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BBEJAEHHUE

Pa3paboTka HOBBIX U Pa3BUTHUE CYIIECTBYIOIINX TEXHOJIOTHN UCKYCCTBEHHOTO
unTesekTa (M) Bo3M0XHO TOJBKO Ha OCHOBE COOTBETCTBYIOIIETO amnmapaTHOro Oa-
3uca. Hanuuue Takoro o00pynoBaHus y IPEeANPUATANA U OpraHU3aluid ONpeensieT ux
BO3MOXXHOCTh pa3padaTbiBaTh KOHKYPEHTHBIE TEXHOJIOTMM HUCKYCCTBEHHOTO WHTEII-
nekra. [ToaToMy coBepIIeHCTBOBaHUE aNropuTMuieckux pemennii MW crumynupyer
CO37[aH1E COOTBETCTBYIOMIMX alllapaTHBIX PEIICHHUM, YCKOPAIOMIMX pabOTy 3TUX aJro-
PUTMOB.

B Hacrosiee BpeMsi HanOOJIBIIUN TIPOrpecc B CO3AaHUM U MPUMEHEHUU WUH-
TEJUICKTYaJIbHBIX PElICHU 00yCIOBIEH HEUPOHHBIMU ceTsiMU. [loaToOMy MHOTHE an-

napaTHbIC PCIICHUA CO3AaHbI AJIA IMTOAICPIKKN HCprOHHBIX CeTel.

VYkazaHus npegHa3HayeHbl AJIs UCIIOIb30BaHUS CTYJEHTAaMU Hapsay ¢ y4eOHU-
KaM{, Y4€OHbIMH MOCOOMSIMM U JIEKLUHOHHBIM MAaTE€pPHaJIOM U OCBOEHUS JUCIH-

TJTMHBI U BBITIOJTHEHUS KOHTPOJIBHBIX paboT. [IpuBenena pekomenayemas qureparypa.



1 MOPSAJOK BBINNOJHEHUSA KOHTPOJbHOM PABOThHI

[Ipuctynas K BBIMOTHEHUIO KOHTPOJIBHOU PabOTHI, CTYAEHTY HEOOXOAUMO IO~
JY4YUTH 33JJaHKE OT MPETNOaBaTENs, yTOYHUTh KaKue UCXOIHbIE TaHHBIE HE0OX0IUMO
UCIOJIb30BaTh U B KAKOW IOCJIEN0OBATEIbHOCTH CIEAYET BBINONHATH padory. Kon-
TpOJIbHAsA padoTa JOJKHA COJAEP>KATh: TUTYJBHBIN JIMCT, HHAUBUAYAJIbHOE 3aJaHUE,
CoJiepKaHue, BBE/IEHNE, OCHOBHYIO YacTh, 3aK/II0UeHNE, OnOInorpaduyeckuii Cucok
VICITOJIB30BAHHBIX HCTOYHHUKOB.

B KOHTpOJIbHON paboTe MO JaHHOM JUCUUILUIMHE JOJDKHO OBITh BBIITOJHEHO
AQHAJIMTUYECKOE MCCIIEIOBAHUE ONPEACIICHHOIO 3aJaHUEM IIPOrPaMMHOIO WM arlla-
PATHOTO PEUICHMS, UCIIOJIb3yEMOTO IS IOCTPOEHUs CUCTEM UCKYCCTBEHHOI'O MHTE-

JICKTA.



2 TNOCTPOEHUME UHTEJ/UIEKTYAJIBHBIX CUCTEM HA
BA3E AIIITAPATHBIX PEIIIEHU

[IpoekTupoBaHe HHTEIICKTYAIBHBIX CUCTEM— 3TO MUTEPATUBHBINA U IBOJIIO-
[IMOHHBIN MPOIECC, B KOTOPOM UCIIOJIB3YIOTCS CAMbIe COBPEMEHHBIE AITOPUTMUYECKUE
perieHus B 00J1aCTH METOI0B MICKYCCTBEHHOTO HHTEIIJICKTA, & TAKKE CaAMbIE COBPEMEH-
HBIC alllapaTHbIC PEIICHMUS, IeJal0Me BO3MOKHBIM PEATU3AIUI0 HHTEIEKTYallbHbIX
QITOPUTMOB B BBIUYUCIUTENIBHOMU cpefie. Creruann3upoBaHHOE KOMIIBIOTEPHOE 000py-
JIOBaHHME YaCTO MCTOJIB3yeTcs AJisi 0ojiee OBICTPOrO BBIMOJHEHHUS MPOTPaMM HCKYC-
CTBEHHOTO MHTEJUIEKTAa, TI0 CPABHEHMIO C nepcoHanbHO DBM. Pa3Butue B obinactu
KOMIIBIOTEPHOT0 000pYyI0BaHUs MPUBEIHN K pa3padoTKe 3P(HEKTUBHBIX METOJIOB 00Y-
YEHUsI HEUPOHHBIX CETEH, COACPKAIIUX OO0JIBIIIOE KOJUYECTBO CIOEB U HEIMHEMHBIX
CKPBITBIX 0JIOKOB Ha ocHOBe rpaduyeckux mnporueccopor (GPU). ITpu 3ToM «3HauH-
MOCTBY» IeHTpabHOTO Tporieccopa (CPU) g pemrenus 3a1ad UCKyCCTBEHHOTO WH-
TEJUIEKTa CYIIECTBEHHO CHM3WJIAch. B Hacrosiiee Bpemsi pa3BUBAIOTCS Pa3IMYHBIC
HaIlpaBJICHUS COBEPIICHCTBOBAHMS aNlapaTHOW OCHOBBI HMCKYCCTBEHHOTO WHTEI-
JIeKTA!

e I'paduueckue mporeccopsl (GPU);

e Tenszopnsie nporeccopsl (TPU);

e IIporpammupyemeie BeHTHIIbHBIE MaTpuilsl (IIJIVC);

e (CucTembl MamMsITU, B TOM YKCJIE aCCOLIUATUBHOM JIJIsi MOCTPOCHUS SKCIIEPTHBIX
CHUCTEM, CUCTEM TOICPKKHU MPUHSATHS PELICHUM;

e Pemenus nys xpanenus uHGpoOpMaIUK U OOTBITNX JTAHHBIX;

e KBaHTOBBIC BBIUMCIUTEIIN;

e (CeteBble anmapaTHbI€ pelieHus i noaaepxku 1UU;

e Anmapathsie pemieHus B oomactu MU s unrepuera semei (10T).

Kaxnas koMnbroTepHasi cucTeMa, OpUEHTUPOBAHHAS HA PEILICHHE 3a]1a4 UCKYC-
CTBEHHOT'0 MHTEJIJIEKTA MOCTPOCHA C UCIIOJIBb30BAHUEM IIEHTPAIILHOTO MPOIIecCcopa
(CPU) miu miporieccopoB, a TakKe CIeNUAIM3UPOBAHHBIX aIMapaTHBIX IJ1aT, OJOKOB,

Moayieil. [lo3ToMy BasKHBIM SIBIIIETCS 3HAHUE YCTPOMCTBA, BHIMOIHAEMbIX (DYHKIIHIHA,



oOmactn IIPUMCHCHUS U OFpaHI/I‘leHI/Iﬁ HN3BCCTHBIX allllapaTHbIX pemeHHﬁ, HCII0JIB3YyC-

MBbIX OJIA p33pa60TKI/I HHTCJIICKTYAJIbHBIX peHICHHI;'I.



3 OCHOBHBIE HAITPABJIEHUS PA3BUTUS AIIIIAPATHOI'O
N ITPOT'PAMMHOI'O BASUCA N

SKCHepTBI BBIACIIAIOT HECKOJIBKO HaHpaBHeHI/Iﬁ Pa3BUTHA allllapaTHBIX U IIPO-
T'paMMHBIX pGHJCHHI;'I, MCTOJO0B U CPCACTB NICKYCCTBCHHOI'O MHTCJIJICKTA.

1. IlpencraBneHue 3HaHUI W pa3pabOTKa CHCTEM, OCHOBAHHBIX Ha 3HAHUSX.
DTO OCHOBHOE HAIpaBJIEHUE UCKYCCTBEHHOI0 MHTE/UIeKTa. OHO CBSI3aHO C pa3padoT-
KO MoJiesiel mpeicTaBlieHus 3HaHU, co3/lanieM 0a3 3HaHUi, 00pa3yrouux Sapo dKC-
nepTHbIX cucteM (DC). BrimtouaeT B cebst MOACIM U METO/bI U3BJICUCHUS U CTPYKTY-
pUPOBaHUS 3HAHUN U CIIMBAETCS C MHKEHEpUEH 3HAaHUM.

2. I/Irpbl H TBOPYCCTBO. TpaI[I/II_[I/IOHHO HCKYCCTBCHHBIﬁ HHTCIIJIICKT BKJIIOYACT B
cebs HUI'POBLIC HHTCIUICKTYAJIBHBIC 3a/1a4i — MIaXMAaThbl, HIAIIKX U T.. B ocHoBe nexur
OJIMH 13 PaHHUX ITOAXOI0B — Jla6I/IpI/IHTHaH MOACJIb IIITIOC 3BPUCTUKH. Ceitgac 9TO CKO-
pe€ KOMMCPUYCCKOC HAIIPABJICHHC, TAK KdK B HAYYHOM ILIAHC OTHU UACH CUUTAIOTCA TYy-
ITMKOBBIMH.

3. Pa3paboTka ecTeCTBEHHOS3BIKOBBIX HHTEP(ENCOB U MAllIMHHBIN niepeBo1. B
1950-x rT. OIHOM W3 MOMYJIAPHBIX TEM HCCIIEOBAHUN MCKYCCTBEHHOTO MHTEIJICKTA
ABJIAIIaCh 00J1aCTh MAIIMHHOTO NepeBoAa. [lepBas nmporpamma B 3T0#l 00acTu — nepe-
BOJIYMK C aHTJIMMCKOTO SI3bIKA HA PYCCKHM.

4. Pacno3HaBanue oOpa3oB. TpaaullMOHHOE HaIpaBICHUE HCKYCCTBEHHOTO
WHTEJUIeKTa, Oepyliee Havyajuo y caMbIX €ro UCTOKOB. KaxkoMy 0OBEKTY CTaBUTCS B
COOTBETCTBHE MATPHUIIA TPU3HAKOB, IO KOTOPOH MPOUCXOAUT €0 paclo3HaBaHUE. ITO
HarpaBjeHue OJU3KO K MAIIMHHOMY OOYYEHHIO, TECHO CBS3aHO C HEUPOKUOEPHETH-
KOM.

5. HoBbIE apXUTEKTYpbl KOMIIBIOTEPOB. JTO HANPABIEHUE 3aHUMAETCS pas3pa-
OOTKOW HOBBIX alMapaTHBIX PEIICHUNA U aApXUTEKTYp, HAMPABIECHHBIX Ha 00paboOTKy
CUMBOJIBHBIX M JOrnyeckux HaHHbIX. Co3natorcs [Iponor- u JIncn-mammHel, KOMIIb-
totepel V u VI nokonenuit. [locnegnue pa3paOoTKy MOCBAIIEHBI KOMIIbIOTEpaM 0a3
JAHHBIX U NIapaJUIeIbHBIM KOMIIBIOTEPAM.

6. NaTennexryanbabie poOo0oThl. Peus uaeT o pa3padoTke U CO3MaHUH OT/IEIh-
HBIX YCTPOWCTB, COACPIKAITUX HE TOJIHKO HAOOp aJTOPUTMOB M MOJIETTH 00y4YEeHUS, HO
Y HEKYIO0 TEXHUYECKOTO peanm3aiuio. Haunnas ot poboTa-mbuiecoca, 3aKaHuIMBas aH-
TPOTIOMOP(PHBIMH POOOTAMHU.

7. CnenuanbHOe mporpaMMHoe oOecrieueHue. B paMkax 3Toro HampaBieHHs
pa3pabaThIBalOTCs CIEUUANbHBIE SI3bIKA JUISl pElIeHUsl 3aJlad HEeBBIYUCIUTEIBHOTO



wiaHa. [lomumo 31010, CO3/1aK0TCS MAKEThl MPUKIAIHBIX IIPOrpaMM, OPUEHTHPOBAH-
HbIE€ HA POMBILUIEHHYIO pa3pa00TKy UHTEIUIEKTYaIbHbIX CUCTEM, WJIK IPOrPAMMHBIE
WHCTPYMEHTAPUHU UCKYCCTBEHHOI'O MHTEJUICKTA.

8. OOydeHne W camMooOydeHHEe. AKTUBHO Pa3BUBAIOMIAACS 00JIACTh HMCKYC-
CTBEHHOTO MHTEJUICKTa. BKIIIO9aeT Moieu, METOIbI U aJITOPUTMBI, ODPUEHTHPOBAHHBIC
Ha aBTOMATHYECKOE HAKOIUIEHNE 3HAHUM Ha OCHOBE aHAJIM3a U 0000IIEHUs TaHHBIX.



4 TIPUMEP BBIIIOJIHEHUSI KOHTPOJIbHOM PABOTBI

BrimonHeHne KOHTPOIbHON pabOThl HAUMHAETCS C TIOJIyUEHHUS OT MPEToaaBaTens
KOHKPETHOTO 3aJlaHus, onrcaHHoro B fokymeHTe «3aganust KP1 Ilporpammusie u an-
napatHblie petienus UW.pdf» s BeimonHeHus B 1 ceMecTpe U3ydeHUs AUCIUTUIAHBI
u B nokymenTe «3amanus KP2 [Iporpammubie u anmapatHbie pennenus V.pdf» Bo
BTOPOM CEMECTPE U3YYECHHSI TUCLUILIUHBI.

B ¢aiine «3amanus KP2 [Iporpammusie u anmapatabie pemenust U.pdfy Bei-
MOJIHUTH pabOTy C UCIOJIb30BAHUEM TEKCTa MPOTPaMMBbI, TPUBEIEHHON B TaOIHIIE.
Pa3o0paTp TekcT mporpamMmsel U Ucmosb3yemble pyHkuu. [Iporpammoii pea-
JIU3yeTcs AByMEpHas knactepusauus. Ha BXoj HEMpPOHHON CETHM B NPUMEpPE IIPO-
rpaMMbI (B HCXO/HOW MPOrpamMMe) MOJAr0TCs B KaU4eCTBE JJAHHBIX BECOPOCTOBBIE TIO-
Kazaresnel mojel. C IOMOIIbIO MPOrpaMMbl BBISIBIISIOTCS TP Kjiacca (KjacTepa):
® KJIACC JIIOJEU C «KHOPMAJIbHBIMU» BECOPOCTOBBIMU IIOKA3ATEIIAMU;
e KJIacC JIIOJICH C «M30BITOK BEcay,
® KJIACC JIIOJEU C «HEAOCTATKOM BECay,

B Texcte IIporpaMmabl
$BXOIHBIE IaHHBIE ([IepBas CTPOKa MaTpPMLBE — POCT; BTOpas — BeC)
p=[175 180 182 175 183 176 183 176 183 176 175 180 178 180 178 182 178 182 179
174 172 179;
70 75 100 99 42 48 76 72 40 45 92 96 70 69 95 90 79 82 80 50 96 91]
$cozmaeMm HC KoxoneHa c 3 kjacTepamy (HOPMAJIbHBEI BECOPOCTOBOM IOoKa3aTejb, M3OHTOK
Beca M HeIOOCTaTOK Beca)
h=newc ([0 200;0 100],3,.1)
h.trainParam.epochs=500; %3amaHme KoIMUeCTBa LUUKJIIOB OOyYeHMS
h=train (h,p)
w=h.IW{1l};
plot(p(l,:),p(2,:),"'"r");
hold on;
plot(w(:,1),w(:,2),'ob");
xlabel ('"Rost');
ylabel ('Ves');
% BamaHye HOBOT'O BXOIHOT'O BEKTOPA
%0npoc ceTu
A=181
B=65
p=[A;B];
plot (A,B, "+r")
y=sim(h, p)
A =181
B = 65
plot (A,B, "+k")
y=sim(h,p)

Bormpocsr
e UYT0 nmoHUMaeTcs Mo KjacTepusanuen?
e Uem oTnmyaeTcs 3aada KJIacTepU3alliy OT 33J1a4M KiaccuuKaum?
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Uro Bemonasiercs Gynkuuei h=newc([0 200;0 100],3,.1);

Yro BemonaseTcs ¢pynknuei h.trainParam.epochs=500;

UYro Bemonnsercs Gpyukuueii h=train(h,p);

MoOXeT JI1 UCTI0JIB30BATHCS ATOPUTMBI KJIaCTePHU3alMH JJ11 00pabOTKH
n300pakeHus ?

e MOXKeT JIi UCTIOJIH30BAThLCS AITOPUTMBI KITACTEPU3AIINH JIJIS TOCTPOCHUS pe-
PE3CHTATUBHON BHIOOPKH?

MeTonb! KacTepu3auy Ipy IOMOIIM HEUPOHHBIX CETEH SBISAIOTCS PA3BUTHEM
KJIACCUYECKUX METOJO0B Kilactepusaunu. Hanpumep, MeTon KiiacTepusanuy BEKTOPOB
¢ noMmouipto cetn KoxoHeHa conepkut B cBoer ocHoBe MeTo K cpennux. B To xe
BpEeMsI HEMPOHHBIE CETHU SBIISIOTCA ropa3o 0ojee riOKUM UHCTPYMEHTOM B IIpUMeE-
HEHUH K JIaHHBIM, UMEIOUIUM O0JIbIION 00bEM U U30BITOUYHYIO Pa3MEPHOCTb.

B ¢aiine «3amanus KP2 [Iporpammusie u anmapaThbie pemenus M.pdfy Bbi-
HOJIHUTH pa0dOTy C UCIIOJIb30BAHUEM TEKCTa MPOTrpaMMbl, IPUBEIEHHON B TaOIHIIE.

Pa3o0paTh TeKCT mporpamMmsl U Ucnosb3dyembie pyHkimu. [IporpamMmmoii peanu-
3yeTcs KiaacTepu3anus BEKTOpoB. Ha BXoa HEMPOHHOM CETH B IIPUMEPE MTPOTPAMMBI
(B MCXOMHO¥ MTpOrpamMMe) MOJAIOTCS B KAUECTBE JTAHHBIX

o\

nporpaMMma OEMOHCTPALMM MCIOJIb30BaHMS CaMOOPTaHM3yllelr KapTil KoxoHeHa

Ha IpuUMEepe IBYMEPHHX BEKTOPOB. JVICHOJNb3YysS CaMOOpPTaHM3yolMecsd KapThl, IBYMEPHHE
BEKTOPH pas30uTh Ha KJIACTEPH M BHIABUTH UX LIEHTPH,

3aTeM MOHaTh Ha BXOJ CAaMOOPTAHM3YWIEN KAapTH HOBEIM BEKTOP M ONPEeNeliMThb
KJlaCcTep, K KOTOPOMY OH OTHOCUTCH

o° o o°

o

P=rands (2,100) %3amaHme CJyUaMHBX IBYXMEPHEX BXOIHEIX BEKTOPOB

figure (1)

hold on

plot(P(1,:),P(2,:),"'+r') %SBMByaJibHOe M300pPaXeHME BXOIHEIX BEKTOPOB

$Cosmanme HC c 3*4 HelipoHamu

3llo ymosiuanuo o¢yHkuma TECN = 'hextop', TO ecTb HEMPOHE paclojlarailTcd B y3Jax

IBYMEPHOM CEeTKM C MEeCTUYTOJIbHBEIMU SYelKaMu

net=newsom ([0 1;0 11, [3 41):;

net.trainParam.epoch=5 %3amaHue umciia LUMKIIOB HACTPOMKMU

net=train (net,P) % HacTpo¥VkaceTu

A=0.5

B=0.3

p=I[A;B]; % 3amaHue HOBOI'O BXOIOHOT'O BeKTOpPa

plot (A,B, '"k') SIpopMCOBKA Ha PUCYHKE BXOIHOTO BEeKTOpPa (UYEepHHM TpeyI'OJibHUK)
hold off

figure (2)

hold on
plotsom(net.iw{l,1},net.layers{l}.distances)
a=sim(net,p) %SompocceTu

A = 0.5000

B = 0.3000

p=[A;B]; % BamaHme HOBOI'O BXOIHOT'O BeKTOpa

plot (A,B, '"g') S%HpopuCOBKa Ha PUCYHKe BXOIOHOTO BeKTOpa (UYepPHEM TpPeyTOJIbHUK)
a=sim(net,p) %omnpoccetu

hold off
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s Bextopa A = 0.27, B = 0.75 onpenenuTs B KaKOM KiacTep OH BXOJUT U 00b-
SICHUTb TTOTYYEHHBIN pe3yibTarT.

Bomnpocsr:

Yro Bemonnsercs pyukuueii net=newsom([0 1;0 1],[3 4]);
Uro Beimonasercs Gpyukuueii net.trainParam.epoch=5

Yro BemonHseTcs pyHknuein net=train(net,P)

KakoBa ctpykrypa ciost Koxonena?

JIns Kakux 1eneid MpUMEHSIIOTCST aJITOPUTMBI Ha OCHOBE CAMOOPTaHU3YIO-
nuxcs kapt Koxonena?

11



3AK/IIOYEHHUE

B nacTosiem mocoOuu onucaH MOPSIOK BBHIMOIHEHHUST OO0YYarolmIMMCsI KOH-
TPOJILHOM paboThl o AucHuIuinHe «IIporpammusie n annaparusie cpeactsa MU B po-
OOTOTEXHUKE U MEXATPOHUKEY.

B npumepe BBINOJHEHUST KOHTPOJIBHOM pabOThl OMpEneieHbl OCHOBHBIE MO-
MEHTBI, 03HaKOMJICHHE C KOTOPBIMHU, IOHUMAHKUE UX HA3HAYCHMS U pealn3aluu 103-
BOJIUT 3aKPEIUTh [TOJIyYE€HHbIE 3HAHUS ¥ HAaBbIKU 110 JUcUHUIUIMHE. B Oubnuorpaguye-
CKOM CIIMCKE MPECTaBICHbl HICTOYHHUKH, K KOTOPBIM CTYJI€HT MOXKET OOpaTUThCS MpU

BBIITOJIHCHUH KOHTpOHBHOﬁ pa6OTBI H JJIA ITIOBBIIICHUA YPOBHA 3HAHUU.
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