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06 asTope

Ilpatuk Jxxomm — crnenmaauct no npodaeMaM MCKyCCTBEHHOTO MHTeAAeK-
Ta, aBTOpP MATM KHUT U IOCTOAHHBIN AOKAaAYMK Ha KoHpepeHuusax TEDx. Yupe-
auteap komnanuu Pluto Al — BeHuypHoro craprana u3 CiAMKOHOBOI A0AMHBI,
3aHMMAIOIIETOCs CO3AaHMEeM aHAAMTUYECKOM TMAaTPOpMbl AAS MHTEAAEKTY-
AAbHOM CUCTEMBl yIIpaBA€HMs] BOAOCHAO>XeHMEeM Ha OCHOBE METOJO0B rayDOKOro
obyuenns. Ero texnmyeckmit Oaor (https://prateekvjoshi.com/), HaCUMThHI-
paroumit 6oaee 7500 MoANMCYNKOB, ITOceTAM cBbille 1,8 MAH YyeaoBek U3 0oaee
yeM 200 crpan. Yacto nmyGamMKyeT cTaTby, NOCBAILIEHHbIE MCKYCCTBEHHOMY WMH-
TeAAEeKTy, IpOrpaMMMpPOBaHMIO Ha A3bike Python u mpuxaagHoit mMateMaruke.
Oxonuna Yuusepcutet I0xHom KaandopHnmu, noayuns auniom crenyaanucra B
00.4aCcTi MCKYCCTBEHHOTO MHTeAAeKTa. PaboTaa B Takmx komnaHmsx, kak Nvidia u
Microsoft.

O peueH3seHTe

Puyapa Mapcaen umeer Goaee yem 20-a€THMIT OIBIT MPO¢ECCMOHAABHOM
paspaboTku mporpaMMHOTo oOecrieuenms. Ilocaeanme aecsaTb AeT ynpaBas-
et komnanueyt Winwaed Software Technology LLC, He3aBMCHMMBIM NOCTaBLIM-
KOM MpPOrpaMMHOro obecredeHus, KOTOPBI CIeIMaAu3UpyeTcs Ha CO3JaHUU
MHCTPYMEHTOB ¥ TPUAOXKEHMI1 Aa8 00paboTkyM KapTorpadpuyeckmx AaHHBIX.
[Toaaep>xuBaeT caliT www.mapping-tools.com, Ha KOTOPOM IMpeAAaraloTcs MH-
CTpPyMEHTaAbHbIE CPeACTBAa AAs TaKuUX KapTorpadpuyecKux NPUAOKEHMI, Kak
Caliper Maptitude 1 Microsoft MapPoint.






































































































































































































[peackasaTenbHas
aHanuMTUKa Ha OCHOBE
aHcambneBoro ooy4yeHus

B 31011 r21aBe Mbl IOropopuM O M€To4ax aHcaM0baeBoro o6yqemxm U UX UCITIOAb-
30BaHUU B HPEACKaSaTeAbHOﬁ a”HaauTuke. Bl o3HaKOMUTECH CO CcAeAyIommMu Te-
MaMu.

co3aaHue Mogeaeit 0OydeHus ¢ IOMOIIbI0 aHcamMb.aeBoro obyyeHns;

4TO TaKOe AepeBbs pelIeHNII M KaK CO34aBaTh COOTBETCTBYIOIIME Kaaccupu-
KaTOPbL; '

4YTO TaKoOe CAy‘IaﬁHbIe Jeca u 1npeaeAbHO CquaﬁHme Jeca 1 Kak co3aaBaTh
maccml)mxa’ropm Ha X OCHOBE,

OLIEHKY AOCTOBEPHOCTH NMpeACKa3aHHbIX 3HaUeHMIT;
obpaboTka aucbHasaHca KAaccos;

HaXO>KA€HNe OnTuMaAbHbBIX 06yqa10nmx napamMeTpoB ¢ IOMOMIBIO CETOYHO-
IO IIOMCKa,

BBIUMCAE€HME OTHOCUTEABHOM Ba>XKHOCTU ITPpU3HAKOB,

IpeacKa3aHye MHTEHCUBHOCTH AOPO>KHOTO ABMOKEeHHSA C MCIOAb3OBAHUEM
perpeccopa Ha OCHOBE ITPeAEAbHO czlyqaimmx A€COB.

Yto Takoe aHcamb6neBoe obyueHue

Tepmun aHcambaeBoe oOydeHne (ensamble learning) oTHocuTcs x mpouec-
Cy TIOCTpOeHNs] MHO>KeCTBa MOAeAeit M MOMCKY TaKoi MX KOMOMHaIMHM, KOTopas
N03BOASET MOAYYUTh AyYIlMe pe3yAbTaThl, 4eM KaXkAas U3 MOAeAel MO OTAeAb-
HocTu. B KkauecTBe MHAMBMAYaABHBIX MOJA€A€l MOTYT BBICTyNaTh Kaaccuduka-
TOPBI, perpeccophl 1 Apyrue oObeKThl, MOAEAUPYIOIIMEe AAHHBIE TeM MAM MHBIM
crrocoboM. AHcamO.aeBoe obydeHNe MIMPOKO IMPUMEHAeTCsA BO MHOTMX 004acTAXx,


























































































ITpedckazameAbHAs AHAAUMUKA HA OCHO8e aHcambAes0z0 obyuerus 109

CrnporHosupyem pe3ayAabTar.

# IpOTHO3MPOBAHME pe3yJsbTaTa I TECTOBOM TOYKM OaHHBIX
print ("Predicted traffic:",
int (regressor.predict ([test datapoint encoded]) [0]))

TToAHBIT KOA DTOTO puMepa coAep>XkuTcs B gaiae traffic prediction.py.
BbIMOAHMB STOT KOA, BB MTOAy4YNUTe B KayeCTBe BHIXOAHOIO pe3yAbTaTa 3HayeHMe
26, KOTOpOe o4YeHb OAM3K0 K (aKTUYeCcKOMy 3HaueHuio. B sTom HeTpyano ybe-
AUTBCA, 0OpaTUBIINCD K (Paitay AaHHBIX.

Pe3ome

V3 »TOI rAaBBI BBl Y3HaAM O TOM, UTO Takoe aHcaMOaeBoe oOyyeHue U Kak OHO
IpUMEHSeTCs B peaAbHbIX 3ajadax. Mb1 00cyanan AepeBbsi pellleHnit 1 co3jaHume
KAaccupUKaTopa Ha MX OCHOBe.

BBI MO3HaKOMMAKCD C MMOHATUAMM CAYYalHBIX U TpeAeAbHO CAy4YalHbIX A€COB
M METOAaMM CO3AaHMs KaaccuUKaTOpOB Ha MX OCHOBe. MBI paccMOTpeAn Mepbl
AOCTOBEPHOCTH IpeAcKa3aHMit 1 criocoObl paspelmienns mpobaemsr aucbasanca
KAaCCoB.

Tak>ke 6bL10 NIOKa3aHO, KaK HAXOAUTH Haubo.Aee ONTUMaAbHbIe TTapaMeTphbl 00-
y4eHMs AAs1 TIOCTPOEHMA MOJeAeit C MCIOAb30BAHMEM CeTOYHOTO TMOMCKa. Bol y3-
HaAM O TOM, KaK BHIYMCAUTb OTHOCUTEABHYIO BaXKHOCTh Npu3HakoB. HakoHew, Mbt
[IpUMEHMAY TEXHUKY aHCaM0.AeBOTo 00y4eHMs AAs pellieHNs peaAbHON 3a4auu —
NpeACKa3aHMA MHTEHCUBHOCTU AOPO>XKHOTO ABMOKEHMS C UCMIOAb30BaHUEM perpec-
copa Ha OCHOBe ITpeAeAbHO CAy4JalHOTO A€eca.

B caeayiolueit raaBe Mbl paccMOTpuM obOydeHne Ge3 yuuTeAs U MMOKaXKeM, Kak
obHapy>kMBaTh 3aKOHOMEPHOCTH B AaHHBIX (POHAOBOTO PBIHKA.






Pacno3HaBaHue obpa3oB
C NOMOWbLK 00y4eHus
be3 yuntens

B 9TOJ raaBe MBI pacCMOTPHUM, YTO Takoe oOyueHme Ge3 yumTeAss U Kak OHO
NpUMeHseTCs 44 pellieHs peaabHBIX 3a4a4. Bel 03HaKOMMTECH CO CA€AYIOIIUMM
TeMaMu:

¢ 4TO Takoe oOyyenue Ge3 yunreas;

e KJAacTepu3alMsa AAHHBIX C TOMOIBIO MeToAa k-cpeaunx;

¢ OlLIeHKa KOAMYECTBa KAaCTEPOB C MIOMOIIBIO aATOPUTMA CABUTA CPEAHErO;

¢ OlIEHKa KayecTBa KAaCcTepu3aliy C IOMOIIBIO CUAYSTHBIX Mep;

e 4TO TaKoOe raycCOBCKMe CMeIlaHHbIe MOAeAN;

¢ Co3aaHMe KAaccupUKaTOpPOB Ha OCHOBE TayCCOBCKMX CMEIIaHHbIX MOAeAeH;

e IIOMCK MOATPYII CpeAyt Y4aCcTHMKOB (POHAOBOTO PhIHKa C MICIIOAb30BAaHUEM
MOAeAM pacipOCTpaHeH!s CXOACTBa;

e CerMeHTHMpOBaHMe pbIHKa Ha OCHOBE Moaeaen CcoBepLI€HM TMTOKYIIOK.

Yro Takoe obyyeHue 6e3 yuutens

Tepmun obGyuenmue G6e3 yunreas (unsupervised learning) oTHocuTcs K mpo-
Lleccy MOCTPOeHMsA MOAeAM MaLIMHHOrO oOydeHns, He TpeOylole NpuBAeYeHns
NOMeYeHHBIX TPEHMPOBOYHBIX AaHHBIX. MalnHHoe obyyeHue Ge3 yuuteas Haxo-
AMT TIpMMEHeH)e BO MHOTMX 004acTaAX, BKAIOYas cerMeHTMpOBaHMe PbIHKa, TOp-
TOBAs aKUMAMM, 06pabOTKa eCTeCTBEHHOTO A3bIKa, MallIMHHOE 3peHue U Ap.

B mpeasiayuyx raaBax Mbl MMeAU 440 C AAHHBIMM, C KOTOPbIMM acCOLIMMPO-
BaAMCh MeTKM (MapKepsl). B cayuae noMeyeHHBIX 0Oy4arOMIMX AAHHBIX aATOPUTMBI
ydaTcs KAaccupuumMpoBaTh AaHHbIE I10 9THM MeTKaM. B peaabHbix 3aaauax pazme-
YeHHbIe JaHHbIE He Bceraa AOCTYIHBIL VIHOrAa MBI IPOCTO pacroaaraeM MHOXeC-
TBOM AAHHBIX M AOAKHBI KaKMM-TO 00pa3oM pacrnpeieauTh MX MO KaTeTopusM,











































































136 T'rasa 4

B okHe TepMMHaaa 0TOOpa3uTcs caeayiomas undopmauns (puc. 4.11).

Number of clusters in input data = 9

Centers of clusters:

Tsh Tan Hal Tur
9823 4637 6539 2607
38589 44199 56158 5030
7852 4939 63081 134
35314 16745 12775 66900
22617 77873 32543 1005
104972 29186 19415 16016
38741 40539 20120 35059
28333 34263 24065 5575
14987 46397 97393 1127

Puc. 4.1

Pe3iome

DTa raapa Hadyaaach ¢ 0OCy>KAeHUsl MAIIMHHOTO OOy4eHns Oe3 yuureas: u ero
NpuUMeHeHMi1. 3aTeM Bbl y3HaAM O TOM, YTO TaKOe KAaCcTepu3aLms U Kak Kaactepu-
30BaTh AQHHBIE C MIOMOIIBIO MeToAa k-cpeannx. ITocae 5TOro 6bL10 NOKa3aHO, Kak
OLIEHUTH KOAMYECTBO KAaCTepOB C IIOMOIIIBIO aATOpUTMa CABUTa cpeaHero. Mei o6-
CyAUAM CUAYSTHBIE OLIEHKH M M0Ka3aAH, KaK OHU MCIIOAB3YIOTCA AASl OLleHMBaHMsI
KayecTBa KAacTepusaluy. Bbl y3HaAu O TOM, YTO TaKOe CMelllaHHbIe FayCCOBCKMe
MOAeAM U KaK MOCTpouTh Kaaccudukarop Ha ux ocHose. Kpome Toro, Mbl 06cy-
AUAN MOAeAb paclpoCTpaHeHMs CXOACTBA M MCIOAb30BAaAM €€ AAsl HaXOXAEHUs
MOATPYII Y4acTHUKOB OHAOBOTO phiHKa. HakoHew, Mbl npuMMeHUAN aATOpUTM
CABMIa CPeAHEr0 AAs CerMEHTMPOBaHUS phIHKa Ha OcHOBe MH(pOpMaLH O CTepeo-
TUIaX IOBeAeHNs TOKyIaTeaeit. B caeayiomeit raase Bbl MO3HAKOMUTECh C ABMXK-
KOM AAs CO3AaHUs PeKOMEeHAATeABHBIX CUCTEM.



Co3pnaHue
peKoOMeHAaTeNnbHbIX
cCUCTeM

B 3T011 raaBe OyaeT nmoka3aHo, KaK CO3AaTh COOCTBEHHYIO peKOMeHAATeAbHYIO
cucremy ¢puapmos. CHavaza Mbl CO32aauM oOydalolmmit KOHBelep, AAs TpeHM-
POBKM KOTOPOTO MCIIOAB3YIOTCSl HaCTpanBaeMble napaMeTphl. Jasee Bbl y3HaeTe O
TOM, YTO 00O MMPeACTaBAAIOT KAaCcCM(PUKATOPhl Ha OCHOBE OAMXKAMIINMX coceaent
U KaK MX MOXXHO peaAu3oBaTh. ITO IIOCAY>XXUT OCHOBOM AAA 0OCY>XXAeHMUA KOAAa-
OopaTuBHON GUABTpaLIMM, KOTOpOE 3aBepIIMTCA NOCTPOEHMeM peKOMeHJAaTeab-
HOM CUCTEMBI.

K KOH1Iy raaBbI BBl OCBOMTE CA€AYIOLIME TEMBI:

e co3aaHMe oOy4yaloIlero KoHseiepa;

e mu3BAeYeHMe DAMXKAMIIIMX COCeAeN;

e cosaaHue KaaccudukaTopa MeToaoM K Ganxkarmmx coceaeit;
e BBbIYMCAEHME OLIEHOK CXOACTBA;

¢ MCIIOAB3OBaHUE KOAAa60paTMBHOI71 (I)MAprauMI/I AAA IMIOUCKa NMOAb30OBaTe-
A€M ¢ TOXOXKUMU npeaArnoYTeHuAMMU,

e CO3jaHMe peKOMeHAaTeAbHON CHCTeMBI (PUABMOB.

Co3pnaHue obyuarouiero koHsenepa

OObrYHO cHMCTEMBI MaILIMHHOTO OOYYeHMs CTPOATCA Ha MOAYABHOM OCHOBe.
KoHkpeTHas koHeyHas LieAb AoCTMUIaeTcs 3a cuyeT GOpPMMPOBAHMUSA MOAXOAALIMX
KOMOMHaIMI1 OTAeABHBIX MoAyaeit. B 6ubamoreke scikit-learn cogepxkarcs
$yHxiMM, no3poasomMe O0beAVMHATh pa3ANMdHble MOAYAM B eAViHble KOHBeltep-
Hple Lernodkn. HaMm ocraeTcs auiup yka3aTbh Hy>KHbIe MOAYAU BMeCTe C COOTBET-
CTBYIOILIMMM MapaMeTpaMu. Jaaee Ha OCHOBe STHX MOAYA€e CO3AaeTcs KOHBeep,
KOTOpBIN1 0OpabaThiBaeT AaHHbIE U TPEHUPYET CUCTEMY.











































































162 [arasa 5

Pe3lome

B TOi raaBe paccka3biBaaoCh O TOM, KaK CO34aTh KOHBEMEPHBI MPOLIECCOp
AQHHBIX, KOTOPBIVI MOXHO 3a4€JICTBOBaTh A5 TPEHMPOBKM CUCTEMbI MAalUMHHOTO
oOyuenns. Brl Takxe y3Haay, kak ussaeds K Gamxanumx coceaen 10601 TOYKU
U3 3a4aHHOTO Habopa. 3aTeM MBI CTIOAb30BAAY DTU CBEACHMSA AAS CO3AaHUA KAaC-
cudukaropa Ha ocHose MeToAa K Gamkarmx coceaet. Ml Taxke o6cyanan Ta-
Kyie CriocoObl BHIYMCAEHNSA OLIEHOK CXOACTBA, KaK €BKAMAOBA OLIEHKAa M OLIEHKa 110
IMnpcony. Kpome Toro, Bbl y3HaAu O TOM, KaK MCMOAB30BaTh KOAAaDOPAaTUBHYIO
$uabTpaLyIo A1 HaxOXAEHNUs M0Ab30BaTeAeN C OAMHAKOBBIMM IPEANOYTEHUS -
MM B 3a4aHHOM HaboOpe AaHHBIX M CO34aTh peKOMeHAaTeAbHYI0 ciucTeMy GUABMOB
Ha OcHOBe 3101 uHdpopMaLMu.

B caeayromeit raase GyAeT pacckazaHO O TOM, YTO TaKOe AOTMYECKOe Iporpam-
MMpOBaHMe ¥ KaK CO34aTh CMCTEMY AOTMYECKOTO BHIBOAA, CIIOCOOHYIO pelaTh pe-
aAbHBIE 33aAaUM.



JNlornyeckoe
nporpamMmupoBaHue

B TOJ1 raaBe BbI HayuUTeCh MICaTh MPOTPaMMBI, IPUMEHSS] METOABI AOTHYeC-
KOTO IporpaMMupoBaHus. Mpl 00CyauM pa3audHble MapaAurMbl IIPOrpaMMu-
pOBaHMA M IOKaXKeM, KaK Co3JaBaTh IMpOIpaMMBI, MCII0AB3Ys TEOPUIO U aMmnapar
MaTeMaTH4eCcKOi AOTMKM. MBI paCCMOTPUM KOHCTPYKILIMM AOTMYECKOTO MpOorpaM-
MMPOBaHUA U CIIOCOOBI pellieHus 3aaad B 9T0i 064acTH, a TakxKe HaluUIeM Mpo-
rpaMMbI Ha s3bike Python, peaansyrouue pematean Aas psiaa 3aaad.

K KOHIIy r2aBbl BBl OCBOMTE CA€AYIOIIME TEMBI:

e YTO TaKOe A0TMYECKOe MPOrpaMMMUPOBAHNE;

e KOHCTPYKIMHM A0TM4eCKOTO MPOrpaMMUpPOBaHMS;

e pellleHMe 3a4a4 C MOMOILBIO A0TMYECKOTO MPOrpaMMUpPOBaHNS;
¢ ycraHoBKa naketos Python;

e COMNOCTaBAEHMe MaTeMaTU4YeCKMX BBIpasKeH!;

e IIpOBepKa IPOCTHIX Yyces;

e aHaAM3 TeHeaAOTUYeCKUX JepeBbes;

e aHaAu3 reorpapUYECKMX AAHHBIX;

e CO3JaHue pellaTeAs T0A0BOAOMOK.

YTo TaKkoe noruyeckoe nporpaMmupoBaHme

ozuyeckoe npozpammuposatue — TO MapaaurMma, T.e. 0cOOBIN MOAXO4 K MpO-
rpammuposanuio. I[Ipexae yem obcy>kaaTh, 4TO cOOOM MpeACTaBASeT AOTMYECKOe
NporpaMMmpoBaHie U KaKoe OTHOIIeHNE OHO MMeeT K MCKYyCCTBeHHOMY MHTeA-
AEKTy, caeayeT cKa3aTh HeCKOABKO CAOB O MapaAurMax porpaMMMupOBaHus.

CBouM BO3HMKHOBEHMEM TOHATHE HAPAJUIMA NPOZPAMMUP0sAHUS ODA3aHO MO-
TpeOHOCTH KAaccMPUUMPOBaTh A3bIKM ITporpamMmuposanns. OHO xapakTepuayer
M0AX0A, KOTOPBIN MCII0AB3yeTCsl KOMIBIOTEPHBIMY MTPOTpaMMaMM A4l pelieHmns




























































Aozuveckoe npozpammuposarue 183

Matthew is the owner of the rabbit

Here are all the details:

Name Country

Canada
rabbit it USA

213 Australia

Puc. 6.8

Ha puc. 6.8 npupeaenbl Bce 3HauyeHMsl, MMOAYYEHHbIE C TIOMOIIBIO peruaTeas.
HekoTopbie 13 HuX Bce ele OCTalOTCs HEM3BECTHBIMMU, Ha UTO YKa3bIBAlOT HyMepo-
BaHHBIE MMeHa MepeMeHHbIX. HecMOTps Ha TO yTO MCXOAHas uHpopmanms Oblaa
HEIOAHOJ, pellaTeAl0 yAaAoCh OTBeTUTh Ha Ham Bompoc. Ho aas toro, uroGmn
IporpaMMa Moraa OTBeTUTh Ha 4100011 BOMPOC TaKOro po4a, HaM MOTYT ITOHAA0-
OUThCS1 AOTIOAHUTEABHBIE NTpaBuAa. JaHHas IpOrpaMMbl Oblaa MpeACTaBAeHa BaM
UICKAIOYUTEABHO 4451 TOTO, YTOOBI IPOAEMOHCTPUPOBaTh, KaK pelaTh r0A0BOAOM-
K B YCAOBUsAX, KOTAa MHGOpMalLus 3a4aHa B HEMOAHOM ofbeMe. Moxxere camo-
CTOSITEABHO MODKCIIEPUMEHTHPOBATh C CO34AHMEM pellaTeAeil T0A0BOAOMOK AAs
Pa3AMYHbIX CLIeHapUeB.

Pe3lome

V3 9T0i1 rAaBBI BBI Y3HAaAM O TOM, KaK MmicaTh mporpammel Ha Python B pamkax
MapagurMbl A0rMYecKoro MporpaMmupoBanusi. Mel o6cyananu crnocobsl cozaanms
NporpaMm C MCHOAB30BaHMEM DTUX MapagurMm, NoagpoGHO paccMOTpeB AOTMYeC-
KOe IporpaMMIpOBaHIe.

MbI peaan3oBaayu HECKOABKO IporpaMm Ha sizpike Python, npeanasnauennbix
AAsl pellieHNsl HeKOTOPBIX 3a4ad ¥ FOA0BOAOMOK. B caeayioiueit raape pednb noii-
A€T 0 MeToAax DBPUCTHMUECKOTO MOMCKa i OyAeT MpoAeMOHCTPUPOBAHO UCIIOAB30-
BaH1e COOTBETCTBYIOIIMX aATOPUTMOB AAs1 pellleHNs peaAbHbIX 3a4a4.






MeToAbl 3BPUCTUYECKOTO
nomncka

JaHHas raaBa MOCBsLLEHa MeTOAaM DBPUCTIYecKoro moycka. learsio sTux me-
TOAOB SIBASETCA COKpallleHye oObeMa BhIYMCAEHMIA 110 Nepebopy BapMaHTOB MpH
NpOBeAeHNM TOMCKa B IIPOCTPAHCTBE pellleHNi. DTOT MOMCK BHIMOAHSAETCA C UC-
N0AB30BaHMEM BDBPUCTUK, YIPABAAIOLIMX MOMCKOBLIM aATOPUTMOM. DBPUCTUKHU
MO3BOASAIOT aATOPUTMY YCKOPUTB MpOLiecc NoAydeHUs pellleHus, Ha 4TO B MpO-
TUBHOM cAy4ae Y1110 Obl AAUTeAbHOE BpeMs.

B 3T011 raaBe Bbl O3HAKOMUTECh CO CAeAYIOIIMMY TEMaMMU:

YTO TaKoe DBPUCTUYECKUM MOUCK;

HenHPOPMUPOBaHHBIN 11 MHPOPMUPOBAHHBI BUABI ITIOUCKA;
3a4a4yy C OrpaHIYeHNAMM;

MeTOABI A0KAABHOTO MOMCKA;

aATOPUTM MMMTALIMM OTXKUIa;

KOHCTpyMpOBaHMe CTPOK C UCMOAb30BAHMEM >KaAHOTO MOMCKA;
pellieHMe 3a4a4y C OTPaHMYEeHUAMM;

pellleHMe 3aaauy pacKpaiumMBaHus obaacTeis;

co3AaHye pOrpaMMBbl AAs TIOMCKa pelleHmit B urpe “8”;

Co3AaHye MpOrpaMMBbl A IIPOXOXKAEHUS AaOMPUHTOB.

YTto Takoe 3BPUCTUYECKNIN NONCK

IMomck M opraHusaLms AaHHBIX — Ba’kHas TeMa B 00AacCTM MCKYyCCTBEHHOTO
uHTeAnekTa. CylllecTByeT LieAblif psa 3aday, B KOTOPhIX TpeOyeTca HalTH Ipa-
BUABHBINI OTBET CpeAy MHOXKECTBa BO3MOJKHBIX BapMaHTOB pelieHusa. Dddek-
TMBHasi OpraHM3aLMs AaHHBIX oDecriednBaeT OBICTPBIN M Pe3yAbTaTUBHbINA MOUCK
pelennin.
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Pe3iome

W3 971011 raaBbl BBl y3HaAM O TOM, Kak paboTaeT 9BpUCTMYECKMIT ToucK. Ml
o0cyanan pasanuue MeXAy HeMHPOPMIPOBaHHEIM U MHPOPMUPOBAHHBIM BUAA-
My noucka. Bei1o pacckazaHO O TOM, 4TO TaKOe 3a4a4yy C OTpaHUMYEHUAMHU U Kak
pelliaTh 3a4a4yM B paMKax 9TOJ napaaurmbl. Mbl 06cyaman A0OKaAbHBIE METOADI
MOMCKa ¥ OOBACHMAM MPUYMHBI UCTIOAB30BAHMS AATOPUTMA UMUTALIUU OTXKUTA.
JKaaHslit mouck OB IpUMEHEH A4 pellleHNns 3a4ayy, CBsI3aHHOM ¢ 00paboTKOI
CTPOK, B paMKax IlapaAuIMbl 3a4a4 C OTpaHUYEHUAMMU.

Takoi1 ke 1moaxo4 Obl IpMMEHEH AAs pellleHus 3a4adyl O pacKpacke KapThl.
3ateM MBI 006CyANAM aATOPUTM A* 1 TTIOKa3aAM, KaK OH MOXKET MPUMEHSTHCS AAS
HaX0>XAEHMS ONTUMAABHBIX IyTell peleHns 3aaady. Mbl MCII0Ab30BaAM DTOT aa-
TOPUTM AAsl pellleHusl TOA0BOAOMKM “8” 1 mpoxoxaeHus aabupunra. B caeay-
IOl TAaBe MBI OOCYyAUM TeHeTUdecKue aArOpUTMbI U MPOAEMOHCTPUPYEM MX
NpUMeHeHMe Ha IpuMepe peaabHbIX 3a4a4.



eHeTNYecKue
anropuTMbl

B sTOI raaBe Bbl M3y4yuTe reHeTHyecKyte aAropuTMbl. Mpl 006cyauM MOHATMA
SBOAIOLIMOHHBIX aATOPUTMOB 1 TEHETUYECKOTO NMPOTPaMMMPOBaHMs U IIOKaXeM,
KaK OHM COOTHOCATCS C TeHeTW4ecKMMM aaroputmamu. Bel y3HaeTe o 6a30BbIX
CTpOUTEAbHBIX 5A0KaX FeHETHMYECKMX aATOPUTMOB, BKAIOYas KpOCCoBep, MyTalMIO
M PYyHKLMIO NPUCIIOCODAEHHOCTH. 3aTeM ST MOHATUA OyAyT MCIIOAB30OBaHBI AAS
CO3AaHUA pa3AMYHBIX CUCTEM.

K koHI1y raaBbl BB OCBOMTE CAEAYIOLIIME TEMBIL:

¢ DBOAIOLIMOHHBIE U FeHEeTIYECKIe aATOPUTMBI;

¢ ¢dyHaaMeHTaAbHbIe IOHATUA TEHETIYECKMX aATOPUTMOB;

e reHepaums GMTOBbIX 0OPa30B C MpeAONpeAeAeHHbIMU NlapaMeTpaMu;
e BU3yaAM3alNsA XOAA DBOAIOLIUMU;

¢ pellleHMe 3aaa4y CUMBOAMYECKOI perpeccuuy;

e CO3JaHMe KOHTpOAJAepa MHTeAAEeKTyaAbHOro poboTa.

JBONIOLNOHHBIE U FreHeTUYeCcKune aNropuTMbl

TeHeTMYeCKUI aATOPUTM — BTO Pa3HOBUAHOCTh DBOAIOLIMOHHOTIO aATOPUTMa.
[TosTOMY CHayaAa MBI 40AXKHBI 0OCYAMTH, YTO cODOM MPeACTaBAAIOT BOAIOIVIOH-
Hbl€ aATOPUTMBI. DBOAIOLIMOHHBIA aATOPUTM — BTO METAAATOPUTM DBPUCTITIEC-
KO ONTUMM3aLUM, UCTIOAB3YIOIINI ITPUHIIMAIIBI DBOAIOLMN AAS pellleHNs 3a4ay.
B AaHHOM KOHTEKCTe 1104, 360A10Yyuell TIOApa3yMeBaeTcsl MpOoLecc, aHaAOTMYHbINA
TOMY, KOTOPBIi1 Haba10aaeTcst B mpupoge. OBbIMHO MOAyYeHMe PelleHMiI OCHOBBI-
BaeTCsl Ha HETIOCPEeACTBEHHOM MCI0Ab30BaHMM PYHKUUI U TIepeMeHHbIX, CBA3aH-
HBIX ¢ 3agaveit. OAHAKO B reHETHYECKOM aATOpUTMe A100as 3ajaya KoaupyeTcs B
B1Ae OUTOBBIX OOpa30B, KOTOPEIMM MAHUITYAMPYeT aATOPUTM.
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=
=

nevals avg std

400 1.4875 4.37491
231 4.285 7.56993
235 10.8925 14.8493
231 21072 22,1239
238 29.9775 27.7861
224 37.6275 31.8698
231 42.845 33.0541
223 43.55 . 33.9369
234 44,0675 34.5201
231 49,2975 34.3065
249 47.075 36.4106
222 52.7925 36.2826
248 51.0725 37.2598
234 54.01 37.4614
229 59.615 37.7894
228 63.3 39.8205
220 64.605 40.3962
236 62.545 40.5607
233 67.99 38.9033
236 66.4025 39.6574
221 69.785 38.7117
244 65.705 39.0957
230 70.32 37.1206
241 67.3825 39.4028

o
o
-

CoOoONOOTUTDA,WN—-O

mi
0
0
0
0
0
0
0
0
0
0
0
0
)
0
0
0
0
)
0
0
0
0
0
0

Koneunbit pparmenT unopmauuu 6yaeT umeTh caeayrowmin Bua (puc. 8.13).

Pe3lome

V3 5TON raasbl BBl y3HaAM O TOM, 4TO TaKOe TeHeTUYeCKue aATOpUTMBI, U 1O-
3HaKOMMAMCH C COOTBETCTBYIOIIMMM MOHATUSIMU. MBI 00CyAMAN DBOAIOLIMOHHbIE
aATOPUTMBI M TeHeTHMYecKoe MpOorpaMMMUpPOBaHME U MX CBA3b C TeHETUYECKMMMU
aaroputMamu. M1 paccMoTpean pyHaaMeHTaAbHble TIOHATUS TEeHETMYECKUX aa-
TOPUTMOB, BKAIOYas MOMYyASLMIO, KPOCCOBep, MyTaLuio, OTOOp 1 GyHKUMIO pU-
cnocobaeHHOCTN. Bbl y3Haau 0 TOM, Kak reHepupoBaTh OMTOBBIN 0Opa3 ¢ 3asaii-
HBIMU MapaMeTpaMu. Mbl 06cyanan Bu3yaansaumio BOAIOLMOHHOIO MpoUecca
¢ nomotpio aaroputma CMA-ES. Bel y3Haan o cnocobax peleHus 3agad CUM-
BOAMYECKOJ perpeccum B paMKax 9Tol napaaurmsl. HakoHen, mMbl ucnoan3osa-
AU 9T KOHLIENIIIMM AAS CO3AaHUsI KOHTpoadepa poOoTa, 0OXoasiero kapty u









Co3aaHue urp ¢ noMoulbo
UCKYCCTBEHHOI0 UHTENNeKTa

B ®TOI raaBe paccka3blBaeTCs O CO3JaHMM UTP C IMOMOILBIO MCKYCCTBEHHOTO
MHTeAAeKTa. Bbl y3HaeTe 0 mpuMeHeHMM aATOPUTMOB MOMCKA AAfl pa3paboTKu
9¢PeKTHBHBIX CTpaTermit BHIMIpPHIIIA. 3aTeM MBI UCMIOAb3YEM STU aATOPUTMBI C
11eAbIO CO3AaHNA UHTeAAEKTyaAbHBIX POOOTOB 4451 pa3AUYHBIX UTP.

K KoH11y raaBbl BBl OCBOMTE CAeAyIOIIe TeMBI:

* JMCIOAB30BaHMeE MOUCKOBBIX aATOPUTMOB B UTpaX;
e KOMOMHATOPHBIN MOMCK;

e aaroputM MiniMax;

¢ aabda-OeTa-oTCeyeHue;

o aaroputM NegaMax;

o wurpa Last Coin Standing;

e co3aaHue pobota aas urpsl Tic-Tac-Toe;

e co3jaHMe AByX poOOTOB, urpamomux Apyr npotus apyra B urpy Connect
Four;

e co3aaHMe AByX poOOTOB, Urpaouiux Apyr NpoTus Apyra B urpy Hexapawn.

Ucnonb3oBaHUe NOUCKOBbIX
anropuTmMoB B Urpax

Aas omnpeaeaeHMs CTpaTerMy B MIpaxX MCIOAB3YIOTCS aATOPUTMBI IIOMCKa.
IToucKOBBI aATOPUTM MpPOCMaTpUBaeT BO3ZMOJKHbIE BapMaHThI XOA0B U BbIOMpa-
eT u3 HuX Hamaydmmia. Ilpu 5ToM NMpuxoAUTCs y4MTBIBATh PS4 PasAMYHLIX Ma-
paMeTpoB: CKOPOCTb, TOYHOCTh, CAOXKHOCTb U T.II. AATOPUTMBI aHaAU3UPYIOT BCe
A€VICTBUSA, AOCTYTIHBIE B TEKYLIell MTPOBOJ CUTyaLMM, ¥ UCIIOAB3YIOT 9Ty MHPpOP-
MalMIO AAs MPOCYUTHIBAHMS MOCAeAyIOWmX AeyicTsuit. Lleapio moao6HeIx aaro-
PUTMOB ABASIETCS HaXOXAEHUe ONTUMAABHOTO Habopa x040B, ObecreunBaIOLIMX




























































Cosdanue uzp ¢ NOMOULb10 UCKYCCMBEHH020 unmerrexma 265

: player 2 plays D2 C2 :

: player 1 plays B1 C2 :

: player 2 plays C1 B1

: player 1 plays C2 D2 :

Player 1 wins after 8 turns

Puc. 9.8

Kak Buaure, urpy Boimrpaa BTOpoi UTpok.

Pe3lome

B 5TOI raaBe Mbl 06CcyAnAM cO3AaHMe UTP C IIOMOIIBIO MCKYCCTBEHHOTO MHTEA-
A€KTa ¥ MCII0Ab30BaHMe TOMCKOBBIX aATOPUTMOB AAs BbIpaGOTKM 5PPeKTUBHBIX
CTpaTeruit Urphbl, MPUBOAAILIMX K BrIMIphiTy. Takxke Obla paccMOTpeH KOMOMHa-
TOPHBIN MOMCK U MTOKa3aHO, KaK C ero MOMOILBIO MOXHO yCKOPUTb MpOoLece Mo-
ucka. Ber ysHaan o6 aaropurmax MiniMax u aabda-6eta-orceyenun. Bor Taxke
NO3HaKOMMAUCH C UCMOAb30BaHMeM aaroputma NegaMax Ha mpakrtuke. Hako-
Hell, Mbl NPMMEHUAM MU3YYeHHBIe aATOPUTMbI MpPMU CO3AaHMM POOOTOB A4S UTP
Last Coin Standing u Tic-Tac-Toe.

Kpome Toro, Bb y3Haam o TOM, Kak c034aTh AByX pOOOTOB, MIPAIOLIMX MEXAY
coboit B urpst Connect Four n Hexapawn. Caeayiomjas raasa nocssueHa obpa-
BOTKe ecTeCTBEHHOTO A3bIKa I ee TIPUMeHEeHUAM A4l aHAAM3a TeKCTa IOCPeACTBOM
€ro MOAeAMpOBaHUs U KAacCuPUKaLIIH.






10

ObpaboTka
eCTeCTBEHHOro A3blKa

B 2T0i1 raaBe BbI MO3HAKOMMTECh C 0OpabOTKOI €CTeCTBEHHOTO A3bIka. MbI 00-
CyAUM Takye TIOHATHSA, KaK TOKeHU3alus, CTEMMMHT M AeMMaTU3aLms, KOTopble
MCNOAB3YIOTCA Npu 00paboTKe TekcTa. 3aTeM MbI IepeiaeM K 00Cy>XXAEHUIO MO-
Aeau Bag of Words i npumennm ee aas kaaccudukanuu Tekcta. byaer nokasaHo,
KakK 3aAeliCTBOBaTbh MallTHHOe OOy4yeHue AA51 CeHTUMEeHT-aHaAu3a MpeAAOKeHU.
ITocae sTOTO MBI OOCYAUM TEMATUYECKOE MOAEAMPOBAHME U peaAU3yeM CUCTEMY
uaeHTUPUKaUNu TeM B AOKyMeHTaXx.

K KoHI1y r2aBbl Bbl OCBOMTE CA€AYIOLME TEMBL:

yCTaHOBKa HEOOXOAMMBIX TT1aKETOB;

TOKEHM3aliys TeKCTOBBIX AAHHBIX;

npeobpasoBaHue c10B B uX Oa3oBbie GOPMBI C TOMOILLBIO CTEMMMHTa;
npeoGpa3oBaHue cA0B B ux Oa30Bble GOPMBI C IOMOLIBIO AeMMaTU3aLNY;
pasbuenue TekcTa Ha MHPOpPMaLIMOHHBIE 6A0KY;

M3BAEYEHNe TePM-AOKYMEHTHOM MaTpHilbl ¢ MOMouIbio Mozean Bag of
Words;

co3AaHye IIPOrHo3aTopa KaTeropmii;
IIOCTpOeHMe aHaAM3aTopa FpaMMaTIYeCKUX pOAOB;
CO3AaHMe CeHTUMMEHT-aHaAM3aTopa;

TeMaTU4YeCKOe MOAEAMPOBaHME C UCIIOAb30BAHMEM AATEHTHOIO pasmellle-
Hua Aupuxae.

BeeaeHue u YyCTaHOBKa nakeToB

Oo6paboTka ecrectBenHoro sishika (Natural Language Processing — NLP)
CTaHOBMTCSl BaXKHOJ YacThIO COBpeMeHHBIX cucTeM. OHa MHTEHCMBHO MPUMEHS-
eTcs B MOMCKOBBIX CMCTeMax, pedeBbIX MHTepdelicax, Mpoueccopax 40KyMeHTOB

















































































294 Traea 10

Top 5 contributing words to each topic:

Topic @

mathemat ==> 2.7%
structur ==> 2.6%
set ==> 2.6%
formul ==> 2.6%
tradit => 1.6%

Topic 1

empir ==> 4.7%
expand ==> 3.3%
time ==> 2.0%
peopl ==> 2.0%
histor ==> 2.0%

Puc. 10.11

Pe3lome

B 5T0i1 raaBe BbI MO3HAKOMMAMCH C Pa3AMYHBIMM OA30BBIMM MMOHATUAMM, OTHO-
CALMMUCA K 0OpabOTKe ecTeCTBEHHOTO A3blKa. Bbl y3Haau O TOM, UTO Takoe TOKe-
HU3aLMA M KaK pa3AeAuTb BXOAHOM TEeKCT Ha OTAeAbHble TOKeHbl. Mbl 00cyanan
npuBeAeHMe CA0B K UX KOPHEBHIM popMaM NOCpeACTBOM CTEMMUHIA U AeMMaTH-
3allMM M peaau30Baay MHCTPYMEHT, pa3AeAsIolMii TecT Ha DAOKM B COOTBETCTBUM
C 3aAaHHBIMM YCAOBUAMMU.

Mp&1 06cyanan Moaeas Bag of Words (Mel1ok cA0B) 1 cO34aa1 TEpM-A0KYMEHT-
HYIO MaTpully AAsl BXOAHOTO TeKcTa. Bbl y3Haam o TOM, Kak KaTeropusmposaTh
TeKCT, MCM0Ab3Yys MalllMHHOe o0y4YeHue. Mbl co3gaau naeHTuduUKaTop rpamMmmaTu-
YeCcKMX pOAOB, MCTIOAB3Ys DBPUCTUKY. 3aTeM Mbl MCHOAB30BaAM MalIMHHOE 00Y-
YeHMe AAsl CeHTHMMEHT-aHaAmu3a OT3biBoB O ¢puarmax. [locae sToro Mul 0bcyanan
TeMaTUYeCckoe MOAeAMPOBAaHME U PeaAM3OBaAM CUCTEMY AAs aHaAM3a TeM B 3a-
AAHHOM AOKYMeHTe.

B caeayiomieit raabe Mbl pacckaXkeM O MOAEAMPOBAHMM IOCAEAOBaTeAbHbBIX
AAHHBIX MOCPEACTBOM CKPBITBIX MapKOBCKMX MOA€A€l ¥ MCIO0Ab3yeM TaKylo MO-
Aeab A4 aHaau3a OUP>KeBBIX KypCOB.
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BepoATHOCTHLIN
noaxon K oopabotke
nocnenoBaTenbHbIX AAHHbIX

B 5T011 raaBe BBl TO3HAKOMMTECH C ITOCAEAO0BATEABHBIMMU MOAeAAMM OOydeHms.
Mzs1 noropopum 06 o6paboTke BpeMeHHbix psAoB B Pandas. Bsl y3HaeTe o Bhige-
AEHUM CPe30B BPEMEHHbIX PAAOB AAHHBIX U BHIMOAHEHMM Pa3AMYHBIX ONepaLuit
Had HuMM. Mb1 06CcyAUM U3BAEYEeHNME pa3AMYHBIX CTaTMCTUK U3 AQHHBIX BpeMeH-
HbIX pA40B Ha CKOAb3sIIeN ocHose. Jasee OyaeT paccKa3aHO O CKPBITBIX MapKOB-
CKMX MOA@ASX U peaAu3aliuy CUCTEMBI A5l CO34aHUsl TAKUX MOAeAelt. Brl yaHaete
O TOM, KaK JMICTIOAb30BaTh YCAOBHBIE CAyYalHbIe MOAS AAS aHaAM3a OyKBEHHBIX
nocaeaoBaTeAbHOCTe. B 3aBepienne Mbl 00CyAMM MCIIOAb30BaHME U3A0XKEHHBIX
MeTOAOB AAsl aHaAM3a OMpKeBbIX KypCOB.

K KoH11y raaBbI BBl OCBOMTE CA€AYIOILIME TEMBI:

e 0DOpaboTKa BpeMeHHbIX pAAOB C oMolbio 6ubanorekyu Pandas;

¢ U3BAeYEHME CPe30B BpEMEHHbIX PSIAOB AAHHBIX;

¢ BHINIOAHEHME OMepaluit Haa BpeMEeHHbIMU PIAAMU;

e U3BA€YEHME CTaTUCTUK U3 BpeMeHHbIX piAOB AaHHBIX;

e TeHepMpOBaHMe AAHHBIX C MCTI0Ab30BaHMEM CKPbITBIX MAPKOBCKMX MOA€A€eit;

o naentudukanys GYKBeHHBIX M0CAeA0BaTEABHOCTEN C MOMOILBIO YCAOBHBIX
CAy4YalHBIX I10A€I];

e AaHaAu3 6I/Ip>KeBbIX KypcCOB.

Y10 Takoe nocnepgoBaTenbHble AaHHbIE

B Mupe MammmMHHOro obyyeHMs MBI CTaAKMBAaeMCs CO MHOTMMM TUIIAMM AaH-
HBIX, TAKUMU KaK U300pakeHus, TEKCT, BUAeO U T.I. PazAMdHbIe TUIIBI AAHHBIX
TpeGyIOT pasAMYHBIX TUIIOB MOAeAMpoBaHus. TepMuH nocaedosamervHole daHHble














































































Beposmuocmmotit n00x00 k o6pabomxke nocaedosamervrvix dantovix 321

Pe3lome

B ToOi1 raaBe BBl HayYMAMCh CO3AaBaTh I10CAeA0BaTeAbHble MOAEAY OOydYeHMsI.
Ms1 06cyanan oOpaboTKy BpeMeHHbIX pAAOB AAHHBIX CcpeacTBamu OubAMOTEKU
Pandas. BrLa0 mokas3aHO, Kak M3BA€KaTh Cpe3bl BPEMEHHbIX PAAOB U BBIIIOAHSTH
onepanuy Haa HUMK. Bbl Hayunance U3BAeKaTh pa3AMyYHbIE CTATUCTUKYU U3 Bpe-
MEHHbIX PAAOB C MOMOILBIO CKOAB3SAIIET0 OKHA. MBI 00CyAMAM CKpbITbIE MapKOB-
CKMe MOAeAM, a 3aTeM peaan3oBaAU CUCTEMY AAsl IIOCTPOEHMs TaKOM MOAEAN.

MBsI Tak>Ke 00CyAMAM MCIIO0Ab30BAHME YCAOBHBIX CAYYaMHBIX IIOAEN AAsl aHAAK-
3a OyKBEHHBIX II0CAe40BaTeABHOCTeN. Bl y3aHaAM O TOM, KaK aHaAM3UPOBATb AAH-
Hble O KeBBIX KOTMPOBOK C OMOIIBIO pa3AMYHBIX METOAOB. B caeayromieri raase
paccKa3bIBaeTCsl O paclio3HaBaHUY Peus U CO3AaHMUM CUCTEMBI, IIpeAHa3HAYEeHHON
AAsl aBTOMaTUYeCKOTO pacro3HaBaHUA MPOU3HOCUMBIX CAOB.
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Co3naHue cuctem
pacno3HaBaHUA peym

B 5TOi1 T1aBe MBI MOTOBOPMM O pacro3HaBaHuy peyi. Mb1 0O6cyaum npuemsl
paboTBI C rOAOCOBBIMM CHUTHAaAaMM M pacCKaXkeM O TOM, KaK BU3yaAM3MpOBaTh
pasaiyHble ayauocurHaasl. Ilocae usydenns Metoaos 06pabOTKM 3BYKOBBIX CHI-
HaA0B BB Y3HaeTe O TOM, KaK co34aTh CUCTeMY pacliO3HaBaHMUA.

K KOHI11y r1aBbl BBl OCBOMTE CA€AYIOIIIME TeMBbI:

e paboTa cO 3ByKOBBIMI CUTHaAaMMu;

¢ BU3yaAM3aLMA ayAMOCUTHAAOB;

¢ mnpeoOpa3oBaHMe ayAMOCUTHAAOB B YaCTOTHBIE IHTEPBAABI;
e TeHepHMpOBaHMe ay AUOCUTHAAOB;

¢ CHHTe3MpOBaHMe TOHOB;

¢ U3BAeYEHMe peyeBbIX MPU3HAKOB;

® pacriodHaBaHMe€ roA0COBBIX KOMaHA.

Pa6oTa co 3ByKOBbIMW CUrHanamm

Pacnosnasariue pexu — STO Ipoliecc pacro3HaBaHUs CAOB, TPOM3HOCUMBIX Ye-
A0BeKOM. ['010cOBbIe CHMIHaABI yAaBAMBAIOTCA MUMKPOGOHOM, M CHCTeMa IbITaeTcs
pacrio3HaTh yAOBAEHHBIE CAOBa. PacrosHaBaHMe peyy MHTEHCMBHO ITpMMeHseT-
Csl TP B3aMMOAEVICTBIM YeAoBeka ¢ KOMITbIoTepaMy M cMapTgoHaMMy, a Takxke B
TPaHCKPUITOpax pe4yn, 6MOMeTpIYecKMX cucTeMax, cucreMax 6e30macHOCTH M T.1L.

ITpexxae yeM NMPUCTYNUTh K aHaAM3Yy TOAOCOBBIX CMTHAAOB, OY€Hb BaXKHO MO-
HATh MX MPUPOAY. DTU CUTHAABI NPEACTaBAAIOT co0O CMeCh pa3AMdHBIX CUT-
Haaos. CylecTByeT MHOXECTBO acIeKTOB peyy, BHOCAIUMX CBOM BKAaj B BTy
cA0xHOCTh. CI04a BXOAAT DMOLMY, aKLIEHT, A3BIK OOLIeHMs, TOCTOPOHHME IIYMBI
M MHOTO€ ApyTOe.




























































Cosdarue cucmem pacnosnasanus pewu 343

Original: apple
Predicted: apple

Original: : banana
Predicted: banana

Original: kiwi
Predicted: kiwi

Original: lime
Predicted: lime

Original: orange
Predicted: orange

Original: peach
Predicted: 'peach

Original: pineapple
Predicted: pineapple

Puc. 12.8

Pe3iome

Orta raasa OblLaa MOCBsALEHa pacrio3HaBaHMIO peun. Mel obcyaman paGoty ¢
rOAOCOBBIMM CUTHaAaMM ¥ CBA3aHHBIE C 9TUM MOHATHUSA. Bbl y3Haau o ToM, Kak
BU3yaAM3UpPOBaTh ayAMOCUTHAABl U NpeoOpa3oBaTh MX U3 AMCKPETHOTO IO Bpe-
MeHM IMpeACTaBAeHMs B YaCTOTHOE MpeACTaBAeHMe C TOMOUIBIO IpeoOpa3oBaHms
®ypre. MbI TakKe 00CyAnAM reHepauuio ayAMOCUTHAAOB C MCTIOAb30BAaHMEM 3a-
AAHHBIX TapaMeTPOB.

ITocae ®TOro MBI NMPUMMEHMAM U3ydYeHHble KOHLENLUU AAS CUHTe3a MY3bIKU
IyTeM cKAemBaHUs 3ByKOB. Mer paccmoTrpean MFCC-npusnaku u crocoObl ux
NpUMeHeHMs B peaabHbIx 3aaadax. Kpome Toro, 6b110 MOKa3aHO, KakK M3BAEKATh
4acTOTHbIE ITPU3HAKU U3 peun, 1 Obla MpUBeAeH NpuMep CO34aHUA CUCTEMBI pac-
MO3HaBaHMs peu C MCMO0Ab30BaHMEeM U3YYeHHbIX CpeACTs. B caeayiower raase Bbi
03HAaKOMMTECh C MeTOAaMM OOHapy>KeHMs U OTcAeXXuBaHUA 00bekToB. V3a0XKeH-
Hble KOHLenIuu OyAyT MCIIOAB30BaHbI 4451 CO3JaHMs CUCTEMBI, CIIOCOOHOM OTCAe-
>KMBaTh OObEKThI B )KMBOM BIAEONIOTOKE.
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O6HapyxeHue
U OTC/IeXXMBaHNe 00bEeKTOB

B 971011 r2aBe MbI OyaeM u3yyaTbh MeTOABI OOHapy>KeHMs 1 OTCAEXKUBAHUA 00Db-
ekToB. Mbl HauHeM c ycraHoBku OpenCV — nomyaspHoit 6ubAnoTekn MHCTPY-
MEHTOB 4451 KOMITBIOTePHOTO 3penns. Jaaee Mbl 006CyAMM aATOPUTM BbIYMCAEHUS
PasHOCTM MeXAy KaadpaMyl, NpPUMEHseMbIl AAsfd OOHapy>XeHMA ABVOKYLUMXCS
9AEMEHTOB BuAeo. Bbl y3HaeTe 00 MCIOAB30BaHUM LIBETOBBIX MPOCTPAHCTB AAf
OTCAEXKMBAHUA OOBEKTOB M HaydMTeCh OTCAEXKMBaTh OOBEKTHI ITyTEM BBIUMTaAHMUSA
¢oHoBbIX M306pakeHni1. MbI cO34aAMM MHTepaKTUBHBINA TPeKep AAA OTCAeXNBa-
Hus1 00beKTOB ¢ nmomoibio aaroputma CAMShift. Bol Takke y3HaeTe 0 TOM, Kak
CO34aTh TPEKep, OTCAEKMUBAIOIMI OOBEKTH Ha OCHOBE aHaAM3a OTTHYECKOTO Mo~
TOKa. MBI 06CcyAuM npobaeMy pacrio3HaBaHMs AL ¥ CBA3aHHBIE C STUM [MOHATHS,
Takye KaK KackaAbl Xaapa 1 MHTerpaAbHble n3obpaxxenns. HakoHel, Mbl ucnoan-
3yeM OIMCAHHYIO METOAMKY AAsl OTCAeXXMBaHMsA rAa3 M OnpeAeAeHue KOOpAUHaT
B3Opa.

K KOHLIy r2aBblI BBl OCBOMTE CA€AYIOIIME TEMBI:

e ycraHoBka 6ubanoreku OpenCV;

e BBIYMCAEHME Pa3HOCTH MeXAy Kaapamu;

e OTCAeXMBaHMe OOBEKTOB C TOMOILBIO LIBETOBBIX TPOCTPAHCTB;

e OTCAEXMBaHME OOBEKTOB ITyTeM BbIYMTaHUs POHOBBIX U300paKeHNI;

e CO3AaHME MHTEPAKTUBHOIO TpeKepa AAsi OTCAEXKMBAHUA OOBEKTOB C MOMO-
ugsio aaroputma CAMShift;

e OTCAeXMBaHME OOBEKTOB C MICIIOAb30BAHMEM ONTUYECKUX MIOTOKOB;

e OOHapy>KeHMe U OTCAeKMBaHUe AMII;

e 1CNOAB30BaHMe Kackaaos Xaapa Aas oOHapy>keHus OObeKTOB;

e JCI0Ab30BaHMe MHTEIPaAbHBIX M300pakeHUit A5 U3BACYEHUA ITPU3HAKOB;

e OTCAeXHBaHMe raa3 u olnpeaeaeHne KOOpAMHaT B3opa.
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YcraHoBka 6ubnnotekn OpenCV

B 31011 raaBe Mpl Gyaem ucnoarsosath Oubamoerky OpenCV. boaee moa-
pobHyIo MHPOPMaLMIO O Helt MOXKHO MOAY4YMUTh Ha caifTe http://opencv.org.
[Tpexxae yeM MpOAOAXUTDb YTeHHe, yOeAUTeCh B TOM, BBl yCTAaHOBUAM 9Ty O1bAN-
otexky. Huxke nmpuBeAeHbl CCBLAKY, KOTOPBIMY BBl CMOXETe BOCITOAb30BaThCsS AAS
ycranosku OpenCV 3 B Python 3 B pa3anyHbIX onepaniMOHHBIX CHCTEMaX.

o Windows:

https://solarianprogrammer.com/2016/09/17/install-opencv-3-with-
python-3-on-windows

¢ Ubuntu:

http://www.pyimagesearch.com/2015/07/20/install-opencv-3-0-and-
python-3-4-on-ubuntu

e Mac:

http://www.pyimagesearch.com/2015/06/29/install-opencv-3-0-and-
python-3-4-on-osx

BbluucneHune pasHocTu MeXAay Kagpamu

Brrumcaenme pasHOCTH MeXAy KadpaMM — IIpOCTelfllas MEeTOAMKa, KOTOpPYIO
MOXHO JWCIIOAB30BaTh AAs MASHTUUKALMM ABVOKYILMXCS DAEMEHTOB BMAEO.
B npornecce npocMoTpa BUAEOIIOTOKA MBI MOAy4aeM Maccy MHpOpMaLmuy Ha oc-
HOBe pa3HUIIbI U300pakeHnit MeXAy NocaeaoBaTeAbHbIMM Kagpamm. PaceMoTpum
IpyMep TOTO, KaK MOXKHO BBIMMCAMTb M OTOOpasuTh Pa3HOCTU MeXAY MOCAeA0-
BaTeAbHBIMU KaadpaMu. Jas paboThI OIMCAHHOTO HIDKe KoAa TpeDyeTcs MoaKAio-
YeHHas KaMepa, 0TOMY IIpeABapUTeAbHO yOeauTech B HaAuumy BeG-KaMephl Ha
BallleM KOMITbIOTepe.

Cosaaitre HOBbIit daiia Python i1 mMnopTupyiire caeayionmii nakerT:

import cv2

Onpeaeanm GyHKINMIO, BBIMMCAAIONIYIO pa3HOCTh MeXXAy Kadpamu. HauneM c
BBIYMCAEHNS Pa3HOCTU MeXAY TEKYIIMM 1 CAeAyIOIINM KaapaMi.

# BeluMClIeHME DAa3HOCTM MEeXOy KaIpamu
def frame diff(prev_frame, cur frame, next frame):
# Pa3sHOCTb MeXHy TEeKyIMM U CJedylulM KaOpamm
diff frames 1 = cv2.absdiff (next frame, cur_ frame)
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[LetekTop rnas

Puc. 13.15

Pe3lome

OTa raasa ObL1a MOCBsIIEHa OOHAPY>KEHNIO Y OTCAEXMBaHIIO 00beKTOB. bpLao
MoKa3aHo, KakK ycTaHoButh 6ubamoreky OpenCV c noaaepxkoitr Python B pas-
AMYHBIX OTePalIOHHBIX CUCTeMaXx. Bel y3aHaau 0 MeToAe BhMMTaHMUA KaapOB U ero
MpUMeHeHUN A OOHapy>KeHUs ABVMOKYILIUXCSA 4acTelt B BuAeo. Mel obcyaman
OTCAeXXMBaHMe U300pakeHMI YeA0BeYeckoy KOXKM C MOMOIIBIO I[BETOBBIX IPO-
CTpaHCTB. MBI TakXKe paccMOTpeAy MeTOA BBIYMTaHMsA (POHOBBIX M300paskeHMit
U NIOKA3aAM, KaK €ro MCroAb30BaTh 445 OTCAeKMBaHMA OOBEKTOB B CTaTHMYECKMX
cueHax. Mbl €O34aAM1 MHTEpaKTUBHBIN Tpekep OOBEKTOB, MCIOAB3Ys aATOPUTM
CAMShift.

Brl y3Haau o ToM, Kak co34aTh Tpekep OOBEKTOB Ha OCHOBE ONTUYECKOTO I10-
TOKa. MBI 00cyanam MeToAbl OOHapy>KeHUsl AMI] M paccKa3aayu O TOM, YTO Takoe
KacKkaap! Xaapa 1 MHTerpaabHble M300pa’keHnsa. DTU MeTOoAbl ObLAM MCII0AB3OBa-
HBI AA51 CO3AaHMsA AeTeKTOpa M Tpekepa raas. B caeayioieit raase Mbl paccMOT-
PUM MCKYCCTBEeHHBIE HEPOHHbIe CeTU U NPUMEHMUM MX AASl CO3AAHMUSA CUCTEMBI
ONTIYECKOTO pacro3HaBaHUsi CUMBOAOB.



14

UcKyccTBEeHHbIe
HEeUPOHHbIe CeTH

9Ta raaBa nocBAIlIeHa MCKYCCTBEHHBIM HEPOHHBIM ceTsAM. Mbl HauHeM C Kpart-
KOTO BBEAEHMS B MCKYCCTBEHHbIE HEJIPOHHBIE CETU U OIMCAHMs IIPOLecca yCTaHOB-
KM COOTBETCTBYIOIIei 6ubanorekn. Mb1 06cyanm, 4To Takoe NepLenTpOHbl U Kak
MOCTPOUTH KAaccupUKaTOp Ha ux ocHoBe. Ml pacckaxkeM 00 0AHO- M MHOTOCAOM-
HBIX HEMPOHHBIX ceTsiX. Bbl y3HaeTe 0 TOM, KaK MCIOAB30BaTh HEMPOHHbBIE CETU
AASl CO3AaHMsl BEKTOPHBIX KBAaHTM3aTOpPOB. MbI OyaeM aHaAM3MpPOBaTh 110OCA€A0Ba-
TeAbHbIE AQHHBIE C IOMOLIBIO PeKYPPEHTHBIX HelTpOHHbIX ceTelt. [Tocae sTOro MbI
MPMEHMM UCKYCCTBEHHbIE HEIPOHHbIE CETU A4S CO34AHMUA CUCTEMbI ONITUIECKOTO
pacro3HaBaHuUs CUMBOAOB.

K koH11y raaBbl Bbl OCBOMTE CA€AYIOIINE TEMBI:

e BBeJeHMe B MCKYCCTBeHHBIE HeMPOHHbIE CeTH;

* CO3aaHMe KAaccu@uKaTOpa Ha OCHOBe MepLEeNTPOHa;
e IIOCTpOeHUEe OAHOCAOMHONM HEMPOHHOM CeTH;

e MOCTPOEHME MHOTOCAOMHOV HeIIPOHHOM CeTy;

e CO3AaHMe BEKTOPHOTO KBAaHTU3aTOPa;

® aHaAM3 NOCAeAOBAaTEABHBIX AAHHBIX C IOMOIIBIO PEKYPPEHTHBIX HEMIPOHHBIX
ceren;

e BHM3yaam3anus CUMBOJAOB C MCIIOAb30BaHUEM 0a3bl AQHHBIX ONTUYECKOTO
pacno3HaBaHnsI CMMBOAOB;

e CO3AaHMe CUCTEMBI ONITUYECKOIO pacrio3HaBaHUsA CMMBOAOB.

BeepeHue B UCKYCCTBEHHbIE HeﬁpOHHble CeTun

Oanoi1 u3 pyHaaMeHTaAbHBIX IPEATIOCBLAOK B 001aCTH MCKYCCTBEHHOTO MHTEA-
A€KTa SBAAETCs IPeAroAOXeHe O BO3MOXKHOCTU CO3AaHMsA MaIllMH, CIIOCOOHBIX
BBITIOAHATH 3a4a4y, OOBIYHO TpeOylolye NPUAOKEeHUs YeA0BEYECKOTO MHTEeAAeK-
Ta. Mo3r yeaoseka 0064alaeT NOpa3nUTeAbHON CIIOCOOHOCTBIO OOy4YaThCsi HOBOMY.
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Error: 80.75182001223291;

; Error: 49.823887961230206;

; Error: 26.624261963923217;
Error: 31.131906412329677;
Error: 30.589610928772494;

; Error: 23.129959531324324;
Error: 15.561849160600984;
Error: 9.52433563455828;
Error: 1.4032941634688987;

Error: 1.1584148924740179;
Error: 0.844934060039839;

Error: 0.646187646028962;

Error: 0.48881681329304894;
Error: 0.4005475591737743;
Error: 0.34145887283532067;
Error: 0.29871068426249625;
Error: 0.2657577763744411;
Error: 0.23921810237252988;
Error: 0.2172060084455509;
Error: 0.19856823374761018;
Error: 0.18253521958793384;
Error: 0.16855895648078095;

[ RS BRI S B RS BRGCS B C B B RS R

Puc. 14.17

Boruncaenns 6yayT soinoanaTees B Tedenne 10000 snox. 3asepuuarowas 4yactb
BbIBOAa OyAeT BbIrAsiAeTh Tak (puc. 14.18).

Kak Buaure, B Tpex cayyasx noaydeHsl npasuabiibie oTBeThl. Ecan Bbl MCnoan-
3yeTe Doaee KpyIHbIit HAOOp AAHHBIX U AOAbLLE [TOTPEHNpYyeTe CeTh, TO NOAYYUTe
6oaee BBICOKYIO TOYHOCTh

Pe3lome

Ota raaea Gblaa MOCBALLEHA MCKYCCTBEHHbIM HefpOHHBIM ceTAM. B neit pac-
CKa3blBaA0Ch O TOM, KaK €034aTh ¥ OOY4YUTb HEMPOHHYIO Ce€Th, UTO TaKoe mep-
LEeNTPOHBI M KaK co34aTh KaaccudukaTtop Ha ux ocHose. Mbl 06cyaman 0AHO- U
MHOTOCAOMHbIe HelpOHHbIe ceT. Bbl y3Haau O TOM, KaK MCIOAb30BaTh HEMPOH-
HblE CEeTU AAs CO3JaHUs BEKTOPHOTO KBaHTU3aTOpa. Mbl IpoaHaAu3npoBaau Io-
caeaoBaTeAbHble AaHHbIE C TIOMOILBIO PeKYPPEHTHBIX HeMpoHHbIX ceTeit. ITocae
9TOTO MBI CO34aAU CUCTEMY OITUYECKOTO paclio3HaBaHMSA CMMBOAOB C ITIOMOLIBIO
MICKYCCTBEHHOM HeIpOHHOM ceTu. B caeayiouieit raase Bbl y3HaeTe 00 oOyueHUMN
C MOAKperAeHueM U MO3HaKOMUTECh C METOAAMU CO34aHMUS MHTEAAEKTYaAbHBIX
areHToB oOy4YeHMs!.
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ObyyeHue ¢ noakpenneHuem

9OTa raasa nocesieHa o0yYeHHUIo ¢ noAKpenienueM. Mel paccMOTpUM pa3an-
4ns MeXAY DTUM BUAOM 0OyveHms u oOyueHMeM c yuuteaeM. byayT moxasaHsl
peaabHble IpuMepbl 00yYeHusl C MOAKperLieHneM, Bbl y3HaeTe, KaK OHO Ipyume-
HSETCs, U MO3HAKOMUTECh C COOTBETCTBYIOIIMMHU MOHATUAMMU. UTOGBI MpoAeMOH-
CTpMPOBATh, KaK Bce 9TO paboTaeT, Mbl CO34aAUM CIleLMaAbHYIO cpeay B Python.
M3aoxennbie KoHUenuuu OyAyT MCIIOAB3OBaHbI Aal€e AAS CO3AaHMs areHTa o0y-
YeHus.

K KOHI1y raaBbl Bbl OCBOUTE CA€AYIOIIME TEMBL:

OCHOBbI OOy4eHNs C MOAKPEILIeHIEeM;

¢ oOy4eHNe ¢ MoAKpernaeHmueM u oOydeHne ¢ yaureaem;
¢ peaabHble IpUMepbl 00ydeHUs C IOAKpernaeHneM;

¢ CcTpouTeabHble 6A0KM O0yYeHMs C TOAKpENACHUEM;

e CO32aHME IPOTPaMMHO CpeABI;

e (CO3AaHMe areHrTa O6y‘~XEHMﬂ.

OcHoBbI 06y4YeHUs ¢ noagkpenneHnem

Konuenmus obyyeHus umeeT pyHaaMeHTaAbHOE 3HaYeHMe 4451 MCKYCCTBeHHO-
O MHTeAAeKTa, Mbl XOTuM, 4TOObI MalllMHBI TOHMMAaAM Mpoliecc O0ydYeHns U TeM
CaMBIM MOTAU CaMOCTOSITeAbHO AeVICTBOBaTh B 9TOM HarpaBAeHuu. /oamn yqarcs
NIOCPeACTBOM HabAIO4eHNUsI M B3aMMOAGMCTBUA C OKpy>Karowen ux cpeaoi. Oka-
3aBLIMCh B HE3HAKOMOM MecTe, Bbl OBICTPO OCMaTpyBaeTech M 3aMedaeTe Bce, YTO
IIPOUCXOAUT BOKPYT Bac. HUKTO Bac He yunT ToMy, 4TO BaM caeAyeT cAeaaThb. B
npocto HabaloaaeTe 3a OKpy>KeHMeM M B3aMMOJENCTByeTe ¢ HUM. YCTaHaBAMBas
CBA3b C OKPY>KEHUEM, MbI CTapaeMcs coOpaTh KaKk MOXXHO 60abIe nHpopmaumm
O IIpUYMHAX ¥ CAEACTBUSAX BCEBO3MOKHBIX COOBITUI, PUKCHPYeM pe3yAbTaThl pa3-
AVIYHBIX AEVICTBUV M YUMMCS TOMY, KaKue AeVICTBUS HeoOX0AMMO MpeANpUHMUMAaTh
AAs IOAYYeHUs TOTO MAY MHOTO pe3yAbTaTa.
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Pe3lome

Ota raasa ObL1a MOCBAILEHA CUCTeMaM 00yuyeHus ¢ rnoaxkpernaenueM. Mol pac-
CMOTpeAM OCHOBBI OOy4YeHMUs1 C MOAKpENlAeHUEM M TIOKa3aAM, Kak ero MO>KHO
HACTpOUTh. BbLAM MpoaHaAM3MpPOBaHEl Pa3AuuMs MeXAy oOyueHMeMm C MoaKpert-
AeHueM 1 oDydyeHueM c yuuteaeM. Takxe ObLay puBeAeHbI IpUMepbl O0yYeHns
C IOAKperL1eHneM, B3ATbIe U3 PeaabHOM XKU3HM.

Me1 ob6cyanan crpouteabHbie 0A0KM CUCTeM ODy4YeHMs C MOAKPENAeHMEM U
TaKMe COMyTCTBYIOLIVe OHATHUS, KaK areHT 0OyJeHus, OKpy>KeHue, cTpaTerus oo-
yuyeHMs1, BO3HarpaxJeHue u np. Bce 970 6b110 1CNI0AB30BAHO HAMY AASL CO3AAHMS
areHTa 0Oy4eHus ¢ MOAKpenAeHneM.
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nybokoe obyyeHue
N CBEpPTOYHbIE
HEeUPOHHbIe CeTH

Orta raasa nocesieHa raybokoMy OOy4eHHMIO U CBePTOYHBIM HEPOHHBIM
cetsaM (CNN). 3a nocaeanne neckoanrko aet CNN npusaexan x cebe orpomMHoe
BHMMaHMe, 0cOOeHHO B 00AacTu pacro3HaBaHuA u3o0pa>keHnit. Mel obcyaum ap-
xutekTypy CNN 1 THe ux BHyTpeHHnX caoes. Takxe OyaeT npoaeMOHCTpUpo-
BaHO ucroAb3oBaHue nakera TensorFlow. Ml co3aaaum AMHeNHBI! perpeccop Ha
ocHose nepuenTtpona. KpoMe toro, 6yaeT nokasaHo, kak co3aath KaaccudukaTop
u300pa>keHuit ¢ MOMOILBIO OAHOCAOMHOM HelpOoHHOI1 ceTi. [Tocae 3TOro Ml CO3-
AaauM KaaccugukaTop ndobpaskennit, ucrnoasdyss CNN.

K KOHI1y raaBbl BBl OCBOMTE CAeAYIOIINE TeMBI:

4TO TaKoe cBepTouHble HeltpoHHble ceT (CNN);

e apxurektypa CNN;

o Tumbl caoes CNN;

e CO3JaHMe AMHEJTHOTO perpeccopa Ha OCHOBe IepLeNTPOHa;

e co3jaHMe KaaccmpuKaTopa M300pa>keHMi C MCHOAb30BAaHMEM OAHOCAOM-
HOM HEepOHHOI ceTy;

e co3aaHme KaaccudukaTtopa u3oOpa>keHuit ¢ MCI0Ab30BaHMEM CBepTOYHO
HEPOHHOM CEeTH.

YTo Takoe CBEpTOYHbLIE HEHPOHHbIE CeTH

B nocaeannx a4Byx raaBax 6110 IpOAEMOHCTPMPOBAHO, KaK pabOTalOT HEMPOH-
Hble ceTn. HelipoHHbIE ceTu COCTOAT U3 HEMIPOHOB, XapaKTePU3YIOLMXCA BeCaMu
U CMelIeHMAMH. DTU Beca M CMelleHus IOACTpaMBalOTCA B IIpoliecce yAyudlle-
Hua Mogean oOyuenus. Kaxxaplit HellpoH moayyaeT HabOp BXOAHBIX AaHHBIX
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973333
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Iteration 2900 , Accuracy
Iteration 2950 , Accuracy
Iteration 3000 , Accuracy
Iteration 3050 , Accuracy
Iteration 3100 , Accuracy
Iteration 3150 , Accuracy
Iteration 3200 , Accuracy
Iteration 3250 , Accuracy
Iteration 3300 , Accuracy
Iteration 3350 , Accuracy

PR S o (P S G T B T~ [ i S S G S S S SR, <

Iteration 3400 , Accuracy .986667
Iteration 3450 , Accuracy .946667
Iteration 3500 , Accuracy .973333
Iteration 3550 , Accuracy .973333
Iteration 3600 , Accuracy .0
Iteration 3650@ , Accuracy . 986667
Iteration 3700 , Accuracy .0
Iteration 375@ , Accuracy .0
Iteration 3800 , Accuracy .986667
Iteration 3850 , Accuracy .986667
Iteration 3900 , Accuracy .0
Puc. 16.10
Pe3iome

DTa raasa Oblaa MOCBAIIEHA TA1yOOKOMY OOYYeHUIO U CBePTOYHBIM HEVIPOHHBIM
cetsiM (CNN). Mur o6cyaman, uro coboit npeactasasioT CNN, 3aueM OHM Hy>KHBI
M KaKOBa MX apXuTeKTypa. Bbl y3HaAM O pa3sAMyHbIX TMIAX CAOEB, UCTIOAb3YEeMBIX
B CNN. Bel nosnakommancs ¢ 6ubanorekoit TensorFlow, KOTOpyI0 MBI MCIIOAD-
30BaAM AAd CO34aHUs AMHEJHOTO perpeccopa Ha OCHOBe MepuentpoHa. besuo
NIOKa3aHO, KaK €034aTh Kaaccudukarop m3oOpaxeHunii Ha OCHOBE OAHOCAOIHOMN
HeJfpOHHOI CeTH, MocAe Yero Mhl co3jaan KaaccuukaTop u3o0paskeHMit Ha oc-
Hose CNN.
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