3aJadd 3a "IOCTaTOYHO KOPOTKOE
Bpems". ['A mpencTtaisioT coOoi pa3sHOBUAHOCTb QJITOPUTMOB MOWCKA U UMEIOT
MPEUMYIIECTBA TIEPEl IPYTUMHU aJTOPUTMAMH TIPH OYEHB OOJIBITUX Pa3MEPHOCTSIX
3a/1a4 U OTCYTCTBHSI YIOPSJOUYEHHOCTH B UCXOJHBIX JIAHHBIX, KOT/Ia aJbTePHATHUBOM
UM SIBJISIETCA METOJI ITOJIHOTO TIepe0opa BapUaHTOB.

B cnydasx, koraa 3ajgada MOKET OBITh PEllleHa CIELHATbHO pa3pabdOTaHHBIM
JUIsl HEe METOJ/IOM, MPAKTUYECKH Bcerna Takue Metonnl OynyT a¢dekruBHee ['A kak
1o OBICTPOACHCTBUIO, TAK U 10 TOYHOCTHU HANJACHHBIX PEIICHUM.

I'nagnvim oce oocmouncmeom I'A aenaemca mo, umo OHU MO2ym
NPUMEHAMBCA 01 PEUleHUA CILOHCHBIX HephopmManu3zosanuvix 3aoad, O

Komopuslx He pa3pa60man0 cneuuaibHoulx Memodoe, m.e. 'A ob6ecneuusaom

peuwtenue npoonem. Ho naxe B Tex cioydasx, JUIsl KOTOPBIX XOPOIIO pabOTarOT



CymeCTBYIOIIHC MCTOAHUKMU, MOXXHO JOCTHTHYTb HHTCPCCHBIX PE3YyIbTAaTOB

coueras ux c ['A.

IIpumepuvl npumenenusi 2eHemuyecKux aneopummos

B 1994 rony Ouapro Kun u3 ynuBepcutera CayTreMnTOHa HCIOJIb30BAII
TCHETUYECKUH aJTOPUTM B JU3aiHE KOCMHYECKUX KopaOisiei. 3a OCHOBY Obliia B3sTa
MOJIEJIb OMOPbl KOCMHUYECKOW CTaHIIMH, CpoeKkThupoBaHHOW B NASA u3 kortopoii
nociie cMeHbl 15 nokonenui, BkatoyaBmnx 4.500 BapraHTOB qu3aliHa, MOTYy4YUIach
MOJIENb, IPEBOCXOAAIIAS 10 TECTAM TOT BAPUAHT, YTO pa3pabOTaIH JIFOIH.

AHQJIOTUYHBI TEHETHUYECKUM alropuT™M ObUT Hcmoiib3oBaH NASA mpu
pa3paboTKe aHTEHHBI 1JIs1 CITy THHUKA.

Ilxon Koza w3 Crandopma pa3paboTan TEXHOJOTHIO T'€HETHUYECKOTrO
MIPOrpaMMUPOBAHUS, B KOTOPOU PE3YyIbTATOM 3BOJIIOLIMU CTAHOBATCS HE OTHEJIbHBIC
YUCJIOBBIE MapaMeTpbl "ocoOeil", a Iesble UMUTALMOHHBIE MPOrPaMMBbI, KOTOPBIC
ABJISIIOTCSL BUPTYyaJIbHBIMU AHAJIOTAMU PEAbHBIX YCTPOMCTB. DTa TEXHOJIOTHS
no3pojuia kommnaHuu Genetic Programming mnoBTOpuTh 15 denmoBedecKHX
n300pereHnid, 6 u3 KoTOphIX ObuIM 3amareHToBaHbl mociie 2000 roma, To ecThb
MPEICTaBISIOT CO0OM camble MepefoBble TOCTHXKEHMS, a OJUH M3 KOHTPOJUIEPOB,
"BeiBeIcHHBIX" B GP, nake mpeBOCXOUT aHAJOTUYHYIO YEJIOBEUECKYIO Pa3paboTKy.

Ceiluac mnonapl 3JEKTPOHHOM 3BOJIIOIMU MOKHO HANTH B CaMbIX Pa3HBIX
chepax: oT aBurarens camoisiera Boeing 777 10 HOBBIX aHTHOMOTHKOB.

['eHeTnueckue  anropuTMbl  MOPEACTABISIOT  COOOM  KOMIIBIOTEPHOE
MOJEIIMPOBAHKUE 3BOJIOIMU. MaTtepuanibHOE BOIUIOIICHHE CKOHCTPYUPOBAHHBIX
TakuM 00pa3oM CHUCTEM JO0 CHX MOp Obljla HEBO3MOXHA 03 y4acTus 4esOBeKa.
OngHako UWHTEHCUBHO BeOyTCs paOOThl, PE3yJbTaTOM KOTOPBIX  SIBISIETCA
YMEHBIIEHUE 3aBUCHUMOCTH MAIIMHHON OJBOJIOLMHU OT YeNOoBeKa. OTU pPabOThI
BEJIyTCs MO JBYM OCHOBHBIM HaIlpaBJICHUSM:

1. EcTtecTBeHHbIl 0TOOp, MOAenupyeMbiii ['A, mepeHoCcuTcs U3 BUPTYaIbHOTO
MUpa B pealbHbIN, HAIPUMEP, MPOBOIATCS AKCIEPUMEHTHI 10 peabHbIM OMTBaM
poOOTOB Ha BEIKUBAHUE.

2. HHTemiekTyalbHble CHCTEMBbI, OCHOBaHHbIe Ha ['A, KOHCTPYHUPYIOT



poOOTOB, KOTOpPBIE B IPUHIIUIIE MOTYT ObITh MU3TOTOBJIEHBI HA AaBTOMAaTU3UPOBAHHBIX
3aBojlax 0e3 y4yacTus yejoBeKa.

IIpumep Bomuiomenusi I'A B peanbHoii OMTBe po0OOTOB HA BHXKUBAHHUE: B
2002 romy B OputaHckoM IieHTpe Magna oTkpbuics naBmiboH Live Robots, rae
OopoyMch 3a BBDKMBaHWE 12 poOOTOB ABYX BHIOB: 'renmuodaru", crnocoOHBIE
N0OBIBaTh 3JIEKTPOIHEPIUIO C HCIIOJIB30BAHUEM COJIHEUHBIX Oarapeil; "XWUIIHUKH',
KOTOpPBIE MOTJIA TOJNyYaTh SJICKTPOIHEPTHIO TOJBKO OT renuodaroB. BepkuBiime
pOOOTHI 3arpy»kaiud CBoU '"TeHbI" B MOTMOIIMX M, TAKUM OOpa3oM, 0Opa30BBIBAIU
HOBBIE MOKOJIEHUs. Te XUIIHUKHU, KOTOpble 3a0Upaiu BCIO 3HEPTUI0 y reanogaros,
TEpsUIM MCTOYHMK MHUTAHUS M MOrudalid, HE TepelaBas CBOIO TAKTHUKY MOTOMKam,
MocTynaBIue ke "0osee pasyMHO'" MPOIOJDKWIN CBOM poa. B pesynbrare Bo3HUKIIA
paBHOBeCHass  cOaJaHCUPOBAHHAs  HMCKYCCTBEHHass JKOCHCTEMa C  JBYMs
MONYJISILHSMU.

IIpumep koHcTpyupoBaHusi poo6oroB podoramu: B Brandeis University
Oplma co3mana mporpamma Golem, KoTopas cama KOHCTpyHpoBajia poOoToB. B
nporpamMmy Obuia 0a3a jerajed, a TakkKe MEXaHM3M MyTauuid U  QyHKUuUs
MIPUTOTHOCTHU I "OTCEMBAHUA'" HEYJIAYHUKOB — T€X, KTO HE HAYYWJICS JBUTAThCS.
[Tocne 600 noxoneHWi 32 HECKOIBKO AHEN MporpaMMa MOJIyYWsia MOJEIH Tpex
noyzaronx poodortos. IlokazarenbHO, YTO pOOOTH OKa3adUCh CUMMETPUYHBIMH,
XOTsI CUMMETpHUSi HUKAaK He Obla SBHO IMpoMKcaHa B MpaBWjaX 3BOJIONUUA U
WCXOAHBIX JAHHBIX. DTO O3HAYaeT, YTO OHAa IMOSBWJIACh B XOJE€ MOJICIMPOBAHUS
MalIMHHOM  3BOJIOUMM KAk I[IOJe3Has 4epTa, [O3BOJSIOIIAs  JIBUTAThCSA

MPSMOJIMHENHO.

JleknuaNe7



Tema: I'eneruuyeckuii aaropurm. Cpoiicraa.

Bonpocobr:
1. llonsitue nomyasinun. CBoiicTtBa. I'eH.
2. ®enorun. 'enornn. PutHec. Myranusi. Kpoccosep.

OCHOBHBIE IOHSITHA T€HETHYECKUX AJITOpUTMOB

[Ipu onKrcaHWM TEHETUYECKUX AITOPUTMOB UCIIOJIB3YIOTCS ONPEACIICHU,
3aMMCTBOBAHHBIC U3 TCHETUKH, HAIIPUMED PEUb, UIET O NONYIAYUU 0cobell, a B Ka4YeCTBE
MOHSATUM MPUMEHSIIOTCS 2€H, XPOMOCOMA, 2eHOMUN, (peHomun, aieis. Takxke
HCTIOJIB3YIOTCSI COOTBETCTBYIOIIME 3TUM TEPMHUHAM OIPEICICHUS U3 TEXHUYECKOTO

JICKCUKOHA, B 4aCTHOCTH, Ye€rnb, 080UYHASA I’lOCJZ@dOG’ameﬂbHOCWZb, cmpyKkmypdad.

Ionmyasiuus — 3TO KOHEUHOE MHOKECTBO 0COOEH

00061/1, BXOJAIIKUC B IMTOIIYJIALIUMIO, B TCHCTUYCCKUX aJITOPUTMaX IMPCACTABIIAIOTCSA
XpoMOCOMaMiu C 3aKOANPOBAHHBIM B HUX MHOKCCTBOM IIapaMETPOB 3aaa4u, T.C.
pemeHHﬁ, KOTOPBIC MHAYC HA3BIBAKOTCA MOYKAMU 6 NPOCMPAHCIMEBE NOUCKA

(search points). B HEKOTOpBIX paboTax 0coOOU HA3BIBAKOTCIOP2AHUAYUIMU.

Xpomocombl (IpyTue Ha3BaHUS — yenoukuy Ul K0O08ble NoC1e008amelbHOCMU) — 3TO

YHOPAJOYCHHBIC ITOCICOOBATCIIBHOCTH 2E€HOE.

I'en (Taxke Ha3bIBAEMBIN C8OLCMEOM, 3HAKOM U 0emeKmopom) — 3TO aTOMapHbIN

9JICMCHT ceHomuna, B YaCTHOCTH, XPOMOCOMBI.

['eHoTun MK CTpyKTYypa — 3T0 HAOOP XPOMOCOM JaHHOM ocobu. CreaoBarenbHO,
0COOSIMU TIOMYJISIITAN MOTYT OBITh TEHOTHIIBI, JINOO €TMHUYHBIE XPOMOCOMBI (B

JIOBOJIBHO PacpOCTPAHEHHOM CITy4ae, KOrjia FEHOTUI COCTOUT U3 OJIHOW XPOMOCOMBI).



@eHOTHT — 5TO HA0Op 3HAYEHUH, COOTBECTCBYIOIINX JAHHOMY T€HOTHITY,
T.€. 0eKOOUPOBAHHASL CMPYKMYPA WA MHOICECMBO NAPAMempo8 3adadu(peuleHue,

MOYKA NPOCMPAHCINEA NOUCKAQ).

AJl1eJIb — 3TO 3HAUCHUEC KOHKPETHOI'O I'CHA, TAKIKC OIIPCACIIICMOC KaK 3HaYeHue

ceolicmaea Ui 8apuanm ceoucmad.

.JIOKyc HJIM TO3UIKA YKAa3bIBACT MCCTO PAa3MCIICHHUC JAHHOI'O I'€Ha B XpOMOCOMC

(menouke). MHOXKECTBO MO3UITUN T€HOB — ATO JIOKU.

OueHb BaKHBIM NOHATHEM B TEHETUUYECKUX AJITOPUTMAX CUMTACTCSA QYHKYUS
npucnocobnennocmu (fitness function), unade Ha3piBaemasi gyukyuei oyenxku. OHa
MIPENICTABIISICT MEPY MPUCTIOCOOTCHHOCTH JTAHHON 0COOHM B TIOMYJISIITNHU. DTa QYHKITUS
UIPaeT BAKHEHIIYIO POJib, IOCKOJIBKY MTO3BOJISIET OLIEHUTH CTEIEHb
MPUCTIOCOOJIEHHOCTH KOHKPETHBIX 0COOEH B MOMYJISIIIMU U BBIOpaTh U3 HUX Hauboliee
NPUCHOCOOJIEHHBIE (T.€. UMEIOIIME HAaUOOoIbIINE 3HAYEHUS (PYHKIUN
IPUCIIOCOOTIEHHOCTH) B COOTBETCTBUU C 3BOJIIOLIMOHHBIM ITPUHIIUIIOM BBKUBAHUS
«CUIIbHEUIIMX» (JTy4llle BCero npucrnocoouBmmnxcs). @yHKIUs TPUCIOCOOIEHHOCTH
TaKKe MOJIy4HJIa CBOE Ha3BaHUE HEMOCPEACTBEHHO U3 FeHeTHUKU. OHa OKa3bIBaeT
CWJIBHOE BJIMSIHUE Ha (YHKLIMOHUPOBAHHE T€HETUYECKUX AITOPUTMOB U JI0JKHA UMETh

TOYHOC U KOPPCKTHOC OIIPCACIICHHC.

B 3agavax ontuMuzanuu QyHKIMs MPUCTIOCOOTCHHOCTH, KaK MIPaBUIIO ONTUMHU3ZUPYETCS
(TOouHEE TOBOPSI MAKCUMU3UPYETCS) U HA3bIBACTCS yenesol (hynkyueti. B 3amauax
MUHUMM3AIUY 1IesieBast GyHKIUsS TpeoOpa3yercs, U mpodiemMa CBOJUTCS K
MakcuMu3aluu. B Teopuun ynpasieHus QyHKIUS MPUCTIOCOOICHHOCTH MOXKET
MPUHUMATh BUJ )YHKYUL NOZPEeUHOCMIL, 3 B TEOPUH UTP cmoumocmHot gyukyuu. Ha
KaXKJIOM UTEepaIlli TeHETUYECKOr0 aJIrOpUTMa MPUCTIOCOOIEHHOCTD KaXK10M 0co0u
JAHHOW MOMYJISAIIAN OTICHUBAETCS TTPU TIOMOIIH (PYHKITMH MPUCIIOCOOICHHOCTH, W Ha

ATOW OCHOBE CO3/a€TCsI CIEAYIOIIAsl MOMYJISAIUS 0CO0€H, COCTABISAIONIAs MHOKECTBO



NOTEHLMAJIBHBIX pEIIEHUI Mpo0JIeMbl, HapUMep, 3a7aun ontTuMuzauuu. OuepenHas
HOIMYJISILUS B TECHETUYECKOM JITOPUTME HA3bIBAETCS IIOKOJIEHUEM, a K BHOBb
CO3/1aBaeMOM MOMYJISIUK 0COOEH MPUMEHSETCS TEPMUH «HOBOE TTOKOJICHHUE) WU

(IIOKOJICHHC IIOTOMKOB)).

~ Tlpumep - 24.

Paccmotpum dyHKIIMIO

F(x)=2x>+1 (1)

W nomycTuMm, 4TO X IPUHUMAET IeNIble 3HaueHus U3 uHTepBaia ot 0 1o 15. 3agada
ONITUMU3AIAN dTOU (DYHKIIMH 3aKITI0YAETCS B IEPEMEIICHHUH 110 TTPOCTPAHCTRY,
cocTosimemMy u3 16 Touek co 3HaueHusMHu 0, 1, ..., 15 s oOHapyKEHUS TOM TOYKHU B

KOTOpOM (DyHKLKS MPUHUMAET MAaKCUMaJIbHOE (MJIM MUHUMAJIbHOE) 3HAYECHHUE.

B sToM citydae B kauecTBe napamempa 3a0aqu BHICTyNaeT IepeMeHHAst X. MHOXECTBO
{0, 1, ..., 15} cocraBisieT npocmpancmeo noucka i OJHOBPEMEHHO — MHOXKECTBO
MOTEHIIMAJIBHBIX pereHui 3anaun. Kaxxnoe u3 16 uncen, mpuHaaiexKamx K STOMy
MHOIKECTBY, Ha3bIBACTCS MOYKOL NPOCMPAHCINEA NOUCKA, pelleHUueM, 3HAYeHUueM
napamempa, pernomunom. Cienyer OTMETUTh, YTO PEIICHUE, ONTUMHU3UPYIOLIee
(bYHKIMIO, Ha3bIBACTCS HAUIYYUWUM UTUONMUMALbHBIM PEIICHUEM. 3HAYCHUS

napameTrpa x oT 0 10 15 MOXKHO 3aKOAUPOBATH CIAEAYIOITUM 00pa3oM:

0000 0001 0010 0011 0100 0101 0110 0111

1000 1001 1010 1011 1100 1101 1110 1111




DTO MIMPOKO U3BECTHBIN CIIOCOO JBOMYHOTO KOJUPOBAHUS, CBSI3aHHBIN C 3aMUCHIO
NecATUYHBIX U(]p B 1BOMUHOMN cucteme. [IpencraBnennbie kodogwvie
nociedoeamenbHOCmuy TakKe Ha3bIBAIOTCS yenamu Wik xpomocomam. B
paccMaTpUBaeMOM MIPUMEPE OHU BBICTYIAIOT B pOJIH ceHomunos. Kaxaas u3 XpoMocoM
COCTOUT U3 4 TEHOB (MHA4Y€ MOKHO CKa3aTh, YTO JIBOMYHBIE MTOCIEA0BATEIIbBHOCTH
cocTosi T U3 4 OUTOB). 3HAUEHHE reHa B KOHKPETHON MO3ULIMU HAa3bIBAETCS AJIJIEINbIO,
IIPUHUAMAIOLIEN B TaHHOM ciaydae 3HadeHue 0 win 1. [lonynayus cocTtonut

U3 ocobeul BbIOUpaeMbIx cpenu 16 xpomocom. [IpumepoM monymnsiuu ¢ YUCIAEHHOCTHIO
paBHOI 6 MOXXET ObITh, HAIIPUMEpP, MHOXKEeCTBO XpoMmocom{0010, 0101, 0111, 1001,
1100, 1110}, mpeacTaBistonux co00i 3aKOTUPOBAHHYIO (POPMY CIEAYIOIIHNX

dbenorunos: {2,5,7,9, 12, 14}.

" @yukyusa npucnocooreHHocmu B 3TOM IIpUMepe 3a71aeTcs BeipaxkeHueM (1).
[IpucnocoOIeHHOCTh OTACTBHBIX XPOMOCOM B MOMYJISIIMY ONPEEsSeTCs 3HaYCHUEM
ATOW (PYHKUUHM JIJIs1 3HAUEHUSI X, COOTBETCTBYIOIMNX 3TUM XPOMOCOM, T.€. JJIsl
(hEeHOTHUIIOB, COOTBETCTBYIOIIMX OMPEACICHHBIM 2eHOMUNAM .

A 2 Kitaccu4eCKMi reHeTHYeCKH aJITOPUTM

OCHOBHOM (KJIACCUYECKHI1) TEHETUUYECKUI AJITOPUTM (TaK>Ke Ha3bIBAEMbIN
AJIEMEHTAPHBIM UJIU MPOCTHIM T€HETUUECKUM aJITOPUTMOM) COCTOUT U3 CIICAYIOIINX
11aroB:

1) uHUIIMATM3a1Ks, WK BEIOOP UCXOAHOU MOMYJISIIIUU XPOMOCOM;

2) olieHKa MPUCIIOCOOJIEHHOCTH XPOMOCOM B MOIYJISILINY;

3) npoBepKa yCI0BHIl OCTAHOBKH aJIrOPUTMa;



HAYAIIO
4) cenekius XpoMOCOM;

eI anHzaH A — EBIO 0P HCOX0JHOH 5
TIOTTVILALTHH XP 0MOCOM ) HpI/IMeHeHI/IG TCHCTHUYCCKUX

OIEepPaTOPOB;

DI.I CHHESHH S [TPHCII0 CORJIEHHOCTH

XPOMOCOM E IIOIIYILAITHE

6) hbopMHupoBaHUE HOBOM

NOMYJISIUY;
WinoBHe
JABEPIICHH A
L] (V)
BETIOMHEHD 7) BBIOOD «HaWUTy4IIEH»
XPOMOCOMBI.

Cenesaia xpomoco 1t Briop «Hammymieis
EPOMOCOMEI

TIpHMEH EHHE [EHETHHECKHX FEHETUYECKOI0 aJIrOpuT™Ma
OIEPATOPOR

biok-cxemMa 0CHOBHOTO

n300pakeHa Ha pUCyHKe 1.

Co3ganue HOBOH PaccMOTpUM KOHKpPETHBIE
IIOIIYILAITHE

ATAITbI ATOTO AJITOPUTMa OoJee

OJIPOOHO.

PucyHok 1 - biok-cxema reHeTU4eCKOro aliropurma

Nuunuanusanus, 1.€. opMUpOBaHHUE UCXOJHON MOMYJISLINH, 3aKIIOYAETCS B
CIly4ailHOM BBIOOpE 33JIaHHOTO KOJIMYECTBA XPOMOCOM (0c00€il), MpeACTaBICHHbBIX

JABOUYHBIMH ITOCICAOBATCIIBHOCTAMMU (bHKCHpOBaHHOﬁ JJIMHBI.

A OueHUBaHHE MPUCTOCO0JEHHOCTH XPOMOCOM B IOITYJISALIMK COCTOUT B PACUETE
(GYHKITUY TPUCTIOCOOIGHHOCTH JUTS KQKI0H XpOMOCOMBI 3TOH oy siun. Yem Oosbiie

3HaYeHHE ITON (QYHKIIUHU, TEM BBIIIE «KAY€CTBO» XPOMOCOMBI.



®opma QyHKIMU TPUCIOCOOIIEHHOCTH 3aBUCUT OT XapaKTepa pelaeMon 3a/1auu.
[Tpennonaraercs, 9To PyHKIMS TPUCIIOCOOTCHHOCTH BCETAa MPUHUMACT
HEOTpHIIaTeIbHOE 3HAYeHUE U, KPOME TOTO, YTO JJIsl PEeUICHHs ONTUMHU3AIMOHHON
TpebyeTcsi MaKCUMU3UPOBaTh ATy GyHKIM0. Ecnu ucxomnas dopma QyHkimm
MIPUCIIOCOOICHHOCTH HE YJIOBIETBOPSET 3TUM YCIOBHUSM, TO BBIITOIHSAETCS
COOTBETCTBYIOIIIEE MTpeoOpa3oBaHue (Hapumep, 3aady MUHUMU3AUUU QYHKITIH

MOKHO JICTKO CB€CTH K 3aJa4cC MaKCI/IMI/ISa]_II/II/I).

~ 1IpoBepKa yc/JI0BUA OCTAHOBKH ajJropurMma. OnpeneneHre yciaoBus yCTaHOBKU
TFEHETUYECKOT0 aJITOPUTMA 3aBUCUT OT €r0 KOHKPETHOTO ITPUMEHEHUs. B
ONTUMH3ALMOHHBIX 33J1a4ax, €CJIM U3BECTHO MAaKCUMaJIbHOE (MJIM MUHUMAJILHOE)
3HaYeHHe (PYHKIIUU TIPUCTIOCOOIEHHOCTH, TO OCTAHOBKA aJTOPUTMA MOXKET MPOU30UTH
MOCJIE JOCTHKEHUE 0’KMIAEMOT0 ONITUMAIbHOTO 3HAYEHNU S, BO3MOKHO-C 3aIaHHOM
TOYHOCTBI0. OCTaHOBKA aJITOPUTMA TaKKE MOKET IIPOU30MTH B CIy4ae, KOrjua ero
BBITIOJIHEHUE HE MPUBOANT K YIYUILICHUIO YK€ JOCTUTHYTOTO 3HAYEHHUS. AJITOPUTM
MOKET OBITh OCTAHOBJIEH 110 UCTEYEHUH OMPENEIEHHOTO BPEMEHH BBIMOIHEHUS JIUO0
IIOCJIE BBIITOJIHEHUS 3aJAHHOTO KOJIMYECTBA UTEpauil. Eciy ycioBre 0CTaHOBKH
BBITIOJIHEHO, TO TIPOU3BOJUTCS NIEPEXO]] K 3aBEPIIAIOLIEMY 3TAITy BHIOOPA «HAUITYYILEH)

XpOMOCOMEI. B IMPOTUBHOM CJIy4ac Ha CICAYIOIICM IIare BbIITOJIHACTCA CCIICKIINA.

A CesieKMS XPOMOCOM 3aKJII0YaeTCsl B BEIOOPE (110 paCCUUTAHHBIM Ha BTOPOM STare
3HAYCHUAM (YHKIIUN TPUCTIOCOOICHHOCTH) TEX XPOMOCOM, KOTOPBIC OYIyT Y4acTBOBAThH
B CO3/ITaHUM TIOTOMKOB JIJIS CJICYFOIICH MOIMYIISAINHU, T.€. 1711 OUYEPETHOTO TTOKOICHHUS.
Taxo#i BEIOOP TIPOU3BOUTCS COTIIACHO MPHUHIIUITY €CTECTBEHHOTO 0TOOpPa, M0 KOTOPOMY
HaWOOJIBIITNE IIIAHCH HA YYACTHE B CO3JAHUH HOBBIX 0COOEH MMEIOT XPOMOCOMEI C
HanOONBITUMU 3HAYCHUSIMHU QYHKIHH MPUCTIOCOOTIeHHOCTH. CYyIIIECTBYIOT pa3InyHbIC
MeTOJIbI cesiekiuu. Harboree momyasspHbIM CYMTACTCS TaK Ha3bIBAEMBIA METOI METOIbI
pynetku (roulette wheel selection), KOTOpbIii cBO€ Ha3BaHUE MOTYYMII IO AHAJIOTUU C
W3BECTHOH a3apTHOU urpoit. Kaxxmoit XxpoMocomMe MOXKET OBITh COITOCTABIICH CEKTOP
KoJIeca PYJICTKH, BEIMUYMHA KOTOPOTO YCTAaHABIMBAETCS MPOIIOPITMOHATIEHON 3HAYCHUTIO

(GYHKITUY TPUCTIOCOOIEHHOCTH JaHHOW XpOMOCOMBI. [103TOMY ueM Gorbliie 3HaYeHHE



(YHKIMU TPUCTIOCOOIIEHHOCTH, TEM OOJIbIIIE CEKTOP Ha Kojece pyneTku. Bee koneco
PYJETKH COOTBETCTBYET CyMMeE 3HAYCHUI (PYHKIIUU IPUCTIOCOOIEHHOCTH BCEX
XpOMOCOM paccMaTpuBaeMoit nomyssiiuu. Kaxaoi xpomocome, 0603HauaeMoit Chi|

s i=1,2,...,N(tne N 0603Ha4aeT YuCICHHOCTh TOMYJISIIMNA) COOTBETCTBYET CEKTOP

koneca v( %), BBIpaKeHHOI B IIPOLIEHTAX COITIACHO (hOPMYIIe

v(ch;) = p, (ch;)100%, (2)
DI
2 (C]’ll') :N}?(ﬂ

> F(ch;)

i=) 3)

ch;

npuueM F(ch;) — 3HaueHre PyHKIMHU MPUCTIOCOOIEHHOCTH XPOMOCOMBI ,a? s|(Chi|)

ch,;

— BEPOSITHOCTD CEJICKIIUUA XPOMOCOMBI . Cenexuusi XpoOMOCOMBI MOXKET OBITh
MpeAcTaBIeHa KaK Pe3ysbTaT MOBOPOTA Kojieca PYJETKU, MOCKOIbKY «BbIMTPABIIIAs)
(T.. BEIOpaHHAs) XpOMOCOMa OTHOCUTCS K BBIMABIIEMY CEKTOPY 3TOTO KoJieca.
O4eBUIHO, YTO YeM OOJIbIIIE CEKTOP, TEM OO0JIBIIIE BEPOSITHOCTH «IIOOSBI)
COOTBETCTBYIOIIEH XpoMOCcOMBI. [T03TOMY BEpOATHOCTH BHIOOpA JAHHOW XPOMOCOMBI
OKa3bIBAETCS MPOMOPIIMOHATILHOMN 3HaYeHHIO €€ QYHKIUMU prcnocodieHHocTu. Ecin
BCIO OKPY)KHOCTb PYJIETKH TIPEJICTAaBUTH B BUE nudpoBoro uatepsaia [0,100], To
BBIOOP XPOMOCOMBI MOXKHO OTOXKJIECTBUTH C BRIOOPOM YHCiIa U3 MHTEepBaIa [a,b], rae a
1 b 0003HAYaIOT COOTBETCTBEHHO HAYaJI0 U OKOHYAaHHUE (hparMeHTa OKPY>KHOCTH,
COOTBETCTBYIOIIIETO 3TOMY CEKTOPY Koneca; oueBuAHO, 94To 0<a<b<100. B aToM cimyuae

BBIOOP C MOMOIIIBIO KOJIECA PYJIETKH CBOJIUTCS K BbIOOpY uncia u3 uarepsania [0,100],

KOTOPOC COOTBCTCTBYCT KOHKpCTHOﬁ TOYKE Ha OKPY’KHOCTH KOJIECA.

B pe3synbTate nporiecca ceaeKunuu Co3aaeTCsl pooumenbCeKas nonyiayus, Takxe



Ha3bIBaEMasi pOOUmMeNbCKUM nYJIoM (mating pool) ¢ YUCIEHHOCThI0 N, paBHOM

YHUCJICHHOCTH TeKymeﬁ IMOITYJIAIIUH.

IIpumeHeHHe reHeTHYECKHUX OMEPATOPOB K XPOMOCOMaM, OTOOPAHHBIM C TIOMOIIIBIO
CEJICKIIUHU, TPUBOJUT K (HOPMHUPOBAHUIO HOBOM TMOITYJISILIMKM IIOTOMKOB OT CO3JIJaHHOM Ha

MPEABIAYIIEM [Iare POAUTENBCKON MOy,

B ximaccuyeckoM reHeTH4eCKOM AJITOPUTME MPUMEHSIIOTCS IBA OCHOBHBIX

OTepaTopa: onepamop CKpewusaHnus (crossover) u onepamop mymayuu

(mutation). OIHAKO CJETyeT OTMETUTh, UTO ONepaTop MyTallUd UTPAET SIBHO
BTOPOCTEIIEHHYIO POJIb [0 CPABHEHUIO C OMEPATOPOM CKPENIMBAHUA. ITO O3HAYAET, UTO
CKpEIIMBAHUE B KIIACCUYECKOM IT'€HETHUYECKOM JITOPUTME ITPOU3BOAUTCS MPAKTUUECKH
BCET/a, TOI/1a KaK MyTalus — JOCTaTOYHO PEAKO. BeposTHOCTh CKpenmMBaHus, KaKk
MPaBUIIO, JOCTaTOUHO Benwka (00sraHO0 0,5< p. <1), TOrma Kak BEpOSTHOCTh MYTaIIHH
yCTaHaBJIMBaeTCs BechbMa Masoit (dare Bcero 0< p,, <0,1). D10 cineayeT U3 aHAJIOTUH C

MHPOM KHBBIX OPTaHU3MOB, I'IC MyTallUX ITPOUCXOOAT IlpC?;BbI‘-IElI\/’IHO PEAKO.

B renetndeckoM ajaroputrMe MyTalus XpOMOCOM MOXET BBIIIOJHSTCS Ha MOMYJISLAN
poauTenel nepes CKpelrBaHueM Ju00 Ha MOMYJISIIMY TOTOMKOB, 0Opa30BaHHbBIX B

pe3yybTaTe CKPEIIUBAHUSA.

 Oneparop ckpemuBanusi. Ha nepBom 3tarne ckpelmuBaHus BBIOUPAOTCS aphbl
XpPOMOCOM U3 POAUTENHCKON NOMYIISIUU (POJUTENBCKOTO MyJia). ITO BpEMEHHAs
MOMYJISIUS, COCTOSIIAS U3 XPOMOCOM, OTOOPaHHBIX B pE3YyJIbTaTE CENEKIUU U
IpeIHa3HAuYeHHBIX ISl JajJbHENIINX MPeoOpa30BaHU ONEepaTopaMy CKpEIIMBAHUS U
MYTallUHU C 1IN0 (POPMUPOBAHMS HOBOW MOMYJIALIMY NOTOMKOB. Ha naHHOM »Tamne
XPOMOCOMBI U3 POJUTENHCKON MOMYISILIMY OObETUHAIOTCS B TTAPbl. ITO MPOU3BOAUTCS
CIIy4aliHbIM CIIOCOOOM B COOTBETCTBUU C BEPOSTHOCTBIO CKpEIIMBaHUs p.. Jlanee ms
KaX/10i mapbl OTOOpaHHBIX TAKUM 00pa3oM POAMUTENEH pa3bIrpbIBAECTCS MO3ZULUS

reHa (10Kyc) B XpOMOCOME, ONPEAEIISIIONIas TaK Ha3bIBAEMYIO MOUK)

ckpewuganusi. Ecim xpoMocoma KaxJ0ro U3 poJAUTeNied COCTOUT U3 L T€HOB, TO



OYEBMJIHO, YTO TOYKA CKPEUIMBAHUS [ IPEACTABISAET COOOM HATypaIbHOE
yucio, MeHbliee L. [ToatoMy ¢pukcanus TOUKM CKpeLIMBaHMsI CBOAUTCS K CIy4yailHOMY
BBIOOPY Mapel U3 uHTEepBana [1, L-1]. B pe3ynbrate ckpemuBaHus napbl pOJUTEIbCKUX

XPOMOCOM ITIOJIYy4YacCTCs CIACAYIoIIasd Imapa IIOTOMKOB:

1) mOoTOMOK, XpOMOCOMa KOTOPOTO Ha MO3ULUAX OT 1 10 /x COCTOUT U3 T€HOB MEPBOrO

poauTens, a Ha mo3unus oT [ + 1 10 L — u3 reHOB BTOPOTO POJTUTENS;

2)IIOTOMOK, XpOMOCOMa KOTOPOI'O Ha MO3ULUAX OT 1 110 /x COCTOMT U3 T€HOB BTOPOIO

pOAUTENIS, a Ha MO3UIUA OT /x + 1 10 L — U3 TEeHOB MEPBOTO POAUTEIIS.

Omnepatop MyTanmMu ¢ BEpOATHOCTBIO p,, U3BMEHSET 3HAUEHHE T€HA B XPOMOCOME Ha
npotuBonojioxkHoe (T.e. ¢ 0 Ha 1 uiu o6parHo). Hampumep, eciu B XpoMocoMe
[10011010010] myTanuu noaBepraercs TeH Ha MO3ULIUK 7, TO €r0 3HaYeHUe, paBHoE 1,
u3mensiercst Ha 0, 94To mpuBOIUT K 006pazoBanuto xpomocomsel [10011000110]. Kak yxe
YIIOMUHAJIOCh BBIIIE, BEPOSTHOCTh MyTaIlMu OOBIYHO OYEHb MaJia, U UMEHHO OT Hee
3aBUCHUT, OyJIET TaHHBIM T'€H MyTUPOBATh WM HET. BEpOSATHOCTD p,, MyTallUK MOKET
AMYJIMPOBATHCS, HAIPUMEP CITy4alHbIM BbIOOpOM ymcia u3 uHtepsana [0,1] ms
KaQXXJIOr0 TeHa U 0TOOPOM 17151 BBITIOJTHEHUS ATOM OMepaiiy TeX reHOB, sl KOTOPhIX

Pa3bII'PAaHHOC YHUCJIO0 OKA3bIBACTCA MCHBIINM HWJINM PAaBHBIM 3HAYCHUIO pj,.

~ dopMHpPOBaHKE HOBOH MOMYJISIMUA. XPOMOCOMBI, IIOJYYECHHBIE B PE3YyJIbTATE
IIPUMEHEHUS TEHETUYECKUX OIIEPaTOPOB K XpOMOCOMaM BPEMEHHOU POAUTEIbCKOU
MONYJIALAH, BKIIFOYAIOTCS B COCTaB HOBOM nomyisiiui. OHa CTAHOBUTCS Tak
Ha3bIBAEMOM TEKYLIEH MOMYJILMEN 11 JTaHHOW UTEPALIMU TEHETUYECKOT0 alrOpUTMa.
Ha xax110i1 ouepeiHOM UTepaly pacCUNTHIBAIOTCA 3HAYCHUS (DyHKLIUU
IPUCIIOCOOIEHHOCTH JIJIs1 BCEX XPOMOCOM 3TOM MOIMYJIALNH, TIOCIIE YEr0 IPOBEPSIETCS
YCIJIOBUE OCTAHOBKHU aJIrOpUTMa 1 JU00 GUKCUPYETCs pe3yIbTaT B BUAE XPOMOCOMBI €
HauOOJIBIIUM 3HAUEHUEM (YHKIIMU IPUCTIOCOOTIEHHOCTH, IMOO OCYIIECTBIIAETCS
IIEPEXOJ K CIEAYIOIIEMY [Iary FTeHETUIECKOro AJITOPUTMA, T.€. K CEeNIeKIuu. B

KJIACCHUYICCKOM I'CHCTHYCCKOM AJITOPUTME BCA IIPCAIICCTBYIOIIAA ITOITYJIALINA XPOMOCOM



3aMEeNIaeTCs HOBOM IOIYJISALMEN TOTOMKOB, UMEIOLIEN Ty 7K€ YUCIECHHOCTbD.

” BpI0Op «HAMITy4LIei» XPOMOCOMBI. Eciii yCiI0BrUE OCTAHOBKHU aJrOpUTMa
BBITNOJIHEHO, TO CJEAYET BBIBECTU PE3yibTaT padboThl, T.€. MPEICTAaBUTh HICKOMOE
pelieHre 3a1auu. JIyummm pemeHueM cuuTaeTcsi XpoMocoMa ¢ HauOOoJIbIINM

3HaYeHHEeM (YHKITUU TIPUCTIOCOOIEHHOCTH.

I'eneTnueckue AJITOPUTMBI YHACJICIOBAINU CBOMCTBA €CTECTBEHHOI'O 9BOJIOIITMOHHOT'O
nmponecca, COCTOAIMMEC B TCHETUICCKNX U3MCHCHMAX ITOITYJIIIIMU OPraHUu3MOB C

TCUCHHUCM BPCMCHH.

['maBHBIN (HaKTOP IBOITIOLUU — ITO €CTECTBEHHBIN OTOOD (T.€. MPUPOIHAS CETEKIINS ),
KOTOPBIN MMPUBOJMT K TOMY, UTO CPEIM TEHETUYECKH Pa3InIArOIIUXCsi 0Co0e 0THON U
TOW K€ TIOMYJISIIINY BRDKUBAIOT TOJIBKO HAMOOJIEE TIPUCTIOCOOIEHHBIE K OKPYKAIOIIEH
cpene. B reHeTrueckux anropuTMax TaKKe BBIIEISAETCS Tal CEJICKIINH, Ha KOTOPOM U3
TEKYIIEH TOIMYJISAIUA BRIOUPAIOTCS U BKIIFOUAIOTCS B POJUTEIBCKYIO TTOMYJISITUI0 0COOH,
UMeEIoIUe HauOobIlKe 3HaYeHus1 PyHKIMU npucnocodienHocT. Ha ciemyromniem
aTarne, KOTOPBIA WHOT/Ia HA3bIBACTCSI 28010y Uell, IPUMEHSIIOTCS] TEHETHUECKHE
OTIepaTOPhI CKPEIIMBAHUS W MYTaIllH, BBITIOJHSIOIINE PEKOMOMHAITNIO TEHOB B

XpOMOCOMaX.

Omnepanusi CKpelrBaHus 3aKiIIoyaeTcss B 0OMeHe (hparMeHTaMu IeT0YeK MEKIY JBYMS
POIUTENBCKUMHU XpoMocoMamMu. [Tapel poauTeneit aist CKpenuBaHus BRIOUPAIOTCS U3
POJUTENBCKOTO MyJia CIy4ailHbIM 00pa30M TaK, YTOObI BEpPOSTHOCThH BbIOOpa
KOHKPETHOW XpOMOCOMBI Il CKpEIIMBaHUsl ObUIa paBHA BEPOSITHOCTH p.. Hanpumep,
€CJIM B KaUeCTBE POJAUTENIEH CllydailHbIM 00pa30M BHIOMPAIOTCS ABE XPOMOCOMBI U3
POJIUTENLCKON MOMYJIAIIMN YUCIICHHOCTBIO N, TO p.=2/N. AHaNOTrn4HO, €CIIU U3
POIUTENHCKON MOMYJISIIUN YUCIEHHOCTHIO N BhIOMpaeTcs 2z XpoMocoMm (z<N/2),
KOTOpbIe 00pa3yloT zmap poautenei, To p.=2z/N. Eciu Bce XpOMOCOMBI TEKYIIEH
NOMYJISIUU O0BbEIMHEHBI B TAPhI 10 CKpeuuBanusi, To p.=1. [locie onepaunn

CKpCIIMBaHUA POAUTCIIN B pOI[HTGJ'IBCKOfI IMOITYJIIWHK 3aMCIIAatOTCA UX IIOTOMKaMU.



Onepatyst MyTally U3MEHSET 3HAYCHHS] TEHOB B XpPOMOCOMAX C 33JJaHHOM
BEPOSTHOCTBIO Py, CIIOCOOOM, TIPEICTABICHHBIM ITPU ONMKMCAHWU COOTBETCTBYIOIIETO
orepaTtopa. ITo MPUBOAUT K MHBEPTUPOBAHUIO 3HAUYCHUI 0TOOpaHHbIX reHoB ¢ 0 Ha 1 1
oOpaTHO. 3HaYE€HHE p,y, KaK MPABUIIO, OYEHb MAJIO, IIO3TOMY MYyTaIlUH TIOJIBEPTraeTCs
JUIITH HEOOJIBIIIOE KOTMIECTBO TeHOB. CKpenuBaHue — 3TO KITFOYEBOW OTIepaTop
TeHETUYECKUX aJITOPUTMOB, OMIPEACIISIONINNA UX BO3MOKHOCTH U 3P(HEKTUBHOCTD.
Myrtanus urpaet Haubosiee OrpaHUYEHHYIO posib. OHA BBOJUT B MOMYJIAIIMIO HEKOTOPOE
pa3zHooOpazue U NpeaynpeKaaeT MOTepU, KOTOPbIE MOIIIX Obl MPOU30MTH BCIEICTBUE

HCKIIIOYCHUA KaKOI‘O-HI/I6y,I[B S3HAYMMOTI'O I'CHA B PC3YJIbTATC CKPCUINBAHUA.

OCHOBHOM (KJIACCUYECKHI1) TEHETHYECKUM AJITOPUTM U3BECTEH B JINTEPATYPE B
Ka4eCTBE MHCTPYMEHTA, B KOTOPOM BBIICNISICTCS TPU BUJIA OTIEPALIUA:penpodyKyul,
cKkpewusanus u mymayuu. TEPMUHBI cenekyusi U penpooyKyusi B JAHHOM TEKCTE
UCIIOJIB3YIOTCS B KQUECTBE CUHOHUMOB. [Ipu 3TOM penpoayKius B JaHHOM ClIy4ae
CBSI3BIBAETCS CKOPEE C CO3JITAHUEM KOMUHU XPOMOCOM POAMUTENHCKOro MyJa, TOrAa KaK
0oJiee paclpoCTPaHEHHOE COIEPKaHUE 3TOT0 MOHATHS 0003HAYaET MPOLIECC

dbopMUpoBaHUS HOBBIX 0COOEH, TPOUCXOAAIIUX OT KOHKPETHBIX POAUTEIIECH.

~ 3 BbINOJHEHUS KJIACCHYeCKOr0 FreHeTH1eCKOro aJiropuTrMa

PaCCMOTpI/IM BBIITOJITHCHUEC OIMMCAHHOI'O B IIPCAbIAYIICM ITOAPA3ACIIC KIIACCHICCKOI0O
IFCHCTUYCCKOI'0 aJIrTOpUTMa Ha ITPOCTOM ITPHUMEPEC, COCTOAIINUM B HAXOKIACHUN XPOMOCOM

C MaKCUMAJbHBIM KOJIMYCCTBOM CANMHMHII.

Ipumep

JlonmycTuM, 4TO XpOMOCOMBI COCTOAT U3 12 reHoB, a MONyJIALKs HACUUTBIBAET &

XpoMocoM. [ToHATHO, YTO HAMITYYIIHi OyIeT XpoMOCOMa, COCTOosImas U3 12 eauHMII.



[TocMOTpUM, Kak MPOTEKAET MPOLECC PEIIECHUSI 3TOM BECbMa TPUBUAIBHOM 33J1a4M C

IMOMOINBIO TCHETUYCCKOI'O aJITOpHUTMAaA.

A THUIUAIM3anus, Wi BbLIOOP UCXOAHON momyasiiuu xpomocoM. Heob6xommumo
CIIy4ailHbIM 00pa30M CreHepUpOBaTh 8 JBOMYHBIX MOCIEAOBATEIHLHOCTEHN ATUHOM 12
OUTOB. DTO MOYKHO JIOCTUTHYTb, HAIPUMED, MTOAOPACBIBAHUEM MOHETHI (96 pas, npu
BBITIAJICHUH «OPJIa» MPUIIUCHIBAEM 3HaUeHUE 1, a B cimyuae «pemkn» - 0). Takum

00pazoM MOXKHO ChOPMUPOBATH UCXOAHYIO MOMYJISIUIO

ch,=[111001100101] chs=[010001100100] On
C€H

ch,=[001100111010] che=[010011000101] Ka

chy=[011101110011] ch-=[101011011011]

ch,=[001000101000] chs=[000010111100]

MPHCIIOCO0JIEHHOCTH XPOMOCOM B MOMYJIsiMA. B paccMaTprBaeMOM yIIPOIIEHHOM
IpUMEpE perracTcs 3aa4a HaXOKICHUS TAKOH XPOMOCOMBI, KOTOpasi COJIEPIKHT
HanOoJbIIIee KOTU4IecTBO eauHuIl. [loaToMy QyHKIHS TPHCTIOCOOIEHHOCTH ONPEASIsIeT
KOJTMYECTBO eIUHUIl B XpoMocome. O003HaYMM (PYHKITUIO TPUCTIOCOOTICHHOCTH

cuMBoJIoM F. Torna ee 3HaueHHE I KaXKI0W XPOMOCOMBI M3 HCXOIHOM NOMYJIALAN

OyIlyT Takue:

F(ch))=7 F(chs)=4
F(chy)=6 F(che)=5
F(chs)=8 F(ch7)=8

F(chs)=3 F(chs)=5



vichy)

XpoMOCOMBI chi; U ch; XapaKTepu3yrTCs

HanOOJBIIMMU 3HAYCHUSIMU QYHKIIUU

MPUHAJJIC)KHOCTH. B 3TON monyJisiuu OHU
CUMTAIOTCA HAWTYYIIIMMHU KaH/IU1aTaM1 Ha

pemienue 3agaun. Eciu B cooTBETCTBUU C OJI0K-

CXEMOU F€HETUYECKOro aJiITOPUTMA YCIOBUE

OCTAaHOBKH aJITOPUTMaA HE BBIIIOJHACTCS, TO Ha CIICAYIOIICM IIare MpoOnu3BOANTCA

CEJIEKIIMS XPOMOCOM U3 TEKYILEW MOMYJISILHUN.

A Cesieknust xpomocom. Cenekuusi NpOru3BOAUTCS METOAOM pyieTku. Ha ocHOBaHMM
dbopmy (2) u (3) A K01 U3 8§ XPOMOCOM TEKYIIEH MOMYJISIIUY (B HAILIEM CTydae —
MCXOIHOM MOMyJALMH, sl KoTopoit N = 8) mosydaeM CeKTOpHI Kojeca pyJIeTKH,

BBIPAKEHHBIE B IPOLIEHTAX (PUCYHOK 2)

v(ch;)=15.22 v(chs)=8.7

v(ch,)=13.04 v(che)=10.87
v(chs;)=17.39 v(ch;)=17.39
v(chy)=6.52 v(chs)=10.87

Pucynoxk 2 - Koneco pyneTku mjist cenekuuu

POSBIFpBIHI C IIOMOIIIBIO KOJIECA PYJICTKH CBOJUTCA K cnyqaﬁHOMy BBI60py qyuciia u3

unrepnaia [0,100], yka3pIBaroIero Ha COOTBETCTBYIOIIUM CEKTOp Ha Kojiece, T. €. Ha



KOHKPETHYIO XpOMOCOMY. JIOITyCTHM, 4TO pa3bIrpaHbl CIEIYIOIMINE 8 YUCEN:

79497444 86 48 23

OT0 03HaYaeT BHIOOP XPOMOCOM

Ch7 Ch3 Ch1 Ch7 Ch3 Ch7 Ch4 Chz

Kak BumHO, XpoMocoma ch;Obl1a BIOpaHa TPUKIbL, & XPOMOCOMA C/i3 — NBAXKIbI.
3aMeTHM, 4TO UMEHHO 3T XPOMOCOMBI UIMEIOT HauOoJbIllee 3HaueHne QyHKIUN
npucrnocodnennoctu. OgHaKo BIOpaHa U XpoMOcoMa ¢/, C HAMMEHBIIUM 3HAYEHUEM

(GYHKITUY TPUCTIOCOOICHHOCTH.



IIepBas mapa ponureneii: Ilepsas mapa noToMKoB:

10011001 11010]
[101011011011]

[001111011011]
Ockpenppanme [101000111010]

 — | — | —

lk:4

Bropas napa poautenei: Bropas mapa noTOMKOB:

|L11001100101]
[101011011011]

[111011011011]
OCerIHI/IBaHI/IC [101001100101]

| m— | — | —

lk:3

Tperps mapa poauresnen: Tperbs mapa HOTOMKOB:

0TT101110011] H
[001000101000] [011101110010

lkzl 1

YerBepras napa poxurenei: Uersepras mapa noToOMKOB:

[01T10T110011]
[L01011011011]

[011101011011]
Ocrnermurangme [101011110011]

—a—rr



Jli1s mepBoil mapbl Ciry4ailHbIM 00pa30M BbIOpaHa TOUKa CKpeluBanus =4, s
BTOPOH /i3, U1t TpeThelt =11, nns uyeTrBepToit [;=5. I1pu 3TOM mporiecc CKpenBaHus

MPOTEKAET CIIEAYIOIIUM 00Pa3oM:

B pesynbrare BBINOIHEHMS ONEPATOPA CKPELUIUBAHMS TIOJIy4atOTCs YETHIPE Naphl

IIOTOMKOB.

Ecnu Obl npu cayyaiiHOM nog0ope nap XpoMOCOM ISl CKPEIIMBAHUS ObLIN
o0BeIMHEHbI, HATIpUMEP,chs € chs U chy ¢ ch; BMecTO chs ¢ chy v chs ¢ chy, a npyrue
napbl OCTAIUCH O€3 U3MEHEHHUsI, TO CKpeIIUuBaHue chs ¢ chs nano Obl ABE TaKue xKe
XPOMOCOMBI HE3aBUCUMO OT Pa3bIrPAHHON TOYKH CKPEIIMBAHUS. DTO 03HAYATIO ObI
MOJTy4E€HHE JIBYX MTOTOMKOB, MICHTUYHBIX CBOUM POIMUTEINSM. 3aMETUM, UYTO TaKas
CUTyalus HanOoJiee BEPOSITHA JIJIST XPOMOCOM C HAaUOOJBIITNM 3HAYCHUEM (PYHKITUH

MPUCTIOCOOJICHHOCTH, T.€. HIMEHHO TaKHE XPOMOCOMBI MOTYYaIOT HAUOOJBIITNE IIIAHCHI

Ha MSPEXO0/q B HOBYIO ITOITYJIALIMUIO.

A ddopmupoBaHHe HOBOM nmomyassuuu. [locie BeIMOIHEHUS onepalyy CKpeluuBaHus

MBI IOJIy4YaceM CIICAYIOIIYIO IMOIMYJIAINIO IIOTOMKOB!

Ch, =[001111011011] Chs =[011101110010]

Ch, =[101000111010] Chs =[001000101001]

Ch; =[111011011011] Ch; =[011101011011]

Chs =[101001100101] Chs=[101011110011]

I[J]}I OTIIMYHA OT XPOMOCOM Hpenbmymeﬁ IMOITYJIIONH 0003Ha4YeHNsI BHOBb

c(hOpPMHUPOBAHHBIX XPOMOCOM HAYMHAIOTCS C 3aryiaBHON OyKBHI C.



CornacHo OOK-CXeMe T€HETUYECKOr0 aITOPUTMA IIPOU3BOAAT BO3BpAT KO BTOPOMY
JTay, T.e. K OLICHKE MIPUCIIOCOOIEHHOCTH XPOMOCOM U3 BHOBb C(HOPMHUPOBAHHOMN
MOMYJISIIUHU, KOTOpasi CTAaHOBUTCS TEKylIeil. 3HaueHUs PYHKIUI MPUCTIOCOOIEHHOCTH

XPOMOCOM 3TOM IMOITYJIIIHNH COCTABIIAIOT!

F(Ch1):8 F(Ch5)=7

F(Ch2)=6 F(Che)=4

F(Ch3):9 F(Ch7):8

F(Chs)=6 F(Chs)=8

3aMeTHO, YTO TOMYJISIIINS TTOTOMKOB XapaKTePU3yeTCs ropa3o 00Jiee BHICOKUM
3HaYeHHEeM (YHKITUU TPUCTIOCOOIEHHOCTH, YeM MOMyJisus poauteneit. O0parum
BHHMAaHUE, YTO B pe3yJbTaTe CKpPEIIUBaHUs MoJydeHa Xxpomocoma Ch; ¢ HAauOOJIbIIUM
3Ha4YeHHeM (DYHKIH MPUCTIOCOOIEHHOCTH, KOTOPBHIM He 00Jiajana HU OJHa XpoMocoMa
U3 POAUTEIHCKON MOy i, OJHAKO MOTIIO MTPOU30HTH B 00paTHOE, TIOCKOIBKY TIOCTIE
CKpEIIMBaHUs Ha TICPBOM UTEPAIUU XPOMOCOMA, KOTOpasi B POUTEIHCKOU MTOMYJISIIUN
XapaKTeprU30Bajach HAOOIBITUM 3HaYCHHEM (YHKITUU TPUCTIOCOOIEHHOCTH, MOTJIa
MPOCTO «IOTEPATHCS». [IOMUMO 3TOTO «CPEeIHSIS» TMPUCITOCOOIEHHOCTh HOBOM
MOMYJISIITUN BCE PABHO OKa3aach ObI BBIIIE MPEABIAYIINEH, @ XPOMOCOMBI ¢ OOJIBIITUMU
3HAYCHUSIMU (QYHKIIUUA TPUCTIOCOOTCHHOCTH UMEIN OBl IIAHC TIOSBUTCS B CJIEIYOITUX

ITOKOJICHUAX.

JleknuaNe§



Tema: I'enernueckuii aaropurm. Mogeas Xosuianaa.

Bomnpocsr:

1. AnropurmMuszanus mojaean Xo/UI1aHaa.

2. OcHoBHBIE CBOiicTBA MOJeu. MI3yueHre 0CTAHOBA AJITOPUTMA.

1. Canonical GA (J. Holland)

JlaHHast MOZIeNb anropuTMa SBJsieTCs Kiaccuyeckoi. OHa Obuia mpeanoxkeHa J[xoHom
XomaHI0oM B €ro 3HaMeHUTou pabore "Apantaius B NPUPOIHBIX U UCYCCTBEHHBIX
cpenax" (1975). Yacto MoxHO BCTpeTuTh omucanue npocmozo I'A (Simple GA, D.
Goldberg), oH oTMYaeTcsi OT KAHOHMYECKOTO TEM, UYTO MCIOJIB3YET JUOO PYJIETOUHBIMH,
amb0 TypHUpHBIM 0TOOp. Monens kaHoHuueckoro ['A  uMmeer cremyromue

XapaKTEePUCTUKH:
« @ukcHupOBaHHBII pa3Mep NOMYJIISIHH.
» @ukcupoBaHHAS PA3PATHOCTH TEHOB.
« IIponopunoHnanbHbiii OTOOP.
e Ocobu ais CKpeuBaHus BBIOMPAIOTCS CIIy4ailHbIM 00pa3oM.
e OAHOTOYEYHBIN KPOCCOBEP U OTHOTOYEUHASI MYTalIUS.

« Crenyromee nokoneHue (HopMUpyeTcsi U3 MOTOMKOB TEKYIIETo MOKOJICHHs 0e3

"snutr3Ma". [IOTOMKM 3aHUMAOT MECTA CBOMX POJIUTEIICH.

B TepmmHax Tteopum pacnucanuii [2] copMymupyeM MHUHHUMAKCHYIO 3ajady,
QITOPUTMBI  PEIICHUN KOTOpPOM  HcclenyroTcss B JaHHOW pabote. Hwmeercs
BerancautenbHas cucrema (BC), cocrosimas w3 71 HECBA3aHHBIX HICHTUYHBIX
nporieccopoB (pudOpoB, MamuH U T.01.) £ ={pi, ps,.... p,,}. Ha obcnyxuBanue B BC

nocTynaetr Habop u3 /1 He3aBUCHUMBIX NapajUIeNIbHBIX 3aJlaHui (TpeboBaHMil, paboT U



) T ={t,t,....t,}. U3BectHo Bpemsi pemienus 7(f;) 3amaHust #; Ha JIOOOM W3
nporeccopoB. Ilpm 3ToM Kaxkmoe 3agaHUE MOXKET OBITh OOCIYXEHO JF0OBIM
IPOLECCOPOM, B KaXKJIbIii MOMEHT BpPEMEHM OTAEIbHBINA IMPOLIECCOp OOCIYKHUBAaET HE
Oosiee OTHOTO 3aJlaHUSI M BBINIOJIHEHUE 3aJaHMs HE MPephIBaeTCs ISl Mepeaadn ero Ha
Ipyro# nporeccop. TpeOyercs HalTH Takoe pacupeeieHue 3alaHiy 10 IpoLeccopam,
T.€. paclucaHue, MPH KOTOPOM BpeMs 3aBEpPILIEHUS BBITIOTHEHUS 3aJaHUi (WK JTHHA
pacnucaHusi) Obul0 Obl MUHUMaNbHBIM. [loxg pacnucanueM clenyer MMOHUMATh
orobpakenne Az :T— P, takoe uro, ecam Ar() =P; 10 rOBOpAT uTO 3amanue f; €T
pacrucannu R Ha3Ha4deHO Ha mporeccop P; €. [Ipu caenmaHHBIX BBIIIE TOMYIICHUAX,
pacnucaHue MOXKHO MpEACTaBUTh pa30MeHHeM MHOXecTBa 3ajaHuii 7 Ha M
HEIEepPeCeKaIuXcss HoaAMHOKeCTB Z; (/7 =Lm), 1e. U7, =T T, N1, =, k #I,
k,lE€{l,....n} tne 7; - MOAMHOXECTBO 3aJIaHUH, HA3HAYCHHBIX Ha IIPOIECCOp 7, .
Kpurepuii, wucnons3yeMslii i MHUHUMM3AlMM ~ BPEMEHM  3aBEPLICHUS
OOCITY>KMBaHUS 3aJaHUM, SIBJISETCS MHUHHMMAKCHBIM KPUTEPUEM U OIpENeNsieTcs B

CJICAYIOIICM BU/JIC:

F =max F; — min
1<j<m J ’ (1)
F, =27t .
rze BpeMsI OKOHYaHUs pabOoThI mpoueccopa 2.

€T

AaroputMm I'eHeTn4eckui
HcnonsizyeM cnenyroniue napamerpsl I'A:
n =3 m=7 N, =10- gqucno ocobeit(xpomMocom)

N,

elit

=1 Ny, =50

lim
BeposTHOCTH reHETHYECKUX OIIepaTOPOB:

P =09 P

cross mut

=0,1



Mpouecc peleHus

400 25,2
350 25
» i
: 250 05
E 24 .4
g a0l 24,25
} 150 Jee
. 100 238"
50 23,6
0 23,4

0 10 20 30 40 50 60 70 80 90

N lNokoneHuns

= CyMMapHas = Jlyyumas ocobb

Puc. 1 Ilpouecc pemenusi merogom I'A

ITonydyeHHOE pacniucaHue:

pl 22 - - - > fl(pl) = 22
R=p, 15 7 - - , fy(p,) = 22
Py 10 5 5 4, fipy = 24

Ha Puc. 1 nokasan nporecc peuieHus MeToaoM ['A, KITtoueBbIMH MOMEHTaMU SBJISIETCS
HaOJr0JaeMasi TOCTOSIHHAS U3MEHYMBOCTD MOJTYYaeMbIX PEIIeHUH, KOTOPYIO MOKHO
OIICHHTH 10 TpauKy CyMMapHOU MPUCTIOCOOICHHOCTH, ITPU ITOM JIydIlias 0COOb C
JydIieil IpucrnocoOIEHHOCTRIO COXPAHSET CBOE PEIICHUSI OT MOKOJICHUSI K TTIOKOJICHHUIO

J0 MOMCHTAa CKa‘-IKOO6pa3HOFO IepexoJa K HOBOMY 3HAUCHUIO.
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