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[naBa 3

Bonpocobl
NCNosib30BaHNA
aJiropuTmMoB

B 3TOW MMABE...

» Ponb aJIrOPUTMOB B NCKYCCTBEHHOM UHTEJIJIEKTE

» Mobepa B Urpax c MOUCKOM B MPOCTPAHCTBE COCTOAHMI
N MMHMW-MaKCOM

» AHanus pa6OTbI SKCMEePTHbIX CUCTEM

» MalrHHoe obyyeHre 1 rnybokoe obyyeHne Kak YacTb
NCKYCCTBEHHOIO MHTENNEeKTa

aHHBIE — 3TO pelaIuil (akTop UCKYCCTBEHHOrO MHTeekTa. Henas-

HHUE aBaHCHI 10 MOBOIY UCKYCCTBEHHOTO MHTEUIEKTa HAMEKAIOT, 4TO JJIs

peIIeHUs] HEKOTOPBIX MPOOJIEM MPAaBHIBHBIA 00bEM JaHHBIX BaKHEE Ipa-
BIWJIBLHOTO anroputma. Hampumep, B 2001 romy nBa mccinenoparens u3 Microsoft,
Mumens banko (Banko) u Opux bpui (Brill), onmy6nukoBanu He3aObiBaeMyto cTa-
Thi0 “Scaling to Very Very Large Corpora for Natural Language Disambiguation”
(http://www.aclweb.org/anthology/P01-1005), B KOTOPOH yTBEPKAIH, YTO
€CJIM BBI XOTUTE, YTOOBI KOMIIBIOTEP CO3aJ]I MOZIETIh SI3bIKa, TO BaM HE HYXKEH CaMBbIH
yMHBIN anroputm B ropoze. Ilocie BBoga Oosiee yeM OHOrO MIJLIMAp/A CJIOB B
npezienax KOHTEKCTa JIF00bIe allrOPUTMBI HAUHYT Pab0oTaTh HEBEPOSITHO XOPOIIO. JTa



IJ1aBa IIOMOJKET BaM IMTOHATH OTHOIICHHUS MEXKIY aJTOPUTMAMH U TaHHBIMH, a TaKXKe
KaK OHM 3aCTaBJISIOT UX BBIOIHATH MOJIE3HYIO paboTYy.

OnHako, HE3aBHCUMO OT KOJMYECTBA UMEIOLINXCS JAHHBIX, YTOOBI CIETIaTh UX
MOJIE3HBIMH, HE00X0UM anroputM. Kpome Toro, 4toObl JaHHBIE MTPABUIIBHO pado-
TaJH C BEIOPAHHBIMH AJITOPUTMAMH, CIIEIYET BBIIOIHUTH aHAIu3 danHuix (Habop
oIpenieNeHHbIX 3TanoB). Huuero npomyckars 37ech Heb3s. Jlaxe npu ToM, 4TO HC-
KyCCTBEHHBIH MHTEJUIEKT — 3TO MHTEJUIEKTyaJbHas aBTOMATU3aIMsl, HHOTIA aBTO-
MaTH3alMs JOJDKHA JIepKaThes B TeHU aHanu3a. O0yyaemble MalllMHbl HAXOIATCS B
nanexoM OymymieM. Ceifyac Bbl He HaiiieTe MaliH, 001 Jaf0INX CaMOI0CTaTOYHO-
CTBIO ¥ CIIOCOOHBIX MOJTHOCTHIO U30€kKaTh YEJIOBEUECKOro BMenareabcTBa. Bropas
MIOJIOBMHA ITOH ITIaBbI TOMOXKET MOHATH POJIb SKCIEPTHBIX CHCTEM, MAILTMHHOTO 00-
y4eHusi, ITyOOKOro 00yueHus U TaKuX npuiioxkeHui, kak AlphaGo, mis npubnmxke-
HUs OyTyIIHX BO3MOKHOCTEH K COBPEMEHHOU JTEHCTBUTEIIEHOCTH.

MoHATve ponu anropuTMmoB

Jlronu 0OBIYHO PACTO3HAIOT UCKYCCTBEHHBIN MHTEIJIEKT, KOT/la HHCTPYMEHT
MIPEACTABIIET HOBBIN MOAXO/ M B3aMMOJCHCTBYET C MOIB30BATEIEM CIIOCOO0M, T10-
NOOHBIM yenoBeueckomy. [Ipumepamu SBIsIIOTCS Takue HU(GPOBbIE TOMOLTHUKH, KaK
Cupm (Siri), Anekca (Alexa) u Koprana (Cortana). Ho HekoTopsie npyrue odie-
MPUHSATBIE MHCTPYMEHTAJIbHBIE CPEACTBA, HarlpuMep HaBuratop GPS u cneunanu-
3UpOBaHHBIC TUIAHUPOBIIMKH (TAaKKe, KaK MMO3BOJISAIONINE N30eKaTh CTOIKHOBEHUN
aBTOMOOMJICH, aBTOMMJIOTHI B CaMOJIETaX M COCTaBUTEIN pabouuX IUIaHOB), 1aXKe HE
BBINISAST, KaK NCKYCCTBEHHBIN MHTEIUICKT, IIOCKOJIBKY CIIMIIKOM PAacIpOCTPaHEHBI
Y CYUTAIOTCS caMo cOo00 pa3yMEIOIIMMHUCS, Bellb OHU JICHCTBYIOT Ha 3aJHEM IUIaHEe
MIPUITOKEHU.

Ot0, 6e3ycnoBHO, a¢hpexm uckyccmeennozo unmeniexma (Al effect), onucan-
we1id [Tamenoit Mak-Kopaak (Pamela McCorduck), amepukaHckoi mucaTensHUIICH,
aBTOPOM M3BECTHOM UCTOPHH MCKYCCTBEHHOTO MHTEIUIEKTa, B 1979 rogy. Dddext
HCKYCCTBEHHOTO MHTEJIJICKTA 3aKJIIOYAETCSI B TOM, YTO YCIICIIHbIE HHTEIUIEKTYalb-
HbI€ KOMIIBIOTEPHBIE MPOTrPaMMbl OBICTPO TEPSIOT OJIATOJAPHOCTH JIOJIEH U CTaHO-
BATCSl TAXUMH MCIIOJHUTEISIMHU, B TO BpeMsl KaK BHUIMaHUE CMEIIAETCs K TEM TPo-
O61emMaM MCKYCCTBEHHOTO MHTEIUIEKTa, KOTOpPhIE BCe elle TpeOyloT peenus. Jlroau
MEPECTAIOT 0CO3HABATH BAKHOCTh KJIIACCHUYECKUX AJITOPUTMOB JIJIsl HCKYCCTBEHHOTO
MHTEJUIEKTa U HAYMHAIOT (PaHTa3upOBaTh 00 MHTEIJIEKTE, CO3JaHHOM IO TalHOU
TEXHOJIOTHH, WJIM CPABHUBATH €0 C MOCIEAHUMHU (DyTypUCTHUECKUMHU aHOHCAMH,
TaKUM Kak MalllMHHOE U TIIyOOoKoe 00ydYeHHe.

Aneopumm (algorithm) — 3To mpoueaypa, npencTasisonias coboi mociaenona-
TEILHOCTh omneparuii (0OBIYHO BBIMOTHSIEMBIX KOMITBIOTEPOM) U TapaHTUPYIOIIAS
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Hax0)KJIEHUE MPABUJIBHOIO PEIICHUS 33]1a4l 32 KOHEUHbIH IIPOMEKYTOK BPEMEHHU
WM yBEeIOMJIsIOLIasi 00 OTCYTCTBHM peuleHus. Jlaxe npu ToM, 4To JIFOAH UCIOIb-
30BaJIM AJTOPUTMBI BPYUHYIO Ha MPOTSHKEHUHN OyKBAJIBHO THICSY JIET, B 3aBUCHMO-
CTH OT CJIO)KHOCTH PEIIaeMOi 3a1a4uil OHU MOTYT OTPEOOBATh OIPOMHBIX IEPHOIOB
BPEMEHH U MHOXKECTBA YMCIIOBBIX BHIYMCIICHUH. YeM ObIcTpee 1 mpoIie aaropuTMbl
HAXOJAT peIlIeHUe, TeM JyuIe. AJITOPUTMBI SBJISIOTCS MPOAYKTOM UHTEIUIEKTa CO3-
JIABIIUX MX JIIOIEH, TOATOMY Jr00as paboTaromias Ha aNroOpuTMax MalluHa HE MO-
KET He OTpa)kaTh YEIOBEUECKHUI MHTEIUIEKT, BCTPOCHHBIN B TaKUE aIrOPUTMHUYEC-
KHE IIPOLETYPHI.

Yto o3HauaeT anropnuTtm

AJTOPUTM BCeTIa MPEACTABIISET TOCISIOBATEIBHOCTD ATANOB, HO IS PEIICHUS
Mpo0OsIeMbl HEe 0053aTEIbHO BBIMOIHATD BCE 3Tanbl. BO3MOXKHOCTH anropuTMoB He-
BEpOATHO BeMKHU. Omiepaniuu MOTYT 3aJIeiiCTBOBAaTh XpaHEHUE JaHHBIX, HX UCCIIe-
JIOBaHHE U YIOPAIOUEHUE B CTPYKTYPHI IaHHBIX. BBl MOXKeTe HaWTHU alrOPUTMBI,
pelraronye 3a/1a4n B HayKe, MeUInHe, ((UHAaHCAX, TPOMBIIIIICHHOM TPOW3BOJICTBE
U TENIEKOMMYHUKAIUSX.

Bce anroputMer — 3TO MOCIEIOBATEILHOCTH OTICpAlldii 110 HAXOXKICHHUIO Ipa-
BUJILHOTO PEILIEHUS 33aJ1auu 32 pa3yMHOE BpeMsl (UJIH OMOBEIIEHUIO0 00 OTCYTCTBUU
pEINICeHUs, €CII €T0 HET). AJTOPUTMBI HCKYCCTBEHHOTO HHTEJUIEKTA OTIIMYAFOTCS OT
0000IIEHHBIX aTOPUTMOB PEIICHHSI 3a/1a4, SBISIOMUXCS OOBIYHO (MIIH JaXKe HC-
KJIFOUYUTEIBHO) PE3yJIbTAaTOM JCHCTBHUS YEIOBEUECKOTO HHTEIIEKTA. AJTOPUTMBI
HCKYCCTBEHHOTO MHTEJUIEKTa OOBIYHO UMEIOT JEJI0 CO CIOKHBIMU MpoliieMamu, 3a-
YaCTYIO SIBIISIOMMUMHUCS YacThio NP-monHoit 3a1auu (rne NP — 3T10 HegeTepMunu-
POBaHHOE TIOJIMHOMHAIIBHOE BpeMs), a JTIFOU 0OBIYHO UMEIOT JIEJIO ¢ KOMOWHAIIHEH
PaIMOHATBHOTO MTOIX0/Ia ¥ MHTYUITUH. BOT JTUIITE HECKOIBKO MPUMEPOB.

» [naHupoBaHve 1 pacnpefeneHie Npy He[OCTaTKe PeCypCoB.

» [louck MapLpyToB B CIOXKHbIX GU3NYECKNX UM GUTYPATUBHbBIX NPO-
CTPaHCTBax.

» Pacno3HaBaHue WabnoHOB B BUAVMOM U306paxeHnm (He nyTaTb C BOC-
CTaHoOBJIEHMEM USIM 06PabOTKOM N306paKEHUNA) MW CIbILLIMMOM 3BYKe.

» O6paboTKa A3blKa (MOHUMaHWE TEKCTa U NEPEBOA Ha APYroi A3bIK).

» MWrpa (1 nobena) B copeBHOBATENbHbIX UrPax.

NP-nonHbIe 3aa4u OTAUYAIOTCS OT APYTUX NTOPUTMHUYECKHUX 33734,
MOCKOJIbKY TIOMCK UX PEIICHHs 32 pa3yMHBIi MEPHOJl BPEMEHHU BCE €llle
HEeBO3MOXKeH. NP-1onHbIe 3a/1auu — 3TO He Te 337a41, KOTOPhIe MOXHO
pemuTh nepedopoM BCceX BOZMOXKHOCTEH U ux koMOuHanuii. [laxe ecnu
ObI OBUTH KOMIIBIOTEPHI, KyIa 00JIee MOIIHBIC, YeM COBPEMEHHBIE, TTOMCK

COBET
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penreHust 3atsHyscsa Obl oYTH HaBcerna. [lomoOHON mpobiaemoii B 00-
JIACTHU MCKYCCTBEHHOTO MHTEIUIEKTA SIBISICTCS NOIHbIU UCKYCCMBEHHbII
unmennexkm (Al-complete).

I1na|-|v|posa|-|v|e n BeTB/IeHNe

[InaHupoBaHue oMoraer OnpeAeInTh NOCIe0BaTeIbHOCTh ACUCTBUI IS J10-
CTIDKEHUS ONPEIEICHHOM 1eian. JTO KJacCuYecKas 3a/1aua MCKyCCTBEHHOTO WH-
TEJUIEKTa, €€ MPUMEPbl MOKHO HANTH MPHU TUIAHUPOBAHUU B MPOMBIIIIEHHOM IPO-
M3BOJICTBE, PACHPEICICHIH PECYPCOB U MEepEeMEUIeHUsIX po00Ta B MOMEIIECHUN.
WcKyccTBEHHBIN MHTEIUIEKT ONPENEISET BCE BOBMOXKHBIE IEHCTBUSI HAYMHAS C TEKY-
miero cocrossHusl. TexHuuecku oH passusaem (expand) TeKyIiee COCTOSHIE BO MHO-
rue Oyaylue COCTOSAHUA. 3aTeM OH Pa3BUBAET BCE OyayIlIHME COCTOSHUS yKE B MX
coOcTBeHHbIe Oyaymme cocTossHus U T.11. Korna nanpHeiinee pa3BuTHe CTAHOBUTCS
HEBO3MOKHBIM, HCKYCCTBEHHBIM HHTEIUIEKT OCTAHABIMBAET MPOLIECC, CO3/AaB Npo-
cmpancmeo cocmosnutl (state space), COCTOsIIEE U3 TOTO, YTO MOIVIO OBl CITyYUTHCS
B Oyayuiem. McKyCCTBEHHBINM MHTEIJICKT MOXKET MCIIOIb30BaTh MPOCTPAHCTBO CO-
CTOSTHHI COBCEM HE TaK, KaKk BO3MOXKHBIM MPOTHO3 ((haKTHUECKH OH MPOTHO3UPY-
€T BCE, XOT4 OHU OyayIine coCTosHUs 0oJiee BEpOATHBI, ueM Japyrue). OH MOKeT
MCTIOJIB30BATh MPOCTPAHCTBO COCTOSTHUM ISl MCCIIEIOBAHUS PEIICHUH, KOTOpbIE OH
MOYKET IPUHSATH, YTOOBI TOCTUTHYTh CBOEH L€ HAMITYUYIIUM CIIOCOO0M. DTO nouck
6 npocmparcmee cocmosinutil (state-space search).

PaGora ¢ mpocTpaHCTBOM COCTOSIHUIN TpeOyeT UCIIONB30BAHUS U CIICIIM(PUUECKUX
CTPYKTYpP JAHHBIX U anropuTMOB. OOLMIEIPUHATHIMHA CTPYKTYpaMu JUIsi 0a30BBIX
JAHHBIX SIBISIIOTCS 1epeBba U rpadul. s apdexTuBHoro nccnenopanus rpados
MIPUMEHSIFOTCS] TAKHUE TTOMYJISIPHBIC alTOPUTMBI, Kak nouck ¢ wupuny (breadth-first
search) u noucx 6 anyouny (deep-first search).

JlepeBo aHHBIX OYEHb TOXOXKE Ha HacTosmee aepeBo. Kakaplii 100aBiseMblit
ANIEMEHT siBIsieTcs y31om (node). Y3Iibl COeIMHSIOTCS MEKIy co00ii cBsi3simu. KomOu-
HAIWsI Y3JI0B M CBSI3EH (POPMHUPYET CTPYKTYPY, BBIIVISIAIIYIO, Kak epeBo (puc. 3.1).

JlepeBbs UMEIOT OJIH KOPHEBOMW y3€JI, TOYHO TaK ke, Kak u (pu3maeckoe
nepeBo. Kopregotl yzen (root node) — 3T0 oTIpaBHas TOYKA JJIs BBITION-
HsieMoit 00paboTku. C KOpHEM COCTMHEHBI BETBHU WIIH JIUCThS. ¥3en iucma
(leaf node) — 31O KOHEuHas TouKa JepeBa. Vanwl gemeeti (branch node)
TIOJIJICPKUBAIOT JIPYTHE BETBH WJIH JTUCTHA. JlepeBo Ha puc. 3.1 sBisercs
OMHAPHBIM, TIOCKOJIBKY Y KaXKI0TO y3Jia €CTh [0 MEHBIIICH Mepe JiBa Co-
enuHeHus (HO Y JIepeBhEB, PEACTABISIFOIINX TIPOCTPAHCTBA COCTOSHHIA,
MOXeET OBITh KAKOE YTOIHO KOJIMYECTBO BETBEH).

3AMOMHK!
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KopeHb

BetBb A BetBb B

Nner C Nner D JluctE Jluct F

Puc. 3.1. Jlepeso Mmoxxem gbl2nii0emb Kak e20 huzuyeckuli npomomun,
a MoXxem pacnosiazamocs KOpHeM 88epx

Ecmu paccmotpeTs nepeBo, To BeTBb B siBisiercst nomomxom (child) kopaeBoro
y3na. [ToaTomy KopHEBoO# y3en sBiseTcs iepBeiM B crivicke. JIuctest E u F 06a siB-
JISIFOTCSI IOTOMKaMU BeTBU B, uto nenaer BeTBb B npedkom (parent) mucteeB E u F.
OTHOUIEHHS MEXK/TY y3JIaMH BayKHBI, TIOCKOJIBKY 00CYKICHUS IEPEBbEB HEPEIKO pac-
CMaTPHBAIOT POIUTENBCKH/JOUEPHHE OTHOILICHUS MEXK/Ty y31aMu. be3 3TuX TepMUHOB
00Cy>XKJIeHHE JIEPEBLEB MOXKET CTaTh BEChbMa HEBPA3yMUTEIbHBIM.

I'pagh (graph) — 310 cBOCTO poma momudukanus aepesa. [lomoOHO nepeBbsM,
37IeCh €CTh COCAMHEHHBIC MKy co00i y31bl, popmupyomme oTHomeHus. OHaKO
B OTJIMYME OT OMHAPHBIX JIEPEBLEB, y y37a rpada MoxeT ObITh OOJIbIIE OTHON MIIN
IByX cBsi3eil. @akTuyecku y y3/oB rpaga 0ObIYHO €CTh MHOXKECTBO COCAMHEHUI,
a caMble BaXKHBIE y3JIbI MOTYT UMETh CBSI3U B JIFOOOM HAIlpaBJICHUH, a HE TOJIBKO OT
MpejKa K MoToMKy. B mpocTeiimem Buje rpad BBIISIIUT Kak Ha puc. 3.2.

I'pachr — 3TO CTPYKTYpBI, MPEACTABISAIONINE MHOXKECTBO Y3JIOB (MU Gepuiun
(vertex)), coOelMHEHHBIX MHOXKECTBOM pebep (edge) unmm dye (arc) B 3aBUCUMOCTHU OT
npezcrasiaeHus. [ pad MOXKHO cuMTaTh CTPYKTYpPOM, M0100HON KapTe, Ha KOTOPOH
Ka)J10€ MECTO SBJISIETCS Y3JI0M, a YAHULBI — pedpamMu. DTO OTIIMYAETCs OT AEpPeBa, Ha
KOTOPOM KaKIBbIH MyTh 3aBepiiaetcs JuctoM. [ pad npencrasnen Ha puc. 3.2. ['pa-
(bl 0COOEHHO TOJIE3HBI MPU U3YUYEHUU COCTOSIHUM, MPEICTABISIONIMX CBOETO poja
¢usngeckoe npocrpancTBo. Hampumep, cucremsr GPS ncnonb3ytot rpad s npe-
CTaBJICHUSI MECT U YIIHILL.

I'padpr uMeIOT Tak)ke HECKOJIBKO HOBBIX IOJBOXOB, KOTOPBIE BBI, BO3MOXK-
HO, He 3ameTHiu. Hampumep, rpad MoXeT UMeTh KOHUEHIUIO HANpasieHHOCmu
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(directionality). B otiimume ot gepeBa, y KOTOPOTO €CTh PONUTEIbCKUAE/ TOUEPHHE
OTHOIIIEHHMS, y3ell rpad)a MOXKET COSAMHSTHCS C JIFOOBIM JPYTHM Y3JIOM B OTIPE/ICIICH-
HOM HarpaBiieHnH. CuuTaiiTe X yIunamy B Topojie. BoNbIIMHCTBO yiuI — ¢ IBYX-
CTOPOHHUM JIBUKEHUEM, HO HEKOTOPbIE — C OMHOCTOPOHHHM, TI0 KOTOPBIM MOXXHO
JIBUTAThCS TOJIHKO B OTHOM HAITPaBICHHU.

w
-

Puc. 3.2. Y3nbl 2paa mo2ym coeOuHAmMbCa mexxdy coboli no-pasHomy

[IpencraBnenne coequHeHnid rpada MOXKET U He oTpakaTh peanuu rpada. ['pad
MOJKET OIpeNesITh KOdpPUIMEeHTHI As coenuHennit. Koagduiment Mmoxet orpe-
JeNSATh TUCTAHIUIO MEXY JBYMSI ITyHKTaMH, BpeMs Ul IPOXOKICHHUS MapIIpyTa
WIN IPYTHE BUJIbI HHPOPMAIIHH.

HepeBo — 310 He Oonee yeM rpad, B KOTOPOM J1t0ObIE JIBE BEPIIUHBI CO-
eIMHSIOTCS TOJBKO OAHOM CBSI3BIO, M 3TO HE JOMYCKAET IIUKIIOB (YTOOBI
MOKHO OBLIO BEPHYTHCS K MPEIKY OT JI000ro nmoromka). Muorue airo-

COBET
pUTMBI TPa)OB MPUMEHHUMBI TOJBKO K JAEPEBbHSM.

[Tepecedenne rpada o3HavaeT MOUCK (TIOCEIIEHUE) KaXKI0H BEpPIIUHEI (y371a) B
omnpezeneHHoM nopsake. [Iporece nocerienus BepHUIMHbI MOXKET BKIIFOYATh €TI0 YTe-
Hue u moaudukammio. Ilo mepe nepecedenus rpada Bel 00HApYKMBAaETE BEPIINHBI,
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KOTOpBIE ellie He ObUIN MoceneHbl. BepimHa cTanoBUTCST 00HAPY>KEHHOH (TTOCKOIb-
Ky BBI €€ TOJILKO YTO MOCETHIIN) WU 00paboTaHHOW (ITOCKOJIBKY aJITOPHTM OMPO-
6oBaJ1 Bce cienyromye u3 Hee pedpa) nmocie noucka. [lopsgok moucka onpenenser
€ro BHJI: HEOCBEIOMJICHHBIN (TIOMCK BCIICMYIO) U OCBEIOMIICHHBIH (9BpHcTHKA). [1pn
Heoceedomnennou (uninformed) cTpaTernu UCKyCCTBEHHBI MHTEIUIEKT UCCIIETYET
MIPOCTPAHCTBO COCTOSIHUHM 0€3 JOMOTHUTEIHbHON HH(POPMAIMU, KPOME CTPYKTYPBI
rpaga, KOTOPYIO OH BBISICHSIET IO MEpe ero rnepecedeHus. B ciemyromux pasaenax
paccMaTpHBalOTCS BA MOIMYJISIPHBIX AJITOPUTMa IMIOMCKA BCIIEYIO: TIOMCK B IIUPUHY
Y TIOWCK B TITyOHHY.

THouck 6 wupuny (Breadth-First Search — BFS) naunnaercs ¢ xopus rpada u
HCCIeqyeT KaKAbIi IPUCOSTMHEHHBIN K HeMY y3eI1. 3aTeM MOUCK MEPeXOIuT Ha clie-
JYIOUIMK YPOBEHb U JIajiee TI0 O4epeIH, TIoKa He Oy/leT NocTUrHyT KoHel. CienoBa-
TEeNBHO, B IpUMepe Tpada mouck pacnpoctpanutcs oT BepmnHbl A k B u C npexrne,
4yeMm noieT 1o BepurHbl D. [Touck B mmpuHy uccieayeT rpad CHCTEMaTH4ecKH,
[IPOCMAaTpUBasi BEPIIMHBI BOKPYT HaYaabHOH BepIinHbl. OH HAYMHACTCS C TOCEIIe-
HUS BCEX BEPIIMH OT CTAPTOBOW BEPIIMHBIL, @ 3aTEM MEPEXOAUT K CICAYIOMICH | T.JI.

Touck 6 enyouny (Depth-First Search — DFS) naunnaercs ¢ kopHs rpada, a 3a-
TEM MEePEXOIUT K KAKIOMY CIESIYIOLIEMY y3IIy OT KOPHS BHU3 M JI0 KOHIIA. 3aTeM OH
clie/lyeT B 00paTHOM MOPSIKE U HAYWHAET UCCIE0BATh MyTh, OTIIMYHBIA OT Tpe/Ibl-
JYIIETO, IOKa CHOBA HE JIOCTUTHET KOPHS. B 3TOT MOMEHT, eciii JOCTYITHBI APYTHE
IIyTH OT KOPHSI, AITOPUTM BBIOMPAET CIEAYIONIMN M HAUMHAET TOT 5K€ CaAMBbI MOUCK
cHoBa. Mest B TOM, YTOOBI HCCIE0BATh KAK/BIN IyTh MOTHOCTBIO MPEKIE, YeM
WCCIIENIOBATh JIIOOOW APYTOM MyTh.

CoctasatenbHble Urpbl

CaMoe UHTepeCcHOE B MIOUCKE B IPOCTPAHCTBE COCTOSHUN — 3TO TO, YTO OH Je-
MOHCTPUPYET U HbIHEIIHUE U OyIyIiie BO3MOXKHOCTH UCKYCCTBEHHOTO HHTEIUIEKTA.
Tak npoucxoquT B ciiydae cocmsazamenshvlx uep (Urp, B KOTOPbIX OJUH MOOEKIAET,
a OCTaJIbHBIE MPOUTPHIBAIOT) WJIU JIF000H MOJ00HON CHUTyaluH, B KOTOPOH ydacT-
HUKH TPECIEAYIOT 11eJb, HaXOIAIIYIOCs B MPOTUBOPEUNH ¢ 1easiMu apyrux. [Ipo-
CTasi UTpa B KPECTUKHU-HOJIUKH TIPEJCTABISIET COOOM COBEPIICHHBIN MTPUMED UTPHI
MOKCKA B MPOCTPAHCTBE, B KOTOPYIO Bbl, BO3MOKHO, YK€ UTPAJI C UCKYCCTBEHHBIM
uHTEIUIEKTOM. B dunbme Boennvie ueper (WarGames), Beimenmem B 1983 romy,
cynepkommnbiorep WOPR (War Operation Plan Response) urpaer npotus ceds c
MoTpsicaroliel CKOPOCTHIO, HO BCE YK€ HE MOXET IMOOEANTh, MOCKOIbKY UIpa JIei-
CTBUTEJIBHO MPOCTA, U €CIIM UCIOJIb30BATh MOUCK B MPOCTPAHCTBE COCTOSIHUI, TO
MIPOUTPaTh HEBO3MOXKHO.

B urpe neBsiTh KI€TOK, B KOTOPBIE KaX/IbIil HTPOK 3aIMCHIBACT KPECTUK MUIIH HO-
mvk. [TepBeIii, KTO cOOepeT METKH B PsiJT (TOPU30HTATBHBIN, BEPTHKAIBHBIA WITH JTH-
aroHayibHbIH), modeawus. [1pu coznanuu nepeBa MPOCTPAHCTBA COCTOSHUMN KaxIbIi
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YpOBEHB JiepeBa MpeAcTaBiseT Xoa B urpe. Koneunsie y3mibl npeacTaBisioT Gpu-
HaJbHBIE COCTOSIHUS TOCKH U OMPEIEIISAIOT Mo0eay, HUUbIO MU OPaKeHUE UCKYC-
CTBEHHOTO MHTEJUIEKTA. Y Ka)JI0TO JINCTa €CTh 0all, y T0OeTHOT0 — BBICOKH, Y
HUYEHHOTO — CPEIHMIA, @ Y IPOUTPHIIIIHOTO — HU3KHUM WM JakKe OTPHULIATEIIbHBIH.
Hcrnonb3ys cyMMHUpOBaHHE, UCKYCCTBEHHBIN MHTEIJIEKT MPOCYUTHIBAET Oasbl K
BEPXHUM Y3JIaM U BETBSIM JI0 JOCTHKEHUS CTapTOBOTO y3ia. CTapTOBBIN y3el npej-
CTaBJIAET TEKYIIyIO cuTyanuio. /Iy mepecedenus nepeBa UCIONb3yeTCsl MpocTas
CTpaTerus: KOorjaa XoJl MCKyCCTBEHHOTO MHTEJUIEKTa U BbI IOJDKHBI PaCCMOTPETh
3HAUEHHS MHOTHX Y3JI0B, BBl CyMMHUpYyeTe MaKCUMAJIbHOE 3HAYeHHE (OYEBHIHO, T10-
TOMY, YTO UCKYCCTBEHHBIH MHTEJUIEKT AOKEH TOOUTHCS MaKCUMAJIbHOTO CUETa B
urpe); Koraa HacTynaeT o4epe/ib MPOTUBHUKA, BBl CyMMHUPYETE€ BMECTO 3TOTO MH-
HUMaJbHOE 3HaYeHue. B pe3ynbraTe BbI MOJydyaeTe JAepeBO, BETBU KOTOPOTO KBa-
mudunupytorcs: 6anamu. Korna Hactynaer ouepeab HCKYCCTBEHHOTO MHTEIJICKTA,
OH BbIOMpAET CBOH Mepexoj Ha OCHOBAaHUM BETBH C CAMbIM BBHICOKUM 3HAYEHUEM,
MTOCKOJIBKY 3TO MOJPa3yMeBaeT IyTh MO y3JIaM C CaMOW BBICOKOI BO3MOKHOCTBIO
nobenuts. [Ipumep 3To# cTpareruu npuseaeH Ha puc. 3.3.

Texywuii xon: X o
Xwrpaer, X Makcumu3upyet olox
Huuba N
. _ OBbinrpan
C . - J 0 BbIMrpan
NeqyIoLMi X0g:
0 urpaer, 0 MUHUMUM3MpYeT X ° X|x|0 X 0
oflo|x oflo]|x olo|x
X X X X|x
XBbrpan -~ . Huuba
Cnepytowuii xon; v ’
X urpaer, x|o]o = o 0 Bbiurpan 0 Bbiurpan
X MaKcumu3upyet ofjolx 0jo|x
X X X|0|x
! ) X Bblurpan | Hitios
0CneaHui Xop;: xlolo ~Tx1o
lArpa 3aKoHueHa
o|lo|x oflo|x
X|Xx|[X X|o|x
X Bblurpan Huuba

Puc. 3.3. [IpubnuxxeHue K MUHU-MAKCY 8 Uz2pe “KpecmuKu-HOIuKu”

DTO MOAXON npubnudIceHuss K MuHu-vaxcy (min-max approximation). Ponansa
Jluana Pusect (Ronald Rivest) u3 maboparopun napopmarnku Maccaqycercckoro
TEXHOJIOTHYECKOTO MHCTUTYTa OmyOsnukoBai ero B 1987 roay (ero cratbio MOXKHO
IIPOYMUTATH 110 afpecy https://people.csail.mit.edu/rivest/pubs/Riv8ic.
pdf). C Tex mop 3TOT ajJrOpUTM M €ro BapUaHTHI JEIJIU B OCHOBY MHOXKECTBA
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COpPEBHOBATEILHBIX WUTP, BKJIIOYAsi HEJaBHO aHOHCUpoBaHHYI urpy AlphaGo ot
Google DeepMind, B KOTOpO# UCTIOIB3YETCS TOIXO0]I, HATOMHHAIOITUI TIPHOIIIKE-
HUE K MUHU-MaKcy (B puiibMe Boennusvie uepvr 1983 roma mpeacTaBieH TOT ke ca-
MBI TIOZIXO]T).

WHorna B KOHTEKCTE MPHOIMKEHUS K MUHU-MAKCy MOXKHO YCIIBIIIATh
TepMHH anbgpa-bema-omceuenue (alpha-beta pruning). 3to uHTENIEK-
TyaJbHBIH CIIOCOO COKpPAIICHUS KOIUYECTBA PACCMATPUBAEMBIX Y3JI0B B
JPEBOBUIHOW MEPAPXUH CIIOKHBIX MPOCTPAHCTB COCTOSIHUM, CYIIIECTBEH-
HO COKpAIIAIONINK KOJIWYECTBO BHIYHUCICHUI. He BCce HTpbl HIMEIOT KOM-
MAaKTHBIC JCPEBbs IPOCTPAHCTBA COCTOSIHUH, HO KOT/Ia KOJIMYECTBa BETBEH
MCYHCIIIOTCS] MIJUTHOHAMH, UX OTCEUSHHE HEOOXOAMMO TSI COKPAIICHHUS
00bEMOB BBIYHCIICHUH.

COBET

Wcnonb3oBaHune NoOKanbHOro noncka n 3BPUCTUKN

MHoroe U3MEHHUJIOCh CO BPEMEHH IMOSABIICHUS MTOJIX0/a ITOMCKA B IPOCTPAHCTBE
COCTOSIHUH. B KOHIIE KOHIIOB, HUKaKasi MallMHA HE3aBHUCUMO OT €€ MOLIHOCTH He
CMOXeT nepedpaTh Bce BO3MOXKHOCTH B JII000H cuTyanuu. B aTom pasaene npo-
JOJKAeTCs PACCMOTPEHUE U, OCKOIBKY OHU IPEACKAa3yeMbl U UMEIOT (PUKCUPO-
BaHHbIE [IPAaBUJIA, TOT/A KaK OOJIBIIMHCTBO PealbHBIX CUTYaIMi HeTIpeIcKa3yeMbl U
HUKAaKUX MPaBUJI HE UMEIOT, YTO JIEIAeT UTPBI ONITUMAaJIbHBIM BEIOOPOM.

B mramkax, OTHOCUTENIBHO IIPOCTON UI'PE II0 CPABHEHMIO ¢ IaxmaraMmu win [ o,
B0o3MOXxHO 500 Musmapaos Musumapaos (500 000 000 000 000 000 000) mozunmit
Ha JJOCKEe. DTO 3HAYEHHME BBIUMCICHO MaTeMaTHUKaMu 13 YHuBepcurera ['aBaiieB u
COOTBETCTBYET KOJINYECTBY BCEX NMECUMHOK Ha 3emiie. KoHeuHo, BO BpeMsl UIphl B
IIAIIKY JIeTaeTCsl KyJla MEHBIIIE X0JI0B, HO BCE K€ KOJIMYECTBO MOTEHIIMAIbHBIX Ba-
PUAHTOB IPU KaXJ0M XOJ€ CIMILKOM BEJIHKO JJIsl BEIUMCIEHUH. UTOOBI BEIUNCINUTD
Bce 500 MHIUTHApAOB MUJUIMAP/IOB BO3MOXHBIX XOJOB, MOIIHBIM KOMIIbIOTEpaM
norpedyercs 18 ner (http://sciencenetlinks.com/science-news/science-
updates/checkers-solved/). Tonbko mpencTaBbTe, Kak J0JITO KOMITBIOTEP MOTpe-
OUTENBCKOTO Ki1acca OyleT pacCUUTHIBATh JAaXKe Ky[a MEHbIIEe KOJTUUECTBO XOJ0B.
UYroObl npo1iecc 0CTaCs MOJKOHTPOIBHBIM, 3TO JOJKHO OBITh OYEHb MaJleHbKOE
MOJMHOYKECTBO BCEX BO3MOKHBIX XOJIOB.

OnTuMu3zanus ¢ UCIOIb30BAHUEM JIOKAIBHOTO MOUCKA U 3BPUCTHKH TTO3BOJISET
OIPaHMYUTH KOJIUYECTBO BO3MOKHBIX BBIUMCICHUH, KaK MpH alb(a-oeTa-oTcede-
HUH, KOT/Ia HEKOTOPbIE BBIYUCIIEHHS] OTOPACHIBAIOTCS, IOCKOIBKY HUYEro HE JaI0T
s yenexa. Jlokanvuwiti nouck (local search) — 3To 00muii moaxoa K penIeHnIo
3aJa4, peajn3yeMblii MHOXKECTBOM aJITOPUTMOB, MTO3BOJISIONINX H30€XKaTh IKCIO-
HEHLUAJILHOTO pOCTa cI0KHOCTH MHOrUX NP-3ana4. JIokanbHbIi NOMCK HAYMHAETCS
C TeKyIIeH CUTyalluH WM HECOBEPILICHHOTO PEIeHHs 33/1a4l U MepeMeIaeTcst OT

[MTABA 3 Bonpockl NCNonbL30BaHUA afropuTtmMos 73



HEe Iar 3a marom. JIOkaabHBIN MOUCK BBISICHSIET MPUTOJHOCTh COCETHUX PEIICHHUH,
MOTCHITMAIBHO MTPUBO/IS K 00JIee COBEPIICHHOMY PEIICHUIO Ha OCHOBAaHUY CITyJaii-
HOTO BBIOOpA MJIM OCMBICIICHHOHN IBPHUCTHUKH (2 3HAYUT, HUKAKOTO TOYHOTO METO/a
pelleHus HeT).

Depucmuxa (heuristic) — 370 000CHOBAHHOE MPEOIOKEHHE O pellIe-
HUU, TAKOE KaK SMIUPUIECKOE MTPABIIIO, KOTOPOE YKa3bIBAET HAIpaBIIe-
HUE K KEeJaeMOMY pe3ysbTaTy, HO He ClIOCOOHOE MO/ACKa3aTh TOYHO, KaK
ero J0CTHYb. DTO Kak OyATO, 320y JUBIINCH B HE3HAKOMOM TOpoJIe, CIIipa-
HIMBATh JIFOAEH, KaK 100paTbes 10 CBOEH rOCTUHUIBL. Bam ykaxyT Ha-
IpaBlieHHE, HO 0€3 TOUHBIX HHCTPYKIUH U IPUMEPHOTO PACCTOSHHUS.

3ANOMHW!

AJITOPUTMBI JIOKAJIbHOTO TIOMCKA MO3TAHO YJIy4IlaloT COCTOSIHUE HAaYUHAs OT
CTapTOBOTO M TIEPEXO/IsI IMIar 3a [IaroM K COCEIHUM PEIICHUsIM B TIPOCTPAHCTBE CO-
CTOSIHMH, TTOKa JlaJibHENIIee YIyUIlIeHHEe HE OKaXKeTCs HEBO3MOXKHbBIM. [[oCKOIbKY
AJITOPUTMBI JIOKAJILHOTO MTOWCKA MPOCTHl 1 UHTYUTUBHO TIOHATHBI, Pa3padoTars Moj-
XOJ1 JIOKQJIbHOTO MOMCKA JUIsl PELICHUS aJlTOPUTMUYECKOHN 3a/1a4i HETPYAHO, a BOT
caenath ero 3¢GEeKTUBHBIM 00BIYHO OOJIee YeM TPYAHO. [1aBHOE — OINpeNeIuTh
MPaBUJILHYIO TIPOLEAYPY.

1. HaunuTe c cywecTsyowen cuTyaumm (3To MOXeT 6biTb TEKyLLas CUTyaLUms, Clyyaii-
HOE VN N3BECTHOE peLleHme).

2. HalianTte Habop HOBbIX BO3MOXHbIX PELLIeHUI B Npefenax OKPecTHOCTeN TeKyLLero
PELIEHNA; OHWN COCTABAT CMUCOK KaHAVAATOB.

3. OnpepgenuTe pelueHne, NCNONb3yeMoe BMECTO TeKylLiero Ha OCHOBaHMI BbIBOAA
3BPUCTUKMN, NOSTYUMBLUEN HA BXOAE CMMCOK KaHANOATOB.

4. TMpoponkuTe BbIMOMHATbL NM. 2 U 3 40 TEX NOp, NOKa He NPEKPaTUTCA AalbHelLwee
ynyuLleHre, 03HavatoLLee HaXoXAeHWe JyULlero 13 peLueHuii.

Xots pazpaboTka JIOKaTFHOTO MOKUCKA IMPOCTa, OHA 3a4acCTyO0 HE MO3BOJISIET HAUTH
penieHue 3a pasyMHoOe BpeMsi (BbI MOJKETE OCTAHOBUTH MIPOIECC U UCTIOIB30BaTh Te-
KyIllee pelIeHNe) WU TpeiiaraeT penieHne, He3HaYUTENbHO JTyuniee. Het Hukakoi
rapaHTHH, YTO JOKaJIbHBIM MOUCK HAWJIET PEIICHUE 3a/1a4ul, HO €CTh IIaHC JIEUCTBU-
TEJIHHO YAYUIIUTh MEPBOHAYAIBHOE PEIlIEHUE, €CJIH PEIOCTABUTH EMY JIOCTATOY-
HO BpeMeHHU. OH OCTAaHOBUTCS TOJBKO IMOCIE TOTO, KaK HE CMOXKET HAUTH JaibHEen-
WA cITOco0 yirydmuTh perreHue. CeKpeT B TOM, 9TOOBI HCCIIEI0BATh MPABUIIBHYIO
OKpecTHOCTh. Eci BBI CcieryeTe BCe, TO CKaTUTECh K MOJTHOMY Mepedopy, moapa-
3yMEBAIOIIEMY B3phIBOOOPA3HBI POCT BAPUAHTOB JIJISI UCCIICOBAHUS U MPOBEPKH.

JloBepue K 3BpUCTUKE OTPAHUUYMBAET, KOIJla Hy»KHa 3MIupuKa. Horna 3BpucTu-
Ka — 3TO CIy4allHOCTh, U TaKOE PEIICHUE, HECMOTPS Ha HE MHTEIUICKTYallbHOCTD
MOIX0/1a, BIIOJIHE MOYKET MPEKpacHO padoraTh. HeMHOTHE 3HAIOT, YTO aBTOHOMHBIN
poboT-mbutecoc Roomba, cozmanubiii Tpems crienuanicTaMy u3 MaccauyceTccKoro
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TEXHOJIOTUIECKOTO HHCTUTYTA, IIEPBOHAYATIHFHO HE TUIAHUPOBAJ CBOIO TPACKTOPHIO,
OH IPOCTO JABUTAJICS B CIyYaiiHBIX HaNpaBlIeHUsIX. M Bce JKe BIIA/ICNbIbI CYUTAIH €10
pa3yMHBIM YCTPOHCTBOM, BEIlb CBOIO Pa0OTY MO YOOPKE OH BBITIOJIHSIT ITPEBOCXOIHO.
(DaxTHYECKH MHTEIUICKT 3aKIIF0YalICs B UIe€ UCTIONB30BaTh CIYYaliHOCTb JIJIsl periie-
HUS 3aJ1a4¥, KOTOpasi B IPOTHBHOM CJTy4ae OKa3ajaach ObI CIMIIIKOM CIIOKHOM).
Crnyualinblii BBIOOp — HE €AMHCTBEHHAs JIOCTYIHAs 3BpUcTHKA. [Ipu nccneno-
BaHUU JIOKAJIBHBIN MTOMCK CIIOCOOEH IMOJIaraTbCsi U Ha 00Jiee OCMBICICHHBIC pelie-
HUS C UCTIOJIb30BAaHUEM JIydllie 000CHOBAHHOM dBPHCTUKH JIJIsI TTOJTyYCHHSI HAIIPaB-
JICHUS TIOMCKA, TaKHe KaK onmumuzayus gocxodcoenuem k eepuiure (hill-climbing
optimization) wim azeopumm gozepama (twiddle), n n30exaTh JTOBYIIKN MPUHSATHS
MMOCPECTBEHHBIX PEIICHUH, KaK MpH umumayuu omxcuea (simulated annealing) u
noucke ¢ 3anpemamu (tabu search). OnruMu3anus BOCXOXKJICHHEM K BEpIITUHE, al-
TOPUTM BO3BpaTa, MMHUTAIMS OT)KUATA M TIOUCK C 3alpeTaMi — 3TO BCE aJTOPUTMBI
MOUCKA, YPPEKTUBHO UCTIOIB3yEMbIC SBPUCTUKOM IS TIOTyUCHHSI HAIPABICHHUSI.
ANTOPUTM BOCXOKIICHHS K BEpIIMHE CPOTHU JCHCTBUIO CHJIBI rpaBuTarmu. [Ipen-
CTaBBbTE, YTO, KOTJIa Ms'Y KaTUTCSI 110 CKJIOHY, OH BBIOMPAET CaMblil KPyTOi CITyCK, a
KOTJIa €r0 HYKHO 3aKaTUTh Ha XOJIM, HMEET CMBICI BBIOpATh KpaTdaiimii myTh J10-
CTH)KECHUS BEPIIIMHBI, KOTOPBIM TaKXKE SIBISICTCS CaMbIi KpyTol CKJIoH. Takum oOpa-
30M, 3a/1a4a UCKYCCTBEHHOTO MHTEIIEKTA — CITYCTHTBLCS BO BIIQ/IMHY WU ITOTHSITHCS
Ha BEPILUHY, a IBPUCTUKA TIOJICKAKET HATpaBIICHHE, YKa3aB CaMblil KPYTOH MOIbEM
WJIH CITYCK W3 BO3MOXKHBIX B ITPOCTPAHCTBE COCTOSTHUI. DTO BechbMa d(PPEKTUBHBIN
QJITOPUTM, XOTSI B HEKOTOPBIX CUTYAIMSIX, H3BECTHBIX KakK IJIaTO (IPOMEXKYTOUHBIC
TOYKU MUHUMYMA) U TIUKH (JIOKAJIbHBIE MAKCUMAJIbHBIC TOUKH ), OH OITUOAETCSI.
AJNTOPUTM BO3BpaTa Wi nokoopouramuozo cnycka (coordinate descent) mojo-
OCH aJITOPUTMY BOCXOXKICHUS K BEpIINHE. DBPUCTUICCKHIA aITOPUTM BO3Bpara ImoJI-
pa3ymMeBaeT MCCIICIOBAaHNE BCEX BO3MOXKHBIX HAIPABICHUH, HO MMOUCK KOHIICHTPUPY-
€TCsl B HAIPABJICHUH JIy4IINX OKpecTHocTel. [To Mepe mpoaBKeHHs OH KamuopyeT
CBOM IIIaTH, 3aMEJUISISICh TI0 Mepe NPUOIMKSHUS K TPYAHBIM JUIS TOMCKA y4acTKaMm,
YTOOBI HAXOIUTH JIYUIIIHE PEIICHUS, ITOKa IMPOIIECC HE IOCTUTHET OCTAHOBKH.
TepmuH umumayusi omoicuea NPOU30LIEI OT METAJUTYPrHYSCKON TEXHOJIIOTHH, B
XO0JIe KOTOPOW MEeTaJul HarpeBaroT, a 3aTeM MEUICHHO OXJIAKIAIOT, YTOOBI C/IeNIaTh
€ro Msrye Jyisi 00pabOTKU B XOJOAHOM COCTOSIHUH, & TAKXKE JUISl YCTPAHCHHUST MEX-
KPUCTANTMYECKUX HANPsDKEHUH (CM. http://www.brighthubengineering.com/
manufacturing-technology/30476-what-is-heat-treatment/). JIokanbHBIN
TTOMCK BOCITPOU3BOMIUT 3Ty TEXHOJIOTHIO IPH IMOUCKE PEIICHUS, KaK OyJTO MEHSETCS
aToOMHasi CTPYKTypa, 4ToObI yaydmnTh paboTtocrnocobHocTs. Temneparypa — pe-
maromii pakTop B mporecce onTuMu3ariu. [10100HO ToMy, Kak BBICOKAsI TEMIIe-
parypa ocialisieT CTpyKTypy Marepuaia (TBepIoe IJIaBUTCs, a JKUIKOE UCIapseT-
cs1), BBICOKAsi TEMIIEpaTypa B aJrOpPUTME JIOKAJTHHOTO TIOMCKA CHIDKACT Kpumeputl
ombopa (objective function), MO3BOJISASL NPEANOYECTh XYALIUE PEIICHUS JIYUILIHM.
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VimuTanus oTKUra H3MEHSET MPOLEaypy BOCXOKICHUS K BEpIINHE, COXPAHSS KPH-
TepHUil 0TOOpA ISl BBIYUCIICHUSI COCEIHET0 PEIICHUSI U IO3BOJISISL OCYLIECTBIATh BbI-
00p perIeHus s MOUCKa Pa3IMIHBIMUA CIIOCOOAMHU.

Touck ¢ 3anpemamu MopasyMeBaeT 3alOMUHAHUE MOAJICIKAIINX UCCICIOBAHUIO
qacTeil okpecTHOCTH. Korna pemenne kaxeTcs HailIeHHBIM, IPeIPUHUMACTCS T10-
MBITKA BEPHYTHCS K IPYTUM BO3MOXHBIM MYTSIM, KOTOPBIE €Ille HE OMPOOOBAIUCH,
9TOOBI BBISIBUTH JTyUIlIee U3 PEIICHUH.

Hcnonb3oBanue HanpaBieHUs (BBEPX WM BHU3), TEMIIEPATYpPbl (KOHTPOIUPYEMOi
CIy9allHOCTH) WJIM IIPOCTO 3alpeTa M BBIICICHUS YaCTH B UCKOMOM (paKTHYECKH
SIBJISIETCS crIoco00M m30ekaTh repedopa BCeX BOBMOKHOCTEH U CKOHLICHTPUPOBATh-
Csl Ha TIEPCIIEKTUBHBIX pelIeHusIX. PaccMoTpum, Hampumep, nepemerieHne podora.
3amaua — MpoBECTH poOOTa MO HEU3BECTHON OKpY’KalolIel 00cTaHOBKe, n30eras
NPETSATCTBUM, U TOCTHYb 33IAHHOTO MecTa. DTO CIOKHAs pyHIaMEeHTabHAS 3a1ada
HCKYCCTBEHHOTO UHTEJUIEKTA. J[JIs1 OpUeHTAalMu Ha MECTHOCTH POOOTHI MOTYT I10-
JarathCsl Ha Jla3epHbId nHMpakpacHbIi qanpHOMED (idap — LIDAR) wim conap
(ucmonp3yeT 3BYK Ul HaOMIONEHHs OKpyxKarolei ooctanoBku). Ho HecMoTpst Ha
TEXHUYECKOE OCHAIIIEHHE, POOOTHI BCE eIlle HY)KIAIOTCs B HA[UICKAIMX AITOPHTMAX
JUISL CIIETYIOILETO.

» [lounck KpaTyanwero (Uy No KparHen mepe pasyMHO KOPOTKOro) NyTu
K MeCTY Ha3HauyeHus.

» l36eraHne npenaTCcTBUIA Ha NYTW.

» BbinonHeHne cneuranbHbiX TPebOBaHM, TAKMX Kak MUHUMYM MNOBOPO-
TOB W1 TOPMOXXEHWI.

ANTOpPHUTM IMOKCKA ITyTH TMO3BOJIUT POOOTY HayaTh JBMKEHHE B OTHOM MECTE U
JOCTHYb MCCTAa HAa3HAYCHHUA 110 KpaTqaﬁmeMy IIyTH MEXKAY 3TUMHU ABYMs TOUYKaMU,
n30ekaB MpensaTcTBUi. (Peakiuu mocie CTOIKHOBEHHS CO CTEHOW HE0CTAaTOYHO. )
[Touck myTH UCHONB3YETCS TaKkKe MPHU MepeMENIeHIH JT000ro 00beKTa K eI B
MIPOCTPAHCTBE, J1aKe BUPTYAIbHOM, KaK B BUAECOUIpe WK Ha BeO-cTpanuie. Podor
IIPU TIOKCKE ITyTH BOCIIPUHUMAET MPOMIEHHBIN MyTh KaK M0CJIEe10BaTeIbHOCTD MPO-
CTPAHCTB COCTOSIHUI B IPaHUIaX €ro CeHCOpoB. Eciu 1ens HaXoAUTCS BHE MPENEIOB
UX JIOCSTaeMOoCTH, poOOT He OyleT 3HaTh, KyJa UATH. DBPUCTHKA MOKET HAIIPABUTh
€ro B IIPaBHJIbHYIO CTOPOHY (HAaIpUMep, 3HAHUE TOTO, YTO LIEIb HAXOAUTCS B CEBEP-
HOM HarpaBJIeHUH ), IO3BOJIMB U30€KaTh HEHY>KHBIX 3aTPYIHEHHA, CBSI3aHHBIX C He-
00XOMMOCTBIO PaCCMaTPHUBATh BCE OCTAIBbHBIE BOZMOXKHBIE ITyTH.
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MoHATNE 06yYeHNA MaLLHDI

Bce paccMmoTpenHbIE 10 CHX MTOpP MPUMEPHI aJITOPUTMOB CBSI3aHbI C UICKYCCTBEH-
HBIM MHTEJUIEKTOM, NMOCKOJIbKY BCE OHM — MHTEJUIEKTYaJbHbIE PEIICHHUs TIOBTOPSI-
FOLIUXCS], dKECTKO pa3rpaHMUYEHHBIX, CIIOKHBIX 3a/1a4, TpeOyromux naTemuiekra. OHu
TpeOyIoT, YTOOBI apXUTEKTOP U3YUMII 3a/1a4y U BbIOpaAs MPaBUIIbHBIN alTOPUTM ISt
ee pemeHus. OJJHAKO CMEHA 3a/1a4H, €€ KOPPEKIMs WK HellpeaBUIeHHbIE (haKTOPbI
MOTYT CTaTh peajabHOI MpoOIeMOil s yCIEMIHOTO MPUMEHEHUS alIropurMa. 1o
CBSI3aHO C TE€M, YTO U3yUYCHHE 3aJa4l U €€ PEIIEHUE OCYLIECTBISAIOTCS pa3 U HaBCer-
Jla, TIOKa aJIFOPUTM MCIIONB3YETCsl B MPOrpaMMHOM obecriedeHnu. Hanpumep, Bb
BIIOJIHE MOXKETE CO3JaTh IPOrpaMMy C MCKYCCTBEHHBIM MHTEIIEKTOM JIJIsl PELICHNUs
CYIOKY (TommyIisipHast Urpa, TpeOyolas BIUCaTh YHCIIA B KIIETKH TOJIS COTVIACHO Ipa-
BWJIAM: https://www.learn-sudoku.com/what-is-sudoku.html). BbI maske Moxke-
TE 00ECIICUUTh ATOPUTMY HEKYIO THOKOCTh, KOTOpPast TIO3BOJIUT YUECTh OOJIBIIE Ipa-
BWJI W OONbIUiA pazmep urposoro nos. [Turep Hopsur (Peter Norvig), nupexrop
o uccieaoBaHusIM kopropaunu Google, Harucan 4pe3BbpIYAfHO HHTEPECHOE Acce
Ha 3Ty TeMy (http://norvig.com/sudoku.html), B KOTOPOM JE€MOHCTPUPYET, KaK
pa3yMHOE UCMOJIb30BaHHE MTOUCKA B TIIyOUHY MO3BOJIIET COKPATUTh KOJIMYECTBO BbI-
YUCIEHUH (B IPOTUBHOM CITy4ae BBIUMCIEHUS MOTYT JAJIUThCA Be4HO). [IpuMenenue
OrpaHUYUTENIEH IT03BOJISIET BHAYAJIE UCCIIEI0BATh MEHBILNE BETBU, UTO JEJIAET pellie-
HUE CYJIOKY BIIOJIHE BO3MOYHBIM.

K coxanenuto, He Bce poOsIeMbl MOT'YT II0J1araThCsl Ha pelleHUs, T0J00HbIE CY-
noKy. [IpobneMsl peaabHOro Mupa HUKOTIa HE BO3HUKAIOT B IPOCTBIX MUPAX COBEP-
IICHHOM MH(pOpMaLUY 1 YeTKUX JeiicTBUiA. PaccMoTpuM 3a1aqy oncka cTpaxoBoro
MOIIIEHHUKA WM 33J1a4y TUarHOCTUKY 3a00JIeBaHui.

» bonbuwon Ha60p npasvnun BO3MOXKHOCTelN. KonmyecTBO BO3MOXKHbIX
MOLUEHHNYECTB HEBEPOATHO BEJINKO; Y MHOINX 6GonesHen CxoXxmne CUM-
NTOMblI.

» HepocratoK nHpopmayum. MoLweHHUKN MOTryT CKpbiBaTb MHbOPMa-
LMto; Bpaum 3a4acTylo nonaratTca Ha HenosHyto nHbopmavmio (aHanu-
3bl MOTYT ellje OTCYTCTBOBATb).

» [paBuna moryT nsmeHATbcsA. MoLeHHMKM N306peTaloT BCE HOBbIE 1

HOBble CNOCo6bl HafyBaTeNbCTBA; HOBblE 6ONIE3HN BO3HUKAIOT U OOHa-
pYyrBaloTCA.

Jlnis peleHus TakuX 3a/1a4 HeJlb3sl HCIO0Ib30BaTh MPEAONPEICICHHBIN TOIXO0/I.
UToOBI CIIPaBIATHCS C JIFOOBIMA HOBBIMHU CHUTYAITUSIMU, TIOJIXOJ] JOJKEH OBITh THO-
KHM, HEOOXOTMMO HAKOIUICHUE MOJIe3HBIX 3HAaHHUU. [Ipyrumu ciioBamu, sl aganta-
MY K U3MEHECHUSIM B CIIOXKHOU OKpYIKaIoIei 00CTaHOBKE HEOOXOIMMO TIPOIOKATH
YUYHTBCS, KaK JIFOIM Y4aTcsi BECh CBOI BEK.
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Pa6oTa 3KcnepTHbIX cMcTem

DKCHepTHbIE CUCTEMbI ObLIIM MEPBON MOMBITKON M30€KaTh )KECTKO 3a/laHHbIX all-
TOPUTMOB U BBIpaboTaTh O0Jiee THOKKME M MHTEIUIEKTYaJIbHBIE CIIOCOOBI PEILICHHUS pe-
aJbHBIX 3ajau. Jlexkalue B OCHOBE HKCIEPTHBIX CUCTEM HEU ObLIN MPOCTBIMU U
BIIOJIHE MOAXOJAIIMMHU Ha T€ BPEMEHA, KOI/Ia XpaHEHHE U TOCTYH K OOJIBIINM KOJIH-
YecTBaM JIaHHBIX B MAIIMHHOMN NaMATH ObUTH J0POroCcTOsIMMU. CerofaHs 310 MOXeT
MOKa3aThCsl CTPAHHBIM, HO B 1970-X rofax Takue y4eHble B 001aCTH HCKYCCTBEHHOTO
uHTeIuekTa, kak Pocc Kemmmman (Ross Quillian), BeIHY>KA€HBI ObLITH JEMOHCTPUPO-
BaTh OCTPOCHUE pabOYMX SI3BIKOBBIX MOJIENIeH Ha 0a3e cioBaps ToIbKo u3 20 cIoB,
MIOCKOJIbKY MAIlIMHHAS MaMATh TEX BPEMEH MOIJIA COJEP>KaThCs JIUILB CTOJIBKO CJIOB.
HemHOro Bo3MoXXHOCTEN TOCTYIHO, €CJIM KOMITBIOTEP HE MOXKET COJEPIKaTh BCE J1aH-
HBIC, U peIlIeHNEe 3aKITF0YaJIOCh B paboTe TOJIBKO ¢ KITFOYEBOI HHPOpPMAIUeii 1o mpoo-
JIeMe U MOJTyYEHHIO €€ OT JIFOJEH, pa3OuparoLIiXcs B HEM JTydIle BCeX.

DKCHEepTHBIE CUCTEMbI OBUIH 3KCIIEPTHBIMU HE TOTOMY, YTO UX 3HAHHS
0a3upoBaKCh Ha pe3ybTare COOCTBEHHOTO OOYUEHHSs, a CKOpee MOTOMY,
YTO OHU TOJYyYaIH CBOM 3HAHUS OT SKCHEPTOB-IIONEH, KOTOpPBIE MPeo-
CTaBJISUTN TIPEABAPUTEIILHO MTOJITOTOBICHHYIO CHCTEMY KITFOUeBOH HH(OP-
Malliy, TOJTy4YeHHONH UMM U3 KHHT JIMOO OT JPYTHX HKCIIEPTOB MU H30-
OpeTeHHON caMOCTOSTENbHO. B OCHOBHOM 3TO OBLT MHTEIIEKTYaIbHBIN
Croco0 BOTUIOMIEHHSI 3HAHUN B MaIlIUHE.

3AMOMHK!

[Tpumepom onHo# 13 niepBbIxX Takux cucteMm siisiercss MY CIN; ona auarnocTtu-
poBaiia 00JIe3HH, CBSI3aHHBIE CO CBEPTHIBAEMOCTHIO KPOBH, M TaKUe OaKTepHaJIbHbIC
MHEKIMH KPOBU, KAaK MEHUHTHUT (BOCaJieHHe MeMOpPaH, 3aIlUIIAI0ONINX TOJTOBHON
u criuaHOM Mo3r). Cuctema MY CIN pekomenioBaia npaBUibHYIO JO3UPOBKY aH-
THOMOTHUKOB Ha ocHOBaHMHU Oosiee SO0 mpaBwmiI, a Mpu HEOOXOIUMOCTH BBI3bIBAJIA
HCIONb3YyIolero cucreMmy Bpada. Korma nndopmanuu He XBaTano, HaIpuMep oT-
CYTCTBOBAJIM PE3yJbTaThl 1abopatopHbIx aHanu3oB, cuctemMa MY CIN HaunHana
KOHCYJIBTaTUBHBIN JTAJIOT, 3a/1aBasi KOPPEKTHBIE BOMPOCHI MO CYIIECTBY, YTOOBI Y10-
CTOBEPHUTHCS B IPABUIBHOCTH IMArHO3a U TEPAINU.

Hanucannas Ha si3pike LisP B kauecTBe JOKTOPCKOM quccepTaryu DaBapaoM XaH-
coMm [lloptmudom (Edward Shortliffe) uz Ctandopackoro yHuBepcurera, cucrema
MY CIN norpeboBasia msTu JIET TPyZa, a O 3aBEpLICHUH padoTaa JIydlile, YeM JIro-
0011 HAYMHAIOMINI Bpay, C MEPCIIEKTUBON TOCTHYb TOUHOCTH TUATHOCTUKH OITBITHOTO
Bpaya. 3a HECKOJIBKO JIET J0 3TOTO B TOH ke JabopaTopuu Obuia pazpaboTaHa cucTe-
Ma DENDRAL — niepBast u3 korma-miu00 CO3JaHHBIX SKCTIIEPTHBIX cucteM. OHa Oblita
BEChbMa CJIO’KHBIM MPHIIOKEHUEM, CTIEUATU3UPOBABILIUMCS Ha OPraHNYECKON XUMUU
C QITOPUTMAaMH, PEIIaBIIMMH 33]1a4H ‘B 100’ M OKa3bIBAIOIIMMHUCS OCCTIONE3HBIMU
MIpU BCTPEUE C YEJIOBEUECKOM IBPUCTUKOM Ha 06a3e MPaKTUUYECKOTO OIbITA.
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Uro kacaercs ycrexa MY CIN, To BO3HHKIIM HEKOTOpEIE TPOOJieMbl. Bo-TiepBhIX,
ObUTH HE SICHBI YCIIOBUS 0TBeTCTBeHHOCTH. (Eciiu cuctema nmocraBuiia HenmpaBUiIb-
HBIA TMarHo3, TO KTO HECEeT OTBETCTBEHHOCTH?) Bo-Brophix, y MY CIN 6put1a mpo-
61ema y1o0CTBa U MPOCTOTHI UCIIOIB30BAHUS, TOCKOJIBKY BO BpEMEHA MJIa/IeHYeCTBa
Wnrepnera Bpau mor nojkitountbes K MY CIN, TOJNBKO UCTIONB3Ys! TUCTAHITMOHHBIN
TepMuHai A MdiHpelima B CtaHdopae, uto ObUT0 BecbMa TPYAHO U MEAJICHHO.
Ho Bce xe cuctema MYCIN nokazana cBoto 3pPeKTHBHOCTD ¥ TIOTHOLIEHHOCTH B
MOJACPIKKE PELICHUN YeJIOBEKa, U ATO MPOJIOKUIIO IMTyTh MHOIMM JIPYTHM 3KCIIEPT-
HBIM CHCTEMaM, KOTOPbIE PacIpOCTPaHMIINCh Uy Th M03ke, B 1970- u 1980-x ronax.

Boobiie, sxcniepTHbIE CHCTEMBI TOTO BPEMEHU COCTOSUIM U3 JBYX BEIMKOJIEIN-
HBIX KOMIIOHEHTOB: 0a3bl 3HAaHUH U MEXaHW3Ma JIOTHYECKOTO BhIBONA. baza 3HaHuil
(knowledge base) xpaHUT 3HaHUS KaK KOJJIEKLIMIO MPaBUI B GopMe OmepaTopoB
if...then (rae 4acTh if BKIHOUAET OJHO WJIM HECKOJIBKO YCIIOBHIL, @ 4aCTh then —
BbIJIaBaEMbI€ PEKOMEHALINH ). DTH CUMBOJIBI ONIEPATOPOB, pa3HbIE Y PA3HBIX CUCTEM,
CIIOCOOHBI MTPOBEPSITH OJUHOYHBIE COOBITUS MU (DAKTHI, KJIACCHl U MPOU3BOIHBIC
KJIACChl, MO3BOJISISI MAHUITYJIMPOBATh MU, UCTIONB3Ys OYyJIeBY JIOTUKY WUJIH CIIOKHYIO
JIOTUKY IIEPBOT0 MOPSIIKA, KOTOPAsl yYUTHIBAET BCE BOSMOKHBIE OIEpALUH.

Jloeuka nepsoco nopsoka (first-order logic) — sto Habop omepamui,
UAYUIMX KyJa Jajiee CBI3aHHBIX C IPOCTHIMU KOMOMHAIMSAMU 3HAUECHUI
TRUE (uctuna) u FALSE (51oxp). Harmpumep, 31€ch €CcTh Takue KOHIIETI-
nmu, kak FOR ALL (mns Bcex) 1 THERE EXIST (cymectByeT), mo3Bo-
JISIONINE UMETH JIEII0 C ONepaTOpaMu, KOTOPbIE MOTYT OBITh HCTUHOU, HO
HE MOT'YT OBbITh MOJATBEPKICHBI JOKA3aTEIbCTBOM Ha JaHHBIH MOMEHT.
Kyna 6omnbimie 06 31o#t hopme TOTUKK MOKHO y3HATh U3 CTaThu http://
whatis.techtarget.com/definition/first-order-logic.

COBET

Mexanuzm noeuueckozo evisoda (inference engine) — 310 HaOOP MHCTPYKLMIA,
YKa3bIBAIOIIHUX CUCTEME, KaK MAaHHUIIYJIMPOBATh YCIOBUSMHU Ha OCHOBAaHUHU TAKHX
onepaTtopos OyineBoii noruku, kak AND, OR unu NOT. DToT noruueckuii Habop,
ucnons3yromuit TRUE (cooTBeTcTByIOIMIEe WM, TEXHUUECKH, “‘cpaboTaBiiee’ mpa-
Bui0) u FALSE (He cooTBeTcTBYyOIIIEE MPaBUIIO) KAaK CUMBOJIbHBIE YCIOBHSI, CIIOCO-
0eH 00BEeTUHATD UX B CJIOKHBIE PACCYKICHUS.

[MockonbKy cucteMa OblTa co3iaHa Ha 0ase MOCIeI0BaTeIbHOCTH ONEPaTOpPOB if
(ycmoBusi) U then (BBIBO/IBI) U M€ BIOKEHHBIN CTPYKTYPHUPOBAHHBIN 110 YPOBHAM
XapakTep, NoJyyeHHasi BHaYasie MHPOpMaIlHs M03BOJIsIa Cpa3y UCKIIOUYUTh HEKO-
TOpPBIC 3aKJII0YECHHUS, a TAKXKE TIOMOYb CUCTEME, B3aUMOJICHCTBYS C IIOJIb30BaTEIEM,
BBIICHUTH MH(OPMAIIIO, CIIOCOOHYIO MPUBECTU K NMPaBUIbLHOMY OTBeTy. IIpu uc-
MI0JIb30BAHNHU C MEXaHU3MOM JIOTHYECKOTO BBIBOJIA AJISl SKCIIEPTHBIX CUCTEM OBLIO
XapaKTEepHO CIIEAyIOLIEe.
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» [psamas yenouka paccyaeHui. locTynHoe J0Ka3aTebCTBO Aenano
Ha Ka)k[IOM 3Tane cepuiio Npasu NOAXOAALMMN, @ APYr1e NCKoYano.
Crictema NepBOHavaibHO KOHLEHTPMPOBAaNach Ha Npasuiax, KoTopble
MO 6bl 6bITb MOAXOAAWMMU Y MPUBECTYU K 3aK/0UYEHMIO. OTO AABHO
NMoAXoA, ynpasnsemblii JaHHbIMU.

» OG6paTHas uenouka paccy»paeHuin. Cnctema BblUNCTIAET KaXkaoe BO3-
MOKHOE 3aKJIIUeHMe 1 NblTaeTCA AOoKa3aTb Kaxgoe 13 HUX Ha OCHOBa-
HUW JOCTYMHOrO fOKa3aTenbCTBa. DTOT MOAXOA, YNPaBAAeMbll Lenamu,
No3BOMIAET ONpefenunTb, Kakme BOMpPOChbl CTOUT 3a4aTb, M UCKITIOYAET Lie-
nble Habopbl 3agay. Cuctema MYCIN ncnonb3oBasna 06paTHYO LIeNoUKy
paccy>KaeHunin — obLLenpUHATYIO CTPaTErnto Pa3BUTKA OT M’MNOTE3bl Ha-
3af, K JOKa3aHHOMY MeVLIMHCKOMY ArarHo3y.

» PaspeweHune KOHGANKTOB. Ecnu cnctema caenana 6onblue ogHOMoO
BbIBOZA 3a pa3, OHa NpeAnoyuTaeT 3aK/lueHne C onpegeneHHbIMn
XapaKTepuUCTUKaMn (BaXXHOCTb, PUCK UAn gpyrue dpakropsl). MHorga
CMCTeMa KOHCYNbTMPYETCA C NoJib30BaTeNem, U peleHne npuHNMaeT-
CA Ha OCHOBaHWK oLeHKK nonb3oBaTtena. Hanpumep, cuctema MYCIN
ncrnonb3oBana KosbbuLNEeHT yBepeHHOCTU, OLIEHVBABLLMNI BEPOATHYIO
TOYHOCTb fiMarHo3sa.

OnHUM U3 INIaBHBIX NPEUMYIIECTB TAKUX CUCTEM OBLIO MPEJCTABICHNUE 3HAHUS
B ynoOounTaeMon a1t roaei popme, npouecc NPUHATUS pellieHHst ObLT IOHATEH U
n3mensieM. Ecnu cuctema npuiia K BbIBOLY, OHA ONOBEIIAeT 00 UCIOIb30BaHHbIX
npu 3ToM npasuiax. [lonb3oBarens MOXKET cucTeMaTHYeCKH HaOonaTh 3a paboToi
CHCTEMBI M OLIEHUBATh JIOCTOBEPHOCTh WJIN OMINOOYHOCTH BbIBOOB. Kpome Toro,
9KCIIEPTHBIE CUCTEMbI ObUIN MIPOCTHI B peaIM3allMi Ha TaKUX SA3bIKaX MPOrpaMMHU-
poBanwus, kak LisP nim ALGOL. Tlonp3oBareny yimydmany 3KCIIEpPTHBIE CUCTEMBI B
TEYEHHE JOJITOTO BPEMEHH, T00aBIIsisl HOBBIE WIM U3MEHSISI CYIIECTBYIOIIUE TTPABH-
na. OHM MOINIM JTaXKe 3aCTaBUTh €€ paboTaTh B yCIOBHUAX HEYBEPEHHOCTH 3a CUET
IpUMEHeHus1 Heuemkotl noeuxu (fuzzy logic), cBoero poma MHOT03aJaq9HON JIOTHKH,
B KOTOPOU 3HaUE€HHE MOXKET COZIEpKaTh HEUTO cpeanee Mexy 0, abCOIIOTHOM J10-
Xbi0 U 1, abcomoTHOI ncTuHHOW. HedeTkas jgoruka u3deraet pe3kux ABMKEHHIH,
KOT/Ia paBUJIa BIOWPAIOTCS] HA OCHOBAaHHMH TIOPOTOBBIX 3HaUeHMid. Hanpumep, ecnu
YTBEpPKJIAETCs, YTO IIPABUIIO IPUMEHUMO, €CIIM B KOMHATE 5KapKo, OHO He OyIeT MpH-
MEHEHO IIPU TOYHOM 3aJJaHUU TEMIEPATypbl, €CIM OHA YyTb-UyTh HE JOTATMBAET 10
IIOPOTOBOTO 3HAUEHHUs. 3aKaT 3KCIEPTHBIX CUCTEM HacTynui B koH1e 1980-x, ux pas-
paboTKa OCTaHOBUJIACH IVIABHBIM 00Pa30M MO CJIETYIOLUIUM IPHYUHAM.

» Jlormka n cMmMBONMKa TakKUX CUCTEM OKa3anucb OrpaHN4YeHHbIMK Bblpa-
XKeHnem npasun, nexawnx B OCHOBE peLleHndA, YTO NpuBeNio K co3aa-
HUIO NHONBMAYaNbHbIX CNCTEM, CB€AA BC€ CHOBA K XeCTKO 3a[JaHHbIM
npasusiaM 1 KnaCCMYeCKUM anropmnTtMmam.
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» DKCNepTHble CUCTEMbI A1 MHOTUX CIOMHbIX 3afay CTasv HaCTOJNbKO
CNIOXHbIMU 1 3aMyTaHHbIMW, YTO MOTEPANN CBOIO MPUBIEKaTeNbHOCTb C
TOUKW 3pEeHUA peann3yemMocCTu 1 LIeHbI.

» [lockonbKy faHHble CTaHOBATCA BCe Honee pacnpoCTpaHEHHbIMU 1
OOCTYMHbIMU, HET 0CO60ro CMbICNa TWATENbHO OMNpPaLUMBaTb OMbITHbIX
CneumnanncToB, HakanIMBaTb 1 CUCTEMATU3MPOBATL LIeHHbIe 3HaHWA,
Korga To »Ke camoe (Mnu Jaxke nyyluee) MOXKHO NPOCTO HAWTU B OTKPbI-
ThIX JJaHHbIX.

DKCHEepPTHBIE CUCTEMBI BCE €IlIe CYIIECTBYIOT. Bbl MokeTe HaAWTH MX HCIIOJIb3Ye-
MBIMH TIPH BBIJaY€ KpPeauTa, 0OHApy>KEeHUU MOILICHHUYECTBA U B IPYTHX O0JIACTSIX,
B KOTOPBIX OTBET MPEIOCTABIISIETCS HAPAaBHE C TPaBHJIAMU, JISKAIIUMU B OCHOBE pe-
LIEHUS, ¥ TAKUM CIIOCOOOM, KOTOPBIM TOJIb30BATENh CUCTEMBI HAXOIUT MPUEMIIEMBIM
(kak caenan Obl HACTOSIIIMN SKCIIEPT).

BBeaeHue B MawHHOe 06y4eHue

Pemenusi, ciocoOHbIE K CaMOCTOSITEILHOMY OOyUSHHUIO HEMOCPEICTBEHHO Ha JIaH-
HBIX 0€3 UX MpPeBAPUTEIHHOTO MPEICTABICHUS B KaYeCTBE CUMBOJIOB, BOSHHUKIIN 32
HECKOJIBKO JAECATUIIETUH 10 3KCepTHBIX cucTeM. OHU ObLIM 1O IPUPOJIE CTATUCTH-
YECKUMH; APYTHE TIO-Pa3HOMY MOJPAXKaJU MIPUPOJE; @ TPETHH MBITAUCH CO3aTh aB-
TOHOMHYIO CUMBOJIMYECKYIO JIOTHKY B (popme mpaBuil 11t HeoOpaboTaHHOH HH(BOP-
Maru. Bee aTu BeipaOoTaHHbBIE Pa3IMYHBIMHU IIKOJIAMU PEIICHUS CETOHS N3BECTHBI
MOJT Pa3IMYHBIMUA Ha3BaHUSMH, BKIIIOUAs MawunHoe oOyyenue (machine learning).
MammHHOe 00y4deHre — 3TO LENbIA pa3aes alrOPUTMOB, XOTS B OTIIMYHE OT MHOTHX
JPYTHX 00CYXIABIIMXCS JI0 CUX TIOP aITOPUTMOB OHH HE SIBIISIOTCS HA0OPOM Tpe-
OTIPEIeIICHHBIX 3TAIOB, MPEAHA3HAYEHHBIX JIJIs pemieHus 3aaaun. Kak npaBuio, ma-
HIMHHOE 00y4YEeHUE UMEET JIeTIO C 3a7a4aMu, KOTOPBIE JFOAM HE YMEIOT MOIPa3AesITh
Ha JTarlbl, HO CAMU HMX, €CTECTBEHHO, pemraroT. [IpumMepom Takux 3amad sBISETCS
pacrio3HaBaHue JIUI] Ha W300paKSHUSIX WIH CIOB B Pa3rOBOPHON peur. MammHHoe
o0Oy4eHHne yIOMUHAETCS IMOUTH B KaXKI0H TJIaBe STOW KHHUTH, HO paboTe ero OCHOB-
HBIX JITOPUTMOB MOCBSIICHBI TOJBKO TaBbl 9—11, BKiIr04as rybokoe 00y4yeHue, BbI-
3BaBIlIeE HOBYIO BOJIHY TEXHOJIOTHI C MPUMEHEHHEM HCKYCCTBEHHOTO MHTEIUICKTA,
3aroJIOBKaMH O KOTOPBIX MECTPSAT HOBOCTH IOYTH KaXK/IbIi I€Hb.

nocmmeume HOBbIX BbICOT

Ponb MammHHOrO 00y4eHus: B HOBOM BOJIHE aJITOPUTMOB UCKYCCTBEHHOTO UHTEJ-
JIEKTa — YaCTUYHO 3aMEHHUTb, & YACTUYHO JIOTIOTHUTH CYIIECTBYIOIINE aITOPUTMBI,
JEMOHCTPUPYS AEUCTBUS, TPEOYIOIINE UHTEIUIEKTa, C YEJI0BEYECKOM TOUKU 3peHMS,
MIOCKOJIBKY X HEMPOCTO (hOpMann30BaTh B TOUHYIO MOCIE0BATEIFHOCTD JTAIOB.
Xopoluii npuMep Takoi poJiM — AEMOHCTpaLusl MacTepcTBa UTpel B [0, B KOTOpOi
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MacTep cpasy MOHUMAET YTrPO3bl U BOSMOKHOCTH OOCTAHOBKH Ha JOCKE U HHTYUTHUB-
HO HaXOJUT MpaBUiIbHbIE X0kl (HuTaiire ncroputo urpsl o Ha http: //www.usgo.
org/brief-history-go.)

['o — HeBeposATHO ClloXKHAas UTpa JJIsl HCKYCCTBEHHOTO MHTEIIeKTa. B maxmarax
MIPUXOAMUTCS TIPOCUYNTHIBATE TOPSAIKA 35 BOSMOXKHBIX XO/IOB Ha JIOCKE, M UTPpa 00bIY-
HO anuTcs He 6onee 80 X070B, B TO BpeMs Kak B [0 BOBMOKHBIX X0IOB OBIBAaET 10
140 u myurest urpa o0sraHO Oosee 240 xomoB. Hukakol BEIYHCIUTETLHOW MOIIH B
COBPEMEHHOM MHUPE HE XBAaTUT, YTOOBI CO3/1aTh MOJIHOE MPOCTPAHCTBO COCTOSIHUM 1St
urpsl [o. I'pynma Google DeepMind B Jlongone pa3zpadorana mporpammy AlphaGo,
MoOeIUBIIYI0 MHOTMX 3HAMEHUTHIX MacTepoB [0 (cM. https://deepmind.com/
research/alphago/). [Iporpamma He nonaraercs Ha aJITOPUTMUYECKHN TOIXO0 HA
0a3e moMcKka B OTPOMHOM MPOCTPAHCTBE COCTOSIHUI, OHA UCTIOIB3YET CIEayIOIIee.

» MeToa MHTeNNeKTyanbHOro NONCKa Ha OCHOBaHMM NPOBEPKM Cryyall-
HOro BO3MOXXHOTO X0OAa. /ICKyCCTBEHHBbIN MHTENIEKT MHOTOKPaTHO Npu-
MeHAET MNOUCK B rNyOrHY, UToObl BbIACHUTb, ABAAETCA NN NEPBbLIN Hall-
[EHHbIV pe3ynbTaT Nyylwnm Unm Xyawmm (B HENOHOM UK YaCTUYHOM
NPOCTPaHCTBE COCTOAHWN).

» Anroputm rnyb6okoro obyueHua obpabatbiBaeT n306paxKeHre [OCKM
(cpa3y) n nonyyaeT Kak HaunyyLWwnii BO3MOXKHbIN X0 B 3TOW CUTYyauumn
(anroputm — cmpameauydeckas ceme (policy network)), Tak 1 OLeHKyY
BEPOATHOCTU BbIUTPbILIA MCKYCCTBEHHOIO MHTEIeKTa Nocsie AaHHOro
xopa (anroputm — ouyeHoyHaa ceme (value network)).

» BO3MOXHOCTb YuMTbCA Ha NpMMepax Urp, CbirpaHHbIX aKcnepTamu o
B MPOLUSIOM, @ TakXe nrpa npotus ceba, kak WOPR B dunbme BoeHHeble
uepel 1983 ropa. MNocnenHas Bepcua nporpammsbl, AlphaGo Zero, cno-
cobHa yumTbCA COBEPLUEHHO aBTOHOMHO, 6e3 uenoBeyeckmx NpumMepoB
(cM. https://deepmind.com/blog/alphago-zero-learning-
scratch/). 3Ta cnocobHOCTb M3BECTHA KaK 06y4eHue C NOOKpensieHuUemM
(reinforcement learning).
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