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BBEJIEHHE

Ha mnpoTsbkeHuMu Bcero mnepuojia CBOETO Pa3BUTHS UEJIOBEUECTBO
MOCTOSIHHO MIIET CMIOCOObI aBTOMATU3AIMU TEX WM UHBIX BUJIOB JICATEIIb-
HOCTH, B HTOre TEpeKyajblBas Ha «IJIEYM» MEXaHU3MOB Bce Ooiee
OOLIMPHBIE W CIOXHBIE 00s3aHHOCTU. M3HauanmbHO MedThl O PoOOTax,
BBITIOJTHSIOIIMX BCIO PadOTy, HAXOJWIM BOIUIOUIEHUE JUIIL B JIUTEpaA-
TYPHBIX MPOU3BEACHUSAX, OJHAKO C PA3BUTHEM TE€XHOJOTHN UM OTKPBUICS
nyTh U B peanbHOCTh. Ceifuac yxe He CTONb (PaHTAaCTUYHBIMU 3Bydar
cioBa necHn «Jlo wero gomen mporpecey (/¢ «lIpuxmatouenus
DIIeKTpoHUKay): «Jlo uero pomen mporpecc — TpyJ puzndeckuii ucues, aa
U YMCTBEHHBIM 3aMEHUT MEXaHMUYECKHUUl mpouecc». Beap 3T cTpoku
JOCTATOYHO TMOJIHO OTPAXKAKOT CYTh TAKOW JHCUUIUIMHBI, KaK «MAaIllIMHHOE
oOydeHuey, Ojarojgapsi KOTOPOW MX BOIUIOIIEHHE B U3Hb CTAHOBUTCA
BO3MOXHbIM. OJHAKO CTOWUT 3aMETUTh, YTO JO MOJHOW pean3alvu
OMMCAaHHOTO B TECHE €IIe OYEHb JAJEKO: MOKa MAaIIMHHOE OOYy4YEHUE HE
CIIOCOOHO 3aMEHUTh YMCTBEHHBIH TPyJ, U B OlvKaiiiliee BpeMs BpsJ Jid
cMokeT. Ho 1maru B 3TOM HalpaBJIEHUM aKTUBHO COBEPILIAKOTCS.

C TeopeTnyecKkod CTOPOHBI MAaIIMHHOE OOYyYEHUE — JIUCIUILINHA,
HaxXOASAIIAsACS HA MEPECEUCHUN MAaTEMAaTHUYECKOM CTAaTUCTUKHU, YUCIECHHBIX
METOJI0OB ONTHMU3AIMU, TEOPUU BEPOSITHOCTEW, a TaKKE IHCKPETHOTO
aHanu3a. C MoMoOIIbI0 €€ METOJIOB TPOUCXOIUT PELIEHUE 3a/1a4l U3BJIEYE-
HUS 3HAHUM W3 JAHHBIX, KOTOPOM 3aHMMAETCA €II€ TOJIbKO (opMu-
pytomasica oosnacte «MHTEmeKkTyanbHblil aHau3 gaHHbIx» (DataMining).
CornacHo Bukuneguu [1]: «B Teopum HCKYCCTBEHHOTO WMHTEIIEKTA
Y DKCIIEPTHBIX CUCTEM, 3HAHUE — 3TO COBOKYITHOCTh YTBEPKIACHUN O MUDE,
CBOMCTBaX OOBEKTOB, 3aKOHOMEPHOCTSX IMPOIECCOB UM SIBIICHUM, a TaKkKe
MpaBWJI JIOTUYECKOTO BBIBOJA OJIHMX YTBEPKJICHUN U3 JIPYTHX U MPABUI
VCIIOJIb30BaHUS UX JUISl IPUHATHS PEIICHUM. [ TaBHOE OTIWYME 3HAHUN OT
JAHHBIX COCTOMUT B UX CTPYKTYPHOCTH U AKTHUBHOCTH: TOSIBJIEHHE B 0ase
3HAHUU HOBBIX (PAKTOB WJIM YCTAHOBJICHHE HOBBIX CBSI3E€H MEXKIYy HUMH
MOXET CTaThb HCTOYHMKOM HM3MEHEHUW B MNPUHATUM pelieHui». Ecnw,
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Oonupasicb Ha 3TO OINpeEJeJeHUEe 3HaHus, paccMoTperb DataMining kak
MPOIIECC, TO €ro CyThIO OyAET HAXOXKJIECHUE B «CBHIPHIX» JAHHBIX 3HAHUI,
00Ja1alomuX CBOMCTBAMU HETPUBUAIBHOCTH, HUHTEPIPETUPYEMOCTH U MPAK-
TUYECKOW IMOJIE3HOCTH MJIS TPUHSITHS PEIICHUH B Ppa3iIuYHbIX cdepax
NeATeIbHOCTH YesioBeka. [Ipuuem, 3Tv 3HaHKS paHEee HEU3BECTHBI.

C mpakTHYEeCKOM K€ CTOPOHbI MAlIMHHOE OOYUYEHHE HAIICJICHO Ha
CO3JIaHUE CHUCTEM, CIIOCOOHBIX aJaNTHPOBATHCS K PEUICHUIO Pa3IUYHBIX
3ajay 0e3 SIBHOTO KOJWPOBAHUS aJITOPUTMA, TO €CTh CHCTEM, CIIOCOOHBIX
oOyyaTbcs.

B nanHOW KHHUre paccMOTPEHbl OCHOBHBIE MOJICNIA M aJTOPUTMBI
MaIIMHHOTO OOy4YeHHs, B TOM 4YHCJIE JIs aHajIu3a BPEMEHHBIX PSIOB.
Hapsiny ¢ 3TuM npencTaBieHbl U UX NPAKTUYECKUE PEaTnu3alii Ha SI3bIKE
Python. B mocnennux pasnenax KHUTH OOydaronieMycs MpeiararoTcs
KOHTPOJIbHBIE BOIPOCHI IO MNPOWJICHHBIM TeMaM, a TaKXe 3aJaud Jist
BBITIOJIHEHHUSI, C TIOMOIIBI0O KOTOPBIX OH CMOXET MPOBEPUTH Ce0sl U 3aKpe-
MIATh NOJYYEHHBIE HABBIKU.

Knura noarorosnena npu peanuzanuu npoekta Ne2.4760.2017/8.9
«MccnenoBanne u paspaboTka mMojesiaeld, METOA0B U aJITOPUTMOB THOpHU-
OU3allMd  HEYETKUX NPEAMETHBIX OHTOJIOTMH, JIOTUYECKOTO BBIBOJA
Y MHTEJUIEKTYaJIbHOI'O aHajdu3a BPEMEHHBIX PSIOB» B paMKax rocylapcr-
BEHHOTI0 3a/1aHusd MuHoOpHayku Poccuiickoit denepanum.



O 34]JA9AX MALIIMHHOI'O OBYYEHHA

Kak Opulo cKa3zaHO BbIIIE, MalIMHHOE OOYYEHME HALEJIEeHO Ha
CO3/IJaHHE CHUCTEM, CHOCOOHBIX MOJIy4aTh 3HAHUS U3 JAHHBIX, a TaKKe
CIIOCOOHBIX C MOMOIIBI0 O0OYyUEHHs YJIy4dIllaTh MOKa3aTeld CBOEU paboTHl.
Takum 00pa3zoM, MOKHO YTBEPKaTh, YTO MAIIMHHOE O0yUYEHUE SIBIIACTCS
onHOM u3 obnacteil Hayku o gnaHHbix (DataScience). Ha pucynke 1
IPEACTABJICHBI €€ COCTABIISIONIME M MOKAa3aHO MECTO MAallWHHOIO o0yde-
HUS CPEeIN HUX.

AHanu3s AaHHbIX
(Data Analysis)

MaLlmHHoe
obyyeHune

AHanus 60/blUKX
AaHHbIX

[porpamHHble
cpeacrea

bonblune AaHHble
(Big Data)

MeToabl 1
anropuTmbl

PucyHoK 1. O61acTn HayKu 0 AaHHbIX

Cnoxuocth pabotel B cdepe DataMining oOycnaBiuBaeTcs
HETOYHOCTBHIO, MPOTUBOPEUUBOCTHIO, PA3HOPOJAHOCTHIO, HETIOJHOTOW AaH-
HBIX, KOTOpPbIE NPH 3TOM MOTYT MMETh TMraHTCKue oOBeMbl. s ux
00pabOTKN TpeOYyIOTCS CHENHaTIbHBIE MPOrPAMMHBIE CPEICTBA: WHCTPY-
MEHTBI TIPEOOPA30BAHUS «CBHIPBIX» JAHHBIX B MH(OpMaIUIO, a UHPOpMa-
nuio B 3HaHUsA. Kpome Toro, anropuTMbl OOpaOOTKU JTaHHBIX JOJIKHBI
UMETh BO3MOXKHOCTb 00yuaTbes MO TpeneaeHTaM. MamnHHoe o0ydeHue
(MO) kak pa3 W 3aHUMaeTCs pa3peuieHUEeM MOJO00HBIX CIIOKHOCTEM.
[Ipudem B HacTosIIIee BpeMsl YCHUIIUSI CKOHIICHTPUPOBAHBI HA TTOBBIIICHUH



HE CTOJIbKO Ka4eCTBa PEIICHUS, CKOIBKO CKOPOCTH M ONTUMAIBHOCTH €r0
MOJTyICHUSI.

Kak BugHo u3 pucyHka 1, mammHHOEe OOy4Y€HHE NEpeceKaeTcs
C aHaJlM30M JaHHBIX, TO €CThb UMEET OOIIME YepThl, HO TAKXKE U CBOIO
cnerupuky. AHaIM3 MTaHHBIX — 3TO OTPOMHAS M YK€ OTHOCHUTEIHHO HE
Mosiofasi obmacte Marematnku W uHpopmatuku. [lom Hee momamaer
BCsiueckas oOpaboTka naHHbBIX. Hampumep, oOpaboTka IaHHBIX (U3H-
YECKOr0 HJKCIEPUMEHTa CTAaTUCTUYECKUMHM METOAaMHU ISl TOJTy4YeHUs
00001eHHON MHpopMalu (YCpPeAHEHHBIX 3HAYEHHM, TOYHBIX 3HAYCHUM,
JIOBEPUTEIIbHBIX HWHTEPBAJIOB, OIIEHOK W TOMY m0A00HOE), 00paboTKa
curHaia meroaoM @Dypbe, Aake MOACYET MHUHUMAIBHOTO W MAaKCH-
MaJbHOTO 3HAYEHUW WM OTHOIICHMS KAKUX-TO BEJIIMYMH MOXKET OBIThH
aHAIM30M JAHHBIX, €CJIM OTU OIEpaIliy BJICKYT 32 COOOM Ba)KHBIE BBHIBOJIBI,
3HaHUS O JAHHBIX W TIO3BOJIAIOT PEUIUTh TMOCTaBICHHYIO 3amady. Tak
MOJIy4YeHUE AUCTIEPCUN HEKOM BEJIMYUHBI SIBISETCA aHAIM30M JIaHHBIX, HO
HE SABJISIETCS B YUCTOM BHJI€ MAIIMHHBIM OOy4eHUEM. XOTs BaXHO OTMe-
TUTb, YTO METOJIBI CTATUCTUKHA WMEIOT OOJIBIIIOE 3HAYEHNE U B MAITMHHOM
oOy4yeHHH, O 4YeM Mbl elle OyJieM TOBOpUTh. OTIUYUTENBHOU OCOOEH-
HOCTBIO METOJI0OB MAIIMHHOTO OOY4YEHHUS SBIISIETCS TO, YTO OHU CHOCOOHBI
pemarh MUPOKUM CHEKTp 3anad 0e3 SIBHOTO KOJIWPOBAHUS alropuTMa
pemenusi. Hanpumep, meton Perpeccun BXoauT B MammHHOE O0OydeHUE.
Perpeccuss naBHO TpUMEHSIETCS B OSKOHOMHKE I MPOTHO3MPOBAHMUS
U OLEHKH Pa3HOOOpa3HBIX MapaMeTpoB, MOTOMY YTO JaHHash MaTeMaTH-
yeckas MoJielib B HEKOTOPOM poje yHHBepcaibHa. OAHAKO CTOUT 3ame-
TUTb, YTO PETpeccusi MOsIBUIACh B MaTEMaTUKE ropas3fo paHbIlle, YEM €€
CTIM WCIOJb30BaTh B AKOHOMHKE, a BOT MAIIMHHBIM OOyYEHHEM 3TO
CTaJIO TOJIBKO TOTJa, KOT/Ia BCE 3T METOJbl Hadall pacCMaTpHUBATHCA HE
KaKk 000COOJEHHbIE MEXaHU3Mbl pELIEHUs 3aJad U3 CHElUaIbHBIX
obJacTeil, a Kak MeTO bl MpeoOpazoBaHusi HHGHOPMAIIMHU BOOOIIIE.

Ha pucynke 2 mpeacraBieHa amarpaMMa paclpeiesieHHs 3ajad,
KOTOpBIE MPUXOAUTCS pemath B cpepe MammHHOTo o0ydeHus. Heobxo-
JUMO OTMETUTh, YTO COOTHOIIEHUE OOJlacTeli Ha JaHHOW Jauarpamme
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oTpaxkacT JIHIIb CY6’I)GKTI/IBHOG BUACHUC OTpaCIi aBTOpaMH Ha MOMCHT

HaIltMCaHUuA KHUI'U.

MpumeHeHue
CYLLEeCTBYIOLMX METOAO0B

NpumeHeHue
CYLeCTBYIOWMX MeTOAOB +
YacTUyHoOe uccnepoBaHme

Pa3paboTKa HOBbIX MW
CNeyuanm3mpoBaHHbIX
merogos

PuUcyHOK 2. Tunbl 3aga4 MallMHHOTO 0byyeHun

[TonsiTHO, 4YTO pa3paboTKa MporpaMMm B 00JIaCTU MAIIMHHOTO 00Y-
YyeHusi BechbMa jopora. [1oaToMy npuMeHsITh €ro cieayeT JUIIb B CIyYasx,
KOTJ]a ATO JICUCTBUTENBHO HE00X01MMO. B Tabnue 1 npeacTaBiieHbl HEKO-
TOpBIE MPHU3HAKH, MO KOTOPHIM MOXHO TMPHUHATH PEIICHUU O HEOOXO]IH-
MOCTH PUMEHEHUS K 3a7a4€ METOJJ0B MAITUHHOTO 00YUYEHU.

Tabnuua 1. KimroueBble XapakTepUCTUKH pelIaeMbIX 3a7a4

Lesecoodpa3no npumenenue kiaaccnyecknx | Lleaecoodpa3Ho npuMeHeHHE METOI0B
METO/10B MAILINHHOTO 00y4eHus!

Hannuaue yetko dopmanmzoBanHoro anroputma | OTCyTcTBHE YETKO (hOpMaTH30BAaHHOTO
(HarpuMep, TOUCK KJIMEHTOB, KOTOpBIE TPATAT | AITOPUTMA pPEUICHHUS BBUAY BBICOKOU
6OJIBH_I€ BCETO ACHCIKHBIX CPCACTB B MCCAIl UJIK | BAPUATUBHOCTHU PCIICHUA (HaHpI/IMep,
yanie Bcero nokynaror. Tak Ha3zbiBaeMas RFM | pacrio3HaBaHue pyKOIHMCHOTO TEKCTA).

CerMeHTaIus).

He nonyckaercs HeONpeneIeHHOCTh MOBeAeHUs | JlommyckaeTcs HEONpeNeIeHHOCTh I10Be-
MOJIeIM (HalpuMep, PacyeT MECTOIOJIOKEHUS | JEHUS MOoJenu (Hampumep, MpeaBapu-
camoJieTa 1o CTPOro 3aJaHHBIM (hopMysIam). TEJIbHBI KOHTPOJIb Ka4yecTBa JETalu, IIe
JOMyCKaeTCsl OnpeaesIeHHas 011 Opaka).
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OxoHuanue Tadmue! 1

[esecoodpa3Ho npuMeHeHmne Ilesiecoo0pa3Ho npuMeHeHne MeTO10B

KJIACCHYECCKHUX METOA0B MAILIMHHOI'0 oﬁyqemm

MO
Kjaccnueckoe pemieHue naer 90% kauyecTBa, 4TO SBJIAETCS NMPUEMIIEMBIM, HO pELIEHUE Ha

OKOHOMHUYECKasl 11eeCO00pa3HOCTh (HAaNpUMep, METOIbI narotr  98% kauectsa,

ocHoBe MO B 2 pasa gopoxke W peanmm3yercs jgoibiie). [loaTomy 31ech BbIOHMpaeTcs
MIPUOPUTETHBIA KPUTEPHIA.

Kpome toro, 1151 pa3paboTku pernieHuit Ha ocHoBe MO He00X0aUMBI
ouudpoBaHHble JaHHbIE. OHU SBISIOTCS KIIOUEBBIM aCIEKTOM, OT KOTO-
pOro 3aBUCHUT KAa4eCTBO M MOJHOTa pelieHus. Takum oOpa3oMm, OYEHb
BAXKHO MOHUMATh, YTO JJIi TPUMEHEHUSI METOJI0B MAIIMHHOTO OOY4YEHHS
TpeOYIOTCSl COOpaHHBIE U CHEIUATBHO MOATOTORJICHHBIE JaHHBIE.

Kak npaBusio, mpoliiecc MallimHHOTO 00Y4YeHHUsI TPOXOAUT HECKOJIBKO
stanoB. Ha pucynke 3 npenacraBieH 000OIIEHHBIN aJITOPUTM, BBITTOIHSIIO-
HIUICS MPU PEILICHUH 3aJ1ad METOJIaMHU pacCMaTpUBaeMoOn 00J1acTH.

I sTan NPOCTPAHCTEO

TpeHUpoBOYHbIE ] PY3HaKos a
06beKTbl
AHanus sagaumn
mogennb E
Il atan
MpwusHakoBoe O6yueHHaa mogenb
OonMUucaHue Mopens E
TpeHupoaoqulxa
o06beKToB
anroputm
obyueHus
Il atan
M3BneyeHune
MpwusHakosoe -
3HaHMH
onucaHue O6y4eHHasa mogenb ﬁa
HOBbIX ‘7‘
ob6beKToB
06bEKTOB

PUcyHOK 3. 3Tanbl mawMHHOro obyyeHus
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Heob6xoauMo OTMETHTH, YTO JaHHAS WILIIOCTPAIAS OTpakaeT He-
albHBIN cllyyal, Korja mocje oOy4eHUus Mbl cpa3y MNOJy4drsin pado-
TaloIIy Mojeiab. OAHaKo B pealbHOCTH, Kak MPABHUIIO, MEXAY BTOPHIM
U TPETHUM 3TallOM €CTh MPOMEKYTOUHOE, HO OUYE€Hb BAXKHOE JCHCTBUE —
OIICHKa KadecTBa Mojenu. I uMEeHHO To ero pesyjbTaTaM MPUHUMAETCS
pelIeHrne O mepexoje Ha CIEAYIONIMM 3Tam WM O BO3BpaTe K OJHOMY U3
OpeAbIIYIUX. DTOT BOIPOC MBI PACCMOTPUM TOJPOOHEE Janee, 3/1eCh ke
BBEJIEM OMpeJieTIeHe MPOCTPAHCTBA MPU3HAKOB, IS JIYUIIIETO MOHUMAaHMUS
CXEMBI C pPUCYHKA 3.

IIpocTpaHCcTBO NPU3HAKOB

[IpocTpaHcTBO MpHU3HAKOB — 3TO N-MEPHOE MPOCTPAHCTBO, e N —
YHUCJIO HU3MEPSEMBIX XapaKTEPUCTUK OOBEKTOB, BBIJEICHHOE IJIsI KOHK-
peTHo 3agaun. [Ipu 3TOM 0OBEKTHI B MPOCTPAHCTBE MPU3HAKOB 33]1AI0TCS
N-MepHBIMU BEKTOpaMH, KakJas KOMIIOHCHTa KOTOPBIX IPEACTABISET
co00¥ 3HaUYCHNE ONPEACIICHHON XapaKTEPUCTHKH.

Paccmorpum mpumep. Ilyctb HeoOxonumo pa3zpaboTarh (PYHKIMIO
JUIsl caifTa calloHa KpacoThl, KoTopas OyJeT mpeasiaraTh KIWEHTaM
oTmpeJieJIeHHbIE KOCMETHYEeCKHe Tporenypsl. [loHsTHO, 9TO OHU OyayT
Pa3HBIMH JUTSI PA3HBIX BO3PACTHBIX M T€HIEPHBIX Tpynm. To ecTh B ITOH
3a/laye KIIIOYEBBIMU OyAyT XapakTEpUCTHUKU IOJa M BO3pacTa JIOJIEH.
['padpuueckoe oToOpakeHrne MPOCTPAHCTBA MPU3HAKOB, a TAKKE 3aJaHHBIC
B HeM 00BeKTHl A 1 B mokaszansr Ha pucyHke 4. B BeKkTOpHOM BHI€ OOBEKT
A C XapaKTEepUCTUKAMH «IOJ» = <OKEHCKUN» u «Bo3pact» = 40 Oyzaer
3amald Kak: A= {40, ac}. O6bexT B ¢ Bo3pactoM 50 U My>KCKUM IOJIOM —
B= {50, m}.

Kaxk BUTHO U3 paccCMOTPEHHOTO TTpUMepa, MPU3HAKH 0O0BEKTOB MOTYT
OBITH pa3HBIMU 10 CBOEH Tpupoe. CylmecTByeT Cleayroas T3

1. bunapnsie: Fe {0,1}.

2. Homunanphsie: |F| <oo.

3. HomuHanensie, ynopsimoueHusie: |F| <oo, F; <Fj;... <Fi,.

4. KonnuectBennbie: Fe R
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Kaxnaplii Tunm mnpu3zHakoB o0OpabaThIBAa€TCA IMO-pPa3HOMY, O YeM
ckaxxeM panee. [loka ’xe OPONOIKMM pa3roBOp O JAPYTHX AacleKkTax
paccMatpuBaeMoil aucHUIUIMHBL. Kak HEOJHOKpaTHO ObUIO CKa3aHo,
pabota B cdepe MalIMHHOTO OOyYEeHHs HalleJieHa Ha CO3/IaHUE CHUCTEM,
criocoOHBIX 00yuaThesi. PaccMoTpuM (dopManbHOE ONpEAeIICHUE TMOHSITUS
«00yueHue».

AaoapacT
50— — — —¢ B

o}pb —

>

non

PucyHoK 4. O6beKTbl B NPOCTPaHCTBE NPU3HAKOB

dopmasnbHOe onpe/e/ieHHe NOHITUS «00yUeHue»

@OopMaNIbHO MOHATHE «O0YUYEHHE» CHEUUATUCTBI ONPEIEISAI0T TaK:
«IlycTh ecTh HEKOE MHOXKECTBO 3aj1ad kjacca C, AL KOTOPOTrO 3aJaHO
HEKOTOpPOE MHOKECTBO omnbITa £X u onpenesieHa mepa kadectBa L. Torga
0 Hanuuuu oOy4yeHuss Ha omnbiTe EX OTHOCUTENBbHO Kiacca 3agad C
B CMBICJIE MEpBI KadyecTBa L MOXXHO TOBOPUTH B TOM CJIydae, €CIH IPHU
NPENBSABICHUN HOBOTO OnbITa £X’ BO3pacTaeT KauyeCTBO PEUICHUS 3aaqd
kiacca C, usmepsieMmoe Mepoit Ly.

CyniecTByIOT JIBa OCHOBHBIX THIIA OOYYEHHSI: C YUUTENIEM U 0€3 yuu-
Tens. bormee monpoOHO 0 HuUX OyneT paccka3aHo Aajee, 3[eCh Ke pac-
cMOTpUM (OPMaAbHYIO MOCTAHOBKY 3aJauu OOy4YeHUs IJIi caMmoro mep-
BOTO (M CaMOTO MPOCTOr0) TUIA — OOYUYEHUS C YUUTEIIEM.
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Ilycth X — HEKOTOPOE MHOXKECTBO OOBEKTOB, II0 KOTOPHIM
HEOOXO/IMMO TIOJIyYUTh HEKOTOPOE€ MHOXKECTBO OTBeTOB Y. Ilpu 3TOM
MPEAIONAraeTcs, YTo CYIIECTBYET HEKOTOpas 3aBUCUMOCTh y: X— Y. Torna
3ajlaya 00ydeHus1 OyaeT (QopMyJHUpoOBaThCS TakK: JAHO {X;..x,! € X —
oOyuyaromiasi BEIOOpKA, U {y;...V,! — U3BECTHBIE OTBETHI, TPUUYEM V;=)(X;).
Haiitu: a: X—Y — pematoiyro (QyHKIHIO, TPUOIMKAIOIYIO ) Ha BCEM
MHOXECTBE X.

JlaHHas 3aj1aya B CBOIO OYEPEADL MOPOKIAET PAJI MOA3a/1a4:

1. Onpenenenue cnocoba 3agaHusi 00bEKTOB;

2. Omnpepaenenue croco0a 3aaHusl OTBETOB;

3. Omnpenenenue cnoco0a MOCTPOeHUs PYHKIIUU a;

4. Onpenenenue crocoda NpuOIMKEHUS A1 a U ).

Bce atM moazamaum pemaroTcs MOCIENOBATEIIBHO, U PE3YJIbTATHI
pelIeHUs TMPEAbIAYIIECH, KaK IPaBUJIO, BIUAIOT HA PEIICHUE TEKYLICH.
[ToaToMy camoli BaXKHOW cpeu HUX OyJleT ompejesieHue crocoba omnuca-
HUS TaHHBIX. MOXHO BBIAEIUTH CIEAYIOIIME TUIIBI BXOAHBIX JTaHHBIX MPU
oOyuYeHHH:

1. KoopanHaTel 0OBEKTOB B MPOCTPAHCTBE MPU3HAKOB;

Bpemennoin psn;
Curnau;
N3obOpaxenue;
Buneopsin;

A

Ornucanue B3aMMOOTHOIIIEHUN MEXTy 0ObEKTaMHU.

Ha ocHoBe omnucaHHOTO BbIlIe BBeAeM (HOPMAIbHOE OIMKMCAHHUE
NPUBEJECHHBIX HAa PUCYHKE 3 BTOPOr0 U TPETHEro ATANOB MAIIMHHOIO
oOyueHusl.

[lycte X= {x;...x;} — wucciaenyembie 0OBEKTHl. F = {f;...fp} —
IPOCTPAHCTBO  MPHU3HAKOB, B  KOTOPOM 3TU  OOBEKTHI  OyayT
paccmatpuBatbed. Ilpu stowm fi(x)), ie [1...NJ, je [I...k] — 3HadeHue 1-T0
npu3HaKa J-ro o0bekTa. Torja mMpU3HAKOBOE OMUCAHHE TPEHUPOBOUYHBIX
O0OBEKTOB 33J]a€TCS B BUJIC MATPHUIIBI

D=||ﬁ(x)\|kxN=(f1(x1) fN(x1)> .
’ filx) - fu(x)
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Otan 00y4deHHs] MOXKET OBITh (POPMAIM30BAH CIEAYIOIIUM 00pPa3OM.
Meron oOyuenust u.: (XxY)—A no Beibopke XY;=(x;y;), i€ [1...k] cTpout
anroput™ a=u(XYy):

(fl(xl) fN(xl)) LA (3’1) “a
i) - fu(a) Yk

Otan npuMeHeHus: 00y4eHHOU MojieN (popManu3yeTcs CleIyoIuM
o0pa3om. AJITOPUTM a JJisl HOBBIX 00BEKTOB X '={Xx’;...x ;! BBIJJA€T OTBETHI
vi=ax’;), ie[l...k]:

(f1(x’1) fN(x’1)) 2 (3”1)
i) o (e a7a

OO01mmit aAropuT™M MAIIMHHOTO 00y4YeHUs

C mnonsaTHeM OOydYeHHUS TECHO CBS3aHO IIOHSITHE 00o0OIIaroeh
criocooHoctr. QO0oOIarmn@as cnocoOHOCTP — HATO CBOMCTBO MOJIEIH
OTpaXkaTh UCXOJIHBIC JIaHHBIE B TpeOyemble pe3ynbTathl (X — Y) Ha Bcem
MHO>KECTBE MCXOJHBIX JaHHBIX (BO BCEX CIICHApHSIX, a HE TOJBKO Ha
TPEHUPOBOYHBIX MpuMepax). BemnunHy 0000IIEHUS OIEHMBAIOT Yepe3
oOpaTHYI0 BEJIMYMHY — OTKJOHEHHE WM OmuoKky. Ommbka — 3TO
YUCJICHHO BBIPAXEHHAS Pa3HHIIA MEXKIY OTBETOM MOJCIH W TPeOyeMbIM
(peanbHBIM) 3HaYeHHEM. B Oosee oOmiemM cMmbiciie 00001aromas crnocoo-
HOCTh — CIIOCOOHOCTh MOJICJTM HANTH HEKUU «3aKOH MPHUPOJIBI», KOTOPHIN
OyJleT ONHCHIBAaTh HEM3BECTHYIO HaM U CKPBITYH0 B3aWMOCBS3b BXOJHBIX
1 BBIXOJHBIX JaHHBIX. TakuMm o0Opa3oM, OnmMpasch Ha MOHATHE 0000Ia-
IOIEN CITOCOOHOCTH, MOKHO BBIJICINTH OCHOBHBIE MTPOOJIEMHBIE BOMPOCHI
MaIlIMHHOTO 00YYEHHUS:

1. JloctaTo4yHO M JAHHBIX JUIA HAXOXKJICHUS B HHUX IIOJIE3HBIX

3HaAHUI?

2. MoxeTr ¥ B TpHUHIMIE JaHHAS MOJEIh OOYYUTHCS Ha WUMEIO-

IAXCA TaHHBIX?
3. Byaer nu monydeHHass MoJieNlb MPUOIMKATh TPeOyeMbI «3aKOH
IPUPOJIBD» HA BCEM BO3MOXHOM MHOXECTBE X7
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4. Hackonbko xopoiio OyaeT paboTtaTh OOyde€HHass MOJIENb WU

HACKOJIBKO 4aCcTO M HACKOJIBKO CHJIBHO OyJeT OIM0aThCs MOJIEIb
Ha peasbHbIX (KOHTPOJIbHBIX) JAaHHBIX?

ITo CyTH B MAIIMHHOM 06yquI/IH pemacTCa 3agada HpI/I6J'II/I)KCHI/I$I

aNTOpUTMA K HEKOTOPOMY «3aKOHY NMpUpoAbDy. C MaTEMAaTHYECKON TOYKHU

3pCHUA  3a/la4da HpI/I6J'II/DKeHI/I$I ABJIISICTCA 3az[aqel71 OIITUMH3allUN NN

MWHHUMMHN3aAIINHN OIITHOKU:

E=|y—y’|—min.

Takum oOpazom, 0OIIMI AITOPUTM pEIIeHUS 3a/1au B cepe MalluH-

HOTO 00y4eHus1 OyIeT COCTOSITh U3 CIAEAYIOMINX [IAroB:

1.
2.

AN

[lonuMaHue 3a1a4u U UCXOAHBIX JAHHBIX;

DopMyIMpPOBKa pEIIEHHsS HAa MATeMaTUYECKOM Ss3bIKe (Ha 3TOM
mare Ba)XKHO TOHSATH, YTO 3adada (popmanmsyema, a pe3ysIbTaThl
PabOThI MOJIENI MOTYT OBITH TPOBEPEHBI);

[IpenoOpaboTka JaHHBIX U BBICIICHUE KIIOYEBBIX MPU3HAKOB;
[TocTtpoenue moienu (MU Mojeseh);

OOyuenue Mojienu (Moieneil) U OlleHKa KauecTBa,;

DKCIuTyaTanusi MOJEIN MPU JOCTIKCHUH TPpeOyeMoro KadyecTBa,
7100 BO3BpAT K OAHOMY M3 IPEAbIIYIIUX II1aroB (MepeHacTpoiika
MOJIeJId, J0ObIYa HOBBIX JIAHHBIX U T. II.).

Tunsl 32124 MAIIMHHOTO 00y4YeHUs

MaiinaHoe oOy4yeHue MpUMEHSETCS JUIsl PEIICHUs 3a]lad B CIIEIYIO-

ux 00JacTsX (OCHOBHBIE Cpephl MPUMEHEHHUS):

1. MeaqnuumHacKas IMarHOCTHKA.

2. TexHUKa, B YaCTHOCTH:

2.1. ABTomaTn3anus U yrnpaBJICHHUE.
2.2. Texunueckass TMarHOCTHUKA.
2.3. PoGoToTexHuka.

2.4. KoMIbIOTEpHOE 3pEHHUE.

2.5. Pacnio3HaBanue peyn.

3. DKOHOMUKA, B YaCTHOCTHU:

3.1. Kpenutasiii ckopunr (credit scoring).
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3.2. [lpenckazanue yxona kineHToB (churm prediction).
3.3. O6Hapyxenue momenHuyectna (fraud detection).
3.4. bupxeBoit Texunueckui ananus (technical analysis).
3.5. bupxeoit Hagzop (market surveillance).
4. OducHas aBTOMaTH3aIMs, B YaCTHOCTH:
4.1. Pacno3HaBaHUE TEKCTA.
4.2. ObHapyXeHHE CIlama.
4.3. Kareropusaimus JJOKyMEHTOB.
4.4. Pacno3HaBaHue PyKOMMMCHOTO BBOJA.
Ecnu xe roBopuTh 00 OOOOIIEHHBIX THIAX 3aJa4 MAaIIMHHOIO
OOy4eHUSsI, TO MOXKHO BBIJIETTUTD CIEAYIOIINE:
1. Perpeccust (Uu MHOTIa BCTPEUYAETCS TEPMUH «alIPOKCUMAIIU);
2. Knaccuduxanmus;
3. Knacrepuzanmusi.
[ToMUMO yKa3aHHBIX BUJOB CYIIECTBYIOT U APYTHE, HO OCTAHOBUMCS
Ha 0003HAUYEHHBIX, TAK KaK OHM HauboJjee pacnpocTpaHeHbl. PaccMoTpum
dbopManbHyI0 NOCTAHOBKY 3TUX 3a]1a4.
3ajaya perpeccuu — NpUOIMKEHHE HEU3BECTHOM I11€JICBOM 3aBUCH-

MOCTH Ha HEKOTOPOM MHOXECTBE JaHHBIX. [IycTh X — MHOKECTBO JaHHBIX —
OTMCAaHUI HEKOTOPBIX 0OBEKTOB. ¥ — MHO’KECTBO BO3MOYKHBIX OTBETOB TSI X.

B 3amaue perpeccuu mpenamosaraercs, 4To CymecTByeT HeM3BECTHAs
1ejeBass 3aBUCUMOCTh ). X—Y, 4UbM 3HA4YEHUS HM3BECTHHI TOJHKO HaA
oObekTax oOyuaromiert BuIOOpkU XY={(x.,y;)... (x.,y)}, x € X, y € Y.
HeoOxonumo monMyduTh aaroput™m a. X—Y, mpuOImKaromuii 1eIeByo
3aBUCHUMOCTH KaK Ha MHOXecTBe XY, Tak u Ha X. To ecTh pemmTh 3amaqy
perpeccud — 3HAYUT HAWUTH aJropuTM, OOJIAAAIOMIMK CIIOCOOHOCTHIO
K 000OIIEHUIO AMIUPUIECKUX (DAKTOB (CITOCOOHOCTHIO K BBIBOJY OOIIUX
3HAHWM U3 YaCTHBIX HAOIIOJECHUHN, IPEIICACHTOB).

3amaua kiraccuduKaMu — pacupeneeHne HEKOTOPOTO MHOMKECTBA

OOBEKTOB IO 3aJJaHHOMY MHOXECTBY rpynim (kiaccoB). IIpu sTom ecthb
HEKOTOPOE TMOJIMHOKECTBO OOBEKTOB, MJII KOTOPBIX pacIpeiesieHHe IMo
KJIaccaM M3BECTHO, KJIACCOBasi MPUHAAJIEKHOCTh OCTaIbHBIX — HEU3BECTHA.
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TpeOyercsi MOCTPOUTH AITOPUTM, KOTOPBIA YyKa3bIlBall Obl KJIACCOBYIO
IPUHAIJIEKHOCTD IS JIFOOOr0o 00BEKTA U3 HCXOAHOTO MHOYKECTBA.
dopManbHO TOCTAaHOBKY 3aJayM KjacCU(UKAIMA MOXHO OIHCAThH
cienyromuM odbpazoMm. Ilycte X — MHOXECTBO JaHHBIX — ONUCAHUU
HEKOTOPBIX OOBEKTOB. Y — KOHEYHOE MHOXKECTBO KJIACCOB, OTMEUYEHHBIX
MeTkamu. CyliecTByeT HEHM3BECTHAsl LeJeBas 3aBUCUMOCTb — OTOOpa-
xeHue y: X—Y, ubi 3Hau€HUs] U3BECTHBI TOJBKO Ha 00BbEKTax o0ydaroniei
BBIOOPKU XY= {(X;, V1) ... (X0, Yo)}, X € X, y € Y. HeoOxoaumMo Moay4duTh
anroput™ a: X—Y, cnocoOHBIM KiIacCUPUIUPOBATH MTPOUBOJIbHBIM
OOBEKT X € X.
Kak MO0XHO 3ameTuTh, AaHHAas 3a/Jada CXO0Xa C MPEIbLAYyIIEH.
OpHako riaBHas 0COOEHHOCTH 3aJ]a4l PETPECCUH 3aKJII0YAaeTCsl B TOM, YTO
byukiusa a: X—Y sBAseTcs HENPEPHIBHONW BENIECTBEHHON (YHKIIUEH.
3agava KjIacCU(PUKAIUU OTIAUYAETCS OT 3TOr0 T€M, YTO Y — JMUCKPETHOE
MHOkecTBO. Kpome Toro, B oTamuue ot 3aa4u annpoKCUMAIUU Y 3aJa4u
KJacCU(PUKalMKU BBIJIEISIOT HECKOJIbKO THUMOB. [0 kKonmuecTBy KiiaccoB
MOYHO BBIJICTTUTD:
1. Knaccudukanuio Ha JBa Kjiacca: MHOXECTBO Y COAEPKUT BCETO
IIBE METKH.

2. Knaccudukaiuyio Ha MHOXKECTBO KJIACCOB: Y COJAEPXKUT OT TPeEX 10
HECKOJIbKUX ThICSIY METOK.

[To xapakrepy pazneneHusi 00bEKTOB Ha KJIACChl MOKHO BBIJCIUTH:

1. Knaccudukanuio Ha HeENepeceKarolnecs: KJIacChl: OJUH OOBEKT
IPUHAJJIEKUT TOJIBKO OJHOMY KJIACCY.

2. Knaccudukainuio Ha TmepeceKaroniuecs KIacChl: OJUH OOBEKT
MOXET MPUHAIIEKATh HECKOJIBKUM KJIacCaM.

3. Knaccudukanuio Ha HEUETKME MHOXKECTBA: OOBEKT MPUHAIICHKUT
BCEM KJIACCAM C ONPENEIICHHON CTENEHBIO MPUHAIIIEKHOCTH.

3ajiaya KJIACTEPU3ALMU — PAa3JEJIEHHE HEKOTOPOTr0 MHOXECTBA

OOBEKTOB Ha HEMEpPECEKAIOUIUecs] TPYMMbl (KJIACTepbl) TaKUM 00paszom,
YTOOBI KaXKJ1asi TPYIIa COCTOSIIAa U3 CXOKHUX O0OBEKTOB, @ 00BEKTHI Pa3HBIX
KJIACTEPOB CYIIIECTBEHHO OTINYAIHCh.
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dopmanbHO MNOCTAHOBKY 3aJadyd KJIAacTepU3alldd MOXKHO OIMCATh
cieayrommM oopa3zoM. [lycte X — MHOKECTBO JaHHBIX — OMUCAHUN HEKO-
TOPBIX OOBEKTOB. Y — MHOKECTBO KJIACTEPOB, OTMEUYECHHBIX METKaMH.
OmnpeneneHa (YHKIUS PACCTOSHUS MEXAY OOBEKTaMHU M3 HCXOIHOTO
MHOXecTBa X: f (X, x’), U eCTb HEKOTOpasi o0yyaroiasi BLIOOpKa 00ObEKTOB
X,= {x;... x,)}, x € X. HeoOxoqumMo pa3douTh oOydyaroiiyro BbBIOOPKY Ha
KJIACTEPHI, MIPUIMCAB KAXJAOMY X HOMEp KiacTepa y;, Tak, 4ToObl OJIU3KUE
M0 METpUKE f OOBEKTHl MPUHAICKATH OJHOMY KJIACTEPY, a OOBEKTHI
pPa3HBIX KJIACTEPOB CYIIECTBEHHO OTIMYAINCh O MeTpuke f. To ecThb
HEOOXO/IMMO TOCTPOUTH AIrOpuT™M a. X—Y, KoTopbii Jodomy x € X
CTaBUT B COOTBETCTBUE HOMep kinactepa y € Y. Ilpuuem, uHorma
MHOECTBO Y H3BECTHO 3apaHee, HO 4Yallle BCe-TaKU CTaBUTCS 3ajaya
MOJIYYUTh ONTUMATBHOE YUCIIO KJIAaCTEPOB, UCXO/ISI U3 XapaKTepa JaHHBIX.
OnTUManbHOCTh OIICHUBAETCS MO KAKOMY-JIMOO KpPUTEPUIO KayecTBa
KJIACTEPU3ALINH.

3amaya KJacTepu3aliu CJIOXKHEee arlpOKCUMAIIMU U KilacCU(UKAIUU.
DTO 00YCIIOBIICHO CIEIYIOMNMU IPUUYNHAMMU:

1. Het oiHO3HAYHOTO KpUTEpHs KauecTBa kiactepusaiuu. Cymiect-
BYET PSJ SBPUCTUUECKUX KPUTEPHUEB, a TakkKe psia Oeckpute-
pUAIBHBIX AJTOPUTMOB, BBIMOJHSAIOMIMX BIIOJHE OCMBICIECHHYIO
KJIACTEPU3alINIO, HO JAOIIMX HA OJIHUX U TEX K€ JAHHBIX Pa3HbIC
pe3yNbTaTHI.

2. Yucno kiacTepoB, KaK MpaBUiIo, 3apaHee HEM3BECTHO U 3a/1aeTCs
CyOBEKTHUBHO.

3. Ha pe3ynbrar kjacTepu3aluu CyIIECTBEHHOE BIUSHUE OKa3bIBAET
BBIOpaHHAsI METPUKA PACCTOSIHUS, KOTOpasi, KaK MPaBUJIO, TAKXKE
BbIOMpaeTcsi CyObEKTUBHO.

OpHako, HECMOTpPsT Ha OMNHUCAHHBIE BBINIE CIOKHOCTH, KiacTe-

pHU3alMs TOMOTaeT JOCTUYD CIEAYIOIINE LISJIH:

1. YayqmuTh MOHMMaHUE JAHHBIX 3a CUET BBISABIICHHS WX KJacTep-
HOM CTPYKTYphI: pa30uMeHHe OOBEMHOW BBIOOPKM Ha TPYIIIbI
CXOXKHX OOBEKTOB MOXKET YIPOCTUTHh HalIbHEHIIYI0 00padOTKy
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JaHHBIX 3a CYET MPUMEHEHHUS K KKIOMY KIACTEPy CBOMX METO-
JI0B aHAJIMN3a.

2. OcymiecTBUTh CKaThe JaHHBIX. B IaHHOM ciydae mojapazyme-
BAeTCSl COKpalleHHe OOBEMHOW BBIOOPKH 3a cueT pPaboThI
c HanOoJIee SIPKUMU TPEICTABUTEIISIMH KIIACTEPOB (TPYIIT CXOKHUX
00BEKTOB).

3. BbIsSIBUTH HOBU3HY B MacCHBE JIAHHBIX: OOHAPYKUTh HETUITMYHBIE
O0OBEKTHI, KOTOPHIE HE YIAACTCSI OTHECTH HU K OJTHOMY KJIACTEPY.

4. PemuTh 3a7a4y TAKCOHOMHH: MOCTPOUTH APEBOOOPA3HYIO Hepap-
XUYECKYIO0 CTPYKTYPY, YHIOPSAOUYMBAIONIYI0 WCXOJHBIC JTaHHBIC.
Ee nmoctpoenne mocturaercs 3a c4eT IpoOJeHUST KPYIMHBIX Kiac-
TEpOB Ha OoJiee MENKHe, KOTOpPhIE B CBOIO OdYepeab TaKXKe Ipo-
OsiTca Ha emie Oosiee Menkue. Bu3yalabHO TakCOHOMHSI OTOOpa-
KaeTcs B BUje rpadrka — JEHIPOTPaAMMBI.

Cnoco0Ob1 00y4eHNs1 M OLIEHKH ero KayecTBa

Kaxk Ob1710 cKa3aHO BBIINIE, OCHOBHAS XapaKTEPUCTHKA CUCTEM, pa3pa-
OaThIBAEMBIX C TTIOMOIILIO METOJIOB MAIlTMHHOTO O0Y4YEHHSsI, — CHOCOOHOCTD
K oOyuyeHuro. B 3aBUCHMOCTH OT BHJIOB pEIIAEMBIX 3ajad MPUMEHSIOT
pa3IMYyHbIC aAJITOPUTMBl pealu3alldid J3TOW KIFOUYEBOM OCOOEHHOCTH.
B pamkax maHHOro mocoOusi pacCCMOTPUM TPU OCHOBHBIX BHAa 0Oy4YeHHS,
a TAKXKE ONPENENIMM KJIACCHI 3a/a4, MOAXOASIINE IS KaXIO0r0 M3 ATHUX
BHUJIOB.

IlepBbIi THII — 0OyUYeHHe ¢ yuuTeaeM. PopMaibHO OH ObLI OMHCaH

paHee, MOATOMY 37IeChb HE OyjJeM Ha 3TOM OCTAHABIMBATHCA IMOIPOOHO.
Bxkpariie ke oOydeHue ¢ yuuTesieM MOKHO OTTUCATh CJICAYIOIIUM 00pa3oM:
JTAHO HEKOTOPOE MHOXKECTBO 0OBEKTOB M MHOKECTBO BO3MOYKHBIX PEAKITUM
CUCTEMbI Ha 3TU OOBEKTHI. [Ipu 3TOM OTBETHI U OOBEKTHI CBSA3AHBI MEXKITY
co00i HEKOTOPOUM HEH3BECTHOM 3aBUCHUMOCTHIO. ECTh KOHEUHAsi COBOKYTI-
HOCTb Map 00bEKT-0TBET (IIPEIEICHTOB), Ha3bIBacMas 00yUaroIiei BLIOOP-
koil. Ha ee ocHOBe HEOOXOIMMO BBISIBUTH AJTOPUTM, KOTOPBIM BIIOCIIE/I-
CTBUM JIJIsI JTOOOT0 OOBEKTA M3 MCXOJHOTO MHOXXECTBA JACT JOCTATOYHO
TOYHBIN OTBeT. JIJIS M3MEpPEeHHS TOYHOCTH OTBETOB HCIIOJB3YETCS OJUH
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u3 (PYHKIIMOHAJIOB KAa4eCTBA, KaK MPaBUJIO, 3aBS3aHHBIN HAa BBIYUCICHUU
OTKJIOHCHHS TOJTYYEHHOTO OTBETa OT O0XKHJAAEMOT0, TO €CTh BBIUHUCICHUU
omuOKu. PaccMOTpuM HEKOTOphle WX BHJABL. B TNpPUBEACHHBIX HIDKE
dbopmyiax HUCIOIB3YIOTCS cleaytone o0o3HaueHus: XY={(x.,y1)...(Xp,u)}
— 0o0yuaroiasi BIOOpKa, 7 — KOJUYECTBO MPEUEAEHTOB, y; — (pakThudeckoe
3HaueHHUe (OKUIAEMBIi OTBET) B i-u npeneneHre (y; € XY), §; — BIIaHHBIN
CHUCTEMOM OTBET I X; (X; € XY).

1. Cpennss ommoOKa MpeACTaBISIET COO0N yCpeaHeHUE OMTUOOK st

Ka)KJ10T0 00pasiia v BeIUUCIsAEeTCA 10 opmyie

cO = 2iz10i=F)

n

2. Cpennsis abcoyrOTHasg OMIMOKA MPEJICTABIAET COO0M yCpEeIHEHHE

aOCOJIFOTHBIX OIMMOOK Ha KaXJOM IIIare M BBIYHMCISACTCS I10
dbopmyie

CAQ = Zi=alyi=%il
n

3. CpenHexBagpaTHuecKas OIIIMOKA BBIYHCIIAETCS Kak CyMMa Cpca-

HUX KBaJIpaToB omuOoK. Popmyra:

(i —¥)?
m .

CKO =

4. KopeHb M3 CPEIHEKBAAPATHYECCKOU OIMUOKUA BBIUYHCIIAETCSA I10
dbopmyie

n . —%.)2
KCKO = \/z,ﬂ(yl 7?

n

5. CDGI[HSISI OTHOCHTEJIbHAS OIIMOKA BBIUMCIISICTCS Kak cpeaHee

OTHOCHTEJIbHBIX OITHOOK:
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i=1

—2 % 100%.
n

yn >i—¥i)

CO

6. Cpennss a0CoOJIIOTHAs OTHOCHTEJIHLHASL ONIMOKA BBEIYMCIIICTCS KakK

CpCaAHCC OTHOCUTCIIBHBIX OIITHOOK 10 MOAYJIO:

Yi—Yi

MAPE = “Ty X 100%.

n

7. CI/IMMGTDI/I‘IHaH CpCaHAA a0CoOII0OTHAS OTHOCHTENIbHAsS OIIMOKA

BBIUYUCISICTCA KaK

n Yi—Y¥i

|2
SMAPE = ”ﬁ*“’/z % 100%.

Y Bcex MpeaCcTaBICHHBIX MEp KadecTBa €CTh CBOM JOCTOMHCTBA
U Hejpoctatkd. Hampumep, y mepBod M IMSITOM HEJOCTATOK 3aKIIFOYAETCS
B TOM, YTO IOJIOXKHUTEIBHBIE U OTPUIIATEIbHBIC OITMOKN aHHYJIUPYIOT APYT
Jpyra, MOATOMY B HEKOTOPHIX CIIy4asX OHU HE SIBISIOTCS JOCTATOYHO
XOPOIIMMHU WHIUKATOPAMH KauyecTBa. B CBS3M ¢ ATUM Halle BCETO UCIIOIb-
3yeTcs TPEThS UK YeTBEPTast MEPHI.

OOyueHue C yduTeJIeM UCIOJB3YeTCs MPU PEIICHUH 3a7ad armpokK-
cUMaIuu U Kiaccudukauu. B mepBom ciydae OTBETHI SBISIOTCS ICHCT-
BUTEIILHBIMI YWCIIaMHA WJIH BEKTOPAaMH, BO BTOPOM — BBIOMpAIOTCS U3
KOHEYHOTO MHOXECTBa METOK-Ki1accoB. Heo0XoIMMo OTMETUTH, 9TO TIPH-
BEJICHHBIC BHINIEC (DOPMYIIBI MOAXOAAT TOJIBKO IS CIy4yaeB, KOTZIa OTBET
CUCTEMBI U TPeOyeMbIi OTBET — JACHCTBUTEIIbHBIE YHCIIA, TOTydaeMble TPU
peleHny 3a7a4n anmnpokcuMaruu. B 3agadax kimaccuukaium e OIreHKa
KauecTBa Yallle BCETO 3aBsi3aHa HA COOTHOIICHWH KOJHMYECTB MPABHIHHO
Y HETIPaBWJILHO OTHECEHHBIX K KJIaccaM OOBEKTOB.

Btopo#i tun oOyueHuss — oOyudeHwe 6e3 yuurtens. DopmanbHO

MOCTAHOBKY 3a7a4u 00ydeHUsl 0e3 y4YUTENsl MOKHO ONKCATh CJIEITYIOIINM
oopazom. Ilyctb X — MHOXECTBO JAHHBIX — ONUCAHUM HEKOTOPBIX
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00bekTOB. HeoOxoamMo HaWTH MHOKECTBO Y, cocCTosIee W3 B3anMMO-
cBsizen f1 (x, x°) mexnay obOwvektamu u3z X (x, x’ € X, f € Y). KauectBo
BBISIBJICHUSI B3aUMOCBSI3€M POBEPSIETCS] HEKOTOPOU METPUKOM, BHIOpaHHOM
UCXOJIA U3 pelliaeMoi 3a/1auu.

OOyueHue 0Oe3 yduTeNsl HCMOJb3YETCA IS PEIICHUsS CIIEeIYIOIINX
THUIIOB 3a]1ay:

1. 3agaya knacTepu3aluu.

2. Tlouck mpaBui accoLMAIUH.

3. CoxkpanieHue pa3MEPHOCTH TAHHBIX.

4. Busyanuzauus JaHHBIX.

B omnpeneneHHoll cTemeHW Kaxknaas W3 IMOCIEAHMX TpeX 3amad
SBIISIETCS] TPOU3BOAHOM OT MEPBOM WIIM €€ YAaCTHBIM ciiydaeM. Paccmorpum
noapoOHee GopMyJIMPOBKY Ha3BAHHBIX 3a7ay.

Ilon 3amadyen 1OMCKAa TMPaBWJI aCCOLMAMN  IOAPA3yMEBACTCs
BBISIBJICHHE B IPU3HAKOBBIX OMHUCAHUSAX OOBEKTOB (MCXOIHBIX JTAaHHBIX)
TakKMX Ha0OpPOB M 3HAYEHW MPU3HAKOB, KOTOPhIE OCOOEHHO YacTo
(Hecmy4yaliHO 4acTO) BCTPEYAIOTCA B MCXOJHBIX JaHHBIX. ECiu ke mpoBo-
JUTh aHAJIOTHUIO C MEPBOM 3ajlaueii, TO KaXKJ10€ MPABUJIO B JJAHHOM CIIy4ae
MO>KET OBITh IPEACTABICHO KaK KJIACTep.

3amaya COKpAIlleHUs] Pa3MEPHOCTU JTAHHBIX COCTOUT B CJIEAYIOIIEM.
CymectByeT 00JbIION (3HAYUTEIBHO OOJIBIIION) 00BEM MPU3HAKOBBIX OIH-
caHuil 00bekTOB. IIprueM 3TOT 00BEM O0YCIIABIMBAETCS BHYIIUTEIbHBIM
KOJJMYECTBOM M3MEpPEHUI MPU3HAKOBOIO MpocTpaHcTBa. HeoOxoaumo
MPEACTaBUTH TE K€ JIaHHbIE B MPOCTPAHCTBE MEHBIIEH Pa3MEPHOCTH, IIPH
TOM MUHUMHU3HUPOBAB MOTepu MH(opManuu. ['pynnupoBka mo kiactepam
KaK pa3 v OyJIeT OJHUM U3 BAPUAHTOB PEIICHUS MPOOIEMBI.

3ajada BU3yaliM3alluM JJAHHBIX SIBJISIETCSI TIO CYTH YACTHBIM CIIy4aeM
IpEeAbIAYIIEH: €€ 1IeJIb — MPEJACTABUTh UCXOIHbIE JaHHBIE B OTOOpakaeMOM
POCTPAHCTBE, TO €CTh IPOCTPAHCTBE PA3MEPHOCTHU 2 WIH 3.

Kak cnenyer u3 onucaHHoro Bbluie, 00ydeHue 0e3 yuyuTess B KaKou-
TO MEpEe TaK WM MHA4Ye CBOJUTCS K Kiactepusaiuu. [loaTomy miis orieHKu
KauecTBa OOydYeHHsS JaHHBIM CIOCOOOM, KakK TWpPaBUJIO, HCIOIb3YIOT
METPUKH KayecTBa Kiactepusanuu. [Ipuyem nmpu ux BbIOOpE yUUTHIBAETCH,
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YTO 3TH METPHUKHU HE JIOJDKHBI 3aBUCETh OT UCXOJHBIX JAHHBIX, a TOJIBKO OT
pe3ynbTaToB pa3duenus. Bce oneHkM KauecTBa MOXKHO pa3lIeNuTh Ha
BHEITHUE W BHyTpeHHHE. [lepBbie MCTMONIB3YIOT BHEUIHIOK HH(POPMAIUIO
00 HMCTUHHOM pa3OMEHUU OOBEKTOB HAa KJIACTEPHI, BTOPHIC OIMHUPAIOTCS
TOJIKO Ha HA0Op WCXOIHBIX JAHHBIX, TO €CTh JAHHBIE METPUKU MOTYT
paboTaTh ¢ Hepa3MEUEeHHON BBIOOPKOIL, KOT/Ia 3apaHee He U3BECTHO UCTUH-
HOE pa30ueHue 0O0HEKTOB Ha rpymIbl. M1 KIMEHHO ¢ UX TIOMOIIBIO OIpe/e-
JISIFOT ONITUMAJTEHOE YMCIIO KIIACTEPOB.

[IpuBeneM B KadecTBe IMpUMEpPa METPHUKHU, BBIJEICHHBIC KOMITAHUEH
ODS [2]:

1. Adjusted Randindex (ARI). JlaHHas MeTpUKa OTHOCHUTCS

K TPYINE BHEIIHUX: MPEANOJIaraeTrcsi, YTO0 MCTUHHBIE METKH OOBEKTOB
M3BECTHBI (HAIpUMeEp, 3aJaHbl SKCIEPTOM), OJHAKO OT CaMHMX 3HAaYeHHI
METOK OHa HE 3aBUCHUT. TOIBKO OT pa3OUeHHUs BHIOOPKH Ha KJIACTEPHI.

PaccunthiBaeTcs Mepa cieayrnuM o0pa3oM: MYCTh 7 — YHCIO
00BEKTOB B BBIOOPKE, @ — YMUCIIO Tap OOBEKTOB, UMEIOIINX OJMHAKOBBIC
METKH W HaXOJAIIMXCS B OJHOM KjacTtepe, b — 4uclIo map OOBEKTOB,
UMCIOIIUX PAa3TUYHbIC METKH W HaXOJAIIUECS B Pa3IWYHBIX KjacTepax.
Torma MOXXHO MOCUUTATH JOJIF0 0OBEKTOB, JIJII KOTOPBIX UCXOJIHOE U MOJTY-
YEHHOE B pe3yJIbTaTe KJlacTepU3alluK pa30UEHHs COTJIaCOBAHBI:

__ 2(a+tb)
" nn-1)

[Tonyuennas BenmuuuHa HaszbiBaeTcs RandIndex (R/) m BwIpaxkaer
CXOECTh JIBYX Pa3HbIX KJIaCTepU3AIMiA OJTHON W TOH ke BHIOOPKU. UTOOBI
ITOT MHJEKC J1aBall 3HAUYCHUs, ONM3KHE K HYIIO, JJIS CIIyYalHBIX KJIacTe-
pu3alnui Ipu JI000M 7 ¥ YUCTIE KIACTEPOB, HEOOXOIUMO MPOU3BECTHU €T0
HOpMUpOBaHue, TO ecTh noyuuTh AdjustedRandIndex:

RI-E[RI]
mux (RI)—E[RI] ’

ARI =

rae £ — MmareMmatuueckoe OKujgaHue.
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Mepa ARI cuMMETpHUYHA U HE 3aBUCHUT OT NEPECTAHOBOK M 3HAYCHUI
MeTOK. [1o cyTu 3TOT UHJEKC SIBISETCS MEPOM PACCTOSIHUN MEXAY pa3ind-
HbIMU pa3oueHusiMu BeIOOpKHU. Ero obnacte 3nauenuit — [-1,1]. UaTepnpe-
TUPOBATh €€ MHTEPBAJIbl MOXHO CIEAYIOIIMM O0pa3oM: ISl «HE3aBHCH-
MBIX» pa30MEHUI Ha KJIACTEPhl — OTPHUIIATEIIbHBIC 3HAYCHUS, ISl Cydaii-
HBIX pa3OueHuil — OJMU3KHUE K HYJIO, JIJI CXOXHUX Pa3OMEHUN — MOJIOKU-
TeJbHBbIE 3HAYEHUs, TpudeM, ARI=1 roBOpUT O COBNAZACHUU pa30UEHUM.

2. Adjusted Mutuallnformation (4AMI). JlaHHas MeTpHKa CXO0XKa

C TpEIbIAYIIEH: OHA TaKke CHUMMETPUYHA M HE 3aBUCUT OT 3HAYCHUM
U TEPEeCTaHOBOK METOK. J[Ji1 ee ompeneneHus UCHOJIb3yeTcs (DYHKIUS
sHTponuu. Pa30ueHuss BBHIOOPKM HMHTEPIPETUPYIOTCS KaK JTUCKPETHBIE
BEPOSTHOCTH: BEPOSITHOCTh OTHECEHHUs K KJacTepy paBHa J0j€ OOBEKTOB
B HeM. Kak u B mpeablaynieM ciydae, JJisl JaHHOW METPUKU HEOOXOJAUMO
BBIUHUCIINTG CHenuadbHbli uHAeKC — Mutuallnformation (MI). Jlannas
BEJIMUMHA ONpeeNseTcs KaKk B3auMHas WHpopMalus s JIBYX pacrpe-
JIeJICHUN, COOTBETCTBYIOIMIMX pa30MEHUsIM BBIOOPKU Ha KjiacTephl. MHTep-
MPEeTUPOBATh 3TO MOXKHO Kak J0ii0 HHMOpMainuu, oOmer s odoux
pa3OueHuii: HACKOJIbKO HHpopManus 00 OJHOM U3 HUX YMEHbBIIAET
HEOIPEICICHHOCTh OTHOCUTEIBHO JPYTroro. ITOT UHACKC PACCUUTHIBACTCS
o cieayroriei hopmysie:

(xy)
M (X,Y) = Fyey Trex P, Y)1 0g(o )

rae p(x, y) — coBMecTHas (YHKIUS pacHpeiesieHuss BEPOSITHOCTEH
ot X u Y, p(x) u p(y) — QyHKIMU pacupeAcsieHuss MpeaeabHON
BEPOSATHOCTH 11 X U ¥ COOTBETCTBEHHO.

OOnactero 3HaueHuss wuHAekca AMI saBasercs npumamaszon [0,1].
HNHuTtepnipeTupyeTcst OH CIEAYIOMUM 00pa3oM: 3HaUCHHUS, OJTU3KHE K HYJIIO,
TOBOPAT O HE3aBHCHUMOCTH pa30HUeHHU, a OJu3Kue K eAuHuIe — o0 HX
CXOecTH (WM coBniafienuu npu AMI=1).

3. ['OMOTeHHOCTh, OJIHOTA, V-Mepa. J[aHHbIE METPUKHU paccMart-
PUBAIOT pa30MeHHEe BHIOOPKHM KaK JUCKPETHBIC pacIpe/ieNIeHUs U Ompeje-

JIAOTCA € UCITOJIB30BAHHUEM (bYHKI_II/II/I OHTPOIINH U YCHOBHOﬁ OHTPOIINU.
26



["'oMOTeHHOCTh OmpeaesaeT, HACKOIbKO KaXKIBIH KJIaCTep COCTOMT W3
00BEKTOB OJTHOTO KJIacca, U pacCUUThIBAaeTCs 1o hopmyie

_H(CIK)

h= H(C)

rae K — pesynbrar kinactepusauuu, C — UCTUHHOE pa3zOuenue, H —
dbyukius suTponuu. [Ipu s3Tom

H(X) = —Xi_1 P(x;) 1 og, P(xy),

p\y;
H(X|Y) = lzj:p(xi,:)’i)l o P(’Ei»]}?j)

ITomnora HU3MCPACT, HACKOJIBKO OOBEKTHI OAHOI'0 KJIacCa OTHOCATCA

K OJTHOMY KJIaCTEpy M ompeensieTcs no popmyie

H(K|C)

H(K)

OTu Mepel NpUHUMAKOT 3HadYeHus B nuanasone [0,1]. Murtepmpe-

c=1-

TUPOBATh UX MOXHO CIEIYIOIMIUM OOpa3oM: 4eM OOJIbIlIe 3HAYCHHUE, TEM
OoJiee TOYHA KJacTepusalys. ITU Mephbl HE SIBISIOTCS CUMMETPUYHBIMU
U HE SBJISIOTCS HOPMAJIM30BaHHBIMH, B OTJIMYME OT PACCMOTPEHHBIX paHee,
M MO3TOMY OHH 3aBHUCAT OT umcia knacrtepoB. CormacHo pecypey [2]:
«Crny4aitHas kjiacTepusaiusi He OyJeT JaBaTh HYJIEBbIE MOKa3aTelu Mpu
OOJIBIIIOM YHCIIC KJIACCOB U MaJIOM 4HCiie 00bEKTOB. B 3THX cinydasx mpen-
MOYTUTEIbHEE HCMOJIb30BaTh ARI. OmHako Tpu 4ucjie oOBEKTOB Ooiee
1000 u uucne knactepoB MeHee 10 maHHas mpoOjieMa HE Tak SIBHO BbIpa-
’K€Ha U MOKET OBITh IPOMTHOPHUPOBAHAY.

UtoObl yuecTh 3HaUCHUSI 00€MX BEJIWYMH, BBOJUTCS CUMMETpPUYHAS
V-mepa, moka3bpIBaroIas, HACKOJIBKO KJIACTEPU3AIIUUA CXOKH MEXTY COOOM.

Ee pacuer nmpoucxoaut no gopmyie

hc
v=2——.
h+c

CuryaT. JlaHHass METpHKa OTHOCHTCS K THITy BHYTPCHHHUX: OHa HE
IpeanojaracT 3HaHus 00 HICTHHHOM Pa30MEeHNH U MIEPBOHAYAIILHO PacCUH-
TBIBAETCS ISl KQXKJA0r0 00beKTa cienyromum oopaszom. IIycts a — cpeanee
paccTosHUE OT JaHHOTO OOBEKTa 0 OOBEKTOB M3 TOTO K€ KIacTepa,
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b — cpenHee pacCcTosTHUE OT JJAHHOTO OOBEKTa /10 OOBEKTOB W3 OJIMKaii-
mero kjacrepa (HO HE TOro, B KOTOPOM HaXOJMUTCsA caM 00bekT). Torma
CUJIY3TOM JIaHHOTO 00BeKTa OyJIeT BeIMUUHA, BRIUHUCIIsIEMas 1o popmyJie
b—a
§ = ——.
max (a,b)

CuitysTOM %€ Bcell BRIOOPKU OyJIeT CpeHsiss BeJIMUMHA CUITY3TOB €€
00beKkTOB. UHTEpIPETUPOBATH METPUKY MOMKHO CIEAYIOIUM 00pa3oM: OHA
MOKa3bIBAE€T, HACKOJIBKO CpPEIHEE PACCTOSIHUE 0 OOBEKTOB CBOETO Kiac-
Tepa OTJIMYAETCA OT CPEIHEr0 PACCTOSHHS 10 OOBEKTOB JPYTHX KJiac-
TepoB. O0nacTh 3HAUEHMS JaHHON BEIMYUHBI — nuanas3oH [-1,1]. IIpu atom
3Ha4YeHUs, OJU3KUE K JIEBOW IPaHUIIe, COOTBETCTBYIOT INIOXUM (Ppa3pO3HEH-
HBIM) KJIACTEPHU3AIUsAM; 3HAUYCHUS, OJU3KHUE K CEpEIMHE, TOBOPST O Tepe-
CEUCHUHU U HAJOKCHHUH KJIACTEPOB; 3HAUCHUS, OJIM3KHUE K MPABOM IpaHUIIE,
COOTBETCTBYIOT «ITIOTHBIMY», YETKO BBIJICIICHHBIM KiacTtepam. CoriacHo [2]:
«4eM OO0JIbIIIe CUITY3T, TEM 00JIE€ YETKO BBIACICHBI KJIACTEPhI, U OHU IPE-
CTaBJIIOT COOOM KOMITAKTHBIE, TFIOTHO CTPYIITUPOBAHHBIE 00J1aKa TOYECK).

JlaHHasi BeTWYMHA MOXKET OBITh MCIOJBb30BaHA JUI BBIOOpaA
ONTUMAJILHOTO YHKCJIAa KJIACTEPOB, €CIM OHO 3apaHee HEU3BECTHO: OHO
OyJleT paBHO YKCIIY, MAKCUMU3HUPYIOIIEMY 3HaU€HUE CUITydTa. B oTnuuue
OT PacCCMOTPEHHBIX paHEee METPUK, JAaHHAS BEJIMYMHA 3aBUCUT OT (hOPMBI
kiactepoB. CHIIydT JocTUTaeT OOJBIINX 3HAYEHUU MpH 00Jiee BBIMYKIIbIX
KJIaCTepax, KOTOPHIC MOTYUAOTCS MTPU TOMOIIM AJITOPUTMOB, OCHOBAHHBIX
Ha BOCCTAHOBJIEHUHU IJIOTHOCTH PACTIPEICIICHHUS.

TunoBsble 3a1a4u NP NOATOTOBKE JAHHBIX U 00y4eHHH MojeJieii

B pasmene «OOmmit aaroputM MamdHHOTO OOYYEeHHs» ObLUTH
IpeICTaBICHBI MIard pa3paboTku perieHus. Ecnu 3amaya TUmoOBass U HE
TpeOyeT CHenuabHOTO HWCCIEAOBAaHUS WIW Pa3pabOTKU CIEIHAIBHOTO
METO/a, TO CyIIeCTBEHHas paboTa HAaUMHAETCS C T. 3, KOTOPBIN IMOCBSIICH
MOJITOTOBKE JTaHHBIX (0Oyuaromeit 1 TecToBO# BhIOOpKe). McxoaHbIe naH-
HBIC B TOJIABIIAIONIEM OOJIBIIMHCTBE CIydaeB TPeOYIOT MpeaBapUTEIbHON
00palboTKM nepej] TeEM Kak Ha HUX OyjeT o0yudathbest Mojienb. Kak npasuio,
npeJBapuTelibHas 00padoTKa MOJIpa3yMeBAET CIECAYIOIIYI0 padoTy: y4eT
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MPOMYCKOB, KOJMPOBAHUE HEUYUCIOBBIX JAHHBIX, MPUBEIACHUE JaHHBIX
K €IMHOMY MaciiTaly W CTaHJapTU3alus JaHHbIX, pa3MeTKa JaHHBIX.
PaccMmoTpum ux noapoOHee.

Y4yer npomnyckoB

B peanpHBIX 3amayax AaHHBIE MOTYT COJEpPKaTh MPOIMYCKUA. ITO
MOXET OBITh BBI3BAHO TE€M, YTO KJIMEHTHI HE 3aIOJHSIIN BCE MOJIS B aHKETE
WM aKKayHTE, UM T€M, 4TO HE BCE MapaMeTphl ObLIN OIM(POBAHKI 3a BCE
BpeMsi pabOTHI CUCTEMBI.

Takum o0Opa3oM, BCTaeT BONPOC O TOM, KaK HHTEPIPETUPOBATH
nponycku. [Ipocreiimmii BapuaHT 3aKJII0YaETCA B UCKIIOYEHUU OOBEKTOB,
UMEIOINX HETIOJMHBIE CBEACHUS (TO €CTh yIajJeHNue TeX CTPOK U3 MATPHUIIBI
MIPU3HAKOB, B CTOJIOIIaX KOTOPBIX €CTh IIPOMYCKHU), UJIW UCKITFOUCHUH TIPH3-
HAKOB, COJIEpIKAIIIMX HEIMOJIHBbIE CBEJACHUA (TO €CTh yJaJeHHUS TeX CTOJIO-
IIOB, B KOTOPBIX €CTh MPOIyCcKku). [IIr0oCchl 3TOr0 BapuaHTa B TOM, YTO OH
OUEHb MPOCT U €r0 MOXHO cpazy ompoOOBaTh Ha KaKOU-IMOO MOJEINH.
MuHychl BIIOJHE O4Ye€BUIHBI. Ecin MHOro oOBEKTOB OyayT UMETh IpO-
MyCKH, TO MBI PHUCKYE€M YJAJIUTh BaKHBIE aCMEKTHl 3aKOHOMEPHOCTH,
KOTOpasi COKPBITA B JAHHBIX, W, KaK CJICICTBHE, TIOJYIHNM HHU3KOE Ka4eCTBO
anmpokcuManuu. Eciu Mbl yaanuM cToJiOell, KOTOPBIM COJMEPKUT KpanHe
BKHBIA MPU3HAK, MBI PUCKYEM BOBCE MOTEPSTh KIOUEBYIO HHPOPMAIHIO
0 pa3jeieHur 0OHEKTOB.

BTopoii BapuaHT 00pbOBI ¢ MPOIMYCKAMHU 3aKIIOYAETCSI B TOM, YTOOBI
3aMEHUTH UX TIPH MTOMOIIHA WHTEPHOJIAINH. DTO MOKET OBITh CPEIHEE WIIH
MeJIMaHHOE 3HaYeHHWe Mo cTondly. B cioydae ecim mnpusHak sBISETCS
dbyHKIMEH OT BpeMEHHU, KaK M OT/AEJIbHbIE OOBEKTHI, TO MOKHO MHTEPIIOJIH-
pOBaTh MPOIYCKH TOJIBKO MO COCEAHUM BPEMEHHBIM 3HAaueHUsSM (HaIpH-
Mep, €Clu 00BEKT MPEACTABISAECT COO0N BEPOATHOCTh MOKYIKH KBAPTUPHI,
a TIpU3HAK — CPEJHION 3apa0O0THYIO IUIATYy MPOTpaMMHUCTa B 3TOT IO,
TO 3a MPOMYIIEHHBIN 01 HUGPY MOKHO MPUOJIM3UTH MO IBYM COCEIHHUM).

Tpetnii BapraHT MOXKHO TaKXe€ PacCMOTPETh Ha TIPUMEPE C KBAPTH-
PO#, KOTOPHBIA OBUT OMKCaH BhIMIE. ECIM pedb UIIET 0 KAaKUX-TO OTKPBITHIX
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SKOHOMHMYECKHUX, COLMAIBHBIX WU JIPYTHX MapaMeTpax, TO UX MOXKHO
HaWTH B APYTUX UCTOYHUKAX U TEM CAMbIM JIOMIOJTHUTH JIaHHbIC.

YerBepThlid BapuaHT 3aKJIIOYAETCS B TOM, YTOOBI 3aKOJUPOBATh
IIPOITYCKH CIEIUATBLHBIM YUCIOBBIM 3HaYE€HUEM (3TO MOXKET OBITH YHCIIO,
HE BCTpEYAlolleecs: y APyrux 00ObEKTOB) WU KaTEropralbHbIM 3HAYEHUEM
(OpeacTaBlIE€HUE KAaTerOPUANbHBIX MPU3HAKOB OYAET PACCMOTPEHO HUXKE).
Takol moaxo/l, Kak MUHUMYM, MTO3BOJIUT BHECTH UHPOPMAIIMIO O TOM, YTO
3TU OOBEKTHI TI0 ATOMY MPHU3HAKY OTINYAIOTCA OT APYTHUX (TO €CTh MBI HE
COOOIIUM TOYHOW MH(POpPMAIMU, HO HE YAAIUM OOBEKTHI MOTHOCTHIO, KaK
B [IEPBOM TMOJIXOJIE).

[IaTp1it MOAXOA 3aKitOYaeTCs B MPUBICUEHUU HKCIEPTa B COOTBET-
CTBYIOILIIEH TeMe, KOTOPbI CMOXKET CKa3aTh, KaK MMEHHO Jy4lle BCEro
WHTEPIIOIUPOBATh JaHHbIE (Ha OCHOBE CHEHU(PUUYHBIX MATEMaTUUYECKUX
MOJIeJIel, KOTOpbIE, BEPOSITHO, CYHIECTBYIOT WJIM MOTYT nojoiTu). Hanpu-
Mep, JUIsl KaKUX-TO MPU3HAKOB MOKHO CT€HEpPUPOBATh MCEBIOCTyUaHbIE
3HAYCHUS, MOJUUHSIONIMECS HEKOMY PACIpPEICICHUIO C yYeTOM JPYTruX
U3BECTHBIX MpU3HAKOB. Clo/la K€ MOXHO OTHECTH T€HEpalMi0 CUHTETH-
YECKUX JaHHBIX (TO €CTh MCKYCCTBEHHBIX) HA OCHOBAHUM COOCTBEHHOTO
NOHUMAaHUA MpeIMeTHON 00sacTu. J{onruii U TIATeIbHbIN aHAIN3 JaHHBIX
MOXXET MPOSCHUTH MOBEACHUE CKPBITOTO MapameTpa, a TaKKe BBISIBUTH
CrOCOOBI, KakK CAOMYJIHUPOBATh €ro C OMNPEACIICHHON JOCTOBEPHOCTHIO.
OnHako 3TOT MOAXOJ, OMACeH TEM, YTO HEBEPHOE IMOHMMAaHUE JIAaHHBIX
OPUBEIET K TOMY, YTO MbI 3aJI0)KUM B JJAHHBIE JPYTU€ 3aKOHOMEPHOCTH
U MOTOM HUX K€ W HalJeM MpU MOMOIIM METOJOB MAIIUHHOTO OOy4YEHHs.
WNHbIMU ciOBaMHU, BMECTO PEIICHMS] UCXOJHOM 3aJaud Mbl PEIIUM HCKYC-
CTBEHHO CO3JIaHHYIO.

B cloxHBIX cinydasx Ha MPaKTUKE MPUMEHSIETCS HEKOTOpasi KoOMOu-
HallMg BCEX BBIIICTIEPEUUCICHHBIX MOAX0JA0B. Kakue-To 0O0BEKTHl WM
CTOJIOIBI MOJHOCTBIO MCKIIOYAIOTCS, MOTOMY YTO MX CJMIIKOM CIIOKHO
WHTEPIIOIUPOBATh WM CAOMYIUpPOBaTh. Kak mpaBuiio, 3T0O OOBEKTHl WU
NpU3HAKU C OOJBIIMM YHCIOM NPOMYCKOB (HampuMmep, A€ MPOIYCKOB
Oombpllle, YeM pealbHbIX 3HaueHui). Kakue-To mNpHU3HAKM NOMEYaroTCs
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O0COOBIM KOJIOM, KaKHe-TO JIaHHbIE€ HAXOJSATCS M3BHE, a KaKUe-TO IMYJIH-
PYIOTCSI CHHTETUYECKUMU JAHHBIMH.

MHorue HroaHChI 3aBUCAT OT criennduku 3anaun. Ho ecnu Hukakue
UJeu HE paboTaroT, TO, BEPOSTHO, JAHHBIX MPOCTO HEJOCTATOYHO U HYKHO
MOJIy4YaTh €I11€ HEMOCPEJACTBEHHO UCXOHBIE JaHHbIE (IPOBOJUTH (U3UYe-
CKHE IKCIEPUMEHTHI, ONPAIIUBATh KIIMEHTOB, U3MEPATh KaKUE-TO CTATHUC-
TUYECKHE METPUKHU TOBEJCHMS MOJb30BaTeie Ha BeO-caliTax U TOMY
I0JI00HOE).

3ameuanue: KpoMe MPOMYCKOB JIaHHBIE MOTYT COJIEPXaTh OIIUOKHU
U BBIOPOCHI (AHOMAIbHBIE OTKJIOHEHUS), BHI3BAaHHBIE HEBEPHBIM 3arlOJIHE-
HUEM JIaHHBIX WU OIIMOKON m3MepeHus. Pemienue 3Tux mpoOjeM BBIXO-
JUT 32 pPaMKU JAHHOTO y4eOHOTO MOCOOUs U PEKOMEHIYETCsl K CaMOCTOsI-
TEJIbHOMY HU3yYECHHUIO.

KonpoBaHKne HEUHMCIOBBIX IPU3HAKOB

O4eBUIHO, YTO JAJEKO HE BCE NMPHU3HAKH OOBEKTOB €CTECTBEHHO
OMKCHIBAIOTCA YHUCJIEHHBIM 3HaueHHeM. Eciu roBoputh 0 pasmepax
00BbEKTa WIM CTOMMOCTH KAaKOro-TO TOBapa, TO 3THU MNPU3HAKHU, HECOM-
HEHHO, OyayT uucioBbiMU. Ecnu e pedyb UAET O IBETe, TUIIE ToBapa
(kaTeropuu) Wiy BOOOI€ O TEKCTOBOM OMMCAHUU HEKOTOPOrO 00BEKTA, TO
0100HbIE MPU3HAKH, KaK MPABUIIO, MOCTYIAIOT HEOUUPPOBAHHBIMH.

HeuuncnoBbie mpU3HaKu ¢ HEYNOPAIOYCHHBIMHU 3HAYEHUSMU (B KOTO-
PBIX MEXIYy 3HAUCHUSIMU HE OIpeJIeNieHa TUCTAHIUA, TO €CTh HEJIb3s CKa-
3aTh, UTO OOJIbIIIE WM MEHBIIE) HA3bIBAIOT KATErOPUAIbHBIMU, UJIM HOMU-
HaJIbHBIMU. TUNMHWYHBIA TOAXOA K MX 00pabOTKe — KOJUWPOBAHUE KaTero-
pUAJBHOTO TPHU3HAKa C M BO3MOXKHBIMU 3HAYEHUSIMU C TOMOIIBIO m
OWHapHbIX TMpu3HAKOB. Kaxaplii OWHApPHBI NpPU3HAK COOTBETCTBYET
OJIHOMY U3 BO3MOXHBIX 3HAYEHUN KAaTErOPUAIILHOTO MPU3HAKA U SABJISETCS
WHIUKATOPOM TOr0, YTO Ha JIaHHOM OOBEKT€ OH TMPUHHUMAET JAHHOE
3HaueHue. TakoW MOAXO0J HMHOrJa Ha3bIBalOT one-hot-KoJAUpOBAHHUEM.
Hampumep, y Hac ecTb Tpu BapuaHTa Marepuaia H3Jenus: IEpeBo,
IJIACTHUK, cTaib. [I[pruem MbI He 3HaeM HaBEpHSIKA, YTO JIYUIIE, a UTO XYyXKe
U KaK 3TO MaTepuall BIUSET Ha UTOMOBOE KauecTBO TOBapa. Toraa BMeCTO
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TOro, 4TOOBI 3aKOAWPOBATH HAOOP MaTPUAJIOB B OJMH CTOJIOCH Kak
3HadyeHus 1, 2, 3, one-hot-konupoBaHue JacT TpU CTOJONA U CICAYIOIINE
koabl: 001, 010, 100. 3aMeThTe, YTO ATO HE IBOMYHOE KOAUPOBAHUE.

Ecnu peub uaeT He IPOCTO O KATETOPHUSAX, & O LUEIbIX MPEMIOKEHUIX
uiu OOJBIIMX TEKCTaX Ha €CTECTBEHHOM SI3bIKE, TO 3ajJada CYIIECTBEHHO
ycnoxnserca. KonupoBanue Tekcta moOyKBEHHO B OOJIBIIMHCTBE CITy4YaeB
HUYETro HE JacT, TaK KakK pa3sHooOpa3ue CJIOB U CMBICIOB HACTOJBKO
BEJIMKO, YTO Ha TAKOM YPOBHE aOCTPaKIMU MOJIENIb HE TIOCTPOUT HYKHYIO
¢byukiuo. OOpaboTka W TOHMMAaHME TEKCTa — OTO BO MHOIOM
HaIpaBJICHUE ISl UCCIIEIOBAHUIA.

TeM He MeHee Ha CEroJHSIIHUN JEHb CYIIECTBYET P MOIAXOJIOB,
KOTOpBbIE TO3BOJIAIOT pElaTh peajbHble 3afadyu. llepBblid BapuaHT —
OTHECTUCh K TEKCTY KakK K KaTeropusiM. /[omycTuM, B TEKCTOBBIX JAaHHBIX
Bcero BcTpedaercss 10 ThIC. YHHMKaJIbHBIX CIOB (HE CUHMTas COMO30B,
OpeasioroB U ToMy mnojo0Hoe). Torga Kaxkaoe OTIEIbHOE TEKCTOBOE
onucanue (Ipucyilee KOHKPETHOMY OOBEKTY) €CTh Takasl KaTeropus, Ine
BCTPEUAIOTCA COOTBETCTBYIOIIME CJOBA, TO €CTh KaXJbI TEKCT OyAeT
KOIUPOBATHCSA B BEKTOP U3 10 THIC. 3JIEMEHTOB, TI€ HA MECTE COOTBET-
CTBYIOLIUX CIJIOB-3JIEMEHTOB OYIyT CTOSITh €AWMHUIBI, & HA MECTE CJIOB,
KOTOPBIX HET B JAHHOM TEKCTE — HyJIW. B WTOre moiaydyum JOBOJIBHO
Pa3pEeKEHHYI0 MATpUIly (COCTOSAIIYIO B OCHOBHOM W3 HYJIEW) W TIPU 3TOM
JOBOJILHO OoJiblnyto. M3-3a 3TOro BO3HUKAET MpodiieMa €€ XpaHCHHS
u o0pabotku. Ha cerogHsAmHuil eHb CYHIECTBYET pPsii TEXHUK ONTHUMHU-
3alMi pabOThl C Pa3pEeKEHHBIMU MaTpHUIlAMU KaK Ha (QyHJIaMEHTAIbHOM
yYpOBHE (HampuMep, CUHTYJIAPHOE Pa3sIoKEHUE), TaK U Ha YpOBHE OMOIIHO-
TeK (HampuMmep, B MaKETE SCIpy).

OnHako y4UTBHIBATH BCE CJIOBA 4acTO OBIBAET M30BITOUHO U JIaXKe
oeccmbiciieHHo. [loaToMy Ha mpakTHKe MPUMEHSETCS MOJACYET CTaTUCTU-
YECKMX XapaKTepUuCTUK TekcTa, Takux kak TF-IDF. IToapoGuee o crartuc-
TUYECKOM aHAJIN3€ TEKCTOB MOKHO MPOYUTATH B [3].

CeronHs TakKe akTyaJbHO KOJUPOBAHUE TEKCTa METOIoM word2vec
HAa OCHOBE MaIIMHHOrO 00yueHusa. KiroueBol 0COOEHHOCTBIO METOHA
SBJIIETCSI TO, YTO OOJIBILION MAacCHUB CJIOB OTOOpa)kaeTcsl B BEIIECTBEHHBIE
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BEKTOpHl HeOonbmon pasmepHoctd (100-200 s1eMeHTOB), MpUUEM,
MOXO0KHE CI0BA UMEIOT OJIU3KUE JPYT K JIPYTY BEKTOPHI (TO €CTh BBOJIUTCS
JUCTAHIIMS MEXK]Ty CIIOBAMM).

HDI/IBCI[GHI/IC JAaHHBIX K CAMHOMY MaCI_HTa6V K CTaHJapTHU3aIuAa

«CpIpbie» JaHHBIE MMEIOT pa3HbId MacimTad W pa3HOE paclpeje-
JIEHUE TI0 KaXJIoMy Ipu3Haky. Hanpumep, kKakoi-T0 XMMUYECKUI MOKa3a-
T€JIb CMECH MOKET MMETh 3HadeHusa B auamazoHe or 0.0001 mo 0.2,
a npyrou mokazatenab oT —100 go 100. Mnu, ckaxkeM, BO3pacT KIMEHTOB
MOXeT ObITh 0T 16 110 40, mpruueM ropaszao 0oJble KIMEHTOB UMEET BO3-
pact ot 18 10 25, UHBIMH CJIOBAMHU, MATEMATUYECKOE OKUIAHUE CMEIICHO
OTHOCUTEJIBHO IIeHTpa pacnpeaencHus. [1oqo0HbIe pa3nuuns B MprU3HaKax
MOT'YT BHOCUTH CYIIIECTBEHHYIO OIIUOKY IS MHOXKECTBA MOJIeJiel (Hampu-
Mep, JUJIs perpeccru, HEMPOHHBIX CETeH), U TTOTOMY TPeOyeTCs MPUBECTH
BCE€ MPU3HAKU K €AMHOMY BUTY.

CylecTByeT HEKOTOpasi MyTaHWI]Aa B TEPMHHAX «CTaHIApTU3AIUS
u «HOpManu3auus». O4eHb 4YacTO MOJ CTaHAApTHU3aLMEd U HOpMAJIM3a-
M€ TOHUMAIOTCA pa3HbIe BEIIU, a WHOTJA CTAaHAAPTHU3ALMI0 PaccMart-
pHUBAIOT KakK 4acTh HopMmanu3anuu. [103ToMy BakHO MOHATH OOIIYIO CYTh
1 IeJTb OTHX METOJIOB.

Crangaptu3anus JTaHHBIX — 3TO MPOIIECC MPUBEICHUS BEKTOpA KaxXK-
JIOT0 TIPU3HAKa K TAaKOMY BHJY, UTO €r0 MaTeMaTUYE€CKOE OXUJAHHUE CTa-
HET HYJIEBBIM, a TUCTIEPCUS — €AUHUYHOM.

Hopmanuzamust JaHHBIX — 3TO IPOIECC MAcIITaOMpOBaHUS BEKTOpa
Ka)XKJ0TO MpPHU3HAKa, TO €CTh NMPUBEJICHUE €r0 K TAKOMY BHUIY, YTO BEKTOP
OyJleT WMeTh EIUHUYHYI0 HOpMYy (IIpH ATOM €CTh pa3HbIE CIIOCOOBI
OIIEHKH\IOJCYETa HOPMBI).

Tak, craggapTusamnys MaTpulbl X:

[[1.,-1.,2.],
[2.,0.,0.],
[0.,1.,—1.]],
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JACT CIEAYIOIINAN pe3yIbTar:

[[ 0. —1.22 1.34]
[ 1.22 0. —0.27]
[-1.22 1.22 -1.07]]

Buano, 4To 3HaYeHUs BEKTOpa CMECTHIUCH (BBIPOBHSJIUCH OTHOCH-
TEJILHOTO €JMHOTO IIEHTPA B HYJIE), a TAKKE MPOU30ILIO BbIPABHUBAHUE
pazOpoca. Yike Takoro mpeoOpa3oBaHHs JOCTATOYHO, YTOOBI MOBHICUTH
Ka4ecTBO NaHHbIX. OIHAKO BUIHO, YTO 3HAYEHUS Pa3HBIX BEKTOPOB HE
OynyT B oauHakoBoMm nuana3zone (oT —1 mo 1, manpumep). OHu OyayT
JUIIb UMETh CTAHJIAPTHBINA pa30dpOC B paMKax BEKTOPa\CTOIOIa\PU3HAKA.

Jlsist Toro 4yToOBl AOCTUYL OJMHAKOBOIO MaciuTaba BCeX BEKTOPOB,
HeoOXxoaumMa HopMmaiu3alus. ECTh HECKONBKO BUIOB HOPM U, COOTBETCT-
BEHHO, HOPMAJIU3AIIHUH.

Camblii 04EBUAHBIA U IPOCTOM METOJ — 3TO max HopMma. UToObI Bce
3HAUYEHUS JIEKAIU B OJHOM JMAIa30HE, HY)KHO HAWNTH MaKCUMAJIbHOE W3
BO3MO>KHBIX 3HAYEHUN U BCE OCTaJbHBIE MOJECIUTH Ha Hero. Takum obpa-
30M, MakCHUMaJbHOE 3HaY€HUE OYyJeT €AUHUIICH, a BCE OCTAIbHBIC JIATYT
B nuanazon ot 0 go 1. Ho 3To mpu yciaoBUH, UTO HET OTPUIATEIBHBIX
3HAYCHUU.

Menee oueBHIHBIM crnocod — 3170 L1 HOpmMa M HOpManmu3aius.
dopmyia CIeayroLas:

P H i ]
J:i = = L]
A
rae ||x||; u ects L1 HOpMa, a Best (hopMylia IETHKOM OTOOpaXkaer
polecc HOpMaIU3aluu BEKTOpa X.
Eme omun cmoco6 — »to L2 HOpma. ®opmyna HOpMaU3allUM
BEKTOpA X:

oo o g O
1 — 5

|2 (zj 3:32.)1;2

rae ||x|[, u ects L2 HOpMa, a Bcs opmyiia HMETUKOM OTOOpakaeTt

IMpoucCC HOpMaJIM3allu BCKTOpa X.
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HccnegoBarenu roBopAT, YTO JyUIIUE pe3yiabTarhl AaOT L2 m max
HOpMaJIu3alus, X0Ts JIF0OOW BapuaHT Jydllle, YeM UCIOIb30BAHUE UCXO/I-
HBIX TaHHBIX.

[Io moBoAy IUIIOCOB-MUHYCOB JTHX CIHOCOOOB MOXKHO CKa3aTh
CIEAYIOIIEE: Max HOpPMaau3alus HE NaeT 3alac Ha HEU3BECTHHIC HOBBIC
3Ha4YeHHs (TO €CThb €CIM 3apaHee HEU3BECTEH BECh JWAINa3OH JIaHHBIX,
Jy4llle HE MCIOIb30BaTh 3Ty HOpPMY), a L2 HOpMa BBIYUCIUTEIBHO
JOJIbIIIE, HO Yalle BCEr0O JAA€T ONTUMAIIbHBIA pe3ysbTar. L1 Hopma Moxer
JaTh CJMIIKOM OOJIBIIIOW 3amac Mpu OOJIBIIOM pa30poce JaHHBIX, YTO
MOXET YAUIUTh HYKHYIO0 HH(POPMAIIUIO U3 IAHHBIX.

Pa3meTKka JaHHBIX

Pa3meTka JaHHBIX — TOCJEIHSS W3 pacCMaTpUBaeMbIX HaMmH (IO
NOPSIIKY, HO HE IO Ba)KHOCTH) omepanus ¢ JaHHbIMHU. Eciii peub uuer
O TOM, YTOOBI OOYUYUTh MOJIENIb TPOTHO3UPOBATh OYAYIIHE MOKA3aTEIH MO
MIPOIIJIOMY OTBITY (HAIpUMeEp, MPOTHO3 CPEAHEH BBIPYUKH IO KOJTHMYECTBY
MOCETUTENIE MarasuHOB), TO TaKHE JaHHbIe, KaK MPaBUJIO, MPUXOIST
C M3BECTHOM IiesieBoM nepeMeHHON Y (TO eCTh cpefHel BBIPYUYKOW). DTH
JaHHbIE HeoO0xoaumo Oyner 00paboTaTh B COOTBETCTBUM C MYyHKTAMU
BBIIIIE, HO WX HE MOTpeOyeTcsl JOMOJHUTENBHO pa3Meuarb. OJHAKO HE
PEIKOCTh, KOTJIa CHEIUATNCTY MO aHajdu3y NaHHBIX HEOOXOIUMO OyaeT
CaMOCTOSITENIbHO pa3Meuarh BBIOOPKY. DTa MOTPEOHOCTh MOXKET BO3HHUK-
HYTh W3-32 OTCYTCTBHUS Pa3MEUYCHHBIX HMCXOMHBIX JAHHBIX, TaK U MOXET
OBbITh OOYCJIOBJIEHA SKCIEPUMEHTAMHU, BO3HUKAIOUIMMHU B XOJI€ PEIICHUS
oOmeit 3amaun. Hampumep, nisi pacrio3HaBaHUs BU3YaJbHBIX 00pa3oB
MaliuH uin cBeTodOopoB MOTpedyeTcs co3AaTh CHEUHATbHBINA (aii,
B KOTOpPOM OYyIyT MPOCTaBJIEHBI accolanuu oOpa3oB MO UMEHHU (ailioB
(to ectb 001.png — «cBeTodop»). B peanbHoM OU3HECE ATY 3a/1a4y MOKET
pemath M HE CHEUMATMCT MO AaHaIu3y JaHHBIX WIM MalluHHOMY
0oOy4eHHI0, a APYrUe COTPYIHUKHU (HApPUMEpP, CO CTOPOHBI 3aKa3yuKa), HO
BOXHO OTMETHUTh, YTO O3TOT 3Tall MOXET TakKKe BO3HHKHYTH B XOJE
pa3pabOTKU peIIeHMs, U €ro Helb3s u30exarh B cliydyae OOydeHUs
C YUUTEJIEM.
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OnHaKo CTOMT OTMETUTh, UYTO B CiIy4asx OOydeHHs] U 0e3 yduTens
MOXET MOTPeOOBATHCS YAaCTUYHAsl pa3METKa JaHHBIX C LEIbI0 TECTHUPO-
BaHUA U OLEHKM KAa4yeCcTBA MOJEJHU, TaK KAK B IPOTHUBHOM CIy4ac MBI
IPOCTO MOJy4aeM «YEPHBIN AIUK» 0€3 MOHUMAaHUS TOro, KaK Mbl PELINIIN
IIOCTABJICHHYIO 3a/1a4y.

IlepeoOyyenue

Hamu Ob11M paccMOTpEHBI TUTIOBBIE 33/1a4M 1O MOJTOTOBKE JIaHHBIX,
Tereph PAaCCMOTPUM OJIHY U3 OCHOBHBIX MPOOJIEM aJITOPUTMOB MAIIIMHHOTO
oOyueHust — rnepeodydeHue.

MBI TOMHUM, 9TO OJHOM W3 BaKHBIX XapaKTEPUCTUK aJITOPUTMOB
MalIMHHOTO OOyYeHHs sBiseTcs oOoOmaromas cnocoOHoCcTh. OIHAKO
C HEW CBsI3aHbI €llle JBa MOHATHUS: HeAooOydeHus u nepeoOydeHus. [lpu
MOJATOTOBKE JAHHOTO MYyHKTa HUCIOJNb30BaJCAd Marepuan (B TOM YHCIE
WJUTIOCTPATUBHBIN) U3 UCTOUHMKA [4].

HenooOy4eHne BOZHUKAET ITPU OOYICHHH TT0 TIPEIECHTaM U XapaKTe-
pHU3yeTcs TeM, YTO AJITOPUTM HE JIAeT YJOBJIETBOPUTEILHO MaJION cpeaHei
omMOKM Ha oOywaroleM MHOXecTBe. Kak mnpaBmio, 3TO SIBJIEHUE
MOSIBJIETCS BCIICJICTBHUE UCTIOIB30BAHUS HEAOCTATOYHO CIIOKHBIX MOJICIICH.

[IpoTrBOTONOKHOE 3TOMY SBJICHHIO — Mepeodydenne. Ero cyrthb
COCTOUT B TOM, YTO BEPOSTHOCTh OUIMOKH HATPEHUPOBAHHOIO aITOpPUTMA
Ha OOBEKTaxX TPEHUPOBOUHOM BBIOOPKM OKa3bIBAE€TCA CYIIECTBEHHO
MEHbIIIE, YeM Ha 00BbeKTax TecToBOW. Yalmie Bcero mepeoOyudeHHE MOSB-
JISIETCS M3-3a UCIIOJIB30BAHUS CIUIITKOM CJIOKHBIX MOJICTIEH.

PaccmoTtpuMm rpaduk, wumocTpupyronmid 3ddekt nepeoOyueHus
(pUCYHOK 5).

Touku Ha rpaduke ¢ pUCYHKAa 5 COOTBETCTBYIOT Pa3HbIM Crioco0am
oOy4eHUsI, ¥ KaXaas U3 HUX MOJydeHa YCPETHCHUEM 10 OOJIBIIIOMY YUCITY
pa3oueHnii MCXOAHOM BBIOOPKM 00BEMOM B 72 oOpaslla Ha TECTOBYIO
u oOyyaronryro yactu. Kak BUIHO U3 pUCYHKA, TOUKH UMEIOT MOCTOSIHHOE
CMEIIIEHHE BBEPX OTHOCHUTENIHLHO AuaroHaidu rpaduxa. To ects Halmoaa-
ercs 3PdexT nepeodydeHus: OMMOKN Ha TECTOBOM BBIOOPKE MOSIBISIOTCS
yaiie, 4eM Ha oOydJaroiie.
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Tacmama otisibar Ha koxmpons, %

20 4

Tacmama aumbar Ha ofyyenu, %

PucyHoK 5. Unnioctpauma nepeobyyeHus

Yamie Bcero npu MOCTPOCHUU AITOPUTMOB OOYUYEHUS UCIIOIB3YETCS
METOJI MUHUMHU3AIIUHA SMITUPUYECKOTO PUCKA (CpeIHEN OMMOKU anropurma
Ha oOy4aroniel BIOOpKe). Ero cyTh cOCTOUT B TOM, YTOOBI JIJIsi TEKYIIECH
MOJIeNId TOAOOpaTh aJrOpUTM, MUHUMM3UPYIONIMN 3HAYEHUE CpeaHeu
OoImMOKY Ha TaHHOW 00y4aroiel BhIOOPKE.

C nepeoOyyeHrneM MeETOJa MUHHMHU3AIMUA SMIOUPUYECKOTO pPHUCKA
CBSI3aHBI TPU YTBEPKCHUS, OOBSICHSIIONINE €T0 IPUUYNHY:

1. MuHuMU3aIMsT SMIUPUUECKOTO PUCKA HE SIBIISETCS TapaHTHEH
Majgoi BEpPOSTHOCTH OLIMOKA HA TECTOBBIX JIaHHBIX. MOXHO JIETKO
MOCTPOUTH AJIITOPUTM, KOTOPBIH MUHUMH3UPYET SMIOUPUYECKUI PUCK 0
HYJIsI, OJIHAKO HE OyneT cnocoOeH k o0yueHuto. CyTh COCTOUT B TOM, UTO
ATOT aJTOPUTM 3allOMUHAET OOydYarollyl0 BBIOOPKY, MOTOM CpPAaBHUBAET
3alIOMHEHHBINA o0pa3zel ¢ nmpeabsBiasieMbiM. [Ipu coBnagennn npeabsBieH-
HOTO 00BeKTa U o0pasia o0yvaromieil BHIOOPKU alTOPUTM BBIJACT MPaBU-
JbHBIN OTBET, NHAYE — BBIBEAETCS MPOU3BOJIBHBIN. TO €CTh AMIUPUUYECKUN
PHUCK paBeH HYyJII0, 0JJHAKO 00001IaroIIeil CHOCOOHOCTH y aJropyuT™Ma HET.

2. CornacHo [4]: «IlepeoOyueHne MOSBISIETCS UMEHHO BCJIEJCTBHE
MUHUMU3AIUA 3MIIUPUUECKOTO pucka. IIycTh 3a/laHO KOHEUHOE MHOXKe-
CTBO U3 D aJIropuTMOB, KOTOpBIE€ JOMYCKAIOT OIIMOKKA HE3aBUCHUMO
U C OJMHAKOBOM BEpPOSATHOCTHIO. YMCIO OMMOOK JIO00r0 M3 ITHX
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aITOPUTMOB HA 3aJIaHHON OOydarolel BBIOOPKE MOJAUYUHSIETCS OJHOMY
U TOMY )€ OMHOMHUAIBLHOMY pacrpeieieHni0. MUHUMYM 3MIUPUUYECKOTO
pHUCKa — 3TO clly4yailHas BEJIMYHMHA, paBHAsI MUHUMYMY U3 D HE3aBUCHMBIX
OJIMHAKOBO PacHpeleNieHHbIX OWHOMHUANBHBIX CIIy4allHbIX BEJIUYHH,
0’)KMJAEMO€ 3HAYCHUE KOTOpOM ymeHblnaercss ¢ poctoM D. CoorBer-
CTBEHHO, C POCTOM [ yBEIWYUBAETCA MEPEOOYYEHHOCTh — Pa3HOCTH
BEPOSITHOCTH OLIMOKHU U YACTOTHI OIIMOOK Ha OOyUYECHHH.

B nmanHOM MOAENBHOM MPUMEPE JIETKO MOCTPOUTH TOBEPUTEIIbHBIN
WHTEpBaJ EPeOOYUYEHHOCTH, TaK KaK PYyHKIIUS pacrpeeiIeHus MUHUMYyMa
u3BecTHa. OJIHAKO B pEAIbHOW CHUTYyallMU aJIrOPUTMbl UMEIOT Pa3IUYHBIC
BEPOSITHOCTH OIIMOOK, HE SIBJISIOTCS HE3aBUCUMBIMH, & MHOKECTBO aJIro-
PUTMOB, U3 KOTOPOTO BBIOMPAETCS JIYUIINH, MOXKET OBbITh O€CKOHEUHBIM.
[lo »TUM mpUYKMHAM BBIBOJ KOJWYECTBEHHBIX OIIEHOK MEPEOOYyUYEHHOCTH
SIBJISIETCSI CJIOKHOM 3a/iaueid, KOTOPOH 3aHUMAETCA TEOPHUS BBIYMCIUTEIb-
HOTO OOydeHus. o cux mop ocTaercss OTKPBITOM MpobiieMa CUIbHOU
3aBBIIIEHHOCTH BEPXHUX OLIEHOK BEPOSITHOCTHU MEPEOOYUEHUSD.

3. IlepeoOyueHune MOSIBIASETCS B CBSI3U C M30BITOYHOW CIIOKHOCTHIO
mMonenu. Bcerma MOXHO HaAWTU OIITUMaJbHOE 3HAUEHHE CIOXKHOCTU
MOJIeJIH, TIPH KOTOPOM MepeodydeHne OyJaeT MUHUMAaNbHBIM. 7151 mpumepa
IpUBEIEM HECKOJIBKO T'pauKOB, HA KOTOPBIX OyJEeT BUIHA 3aBUCHUMOCTD
nepeoOydeHus: OT CIIOXKHOCTU Mmojenu. [Ipu crenenu 2 nmoiuHoma (pucy-
HOK 6) MoJienb siBiisieTcst HeooOyueHHou. [Ipu crenenu 40 (pucyHok 7) —
nepeoOy4eHHOM U HeycTolumBO#l, a BOT creneHb 20 (puUCYHOK §) —
ONTUMAJIbHA.

y*(x) yix) CTeneHs nofuHoma = 2

14
12
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08
06
04
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o 4
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04

-20 15 -1.0 05 1] 0s 10 15 20 x

—e— (Obyvalwad eolbopka (B0 Tovek)  —o— KoutponbHana exibopra (49 Toyex)
PucyHoK 6. HegoobyueHHasa mogenb
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y*(x), yix) CTeneHe nonuHoma = 20
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PucyHok 7. OntumanbHaa mogenb

¥Hx) yix) CTENEHE NONHHOME = 40
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PucyHok 8. MepeobyuyeHHasa mogenb

OnHuM U3  CIOCOOOB  M3MEPEHHS] BEPOSITHOCTU MEpPeoOyUYeHUs
SIBJISIETCSL SMOUpUYECKUd Mmetoa MoHTte-Kapio, uiaM MeTon CKOJIB3SIIETro
KOHTpOJs. B nuTepaType Takke BCTpEUarOTCA Ha3BaHUS KPOCC-TIIPOBEPKA,
i kpocc-anuganus. CyTe €ro B CIEIYIOMIEM: MPOU3BOAUTCS HEKOTOPOE
KOJIMYECTBO Pa30MEHUN UCXOJHON BBHIOOPKM HAa O0YYaIONIYH0 U KOHTPOJIb-
Hyt0. [l kaxaoro pa30MEHus] MPOUCXOJIUT OOyYEHHE aIropuT™Ma Ha
oOyyaromieil moABBIOOPKE M OIIEHKA CpEeIHEW OIMOKM Ha KOHTPOJIBHOM.
3aTeM BBIYMCIISIETCA OLIEHKA CKOJIB3AIIETO CPETHETO, KaK CPEAHSA IO BCEM
pa3OueHusIM BeJMYMHA BBIUUCICHHOW omuoOku. Jlns He3aBUCUMOM
BBIOOPKHA ATOT MOKa3aTeldb JA€T HECMEIICHHYI0 OIIEHKY BEPOSTHOCTH
OlKUOKU. METOJI CKOJB3SIIEr0o KOHTPOJISL SBJISIETCS CTaHAAPTHBIM CIIOCO-
OOM CpaBHEHHsI U OIICHHMBAHMS AJITOPUTMOB KJIACCU(PUKAIINHU, PETPECCHH,
MPOTHO3UPOBAHUSL.
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[Ipu ucnonb30BaHUM KPOCC-BAIMIAIIMN MOKHO CETaTh CISAYIOIINE
BEBIBOJIBI:

1. Ecniu ommOka Gosibliasg Ha OOJBIIMHCTBE YYacTKOB, TO CKOpeEe
BCEro npooyiemMa B MOJICIIH.

2. Ecnu manHble 0Oywaromieid BBIOOPKH XapaKTEPHU3YIOTCS CHUIIBHO
CMEMICHHBIMU MaTEMaTHYEeCKUM OXHJIAHUEM U JTUCIePCUEe, TO YPOBEHb
0000111eHUsT OyIeT HU3KUM, YTO MOKET OBITh CBSI3aHO C IIEPEOOYUCHHEM.

3. Ecnu HaliieHbl CUJIbHBIE OTKJIOHEHUS Ha OMpPEAENICHHBIX MOABBI-
O0pKkax, TO, BEpOSITHO, MPOOJIeMa B 3TUX ydacTKaxX JAHHBIX WA MOJEIb
HEeJI000yuaeTcs.

4. Tlpu manom oObeme oOywaroieid BBIOOPKH KPOCC-BaJIMIAIIMS
MOXET CTaTh CIIOCOOOM OOPBLOBI C MEPEOOyUECHUEM.

Ecnu e roBopuTh 0 MpsAMBIX CIIOCO0aX OOPHOBI ¢ MEepeo0ydeHUuEM,
TO MOKHO BBIJICIUTH CJICTYIONTHE:

1. Ynpouienue moienu.

2. TloaroroBka OoJibllIero yuciaa oOydarouux JaHHBIX (BO3MOXKHO,
C TTIOMOIIbIO TEHEPAITHHN ).

3. Perynspuzanus.

OcranoBuMcs MoJapoOHee Ha mocieaHeM. Perynspusaius npeacTas-
JaseT coboil  1o0aBiieHHE HEKOTOPOW JOMOJHUTEIBHOM HHpOpMALIUU
K YCJIOBHI0O MUHHMH3AIMHA OMIMOKHA. BBIMOTHSETCS 3TO, YTOOBI PEIIUTH
HEKOPPEKTHO TOCTABJICHHYIO 3aJa4y WJIH MPEIOTBPATUTh MepeoOydeHue.
Yame Bcero gobapnsgemas nHGopMalus NpuHUMaeT BU mTpada 3a CIox-
HOCTh Mojenu. Hampumep, BBeIEHHbIE OTpAHUYEHHUS MO HOPME BEKTOP-
HOTO MIPOCTPAHCTBA WJIW TJIAJIKOCTU pe3yibTupyromeil pynkuuu. Umum xe,
c 0alfleCOBCKOW TOYKHM 3pEHUs, JTOOABICHHBIC alPUOPHBIC pacIpeIeiIeHuUs
Ha TTapaMeTphl MOJICIIH.

Cornacho [5]: «CymecTBYIOT CIEAYIONIME OCHOBHBIE BUJIbI PETYJIS-
pHU3aIuu:

L1-perynsipuzarus (anria. Lasso regression):

N M
RSS(w) = 5 3 (F(x,w) —yi)* +A Y Iwj ,
i—1 =0
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I7I€ W — BEKTOP BECOB MOJIMHOMA;

4 — K03 UIMEHT peryJspu3alnm.

L2, unu Perymspuzanuss TuxoHoBa (B aHTJIMMCKOW JIMTEpaType —
ridge regression unu Tikhonov regularization), st ”HTErpaIbHBIX YpaBHE-
HUU MO3BOJISIET OAIAHCUPOBATh MEXY COOTBETCTBUEM JAaHHBIM U MAJICHb-
KOU HOPMOU PEIICHUS:

1 ¢ 2 A 2
RSS(w) =5 D (Flxi,w) —y)? + 7 [Iwlf*,
i=1

rae WVi*— kBaapaThyHas HOpMa BEKTOpa BECOB (CymMMa KBajpaToOB
Ka)XJIOTO Beca).

NupiMu ciioBamu, iepeoOydeHre B OOJIBIIIMHCTBE CIIy4aeB MPOSBIIS-
€TCSl B TOM, UTO B MOJIYYAIOIINXCSI MHOTOWICHAX CIUIIKOM OOJbIINE KO3 (-
¢unreHThl. COOTBETCTBEHHO M OOPOTHCS C 3TUM MOXHO JIOBOJBHO €CTECT-
BEHHBIM CIIOCOOOM: HYXKHO MPOCTO J00aBUTh B IIEJEBYI0 (HYHKIHIO
mTpad), KOTOPHIM OBl Haka3bplBaJI MOJIENIb 3a CIHIIKOM OOJIBIIIHE
KO3 HUITUEHTHI».

[To moBOMy MpUMEHEHUSI TOM WM WHOW PEryJisipu3alivii MpUBEIEM
Marepuall UICTOUYHHKA [6]: «Perynspusaiuio MOXHO TPUMEHSTh C JIFOOBIM
MetogoM MO-kiaccupukanu, KOTOPhI OCHOBaH Ha MaTeMaTHYeCKOM
ypaBHEeHUHU. [[puMephl BKIIIOYAIOT JIMHEUHYIO, JJOTUCTUYECKYIO PETPECCUIO
U HelpoHHble ceTd. [locKobKy 3TO YMEHBIIAET BEIUYMHY BECOBBIX
3HAYCHUN B MOJEIM, PETYJSIpU3aIlMI0 WHOTJA Ha3bIBAIOT COKpAICHHEM
BecoB. OCHOBHOE MPEUMYIIIECTBO TPUMEHEHUS PETYJISIPU3aIllUA B TOM, YTO
OHO YacTO MNPUBOJUT K CO3JIaHUIO Oojiee TOYHOM Mojenu. [ IaBHBIN
HEJIOCTATOK 3aKJIIOYAaeTCsi BO BBEJICHUU JIOMOJHUTEIBHOTO MapameTpa,
3Ha4Y€HUE KOTOPOTO HY)XHO OIpEJeTUTh, — BECOBOI'O 3HAYCHMS PETYIIs-
puzaiuu. B cirydae JIOruCTUUeCKON perpeccruu 3TO He CIUIIKOM CEPhE3HO,
TaK KaKk B O3TOM aJrOPUTM OOBIYHO HCHOJIB3YETCA JHUIIL TapaMeTp
CKOPOCTHM OOYy4Y€HMSs, HO MPU HCIOJIL30BAaHUU OO0Jee CIO0NKHOTO METO/Aa
KJIaCCU(HUKAIIMK, B YaCTHOCTH HEUPOHHBIX CE€Tel, J00aBIeHHUE e11le OJHOTO
TaK Ha3bIBAEMOI'0 THIEpIapaMeTpa MOXKET MOTpeOOBaTh MACChI JIOTIOTHU-
TeJILHOU pabOoThI JIA 1MOI00pa KOMOWHAITMY 3HAYEHUHN JIBYX MTapaMeTpPOB.
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L1- u L2-perymapu3zamus — npoueccsl cxoxue. Kakon xe ru3 HHUX
aydiie? B mpuHnune, uccienoBaressiMd chOpPMYJIHPOBAHBI KOE-KaKUe
TEOpETHUUECKUE MpaBuja HacyeT TOro, Kakas peryispusaius Jydiie AJis
OTpeNIeJICHHBIX 3a7]a4, HO Ha MPAKTUKE MPUAETCS MOIKCIIEPUMEHTHPOBATD,
YTOOBI HAWTH, KAKOW TUN PEryJISIpU3alliy JTy4llle B BallleM CIy4ae U CTOUT
JI1 BOOOIIIE UCIOJIB30BaTh KaKyl0-JIMOO PEryIsapU3aluio.

[Ipumenenue L1-perynsipuzaiu MHOTJIAa MOXET JaBaTh IOJIE3HBIM
moOOYHBIM A(PGEKT, BBHI3BIBAIOIIUNA CTPEMJICHHE OJIHOTO WU OoJiee
BeCcOBbIX 3HaueHuil K (.0, a 3TO 03HAYAET, UYTO COOTBETCTBYIOIIUI MPU3IHAK
HE OKa3bIBAET 3HAUMMOTO BIIUSIHUSI HA PE3YJIbTUPYIOLIUNA, TO €CTh BKIIIO-
YeHHE €ro B Mojielib TpeOyeTcsi. DTO oHa U3 (GOpPM TOTO, YTO HA3BIBAIOT
«cenekuen npuzHakoB». B otnuune ot L1, L2-perynspuzanus orpaHu-
YUBAET BECOBBIC 3HAYEHUSI MOJICNIM, HO OOBIYHO HE MPUBOJUT K MOJHOMY
OOHyJeHUIO 3TUX 3HaueHui. [loaToMy MOXkeT nmokazateesd, uro L1-peryns-
puzanus gyuie L2-perynspuzanun. OJHAKO HEAOCTATOK NPUMEHEHUS
L1-perynspuzanyii B TOM, YTO 3TOT METOJ HE TaK-TO MPOCTO HUCIOJb-
30BaTh C HEKOTOPHIMHU aJIrOpUTMaMU MallMHHOTO oOydeHus. Hampumep,
C TeMH, B KOTOPBIX HCMOJIb3YIOTCS YMCIICHHBIE METOJIbI JIJII BHIYMCIICHUS
TaK Ha3bIBAEMOTro rpagueHTa. L2-peryisipuszaiuio MOXHO HCIOJIb30BaTh
C JIFOOBIM THUIIOM aJTOPUTMa O0YUYEHHUSI.

Takum oOpazoMm, MOXHO cjelarh BBIBOA, 4TOo LI1-perynsipuzanus
WHOT/a JIaeT MOJIE3HbIA MOOOYHBIM A(DPEKT yaaneHuss HEHYXHBIX TMPU3-
HAKOB, MPUCBaKNBas CBsI3aHHBIM ¢ HUMU Becam 3HadyeHue 0.0, Ho L1-pery-
Jspusalus CTaOUJIbHO paboTaeT HE cO BceMH (opMaMu OOyUCHHUS.
L2-perynspuzamus paboTtaer co Bcemu (popmMamu 00ydeHus1, HO He obecre-
YuBaeT HEesIBHOU cenekiuu PyHkuuil. Ha npakTuke ke clielyeT UCIOb-
30BaTh METOJI P00 U OMIMOOK, YTOOBI OMPEETUTh, Kakasi popma peryis-
pu3anuu (eciiv oHa BOoOIIe Hy>KHA) JTydllle JUIsl KOHKPETHOM 3a/1aum.

PaccMmoTrpenHbie MeTo/ibl OOpHOBI ¢ TIEpeoOydYeHHEM MOIONAYT IS
perpeccurd WM HEUpOHHBIX ceTel. [[ns OophOBI ke ¢ mepeoOydeHHeM
B Mojzenax [lepeBbeB Pemenuid ncnosib3yloT pruning (Tak Ha3bIBAEMOE
yCeueHHe) — yaalieHne HauMeHee MH(HOPMATUBHBIX Y3JI0B VISl YIIPOILIEHUS
mozaenu. Jleno B TOM, 4YTO cpa3y HeNb3s IOCTPOUTh ONTUMAIbHOE
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(ManeHbKOE) JepeBO, TaK Kak B JEpPEeBEe Majloro pasMmepa OyAeT Mmajo
MH(POPMATUBHBIX MAPAMETPOB, YTOOBI KOPPEKTHO 0OpaboTaTh BCE BXOJI-
Hble 00pasbl (Mojelb OyAeT HemoJiHOW, HenH(popmaTuBHOM). [losrTomMy
criepBa jenarT 00iblnoe, HO WH(HOPMATUBHOE JIEPEBO, a 3aT€M YIAJSIOT
HanMeHee MHGOPMATUBHBIE y3JIbI M TOATSITUBAIOT JIEPEBO, YMEHBIIAS €ro
pa3mep\riryOuHy.
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MOJEJIH U AJITOPUTMbBI MAIIIMHHOI'O OB YYEHUA

Kak Obuto ckazaHO BO BBEJACHUHU, MAIIMHHOE OOYYEHHUE HAXOJUTCS
Ha CTBIKE MAaTEeMaTHMYE€CKOM CTAaTUCTHKH, YMCJICEHHBIX METOJO0B OIITHMHU-
3aIlid, TEOPUM BEPOATHOCTEU M IUCKPETHOTIO aHaIu3a. JTa JUCUUILIIMHA
KOMOMHUPYET U WCIOJIb3yeT pa3IMYHbIe METOJbl B MOCTPOCHUU MaTema-
TUYECKUX MOJIeNIeH OOBEKTOB U SIBIICHUM JJIs1 TOCIEAYIOIIEr0 UX U3YUYCHHUS
1 100bIYM 3HAHUM. B 1aHHOM pasjelne npeajiaraeTcs pacCMOTPETh, OCHOB-
HbIE AJIEMEHTHl MAaTEMaTHKH, UCIOJB3YIOIIMECs B MAIIMHHOM OOYUYEHHH,
a TAK)X€ M3YYUTh METOJbl aHAJIW3a AHHBIX, KOTOPHIE 3AJI0KUIA OCHOBY
paccMaTprUBaeMON TUCHUILIAHBI.

IlepBoe, 4TO HEOOXOAUMO OTMETUTH, — JIF00AsT JUCHMILIMHA, UCIIOJIb-
3yIOIlas MAaTEMATUUECKUH arapar, Tak WA MHA4YE 3aHUMAETCS] MaTeMaTH-
YECKUM MOJISTUPOBAHUEM — 3aMEHOM pealbHOTO OO0BEKTa €ro adCTpaKT-
HBIM, UJCATU3UPOBAHHBIM MPEACTABICHUEM M UCIIOJb30BAHUEM IOJYUYECH-
HOTO TPEACTABJICHUS I U3YYEHUs] 00beKTa U A0O0bIYM 3HaHuil. To ecTh
OCHOBHOE, C YeM pabOoTaeT MallMHHOE O0y4YeHHUe, — 3TO MaTEeMaTHUYECKUE
Mozenu. X MOKHO pa3AeinTh HA PA3JIUYHBIE TUIBI 10 HEKOTOPBIM MIPHU3-
HakaM. C TOYKH 3pEHUSI MAaTEMATHUYECKOT0 BU/1a (DYHKIIMHU, COCTABIISIONICH
MOJIEJIb, BBIJICJISAIOT JIMHEWHBIC W HEJIMHEHWHBbIC Mojaeyd. [lo koimuecTBy
IIEPEMEHHBIX B MOJIEJIM OHU JEIATCA HA COCPEAOTOUYCHHBIE U PACIPECIICH-
Hble. C TOUKH 3pEHUS yUeTa CIyYalHOCTH MOJIENH JAETATCS Ha IETEPMUHU-
POBAHHBIE U CTOXAaCTUUYECKHE, a C TOYKU 3PEHUS M3MEHYMBOCTH BO BpE-
MEHM — Ha CTaTM4YeCKue W auHamuueckue. [lo mpupoae mcnosib3yeMbix
B MOJIECIIM T[ApaMETPOB M TMEPEMEHHBIX HX MOXKHO pa3lciuTh Ha
JIUCKPETHBIE U HEMTPEPBIBHBIE.

B o6miem Buje MmaremaTudeckass MOJEIb MOXKET OBITh IIpeJiCTaBIeHA
CJIEIYIOIIUM 00pa3oM:

Y=F(X, W, Ws W),

rae Y — BBIXOJHBIE JaHHbIC, X — BXOJHBIC JTaHHbIC; [* — HEKOTOpast
byHKIUsA; W, — KOHCTaHTHBIE TapaMeTpbl Mojienu; W,; — AuHAMUYECKUe
napaMeTpsl MoJiesiu; Wy — cTaTudecKue nmapaMeTpbl MOJICIH.
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IIpyn mocTpoeHUU MOJENIEH AJIEMEHThl MHOXECTB W, Kak mpaBuJo,
3apaHee HEU3BECTHHI U TpeOyIOT HaxoxaeHus. EcTh ABa ciocoba perieHus
ATOW 3aJaud: AHAUIMTUYECKUA W 4YHUCIEHHbIM. [lepBbid Tmipenmonaraer
HaxO0JCHUE KOPHEH, BTOpOH — MPpUOJIMIKEHHE Pe3ysbTara K HEKOTOPOMY
YIAOBICTBOPUTEIIBHOMY 3HAYEHHIO. Y JOBJIECTBOPUTEIBHOCTh B JTAaHHOM
CIy4ae OILICHHUBACTCS HEKOTOPBIM 3apaHee OINPEACICHHBIM KPUTECPHUEM.
[Ipu 3TOM U1l pemieHUs] 3aJadyd YUCICHHBIM METOJIOM HEPEAKO IPOHC-
XOJUT ee mepedOopMYyJIMPOBKA IS ONPEACIICHUS U BBEACHHUS YCIIOBUS,
OTpeJIeTISIoNIero KauecTBo pemnieHuss. HeooxoammMo oTMETUTh, YTO YMCIICH-
HBIC METOJbI Yallle BCETO OMUPAIOTCS HA OTKIOHEHUE MOJIYyYaeMOIo pe3y-
JbTaTa OT KEJIAeMOTO U CTPEMSTCS MUHHUMHU3UPOBATH 3TO OTKJIOHEHUE.
[Ipyruem nmanHbBIM Moaxond OyaeT padoTaTh, JaXkKe €CIM HEHW3BECTHA TOUHAS
dbopMmyna AJisi TOJYYEHHUs] BBIXOJHOTO 3HAYEHUs, OJHAKO O0s3aTelIbHO
CYIIIECTBYET CHOCO0 HU3MEPEHUS OTKJIOHEHHUS, a TAKXKE MOXXHO HaWTH
3HAYEHHUSI, KOTOPHIE OH JI0J’KEH MPUHUMATh.

[TosiBNieHUE YUCIECHHBIX METOJ0B ONTUMHU3AIIUUA OBLIIO O0YCIOBJICHO,
BO-TIEPBBIX, TE€M, YTO HE BCE 3aJa4d MOXHO PEIIUTh AHAIMTHYECKHU.
Knaccuueckuit mpumep I1OJ00HONM 3aJauyd — TpaBUTAIlMOHHAs 3ajaya
N ten. CornacHo Bukuneauu [1], ee hopMynupoBka 3By4uT Tak: «B myc-
TOTe HaXoauTcs N MaTepuaIbHbIX TOYEK, MaCChl KOTOPBIX U3BECTHBI {m;}.
[lycTe momapHo€ B3aMMOJECHCTBUE TOYEK IMOJYUHEHO 3aKOHY TATOTCHUS
HbioToOHa, W MyCcTh CWJIBl TPaBUTAIMU AAJUTUBHBL. [lyCTh H3BECTHBI
HayaJIbHbIE HA MOMEHT BpeMeHM =0 MOJIOKEHUS W CKOPOCTH KaxKIOou
TOYKH Ti|;—9 = Fio, Vil;—0 = Vio. TpeOyeTcst HAUTH TOJIOKEHUS TOUYEK JIJI BCEX
MOCJIEIYIOIIMX MOMEHTOB BpeMeHW». I corjlacHo ToMy K€ UCTOYHMKY [1]:
«Ha nmanHbBII MOMEHT B o0OIeM Buae 3amada N Ten it N>3 MOXKeT OBITh
pellieHa TOJIBKO YUCICHHO, mpuyeM i N=3 psaasl 3yHIMaHa Jaxe MpU
COBPEMEHHOM YPOBHE KOMIIBIOTEPOB HCMOJIb30BaTh MPAKTUYECKH HEBO3-
MOKHOY.

Bo-BTOpBIX, Jake BO3MOXKHBIE AaHATUTUYECKHE PEIICHUS CHCTEM
MOTYT 001aJaTh CYIIECTBEHHOW CIIOXKHOCThIO. MaTpu4Hble peIICHUs
UMEIOT BBIYUCIUTENBbHYIO CHOXHOCTHR O(N"3), Toraa Kak YUCJICHHBIE —
JIMHEWHYIO.
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B-TpeTthux, mpu NpOTUBOPEUUBOCTH WM MYJIbTUKOJIMHEAPHOCTH
JAHHBIX AHAJMTUYECKUE PEHICHUS] MOTYT JaBaTh HEOMPEJECICHHBIN pe3y-
apTaT. B oTaMuyme OT HUX YHUCIEHHBIE METOJIBl BCErJa CXOMSTCS IYCTh
U K JIOKQIBHOMY, HO BCE K€ ONPEACICHHOMY PEIICHHUIO.

B ocHOBHOM, Tipu penieHnu 3ajja4 MUHUMU3AaIM1 OIIMOKY, B MAIIIMH-
HOM OOYYEHMHU HCIOJB3YIOTCS TPAJUECHTHBIE METOMAbI, COCTABJISIOIINE
0COOBIN KJlacc alfOPUTMOB ONTHUMU3ALMU. ['paueHT B JaHHOM Clydae —
3T0 (cornmacHo Bukuneauu [1]): «BekTOp, CBOMM HaIlpaBJICHUEM YKa3bl-
BAIOIIUI HAIpaBJICHUE HAMOOJIBIIETO BO3PACTAHUSI HEKOTOPOW BEITUYUHBI
(@, 3HAYEHHUE KOTOPOU MEHSAETCS OT OJHOW TOUKH MPOCTPAHCTBA K JPYroi
(ckajsipHOTO TOJIs), @ MO BeNuyuHEe (MOYJII0) PaBHBIM CKOPOCTH pOCTa
ATOM BEJIMYMHBI B 3TOM HAlPaBJICHUH.

Hanpumep, ecnu B3sAThb B Ka4€CTBE (P BBICOTY MOBEPXHOCTH 3€MIIH
HaJl YPOBHEM MOPs, TO €€ TPAJAUEHT B KaXJ0W TOUKE MOBEPXHOCTU OyAeT
MOKA3bIBATh «HAIPABICHUE CAMOTO KPYTOrO MOJIbEMa», U CBOEH BEJIUYH-
HOM XapaKTepHU30BaTh KPYTU3HY CKJIOHA.

C MaTeMaTH4eCcKOi TOYKY 3PCHUS Ha TPAJUEHT MOXXHO CMOTPETh KaK Ha:

1. KoaduuuenT muHEHHOCTH U3MEHEHUS 3HAYeHUsI (YHKIIMA MHO-
I'MX MEPEMEHHBIX OT U3MEHEHHUSI 3HAYCHHS apTyMEHTA.

2. Bektop B nmpocTpaHCcTBE 00JaCTH ONpPEETIeHUs] CKaIsIpHOU PyHK-
M1 MHOTHUX MEPEMEHHBIX, COCTABIECHHBIN U3 YACTHBIX MPOU3BO/IHBIX.

3. Conepxkumoe Matpuisl Sxkodu. Ee cTpoku copepkatr rpagueHThbl
COCTABHBIX CKaJSIPHBIX (PYHKIHUM, U3 KOTOPBIX COCTOUT BEKTOpHAas (PyHK-
M. MHOTHX [TE€PEMEHHBIX.

[IpocTpaHcTBO, HA KOTOPOM oOImpejereHa (PyHKIHS U €€ TPaJUeHT,
MOXET OBITh KaK OOBIYHBIM TPEXMEPHBIM MPOCTPAHCTBOM, TaK U MPOCT-
PAHCTBOM JIIO00M IPYrod pasMepHOCTH, JTF000H (HU3nUeCcKO TPUPOIbl WU
YUCTO a0CTPaKTHBIM (0€3pa3MEpPHBIM ).

Metoa TpaJlu€HTHOTO CIyCKa — HAXO0XJEHUE JIOKAJbHOTO JKCTpe-
MyMa (MUHUMyMa WIM MaKCUMyMa) (PYHKIIMU TyTEM JIBUKEHUS BIOJIb
IpaIi€HTa B HAIIPABJIECHUH HAUCKOPEUILIETO CITyCKa, 3a/1aBA€MOT0 aHTUTpa-
nueHTOM. CyIIECTBYIOT CJIEAYIOIIUE TUIIBI TPAAUEHTHOIO CITYCKa:
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1. C nOCTOSIHHBIM IIArOM.

2. C npobyieHueM mara.

3. Hawuckopeiimero crycka.

4. CToXacTUYECKHIA.

bonee mogpoOHO O TpagUEHTHOM CIIyCKE MbI IMIOTOBOPUM Jaliee,
3J€Ch )K€ PACCMOTPUM AHAIUTHUYECKUE METOJbI, HCIIOJIb3yEMbIC B MAlllH-
HOM OOYy4YEeHHUH, TaK KAK UMEHHO OHU COCTABJISIIOT MEPBOE MOKOJICHHUE aJIro-
PUTMOB, IPUMEHAEMBIX JIJI aHAJIN3a JAHHBIX.

MeToabl TeOpUH BEpOSATHOCTEH

IlepBBIit cpe3 METOJ0B, KOTOPHIH HEOOXOAMMO PacCMOTPETh, —
METO/Ibl TEOPUU BEPOATHOCTEU. Teopuss BEPOSITHOCTENM — pa3ieil MaTeMa-
THUKH, B KOTOPOM HM3y4alOTCs CIIy4yailHbIe BEJIUYUHBI U COOBITHS, UX CBOM-
CTBa M BO3MO>KHBIE OTepaliii HaJ HUMH. Takum oOpa3om, KIIFOUEBOE MOHSI-
THE, JIeKalllee B OCHOBE ATOW IUCIUIUIMHBI, — BEPOSITHOCTh COOBITHS P;.
Onupasich Ha HEr0, MOXHO JIaTh OMNpPEJEICHUE MOJHONW TPYNIbl COOBITHM.
Ona onpenensieTcsl Kak CUCTeMa CIy4alHBIX COOBITHM, KOTOpasi 00yiagaeT
CJIEIYIOIIUMUA CBOMCTBAMMU:

1. B pe3ynbTare CIy4yalHOTO 3KCHEPUMEHTa HEMPEMEHHO IMPOHU-

30MAET OJHO U TOJBKO OJHO M3 COCTABIISIIOIIMX €€ COOBITHM.

2. Cymma BEepOSTHOCTEH BCEeX COOBITHH MOJTHOM TPYIIIBI paBHA 1.

JlocTaTOYHO YacTO MPH MCCIENOBAaHWU JaHHBIX (BBHIOOPOK) M TOJI-
CUETE OMPEJICIECHHBIX XapaKTEPUCTUK BHIOOPKHU CUUTAIOTCS TOJHBIMU FPYTI-
MaMHu COOBITHH.

C momomip0 METOJI0OB TEOPUM BEPOSTHOCTEN MOYKHO MPOBOJUTH Kak
MPOCTHIC, TaK U CJIOHBIC ONEpPALMM MO aHAIN3Y AaHHBIX. Cpeau MpOoCThIX
MO’KHO BBIJICIUTh TMOJCYETHI BEPOSTHOCTHBIX XapaKTEPHUCTHK BBIOOPKHU:
MEJAUaHbl, MATEMATUYECKOTO0 OXWUJAHUS, JTUCIEPCUU, a TAKKE BEIUYUHBI
CpEeIHEKBAPATHUECKOTO OTKJIOHEeHHS. PaccMoTpuM ux moapooOHee.

Menuana — 4KCIIO, XapaKTEPHU3YIOIIee BEIOOPKY O CPEIHEMY U3 €€
3HayeHul. To ecTh, eciii Bce JIaHHbIE BHIOOPKU PA3JIUYHBI, U OHA YIOPS-
JI0YeHa MO BO3PacTaHWIO, TO POBHO IIOJOBHHA W3 AJEMEHTOB BBIOOPKH
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OyZneT MeHbIlle MeAWaHbl, U POBHO TOJIOBHHA — Oosbine. DopmanbHO
BEJIMYUHY MOXKHO BBIPA3UTh CIAETYIOIIUM 00pa30M:

Ecmu X={x,_x,} — xapaktepuszyemas BbIOOpPKa, TO X;— MEIHaHa, €CIIH
X;<Xp, IpU j € [1,k) n x,<x;, ipu i € (k,n] u k=n/2.

PaccmoTrpum npumep. Ilycts Beibopka X = {1, 2, 3,4, 5,6, 7, 8, 9},
TOT/Ia €€ MeJMaHon OyAeT Yucio 5.

MaremaTuyeckoe OXKHUJIAHHE — CpeJlHeEe 3HAUEHHUE BEPOSITHOCTHBIX

AJIEMEHTOB BhIOOpKH. DOpMaTbHO OHA PACCUUTHIBAETCS TAK:
MIX|=2 x;p; -

PaccmoTrpum npumep. Ilycts Beibopka X = {1, 2, 3,4, 5,6, 7, 8, 9},
TOTJIa €€ MaTEMaTUYECKUM OXKHIaHWEeM Oy/IeT BeIWMYnHA, paBHas 5. Berau-
CJISIETCS OHa CJICAYIOITUM 00pa30oM: BBHIOOpKA pacCcMaTpuBaeTCsA Kak IOJI-
Has TPYIINa COOBITHI ¢ PaBHBIMHU BEPOSTHOCTIMU. TO €CThb p; I KaXKI0TO
anementa paHo 0,11. Torga 1x0,11+2x0,11+3%0,11...=5.

Jlucniepcus — mepa pa3zdpoca 3JIEMEHTOB BBIOOPKH OTHOCHTEIIBHO €€
MaTEeMaTHYSCKOTO OKHAaHusg. PaccuuThIBaeTcs JaHHAs BEJIWYMHA 110
dbopmyiie

DIX[=X(x; — M|X])?p; .

IIpu sTOM p; paccuuthiBaeTcsi kKak [/(n — 1), Ti€ n — KOJIUYECTBO
AJIEMEHTOB BBIOOPKH. ITO BBIMOIHAETCS JJISI TOTO, YTOOBI HE YUHUTHIBATH
OTKJIOHEHHE CaMOIr'0 MaTEeMaTHUYECKOTO OXHIAaHHUA OT ceOs. To ecTh, I
BBIOOpKU X = {1, 2, 3,4, 5,6, 7, 8 9} nucniepcust OyJeT pacCUMTHIBATHCS
CJIEAYIOIIUM 00pa3oM:

(1-5) x(1-5) x0,125+(2-5) x(2-5) x0,125+(3-5) X(3-5) x0,125...=7.5.

CpeHeKBaIpaTUYECKOS OTKJIOHCHHE — BEIMYHMHA, XapaKTepH-

3yIOIllasi pacceUBaHUE 3HAYEHUM BBIOOPKM OTHOCHUTENILHO €€ MaTeMaTH-
yeckoro oxuaanusi. @opmyia pacuera

o= P2 -2

A€ n — KOJIHNYECCTBO 3JICMCHTOB B BBI60pK€; X — MATE€MaTHYECKOE

OKHJIaHUE.
WNHTepnpeTupoBaTh JaHHYIO BEIMYUMHY MOXHO CIEIyHOUIUM oOpa-
30M: 4eM OoJibllleé 3HAYEHUE CPEIHEKBAJPATUUYECKOTO OTKIOHEHMS, TEM
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OOJIBIIUN Ppa30poC 3HAYEHHMH B MPEICTABICHHOM MHOXECTBE (OTHOCH-
TEIBHO €ro CpeaHel BENMYMHBI). Majoe 3HaueHHE CpeaHEeKBaIpaTH-
YECKOTO OTKJIOHCHHS TOBOPUT O TOM, UTO 3JIEMEHTBI BEIOOPKH CTPYIIITHPO-
BaHBl BOKPYI €¢ cpeaHero 3HaueHus. Eciam roBoputh o Oosee NMpakTH-
YeCKOM IIPUMCHEHUHU BEJIMYHMHBI, TO B dKOHOMHKE, HaIIpUMEpP, OHA XapaK-
TEePU3YyET TOXOTHOCTD MOPTQEIIS U er0 PHUCK.

OpHako pacCMOTPEHHBIE TMOKa3aTelld XapaKTEPHU3YIOT CIIydalHYIo
BEJIMYMHY JIMIIb C KaKOH-TO OJHOM cTopoHbl. Hambomee »xe IoIHO
Y MCUEPITBIBAIOIIE €€ OMUCHIBACT 3aKOH pacmpeneneHus — QyHKIHS, ompe-

nensitomias sl BeIOOpKM X BEPOATHOCTh TMOMAJaHUST B HEKOTOPBIN
MHTEpBaJ WM BEPOSITHOCTH MOJYUYEHHUs ONPEACIICHHOr0 3HaueHus X;. Eciu
KaKo-IM0O0 3aKOH paclpeeieHUs] OMUCHIBACT CIIyYalHYI0 BETUYUHY, TO
TOBOPSAT, YTO OHA €My MOJUYUHSIETCS WU 10 HEeMY pacrpesneneHa. Uasimu
CJIOBaMU, 3aKOH pacHpeieieHusl ONMUCHIBAET 001aCTh 3HAYEHUM CITy4ailiHOU
BEJIMYMHBI U BEPOATHOCTU UX TOJIYUCHHUSI.

Cpenu 3aKkOHOB pacrmpelereHus: HauboJee 4YacTo HUCIOIb3yeTcs
3aKOH HOPMAaJIBHOI'O pachpejielieHus Wiu pacupejaeneHus ['aycca, KoTo-
pBIil XapakTepu3yeT OOJBIIMHCTBO MPOIIECCOB, BCTPEUAIOIIUXCS B MUPE.
OTcrojla ¥ MPOU30LUIO €ro Ha3zBaHWe (HOpMalibHOE). 3akoH (MJIOTHOCTH
pacrpezesieHus] BEpOSITHOCTH ) ONTUCHIBAETCS CIEAYIONIeH (hopMyIoi:

(x—p)?

__1 5z
f(x)_o_me z ’

I7Ie 0 — CPETHEKBAIPATUUECKOE OTKJIOHEHHUE; [L — MAaTeMaTUYECKOe
OKHJIaHHE.

C maTeMaTHM4eCKOW TOYKH 3PEHHUS MOXKHO 3aMETHUTh, YTO JaHHas
GyHKIMSA 3aBUCUT OT JBYX IIapaMETPOB: MaTeMaTHYECKOTO OXKHUIAHUS
U CPETHEKBA/IPAaTUUYECKOTO OTKJIOHEHUS, MOITOMY [0 CYTH JIaHHBIM 3aKOH
MpeJicTaBiIsIeT cO00OM CeMEeMcTBO pachpeneneHuil. B kadecTBe mnpumepa
NpUBEJEM H300pakeHHWE W3 HCTOYHMKA [7], TOKa3bIBaroIiee rpaduku
HOPMAaJIBHBIX pacCIpeIeICHUH ¢ pa3HbIMU ITapaMeTpaMH (PUCYHOK 9).

49



OQopaTuTe BHUMAHHUE!

o [pagux c napamempamu d2=1 u u=0 coomseecmayem
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PucyHok 9. NMnoTHOCTbL HOPMaZIbHOTO pacnpeaeneHusa

Cornmacno Buxkuneguu [l1]: «BaxkHoe 3HaueHHUE HOPMAJIBHOTO
pacrpeiesieHlsi BO MHOTHX OOJacTAX HayKu (Hampumep, B MaTeMaTH-
YECKOM CTaTUCTUKE M CTATUCTUYECKOU (PU3UKE) BBHITEKAET U3 IIEHTPAIbHOMN
peiesibHOM TeopeMbl Teopuu BeposiTHocTe. Ecnm pesynbraT HabIiO-
JICHUsl SBJISIETCSI CYMMOW MHOTHX CIIy4ailHBIX c1a00 B3aMMO3aBUCHUMBIX
BEJIMYMH, KaK1as U3 KOTOPBIX BHOCUT MaJIbIM BKJIaJ OTHOCUTEIHHO O0IIei
CYMMBI, TO MIPU YBEJIWYCHUU YHCIIA CIATA€MbIX PACHPEICICHUE LICHTPHU-
POBAHHOTO WU HOPMHUPOBAHHOTO PE3YJIbTaTa CTPEMHUTCS K HOPMAaJIbHOMY.
DTOT 3aKOH TEOPUU BEPOSITHOCTEN UMEET CIEICTBUEM IIMPOKOE PACIPOCT-
pPaHEHHE HOPMAJIBHOTO PACIPEAECIICHUS, YTO U CTAJIO OJJTHOW U3 IPUYUH E€r0
HAaNMEHOBAHUS.

Kpome omnmcaHHBIX BBIIIE BEIWYMH M XAPAKTEPUCTHUK JJISI aHAIM3A
JAHHBIX OYEHb YACTO MCIIOJIB3YETCS OAHA M3 OCHOBHBIX TEOPEM TEOPHUU
BEPOSTHOCTEN — Teopema barieca.

OHa no3BOJISIET ONPEIETUTh BEPOSITHOCTh HACTYIUIEHUSI KAKOT0-JIM00
COOBITHUS TIPU YCIIOBUM, YTO MPOU3OLLIO JPYroe COOBITHUE, CTATUCTUUECKU
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B3aMOCBSI3aHHOE C HCCIeayeMbIM. KIIOUEBBIMH TOHSTHUAMU B JTAHHOU
TEOPEME SIBIISIFOTCSI TIOHSITHSI allpUOPHON M allOCTEPUOPHOU BEPOATHOCTEM.
PaccmoTpum ux noapo6GHee.

AnpuopHass BEpOSITHOCTh — Ha3HAUYC€HHAsi COOBITHIO BEPOSTHOCT,
IIPA YCJIIOBUU OTCYTCTBHUSI 3HAHWM, IMOJJICPKUBAIOIIAX €T0 HACTYIUICHHE.
AmnocTepropHas BEPOSTHOCTh — Ha3HAYEHHAs! COOBITUIO BEPOSTHOCTH IMPH
YCJIOBUM HAJIWYUA 3HAHWH, MOJACPKUBAIOIINX €r0 HACTYIUICHUE U MOJIY-
YEHHBIX OINBITHBIM ITyTEM.

Tenepp meperzeM HENOCPEACTBEHHO K Teopeme baiieca. dopmy-
JUPYETCSl OHA CIEAYIOIUM 00pa3oM:

P(B) ’

rae P(A|B) — anoctepuopHas BEpOSITHOCTh CIIPaBEIJIMBOCTH THIIO-
Te3bl A ipu HacTyIieHuu B; P(B|A) — BEpOATHOCTh HACTYILICHUS] COOBITHS
B npu wuctuHHOCTHM THNOTE3bl A, P(A) — anpuopHas BepOSTHOCTH
runotesbl A; P(B) — BEpOSATHOCTh HACTYILJICHUS COOBITUS B.

Meron baiieca nMeeT cBOM TOCTOMHCTBA U HepocTtatku. K nepBomy
MO>XHO OTHECTHM BO3MOXKHOCTb MCIIOJIb30BAHUS JKCIEPTHBIX 3HAHUU,
BO3MO>XHOCTh TOYHOTO OIKCAHUA SIBJICHUS U XOPOIIYI HHTEPIpPETUpye-
MOCTBh pe3yibTaToB. K HelocTaTkaM e OTHOCUTCS CIIEAYIOIIEE:

1. Meron He CTaBUT 10 MHUHUMH3AIUIO OIIMOKU KJIaCCH-

bukanuu.

2. Merop TpeOyeT paboThI IKCHEpTa.

(O8]

. CunbHast 3aBUCUMOCTH Pe3yJIbTaTOB OT BIOOpA MOJIEIH.
4. Tlnoxas paboTa Ipu MaJOM KOJIMYECTBE M BBHICOKOH Pa3MEpHOCTH
JTaHHBIX.
5. Meron paer mioxoe 0000mIEHME, OCOOEHHO Ha BBICOKOYPOB-
HEBBIX MPU3HAKAX.
6. Merox maer IUIOXHME pe3yNbTaThl MNPHU B3aWMO3aBUCUMOCTHU
MPU3HAKOB.
Taxum 00pa3zom, MOXKHO CIENATh BHIBOA, YTO JAHHBIM METOJ1 XOPOIIIO
paboTaeT B TeX CiydasXx, IJie IpU3HAKU U pe3yJbTaT CUIBHO 3aBS3aHbI HA
UX YaCTOTHBIX XapaKTePUCTUKAX.
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JepeBbst perueHui

Crnenyromuii MeToJ, aHalIu3a JAaHHBIX, KOTOPBI HaM HEOOXOJIUMO
paccCMOTpPETh, — MPUMEHEHUE JIEPEBLEB peElICHUU. JlepeBo peneHund —
CPEACTBO TOJACPKKUA TMPUHSATUS PEIICHUN IS TPOTHO3HBIX MOJEINEH.
CyTp ero paboThl 3aKitOYaeTcsl B MOCJEIOBATEIbHOM pPa3OUEHHH MHO-
’KECTBA JIaHHBIX HA HETEPECEKAIOIINecs KIACChl, KOTOPbIE B CBOIO OYEPEb
TaKXe IMOJIBEPraroTcs pa3OMEeHUI0 N0 KAKUM-TU0O0 KPUTEPUSIM C OLEHKOMN
s dexkTuBHOCTH pazouenusa. Kak npaBuio, nepeBO penieHuid COCTOUT W3
«Y3JI0BY», «JIUCTHEB» U «BETOK». «BeTKn» copeprar 3anucu aTpudyToB, OT
KOTOPBIX 3aBUCUT IiesieBasi (PYHKIUSA, «JIUCTbS» — 3HAYEHUS IIEJIEBOU
(GYHKIUMU, a «y3J7bD» — OCTaJbHbIE ATPUOYTHI, MO KOTOPHIM MPOUCXOAUT
kiaccudukanus. Yamge Bcero BhIJECISAIOT IBa TUIA JEPEBBEB: TSl KJIACCH-
¢dbukaimu (B 3TOM cillydae MpecKa3blBaeMblil pe3ybTaT — KJIacC, KOTOPOMY
NpUHAJIeKAT JAHHBIE) U I perpeccuu (pe3yibTaT — MPOTHO3UPYEMOE
3Ha4YEHUE 11eJIeBOU (QYHKITUN).

OO0O0OIIEHHBIN AJITOPUTM TOCTPOCHUS JIEpEeBa PEIICHUN Mo 00yua-
I01[eH BBIOOPKE COCTOUT U3 CIEAYIONIUX I1aroB:

1. Bepem crnenytromuii aTpulyT U MOMEIIAEM €T0 B KOPEHb.

2. Jlmsa Bcex 3HAYEHUM 3TOTO aTpuOyTa — OCTAaBISIEM B «IUCTBAX»
JTAHHOW «BETKW» TOJBKO T€ 3HAYEHHUS, KOTOPhIE COOTBETCTBYIOT
ONpEJIETIEHHOMY YCJIOBHIO.

3. IIpogomxaeM CTPOUTH JAEPEBO CpPEIU OCTABICHHBIX Ha MpE.bI-
IYIIEM IIare «JIUCThEBY.

Jl1s1 BBIOOpA CeAYIONIEro aTpudyTa MOXKET ObITh UCHOJIB30BaH OJIUH

U3 CIIEIYIOIINX OCHOBHBIX aJITOPUTMOB:

1. ID3. ATpubOyT BBIOMpaeTCsi Ha OCHOBE MPUPOCTa HHPOpPMALUU
U MUHMMH3alUM SHTponuu. HamoMHUM, YTO MOJ SHTpOMUEH
B JIAHHOM CJIy4ae NOJpa3yMEBaeTCid Mepa HEyHOpsJOUYCHHOCTH
cucteMmbl. UeM MeHbllle €€ BeJIMYhHa, TeM O0Jiee YIOpsSI04YECHBI
COCTABJISIFOLIIME CUCTEMBI.

2. C4.5 — ynyuiieHHasi Bepcus NPEIbIAYIIEro ajJropuTMa, B KOTOpOit
HCIIOJIB3YETCS HOPMAJIU30BaHHbBIN IPUPOCT UHPOPMAITUH.
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3. CART — aaroputm, UCHOJb3yEeMbI JJIsl IOCTPOEHUsI OMHAPHBIX
JIEPEBbEB, MPOU3BOIAIINNA pa3OMEeHHEe Ha OCHOBE MOJAIbHBIX
3HAYCHUU MTPU3HAKOB.

PaccmoTpuM paboTy 1O MOCTPOEHUIO JIEpEBA PEUIEHUIN € MCIONb30-
BaHMEM IepBOro airopurma. bosjee mogpoOHO 00 ITOM MOXKHO MPOUYUTATH
B [8, 9].

Kpatko anroput™m ID3 mMoxeT ObITh ONMKCaH TpeMsl IIaraMu:

1. TlocunTath SHTpONHIO Pa30MBaEMOr0 MHOKECTBA.
2. BbiOpaTh mpu3HaK ¢ MUHUMaJIbHON SHTPOINUEN U, COOTBETCTBEHHO,

MaKCUMaIbHON MH(OPMAIMOHHOUW BBITOJ0M.

3. Ha ocHOBEe MOJy4EeHHOro NMpU3HAKa CO3/aTh Y3€J] JEpeBa U MOBTO-

PUTH NPOLIERYPY.

PaccMoTpuM mocTpoeHHs JAepeBa pelIeHud s Kiaccuukaiuu
CJIEIYIOIIET0O MHOXECTBA U3 CEMH OOBEKTOB: {KpacHBIM Kpyr, 3€JICHBIN
KBaJpaT, KPACHBIM KBaJpaT, 3€JI€HbII TPEYTOJbHHK, 3€JIEHBIA KPYT, Kpac-
HBIM TPEyTOJIBHUK, KPACHBIA MPSIMOYTOJBbHUK}. Kak MbI BUANM, Kaxablid
U3 O0OBEKTOB XapaKTepU3yeTcs AByMs MMPU3HAKAMHU: I[BET U (popMa, TO €CTh
UMEHHO 10 HUM Mbl OyJieM MpPOBOAUTH pazouenue. jisi Mepbl SHTPONHUU
BbIOEpEM QopmMyiy sHTponuu [lleHHoOHA:

N

H = —zpi X log p;
i=1

B Tabmume 2 mnpencTaBieHBl pacdyeThl SHTPONUU BCEH CHCTEMBI.
[ToacyeTsl SHTPONHM I KaXKIO0TO M3 MPU3HAKOB MPUBEACHBI B TaOIHIIAX
3 u 4, COOTBETCTBEHHO.

Tabmuma 2. [ToxcyueT >HTPONTUU CUCTEMBI

O0bexT pi log(pi) | pi*log(pi)

KpacHBIN KBaJIpar 0,142857 | -0,8451 | -0,12073
KpAaCHBIN MPSAMOYTOJbHUK 0,142857 | -0,8451 | -0,12073
KpPAaCHBIN Kpyr 0,142857 | -0,8451 | -0,12073
3€JICHBIM KBaJApaT 0,142857 | -0,8451 | -0,12073
3€JICHBIN TPEYTOJIBHUK 0,142857| -0,8451 | -0,12073
3€JICHbIA KPYT 0,142857 | -0,8451 | -0,12073
KpPaCHBbIH TPEYTOJIbHUK 0,142857| -0,8451 | -0,12073
IuTpOnHs 0,845098

53



Ta6muua 3. [Togcuer sHTpONUM 1715 ipu3HaKa «L{BeT»

O0bekT pi log(pi) pi*log(pi)
KpacCHbBIN 0,571429 | -0,24304 -0,13888
3€JICHBIN 0,428571 | -0,36798 -0,1577
DHTponust 0,296583

Tabmuna 4. [Toacyer suTponHu yist mpu3Haka «Dopmay

O0bekT pi log(pi) pi*log(pi)
Kpyr 0,285714 | -0,54407 -0,15545
KBaJpaT 0,285714 | -0,54407 -0,15545
TPEYTOJIbHUK 0,285714 | -0,54407 -0,15545
PSIMOYTOJILHUK 0,142857 -0,8451 -0,12073
OHTponHs 0,587072

Kak ™Mbl BuIuM, TIepBBIM MPU3HAKOM, Ha OCHOBE KOTOPOTO OyJneT
IPOUCXOAUTH pa30MeHue, CTaHeT IBeT, a BTOpbiM — dopma. Krnaccu-
dbuKaims UICXOAHOTO MHOXECTBA C TTOMOIIIbIO IOCTPOEHHOTO JIepeBa MoKa-
3aHa Ha pucyHke 10.

LiseT
HPECV \mnem:lﬁ
®opma ®opma
TpeyronbHUK \
Kpyr // \ KBagpart Kpyr
TPeyronbHUK

KBagpaT NPAMOYroNbHUK

PucyHok 10. Knaccndumkauma ¢uryp ¢ nomoluublo aepesa

CTouT OTMETUTh, YTO Yallle BCEro JAEpPEBbsl PEIICHUN — OMHApHBIE.
B y3max oHuM comeprkar yciaoBus, & BETBU COOTBETCTBYIOT UICTUHHOCTH WM
JOXHOCTH 3TOro yciosus. [loatomy, ecnu nepeBo ¢ pucyHka 10 npeoOpa-
30BaTh B KJIACCHYECKOE JEPEBO PELICHUM, TO IMOJYYHUTCS M300paKeHHeE,
IIPEACTABICHHOE HA pUCYHKE 11.

Teneps paccMOTpUM HCIIOIB30BAHME 3TOrO0 METOJA UL PELIEHUs
3aauu U3 uctouHuka [10]: ciporHosupyeM ncxon Marda st GyTO0IbHON
KOMaHbl HCXO U3 CIEAYIOINX TapaMETPOB:
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¢ BbBIIIC JIK HAXOOUTCA COIICPHUK II0 TypHI/IpHOI\/'I Ta6J'II/II_IC;
® JOMa JIM UI'pacTCs MaTd;
® JIPOITYCKACT JIM MaT4d KTO-JIN0O n3 JINACPOB KOMAHABI,

® UJIET U J0KIb.

LiBeT==KpacHbli

7

popma==TpeyronbHuk  POpPMa==Kpyr

aa
V HeT HeT/ \
dopma==KBagpart Kpyr

TPeyro/ibHUK ¢opma==prr Aa/ \-mr

Aa Her  KBajpat TpeyroAbHUK
Kpyr dopma==KkBagpart
Ad / &er
KBagpart NMpAMOYTro/IbHUK

PucyHok 11. Knaccuueckoe aepeBo pelueHuit

[IporHo3 mpenaraercss BBIIOJIHUTHL HA OCHOBE CTAaTUCTHKH, IPEI-
CTaBJICHHOI B TaOJIHUIIE 5.

Tabnuma 5. CraTucTHYECKUE NaHHBIE JUIA 3a0aun

Conepauk Urpaem JIngepol Joxab IMobena
Brime Jloma Ha mecte Ha Her
Brime Jloma Ha mecte Her Ha
Brime Joma IIponyckaror Her Her
Huoxe Joma IIponryckaror Her Ha
Hwxe B roctsax IIponyckaroT Her Her
Hwxe Jloma IIponyckaroT Ha Ja
Briiie B roctsax Ha mecte a Hert
Huxe B rocrsax Ha mecte Hert 27?7

IIepBoe, 4TO MBI paCCUUTHIBAEM, — SHTPOIIUIO JJIs MPU3HAKOB. Pe3y-
JbTaThl MOXKHO YBHUAETh B Tabiuile 6, NMpUYeM [aHHbIE TPUBEICHBI
B OKPYTJICHHOM BUJIE.
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Tabmuia 6. SHTponHs 1J1s TPU3HAKOB

ConepHuk Hrpaem Jlugepni Hoxab IMoGena

0,29 0,26 0,29 0,29 0,29

CormacHo Tabnuue 6, nepBblii IPU3HAK, 10 KOTOPOMY OyAeT Mpouc-
XOJIUTh JCJICHHWE, — MeCTO Wrphl. [lo HammM JaHHBIM TOJyYaTCs 1Ba
MHOKECTBA: CO 3HAYCHHEM «JIOMa» U CO 3HAYEHUEM «B roCTsIX». Eciii MbI
PacCMOTPUM BTOPOE€ MHOXKECTBO, TO YBHJHMM, YTO CIEAYIOMIUI 1EIeBON
MPU3HAK C HYJEBOW SHTPONHUEH — UCXOJ MaT4a: BCE PJIEMEHTHI MHOXKECTBA
«B TOCTSX» HMMEIOT 3HAaUeHHWE Mojs mobema «HeT». CliemoBaTenbHO, TO
HAIlUM CTATUCTUYECKUM JIaHHBIM C TIOMOIIBIO JEPEBHEB PEIICHUM MBI
IPOTHO3UPYEM TOpPAKEHUE.

Ecnu roBOopuTh O JOCTOMHCTBaX JEPEBHEB pEHICHUN, TO MOXKHO
BBIZICINTH CeAyrommue. Bo-mepBbiXx, mpocToTa MOHMMAaHUS W WHTEpIpe-
Taiuud. Bo-BTOpBIX, MUHMMaJIbHbIE TPEOOBaHUA K MOATOTOBKE JIAHHBIX,
a TaKXe CIOCOOHOCTh paboThl ¢ OOoJBIIMMU OObEeMaMH JTaHHBIX.
B-Tperbux, MeTO OTMHAKOBO XOPOIIO padOTAET C Pa3HBIMHU BHIAMH TIPH3-
HAKOB. B-4eTBepTHIX, ABISETCS HAJAC)KHBIM METOJIOM U TTO3BOJISIET OIEHUTD
MOJIeNIb CTaTUCTHUYEeCKUMHU TecTaMu. K HemocTaTkam k€ MOXKHO OTHECTH
cleyroliee:

1. JIOCTaTOYHO CII0AKHO MOCTPOUTH ONTHUMAJILHOE IEPEBO PEIICHUM.

2. TloaBepKEHHOCTh NEPEOOYUEHHUIO.

3. He mnsa Bcex 3amad MokeT OBITh MOJMYYEHO pEIICHUE YIOBJIET-

BOPUTEJIBHOTO KAaYEeCTBA.

CraTrucruueckue MOJA€EJIN U ME€TOAbI

Msb1 paccMoTpend METOAbl MAIIMHHOTO OOy4eHus, MNpeIoCTaB-
JIEMbIE TEOPHEN BEPOSATHOCTEH, A TAKXKE MOJENIb JIepeBa PEIICHUM.
Teneps 00paTUMcsi K CTATUCTUKE U KPATKO OMUIIIEM €€ MOJEIN U METO/IbI,
KOTOpbI€ MOTYT OBbITh HMCIOJIB30BaHbI JJIS PEIICHUs 3ajlad MAaIIUHHOTO
oOy4eHHUsl, a UMEHHO METOJIbl PErPECCUOHHOTO aHaJin3a, MOJIPOOHO pac-
CMOTPEHHBIE B clienyromux ucrounukax: [11,12,13].
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B kxoHTEKCTE MAIIMHHOTO O0Y4YEHUS MO PErPECCUOHHBIM aHAITU30M
MMOHUMAETCS MPOLECC MOCTPOCHUS MAaTeMaTHYECKOW MOJIENH, OIHUChIBA-
IOIEN 3aBUCUMOCTh HEKOTOPOM IIEJIEBOM XapaKTEPUCTUKH OOBEKTa WM
mpouecca OT APYTrUX €ro XapakTepucTuk. Hampumep, 3aBUCHUMOCTh 4HCIIa
HOBBIX KJIMEHTOB OT BEJIMYMHBI 3apIUIaThl pPadOTAIOIIEr0 Ha YJIHIE
MIPOMOYTEpA.

B 3amaue perpeccMoHHOTO aHaiM3a BCerja €cThb O0O0yuaromas
BBIOOpKA, COCTOSAIIAs U3 BXOJHBIX MAPaMETPOB U OTKJIMKOB, a TaKXe Haya-
JbHAS mapaMeTpuyecKas MOJIeNIb, B CAMOM IPOCTOM CJIydae — JIMHEWHAs,
OJIHAKO HE 00s3aTenbHO TakoBas. [[ns 3amaum U3 mpuMepa 3Ta MOJIEIb
MOXET UMETh BUJl Y=L+, XX, TIe X — pa3Mep 3apIuiaThl IPOMOYTEPA; Y —
KOJIMYECTBO HOBBIX KIHMEHTOB; [y U f; — MapaMeTpbl MOJeiIu. 3ajada
perpeccuu — OLIEHUTh WX, TO €CTh HAWTU Takue 3HA4YeHUs [y U [;, 4TOObI
MOJYYEHHAs] MOJENIb OTpa)kaja 3aBUCUMOCTh MEXKJYy BXOJOM U BBIXOJOM
¢ TpeOyeMOil TOUHOCTBIO.

[Tocne momy4yeHns: af€KBaTHOM MOJEIM MBI MOXEM pEIIaTh 3aJauy
MPOTHO3UPOBAHUS, TOJICTABIIASI B MOJYYEHHYIO (OpMYNy BEJIMYMHY X
Y BBIYUCISIST BENUYUHY ) (C YIOBIETBOPSIONIEH HAC IMOTPEIIHOCTHIO).
[IpuBeIeHHBIN BBIIE NPUMEP MOAEIM — MOJEIb NAapHOW JWHEUHOU
perpeccuu, HO TOMHUMO HEE CyHIECTBYET U MHOKECTBEHHAsI, U HEJTMHEWHAS
perpeccun. Haunem paccMoTpeHHE ¢ camoro mpocToro.

JlomycTuM, Mbl XOTHUM ONHUCATh 3aBUCUMOCTb MEXAY ABYMS
dbakTopamu Mojenbio Buaa y=pF,+p;Xx. IlepBoe, 4To HEOOXOIUMO YUECTh,
— MOCTPOEHHAs JIMHUSI HUKOT/Ia HE OYyJIeT TOYHO MPOXOJUTH MO ONBITHBIM
TOYKAaM, TIOATOMY UCTUHHBIM BHJ PETPECCHOHHOW Mojenu OyaeT
y=Pytp;Xx+e, € e — omMOKHU HabOMOIeHN. BTOpOoe — mpexxe uem mnepe-
XOJIUTh K OIEHMBAHMIO MAapaMETPOB MOJEINH, L1eIecO00pa3HO MOCTPOUTH
JMarpaMMy paccesiHus, 4YTOObl YOeAUThCs, YTO BbIOpaHHAs MOJIEIb JACHCT-
BUTEJILHO MOKET OMNHUCATh 3aBUCHUMOCTh Mexay (axropamu. Ha guar-
paMMe paccesHUs KaXKI0U Nape «3aBUCUMBIN-BIUAIOIIAN TapaMeTP» COOT-
BETCTBYET TOUKa Ha IUIockocTH. Kak mpaBmiio, 3aBUCUMBINA (HakTOp OTKIa-
JBIBAETCSl TI0 OCH OpAMHAT, a BTOPOM — 1Mo ocu adciucc. Mojiens napHoit
JVMHENHHON perpeccuu rpapuyecky MpeacTaBisieT coO00i TUHUIO, Cle0Ba-
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TEJIbHO, WCMOJIb30BaTh €€ JJIsi ONKHCAHUS 3aBUCHUMOCTH IE€J€CO000pa3Ho,
€CJIM Ha JuarpamMMe paccestHusi TOYKHM pacrojiaraloTcsi BOKpYr (M jocTta-
TOYHO OJIN3KO) Kakou-muOo mpsMoi. OTKIOHEHHE peabHBIX TOUYEK
OT MOJCJIBHBIX — OCTAaTKU WJIM OIIMOKW HaOJIOJECHUM, KOTOphIe 0003Ha-
yarTcd e. [Ipumep auarpaMmel paccestHusl TOKa3aH HA PUCYHKE 12.

YA -

PucyHok 12. ilmarpamma paccesaHuma

Ec/u 1ocie aHaau3a AUarpaMMbl PACCESTHUS IIPUHUMAETCS PELICHHE
HCIIONIb30BaTh JUHEHHYIO MAPHYI0 PEIPECCHIO [ MOJEIMPOBAHMS 3aBHU-
CHMOCTH, TO CJIEAYIOIIMM LIAroM OyJeT HaXOXKIEHHE NapaMeTpOB MOJIEIH
po u B;. Jlna pemieHus 5To 3amauM B AEBAHOCTO JIEBATU HPOLEHTAX
CIIy4aeB HCIIONb3yeTCS METOJ HAUMEHBIIMX KBAJPATOB, IIPEI0KEHHBIH
T'ayccom Gostee aAByXcoT neT Haszaa. CyTh JAaHHOTO METOIA 3aKII0YaeTcs
B MHHHMMH3ALUH CyMMbI KBAaJpaTOB OTKIOHEHHIl OIBITHBIX JAHHBIX OT
MOJIeTbHBIX. DOPMAIILHO 3Ta 3a[a4a ONUCHIBAETCS TAK:

Q=Ye’>min
B 1aHHOM clly4ae e; BHIMUCISAETCS CIeLYOMIM 00pa3oM:
e; = Po + B1*x;i =y,
TJIE y; — PEalbHOE BHIXOJHOE 3HAYEHHUE IS BXOJHOTO 3HAYEHUS X;.
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UToOBbI pemMTh YKa3aHHYIO 3aJlauy ONTHUMU3AIUHU, PEIIAIOT CUCTEMY

YPaBHEHUM:
9]
_Q -0
9fo
d
99 _,
9

Haiins HeoOxoaumblie YaCTHbIE TPOU3BOHBIE U BBIMIOJHUB MTpeolpa-
30BaHUSl MO YIPOIICHUIO BBIPAKECHUN, MOJIYy4YalOT HOPMAIBHYIO CHCTEMY
YPaBHEHUM JJIs1 TAPHOW JINHEWHOUN PETPECCUU:

n*ﬂo+,31*zxi_ZJ’i=0
[))O*zxi-l_ﬂl*zxiz_zxi)’i:o

PaccmoTpum [t mmpumepa mOCTpOEHUE MApHOM JIMHEWHOM perpec-
CUU JUISl 3a1a4¥ 3aBUCUMOCTH €XKEMECSYHOIO KOJWYECTBA HOBBIX KIIMEH-
TOB OT MOYacOBOM 3apIuiaThl OPOMOYTEPA MO JAHHBIM, MPEACTABICHHBIM
B Tabnuie 7.

Tabauua 7. JlanHble 11 aHAIU3a

3apmara (x) 100 120 130 150

Koun4ecTBo KIHeHTOB ()) 70 100 120 140

IloncraBuM JaHHBIE B CUCTEMY YPABHEHUU W MOJYYUM CIIETYIOLINAN
ee BUL:
4 X o+ 1 X500—430=0
Bo X500+ ; X 63800—55600=10

BBIpaSI/IM ﬁo N3 IICPBOT'0 YPABHCHUS!
ﬁo = 107,5 - ﬁl X 125 p

[ToncraBuM BO BTOpOE U HaijieM [ :

53750 — 62500 X B, + B, X 63800 — 55600 = 0
1850

'31_1300'

B urore moyyunM ypaBHEHHE PErpeCCUU:
y =1,4231x — 70,385.
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[Tonydyennsie KOA()PUIMEHTHI MOXHO HHTEPIPETUPOBATH CIEAYIO-
muM oOpaszoM. 5, — 3HaueHue npu x=0. To ectb, eciu y Hac He Oyner
paboTtaTh mpoMoyTep (TO €cTh Mbl HE OyjJeM IJIaTUTh €My 3apIuiary),
eXKEeMECSIYHO MbI mporHosupyem oTTok 70 kiuentoB. CopaepskarenbHas
UHTEpIpeTaluss BTOporo kKoddduimeHnTa cieayromas: KaxIplii pyOib
B 3apIuiate npomMoyTepa aaet 1,4 HOBOTO KJIMEHTa B MECHLI.

Heo0xoaumMo 0TMETUTh, 4TO KO3(P(MUIIMEHTHI 1JI MAPHOU JTUHEUHOU
perpeccur MOKHO HalTH cpelicTBaMu TabinuHoro npoueccopa Excel. [lns
ATOrO CTPOUTCS OOBIUHAs TOUEUYHAas AUarpaMma, a 3aTeM OTOOpaKkaeTcs
JIMHUS TPEHZIA U YPABHEHHUE, KaK NTOKa3aHO HA pUCYHKE 13.

~ | " | N 1 - 1 n | . 1 e 1

\ dbopmar ArHMK Tperza Z
1 [ MNapamerps AMHmMn Tpenaa ¥
X Y
| 100,00 70 CIeN |
| 120,00 100
} 130,00 120 4 Mapamerpm AMHuK TpENAa
|
150,00 140
70 O — u () IkcrnoHeHUMENbHER

Ha3BaHue gmarpammbi l e

160
y=1,4231x-70,385

H‘/( O Norapudmuueckan
R =0,9842

120 ‘Iq‘ )I O NonnHomwansHas Crenent

u (0 CrenexHan

q\r/ (O Nunedinan dunbTpaums Toukn

100
80
60
40 Hasganue annpoKcuMHpyoweil (craaxenHoil)

20

0 ! O fipyroe
0,00 20,00 40,00 60,00 B0,00 100,00 12000 130,00 160,00

®) Apromatauecin Niveiin

Mpordos

Brepen v

Hasag va

[[] Hacrpours nepeceuetme

|
|
|
| MOKA3EIEATE YPAEHEHNE HA gUarpamme
|
|

MOMECTUTL Ha AMATPAMMY BENTUYAHY A0CTOE
annpokcumauyun (R42)

PucyHok 13. PaboTa ¢ napHoii AnHelHoi4 perpeccueit B Excel

Tam ke MOXXHO OTOOpPa3WUTh BEJIMYHMHY JOCTOBEPHOCTH aIMPOKCH-
Manun (WiH Kod(GOUIMEeHT AeTepMHHAmUH R°), KOTOpas [OKAa3bIBACT,
HACKOJIbKO MOJICJIbHBIE 3HAUeHHUsl OJM3KU K peanbHbIM. Yem Ommke 3Ta
BeNMYMHA K 1, TeM Jydle MoJielib OMHUCHIBAET pealbHOCTh. TO €cTh, MO
CyTH, 3TO KpUTEpUH KauecTBa Mojieniu. PaccunThiBaeTcst OH o gpopmyiie

R2 — Y 97 -ny>
Yyf-ny? ’
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XYi

n

rae y = — CpegHee 3HAYEHUE pEaJbHbIX pPE3yIbTATOB, y —
MIPOTHO3HOE 3HAUYECHUE.

O06nacThi0 3HaUYCHUS JJAaHHOW BEJIMYHMHBI Oy 1eT oTpe3ok ot 0 jo 1.

Kpome pacuera BenWYMHBI JOCTOBEPHOCTH alMpPOKCUMAIIUU €CTh
€II€ HECKOJbKO CIOCOOOB OIIEHUTh KAaYECTBO PErPECCMOHHOW MOJEIIU.
OpnHako B JaHHOM NMOCOOMU HE OyJIeM MOJIPOOHO OCTAHABIMBATHLCA HA 3TUX
METO/Iax, a JINIIIb NEPEUUCTUM UX:

1. AHanu3 nuarpaMMbl pacCcesiHus;

2. IIpoBepka CTaTUCTHYECKUX TUIIOTE3 O 3HAUUMOCTH MOJIEIIH;

3. AHaH3 OCTAaTKOB.

[lo TperbemMy NYHKTY MOSICHUM: METOJI HAMMEHBIIHNX KBaJpPaTOB
CIIPaBEIJIUB, €CJIM OCTATKU 00JIa1al0T CJIEYIOIMMU CBOMCTBAMMU:

1. HopmanbsHBIM pacrpeieIEHUEM.

2. B3anMOHE3aBUCUMOCTBIO.

3. HyneBbIM MaTeMaTHYECKUM OKUIAHUEM.

4. TToCTOSTHHOW TUCIIEPCUEMN.

To ecTb, ecam ocTaTku pa3zdpOCaHbl XaOTUYHO, TO METOJ| HaUMEHb-
IIMX KBaJAPAaTOB MOXXHO HMCIHOJIB30BAaTh JJISI PELICHUS ITOCTaBICHHOM
3a7ja4u.

Ecnu He XaoTU4YHO, TO HY>KHO CMOTPETh: €CIU OCTATKU PaCTyT MPHU
pocTe X, TO ecTb uX rpaduk HaAMOMHUHAET AUArpaMMy pacCesHHs, MOKa-
3aHHYIO0 Ha PUCYHKE 12, 3TO TOBOPUT O rE€TEPOCKENACTUYHOCTU OCTATKOB.
B naHHOM cnydae HEOOXOAMMO WCIOJIb30BAaTh B3BEIIEHHBIA METOJ]
HAaUMEHBIIUX KBaJIpaToB. Eciu rpaduk 0CTaTKOB MOX0X HA OTPE30K Mapa-
00JBI, TO CKOpee Bcero ObLla BhIOpaHa HEmpaBWJIbHAs MOJENb U HE0OXO-
TUMO BbIOpaTh apyryto. Ecnu rpaguk ocTaTkoB HallOMHUHAET, HApUMED,
CUHYCOHUJYy, TO €CTh OHU IUKJIMYECKU KOJIEOJIOTCS BBEPX-BHU3, TO 3TO
CBUJIETEIIbCTBYET OO0 aBTOKOPPEJSIIIUM OCTAaTKOB, KOTOpas MOXKET ObITh
OlICHEHa KOJIMYECTBEHHO C TMOMOIIbI0 Kputepusi JlapOuna-YoTcoHa.
B »TOM ciydae MeTo] HAaMMEHBIIUX KBaJpaTOB HEMPUMEHHUM, U HEOOXO-
JIMMO KCTOJIb30BaTh IPYTUE MOAXO/IbI.
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Kak ObL10 cka3aHO BbIllIe, MapHAas JIMHEWHAs perpeccusi He Bcerjaa
XOpOIIIO OMHUCKHIBAET AaHHBIE. Toraa 3aBUCHMOCTh MOXHO IMOINPOOOBATH
CMOJICTIUPOBATh MO0 KYCOYHO-TMHEWHOW MOJIEIbI0, TO €CTh MOCTPOUTH
HECKOJIbKO Pa3HbIX JIMHEWHBIX MOJEJEN I Pa3HbIX JUAa3OHOB 3HAYE-
HUW BEJIUYUHBI X, JTUOO UCIOJIH30BaTh HEJIWHEWHBIE MOJEIM: TUIEPOOTH-
YEeCKYI0, apaboINYECKyl0, CTETICHHYIO 1 OOpaTHYIO.

B oOmemM cinydae mpu BTOPOM MOAXOJAE ONTHUMHU3ALMOHHAS 3aja4ya
dbopmynupyercs Tak:

Q = X(f(x) — yi)? — min,

rze f(x;) — HeKkoTopas HeTMHEeWHAs! PyHKIIHS.

JIns ee pelieHusT MOXHO BOCIIOJIb30BaThCs, HANPHUMEP, METOAOM
Hrrotona-Padcona. Ho B HekoTOpwIX ciyyasx mpu padboTe ¢ TapHOM
HEJIMHEWHON perpeccuel HCMmoJib3yIoT TMPUEM MpeoOdpa3oBaHUsS MOJEIU
K JIMHEMTHOMY BUAY.

PaccmoTpum croco6 mpeobpazoBanust 6osee nmoapooHo. Hampumep,
MBI BBIOpaJIi TUIIEPOOIMYECKYIO MOJIENb, 3a/1aBaEMYI0 ypaBHEHUEM BHJIa

Yy =PBo+Pi/x.

Tornma, ecnu Mbl BBelleM 3aMeHy z=1/x, TO MOJEb MpeodOpasyercs
K MPUBBIYHOMY HaM JIMHEHHOMY BU]TY.

Jl1s mapabom4ecKor MOJIe BUIa

Y =Bo+ By X x+ Py *x?
3aM€Ha He BbINOJIHSAETCS. [Ipu ee pemeHnn ucnosb3yercss NoAX0, aHalo-
TUYHBIA CIy4Yar0 JIMHEWHOW MOJENH, HO B UTOTOBOM cCUCTEME OyIeT Tpu
YpaBHEHHS.
OGpaTHas Mo/IeNIb BHA
y=1/(Bo + B *x)
PUBOAMUTCS K JTUHEHHON Uepe3 3aMeny z=1/y.
CremneHHast MOJ€eIb BUIA
y = Bo x xF1
MPUBOJIUTCS K TUHEWUHOU JiorapuMupoBaHUEM:
In (y) =1In (Bo) + B11n (x).
BBoas 3aMeHBl, OJIydaeM ypaBHEHHUE:
z=p, + P Xt.
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OnHako, BBIMOJIHSIS TTOAOOHBIE MTPEe0Opa30BaHUsl, Mbl PUCKYEM HCKa-
3UTh B3aHMMOCBSA3M M TOHU3UTH AJEKBATHOCTh MOJEINH, MO3TOMY JIMHE-
PHAIN3AMIO HY>)KHO NPUMEHSATh KpalHe akKypaTHO. K ToMy ke HaHHbIN
noaxoa paboraeT He M Bcex Mozene. B Takom ciydae, kak ObLIO
CKa3aHO BBIIIE, TPeOyeTcs MCIOJb30BaTh YHUCIEHHBIM MeToJ HproToHa-
Padcona. Onumiem kpaTko ero ek, He BAaBasich B noapoOHocTH. [Touck
pELIEHHs] B HEM IMPOUCXOIUT IMOCPEICTBAM IMOCTPOEHHUS MOCIEA0BATEIb-
HBIX TPUOMIKEHUM, TO €CTh Ha OCHOBE MpocTod wuteparuu. llepBriM
[1aroM 3aJaeTcs CTapTOBOE NPHOJMKEHUE OKOJIO MPEANoIaraeéMoro
KOpHA. 3aTeéM B TOUKE MPUOIUXKEHUsS] CTPOUTCS KacarelibHas K rpaduxy
byHKIMM, U KOTOPOM HaxOJMUTCs IMepeceyeHrue C OChblo adcuucc. JT1a
TOYKA CYUTAETCS CICAYIOMUM MPUOTMKEHUEM, 11 KOTOPOTO TOBTOPSETCS
npoiecc. AJITOpUTM IPOJOJIKAET CBOIO pabOTy A0 TEX IMOp, MOKa He OynaeT
JIOCTUTHYTa HE0OX0IUMasi TOYHOCTh.

MBI paccMOTpenu pa3jIMdHbIE MOJIENIA MAPHOW PETPECCHH, TO €CTh
CJly4yau, KOrJa OTKIMK 3aBUCUT OT 0JHOTO (akTtopa. OJHAKO B HEKOTOPHIX
3a71a4ax Ha BBIXOJHYIO NMEPEMEHHYIO (OTKJIMK) BJIUSIET HECKOJBKO (DaKTo-
poB. B TakoM ciydae 3Ta 3aBUCUMOCThH OIMCBHIBAETCS MHOKECTBEHHOU
perpeccueil. Yame BCero B O3TOM CJIy4ae HCHOJIb3YIOTCS JIMHEHHBIE
mozenu. OOIuit B 3aBUCUMOCTH OIKMCHIBACTCS CJIEAYIONIUM 00pa3oMm:

Vi =Po+ P X X1+ o+ P XXy + &,

rae i=/..n, n — KOIWYECTBO HAOMIOACHWN, kK — KOJIHUYECTBO
(bakTOpOB.

[Ipu paboTe ¢ MHOXKECTBEHHOH perpeccuei, Kak MNpaBWioO, Mepe-
XOJST K MATPUYHOM 3aMKHCU CUCTEMBI:

Y=XXp+¢,
Y1 €1
rae Y = | ... | — BeKTOp OTKIHUKOB; £E= | ... | — BEKTOp OIINOOK;
Yn €n
ﬂl 1 x11 e xkl
B= ... | - BekTOp mapameTpoB; X = 1 x.1"2 X2 | perpeccuoHHas
ﬁn 1 X1n Xkn

mMarpuna, 71 — KOJIM4YCCTBO Ha6JIIO,Z[€HPII>'I; k — KOJIMYECTBO q)aKTOPOB.
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B nmannom ciydae 3amaua GopMyIupyeTcs CIEAYIOUIUM 00pa3oM:
JUTSL K3BECTHBIX X M Y HE0OOXOAMMO HaiTH Takue 3, 4To0b Q=), 51'2—’ min.

B maTtpuuHOM BHJIE TTOCIEIHEE BRIPAXKEHNE MOKHO MEpPENncaTh TaK:

Q =¢Te.

IIpu 3TOM

e=Y—-Xp.

Toraa aHaaoroM HOPMAJIBHOW CUCTEMBI YPAaBHEHUM NApHOMW JIMHEU-

HOM perpeccuu B HAIlIeM ciliydae OyJeT CleAyIolee BRIpaKeHUE:
g =XTX)"1XTy.

Opnako mnpu pabore ¢ dToM (GOPMYJTOM MOTYT BO3HUKHYTH
pobJIEMBI, CBSA3aHHBIE ¢ TeM, 4To oOpaTHyro Marpuiy (X7X)™1 cnoxno
nocuntath. Kak mpaBmiio, 3TO MPOMCXOAUT, €CIH €€ CTOJOIBI CHUIIBHO
KoppenupoBaHbl. Hampumep, eciii cToNOIBI PaKTHYECKH JIMHEWHO 3aBH-
CSIT OJIUH OT JPYroro (MMeeT MECTO MYJIbTHUKOJIIMHEAPHOCTh). Eciu koag-
dbunmeHT Koppensuuu cTosionoB Oynaer Oonbiie 0,8, TO oOpaTHyIO
MaTpUIly YK€ He MOCYUTaTh. Js pemiennst 3Toil npodsieMsl TM00 UCKITIO-
YarOT OJIMH W3 B3aMMO3aBHCHUMBIX (PaKTOPOB, MO0 MpHOEraroT K MCIIOb-
3oBaHuI0 TpebHEeBO perpeccun (Ridge regression). Ee cyTh coctout
B TOM, YTO JJIsl PEIICHUs MPOOJIEMBI MII0OX0H 00YCIOBIEHHOCTH MAaTPHIIBI
(XTX) k Heli no6aBisercs Hekoe uucao A. To ecTh obpamaercss MaTpula
(XTX + AI). TlonmyueHHBIE C HMOMOIIBIO I'PEOHEBO PErPECCHU OLEHKH
napaMeTpoB SIBISAIOTCS cMmerieHHbIMU (B oTinune oT MHK-onenok), HoO
JI0Ka3aHO, YTO CYIIECTBYET TaKOoe€ A TMPU KOTOPOM OIEHKH TpeOHEBOM
perpeccuu 6oiee 3gdextuBabl, yeM MHK-onenkn. OgHaKo 4ETKUX PEKO-
MEHAIMs OTHOCHTEILHO BBIOOpA YHCIia A HET.

[Iponomxass TeMy mpoOjieM MHOXECTBEHHOM perpeccuu, HeoOXo-
IUMO OTMETUTH ellle OJHYy. B cilydae HemapHOHW perpeccuu auarpaMmma
paccestHisI HE IPUMEHHMMA JIJIsl OTCIICKUBAHUS BHIOPOCOB, TaK KaK MPOCT-
paHcTBO Oyaer MHOroMepHoO. [[isi pemieHust ATol MpoOIeMBbl UCIIOIB3YIOT
poOactHeie MeToabl. OCHOBHYIO HH(GOPMALMIO O HUX MOXXHO HalTH
B UCTOYHMKE [14].

Ecau xe roBoputb 00 o01ieM airopurmMe paboThl ¢ MHOKECTBEHHOM

perpeccueﬁ, TO MOKHO BBIACIUTDL CIACAYIOIIUC IIATu:
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1. IloaroToBKa MCXOJHBIX AAHHBIX, KaK MPAaBUJIO, B BUAE TaOIUIIbI

(cM. Tabnuiry 8):

Taonuua 8. [11a00H HOATOTOBKU JaHHBIX

Ne onibITa ¥y X7 X2 Xk

1

2. OueHuBaHMe TapaMeTPOB MOJIENU 1O (popmyIie

g =XTx)"'XxTy,
WJIU TIPU UCIIOJIB30BaHUM TPEOHEBOM perpeccun — 1o hopmyse
B =XTX +AD7IXTY).

3. IlpoBepka 3HAYMMOCTH MOJEIH C HCIOJIB30BAHUEM KpPUTEPUS

Oumepa. Ecoiu no kpureputro ODumiepa JHMHEWHAass MOJAENb
MHOXECTBEHHOM PErpeccMy OKa3alaCh HE3HAYMMa, TO MOKHO
MEPEUTU K HENOJHOW KBAJAPATUYHOM MOJEIU U IPOBEPUTH €€.
Jlnst nByx (haKTOpOB JaHHAsI MOJIETb 3alUCHIBAETCS CIEAYIOIIUM
obpazom:
Y = Bo + Bixy + Baxs + Brax1x; .

Jlaiee pou3BOIAT 3aMeHY 3 = 1, U X3 = XX, U TPOBEPSIOT
3HAYMMOCTb MOJyUYHUBIIEca Moaenu. Eciiv u oHa He 3HauuMa, TO
NEepPEXONIT K TMOJHOW KBaJAPATUYHOM MOAENH, 3areM (Ipu ee
HE3HAYUMOCTH) — K HEMOJHON KyOMYEeCKOW W TOJHOW KyOude-
ckou. Ecim e 1 mocnenHsisi OKa3bIBa€TCA HE3HAYMMOM, TO Tepe-
XOIAT K CTENEHHOM, HO 3[1€Ch BO3PACTae€T PUCK BO3HUKHOBEHUS
MYJIbTUKOJUTMHEAPHOCTH. B mpuHIune, naxe kyouueckas MOJelb
YK€ JAeT BBICOKYIO MYJIbTUKOJUIMHEAPHOCTh. B ciyuae, korna He
yJaeTcsi HaWTH HU OJHOW 3HAYMMOM MOJEIW, NMPU3HAETCSH, YTO
PErPECCUOHHBIMA  METOJAMHU TIOCTABICHHYIO 33Jladyy PpPEIIUTh
HEJb35, U UIIETCS MHOM Croco0 penieHusl.

. IIpoBepka 3HAUUMOCTH Kaxjoro ¢aktopa mo kpureputo CTbio-

neHta. Eciu kakoi-To (hakTop OKa3bIBa€TCS HE3HAYMMBIM, TO €r0
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yoOuparoT U3 pacuera M TMOBTOPSIIOT e€ro 3aHoBo. Ecnu He3Ha-
YUMBIX (haKTOPOB HECKOJILKO, TO YOUPAIOT IO OJTHOMY.

5. OmeHka KadecTBa MOJEIM C TOMOIIBI0 Kod(duimeHTa aerep-
MUHaIMM. B 3aBUCHMMOCTM OT 00JIacTH 3a7ayd  MPUEMJIEMBbI
pasyinuHbie 3HaYeHus kodpdunrenta aerepmunanuu. Hanpumep,
U1 TeXHUKU 3HadeHue 0,9 Oyner moporoBbiM. Bce, 4To BbIIIE
€ro, — XOpolllee, HUXKE — HE O4YE€Hb. [[J11 SKOHOMHUKH MOPOroM
oyner 3Hauenue 0,5.

Teneps paccMOTpPUM €llle OJWH OCOOBIA BUJI PErPECCUM — JIOTHUCTHU-
YECKYI0 perpeccuto. JIaHHBIM BUJI UCTIOJB3YETCS, €CJIM 3HAUYCHUE OTKJIUKA
(Y) moKHO OBITH OTpaHMYECHO KaKMM-IHM0O0 auanasoHoM. Hampumep, eciu
Y — BEpPOSTHOCTh HEKOTOPOTO COOBITHS, TO OHA JOJDKHA JIeKATh CTPOTO
B nuarna3zone oT 0 mo 1. PaccMoTpeHHBIE paHee MOJIEIM HHUKAK 3TOTO HE
YYUTBHIBAIOT, TTOATOMY B MOJOOHBIX 3a7adyaxX UCIOIb3YIOT JOTUCTUYECKYIO
perpeccuro. Yarie Bcero oHa MpUMEHSETCS B 3ajJa4ax OMHAPHOMN KJIacCHU-
dukaruu. [Ipu y < 0,5 — oauH K1acc, HHA4YE — APYTOM.

B ocHOBe JaHHOTO BUJIa PETPECCUU JICKUT CIAEAYIomas PyHKIIUS:

1
y:

1+e=* "’
Ee rpadux npencrasieH Ha pucyHke 14.

CootBeTcTBYIOMIasl 3TOM (DYHKIUM PErpecCHOHHAsl MOJIENb OyleT

HUMCETH BU
_ 1
y = 1+e—(Bo+Bix1++Bpxy) *

Teoperrnuecku, BBINOJHUB MPeoOpa3oBaHUE JUHEpAIU3ALUU, €€
MOXXHO TIPUBECTH K JIMHEWHOM MOJEIM MHOKECTBEHHOW pETpecCuu,
IIPOU3BES CIEAYIOLIYIO 3aMEHY:

1
z=—In (E) .
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NorucTudeckan GyHKUMA

0,8
0,6

0,4

0,2

il

PucyHoK 14. N'paduk noructnyeckoii GyHKuumn

Ho Ttak kak B mporecce npeoOpa3zoBaHUN HapyLIAIOTCS OCHOBHBIE
npeanoceuikn MHK, To B mpakThke 3TOT NOAXOJ HE HCIOJIb3YyETCS.
BwmecTo 3Toro 17151 O1EeHKH MapaMeTPOB MOJEIN TPUMEHSIIOT METOJ MAaKCH-
MaJIbHOTO MPABJONOA00MS, C KOTOPHIM BaM MIpPEJiaraercsi 03HaKOMUTHCS
CaMOCTOSITENIbHO MTPU HEOOXOAUMOCTH.

MBI 3aKOHYMIIM PACCMOTPEHHE CTATUCTHYECKUX METOJOB aHaiIu3a
naHHbIX. Tenepp mepeitem k Oojiee aOCTPAKTHBIM MOJIETSIM M alTOPHUT-
MaM, 2 UMEHHO K HEUETKOM JIOTHKE.

Mojaeau 1 MeTOAbI HeUEeTKOH JJOTUKH

[Ipupoga HedyeTKMX OOBEKTOB OOYCIIOBJIEHA HCIOJIb30BaHUEM
AKCTIEPTHBIX OIIEHOK, KOTOPHIM CBOMCTBEHHA HEOMPEACIICHHOCTh Kilacca
HEUYETKOCTH. B OTIMYME OT CTOXAaCTHYECKON HEONpeeeHHOCTH, HEeYeT-
KOCTh 3aTPYJIHSIET WU JaXKe HCKIIOYaeT MPUMEHEHUE CTaTUCTUYECKUX
METOJIOB U MOJIEJIei, HO MOET OBITh MCIIOJb30BaHA JJIsi IPUHATHUS MPE]I-
METHO-OPUEHTUPOBAHHBIX PEIICHUI HAa OCHOBE MPHUOIMAKEHHBIX PaCCyX-
neHui yeaoBeka. OCHOBHBIE MPOOJIEMBI, pelllaeMble B HEYETKON JIOTHKE,
CBSI3aHBl C MOJCIMPOBAHUEM HHTEUICKTYaJbHBIX ONepanuid MpuoIu-
YKEHHBIX pacCyXJACHUN uesloBeKa (IKCrIepTa), a Takke 00BbEeKTOB, HaJl KOTO-
PBIMHU 3TH OTIEPAIMH BBITTOJTHSIIOTCS:

1. OObEeKTaMU UHTEIJIEKTYAJIbHBIX OIEpallHii, UICIIOJIb3YEMbIX B IPUO-
JUKEHHBIX PACCYXKJICHUSIX YENIOBEKa, SIBISIOTCA NEPEMEHHBIE HOBOTO
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KJlacca — JIMHTBUCTUYECKHE MTEPEMEHHBIE, 3HAUECHUSIMU KOTOPBIX SBJISIOTCS
HEYETKHE MHOXKECTBa. BaXHBIM SIBJISIETCS TOT (PaKT, YTO HAMMEHOBAHMS
JIMHTBUCTUYECKOUN MEPEMEHHON U €€ 3HAaUYCHUMN JOJKHBI COOTBETCTBOBATH
CJIOBaM, KOTOPBIE UCIIOJb3YET YETOBEK MPU PEIICHUU MPUKJIIAIHBIX 3a7a4.
Takum oOpaszom, omepaHaMU U Pe3yJIbTaTOM HUHTEIUIEKTyaJIbHBIX Omepa-
M SBIISIOTCS 3HAUCHUS 0CO00T0 BUIA — HeYemKue MHOMCECMEd.

2. OCHOBHBIC MHTEIUICKTYAJIbHBIE OIMEPAIUUA CTPOSITCS C MOMOIIBIO
onepayuii He4emKou J102UKU.

3. AJTOpUTMBI BBIYHCJICHUS HEUETKUX 3HAYCHUW MpPEIHA3HAYCHBI
IJI. MAHUITYJIMPOBAHUSA CO 3HAYCHUSIMU, MPEACTABICHHBIMU HEYETKUMH
MHOKECTBAaMU Ha OCHOBE OINEpalii HEYETKOM JIOTMKH, IMO3TOMY OHH
KJIACCU(UITUPYIOTCA KaK HEUETKHE CHCTEMBI JIOTMYECKOro BbIBOJIa. YacTo
UCIIOJB3YIOT COKpalleHHYI0 (opMmy 00O3HAYEHHOrO Kiacca MOJeNied —
Heyemkue Mooeu Uil Heuemrue cucmembi.

HedeTkne MHOXKECTBA

Teopus HeueTkMX MHOXeECTB, BBeAeHHas JI. 3ane [15], — aTo pazmen
MPUKJIAJIHOM MaTeMaTHKH, TOCBSIIEHHBIM METOJIaM aHajii3a Heompeje-
JICHHBIX JaHHBIX, B KOTOPBIX OINHCAHUE HEOIPECTICHHOCTEH pealbHbIX
SIBIGHUI M MPOIIECCOB MPOBOJMUTCS C MOMOIIBIO MOHATHS O MHOXXECTBaX,
HE UMEIOIIUX YETKUX I'PaHUII.

B nmanpHeitmeM i1 ykazaHMS HEONPEACICHHOCTH AKCHEPTHBIX
OIICHOK OyJlIeM HCIOJb30BaTh 3KBUBAJICHTHOE BBIPAXKEHUE — JIMHTBUCTH-
yecKasi HeompeaeaeHHOCTh. JI. 3aae mpeioxkuil no aHAJIOTUM C TEOpUeH
BEPOSATHOCTEH MCMOJIb30BaTh B KAUECTBE MAaTEeMaTHYECKOW MOJIENN JIMHT-
BUCTUYECKOU HEOMPEIEIEHHOCTH 00beKTa X € X PyHKIHIO BUAA

Y=p (x.B),

rae Y — pe3yJbTaT BBIYUCIAEHUS (YHKIUH, BBIPAKAIOIIUA MEpPY
HEOIPEACICHHOCTH (HEYETKOCTH) JIJISI KOHKPETHOTO 00bheKkTa X € X

W — HenpepbiBHas GyHKIMS, Takas, 9to u:-X—/0,1]. ConepxaTeabHO
GyHKIUA ¢ onpeesieT pacpeaesieHue HeONPEIeIEHHOCTH Ha X;
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X — oOnacte ompeneneHus ¢yHkuuu p. OOnacte ompeseneHus
3a/1a€TC YMOPSAJIOYEHHBIM MHOXXECTBOM 3HAYEHUUM MPOU3BOJILHON MpHU-
POJIbl, HA3bIBAEMBIM VHUBEPCANbHbIM MHONCECMBOM (UL YHUBEPCYMOM).
Hocurenem QyHkimu u(x,B) aBiasercss HOAMHOXKECTBO WC X, HA KOTOPOM
byHkuMs u(x,B) npuHUMaeT 3HaAY€HUE, OTJIMYHOE OT HyJsi. B kauecTe
YHUBEPCAIBHOTO MHOXECTBAa OOBIYHO 3a/Ia€TCS MHOXECTBO JEHCTBU-
TEJbHBIX YUCET;

B — BekTop napameTpoB QPyHKIIUH, OOBIYHO YHCIOBBIX.

OyHKIMOHATbHAS MOJIETb JIMHIBUCTUYECKONW HEOIPEIEICHHOCTH
MOJIy4YHJIa HA3BAHUE HEYemKo20 MHOMCeCmad, Tak KaK yKazaHHas QyHKIUS
[ pacCMaTpUBAaETCA Kak XapakTepucTudyeckas QyHKIUs, OnpeAcieHHas Ha
MHOXecTBe 00bekToB X. Takum oOpa3om, ¢ MareMaTHYECKON TOUYKHU
3pEHHUs, HEYETKOE MHOXKECTBO MOJAEIHUPYETCS MapaMeTpuueckon (yHK-
1IMe 0co00ro Kjacca, Ha3bIBAeMOT0 KJIACCOM (DYHKYUL NPUHAOTIEHCHOCMU.
B ToM cnyuae, eciau 3HaueHHS (PYHKIMU TPUHAICKHOCTH HEYETKOTO
MHOKECTBA TMPEACTABICHH TOYHBIMH YHCIOBBIMU 3HAUYCHHSIMH, TaKHUE
HEYETKHE MHOXKECTBA OTHOCST K Heuemxum muodcecmeam muna I. Ecnu
3HaueHUs] (QYHKIUM TPUHAIICKHOCTH HEUETKOTO MHOXKECTBA MOIEIH-
pYIOTCSL IpyTMMU HEYETKUMHU MHOXKECTBAMHU, TO TaKO€ HEUYETKOE MHO-
YKECTBO OTHOCST K HeuemKUM MHOxcecmeam muna 2.

Ha npakTrke MCHONIB3YIOT HECKOJIBKO CIOCOOOB 3afaHusi (GyHKIIUH
npuHaAIe)KHOCTU. Cpeu HUX BBIJIETUM CIIEAYIOIINE:

Cmpyxkmyphwiti cnoco6. JlanHasi (opma omnpenesneHus: HEUYETKUX
MHOKECTB OCHOBaHa Ha TaOJWYHOM MpejncTaBieHun GyHKIui. B ciaydae,
€CJIM M3BECTEH BEKTOp MapamMeTpoB B, TabinuyHoe mpejcTaBiieHue (QyHK-
MU TIPUHAJIKHOCTH MOKET OBITh 33a/1aHO SIBHO IMyTeM TaOyJWpOBaHUSA
byukuu Y = u(x,B) Ha MHOXKECTBE 3HAYECHUN W, SIBIAIOLIEMCS €€ HOCH-
TteneM. [Ipu HEM3BECTHOM BEKTOpE MapamMeTpoB B — MyTeM MNPSIMOTO
NepevrclIeHUs] MHOKECTBA Map B BUJE

Y= {,u;/x;, Iug/)Cg, cey ,un/xn}

Jlannast popma ynoOHa jyisi Tpaguyeckoro oToOpaKeHus HEYETKOTO

MHOKECTBA M UCIOJIB3YETCSI YaCTO B T€X CIydasiX, KOT/a 3aTPYAHUTEIHHO
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3a/1aTh MareMaTuyeckui Bua QyHKiuu Y = u(x,B), Hanpumep, ecinu X He
SIBJISIETCSI MHOYKECTBOM YHICEIL.

PaccMmoTpuM mpuMep 3anucu He4eTKOro MHOKECTBA B SIBHOU (hopme.

Ilycte w = {x;, x5 X3 X4 X5}, A — HEUETKOE MHOXXECTBO, JIs
KOTOPOTO  fia(x1) = 0,3; upa(x2) = 0; pa(x3) = 1; pa(xy) = 0,6; up(xs) =
0,9.

Torma A MOXHO TIPEICTaBUTH B BHJIC

A ={0,3/x1; 0/x; 1/x3; 0,6/x4; 0,9/x5}.

Dyukyuonanvusili cnocob. Ilpu 3ToMm mpenmnonaraercs, 4ro (popma
GyHKIMM  TPUHAISKHOCTA, MOJACIUPYIONIEH HEYETKOe MHOMKECTBO,
M3BECTHA U ONpEIEiICHa Ha MHOXECTBE JIEUCTBUTENBHBIX uyncen X. s
npeacTaBieHus Y = u(x,B) ucnonp3yroT paziauyHble (YHKIUUA (TTOKa-
3aHHbIC, HANpUMEp, Ha pUCyHKe 15: a) — TpeyroybHas, 0) — Tpameleu-
nanbHas, B) — ['ayccoBa).

["ayccoBa (hyHKIMS TPUHAISKHOCTH OMUCHIBACTCS BEKTOPOM Tapa-

MeTpoB B={0o, ¢} u popmynoit

4i(x, B) = exp(—[x“’j ),
O

I7€ ¢ — CpeaHee 3HAUYCHUE,

0 — CpelHee KBAaJIpaTUYHOE OTKIOHEHHUE.

TpeyronbHast QyHKIMS TPUHAIICKHOCTH XapaKTEPU3ZYETCsI TPOUKOM
yucen, B={a,b , c}, u Beruucasiercs no Gpopmyiie
X—a

5 ,a<x<bh
C_

= Q

u(x,B) = ,b<x<c

c
O, x<a,x>c,

rae b —3agaeT KOOPAWHATY BEPIIUHBI TPEYTOJIbHUKA,

a, ¢ — ONPENEIISIOT OCHOBAHHUE TPEYTOJIbHUKA.

[To amanoruu 3amaeTcss W TpamneneuaibHas (PYHKIUS MPUHAIICHK-
HOCTH, KOTOpas XapakTepu3yeTrcs yeTBepkoi uucen B = {a, b, ¢, d}:
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H(x, B) =

,c<x<d

0, x<a,x>d.

=
=

i<V

x V¥

1® |ﬁ
<V

PucyHoK 15. Tunosbie ¢popmbl PYHKUMI NPUHAZNEKHOCTU

Ha npakrtuke yacto mapamerp B sSIBHO HE yKasbIBaeTCs JJisa oOecrie-
yeHus 0ojiee KOMITAKTHOW 3amucu (PYHKIMHM TPUHAJICKHOCTH, TO €CTh
UCIIONB3YyeTCsl (PYHKIMOHANIbHAs 3anuch Bupa Y=u(X) Bmecro Y=u(x,B).
[Ipu nanbHEIEM U30KEHUU B Y4eOHOM MOCOOMM OyJeM HCHOJIb30BaTh
KOMITaKTHYO 3aKCh (PYHKITUM TPHUHAICKHOCTH.

C xkaxmoit GyHKIMEW NPUHAUICKHOCTH u(X) COMOCTaBIISIETCS
JMHTBUCTHUYECKOE 0003HAYEHHUE HEUETKOTO MHOXKECTBA (JIMHIBUCTUYECKUM
tepM). Torna pyHKIMS OpUHAIEKHOCTH HEYETKOr0 MHOXKeCTBa Z ((PyHK-
IMOHAJILHBIA CcMOCO0) OyAeT HUMEeTh CIEIYIOMYI 3amuch Z=uz(X).
PacmupuB TpaAMIIMOHHOE MOHSATHE MHOXKECTBA, JI. 3a71e moCTpousT «mate-
MAaTUYE€CKUH MOCTHK» MPU ONMUCAHUUA CBOMCTB MOHSTHU B BUIE HEUECTKUX
MHOXECTB MEXJY YHCJIOM X, CBONCTBOM Z, BBIPAXXEHHbIM JIMHTBUCTH-
YECKH, U CTETEHBIO COOTBETCTBUS YMCJIAa X CBOMCTBY Z B BHJE (PYHKIIMH
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Uz(x). ®aktuyecku 0003HAYCHHE HEUYETKOTrO MHOKECTBa uepe3 Z IO03BO-
JSI€T MMEHOBATh (DYHKIMIO MNPUHAIEKHOCTH WUz(X), B oOOlIEeM ciiydae
apaMeTPUUECKYIO0, IMHIBUCTUUYECKUMHU TEPMHUHAMU, TO €CTh ONEPUPOBATH
C HEW KakK CO 3HAYEHUSAMH JIMHIBUCTHYECKOM MEpPEMEHHON. YacTo 3Tu 11Ba
NOHATUS — Z U Uz(X) — pacCMaTpUBAIOTCS KaK SKBUBAJICHTHBHIE.

[Iyctb X ={x} — COBOKYNHOCTh OOBEKTOB (yHHBEpPCAIbHOE

MHO€ECTBO), 0003HaYaeMbIx yepes x. [lycTs Ha X onpeieneHsl Tpu HEYET-
KX MHOXeCTBa: A=«Hu3xkoey, B=«yooenemeopumenvrnoe», C=«xopo-
uieey, 0003HAYAIONIME HMEHA CBOMCTB TMOHSATUSA «KadyecTBO». Torna,

CIIEAysl CTPYKTYPHOMY CIIOCOOY Ui BCex x € X, HeUeTKOe MHOKECTBO A
MOJKET OBITh 33JaHO COBOKYIIHOCTBIO YIOpsaoueHHBIX map A = {x,1,(x)},
HEYETKOE MHOXXECTBO B — COBOKYIHOCTBIO YIIOPSAAOYEHHBIX Iap
B ={x,u;(x)}, Heuerkoe MHOXeCTBO C — COBOKYITHOCTBIO YIIOPSIOYEH-
HeIX map C ={x,u.(x)}. Vcnomp3ys (pyHKIMOHAIBHBIA CIOCOO 3aIucH,

IIPUBEICHHBIN BHITIIE, HEYETKNE MHOXKECTBA OyIyT MPEICTaBICHBI CIEAYIO-
UM 00pa3oM:

A=p,(x), B=pz(x), C=p.(x).

JIMHTBUCTUYCCKHUE INEPEMCHHBIC

Jluneeucmuyeckass nepemeHHass — 3TO TEPEMEHHas, 3HAYCHUSIMU
KOTOPOM SIBJISIFOTCSI CJIOBA WJIM BBICKA3bIBAHMSI €CTECTBEHHOT'O WJIM UCKYC-
CTBEHHOTO SI3bIKA.

Cornacno [16]: «ITockonbky ciioBa B OOIIIEM CMBICIIE MEHEE TOYHBI,
YyeM 4YHuCJia, MOHSATHE JIMHTBUCTUYECKON MEPEMEHHOM JaeT BO3MOKHOCTH
MPpUOJIMKEHHO OINMCHIBATH SIBJICHUS, KOTOPbIE HACTOJIBKO CJIOXKHBI, YTO HE
MOJAIOTCS ONMKMCAHUIO B OOIIECTIPUHATHIX KOJMYECTBEHHBIX TEPMHUHAX...
BBICOKAasi TOYHOCTh HECOBMECTHMMAa C BBICOKOW CJOXXHOCTBIO. Takum
o0pa3oM, OBITH MOXKET, UMEHHO IO 3TOM IPHUYUHE OOBIYHBIE METO/IbI
aHAJIM3a CUCTEM W MojenupoBaHuss HAa DBM, OCHOBaHHBIE Ha TOYHOMU
00pabOTKEe YHUCIEHHBIX JIaHHBIX, MO CYIIECTBY HE CIIOCOOHBI OXBaTUTh
OTPOMHYIO CJIO)KHOCTh MPOIIECCOB YEJIOBEUECKOTO MBIIIUICHUS U MPUHATHS

pemeHHﬁ. OTCIOI[a HaIlpalmnuBacTCA BBIBOJ O TOM, 4YTO JIA IIOJYUYCHUA
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CYIIIECTBEHHBIX BBIBOJOB O IOBEJICHUM T'yMAaHUCTHUYECKUX CUCTEM MpHU-
JETCs, TMO-BUAUMOMY, OTKa3aThCs OT BBICOKHUX CTaHJAPTOB TOYHOCTHU
U CTPOTOCTH, KOTOPBIE MBI, KaK MPaBUJIO, OKUJIAEM MPU MATEMAaTUYECKOM
aHaJIM3€ YETKO OMPENEICHHBIX MEXaHUCTHUUYECKUX CHCTEM, U OTHOCUTBHCS
0oJiee TepIUMO K MHBIM IMOJX0/IaM, KOTOPHIE SBISIOTCS MPUOIUKEHHBIMU
110 CBOCU PUPOJIEN.

JIto6ast mepeMeHHasi ONUCHIBAETCSI MHOKECTBOM JIOMTYCTUMBIX 3Haye-
HUM, a JMHTBUCTUYECKUE MOHATUS OMUCHIBAIOTCS HAaOOPOM MPUCYIINX UM
cBoMcTB. JI. 3aje pacuidpuil MOHATHE OOBIYHOM JIMHTBUCTUYECKOU mepe-
MEHHOM, JOMyCTUB, YTO B KAa4YECTBE €€ 3HAYEHUU (TEPMOB) BBICTYIAIOT
HeueTkue nepeMeHHbie [16]. IlpuMep JIMHIBUCTHUYECKOW NEPEMEHHOM,
3aMMCTBOBaHHbIN U3 [ 17], mpeacTaBieH Ha pUcyHKe 16.

L s KA PED

!

N ]
'
b

[}
m
T

HE OMEHb XONoA4Ho f‘: Bonee-meHee /

OMEHbL #ap Ko
KoM opTHO

N

O S - ' s ments
10 12 14 16 12 20 z2 24 X 28 30

PucyHoK 16. Mpumep AMHrBUCTUYECKOW NepemeHHOMn «TemnepaTtypa»

dopManbHO JIMHTBUCTUYECKAS IEPEMEHHAs! OUCHIBAETCSI HA0OPOM
< Name,)?,X,G,P >
rae Name— HaMMEHOBAHUE JTUHTBUCTUYECKON IEPEMEHHO;
X — yHUBEpCalIbHOE MHOKECTBO OOBEKTOB X;
X — 6a30BO€ TEPM-MHOXKECTBO, 00pa3yIOLIee COBOKYIIHOCTH TEPMOB
JIMHIBUCTUYECKON IIepeMEHHOM, Hanpumep, X ={«OTiuuHbli», «Xopo-
iy, «Ilmoxoiy, «Y 10BIETBOPUTEIBHBIN» U 1. };
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G — CMHTaKCHUYECKHUE MPaBuUia BbIBOJIA (MIOPOKIEHHUS) HOBBIX TEPMOB
X", He BXOAAIIUX B 0a30BO€ TEPM-MHOMKECTBO, 3aJaBacMble OOBIYHO Ha
OCHOBE KOHTEKCTHO-CBOOO/IHOW IrpaMMAaTHUKH;

P — ceMaHTHYeckue TpaBHJIa, KOHTEKCTHO-3aBUCHMBIN CIIOCOO
BBIYHCIICHHUS] CMBICIa HAa OCHOBE (DYHKIMN MPUHAICKHOCTA KaXKIO0TO
TepMam3 X C X",

Onepanuu HEYETKOM JOTUKH

Heuemxkas nocuxa — 310 JIOTHMKa, ONIEPUPYIOIIAs] HEUETKUMHU BBICKa-
3bIBAHUSMU U PACCYKACHUAMH HA 0a3€ YACTUYHON UCTUHHOCTH.

B ocHoBe omnepaninii HEYETKOW JIOTUKHU JIEKUT MOHSITHE HEYETKOIO
MHOYKECTBA, BbIpaXEHHOTO (QyHKIMEH mpuHaaiexHoctd. [loatomy ome-
paHJlaMH U pe3yJbTaTaMu ONEepaliii HEUETKOW JIOTHKU SIBJISIOTCS TaKkKe
(GyHKIIUU, OIPEESIONINEe HOBbIE HEYETKIE MHOYXKECTBA.

B HedeTko#l JOorMKe I MOJEIMPOBAHUS OCHOBHBIX JIOTUYECKHX
cBs30k U (A), NWJIIN (v) Hag HEYETKUMHU MHOXKECTBAMHU HCIOJIb3YIOT
TPUAHTYJISIpPHBIE HOPMBHI [ 1 8].

Tpuaneynsapuoti  Hopmou (t-HOpMOM) Ha3BIBAIOT OTOOpaKEHHE
T :[0,1]x[0,1] = [0,1], ymoBieTBOpsitoIiiee CACAYIONINM YCIOBHSIM:

700, 0)=0; T(x, 1)=x, T(1, x)= x — OTPaHUYEHHOCTb;

T(x,y)<T(a,b),ecmn x<a, y<b — MOHOTOHHOCTE;

T(x,y)=T(y,Xx) — KOMMYTaTUBHOCTb;,

T(x,T(y,z))<T(T(x,y),z) — acCOLIMATUBHOCTb.

Tpuaneynsapuoii konopmoti (S-KOHOPMOM) Ha3bIBAIOT OTOOpaKCHHUE
S :[0,1]1x[0,1] = [0,1],, ynoBieTBOpSIOIICE CICTYIOMAM YCIOBHUSIM:

S(l, 1)=1; S(x, 0)=x,; S(0, x)= x — OTPaHUYEHHOCTH;

S(x,y)=S8(a,b), ecnu x> a, y>b — MOHOTOHHOCTB;

S(x,y)=S8(y,xX) — KOMMyTaTUBHOCTb;

S(x,8(»,2)) £S5(5(x,y),z) —accoMaTUBHOCTb.

t-HOpMa M S-KOHOpPMa B OINPEACICHHOM CMBICIIE SIBISIOTCS IBOM-
CTBEHHBIMHU TOHSTUSAMH. DTH (YHKIIUU MOTYT OBITh IOJYYEHBI JIPyT M3
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Apyra, Hallpumep, € IHOMOIIbKO HWHBOJJOTHBHOI'O OTPHIAHHA W 3dKOHOB

Jle Moprana cieayronmm oopa3oMm:

S(x,y)=n(T(n(x),n(y)), T(x,y)=n(S(n(x),n(y))) .
[IpocTeimmmu mpuMepamMu t-HOPM U S-KOHOPM, B3aUMHO CBSI3aHHBIX
TUMH COOTHOIIECHUSIMU IS 1(X)=1-X, ABJISIFOTCS ciieayronue (Tadnura 9).

Ta6muma 9. [Tpumeps! t-HOPM U S-KOHOPM

dDopmyaa Nurepnperanus
T(x, y) = min{x,y} (MunuMyM)
S(x, y) = max{x,y} (maxcumym)
T(x, y) =xy (npouzseoderue)

S(x, y) = x+ty-xy

(6epossmHocmuas cymma)

T(x, y)=max{x+y-1, 0}

(t-nopma Jlyxacesuua)

S(x, y)=min{x+y,1}

(t-konopma Jlykacesuua

02PAHUYEHHAs CYMMA)

OcHosnvie onepayuu ¢ HevemKUMU MHoIIHcecmeamu

1. Onepanust 5KBUBaJIEHTHOCTH
A=B S Vxe X u,(x)=pu,(x)

2. Onepanys BKJIIOUYCHUS

Ac B u,(x) < puy(x),Vxe X

4. Heuetkas onepanus «HE» (ononanenue) nokaszana B tadmure 10.

Taomuma 10. Heuerxkoe «HE»

NinocTpanus

dopmysia

,u_A(x) =1-pu,(x) —HEUYETKad onepanus

;A(x): 1—p,(x)

HE o 3ane

14 2-1,(x) ~ HE no Cyreno

5. Heuetkas oneparnusa «M» nmoka3zana B Tabmuie 11.
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Tabmuma 11. Heuerkoe «1»

NimocTpanus

dDopmyaa

JOruYecKoe mpousBeaeHue (3ae)

MA(X)

Ma1(x Ha2(X)
Maa(X)
X

,UA3 (X) = IUA1 A4,
=min(u, (x), 1, (x))

min — KOHBIOKIIUSA

anreopanyeckoe npousseacHue (banmiep, Koxoar)

Ma(X)

Ma1(X Ma2(x)
Ma3(X)
X

o, (X) = 1, (X) - 2, (%)

rpanuyHoe npousseaeHue (Jlykacesuy, ['puHC)

MA(X)

Ma1(X Ha2(X)
Mas(X)
X

H 4, (x) = H 4 &4,
— max(u, (x)+ 4, (x)-10)

APAaCTHYICCKOC

npousBezieHue (Bebep)

HA(X)

[VIRT Maz(X)
Haz(x)
X

4 (x),ecnu p1, (X)
Ky (x) = Hy (X)MAZ (x) = Hy, (x),ecu Hy, (%)
0,unaue

0< g, SHyoa SHay a0 S Hyna
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6. Heuertkas onepauus «MJIM» nokazana B Taduuie 12.

Tabmuua 12. Heuetkoe « 1IN

HNiurocTpanus ®opmy.a

jJoruueckas cymma (3aje)

Hy, (x) = Hyva, = maX(ﬂAl (%), Hy, (x))

max-Anu3bIOHKIUA

anredpanveckas cymMma

MA(X)

Hy (x)= Hy () + Hy (x)— Hy (x) Hy (%),
20e Vxe X

IpaHW4YHass CyMMa

HA(X)

My, (X) = py 0, =min(u, (x)+ 1, (x),1)

APaCTUUICCKasl CyMMa

HA(X) My, (x) =
Hy (x), ecu Hy, (x)=0
Ky (x)vlqu (x)= My, (x), ecau Hy (x)=0
1, unaue

[To cymiecTBy, BCE YEIOBEUECKUE TMOHSTHSA SIBISIOTCS HEUECTKHMH,
TaK KaK OHHU IOJy4aroTcs B pe3yJibTaTe TpynmupoBku (clumping) Touek
WU 00bEKTOB, OOBEUHSIEMBIX MO CXOJCTBY. TOrna HEUETKOCTh MOI00HBIX
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rpynn (clumps) ectb mpsiMoe CEJICTBUE HEUETKOCTU TMOHATHUS CXOJICTBA.
[IpocThIMU NpUMEpaMU TAaKUX TPYIII SBISIOTCS MOHATHUS «CPEAHUN BO3-
pacT», «IenoBasi 4acTb TOpoja», «HEMHOTO 00Ja4HO», «OECTOIKOBBIN
u nap. JlanHyro Tpymmy B HEYETKOW JIOTUKE HA3bIBAIOT «2PAHYIOUY
(granule). B ecrectBeHHOM si3bike (ES) ciioBa urparot poJib METOK TpaHyJi
U CITy’KaT JUIsl CKaTusl JaHHbIX. C)kKaTue JTAaHHBIX C MOMOIIBIO CJIOB SIBJISI-
€TCsl KJIFOUEBBIM aCIIEKTOM YE€JIOBEUECKUX PACCYKICHUN U (POPMUPOBAHUS
TTIOHATHM.

B HedeTkol jorvke rpaHnyaupoBaHue HH(GOPMAIIMM JIEKUT B OCHOBE
MOHSTUNA JIMHTBUCTHUYECKOM TMEPEMEHHOM W HEYeTKUX IIpaBUJI THIIA
«ECJIN-TO», 3anaBaeMoii oniepaniieil UMILTUKAIIAH.

Onepayus umniuxayuu

B kauecTBe OCHOBHOIO MaTE€MaTHYE€CKOrO MHCTPYMEHTA MpHU OIpe-
JEJICHUU UMILTHKaIU A —B 1151 HeUeTKUX MHOXKECTB A U B UCHIONIB3YIOT
KoMmno3unimonHoe mpaBwio JI. 3ame [16], sBusromeecss o06001IeHHEM
npaBmwia modusponens (Tabmuia 13).

Tabmuma 13. UMmukanus

Onucanue dDopmyaa
[Ipeamnoceuika A-B
CoOniTHE A"
Brison A™°(A - B)

[lycte U u V — nBa yHUBEpCallbHBIX MHOXKECTBA ¢ 0a30BBIMHU MEpe-
MEHHBIMM U W V COOTBETCTBEHHO. [1ycTh 4 U F'— HEYETKHE TOAMHOKECTBA
MHOXkeCcTB U n UxV. Torna KOMIo3uUMOHHOE MPAaBUJIO BBIBOJAA YTBEPXK-
€T, YTO U3 HEUYETKUX MHOKECTB A U F' CIEAYET HEYETKOE MHOKECTBO
B = Ao F | ®ynxuus NpHHANIEKHOCTH PE3YIbTAaTa BEIYUCIAETCS C TOMO-
b0 TPUAHTYJISTHBIX HOPM CJEAYIOIHUM 00pa3oM:

Hy (V) =S (), p(u,v)),
IIpU MOJEJIMPOBAHUU S-KOHOPMBI U t-HOPMBI onepauusMu (V) max

u (A) min COOTBETCTBEHHO:
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(V) =~/ (W) A pp(u,v)),

uelU

Hpyrue dbopmyiibl, peau3yrolyie oneparyio UMIUTMKAIMY, U MaTe-
MaTH4YECKHUe OOBEKThI TEOPUH HEUETKUX MHOXXECTB M HEYETKOMN JIOTUKHU
NpUBEICHBI B yueOHOM nocobuu [19].

dopmanuzanus HEYETKOM MMIUIMKAIMKU MMO3BOJIMIA 3a7aTh IpaBHIIa
«ECJIA-TO» B BHAE HEYETKHUX MPOMYKIUOHHBIX MPABWI WU 3aJ0KUIIO
OCHOBY HEYETKOTO MOJAECIUPOBAHUS OIbITA U 3HAHUM KCTIEPTOB, BHIPAKEH-
HBIX B BUJI€ MPUOJIMKEHHBIX 3aBUCUMOCTEM.

HedeTkue cucteMsl

[{enbr0 MOCTPOCHUSA HEUETKUX CHUCTEM CIOKHBIX SIBJICHHU SIBJISETCA
NPUOIMKEHHOE ONHMCAaHWE 3aBUCUMOCTH (ANMpPOKCHUMAIUs HEKOTOPOM
byuxumn) Y = f(X),

rae Y — BbIXOJIHAsl TUHTBUCTUYECKAs IEPEMEHHAS,

X — BEKTOp BXOJHBIX JIMHTBUCTHYECKUX MepeMeHHBbIX. Ero pasmep-
HOCTb — N,

f — 3aBHUCUMOCTb MeXAay X W Y, ommchiBaeMas COBOKYITHOCTBIO
HEUYETKUX MPaBHUJL.

B ocHOBE HEYETKUX CHUCTEM JIEKAT COBOKYIMTHOCTh HEYETKUX MPaBUII
«ECJIM-TO», onuchBalOmMMX 3aBUCUMOCTH MEXAY HEUETKUMHU Mepe-
MEHHBIMH TIPEIMETHON 00JacCTH, KOMIO3UIIMOHHOE TPaBUJIO BBIBOJIA
U C0CO0 BBIYMCIICHUS 3HAUYCHUN HEYETKHX MEePEMEHHBIX (Coco0 HeyeT-
KOT'O BBIBOJIA).

CucteMoil HEYETKOro JIOTMYECKOTO0 BBIBOJA B TEOPHUHM HEYETKHUX
MHOKECTB M HEYETKOM JIOTMKHU HA3bIBAETCSI MOJEIb, KOTOpPAsi OMUCHIBAET
MOBEJICHUE CUCTEM Ha €CTECTBEHHOM (MU OJM3KOM K €CTECTBEHHOMY)
SI3bIKE B BU/JI€ MPUOIMKESHHBIX PaCCy JISHUN Ha OCHOBE KOMITO3UIITMOHHOTO
MpaBuja BbIBOJA.

B cucremy HEYETKOro JIOTHUYECKOTO BBIBOJA BXOMST CIEIYIOIINE
O0OBEKTHI (CM. pUCYHOK 17):

® COBOKYIHOCTb HEUETKHUX IMpaBui (0aza mpaBul);
e Habop (GyHKIMH  OpUHAUIEKHOCTEH  0a3bl  HEUETKUX
nepeMeHHbBIX (0a3a MepeMEHHBIX );
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e 0ok ¢az3udukaruu;

e 0Onok nedaz3udukaruu;

e (JIOK BBIBOJA.

baza npaBna

baza HeueTkHX
nepeMeHHbIX

N2

7

=>. baok
daszznduxkannn ¢ Baok BBIBOAA

Baok
JedazzHpHKAOAA

PucyHok 17. Cuctema HeuyeTKoro BbiBoga

ba3za mpaBunm XpaHUT MHOXECTBO JIOTHYCCKHX IIPaBUJ BBIBOJA,
a TakkKe WX MOPSAOK (MepapXWuecKyr CTPyKTypy) mpumeneHus. baza
HEYCTKUX TICPEMEHHBIX COJEPKUT Ha3BaHUS JIMHTBUCTHYCCKHUX TEPMOB
U TlapaMeTpsl uX (QYHKIUH TpuHAIIKHOCTH. ba3a mpaBui BMecTe ¢ 6azoi
HEUYETKUX MEPEMEHHBIX 00pa3yroT 6a3y 3uanuil (b3) cucTeMbl HEYETKOro

BBIBO/IA.

HpOCTGﬁH.IPIC CHUCTCMBI HCUCTKOI'O JIOTHYCCKOI'O BBIBOJAa OCHOBAHBI

Ha IIpaBUJIaX BHUIA:

R;: Echru X ecmv A; u Y ecmwv B;, mo Z ecmv C,,

R;: Eciu X ecmv A; u Y ecmo B, mo z=f;(x,y),

rac )(, Y — BXOJIHbIE HEUETKHE IMCPCMCHHEIC,

Z — BBIXOJHAs HEUETKas MCPCMCHHAA,

A;, B;, — BXoaHble 3HaueHUs (QYHKIUN OPUHAJIEKHOCTH);

C;— BBIXOJIHbIC HEUETKHUE 3HAUEHUS ((PYHKIIMY TPUHAJJICKHOCTH);

f; — HEKOTOpbIE BELIECTBEHHbIEC (DYHKITUU.

HpI/I 9TOM HOJIXKHBI CO6J'IIOILaTBC}I CJICAYIOIMNUC YCIIOBUSA!

o CYIJ_IGCTByeT XOTS OBI OJHO IMPAaBWJIO I KaXXA0T0 JIMHI'BUCTH-

YCCKOIro TepmMa BBIXOJHOU HepeMeHHOﬁ.
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e Jlnmsa moOoro TepMa BXOJHOM MEPEMEHHOM MMeEEeTCs XOTS Obl
OJTHO MPABUJIO, B KOTOPOM ITOT TEPM UCIIOIB3YETCS B KAUECTBE
MPENOCHUIKY (JIEBAsi 4YaCTh MPABUIIA).

B mnporuBHOM cilydyae HMMeeT MECTO HemoyiHash 0a3a HEYETKHUX
MIPaBUIL.

Pacnpoctpadensl msTh CHOCOOOB peaau3aliud HEYETKOro JIOTH-
yecKkoro BeiBoja [18].

Cxema 1: Aaroputm Mamaanu (Mamdani). Ummukanuss MoJieNu-
pyeTcs MUHUMYMOM, a arperaius — MakCUMyMOM.

Cxema 2: Anroput™m Ilykamoto (Tsukamoto). MicxoaHbie TOCBUIKH —
KaK y MOPeAbIyHIEro alrOpuT™Ma, HO Mpeanosiaraercsi, 4ro (QpyHKIUU
MPUHAICKHOCTH SIBIISIFOTCS MOHOTOHHBIMH.

Cxema 3. Anroputm CymxeHo (Sugeno). ANroputm mpeArnosaraer,
YTO TMpaBbl€ YAaCTH MPABWUJ BBIBOJA IPEJCTABICHbI B BUJE JIMHEHHBIX
GyHKLIHIMA.

Cxema 4. Anroputm Jlapcena (Larsen). B amroputme Jlapcena
HEUYEeTKasT WMIUIMKAIMA MOJCIUPYETCs] C HCMOJb30BAHUEM OIEepaIiiu
YMHOXEHUSI.

Cxema 5. YOpomeHHbIM aJrOpUTM HEUYETKOTO BbIBOJA. McxoaHbIE
MpaBUJIia B IAHHOM CJIy4ae 3aJjal0TCsl B BUJIE

Eciu X ecmv A; u Y ecmo B, mo z = Z,,

r7ie Z; — 4YeTKOE 3HaUYCHHUE.

PaccMoTpuM anropuT™M HEUETKOTO BBIBOJAA IO cxeMe MamjaHu s
0a3bl npaBuii Buaa R;: Ecau X ecmo A; u Y ecmo B, mo Z ecms C,., i=[1,r].

1. daz3udukanus.

OnpenensroTcs CTENeHW MCTUHHOCTH 10 (QYHKIUAM TPUHA-
JICKHOCTH JUIS JIEBBIX YacTeH KaXKJI0ro MpaBuJia;

a;, = H, (X)

b, = Hp, (¥),

I7€ a; — CTENeHb MPUHAICKHOCTH X K A;;

b; — cTerneHp NMpUHAICKHOCTH ¥ K B;;

i=[1r];
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¥ — KOJIMYECTBO TTPABUIL.

2. Umrmnkanus.

Onpenensiercsi CWjia KaXJ0ro IpaBuja, (~-HOPMOM SIBJISETCS JIOTH-
YECKU MUHUMYM:

o, =min(a,,b,).

Moaudunupyrorcss (QyHKIMM OPUHAIEKHOCTH MNEPEMEHHOU Zz
B KOXJIO0M MpaBUJIE:

M (z) = min(a;, 4,(2)),

rae u4;(z) — GyHKIUS MPUHAJICKHOCTU MEPEMEHHOM Z;.

3. Arperarus.

OObenuHEHNE BBIXOJAOB KaXXJAOTO IIpaBUja JIOTUHYECKHMM MAaKCH-
MYMOM (S-KOHOPMA):

H'(2) = max(4,(2))

4. leddazudukarms.

[TpocTeimmmM crmrocoOoM BBIMTOTHEHUS TPOLeAYyPhI Aeda33uduKamum
SIBJIIETCSI BBIOOP YETKOTO YHCJIA, COOTBETCTBYIOMIETO MAaKCHUMyMy (DyHK-
A TpUHAIICKHOCTH. OJXHAKO MPHUTOJHOCTH 3TOTO CIIOCO0A OrpaHUYH-
BaeTCS OJHOIKCTPEMAIbHBIMU (HYHKITUSIMU TPUHAIICKHOCTH. {151 MHOTO-
OKCTpEMATbHBIX (PYHKIIMHA Ha TPAKTHKE YacTO MCITONB3YETCS METOJ
IIEHTpa TSKECTH.

JHedaszsudukanmss HEYSTKOTO MHOXKECTBA IO METOIy IIeHTpa
TSHKECTH OCYIIECTBIISIETCS 0 popMmyie

0

Ix-,u(x)dx
o= "
J',u(x)dx

OU3NYECKUM aHAJIOTOM 3TON (OpPMyJIbl SIBISETCS HAXOXJCHUE
IEHTpPa TSIXKECTU IUJIOCKOW (DUTYphl, OTPAHUYEHHON OCSIMU KOOpPJAMHAT
U rpadukoM GYHKIMHM TPUHAIJICKHOCTH HEUETKOTO MHOXeECTBa. B cinydae
JUCKPETHOTO YHHUBEPCAIBHOTO MHOXKeCTBa JAeda33udukanusi HEYETKOTro
MHOKECTBA IO METOIY LIEHTPA TSHKECTH OCYLIECTBIsIETCA 10 (hopmyJie

82



X, u(x;)

k
xO — i=1

Zﬂ(xl-)

Ha pucynke 18 rpaduuecku mpeacTaBieH MPOIECC HEUETKOTro
BBIBO/IA 10 aNTropuT™My MamaHu.

Munnsmym
—_—
;{Aiijtxl] .I[IAEI‘:I{XZ:] l Jh !{B:Ll{jr)
, ; Ha'Y (x;)
| pmm———
______ e il <N i ) (xy)
| /1 ; e V() K
! — : - }l
(2] l IE | ey
Ha " (x2) I - i I b 20
oy (x3) I
| I s ()
______ [ O .
|
: i W WA Y.~
] - I '-J} .HAI‘_:I{'Y'EII y - }'1
T I T 4o )
4 Makcumyn
¥

PucyHok 18. Anroputm HeyeTKoro sbisogaa MampaHu

IIycts maHa cucrema ymnpaBJ€HHS C JBYMSI MpaBWJIaAMU HEUYETKOIO
yIIpaBJICHUS:

Ilpasuno 1: IF xis Al AND yis Bl THEN z is CI;

Ilpasuno 2: IF x is A2 AND y is B2 THEN z is C2.

IIpenmnoynoxum, 4TO BEIUYUHBI X) U )), CUUTHIBAEMBIE TAaTUYUKOM,
ABJISIFOTCS YETKUMM BXOJIHBIMU BEJIWYMHAMU JJIS1 TUHTBUCTHUYECKUX TE€pe-
MEHHBIX X U ), U YTO 3aJIaHbl cleaytomue (GyHKIUA TPUHAIICKHOCTH JJIsI
HEYETKUX MOAMHOXKECTB A1, A2, B, B2, Cl, C2 3Tux nepeMeHHBbIX:
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x—2 x—3

3 ,2 < x <5; 3 ,3< x < 6;
paq(x) = 8 — x Paz(x) = 9—x
,5 < x <8; ,6<x<09;
3 3
-5 —4
yT,SSyS& yT,4SyS7;
up1(y) = 11—y tpa(x) = 10—y
, 8y <11; , 7 <y <10;
3 3
z—2 z—3
1< z<4; 3 ,3<z<6;
”Cl(z)z 7 —z :uCZ(Z)z 99—
T,4Sz$7; 3 ,652<9;

[Ipeamnonoxum, 4TO B MOMEHT BPEMEHU ¢; ObLIIM CUMTAHBI 3HAUCHUS
TATYUKOB Xy(t;) = 4 u yo(t;) = 8. IlpomsumrocTpupyeM, Kak mpu 3Tom OyaeT
BBIYUCIISITHCS BEJIMUMHA BBIXOJIHOTO CUTHAJIA.

[TepBbIM 11aroM HAXOAUM a-CPE3bI JIJIsi IEPBOrO U BTOPOTO MpaBUiia
Ha OCHOBE 33/IaHHBIX (PYHKIUU MPUHAICKHOCTU (C YUYETOM 3HAUYCHHUM X
U )p). C 3TOi 11eNbI0 BBIUKCISAEM BEJIMYMHBI QYHKIMM MPUHAIICKHOCTU
B 33JJaHHBIX TOUYKAX JJIsl IEPBOTO U BTOPOTO MPaBUIL:

Ha1(xo=4)=2/3 u pp1(yo=8)=1;
Uaz(Xo=4)=1/3 wu g, (yy=8)=2/3.

3aTeM, B COOTBETCTBHHU C MPaBWJIOM BbIBOJAa Mo MampaaHu (BbIOOD

MUHUMAJIBLHOTO 3HaUYeHHS (YHKIUNA PUHAIIICKHOCTH ), ONIPEIEISIEM:
ay=min(flay (Xo), kg1 (Vo)) = min(2/3, 1) = 2/3;
Ay = min(lyy (Xo), Ugo (Vo)) = min(1/3, 2/3) = 1/3.

Pe3ynbTaT npuMeHEHUs] BBIYMCICHHBIX 3HAYEHUW @ U ¢, MOKa3aH
Ha pucyHke 19. OKoHUYaTeNbHbIA Pe3yabTAT MNOJyYaeTCa MyTEM OObEIUHE-
HUS HalJICHHBIX 3HAYEHUN QYHKIUNA TPUHAIICKHOCTH C UCIIOJIb30BAHUEM
oreparopa MakcuMyma (C y4eTOM CTpaTeruu BbIBOJa Mo Mamjaanm).
PesynbTupytomas (QpyHKIHMS TPUHAIICKHOCTH TaKXKE MNPEACTaBlIeHa Ha
pucyske 19.
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PucyHok 19. Unntoctpauma HeuweTKoro BbiBoga no MamaaHm

JInsi BBIUMCIICHUS. KMCKOMOW BBIXOJHOW BEIWYUHBI Z TMPOBOJUM
nedaszzudukanno HEYETKON BEeTUYUHBI [U-. [0 MeTomy 1ieHTpa TshKecTH
noJy4yaem

a5 @) o)) rsey
000000

HeueTtkas norvka B aHaJIM3€ BPEMEHHBIX PSJIOB

[Ipennonoxum, 4Tto 3aJaH MOPOLECC, COCTOSAHUS KOTOPOTO ONUCHI-
BAIOTCSl 1 3HAYEHUsAMH OAHOU mepemeHHOU. [lycTh B pesynbrare HabIIO-
JICHUs TIOJIy4EH BPEMEHHOW PSJI A3TOU TNEPEMEHHOM, IPEICTABIISIOIINT
MOCJIEIOBATEIbHOCTh  YIOPSOYEHHBIX B PABHOOTCTOSIIIME MOMEHTHI

1 .
BpeMeHH map {x,,f,}, Takux, uro Vx, € X, X c R ,t, e N,ie[l,n].
3HaYCHUE X, — YpOBeHb BPEMEHHOTO psAna. Toraa BBEAEM MOHATHE HEYET-

KOT'0 BpEMEHHOTO PsiJia.

Heuemkum epemennvim psoom (HBP) HazpiBaloT ymnopsiioueHHYIO
B PaBHOOTCTOSIIE MOMCHTBI BPEMEHH IOCIICIOBATEIIFHOCTh HAOIIOICHHIMA
HaJl HEKOTOPBIM IIPOIIECCOM, COCTOSIHHSI KOTOPOTO HM3MEHSIOTCS BO Bpe-
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MCHH, C€CJIM 3HAUYCHHC COCTOSAHHA IIponccCa B MOMCHT I, MOXET OBITH

BBIPAXKEHO C IMOMOIIbIO HEUETKON METKH X .

Hederkas MeTka X, MOXeET OBITh CHOPMUPOBAHA HEMIOCPEICTBEHHO

’KCIEPTOM B (popme
ﬂfi (W’ xi) D

rae X; € X , X — MHOXXECTBO HEUETKHX METOK;

W — HOCHUTENb (MHTEpBal Ha X) HEYSTKOW METKH X, , X; € W,

1
Hs (w,x;) €[0,]] — QpyHxumsa TpUHAMIEKHOCTH HEUETKOM METKH X,
YPOBHIO BPEMEHHOTO Psifia X;, 0OBIYHO TPEYTOJbHOU (POPMHBI.

Hocurennb HEYETKOM METKA X; — DTO YETKOE MHOXKECTBO W< B TaKuX
TOYEK X, €W, I KOTOPBIX A (W)>0, rne B X — 6a30BO€ MHOKECTBO

HEYETKHX METOK X .

Takum 00pa3oM, HEYETKHII BpeMEHHOU psan (GOPMUPYETCS B peE3y-
JbTAT€ UHTEPBAJIILHOTO KAYECTBEHHOTO OILICHUBAHUSI YPOBHEUW YHMCIOBOTO
BP. UHTEepBaIbI-HOCUTENHN HEYETKUX METOK, 0Opa30BaHHBIC HA MHOXKECTBE
X, o0s3aTenbHO nepecekaroTcs. KauecTBeHHBIN acleKT HEUeTKON MeTKe

npunaer pyukmst H; (w) €[0,1].
Ha pucynke 20 uzo0paxeH aOCTpaKTHbIM HEYETKUN BPEMEHHOU psijl,

r1e KaKJIOW HEYEeTKOM MeTKe Y COOTBETCTBYET HEUETKOE MHOXKECTBO,
3a/1aBaeMoe (PyHKIMEH TPUHAICHKHOCTH.

Xtk

X1 Xy

qqqqdqdﬂﬂﬂﬂﬂﬂﬂﬂﬂddg

I 2 3 s ve. D2mln T

PucyHOK 20. ABCTpaKTHbIA HEYETKUI BpeMeHHOMN pag,
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B oTaumume OT TpajuIIMOHHOTO BPEMEHHOIO ps/la 3HAUYCHUSIMU
HeueTKoro BP sBiAIOTCS HEYeTKMe MHOXKECTBA, a HE JICMCTBUTEIIbHBIC
3HaueHus ypoBHer BP.

B 1993 rony yuensie Conr (Song) u Uuccom (Chissom) [20] mipen-
JIOKWJIM HEUETKUE MOJIENIU IETEPMUHUPOBAHHBIX (time-variant) U aBTOper-
peccHOHHBIX (time-invariant) BpPEMEHHBIX PSJOB MepBoro mnopsjaka (fist-
order) 1 mpuUMeHWIH pa3pabOTaHHbIE MOJEIHU JIJIsl TPOTHO3UPOBAHUSI KOJIH-
YecTBa PETUCTPUPYIONIMXCS CTYJIEHTOB yHUBEpcUTETa IuTata Asiabama
(CIIA), dazzuduimpoBaB mpeaBapUTEIbHO YETKUM BPEMEHHOU psifl. DTO
OBLIO TEepBOE€ MPUMEHEHHE HEUETKUX MOJeNed npu mojaenvpoBaHuu BP
Y TIEPBOE OIPEJEIEHNE MOJIENIE HEUETKUX BPEMEHHBIX PSIIOB.

IIycte  X,,(t=1,..) € R' — yHMBepCaIbHOE MHOXKECTBO, Ha KOTOPOM
onpeneneHbl HEYETKHE MHOKECTBa yf ,(@=12,..) u Y — KOIJICKIHUsA
yi,(i=12,.). Torga Y, naseiBaercs HeueTkuM BP.

Ha ITPAKTHUKC B OOJIBIITMHCTBE BPEMCHHBIX PAAOB ITOCJICIOBATCIIBHBIC
Ha6JIIO,Z[€HI/I$[ 3aBUCHUMBI, TaK 4YTO.

R= {(yt9yt—1)7(yt—19yt—2)"°}g Y, <Y, ,,
rae Y,,Y_, 0003HauaroT nepeMeHHBIE;
Y,» Y., — HaOJIIOJaeMbl€ 3HAYEHUSI 3TUX MEPEMEHHBIX.
HawnOonee yacToil MO€NIbIO 3aBUCUMOCTH SIBISIETCA ABHASL (DYHKIUA:

fY,-Y,
Mpe/icTaBlIeHHAs JIMHEWHOW ()YHKIIMEH:
V.=f( .0,8)=9¢y, , +¢,,

rJie & — CllydaiiHas omMoOKa, IIyMm.

B CIy4ac HCUCTKOI'O BpCMCHHOTI'O psAda B KAUCCTBE MOICIIN dABTOPCT-
peCcCrumr UCIOJBb3YCTCA HCUCTKOC PASHOCTHOC YPABHCHUC!

y! =y oR,(t,t=1),
ytiEYt’ yti—IEYt—la iE[, jEJ,

rjae © — o0O3HaYaeT Omepalui KOMIO3UIIMK W3 TEOPUH HEYETKHUX
MHOKECTB;
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R(t,t=1)=| JR,(1,t=1) — cucremMa He4eTKMX OTHOLICHHH, KOTOpas

i,J

CHMBOJIMYSCKH MOKET OBITh 3amucada B Buae Y, —> Y .

Cuctemy oTHomieHu R B BbipaxkeHuu Y, =Y, o R(¢,t—1) Ha3pIBaIOT

MOOebl0 HeYemK020 8peMeHH020 psoa epBoro nopsaka. Jlannas moaens —

BAXKHBIM YAaCTHBIN Ccllyyail 00IIel MOJIEIN OPSIAKA p:

Y=, xY_,x..xY,_ )oR(t,t-p),

oy )_max min {j i i }
’ p - p j9i13i29--j17 yt ’ytil"“ytip .

MeTtoa MOJICIMPOBAHUS HEUYETKHMX BPEMEHHBIX PSI0B

MOI[CJ'II/IpOBaHI/Ie HCUCTKUX BPCMCHHBLIX PAAOB B COOTBCTCTBUU

C HEYETKOW MOJIeNblo, MpeokeHHoH B padore [20], cocTouT B peanu-

3al0yHU CJIICAYIONIHUX HIAroB:

1.

7.

OnpeneneHre HEYETKUX TMEPEMEHHBIX — pa30MeHHE JaHHBIX Ha
MHOKECTBO MHTEPBAJIOB (HOCUTENIEH HEUETKUX MHOXKECTB), OIpe-
JIeJICHNEe JTUHTBUCTUYECKUX 3HAYCHUN HEUETKUX MHOKECTB U UX
(byHKITUN TPHUHAIICKHOCTH.

dDopMUPOBAHUE JOTUYECKUX OTHOLICHU Y, = Y, .

. (DaSBI/I(bI/IKaI_[I/IH BXOJHBIX JAHHBIX — OIIPCACICHHUC CTCIICHU IIPH-

HAQJICKHOCTA BXOJHBIX JAHHBIX BXOJHBIM HEYETKHM TIepe-
MEHHBIM.

Brruuciaenue pesyiapraTa NPUMEHEHHMSI HEUETKOro MpaBHIIa
R, (¢,t —1) U1 KaX 101 UMIUTMKAIUH.

. Beruucnenue pe3ynbTUPYIONIETO OTHOIIEHUS R KaK 00bEUMHEHUS

R, @e-1).
i,j

[IpyuMeHeHnEe TTOJTYYEHHOW MOJIENN K BXOJHBIM JAHHBIM W MOJY-
YEHHE BBIXOJHBIX HEUETKHUX PE3yJIbTATOB.
Hedazzudukains HEYETKUX pe3yIbTaTOB.

Onnoit m3 mpoOiieM B HEYETKOM MojienupoBanuu BP sBisiercs

OTCYTCTBHUC YCTKHUX pCKOMCHI[aI_II/Iﬁ Ha IICPBOM ITAlIC TOCTPOCHUA MOJACIIN
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I10 BBI60py KOJIMYCCTBA M I1apaMCTPOB HCUCTKHUX MHOXCCTB, MOIACJIN-
pyromux BXOJIHBIC WM BbIXOAHBLIC IICPCMCHHBLIC, B YaCTHOCTH IIO OIIPCAC-
JICHUI0O MX HOCHUTEICH (I[J'II/IHBI I/IHTepBaJ'IOB). I[&HHBIG 3aJadu BBIIIOJI-
HAKOTCA SKCIICPTOM, U, KAK IMOKA3BIBAIOT UCCIICIOBAHUA, OT 135160pa HHTCP-
BaJIOB CHJIBHO 3aBHUCHUT PEC3YJIbTAT UCCIICTOBAHNA.

[IpuMep MOaEIMPOBAHMS BPEMEHHOTO Psiia B HEUETKOM MOAX0JIE

[IpuBeneM mpuMep HEYETKOTO MOJICTUPOBAHUS BPEMEHHOTO psija
JUIsl TIPOTHO3UPOBaHUsl NMPsMBIX BamoTHBIX KoTupoBok L[b USD/RUB 3a
utoHb 2005 ronma, onucaHHbIM B pabore [21] U mpencTaBiIsIOMIMN MOIU-
¢ukanuo Meroga CoHra, oTAMYaromyrocs (a) MCIOIb30BAaHUEM H3Me-
HEHUU (OpuUpalieHui) JaHHBIX MPOILION0 BMECTO PEAbHBIX YHUCIOBBIX
3Ha4YCHUN (pEerucTpandu WIW BaJIOTHOrO Kypca), U (0) BBIYHCICHHUEM
OTHOILIEHWH R, JUIA IPEACKa3aHus OyTylUX COCTOSHUM.

PaccmarpuBaembiii B pabore MeToa ObLT W3HAYAIBHO YCHEITHO
MPUMEHEH K BPEMEHHOMY DSy, XapAKTEPUZYIOIIEMY KOJHMYECTBO IMOCTY-
narmux B AnabaMCKUN YHUBEPCHUTET, KOTOpPbIE SBISIOTCS OeHUMAap-
KMHIOM TPU CPABHEHUH METOJOB MOJEIMPOBAHUS HEYETKUX BPEMEHHBIX
PAIOB.

AHanu3 pe3yJbTaTUBHOCTU MPEIaraéMoro MeToja Io MoKazaTesto
TOYHOCTH CpPEJIHEH OTHOCUTEILHOUN OIIMOKH alpOKCUMAIINH JIJIs1 6 HeueT-
kux MHOkeCTB (MAPE=2,42) nokasai, 4To npeasioxKEHHbIA METO/1 TIPEBbI-
IaeT aHAJOTMYHBIM MOKa3zaTellb JJid 3Toro BP, momydeHHBIM METOoI0M
Conra u Yena (pucyHok 21).

[IpuMeHuTENbHO K MpOOJEME MPOTHO3UPOBAHUS BaJIOTHOTO Kypca
USD/RUB momiaroBoe omnucaHue IMpeaiaraeMoro MeToja HEYeTKOIo
MoJiesiupoBaHusi BP MOKHO CBeCTH K ClIeAyIOLIEMY:

Illaz 1: 3amanue oOnacTtu ompeneseHus (yHHUBEPCAJIBHOTO MHO-
KECTBa U ) MPOOJIEMBI, UCXOSl U3 BHIYMCICHHBIX TPUPAIICHUN BaTIOTHOTO
Kypca B TCUCHUE PACCMaTPUBAEMOTO HHTEpBaia BPEMEHH.

Nwmerotes cnenyromue nanHbie. Hanbosmbliee mooKUTEIbHOE TPU-
palieHre Kypca Jiojuiapa o OTHOIIEHHIO K POCCHUHCKOMY PyOJIt0 HaOJIr0-

89



naercs B pespaine 2002 roga, T. €. 10 CPAaBHEHUIO C SHBAPCKUM 3HAYECHHUEM
poct coctabisier 0.3679 (Gonee 36 komeek/mecsi). B HosOpe-aexkadbpe
2004 roma MPOUCXOIUT CaMOE€ 3HAUYUTEIBHOE 3a TPEXJIETHUU MEepPHOJ
HaOJII0JICHUI MajJeHrue KOTHPOBKU JoJlapa MpakThudecku Ha 70 Komeek
(—=0.6949). B pesyanbrate, ¢ 11€JIbI0 YHPOIIECHHS MOCIEYIONIET0 pa30ueHuUs
HAa PABHOBEIIMKWE WHTEPBaJbl, IMOJYYECHHbIC TPAHUYHBIE 3HAYCHHUS
(=0.6949 u +0.3679) crnerka KoppeKTUpyrOTCcs. Toraa, HalpuMep, B CiIydae
WCIIOJIb30BAHUS IIECTH TOJBIHTEPBAIIOB U MOXET OBbITh IpeCTaBlICHA
otpeskom [—0.7, —0.5].

> x 10
Actual Enrollments o5 2 ‘ﬁf
-— _B - - ry
1.9}k Forecasted Exaollraents by Clen % —B\D.\
: & -
Forecasted Exaollments by Song and Chissorm A 5
- - - bl
1.8 Forecasted Enrollrnents by Propose d Method i
1.7 F
16 F
1.5+
1.4
1 _3 1 1 1 1 1
1970 1975 1980 1985 1990 1995

PucyHok 21. CpaBHeHMe pe3ynbTaToB HEYETKOro MoaenmpoBaHus

Illac 2: PazOuenue MHOXecTBa U Ha WHTEpBAIBI OJMHAKOBOM
JUTUHBI.

Ecan wmbI oricpupyeM ¢ MCCTbIO HCYCTKUMH MHOKECTBAMHU, TO

007acTh  ONpEAeNeHHs JeauTCs Ha 6  HWHTepBaJoB U, [ =16,
u, =[-0.7, -0.5] u, =[-0.5,-0.3] ..., u, =[0.3, 0.5] (8 neiicTBUTENBHOCTH

KOJIMYECTBO HEYETKMX MHOXECTB HE 0053aTelbHO JODKHO COBMAAATh
C YKCJIOM UHTEPBAJIOB pa3OUEHN).

lllaz 3: OnpeneneHre HEYETKUX MHOXKECTB A

[Ipeamnonoxum, YTO JMHTBUCTHYECKAs TEpPEMEHHAas «HU3MEHEHHE
BAJIIOTHOTO KYypCa» XapaKTepHU3yeTCs TEPM-MHOKECTBOM, O0Opa3yeMbIM

CiIcAyYrOmuMHnU 3HAYCHUAMM: Al (SHa‘-II/ITeJ'IBHOC YMGHBIHGHI/IC), A2
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(ymenbiuenue), A4, (6e3 usmenenuit/puor), 4, (ysenuuenue), 4A; (3Hauu-

TEJIbHOE YBEIIMUCHHE), Aq (oueHb OOJIBIIIOE YBEITUUYCHUE).

JIiss 1IECTH IOCTPOEHHBIX BBINIE HMHTEPBAIOB U;, I =16, (axr

IMPUHAIIC)KHOCTH KaXXI0I'0 KOHKPETHOTO u; OIPCACIICHHOMY MHOKCCTBY

A jo ] = 176 BBIPAKACTCA I[eﬁCTBHTCJIBHBIM YHCJIOM U3 CAMHUYHOI'O MHTCP-

Bana [0,1] (mpeanonaraercs, 4TO 3JE€MEHTHI, OTCYTCTBYIOIIUE B IIPEICTAB-

JICHUHU MHOXCCTB A j » XapPaKTCPUIYIOTCs Hy.]'ICBOI\/’I CTCIICHBIO IIPHUHAIJICK-

HOCTH):
A ={/u,+0.5/u,}
A, ={0.5/u, +1/u, +0.5/u,}
A, ={0.5/u, +1/u; +0.5/u,}
A, ={0.5/uy +1/u, +0.5/u,}
A, ={0.5/u, +1/u; +0.5/u,}
A, ={0.5/ug +1/u,},
rac u, U — 3J1eMEHThI YHHUBCPCYMaA U , 4 HUCJIO, CTOAIIICC B YHNCIIHN-

TCIC KaXIAOI0 3JICMCHTA HCYCTKOI'O MHOXKCCTBA, IHPCIACTABIIACT coboit

CTeTieHb TIPHHAMIEKHOCTH (1;) TOTO SIEMEHTa HEYETKOMY MHOKECTBY
A jo J= 17_6
Llae 4: ®az3udukanys NpupalieHnil, MOJTy4YeHHbIX Ha mare 1.
Cuuraem, 4TO eciu npupaileHue roga [ ectb p €U;, U CyIIECTBYET
JIMHTBUCTUYECKOE 3HaYCHHE (HEUETKOE MHOXECTBO A;) ¢ MakCHMaJIbHOM
CTEIICHBIO TMPUHAJIEKHOCTH, MPUXOIAIICUCA HA JJIEMEHT U;, Toraa P

dassudunupyercs kak A4;. Hampumep, npupainenue 3a mapt 2002 1o
CPaBHEHUIO C MPEABIAYIINM MecareM coctasisieT +0.2476 — 3To 3HaueHHE
MomnajlaeT B MHTEpPBAI U5, U (a33udUIMpPOBAHHOE MPHUpPAIIEHUE CTaHO-
BUTCS PaBHBIM A;. AHAJOTMYHBIM 0Opa3OM MPOU3BOAATCS IOMapHBIS
CpPaBHEHMSI KaXKJOTO MOCIEAYIOUIEr0 U MPEIbIAYIIEro MECSIEB, MPUBO-

e K GopmupoBaHuto nocienoBaTtenbHocT A4, (deBpans 2002), A
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(mapr 2002), 4, (ampens 2002), A, (maii 2002), A5 (vrons 2002), A5 (vronn
2002), A, (aBryct 2002) U T. 1.
Llae 5: ®opMHUPOBaHUE JIOTHYECKUX OTHOMIEHHH 4, —> 4.

JI1g mOoCTpOEHHsT MOCIEIOBATEIBHOCTH JIOTMYECKUX OTHOIIEHUM,
paccMaTpuBaeM IOIMapHO MociienoBaTelbHbIe (Da3z3uUIIMPOBAHHbBIC TPUPA-
meHus (peppaib — MapT, MapT — anpedib, U T. 1.), ONpPEJICIICHHbIC Ha IIare
4. Hckmroyasi TMOBTOPSIONIMECS KOMOWHAIIMHM, OKOHYATEJbHBIN CIHCOK
OTHOIIICHUMN TPUHUMAET BU/I

A4 —> A4, A4 > A4,

—> A4, A4, > A4, A, > 4,, A4, > A,, 4, > A,
—> A, 4, > 4;, 4, > 4,

—>A4,, A, > A4,, A, > A,, A, > A;

s > A, A, > A, A, > A, A, > A

A, = A5, A, > A,.

NoA A A

MsbI mpenmnosiaraéM, 4YTO HEUYETKOE€ HUMIUIMKATUBHOE OTHOIIEHUE
D =B — C nas npou3BOJIbHBIX BEKTOpOB B U C HUHTEPHPETUPYETCS Kak

HEeYeTKask MMILIMKAus MaM/iaHu, CIel0BaTeNbHO, SIEMEHTHI MATPULIBI D
T .

BBMUCIISIOTCA 110 Gopmyite d; =b; xc¢; = mm(bl.,c j), rae b, u C; — one-

MeHThI BeKTopoB B u C | COOTBETCTBEHHO.

llaz 6: O6beauHEHNE JIOTUYECKUX OTHOIIEHMM (Iar 5), UMEIOIIUX

OJHWHAKOBBIC JICBBIC YdCTHU, B TPYIIIIbI, U BBIYUCICHUC OTHOIIICHUU R,-,

i=1,6 nns kaxmon chopMupoBaHHOM TpymIibl. MOKHO 00paTUTh BHUMA-
HUAE€ Ha TO, 4YTO TPYNIbl OTHOIIEHUW YXKE€ MPAKTUYECKU IMOCTPOEHBI
(cM. mar 5), ¥ BBITIIAIAT OHU CJIEAYIOIIUM 00pa3oM:

A — A,, A,
A4, > A4, 4,, 45, A,, A,
A, = A,, A5, A,
A, > Ay, A, A,, A,
A, —> A4, A, As, A
A —> A, A,.
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PesynpTupytonue otHomeHus R, i=1,6, mnpeiacTaBiasioT co0Ooi
00BbEIMHEHNS JIOTHYECKUX OTHOLIEHHH, ONABIINUX B i-10 TPYIIILY:
R =A xA4,0UA xA,
R =A] x A UA xA, UA x A, U Al x A, U A x A,
R, = Al x A, U A] x A, U A] x A,
R, = A x A, U A, x A, U A, x A, U A x Aq
R = Al x A, U Al x A, U Al x A, U Al x A,
R, = Al xA, U Al xA,.

Illaz 7: Tlporno3upoBanue u Aedaz3udukaius MoaydaeMbIX pe3y-
JBTATOB.

BorunciieHHbIE OTHOIIICHMS Ri HUCIIOJB3YIOTCA B MOICIMU IIPOTHO-

3UPOBaHHUS
A =4 R,
riae ! — HEYETKOE MHOXECTBO, BBIpakKalollee MPOTHO3HOE IpHUpa-
IIeHUE MecAIa 1;
A, — u3BecTHOE mMpuUpalleHre MpeamecTByoomero (i—1)-ro mecsua

(ecnu 4, =4;, 10 R, =R, j=1,_6);
© — 0003HauaeT KOMIIO3HIMOHHEIM «max-miny omepaTop.
Hanpumep, npupaiienue BamoTHOTO Kypca 3a (espans 2004 roma
npu u3BecTHOM mpupanieHuu (—0.5714) 3a ssHBapb MecsI] TOTO XK€ roja

Berumcisiercs mo gopmyne £(02.2004) = 4 oR, rne R, uMmeer BHI, IMOKa-

3aHHBIA B TEPBOM CTpoke, a A, — da33uduipoBaHHOe NPUPALICHHUE
sHaBaps 2004 rona.

llaz 8: BpluucineHne TMPOTHO3HBIX  BAMOTHBIX  KOTHPOBOK
USD/RUB.

DTOT 3Tall NpeaycMaTpuBaeT peodpa3oBaHue MOTYUYEHHBIX Ha I1are
7 HEYETKUX MPOTHO3HBIX MPHUPAILICHUN B LENbIC YKCIa. B 3HaUMTEIbHON

CTETIEHU TaKOW TPOIECC 3aBUCUT OT OCOOEHHOCTEH paccMaTpuBacMoOin
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3a/laul, U OJHUM W3 KPUTEpPUEB BbIOOpa Mpoleaypbl nedazzudukanuu
SIBJISIETCSI €€ BBIYMCIIUTEIbHAS IPOCTOTA.

[locne Toro Kak MOJy4EHO YHUCIOBOE MpHUpaleHuEe sl paccMmar-
pUBAEMOr0 MeECsIa, OHO CYMMHUPYETCS C YK€ HMEIOIIUMCS 3HAUY€HHEM
OOMEHHOI0 Kypca MpeJbIAyIero Mecsiia. PaccMOTpEeHHBI METOJ] HEYeT-
KOT'O MOJICTTUPOBAHUS MOXET OBITh OTHECEH K YUCIY MOJIyaBTOMAaTUUYECKUX
pOLIeyp, MOCKOJbKY OOJBIIMHCTBO BBIMOJHIEMBIX IIaroB, BKJIOYas
MOCTPOCHUE YHHBEPCYMa Ha OCHOBAHMM MHOKECTBA MCXOJHBIX JAHHBIX
3a7a4l, MOTYT ObITh 3((PEKTUBHO BOIUIOIICHBI B MPOTPaMMHON (opme.
OpHako ydacTue aHaIMTHKA (dKcrnepTa) mpu POpMUPOBAHUK MHTEPBAJIOB
pa3OMeHHs] UM COOTBETCTBYIOIIMX HEUYETKUX MHOXKECTB HIPAeT TakxKe
OTPOMHYIO POJIb.

M3Bieyenue 3HaHnii U3 BPEMEHHBIX PSII0B

UccnenoBanusi BpeMEHHBIX PSJIOB, B TOM YHCJIE HEYETKUX, B TTOCIE-
HUE JAecATUIIeTUs] 0(POPMIIINCH B BUJIE OTJEIHLHOIO HAMpaBJICHUs, Ha3bIBa-
€MOTO UHMENIEeKMYANbHbIM AHATU30M OaHHblx, unu DataMining, B KOTO-
pPOM aHaldu3 BPEMEHHBIX PSAOB MOJYYWJ HA3BAHUE UHMENLIEKMYANbHO20
aHanuza epemennsix psiooe, unu TimeSeries DataMining (TSDM).

UYenoBeyeckoe 3HAHUE OCHOBAHO Ha oOpazax U GopMyJIHpyeTcs
JVMHTBUCTUYECKU. BhIuncienus co cioBaMu U 00pa3aMu Jal0T METOJ0JIO-
TUIO JJI yopaBieHus: uHdopMmaluen u Ay pa3paboTKi CUCTEM, OCHOBAH-
HbIX Ha 3HaHUsAX. DataMining WHTErpUpPYyeT METOJIbl, OCHOBAHHBIC Ha
o0Opazax, JaeT BO3MOKHOCTb JIJIsl U3BJIeUEHHs HHPopMaIuu u3 6a3 JaHHBIX
B JIMHTBUCTHUYECKON (opMe, MOAXOAIEH A UX UCIOJIb30BaHUs B METO-
Nax TPUHATHS pElIeHW. MeToabl W TEXHOJOTHHM W3BIICUYCHHS 3HAHUUI
C UCIOJIb30BaHUEM BPEMEHHBIX PSJIOB JOJLKHBI ONEPUPOBATH MATTEPHAMMU
BPEMEHHBIX PSJ0B, OTHICKMBATh ACCOIHUAIIMU MEXJAY HUMH U HU3BJICKATh
3HaHus (pucyHok 22). To ectb HEOOXOAMMO MPENCTABICHUE PE3YJIbTATOB
DataMining B popme, UCTIONIb3yEeMOM B UEIIOBEUECCKUX 3HAHUSX.

Ha ocnHoBe HOBoOU wMetomonorun DataMining peuiaeTcs paciin-
pEHHas COBOKYITHOCTH 33/1a4 aHaJIu3a BPEMEHHBIX PSOB, ONMPEICICHHBIX
B pabote [22]:
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1) cermenTranus — pazouenvue BP Ha 3HaUMMBbIE CETMEHTHI;

2) kjacTepusanus — MOMCcK rpynnupoBok BP uinm ux natrepHoOB;

3) wiaccudukanus — HazHauyeHue BP wim ux marrepHam oOJHOTO W3
3apaHee ONPEeICTICHHBIX KJIacCOB;

4) WHIEKCUPOBAHUE — IMOCTPOEHUE HHIEKCOB i 3(P(HEKTUBHOTO
BBITIOJTHEHHUS 3aMPOCOB K 0a3zam jgaHHbIX BP;

5) pestomupoBanue (summarization) — ¢GOpMUPOBAHHE KpPaTKOTrO
onucanusa BP, conepikaiiiero CymecTBEHHbIE YEPThI C TOYKHU 3PEHUS pella-
€MOM 3a7a4H;

6) oOHapy>XeHUE aHOMAJIUM — MOUCK HOBBIX, HETUITUYHBIX MATTEPHOB
BP;

7) 4aCTOTHBIM aHAJIU3 — MOUCK YacTO MPOSBIISIOMIMXCS MaTTepHOB BP;

8) MpOrHO3WpoBaHHWE — TMOJYYEHHE ouepeaHoro 3HadyeHus BP Ha
OoCcHOBe ucropuu BP;

9) u3BIEUEHHE ACCOUMATUBHBIX IPAaBUJI — IMOUCK IPaBUJ, OTHOCS-
muxcs K narrepaam BP.

Hoeoe nanpaenenue anarusa BP - Time Series Data Mining

Ocioenvie Jadauu Hpobremst | | Tpebosanus
yant
Heeneyenue Ffseneventie _'mafmﬁ OBLIYHD Cnocofrocms OMpaxcams
. oMpedentemca xax OCHOBHBIE RIEMNODATEHO-
suanuii uz BP NeMOIONOZUR AN ROMYHEnUR NOZHYECKLE KORYELT
BHOHLT 1T Bt DONEEE, HO EHaRul (Faubonee obnue
raxue hopudansnsie Mineads NPedCMAETENUA INENEPMOS
HCHMOALIIMOMCA ORA Mamezpayut | | 0 AOZUYECKUX i SPEMENNbIX
AHIOI0 IHAKNUA © Ber3oOil FHOHMIT OCO0ERROCTIAY € QONRBIX
AGKO He VKOG
[ I T ]
Cezvenmeayua |chmepu3mfus | |K$a¢¢u¢mm;m| |HHﬁzxr:upueaHue| PesioMuposdniie

|Gﬁuamwcenue mrm:cmuﬁ' |5Ta|:mumﬂuﬂ auwmg| |Hpazﬂ03upﬂaaﬂue| Elranedenite
CICCOY RO aHLL
npoein

PucyHok 22. 3apgaum DataMining BpemeHHbIXx pAaos
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TpanuumonHoe BhICIeHHE TaTTepHOB BP OBLIO CBsi3aHO C BhIjEIE-
HHUEM YYaCTKOB C IOCTOSIHHBIM 3HAKOM II€PBOM M BTOPOW MPOU3BOIAHOM:
BO3PACTAIONMIUM W BBIMYKJIbIN, YOBIBAIOIIUM U TIaAKUM U ap. Paznudnbie
IIKaJIbl M METOJBl HEYEeTKUX BhIUMcIeHHU JI.3a7e HCIIONB30BaIMCh s
OTNACAHMSI MATTEPHOB JIMHEWHBIX TPEHIOB: POCT, MaJCHUE, PE3KHUH POCT,
MEIJICHHOE TaJicHue U T. 1. [[apamerprdeckre MeTo bl BBITYKIO-TJIAKON
MOU(UKAIIMU JTUHEWHBIX (DYHKIMM W HeueTKas TpaHyJISAIUs BBITYKIIO-
IJIaJKUX TATTEPHOB MO3BOJWIIA MOJIYYUTh JIMHTBUCTHYECKOE OIMCAHUE
st BP, momoOHoe crieayromeMy: MEAJIEHHO YOBIBAIOMIUM W CTPOTO
TJIagKHAH.

B pamkax onucaHHoOro Bbliie HampaBjieHUuss TSDM akueHT aenaercs
Ha IIOUCK U U3BJICUEHHE NpaBui U3 BP, mpu 3TOM nosnararotcst Ha CIEayro-
1€ OCHOBHBIC MPUHIIUIIBI:

e [louck mpaBuil HAILEJIEH HA MOJYYEHHE MTOHUMAEMBIX PE3YIIb-
TaTOB U HE 00s3aTEILHO CaMbIX TOYHBIX IPOTHO30B;

e BaxHeummM 1marom Ha nyTH U3BJICYECHUS UHTEPIPETUPYEMBIX
3HAHUW SIBJISIETCA TMOPOXKJIEHUE omnucaHuii (pparmentoB BP
B ¢dopMe TeMIOpalibHbIX O00pa30B, JIOMYCKAIOIIUX E€CTECT-
BCHHO-SI35IKOBOE TOJIKOBAHUE.

TpeboBanue kK MOACIHM TPEACTABICHUS — CIIOCOOHOCTh OTpa)kaTh
OCHOBHBIE TEMIIOPAILHO-JIOTMYECKUE KOHIIENTHI 3HaHUM (HanboJiee oliue
MPEJICTaBICHUSI DKCIEPTOB O JIOTHYECKUX M BPEMEHHBIX OCOOCHHOCTSX
B JIAaHHBIX).

Buibl TEeMIOpanbHO-JIOTHYECKUX KOHIENTOB CIEAYIOIIUE:

® KOHIIENIT BPEMEHHOM MPOJOIKUTEIBHOCTA — TMPUCYTCTBUE
OITPEJICIIEHHOTO TaTTEPHA Wi TTpu3Haka BP Ha ompeneneHHom
WHTEPBAJIE BPEMEHU,;

® KOHLENT OYEPEIHOCTH — MOPSANOK CJEI0BaHUS NMAarTepHOB BP
BO BPEMEHU;

® KOHLENT OJHOBPEMEHHOCTH — COBIIAJICHUE BO BPEMEHU TEMIIO-
pajbHBIX COOBITHM (MATTEPHOB pa3nuyHbIX BP);
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® KOHIIENIT HEYETKOCTH — HEUYETKOCTh BBIPAKEHHOCTU TEMIIO-
pPaJbHBIX COOBITUM M OTHOIIICHHH.

B kauecTBe MHCTPYMEHTOB aHalM3a MpeJjlaraeTcsi HCMOJb30BaTh
HEYETKUE HEUPOHHBIE CETH.

CyllecTBYyeT MHOXECTBO METOJIOB IMPOTHO3UPOBAHUSA BPEMEHHOTO
psana. OIHAKO HE CO3/aH JIYUYIIUNA B JIFOOON CUTyallMM METOJ: KaXKIbli U3
HUX MMEET CBOM JIOCTOMHCTBA W HenocTatku. [loaToMy onHMM U3 Hau-
0oJiee TEePCIIEKTUBHBIX HAYYHBIX HAMPaBICHUM CTAJIO CO3/IaHUE KOMOWHHU-
POBaHHBIX MOJICIICH.

KomOunrpoBanHasi MoJieNib TPOTHO3UPOBAHKS — MOJIENIb ITPOTHO3H-
POBaHMSI, COCTOSIIAs U3 HECKOJbKUX WHIUBUIAYAIbHBIX (YAaCTHBIX) MOJIE-
Jie, Ha3bIBa€MbIX 0a30BBIM HaOOpoM mojeiei. Vcrnonb3oBanne KOMOMHHU-
POBaHHOW MOJIEJIM MOKET MOBBICUTHh TOYHOCTh MOJIy4a€MOTO MPOTHO3a M0
pAay MPUYMH:

e [lombiTKka BBIOpAaTH OJHY MOJCHb JMJISI BPEMEHHOTO psjia
C HU3MEHSIOUIMMCSA YPOBHEM W JIMHAMHYECKUMU CBOWCTBAMU
MIPUBOJIUT K BBIOOPY YCPEAHEHHOW MO/JIEIH;

e [Ipu GbICTPOM M3MEHEHHHU YPOBHEH psijla U €ro JUMHAMHYECKUX
CBOWCTB HEBO3MOKHO OBICTPO MPOU3BOJIUTH aHATN3 JUHAMHUKH
Y 3aMEHSTh OJIHY MO/IEJIb POTHO3UPOBAHUS JPYTOM;

e JIr000¥1 OTBEPTrHYTHIN M3-32 HEONTUMAIBHOCTH MIPOTHO3 MOYTH
BCETJIa COJICPKUT TMOJIE3HYI0 HE3aBUCUMYIO HH(POPMAIIUIO;

e (Cnabble CTOPOHBI OJHOTO METOJa IPOTHO3UPOBAHUS BO3-
MOXHO TIPEOJIOJETh, UCHOJB3Ysl MNPEUMYIIECTBA JIPyTroro
METO/1a.

Ha xadenpe «MHbOpManiMOHHBIE CUCTEMBD» Y ILIHOBCKOT'O TOCYIap-
CTBEHHOTO TEXHHMYECKOTO YHHMBEpCUTeTa Oblia paspaboraHa uH}opma-
nuoHHas cucrtema «Combination of fuzzy and exponential models».
JlaHHas cucTemMa MO3BOJISIET MOJy4YaTh MPOTHO3 JJISI BPEMEHHOIO psija
MyTEeM arperanyud WHAUBUIYAJIbHBIX IPOTHO30B MoOjeied u3 06a30BOro
HaOopa. Ha MoMeHT co3maHusi cUCTeMbl 0a30BBIM HaOOp cojaepxkan 29
WHJIUBUIYAIbHBIX MOJIENIE U UX MOAU(DUKAIMN, OTHOCSIIIUXCS K JKCIIO-
HEHIIMAJIBHBIM M HEUETKUM MOJEISIM IPOTHO3UPOBAHUSI BPEMEHHBIX
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psanoB. Pa3paboranHas mHopMallmoHHas CUCTEMa OJiepxaja modeay Ha
koHkypce «Computational Intelligence in Forecasting» B 2015 romy [23].

TodHOCTH arperupoBaHHOTO MPOTHO3a HANPSMYI 3aBHUCHUT OT
BBIOpaHHBIX U3 0a30BOT0 HabOpa Mojienield. B CBsI3M ¢ 3TUM MOXKHO yTBEPXK-
nath, 4to uH(opmarmoHHas cucrema «Combination of fuzzy and
exponential models» nmeer nBa CylecCTBEHHBIX HEJOCTATKA!

e [losnb30Barenb BBIHYKAEH CAMOCTOATEIHHO BHIOMPATh MOJIENHU
13 0a30BOro Habopa JJIsl KaKJI0ro MPOTHO3UPYEMOTO BpPEMEH-
HOTO PAJIa;

e Jlmsg BCeX BPEMEHHBIX PSJIOB HCIOJIB3YETCS OJUH arperu-
PYIOLIAN METOJ.

Takum o6pazom, 11e7ec000pa3HO UCTIOJIB30BATh METO bl MAIITMHHOTO
oOyueHust i BbIOOpa Mojeneil u3 6azoBoro Habopa u AJisi BEIOOpa arpe-
TUPYIOLIET0 METOJAa. YKa3aHHbIE 3aJaull MOXHO PELIUTh C TMOMOIIbIO
HEWPOHHOMW CeTH, BHIOMpPAIOIICH METOAbl HA OCHOBAHUHW 3HAYCHUN METPHUK
MIPOTHO3UPYEMOTO BPEMEHHOTO Psijia.

Jlnst BeIOOpa METPUK HEOOXOAMMO BBIOPATH COBOKYIHOCTH 3HAUM-
MBIX I TPOTHO3UPOBAHUSI BPEMEHHOIO PsAJia XapaKTEePUCTUK, TAKUX KaK:
JUIMHA, CTETEHb BBIPAXKEHHOCTH TPEHJIA, CTENEHb BBIPAKEHHOCTH CE30H-
HOCTH, BEJINUMHA TUCIIEPCUH, HAJTMUNE CTAIIMOHAPHOCTH.

[Ipu BBIOOpE MCIONB3YEMBbIX METPUK BPEMEHHOTO psijia HEOOXOMMO
BBITIOJTHEHUE CIICTYIONINX YCIOBUIA:

e MeTpuka COOTBETCTBYET OJHON M3 OCHOBHBIX XapaKTEPUCTHK
BPEMEHHOTO PAJIA;

e COBOKYMHOCTh METPHUK MaKCHUMaJIbHO M Pa3HOCTOPOHHE OIUH-
CBIBACT BPEMEHHOMW PSi;

e 3HaueHHE METPUKHU IMPUHAICKUT HHTEepBaTy OT 0 10 1.

[1pu BBIOOpE METOI0B MPOTrHO3UPOBAHUS U3 OA30BOT0 HAOOpa 0Oyya-
I0111asi BLIOOpKAa HEHPOHHOM CETH MPEACTaBIIsIeT cO00M HAOOP BPEMEHHBIX
PANIOB, TPEACTABICHHBIX B BHUJE COBOKYITHOCTH METPUK, U COOTBET-
CTBYIOIIMX 3HAYCHUN OMIMOKM TPOTHO3UPOBAHUS TSI KAKIOW MOJICIIH.
Heiliponnast ceTb, TakuM 00pa3oM, oOy4aeTcs Ha OCHOBAaHUM 3HAYCHUI

MCTPHUK BbIYHUCIIEATH IPCAIIOIaraCMbIC 3HAYCHMA OIITNOKH PRIV | Ka)KI[Of/i
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Mojienu u3 0a30BOro Habopa, YTO IMO3BOJISIET ONPENENATh, KAKUE€ MOJEIU
u3 0a3zoBoro Habopa 3¢PexkTUBHEE NPUMEHHUTH ISl MPOTHO3UPOBAHMUS
3HAYE€HUM TEKYILIET0 BPEMEHHOTO psija.

Jlist co3naHus KOMOWMHUPOBAHHOM MOJENM NPOTHO3WPOBAHUS Ha
OCHOBAHWH HCIIOJIH30BaHUS METOJI0OB MAIIMHHOTO 00y4YeHUsS HEO0OXOIMMO
PEINTh PSIT 3a/1a4:

e OnpenenuTs COCTaB MOJICNICH, BXOJAIIMNX B 0a30BbIN HAOOD;

e BrpisiBuUTh KiIHOYEBBIE IS 33/1a4d MPOTHO3UPOBAHUS METPUKH
BPEMEHHOTO PAJIA;

e OrmnpenenauTs CTPYKTYPY U cIOcOo0 00yUeHUs HEMPOHHBIX CEeTeil
BbIOOpPa METOJI0OB MPOTHO3UPOBAHUS U3 0a3oBoro Habopa
Y BbIOOpA METOJIa arperaiumu.

HedeTkoe criia)khBaHWE€ BPEMEHHOTO psiaa

OdyeHb 4acTO MpU aHAIM3E BPEMEHHBIX PSIOB MEPEXOIAT OT UCCIe-
JIOBaHUSA CaMHUX 3HAYEHHM pAla K HCCIeNOoBaHUIO TpeHaa. OgHuM u3
METOJIOB €T0 BBIACICHUS ABsIIsieTCS MeTo] F-ipeoOpa3zoBaHusi.

Heuerkoe criaxuBaHue BPEMEHHBIX PSIZIOB HA OCHOBE HEYETKOTO
npeobpazoBanusi (F-mpeoOpazoBanusi) — MeToauKa, pa3paOoTaHHAs
[TepdunbeBoii [24], koTopass MOXKET OBITh OTHECEHA K METOJIUKaM HEYeT-
KOT'O TPUOJIM>KEHUSL.

F-nipeoOpa3oBaHue mnpeanosiaraeT 3aJaHUE HEYETKOro pa30MeHus
YHUBEPCAIBLHOTO MHOKECTBA. B KauecTBe mociieJHEero BEIOMpAETCsl KOHEU-

HBbI MHTEpBa [a,b] MEWCTBUTENbHOU MPSMOU. 3aUKCUPYEM 3HAYEHUE K
(n > 2) y370B X, ,...,X, Ha [a,b] U NPeANOa0XUM, 4TO X, <...<X,, IPUUEM
a=x,b=x,.

[Ton HeueTkuMm pazdueHuem [a,b] OyjaemM MOHUMATh COBOKYIHOCTH A
byukumii  A4,,...,4, :[a,b] > [0,1], ymoBaeTBOPSIOMINX CIEIYIONUM CBOM-

CTBaM.
o A :[a,b]—>[0,1]4 (x, )=1:
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o A(x)=0ecmux¢(x,,,x,,;), TAe I eIuHOOOpa3msi 0003Ha-
YEHUS MBI TIOJIOKUM X, = d, X, =D ;
e A, (x) HempeprIBHA;
o A(x).k=2,.,n crporo Bospactaer Ha |X, ,,X; | u cTporo yosI-
BaeT Ha [X;, X, ];
o > A, (x)=1 musBcex xelab].
®dyukuun 4, ,...,4, HazpBaoTcs 6a3ucHBIMU QYHKIUAMH. baszucHble

dynxmuy 4, ---,4, MOryT ciyxuth Takke (YHKIHAMH NPHHALICKHOCTH

HEYETKUX MOAMHOXKECTB A ,...,4, (0003HaueHMs (QYHKLUA U MHOXKECTB
yHUupuIpoBansl). OTMeTHM, 4TO (hopMa 0a3UCHBIX (PYHKIIMN MOXKET OBITh
YTOYHEHA JOTOJHUTEIRHO M COIJlacoBaHa C TAaKUMHU TPEOOBaAHUSIMHU
K MOJIEJIH, KaK, HallpuMep, TJIaIKOCTh.

Crnenytoiue GopMyIibl IPEACTABISAIOT HEYETKOE pa3OUeHNe OTpe3Ka

[x,,X,] , moxydenroe cOBOKYMHOCTBIO (YHKIIHIL:

1_ (x_xl)
4,(x) = h

0,unaue

X €[x,x,]

(x—x;)

k-1

ax € [xk_laxk]a

A4, (x) = 1_M9x €[x, X ],
k

0,unaue

1— (x—x,)
4,,(x)= h

0,unauve

Xe[x x|

n-1>"n
n—1

rae k=loon—1u b =X, —x,.
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[Ipenmnonoxum, 4To PyHKIMS f UMEET CBOEH 00JIaCThIO OIPE/IETICHUS

mHokectBo P ={p,,...,p,} ©[a,b], rne [>n. MuoxectBo P cuutaercs

IUIOTHBIM OTHOCHUTEIBHO HEUYETKOro pa3oueHust A ,...,4,, eCliu BBIIOIHEHO

yCIIOBHE:
(VE)(V)) A (p;)>0
ITycTh A, (pj) = akj»k =L...,nj=1..,/ , TOorga  Marpuia
4,., = a,; naspIBaeTCA MaTpuUllell HEYETKOro pasoueHus mis P, 1 KoTo-

PO CITpaBeIJIMBBI CBOKCTBA:
(Vk)(V))a, €[0.1]

. n
(V])Zkzl Ay = L.
F-npeoGpazoBanueM BeKTOpa f, ONpeneiseMbiM MaTpHIleH HEYeT-

Koro paszouenus A, HazoseM Bekrop F,[f], rme F,[f]=(F..F,)
!
Zj:l aljfj
uniT =
Zizl aij

KOOpI[I/IHaTBI BCKTOpa F;[f] Ha30BCM COOTBCTCTBCHHO KOMIIOHCH-

l

tamu F-npeoOpazoBanusa. OO0o03HauuM d; = ijl a;,i=1..,n; rtorma

T
(a,F,...,a,F,) = Ax [ Komnoneursl F-npeoGpa3oBanus sBJSIOTCS TOY-

KaMu MUHUMyMa (YHKIMHU, 3aJaI0IIeH KPUTEPUN B3BEIIEHHOTO CpeaHe-
KBAIPATUYHOTO OTKJIIOHEHHS.

[ycte F,[f] ects F-npeobpasosanue f, onpenensemoe 4, =a,; .
OGparusiM F-mpeo6pasosanuem F,[f] Hazosem Bekrop Jr,, BBMmcis-
“ T
embiii o ¢popmyne fr, =F,[f1x 4. MoxHo nokazarb, 4ro ecid n

Bo3pacraet, Toraa fr,(p,) cxomures f(p;),j=L....,N .

F-nipeoOpazoBanue umeeT (KpoMme MpPOYMX) CIEAYIOIINE CBOWCTBA,
Ba)KHBIE /I UCTIOJIB30BAHUS B KAUE€CTBE CTIIAKUBAHUSI BPEMEHHBIX PSIOB:
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e VY Hero npekpacHbie PUIBTPYIOIINE CBOKUCTBA;
e Ero j1erko BbIUUCIATH
e F-npeoOpa3oBaHue CTAOWUIIBHO OTHOCHUTEIBHO BBIOOpA TOYEK
Di»>-» Py . DTO O3HAYAET, YTO MPHU BBIOOpE APYrUX TOUEK p; (U,
BO3MOJKHO, H3MEHSISI UX 4nuciio N), pe3yiabTupyromas QyHKIus
fr., 3HAUUTEIBHO HE MEHSETCSI.
[IporHo3upoBanure TpeHJa W MPOTHO3MPOBAHHE YHUCIOBOTO MpEI-
CTaBJICHHUS] BPEMEHHOI'O psiia TPOU3BOJUTCS pa3fieNibHO. [[ns1 3TOro HEeoo-

XO0AUMO BBIYUCIINTB TAdK HA3bIBACMbBIC OCTATKU — PA3HOCTH MCKIAY BPCMCH-
HBIM PAJIOM MU €T'0 TPCHIOM:

R={(f(p,)~F, )}, 20¢ j: 4,()> 0.
[TonydenHsiii BeKTOp R-BEKTOpP OCTATKOB JIsl k-1 KOMIIOHEHTHI

TpeHaa. [IporHo3 TpeHaa u BEKTOPOB OCTATKOB pealiu3yeTcst no Gopmyiie
JauHeNRHON KoMOuHanuu. [IporHo3 KOMIOHEHTHI TPEHA:

F.. =aF, +ﬂF;c—l"'
Y IPOTHO3 BEKTOPA OCTATKOB:
R. =0k, +ﬂRk_1....

Jns monmydeHHus: TMPOTHO3a HAXOAUTCA PEIICHUE CHCTEMBI ypaB-
HEHUM:

F. =akb_,+pF ;..
F, = aF,_,+ BF,_,..
AHAJIOTUYHO CTPOUTCS TPOTHO3 BEKTOPA OCTATKOB.
Takke naIsg TOCTPOEHHS NPOTHO3a MOXKET OBITh HCIIOJIb30BaHA
HEWPOHHAsA CETh, HAIIPUMEP, MHOTOCJIOMHBIA NEPUENTPOH WK ceThb Koxo-

HEHa ¢ BBIXOJHOM 3Be37101 I'poccOepra. Bua HelipoHHOM ceTu onpeaeiseT
BHJ] BXOJIHBIX JAHHBIX: HAa BXOJ MHOTOCIIOWMHOTO MEpLUENTPOHA MOAAIOTCS

TOJBKO a0COJIOTHBIC 3HAYCHUS (Fk,Fk_l,,,, ), Ha Bxoja cetn KoxoHeHa
MOJAIOTCS 3HAYEHUSI TOYEK TPEHJA, BBIUUCICHHBIE OTHOCUTEIBHO JPYT

npyra (F, —F, ., F . —F,,....).

102



Ha kauecTBO mporHo3a BIHSET KOJMYECTBO HEMPOHOB BO BHYTPECH-
HeM cioe. [locne momydeHusi MPOTHO3HBIX 3HAYECHHWM TpPEHJla U BEKTOpa
OCTaTKOB BO3MOYKHO IOCTPOEHUE YHUCIOBOrO MPEACTABIECHUS MNPOTHO3a
BPEMEHHOTO psiaa. st 3TOro NpPOU3BOJIUTCS CIOKEHUE MPOTHO3HOMN
KOMIIOHEHTHI TPEHa U IPOTHO3HOTO BEKTOPa OCTAaTKOB.

TodHOCTH TIPOrHO3a 3aBUCUT OT KOJIMYECTBA TOYEK BPEMEHHOIO
psla, y4acTBYIONIMX B OOyUYeHHMH: 4eM OOJIbllle UX, TEM MEHBIIE OIHOKa
(pucynok 23). Kak BUIHO U3 pUCYHKa, BBIBOJ cripaBeyiuB u aiis MAPE,
u juisi SMAPE (nuHun Ha rpaduke mpakTUUEeCKU COBMAAAIOT).

15

% oumbkun

10

R —
- "t:;\ Ao .
e - -
- " 4 S

1M1 16 21 26 31 36 41 46 51 55 61 66 71 76 81 8 ©1 9 101 106 111 116 121 126 131 136 141 146 150

L e

owHa BP
s [\AFE (BHELLHSAA) TPEHOA
SMVAFE (BHELLHAA) TpeHoa

PucyHOK 23. 3aBUCMMOCTb NPOL,EHTA OWMOOK OT A/IMHDbI 0by4yatoweii BbIGOpPKKU

[Iponiecc nmosyyeHus: Npor1o3a TpEeHAa U OCTaTKOB 3aBUCHT OT HEKO-
TOPBIX MAPaMETPOB, KOTOPBIE B MOJIENIN HE yIA€TCA 3a/1aTh KECTKO. BpiOop
JAHHBIX [MapaMeTPOB B 3HAYUTEIBHON CTENEHU BJIMSAET HAa Ka4yeCTBO IPOr-
Ho3a. Onpenenum ux:

e (CreneHp aBTOPETPECCHHM NPU IOCTPOCHUM IPOTHO3a TPEHAA
(obOsacTh 3HAUEHMI);
e Meroz, KOTOPBIM IPOU3BOAUTCS IPOTHO3:
O pELICHHE CUCTEMBI JTUHEWHBIX YPABHECHUM;
O HEHpOHHas CeTh C A0COJIIOTHBIMHM 3HAYEHUSMU MPE.bI-
IOYIIAX KOMIIOHEHT Ha BXOJE;
O HEWpOHHAsl CeTh C PA3HOCTSIMU MEXIY MNPEIbLAYLIUMU
KOMIIOHEHTAMH Ha BXO/IE;
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O HEUpOHHAasi CETh C a0COJMIOTHBIMU 3HAYCHUSIMU TPEIbI-
IYIIUX KOMIIOHEHT, a TAaK)K€ PA3HOCTH MEXJTYy HUMH Ha
BXO/IE;
® KOJMYECTBO TOYEK, MOKPHIBAEMBIX 0A3UCHOU (PyHKIIUEH;
® CE30HHOCTH (UCTOpHUS OTCTOUT Ha k TOYEK OT MpOrHo3a).
Coueranne mnapaMeTpoB, MPU KOTOPOM TMOJYyYAE€TCs HAWIYUIIUN
POTHO3, MOJIYYaeTCs IepedopoM.

Heuertkas perpeccus

B oOmactu npukiagHON CTAaTUCTUKHU, aHAIN3a BPEMEHHBIX PSIIOB
U TIPUHATHS PEIICHUN B YCIOBUSX HEONMPEACICHHOCTH HAKOIUIEH OOraThIi
ONBIT HUCCIEAOBAHUNA W CYHIECTBYET MHOXKECTBO MOJEIECH, HadyWHAs OT
MPOCTEUIINX JTUHEUHBIX PEFPECCUOHHBIX MOJENEHN MTOMCKA TPEHIA BPEMEH-
HOTO psila W 3aKaH4YMBasl CIOXKHBIMH MHOTOYPOBHEBBIMU aBTOPErpeEC-
CUOHHBIMU U aJalTAIIMOHHBIMU MOJEJISIMHA. PerpecCMOHHBINA aHaln3, OCHO-
BaHHBI Ha METOJie HaWMEHbIIUX KBajapatoB (Least-square), siBhsieTcs
OY€Hb YJOOHBIM METOJIOM MOCTPOEHUS MOJIENIEH, MTO3BOJISIFOIIIUM YUCICHHO
OLIEHMBAaTh 3aBUCHUMOCTh HHTEPECYIOLIETO MCCIEAOBATENS MapaMeTpa OT
BO3JICHCTBYIONIMX HAa Hero (aktopos. IIpu aHanmze 3aBUCUMOCTH HEYET-
KUX OIIEHOK OT BO3JEHUCTBYIOIIMUX (PAKTOPOB 3a4acTy0 HCCIEI0BATEISM
NPUXOJUTCS UMETh JIeJI0 ¢ BaXKHOW HMHQOpMalMen, KoTopas HE MOXKET
ObITh 3amaHa To4yHO. Hekoropble HaOMIONEHHS MOTYT OBITH OINKMCAHbBI
TOJIBKO JIMHTBUCTUYECKUMHU BBIPAKECHUSAMHU (TUIA «YJOBJIETBOPUTEIb-
HBIN», «XOPOIIU» U «IPEBOCXOAHBINY). [[1s TakuX MaHHBIX anmapaTom
dbopmanM3aii MOXKET CIYXUTh TEOpHUs HEYETKUX MHOXKECTB. bpuin
pa3paboTaHbl pa3IUYHbIE HEUYETKUE PErpPEeCCHOHHBIE MOJEIN, OCHOBOM
KOTOPBIX SIBJISIETCA MOJEJIb HEUETKOM JTUHEHHON PErPECCUN.

B HedeTkoM perpecCMOHHONM MOJEIW IapaMeTphbl MPEICTABIISIOTCS
TPUAHTYJSIPHBIMU HEYETKMMU YHUCIAaMU U SBIAIOTCA KOd(PPUIIMEHTaMU
B HedeTKoW yuHelHoW ¢yHkiuu. HeompeneneHHoCcTh (vagueness) cuc-
TEMBI MPEJICTABIIIETCS CYMMapHBIM Pa3opocoM («IIMPUHOI») apaMeTpoB
(HeyeTknx K03 PUIMEHTOB).
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ITocTpoenre MOJIeIM COCTOUT B HAXOXJIEHUH ONTHMAaIbHBIX B HEKO-
TOPOM cCMbICiIE KO3(D(PUIMEHTOB C Y4eTOM HEYeTKoil uHbopMauuu 00
00BEKTE U CYOBEKTUBHBIX MPEJCTABICHUIN UCCIEI0OBATEIIS.

bazoBbie npeanosioxeHuss HeYeTKOM PErpecCuu 3aKII04aroTCs B TOM,
YTO OCTATKH, MOJYYEHHbIE KaK Pa3HOCTh MEXJY HAOIMIOJCHUSMHU U UX
OLIEHKaMH, NPOAYLHUPYIOTCS HE CIy4YalHbIMH OIIMOKAMU U3MEPEHUS,
a HEOMPEACIICHHOCTSIMU (THIIAa HEUETKOCTh) IIPU BBIYMCIICHUN TTapaMeTpPOB
MOJIEIIH.

BoibmmHCTBO paldoT, MOCBSAIMIEHHBIX HEYETKOM pErpeccuu, ObLIN
OCHOBAHBI Ha CIEAYIONMINUX 0A30BBIX OMPECICHUSX.

Ilycth nmaHO MHOXKECTBO HAOJIOJCHMIA: (y 19X e X, ) j=l..m,

HEO00XO0IMMO HAalTH HEUETKYIO0 MOJIENb 10 cleAyroen Gpopme:
Y=A4,+4 x+..+4x,,

c L _R .
rae Ai(a,- 58 58 ), i=1,..,n TPUAHTYJISIPHBIE HEYETKUE YNCIIA;

C ~
d; — cpennee 3HaueHue A; ;

L

R o o o
S; »§; — TIOKa3bIBAIOT JIEBBIM W MpaBblil pa3OpoC TPEyroJbHOU

(1)YHKLII/II/I MPUHAIJICKHOCTH COOTBCTCTBCHHO.

Hcnonb3ytoTcst Ba KpUTEpUsl ONPEACIICHUST HEYEeTKUX Kodhdu-
[[UEHTOB MOJIEJIH:

1. I[J'ISI BCEX Ha6JIIO,Z[CHI/II>’I NPUHAAJIC)KHOCTh 3HAYCHHUA V ; K €ro

HEYETKOM OLeHKe Y,  NoKHAa  OBITh KaKk  MUHHMYM

Y (y;)2h,j=1..,m, rne h — ypoBeHb IOBEpHUs, BBIOPAHHBIN
JINLIOM, IPUHUMAIOIIM PEIICHHUS.

2. O0miass HEYETKOCTh IMPEJICKa3hIBAEMOI0 3HAYCHUS 3aBUCHUMOMU
MepEMEHHOMN JO0JDKHA OBITh MUHUMHM3HPOBAHA. ITO MOXKET OBITh
JIOCTUTHYTO MUHUMM3AIKEN CyMMBbI Pa30pOCOB HEUETKUX YHCEN
JUTsl BceX HaOOPOB JTaHHBIX.
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Ntak, mpobiieMy HacCTpOMKM HEYETKOW MOJIENM C 3aJaHHBIMH JIaH-

HBIMH (y jo XXy ),j =1,...,/m MOXHO pemmTh KaKk OSKBHUBAJIEHTHYIO
o o c c c
3aJayy JINHEWHOro mporpamMmupoBanus. To ects Halth d_ = (ag,.-a,),

L /. L L R _ (R R
5°=(8y,..-8, ), SZ =(8 ..., ), KOTOPbIE MUHUMU3HPYIOT BBIPKEHHIE:
n m
Z=m(sg +s3)se +Z (SZ.L +sf )Z‘xl]‘ )
I=1 Jj=1

YroOBl OLIGHUTh KA4eCTBO HACTPOMKM HEYETKOW perpeccuw,
UCIIOJIB3YIOT METOJ HaWMMEHBINX KBaapaToB. [[1s HedeTkoil perpeccuu
cpenHekBanpaTuuHoe otkioHeHue (MSE) ompenensiercs ciemyromum
obOpazom:

MSE=L3y, ~def ()T
j=1

rae def (Y;) — neda3su@uUUUPOBAHHOE 3HAYEHHME 3aBMCHMOMW IEpe-
MEHHOM.

WccnepgoBaTensiMu ObUIH BBIICNICHBI Pa3IMYHble BApUAHTHI METOOB
Ha OCHOBE KJacCU(PUKAIIMU «BXOJ — BBIXO/». «YETKUU BXOJ — YETKUUI
BbIx0» Metosl CICO (Crisp-Input and CrispOutput), «HedeTkuil BXoa —
Heuetkudt BbIxoA» Meton FIFO (Fuzzy-Inputs and Fuzzy-Outputs)

u cMemanabie faHHbie — MeTo1 CIFO (Crisp-Inputs and Fuzzy-Outputs).

ACL-1mkana v HeuyeTkas Kiacrtepu3anus 00bLEKTOB

JInst 3aaHusl OTHOILICHUM MEX]y 3JEMEHTaMU HEYETKOrO0 BpPEMEH-
HOTO psila Mbl MOXEM HCHOJIb30BaTh CIEIHUATbHYIO JMHIBUCTUYECKYIO
IIKAJTy B Ka4eCTBE MHCTPYMEHTA KaK aOCOJIFOTHOTO, TaK U CPABHUTEILHOTO
HeueTkoro  oneHuBanuss —  ACL-mkama  (Absolute&Comparative
Linguistic) [25]. AOcontoTHbie oOlleHKH, mnosiydeHHble 1mo ACL-mikane,
OyJlyT COOTBETCTBOBATh HEUETKUM METKaM ypoBHeW BP, a cpaBHUTENbHbBIE
olleHKn — HeueTkuMm TeHaeHuusM HBP. Onumem ACL-mkany [25] kak
anreOpanyecKyro CUCTEMY BUJIA

Sx = <Name_Sx, X, N, X G P, TTend, RTend>,
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rae Name Sx — umsa ACL-mxansr; X — 6a30B0€ T€pM-MHOKECTBO
a0COJIFOTHBIX JIMHTBUCTUYECKUX OIEHOK (JIMHIBUCTHUYECKOE Ha3BaHUE
rpagaumii); N — MOIIHOCTh 0a30BOro TEPM-MHOXKECTBA IIKaIbl, X —
YHUBEPCAIBHOE MHOKECTBO, HA KOTOPOM OIpeeneHa mkana; G — CHHTaK-
CHUYECKHE TpaBuja BbIBOAA (MOPOKIEHUS) IEMOYEK OLIEHOYHBIX BbICKA-
3bIBaHUN (MPOU3BOJIHBIE TEPMOB, HE BXOJAIIMX B 0a30BOE TEPM-
MHOECTBO); P — ceMaHTUUYECKHUE MpaBuia, onpeaestonye GyHKiuu npu-
HAJUISKHOCTU JUISL  KaXJAoro TepMma (3agatoTcsi OOBIYHO JKCIEPTHO);
TTend(x,, X;) — NTMHIBUCTHYECKOE OTHOLIECHUE, PUKCUPYIOIIEE THIT U3ME-

HEHMS MEXK]Ty JBYMsI OIIEHKaMU X, fc} mkanel; RTend(X,, 52} ) — TUHTBUCTH-

YeCKO€ OTHOIIEHUEe, (UKCUPYIOIIEe HHTEHCUBHOCTb Pa3UYUs MEKIY
JIBYMsI OLICHKaMU X, 551 IITKAJIEL.

[TepBoe, 4TO HY)KHO cenaTh JUIsl TOCTPOCHUSI IIKAJIbI, — OMPEIACITUTh
0a30BOe TEepPM-MHOXKECTBO. Hampumep, ompeaennM MHOXXECTBO MOIII-
HOCTBIO 5, cojepaiiee B ceOe OIEHKM YPOBHEW TpeHJa HCXOJHOIO
BPEMEHHOTO pslia: {Majoe, HUXKE CPEIHEro, CpeliHee, BBIIIE CPEIHETO,
Oosibiioe}. MOIIIHOCTh MHOXECTBA OOYCIIABIMBAECTCS HEOOXOIMMOCTHIO
BepOAIM3aIiuy KaKJ0TO TIOHSATHS IIKadbl, TAKUM 00pa3oM, 4TOObI OHa
OblJ1a MOHSTHA /JIs Y€JIOBEKAa U CEMAHTHUECKHU COJIepKaTeIbHA.

Jlanee HeoOXxoauMo BbIOpaTh crnocod mnoctpoeHus: ACL-mikansl.
OTUM ciocoOOM MOXKET CTaTh HEpaBHOMEPHOE pa3zdoueHne 3a)uKCUpPOBaH-
HOM 00J1aCTH 3HaYEHUS BEJIMYMHBI C TTIOMOIIBIO AITOPUTMa KJIACTEPHU3aAIINH.
JIOCTOMHCTBOM TaKOTO MOJX0Ja SIBISIETCA TO, YTO pa3OMeHHUe MTPOUCXOIUT
0e3 yuactus dKcrmepTa (TOrJa Kak B OCTaIbHBIX BO3MOXKHBIX CIIOCO0ax
00s13aTeJIbHO Y4aCTHUE IKCIIEPTA).

[Ipu OGe3skcnepTHOM pa3zdueHHM 3ajiadya (QOpMYJIUPYETCS CIEIyIo-
UM 00pa3oM: JJaHO MHOXKECTBO U3 L TOYEK, HEOOXOAUMO Pa3OUTh €ro Ha
k tpynn. 3pmece L — xonudectBo 3iemMeHTOB BP  (3aduxcupoBanHOe
MHOECTBO 3HaUeHUH), k — KonudyecTBO TepMoB Ha ACL-mikane, B HalieM
ciaydae paHoe N. Kak MbI Buamm mo GopMyIHpoBKe 3a7add, 3TO 3a7ada
kinactepusanuu. Kitactepusamuss — 3TO Tporece pa3OoueHus OOBEKTOB
Ha TPYNIbl MO CTENEHH HX CXOXKECTH Mexay coboil. B ornumume ot
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Kiaccuukalum, e €CTh 3aJaHHasl CTPYKTypa TPyl U MPU3HAKHU, HA
OCHOBE KOTOPBIX OOBEKTHI B 3TU IPyMNIbI MTOMEMIAIOTCS, B KJaCcTepU3aluu
CTPYKTYypa pa30OHeHus], a TaKKe XapaKTepUCTUUECKHUE MPU3HAKU SIBIISIOTCS
HE BXOJHBIMHU, a BBIXOJHBIMH JaHHbIMHU. Kiactepuzainus MoKeT ObITb
yeTKOM M HedeTkou. [Ipm 4eTkoW KiacTepus3anuy MNPErnoiaracrcs, 4ro
KK/l 00BEKT MPUHAMICKUT TOJIBKO OJHOMY KJIACTEpy, MPU HEUETKOU
OOBEKT MPUHAJICKUT BCEM KJIacTepam, HO C pa3HOM CTENEeHbIO MpUHA-
nexHocTu. [lpy HEYeTkoW KiacTepu3aldd Mbl CMOXKEM HCIIOJIb30BaTh
COOCTBEHHO CTENEHU NPUHAJICKHOCTH 00bekToB BP kiactepam s
MOJIy4YEeHHs] TEpMOB IMIKajdbl. B wutore Bcs 3adukcupoBaHHas 00JaCTh
pazobbercsa Ha N B3anMOIIepeCceKaroluXcsl KIIacTepOB, YIOPATOUEHHBIX IO
BO3PACTAaHUIO 3HAYEHUM HUX LEHTPOB. B3amMoriepeceyeHue moiaydaercs 3a
CYET HEUETKOCTH KJIACTEPU3ALIHH.

Knacrepuzanuss MOXET BBINOJHATBECS C IIOMOIIBIO HEUPOHHBIX
CeTell, TeHETUUECKUX AJITOPUTMOB MIIA C MTOMOIIBIO COOCTBEHHO alrOpHT-
MOB KjacTepuszanuu. Hampumep, s HeueTKoro pa30OHEHHs] HEKOTO MHO-
’KECTBa TOUYEK Ha 3aJIaHHOE KOJIMYECTBO KIIACTEPOB MOXHO HCIIOIB30BaTh fem-
aNropuTM Kiactepusanuu. PaccMoTpuM ero noapooOHee.

FCM-anroputm (Fuzzy Classifier Means) kiacTepusaiuy mnpume-
HSIETCS JIJIi HEYETKOTO pa30MEHUsI HEKOTO MHOXECTBa 0OBEKTOB HA 3aJ1aH-
HOE€ KOJIMYECTBO KJIACTEPOB. Llenpro anroputMa KIIACTEPU3ALUU SIBISECTCS
aBTOMAaTHYECKOE pa30MeHHe MHOXECTBa OOBEKTOB, KOTOPHIE 3aJar0TCs
BEKTOpPaMU MPU3HAKOB B IIPOCTPAHCTBE MPU3HAKOB. JTOT AITOPUTM IPE-
M0JIaraeT, 4To OOBEKThI MPUHAJJIEKAT BCEM KJacTepaMm C OIpeeiIeHHOM
CTEIIEHBIO MPHUHAJICKHOCTH, KOTOpask OMNPEHEISIETCS PACCTOSIHUEM OT
00BEKTa 10 COOTBETCTBYIOIIUX KJIACTEPHBIX IIEHTPOB. J[aHHBIN anroputm
UTEPALMOHHO BBIYMCIIIET LEHTPHI KJIACTEPOB M HOBBIE CTEIIEHW MPUHAI-
JEXKHOCTH O0BEKTOB. IIpu 3TOM OH OCHOBaH HAa MMHUMU3ALMH IEIEBOM
(GYHKIIUU 110 MEpEe PACCTOSHUSI 00BEKTOB OT LIEHTPOB KIJIACTEPOB:

J:ii(%)m‘

i=1 j=1

b
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rae N — xonnyectBO 00beKTOB; C — KOJIMYECTBO KJIACTEPOB; U; —
CTENECHb MPUHAICKHOCTH OOBEKTA [ KJacTepy j; m — Jao0oe JeiCTBU-
TEJIbHOE 4HuClo, Oonbmee 1; x— i-i 00beKT Habopa OOBEKTOB; ¢— j-H
K1acTep HaOopa KJIAacTepoB; |lx; — ¢j|| — HOpPMa, XapaKTepu3yromas
paccTosiHUE OT IIEHTpa KJIacTepa j 10 00bEKTA i.

OOBbekTaMu KlacTepu3alluy MPU aHAIN3€ TEKCTOB, HAIPUMEDP, MOTYT
SBJIATHCS TEPMUHBI. BeKTOp Mpu3HAKOB OOBEKTOB KJIACTEPU3ALMH B JaH-
HOM Clly4ae COJIEP>KHUT TOJbKO 3HAYEHHWE KaKOU-IHOO CTaTHUCTHUYECKOM
METPUKH (HAMPUMEpP, YACTOTHI TEPMUHA B TEKCTE).

AJITOPUTM HEYETKOW KJIaCTepU3AllMU BBITIOJIHSAETCS 10 IIIaram.
PaccMoTpuM KaxkibIi U3 11aroB MoapoOHee, MpUBeis HEOOX0IUMbIE MOIH-
dbukauu 1ueneBol (YHKIUM 1 YHOPOIIECHUS AaJbHEHUINEro MNporpam-
MUPOBAHMUSI.

IlepBpiii mar — wHunumanu3anuss. Ha stom mare 3amarorcs mapa-
METphl KJIacTepU3allid W WHULIHAIU3UPYETCS MEepBOHAYalbHAs MaTpulla
PUHAIJIEKHOCTH 00beKTOB KiacTepaMm. K mapamerpam OoTHOCATCS Cley-
IOIINE BETUYUHBI. Bo-NEpBBIX, CTENEHb HEUETKOCTU KiacTepU3alluu —
napametrp m. OT BpIOOpa 3TOro mapamMerpa 3aBUCUT 3HAYEHUE (PYHKIIMU
NPUHAIJICKHOCTH TOUYKHM KiacTepy. OOBIYHO OH BBIOMpAeTCs B IMpesenax
~1.5..2. Yem Oonple ero 3HayeHHE, TeM OoJiee «HEYETKas» KiacTe-
puzanua. B mpuBEeAEHHBIX HUXE MPUMEpPAX KoJa SMIUPUUYECKH OBLIO
BbIOpaHO 3HaueHue = 1.6. Bo-BTOpbIX, BbIOMpaeTCs Mepa PacCTOSHUI
|x; — ¢j||. Ona xapakrepusyer cTelneHb ONHM30CTH TOYKH K LEHTPY
kinactepa. Eciam BEKTOp XapaKTEepUCTHK COCTOUT TOJIBKO W3 OJHOTO
3HAYEHHUS W 3aJaya, MO CyTH, CBOJUTCA K BBIACICHUIO 3HAYMMBIX UHTEp-
BAJIOB HA MPSIMOI, TO MEPA PACCTOSTHUSI MOXKET UMETh BUJ]

|xi = ¢l [=|xi — ¢l

OTa Mepa XapakTepu3yeT YIaJIeHHOCTh TOYKHM OT IIEHTpa Kiactepa
Ha MPSMOM.

Tpetuit mapamerp, KOTOpPHIM BBHIOMpAETCS MPU WHUIMATU3ALNUU —
napaMeTp CXOJIMMOCTH ajroputma & (ypoBeHb TOUHOCTH). Korja pa3sHoCcTh
3HAYCHUH 1eJIeBBIX (DYHKIMNA TEKYIIeH W MpeablayIIeil uTepaiuii JOCTUr-
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HET 3TOr0 YPOBHS, CUMTAETCS, YTO KiacTepusamusi 3aBepiineHa. OObIYHO
stoT napametp paseH 0.001.

UYeTBepThIii MapaMeTp 3a/1aeTCsl BO U30€KaHUE 3aBUCAHUSI aJITOPUTMa
IIpU HEBO3MOXXHOCTH JIOCTHDKEHHUS YPOBHS TOYHOCTH. ODTO KOJMYECTBO
urepanui anroputma. Hanpumep, 10 000.

[Tocne BbIOOpa MapamMeTpOB TEHEPUPYETCS CIydaHbIM 00pa3oM
NepBOHAYAJIbHAs ~MaTpulla MPUHAIISKHOCTH OOBEKTOB  KJIacTepam
U TIPOUCXOJIUT MEPEXO]T KO BTOPOMY IIIary ajJropuTma.

Ha miare 2 npoucXoauT BBIYUCICHHE IIEHTPOB KIIACTEPOB CIIEAYIO-
UM 00pa3oM:

rae ¢; — LEHTp j-ro kuaacrepa; N — KOJIMYECTBO OOBEKTOB; X; —
3HAQYEHUE [-T0 OOBEKTA; U; — CTCNEHb NPUHANICKHOCTH OOBEKTa I
KJIacTepy J.
Ha Ttpetbem mare Qopmupyercs HOBas MaTpHUIla IPUHAJIEKHOCTH
C y4ETOM BBIYHMCIICHHBIX Ha MPEIBIIYILEM LIare IEHTPOB KIACTEPOB:
1

X—C

9

H 3.33
\ =l

Ile U; — CTENEHb NIPUHAIEKHOCTU O0BEKTA i KJIACTEPY j; ¢ — KOJIU-

4eCTBO KJIACTEPOB; ¢;— BEKTOP LIEHTPA j-TO KIACTEPa; ¢;—BEKTOP LIEHTPa [-ro
KJ1acTepa.

IIpu 3TOM ecnu Ui HEKOTOPOro KiIacTepa j 1 HEKOTOPOro OOBEKTA i
paccrosiaue |x; — ¢;| =0, Torga momaraem, 4To CTEIEHb IPUHAIICKHOCTH Uj;
paBHa 1, a Uil BCEX OCTalbHBIX KIACTEPOB CTENEHb MPHUHAIIEKHOCTU
3TOro 0ObEKTa paBHA HYJIO.

Jlanee Ha 4ETBEPTOM IlIAare BHIUUCISAETCS 3HAUEHHE LIENEBOM (yHK-
UM, U MOJy4€HHOE 3HAYCHHE CPaBHHMBAETCS CO 3HAUEHUEM Ha IPEIbl-
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nyuieit urepauuu. Eciu pa3HOCTh HE MPEBBIIIAET 33/ITaHHOTO B apaMeTpax
KJIAaCTEpH3allUM 3HAYEHUsS €, CUMTAeM, YTO KJacTepu3alMs 3aBepllcHa.
B npoTtuBHOM ciydae nmepexouM KO BTOPOMY IIIary ajaropuTMa.

Mpb1 paccMoTpend METOAbl HEUYETKOW JIOTUKH, TeNeph IepenjieM
K CJIEJTYIOIIEeN MOJIENIN — UCKYCCTBEHHBIX HEMpoHHBIX ceteit (MHC).

HckyccTBeHHbIE HEPOHHBIE CeTH

JJist MOATOTOBKM JJAHHOTO pa3fiesia UCIONIb30BaJIcs MaTepuani (B TOM
YHUCJIe MUTFOCTPATUBHBIN) U3 CIIEIYIONIETO UCTOYHUKA: [26].

OCcoOEHHOCTH HEUPOHHBIX CeTel

[Ipexxne yem mepeiTé K OMUCAHHUIO TOTO, YTO COOOW MpPEACTaBIAECT
MOJIETh UCKYCCTBEHHOW HEMPOHHOM CETH, aKIIEHTUPYEM BHUMAaHUE Ha 0CO-
OCHHOCTSAX JAHHOTO MOJXO0Jd, a4 B YaCTHOCTU €ro JOCTOMHCTBAX U HEJO-
CTaTKax. JTO OCHOBHBIE MOMEHTBHI, KOTOpbIE 00s3aT€IbHO HEOOXOAUMO
MOHATH U 3aIIOMHUTb.

Jlocmouncmea MHC:

1. HenuHelHOCTh MOJENIH, YTO JAET BO3MOXKHOCTH AMMPOKCHUMH-
poBaTh J00bIe HENMMHEHHBIE GyHKIMU. Ta e 3a7a4a ¢ MOMOIIbIO TTOJIUHO-
MUAJIBLHON MOJIEIHN HE BCET/la pelaercs, JIM0o e €€ pelleHre CTAaHOBUTCSA
HU3KHUM T10 Ka4eCTBY.

2. JIOKaJIbHOCTH BOCHPUSATHS, 3AKIIOYAIONIASACS B TOM, UYTO KaXJIbIi
HEWPOH IIOJYy4YaeT HE BECh BXOJHOW BEKTOp. DTO IMO3BOJSET € CErMEH-
TUPOBATh JaHHBIE U pabOTaTh C 00JIee CIOKHBIMU CUTYaLIUSIMHU.

3. Kackan cnoeB. B coueranuu ¢ myHKTOM 2 3TO JA€T CIIOCOOHOCTH
BOCIIPUHUMAThH 00Jiee aOCTpaKTHbBIC IPU3HAKH.

4. Jlyumie paboTaer ¢ MyJIbTUKOJUIMHEAPHOCTHIO M KOMOWHAIIUAMHU
MIPU3HAKOB.

5. HelipoHHass ceTh MaeT HECKOJBKO MEXAHW3MOB ISI KOHTPOJIS
nepeooyUdeHusl.

6. Heiiponnas cetrb crmocoOHa A000ydaTbesl MpPU HENPOTHUBOPEUH-
BOCTH HOBBIX 00pa30B.
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Heoocmamku:

Heuponnas cerp He mHTepnperupyema. [loatomy He sicHa noruka
npeoOpa3oBaHUsl BXOJIHBIX JIaHHBIX B BbIXOAHBIE. He Bcerma MoHO
yOeIUThCs B CTAOMIILHOCTH PELIEHUsI Ha BCE 001acT onpeeneHusl.

MaremaTuka TPOIIECCOB U HEKOTOPBIX aCIEKTOB (PYHKIIMOHU-
pOBaHUs €lle HEAOCTATOYHO H3ydeHa. YacTo KOJIMYECTBO HEWPOHOB
U CJOEB MPUXOJIUTHCA MOAOUpPaTh AKCIEPUMEHTAIBHO JJIi KOHKPETHOM
3a/1a4d, IOTOMY YTO OINPEIEICHHON METOIUKH HET.

Her aHamuTM4ecKoro peueHus, a pereHne YUCICHHbIMU METOAAMHU
TPAJUEHTHOTO CITyCKa MOXET NPUBOJHWTH K IOIMAJAHUIO B JIOKAJIbHBIC
MUHHUMYMBI OIIUOKH.

Jns UHC ouenr uwacto TpeOyercs Oosbias BbIOOpKa. Tak s
pacro3HaBaHUsl PEYU OJHOTO sA3bIKAa MOXKET MoTpedoBarhest oT 5 10 10 Thic.
4acoB pa3MeueHHbIX 3amuceil. [[ns I'myOokux cerel HeoOXoaumo erie
OoJIbIlIee YMCI0 0OBEKTOB 00YyUaroIel BEIOOPKH, HHAYE OYy/IET TMTOCTOSIHHO
IPOUCXOAUTH IEPEOOyUECHHE.

OOyuenne Oonbmon MHC TtpeOyer OOABIIMX BBIYHCIUTEIbHBIX
pecypcoB u crienaibHoro ooopyaosanus GPU.

ITockoJIbKy Ha CEroAHSIIHUNA J€Hb HEMPOHHBIE CETU OYE€Hb MOJHAS
TeMa, cieayer otMeTutTh, uto MHC, Tak ke kak ntoOble 00oOmaroIme
MOJIEIM MAIIMHHOTO OOy4YeHUs, YyBCTBUTEIbHA K MPOTUBOPEUUSIM B JaH-
HBIX Y, KOHEYHO K€, Ha TeKyIieM 3tane passutusa HC He MoryT conepxarhb
IPOTUBOPEUYUBBIE «IIPEACTABICHUS» 00 OOBEKTE, MPOBOJUTH KaKUE-TO
BHYTPEHHHUE pPa3MBIIUIEHUS U NEPECTaHOBKHU. VIHBIMM CIIOBAMU, W3 HEOT-
kyna uapopmarnuio MHC He Bo3bMeET (CaMOCTOSITENHHO HE MPOENIAET Psif
BBIBOJIOB).

Tak ogHuM u3 rinaBHbIX KOHKypeHTOB MHC B psime 3amau sBISIOTCA
pemiatone aepeBbss U aHCcaMOJu HaJl pellaloluuMU JIepEBbsIMU (HaIpU-
mep, XGBoost). HckimoueHueMm ABISIIOTCA 3a/adyd MAalIMHHOTO 3pPEHUS
u paboTel ¢ u300pakeHusiMu BooOIie, B kKoTopblx MHC 3anumarotcs
CEroAHs JIUIUPYIOIINE TO3UIUH.

112



OnpenereHre MOIEIN UCKYCCTBEHHOW HEUPOHHOM CETH

Cornmacno Bukunenuu [1]: «MckyccTBeHHas HEUpPOHHAs CE€Thb —
MaTeMaTH4ecKass MOJEIb, a TAKXKE €€ NPOrpaMMHOE WJIA allapaTHOE
BOIUIOIIEHUE, MOCTPOEHHAS MO MPUHIMIY OpraHu3anvu U (yHKIIMOHUPO-
BaHMUsI OHMOJIOTMUECKUX HEHUPOHHBIX CETed — ceTel HEpPBHBIX KIIETOK
YKMBOTO OpraHu3Ma. JTO TNOHSTHE BO3HUKIIO NPU H3YYEHUU IPOIIECCOB,
MPOTEKAIIMX B MO3r€, U MPHU IOMBITKE CMOAECIUPOBATH 3TH MPOLECCHI.
[lepBoif Takoil MOMBITKON OBUIM HEHUPOHHBIE CETH, CO3/MaHHBIE Y. Mak-
Kammokom u VY. Ilurrcom. Ilocne pa3paboTku airopuTMoOB 0O0yUe-HHS
MOJIy4aeMble MOJEIHN CTAJIA UCIIOJIb30BaTh B MPAKTUYECKUX LEIAX: B 3a/a-
yax MPOTHO3UPOBAHUS, JJIsI pacro3HaBaHUs 00pa3oB, B 3ajladyax yMOpas-
JICHUS U JIP.».

HckyccTBEHHBIE HEWPOHBI CUJIBHO YHPOIIEHBI 10 CPABHEHUIO C UX
OvoMornuyeckuMu npotoTunamMu. Kaxapli U3 HUX HMEET JeJ0 TOJbKO
C CUTHajlaMHM, KOTOpbIE OH MEPUOAUYECKU IOIYyYaeT, W CUTHAJIAMH,
KOTOPBIE OH TMEPUOJIUYECKU TMOCHUIAET APYruM HeilpoHaM. CriocoOHOCTh
peuaTh JOBOJIBHO CJIOXHBIE 3a/1aud OOyCJIaBIMBAETCA TEM, YTO BCE HEH-
POHBI COETMHEHBI B JJOCTATOYHO OOJBIIYIO CETh C YIpaBJsieMbIM B3aWMO-
nericterueM. CxeMmy MPOCTOM HEUPOHHOM CETH MOYKHO YBHJIETh HA PUCYHKE
24. Jlutepoit «I» 0003HAUYECHBI BXOJIHBIC HEUPOHBI, «S» — CKpBbI-
TbIe HEUPOHBI, «O» — BRIXOAHON HEUPOH. COEAUHSAIOMINE JIMHUA — CBS3H
MEXy HEMPOHAMHU, WM CUHANTHYECKHUE CBSI3H. IMEHHO CHHANTHUYECKHE
CBSI3M UTPAIOT BaxkHewyto poiib B Mmojaenu MHC, Ttak kak B ocHOBe 00y4e-

HHA JICKHUT MCXaHNU3M KOPPCKTUPOBOK CHUJIBI 3THUX CBSI3EH.

PucyHoK 24. Cxema npocToii HeilipoceTu
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HeipoHHyI0 Cc€Th MOYKHO pPacCMOTPETh C Pa3HbIX TOYEK 3PEHUS.
Hanpumep, B MallluHHOM OOy4Y€HUU, HEUPOHHAsI CETh — YACTHBIN ciydail
METOJIOB pacro3HaBaHus 00pa3oB, JUCKPUMUHAHTHOTO aHAIM3a, METOIO0B
Kiactepu3anuu U T. 1. C TOYKHM 3peHUs] MaTeMaTUKH, 0OyUYeHHasi HEHPOH-
Hasl CE€Th — PEIICHHAs] MHOTOIIApAMETPUYECKAs 3a7a4a HEJIMHEWHOW ONTH-
Muzanuu. KubepHeTuka mpejcTaBisieT HEHPOHHYIO CETh KaK «YEPHBIM
AIIUK» WIA TPOU3BOJIBHYIO TEpPeAaTOYHYH (YHKIIHI0, KOTOPYIO MOXKHO
MOJIYYUTh TPU OOYUYEHHH CETH M 3aT€M BOCIPOW3BOIUTH MPH HCIIOJb-
30BaHuM ceTh. C TOYKM K€ 3pEeHHUs] UCKYyCCTBEHHOro uHremekra, MHC
SIBJIIETCS. OCHOBOM (pUI0CO(CKOro T€YEHUS] KOHHEKTUBU3MAa M OCHOBHBIM
HaMnpaBJICHUEM B CTPYKTYPHOM IMOJAXOAE MO M3YYEHHIO BO3MOKHOCTH
MOCTPOCHHUS (MOJCIIMPOBAHUS) €CTECTBEHHOTO HMHTEUIEKTa C IOMOIIBIO
KOMITBIOTEPHBIX aJITOPUTMOB.

OueHb 4YaCTO UMEHHO PO HEUPOHHBIE CETH TOBOPUTCS, UTO OHU HE
MIPOTPAMMHUPYIOTCSI B TIPUBBIYHOM CMBICIIE ATOTO CJIOBA, OHU OOy4aroTCs
U YTO BO3MOXKHOCTh OOYUEHHS — OJTHO U3 TJIaBHBIX MPEUMYIIECTB HEHPOH-
HBIX CETEeN TMepeln TPaaulHOHHBIMH anroputMamu. KoHewHO ke, Takue
TPAKTOBKU U OOBSICHEHUSI HEJb3sl Ha3BaTh TOYHBIMU U UX MOKHO JIOIYC-
KaTh TOJILKO TIPH TIEPBOM 3HAKOMCTBE C MAIlTMHHBIM 00y4eHHEM BOOOIIIE.

TepmuHn «oOydeHue» HEOOXOIUMO TpPaKTOBATh JIMIIL MaTeMaTH-
yecku. B Takom ciydae u Perpeccus, u JlepeBbsi Takxke 00y4darOTCs, XOTS
B JI000W MOJIENI MMPOUCXOAUT OJTHO U TO KE — KOPPEKTUPOBKA BECOB.

OnHako mIymMHXa BOKPYT HEUPOHHBIX CETEH MOPOXKAAET MacCy
MU(OB, TPUHIKAIOITUX OCTATBHBIE METO/IbI, N3yUEHHbIC HAMH paHee.

B 4yeMm-To 3Ta MOJIeJIb HAIOMUHAET YK€ MU3YUYEHHBIE MOJIECIIH, TAKUE
kak Perpeccuss u JlepeBbs pemienuil. B kakoM-To cmbiciie HelpoHHBIE
CETH SIBJISIIOTCSI KOMOMHAIIMEHW 3TUX METOJIOB (Ha YPOBHE KOHIIETIIINN).

B ocHOBe Marematumdeckou wmojuaenu BbluucieHuid B MHC mexur
B3BEIICHHOE CYMMHMPOBAHUE, TO €CTh, IO CYTH, YK€ 3HAKOMOE BaM I10OJIU-
HOMHUAJIbHOE YpaBHEHUE (B KOTOPOM KO3(P(MUIIMEHTHI yKE€ MPUHATO Ha3bl-
BaTh BecamM). Beca 3TOro mojvHOMa M OTPa)KarOT CUIY CHHANTUYECKOUN
CBSI3M MEXAYy HelpoHaMu. IMEHHO CHHANTHYECKUE CBS3U WIPAIOT BaXK-
Helmyro poias B moaenun MHC, Tak kak B OCHOBE OOY4YEHHS JICKHUT

114



MEXaHU3M KOPPEKTHUPOBOK CHJIBI ATUX CBS3€H (IMOJ0O0HO OMOIOTHYECKOMY
MPOTOTUITY).

Bce Takke BBIYHCIICHUS 3aBSI3aHbI Ha TIOHATHHM OMIMOKH W HAa TOM
MPUHIIMIIE, YTO KOppEeKTHOE 00001eHue (oToopakeHue X=>Y) cTpoutcs
MOCPEJICTBOM YMEHBIIICHUS 3TON OMMOKK. Takum 00pa3oM, OHU SBIISTFOTCS
JIOTUYECKHUM TPOJOJDKEHUEM MPOIIUIBIX TEM.

OpHako CTOMT OTMETHTh, YTO B OTIMYHE OT METOJ0B baiieca
u Perpeccumn HelipoHHBIE CETH WM3HAUYAJIBHO pa3pabaThIBAIMCh UCXOJS U3
KHOEpHETUYECKOTo ToaXoAa K MoAesiM 1 uHdopmaruu. To ecTh HEeUpOH-
HBIE MOJIENIA — 3TO HEKas aJalTUBHAS CUCTEMA, KOTOpasi MOXKET MIPUNTH U3
OJTHOTO COCTOSTHUSI B TpeOyemoe, HO MPU ATOM MMEETCsl HeKas ciiydaiHas
COCTaBJISIFOIAsI, KOTOpasi BHOCUT HECTAOMILHOCTD B pelieHus. Takkxe HeT
XOpOIlIed KOMITAKTHOU (hOPMYJIbI, OMUCHIBAIOIIEH pabOTy CETH, — C CaMOTO
HaJaJia CyTh BBIYHCJICHUN B HEHPOHHBIX CETSAX OblIa OCHOBaHA HAa YUCJICH-
HOM (TTIOCTETIEHHOM\UTEPATUBHOM ) TTOJXO0/I€ K YMEHBIIICHHUIO OIITUOKH.

IlepBasg dopmanbHas MOJEIb U IIEPBAS PeaAIn3alisd HEHPOHHOU CETH

Cornacuo [27]: «llepBoit (dopManbHOW MOJAEIBIO HEHPOHHBIX
cereit (HC) u netipona BooOie 0b1a Mmosienns MakKanmnoka-Ilurrca, yrou-
HeHHas u pa3Butas Knunu. Brnepseie Ob110 ycraHoieHo, uto HC moryt
BBITIOJIHATD JII00BIE JTOTMYECKUE ONEepaliyd M BOOOIIE JIF0ObIe mpeoopa3o-
BaHUS, peain3yeMble JUCKPETHBIMU YCTPONCTBAMU C KOHEUHOW MaMSITHIO.
OTa MOJEnp JIerjJa B OCHOBY TEOPHUH JIOTHUYECKHUX CETEM M KOHEYHBIX
aBTOMATOB M aKTUBHO HCIOJIb30Bajach MCHUXOJOTaMU M HeWpodu3noo-
raMyd TMpUd MOJAEIUPOBAHUM HEKOTOPBIX JIOKAJIBHBIX MPOIECCOB HEPBHOM
neaTesbHOCTH. B cuily cBOel AMCKPETHOCTHM OHA BIIOJIHE COTJIaCyeTcs
C KOMIIBIOTEPHOUN MapagurmMoil u, 0ojiee TOro, CIY>KUT €€ «HEHPOHHBIM
byHIaMEHTOM.

[lycTth uMeeTcs n BXOJHBIX BEIUYHUH X, ...,X, OMHAPHBIX MPU3HAKOB,
OMUCHIBAIOIINX OOBEKT X. 3HAUEHUSI 3TUX MPU3HAKOB OyJeM TPaKTOBAThH
KAaK BEJIMYMHBI WMMITYJIbCOB, IMOCTYIAKOIIMX Ha BXOJ HEUpPOHA Yepe3 n
BXOJHBIX CHUHAIICOB. byaeM cuurtars, 4TO, Momnaaas B HEMPOH, UMITYJIbChI
CKJIAJIBIBAOTCS C BECAMHU (0, ..., (0.
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Ecnu Bec mONOXKUTENbHBIN, TO COOTBETCTBYIOIIUN CHUHAIC BO30YX-
AU, €CIIA OTPULATENbHBIA, TO TOPMO3AmMU. Eciu cymmapHbIi
UMITYJIbC TIPEBBIIIAET 3a/IaHHBIA MOPOT aKTUBAIIUU Wy, TO HEUPOH BO30OYXK-
JaeTCs U BbLAAET Ha BbIxoAe 1, nHaue BeiaaeTcs 0.

Takum 00pa3zoM, HEUPOH BBIYUCIISET n-apHYIO OyiIeBy (DYHKIIUIO

a(x) = Xj=1 wjx’ — wp),

rae @(z) = [z = 0] — crynenuaras Gpyukius XeBucaiiaa.

B Tteopunm HeWpoHHBIX ceTel (QYHKIMIO ¢, MOpeoOpa3yrolIyIo
3HAYEHUE CYMMApHOTO WMITyJbCa B BBIXOAHOE 3HAYECHHE HENPOHA,
MPUHATO Ha3bIBaTh (YHKIIMEN akTUBaIMU. TakuMm oOpa3zoM, Mojensr Mak-
Kamnoka-Ilutrca sSKBHUBaj€HTHAa MOPOTOBOMY JIMHEMHOMY Kiaccuduka-
Topy. CXxeMa ee BBIUYHCIICHHUI NT0OKa3aHa Ha PUCYHKE 25.

\w l
@ _‘_u_‘_‘_‘_‘_-_hrtu‘z

. s . /»U)ﬂ.
.

PucyHoK 25. Cxema BbluMcaeHUit B mogenu HeipoHa MakKannoka-MNurrca

[Tomyyaercs, 4TO HEUPOH MPOU3BOJIUT B3BECIIMBAHNUE BXOJIHBIX MIPU3-
HAaKOB (TO €CTh PAcCCUUTHIBACT PE3YJbTaT C YYETOM HMX BaXKHOCTH\BECa)
nog00HO perpeccuu. OTHAKO BAXXHO MOHUMATh, YTO ATO MOKA BCETO JIMIIIb
OJVH HEUPOH.

TeopeTndyeckrie OCHOBBI HEHpOMATEMAaTHUKH ObLIM  3aJI03KEHBI
B Hauase 40-x romoB, u B 1943 romy Y. MakKamiok u ero ydeHuk
VY. Ilurtc chopMynupoBaIn OCHOBHBIC TOJOKEHUS TEOPUU JEATEIHHOCTH
T'OJIOBHOT'O MO3ra.
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MMy ObLTM TTOTY4Y€HBI CIEIYIONIUE PE3yIbTaThI:
e paszpaboTaHa MoOj/elIb HEMpoOHa Kak MPOCTEHIIEro MpoIec-
COPHOTO 3JIEMEHTA, BBIMIOJHSIOMIETO BBIYUCIECHUE MEPEXOTHON
(YHKIIMM OT CKaJIPHOrO MPOU3BEJACHUS BEKTOPA BXOJHBIX
CUTHAJIOB U BEKTOPA BECOBBIX KOA(DPUIIMEHTOB;
® NPEJI0KEHA KOHCTPYKIUS CETH TAKUX BJIEMEHTOB JJISI BBIMOJI-
HEHUS JIOTUYECKUX U apu(PMETHUECKUX Olepalnii;
® CJICJIAaHO OCHOBOIOJIAralIlee MIPEANONOKEHUE O TOM, YTO
Takas CeTh CIIOCOOHA 00ydJaThCs, pacmo3HaBaTh 00pa3bl, 0000-
IaTh MOJYYESHHYIO HHGOPMAIIHIO.
HenocrarkoM gaHHOW MOJENH SABISETCS TO, YTO B KauecTBE (yHK-
MA aKTHBAllMM UCHOJb3yeTcss (PyHKIUs XeBucaila MW YHUMOJSApPHAS
noporoBasi (pyHkius (pucyHok 26). B ¢dopmanuszme, npensiokxeHHOM
MakKannokom u [Tutrcom, HelpoHbl UMEIOT cocTosiHUSA 0, 1 U TOPOTrOBYIO
JIOTUKY IIEpEX0Jla M3 COCTOSIHHUS B COCTOsSIHME. Kaknplii HEMPOH B CETHU
ONPEAEISACT B3BEIICHHYKD CYMMY COCTOSIHUM BCEX JPYTHMX HEUPOHOB
U CpPaBHHMBAET €€ C IOpPOroM, YTOOBI OMNpPEIEIUTh CBOE COOCTBEHHOE
COCTOSIHUE.

1 nmpu z2a;

f(2)=

0 nmpu z<a.

J QZ)

+1 - - -

-

PucyHok 26. Moporoeasa ¢pyHKUuUA, uam pyHKuma XeBucanga

[ToporoBeiii BuJ (QYHKIMH HE TPEIOCTABISCT HEUPOHHOU CETH
JIOCTaTOYHYIO0 THOKOCTh NIPU 00YYEHUHU U HACTPOMKE Ha 3aJaHHYIO 3a/1a4y.
Ecny 3HaueHMEe BRIYMCICHHOTO CKAIIPHOTO MPOU3BEACHUS, AK€ HE3HAYH-
TEJIbHO, HE JOCTUIaeT A0 3aJaHHOr0 MOpOra, TO BBIXOJHOM CHUTHAJ HE
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dbopMupyeTcs BOBCE, U HEUPOH «HE cpabdaTbiBaeT». ITO 3HAYUT, YTO
TEpSETCS] THTEHCUBHOCTh BBIXOJHOTO CHUTHaJa (aKCOHA) TAaHHOTO HEHpoHa
U, cJedoBaTeNbHO, (POpMHpYETCsl HEBBICOKOE 3HAUCHHE YPOBHS Ha B3Be-
IIEHHBIX BXOJ1aX B CIEIYIOIIEM CJIO€ HEHPOHOB.

K Tomy ke MOjenb HE YUYUTHIBAET MHOTHUX OCOOCHHOCTEH PabOTHI
pealbHbIX HEUPOHOB (MMITYJILCHOTO XapakKTepa aKTUBHOCTH, HEIUHEMU-
HOCTH CYMMHPOBaAHUS BXOJTHOU UHGOPMAIIUK, pePpaKkTepHOCTH).

HecMmoTps Ha TO, 4TO 3a NpoLIEAIINE IOJIbl HepoMaTeMaTHKa yIia
JAJIeKO BIIepe]l, MHOTHE YyTBepxkaeHUs MakKaioka oCTaroTcsi akTyailb-
HBIMM M TIOHBIHE. B 4acTHOCTH, MpU OOJBIIOM pa3zHOOOpa3uu Mojesei
HEMPOHOB MPUHIMII WX JCUCTBUA, 3al0XkeHHbIM MakKamiokom
u [IutTcom, ocTaeTcst HEU3MEHHBIMY.

IlepBoil peanuzanueir MOJeau HEHPOHHON CEeTH OblLIa CO3JaHHas
B 1960 »snektponHas mammHa «Mapk-1». Uperwo npemmoxunn DpsHK
Pozen6narT B 1957. Cornacuo Bukunenuu [1]: «HecmoTps Ha To, 4TO 3TO
nepBasi MOJIEIb U KOHIIEIIIMS, TEM HU MEHEE MHOTHUE UJEH COBPEMEHHBIX
HEMPOHHBIX CETE BO MHOTOM COBMNAJIAIOT C KOHIICHIIMEW NEepCEenTpOHa.
Tak Bblllle ObLIA PACCMOTPEHA MOJIENb YHPOIIEHHOTO HCKYCCTBEHHOTO
HEWpoHa, CIIOCOOHOTO MPOUW3BOJIUTH BhIUMCICHUS. [lepcenTpoH mo cBoei
CYTH SIBJISIETCSI CEThIO TAKUX HEUPOHOB. M3 4ero u npeanosiarajioch moiry-
4aTh MEXAHU3M JIJI 00JIe€ CJI0KHBIX BBIUUCIICHUI.

HecmoTpst Ha CBOIO TMPOCTOTY, MEPCENTPOH CIOCOOEH O0y4aThCs
Y pelIaTh JIOBOJILHO CIOXHBIE 3a1aur. OCHOBHAs MaTeMaTHU4YeCKasl 3a7aya,
C KOTOPOH OH CIPABIISETCS, — 3TO JIMHEHHOE pa3/iesieHUe J00bIX HEeJIMHEH-
HbIX MHOXKECTB, TaK Ha3blBaeMoe oOecredeHue JHUHEHHOW cemnapabdenb-
HOCTH. Jlormdeckasi cxema nepcenTpoHa ¢ TpeMsi BIXOJIaMU MIPEJICTaBICHA
Ha pucyHke 27.

ITepcenTpoH COCTOUT M3 TPEX TUIOB BJIEMEHTOB, & UMEHHO: MOCTY-
MaIIMe OT AATYUKOB CUTHAJIBI MEPEIAOTCS aCCOLMATUBHBIM 3JIEMEHTAaM,
a 3aTeM pearupyromum s1eMeHTam. TakuM o0pa3om, IepcenTpOHbI MO3BO-
JSIOT CO3/1aTh HA0Op «accouualui» MeEXIy BXOJHBIMU CTUMYJIAMU
¥ HEOOXOIMMOM peakineil Ha BBIXOJIE.
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B Ouonorvueckom IUIaHE 3TO COOTBETCTBYET MPeOOpa3OBaHUIO,
HarpuMep, 3puTeNbHON UHPOopMalu B (U3UOIOTUUECKUA OTBET OT JIBU-
raTeiabHbIX HEMPOHOB. COrIacHO COBPEMEHHOW TEPMHHOJIOTHU, MEPCEIT-
POHBI MOTYT OBITH KJIAaCCU(UIIMPOBAHBI KAaK MCKYCCTBEHHBbIE HEHPOHHBIE
CETH:

® C OJTHUM CKPBITBIM CJIOEM;
® C [IOPOTOBOM MepeaaTOYHON HYyHKITUEH;

® C MPSIMBIM PAaCIpPOCTPAHEHUEM CUTHAIIA.

S-anemeHThI
A-3nemMeHThl R-anemeHTbl
(ceHcopsl,
(accoumaTtuBHbIe) (pearvpytowme)
peuenTopbl)

PucyHoK 27. JlornyecKkas cxema nepcenTpoHa C Tpemsa BbiIXxogaamu

MuorociorHbIi riepcentpod (MLP)

JlaHHBI THUIT\apXUTEKTypa SBIAETCS CaMOW paclpOoCTpaHEHHOM
aAPXUTEKTYPON MCKYCCTBEHHBIX HEUPOHHBIX CETEW U B KAKOM-TO CMBICIE
KiIaccuueckod. OueHb 4YacTo, KOrjJa pedb HAET O HEUPOHHBIX CETAX
BOOOIIIE, TO UMEETCSA B BUJY MMEHHO MHOTOCJIOWHAsi CE€Th MPSIMOTO pac-
npocTpaHeHus. MHorue 3ajaud  KiacCU(UKAIMKU, AalMpOKCUMAINU
Y YIIPaBJICHUS, KOTOPBIE PEMIAIOTCS C IOMOIIBIO HEUPOHHBIX CETEH, peria-
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I0TCSI UMEHHO A3TUM TUNOM ceTu. Kpome Toro, mpuHIUIBI 0Oy4YeHHs,
pa3paboOTaHHBIE JJIsI 3TOTO TUIIA CETH, BIOCIEICTBUU CTAIU MPUMEHSITHCS
U I IpyTUX TUMNOB. Tak 4TO B KaKOM-TO CMBICIE 3TO 0a3oBas apxu-
TEKTypa I IPYyTUX TUIIOB CETEN.

Ecnu noaxoauTs K OnpeiesieHUIo CTPOro, TO HE COBCEM KOPPEKTHO
Ha3bIBaTh TakoW TUN ceTu llepcenTpoHOM, BEJb OHA OTIWYAETCS OT HETO
HE TOJIBKO KOJIMYECTBOM CJIOE€B, HO U TEM, UTO:

e HelipoHbl HMEIOT HE CTyNeHYaTyl0 (QYHKIMIO aKTUBaIluU
XeBucaiifa, a CHrMOUJANbHYIO (QYHKIIHIO.

e (OOyueHHe TPOU3BOJIUTCS HE MO MpaBmily Xe00a, a ¢ MOMOIIIbIO
00paTHOTO pacHpoCTpaHEHHUS OIITUOKHU.

[loaToMy Takyr0 apXMTEKTypy Ha3bIBAlOT JMOO MPOCTO MHOTO-
CJIOMHOM CEThI0, JUOO CEThI0 MPSAMOr0 PACHPOCTPAHEHUS WM MHOIO-
CJIOMHOM CEThI0 MPSAMOro pacnpocTpaHeHus. Ho B To ke Bpems MOKHO
BCTPETUTH U OoJiee y100HOe Ha3zBaHue MLP, 4yTo 3HAYUT MHOTOCTONHBIN
nepcenTpoH. Takoe Ha3BaHHWE OMPENEIISIET, YTO 3TO BCE-TAKU HE MPOCTO
cetb. CtpykTypa MLP npencrasinena Ha pucyHke 28.

3ameuanue: BBIIIE YyXKE€ YINOMHHAJIOCh O TOM, YTO TEPMHUHOJIOTHS
B MAIIMHHOM OOYYE€HHH U B HEUPOCETEBBIX TEXHOJOTUSIX B YACTHOCTH €I1Ie
HE JI0 KOHIIA cucTemaTuzupoBaHa. [loaToMy HeoOxoaumo pa3Ouparbcs
B CYTH MOJIENIEH, MOIyCKash ONPEAECIEHHYI0 BapUaTUBHOCTh HAa3BaHUM.
OpnHaKo CO BpEMEHEM 3TO MEPECTAET NOCTABISATh KAaKUE-IHU00 TPYIHOCTH.

5 - o
i

PucyHoK 28. CTpyKTypa MHOrOC/10/{HOrO NnepcenTpoHa

Qutputs

n-1

C% T
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Ha pucynke 29 mpezacraBiieH rpaduk curmMouganbHON (YHKIIUU
aKTUBALIUH.

v

PucyHoK 29. Npadpumk curmonpanbHon GpyHKLMU

CurmonasibHasi PyHKIIUSI aKTUBAIUU 00IaJaeT CIEYIOIIUMU MIPEU-
MYIIECTBAMU IO CPABHEHUIO C MOPOroBoil (hyHKIMen XeBucaiiaa:

HenunetiHocTs. O0ecneunBaeT MOJIEIM BO3MOKHOCTh 00padaThIBaTh
(BocIpMHUMATh) HEJIMHEWHBIE 3aKOHOMEPHOCTH B IAHHBIX.

DUKCUPOBAHHbIE OTPAHUYEHUS BBIXOJA. DTO OCOOEHHOCTH IO3BO-
JSI€T MacIITaOUPOBATh JAHHBIE OT CJIOSI K CJIOIO.

HenpeprisHocTs u JluddepenuupyeMocts. JlaHHbIE CBOWCTBA MTO3BO-
JSOT OOOWTH TJIAaBHBIM HENOCTATOK IOPOTOBOM (PYHKIIMH — PE3KUi
nepexo. [Tockonbky 0o0ydeHue ceTu MpOUCXOUT MOCPEICTBOM IpaueHT-
HOTO CITyCKa, TO JBWXKEHHE MO MOPOrOBOM (PYHKIIMU CIMIIKOM PE3KOE,
B OTJIMYME OT CUTMOUJATBLHON (DYHKIMU — JIBUKEHUE IO TPAJUEHTY KOTO-
poil TJIaBHOE U, KaK CJIEJICTBHE, HAXOXKJIEHUE MUHUMYyMa OIIMOKH CTaHO-
BUTCSI 00Jiee CTAOUIIBHBIM U BEPOSITHBIM.

3ameuanue 1: Kpome TOro, 4yTto HeNMHEHas (PyHKUUS aKTHUBAIUU
MO3BOJISIET MOJIETU 00padaThiBaTh HEJIMHEHWHbIE 3aKOHOMEPHOCTH B JaH-
HbIX, OHA BBIMOJIHSIET U APYTyI0 BAaXHYIO 3a1auy. HenuHelHble BBIXOJIbI
OJIHOTO CJIOS HEMPOHOB MO3BOJISIFOT MOJAKIIOYNATh K HEMY BTOPOM, TPETHIA
U T. . cnou. Eciom cpenate MHOTO cinoeB B llepcentpone ¢ nuHEMHOU
GyHKIMENW aKTUBAIUKM WM C MOPOTroBOil (CyTh B TOM, YTO OHA HE HEMpe-
pPBIBHA), TO MOKHO CBECTH BCE€ 3THU CJIOU BCETO JUIIb K OJHOMY CJIOIO
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(c mMaTreMaTU4ecKOW TOYKH 3PEHHUS TOCIIEI0BATEIIbHOCTh B3BEIICHHBIX
CyMM (TIOJIMHOMOB) MOYHO JIETKO CBECTH K OJJHOMY JPYTrOMY MOJIUHOMY).

3ameuanue 2: ITlogoOHO pErpecCMOHHBIM MOJENsIM OOy4YeHUe
mozaenmu MHC monpazymeBaeT mpaBKy TOJBKO BECOBBIX KOI(P(MUIIMEHTOB.
Hukakue apyrue npouecchl Uid U3MEHEHUSI B MOJIENIA HE MPOUCXOJIAT.

ANTopuT™M 00paTHOTO PACHPOCTPAHEHHUS OMIMOKU KaK CIeIUaIbHbBIN
METOJ TPaAUEeHTHOrO CIycka, pazpadborannslii uMenHo st MHC, Oyaer
noapoOHee pa3oOpaH nanee.

Ceeprounslie (ConvolutionalNeuralNet) u 'nyookue (DeepNet) Cetu

OnHa u3 0a30BBIX CIIOCOOHOCTEHN JIFOJICH M KMBOTHBIX 3aKJIFOUYAETCS
B TOM, YTO MBI JIETKO Pacro3HaeM BU3yalbHbIE 00pa3bl MO JIFOOBIM YIJIOM
U B JIO0OOM MoJioKeHUU. bykBa «A» ocTaHeTcs IJIi Hac OYKBOM «A»
B Kakoil ObI 00J1aCTH BUIUMOCTH HAIlIMX IJ1a3 MbI €€ He yBuaeau. Konedno
XKe, TIPU YCIOBUU TOTO, YTO BBIJAEPKAH OMPEACIICHHBIN MOPOT 3allyMJIeH-
HOCTH, OCBEIICHHOCTH M T. M. Jla)Ke eClIM TEeKCT pacIoJIOKEH BBEpPX
HOTaMH, TO JIOBOJIbHO OBICTPO MOKHO MPHUHOPOBUTHCSA €r0 YHTaTh. A YK
HEOOJIBIITNE HAKJIOHBI WJIM Pa3Hble MIPUQPTHI HA PEKIaMHBIX IITUTaX BOOOIIE
HE TIPEJICTABIISIIOT JIJIs HaC MPOOIESMEI.

A BOT CHCTEMBI 110 PacO3HABAHUIO TEKCTA, K COXKAJCHUIO, HE 00JIa-
JAl0T TaKUMH BO3MOXHOCTAMH. JINOO OHM 3aTOYEHBI Paclo3HaBaTh OIpe-
JeJeHHbIN TUM mpudTa, MO0 OHU OYEHb YYBCTBUTEIBHBI K CIIBUTaM WJIU
HaKJIOHaM, 100 K Macitaly, 1100 BooOIe ko Bcemy. I HECMOTps Ha TO,
YTO HEHPOHHBIC CETH B KAaueCTBE NPOTOTHIA HMCIOJb30BAIH ITPHHITUIIEI
paboThl MO3ra, J0JIr0€ BpeMs He ObLIO XOPOIIEro perieHusl 3ToM mpoo-
jeMbl. JlaHHBIA HEIOCTATOK HA3bIBACTCS IMPOOJIEMON UYBCTBUTEIHHOCTH
K MPOCTPAHCTBEHHBIM HMCKXCHHUSM. A TOOWTHCS HYKHO TaK HA3bIBAEMOMU
WHBApPUATUBHOCTH K TaKMM HMCKKCHHSIM TPEX OCHOBHBIX THIIOB: CMEIIIC-
HUSIM, TIOBOPOTaM, MacCIITaAOUPOBAHMIO.

[To moBOy MPOCTPAHCTBEHHBIX MCKAXEHUSI M TIOSIBJICHUS CBEPTOY-
HOW CETH, B HICTOYHUKE [28] CKa3aHO cieayolee:

«Jleno B ToM, 4TO paboTa 3pUTEILHON KOPHI FOpa3/io CI0XKHEE: B HEH
MPOUCXOJIUT aHAJU3 U 1BETA, U TEKCTYPbI, U JABUKECHUs; UHPOPMALIUS OT
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JIBYX TJIa3 OOBEIUHSAETCS JUIsl OCYIIECTBICHUSI CTEPEO3pPEHUs; paboTaeT
MHOKECTBO JPYTUX MEXaHU3MOB. Briciiue 3puTenbHble GYHKIUUA BCE €IIe
ocTaroTca 3araakor. M camoe TiiaBHOE, 10 CUMX TOpP HE HM3BECTHO, KaK
npoucxoaut odyueHnue. J[o KOHIIa HESCHO JIake, UTO B CTPYKTYype 3pHUTe-
JBHOW CHUCTEMBI 3aJI0)KEHO T'€HETHUYECKH, a 4YTO (OPMUPYETCS O] BIUS-
HUEM ombITa. XOTS CTPYKTypa 3pUTEIIbHON CUCTEMBI Y YEJI0BEKa MPOJ0JI-
*)aetT (GopMHupoBaThCa 10 4—5 JIeT, 3TO MOXET ObITh, KaK peanu3aiueit
F€HETUYECKON MPOTrpaMMBbl, JIMIIL HEMHOTO aJalTHUPYIOMIEHCS K OKpYyXkKe-
HUIO, TaK W JETaJbHbIM OOYYEHHUEM, B PE3YyJIbTaTe€ KOTOPOTO CO3JAI0TCS
OCHOBHBIE CBSI3U 3pUTEIBHOIO TPaKTa.

[TerTasice paspadorats UHC, koTopas O6bu1a OBl erie Oymke K 61uosio-
TUYECKOMY MPOTOTHUIY, SIMOHCKUN YyYeHbIM-KOMIbIOTEpIIMK KyHuxunka
dykycuMa MpejaraeT MNPUHIUIHAIBHO HOBYIO Mojellb Kormutpona
B 1975 r., a B 1980 r. mogudukamuo 3toit moaenn — «HEOKOTHUTPOHY.
I'maBHOE oTiMume ATUX cered or MLP 3akimroyanock B TOM, YTO CJIOM
HEWPOHOB YIIaKOBBIBAJIMCH HE B JIMHUIO, & B IBYMEPHYIO IJIOCKOCTh, YTOOBI
uH(popMaIus MUPKYIUpoBaia HE TOJIBKO OT CIOSl K CJIOK, HO €IIe coXpa-
HsJIa OMNpPEJEICHHYIO MPOCTPAHCTBEHHYIO oOpueHTanuio (pucyHok 30).
Kpome Toro, B 3TUX CETSIX UCMOJIb30BAIUCHh TPUHIUIIBI CAMOOPTaHU3AIUH,
TO €CTh 00yYEeHHUE MTPOUCXOINIIO O€3 YUUTEIIS.

PucyHok 30. PeuentuBHble nona (KBagpaTHble NJ0CKOCTU) NPOCTbIX KAETOK,
HACTPOEHHbIX HA NOUCK BbIGPAHHOro NaTTepHa B PasHbIX NO3MLUAX
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B wutore momoOHasi apXUTEKTypa Jaja XOpOIIUuEe Pe3yJbTaThl MPHU
pacro3HaBaHUU CUMBOJIOB M JIaXK€ PYKOMUCHOTO TEKCTa OTHOCUTEIBHO
KJIACCUYECKUX HEUPOHHBIX ceTeil. OTHAKO IT0 CPAaBHEHUIO IPYTUMHU CIIeHa-
JU3UPOBAHHBIMU AJITOPUTMAMHU (HE MAIIMHHOTO 00y4YeHUs) HA TOT MOMEHT
HEOKOTHUTPOH «HE JOTATUBAIDY. TpedoBajgoCch YCIOXHITH MOJEIb, HO
TOr/1a ObLIU SIBHBIE HEJOCTATKHU MO CKOPOCTH OOYYEHUS U paOOTHI.

Opnako oOmiasi KOHIIEMNIUS TMPOCTPAHCTBEHHO-OPHUEHTUPOBAHHBIX
KapT OblTa oYeHb IeHHOW. W ¢paHIly3cKUi Y4YEHBIH M CIEHHATUCT
B 0o0sacTu 00paOOTKM CUTHAIOB M KoMmmbioTepHoro 3penust SH JleKyn
npejuiaraeT 0Oojiee YNpoIIeHHYH Mmojnaenb ceth. OH yOpan h3 HEOKOr-
HUTPOHA (PYHKIUHU, KOTOPBIE HYKHBI ObUIM TOJIBKO JAJIsI TOTO, YTOOBI OBITH
MOXO0KMM Ha peanbHbIl MO3r. OH TakXke MoKa3aj, KaK MOXHO HCITOJb-
30BaTh METOJ] OOPaTHOIO PaCIPOCTPAHEHUS OIMIMOKHU JJisl 00yUYEeHUS CETEH,
apXUTEKTypa KOTOPHIX, KAK U Y HEOKOTHUTPOHA, OTJAJICHHO HAallOMUHAET
CTpoeHue Kopsl Mo3ra. M 3Tot crnoco® oOydeHus1, yKe XOpouIo MpoBEpeH-
HBII Ha TOT MOMEHT, OKazajcsi KyJa 3¢dQexTuBHEee camMoOopraHU3aALUU
cereid. Tak B 1995 nosiBunuce HelipoHHbIE ceTH CBEPTOYHOTO THIIA.

CtpyKTypa CBEpTOUYHBIX CETE€W MPEACTABICHA HA PUCYHKE 3 1.

HelipoHsbl 3/1eCh TaKk€e YIIaKOBaHbI HE TOJBKO B CJIOHW, HO U JIByMEP-
Hble KapTbl. MHbopMmalus MUpKyIMpyeT clieBa Ha MpaBO MO HEHpoHaM
Takoro ke tuna (kak u B MLP). Ho riaBHas 0COOEHHOCTh 3aKII0YaeTCs
B TOM, YTO CETh HE MOJIHOCBSI3HAS, TO €CTh KAXJbIi HEHPOH UMEET CBOIO
HEOOJIbIIYI0 00JaCTh BUIMMOCTH (Ha BEpXHEM PHUCYHKE 00JacThb BUAM-
MOCTH TMOKa3aHa MYHKTHUPHBIMU JIMHUSAMH). Takoe JIOKAIbHOE BOCIIPUATHE
U 0000IIeHNEe OT CJOsI K CJIOI0 M JAaeT peIlIeHHe MNpoOJeMbl YyBCTBH-
TEIBHOCTH K MPOCTPAHCTBEHHBIM HCKAXXEHUSM, O KOTOPBIX TOBOPHUJIOCH
Boilie. MiHpiMu cioBamu, Ceprounas Heiponnas Cets (CHC) cnocoOHa
oOpabaThIBaTh MPOCTPAHCTBEHHYIO TOMOJIOTHUIO.
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PucyHok 31. CTpyKTypHaa cxema CBePTOUHbIX HEMPOHHbBIX ceTei

Nmenno sta apxurexkrypa MHC nersma B OCHOBY Tak Ha3bIBA€MbIX
['myOokux ceTed, 4TO MOPOJUIIO TMOHATHE TiyOokoro oOydeHusi (Deep
Learning). iMeHHO ceTh ATOH apXUTEKTYyphl MPOU3BENA TAKYIO IIyMHUXY
B 2007 r., npuOIN3MB KaYECTBO PACMO3HABAHMS TEKCTA K YEJIOBEUECKOMY
ypoBHIO. be3ycinoBHO, JaHHBIM METO/ HE JUIIEH HEJOCTATKOB, HO BO MHO-
ruxX 3ajadax MMEHHO BuU3yalbHOro pacno3HaBaHuss CHC sBnsiercs myd-
IITUM PETICHUEM.

['myGokue cetu, Mo CyTH, SIBISIOTCS YK€ YeTBEPTON BEXOW pa3BUTHUS
KOTHUTPOHA U UX TJIaBHAsi OCOOCHHOCTDH 3aKJI0UYAETCs] B MHOTOCIOMHOCTH
(pucyHok 32).

Ho kxpoMe 3TOro BaXHYIO pOJib UTPAET pazHOOOpa3HOE KOMOWHU-
pOBaHHUE OIpPEICICHHBIX OJOKOB KapT. B riy0oKHX ceTsX O4YeHb MHOTO
Pa3HBIX MOJYJIEW M OTBETBIIEHUM (MOXET OBITh M TaKOE€, YTO CETh UMEET
HECKOJIbKO BXOJIOB Ha Pa3HbIX YPOBHSIX).
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PucyHok 32. CxemaTuuHoe npegcrasneHue Fnybokoi cetm

OpHako HapalMBaHWE CJIOEB MPUBOIUT K IEIIOMY Py TPYIHOCTEH,
KaK ¢ 00bEMOM BBIUMCIICHHUH, TaK U C OOYYEHHEM CETH, U3 Yero CKJIaJIbl-
BAIOTCS OCOOEHHOCTH, MPUCYIIIUE UMEHHO TTyOOKOMY O0yUEHUIO.

Kaptel (ART, SFAM)

JlaHHBIN TUI HEUPOHHBIX CETEH pa3pabdaThIBANICS KaK PEIIEHUE MPOO-
JIEMBl «IJTACTUYHOCTU-CTAOMIBHOCTHY. Kak M3BECTHO, B3pOCIBIM 4eloBeK
MOXXET TMOHATh KaKyko-Tu00 HH(OpMalMIi0 C OJHOTO WM HECKOJbKHUX
oObsACHeHMI. Peub, KOHEYHO, HE HIET O CIOXHBIX BELIaX BpPOJE Kypca
MaTE€MaTUYeCKOro aHajin3a, HO, TEM HE MEHEee, MO3I YeJOBEKa CIIOCOOEH
MOHATh KaKUe-TO KOHUEMIMUU JaXke 3a OJHO oObsicHeHue. Eciu nepe-
BOJUTH 3TO HA SI3bIK MAIIMHHOTO O0YYEHHUsI, TO 3TO O3HAYAET, YTO HaM He
HY>)KHO MHOTOKPAaTHO€ MPEIbSABICHUE CXO0XHUX IMPHUMEPOB, HAM XBATHUT
OJIHOTO-JIByX 00BEKTOB oOydaronieil BbIOOpkH. KoHeuHO, MO3r criocoOeH
Ha TakWe BEIU HE TOJbKO WJIM, MpaBWIbHEE OyNET CKa3aTb, HE CTOJBKO
Onmaronapss ObicTpo oOydyaromuMcs HeWpoHam, a MOTOMY 4YTO, BOCIpH-
HUMas 4be-TO OOBACHEHHE (HampuMep, KOrja Bbl YUTAETE WHCTPYKIUIO
K TEJIEBU30PY) MO3T YK€ UMEET MPEJICTABIIEHNE O MHOTUX Bellax. MHbIMU
CJIOBaMH, MO3T y>K€ 00yUY€H, Y HETO €CTh MpeapIayIuii onsiT. Kpome Toro,
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pasyMm crocoOeH Jep:kaTh KOHTEKCT U T. I. ECiu 0OBSICHATH YHPOIIEHHO,
TO MO3T JJ0OOy4aeTcs, a He mepeo0yyaeTcsi B TAKUX CIIydasix.

Ho naxe ecnu HE MpUHUMATh BO BHUMAHUE KOHTEKCT U allpUOPHBIN
OTIBIT, TO BO3MOYKHO JIM C/eaTh 00YUYEeHHE CETH CTOJIb e INIACTUYHBIM, HY
uiu 6nu3kuM Kk 3tomy? IlepBas 3amaua pazpadbotunkoB cereit ART 3akito-
yajgach B TOM, YTOOBI CHI€JIaTh MPoOIEcC OOy4YeHUs! OBICTPHIM, YTOOBI HE
MPOXOAUTh UTEPATUBHBIM TPAJAUEHTHBINM CITYCK MJIs MPAaBKU BECOB. JTa
npobJiema u ecThb npoosiema miactuunoctu MHC.

Ho Owpima m BTOpas 3amaya. OmsaTh K€, BIOXHOBISACH OMOJIOTH-
YECKUM MPOTOTUIIOM, Pa3pabOTUMKU MOHUMAJIH, YTO €CJIA YEJIOBEK y3HAET,
YTO 0 KAaKOMY-TO BOIIPOCY y HErO Ha MPOTSIKEHUU HEKOTOPOIO BPEMEHU
OblJIa HEBEpHAsl TOYKA 3PEHHUSA, TO OH JIOCTAaTOYHO MPOCTO CKOPPEKTUPYET
OTJICJIbHBIE TIPEJCTABICHUS O MUpPE. Y HEr0 HE pa3pyIIUTCsA BCA KapTUHA
MHpa, OH HE COMIET C yMa M HE MOTEpSeT Apyrue 3HaHusA. KoHeuHo, TyT
MBI He OepeM B pacueT NCUXO0JIoTHYeckue (PakTopbl, KOTOPhIE TTOMEIIAOT
€My 3TO CJIeNaTh.

Ho ecnu He paccmaTpuBaTh TaKKMe CUTYAIlUU, TO MOXHO MPUHSITH TOT
(daKT, 4TO MO3T OYE€Hb IJIACTUYEH, TO €CTh MOXKET O0OYUUTCS\HOOOYUUTHCS
C MaJIOTO KOJIMYECTBA Pa3 U B TO K€ BpeMsl CTAOMJIEH — OJTHU 3HAHUS MOTYT
OBITH 3aMEHEHBI Ha ApYyrue 0e3 pa3pylieHus pyroi nHGpopmaIuu.

B To xe Bpemsa undopmanus B knaccudeckux MHC (B8 MLP) pacnpe-
nensieTcsl mo BecaM Bced ceTtu. MHBIMU ClOBaMU, HET OJHOTO YETKOTO
MecTa, KoTopoe Obl OTBEYajao 3a OINpeleSeHHbI OJIOK HHOOpMAIUH.
Takum oOpazom, eciii J000ydeHHE TPOMCXOAUT Ha OOBEKTaX TeX JKe
KJIACCOB, KOTOPBIC HCIIOJb30BAJIUCh BO BpeMs OOyYE€HHS, TO MHOTOCJIOM-
HYIO CETh MPSIMOTO PACHPOCTPAHEHHUS] MOXKHO J0O0OYUYUTHh (HO OMSATH XKeE
MeqieHHo). Ho ecnu B3sTh 0OyYEHHYIO C€Th Ha OJTHUX KJIAccax U MOTMbI-
TaTbCsl 10 OOYYHWTHh HAa HOBBIX, TO BCsS cTapas uHbOpMalUs HAYHET
pa3pyuarbcs.

Hanpumep, MHC tuna MLP Oputa oOydeHa miisi kiaccupuKaluu
KBaJ[paTOB M KPYroB MO BU3YaJIbHbIM 0Opa3am. JlomycTum, 4To CeTh cTana
MOKa3bIBATh XOPOIIME MMOKA3aTEIN Ka4eCTBa MOCJIE MPEIbSIBICHUS pa3iny-
HBIX 00pa3oB KBaJpaToB M KpyroB B kosmdecTBe 10 Thic. mTykK. Ecim
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M03K€ 1000yYUTh CETh Ha HOBBIX BapUAaHTaX KBAJpPaTOB U KPYroB, TO CETh
MOXKET elle yIy4dluTh nokaszarenu. Ho ecnu HauaTe 0OydaTh ee emie U Ha
TPEYTOJbHHUKAX, TO MOJ ATOT HOBBIM KIJIACC HE BBIAEIUTCA ONPENECIEHHOE
MECTO B MaMATH CETH, a paclpeiesieHHas o BecaM MH(opMmaius, Hao0o-
pOT, HAYHET MEHSTHCS, pa3pyiiiasi 00y4EeHHOE COCTOSIHHE.

D10 U ectb «mpobdiema cradbmibHocTh MHCy». OHa Obuia BTOpOI
3amadert paspadborunkoB ceteit Tuna ARTMAP (TBopueckue kapThl, UiIu
npocto KapTsr).

ITepBbie Bapuantsl Kapt (ARTMAP 1, ARTMAP 2) Obun oueHb
CJIO’KHBIMH, U30BITOYHBIMUA M BO MHOTOM ObLIA WHKEHEPHBIM TBOPEHUEM
B BUJIE DJIEKTPUUYECKUX CXEM, a HE AITOPUTMOM.

[Tocne Bo3BpalleHUs UHTEpEca K HEUPOHHBIM CETSAM 3TOT THUII CETEU
ObLT CYIIECTBEHHO ONTUMHU3UPOBAH U MoauduimpoBad. OJUH U3 CaMbIX
ycnemHbix U 3¢QdeKTUuBHbIX BapuaHTOB HaszbiBaeTcs Simplified FUZZY
ARTMAP (ympomennas Heuetkas Kapta). Ilog HedeTKOCThIO 37€Ch
MIOHUMAETCS TO, YTO BBIYMCIICHHUS] OCHOBaHbl HA HEYETKOM Jloruke. Jlertanm
pabOThI HEYETKOCTH B 3TOM MOJAPA3/esie HE TPUBOSATCS.

CTpyKTypa Takou CEeTH MpEICTaBICHA HA PUCYHKE 33.

actual output class
& J output classes
'}

F=;
reset if

complement coded input

!._a feature vector

PucyHoK 33. CTpyKTypa OCHOBHbIX moayneit cuctembl ARTMAP
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CoOcTBeHHO, MpaBwiIbHEEe OyJeT Ha3BaTh 3TO CHUCTEMOW, COJEp-
XKalel HeMPOHbI, TaK KaK B CTPYKTYPE €CTh MHOKECTBO CTOPOHHUX 0JIO-
KOB (Y3JI0B), KOTOpbIE HE OUYE€Hb KPACHUBO BIIMCHIBAIOTCS B OMOJIOTHYECKYIO
KOHILIETILINIO MO3Ta (XOTS U HE TPOTUBOpEYAT €il).

Ntak, paccMOTpUM MPEJCTABICHHYIO HA PUCYHKE CTPYKTYpPY CHHU3Y-
BBepX. B camom HH3y uMMeeM BEKTOp NPHU3HAKOB «a» (KaK U BO BCEX
npyrux wmerogax ML). JlaHHBIH BEKTOp 0053aTeNbHO JTOJDKEH OBITh
HOpMAaJIU30BaH (0TMacIITaOUPOBaH), TO €CTh CETh HE IPOCTO OYEHb UYBCT-
BUTEJIbHA K HEHOPMAJIM30BaHHBIM JaHHBIM, a BOOOIlle HE paboTaeTr Oe3
HopMau3aiuu. COOTBETCTBEHHO €CJIH MPUPOAa KAKUX-TO MPU3HAKOB HEU3-
BECTHA U HE SICHO, KaKOW JUara3oH MOXET OBbIThb B JaHHBIX, TO MpHUMeE-
HEHUE PTOW CeTH 3aTpylHseTcs (HyXHO CIEeNHaTIbHBIM 00pa3oM KOHTpPO-
JUPOBATH JIAHHBIC HA BXOJ1) UJIX BOBCE OTMEHSIETCHI.

Jlasiee HOpMaIU30BaHHBIN BEKTOP a JIOMOJHSAECTCA KOMIIEMEHTAPHOM
(oOpatHO#) mapoii a“: TaMm, rjie B MCXOAHOM BekTope ObLIo 3HaueHue 0,
B 00paTHOM mape Oyner 1, 1 Ha000pOT (MpH yCIOBUU HOpMaIu3auu ot ()
10 1). J1ns1 aTOro u 6su1a HEOOXO0MMA HOPMAJTU3AIIHUSL.

Jlanee, MOJIydeHHBIN BEKTOpP CPAaBHUBAETCS CO BCEMHU IIaOJIOHAMHU
B 0ase HeWpoHHOU ceTh. B maHHOM ciydae 3TO UMEHHO 0a3a, a He MPOCTO
pacnpenenenHas uHpopmanus. OIWH HEHPOH B TaKOW apXUTEKType
MpEJCTaBISIET COOOM OJIHY €IUHMIYY WH(OpPMAIMU, OJWH KOHKPETHBIN
madson\o0pa3. To ecTh 0JJUH HEWPOH BBIPAXKAET KAaKOW-TO 00pa3 00yuaro-
el BeIOOpKH (Hampumep, KBajapaT win Kpyr). [Ipu oOyueHun kaxabiid
MOCTYTAIONINI BEKTOP CPAaBHMBAETCS C YK€ MMerolieiics 0a3oif 00pa3os,
KOTOPBIE COXPAHEHBI B HEHPOHAX CETH.

Ecnu Onu3kux oOpa3oB HET, TO 00pa3 COXpaHSETCS KaKk HOBBIA, TO
€CTh CO3/Ia€TCsl HOBBIM HEUPOH M BEKTOP BXOJHOIO0 00pa3a MOJHOCTHIO
KOMHUPYETCSI B BECAa HOBOrO HeWpoHa. Tak ¢ OOHOrO pasza MPOUCXOAUT
MIOJTHOE KOPPEKTHOE 3anomMuHaHue. [Ipu 3TOM 3a HEHPOHOM 3aKpEIISETCS
MeTKa y (TO €CTh 3TO MO-NPEKHEMY O0YUECHHE C YUUTEIEM, U JJIsI KaXKI0TO
BXOJITHOTO BEKTOPA UMEETCSI OTBET).

Ecnu B 6aze yxe umeercs o0pa3, MOX0KHUI Ha BXOAHOM 00pas, TO
npoucxodauT ciuenyomee. O6pa3 B 0aze, BbIpaAKEHHBIA HEHMPOHOM U €ro
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BEeCaMH, TOATITUBACTCA\MPUOIIKAaeTCsl KO BXoaHOMYy. JlomycTtum, y cetn
B 0a3ze yKe MMEETCs] HeKOe TIPEICTaBICHUE O KBaapaTe, U MBI ITOJJaeM €IIIe
OJIMH MOX0XUHK 00pa3 KBajapara, TOrja Mocjie MoATAruBaHus B 0aze Oyner
XPaHUTBCS HEUYTO Cpe/lHEe, KaKON-TO yCpeAHEHHBIN 00pa3 3TUX ABYX KBa/l-
patoB. COOTBETCTBEHHO HAJ0 YETKO TMOHWMATh, MO KAKWMH TPHHIUIIAM
PACCUMTBIBACTCSI ATO yCpeIHEHHE. Beap 3TO BCe-Taku HE MCKYCCTBEHHBIN
WHTEJUIEKT, U 110 OJHOMY 00pa3y desioBeKa U Jeiab(ruHa, CETh HE YCPEIHUT
X B 00pa3 muiekonuTaomux. Hago noHumaTe, 4To 3TO JIMIIb BEKTOPHOE
ycpeanenue. To ects eciiu BxoaHoit 0opa3 (0.3, 0.7), a o6pa3 B 6aze (0.35,
0.8), To uroroBeiii Oyzetr (0.325, 0.75). UTo ¢ TOYKH 3pEHUSI THUIIOTE3BI
KOMITAKTHOCTH TIO3BOJISIET pellIaTh 3a/1a4y 0000IIeHUSI.

3ameuanue: HAIOMHUM, YTO THUIOTE3a KOMIIAKTHOCTH TOBOPUT Ham
O TOM, YTO OOBEKTHI OJIHOTO Kjlacca 001adaroT OJU3KUMHU MO 3HAYCHUIO
Npu3HaKamMu (WM KaKoW-IMOO KOMOWHAIMENW MPU3HAKOB), M3-3a YErO UX
BOOOIIIE MOKHO OTACIUTH OT OOBEKTOB JAPYroro kiacca. Eciu noiTtu emie
Janbliie, TO MOXKHO CKa3aTh, 4TO OOBEKTHl CXOJHBIX KJIACCOB pacroja-
raroTcs B HEKOTOpoM N-MEpHOM MPOCTPAHCTBE MPU3HAKOB TaKKe OJIM3KO.
TyT MOXHO cKa3aTh, 4TO OOBEKTHI MOTOMY W MPHUHAIIEKAT KAKOMY-TO
OJIHOMY CMBICIIOBOMY KJIacCy, TOTOMY 4YTO MO KaKOMY-TO MPHU3HAKY HIIU
rpytine (KOMOUHAIINH ) TTOXOXKHU.

Ntak, nanHasi ceTb COCOOHA COXPaHATh 00pa3 C OJTHOTO MPEIbsB-
JICHUS, 9TO pemaeT mpodjaeMy IIacTUYHOCTH. B ceTu cpaszy mosiBisercs
o0pa3 ¢ METKOW Kjiacca, K KOTOpOMY NPUHAMJIEKUT 3TOT 00pa3. Takum
o0pa3oM, BMECTO MUHHUMM3AIMK OMIMOKHU JaHHAs CeTh O0ydaeTcsl MmyTeM
CO37aHusl MOX0KUX MPOTOTUIIOB M CPAaBHEHHUEM BXOJIHOI0 o0pa3a ¢ mpoTo-
tuniamu. B paboueM pexume ceTh BBIJAET OTBET Y B BUIE METKH TOTO
HelpoHa, 00pa3 KOTOPOTro CHJIBHEE BCETO TMOXO0XK HAa TEKYIIUH BXOIHOU
o0pas3.

[Ipu 3TOM 1aHHAsI CETh TaKXE PeIllaeT 3a/1auy CTaOMIBHOCTHU, TaK Kak
TEMeph €CTh YETKHE XPAaHWINIA WHPOPMAIIMU W CHUCTEMa OpraHU3aAINH
HOBBIX HEUPOHOB. Tak 4TO Ma)ke TPH MPEIbIBICHUA HOBBIX KJIACCOB CETh
OyJzieT cTabuIIbHO padOTaTh.
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JIaHHBIN TUI CETU XOPOIIIO 3aPEKOMEHI0BA C€0sl B MEJIUIIMHE U MPU
pacro3HaBaHUU 3BYKOBBIX CUTHAIOB. OJIHAKO €CTh U PsiJl MUHYCOB JaHHOU
CETH:

e 1npu paBHOU ctenenu o0o6mieHus cetb ARTMAP notpeOyer
CYIIECTBEHHO OOJbIlIee KOJWYECTBO IMAMSTH W BBIYHCICHHM,
yeM MLP, ecnu peubr HAET O BXOJHBIX BEKTOpax OOJBIION
Pa3MEPHOCTHU U OYEHBb OOJIBIINX 00yYaIOIIUX BHIOOPKAX;

® CETh HE CMIOCOOHA yYUTHIBATH TOMOJIOTHUIO IPOCTPAHCTBA U CIIOK-
HbIE A0CTpPaKTHbIC MPU3HAKHU (TaK KaK CJIOEB MO CyTH HET).

Pexyppentabie cetu (Recurrent Neural Network)

Pexyppentnbie HeliporHbie cetn (RecurrentNeuralNetwork; RNN) —
BUJI HEUPOHHBIX CeTel, B KOTOPBIX MMeeTcs oOpaTHasi cBs3b. [lpu 3TOoM
1o 0OpaTHOM CBSA3BIO MOJIpa3yMEBAeTCsl CBsI3b OT JIOTUYECKH OoJiee yaa-
JIEHHOT'O 3JIEMEHTAa K MEHee yaaieHHOMY (pucyHok 34). Hanuuue oOpart-
HBIX CBSI3€M IMO3BOJISICT 3alIOMUHATH U BOCIPOU3BOJUTH LEJBIE MOCIEIO-
BATEJIbHOCTH PEAKIMI HA OAUH CTUMYIJI.

B cersix takoro Ttuma Bo3HUKaeT 3((PEeKT maMsATh U CHOCOOHOCTH
BOCIIPUHUMATDH HE TOJILKO CTAaTUYHBIN 00pa3, HO U TUHAMUKY 00pa3oB (Tak
KaK €CTh BO3MOKHOCTh YUYUTHIBATh UCTOPHUIO Uepe3 OOPATHYIO CBS3b).

BrixoaHo# cioH

6 BrixogHoH c10H
\b-’
CKpbITBIE CJ10H 1 "g CKpBITHIE CI0H
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=

¥
Qﬁ"@m‘%@)

i
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o - . BxogHo# caoi
BxoaHoH c10H

PucyHoK 34. CeTb NpamMoro pacnpocrpaHeHus (cnesa) U peKyppeHTHasA ceTb (cnpasa)

Cornacuo Buxunenuu [1]: «Jlonras kpatkocpodHasi naMsTh (aHTJL
Longshort-termmemory; LSTM) — pa3HOBUAHOCTh apXUTEKTYpPhl PEKYP-
peHTHBIX HelpoHHBIX ceTeil (RNN), npennoxennas B 1997 rony Cenmom
Xoxpaitepom u FOprenom IlImuaxyoepom. Kak u GOJBITUHCTBO peKyp-

131



PEHTHBIX HEUPOHHBIX ceTerd, LSTM-ceTh SBIIIeTCS YHUBEPCATLHOW B TOM
CMBICJIE, YTO TIPU TOCTATOYHOM YHCIIE SJIEMEHTOB CETH OHA MOKET BBITOJ-
HUTH JI000€ BBIYHMCIIEHHE, HA KOTOPOE CIOCOOEH OOBIUHBIN KOMIIBIOTED,
JUTsl 4ero HeoOXoAruMa COOTBETCTBYIOIIASI MAaTPHIIa BECOB, KOTOPAsk MOXKET
paccMaTpuBaThCsl Kak mporpamma. B oTinuue OT TpaJAUIIMOHHBIX PEKYp-
PEHTHBIX HeWpoHHBIX cereil, LSTM-ceTh xopolio mpucnocodieHa Kk 00y-
YEeHUI0 Ha 3a/adax Kiaccudukanud, oOpaOOTKU U MPOTHO3UPOBAHUS
BPEMEHHBIX PSIJIOB B CIIy4asiX, KOTJa BayKHbIE COOBITHUS pa3/iejIeHbl BpeMEH-
HBIMU JIaraMU C HEOTIPEICICHHOW MPOJIOKUTEIBHOCTHIO U TPAHUIIAMH.

OtHocuUTeNbHAasE HEBOCTIPUMMYUBOCTh K JIUTEILHOCTA BPEMEHHBIX
pa3pbiBoB naet LSTM npeuMyecTBO N0 OTHOIIEHUIO K allbTEPHATUBHBIM
PEKYPPEHTHBIM HEWPOHHBIM CETSIM, CKPBITBIM MAapKOBCKUM MOJENSIM
U JIPYyTUM METOJlaM OOYy4YeHUs JJIsl MOCJIEeIOBATENbHOCTEN B Pa3IUYHBIX
chepax npumeneHus. M3 muoxectBa goctwkeHuid LSTM-cerelt MokHO
BBIJICTIUTh HAWIYUIlHWE PE3yJbTaThbl B PACMHO3HABAHWHU HECETMEHTHPOBAH-
HOTO CJIMTHOTO PYKOIMCHOTO TeKcTa M 1nodeay B 2009 romy Ha cCOpeBHO-
BaHUSX MO pacno3HaBaHuio pykonucHoro tekcta (ICDAR). LSTM-cetu
TAKXK€ WCHOJIb3YIOTCS B 33/1a4ax pacrno3HaBaHus peun, Hanpumep, LSTM-
CETh OblIa OCHOBHBIM KOMIIOHEHTOM C€TH, KoTopas B 2013 roay mocturia
pekopaHoro nopora omuOku B 17,7% B 3agade pacno3HaBaHusi GoHEM Ha
KjaccuyeckoM kopmyce ecrectBeHHOUW peun TIMIT. Ilo cocrosHuro Ha
2016 rox, BedyiiMe TEXHOJOTHMYECKHME KommaHuu, Bkiwouas Google,
Apple, Microsoft u Baidu, ucnons3ytor LSTM-cetu B xauectBe (yHIa-
MEHTAJIBHOTO KOMIIOHEHTA HOBBIX MPOAYKTOBY.

Camoopraausviomnmecs kapthl (Self-organization map, SOM)

CornacHo pecypcy [29]: «Takue ceTH NPEACTaBISIOT COOOM
COPEBHOBATEIIbHYI0 HEHPOHHYIO CETh C 00ydyeHHEM O€3 yuuTelis, BbIOJ-
HAIONIYIO 3ajladyy BU3yallM3alMd W KiacTepu3aluu. SIBISIETCA METOAOM
IPOCLIMPOBAHKST MHOTOMEPHOTO MPOCTPAHCTBA B MPOCTPAHCTBO C Oosee
HU3KOW pa3MEpPHOCThIO (Yalle BCEro, JBYMEPHOE), MPUMEHSIETCS TaKXKe
JUIsl pelieHus 3a7ad MOJCIMPOBaHUS, MPOTHO3UPOBAHUS U Ap. SABIseTcs
OJIHOM M3 Bepcuil HelpoHHBIX ceTeil Koxonena. CaMoopraHu3yronmecs
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kapThl KoxoHeHa cinyXaT, B IEPBYIO O4YEpEb, Uil BU3yaIu3aluu U IepBo-
HavyaJIbHOTO («pa3BeabIBATECIIbHOTO)) aHAIN3a JaHHbIX.

['eomeTpuueckasl CyTh alropuTMa Takas, 4YTO OJIM3KHE OOBEKTHI
B MHOT'OMEPHOM MPOCTPAHCTBE (CXOKHUE KUBOTHBIE MO THICSYE MPU3HAKOB)
OyJlyT pacrojoKeHbl OJU3KO U Ha JBYMEPHOU KapTe, I/l OOBEKThl OyyT
npeacTaBiieHbl ToukaMu. COOCTBEHHO, 00YUYEHHUE CETH ATO U €CTh MPOIIECC
YKIAAKA TaKUX TOUYeK (MTEPATUBHOTO OTTATHUBAHUS TAaKUX TOYEK OT
Ha4YaJIbHBIX MO3UIUNA, CM. PUCYHOK 35).

Curnan B cetb KoxoHeHa mocTtynaer cpa3sy Ha BCE HEWPOHBI, Beca
COOTBETCTBYIOIIUX CHHAINCOB UHTEPHPETUPYIOTCA KAaK KOOPAUHATHI MOJIO-
KEHUS y371a, U BBIXOJHOW cHUrHan (GOpMHUPYETCs MO MPUHIIMITY «I100eTu-
TeJIb 3a0UpaeT BCE», TO €CTh HEHYJIEBOM BBIXOJHOM CUTHAI UMEET HEUPOH,
Ommkaimuii (B CMBICJIIE BECOB CHHAINCOB) K MOJIaBa€MOMY Ha BXO]
o0bekTy. B mporecce oOyueHHsi Beca CHHAINCOB HACTPAMBAKOTCA TaKUM
o0pa3oM, 4TOOBbI y3Jbl PEUIETKH «PacIoJiarajiuch» B MeECTax JOKaJIbHBIX
CTYLIEHUN JaHHBIX, TO €CTh OMHUCHIBAIM KJIACTEPHYIO CTPYKTYpy OOJaka
JAHHBIX, C JIPYrOMl CTOPOHBI, CBSI3U MEXIY HEUPOHAMHU COOTBETCTBYIOT
OTHOIIIEHUSIM COCEJICTBA MEXK]1y COOTBETCTBYIOIIMMU KJIACTEPAMU B IIPOCT-
PaHCTBE NMPU3HAKOB.

0 01 02 03 04 05 06 07 D08 09 1
PucyHoK 35. Busyanusauma gBymepHoii NI0OCKOCTU C TOUKaMU (npoeKuuammn) o6bekTos 8 SOM
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ABtokoaupoBimky (AutoEncoder)

Cornacuo Bukunemuu [1]: «ABTokomupoBmuku (AutoEncoder) —
CIiEIUAJIbHASL APXUTEKTYypa UCKYCCTBEHHBIX HEUPOHHBIX CETEH, MO3BOJISIO-
mas NPUMEHATh OOydyeHue O0e3 y4yuTeds NpU HCIOJIb30BAHHM METOJA
oOpaTHOTO pacnpocTpanenus omuOku. [Ipocreiiiias apxurekTypa aBTOKO-
JTUPOBIIMKA — CETh MPSIMOT0 paclpoCcTpaHeHus, 0e3 0OpaTHBIX CBs3EH,
HanOoJIee cX0Xkas C MePCEeNTPOHOM U COJIeprKalliasi BXOJHOMU CIION, MpoMe-
KYTOYHBIW CJIOM U BBIXOJHOM CJIOW. B oTinmume oT mepcentpoHa, BBIXOA-
HOM CJIOM aBTOKOJMPOBIIMKA JOJDKEH COAEPkKATh CTOJIBKO K€ HEMPOHOB,
CKOJIbKO ¥ BXOJIHOM CJIOM (CM. pUCYHOK 30).

KOJHPOBHNIHK JeROIHPOBIIHK

w2

K3

wil w2 w2’ w1
KOJHPOBMHK _,.E_, JeK0IHPOBIHE —lr.z
Hcexonnsii BoccTaHoB IeHHBIH
BXO0] C:xartoe BXO0[
npeJacTaB/JIeHHe

PucyHok 36. Cxema ceTu TMna ABTOKOAUPOBLUMUK

OcHOBHOU TpUHIIUN paOOTHI U OOYUYEHHS] CETU aBTOKOJIUPOBIIUKA —
MOJYYUTh HA BBIXOJHOM CJIO€ OTKJIMK, HamOoJyiee OJIM3KUU K BXOJHOMY.
UToOBI penieHrue He 0Ka3aloCh TPUBUAIBHBIM, HA MPOMEKYTOUHBIN CIION
aBTOKOJIMPOBIIHMKA HAKJIAJbIBAIOT OTPAHUYEHUSA: MPOMEKYTOUYHBIN CIIOU
JOJKEH OBITh WJIM MEHBIIEH Pa3MEpPHOCTH, YEM BXOJHOMW W BBIXOIHOM
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CJIOH, WJIM HUCKYCCTBEHHO OTPAaHUYUBAETCS KOJMYECTBO OJHOBPEMEHHO
AKTUBHBIX HEHPOHOB MPOMEKYTOUHOTO CJOSI — pa3pekKeHHasi aKTUBAIIUS.
OTU OorpaHUYEeHHUs 3aCTaBJSIOT HEHPOCETh MCKaTh OOOOIIEHUS M KOoppe-
JSIUIO B TOCTYTAIOIIUX Ha BXOJI IAHHBIX, BBITIOJHSS MPU 3TOM UX CHKaTHE.
Takum 00pa3zoM, HEUPOCETh ABTOMATUYECKU 00y4YaeTCsl BBIJESATh U3 BXO/I-
HBIX JIaHHBIX OOIIME MPU3HAKU, KOTOPhIE KOJAUPYIOTCS B 3HAUEHUSAX BECOB
cet. Tak, mpu 0Oy4eHUU CETH Ha HAOOpe Pa3IUYHBIX BXOJHBIX H300paxe-
HUMN, HEHPOCETh MOKET CaMOCTOSITEIbHO OOYUHUTHCSl pACcO3HABATH JIMHUU
Y TIOJIOCHI MO/ Pa3IUYHBIMU YTJIaMHU.

Kakoe-To BpeMsi aBTOKOJMPOBIIMKHA MPUMEHSIIUCH KACKaJHO IS
oOy4eHus: TiyO0oKuX (MHOTOCIOMHBIX) CeTeil, a UMEHHO Jis NpeaBapu-
TeJILHOr0 00y4YeHus riyookoi cetu 0e3 yuurend. s aToro cion odyya-
I0TCS JIPYT 3a APYroM, HaurHas ¢ nepBbix. K kaxkjoMy HOBOMY HEOOy4YeH-
HOMY CJIOIO Ha BpeMsi 00yUEHUS MOAKII0YAETCS JTOTMOJHUTEIbHBIN BBIXO/I-
HOM CJIOH, JOTIOJTHSIOIMINMA CETh 10 aPXUTEKTYPbl aBTOKOIUPOBIINKA, TTOCIIE
4Yero Ha BXOJ| CETH MoAaeTcsi Habop NaHHBIX s oOydeHus. Beca HeoOy-
YEHHOT'O CJIOSL M JIONOJIHUTENIBHOIO CJ0sI aBTOKOJHUPOBLIMKA O0YyYaroTCs
IpU MOMOIIA METOJia OOPaTHOTO PACHPOCTPAHEHUS OIIMOKHU. 3aTeM CIoi
aBTOKOJUPOBIIHMKA OTKJIIOYAETCS U CO3/Ia€TCA HOBBIM, COOTBETCTBYIOIINM
clelyIolleMy HeoOy4eHHOMY ciiol0 ceTd. Ha BXoj cetu cHOBa mojaercs
TOT K€ HAOOp JaHHBIX, 00YUEHHBIE TIEPBBIE CIION CETU OCTAOTCS 0€3 n3Me-
HEHU U pabOTalOT B KA4E€CTBE BXOJHBIX JJII OYEPEAHOr0 00ydaeMoro
aBTOKOJUPOBINMKA cliosi. Tak 00yueHue MpPOJO0JKAETCs JJiA BCEX CIIOEB
CeTH 3a UCKJIIOYeHueM mnociennux. [locnennue cimou cetu oObBIYHO 00Y-
yaroTcs 0e3 MCMOJb30BaHUsl ABTOKOAMPOBIIMKA MPU MOMOIIU TOTO JKe
MeTOJIa 0OpAaTHOTO PACHPOCTPAHEHUS OIIMOKH U Ha MAPKUPOBAHHBIX JaH-
HBIX (OOy4YEeHUE C yUUTEIEM).

B nocnegnee BpeMs aBTOKOAMPOBIIUKU Majo HMCHOJB3YIOTCS IS
OMKMCAHHOTO «KATHOTO» IMOCIOMHOro MpeaoOydeHus: riyOOKuX HEWpoH-
Hbix cerei. Ilocime Toro kak »ToT MeToa ObLT mpeaiaoxkeH B 2006 .
Jxeddpu Xuntonom u Pycnanom CanaxyTAUHOBBIM, JOCTATOYHO OBICTPO
OKa3aJIoCh, YTO HOBBIE METOAbl MHUIIMAIM3ALMUA CIy4alHBIMH BecaMu
C OIpeJelIeHHBIM BUIOM paclpe/iejieHus OKa3bIBaloTCs 3(P(HEKTUBHBIMU
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U1 YIYYIICHUS CXOAUMOCTH. A mpemnoxkeHHas B 2014 r. makerHas
HOpMaJu3alusl Mo3BOJUIa 00ydarh emie 0osee IIyOOKHE CeTH, MPeasio-
KEHHBIN ke B KoHlEe 2015 r. MeToJ OCTaTOYHOro OOYy4YeHHUs MO3BOJIUII
o0y4aTh CETH MPOU3BOJILHON IITyOUHBI.

OCHOBHBIMU TPAKTUYECKUMU TPUIOKEHUSIMH aBTOKOJIUPOBIINKOB
OCTalOTCSl YMEHBIIICHHE IIIyMa B JIAaHHBIX, @ TAK)K€ YMEHBIIIEHUE pa3Mep-
HOCTH MHOTOMEPHBIX AaHHBIX il BU3yanu3auuu. Kpome Toro, ¢ omnpene-
JIEHHBIMH OTOBOpPKAaMH, KaCAIOIMIUMHCS Pa3MEPHOCTH U Pa3peKEHHOCTH
JAHHBIX, aBTOKOIUPOBIINKHA MOTYT MO3BOJISITH MTOTy4YaTh IPOECKIIUH MHOTO-
MEPHBIX JIAHHBIX, KOTOPBIE OKA3bIBAIOTCS Jy4llle TE€X, YTO JIa€T METOJ]
IJIABHBIX KOMIIOHEHT JIM0O KaKOM-TMOO Jpyrod KIAacCUYECKH METOI.
[ToMUMO 3TOr0 MOKHO MCHOJB30BaTh TaKUE CETH, KAK aJITOPUTM CXKATHUS
JTAHHBIX.

KpaitHe Ba)KHO OTMETHUTB, UTO €CIIU K€ B3SITh APXUTEKTYpPy aBTOKO-
JTUPOBIINKA, HO 00y4aTh €ro ¢ YYUTENEeM, TO €CTh Y OyJeT OTJIMYaThCs OT
X, TO MOJY4YUTCA CE€Th Uil MpPeoOpa3oBaHUs OIHOTO H300paKEeHUS
B JIpyroe n300pakeHne 4epe3 HEKOTOPYIO ClokHYI0 (yHKIM0. Ha ocHOBe
JAHHOTO TMPeoO0pa3oBaHUs CTPOSTCS Pa3IUYHbIe (PUIBTPHI M300pAKEHUN
U BUJEO (HampuMep, HAJIOXKEHUE Pa3IudHBIX A((PEKTOB) WM Ke MOXKHO
penaTh CIOXHBIE 3aJjaul CeTMEHTAlMU n300pakeHus. Ha ceronnsinmii
JIEHb TTOJJOOHBIE APXUTEKTYPhl OUEHb PACIIPOCTPAHEHBI M XOPOIIIO PEIIAIOT
3a/1a4M aHaJIU3a CIEHBI JJ1s1 0€CITUIOTHOTO aBTOMOOMIISL.

NmnvyiscHble (CaliKkoBbBIE) CETH

CornacHo Buxkunenuu [1]: «IlepBasg HaydyHas MOJi€jib UMIYJIbCHOM
HEHpOHHOU ceTu Obula TpemsioxkeHa AslaHoM XOKKUHOM U DHIPIO
Xakcmn B 1952 rogy. Ota MoAenp ONUChbIBaia, KAK MOTEHIIUAJIbI IEUCTBUS
BO3HUKAIOT U pacOpOCTpaHstorcs. MIMIynbChl, 0AHAKO, Kak MPaBUIIO, HE
NepeaaroTCsl HEMOCPEACTBEHHO Mex Ay HelipoHamu. CBsi3b TpeOyeT oOMeHa
XUMHYECKHMH BEIIECTBAMH, KOTOPBIE HA3BIBAIOTCS HEUPOTPAHCMUTTE-
paMu, B CHHaITUYECKOW IIEIIH.

C Touku 3peHus Teopur HUHPOPMALUM, TPOOJieMa 3aKIHOYAETCS
B OTCYTCTBUHM MOJIEIH, KOTOpasi Obl OOBSACHSIIA, KaKk KoAupyeTcss MHOP-
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Mal¥s U IEKOJUPYIOTCS CEPUU MOCIEI0BATEIBHOCTEN UMITYJIBCOB, TO €CTh
NOTEHIMAbI JeHCTBHS. [l HEHPOOHOIOTUH BCE €I1€ OTKPBITHIM SIBIISECTCS
OTBET Ha BOINPOC: HEMPOHBI CBA3BIBAIOTCS C MOMOIIBI0 YaCTOTHOTO WIIH
BPEMEHHOTO KoaupoBaHuA? C MOMOUIBI0 BPEMEHHOTO KOJIWPOBAHUS OJUH
VUMITYJIbCHBIA HEWPOH MOXKET 3aMEHATh COTHH CKpPBITBIX 3JIEMEHTOB
YaCTOTHOM HEWUPOHHOM CETH.

UYto ke KacaeTcs OTIWYHUA CIIAMKOBBIX CETEW OT KIIACCHYECKHX, TO
TYyT HEOOXOJAMMO OTMETUTH cliefytolee. Eciu OCHOBHOE OTIMYHME CBEp-
TOYHBIX CETEN OT KJIIACCUYECKUX 3aAKIIOYAETCS B CTPYKTYPE U OPTaHU3ALNHU
CBSI3€M, TO UMITYJIbCHBIE CETH, HAIIPOTUB, IO CTPYKTYype MOX0xku Ha MLP.
Wx rinaBHOE OTIMYHME 3aKJIIOYAeTCsl B TOM, YTO HEHUPOHBI OOMEHUBAIOTCA
KOPOTKUMHU (y OMOJOTHYECKHX HEUPOHOB — OKOJO 1-2 MC) MMMyJbCaMu
OJIMHAKOBOM aMIUIUTYIbI (y OMOJOrn4ecKkux HelpoHoB — okojio 100 mB).
SBnsiercs caMoil peaTMCTUYHON, C TOUYKU 3pEHUsT (PU3HOJIOTUH, MOJEIIBIO
HNHC (cM. pucyHok 37)».

Bxoanblie CKpbITHIH

BeixoaHBIE
CHTHA

JIbl  Bxogmoii C/J10H BreIX0QHOH cHrEAIBI

W 1

PucyHok 37. CxemaTuuHoe npeacTaBieHne CTPYKTYpbl MMNyabCcHOI HEMPOHHOI ceTn

JIaHHBIM TUII CETH €Ie HAXOAWTBhCA HA CTAJAMM AKTUBHOTO MCCIIE-
nosanus. Tem Hu MeHee UMHC yxe ycnenHo npuMeHsach uisi JNHAMU-
YEeCKOro YINpaBJIeHUS MOOWIBHBIM POOOTOM. B KaduecTBe OCHOBHBIX €€
IIPEUMYILECTB MOKHO Ha3BaTh:
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e [lepcriekTUBHOCTH B 00pabOTKE AMHAMUYECKOW HHPOpPMALNU
(HampuMep, BUIEONIOTOKA, BDEMEHHBIX PSAJIOB U T. I1.).

e boee miotHoe U 3pPekTrBHOE KOAMPOBAHUE HHPOPMAIUH TTO
cpaBHeHUIO ¢ MLP.

e boiee 3¢ dhexTuBHOE pacXo0BaHKE MIEKTPOIHEPTUU IPH (HH3H-
YECKOW pean3alni.

e Bricokas crenenb 3¢ (PEKTUBHOCTH MapaLIeNbHOIO BBIMNOIHE-
HUS TIpU GU3UYECKON peanu3aluu.

K HenmocTaTkaM MOKHO OTHECTH CIa0yH M3YYEHHOCTb, CIIOKHOCTb
MAaTEMAaTUYECKON MOJEIN U BBIYMCIUTEIBHYIO CIIOXKHOCTh MPHU BBITOJIHE-
HUU Ha OOBIYHOM Keje3e. A IJIaBHBIM HEJOCTATOK 3aKJII0YaeTCsl B OTCYT-
CTBUHU XOPOIIETO alropuTMa oOy4eHusl.

ITpuunusl 0ypuoro paszsutuga MHC ceroans

Kazanmoce Obl, paz HMHC Takoii MOIIHBIA HWHCTPYMEHT\METOJ
U TiepBasi HEHUPOHHAsi CETh ObUIa MPEMJIOKEHA TaK JIABHO, TO MOYEMY
TOJBKO CENYac MOSBISETCA CTOJIBKO TEXHOJOTHI Ha HEMPOHHBIX CETAX?
Tomy ecTh 1BE IPUYHUHBI:

UtoObl uccnenoBath riayookne MHC, Hy»XHO NpOBOJIUTH AKCHEPH-
MEHTBI, @ OHU MOTJIU JUIUTHCA MO MECSILy, a €CIU U MEHbIIE, TO HYKHO
ObLJI0O BCE PaBHO MPOBOAUTH JIECATKH SKCIIEPUMEHTOB. Takum oOpaszom,
UCCJIE0BaTh CETH OBLJIO CIOXKHO.

[TosTOMy TMOSIBIIEHME COOTBETCTBYIOIIUX MApPaUICIbHBIX BBIYHCIIH-
Teled U oO0lee YBEIMYEHUE MOUIHOCTA KOMIIBIOTEPOB HM3MEHWIO 3Ty
cutyauuto. Kpome Toro, mosBmimch o0bluHble BUieo kapThl (GPU), Ha
KOTOPBIX JIOOOM MOT 3amycKaTh CJIOKHbIE BblUUCIeHUs. [loaToMy mosiBu-
JOCh MHOTO HCCIIEIOBATENIEH, KOTOPbIE NPOBOJMIIA SKCIIEPUMEHTHI.
To ecTb, K&K HM CTPAHHO, Pa3BUTHE TOPMO3WIOCH HE H3-3a MPHUHIIU-
nuanbHbIX Bo3MoxkHocTell MHC, a u3-3a TOro, 4To 3KCIEpUMEHTUPOBATH
OBLIO JOJITO.

Oynkuua aktuBauuu «Reluy ynpoctuna ¢yHKIMIO ceTelt B 1EJI0M
U cienana BeraucieHus ['myOookux ceren eme ObicTpee.
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[Tcuxonornueckuii pakrop. M3Bunucrast uCTopusi HEHPOHHBIX CETEH
U JIOJIro€ MpeObIBAHUE B COCTOSIHUM 3aMOPO3KH CO3JAJIM JTYPHYIO CIIaBYy
HEUPOHHBIM CETSIM, U UCCIEAOBATEIN OYEHb HEOXOTHO 3aHUMAIUCH HTOU
chepoii.

Bo3pacranue uHTEpeca cpa3y CHOXKHUIO Pa3Hble KYCOUYKH MO3aWKH,
u CBEpTOUYHBIE CETU MOJYYWIN BTOPYIO KHU3HB, a UX YCIEX Jall elie 00Jib-
IIAN TOJTYOK.

Crout Takke OTMETHTh, YTO CEroAHs HaOI0JaeTcs OOpaTHBIM
s dexkr. [Ipecca u UHTEpHET yacTo mpeyBeanyuBaoT Bo3moxxHocTtu MHC
WJIN JIOIYCKAT HETOYHOCTH, U3-32 YETO MOXET CIIOKUThCA BIICUATIICHUE,
YTO HEUPOHHBIE CETU — 3TO UCKYCCTBEHHBIN UHTEIUIEKT.

bopbba ¢ nepeodbyuenmnem B MHC

Tema nepeoOyueHust ObLIa MOJPOOHO paCCMOTPEHA paHEE, MOITOMY
MPOCTO TMEPEUUCIUM CIOCOOBI 0OpHOBI C A3TUM 3PEKTOM, MOAXOISAIINE
1A 6onpmnmHcTBa THIIOB MHC:

° Kpocc-Banumanus. JlaHHBIM METOJ HE 3aBUCUT OT MOJIEJIH, 3TO
oO0ImMi MOAX0J K TPEHUPOBKE MOJICNICH, MOMOTAOIIUN KOHTPOJIUPOBATH
1 OOPOTHCS C IEpeoOyUeHHEM 0COOCHHO Ha MaJIbIX BRIOOpKaX.

o VYMeHbllIeHHEe YHuCa CJIOCB\HEHPOHOB. YMEHBIIICHUE CJIOEB
U HEHPOHOB SIBHO BIIMSET Ha CIOHOCTb MOJEIH, OJHAKO HEOOXOJIUMO
UCKaTh KOMIIPOMHCC MEXIy o0O000IIaroleil crmocoOHOCThI0 HEHPOHOB
U CTENEHbIO0 a0CTPAKTHOCTHU MPU3HAKOB.

o Jo6aBnenue L2 perynspuzanuu. AHaiorudyHo Perpeccuu 3tot
JOTIOJTHUTENBHBINA MeTO] IITpadyeT BHICOKUE BECa MOJICIIH.

o JlokanbHOCTH BOCHPUATHUS. 3ajaBas PELUENTUBHOE TIOJIE,
BOCHPUSATHE HEMPOHA MOKHO TAKKE€ YMEHBIIUTh HE TOJBKO KOJWYECTBO
rapaMeTpoB WM CJI0KHOCTb MOJICNIM, HO, U 0ojee TOro, — OIpPEeNeIUTh
BIIUsIONIME (PAKTOPBI, YTO MO3BOJIUT HEUPOHY pElIaTh JIOKAIbHBIE 3a/a4u
U CKJIaJIbIBaTh MX B TJIOOAJIbHOE pelieHrue. DTO KpalHe BakHas OCOOCH-
Hocts MHC.
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Q0paTHOE pacIPOCTPAHEHNUE OIITMOKHU

Wtak, kak W y J000H Jpyrod MOACIM B MAIIMHHOM OOYYCHHH,

y MHC ectb 2 3Tana paboThI:

oOyueHue;

HCIIO0JIB30BAHUC, MOACIIMPOBAHNUC WUJIN ITOJIYYCHHUC OTKIIMKA, ITPOI-

HO3a (BCe ATO MOJIpa3yMEBAET pacyeT BbIX0/a 0 O0YUEHHOU MOIEIH).

IIpy >TOM HCHONB30BAHUE CETH HA3BIBAIOT IIPSIMBIM PACIpPOCTpa-

HenueMm (forwardpropagation), mOTOMY YTO CUTHAJI CO BXOJ]a CETH PacIpo-

CTpaHsieTCs K BbIX0y (PUCYHOK 38), TO €CTh ClieBa HalpaBso.

| Input signals >

X1 e ’ ¥4
= WQ{-@

X2 = ) Y2
v Q Z

xn_. ”@A. ) "
|Iﬂput H;dden E?utput
ayer ayer ayer

<: Error signals |

PucyHok 38. 0606LeHHan cxema pacnpocTpaHeHua curdanos no MLP

Ha pucynke 39 wuzoOpakeHa NOpUHIUNHAIbHAS CXeMa MPSIMOro

pacnpoCcTpaHEeHHs CUTHAJIA CO BXOJa Ha OJWH HEHpOH. B cioydyae HecKob-

KHNX HCﬁpOHOB B CJIOC CXOXHNC BBIYMCIICHUA 6YI[}7T IIPpOBOAUTHCA IJISI KaXK-

J0T0 HGprOHa. ITocne yero curHaa ABUHETCS K ciacayromemMy CJI0r, 1 CCIN

B HECM TaKXC HCCKOJIBKO HeﬁpOHOB, TO TaM 6YILYT CXOAHBIC BBIYMCJIICHHA
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JUIsL KaXXJI0ro HelpoHa u Tak gaiee. Kaxapiii HeipoH OepeT B3BEIICHHYIO
CYMMY CBOMX BXOJIOB, CUMTAET ()YHKIIMIO aKTUBAIIMH U BBIJAET BBIXOJ IS
CJICAYIOIIETO CIIOS U T. 1.

OOyueHue Ha3pIBalOT 0OpaTHBIM pacnpocTtpaneHueM (backpropa-
gation) olMOKHU, TOTOMY UTO UH(pOpMAIU UIET HA0OOPOT, C BEIXO/Ia CETH,
u uHopmainus dTa — 00 omuOKe, a HE O BXOJHOM oOOpase, Kak IIpHu
PSIMOM PaCTIPOCTPAHECHUH.

B mopens HelipoHa Ha puCyHKe 39 BKJIIOUEH MOPOTOBBIN 3JIEMEHT
(bias), koTOpbIii 0003HAUYEH CUMBOJIOM by. DTa BEIMYMHA OTPAXKAET YBEIU-
YEHUE WJIM YMEHBIIICHHE BXOJHOTO CHTHAJIA, MOJIaBa€MOro Ha (PYHKIIHUIO
aktuBanuu. Ilo cyTu, 3T0 CBOOOAHBINM KOAI(PGUIMEHT MPU HEKOTOPOM
MpU3HAKe B HYJICBOM cTeneHu (Kak u 'y Perpeccun).

PUKCHPOBAHHbIH W, = b, (Ilopor)

BXOIOHOMN CHIHan xD =+] @

o
X
AKTHBAIIMOHHAA
X, byHKLUMA
BoixogHOM
Bxonnt < L @(-) [—> CcHrHan
Vi
CymmMarop
\.xm
CuHanTHYecKHe Beca

(BKJTI04as NOpPOT)

PucyHoK 39. MpuHUMNManbHaA cxema NPAMOro pacnpocTpaHeHUA CUrHana

B maremartnueckoM mpejcraBieHun (GyHKIIMOHUPOBAHUE HEHWpoHa k
MOYKHO OIMCAThH CIECAYIOIIECH Napor YPaBHEHHUM:

Up = i WiiXi,

Y = ¢ (Ug),

rae U, — WHOYIMPOBAHHOE JIOKAJbHOE TI0JIE, WM MOTEHIHANI
aAKTHBALIUH.
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Cepusi TakuX ypaBHEHHM, BBIYUCICHHBIX MOCIEAOBATEIBLHO, B KOHIIE
KOHIIOB JacT pe3yJbTarT Bcel ceTu. Eciu B MocieqHeM Clioe CeTH OJUH
HEWPOH, TO COOTBETCTBEHHO MOJYYHMM CKAJISIP WJIM YUCIIO, & €CIIM HEUpo-
HOB HECKOJIBKO, TO MOJIyYUM BEKTOP 3HAYEHUW MJISI Ka)XIOTO BXOJHOTO
obpaza X.

Tenepp paccMOTpUM  QIrOPUTM  OOpPATHOTO  PaCHpPOCTPaHEHUS
OLIMOKM JJ11 00y4YeHHs MUCKYCCTBEHHOM HelpoHHOU cetu. OH pa3paboran
B IIEPBYIO ouepenb Wi cerert MLP-tumna. Ho takke moaxoauT i CBEp-
TOYHBIX CETEW, aBTOKOJMPOBIIMKOB U, MPU OMNPEACICHHBIX MOAUDUKa-
USX, IS PEKYPPEHTHBIX CETEH.

JI71s1 Hayana BBEAEM ONPEACIICHUS:

OOyuuTh CeTh — MUHUMHU3UPOBAThH OMIMOKY, @ UMEHHO MUHUMH3UPO-
BaTh Pa3HUILy MEXIY BBIXOJOM CETH (peakiueld Ha BXOJA) U TpeOdyemoil
peaKkIiueit, To eCTh 3TO 00YUYEHHUE C YUUTENIEM.

MuHuMu3alysg OMOKK  TPOU3ZBOAMUTCS TYTEM  UTEPaTUBHBIX
npaBok\koppekTupoBok BecoB MHC. Koppektupyrorcs B MHC Ttombko
Beca U 00JIbIlIe HUYETO.

Munumuzanus OMMOKU MPOUCXOTUT JJISI KaXJOTO OTAEIBHO B3s-
TOTO BXOAHOro oOpa3a. [IoBTOpsis Takyr0 MUHUMM3ALUIO IS KaXAO0TO
o0Opasa MHOTO pa3, IoJiydaem 00IIyt0 MUHUMU3alu0. KonudecTBo mpoxo-
JIOB 110 TPEHUPOBOYHOM BHIOOPKE HA3BIBACTCS ATOXAMHU.

HauHnem paccMOTpeHHe airopuT™Ma ¢ MOCIEAHETrO (BBIXOIHOTO) CIOS
cetu (pucyHok 40).

CnepBa npeanosioxKuM, 4TO BBIXOJHOW CIIOW COINEPKUT TOJIBKO OJWH
HeupoH. Toraa:

E, e — ommOka BbIxoa ceTu aJist Texkyuien mapsel (X, Y);

Y, y — TpeOyeMblii BBIXO JI1 COOTBETCTBYIOIIETO BXOAHOTO 00pasa X;

0 = @(U) — BbIXOJl HEpOHA, pacCUUTHIBAeTCs Kak curmoujia ot U,

U — pe3ynbTar B3BELICHHOW CyMMBI, WM WHIYUHPOBAHHOE JIOKAJb-
HOE T0JIE;

Wij — Bec, COEMHSIONINNA HEKOTOPBIA HEUPOH CJIOS 1 C HEKOTOPHIM
HEUPOHOM CJI0 J.
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XoTum non PaBUTb 3TOT BEC

Wik +Aw

2 3

Uy =wa

1( )2
e=—(0, —
5 Wk y

ik

CINOW j CNow k

PucyHok 40. NMpeactaBneHa cxema nocnegHero cnosn cetu MLP

NHgekcsl TpW CHMBOJIAX O3HAYAIOT WHACGKCHI CIO0eB. Tak Kak
B KOKJIOM CJIO€ UMEETCSI HECKOJIBLKO HEHPOHOB, TO O KAKOM HEUPOHE HJIET
peub, korna numiercs 0j? O a1000M MPOU3BOIBLHOM B ATOM CJIO€, TaK Kak
dbopmymna o00OIEeHHAass ¥ HE BHOCUT KOHKPETHMKH O HOMEpe HeMpoHa
BHYTpPH CJIOSI.

[lepBas unes airopuTMa\MeToAa 3aKI0YaeTCs B TOM, YTO MBI JIBH-
raeMcs T0 TPaJUEHTY OIIMOKU, KaK M BO BCEX YHCJICHHBIX I'PaJUEHTHBIX
MeToqax. Mbl He 3HaeMm, e TOYHOE pelIeHHe, HO €CIU HUTEePaTUBHO
MOHEMHOTY YMEHBIIATh OMIMOKY TSI KaKIOTO BXOJHOTO 00pa3a, TO MBI
PaHO WIH MO3IHO MPUIEM K HEKOMY PaBHOBECHOMY COCTOsIHUIO. He 00s3a-
TE€JIbHO MUHUMYMY OIIMOKH, HO K TaKOMY MOMEHTY, KOT/ia JaJibHEHIIne
MIpaBKU ye He OyIyT KOPEHHBIM 00pa3oM MEHSTh CUTYAIlUIO, a CUCTEMa
BOWJIET MO0 B MOJHYIO 3aMOPO3KY (M3MEHEHUI BOOOIIE HE OyneT), Tubo
B HEKMH K0JIeOATEIbHBIN MPOIECC OKOJI0 HEKOTOPOU MaTPHUIIbI BECOB.

CoOcCTBEHHO, JBUTASICH IO AHTUTPAJIUEHTY OKUOKU —V F | MBI Kak pa3
U TIPOM3BOJINM KOPPEKTHPOBKHU BECOB HA HEKHE JENbTa (B JAHHOM CIIydae
y BECOB HET HUKAKUX HHJIEKCOB, MOTOMY YTO 3TO OOIas KOHIEIIIHS

MPaBoOK):
witl = wt — aAw,
witl = wt — aVF(wh),
ty = 9E
VF(W ) - owt’
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rne witl — Bec B ciemyrommii MOMEHT BpEMEHH;

w! — Bec B TeKyIIuii MOMEHT BPEMEHU;

Aw — mpaBka Beca Ha TEKyIIEM Ilare, B CTOPOHY YMEHbIICHUS
OIMOKY HA TEKYIIEM IIIare;

a — pa3Mep 11ara, CKOpoCTh JIBUXKEHUS 110 aHTUTPAJUEHTY WIH CUJIa
IIPABOK BECOB.

Eme pa3 o Tom, nmoueMy HCHoyib3yeTcsi UMEHHO rpagaueHT. [loTomy
YTO HEJIb3s PACCUUTATh TOYHOE 3HAUYEHUE MPABOK ISl BCEX BECOB Cpa3y,
BEJIb MBI HE 3HAEM BKJIAJl KaXJ0TO Beca B OIIMOKY, MbI JIUIIIb 3HAEM 3HaUe-
HUE OMMOKY U HanpapieHue. YToObl MOHATH CYyTh UJIEH, IPEJCTABHTE, UYTO
HeKasi TpaBka +Aw HEKOro Beca W JacT HaM YBEJIMYEHUE WU YMEHb-
ImeHue omuOKu Ha Bbixojae ceTd (cMm. pucyHok 40). Ilomydaercs, yTo
HeOOJIbIIINE MTPAaBKU BECOB MPHUBOMAT K HEKOTOPHIM HEOOJBIITUM H3MEHE-
HUSIM KOHEYHOM OImMOKM ceTh. BO3MOXHO JIn HaWTH (HYHKIIMOHAJIBHYIO
3aBUCUMOCTh MEXIY 3TUMHU HEOOJbIIUMHU U3MeHEeHHsIMU? YTO ecTh OTHO-
[I€HNEe HeOOIBIITOro N3MEHEHHUS OINOKN K U3MEHEHHIO KaKoTro-I1n00 Beca?

0E
910 IMPONU3BOJIHAA E

Takum 00pa3om, Hal[sd aHATUTUYECKOE BBIPAXKEHHUE MPOU3BOIHOM
OLIKOKHM T10 JIFOOOMY BECY, Mbl ONPEIEIUM XapaKTEP BO3ACUCTBUS IPaBOK
ATOTO Beca Ha OMIMOKY. A B KOHKPETHBIX TOYKaxX 3TOM (GyHKIuU (TIpu
KOHKPETHOM BXOJHOM 0O0pa3e U BCeX JPyTrux IMapaMeTpax CETH) MBI
CMOXXEM TOYHO IOJCYUTATh 3HaYeHUE (YHKIHUHU MPOU3BOJHOW, TO €CTh
CMOXXEM OlLeHUTh 3HaK W 3HaudeHue dE, Ha koTopoe OyAeT MEHSThCA
omrOKa MpU Hamux mpaBkax dw. A 3HAYUT, MBI MOKEM BBIOpATh TaKylo
paBKy, 4YTOOBl yMEHBIIUTH 3Ty camyto E. IIpu 3ToM Bce ocTanbHbIe Beca,
KpPOME TOT0 KOTOPBIN MPABUTCA B TAHHBI MOMEHT, 3aMOPaKUBAEM.

Wtak, nms mociegHero ypoBHSI BCE OTHOCHUTENBHO MPOCTO. YUTOOBI

o 0E
HaWTHU IIPOHU3BOAHYIO a—, HGO6XOI[HMO B3ATb CCPHUIO IIPOMU3BOJHBIX I10 KaiK-
w

J0¥ BIIOKEHHOM (PYHKIIUHM (110 LIEMHOMY NpaBuiy AuddepeHIupoBaHus):

t+1 _ ,,,t ok —
W] = ij —a =
aij
t 0E Odoy 0Uy

— it — — — .
aOk aUk aW]k - ij a(ok y)Ok(l Ok)oj
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Ho uto nmenmate ¢ BHyTpeHHUMH ciossMu? Jlemo B TOM, 49TO IS
HEHPOHOB BHYTPEHHUX CJIO€B MBI HE MOXEM SIBHO PAcCUHTaTh HE TO UTO
3HaUCHHWE IPaBKH, HO W 3HaYcHHWE OIMMOKW. Bemp 4TOOBI paccumTaTh
3HaUYCHHWE OINMMOKH, HAJ0 3HaTh, KaKO€ 3HAYEHHE BBIXOJA JOJDKHO OBIThH
y KaXIOTO HEMpOHAa BHYTPEHHETO CJIOA. A MBI HE MOXKEM 3TOTO 3HATh,
Bellb HE 3HAEM KOHKPETHBIM BKJIAJl KaXIOrO0 HEWpoHA B OMHUOKY. MbI
3HAaEeM MPOM3BOJIHYIO, TO €CTh OJIIKAUIINN XapakTep U3MEHCHUH OIMMOKH
OT TIPaBOK BECOB, HO HE MOYKEM IOCUHMTATh HYXKHBIC 3HAUCHUS JIJIS TIPOU3-
BOJIbHBIX TOYCK.

Ho 4to ecim moiTu TakuM ke myTeM, Kak u pasbire? {omyctum, 9To
HEKasi mpaBka TAw HEKOro Beca W (Tenephb YK€ Ha CKPBITOM CJIO€) JacT
HaM yBEJMYCHUE WU YMEHBIIICHNE OIMMOKN Ha BBIXOJE CETH (CM. PHCYHOK
41). Tlomyyaercs, 4yTo HEOOJBIINE IMPaBKH ITOTO Beca TOXE IPUBOIAT
K HEKOTOPHIM HEOOJBIIMM H3MEHCHHUSM KOHEYHON OIMMOKH CETH IIPH
YCIIOBHH, YTO BCE OCTaJbHBIE BeCa CETH KOHCTAHTHBI B paMKax 3TOTO
BPEMEHHOTO Cpe3a.

- XOTHM NONPaBHTL 3TOT Bec

—

1
e ZEfﬂk—y}z

t=0

&; L]

PucyHok 41. Cxema nocnegHux aByX C/10€B ceTH

[TosTOMy MOXHO B3SITh MPOU3BOJIHYIO BBIXOJIHOW OIIMOKH IO 3TOMY
HEWpoHY. OTO OyJeT Takas K€ IIEMOoYKa MPOU3BOJHBIX (TOJBKO
BEC Wj; TeIIepb OyAeT KOHCTAaHTOM, a HE MEPEMEHHOM, IOITOMY OH U OCTa-
HETCs II0CNIE B3STHA IPOU3BOIHOMU 110 0j, & OEpeM MbI HIMEHHO 10 0j, YTOOBI
IpONTH (TPOTUCHYTH MHPOPMAIUIO) TATIBIIIE).

t+1 _

0E dE 003, 0U;, 00 0U;
H _Witj_A_:W.t__/l k OUg 00j 0Uj

aWij tJ doy 0Uy an an aWij'

w
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Teneppr MOXHO TOACTaBUTH KAXKAYIO MPOW3BOAHYIO W TOJYyYHUTH
dbopMyly KOPPEKTHPOBKH Beca B CKpBITOM ciioe. OIHAKO BBIIIE MBI
JIeJIaii CEPhEe3HOE TOMYIIEHUE, YTO B MOCICTHEM CJIO€ OYIET TOJBKO OIMH
HEHpoH. A 3TO MOXeT ObITh He Tak. M Hac WHTEepecyeT UMEHHO STOT
oOmuit cimydait u juist roooro cios. Takum oOpa3om, U3 3Tol (POpMyJIbI
HAJ0 BBIAEIUTh 3aKOHOMEPHOCTh, KOTOPYIO MOXKHO HCIIOJIB30BaTh IS
IIPOU3BOJILHOTO CIIOS:

e _ | 2E 90 dU|d0;|aU;
t |fjﬂ‘k f}Uk I.;}Gf |de‘rJ'wu
1 2 3
B dopmyne rpagueHTa OMMOKHA TO BECY CKPBITOTO CIIOS MPHUCYT-

CTBYIOT 3 COCTaBJISIOIIMX. | — 3TO COCTaBisOmIas CHEAYIOWIETO CIOS,
2 — BTO COCTaBJIAIOIIAS TEKYIIETro CJI0S M 3 — COCTaBIISIONIAS MPEIbITY-
mero ciiost. To ecTh M3MEHEHHME BBIXOJHOHN OIMMOKM CKIIAJBIBAETCS W3
BIIUSTHUSI 3TUX COCTABIISIIOIIMX, €CJIM BCE OCTaJIbHBIE 3JIEMEHTBI CpEJIbl
3aMOpPO3UTh. A pa3 Tak, TO MOXKHO CJiesaTh JiBa BBIBOJIA:

[lepBasi cocrapistolias B ciiydyae HECKOJBKUX HEHPOHOB B CIIENYIO-
meM cioe OyaeT He ojHa. [IoHSATHO, YTO TEKymMH HEWpPOH j-TO CJOS
pacrpoCTpaHseT CBOIO OLIMOKY Ha BCE CBS3aHHBIE C HUM HEUPOHHI cios k.
A 3HaAYUT, HAJO MPOCYMMHUPOBATH BKJIaJl, KOTOPHIH OKa3bIBA€T KOPPEKTHU-
pOBKa Beca Mo BceM MyTAM. MW, WHBIMH CJIOBaMH, MPOCYMMHPOBATH
MIPOU3BOJIHBIE IO PAa3HBIM CBS3SIM HEMPOHOB. Torja mepBhIii OJIOK MOMXKHO

OyJleT nepenucaTh TaK:
M 0E 0oy 0Uy

/
k=0 8_0k8_Uk6_oj = (o, — Yo kWijk-

JUist CKOJIb YrOJIHO JQJIEKOTO CJIOS MOXHO HE CUMUTATh TOJHBIM
rpaJiueHT, a OpaTh BKJIaJ CIEAYIOLIETO CIOsi 3a OCHOBY. Benp nro0oi
IIPOM3BOJIBHBIN CIION B TIEPBYIO OYEpEh eTaeT BKJIA] HMEHHO B CIEAYIO-
muii cioii. Takum 00pa3om, y4UThIBash MPOMEXKYTOUHBIE BKJIAAbl WM
TOYHEE BIIMSAHHME BCEX MPOMEKYTOUHBIX BKJIaJ0B, Mbl CMOXEM OLICHHUTH
UTOTOBOE BIUSHUE HAa OMMOKY. OmATh XK€ pedb UAET O HEOOJBIINX JIOKA-
JBHBIX MpUpALIEHUAX +AwW M0 KOHKPETHOMY W. 3HAYUT, MOXKHO BBIJEIHUTh

NEPBYI0 COCTaBISIIONIYI0 (QOpMyJdbl B  OTACIbHYH IE€PEIATOUYHYIO
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BENMYMHY BKJaja omuOku §. Takxke ee Ha3bIBAIOT MPOU3BOJHOMN OLINOKH
10 B3BEIIEHHON CyMMe, MO JIOKaJbHOMY MHAYIIMpoBaHHOMY mouito (1o U).
Tornma st MOCAEHEro CIIOA:

Sk=(0x — y)ox (1 — 0p).

A it 1I000T0 IPYroro CKPHITOTO CIOS:

§=(X 8xwir) 0;(1 — 0)).

[Tomy4aeTcsi, 9TO CUTMa PACCUUTHIBAETCA KAaK COBOKYITHOCTH BCEX
BKJIAJIOB B OIIMOKY (HaumHas ¢ KoHIAa). VI iMEeHHO ATa BeIMUMHA SIBISETCA
TOM uH(popMaImen, KoTopasi BEIpaXaeT OLIMOKY OT CJIOS K CJIOK0 U pachpo-
CTpaHsieTcs OOpaTHO. Y4uThIiBas 00a IMyHKTa OJHOBPEMEHHO, (HDOPMYJIbI
TSl KOPPEKTUPOBOK MOXKHO MEpENucaTh CIAEAyOIUM 00pa3oM:

Aw = — ad,o; = — a(ox — y)o,(1 — 0,)0; — ecnu KOppeKTHpyeTCS
BEC MOCJIEIHETO CJIOA.

Aw = —adjo; = a(X 5wiji) oj(l — oj)oi — €CIIH KOPPEKTUPYETCS
BEC CKPBITOTO CJIOS.

OO01uii anroOpuT™M MOKHO MPEACTABUTD TAK:

e HMuunmanu3upoBaTh Beca CIydalHbIM 00pa3oMm;

e Paccuurtarh BBIXOJ CETH NMPAMBIM PACIIPOCTPAHEHUEM CUTHAJIA;

e Paccunrtarh OommOKy Ha BBIXOJIE;

e Paccuntarh KOPPEKTUPOBKH BECOB TEKYIIETO CIIOS MO OIIHUOKE
CJIEIYIOILIETO;

e (OOHOBUTH Beca.

VYcnoBusi 3aBeplIeHHs] alropuTMa OOpPaTHOTO PacHpOCTpaHEHUS

OIIIMOKU:

e TpeOyemas BeIMUMHA OLINOKH;

e MakcuMaabHOE KOJIMYECTBO UTEPALINIA;

e [locneanue N mpoxoa0B Beca He MPaBMIIKCH O0JbIe yeM Ha T.

3ameuanue 1: mar TpaJueHTHOTO CIyCKa WJIM CKOPOCTh T'PaUEHT-

HOTO CITyCKaaKpailHe Ba)KHBIM mapamMeTp U HY>KeH He TOJIbKO paau ¢popma-
JbHOCTH. [lemo B ToM, yTo mpu a = 1ABMIXKEHHE MO TPATUEHTY OLINOKU
OyIeT CIUIITKOM OBICTPBIM, T.K. KaXIasi KOPPEKTUPOBKA OTACIHHO B3SATOTO
Beca MPOU3BOJUTHCS C YUYETOM 3aMOPO3KHM BCEX OCTaJbHBIX BECOB.
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A crenyronmi BeC KOPPEKTUPYETCS HA OCHOBAHUU MCXOJHOTO 3HAYCHUS
OImKOKK (BBIYMCIEHHOTO €lIe /10 MpaBKU MEPBOTO Beca). B mpoTuBHOM
clly4yae JBM)KEHHUE MO TPaJUEHTY OyJeT IUIaBHBIM, HO 3TO OYE€Hb PACTOYH-
TEJIbHO C TOYKU 3PEHUS BBIUUCIUTEIBHBIX PECYpPCOB (TaKOW aJrOpUTM
Oyner o4yeHb MenjieHHbIM). Kpome Toro, TOYHBIM TEpecyeT B paMKax
OJIHOTO o0pasza M HE HYXKEH, TaK KaK IMOJHOE YMEHBIICHHE OIIUOKU IS
OJIHOTO O0pa3a He TapaHTUpyeT (PAKT TOro, 4TO YMEHBIIUTHCS OOIIas
omubOKa. A yMEHBIIUTh HEOOXOIUMO MMEHHO OOIIYI0 OIIMOKY, a 3HAYUT
B paMKaxX OJIHOTO o0Opa3za KOPPEKTUPOBKH IJOJKHBI OBITH HEOOJBIINMHU.
YTouHuM, 4TO Ha NpakTukKe yacto npuauMaroT a = 0.01.

3ameyanue 2: KOHEUYHO, PACCMOTPEHHBIM AaJITOPUTM HE JIWILICH
HeZocTaTkoB. HekoTopble M3 HUX OYEBUIHBI U MX BO3MOXHO YCTPAHUTD.
CyniecTByeT MHOKECTBO MOJAU(PUKALIMI TPAJUEHTHOTO CITyCKa, HApUMED:
Adadelta, Adam u 1. n. EcTb 1 Ipyrue METOOUKH YIydIlIEHUsS OOy4YEHHS.
OnuH U3 caMbIX MOIIHBIX U OpocThiX — 3T0 Batching. Ho Bce 3T meToasl
BBIXOJST 3a paMKH MOCOOWs, Tak Kak Npu HeoOxoaumoul ¢(yHIaMeH-
TaJbHOM TOATOTOBKM BBl MOXETE H3YYUTh HUX OCOOEHHOCTH CaMOCTOS-
TEJIBHO.

3ameuanue 3: aAITOPUTM 0OpaATHO PACIPOCTPAHECHUS OIIMOKU JIMHEEH
C TOUKH 3PEHUS BBIYUCITUTEILHON CIIOAKHOCTH.

3ameuanue 4: 60nee MOAPOOHOE pacCMOTPEeHHE MOAUPUKAIINI ajTro-
pUTMa OOpPAaTHOTO PACIPOCTPAHEHMS BBIXOJUT 32 PaMKH 3TOT0 MOCOOus,
KaK M PacCMOTPEHUE albTEPHATUBHBIX (YHKIUU AKTUBAIMU (TAaKUX KakK
ReLU, LeakyReLU, Parametric ReLU, RandomizedReLU). IToatomy Bam
IpeAJIaraeTcsi U3y4UTh 3TH BOIIPOCHI CAMOCTOSITENBHO.

HedeTkne HeEPOHHBIE CETU

Heuerkoii HeliponHoii cetrbto (HC) 0OBIUHO HAa3bIBAIOT YETKYIO
HEUPOCETh, KOTOPask MOCTPOCHA HA OCHOBE MHOTOCIOMHOW APXUTEKTYPbI
C UCIOJIb30BaHuEM crieuaibHbIX «»-, « 1JI»-HeipOoHOB.

Heuetkast HeiipoceTh (GyHKIMOHHUPYET CTaHIAPTHBIM 00pa3oM Ha
OCHOBE YETKHUX JCUCTBUTEIBHBIX YUCEI, HEUETKOM SIBIISIETCS TOJIKO MHTEP-
IIpeTaLys pe3yabTaToB.
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HeueTrkue HEWpPOHHBIE CETHU OCYIIECTBISIOT BBIBOJBI HAa OCHOBE
amnrapara HEYETKOW JIOTHKH, a mapameTpbl (DYHKIHUM NPUHANIECKHOCTH
HACTpauBaloTCs ¢ ucnolib3oBaHueM anroputmoB oOydeHuss HC. [lortomy
Uisi moadopa mapaMeTpoB TaKMX CETe MPUMEHUM METOJ OOpaTHOro
pacrnpoCTpaHeHUs] OMIMOKM, M3HAYAIbHO MPEJI0KEHHBIN Il 00ydeHus
MHOTOCJIOWHOTO TepcentpoHa. HedyeTkas HEMpPOHHAS CETh, KAK MPABUJIO,
COCTOUT M3 YETBHIPEX CIOEB: CJIos (Paz3udUKalUd BXOJIHBIX MEPEMEHHBIX,
CJIOSl arperupoBaHUs 3HAYEHUN aKTUBAIMU YCJIOBHS, CJIOSl arperupoBaHuUs
HEUYETKUX MPaBUJI U BBIXOJHOTO CIIOSI.

Haubonbiiiee pacnpocTpaHEHHE B HACTOSIIEE BpEMs MMOTYyYHIIH
apxutektypbl HeueTtkod HC Bupma ANFIS m TSK [18]. doxaszaHo, 4TO
TaKHe CETU SBIISIOTCS YHHBEPCAIbHBIMM allpoKcUMaTtopamu. beicTphie
IrOPUTMbl OOYYEHUSI U HUHTEPHPETUPYEMOCTh HAKOIUICHHBIX 3HAHUI —
3TU (PAaKTOpbBl CHENIAJIA CEroJIHS HEUYETKUE HEUPOHHBIC CETHU OJIHUM U3
CaMbIX TMEPCHEKTUBHBIX U A(PPEKTUBHBIX MHCTPYMEHTOB MSTKUX BBIUHC-
JICHUM.

Ilpeumywecmea nHeuemkux HeuUpoOHHbIX cemell

OCHOBHBIM MPEUMYIIECTBOM TEXHOJIOTUH HEUPOKOMITBIOTUHTA CITY-
KUT BO3MOXHOCTh BBIPA3UTh 3aBUCHUMOCTb «BBIXOA-BXO» 0€3 MpeaBapu-
TEJIbHON AHAIUTUYECKOW padOThl MO BBISABICHUIO TNPaBUJ, a HA OCHOBE
oOyueHust Ha npumepax. Hemoctarkom HelpoceTel sIBISETCS HEBO3MOX-
HOCTb OOBSICHUTH BBIXOJIHOW PE3YJIbTaT, TaK KaK 3HAYEHUSI PacHpe/eieHbI
0 HEeHpoHaM B BHJE 3HaYeHUU K03(PUlMeHTOB BecoB. OCHOBHOU Tpy/-
HOCTBIO B MPUMEHEHUN HEUYETKUX SKCIEPTHBIX CUCTEM CIY>KUT HEOOXOIU-
MOCTb SIBHO C(HOPMYJIMpPOBaATh IMpaBuia MpoOJeMHOM o0iacTtu B (popme
npaBuil. B HEUETKHUX 3KCIEPTHBIX CUCTEMAX JIETKO OCTPOUTH OOBSICHEHUE
pe3ynbTaTa B popMe mpoTokona paccyxaeHui. Iloatomy B HacTosiiee
BpeMs CO3/Ial0TCsl THOPUTHBIE TEXHOJIOTHH.

[IpumepoM THOPUIHON TEXHOJOTHHM CIYXHUT peanu3auus O0a3bl
HEUYETKUX MPaBUJI Ha OCHOBE HelpoceTu. baza HeueTKUX mpaBuWil 1Jid JBYX
BXOJIHBIX MIEPEMEHHBIX UMEET CIEIYIONIYIO CTPYKTYPY:

Ri:if x;; is A and x5 is Ay then z; is C;.
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[IpocToli peanuzanueid 6a3bl HEUETKUX MPABWI CIYXKUT HHTEpIpe-
Tanus 0a3bl MPaBWI KakK TaOJIUIBI OMPEEICHUS HEKOTOPOU (PYHKIIMH, TO
ecTh 0a3y MpaBUJI MOKHO IIPEACTABUTH 00yYaroiel BHIOOPKOIA:

{((Ani, A2), Ci)}.

Hanpumep, oOyuaromiasi BhIOOpKa B HEYETKUX TEPMHUHAX MOXKET
OBITH CHOPMYJIMPOBAHA CIAEAYIOUIUM 00pa30M:

{((manoe, 60OJBIIIOE), OKOJIO HYJIS)} .

YT0oOBbl COBMECTUTD JABE TEXHOJOTUU: TEXHOJIOTHUIO HEYETKUX CUCTEM
U TEXHOJIOTUIO HEHPOKOMIIBIOTUHTA, HEOOXOJAMMO MPEAJIONKUTh CIOCO0
YETKOr0 JUCKPETHOrO MPEJICTABICHUS HENPEPHIBHBIX (DYHKIUNA MPUHAI-
JAeXHOCTU. UTOOBI IPEICTaBUTh B YETKUX JAHHBIX HEMPEPhIBHbIE ()YHKIINU
PUHAJICKHOCTH, BBIOEPEM MaKCHUMalbHO OOJBIION HHTEpBaN [Xi,X;],
B KOTOPOM IMPEJICTABJICHbl BCE HEUETKHME MHOXKECTBA YCJIOBHBIX YacTeil
npaBwi. Paz0uBaeM MHTEpPBAJI C paBHBIM IIaroM, TOT/a JI000€ HEUETKOE
3HAYCHUE TMPEACTABISETCS YETKUM BEeKTOpoM. Jpyroi crmoco0 mpencras-
JIEHVS HEYETKOrO MOHATHS B BHJI YETKHUX JIAHHBIX COCTOHUT B IPE/ICTAB-
JIEHWH HEYETKOTO MHOYKECTBA B BUJIE COBOKYITHOCTH Ol-CPE30B.

O.-CPE30M HA3bIBAETCSI YETKOE MHOKECTBO, BKIIIOYAIOIIIEE BCE DJie-
MEHTBI X HEKOTOPOTO HEUETKOIO MHOXKECTBA X, TPUHAJIEKHOCTh KOTOPBIX
OOJbIIIE paBHA OL.

py(x) = a.

Kaxnoe o-nmoAMHOKECTBO MPEICTABISAETCA IBYMS YACIAMH — JIEBOU
¥ 1paBoii rpanunei a’, af, To ecth ai-cpesbl 4eTKO NpeCcTaBIAIOT HEmpe-
PBHIBHYIO (DYHKIIMIO IPUHAJICKHOCTH.

N3meHeHne sneMeHTa HEMPOCETH ISl aJalTallid K HEYETKHUM CHC-
TEMaM MOXET KacaThCsl BbIOOpA (DYHKIIMHU aKTUBAIUHU, peIM3alUM Olepa-
WA CIOXKEHHS W YMHOMKEHMS, TaK KaK B HEUYETKOM JIOTMKE CIIOKEHHE
MOJIETUPYETCsl JIIOOOM TpeyroiabHOW KOHOpMou (max, a + b — aXb...),
a onepalus yMHOXEHHUS TPEYroiabHOM HOpMOH (min, aXb ,...).

U-neriponom (AND-HeiipoHOM) Ha3bIBa€TCsi HEHWPOH, B KOTOPOM
YMHO>KEHHE Beca Ha BXOJl MOJACIUPYETCS KOHOPMOH S(W,X), a CI0KEHHUE —
HopMoi T(w,x).
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NJIN-ueitponom (OR-HEWpOHOM) Ha3bIBA€TCSI HEUPOH, B KOTOPOM
YMHOXEHHUE Beca W BxojJa Mojenaupyercss Hopmoil T(w,x), a CIOXEeHUE
B3BEIIEHHBIX BECOB KOHOpMOU S(w,y) Y = S(T(w;,x;), T(w,,x3)).

Ilpumep: (max(min(w;,x;),min(ws,x;))).

B xauectBe (hyHKIIMU aKTUBAIMK OOBIYHO UCTIOJB3YIOT (PYHKIIUIO

F(x) =1/(1+exp(b(x-a))) .

HeueTrkoli HEHUPOCETHIO HA3BIBAIOT YETKYK) HEHUPOCETh, KOTOpas
MOCTPOEHA HAa OCHOBE MHOTOCIOMHOW apXUTEKTYpbl C HCIIOJIb30BAHHEM
«M-», «AJIN-HEUPOHOBY.

Heuerkas HelipoceTb (PYHKIIMOHUPYET CTAHAAPTHBIM OOpa3oM Ha
OCHOBE YETKUX JEUCTBUTEIBHBIX urcen. HeueTkou saBiasieTcs TOIbKO HHTEP-
npeTaius pe3ynbTaToB. [Ipu co3maHum TUOPUAHOM TEXHOJIOTHH, KPOME
OObEIMHEHUS CUCTEM MO JaHHBIM, MOXHO HCIOJIb30BaTh HEUPO-
KOMIBIOTUHT JUIsl PENICHUS YacTHOM MOJA3a/laud HEYETKUX SKCIEPTHBIX
CUCTEM, a UMEHHO HACTPOWKHU MapaMeTpoB (YHKIMH MPUHAICKHOCTH.
OYHKIMKA TPUHAAIEKHOCTH MOXKHO CPOPMHUPOBATH ABYMSI CIOCOOAMHU:
METOJIOM JKCHEPTHON OILIEHKU WA HAa OCHOBE CTATUCTUKHU. ['mOpujHbIE
TEXHOJOTUM MPEJIaraloT TPETUM CIOCOo0: B Ka4ecTBE (PYHKIIMU MPUHAI-
JIKHOCTU BBIOMpAeTCsl mapaMmeTpu3oBaHHas GyHKIus Gopmbl (Hampumep,
napaMeTpu3oBaHHasi ['ayccoBa kpuBasi), mapaMeTpbl KOTOPOW HacTpau-
BAIOTCS C MOMOIIBI0 Heupocereil. HacTpoilka mapaMeTpoB MOXKET OBITh
MOJIyY€HAa B paMKax aJlfOpUTMa 00paTHOTO PacpoCTpaHEHHUs OIIUOKHU.

[lycTh 3a1aHa crneayromas CuCTeMa HEYETKUX MPABUIL:

If x;jis Aj;and ... x, is A,; then z; is C;

rae A; — HedeTkue uncina; C— NEeWCTBUTEIbHBIE YHCIIA. 3HAUYCHHE
o;=I1;0;; — cvla WM 1IOCTOBEPHOCTH NPABUA, [ = /,..,n — HOMEP BXOJHOM
MEPEMEHHOM, j = /,..,m — KOJIMYECTBO MPABUIL.

m
Zajzj
_

Z

rjae Z — BBIUMCJIEHHOE 3HAaUCHHE BBIXO0/IA.
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JlonmyctuM, 4yTo pa3zpaboTaHa HEUPOCETh C n BXOJAAaMU U OJIHUM
BbIx0ioM. Kakum oOpazom Takas HC MoxkeT anmpokcMMHpoOBaTh 0aszy
HeyeTKux TmpaBui? Jlrobas COBOKYNMHOCTh HEYETKHUX MIPaBUI MOXKET
paccMaTpuBaThCsl KaK HEIMHEWHOE COOTBETCTBHE, 3aJaHHOE TaOnuIei
onpenaenenus {(x,y)}, rie X — BEKTOpP BXOJla; y — KEJIaeMOE€ 3HAYCHHE
BBIXO0JIA; 4 Z — 3HAYCHHUE, BBIUMCIISIEMOE HEUPOCEThIO. Torma MOXKHO OIpe-
JEUTh TEKYIIYIO OLINOKY:

Ef=1/2%x (" 55 )7

To ecTp MOXHO NPUMEHHTH CTAaHAAPTHBIA AITOPUTM KOPPEKLIHU
OIMOKKA Ha OCHOBAHWU JAHHOTO OINpPEJICICHUS

Z(t+1) = Z(1)- {x (GEX/a7),

rae { — ypoBeHb oOyuennst; OE/0Z — HampaBlIeHHe rpaJUeHTa CHH-
YKEHUS OITHOKHU.

Z(t+1) = Z(t)- {X (Z8-YY) X o/ (e + o +...+a).

[Ipu nprMEHEeHNH CTaHIAPTHOTO aJrOpUTMa 0OPATHOTO PacIpocTpa-
HEHUs OIIMOKU JIJISi TOTO, YTOOBI HACTPOUTH BBIXOJ, HEOOXOIMMO H3Me-
HUTH TapameTpbl (YHKIHMHU MPUHAJICKHOCTH YCIOBHBIX YacTeW, TO €CTh
oOy4Y€HHE CETH MO3BOJIUT HACTPOUTH (QYHKIUIO MPUHAICKHOCTH C TOUKU
3peHusi oOyyaronieit Beioopku. [Ipu nmpakTuueckol peain3aluvl CUCTEMBI
HEUYETKUX MTPABUJI BAXHBIM SBJISETCS BOIIPOC O TUIMHYHBIX MPEICTaBUTEAX
HEYETKUX 3HAYEHUW B NpaBWIax. BONBIIMHCTBO HEYETKUX MOHATHM, MTPE-
CTaBJICHHBIX JINHITBUCTUUYECKUMH TMEPEMEHHBIMH, BBIPAXKaeT CBOU 3HAUYe-
HUS C MOMOIIBI0 KOJIMYECTBEHHBIX HEUETKHUX MHOXecTB: NB — oTpuiia-
TeapHOe Ooubiioe; NM — oTpuiiatenbHoe cpennee; NS — oTpunatenbHoe
Manioe; ZE — okomno Hyna; PS — nonmoxurensHoe Manioe; PM — nonoxu-
TenbHOE cpeaHee; PB — nmonoxurenbHoe 00JIbIIOE.

Ilpumep ucnonvzosanus HewemroUu HEUPOHHOU cemu

PaccMoTpuM HeuyeTKMe HEWpPOHHBIE CETH HAa TMPHUMEPE HEYETKOTO
perymustopa s cTupaibHou MamuHsl [ 18], To ecth moctpoum fuzzy-neuro
KOHTpoJuiep. Beibepem mJist AeMOHCTpaAllUKi TEXHOJIOTUU HEYETKUX HEUPOH-
Heix cereir apxutekrypy ANFIS (Adaptive Network Based Fuzzy
Inference System). OcHOBa HWHTErpallud HEHUPOHHBIX CETEH U CHUCTEM
HEYETKOT'0 BBIBOJIa 3aKJIOYAETCAd B TOM, UYTO 00a METOJla MPEICTaBISIOT
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HEJTMHEWHOE OTHOIIEHHE B IPOCTPAHCTBE BXO/IbI-BbIXO/Ibl. BaxkHas 3agaua
HEUYETKOT0 MOJIETUPOBAHUS — 3TO HACTPOMKa (DYHKIMNA MPUHAIJICKHOCTH,
SBJIAIONIASICA MO CYIIECTBY 3ajadeit ontumusanuu. Kak HelpoHHBIE CeTH,
TaK ¥ TEHETHYECKUE aJTOPUTMBI UCIOJIB3YIOTCA Jisi ee petieHus. Camblid
IPOCTOM MOAX0[ TPeOyeT Ha3HAUUTh ONPEACIICHHYIO TapaMETPU30BAHHYIO
byHKIMI0 (QopMbl B KauecTBE (PYHKIIMU MNPUHAJICKHOCTH U MOJA00pAThH
napameTpbl Ha OCHOBe 00yueHUsI HelipoHHOU ceTu. PaccmoTpum mpocToit
npuUMeEp C TpEeMs HEUETKUMU ITpaBUIaMu BbIBOJIA B Oa3e 3HaAHUM.

R;: ECJIM <konuuecTtBO O€mbs™> 1S <MHOI'0>

N <remmneparypa Boabl> 1S <BbICOKas™> W <3arpsi3HEHHOCTH> 1S
<BBICOKAs>

TO <mamuTenbHOCTH> is <BBICOKAS™;

R,: ECJIM <konuuecTtBO O€mbs™> 1s <MHOI'0>

N <remmneparypa Boabl> 1S <BbICOKas™> M <3arpsi3HEHHOCTH> 1S
<HM3Kas>

TO <anurenbHOCTH> is <HU3KAS;

Rj3: ECJIN <konumyecTBO Oenbs™> 1s <mano>

N <remmepatypa Boabl> 1s <Hu3Kas™> W <3arpsi3HEHHOCTH> 1S
<HM3Kas>

TO <anurenbHOCTH> is <Majas™>;

3agaaum cienyromue QyHKuuu Gopmsl il BeickasbiBaHuil. [lycThb
BBICKA3bIBAHNE <KOJIMYECTBO O€ibs™> 1S <MaJ0> COOTBETCTBYET (PyHKIIHH
Li(X) u BbICKa3bplBaHUE <KOJIMYECTBO O€IbsS> 1S <MHOT0> — (QyHKIIMHU
Hl(X).

L;(x)= 1/(1+exp(b;(x-c;)),

H,(x)= 1/(1+exp(-bi(x-c1)),

npuueM L, (x) + H;(x) =1.

AHanOrUYHO I  BBICKA3bIBAHMUS <tremmeparypa_BOJAbI> 1S
<BBICOKas™>  OyJeM  uCIHoib3oBaTh  GyHKIUW  Ly(t) u s
<temmepaTypa_ BOJAbI> 1S <HU3Kas> — QyHKIUIO H(1).

Lyt)= 1/(1+exp(bs(t-c3)),

Hy(t)= 1/(1+exp(-by(t-c;)),

npudeMlL,(t) + Hx(t) =1.
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Jl1s BBICKa3bIBaHMSI <3arps3HEHHOCTH™> 1S <BBICOKAs™> OMpPEICIHUM
byHKIUMIO L3(z) 1 Ayt <3arpsi3HEHHOCThL> 18 <HU3Kas™> — QpyHKIuio H;(z).

Ls(x)= 1/(1+exp(bs(z-c3)),

Hs(x)= 1/(1+exp(-bs(z-c3)),

Ls(z) + H3(z) =1.

JI71s1 BBIXOJIOB <JJIUTEJIBHOCTBH> 1S <BBICOKAS™ U <JJIUTEIIbHOCTH> 1S
<MaJias™> aHaJOTUYHO ONpeAeTuM (QYHKIIUN

Li(y)= 1/(1+exp(bs(y-c4),

H,(y)= 1/(1+exp(-b(y-c,)),
TO ecThb Ly(x) + Hy(x) =1.

JIJist 4eTKUX 3HaYeHUN <KOJMYECTBO Oenbs™>, <remmeparypa_BOAbI>
U <Barpsi3HEHHOCTb>: A;, A, Az onpenenuM peJeBaHTHOCTh (CHITY)
MpaBUII O

a; =H; A HA H;,

ar,=H, A Hon L,

a;=L; A LA L;.

Bbixoapl 0 Ka)ka0My U3 MPaBUJl ONpeNEsieTcs ¢ MOMOIIbo o0paT-
HBIX (PYHKIIUN TPUHAIJICKHOCTH MIPaBbIX YacTel MpaBull.

Y= H4-1(0€1),

Y= H/'(a2),

Y=L (as).

OOuuii BBIXOJ U3 CUCTEMBI HEYETKUX MPABUII OMPEACIISIETCS KaK

yo= (o Xy;top Xy +as; Xy (o + o+ as).

Jlanee nmocTpouM HEYETKYHO HEUPOHHYIO CETh, HICHTUYHYIO CUCTEME
HEYETKOTO BBIBOJIA, U O0yYyMM (PYHKIMU TPUHAJICKHOCTA aHIIE/ICHTa
Y KOHCEKBEHTA MpaBui (PUCYHOK 42).

Cioii 1. Bexoasl y3710B — 3TO CTENEHHU, B KOTOPBIX 3a/IAHHBIEC BXObI
YAOBIETBOPSAIOT GYHKIMSIM MPUHAAJICKHOCTH, ACCOLIMUPOBAHHBIM C 3TUMHU
y3JIaMH.

Cinoit 2. Kaxaplil y3€ll BEIYUCISAET CUITy MpaBuiia. Berxoa BepXHETO
HepoHa o, = HiA HoA H; , BeIXOA cpenHero HewpoHa o,=H A Hon Ls,

a BBIXOJ HWXHEro — az=L;A LA L;. Bce y3nael momeuensl T, Tak Kak

154



MO>XHO BbIOpaTh J00yr0 T-HOpMY AJisi MOJenupoBaHuUsl jormyeckoro H.
VY371BI 3TOTO CJIOS HA3bIBAOTCS Y3JIAMH ITPABUIL

Cnott 3. Kaxnapiii y3en momeueH N, 4TOOBI TOKa3aTh, YTO Y3JIbI
HOPMAJU3YIOT CUy npaBull = «,/( a;+ ar+ a3).

Cinoit 4. BbIXxoJ HEUPOHOB — 3TO MPOU3BEICHUE HOPMAIM30BAHHOU
CHWJIBI IIPABUJIA U UHIWBUAYAIBHOTO BBIXOJA COOTBETCTBYIOIIETO MPABUIIA.

BiYi=BH (a;),
BoYo= BoHl; (az), BsYo= Bils (a3).

Crnoit 5. OnMHOYHBIN BBIXOJHOW HEHPOH BBIUMCIISIET BBIXO/] CETU
Yo =LY +BY>+B5Yo.

caoil cJI0i2 CI0H3 caoi4 cJI0iS

PucyHoK 42. Mpumep HevyeTKoii HelipOHHO ceTn

Aneopumm obyuenus 05 HeuemKoU HeUpOHHOU cemu npumepa

[TycTh 3a1ana yeTkas oOy4aroniasi BHIOopka

{(xpt; z1y1), oo (Xk tk ZkVK) }, TOE X,1,Z — BXOJIHBIE YCIIOBUS KOJMYECTBA
Oenbsi, TeMIlepaTypbl BOABI W 3arpsA3HEHHOCTH, a ) — JUINTEIBHOCTH
ctupku. OmmoOKy Ha k-M 00paslie onpeeuM Kak OOBIYHO:

E*=112( 0,-Y;)’).

Hcnonp3yeM TpaaWIMOHHBIA TPATUCHTHBIA METOA ISl OOyYEeHHS
IapaMeTpoB JICBOM W MNPABOM YacTel HeYeTKuX mpaBui. [lokaxkem, kak

MO>XHO HaCTPOUTH NapameTpbl QYHKIIUU (GOPMBI.
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by(t+1) = by(t) — CX (OE/cb,),

ci(tt1) =ci(t)— ¢X (cE/cy)

ca(tt1) = cy(t) — CX(CE/y).

Hcnonp3ys naHHBIE COOTHOLIEHWS KakK IPAaBHJIA M3MEHEHHUS BECOB
B aJIrOpuTME OOpaTHOTO PacHpOCTpaHEHHUs OIIMOKH, MOKHO HACTPOUTH
napameTpsl (YyHKUUM TPUHAIJICKHOCTH B X0J€ OOYYEHHS HEUYETKOU
HEUPOHHOM CETH.

I'eHeTHYecKkue aaropuTMbI

['eHeTnyeckrue anropuTMbl MPEJCTABISAIOT COOOW  aJanTUBHBIC
METO/bl TOMCKA, UCIIOJIb3YIOIIUECS I PEIIeHUs 3aa4 (PYyHKIMOHATBHOM
ONTHMU3ANNKA. B WX OCHOBE JEKHUT Hes MPUPOTHON SBOJIONNH, KOT/A
MOMYJISAIIUA PA3BUBAIOTCS B TEYCHHE HECKOJIBKUX TMOKOJCHWH W IOTYH-
HSIIOTCSI 3aKOHAaM €CTEeCTBEHHOro oTOopa. Jlydiias ocodb BbIOMpaeTcsl Mo
NPUHIUITY «BBIKUBAET HanOosiee MpucrocoOieHHbI». Kak Mbl moMHMM,
oH ObuT OTKpBIT Yapnb3om JapBuHoM. CorjiacHO 3TUM MPUHLUINAM TEHE-
TUYECKHUE aJTOPUTMBI CTIOCOOHBI «Pa3BUBATh)» PEIICHUS PEATbHBIX 3a1ad
IIPU COOTBETCTBYIOIIEM (opMaibHOM omucaHuu. [Ipudem B oTiamdme ot
HBOJIIOIMHU, TEHETUYECKUE alITOPUTMbI MOACIUPYIOT JUIIb CYIIECTBEHHBIE
JUTSl pa3BUTHUS MPOLECCHI.

B mnpupone neiicTByeT TakoW MeXaHHM3M, 4YTO Haubojee MPUCIOo-
coOJIEHHbIE 0COOM MMEIOT OOJbIE MIAHCOB HAa BOCIPOW3BEJICHUS MOTOM-
ctBa. IIpuuem xomOMHaIMsg HauOoJiee XOPOILIUX XapPAKTEPUCTUK MOMKET
OPUBECTH K TOSBICHUIO MAKCHMAaJIbHO MPHUCIOCOOJIEHHOTO MOTOMKA.
['eHeTHYECKHE aITOPUTMBI UCTIOJIB3YIOT MPSAMYIO aHAJIOTHIO C 3TUM MeXa-
HU3MOM. MHOXECTBO BO3MOKHBIX PEIICHUNA MTPOOIEMBI — 3TO TOMYJISIIHSL.
Kaxnoe pelieHue OLIEHMBAETCS MO CTENEHU €ro «IPUCIOCOOIEHHOCTH
JUTs pellieHus MOCTaBJICHHOM 3a/1auu.

Cdepa mpumeHeHUs] TEHETUYECKUX QJITOPUTMOB BeChMa OOIIMpHA.
OHU MOTYT UCIIOJIB30BATHCS MPU CO3/ITAHUH TAKUX BEIYUCIUTEIBLHBIX CTPYK-
Typ, KaKk aBTOMAaThl WJIM CETU COPTUPOBKU. B MalMHHOM OOydYeHHH HUX
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MOXHO HCIOJB30BaTh JJI1 MPOCKTUPOBAHUS HEUPOHHBIX CETEU WIH
B ynpaBjieHUU poOoTamu. X MOXKHO UCIOIB30BaTh JJIsI MOJEIUPOBAHUS
IIPOIIECCOB B PA3JIMYHBIX 00acTsIX (OMOJIOTMYecKue, COlUaIbHbIE, KOTHU-
TUBHBIE cUCTeMBbI). OqHAKO HamOoJiee MOMyJSpHOE MPHUIOKEHUE — ONTH-
MHU3alMsT MHOTOMapaMeTpUUECKUX (PYHKIMM, KOrjla HY>KHO HAaWTH OMNTH-
MaJIbHOE 3HAYEHHUE, 3aBUCSIIEE OT HEKOTOPHIX BXO/IHBIX TAPAMETPOB.

B cBoell paboTe reHeTHUYeCKUi alropuT™M pabOTaeT ¢ XPOMOCOMAaMH,
KOTOpBIE COCTOAT W3 reHoB. Yamie Bcero reH — 31o 0 wim 1, roBopsimas
O BKJIIOYEHUU WM HE BKIIIOYEHUHU TMPHU3HAKA, XapaKTEpU3YIOIIETo pellie-
HUe, B XpoMocomy. COOTBETCTBEHHO, XpOMOCOMa — 3TO OWUTOBasi CTPOKa,
onuchIBaomias pemreHrne. Ho WHOrga BO3MOXHBI U JIPYTHE KOJAUPOBKH
B 3aBUCUMOCTH OT 33JIa4U.

[Ipu pabote ¢ reHEeTUYECKUM ajJrOpUTMOM HaM HEO0OXOJIUMO OIpe-
JEIIATh CIEAYIOIEE:

KoaupoBky XxpoMocoMbl (4TO OyJIeT MpeICTaBIATh COO0M T'eH, U Kak
reHbl OyIyT y4acTBOBATh B XapaKTEPUCTUKE PEIICHUS).

[IpocTpancTBO THUNOTE3 (MOMYJSIUIO), U3 KOTOPBIX MbI JIOJKHBI
BBIOpATh JTYUIIIYIO.

OYHKIMIO MPUCTIOCOOIEHHOCTH, OI[EHUBAIOIIYIO XPOMOCOMBI.

HaGop u Buja reHeTnyeckux onepamuii (CKpenmBaHmue, MyTaIuio).

Kputepuii octaHoBku aiaroputma (Ju0O0 KeaaeMoe ONTUMAIIbHOE
3Ha4YE€HUE, TU0O0 KOJTUYECTBO IArOB ABOIIONHU MOMYJISIIIUN).

JIns mpumepa pacCMOTPHUM pEIICHHE 3aJadyd C MOMOULIBIO T€HETH-
yeckoro anroputrma. @opmylHMpoBKa 3a7ayd: HEOOXOAUMO COCTaBUTh
HauOoJiee cOaaHCUPOBAHHBIN PAIIMOH MUTAHUS, YIOBJIETBOPSIOINN OMpe-
JEJICHHBIM MEIUIMHCKUM TpeOoBaHUsIM. M3BeCTEH TepeueHb MPOIYKTOB
3 N HaMEHOBAHUH, KaX/IbI U3 KOTOPHIX UMEET TAKUE XaPaAKTEPUCTUKH,
KaK coJiep>KaHue KUPOB, OEIKOB, YTIEBOJAOB, KAJIOPHUH, a TaK:Ke U3BECTHBI
paMKH JIOMYCTUMOTO UX cojiepxkanus. [logxonsimmm cuuTaercss paluoH,
KOTOPBIM JIy4llle BCETO YJIOBIETBOPSIET OMNPEACICHHBIM MEIUIIMHCKUM
TpeboBaHusiM. Hanmpumep, ecnu pekoMeHayeMoe cofep:kanue xupoB — 50,
oenkoB — 60, yrmeBojmoB — 70, wieruarku — 80, BurammHa B — 90,
ButamuHa C — 100, To ay4mum OyJIeT CUUTAThCS PAllMOH, Yb€ CYMMapHOE

157



OTKJIOHEHUE€ MUHHUMAJbHO, HO Ybs JI€CSTas 4YacTh, HAMPUMEP, YKJIAJbI-
Baetcs B paMku oT 40 1o 80.

ITepBoe, yTo HaM HEOOXOIUMO CJenaTh, — BHIOPATh KOJUPOBKY XpO-
MocoMBbI. Tak Kak OCHOBHasl Hallla 3a/iauya — [oJ00paTh CIUCOK MPOIYKTOB,
TO XPOMOCOMOM MOXXET OBITh BeCh nepedeHb u3 N mpoaykToB, a 0 mau 1
B Hel OyJIyT TrOBOPUTH O BKJIIOUYCHHM WM HE BKIIOYEHUU MPOJTYKTOB
B panuoH. [[is jiydinero nmoHWUMaHUsI pacCMOTPUM KOHKPETHBIN TpUMED.
[Iycth y Hac ecTh 4 TPOAYKTA, KAXKIABIM W3 KOTOPBIX MOXKHO OITHCATh
HabopoM u3 6 YKMCIOBBIX MapaMETPOB-XAPAKTEPUCTUK. Torga mo cyTu
MOJTYYUM MAacCCUB YHCEI:

Cnucok_o6nexktoB={00nekT;={20,30,40,50,60,70},

O0wexT,={40, 40, 40, 40, 40, 40},

O6mwexT;={30, 30, 30, 30, 30, 30},

O6mwexT,={20, 30, 40, 40, 30, 30} }.

Torma xpoMocoMa MOKET UMETh BUJL:

1010

DTO TOBOPUT O TOM, YTO B PAIMOH BKJIIOYAKOTCS TEPBBIM M TPETHUM
00beKThI. Torma momyssiys MOXeT UMETh BU/I:

0100

1010

1100

0101

Teneppr ompenenuM (YHKIUIO TPUCIIOCOOJEHHOCTU ISl OLICHKH
KaXJI0M XpOMOCOMBI B Hatlel 3aiaude. [IycTs y Hac ecTh HAOOp ATATIOHHBIX
3HAYCHUH JUIS KOKJIOU U3 XapaKTEePUCTUK O0OBEKTOB:

Ortanon= {50,60,70,80,90,100}.

Torna GpyHkuMsS TPUCTIOCOOTEHHOCTH OyI€T UMETh BUJL:

Y%, 3tanon;—06beKT

_ N
F= Zf =1 ( 10
rae Hrom;— cOOTBETCTBYIOIINIT T€H B XPOMOCOME.

) X Hrom; ,

JIJisl OLIEHKH MPHUCIIOCOOJIEHHOCTH XPOMOCOMBI HEOOXOJMMO TaKXe
MPOBEPUTH, YKIIAJIBIBACTCS JIM 3HaueHHEe (yHKIMU B paMmku oT 40 go 80
(mobaBiIeHUEM COOTBETCTBYIOIIMX YCIIOBUIA), a JJis BBISIBIICHUSI HauOoliee
PUCIIOCOOJIEHHON 0COOM HEOOXOJIMMO HAUTH MHUHUMAJIBHYIO TI0JIXO-
JSIIYI0 [’ B HOMYJISIIUN.
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Oo0paTute BHUMaHue!

o Onpedenenue uda yHKYUU NPUCNOCODIEHHOCMU — YPE3BbIYAUHO

6AICHAA 3(1061'{(1, nomomy 4mo om npaesujlibHocmu ee onpedeﬂenuﬂ

6ydem 60 MHO2OM 3d8UCEMb YCNEUIHOCNb PEULEHUAL.

Tenepp pacCMOTPUM I€HETHUUECKUE OMNMEpPalMi MYTAIIUU U CKPEIU-
BaHus. Eciu roBoputh (popMalibHO, TO MyTalus — 3TO U3MEHEHHUE OJIHOTO
WU HECKOJBKUX T€HOB XPOMOCOMBI BCJEJCTBHUE CIYyYalHOTO BIIMUSHUS.
B koHTeKkcTe Hallel 3a/1aqyu 3TO MOKET OBITh MPUHYIUTEILHOE BKIIIOUCHHE
HEKOEro MpoaykTa B HaOOp, U3MEHEHHUE 3HAUYECHHS BXOXKIEHHUS MPOAYKTa
B Ha0Op Ha MPOTUBOIOJOXKHOE, MPUHYJUTEIBHOE HCKIIOUEHUE HEKOETrO
npoayKTa u3 Habopa u T. 1. To ecTh, MO0 CYyTH, MyTallUsi — 3TO U3MEHEHHE
3HAYEHUSI OJHOIO WJIM HECKOJIBKMX TIE€HOB XPOMOCOMBI HAa MIPOTHBO-
MOJIOKHBIM WMJIM YETKO 33aJlaHHbIN. Bua u KpuTepuii MpUMEHEHUST MyTalllH
BBIOMpAIOTCSl AMIIMpUYecku. JlomycTum, s HalIed 3a/laud Mbl PEIIIIH,
YyTO MyTalus OyJeT W3MEHSTh CIIy4alHbId T€H Ha MPOTHUBOIMOJIOMKHBIN.
Torpa, eciu ucxogHas xpomocoma mmena Bug 0010, To MmyTupoBaBmias
MOXeT ObITh Takoi: 1010.

Onepanusi CKpelMBaHUs, WU KPOCCOBEP, — OIEpalusi, KoTopas
MOJIy4aeT U3 JBYX XPOMOCOM OJIHY, UCIIOJB3Ys 3ajaHHy0 Macky. [1o cytu
U3 KaXJIOM XPOMOCOMBI «BBIPE3AETCS» KYCOK, KOTOPBIM ITOMEIIAETCS
B HOBYI. CyIIIECTBYET HECKOJIBKO BHUIOB KpoccoBepa. OIHOTOYEYHBIN
KPOCCOBEP: «pa3pe3» XPOMOCOMBI MPOUCXOJUT TOJBKO B OJHOU TOUKE,
U HOBasi 0COOb MOJYyYaeTCs MYTEM COEIUHEHUSI MEPBOM YacTU MEpBOI
XPOMOCOMBI U BTOPOM YacTHU BTOPOM XPOMOCOMBI. JIBYyXTOUEUHBIA KpPOC-
COBEp: €CTh JIBE€ TOUKH «pa3pe3a», U HOBAs XPOMOCOMA IOJIYy4aeTCs M3
JIBYX 4acTeH MEPBOM XPOMOCOMBI U OJTHOW YaCTH BTOPOU.

OIHOTOYEUYHBIN KPOCCOBEP:

Xpomocoma, = 1001, Xpomocoma,=1100. Touka pazpesa = 2. Macka
noTtoMka: ldacte  Xpomocoma;+249acte XpomocoMma,. [Toromox=(10)(00).
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JIByXTOYEUYHBIN KPOCCOBED:

Xpomocoma; = 1001, Xpomocoma,=1100. Toukm paspeza = 1,3.
Macka mnotomka: ldacTth XpomMocoma; + 2d9acTh XpoMocoMma, +
+3yacte_ XpomocoMma,. [Toromox=(1)(10)(1).

Tenepp pazdepemMcsi ¢ TaKUM BOIPOCOM, KaK OTOOP XPOMOCOM JiJist
BOCIIPOM3BEJICHHUSI TMOTOMCTBA M BBDKMBaHHE B momyasuuu. OObIYHO
B TOMYJIAIUIO BEIOMpAETCa S HanmboJiee MPUCIIOCOOIEHHBIX 0c00eH, KOTO-
pble M JAOT B HEMl MOTOMCTBO. [[7s1 TOro 4ToOBI BHIOpATh XPOMOCOMBI
B MOMYJIAINIO, MOKHO UCIIOJIB30BaTh Pa3HbIE METO/Ibl: TYPHUPHBINA, PAHTO-
BBIW UJIK METOJT PyJIETKU. PacCMOTpUM 3T METOIbI TOJPOOHEE.

TypHupHBI METOA: 3a7aeM HEKYI (PUKCHPOBAHHYIO BEPOSTHOCTH
BBDKMBAEMOCTH XPOMOCOMBI, 0003HauuMB ee p. CiydaiitHO BBIOHMpaeM JBe
ocoou. C BepOSTHOCTHIO P BBDKMBAET HauOosee npucnocodiieHa, a 1-p —
MEHEee MPUCTIOCOOICHHAS.

Meton pyneTKH: BBIYUCISAEM YACIbHYIO MPUCIOCOOJIEHHOCTh KaX-
JOM 0COOM OTHOCHUTEIIbHO CyMMAapHOW IPHUCIIOCOOJICHHOCTH MOMYJISINH.
DTy BEIMYMHY HUCIOJb3YeM B KaueCTBE 3HAYEHUS BEPOSTHOCTH BBIKU-
BaHUSI.

PaHroBbIif MeTOA: BEIKUBAET S HauOOJIee MPUCIIOCOO0IEHHBIX 0COOCH.

Takum 00pazoM, 0OIIYI0 CXeMy T€HETHYECKOTO aJIrOpuTMa MOKHO
ONH1CaTh TaK:

I'enepanus HavanbHOUM nomyJisiuu U3 N ocooeil.

Or1ieHKa NMpUCIoCcO0IEHHOCTH 0COOEH.

IToka He cpaboTayio yClIOBUE BBIXO/A, IeJIaeM CIIeAYIoIee:

BriOepem s ocoOeit 111 HOBOM MOMYJIAIIMU U KPOCCOBEpA.
BrInoaHuM KpoccoBep U MyTalHIo.
O1eHrM TPUCTIOCOOIEHHOCTh UTOTOBOM MOMYJISIIIUU.

HedeTkie cucTeMBI ¢ TEHETUYECKON HACTPOUKOM

Hacrtpoiika ¢yHKIUNA OpUHAICKHOCTH C TTOMOIIBI0 HEHUPOHHOM
CETU WU TeHeTuuyeckoro anroputmbsl (['A) ycTpaHseT mpUHIUNHATBHYIO
c1a00CTh TEOPUM HEYETKUX CUCTEM — CYOBEKTUBHOCTH (DYHKIUU MPUHAJ-
naexHOCTH. [IpuMeHeHue HEHPOHHBIX ceTe K HacTpouke QyHKIIUI
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MPUHAJICKHOCTA TO3BOJISIET paccMaTpPUBATh OKOHYATENbHYIO (opmMy
(GYHKIIMY Kak anmpoKcuMaiuio oOyyaroiieit BeiOopku. Takyro xe 3amady
MOXHO PENIUTh C MOMOIIbI ['A, Kak MeTOo/la CTOXaCTHYECKOM ONTHMHU-
3auu. ['eHeTHYECKOM HEUYETKOM CUCTEMON HAa3bIBAIOT HEUETKYIO CUCTEMY,
GyHKIIMM TOPUHAUICKHOCTH U 0a3a MOpaBUll KOTOPOM CHPOEKTUPOBAHA
C IOMOIIIbIO0 TEHETUYECKOT0 AJITOPUTMA.

[Ipumenuts ['A — 3TO 3HAYUT BBHIOpATh €AMHUILY KOJUPOBAHUSA, TO
€CTh XpPOMOCOMY; YTOYHUTH SBOJIOIMOHHBIE OMEpPaTOphl PEKOMOWHAIINH,
MyTallul U celieKuuu; chopmupoBaTh PyHKIMIO aganTuBHOCTH (fitness-
function, performanceindex). B Hacrosiiee Bpemsi 'A ncnosib3ytor audo
JUI. HACTPOWKK (YyHKIMN NPUHAIISKHOCTH (0a3bl JaHHBIX), JUOO IS
dbopmupoBanus 0a3bl MpaBuil, JIUOO0 71T OJTHOBPEMEHHOTO (HOPMUPOBAHUS
U (YyHKUIUA TPUHAAJICKHOCTH M TpaBWwi (a WMEHHO, 0a3bl 3HAHUMN).
B cooTBeTcTBUM ¢ 00BEKTaMU ONTUMU3AIMU BBIOUPAIOT €UHUILY KOIU-
poBaHus — XpoMocoMmy. Jljist HacTpouku GyHKIMN npuHaaiexxkHoctu (PIT)
32 XpOMOCOMY BBIOUpAIOT OAHO MpaBmwio (MUYMraHCKUN TOAXOM), IJIS
HACTPOMKHU 0a3bl MPaBUJI 32 XPOMOCOMY BBIOMPAIOT BapUAHT 0a3bl MPABUI
(ITutTcOyprckuii  Mojaxoj, MOAXOJ HUTEPATUBHOTO OOYYEHHUSI MpPaBUN).
B cooTBETCTBUM ¢ KOAMPOBAHUEM YTOUHSAIOTCSA MPaBUJIa T€HEPALIMU HOBBIX
xpoMmocoM. DyHKIUS aJanTUBHOCTU TMPEACTaBISET COOOM MeXaHU3M
HEUYETKOTO BBIBOJA, KOTOPBIN JIJI KaXKJIOr0 BapraHTa 0a3bl MIPABUII CTPOUT
au00 yIpaBJICHUE JJISI HEUETKOTO0 KOHTPOJIIEpa, MO0 IKCHEPTHOE 3aKIIIO-
YeHUEe [JI1 JUAarHOCTHYECKOM SKcrepTusbl. Kak BHIHO W3 MeEXaHU3Ma
HEYETKOTO BBIBOJA, BCE HEYETKHE IPABHJIA BHOCAT BKJIAaJ B OKOHYa-
TEJIbHBIN pe3yJsibTaT, TO €CTh MpaBwia coTpynHuyarotr. Ho mpu otbope
npaBmw (XpOMOCOM) JJIsi T€HEpallMu HOBBIX MpaBuid ['A HakamiauBaeT
MpaBUia, BHECIINE MaKCHUMAaJIbHBIA BKJIaJ B OOIIMI pe3yJbTaT, TO €CTh
XpPOMOCOMBI KOHKYpHUpPYIOT. B 3TOoM ciydyae umeeT MecTo mpobdiema
«KOHKYPEHIIMM W KOOIEpAIlMW» B TEHETHUYECKUX HEYETKUX CHUCTEMax
(acompetition vs. a cooperation). PemeHue mnpoOseMbl B KaXJI0M
KOHKPETHOM ciydae reHe-tuueckoi Hewyetkoul cuctembl (I'HC) ctpoutcs
HBPUCTUYECKU, HAPUMEP, TIPHU MOJX0JI€ UTEPATUBHOIO OO0YUEHHUS MPaBUII
UCIIOJB3YIOT JIBa ATana onTuMu3anuu. Ha mepBomM mare mpaBuia KOHKY-

161



PUPYIOT 3a IPaBO BOMTHU B 0a3y MpaBuil, a HA BTOPOM — B3aUMOJEHCTBYIOT
npu (HOpMHUPOBAHUU OOIIIETO PE3yIbTATA.

HedeTkne HEMPOHHBIE CETH ¢ TEHETMYECKUM NPOCKTUPOBAHUEM

PaccMOTprM BO3MOYKHOCTM T€HETHYECKMX BBIYMCIECHHUM KaK Cpel-
CTBA CTPYKTYPHOW ONTUMHU3ALIMU HEUETKUX HEUPOHHBIX ceTel. ['eHerm-
YECKHE BBIYMCIICHUS MOXHO IMPUMEHUTH HA JTaIe MPOCKTUPOBAHUS HEW-
POHHOM ceTh. BO3MOKHOCTM HEMPOHHBIX CETEW MHTEPIIOJUPOBATH 3HAYE-
HUSI BPEMEHHBIX PSAJOB MOTYT OBITh IIMPOKO HUCIOIB30BaHbI JJISI OLEHKU
IIOBEJACHUSI MAKpPOOKOHOMHUYECKMX IIOKAa3aTesed, B TOM YHUCIIE WHJIEKCOB
JIEJIOBOM aKTUBHOCTH WJIM YPOBHS IIEHHBIX Oymar. 3ajiaya MOCTPOCHHS
HEUPOHHOTO NPEAUWKTOPA CBS3aHA C MPUHATHEM PEIICHUA BO MHOTHX
TOYKax MpoeKkThupoBaHus. HeoOXoauMo wuccienoBath BXOAHBIE JaHHBIC
U PELIUTh, 10 KAKOMY OTPE3KY BXOJHBIX JAHHBIX PALMOHAIBHO JEJIaTh
npeJcKa3aHusi, CKOJIBKO TOYEK B OyIylIeM pa3yMHO MpeJicKa3aTh.
[IpocTpancTBO mepedopa pelieHUil OpraHU3aluu BXOJHBIX U BBIXOJHBIX
JAHHBIX OTPOMHO I Pa3BUTBHIX PBIHKOB IEHHBIX OyMmar, HaKOMHUBIIUX
CTaTUCTHYECKHE CBEAECHUA 3a JECATKH JeT. Claeayronend TOYKOW pelEHUs
CIIY>)KUT BBIOOp THUIAa HEHUPOHHOW CETHU: MHOTOCIONHBIA MEePCENnTPOH,
paauanbHO Oa3ucHasi CeTh, BEPOSITHOCTHAs HEWpPOHHAsl CETh, CETh per-
peccun u 1. A. [ns BeiOpanHoro tuna HC HeoOXoauMo OINpenenuTh
KOJIMYECTBO CKPBITHIX CJIOEB, KOJUYECTBO HEHPOHOB B HUX, BUABI (DYHK-
MW aKTUBAIMU U JIpyTHe. [ kaxaoi ceTu HeoOX0IUMO BhIOpATH ajro-
pUTM OOYYEHHS U €r0 MapameTphl, HAIPUMEpP, UCTIOJIH30BAHUE MOMEHTOB
(YpoBEHb MOMEHTOB), YPOBEHb OOYYEHHOCTH, LI€JIEBOM YpPOBEHb HAKOII-
JeHHOW omuOku W T. A. JlJIss HedeTKoW HEHpOHHON ceTh HEoOXOIUMO
ONPEICIIUTh APXUTEKTYPY CETH, MapameTpbl (GYHKIUNA MPUHAIIICKHOCTH.
B pesynbraTe mpoCTpaHCTBO pelieHud npu (HOPMUPOBAHUU HEUPOHHOU
CEeTH CTAaHOBUTCA HEOOO3PUMBIM JUIsl MCCIENOBATENsA, U 11eJ1eco00pa3Ho
npuMeHUTh ['A KaKk cpeacTBO 3BOJIFOIMOHHOTO IPOEKTUPOBAHMUSI.
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['eneTnueckas OIITUMM3AITHMA F—HDeO6DaBOBaHI/I$I BPEMCHHLIX PAJO0B

3agaun mepeOOpPHOro THUMAa C MEHBIIMMM 3aTpaTaMyd MOTYT OBITh
peIIeHBI MyTeM MPUMEHEHHS YBOIOIMOHHBIX alropuTMoB. [Ipeniaraercs
CHEAYIOMMNN KJIACCUYECKUM aITOPUTM I'€HETUUYECKON ONTUMU3ALINU:

Nmeercs pynxaus F(x;, ..., xy) — OIEHKA MOCTPOEHUS MPOTHO3a
TpeHa (10/pKHa ObITh MUHUMH3UPOBaHA), T

X; — CTEIIeHb aBTOPETPECCUH TIPH IMMOCTPOSHUH MPOTHO3a TPEH/IA,

X, — METOJI, KOTOPBIM IIPOM3BOIUTCS IIPOTHO3;

X3 — KOJIMYECTBO TOUYEK, MOKPHIBAEMBIX Oa3MCHOM (hYHKITUEH;

X4— TPOTHO3 HA OCHOBAHWH UCTOPHUH U3 MPEABITYIINX N TOUEK.

JIJisi BBISIBJICHHSI CE30HHOCTH CIIEyeT CTPOHTH MPOTHO3, OTOJIBHUTAS
HCTOPHUIO HA t TOYCK Ha3axd:

F, = aF,, +pF,_+..

Aneopumm eeHemuueckou OnmMuMu3ayuu

1. XpOMOCOMBI HMEIOT OHWTOBOE TpEICTaBICHUE (KOIAUPYEM
B Koz ['pest y1s osTydeHus OTINYHs COCEAHUX XpomocoM B 1 ouTte). [Ipn
’TOM B Hauajie TMPOU3BOAUTCA HOPMUPOBKA 3HAYCHUW IapaMeTpOB
K uHTepBany [0, 1].

2. Oneparop ckpenuBaHusi (BO3MOXKEH CIy4YailHbII  BBIOOP
MEXIy JTaHHBIMU BapHaHTaMH OIepaTopa CKPEIIUuBaHuUs).

3. CdopmupoBaTh cly4ailHO HayaJdbHYIO TOMYJISAINIO, COCTOSI-
nryro u3 k ocobeit Bg = {A1,A2,...,Ak). IIpu aTom k onpeaenuts sMmu-

PUYECKHU.
4, Beraucnuth mpucroco0eHHOCTh Kaxaoit ocoou FA{ = fit(Aj) ,
i=1...k.
5. BriOpath nByx ocobeit A u3 nonynsamuu. Ac = Get(Bt).
6. [IpousBectu ckpenuBanue (BbIOpaB OJUH U3 MPEIOKEHHBIX

BApUAHTOB) U MOJIYYUTh HOBYIO OCOOb.
7. [Ipou3BecT MyTalMIO TEHOB C HEKOTOPOI BEPOSITHOCTHIO.
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8. OLEHUTh MOJYYEHHYI0 0CO0b (DYHKIIMEW MPUCIOCOOIEHHOCTH
U J100aBUTH B MOIMYJSIUIO B3aMEH XYJIIEro poaAuTens (TakuM oOpa3zom
COXPaHsIETCS KOJTMYECTBO OCOOEH TOIYIISIIIHH).

9. BbInosHUTE TyHKTHI 5-8 m pas.
10.  VYBenuuyuTh CUETYHUK DIIOX.
11.  IIpoBeputh ycinoBue ocTaHOBA (MPEETLHOE KOJIMYECTBO SIOX

HJIK IPCACIIBHOC KOJIMYCCTBO ocobei OAHOI'O I'CHOTHUIIA B HOHYJ'ISILII/II/I).
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PA3PABOTKA IIPH/IOJKEHUH B COEPE MAIIIMHHOI' O
ObBYYEHUA

Jlns peanuzanyu moHoIeHHOTo perieHus B chepe 10 HeoOxoanmo
y4ECTh allllapaTHYI U MPOTpaMMHYIO0 cocTaBistomyro. [loa anmapaTHoit
COCTaBIISIONIEH TMOJipasyMeBaeTcsl clenyroiiee. MalimHHoe oOyuyeHue
B psje cliydyaeB TpeOyeT MoJa00p CHenHalIbHOTO O00OpyaoBaHUs (WUiIu
KOH(UTYpHUpPOBaHUE CIICIIHMATBHBIX CEPBEPOB), PACCUMTAHHOTO HA MACCHB-
HbIE BBIYMCIUTENIbHBIC HAIPY3KU WIM Ha TSOKENbIC MapaljieJIbHbIe BBIUKC-
neHust. [IpudemM OoTIWYUTETHFHON YepTON MOKHO HAa3BaTh TO, YTO MOIITHOE
000pyZI0BaHHE MOXET MOTPeOOBaThCS HE TOJIBLKO B IPOM3BOJICTBEHHOM
CTaJuu TIPOEKTa, HO Jak€ Ha PaHHMX CTaIuiX pa3pabOTKU IS MPOBe-
JIEHUsI SKCIIEPUMEHTOB M COOTBETCTBYIOIIETO MCCIEAOBaHUS Mojieield. be3
MOIITHOTO 000pyAOBaHUs TpeOdyemble Mojiesid MOTyT padborars B 10-60 pa3
MEJUICHHEE WM TPOCTO HE 3aIyCTUTHCS BBHUY HEXBATKA TaMATH (WM
BUJICOTIAMSITH ).

B cnydyae pa3paboTku BCTpaeBaeMbIX pEIIEHUH MOXKET MOoTpedo-
BaTbCsl CHUJIbHAS ONTHMU3ANMS KOJla M KBadU(UKAIUs B HAMMCAaHWUU KOJa
Mo/ CIeMalibHOe 000py/IoBaHMe (HAlpuUMep, MPOTPaMMHUPYEMBIE JIOTH-
YeCcKHe HMHTErpalibHbIE CXeMbl). B ciydae pa3paboTku pacrpeeeHHbIX
cUCTeM MOoTpeOyeTcs Tak)Ke MPUMEHEHHUE CHEIUAbHBIX IMPOTPAMMHBIX
CPEIICTB JIJIsi OpTaHU3AINH PACTIPE/ISTICHHBIX BRIYUCICHUH.

OTH crHenuain3upoBaHHBIE TEMBI B JaHHOM TOCOOWM HE paccmart-
pHUBaIOTCS.

OnHako eciu peyb HE UIET O pa3pabOTKe CIENHATU3UPOBAHHOIO
MIPOTPaMMHO-ANIAPATHOTO KOMIUIEKCA WJIM BCTPA€BOEMOTO PEIISHUs], TO
HapalMBaHNE BEIYUCIIUTEIBHBIX Y3JI0B Ha CETOMHAIIHUN JICHB SBISETCS HE
CTOJIbKO MHXKEHEPHOU Npo0JIeMOi CKOJIBKO SKOHOMUYECKOM.

Uto ke Kacaercs MPOrpaMMHON COCTABJISIOIIEH, TO 37eCh CTOUT
YIOOMSAHYTh cieaytomee. Ha cerogHsmHuii JeHb OTrPOMHOE YHCIIO
Pa3IMYHBIX AJTOPUTMOB YK€ PEaTM30BAHO B BHUAC OMOTMOTEK U MAKETOB,
MO3TOMY HET HEOOXOJMMOCTH THCATh aJTOPUTM HEHPOHHOW CETH WIIH
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aropuTM pEIIAINIUX JIEPEBhEB. 3a HCKIIOYECHHEM OISITh K€ CHEIUaNIH-
3UPOBAHHBIX 33]1a4 UM HCCIEA0BATEIbCKUX MTPOEKTOB.

Teopernuecku pazpabotky cucreM MO MOXHO BECTH Ha JIHOOOM
S3bIKE TPOrPAaMMHUPOBAHUS, HO MPU OTCYTCTBUHU CHEIUATU3UPOBAHHBIX
OMOJIMOTEK CIIOKHOCTh pPa3pabOTKH MOXET Bo3pacTh. OJHAKO HEOOXO-
JIUMO YYE€CTb, UTO CIIEIUAIN3UPOBAHHBIE CPENICTBA Co3Manus Moaenerd MO
MOTYT OBITh CIIO)KHO MPUMEHHUMBI MIPU pean3allii MOJHOLEHHBIX MPUIIO-
xeHui. [loaToMy Hepeako HUCMOIb3YIOT KOMOMHAIIMIO TEXHOJIOTUHM, KOraa
npenoOopadoTKy MaHHBIX M CaMy MOJENb PEaTUu3yI0T Ha OJHOM S3bIKE
IpPOrpaMMHUPOBAHUS, a 3aTEM paOOTAIOIIHI MPOTOTHUIT BCTPAUBAIOT B TIPHIIO-
’KEHHUE, HAIMCAaHHOE C UCIIOJIb30BaHUEM ApYyrou TexHoioruu. OaHa u3 Bo3-
MOXKHBIX apXUTEKTYp pean3aliy MpeAcTaBieHa Ha PUCYHKeE 43.

CepBep MO-cepsuc

KnuveHr

PucyHoK 43. Bo3mo:KHaa apxuTeKTypa cuctembl MO

A3pik Python siBnisieTcss oMHUM W3 CaMBIX MOMYJSIPHBIX SI3BIKOB IS
pa3paboTku B cdepe MAIMIMHHOTO OOYyYEeHHS W aHalIu3a JIaHHBIX BBUJY
OYEHb MPOCTOr0 CHHTAKCHCA, OOJBIIOrO 4YKciia OMOTUOTEK W Pa3BUTOIO
coobmiectBa. HecmoTps Ha TO, 4YTO OSTO HHTEPHPETUPYEMBIN S3BIK
U BBIMOJHEHHWE KOJa HAa HEM JOBOJIbHO MEIJICHHOEe, OoJjblnas 4acTb
OuONMOTEeK peain3oBaHa Ha OBICTphIX si3bikax Tuna Cu, C++ u T. 0.
[Tootomy Ha Python npuxoawthcsi mHCaTh JUITL BBICOKOYPOBHEBOE
obpamenne k APl oubnmuorek. Uto nenaer paspaborky Ha Python ymo6-
HO1, a pellleHns] — He YCTYNAIOIIUMHU 0 CKOPOCTHU CO CIIEUAIbHON peau-
3aiueid Ha Cu. B cuily BBIIIEU3T0KEHHOTO OyjeM padoTaTh MMEHHO
c Python.
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OnHako TmTpexae uYeM TNepedTH HemocpencTBeHHo K Python,
HEOOXO/IMMO CKa3aTh, YTO MHpH pazpadoTtke cucrem MO, Kak mOpaBuio,
MPUXOJIUTCS MPONTH HECKOJIBKO TUIIOBBIX 3TanoB. TakuM oOpa3oM, MOKHO
chopmynupoBaTh OOIIMK adropuT™M co3gaHusi cucteM MO, KOTOpbIU
MOXET OBITh UBMEHEH B CUJTy OCOOEHHOCTEW KOHKPETHOTO MPOEKTA.

AJITOPUTM COCTOUT U3 CIICIYIOIINX I1aroB:

1. Coop u npenoOpaboTKa TaHHBIX;

2. Bribop Meroza penieHusi, co3gaHue U HacTpoiika Moaenu(rnoadoop
napaMeTpoB, peaiu3alys NpoTOTUIIA);

3. TecTupoBaHUE MOJIEIHN U COBEPIICHCTBOBAHUE €€ JI0 JIOCTHXKECHUS
HeoOXxoauMoil ToyHOCTH. [Ipu HEBO3MOXKHOCTU JOCTHXKEHHUS TOUHOCTU —
BO3BpAT K IIary 2;

4. CoxpaHeHue MOAEIM MW HUHTErpaluss €€ B  00O0JIOUKY
B3aMMO/ICUCTBUSA C MMOJIb30BATEIIEM;

5. DkcmlyaTanuss ¥ CONPOBOXKJEHUE TMOJYYEHHOW CHUCTEMBI U €€
MojiepHU3aIus (MMpyu HEOOXOAUMOCTH ).

OcHoBbI padoTsl ¢ Python

Tenepp mnepenieM K pPacCMOTPEHHUIO BO3MOKHOCTEH, IPEIOCTaB-
nsiembix Python nnst pazpabotrku cuctem MO. O6mue cBefeHust 00 3TomM
S3bIKE MOXKHO TOCMOTpeTh 37ech: [30], a crpaBouHyr0 MHGOPMAILHUIO T10
CUHTaKCUCYy — 37iech: [31]. B Hamei ke KHUre Mbl paCCMOTPUM JIMIIb TO,
YTO KacaeTcsi Bo3MoOxHocTed Python B miaHe co3jgaHusi OPUIIOKEHUI
B cepe MalIMHHOrO 0o0yudeHus. Bce mpumepsl Koja MOJATOTOBIIEHBI Ha
Python Bepcum 2.7, HO OHM MOTYT OBITh aJaNTUPOBAHBI M MOJ Oosee
CTaplliie BEPCUH SI3bIKA.

Kak Obuto cka3zano Bblie, ceiiuac Python siBnsiercs onqHUM U3 Hau-
0oJyiee pacHpOCTPaHEHHBIX S3BIKOB IMporpamMMupoBaHusd. OJHHM U3 €ro
NPEUMYILECTB SBJISIETCS OOJIBIIOE KOJMWYECTBO IMAKETOB, PEIIAOIINX
camble pasHble 3a7ayd. B naHHOM mocoOMH MBI PEKOMEHIYeM HCIOJIb-
3oBath OuOmmorexkn Pandas, NumPy u SciPy, xoropsle cyliecTBeHHO
YOPOILIAIOT YTEHUE, XpaHEHUE U 00pabOTKy JaHHBIX. Bl Takke MO3HAKO-
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murtech ¢ naketom Scikit-Learn, B KOTOpOM peaini30BaHbl MHOTHE aJITO-
PUTMBI MAIIIMHHOTO O0yYEHMUSI.

Heob6xoquMo OTMETUTh, 4YTO OCHOBHBIMH OTiHuusiMu Python
SIBJISIFOTCSL:

e OTcyTCTBHE 3aBEPIIAIOIINX CUMBOJIOB B KOHIIE CTPOKH (TOYEK,
3aMsAThIX U T. I.), YTO JeJIaeT HaluCaHWe JIMHEWHBIX KOHCT-
PYKIIMI OYEHb «IPUSTHBIM» U OBICTPBIM 3aHsATUEM (a OOJIb-
IIMHCTBO MPOTPaMM JIJIsi MAIITMHHOTO OOYYEHUSI — 3TO BCE-TaKU
JUHENHHas MaTeMaThKa, a HE CIO0XHbIEe MHOTOYPOBHEBBIC
CHUCTEMBI).

e Hecrtporas tunuzamus. He HyHO OOBSIBISTH TUIT JaHHBIX TIPU
OOBSABJICHUM TMEPEMEHHOW, YTO OISTh K€ YCKOPSET MPOoLecc
pa3pabOTKH MOJIETIH.

e S3pik Python wuHTepnperupyemslil, Kpocc-miaThOpMEHHbBIN
1 00J1aIaeT XOPOIIUMU CPEJICTBAMU OTHATKH.

Jl71st pa3paboTKK NPUIIOKEHUM HAM HYKHO CJIEAYIOIIEe:

o S3pik, cpenpa mng pazpabotrku koaa (IDE) u ucnonusemas
cpena. B nHamem ciryuae 3o Anaconda u PyCharm.

e Habop ocnoBubix OmbOmuorek: Scikit-learn, Numpy, Pandas,
Matplotlib, Theano, Keras.

Huxe mnpencraBieHbl WHCTPYKIMU 1O YCTAaHOBKE U HACTpPOMKE
KOMITOHEHT. Ba)XHBII1 MOMEHT 3aKJi0ouaeTcs B TOM, YTO BCE KOMITOHEHTHI
JUisi pabOThl B CBOEM HMCXOJHOM COCTOSIHUM «HE POJHBIC» I CHUCTEM
Windows, mo3toMy B NEpBYI0 oOuepellb 3TH HHCTPYKIMU OTHOCSTCS
K noJib3oBaressiMm Windows.

NHCcTpyKIMK 1O yCTAaHOBKE OCHOBHBIX KOMIIOHEHT:

1. Ckauaiite u ycranoBute AnacondaEnvironment (cpega cBo6oaHO
pacnpocTpaHseTcs Ha odpuiuaibHOM caiite [32]). Anaconda HeoOxoguMa
no Oonpiied yactu He kak IDE, a kak cpena, B KOoTopoil OyaeT cpasy
YCTaHOBJIEHO MHOXECTBO HEOOXOJMMBIX OMOIMOTEK (pa3BEPHYTHIX COOT-
BETCTBYIOIUM 0Opa3zoM mog Windows), Takux Kak pip, numpy, matplotlib
U elie napa JAecaTkoB Japyrux. Takxke OyJzieT yctaHoBieH u caM Python 2.7.
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Oo0paTute BHNMaHue!

o Jlna koppekmHou pabomul 8cex KOMNOHEHM AKKAYHM
nonvzosamens Windows, uz noo komopozo 6yoem npo8ooumscs
YCMAHOBKA, O0NHCEH COOEPIHCAMb MONbKO JIAMUHCKUE CUMBO.IbL 8

c60€eM UMEHU.

2. Pexomenayercs ycraHoBuTh PyCharm kak ocHoBHyio IDE mis
pa3paboTKu (XOTS MOXKHO MOJB30BaThcsi camoil SpiderAnaconda, kotopas
OyJleT ycTaHOBJIEHA Ha mipeabiayiieM mare) uiu JupyterNotebook. Ognako
€CJIM Bl HOBUYOK B IIporpamMmMupoBanuu win B Python, To pekomenmyercs
uMeHHo PyCharm, Tak kak 3Ta cpema CHJIBHO OOJIETYaeT Mporpam-
MUpOBaHUE M HaBuranuio 1o koxay. CommunityEdition pactpocTtpansiercs
OCCIIaTHO M CKa4aTh €ro MOXKHO 37ech: [33].

3. Jlis mpoBEpKH TOTO, YTO BCE KOMIIOHEHTHI YCTaHOBIICGHBI KO-
pektHo, 3anyctute IDE, co3naiite HOBBIM ¢aiin (komanga Alt+Insert umnu
yepe3 MeHio File u mynkt New) nmoa umeHeM testc kogom Ha Python, kak
nokaszaHo Ha pucyHke 44. BcraBbre B (paitn koja u3 nuctuHra | v BBINOJ-
HUTE €ro 4epe3 MyHKT MEeHI0 Run, kak 1moka3aHo Ha pUCyHKe 45.

Jinctnur 1

from sklearn import preprocessing

import numpy as np
X=np.array([1.,-1.,2],[2.,0.,0],[0., 1., -1.1])
X_scaled = preprocessing.scale(X)
print(X_scaled)

- Mew

Cirectory
Python Package

* » Python File
e Jupyter Moteboaok
o HTML File

PucyHoK 44. Hosblit ¢aiin Python

169




Oo0paTute BHNMaHue!

o FEcnues nepeom nNyHKme MeHi Run nem umenu sauiezo d)aﬁfza, mo

8blOepume mpemuii NyHKm U 8 OMKPblEULeMCSl OKOWKe Hauoume ums

saue2o aiina.

o

I - S = —
_|Run|'|'n:tr:+|5 VCS Window Help

h' Run test' Ctrl+F5
{ {E Debug 'test’ Alt+FS
3P  Run. Alt+Shift+ F10
3 §¥ Debug... Alte Shift=F9

PucyHoK 45. 3anycK Koaa Ha BbINOJIHEHME

Ecnu Bce ycTaHOBJIEHO BEPHO, TO B KOHCOJIM BbI JOJDKHBI YBHUJETh
pe3yibTaT, NPEe/ICTABICHHBINA HA PUCYHKE 46.

Run £ test

p Ciy\ProgramDatat Anacondai\pythen.exe C:/Users/PycharmProjects/untitled/test.py
[[ O -1.22474487 1.33630821]
[ 1.224744587 0. -0.26726124]

Eﬁ [-1l.22474487 1.22474487 -1.069044597]]

=i Process finished with exit code 0

PucyHok 46. KoppekTHasa pabora Koga

Kpome ommcaHHOro BbIlIE, HAM MNOHAAOOUTCS YCTAHOBUTH U HACT-
POUTH €11I€ PsAJi KOMIIOHEHTOB ¥ OMOMoTeK. NHCTPpYKIMU 1O UX YCTaHOBKE
CJIeTyIOIIHE:

1. Ckauvaiite u ycraHoBute TDM-GCC (cnenuaiibHOE CPEACTBO
kommuisiiuu 11 OC Windows);

2. Otkpoiite koHCONIb Anacondaprompt WK OOBIYHYI0 KOMaH]IHYIO
ctpoky Windows uepe3 komanay cmd;

3. BemonnauTte B koHconu conda update conda;

4. Bemmonnute B koHcoM conda update --all;

5. Beimonaute B koHconu conda install mingw libpython;
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6. Bemosaute B koHconu conda install Theano;
7. BeimonHuTe B KoHCoJU pip install keras;

OQopaTrute BHUMaHKeE!

o Keras mooxcem bvimsb Hacmpoen Ha tensorflowbackend, mozoa naoo

enecmu usmenenus 6 gpaun C:/Users/AccauntName/.keras/keras.json

u 6 cmpoxe backend="tensorflow” nanucamo theano;

8. 3amyctute IDE, co3naiite HOBBIM (haitn ¢ kogom Ha Python
Y BBINOJIHUTE KOJ W3 JIUCTHHTA 2 JUIsl MPOBEPKU TOTrO, YTO BCE KOMIIO-
HEHTBI YCTAaHOBJIEHBI KOPPEKTHO.

JIuctuHr 2

import numpy as np

import sklearn.linear_model as lin

from keras.layers.core import Dense, Activation
from keras.models import Sequential

from keras.optimizers import RMSprop

x_train = np.array([[0.1, 0.3], [0.2, 0.2], [0.7, 0.8], [1.0, 0.9]]))
y_train = np.array([0, 0, 1, 1]).reshape(4, 1)

x_test = np.array([[0, 0], [0.3, 0.3], [0.6, 0.7], [1, 1]])

model = Sequential()

model.add(Dense(2, init="lecun_uniform', input_shape=(2,)))
model.add(Activation('relu'))

model.add(Dense(1, init="lecun_uniform"))
model.add(Activation('linear"))

rms = RMSprop(Ir=0.01)

model.compile(loss="'mse', optimizer=rms)

epochs = 200

model.fit(x_train, y_train, batch_size=1, nb_epoch=epochs, verbose=0)
y_predict = model.predict(x_test, batch_size=1)
print(y_predict)

B pesynbrate B Output KOHCOIM HE JOJDKHO OBITH OIIMOOK (KOA
BbIX0/1a paBeH 0), U JoJKHA OyIeT pacnieyaTaTbCsi MHpopMaIus, npeicTaB-
JICHHAs B JIMCTUHTE 3.
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Jluctuur 3

[[ 0.00339771]
[ 0.14396997]
[ 0.67507285]
[ 1.1803354 ]

Mpb1  yCcTaHOBWIM OCHOBHBIE, HEOOXOIWMBIE HaM, KOMIIOHCHTHI.
Teneps nmeperizeM HEMOCPEICTBEHHO K PACCMOTPEHHUIO KOHKPETHBIX TIPHe-
MOB paOOTBHI C HUMH.

B nanHOM mocoOuu OyAeT MpUBEIACHO ONMKMCAHHUE TOJBKO TEX Orepa-
TOPOB M (PYHKIIUN, KOTOPBIE HETIOCPEIACTBEHHO HCITOIB3YIOTCS MPU pellle-
HUW KOHKpEeTHOU 3amaun. [y momydenus mpoueit napopmanuu mo Python
PEKOMEHAYETCSI BOCIIOJIb30BAThCSl CIPABOYHUKOM WM JK€ TOMCKOBOM
cucremoit Google.

OQopaTutTe BHUMAHHUE!

o FEcnuy eac ecmvb KOHKpemublll 6ONPOC, HANpUMep, 0 MOM, KaAK
8b1OpaAMb NOCIEOHUL 31eMEHN 8 OOHOMEPHOM UL O8YMEPHOM
maccuse, uiu 0 mom, KaKk Omcopmuposams Maccug u m. n., mo
Jyquee peuteHue — Hanucamo 3mom sonpoc 8 Google na
AHUUCKOM,

o FEcnu eaws ypogeHb an2IutiCKo2o HedoCmamoieH, mo npocmo
chopmynupytime 60npoc HaA PyCccKOM MAKCUMAIbHO KOPOMKO,
3amem ecmagbme 6 GoogleTranslate u 3amem — 6 NOUCKOBUK.
C sepossmuocmoio 90% na maxue KoHKpemHwvle 80NPOCHI Bbl

Hatioeme OYeHb KOHKPemHble NpUMepbl Kood Ha catime
StackOverflow.

DJieMeHTAPHbIE ONePAlUN € JAHHBIMH

PaccmotpuMm paboty 1o npenodpadoTke AAHHBIX U MOUCKY IMPOCTHIX
3aKOHOMEpHOCTEe B HUX cpeacTBamMu Python, a uMeHHO cpencTBamu
naketoB Numpy u Pandas. bonee moapoOHO ¢ uUX (DYHKIUSIMU MOXKHO
03HAKOMHTBCS, HAIPUMED, 34eCh: [34].
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Jlis mmnopta mMoaysnst Numpy HEOOXOAMMO HAaIKCATh CIAEAYIOIIYIO
CTPOKY KOJia (JINCTHUHT 4).

Jluctunr 4

Import numpy as np

Oo0paTute BHUMaHue!

o Numpy umnopmupyemcs ¢ NCe800HUMOM NP, 4epe3 KOMOopblil

8 OabHeluem 6yoem oopaujeHue K Mooyio.

OCHOBHBIMU €IMHUIIAMH JIAHHBIX B MAIlTMHHOM OOYYE€HHUU SIBJISFOTCS
BEKTOPBI U MaTpuIbl. C TOUYKK 3pEHUs] TPOTPAMMHUPOBAHUS TaKHUE CTPYK-
Typbl TPEJCTABISIIOT COOOMl OJHOMEpPHBIE W JIBYMEPHBIE MAacCUBBI WU
CIElHaJIbHBIE 00 BEKTHI-TA0UIIEI.

OQopaTuTe BHUMAHHUE!

o FEcnu 6 mexcme HANUCAHO NPOCO — 8EKMOP WU MAMPUYA, MO
3Ha4UUmM uoem peusb 0 0OHOMEPHOM UNU O8YMepHOM maccuge Numpy.
B Opyeux cnyuasx 6yoem cneyuaibHO HANUCAHO 8 KAKOM hopmame

npeocmaenenvl 0anHvle (Hanpumep, DataFrame, o uem peus

notioem Huoice).

Jlsist Toro 4yToOBl PacCCMOTPETHh CIOCOOBI PabOTHI C JIaHHBIMU, HAM
HEO0OXOAMMO TIOJIYYHUTh AaHHBIE 1Jis1 paboThl. Tak Kak MOJAeNH, pa3padaThl-
Baembie Ha Python, B 99% ciiyyaeB Mcnosib3yl0T MOJYyYEHHBIE OTKY/a-TO
JAHHbIC WM K€ TEHEPUPYIOT TECTOBBIE, TO MbI OMUIIEM TPU CIOCO0a
MOJIyYeHUsI JTAaHHBIX: MpsSMOe OOBSBIECHUE, ClydailHas TeHepalus U 3ar-
py3ka u3 csv-opmara.

Haunem ¢ nepBoro. O0BsSBUTh MaTpPUILy MOXHO, UCHOJIb3Ysl KOJ W3
muctunra 5. Kak BUanTe, HUYEro CIOXKHOTO 37€Ch HET: HU MPEABAPUTEIb-
HOTO OOBSBIICHUS AHHBIX, HU BBIICTICHUS MaMsATH, HU OOBSBIICHUS THUIIA
JTAHHBIX.
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JIuctuHr 5

Z = np.array([[4, 5, 0],
[9, 9, 9ll)

Tenepp paccMoTpuM BTOpPOM CHOCOO: CrEHEPUPYEM CIyHaHYIO
MaTpUIly, COCTOSIIIYIO U3 6 CTPOK M 5 CTOJOIOB. DJIEMEHTHI €€ OyayT
SBJIATHCS CIyYallHBIMM YHKCIAMU U3 HOPMAJIbHOTO paclpeesieHuUs..
OyHKIUA U1 TeHepaluK Takux yncel: np.random.normal.

Ee nmapamerpsr:

e loc: cpeaHee HOpMaANBLHOTO pacipeesieHus (B HalleM cirydae 1);
e scale: craHmapTHOE OTKJIOHEHHWE HOPMAJBHOTO paclpeiesieHus (ero

3HA4YEHHE B HaIIEM ciiydae paBHo 10);

e size: pa3Mep MaTpullbl (B Hatiem cirydae (6, 5)).

Kon renepanuu wmatpuipl X M €€ pacledaTKd MpeJCcCTaBICHBI

B JINCTUHTE 6.

JIuctuHr 6

X = np.random.normal(loc=1, scale=10, size=(6, 5))
print X

Jlamee paccMoTpuM croco0 3arpy3ku JaHHBIX W3 (Qaiiiga B CSV-
dbopmaTte, KOTOPBI peHa3HAYCH I XpaHeHHUs TaOJWYIHBIX JaHHBIX. Kak
npaBuio, B ¢aimax sTtoro dopmMara CTOJOIBI pa3JesIiOTCs 3amsTou,
a TIepBas CTPOKa COACPKHUT UX MMEHA.

JlomyctuM, y Hac ecTh (ailn «titanic.csv», coaepiKaniuii JaHHBIC
B BHJIC, IIPEACTABICHHOM Ha pUCYHKe 47.

Oo0paTute BHUMaHue!

o Hebonvuwue ¢hatinet csv (0o 1 1'6) moscho docmamouro y0ooHO
nocmompemo 8 Excel. Ymobwvl koppexmno 3azpyzums CSV ¢hatin,
HYJ#CHO cHauana omkpwvims Excel, coz0ame nycmyio kHuzy, a 3amem
8b136AMb COOMBEMCMBYIOULE20 MACMeEPA 3a2PY3KU Yepe3 BKAAOKY

«/launvien =>« M3 mexkcmay..
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A B C D E F G H I ] K L

Passengerld Survived Pclass Name Sex Age SibSp Parch Ticket Fare Cabin Embarked
1 0 3 Braund, Mmale 22 1 0 Af521171 K. 25 5
2 1 1 Cumings, |female 38 1 0 PC17399 71.2833 CB85 C
3 1 3 Heikkinen female 26 ] 0 STON/O2. 3101282 7.925 5
4 1 1 Futrelle, hfemale 35 1 o 113803 53.1 C123 5

PucyHoK 47. ®aiin c gaHHbIMU

JIJIst 3arpy3KH 3TUX JaHHBIX HaM HEOOXOIUMEBI CPEeICTBA OMOINOTEKH
pandas. Kox ee mmmopTa, a TakKe KOJI 3arpy3KH W pacledaTKy 3arpyrKeH-
HBIX JIaHHBIX TIPEJICTaBIICHBI B JUCTUHTe 7. TaMm ke TpeICTaBICH KO
3aIlMCH JAHHBIX B CSV-(haill.

Jluctuur 7

# -*- coding: utf-8 -*-
import csv
import pandas
#uTeHue 13 danna
data = pandas.read_csv('titanic.csv', index_col='"Passengerld’)
print data
#3anucb B hanin JaHHbIX B UICXOAHOM BUAE
data.to_csv('qg.csV')
#3anucb B dhanin AaHHbIX Kak MaccuBa 3Ha4YeHUN
with open('test.csv', 'w') as csvfile:
spamwriter = csv.writer(csvfile, delimiter=";',quotechar="[', quoting=csv.QUOTE_MINIMAL)
spamwriter.writerow (data.as_matrix())

OQopaTutTe BHUMAHHUE!

o Cumeon # - 3HAK KOMMEHMAPUL.

o s moeo umobwl 3aKOMMEHMUPOBAMb (Ul
PACKOMMEHMUPOBAMb) HECKOJIbKO CIMPOK, HEOOX00UMO 8blOETIUMb
ux u Hasxcams couemarue krasuws Ctrl+npasuoiii creu.

o Jlna mozo umobwvl nucamv KommeHnmapuu 6 Python ma pycckom

A3bIKe, HeobX00uUMo 000a8umMb CleOVIOWYI0 CMPOKY 8 HAYAIL0
Gatina c kooom:# -*- coding: utf-8 -*-
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[Ipy BBIMOJHEHUU KOJia W3 JUCTUHra 7 JaHHbIE OYIyT 3arpy>KeHbI
B Bujie DataFrame, ¢ momoiipi0 KOTOPOTr0O MOXKHO YI00HO padoTaTh
c wumu. Ilapamerp index col="Passengerld' o3Hauaer, 4TO KOJOHKA
Passengerld 3amaetr Hymepanuto crpok panHoro DataFrame.

DataFrame — mnepBu4Hasi CTpPyKTypa JaHHbIX pandas, mpeacraB-
astomias coOoM JBYMEPHYIO, MU3MEHSIEMYIO MO pa3Mepy, MOTEHIMAIbHO
IeTePOreHHYI0 CTPYKTYPY TaOJUYHBIX JaHHBIX C MAPKUPOBAHHBIMHU OCSMU
(CTpoKaMu H CTOJIOIIAMM).

B Bune DataFrame Hajn maHHbIMU yJIOOHO MPOU3BOJAUTH PA3ITUYHBIC
MaHUMYJISIIIUA COPTUPOBKH, BHIOOPKH, MTPUMEHEHU (DYHKIHM MOCTPOYHO
WIM 10 KoJIOHKaM U T. 1. Oanako DataFrame — 3T0 KOMITJIEKCHBIN OOBEKT
BBICOKOTO YPOBHS M €T0 HEJb3sl UCIOJIb30BaTh HANPAMYIO JUIsl 00y4YeHHUs
mozenei. Ilepen 3TUM ero Hy>KHO TEPEBECTH B OOBIUHYIO HU(POBYIO
MaTpuily, HampuMmep, CIEAYIOIMHUM 00pa3oM (JUCTUHT §), W Jajiblie
paboTaTh C HUM KaK C OOBIYHBIM JBYMEPHBIM MacCCUBOM JaHHBIX.

Jluctuur 8

x_test= data[['ColumnName_1', 'ColumnName_2')].as_matrix()

Bepuemcs k nuctunry 7. B HeM mpencTaBlieHbl J1Ba Crioco0a 3amucu
B (paiin. [1epBolii — uepes meToa camoro DataFrame, BTopoit — uepe3 MeTo
onoamoTexku csv. HeoO0X0auMo OTMETUTh, YTO BTOPOM CITIOCOO MOKET OBITh
HCIOJIb30BaH HE TOJbKO M paboTthl ¢ DataFrame, HO u ¢ m1100bBIMH
JTAHHBIMU, KOTOPbIE HAJ0 3alucaTh B cSV-(aili.

Mp1 paccMOTpes OCHOBHBIE CIOCOOBI MOJYYEHUSI AAaHHBIX, TEHEPh
nepensieM K paboTe ¢ HUMH M TPOJEMOHCTPUPYEM HEKOTOPHIE BO3MOXK-
HOCTH OnOMMoTekn Numpy Mo omnepanusiM ¢ MaTpuilaMyd Ha KOHKPETHBIX
3a/1a4ax U3 NPaKTHKU.

JlomycTuM, mepel HaMu CTOUT CIEAYIOIIAs 3aJada: €CTh TaHHBIE
O ©XEJIHEBHOW BBIpyYKEe MO (uiauasaM KOMIIAaHWM 3a mepBbie 12 nHei
Mecsila, 3anvcaHHble B BHUJE TaONUIBl (PUCYHOK 48) U COXpaHEHHBIE
B (aiine «data.csv». BriBenem Homep duimana, IpeooJieBIIET0 MO MpH-
ObLTH TIOpOT, paBHbI 1000.
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[lepBoe, 4yTO HaM HEOOXOAWMO CHeNaTh, — 3arpy3uTh JIaHHBIE.
Opnnako, 4yToObl pandas KOppeKTHO 00OpaboTan ¢aiisl, HaM HYKHO yOpath
U3 HEro KUPWUIKIY U YOEIUThCS, YTO Pa3JeIUTeNd B CSV JIEUCTBUTEIHHO
3amsiTeie. [{1s 3TOro Mbl MOXEM TOMECTUTH (aill B Manky MOpoeKTa
pyCharm, 1BOWHBIM MIETYKOM MBIIIA HAa HEM (B OKHE MPOEKTAa) OTKPHITH
€ro M MPUBECTU K BUJY, TOKa3aHHOMY Ha pucyHke 49. Tenepb /isl YTCHUS
JNAHHBIX, MPEeoOpa30BaHUIO MX B MATPUIly M pacredyaTKd MOJy4eHHOTO
MaccHBa Mbl MOXEM HCIIOJIB30BaTh KOJI U3 JIUCTUHTA 9.

A B C D
HdeHe mecaua ®uananl ®unnan? ®uanani
1 20 30 40
2 13 35 35
3 14 453 6
4 53 13 57
5 47 13 577
6 53 13 75
7 35 13 57
3 23 13 46
9 53 31 46
10 65 123 78
11 75 24 68
12 57 42 86

PucyHoK 48. ®aitn ¢ gaHHbIMU ANA 3apa4m

= test.py = data.csv % | =
1 Day,Fill, Fil2, Fil3
= 1,20, 30,40

3 P i I )

4 K, g 7. A Bl

5 4,53,13,57

5 5,47,13,577

7 £,53,13,75

B 7.35,13,57

g 8,23,13, 46

10 9,53, 31, 46

11 10,465,123, 78

12 11,75,24,68

13 12,57,42,88
1

PucyHoK 49. KoppeKTHblii ¢aiin ¢ paHHbIMU
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Oo0paTute BHNMaHue!

o FEcnu ucxoouwiil haiin cozoan uepes Excel, mo pazoenumensimu
Mo2ym Oblmb MOYKU C 3aNAMOlL. 3aMeHUMb ux Ha 3ansmole MONCHO
npu pedakmupoganuu ¢aiina 6 PyCharm uepes yenouxy nynkmos

mento «Edity=>«Find» =>«Replacen».

Jluctunr 9

import pandas

data= pandas.read_csv('data.csV', index_col='Day")
x_test= data[['Fil1", 'Fil2', 'Fil3']].as_matrix()

print x_test

Ecin Bce cnenaHo BEpHO, B KOHCOJIHU JTOJKEH MOSBUTHCS PE3YJIBTAT,
IIOKA3aHHBIA HAa pUCyHKE S0,

TEST

C:\ProgramData‘\Ar

[ 20 30 40]

[ 13 35 35]
= [ 14 453  &]
= (53 IF e
= [ 47 13 577]
= [ 53 13 75]
i [ 35 13 57]
mw

23 13 44]

PucyHok 50. 3arpy»<eHHble AaHHble

OQopaTuTe BHUMAHHUE!

o [Ipu npeobpazosanuu k mampuye Mol YKa3vléaem 6 KasbluKax
UMeHa cmodyo8 ¢ OGHHLIMU NO PUIUATAM U He YKA3bLEAeM
cmonbey Day, mak kak cooepaicawuecs 8 Hem 0arHbvie OJisl 3a0ayu

Heé H)YOiCHbL.

Tenepsr mnepeiiieM HEMOCPEACTBEHHO K PEHICHUIO MOCTAaBICHHOM
3agaun. C TOYKH 3peHusi pabOThl C MATPUIIEH, NIl IOJIYYEHHSI OTBETa HaM
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HEO0OXO0/IMMO MOCUHUTATh CYMMY IO Ka)JO0My CTOJIOIY U BBIBECTU HOMEpPA
TeX, 4bs cyMMa npesbicuT 1000.

OyHKIMA IS OACYeTa CyMMBI: np.sum. B kadectBe mapameTpoB
OHA TPUHUMAET MATPUIly, JUIsi KOTOPOM HEOOXOAMMO TOCUUTATH CYMMY
U U3MEpEeHHE (CTPOKHU WIIH CTOJIOIBI), KOTOPOE HEOOXOAUMO CYMMHUPOBATH.
N3mepenue (axis) 3agaerca uudpoit (miast aBymepHod wmatpunbl 0 —
cTpoku, 1 — cronbusl).Ecin 3TOT mapameTp He 3amaTh, TO pe3yJbTar
byHkuuu OyAeT paccuuTaH IJisi BCed MaTpullbl LeUKoM. Pe3ynbratom
BBITIOJTHEHUS OMNepaluu OyJeT MAacCUB C COOTBETCTBYIOIIUMU CyMMaMH.
bubinorexka Numpy npenocTaBisieT BO3MOKHOCTH TPUMEHEHUSI K MaTpH-
naM (M MaccuBaM) JIOTHYECKUX ONepaluii, IpruueM NPUMEHSEMBbIX MO3JIe-
MeHTHO. COOTBETCTBEHHO, pe3yJbTaTOM TaKOW omepanuu OyJeT MaTrpulia
TaKOTO K€ pa3Mmepa, B ssuerkax KoTopou OyJnet 3anucano audo True, mubo
False (ymoBneTBopsieT TeKylIMid 3JEMEHT YCIOBUIO WM HET). WHIEeKChI
AJIEMEHTOB CO 3HaueHWeM True MOXKHO MOJYYUTh C IMOMOUIBI0 (DYHK-
uu np.nonzero. OyHKIMS B KauecTBE IMapaMeTpa MPUHHUMAET MaTpHILy,
B KOTOpOW HEOOXOAMMO OTBHICKATh HEHYJEBBIE 3JIEMEHTHI. 3aMETHUM, YTO
B HAIlIEM CJIydyae Mbl MOXEM Cpa3y MepelaTh JIOTMYECKOE BBIPAKEHHUE,
COCTABJICHHOE U3 MAacCHBa CYMM M CaMOr0 YCJIOBHSI, TOT/Ia 3JIEMEHTBI CO
3HaueHueM False OyayT unrepnperupoBaThcsi Kak HyJeBble. Ko pemieHus
npejacTtaBiieH B quctuHre 10. Pesynbrar paOoThl Koja — Ha pucyHke S1.
OTBeT K 3aj1a4ue: TpeTuil punma.

Jluctuur 10

import numpy as np

import pandas

data = pandas.read_csv('data.csV', index_col='Day")
x_test= data[['Fil1", 'Fil2', 'Fil3']].as_matrix()

#print x_test

r = np.sum(x_test, axis=0)

print (r)

print np.nonzero(r> 1000)
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Ci:\ProgrambDatahAnacondaz\py
[ 568 #03 1171}
(array([2], dtvpe=intéad),)

PucyHok 51. PeweHue 3apgaumn
Tenepp pemmM CIEAYIOUIYIO 3a1ady: ONPEACIUM, B KaKOW JICHb

cymMMapHasl BbIpyuka o (unmnanam npessicuiia 500. Koa pemenust npea-
CTaBJICH B JIUCTUHIE 11, a pe3ynbTar — Ha pUCyHKE 52.

C:\ProgrambatahAnacondad\python.exe C:/Users/ Pychi
[ 90 &3 473 123 637 141 105 &2 130 2486 147 1835]
{array({[4], dtype=int&d),)

= Process finished with exit code 0O

PucyHok 52. PeweHue 3apaum

JNuctuur 11

import numpy as np

import pandas

data = pandas.read_csv('data.csV', index_col='Day")
x_test= data[['Fil1’", 'Fil2', 'Fil3"]].as_matrix()

r = np.sum(x_test, axis=1)

print (r)

print np.nonzero(r>500)

Kon naxoxnaenuss guiamana ¢ MaKCUMallbHOW CpeIHEN BBIPYUYKOM
MPEJICTABIICH B JIUCTUHTE 12, a pe3yapTaT noka3aH Ha PUCYHKE 53.

Jluctuur 12

import numpy as np

import pandas

data = pandas.read_csv('data.csV', index_col='Day")
x_test= data[['Fil1", 'Fil2', 'Fil3']].as_matrix()

r = np.mean(x_test, axis=0)

print (r)

print np.nonzero(r== np.max(np.mean(x_test, axis=0)))
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est
C:\ProgramData\AnacondaZ\python.exe C:/U:
[ 42.33333333 66.91666667 097.58333333]

{array({[2], dtype=int&d),)
=
=]

Process finished with exit code 0

PucyHoK 53. Homep ¢unmnana c makcumanbHoi cpegHen BbipyuyKon

Homep ¢unmana ¢ MakcMMalbHOW BEJIMYMHOM CTaHIAPTHOTO
OTKJIOHEHHS TPUOBUTH MOKHO TOJIYYUTh, UCIOJIBb3Ys KO U3 JIUCTUHTA 13.

Jlanee Ham HeoOXoauMo Oosiee OAPOOHO PacCMOTPETh padOTy CO
cTpykTypoit DataFrame, HO mepen >TUM yNOMSHEM €Ill€ JABE MOJIE3HbIE
¢yHkurr Numpy, KOTOpbIE MOTYT IMOHAJOOUTHCS B MOCIEAYIOMEM: (DYHK-
[[MI0 TeHEepalluK €AMHUYHON MaTPUIIBI (Np.eve) U GYyHKIHUIO BEPTUKAIbHOU
cThIKOBKHM Matpull (np.vstack). [lepBas B kauecTBe mapameTpa NPUHUMAET
KOJIMYECTBO CTPOK (OHO K€ KOJIMYECTBO CTOJIOIIOB), BTOpasi — MaTpPUIIbI,
KOTOpbI€ HY>KHO 00BeMHUTH. B muctunre 14 mokasan npumep reHepanuu
U 00BEIMHEHHUS IBYX €AMHUYHBIX MATPHII.

Jinctuur 13

import numpy as np

import pandas

data = pandas.read_csv('data.csv', index_col='Day")
x_test= data[['Fil1", 'Fil2', 'Fil3']].as_matrix()

r = np.std(x_test, axis=0)

print (r)

print np.nonzero(r== np.max(np.std(x_test, axis=0)))

Jluctunur 14

import numpy as np

A = np.eye(3)

B = np.eye(3)

print A

print B

AB = np.vstack((A, B))
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Pa6ora ¢ DataFrame

MBI paccMOTpead OCHOBHBIE MOMEHTHI Pa0OThI C MaTpUIlAMH,
MOATOMY TENEpPh BEPHEMCS K Jpyroil ctpykType naHHbix: DataFrame. Kak
Mbl IIOMHHM, OHA SIBJISETCS TaOJIMIIEH, T'Zle KOJOHKH HMMEIOT 3aroJIOBKH,
a CTPOKH, KpOME€ HOMEPOB, MOTYT HUMETh JIOMOJHUTEIIbHbIE HHACKCHI B
BUjie UGp Wik UMEH (10 CyTH, MHACKCHI MPEJACTABISIOT COOOM OTIEib-
HYI0, CIElHaIbHYIO KOJIOHKY B TabOnuue DataFrame, kotopas He OTHO-
CUTCS K JaHHBIM). JIJ1s1 TOrO YTOOBI TOCMOTPETH, YTO MPEACTABIISIIOT COO0
JIaHHBIC, MOKHO BOCIIOJIL30BAaTHCS HECKOJIBLKUMH CIIOCOOaMMU.

Ecau Mbpl XOTHM pacrmeuatarh MEpBbIE 5 CTPOK JaHHBIX, TO MOXKEM
BOCIIOJIb30BAThCSI KOJIOM W3 JUCTUHra 15, B ciydae, €clid yKa3aH TOJbKO
OJIMH MHJEKC, UJIK K€ BOCIOJb30BaThcsa MeTogoM head() DataFrame, kax
IOKa3aHOo B JIUCTHUHTE 16.

Jluctuur 15

import pandas
data = pandas.read_csv('data.csV', index_col='Day")
print data[:5]

Jluctuur 16

import pandas
data = pandas.read_csv('data.csV', index_col='Day")
print data.head()

Ecnu xe Hac wHTEpecyeT COAEepKUMOE€ KOHKPETHOTO CTOJIOIA, TO
MOYHO HCIIOJIb30BaTh KBAIpaTHbIE CKOOKHM M Ha3BaHME CTOJIOIA, KaK MOKa-
3aHO B JJUCTUHTE 17.

JNuctuur 17

import pandas
data = pandas.read_csv('data.csv', index_col='Day")
print data['Fil1']
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Oo0paTute BHNMaHue!

o Koo u3z nucmunea 16 ne npumeHuM K UHOEKCHOMY COLOYY.

Jlis moAicueTa HEKOTOPBIX CTATUCTHK (KOJIMYECTBA, CPEAHEE, MAKCH-
MyM, MHHUMYM) MOKHO TaKXe€ HCIOJIb30BaTh MeTonbl oObekTa Data-
Frame. B nuctunre 18 mpuBeneH npumep Koja, CYMTAKOLIETO KOJIUYECTBO
HNOBTOPOB Ka)KA0ro W3 3HadeHuil B ctonbne ¢ umeHem 'Fill'. Pesynbrar
paboTHI KOJIa MOKa3aH Ha PUCYHKE 54. 3HAUYEHHS] CyMMbl, MUHUMYMa, MaK-
CUMYyMa, CpPEIHEro, KOJWYECTBAa M CPEAHEKBAAPATUYECKOTO OTKIIOHCHHMS
BBIUUCIISIOTCA QHAJOTUYHO C MCIOJB30BAHUEM COOTBETCTBYIOIIUX (PYHK-
1y (sum, min, max, mean, count, std).

Jluctuur 18

import pandas
data = pandas.read_csv('data.csV', index_col='"Day")
print data['Fil1'].value_counts()

test
Ci\ProgramData'\
e 3
47 1

3;- 14 2]

e 13 1

B s .

I-Eq 57 1

PucyHoK 54. PesynbTat paboTbl Koga us AMcTuHra 18

Tenepr paccMoTpuM eIle HECKOJIBKO 00Jiee CIOXKHBIX (YHKIHIMA
pabotel ¢ DataFrame Ha npumepe HEKOTOpOW TaOJUIIBI, MPEACTaBICHHON
Ha PUCYHKE 55.

B nuctunre 19 npencraBieHbl HHTEpECYOIUME HAC (PparMeHThl Kojaa
¢ KoMMeHTapusiMu. Kak MOXHO 3aMeTuTh, BO3MOXXHOCTH DataFrame
BeCbMa OOIIMPHBI, IOATOMY 3/I€Ch NIPUBEJICHBI JIUIb OCHOBHBIE MOMEHTHI,
a C OCTAJIbHBIM BaM IPEJIAraeTcs 03HaKOMUTBCS CAMOCTOSTEIIBHO.
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first_name | company_name | address | city county postal | phone1 | phone2
last_name
353 Little
. , Combs Standish | Pamdon _|cmz0 |01559- |01388-
Viamadn |hnkodln. | o i) St andHare |FEMOOsNI® o 1403415 | 777812
#8264 | Strest
Saint Thomas | 2> Gaer NP20 |01463- |01242-
Glagiord [AONG |0 s ::“"d“" Community|"¥P°"  |ape  |409090 |318420
Radisson Suite | 35 Elton TQ12 |01324- |01442-
Heill Anton Ippl De
e %% Hotel Stgg | PEoPen o 5LL  |171614 |948357

PucyHoOK 55. CTpyKTypa Tabauubl ¢ AaHHbIMU

OopaTute BHUMAaHHueE!

o M aywweeo nonumanus kooa aucmunea 19 eam pexomenoyemcs
noyumamo npo Jlamboa ¢yuxkyuu 6 Python, nanpumep, 30ech:

[35];

o bonee noopobno co cnuckom memooos DataFrame MmodiCHO

NO3HAKOMUMbCS 8 QOKyMenmayuu: [36];

o Ccovinka na ypoxu no Pandas: [37].

Jluctuur 19

#-*- coding: utf-8 -*-
# Bbibop anemeHToB DataFrame ¢ ucnonb3oBaHuem iloc

# CTtpoku:

data.iloc[0] # BbIOMpaeT nepByto CTPOKY Tabnuupbl.

data.iloc[1] # BbIGMpaeT BTOpYHO CTPOKY Tabnuubl
data.iloc[-1] # BbIGUpaeT nocnegHo CTPOKy Tabnuubl

# Ctonoupl:

data.iloc[:,0] # BbiGMpaeT nepByto KOMOHKY Tabnuupbl

data.iloc[:,1] # BbibupaeT BTOPYIO KONMOHKY Tabnumubl

data.iloc[:,-1] # BbIGUpaeT nocnegHO KOMOHKY Tabnuubl

# MHOXXEeCTBEHHbIV BbIGOP

data.iloc[0:5] # BbIBupaeT nepsble NATb CTPOK Tabnuubl

data.iloc[:, 0:2] # BbIOMpaeT nepeble ABE KOJTOHKU Tabnuubl CO BCEMU CTPOKaMu

# BbiGupaeT cTpoku ¢ nHaekcamm '‘Andrade’ n 'Veness' (B cnyvyae TEKCTOBbIX MHOEKCOB),

#C0o BCEMW KOMOHKaMKN MeXy KONTOHOK C MMeHeM 'city' n 'email’
data.loc[['Andrade’, 'Veness'], 'city:'email]
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OKOHYaHue anctuHra 19

# BblbupaeT Te xe CTpOokK, ToNbKO ¢ KonoHkamu 'first_name', 'address’ u 'city'
data.loc['Andrade":'Veness', ['first_name', 'address’, 'city']]

# BbiGupaeT cTpoku ¢ firstname paBHbIM Antonio 1 BbIGMpPaeT TONbKO KOMOHKN MeXay
#rxonoHkamu 'city’ n '‘email’
data.loc[data['first_name'] == 'Antonio’, 'city":'email']

# BblbupaeT cTpoKn co BCEMM KONOHKaMU, rae B KONMOHKe email BcTpevaroTes S4eiku,
#3akaH4ymBawoLwmecs Ha 'hotmail.com’
data.loc[data['email'].str.endswith("hotmail.com")]

#BbiGupaeT cTpoku, rae first_name paBHO ogHOMY M3 CreayoLWmX 3HaYeHU
data.loc[data['first_name'].isin(['France’, 'Tyisha', 'Eric'])]

# BblbupaeT ctpoku, rge B KonoHke first_name sBctpeyvaetcsa Antonio 1 B KonoHke email
#BCTpeyaeTcs gmail.com
data.loc[data['email'].str.endswith("gmail.com") & (data['first_name'] == 'Antonio")]

# BblbupaeT cTpoKK, Y KOTOPbIX B KOMOHKe id ecTb 3HaveHus oT 100 go 200, n Bo3BpaluaeT
#TOnbKO KONoHkM 'postal’ n 'web'
data.loc[(data['id'] > 100) & (data['id"] <= 200), ['postal’, 'web']]

#Ilambpa cdyHKumMA, kKoTOpas Bo3BpaLwlaeT True/False nepeMeHHyto.
# BblbupaeT cTpoku, rge averika B KONOHKE company_name MMeeT 4 crioBa.
data.loc[data['company_name'].apply(lambda x: len(x.split(' ")) == 4)]

#Pacne4yaTka 3arofioBkoB
print list(data)

IIpenodpadorka nanHbIX. CTaHAAPTH3ANMSA U HOPMAJIU3ALMS

Mpg1 paccMOTpesii OCHOBHBIE MOMEHTBI pabOThI C TAHHBIMU, TEMEPh
nepensieM K TakoMy BOMPOCY, Kak mpeaoopadoTka naHHbIX. [Ipexae uem
o0yyaTh M UCIHOJIL30BaTh OOJBIIMHCTBO MOJENEH, HEOOXOIUMO MPUBECTH
UCXOJIHbIE JIaHHbIE K €IMHOO0Opa3sHOMY BHUIY (K €IUHOMY AHAaIa3oHy).
Eaunelii nuama3oH omnpenensieTcs 4Yepe3 MaTreMaTH4ecKoe OXKHIaHHe
BBIOOPKHU U pa30poc (nucnepcuto). To ecTb HYKHO, HapUMeEpP, YTOOBI BCE
naHHble ObuH B uana3zone oT 0 o 1 umu ot —1 g0 1. Kak Obu1o ckazano
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B OJIHOM M3 MOPEAbIAYIIUX pPa3/iesoB, JIOCTUTaeTCsl TAaKOE€ MPUBEICHUE
MOCPEICTBOM JIBYX IMPOLIECCOB\METO/IOB: CTaHJAPTU3AIMHU IAHHBIX U1 HOpMa-
JU3alHH.

MOXXHO TPOBECTH CTAHIAPTU3ALMIO CAMOCTOSITENIBHO, HCIOJb3YsI
Numpy. i 3TOro BBIYTUTE U3 KAKIOTO CTOJIOLA €ro CpeaHee 3HAYEHUE,
a 3aTeM IMOJEJIMTE Ha €ro CTaHJIapTHOE OTKIOHeHue. Mim ke MOXKHO
UCIIOJIb30BaTh OMOanoTeKy scikit-learn, kak mokaszaHo B uctuHre 20.

Opnako, yarie BCero, KpoMe HOPMUPOBKHM OJHOW MaTpHIIbl, TOTpe-
OyeTcsi HOpMHUPOBATh HECKOJBbKO MaTpUI] MO OJHUM M TE€M K€ IIKajlam
(1 Kaxaoro crojoia\npusHaka OyayT cBoM KOA(PGUIIMEHTH CMEIICHUs
U MaclITaOMpoBaHUs).

Tak ecnu TecToBas\pabodasi BBHIOOPKM TMOCTYNAlOT B CHUCTEMY
OHJIAMH, TO UX MOTpeOyeTCsi HOPMUPOBATH MO TeM K€ KodPdUIlMEeHTaM,
YTO W TPEHUPOBOUYHYIO (PACCUUTAHHBIM HAa TPEHHPOBOUYHON BBIOOPKE).
Nuaye HopMHpOBKa OyI€T HEKOPPEKTHOM.

Jluctuur 20

from sklearn import preprocessing

import numpy as np

X = np.random.normal(loc=1, scale=10, size=(6, 5))
X_scaled = preprocessing.scale(X)

print X

print X_scaled

Bmecto TOro 4toObl XpaHWUTh MAaTpuilbl KOA(PPUIIMEHTOB HOPMHU-
POBKH, ropas/io yJIoOHee BOCIoyb30BaThcsa KiaccoMm StandardScaler u3
scikit-learn. CriepBa HY>XHO «OOy4YHTBb» €r0 Ha TPEHUPOBOYHBIX JTAHHBIX
(metonoM fit), a moToM npeoOpa3oBBIBaTh pa3Hble MATPUIIbl OJUHAKOBBIM
obpazom. PaGoTa ¢ 3TM Kj1accoM Moka3aHa B JUCTUHTE 21.

JNuctuur 21

from sklearn import preprocessing

import numpy as np

X = np.random.normal(loc=1, scale=10, size=(6, 5))
X_test = np.random.normal(loc=1, scale=10, size=(6, 5))
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OKOH4YaHue ncTuHra 21

scaler = preprocessing.StandardScaler().fit(X)
train_data_scaled = scaler.transform(X)

test data_scaled = scaler.transform(X_test)
print train_data_scaled

print test_data_scaled

Kak 0b1710 cKa3aHO B OJHOM M3 MPEABIAYIIUX Pa3eioB, CTaHIapTHU-
3allMsl CMEIAeT 3HAYEHUsI BEKTOPOB (BBHIPABHUBAET OTHOCHUTEIILHOTO €IU-
HOTO IICHTpa B HyJe), a TakKe MPOW3BOAWT BHIPaBHUBaHHE pa3zdOpoca.
OpHako 3HA4YEHUS Pa3HBIX BEKTOPOB HE OyIyT B OJIMHAKOBOM JHAIla30HE
(ot =1 no 1, manpumep). OHuU OYIYT JUIIL UMETh CTAaHIAPTHBIA pa3dopoc
B paMKax BEKTOpa\CcToJona\npu3Haka. [[ias Toro 4ro0sl JOCTUYb OJIMHAKO-
BOI'0 MaciTada BceX BEKTOPOB, HEOOX0AMMa HOpMATTU3ALIHSI.

CpenctBamu scikit-learn HopMaM3anuO MOXHO BBIMOJHUTH CIETY-
I0IUM 00pa3oM (JIMCTUHT 22).

JIuctuur 22

#-*- coding: utf-8 -*-
from sklearn import preprocessing
import numpy as np
X=[[1., -1.,21],
[2.,0,01],
[0., 1., -1.]]

#HopManusaumsa max-Hopmon
X_normalized_max = preprocessing.normalize(X, norm="max’, axis=0)

#Hopmanusaumsi Hopmowm |1
X_normalized_max = preprocessing.normalize(X, norm='"11", axis=0)

#Hopmanusaumsa Hopmow 12
X_normalized_max = preprocessing.normalize(X, norm="2", axis=0)

bosnee noapodnyto nudpopmaiuo o Mmetoaax oudnuoreku scikit-learn
10 Tpe100padoTKe JaHHBIX MOKHO HAWTH 371eCh: [38].
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Pabora ¢ nepeBbsiMM perieHHit

Ms1 paccMOTpenu METOJibl MpeoOopaboTKu JaHHbIX. Teneps nepei-
JIEM K CIIEIYIOIIEMY — K JIEpeBbAM pelieHnil. Kak Obl10 cKa3aHO B OJHOM
U3 TPEIBIAYIIAX PAa3eioB, PEHIAIONIUe JIePEBbsi OTHOCATCS K Kiaccy
JOTUYECKUX METOJ0B. X OCHOBHas MJies] COCTOUT B OOBEIUHEHUU OIpe-
JIEJICHHOTO KOJUYECTBA IMPOCTHIX PEMIAIONIMX MpaBWiI, Ojarojaps 4emy
UTOTOBBIN aNTOPUTM SBJISIETCS WHTepHpeTupyeMbiM. Kak crnegyer u3 Has-
BaHUS, pelIaroliee AEpPeBO MPECTaBISIET CO00I OMHApHOE JEPEBO, B KOTO-
POM KaXKJIOM BEpILMHE COMOCTAaBIEHO HEKOTOPOE MPABUIIO BUAA «j-U TIPU3-
HAaK MMEET 3HAaueHHe MeHblIe by». B JUCTBAX 3TOro JepeBa 3amucaHbl
Jucia-npeacka3zanrs. UToObl TOJYYUTh OTBET, HYKHO CTapTOBaTh W3
KOpHSI M JieJaTh MEepexXoJibl Ju0O0 B JieBOe, JIMOO B MPaBo€ MOAJAEPEBO
B 3aBUCHUMOCTHU OT TOTO, BBITIOJIHSIETCS IPABUJIO U3 TEKYIIEH BEPIINHBI WIH
HE BBITIOJIHAETCS.

OnHa u3 0COOEHHOCTEN pelIAIINX JIEPEBHEB 3aKIIOYACTCA B TOM,
YTO OHH IO3BOJIAIOT MOJTYYaTh BAXKHOCTH BCEX UCIOJIB3YEMBIX TPU3HAKOB.
BaxxHOCTh MpH3HAKa MOXKHO OIIEHUTh Ha OCHOBE TOTO, KaK CHJIbHO YJIyd-
IIWICST KPUTEpUN KayecTBa OJiarojaps MCIOJIb30BAHUIO ATOTO IpHU3HAKA
B BEpIIMHAX JIepeBa.

PaccmoTpuM nanHbie 0 maccaxkupax «TuraHukay (MX MOXKHO CKa-
yaTh 37iech: [39]). PemiuMm Ha HUX 337auy KiaccU(pUKAIIUKM, B KOTOPOHU IO
Pa3IMYHBIM XapaKTEPUCTUKAM IMACCAXKUPOB TpeOyeTcs HaWTH Y BBDKHB-
X TACCAXXUPOB JIBa HanboJiee BaKHBIX MPU3HaKa (M3 YEThIpEX paccmar-
pUBaeMbIX: T0J1, KJIacC, BO3pACT, IIleHa OujeTa).

B oOubnmoreke scikit-learn pematomue AepeBbs peaTM30BaHBI
B kiaccax sklearn.tree.DecisionTreeClassifier (s kimaccudukaimm)
u sklearn.tree.DecisionTreeRegressor (11 perpeccun). O0ydeHrne Moaeu
mpou3BOAUTCS ¢ momoiplo (yHkuu fit. HailTu BakKHOCTH MpPHU3HAKOB
MOXXHO, HWMes YK€ OOyd4YeHHBId Kilaccuukarop: ero  Imoje
feature importances  COAEpPKUT MAacCCUB «Ba)KHOCTEH» IMPU3HAKOB.
NHaekc B 3TOM MacCUBE COOTBETCTBYET MHACKCY MpPU3HAKA B JIAHHBIX.
Crout 00paTuTh BHUMaHWE, YTO JIaHHBIE MOTYT COJEPKAaTh MPOITYCKH.
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Pandas BeIrpy’kaer Takue 3HaueHUs Kak nan (not a number). Jlns Toro
YTOOBI MPOBEPUTH, SIBISECTCS JIM YKCIO han'oM, MOXKHO BOCIIOJIb30BaThCS
dbyHKIIMEH numpy isnan.

[lepeiinem k pemenuto 3amaud. IlepBoe, 4TO HaM HEOOXOJAMMO
cenaTh, — BHUMATEIbHO TOCMOTPETh Ha JIaHHBIE Mepe]l 3arpy3koil. Panee
MBI YK€ MPENOI0XKWIN, YTO CPEIM HUX MOTYT OBITh MPOMYCKU, U OMpe-
JETUIUCh C METOJIOM PEIIEHUS 3TOW MPoOJIeMbl, HO NP U3YyUYEeHUH UHPOP-
MallMM MbI JOJDKHBI YBHJIETh €III€ OJHY: IMPU3HAK SeX MMEET CTPOKOBBHIE
3HA4YE€HUs, TOTJa KaK BCE OCTallbHble — 4uMclioBble. CreqoBaTelbHO, HAM
HEOOXO/IMMO TIPUBECTH M €ro K 4YuCIoBOMYy Buay. Hampumep, 3ameHuM
male Ha 0, ocTaibHOE — Ha 1.

Jlns atoro ompenenuM (GyHKIUMIO, KOTOPYIO IMPUMEHHM K HallemMy
MaccuBy JaHHbIX. B Python ¢yHkumn HaumHaroTCs C KIHOYEBOrO CIIOBA
def, u ux omepatopsl (Ten0 (PyHKIMU) 00S3aTEIBHO HUMEIOT OTCTYIl OT
Hayana cTpoku. [IpumeHneHne GyHKIMU K OOBEKTY BBITIOJIHSAETCS Ormepa-
topom apply. Kon pyHkumm npeacrasieH B TucTuHTe 23.

Jluctuur 23

def Sex_to_bool(sex):
if sex == "male":
return O
return 1

ANTOPUTM pelIeHus 3aa4i OyJET CIeIYIOIINM:

1. 3arpy3uth BeIOOpPKY U3 (hailia titanic.CSV C MOMOIIBIO MaKeTa
Pandas.

2. OcraBuTh B BBIOOpPKE YETHIpE NpPHU3HAKA: KJIACC Maccaxupa
(Pclass), neny ounera (Fare), Bo3pact naccaxupa (Age) u ero
non (Sex). [IpuBectn moa K 4YMCIOBOMY BHUAY U yOpaTh u3
BBIOOPKH ITyCThIE 3HAYEHUS.

3. BeigenuTs 1e1€eByl0 NMepeMeHHyo (OHa 3amucaHa B CTOJIONE
Survived).
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4. OOGyuuTh pemaroniee JepeBo ¢ napamerpoM random state=241
M OCTaJbHBIMH MapaMeTpaMH MO YMOJYaHUIO (pedb UIET
o mapameTrpax KoHcTpykTopa DecisionTreeClassifier).
5. BrIBeCTH Ba)XHOCTH ITPU3HAKOB.
Kon pemenus 3amaum (¢ KOMMEHTapusMH) — B JIMCTUHTE 24.
PesynbTaT paboThl — HA pUCyHKE 56.

Pclass Fare Loge  Sex
Passengerld

Eﬁ 1 3 7.2500 22.0 0

- 2 1 71.2833 38.0 1

E| 3 3 7.9250 248.0 1

:Eq 4 1 53.1000 35.0 1

= 9 3 g.0500 35.0 0
[ [ 0.14751816 0.2%53584658 0.25658495 0.30051221]

PucyHok 56. BaxkHOCTU NpU3HaKoB

Jiuctuur 24

-*- coding: utf-8 -*-

import pandas

from sklearn.tree import DecisionTreeClassifier
import numpy as np

data = pandas.read_csv('titanic.csv', index_col='"Passengerld’)
#YHKUMA ANst NpyBEAEHUS nona K vymcny
def Sex_to_bool(sex):

if sex == "male™:

return O

return 1
#npvBegeHue nona K yicny
data['Sex'] = data['Sex'].apply(Sex_to_bool)
#BbIrpy3ka HenycTbIX AaHHbIX
data=data.loc[(np.isnan(data['Pclass'])==False) & (np.isnan(data['Fare'])==False)
&(np.isnan(data['Age'])==False) & (np.isnan(data['Sex'])==False)&
(np.isnan(data['Survived'])==False)]
#0TOOpP HY>XHbIX CTONGLOB
corr = data[['Pclass', 'Fare', 'Age’, 'Sex']]
#pecneyaTtka nepBbIX 5 CTPOK AaHHbIX
print corr.head()
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OKOH4YaHue AncTuHra 24

#onpegeneHune LeneBson NnepeMeHHoOn

y = data['Survived']

#cosgaHue 1 obyvyeHne gepeBa peLleHun

clf = DecisionTreeClassifier(random_state=241)
clf fit(corr, y)

#nonyyeHne n pacnevartka BaXXHOCTEN NPU3HAKOB
importances=clf.feature_importances__

print importances

Taxkum 00pa3oM MBI BHIUM, YTO HamOojee BaXXHBIMHU IpHU3HAKaAMHU
OyyT moJ U 1eHa ounera. O HaKo MO OMMCAHHOMY PEUIEHUIO0 CTOUT CJe-
JaTh OJIHO BakHOe 3aMeuaHue. [Ipu mpeoOpa3zoBaHUM MM0Ja K YHCIOBOMY
BUJIY MBI MCKA3WJIM XapaKTep JaHHBIX: paHee OOBEKTHI CTOJIONA «I10J» HE
MOTJIA OBITh MaTEeMaTHYECKH CPABHHUMBI MEXKIy COOOM, a TMOCie HaIluX
npeoOpa3oBaHUl 3Ta XapaKTEPUCTUKA y HUX MOSBUIACh. DTO MPUBEIIO
K HEOJHO3HAYHOCTH HWTOTOBOTO pelieHus: mpu male=0 maccuB oTBeTa
umeeT Bu: [ 0.14751816 0.29538468 0.25658495 0.30051221], a nipu
female=0 — [ 0.14000522 0.30343647 0.2560461 0.30051221].
KoneuHo, B Halieil CUTyanui M3MeHEHNE HE3HAYUTEILHOE U HE BIUSET HA
UTOTOBBI OTBET, HO B JIPYrOM CHUTyallUM A3TO MOXET OBITh HE TakK.
[TosToMy BaMm mpejaiiaraeTcsi CaMOCTOSITENIBHO IOJIyMaTh, Kak H30€XaTh
MOJI00HOTO UCKAKEHUSA JaHHBIX.

Pab6oTra ¢ iuHeiiHON perpeccueit

Mps1 paccMoTpenu paboTy € pElIaloNIMMU JACPEBBSIMU, TEMEPh XKe
MEPENZIEM K PACCMOTPEHUIO perpeccur. HauHem ¢ JIMHEWHBIX MOJEIEH,
MPUBES B KAYECTBE MPUMEPA PEIICHUE 33/1a4d [TPOTHO3UPOBAHUS YPOBHS
3apIuIaThl MO JAHHBIM BaKaHCHUH.

JIuneiiHble METO/AbI XOPOIIIO MOJAXOST /I pabOThI C pa3peKEHHBIMU
naHHbIMU. K TakOBBIM OTHOCSITCS, HAPUMEpP, TEKCTBI. DTO MOXHO O0BsiC-
HUTH BBICOKOW CKOPOCTBHIO OOyYeHMsI M HEOOJBIIUM KOJUYECTBOM TMapa-
METPOB, Oarojiaps yemy yJaercs u30exarb nepeoOyyeHus.
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JIuHenHas perpeccusi UMEET HECKOJIBKO Pa3HOBUIHOCTEW B 3aBUCH-
MOCTH OT TOTO, KaKOW PEryJsipu3aTop UCHOab3yeTca. B pamkax npensara-
eMOi1 3aJ1a4i MbI OyJIeM KCIOIb30BaTh TPEOHEBYIO PErPECCHIO, T/I€ MPUMeE-
HSIETCA KBaJpaTU4HbIN, Wi L2-perynspuzatop. I1a MOJENb peaanu3oBaHa
B kiacce sklearn.linear model.Ridge. bonee moapobHO 0 peanuzanuu
rpeOHEBOM PErpeccur MOXKHO MOYUTATh 37ech: [40].

Ucxonubie nanubie oobemom 60 000 3amuceit xpaHsarcs B (aiine
«salary train.csv», TecToBble JaHHbIe (2 3amucu) XpaHsATcs B (daitie
«salary test mini.csv» (ckadyaTb X MOXHO otctoga: [41]). Ob6a ¢aiina
HMMEIOT BUJI, IPEACTABICHHBIA HA PUCYHKE S7.

B nannom ciydae ctonbusl A-C OyayT coiep:kaTth 3HaY€HUS BXO/I-
HBIX [IPU3HAKOB, a TIOCIETHUN CTOJIOCI — IIEJIEBOM MepEeMEHHOM.

I A | B | & | D |
1 |FullDescription |LocationNormalized |ContractTime |SalaryMormalized |
2 |International Sales Manager London ****k ****k Uncapped Commission Digital Marketing/| London |permanent | 33000
3 |An ideal opportunity for an individual that has gained experience in the field of M A to furth London permanent | 50000
_4 |Online Content and Brand Manager// Luxury Retail // Up to ****k Instincteh™s Central Lond South EastLondon  |permanent | 40000
5 |Agreatlocal marketleader is seeking a permanent Payroll and Purchase Ledger Assistant to | Dereham permanent | 22500
6 |Registered Nurse / RGN Nursing Home for Young Adults Location; Sutton Coldfield Part Time Sutton Coldfield | | 20355/
7 |sales and Marketing Assistant will provide a dministrative support to the staff of the Sales/si Crawley | | 22500
8 |Vacancy Ladieswear fashion Area Manager / Regional Manager Morthern Ireland where will UK |permanent | 32000
9 |Reference: LR/JAN/**** Qur client is one of the largest Multi Disciplinary Engineering Consu Bristol permanent | 30000
10 |Sponsorship Manager London The Company A market leading event and conference busines Central London |permanent | 31500
11 |About Barclays Barclays moves, lends, invests and protects money for customers and clients South EastLondon  permanent | 42439
12 |Counter Sales Person c****k dependent on experience Banchory Temporary MADE TO MEAS Banchory |contract | 16000
13 |Central London Competitive Salary Bonus & Benefits Summary Aegis Media Limited {AML) i Gipsy Hill permanent | 47500
14 |We are recruiting for a dynamic organisation based near pontefract in Wakefield. They requi Wakefield |permanent | 20000
15 |Composite Design Engineer required for a permanent role for Oxfordshire. Need relevant di Abingdon permanent | 34000
16 |Working managing a team to maintain the Home by cleaning, dusting, vacuuming and polish Northampton | | 15360
17 |HCL Nursing are actively recruiting skilled re gistered general nurses to work in various hospi Bradford permanent | 39811
18 |HGV / Commercial vehicle Customer service advisor My client based in North London is curr Northamptonshire | contract | 23000
19 |Break into Banking .NET Developer (C/Agile/WinForms/WebForms/SQL)********K This is at London permanent | 47500
20 |Registered Nurse (RGN) is required to work within the elderly nursing home environment. T Tiverton | | 24500
21 |Can you drive effective analytical solutions for the European Corporate compensation and b Uxbridge | | 32000
22 |nbsp; My client is an small, but high profile international charity who are looking to looking i London |permanent | 45000
23 |Specialist Clinical Negligence Practice based in Manchester City Centre has a new opportuni’ Lancashire permanent | 20000
24 |Job description: %Y Answer contacts promptly and professionally 8By Log/Validate all cont: UK |permanent | 21000
25 |[YEAR **** TEACHER ROLE Servoca Education is currently looking for a Year **** class teacher Surrey |contract | 34800

PucyHok 57. UcxoaHble AaHHble

Kak M0>XHO 3aMeTUTbh, IEPBBIN CTOJOEI COJIEPKUT OOBEMHBIN TEKCT,
KOTOPBI HeoOxoaumo mpeaoOpadoTaTh Mg  3arpy3kd B MOJENb.
Hampumep, wuszBneus TF-IDF-npu3Haku, BOCIOJIB30BaBIIMCH KJIACCOM
sklearn.feature extraction.text.TfidfVectorizer, koTopbeiii mnpeoOpasyer
MAacCUB TEKCTa B wMarpully, conepxawmyr TF-IDF-npusnaku. boiee
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oJIpOOHO 00 ATOM KjIacce MOXKHO IMOYUTaTh 37ech: [42]. Mcnonb3oBaHue
€ro ISl peniaeMoi 3aauu TIOKa3aH B JINCTHHTE 25.

Jluctuur 25

vectorizer = TfidfVectorizer(min_df=10)

train_text_feature_matrix = vectorizer.fit_transform(data_train['FullDescription'])
idf = vectorizer.idf _

print dict(zip(vectorizer.get_feature_names(), idf))

B nannom cnyuae mone idf kmacca TfidfVectorizer copepxxut
BEKTOP C r100aJbHBIMU BECOBBIMH KO3 dunmentamu. CTpoka kojaa print
dict(zip(vectorizer.get feature names(), idf)) BbIBe/leT B KOHCOJIb MacCUB
JAHHBIX BUJIA: {u'pre": 5.6339293213815242, u'paperless":
9.0576775285655771, u'peoplewithchemistry':  9.6042212349336467,
u'rfps': 9.1117447498358519, u'yellow': 8.957594070008593...}.

Tenepp, UTO Kacaercsi  OCTaBIIMXCS  CTOJOIOB-NPU3HAKOB:
LocationNormalized u ContractTime sIBASIOTCS CTPOKOBBIMH, U TTOATOMY
C HMUMH Helb3sl paboTtaTh Hampsamyto. [IpumenuMm k HuUM one-hot-xoau-
poBanue. J[na paccmarpuBaemMoro Hamu si3bika Python oHO peanuzoBanHo
B kiacce sklearn.feature extraction.DictVectorizer, koTopslii mpeoOpa3yeT
CIIUCKH COTIOCTABJICHHBIX Map MPU3HAK-3HAYEHUE B MACCUBBI, C KOTOPHIMU
MOXXeT paboTaTh Numpy, WM B pa3pekeHHbIE MaTpHUIIbI (ScCipy.sparse-
matrices) JJIsI HMCIOJIB30BaHUS C KJIaCCaMHU-«U3MEPUTEIISIMH KadyeCTBay
scikit-learn (scikit-learnestimators). Kornma 3HadueHuss mpu3HAKOB CTpPO-
KOBBbI€, 3TOT TpaHC(hOPMEpP BBHINIOJIHSIET OMHApHOE one-hot-KoJaupoBaHUE:
JUISL KaKJIOTO M3 BO3MOXKHBIX CTPOKOBBIX 3HAYEHUM MPU3HAKA CTPOUTCS
NPU3HAK C JIOTMYECKMM 3HAY€HHWEM, TOBOPSIIUN, MPUHUMAET JTaHHBIA
MpU3HAK YKa3aHHOE CTPOKOBOE 3HAY€HHWE Wi HeT. Hampumep, mycTth Ha
BXOJIE€ €CTh MPHU3HAK «C», KOTOPHIA MOKET NMPUHUMATh 3HAUYCHUS «KOT»
u «gor». Ha Beixome OyaeT nBa MpU3HAaKa: OJUH — «C = KOT», APYrol —
«c = nory. [IpuzHaku, KOTOpbIe HE MIPEJCTABIICHBI B 00yUarolel BEIOOPKE,
OyJlyT UMETh HYJIEBOE 3HAUEHUE B PE3YIHTUPYIOIIECH MaTPUILIEC WA PE3YJib-
TUPYIOIIIEM MACCHUBE.
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[Toxpobuee o DictVectorizer MoxHO nipounTaTh 31ech: [43]. [Ipumep
WCITOJIb30BAaHMSI 3TOTO Kjlacca JJis YKa3aHHBIX JTaHHBIX TPHUBEIACH B JIHC-
TUHTE 26.

JIuctuHr 26

-*- coding: utf-8 -*-
from sklearn.feature_extraction import DictVectorizer
enc = DictVectorizer()
train_dic = data_train[['LocationNormalized', 'ContractTime'].to_dict('records’)
test_dic = data_test[['LocationNormalized', 'ContractTime']].to_dict('records')
X_train_categ = enc.fit_transform(train_dic)
X_test_categ = enc.transform(test_dic)

[Ipu sToM cumTaercs, uTo B data train 3arpy>keHbl JIaHHbIE OOy4a-
fo1el BEIOOpKH, a B data test — maHHbIe, HA KOTOPBIX OyAET MPOBEPATHCS
paboTa Mojeu.

B pesynbpTare paboThl koaa u3 auctuHra 26 train dic (Takxke Kak
u test dic) Oyxmer coxmepx aTh MHOXECTBO 3alMCE, TaKUX Kak:
{['LocationNormalized": 'UK, 'ContractTime": 'permanent'],
['LocationNormalized: =~ 'Bradford’,  'ContractTime':  'permanent']}.
X train_categ OyzaeT coaepKarh 1aHHbIE, IPEICTABICHHBIE HA PUCYHKE 58.

e
iun B, TextRegress

e {a, 2) 1.0
. {0, 957) 1.0
Ll 1, 2) 1.0
= @ 91 1.0
= [""51| 2, 2) 1.0
= | (2, 1392} 1.0
B {3, 2) 1.0

. (3; &1y 1.0

’ AL S -

PucyHoK 58. MNpeo6pasoBaHHble AaHHble

HuTeprnpeTnpoBaTh UX MOXKHO CleIyronum oopa3zom. X _train_categ —
3TO TIO0 CYyTH MaTpHIla, HO TOJBKO HE B KiaccudyeckoMm (opmate. Ecnu
TOYHee, TO X_train_categ — 3TO pa3peKeHHasl MaTpuIla, KOTOpasi B COKpa-
IIEHHOM BHJI€ OMMCHIBAET HEKYIO MOJIHYI0 MaTpully (HazoBeM ee X Full).
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B X train_categ ykazano, B kakux no3uuusx X Full croar eqununel. Tak
(0, 2) 1.0 — o3Hauaer, 4YTO B HYJIEBOW CTPOKE M BTOPOM CTOJIOLIE CTOUT
equHuiia. Bo Bcex ocranpbHBIX siueiikax matpuilkl X Full, koTopeie He
o6o3HaueHbl B X _train_categ, ctosaT Hyhu. X Full — 3To Matpuiia paszmepa
M Ha N, rne M — 4HCIO CTPOK, KOTOPOE OMNPEACISETCA KOJIUYECTBOM
OOBEKTOB B BBIOOpKE, a N — YHCIO YHHUKaJIbHBIX CJIIOB B CTOJOIAX
['LocationNormalized', 'ContractTime'] ncxomHo# TaGIUIIbL.

Teneps BepHEMCS K MpenoOpaboTKe JaHHBIX. Tak Kak B CTPOKOBBIX
JAHHBIX €CTh MPOIYCKH, TO HaM MOTpeOyeTCsl 3aMEHATh UX Ha CIeIralb-
HBbIE CTPOKOBBIC BEIMYUHBI (HampuMmep, nan'). J[jigs 3T0ro MOXHO UCIOb-
30BaTh KOJI U3 JIUCTUHTA 27.

Jluctuur 27

data_train['LocationNormalized'].fillna('nan’, inplace=True)

C yd4eToM H3JIOKEHHOTO BBIIIE, aJTOPUTM PEIICHUS MOCTABICHHOU
3aJ1ayu OyJIeT CIeAYIOIINM:
1. 3arpy3uth gaHHBIE 00 OMMCAHUSIX BAKAHCHN M COOTBETCTBYIOITUX TOJ0-

BBIX 3apIuiaTax u3 ¢aiina salary-train.csv.

2. IlpoBectu ero mpeaoOpadoOTKYy:

2.1. [IpuBecTH TEKCTHI K HIXKHEMY peructpy (text.lower()).

2.2. 3aMeHUTh Bce, KpoMe OYKB U 1Udp, Ha TpoOesbl AJisi 00JIer-
YEHUS NAIBHEUIIEro pas3feieHue TeKcTa Ha cioBa. s Takou
3aMEHBI B CTPOKE teXt MOJAXOUT CIIeayIomni BbI30B: re.sub('[*a-zA-
70-9], "', text). Takyke MOXHO BOCIIOJIb30BAaThCS METOJOM replace
y DataFrame, uyTo0b1 cpa3y nmpeoOpa3oBaTh BCE€ TEKCTHI, HAPUMED,
tak: train['FullDescription'] = train['FullDescription'].replace('["a-
zA-70-9]'", "', regex = True)

2.3. [Mpumenuts TfidfVectorizer nns npeoOpa3oBaHHsl TEKCTOB
B BEKTOpHI NMpr3HAKOB. OCTaBUTH TOJIBKO T€ CJIOBA, KOTOPHIE BCTpPE-
yaroTcsl XoTs Obl B 5 o0bekTax. /s 3TOro ucnoiap30BaTh mapaMmerp
min_df'y TfidfVectorizer.
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2.4, 3amenuth Tponycku B croiomax LocationNormalized
u ContractTime Ha crienanbHyt0 CTPOKY 'nan' (MUCTUHT 27).

2.5. [Ipumenuts DictVectorizer nnsi mosmydyeHusi one-hot-xoaupo-
BaHMs npu3HakoB LocationNormalized u ContractTime.

2.6. OO0BbeMHUTH BCE TMOJIYYEHHbIC MPU3HAKK B OJHY MAaTPHUILY
«OOBEKTHI-MIPUZHAKNY.

OQopaTuTe BHUMAHHUE!

o Mampuywi 015 meKcmos8 u Kame2opuaibHblX NPU3HAKO SGJISIIOMCS
paspedicennvimu. /[ 00beOuHeHUs: ux cmoidyo8 HYHCHO

80CNOIL3068aMbCA YHKYUeEU Scipy.sparse.hstack.

2.7. OOyunTh TpebOHEBYIO perpeccuto ¢ mnapamerpamu alpha=1
u random_state=241, momHs, 4TO IieeBas MEepeMEHHas 3amucaHa
B crosbue SalaryNormalized. O0yueHnue mpou3BOIUTCA BBI30BOM
Mmertona fit.
3. IlocTpouts MporHo3 Jjisl IByX nNpuMepoB U3 (aitna salary-test-mini.csv.
[IporHo3 crpoutcs MetoioM predict.
Kon pemenuss 3amaum (¢ KOMMEHTapusMH) — B JUCTHHTe 28.

Pe3ynbTaT pabOThl — JIBa MPOTHO3HBIX YUCA JJI JBYX 3alUCEN U3 TECTO-
BOM BbIOOpKH: [ 56876.4573163 37557.00551031].

Jluctuur 28

-*- coding: utf-8 -*-
import pandas
from sklearn.feature_extraction import DictVectorizer
from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.linear_model import Ridge
from scipy.sparse import hstack

#3arpyska gaHHbIX
data_train = pandas.read_csv('salary-train.csv')
data_test = pandas.read_csv('salary-test-mini.csv')

# MNpuBeaeHne TeKCTa K HUXKHEMY PErnCTpy
data_train['FullDescription'] = data_train.FullDescription.str.lower()
data_test['FullDescription'] = data_test.FullDescription.str.lower()
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OKOH4YaHue NINCTUHra 28

# YaaneHne HeHyXXHbIX CUMBOJSIOB

data_train['FullDescription'] = data_train['FullDescription'].replace('[*a-zA-Z0-9]', ' ',
regex=True)

data_test['FullDescription'] = data_test['FullDescription'].replace('[*a-zA-Z0-9]', ' ',
regex=True)

# NpeobpasoBaHne TeKCTa B BEKTOP Npu3HakoB, ncnonb3ys TdifVectorizer ns sklearn
vectorizer = TfidfVectorizer(min_df=10)

train_text_feature_matrix = vectorizer.fit_transform(data_train['FullDescription'])
test_text feature_matrix = vectorizer.transform(data_test['FullDescription')

# 3anonHeHne NycTbIX s4yeek

data_train['LocationNormalized'].fillna('nan’, inplace=True)
data_train['ContractTime'].fillna('nan’, inplace=True)
data_test['LocationNormalized'].fillna('nan’, inplace=True)
data_test['ContractTime'].fillna('nan’, inplace=True)

# MNpeobpasoBaHue KaTeropmanbHbIX MPU3HAKOB B YMCMNOBbIE

enc = DictVectorizer()

train_dic = data_train[['LocationNormalized', 'ContractTime']].to_dict('records’)
test_dic = data_test[['LocationNormalized', 'ContractTime']].to_dict('records')
X_train_categ = enc.fit_transform(train_dic)

X_test_categ = enc.transform(test_dic)

# 30ecb No ropnsoHTann obbeanHAETCA paspexeHHas MaTpuua ¢ Npu3HakuMmm TekcTta (13
#cTtonbua FullDescription) n matpuua ¢ 3akoanpoBaHHbLIMU KaTeropusimm (M3 ctonéuos
#Location Normalized n Contract Time)

x_train = hstack((train_text_feature_matrix, X _train_categ))

y_train = data_train['SalaryNormalized'].values

x_test = hstack((test_text_feature matrix, X_test categ))

#CosnaHne n obyyeHne perpeccum

ridge_regression = Ridge(alpha=1, random_state=241)
ridge_regression.fit(x_train, y_train)

#Mony4eHne n pacnevatka NPOrHO3HbIX 3HAYEHUI

y_test = ridge_regression.predict(x_test)

printy_ test

CoxpaHeHue 1 3arpy3ka 00y4eHHO MoaeIn

Kaxk BBI MOTJIM 3aMETHTB, paboTa MPOTrpaMMBbl UIET TOBOJBHO JOJITO.
Bomnbinyro 9acTh 3TOr0 BpEeMEHU 3aHMMAET MPOIecC OO0YUYEHHUS, MOITOMY
npu paboTe ¢ OOyYEHHOM MOJIENIbI0 HMCHOJIB3YIOT MPAKTUKY COXPaHCHUS
U 3arpy3km ee¢ mnapameTpoB B\u3 (aiin(a). PaccMoTpum criemyrommii
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npumep. [lycTb y Hac ecTh HEKOTOPBIN MacCHUB JaHHBIX O JIBYX (pakTopax
U 3aBUCUMOM IEpEeMEHHOM, coxpaHeHHble B (aiine «data-logistic.csvy»
(ckauaTth MOXKHO oTcrojia: [41]). Beimoauum ciemayroiiee: 00y4uM Ha 3THX
JAHHBIX MOJIeNb JIUHEHHON perpeccuu, COXpaHuM ee B (aili, co3aaaum
elle OJHY HOBYIO MOJIEIb JIMNHEHHON perpeccun, o0Oy4yuM €€ Ha 4acTH JIaH-
HBIX, 3aT€M 3arpy3uM paHee OOy4YeHHYI0 Mojenb u3 ¢ailia U CpaBHUM
pe3yibTaThl Mpeackazanus odenx mopeneid. CoxpaHeHHE U 3arpy3Ky MbI
OyJieM BBITIOIHATH C TTOMOIILI0 MOAYJIS pickle, n 71 yn1oO6CcTBa BhIHECEM
KOJl 3arpy3ku M coxpaHeHusi B otnaenbHbie (pyHkuun LoadFromObject
u SaveToObject. Pemenne 3agaun nokazaHo B JUCTUHTE 29, a ee pe3yiib-
TaT — Ha pUCyHKE 59.

Jluctuur 29

# -*- coding: utf-8 -*-

import pandas

import pandas.core.series as Series

import numpy as np

from scipy.sparse import hstack

from sklearn.metrics import roc_auc_score
from sklearn.metrics import accuracy_score
import sys

import matplotlib.pyplotasplt

from sklearn import linear_model

import pickle

#Onpepensiem yHKUMIO COXpaHEHUS
def SaveToObject(obj, filename):
with open(filename, 'wb') as output:
pickle.dump(obj, output)

#Onpegnensaem yHKUMIO 3arpysku
def LoadFromObiject(filename):
f = open(filename, 'rb")
loaded_obj = pickle.load(f)
f.close()
return loaded_obj
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OKOH4YaHue NNCTUHra 29

# 3arpyxaem gaHHble

data_train = pandas.read_csv('data-logistic.csv')

X = data_train.ix[:,1:3].values

y = (data_train.ix[:,0].values + 1)/2

#ONa ny4yewro NOHUMaHWA NpeacTaBneHnst JaHHbIX pacnevaTtanTe popMbl MacCUBOB:
print X.shape

print y.shape

# CospgaHne, o6yyeHne Mogenu 1 nornyyYeHne ee NporHo3a
regression = linear_model.LogisticRegression()

regression.fit(X, y)

ans = regression.predict(X)

# OueHKa Ka4yecTBa co3gaHHOW Moadenu

metric = roc_auc_score(y, ans)

print "AUC Trained: ", metric.real

#CoxpaHeHune n 3arpyska mogenu B ann ¢ umeHem model
SaveToObject(regression, "model")

loaded_model = LoadFromObject("model")

#CosnaHne, o6y4yeHne HOBOWM MoAeNN, NOfyvYeHne ee NPorHo3a M OLEeHKa KavyecTBa
not_fitted = linear_model.LogisticRegression()
not_fitted.fit(X[0:2,:], y[0:2])

ans = not_fitted.predict(X)

metric = roc_auc_score(y, ans)

print "AUC not Trained: ", metric.real

#nony4yeHne NPOrHo3a 1 OLLEHKM KayecTBa 3arpy>KeHHON moaenu
ans = loaded_model.predict(X)

metric = roc_auc_score(y, ans)

print "AUCLoaded: ", metric.real

Logistic_regression_save_load {1)

CiMvProgramDatahAnaconda?\python. exe
AUC Trained: 0.878623376823
AUC not Trained: 0.779220779221

=8 RUC Loaded: 0.376623376623

|-il'i"‘| Process f£inished with exit code 0
=)

PucyHoK 59. Pe3ynbTat paboTtbl Koaa M3 INCTUHra 29
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Kak BuaHo w3 pucynka 59, mojenb, oOydeHHas Ha 4aCTU JaHHBIX,
nana 0ojee MIoXoM pe3ynbTaT, TOTJa KaK KauyeCTBO 3arpyKE€HHOW MOJEIN
HE M3MEHWJIOCh. TO €CTh MOYKHO FOBOPUTH O TOM, YTO COXPAaHEHUE U 3ar-
py3Ka MPOILUIA KOPPEKTHO.

Pa6ora c joructuueckoi perpeccueii

MBI paccMOTpenu NPUMEHEHUE PErpecCur I PEUICHUs 3aJ1add
npejcKa3aHusi, TENepb NepeiseM K 3ajade Kiaccupukaluu U IOo3Ha-
KOMHMMCS C €I1I€ OAHON MOJIEINIbI0 — JIOTUCTUYECKON perpeccueil. 1o oauH
U3 BUJOB JMHEHHBIX KiaccudukaTopoB. Ee 0COOEHHOCTH 3akitouaercs
B TOM, YTO PE3yJIbTATOM SBJISIETCA BEPOSTHOCTh IPUHAJJICAKHOCTH 00BEKTA
K Kiaccy N, Tor/a Kak OOJIbIIMHCTBO JIMHEWHBIX KIACCU(PUKATOPOB MOTYT
BBIJIABATh TOJIBKO HOMEpPA KIJIACCOB.

Jloructuyeckass perpeccusi HCHOJb3YET JIOCTATOYHO CIIOKHYIO
(GYHKIUIO 111 OLEHKH Ka4yecTBa, KOTOpas HE JIOMYCKAET 3alKCu PEIIeHUs
B SIBHOM BHJI€ (B OTJIMUKE OT, HANpUMeEp, JIMHEHHON perpeccun). Tem He
MEHEE JIOTUCTHYECKYIO PETPECCHI0 MOYKHO HAaCTpamBaTh C MOMOIIBIO
IPAIMEHTHOTO CITYCKa.

st mpuMepa Mbl BBITIOJIHUAM CIIEAYIOLIEE: CTEHEPUPYEM HEKOTOPYIO
CIIy4ailHYI0 BBIOOPKY U KaXXJOMY €€ JIEMEHTY MOCTAaBHUM B COOTBETCTBHE
yucio 0 unu 1, kotopoe OyaeT 0003HAYaTh MPUHAIIEKHOCTh K TIEPBOMY
WM BTOPOMY KJIacCy. 3aTeM 00y4YrM JIOTUCTHYECKYIO MOJIIIb Ha 3TUX JaH-
HBIX U JIMHEHHYI0 Mojenb. [locie — mocTpoum rpaduk U cpaBHUM pe3yJib-
Tatbl. JIjist reHepanuu ciydaitHoi BeIOOpKH u3 100 351eMEHTOB UCTIONIB3yeM
cieayromui koa u3 auctunra 30.

Jluctuur 30

import numpy as np

n_samples = 100

np.random.seed(0)

X = np.random.normal(size=n_samples)
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Oo0paTute BHUMaHue!

o B oanvuetiwux nucmuneax onepamopst umnopma 6ubdauomex 6y0ym
NOAGNAMbCS  MOJILKO NPU  NEPEOM  8bl306€  UMNOPMUDYEMBIX
JIEMEHMO8, MAK KAK Npeononazaemcs, 4mo 6ce npeocmaegieHHbvle
HUdICe JaUCmMuHeU @GopmMupyrom eOuHvllli KOO, KOMOpbvll 6aM
npeonazaemcs coopams 8 eOuHbvlU hatii CamoCmosmelbHo.

st popMupoBaHUsS MHOKECTBA OTKJIMKOB Y OINpeneianuM (yHKIIHUIO,
peanm3yronryto npaBwio: Y=1 misg Bcex X>0 m Y=0 — B OCTaJbHBIX
cinyvasx. Kox pyHKkmm MoxHO yBUAETh B JIUCTUHTE 3 1.

JNuctuur 31

Y = (X > 0).astype(np.float)

Crnenyromum maroMm Ham He0O0XOJIMMO BBITIOJHUTH MPeoOpa3oBaHus
HaIlleTO OJTHOMEPHOTO MaccuBa X: BO-IIEPBHIX, I00aBUTh HEOOJIBIIION pa30-
pOC U cMelieHHue, 4ToObl U30aBUTHCS OT MPSAMON (PYHKIIMOHAIBHOM 3aBH-
cuMOCTU. Bo-BTOpBIX, HY)KHO TMpeoOpa3oBaTh €ro B JBYMEPHBIM MacCHB.
[Tocnennee BoIMOTHSACTCS ISl QYHKIIMHM OOYYIECHHS PETPECCUU: Ha BXOJ] OHA
TpeOyeT naaHHble B (Qopmare AByMepHOro wmaccupa. lIpeoOpazoBanue
BBITIOJTHSAETCS KOJIOM, TTPEICTABIICHHBIM JIUCTUHTE 32.

Jluctuur 32

X[X>0]*=4
X += .3 * np.random.normal(size=n_samples)
X = X[:, np.newaxis]

Tenepp MBI MOXXEM OOBSBUTH M OOYUYUTh MOJICNIA PETPECCHH, Kak
MOKa3aHO B JINCTUHTE 33.

JNluctuur 33

from sklearn import linear_model

log_reg = linear_model.LogisticRegression()
log_reg.fit(X, Y)

lin_reg = linear_model.LinearRegression()
lin_reg.fit(X, Y)
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ITonpoOHee o peanu3alnvy JOTHCTHYECKOM MOJIEIM MOXKHO ITPOYH-
TaTh 371€Ch: [44], a nuHEWHOM — 34eCh: [45].

Crnenyromum I1aroMm HaM HEO0OXOJIHMMO CTeHEpUpPOBaTh TECTOBBIC
JaHHBIC W BBIMOJHUTH mMpejackazanue. [locrmemnee OyAeT BBITIOTHSATHCS
MetoioM predict. OH Bo3BpaiaeT OuHapHbie MmeTku kiaccoB (0,1). Kpome
ATOTO CylIecTByeT enie Metoj predict proba (st TOTUCTUYECKOU perpec-
cur). OH BO3BpaIllaeT BEPOSTHOCTh MPUHAICKHOCTH OOBEKTA K KJIacCy
0 wm 1 coorBeTcTBeHHO. IlOCKONBKY Yy HAc JBa Kjacca, TO B Pe3yjIbTaTe
predict proba momyuaercs AByMEpHBIM MacCHB (OJUH CTOJOEL OTpa)kaeT
MPUHAIIEKHOCTD K Kitaccy 0, a qpyro# k kiaccy 1). Jliist oToOpaxeHust Mbl
BBIOEpEM JIUIITH TIEPBBIM CTOJIOEII.

OQopaTuTe BHUMAHHUE!

o Cymma snemenmos maccugos (cmoabyos, 6eKmopos) ¢ O0OHUM
UHOEKCOM PABHA eOUHUYe NO NPABUTLY NOJIHOU BEPOSMHOCTIU.

Kon reHepanuu TeCTOBBIX JAaHHBIX U BBI30BBI METOJIOB IPOTHO3a
MPEJICTABIICH B JIUCTUHTE 34.

JNluctuur 34

X_test = np.linspace(start=-5, stop=10, num=300)
X_test = X_test[:, np.newaxis]

y _log_label = log_reg.predict(X_test)

y_lin = lin_reg.predict(X_test)

y_log_probabilty = log_reg.predict_proba(X_test)[:,1]

Crnenyromum narom HaM HeoO0X0JJMMO BBIBECTH rpaduk Jjisi 0TOOpa-
*eHust pe3ynbTaToB. Co3daBaTh MOJOTHO IS pPUCOBaHUS TpadUKOB
u otoOpaxxaTh UX MbI OyjeM c momolblo Oubnamoreku Matplotlib, kak
MOKa3aHo B JIUCTUHTE 35.

Jluctuur 35

-*- coding: utf-8 -*-
import matplotlib.pyplot as plt
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OKOH4YaHue nnctuHra 35

# pucyem ncxogHble TOYKU

plt.figure(1, figsize=(4, 3))

plt.scatter(X.ravel(), y, color='black’, zorder=20)

# pucyem rpadumk METOK JTOTMCTUYECKOWN perpeccum

plt.plot(X_test, y log label, color="red', linewidth=3)

# pucyem rpadumk NMHENHON perpeccun

plt.plot(X_test, y_lin, linewidth=1)

# nobaBnsem NUHUIO YPOBHS, MO KOTOPOMY TOYKM ByayT OTHOCUTCA K 1 unum 2 knaccy
plt.axhline(.5, color='green")

# pucyem NormcTUYECKyro KpMBYHO Anst BEPOSATHOCTEN NPUHAOEXHOCTN OO BEKTOB K
#knaccam

plt.plot(X_test, y_log_probabilty, color='blue’, linewidth=3)

# HacTpamBaeM OCu 1 BbIBOAMM rpadmk

plt.ylabel('y")

plt.xlabel("X")

plt.xticks(range(-5, 10))

plt.yticks([0, 0.5, 1])

plt.ylim(-.25, 1.25)

plt.xlim(-4, 10)

plt.legend(('LabelLogisticRegressionModel', 'LinearRegressionModel’,
'ProbabiltyLogRegression’'), loc="lowerright", fontsize="small')
plt.show()

B pesynbrare nociie BHINOIHEHUS KOAa MOSIBUTCS TpaduK, Kak MoKa-
3aHO Ha pucyHke 60.

A Figre — - m————w e wp— m—— o — e | ) iy
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o Label Loyt Regression Model
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X

PucyHoK 60. NpaduKku perpeccmii
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JIst mydiiero mOHUMaHHsI BaM PEKOMEH]IYETCsI BOCIIPOU3BECTH KOJI
U TOCMOTpPETh Ha rpaduk, KOTOPHIM Bam BhIBeJAeT mporpamma. Ha Hem
JOJKHO OBITh BUAHO, YTO KpacHas KpuBas (pe3ysibTaT JTOTHUCTHUYECKOTO
npeAcKa3aHus \KJIacCU(pUKAIIMK) JIydllle MOpuOIuXKaeT pacnpeaeieHue
TOYeK (JIUIIb HECKOJIbKO TOYeK BbUIeTaeT). KpacHas nuMHHMS MOCTpoeHa
JUIIb TI0 METKaM, MoJiydeHHbIM OT log reg.predict, moaToMy oHa uUmeeT
TAKOW PE3KUM NEPEXon. Takoh «OKPYIJIEHHBIN» PE3YIbTAT JIETKO UCIOJIb-
30BaTh B JaJbHEHIIEM, XOTSd B TaKOM Cllydyae Mbl HE Mojiydaem HHGOP-
MallMio O BEpOsTHOCTAX. JIMHeiHas perpeccust (roiyOast TUHMS) TPUOITH-
KaeT JJAHHbIE HE TaK XOPOIIIO.

BaxxHo moHMMaTh, YTO JIMHEWHAsl perpeccusi OTHECET BCE TOUYKH
(x<1) k xnaccy 0, Tak Kak pe3yabTaT QYHKIIUH JIUHEHHON perpeccuu Oyier
menbie 0.5. A Bce Touku (X>1) OyayT oTHEceHBI K Kjaccy 1, Tak Kak
pe3ysbTar (GYHKIUHU JUHEHHOU perpeccun Oyzaet Oosbie 0.5. st aToro
Ha rpaduke BbIBeAeHa pazaesstomas aunaus Y=0.5. ['panuna pazneneHus
KJIACCOB MO JIOTUCTUYECKOW PErpeccud MPOXOAUT MNPUMEPHO B TOYKE
X=0.25, 4T0 pazmeysieT KJIAcChl ropa3no ToyHee. ToJicTas CUHAS JIMHUS
oTOOpa)kaeT BEPOSTHOCTHYIO JIOTUCTUYECKYH) KPHUBYIO, KOTOpas J1aeT
OomblIe AeTanbHON MHpOpManuu o mpeackazaHuu. [1ockoyibKy pe3yJbTar
NpeACTaBIsieT co00il He OWHapHBIE METKM KJIACCOB, a BEPOSITHOCTD
MPUHAJIJIEAKHOCTU K BEHIOPAaHHOM KJIACCY, TO KpUBas MOJTy4aeTCs IIaJKOM.

JI71s1 TOUHOM OLIEHKH KadyecTBa MOJEJIEH BOCIOIb3yeMCsl (PYHKIIUSIMHU
score W accuracy score B scikit-learn. ITockonbKy JHUHEHHas perpeccus
BbIJIA€T BEIICCTBEHHBIE 3HAYEHUs, a y_test creHepupoBaHa Kak OMHapHBIN
MacCuMB, TO JUIsl OLIEHKM KauecTBa HYXKHO HCIOJIb30BaTh (DYHKIUIO
model.score(), koTopas crmocoOHa YuTaTh U OWHAPHBIC, U BEIIECTBEHHBIC
oTBeThl. JlJi1 TmojcyeTa KauyecTBa JIOTUCTUYECKOW PErpeccur MOKHO
BOCITOJI30BaThCS U3MEPUTEIIEM KauecTBa KiIacCu(UKAILUU accuracy Score.
Ho mepea »TuM HaM HEOOXOAMMO MOJYYUTh PEATbHYIO MPUHAJJIEKHOCTD
JAHHBIX TECTOBOM BBIOOPKHU K kiaccam. CaenaTh 3TO MOXKHO C ITOMOIIBIO
ONpe/ICICHHON HaMu (PYyHKIMU JJI1 00y4aroliell BHIOOPKHU, KaK MOKAa3aHO
B JIUCTUHTE 36.
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Jluctuur 36

y test = (X test > 0).astype(np.float)

Tenepb MOXXHO BBIBECTH 3HAYEHHUs KauecTBa KiacCUpUKAIUU s
obenx Mojelel, Kak moka3aHo B JuctuHre 37. | nmuHeWHOW perpeccuu
OTO BBINOJHAETCS €€ METOJOM SCOre, a JUId JIOTUCTHYECKOW — METOIO0M
accuracy_score u3 sklearn.metrics.

Jluctuur 37

from sklearn.metrics import accuracy_score

# oLueHMBaeM TOYHOCTb peLLeHUN

lin_score = lin_reg.score(X_test, y_test)

print "Linear regression accuracy: ", lin_score
log_score = accuracy_score(y_log_label, y_test)
print "Logistic regression accuracy: ", log_score

B wurore B KOHCONL OYIyT BBIBEIEHBI CIEAYIOIIHUE PE3YJIbTATHI:
Linearregression accuracy=0,52442, Logisticregression accuracy=0,98333.
OHM TTOATBEPKAAIOT, YTO JIOTUCTUYECKASI PErpecChs BBHIMOJTHWIA KIACCH-
dukanuio 60Jiee KAYECTBEHHO.

Penrenne 3a1a4u paH:KMPOBAHHUS MPU3HAKOB

Crnenyromiee, 4To HaM HEOOXOJIUMO PACCMOTPETh, — MPUMEHEHUE
PETPECCUOHHBIX MOJEJEN JJIsl ONPEACIICHUS] BAXXHOCTH MPU3HAKOB. 31€Ch
B KayecTBE IpUMEpa BO3bBMEM PErpecCHOHHYI0 mpobiemy Dpuamana,
KOTJla Ha BXOJ Mojenei nmomaercs 14 GpakTopoB, BBIXOJ PacCUHUTHIBACTCS
no (opMyJie, UCIOIB3YIONIEH TOJBKO TATH (hakTOpOoB, HO (aKTOPHI 1-5,
a Takxke 10-14 B3anmozaBucumbl. Halia 3aj1aya — mocMOTpeTh, Kak pa3Hble
BUJIBI PETPECCUM OIEHAT BAXKHOCTH (DAKTOPOB M KaKOW M3 HUX OyaAeT
UMETh HaWOOJBIIYI0 CPEJHIOI0 3HAYMMOCTh MO BceM MmojaensMm. Jlis
paboOThl MBI BO3bMEM TPHU MOJEIHU: JIMHEHHYIO pErpeccuro, rpeOHEBYIO
U jacco (JuHeMHyto perpeccuto ¢ L1-perynspuzaropom). O peannzanuu
B scikit-learn mociemHel Mo MOXKHO MOPOOHEE TPOUUTATh 3/1eCh: [46].
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IlepBoe, 4TO HaM HEOOXOIUMO CAENaTh JJIA PEIICHUS TOCTABICHHOM
3a/1a4M, — MOJKJIFOYUTh HEOOXOAUMBIE MOYJIH, KaK B TUCTUHTE 38. BTopas
CTpOKa KOJIa U3 JUCTUHTA 38 — UMIIOPT KJiacca, BBIMOJIHSIONIETO MacIITa-
OupoBaHUE JAHHBIX J0 3aJaHHOIO JHUarna3oHa (Hampumep, Tak, YTOObI BCE
3HAYCHHE HaXOAuIuCh B nuamna3one oT 0 g0 1). IlogpobHee o peanuzamuu
KJIacCa MOXHO IpoYMTaTh 37ech: [47]. HeoOXoaumMocTh ero MUCmoiab30Ba-
HUS OOBSCHIETCSA CICIYIOMMM: KaKaash MOJACIb PErpecCHH JaeT OICHKH
BOXHOCTH TIPU3HAKOB B CBOEM juanazoHe. JIjist Toro 4TroObl HANTH MpuU3-
HaK ¢ MaKCUMaJIbHOU CpeIHEH BaKHOCTBIO IO TPEM MOJIEIIsIM, HaM Heo0-
XOJUMO TIPUBECTHU BBIJIAHHBIE MU OIIEHKHU K OJJHOMY BUY, B UEM U [TOMO-
JKE€T HaM yKa3aHHBIN KJacc.

Jluctuur 38

from sklearn.linear_model import LinearRegression, Ridge, Lasso
from sklearn.preprocessing import MinMaxScaler
import numpy as np

ITocne HMIIOpTa HCO6XOI[I/IMBIX KJIACCOB MBI JOJI’KHBI CTCHCPUPOBATDH
HCXOAHBIC JAaHHBIC, KaK ITOKAa3aHO B JIMCTHUHIC 39.

Jluctuur 39

#reHepupyem ucxogHble aaHHble: 750 cTpok-HabnogeHn n 14 ctonbuoB-Npru3HakoB
np.random.seed(0)
size = 750
X = np.random.uniform(0, 1, (size, 14))
#3agaem (pyHKUMIO-BLIXOA: perpeccrMoHHyo npobnemy pugmana
Y = (10 * np.sin(np.pi*X[:,0]*X[:,1]) + 20*(X[:,2] - .5)**2 +
10*X[:,3] + 5*X[:,4]**5 + np.random.normal(0,1))
#[lobasnsiem 3aBMCUMOCTb NPU3HAKOB
X[:,10:] = X[:,:4] + np.random.normal(0, .025, (size,4))

Teneps cozmaem u o0ydaem mojaenu (JIuctuHr 40).

Jluctuur 40

#nvHenHaa moaenb
Ir = LinearRegression()
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OKoH4yaHue nuctuHra 40

Ir.fit(X, Y)

#rpebHeBast Mogenb
ridge = Ridge(alpha=7)
ridge.fit(X, Y)

#Ilacco

lasso = Lasso(alpha=.05)
lasso.fit(X, Y)

HaxkoHen, HaM HY>KHO BBITPY3UTh B €IWHBIM MAacCUB pa3mepa 3X14
(KOIMYeCTBO MOJeNIed M KOJIMYECTBO IMPU3HAKOB) BCE OLIEHKU Mojelel
no npusHakam. HaliTu cpenHue OLIEHKH U BBIBECTH pe3yJbTar B opmare
CIMCKA Map {HOMEp_ MpHU3HaKa — CPeAHssl OLIEHKAa |, OTCOPTUPOBAHHOM IO
yobiBaHMIO. [loMy4uTh OLIEHKM MNpPHU3HAKOB MOXHO depe3 mnojie coef
y Kaxaou u3 Hammx mojeneil. Jns yaoOcTtBa 0TOOpa)keHUs JaHHBIX
MIOMECTUM HX B KOHCTPYKILHUIO BUJA: [MMsS_MOJeNu : [{uMs _IpU3HAKA :
OIICHKAa},{uMs_TMpu3HaKa : oleHka}|]. To ecTb BEpXHUM ypPOBHEM Yy Hac
Oyner crmoBapb, IA€ KIHOYOM Oyaer ums Moaend. B Hem Oyayr
pacronaraTbCsl TPH 3alllCH W3 YEThIpHAALATH nNap kKaxnaas. [Ipumep
COJIEP’KUMOTO CITHCKA MPEJCTABIIEH B TUCTUHTE 41.

Jluctunr 41

{'Lasso": {'x13": 0.0, 'x14": 0.0, 'x10": 0.0, 'x8": 0.0, 'x9": 0.0, 'x11": 0.0, 'x2": 0.72, 'x3": 0.0,
'x12": 0.0, 'x1": 0.69, 'x6": 0.0, 'x7": 0.0, 'x4": 1.0, 'x5": 0.29},

'Ridge": {'’x13": 0.0, 'x14": 0.92, 'x10": 0.01, 'x8": 0.08, 'x9'": 0.0, 'x11": 0.59, 'x2": 0.75, 'x3": 0.06,
'x12': 0.67, 'x1": 0.76, 'x6'": 0.08, 'x7": 0.03, 'x4': 1.0, 'x5": 0.61},

'Linear reg": {'’x13": 0.48, 'x14": 0.12, 'x10": 0.01, 'x8": 0.03, 'x9": 0.0, 'x11": 0.59, 'x2": 0.61, 'x3"
0.51, 'x12": 0.19, 'x1": 1.0, 'x6'": 0.02, 'x7": 0.0, 'x4': 0.69, 'x5": 0.19}}

[leppoe, uyTO HaAM HEOOXOAMMO CJelaTh, YTOOBI pPeaU30BaAThH
OIMCaHHOE, — co3/1aTh cnucok Buaa ['x1', 'x2', 'x3', 'x4', 'x5', 'x6', 'x7', 'x8',
'x9', 'x10', 'x11', 'x12', 'x13', 'x14'], coumepxammuii uMeHa NPU3HAKOB.
BEITOTHUTE DTO MOKHO ¢ MOMOIIBIO KOAa U3 JIUCTUHTA 42.

Jluctuur 42

names = ["x%s" % i for i in range(1,15)]
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3aTeM HaM HE00XOJUMO OOBSBUTH (DYHKIIHIO, KOTOpas Ha BXO/]
Oyzer mosyyaTb C(OOPMUPOBAHHBIN BBIIIE CHUCOK M CIUCOK OIIEHOK IO
npu3HakaM. BeixosioM xe GyHKIUHU A0KEeH ObITh CI0OBaph, COCTABJICHHBIN
U3 MOMAPHO COOTHECEHHBIX AJIEMEHTOB CIHUCKOB (TO €CTh CIOBaph M3 map
UMsI_TPU3HAKA: OIIEHKAa MPHU3HAKA, IJie IEPBOE — KII0Y, a BTOPOE — 3HAUe-
Hue). [Ipudem onleHKr BHYTpU PYHKIIMU JTOJKHBI OBITh IPUBEACHBI K €U~
HOMY Jrana3oHy oT 0 10 1 ¥ OKpYTJIEHBI 10 COTHIX.

B Ttene ¢yHkiuu HaM 1OTpPeOYIOTCS ClEAYIOMIUE OOBEKTHI.
Bo-niepBrix, kimacc MinMaxScaler, o KoTopoM OBLIO CKa3aHO BBHIIIIE.
Bo-BTophiX, pyHKuus abs makera Numpy A nojiydeHus: aOCOMIOTHBIX
3HauYe€HUM oOIleHOK(MOayJsi). B-Tperbux, (QyHKUHUS map, MO3BOJSAIOIIAS
IPUMEHUTD Olepalnio okpyriaeHus (round) Kk KaXI0My JIEMEHTY MaccuBa
mocpeacTBaM omneparopa lambda. B-dyeTBepThIX, HaM TOHAI00ATCS
dbyukiuu rashape u ravel. Ilepas — mist nepehopMUpOBaHUS BXOJIHOTO
MaccuBa TPHU3HAKOB U3 OJIHOM CTPOKM W YETHIPHAILATH CTOJIOIIOB
B YETBIPHAATh CTPOK M OAMH CTOJOEI], BTOpas — Il MpeoOpa3oBaHUs
MOJIY4YEHHOTO JIBYMEPHOTO MacCHBa B OJHOMEPHBIN. B-mAThIX, HaM moTpe-
oytorca ¢yukuuu zip u dict. IlepBasg momapHO COOTHECET UMEHA MPU3-
HAaKOB M OIIEHKH, BTOpas — MpeoOpa3yeT MOoJIydeHHBbIE Mapbl B CJIOBaphb.
[Ipumepsbl ucnonb30Banus GyHKIUMNA zip, map W lambda MoxxHO HaiTH
3aech: [48]. Kox peanuzanum onmuCaHHBIX ACUCTBUHA MOXHO HAWTH B JIMC-

TuHTE 43.

Jluctunur 43

def rank_to_dict(ranks, names):
ranks = np.abs(ranks)

minmax = MinMaxScaler()
ranks = minmax.fit_transform(np.array(ranks).reshape(14,1)).ravel()

ranks = map(lambda x: round(x, 2), ranks)
return dict(zip(names, ranks))

Bb130B pyHKIIUM 171 HAIIMX MOJIEIeH MPEICTaBICH B TUCTUHTE 44.
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Jluctuur 44

ranks["Linear reg"] = rank_to_dict(Ir.coef _, names)
ranks["Ridge"] = rank_to_dict(ridge.coef_, names)
ranks["Lasso"] = rank_to_dict(lasso.coef , names)

[TocnequuM 1maroM Mbl JIOJKHBI CDOPMHUPOBATH CpellHEE 1O Kax-
JIOMY TIPU3HAKY, 3arPy3UB UX B OTJICJIbHBIA CITIUCOK. 3aT€M OTCOPTHPOBATh
€ro no yObIBaHUIO U BBIBECTU. Peann3oBaTh 3TO MOKHO, UCIIOJIb3YS KOJ U3
aucTuHra 45.

Jluctunr 45

#Co3gaem nycTom CNUCOK Anst AaHHbIX
mean = {}

#«Bbexvm» no cnucky ranks

for key, value in ranks.iteritems():

#«[Npoberaemcsa» No CNUCKy 3HadveHu ranks, KOTOpble SBMAIOTCA NAapon UMS:OLeHKa
for item in value.iteritems():

#ums OygeT KYoM Ana Hawwero mean

#ecnu anemMeHTa ¢ TEKYLLUMM KIlo4eM B mean HeT - gobasnsiem

if(item[0] not in mean):

mean([item[0]] =0

#CyMMUPYEM 3HAYEHUS MO KAXKAOMY KITHOYY-UMEHM Npu3Haka
mean[item[0]] += item[1]

#Haxo4uM cpegHee Mo Kaxaomy npusHaky
for key, value in mean.iteritems():
res=value/len(ranks)
mean[key] = round(res, 2)

#copTupyeM u pacrneyaTbiBaem Cnmcok
mean = sorted(mean.iteritems(), key=lambda (x, y): y, reverse=True)

print "MEAN"
print mean

Pe3ynbTaT paboThI MPOrpaMMBbl IPEJCTABIICH B JINCTUHTE 46.
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JluctuHr 46

MEAN
[(x4', 0.9), (x1', 0.82), (x2', 0.69), ('x11', 0.39), ('x5', 0.36), ('x14', 0.35), ('x12", 0.29), ('x3',
0.19), (x13', 0.16), ('x8', 0.04), ('x6', 0.03), ('x10', 0.01), (x7", 0.01), ('x9', 0.0)]

Mps1 BUIuM, 4TO MO CpeAHel olleHKe Hanbojee Ba)KHBIM OKa3aliCs
YEeTBEPTHIA MPU3HAK, 3aTEM IMEPBbIA U MOTOM BTOpoil. CpaBHUM 3TH JaH-
HBIE C TOKA3aTeNIMU KaXXJI0U OT/IeNIbHOU Mojiend. [[71s1 3Toro orcopTupyem
MaccuB ranks Takxe Mo yObIBAaHUIO OIIEHOK U BBIBEJIEM €T0, UCIIOIb3YsI KO
u3 nuctuHra 47. Pe3ynbrar paboThl KOJa Mpe/ICTaBIICH B IUCTUHTE 48.

Nluctunr 47

for key, value in ranks.iteritems():

ranks[key] = sorted(value.iteritems(), key=lambda (x, y): y, reverse=True)
for key, value in ranks.iteritems():

print key

print value

Jluctunr 48

Lasso

[('x4', 1.0), ('x2', 0.72), ('x1', 0.69), ('x5', 0.29), ('x13', 0.0), ('x14', 0.0), ('x10', 0.0), ('x8', 0.0),
('x9', 0.0), ('x11", 0.0), ('x3', 0.0), ('x12', 0.0), ('x6', 0.0), ('x7", 0.0)]

Ridge

[('x4', 1.0), ('x14', 0.92), ('x1', 0.76), ('x2', 0.75), ('x12', 0.67), ('x5', 0.61), ('x11', 0.59), ('x8',
0.08), ('x6', 0.08), ('x3', 0.06), ('x7', 0.03), ('x10', 0.01), ('x13', 0.0), ('x9', 0.0)]

Linear reg

[('x1', 1.0), ('x4', 0.69), ('x2', 0.61), ('x11", 0.59), ('x3', 0.51), ('x13', 0.48), ('x12', 0.19), ('x5',
0.19), ('x14', 0.12), ('x8', 0.03), ('x6', 0.02), ('x10', 0.01), ('x9', 0.0), ('x7', 0.0)]

Kak moxHO yBUneth, meroj Lasso oroopan npusnaku x1, x2, x4, x5
KaK 3Ha4MMBbI€ MapaMeTphl, a BCE OCTaJIbHbIE COBCEM HE3HAUMMBbIE (TaK Kak
OHM PaBHBI HYJO). UTO IOBOJBLHO OJM3KO K MCTHHE, TaK KaK MapameTphl
x1-x5 3agaHbl Kak HE3aBUCHUMBIE ClIydyaliHble BeIMYMHBL. HO B3BelmIMBaHue
10 TAKOMY METOJIy JJOBOJILHO Tpy0oe, pe3Koe.

Meroa Ridge cnenan 6omnee msrkoe B3BemuBanue. Ho HecMoTps Ha To,
4yTO X3 TaKXXe yIyIIeH, €ro BIUSHUE MOXET ObITh YUTEHO uepe3 CKoppe-

210



aupoBaHHbIe mapameTphl x14, x12, x11 (koTopbie ObUIM Takke OTOOpaHbI
Kak BaxkHbI€). [[03TOMY JaHHBI METO/I MOKET OBITh OYEHD MOJIE3HBIM.

Metoa NTUHEMHOW perpeccuu Takke OTAal MPEANOYTEHUE MHOTHUM
JNEUCTBUTENILHO BAXKHBIM MMapamMerpaM (mpudeM X3 371eCb UMEET Topasfio
OOJIBIINI BEC).

B 3akiroueHne MOXKHO CKas3aTh, UTO YYET OLIEHOK OT Pa3HbIX METO-
JIOB TMO3BOJIUT 00Jiee ONTUMAIBHO BBIAEIUTH 3HAUYMMBbIE NMPU3HAKU U OT]Ie-
JUTH OT MeHee 3HauuMbIX. Ho, KoHeuHO, 0€3 pealbHbIX IKCIEPUMEHTOB,
MPOBEPSAIOIINX BHIOPAHHOE MHOXECTBO MAapaMETPOB, HEBO3MOXKHO TapaH-
TUPOBATH UACATBHOTO pa3OreHus JIJIsl BCEX 3a]1ay.

KpoMme paccMoTpeHHBIX BbIlIe MOJIETEH it 0TOOpa MPU3HAKOB €Ille
MO>KHO HUCTIONB30BAaTh:

1. RandomizedLasso u3 sklearn.linear model (ounenku npuzHakos
OyJlyT HaxOJUThCS B MOJIE SCOres ). DTO TaK Ha3bIBAEMOE PAHIAOMU3HU-
pOBaHHOE Jlacco paboTaeT, pasfeisis TPEHUPOBOUHbIE JAHHBIE Ha TOJBbI-
Oopku U BbluuCHAs Jlacco-OlEHKM MpPU3HAKOB, e mTpad ciaydyailHOTro
MOJAMHOXECTBa KO3 (dUIIMEHTOB MaciitabupoBad. IlpumMensiss Takyro
JBOWHYIO PaHJOMHU3AIMI0 HECKOJIBKO Pa3, METO/]l MPUCBANBAET HAUBBICIIINE
OLICHKM TMpHU3HAKaM, BBIOOp KOTOPBIX MOBTOPSUICS B TIPOLIECCE PaHIO-
MU3alU. JTO Ha3bIBaeTCsl «BBIOOpOM cTabmibHOCTH». Ecim ke cka3atb
KOpO4Y€e, TO MPU3HAKU, KOTOPBIE BHIOMPAOTCS HAaOOJIee YacTO, CUUTAIOTCS
3HauuMbIMU. [TopoOHee 00 3TOM Kitacce MOKHO TIOYUTATh 3/71eCh: [49].

2. RFE wu3 sklearn.feature selection (orieHku TpU3HAKOB OyIyT
HAaXOJIUThCsl B moJie ranking , OJAHAKO B OTJIHWYHUE OT BCEX OCTAJbHBIX
MoOJieNiel, KJacc BbIAAeT HE Beca Mnpu KO3 UIIMEHTaX perpeccum,
a UMEHHO PaHT JJis KaXJ0ro npu3Haka. Tak HamOoJiee BaXKHbIE MPU3HAKU
OyZlyT UMETh paHT — «1», a MeHee BakKHbIE MPU3HAKU PaHr Oojbiie «1».
Koadduimentsl ocTtalbHBIX MOZENEH TeM BakHee, 4YeM OoJjblle uX
abcomotHoe 3HaueHue). Knacc RFE BoinonHseT paHxupoBaHue MPU3HA-
KOB Y€pe3 PEeKypCUBHBIM OTOOp MyTeM OTCeBa Mpu3HaKoB. Llenbio pexyp-
cuBHOro ycrpanenus snemeHTa (RFE) siBiseTcss BBIOOp MPU3HAKOB MMyTEM
PEKYPCUBHOI'O PacCMOTPEHHS MEHBIIMX M MEHBIIUX HAOOpPOB MPHU3HAKOB,
YUHUTHIBAasl BHEIIHIOIO OLIEHKY, KOTOpas NpHCBAaWBAaeT MpHU3HAKaM Beca
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(manmpumep, kod(PUIMEHTHl JHHEHHON Mojenn). CHayajga OILEHIIUK
oOyuaeTrcsl Ha Ha4aJIbHOM HAa0Op€e MPU3HAKOB U ACCOLIMUPOBAHHBIX C HUMHU
Becamu. 3aTeM MPU3HAKH, A0COTIOTHBIC BECa KOTOPHIX SBJIAIOTCS HAUMEHb-
IITUMU, YIAJISIOTCS U3 TEKYyIIero Habopa. DTa npoleaypa peKypcuBHO MOB-
TOPSIETCSI HA OCTaBIIEMCS MHOXKECTBE JI0 T€X IOP, MMOKAa B KOHEUHOM HUTOTE
HE OyJeT JOCTUTHYTO >KeJlaeMO€ KOJIMYECTBO MpU3HAKOB. To ecTh paboTa
C 3TUM KJIACCOM CTPOMUTCS, Kak Moka3aHo B quctuHre 49. [loapoOHee o Hem
MOJKHO TTOYMTATh 371eCh: [S0].

Jluctunur 49

Ir = LinearRegression()
Ir.fit(X, Y)

rfe = RFE(Ir)
rfe.fit(X,Y)

3. RandomForestRegressor u3 sklearn.ensemble (omieHKH npu3HaKoB
OynyT HaxoauThes B mosie feature importances ). Perpeccop Ha ocHOBe
Cny4yaliHOTO Jieca — 3TO METa-OLICHIIUK, KOTOPbIM O0y4aeT HECKOJIBKO
KJIacCU()UKAIIMOHHBIX JIEPEBHEB PEIICHUN HA Pa3HBIX MOJBBHIOOPKAX JaH-
HBIX M HCIHOJb3YeT YCpPEAHEHUE ISl YIy4IlleHHWS TOYHOCTH M KOHTPOJIS
nepeoOydeHusi. Pasmep moABBIOOPKHM BcCerja COOTBETCTBYET pa3zMepy
BXOJIHOM BBIOOpKH, HO 0Opasllbl M3 BBHIOOPKH MEpEeMEIIMBAIOTCS (€Ciau
napametrp bootstrap=True, 4TO SBJISIETCS 3HAYCHHEM [0 YMOJIYAHHUIO).
[Toapo6Hee 00 3TOM KJIacce MOKHO MOCMOTPETh 37eck: [S1].

4. f regression u3 sklearn.feature selection (s mosy4eHus: OIEHOK
cm.kon1 u3 suctuHra 50. Ouenku OyayT HaxoauThess B oObekTe f). OTO
ObICTpas JIMHEWHas: MOJAEIb, MMO3BOJISIONIAS OLIEHUTh A3(D(PEKT OJTHOTO MPU3-
HAaKa M TPUMEHSAIONIAsCA IMOCIeAOBaTEIbHO K MHOXKECTBY NPHU3HAKOB.
B ocHoBe ee pabOThHI JIEKUT BBIUMCICHHE B3aUMHON KOPPETSALUUA MEKITY
KaXJIbIM MTPU3HAKOM U BBIXOJIHOW TepeMeHHoil. boiiee moapoOHO MOXKHO
MMOCMOTPETH 31€eCh: [S52].

Jluctuur 50

f, pval =f_regression(X, Y, center=True)
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Pabora ¢ moiMmHOMHUAJIBLHOM perpeccuei

Hamnocnenok, 3akaHuuBasi pa3roBOp O PErpecCUOHHBIX MOJENSAX, MBI
MO3HAKOMHMCSI C TTOJIMHOMUAIIbHOW perpeccueid, a TakKe MOCMOTPUM Ha
MpaKTUKE TaKOE SIBJIEHUE, KaK mepeodydeHue mojaenu. PaccMarpuBaTh Mbl
3TO OyJIeM Ha CJIEAYIOIIEM MPUMEPE: CTEHEPUPYEM TOUKU (PyHKIIMEH KOCH-
Hyca W TONpoOyeM anmpoKCUMUPOBATh UX JIMHEHHON perpeccueu, mom-
HOMHUAJIBHOW perpeccueit co creneHbto 4 u 15, a Takxke rpeOHEBOM
perpeccuel U CO3JaHHBIMM Ha OCHOBE Hee mojimHoMaMu 4 u 15 creneHen.
3aTeM paccyuTaeM TOYHOCTh MOJIEJICH, BBIBEIEM IIeCTh Ipa)MKOB U CPaB-
HUM PE3YJIbTATHI.

Ntak, mepBbIM IIaroM co3JauM OOBIYHYIO (DYHKIHSI KOCHHYCa OT
apryMeHTa, 3amucaHHyro B Buje lambda-Beipaxkenust (nuctunr S1).
Ocob6ennoctu Python 1mo3BossitoT UCMOIB30BaTh B KAU€CTBE apryMEHTa He
TOJBKO YHCJIA, HO U MAaCCHBBI\BEKTOPHI (TaK UTO HCIIOJIb30BaHUE ITUKIIOB
HE TpedyeTcs).

Jlnctuur 51

import numpy as np
true_fun = lambda X: np.cos(1.5 * np.pi * X)

[IpeacraBnennas B auctuHre 51 QyHkuus OylneT UCHONIB30BATHCS
KaK MCTUHHAas 3aKOHOMEPHOCTh B HEKOTOPBIX JAaHHBIX. TO €CTh UMEHHO TO,
YTO AaHAJIMTUKYU U YUCHBIE TIBITAIOTCS BBISICHUTH, IIPOBOIST U3MEPECHHS HEKO-
TOPOro 00beKTa Mpupoabl win ouzHeca. COOCTBEHHO, MOATOMY Ha3BAHUE
dbyukiuu — true fun. B nanpHeimem 3Ty QYHKIIUIO MOXKHO OYJET BBI3bI-
BaTh MOJA00HO (yHKIMHU, KOTOpas ompeneiieHa depe3 def, kak mokazaHo
B JINCTUHTE S2.

JIuctuHr 52

result= true_fun(something_data)

Jlanee, st KOPPEKTHOTO MPOBEAEHUS SKCIIEPUMEHTA HEOOXOAUMO CO3-
JaTh HEKYIO BBIOOPKY, KOTOpas OyAET CIyKUTh aHAJIOTOM U3MEPEHUN UCTHUH-

HOM 3aKOHOMEpPHOCTH. JIJisi 3TOro Mbl CO3/1aJIUM pacpeeieHre\BHIOOPKY
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Ha OCHOBE OOBSBJICHHOM paHee (PYHKIIMU C HEOOIBIIUM CIIy4allHBIM CMe-
nieHueM mo X 1 Y (JIucTuHr 53).

Jluctuur 53

np.random.seed(0)

n_samples = 30

X = np.sort(np.random.rand(n_samples))

y = true_fun(X) + np.random.randn(n_samples) * 0.1

[TonmuHoMuanibHast perpeccus 3a7aeTcsi B HECKOJIbKO maroB. Crepsa
HEOOXOMMO OIpeaeauTh Ko3(h(PUIMEHTH MOJWHOMA (KOTOphIE aBTOMa-
TUYECKU TeHepupyroTcs ¢ nomoipio ¢yHkiuu PolynomialFeatures)
U MOJeNIb ISl OCHOBBHI (B HAIlleM Cllydae JUHEHWHYI0 WU TPEeOHEBYIO).
3aTeM HEOOXOIMMO COEIUHUTH BMECTE€ 0a30BYIO0 PETPECCHUI0 U TMOJUHO-
MUAJIbHBbIE KOA(POUIIMEHTHI (BEKTOp WM MaTpUIly MpeoOpa3oBaHUsI) Kak
MOCJIeIOBAaTEILHOCTh TpaHC(hOpMAIlMii HEKOTOPBIX JaHHBIX. M TOrombIi
OOBEKT U OyJeT SIBIATHCA MOJMHOMUAIBHON Mojenblo. TpaHchopmaluio
JTAHHBIX MOKHO BBITIOJIHUTH ¢ MIOMoIIbio 00bekTa Pipeline u3 sklearn.pipe-
line (moapoOHEe 0 HEM MOXKHO MOYUTATH 37eCh: [53]).

st ynoocTBa pabOThl M COKpAILIEHHUsS] KOJa CAEIaeM Cleayrouiee:
OOBSABUM MAacCCUB C HY>XKHbIMH HaM CTEMEHSIMHU TOJMHOMA, KaK MOKa3aHO
B JIUCTHUHTE 54.

Jinctunr 54

degrees =[1, 4, 15]

3ateM 00BsBUM (PyHKIIMIO, KOTOpas OyJeT MPUHUMATh B KaueCTBE
napaMeTpoB HOMEp CTENeHW (MHAEKC dJeMeHTa B MmaccuBe dergees),
MOJIOTHO, HAa KOTOPOM HY>KHO OTOOpa3uTh rpaduk, 0a30ByH0 MOJEINb
U ypoBeHb rpadvka Ha MoJIOTHE (MEPBbIN UKW BTOPOH PsJl 10 BEPTUKAIM).
BuyTpu Tena gpyHkiuu Oyner co3naBarbes U 00ydaThCsl Hy>KHas MOJIUHO-
MUaJbHAs MOJIEIh, PE3yIbTaT PadOTHl KOTOPOU Oy/IeT BHIBEICH Ha BO3Bpa-
maeMoM (QyHkuueit rpaduke. Kpome touek Ha rpaduke Oyaer oToO-
pakeHa TOYHOCTh MOJIEIH, BBIYUCIEHHAS METOJOM KpOCC-BaIUAALNU:
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CpeHUE OlLIEHKM KauyecTBa [0 METpUKEe «neg mean squared error»
(cpenHekBagpaTUyHasi OMIMOKa). DTU OIEHKU OyAyT MOJYYEHBI C MOMO-
mpl0 o0bekTa cross val score u3 sklearn.model selection. Ilogpobnee
0 Kpocc-Banuaanuu B scikit MokHO mounTaTh 311ech: [54, 55].

OObsBneHue (GyHKIUM MOKa3aHO B JUCTUHTE 56, ¢ pabOTO KOTO-
poro Bam mpejasiaraeTcsi pa3oOpaTrbCsi CaMOCTOATENbHO. EIWHCTBEHHO,
MOSICHUM Ha3HayeHue napamerpa cv B cross val score. Ilapamerp cv
OTIpeNIeNsieT, Ha CKOJBKO Ipynn OyJeT pa3OuTa TPEHHPOBOUHAS BHIOOpPKA.
Kaxgas rpynma Oyaer copepkaTrh TPEHUPOBOYHYIO 4acTh A U TecToByHO b.
[Ipuuem >t MHOXecTBa (A U b) He OynyT nepecekatbes. Tak misa crneny-
IoIMMX JaHHbIX: Bxoma X = np.array([[11, 2], [3, 14], [1, 2], [3, 4]]),
BbIXO/a y = np.array([ 1, 2, 3, 4]) cross_val score c mapaMmeTpoM cv=2 aacT
cienymoliee pa3OueHue Ha 2 Tpynnbl\uTepauu (JIUCTUHT 55).

JInctuHr 55

TRAIN: [2 3] TEST: [0 1]
TRAIN: [0 1] TEST: [2 3]

MaccuB TRAIN comepXuT 3TO MHAEKCH Te€X OOBEKTOB, KOTOPHIC
BXOJSIT B TPEHUPOBOUHYIO BBIOOPKY. To ectb TRAIN: [2 3] o3HauaeT, 4To
B TPEHHPOBOYHYIO BBIOOPKY BOUAYT BTOPOM M TPETHMl OOBEKTHI U3 X:
[1,2], [3, 4]. Bce ocTanbHbI€ — B TECTOBYIO.

JIuctuHr 56

import matplotlib.pyplot as plt
from sklearn.pipeline import Pipeline
from sklearn.preprocessing import PolynomialFeatures
from sklearn.linear_model import LinearRegression, Ridge
from sklearn.model_selection import cross_val_score
def MakeExample(index, plt, model k):
polynomial_features = PolynomialFeatures(degree=degrees[index],
include_bias=False)
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OKOH4YaHue ANCTUHra 56

pipeline = Pipeline([("polynomial_features", polynomial_features),
("linear_regression", model)])
pipeline.fit(X[:, np.newaxis], y)
scores = cross_val_score(pipeline, X[:, np.newaxis], v,
scoring="neg_mean_squared_error", cv=10)
X_test = np.linspace(0, 1, 100)
plt.plot(X_test, pipeline.predict(X_test[:, np.newaxis]), label="Model")
plt.plot(X_test, true_fun(X_test), label="True function")
plt.scatter(X, y, label="Samples")
if k==1:
plt.xlabel("x")
plt.ylabel("y")
plt.xlim((0, 1))
plt.ylim((-2, 2))
plt.legend(loc="best")
if k==0:
plt.title("Degree {\nMSE = {:.2e}(+/- {:.2e})".format(degrees]i], -scores.mean(),
scores.std()))
else:
plt.title("MSE = {:.2e}(+/- {:.2e})".format(-scores.mean(), scores.std()))
return plt

Kon Bb3oBa (hyHKIMU W3 JUCTHHTA 56 (M, COOTBETCTBEHHO OTpH-
COBKa I'pa()MKOB) NPEACTABIIECH B JINCTUHIE 57, a pe3yabTaT padoThl KoJa —
Ha pUCyHKe 61.

Jiuctuur 57

plt.figure(figsize=(14, 6))
for i in range(len(degrees)):
linear_regression = LinearRegression()
plt.subplot(2, len(degrees), i+1)
plt = MakeExample(i, plt, linear_regression,0)
for i in range(len(degrees)):
ridge = Ridge(alpha=0.02)
plt.subplot(2, len(degrees), len(degrees) +i + 1)
plt = MakeExample(i, plt, ridge,1)
plt.show()
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Degree 1 Degree 4 Degree 15

- MSE = 4.08e-01(+/- 4.25e-01) i MSE = 4.32e-02(+/- 7.08e-02) 51 MSE = 1.83e+08(+/- 5.48e+08)
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PucyHOK 61. Pe3ynbTaTtbl paboTbi C pasHbiMU MOAENAMU

JInst mydiiero NOHUMaHHsT BaM PEKOMEH]IYETCsl BOCIPOU3BECTH KOJI
Y IIOCMOTPETh HAa PUCYHOK, BBIJAHHBIA Balllel mporpammou. Eciu roso-
PUTH O MOJICJISIX, MOCTPOCHHBIX HA OCHOBE JTUHEWHOM PErPECCUH, TO, CPAB-
HUBasl IEPBbIM U BTOpoM rpaduku (mosuHoM 1 u 4 creneHu), MOXKHO Cie-
JIaTh BBIBOJ, YTO MOBBIIICHUE CTEIIEHU MOJOKHUTENBHO BIUAECT HA KAYECTBO
mozenu. Ho tpetwii rpaduk (monuHoMm 15 crenenun) n1eMoHCTpUpyeT 00Jb-
mryto omuoOKy. Kak Mbl BUAMM, HA TPEHUPOBOYHOM BBIOOPKE MOJIEIb MOKa-
3ajla XOpOUIUi pe3ynbTaT (KpuBasi MPOXOJUT Yepe3 BCE TOUKU BBIOOPKH).
Ho Ha TecToBOl BBIOOpKE MOJENb «BEACT ce0s MI0oX0» (MI0X0o MpUdIIn-
xaet true_fun). DTo ¥ 03HAYAET, UTO MPU MOBBIIMICHUH CIOKHOCTU MOJEIH
€CTh PHUCK MEpPEeUTH 3a KPUTHUYECKYI0 TOUKY M NEpPeoOy4HUTh MOJEIb.
OpnHako, KaK Mbl BHAUM Ha rpadukax TpeOHEBOW pEerpeccuu, peryis-
pHy3aIys Mo3BOJSET YIYUIIUTh KAY€CTBO PEIICHHUS.

Pabora ¢ npocTreiilimMu MoaeJIIMH HEHPOHHBIX ceTeil

Crnenyroiiee, ¢ 4eM HaM HEOOXOJAMMO MO3HAKOMHUThLCI, — padoTta
C TIPOCTEHIIIMMH MOJIEJISIM HEUPOHHBIX CETEH, KOTOPBIE CoepkKaTcs B OMO-
muoteke Sklearn (B panpHeliem OyaeT paccMOTpeHa paboTa C JpyTMMHU
OMOIMOTEeKaMH, KOTOPBIE COJIepKAT O0JIee CIIOKHBIE aJrO-PUTMBI U ITO3BO-
JSIOT CO3/1aBaTh Jpyrue Hehpoxmaccudukatopel U monenu). OmgHako
Sklearn He cnermanu3upyeTcs Ha HEUPOCETEBBIX MOJCINIAX U HE COACPKUT

0o0Jiee CIOKHBIE AT OPUTMBI.
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Hauynem Mbl ¢ OOBIYHOTO TEPCENTPOHA, SBISAIONIETOCS OJHUM U3
BAPUAHTOB JIMHEUHBIX MOJIENIC. DTO paCIPOCTPAHEHHBIN KJIACC MOJEIEH,
KOTOpbI€ OTINYAIOTCS CBOEH MPOCTOTOM M CKOPOCThIO pabOThl. X MOXkKHO
oOydJaTh 3a pa3yMHOE BpeMsl Ha OY€Hb OOJIbIIMX O0BbEMax JAHHBIX, U MPU
TOM OHHM MOTYT pabOTaTh C JIOOBIMM THIAMU MPU3HAKOB: BEIIECCTBEH-
HBIMU, KaTETOPUAIbHBIMU, Pa3peKEHHbIMU. PaccMOTpUM pelieHue ciemy-
IOILEH 3a/layd: MYCTh Y HAC €CTh JAaHHBIE BUJA, TOKa3aHHOTO HA PUCYHKE
62, u coxpaHeHHbIe B (hailmax perceptron-train.csv u perceptron-test.csv
(ckauatph aitnel MOKHO oTciona: [41]). LleneBas mepemeHHas 3amucaHa
B TIEPBOM CTOJOIlE, MPU3HAKU — BO BTOPOM M TpeTheM. BrimosHuMm
CIeAyrUlee: NPUMEHHM K OTUM JaHHBIM OJIHOCJIOMHBIM IEPCENTPOH
(o peammsamuu  moxenu Perceptron Oosiee moapoOHO 31ech: [56]),
MHOTOCJIOWHBIN nepcenTpoH (o peanusanuu moaenu MLPClassifier 0omnee
o IpoOHO 37ech: [57]), CpaBHUM TOYHOCTH IPEJICKa3aHUsl MOJETIEH, 3aTeM
HOPMaJM3yeM JaHHbIE M TOBTOPUM CpaBHEHHE. [Ipudem naHHBIE MBI
oynem mporouath 100 pa3, u Ha KakJa0oM nporoHe BeIMOJHATE 2000 31mox
oOyueHusi. B kadecTBe mokaszaTeied BBIBEJIEM MUHHMAJbHbBIE, MaKCH-
MaJibHbI€, CPEHUE 3HAUCHUS accuracy M CTaHJapTHOE OTKIIOHEHUE, MOJy-
yeHHble Ha 100 mporonax. A Takke BbIBeJEeM rpaduk, BU3yTU3UPYIOMIHUMA
pE3YJIbTATHI.
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PUCYHOK 62. [laHHble A8 TeCTOBOM 334a4m

IMosicauMm HCO6XOI[I/IMOCTB HOPpMAJIN3alluu. Kak u B ClIy4ac C MCTpHU-
YCCKNMHU MCTOAaMH, Ka4CCTBO JIMHEMHBIX AJIIrOPUTMOB 3aBUCHT OT HCKOTO-
PBIX CBOMCTB JaHHBIX. B YaCTHOCTH, IIPHU3HAKHM AOJDKHbI MMCTb OJMHA-

218



KOBBIM MaciTad. Ecim 3T0 He Tak, U MaciTad oJHOIrO IMpH3HAKa CHIIBHO
MPEBOCXOUT MACIITA0 PYTHUX, TO KAUECTBO MOXKET PE3KO YIACTh.

OnuH U3 CcrocoOOB JOCTHMIKEHHMS HY)KHOTO CBOMCTBAa MPHU3HAKOB
3aKJII0YAETCsl B UX CTaHjaapTu3anuu. Jjist aToro 0epercss Habop 3HAUYCHUI
MpU3HaKa Ha BCEX 00BEKTaxX, BHIUUCIISIETCS UX CpeHEe 3HAUYCHUE U CTaH-
JapTHOE OTKJIOHEHME. Ilociie 3TOro M3 BCEX 3HAYEHWM MPU3HAKA BbIYM-
TaeTCsl CpeJiHee, U 3aTeM IOJydYeHHas pa3HOCTb JICIUTCS HAa CTaHJapTHOE
OTKJIOHEHHE. B XoJie Halero sKCrepuMeHTa Mbl BBISICHUM, YJIy4IIaeT JIX
HOpMaJIM3alusl Ka4ecTBO padoThl Mojenu. Koa pemieHus 3agadyu (C KOM-
MEHTapUsIMU) TIPEJCTABIICH B JIUCTUHTE 58. Pe3ynbTaTr nporpaMmsbl, Bbija-
BAaE€MbIil B KOHCOJIb, ITPEJICTABIICH Ha PUCYHKE 63, a TOCTPOCHHBIN Irpaduk —
Ha pUCyHKe 64.

JIuctuur 58

-*- coding: utf-8 -*-
#Heobxogmmble MNopThI
import numpy as np
import pandas
from sklearn.linear_model import Perceptron
from sklearn.preprocessing import StandardScaler
from sklearn.metrics import accuracy_score
from sklearn.neural_network import MLPClassifier
import matplotlib.pyplot as plt
from matplotlib.colors import ListedColormap
#yHKUMA pacyeTa megnaHbl
def median(lst):

return np.median(np.array(Ist))
#3arpyska TPEHMPOBOYHLIX AaHHbIX
data_train = pandas.read_csv('perceptron-train.csv')
X_train = data_train.ix[:, 1:3].values
y_train = data_train.ix[:, 0].values
#3arpyska TeCToBbIX AaHHbIX
data_test = pandas.read_csv('perceptron-test.csv')
X_test = data_test.ix[:, 1:3].values
y_test = data_test.ix[:, 0].values
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MpopaonxkeHne nuUcTuHra 58

#AHunanusauma maccmea gnst CHETUYMKA UTepaumi
rs = np.linspace(0,100,num=100)
#/HUManusaumsa CnmMckoB A5 COXpaHeHus accuracy Mogenemn
acc_p =]
acc_pn =]
acc_mip =]
acc_mipn =]
#Lnkn nporoHa mogenen
foriinrs:
i = int(i)
#PacneuaTka Homepa utepauumn
print "Random: ", i
#CosgaHne mogenv nepcenTpoHa
clf = Perceptron(random_state=i, alpha=0.01, n_iter=2000)
#00y4yeHne mogenu
clf.fit(X_train, y_train)
#Mony4eHne nporHosa
predictions = clf.predict(X_test)
# Pac4yeT nokasaTens accuracy
acc = accuracy_score(y_test, predictions)
#PacnevaTtka pesynbtarta
print "Perceptron: ", acc
#[1o6aBneHne ouUeHKN B CMMCOK OLEHOK ANst MOAenu nepcenTpoHa
acc_p.append(acc)
#Hopmanusauusa gaHHbIX
scaler = StandardScaler()
X_train_scaled = scaler fit_transform(X_train)
X_test_scaled = scaler.transform(X_test)
#PaboTa npecenTpoHa ¢ HOpManNU30BaHHbLIMWU AaHHbIMU
clf = Perceptron(random_state=i, alpha=0.01, n_iter=2000)
clf.fit(X_train_scaled, y_train)
predictions = clf.predict(X_test scaled)
acc = accuracy_score(y_test, predictions)
print "Perceptron with normalization: ", acc
acc_pn.append(acc)
#Co3gaHne MHOrocrnomnHoro knaccudgukaTopa
mlp = MLPClassifier(random_state=i, solver="sgd", activation="tanh", alpha=0.01,
hidden_layer_sizes=(2, ), max_iter=2000, tol=0.00000001)
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mip.fit(X_train, y_train)
#PaboTa ¢ HeHopManu3oBaHHLIMWU JAHHBIMK
predictions = mlp.predict(X_test)
acc = accuracy_score(y_test, predictions)
print "MLP: ", acc
acc_mlp.append(acc)
#PaboTa ¢ HopmanuaoBaHHbIMWN JAaHHbIMK
mlp = MLPClassifier(random_state=i, solver="sgd", activation="tanh", alpha=0.01,
hidden_layer_sizes=(2, ), max_iter=2000, tol=0.00000001)
mip.fit(X_train_scaled, y_train)
predictions = mlp.predict(X_test scaled)
acc = accuracy_score(y_test, predictions)
print "MLPwith Norm: ", acc
acc_mlpn.append(acc)
#PacneuaTka UTOroBbIX pe3ynbTaToB
print "Perceptron: ", min(acc_p), median(acc_p), max(acc_p), np.std(acc_p)
print "Perceptron with Norm: ", min(acc_pn), median(acc_pn), max(acc_pn),
np.std(acc_pn)
print "MLP: ", min(acc_mlp), median(acc_mlp), max(acc_mlp), np.std(acc_mip)
print "MLP with Norm: ", min(acc_mlpn), median(acc_mlpn), max(acc_mipn),
np.std(acc_mlpn)
#PacueT MMHMMYyMa 1 Makcumyma gng rpaduka
X = np.concatenate((X_train, X_test), axis=0)
Xx_min, x_max = X[:, 0].min() - .5, X[;, 0].max() + .5
y_min, y_max = X[:, 1].min() - .5, X[:, 1].max() + .5
#MocTpoeHune rpaduka
figure = plt.figure(figsize=(17, 9))
cm = plt.cm.RdBu
cm_bright = ListedColormap(['#FF0000', '"#0000FF')
ax = plt.subplot(1, 1, 1)
# Toukun n3 obyyaroLlen BbIGOPKM
ax.scatter(X_train[:, 0], X_train[:, 1], c=y_train, cmap=cm_bright)
# TecToBbI€ TOYKM
ax.scatter(X_test[:, 0], X _test[:, 1], c=y_test, cmap=cm_bright, alpha=0.6)
ax.set_xlim(x_min, x_max)
ax.set_ylim(y_min, y_max)
ax.set_xticks(())
ax.set_yticks(())
plt.show()
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Random: 100

¢ Perceptron: 0.743718592965

Perceptron with normalization: 0.294472361809
MLP: 0.653266331658

MLP with norm: 0.589447236181

o a5 &

Perceptron: 0.35175879397 0.683417085427 0.894472361809 0.130098348038
Perceptron with Norm: 0.251256281407 0.7939698492446 0.8959457487437 0.12811275683
MLP: 0.346733668342 0.65326653531658 0.668341708543 0.0370981920263

MLE with Norm: 0.8743718592%96 0.889447236181 0.899497487437 0.003897632044614

PucyHoK 63. Pe3ynbTaTt paboTbl nporpammbl

Bocnpouszseante Ko, TOCMOTPUTE Ha MOIy4YeHHBIN rpaduk. OH 107-
eH ObITh MOX0X Ha M300pakeHHbIN Ha pucyHke 64. OOpaTuM BHUMAaHHE
Ha OJIMH Ba)KHBIN TeXHUYECKUd MOMeHT. Ha rpaduke MOXKHO yBUIIETb, UTO
MPUHAJIEKHOCTD K KJIaccy (TO €CTh MO CyTH Y ) OTOOpa)kaeTcsi He OTAENb-
HBIM HU3MEpPEHHEM, a IIBETOM. Takoil MeXaHW3M I03BOJISIET PUCOBAThH JBY-
MepHbIE TpaMKu BMECTO TPEXMEPHBIX, YTO MPOIIE U HATJISITHEE.
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PucyHoK 64. Utorosblii rpadumk

ConeprxaTenbHbIM aHAIU3 Pe3yJIbTaTOB PabOTHI MPOrpPaMMbl U J10pa-
OO0TKY KOJia BaM MPEAJIaraeTcsi BBHIIOJIHUTh CAMOCTOSITENBHO (CM. MPAKTH-
yeckoe 3a7ianue «MHOTOCTONHBIN TePCEITPOH»).
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Peanuszanus aaropurmMa o0y4eHusi HeiiPOHHOM ceTH

JIaHHBIN MYHKT MOCBSIIEH aJrOPUTMYy OOpAaTHOTO PacHpOCTpaHEHUS
OLIMOKM Kak KJIIACCHYECKOMY NOAXOAY K OOYUYEHHIO HEMPOHHBIX CETEW.
[TockoapKy HEMpPOHHBIE CETH CErOJHS — 3TO BAXKHBIM KJIacC MOJEIEH IS
MOCTPOEHHUSI CIOKHBIX UEPAPXUUYECKUX MPU3HAKOB, TO BOZHUKAET HEOOXO-
OUMOCTh JETaJbHOIO0 MOHUMAHUS MPOTEKAOMINX B HUX MIpoleccoB. Bax-
HOCTh UMEHHO NMOHMMAHUSI HEUPOHHBIX CETe O0YCIaBIUBAETCS €IlE TEM,
YTO CJIOKHEWIINE HA CETOAHSAIIHUI JI€Hb CETU €lIe IJI0XO OMHCAHbl MaTe-
MaTUYECKH, U TpeOyeTcs Mmpojenarb MHOTO HMCCIIEN0BATENbCKON paboThI
B 3TOM HAIPABJIEHUMU.

3aaya COCTOUT B TOM, YTOOBI pEaIN30BaTh 00yUYEHUE MTOJTHOCBA3HOU
TPEXCIIONHON CETH MPSMOr0 PAcHpOCTPAHEHHsS] HA KAKHX-TO MMPOCTBIX
CUHTETHYECKUX JAHHBIX.

Ecnu BBl cobupaerech 3aHUMAThCSI UMEHHO HcciegoBaHueM B ML,
TO TOAOOHOTO poJia 3aa4u — 3TO Bamia oObluHasi pabora. Ecnu Bbl coOu-
paeTrech 3aHUMATHCS PEIICHHEM KOHKPETHBIX TMpoOieM OuszHeca, TO
C TaKUMH 33/1a4aMd BaM CTAJKHUBATbCS BPSJ JIM MPHUIETCS, U OCHOBHAs
pabota Oyner mocBdlleHa MOATOTOBKE W MHTEpHpeTaluu JaHHbIX. [loaro-
TOBKE JAHHBIX OBUIO YK€ YJEJI€HO MHOIO BHUMAaHUS, IO3TOMY ceivac pac-
CMOTPHUM HCCJEA0BATENbCKY0 3a1aduy. OJHAKO Mpexae YeM MepenTu
HEIMOCPEICTBEHHO K €€ peau3alii, paCCMOTPUM NPUMEHEHUE MAaTPUUHOM
3aMUCHU JAHHBIX B HEM.

Tak, ecam BBl XOTHUTE B3BECUTh HEKOTOpbIE 3HayeHus X 10
HEKOTOPBIM BecaM W W NONy4YuTh CyMMy, TO HE 0Os3aTE€IbHO MHUCATh
BBIpXKEHHE W;XXx; + WyXXx,. Ty e caMylo orepaiuio MOKHO peain30BaTh
B BUJI€ MaTpU4HOro ymHoxkeHus. [lepBas matpuna 4 OyAeT npeacTaBisiTh
u3 ceds X, rae crosnlubl — MPU3HAKHU, @ CTPOKU — TPAJAUIIMOHHO OOBEKTHI
(ectm BbI 0oOpabarpiBacTe OJWMH OOBEKT 3a pa3, TO 3TO MOXKET OBITh
MaTpuila ¢ OJHOW cTpokoi). Bropas marpuna B Oyzaer npencraBisite u3
ce0st MaTpUIly BECOB, II€ KaKJ1asl KOJIOHKA OyJIeT OTOXKAECTBIISITHCS C HEM-
POHOM CJIETYIOIIEro CJIOs, a Kak/asi CTpoka OyJeT oTBeYaTh 3a KOHKPET-
HBI Bec (3HaueHue Beca). OAHAKO Jake MaTpulla C OJHOW CTPOKOM
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B Python Oyner npezacraBieHa kak AByMepHbI MaccuB. Bbl MoXkeTe moskcre-
PUMEHTHPOBATh CaMOCTOSITENIFHO, BBIBOJS PA3IMYHBIE MACCHUBBI\MATPHUIIbI
B KOHCOJIb. [lociie mepeMHOKEHUsI TaKuX JABYX MaTpPHI] MOJYYUM HOBYIO
Matpuity C, T7ie Kaxjas cTpoka OyJIeT MPeICTaBIsATh COO0N B3BEIICHHBIN
HaOop npusHakoB X (x;, ..., x,) o W (wy, ..., w,). CXeMaTU4HO 3TO BBITJIs-
IIAT TaK, KaK OKa3aHo Ha pucyHke 65 [1].

PUCyHOK 65. YMHOXKeHUe maTpuy,

Heo0xoauMo OTMETUTBH, YTO B3BEUIMBAHUE 3HAYEHUU C TOYKH 3pe-
HUSI MaTPHUIbl IPOUCXOJUT TaK, YTO U3 MATPHUILl A OepyTcsi CTPOKH, a U3
Matpuibl B Oepyrcs kononku. [loaTomMy wuHOrga MaccuBBI\MATPHUIIBI
HY>KHO OyJeT TpaHCIOHWpOoBaTh. HamoMHUM CyTh omepanuu TpaHCIOHU-
pOBaHUsl, IPUBEAS B KAYECTBE MPUMEPA PUCYHOK 60.

- o T
12T_13H;i_135
3 4| [2 4 |2 4 6

[ 5 6

PucyHok 66. TpaHCNOHMpPOBaHME MaTpUL,

OObsaBieHUsT PYHKIIUN aKTUBAIIMU U €€ MPOU3BOIHOMN MPEICTABICHBI
B JJUCTHUHTE 59.
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Jluctuur 59

# -*- coding: utf-8 -*-
#HeobxogmMmbin umnopT
import numpy as np
#OnpepensieM yHKUMIO akTuBaLmm
def activation(x):
return 1/ (1 + np.exp(-x))
#0Onpegensiem NponsBoaHY0 OT PYHKLMM akTUBaLmmn
def sigma_derivative(x):
return x * (1 - x)

Peanuzamust anroputma oOpaHOrO PpacnpOCTPAHEHUS OLIMOKH
C TMOAPOOHBIMM KOMMEHTapUsSMHU IMpuBefeHa B JuctuHre 60. 3aberas
BIIEPEJl, CKAXKEM, YTO B MPAKTUYECKOW YAaCTH BaM Mpeaiaraetcsl 3ajada
MOJU(PUKAIIMY JAHHOTO KOJAa U MHTEPIIPETALINU €T0 PE3YIbTAaTOB.

Jluctuur 60

# X - aT0 MaTpmua, rae ctonodubl 3TO NPU3HaKW,
# a CTpOKK 3TO 06BEKTLI BEIOOPKMN.
X = np.array([[0, 0, 1],
[0, 1, 0],
[1,0,0],
[1, 1,111
#Y - aT0 MaTpumua, rae ctondubl 3TO NPU3HaKK
# (B AAHHOM Cny4ae OAVH LeneBow Npu3Hak),
# a cTpokKn 3TO 0OBLEKTHI BLIOOPKM.
y = np.array([[0],
[11,
[1],
[01])
# 3admkcmpyem reHepaTop crnyvarHbIX Yucen, 4Tobbl nonyyaTb Kaxabin pa3
#npeackasyemMbli (04MHAKOBbIN) pesynbTaT
np.random.seed(4)
# HoTtaumsa crnoes - L1, L2, L3.
# B kaxxgom cnoe ectb n1, N2, N3 HENPOHOB.
# CTpoku B MaTpuuax MHOEKCMPYIOTCS Kak i, CToNOLbl Kak j.
#W_1_2 - 310 maTpuLa BECOB MeXAY NEPBbIM U BTOPbIM CITOEM.
# CTpoku onpenenstoT feBbI HEMPOH (T.€. HENPOH NEPBOro Cros) U COOTBETCTBEHHO
KONMYeCTBO CTPOK paBHO N1.
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# Ctonbubl onpenensatoT npaebli HEUPOH (T.€. HEMPOH BTOPOro Criosl) M COOTBETCTBEHHO
KOnmM4yecTBo CTON6LOB paBHO N2.

# Ha nepecevyeHunm i-i CTPOKM U1 j-ro ctonbua nony4yaem ss4emnky ¢ KOHKPETHbIM BECOM,
KOTOpbI

# cBA3bIBAET i-bll NEBbIN HENPOH (cnod L1) v j-11 npaBbii HENPOH (cnosd L2)

W_1_2 =2 * np.random.random((3, 2)) - 1

#W_2 3-3T0 maTpuua BECOB Mexay BTOpPbIM 1 TpeTbUM crioeM. Bce octanbHoe Kak B
W_ 12

W_2 3 =2*np.random.random((2, 1)) - 1

#CKOPOCTb ABWMXXEHMS MO aHTUTPAaNEHTY

speed = 1.1

#UMKN NporoHa mogenu

for j in range(100000):

#lo, 11, 12 - maTpuupbl onpegeneHHoro crnosi cetn. Kaxxgaa cTpoka Matpuubl 3TO peakuus
#Ha i-n 06bekT Bxoga. Kaxkgasi konioHka MaTpuLubl 3TO peakumst j-ro HeMpoHa
#COOTBETCTBYIOLLErO CNOS Ha pa3Hble BXOAHblE 00pasbl.

# Ha nepeceyeHum i-i CTpOKM U1 j-ro ctonbua nonyvyaem s4ernky ¢ KOHKPETHON
#peakumen j-ro HempoHa Ha KOHKPETHbIN BXOA.

# MNepBblil CrIOM HEMPOHOB NOJSTHOCTIO NMPUMHMMAET 3Ha4YeHus Bxoga X (T.e. BCe peakuum
#eanHWYHbIE).

1=X

# BTopow crnon HENPOHOB paccuMTbiBaeTCs Kak YHKUMS akTUBaLUKM No Kaxxgomy
#anemeHTy maTpuupbl U

# Mo cytn 12 310 MaTpuua 4 Ha 4, rae B KaXKOoW sYeike pesynbTaT akTMBaLMm HerpoHa
#BTOpPOro cnosi Ans Bcex 4-x BXoaHbIX 06pa3os

# [etanbHo:

# matpuua U = np.dot(10, W_0_1) sBnsieTca pesynbTatom

# MaTpuU4HOro NpousBedeHNsi BbIXOAOB HEMPOHOB NpeablayLlero cros Ha Beca mexay 1
#1n 2 cnoewm.

# CTtpokun matpuubl U oTBEYatoT 3a KOHKPETHbIN BXOAHOM 06pa3s (00bekT).

# Cton6upbl maTpuubl U oTBEYalOT 3a HEMPOHbI NpaBoro cros (L2).

# Ha nepeceyeHum i-i CTpOKM U1 j-ro ctonbua nonyvyaem s4ernky ¢ KOHKPETHON
#B3BELUEHHON CYMMOWN

# ons i-ro BxogHoro obpasa u j-ro HerpoHa cnog (12). MHbiMu cnoBamu, Anst KaXX4oro
#HenpoHa crnosi L2 1 anga kaxaoro Bxoaa

# cuntaetca U = W1X1 + W2X2 + W3X3 (NockonbKy BXOQHOM HEMPOH COAEPXKUT 3
#HenpoHa).

I2 = activation(np.dot(11, W_1_2))

# TO)XEe camoe npoaenbiBaem Ana TpeTbero cnos
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# Mo cytn I3 310 MaTpuua 4 Ha 1, rae B KaXKOoW siYeike pesynbTaT akTMBaL MM HENpoHa
#TpeTbero cnos (a oH oguH)

# ons Bcex 4-x BXoAaHbIX obpasos

I3 = activation(np.dot(12, W_2_3))

# paccunTbiBaeT oWNOKY Ha BbIXxo4e

I3_error=y-13
# paccunTbiBaeT Mogysb cpegHen ownbkn

if j % 10000) == O:

print "Error:" + str(np.mean(np.abs(I3_error)))

# sigma - ecTb NoKanbHbIN rPaaNEHT OLUMOKM

#13_sigma paccunTbiBaeTCH kak omnbka Bbixoda BCEN CETM Ha NPOU3BOAHYH DYHKLN
#akTmMBaumm Bcex HenpoHoB L3.

# Ha nepeceyeHuu i-i CTpokmM U j-ro ctonbua nostyd4aem st4enky ¢ KOHKPETHOW CUrMomn

# ons i-ro BxogHoro o6pasa u j-ro HenpoHa cnos (I13). MHbiMn cnoBamu, Ans Kaxgoro
#HenpoHa crnos L3

# 1 oNsa KaXxgoro BXxo4a paccynTbiBaeTcs Npon3BoaHas no yHKUUN aktTueaumm
#YMHOXEHHasa Ha OLLMOKy.

# To ecTb I3_sigma 6yget maTtpuua 4 Ha 1 (nockonbKy B L3 TONbKO OOUH HENPOH).

I13_sigma = 13_error * sigma_derivative(I3)

print I3_sigma

# Owwubka L2 cnos oueHnBaeTcs Yepes B3BELLEHHY0 curMy cnosi L3 no Becam mexay
#L2 n L3

# Mockonbky 13_sigma ato matpuua 4 Ha 1 1 matpuua W_2_3 4 Ha 1, TO NOCNeaHIo
#maTtpuuy

# Hapo TpaHcnoHnpoBaTh, YTOObI BbINOMIHUTE NPABUIIO YMHOXEHNSA MaTpuL, 1 B3BECUTb
#anemeHTbl I3_sigma

# no anemeHtam W_2_3.

# Torga ntoroeas matpuua I1_error 6yget 4 Ha 4, rae Ha nepeceyveHunm i-i CTPOKK U j-ro

#cTtonbua

# OyneT s4enka C KOHKPETHOM oLNBKOM j-ro HempoHa crnosi L2 gns i-ro BXO4HOro
#obpasa.

12_error =13_sigma.dot(W_2 3.T)

print 12_error

#12_sigma paccuunTbiBaeTcd kak owmnbka crnosi L2 Ha npon3BogHy0 OYHKLMM akTUBaLum
#Bcex HerpoHoB L2. Ha nepeceyveHun i-1 CTpoku 1 j-ro ctonbua nonyyaem syemky ¢
#KOHKpPETHOWN cMrmon gns i-ro BxogHoro obpasa u j-ro HempoHa cnos (L2). MHbimu
#cnoBamu, ANg KaXaoro HerpoHa cnos L2 n ans kaxxgoro Bxoga paccymTbiBaeTcs
#npoussoaHas no PyHKUUN akTUBaUMM, YMHOXEHHasa Ha OLUNOBKY.
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# To ecTb 12_sigma 6ygeT matpuua 4 Ha 4 (NockonbKy B L2 yeTbipe HeENMpoHa).
I2_sigma = 12_error * sigma_derivative(I2)
print I2_sigma
# oGHoBNSEeM Beca
# 12 aTOo MaTpuua 4 Ha 4, rge B Kaxxgon savelnke pesynbTaT akTuBauumnm HempoHa BTOPOro
#cnos ans Bcex 4-x BXoAHbIX 06pa3oB (MO CTpoKam).
# A 13_sigma aT0 maTpuua 4 Ha 1, rge B Kagon CTpoKe NOKanbHbIN rpagueHT owmnbKm
#0ns 4-x BXoAHbIX 06pa3oB..
# Ytobbl B3BECUTL CTONGEL, MaTpuubl 12 No NokanbHOMY rpagueHTy (I13_sigma), HyXXHO
#TpaHcnoHnpoBaTb Matpuuy 12, 4Tobbl
# pesynbTaTt akTMBaLMM KaXKaoro HempoHa B cnoe L2 no kaxgomy BxogHoMy obpasy
#BbITSHYNCA B CTPOKY.
# Torga CoOTBETCTBYIOLLASA CTPOKA YMHOXUTCA Ha cTonbuk I13_sigma.
# 3ameTbTe, YTO TpaHCNOHUPOBaHUE I13_sigma He aacT pesynbTaTa, Tak Kak Toraa B
#raxgom ctonbue
# 13_sigma 6ygeT no ogHOMY 3HAYEHMIO, @ B KAXXO0M CTPOKe 12 No 4 3Ha4YeHus, a 3HaunT
#Takoe nepeMHoXeHne maTpuy, He nporaeT. [puMeHsieM TpaHCNOHUpPOBaHUE K 2.
W_2_3 +=speed * 12.T.dot(I3_sigma)
# aHanormyHo W_2 3
W_1_2 +=speed * 11.T.dot(I2_sigma)
# MNpsamoe pacnpocTpaHeHne Anga TeCTOBbIX AaHHbIX
X_test = np.array([[0, 0, 0],
[0, 1, 1],
[1,0,1],
[1,1, 0],
[0.5, 0.5, 0],
[0.5, 0.5, 1])
#Y_test gomkeH nonyuuntbea [1, 0,0, 1, 1, 0]
1 =X_test
I2 = activation(np.dot(l11, W_1_2))
I3 = activation(np.dot(I12, W_2_3))
print I3

Perynsipuzanus 4 ceTb NPAAMOro PacnpocTpPaHeHus

B otnnune oT mpeaplIyux MyHKTOB 3/1eCh HE OyJIeT Koja IETUKOM,
a TOJIbKO OOIIME PEKOMEH/IAIINU MO BBIMOJHEHUIO YKCIIEPUMEHTOB, MTO3BO-
JSIOMIMX BBISIBUTH BIUSHUE PETYJSIPU3AIMM HAa MHOTOCJIOWHYHO CETh
IpsIMOTO pacrpocTpanenus. B xoze paboThl HaJ MyHKTOM Bbl HAYYHUTECH
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FEHEPUPOBATh CUHTETUUECKHUE TaHHBIC, IPOBOJUTH CEPUM SKCIIEPUMEHTOB,
aHAIM3UPOBATh BO3MOKHOCTH MOJIEJIEH HAa Pa3HOTHUIHBIX JIAHHBIX M CPaB-
HUBATh PE3YJIbTATHI SKCIIEPUMEHTOB.

HeoOxoaumeble Jyisi BBIMOJHEHHUST PabOThI omepaTopbl import mpe-
CTaBJICHBI B JIUCTHUHTE O1.

Jluctuur 61

import numpy as np

from matplotlib import pyplot as plt

from matplotlib.colors import ListedColormap

from sklearn.model_selection import train_test_split

from sklearn.preprocessing import StandardScaler

from sklearn.datasets import make_moons, make_circles, make_classification
from sklearn.neural_network import MLPClassifier

[TepBbrii miar, KOTOPBI BaM HEOOXOIWMO BBHITIOJIHUTH, — TeHEPAIUS
naHHbIx. bubnmoteka Scikit-learn coaepKUT MHOKECTBO HAOOPOB JTAHHBIX
(sklearn.datasets). Cpeau 3Toro Habopa ecTh peajibHbIe JaHHbBIC (BRIOOPKH,
KOTOpPhIE MOKHO 3arpy3uth npu nomoimu ¢GyHkuuid — Loaders), Tak
U CTeIHaTbHbIC TEHEPATOPHl CHHTETHUECKUX JaHHBIX — Samplesgenerator.
[TomoOHBIE TEHEPATOPHI MO3BOJISIIOT CO3/IaTh JAaHHBIE HA JIETy MO 3aJaH-
HBIMU pacrpeieieHusIM, QYHKIUSIM, ¢ BOBMOXHOCTBIO JOOABJICHUS IITyMa,
CIIy4YalHBIX OTKJIOHCHUHW, CMEIICHUH U T. II.

EcTh HECKOIBKO KIIACCHYECKHUX CIIEHApWEB JJISl TIPOBEPKU BO3MOXK-
HOCTEW MOJeNeil B MallMHHOM OOy4eHUU. MBI BOCIHOJIB3YEeMCS OJIHUM
reHepaTopoM JUHEWHBIX 3anau (datasets.make classification) u aByms
HEJTMHEWHBIMU TeHepaTopamu (make moons, make circles). OTmerum,
YTO OJHOM M3 BAKHEUIIINX XaPAKTEPUCTUK JAHHBIX SBISIETCS Pa3MEPHOCTD.
BaxxHO mOHWMMATh, YTO BEIMYMHA PA3MEPHOCTH JTAHHBIX COOTBETCTBYET
KOJMYECTBY IIPU3HAKOB, KOTOPHIE OMHUCHIBAIOT MCXOJHBIE OOBEKTHI.
To ecTh Kaxzas oCch JAEKapTOBOrO MPOCTPAHCTBA 3aKPEILIAETCS 32 OJJHUM
KOJTMYECTBEHHBIM TpU3HAKOM. He Bce TeHepaTophl MaHHBIX IO3BOJISIOT
3a/1aBaTh Pa3MEPHOCTh JAaHHBIX. TeM HU MeHee HIKe MPUBEICHBI KpaifHe
Ba)KHBIE paclpeiesieHus TaHHbIX, KOTOPbIE WIUTIOCTPUPYIOT Pa3HbIE THUIIBI
3aja4 B MalIMHHOM 00ydeHuH. COOTBETCTBEHHO TECTUPOBAHUE MOEIEH
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Ha MOJOOHBIX JAHHBIX MO3BOJISIET 0€3 HAaTWYUsl PealibHbIX JAaHHBIX MPOBE-
PATH KaKue-Iu00 TMnoTe3bl.

[Ipumep renepaTtopos:

e make classification — mo3BoisieT CreHepupoBaTH TaKHUE KJacChl-
NPU3HAKH, KOTOphIE OYIyT JUHEHWHO pa3leNsiThCsl B N-MEPHOM
MIPOCTPAHCTBE (CM. PUCYHOK 67. a).

e make circles — mo3BoJisieT creHepupoBaTh TaKUe KIACCHI-TIPU3HAKH,
YTO MPU3HAKU OJHOTO KJIAacCa T€OMETPUYECKH OKPYKAlOT MPU3HAKU
JIpyroro kiacca (CM. pucyHok 67.0).

e make moons — MO3BOJISIET CT€HEPUPOBATH TAKUE KIIACCHI-TIPU3HAKH,
YTO TPHU3HAKU OJHOTO KJAcCa YAaCTHUYHO IEPECeKaroTCs C MpHU3HA-
KaMu Jpyroro kiacca (CM. pucyHok 67. B).
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PucyHoK 67. Bugbl pacnpegeneHuii Npu3Hakos, creHepupoBaHHbIX MHcTpymeHTamu Scikit-learn

CamoctositensHo HaiiauTe B Scikit mHbOpManuioo MO pa3IuyHBIM
reHepaTopaM M CreHEpUPYWTE CHUHTETUYECKHUE JAaHHBIE NJii MPOBEJCHUS
AKCHEpUMEHTOB. [Ipumep koma st co3/laHusl JaHHBIX TPEX Pa3sHOTHUITHBIX
3a]1a4 Kjaccu(uKaluy NpyuBeIeH B JIUCTUHTE 62.

Jliist ynoOcTBa nanbHeiied paboTbl peKOMEHyeTCsl OObEIUHUTD BCE
Ha0OPHI JAaHHBIX B COUCOK, KaK MOKAa3aHO B JIUCTUHTE 63, TOrJa Bhl CMO-
YKETe OPraHU30BaTh LUK MO KaXJAOMY 3JIEMEHTY 3TOr0 CIHUCKA (Y4TO MpHU-
BEJICHO B KOJ€E). B 3TOM ’Ke NUCTHUHIE eCTh MpUMEpP MacIITaOUupOBaHUS
JTAHHBIX U pa30MeHUs X HA TPEHUPOBOUYHYIO TECTOBYIO BHIOOPKY.
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JIucTnHr 62

X,y = make_classification(n_features=2, n_redundant=0, n_informative=2,
random_state=0, n_clusters_per_class=1)

rng = np.random.RandomState(2)

X += 2 * rng.uniform(size=X.shape)

linearly_dataset = (X, y)

moon_dataset = make_moons(noise=0.3, random_state=0)
circles_dataset = make_circles(noise=0.2, factor=0.5, random_state=1)

Jluctuur 63

datasets = [moon_dataset, circles_dataset, linearly_dataset]
for ds_cnt, ds in enumerate(datasets):
X,y=ds
X = StandardScaler().fit_transform(X)
X _train, X_test, y_train, y_test = train_test_split(X, y, test_size=.4, random_state=42)

Oynkmus train_test split 1eauT gaHHBIE TakK, YTO TECTOBas BHIOOPKA
coctaBisieT 40% OT ucxoaHOro Habopa aHHBIX. Pa3jenenue NpoucxoauT
CIy4yailHbIM 00pa3oM (T.€. DJIEMEHThI OepyTCS U3 UCXOJHOU BBIOOPKH HE
MOCJIeIOBAaTeNbHO). B 3TOM ke IMKIe MOXHO OpraHM30BaTh OOy4EHHE
MOJIeJIeH, UX TECTUPOBaHUE U (OPMUPOBAHUS TPAPHUKOB.

B Tene 1mmkia co3maiiTe KOJUIEKIIMIO MHOTOCJIOWHBIX CeTeH
(MLPClassifier) ¢ paznuuasiMu kodduiinenTamu peryisipusaiuu (alpha)
U Oo0yYHTe KaXIYH MOJEeh Ha KaXJOM THIIE JaHHBIX. Bcero momkHO
noTyuuThest 15 mozeneit (3 Tuma gaHHBIX\3aJauu U 5 BUIA0B Koddduim-
CHTOB peryJisipu3anun). s peaau3anuy UCTIOIb3yHTe KO U3 JIUCTUHTA 64.

Jluctuur 64

alphas = np.logspace(-5, 3, 5)

CrnenyromumM I1aroM OoToOpa3uTe MCXOJIHBIC JaHHBIC U PE3YyJbTaThl
Ha rpadukax. [Ipumep oToOpaxeHusi UCXOJIHBIX JaHHBIX Y€ ObLI MpHUBe-
JI€H B IpeAbIaynuXx nyHkTax. OJHaKO Ha 3TOT pa3 HEOOXOAUMO MTOCTPOUTh
He oauH rpaduk, a cepuro rpad@uKkoB B OJHOM OKHE. B mrTore moimkHa
NOJy4nuThcsl Tabnuia u3 rpadukoB (3 cTpoku, 6 ctondioB). [ns atoro
uzyunute GyHKIU0O subplot u3 oubnuoreku matplotlib. Ilpumep xoxa s
WHUIMATIN3aIMK HOBOTO Tpaduka (eciu TouHee, To moArpaduka B paMKax

OAHOTI'O l'IOJ'IOTHa\OKHa) T0Ka3aH B JUCTUHTE 65.
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JIuctuHr 65

current_subplot= plt.subplot(3, 5 + 1, i)

[TokazaHHBIM B JUCTUHTE 65 CIIOCOOOM MBI MOXKEM TOJYYUTh OJUH
U3 Tpa@UKOB B MOJIOTHE M 3aIOJIHATH €T0 JAHHBIMHU, a MTOTOM TaKUM JKe
00pa3oM MOJYUUTH CAEAYIOU Tpaduk (To ecTh 00BEKT current subplot).
B nepByto ouepenib Ha Bcex rpadukax HEOOXOUMO OTOOPA3UTh UCXOIHBIE
JaHHbIE (TOYKU\pU3HAKK). MOXkKeTe 0TOOpa3uTh TPEHUPOBOUYHYIO U TECTO-
BYIO BBIOOPKY WJIM TOJIbKO OfHY. [IpumMep Kona, B KOTOPOM TOYKH TECTO-
BOW BBIOOPKHU PUCYIOTCA MoJrynipo3paunbiMu (alpha=0.6), mpuBeneH B iuc-
THUHTE 66.

JIuCTnHr 66

current_subplot.scatter(X_train[:, 0], X_train[:, 1], c=y_train, cmap=cm_bright)
current_subplot.scatter(X_test[;, 0], X _test[:, 1], c=y_test, cmap=cm_bright,alpha=0.6)

B nmuctunre 67 cm v cm_bright 3T0 11BETOBBIE CXEMBI 1JIsI OTPUCOBKH
rpa¢ukoB. X MOXXHO B3SITh KaKk U3 TOTOBOTO Ha0opa, TaK M 3aJaTh Bpy-
HYI0. DTO JieJlaeTcsl CAEAYIOUMM 00pa3oM (JIMCTUHT 65):

JIuctuur 67

cm = plt.cm.RdBu
cm_bright = ListedColormap(['#FF0000', '"#0000FF])

[Ipu oTpucoBKe TpaduKOB PEKOMEHAYETCS MPUICPKUBATHCS CIICTY-
romero. [lycts neBbiid cTonben rpadkoB OTOOpPak)aeT TOJBKO HMCXOJHBIE
JTaHHBIE U HUYETO O0mbIie. OcTalbHbBIE K€ CTOJIONBI TOHKHBI 0TOOpaXKaTh
GbyHKIMM O00YYEHHBIX MOJIENel B MPOCTPAHCTBE MCXOAHBIX JAHHBIX. DTO
HEO0OXOAMMO, YTOOBI BU3yaJIbHO OLEHUTb, KaK KakK/as MOJIETb pa3eiuiia
UCXOJIHOE TPOCTPAHCTBO TMPHU3HAKOB. BMeCTO mMOCTpoeHUS 3HAYCHHMA
bynkmu Y Ha OTAETHHOW OCH OTOOpa3uTe 3HAYEHUS Y B BUC IIBETOBBIX
IpaiueHToB (4TOOBI HE CTPOUTH TpeXMepHbie rpadukn). [Ipumep Bu3yanu-
3aIlMU MOKa3aH Ha PUCYHKE 68.
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alpha le-05

alpha le-05

PucyHoK 68. Mpumep Busyanusaumm Kavyectsa mogenei

31ech cieBa MpeCTaBiIeHa KOJIOHKA ¢ TpeMs rpapuKaMH MCXOTHBIX
pacrpeieNieHnii MPU3HAKOB (Ha KaXaoM rpaduke JBE TPYIMIBI TOYEK
UCXOJHBIX MaHHBIX). Kaxkgas cTpoka oTBedaeT 3a CBOIO 3a7ady Kiaccudu-
kammu  (moondataset, circledataset, linearseparabledataset). IlpaBas
KOJIOHKa JIEMOHCTPUPYET KaK KOHKpPETHas MOJENh MHOTOCIOWHOW CeTH
MLP (c mapamerpom alpha=0.00001) xknaccuduimpyer ucxoiHoe pacrpe-
neneHre. 3HaUYCHUs MOJIENH B Ka)XJIOW TOYKE NMPHU3HAKOB IMPEACTABIICHBI
I[BETOBBIM TPaJUEHTOM. DJTO Topa3io Oosiee YIOOHBIM CIOCOO BHU3yasH-
3alliu, 4eM TIOCTPOSHUE TPEXMEPHBIX TOBEPXHOCTEH.
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Kak ™Mbl BUIMM, MpaBblid cTONOEI] OTOOpa)kaeT rpaaueHT. UToObI
MOJYYUTh TPaAUEHT, HEOOXOJUMO OINpPEIETUTh MHOXECTBO TOYEK, IO
KOTOPBIM OyJIeT CTpOUThCS TpaduK. ITO MOXKHO CJliefiaTh MPU TOMOIIU
PEryJISIPHOM CETKH, KaK MOKa3aHO B JIUCTUHTE 68.

JIucTuHr 68

h = .02 #war perynsapHon ceTku

x0_min, x0_max = X[:, 0].min() - .5, X[;, 0].max() + .5

x1_min, x1_max = X[;, 1]1.min() - .5, X[, 1].max() + .5

xx0, xx1 = np.meshgrid(np.arange(x0_min, x0_max, h), np.arange(x1_min, x1_mayx, h))

B muctunre 69 MpCaACTABJICHO HCCKOJBbKO BAPpHUAHTOB KOJA JJIA ITOJY-
YeHMS 3HAUYCHUM (1)YHKLII/II/I MOJCJIHU B YKA3aHHBIX TOYKAX CCTKH.

JIuctuHr 69

Z = clf.decision_function(np.c_[xx0.ravel(), xx1.ravel()])#1
Z = clf.predict_proba(np.c_[xx0.ravel(), xx1.ravel()])[:, 1]1#2
Z = clf.predict(np.c_[xx0.ravel(),xx1.ravel()])#3

CrenaeM HEKOTOpPBIE MOSICHEHUSI K KO

1. decision_function Bo3BpamiaeT paccTosiHue 10 pa3aelisitollei rumnep-
MJIOCKOCTH B COOTBETCTBYIOIIEM U3MEPEHUU (ITPOCKIIMOHHOM OCH).

2. predict proba Bo3BpalllaeT BEPOSTHOCTh MPUHAJICKHOCTH K KaxkK-
oMYy KJlaccy (Tak JUJIsl IBYX KJIACCOB MOKHO OpaThb OJHY U3 BEPOST-
HOCTEH (OIMH U3 CTOJIOIIOB JIBYMEPHOTO MAacCHUBA) U UCXOJIs U3 3HAa-
YEHUsI pacKpalnimBaTh 00JIaCTh B COOTBETCTBYIOLIUMN 1IBET).

3. Predict Bo3BpamiaeTcsi IEJIOYUCICHHYIO OLICHKY MNPUHAIICHKHOCTH
K KJaccy (Kak OMHapHas Macka).

Tpetnit BapuaHT B JaHHOM CJIydae BBIIACT OKPYTJICHHBIC 3HAYCHUS
kiaccoB (0, 1 u T. n.), a pynkuus predict proba BbIIAET CrIaXEHHYIO
(GYHKIMIO BEPOSTHOCTH Kilacca. YTOOBI MOHATH pa3HUILY, MOMPOOyITe pas-
JIMYHbIC BAPUAHTHI.

Onnako He Bce kiaccudukaTtopsl uMeroT decision function. UToOs
y3HaTh, COJEPKHUT JU TEKYIIUHA OOBEKT MHTEPECYIOIIYI0 HAc (PYHKIIHIO,
MO>KHO BOCTOJIb30BaThCSl METOJIOM hasattr. DToT MeTo 1 Bo3Bpaiaer ¢uiar,
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YKa3bIBAIOIIUN HA TO, COACPIKUT JIM OOBEKT yKA3aHHBIA aTpUOYyT U HYKCH
TUIsl 00pabOTKH pa3HBIX BAPUAHTOB KJIACCH(UKATOPOB (MOKHO BBHICTPOUTH
Ha 7ToM if-else noruky). [Ipumep ee BbI30Ba nmokaszaH B auctunre 70.

Jluctuur 70

hasattr(clf, "decision_function")

Jlanee BaM HEOOXOJIWMO HApUCOBATh PE3YJIbTAT, OCH, 3aroJOBOK
M TEKCT CO 3HAUEHHEM TOYHOCTH MOJENIN. BEIITOIHUTE 3TO MOXKHO C IIOMO-
IIBI0 KOJa u3 JucTuHra 71.

Jluctuur 71

Z = Z.reshape(xx0.shape)

current_subplot.contourf(xx0, xx1, Z, cmap=cm, alpha=.8)
current_subplot.set_xlim(xx0.min(),xx0.max())
current_subplot.set_ylim(xx0.min(),xx1.max())

current_subplot.set_xticks(())

current_subplot.set_yticks(())

current_subplot.set_title(name)

current_subplot.text(xx0.max() - .3, xx1.min() + .3, ('%.2f' % score).lIstrip('0"),
size=15, horizontalalignment="right')

[Tocne oTpUCOBKM IpaJueHTa N00aBbTE HA KaXIbli rpaduk TecTo-
BYIO BBIOOPKY (TOYKHM M3 KaXIOW 3adaud i rpaduka Kaxaod MOJENn).
DTO MOXKHO CJeNaTh TAaKUM e 00pa3oM, Kak MOKa3aHo B JIUCTUHTE 72.

JIuctuHr 72

current_subplot.scatter(X_test[;, 0], X _test[:, 1], c=y_test, cmap=cm_bright,alpha=0.6)

He 3a0yabTe, 4TO mocie NOCTPOCHUS Kaxa0ro rpaduka He0OX0aAUMO
WHKPEMEHTHPOBAaTh NEpeMeHHYr0 1 s ¢yHkiuu subplot(), a Takxe
MOMHHTE O HEOOXOAUMOCTHU NMPUMEHUTH PyHKIHIO plt.show() B KOHIIE Bcex
onepanuit popmMupoBanus rpadMKoB AJis BbIBOJA pe3ysbTarta B okHe OC.

[Ipu >xenaHuM Bbl MOKETE€ HACTPOUTH OTCTYIBI rpa)UKOB B OKHE
MPOCMOTpa MPU MOMOIIM CIEAYIOIIEro Kojaa (JIUCTUHT 73).
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Jluctuur 73

figure.subplots_adjust(left=.02, right=.98)

JIns 3aiaHusl 3arojIOBKOB M BBIBOJIA TEKCTa Ha TPaUKOB MOXKHO
WCIIOJIL30BATh Cleaytomue GyHKIIMU U3 JTUCTUHTA 74.

Jluctuur 74

current_subplot.set_title("Input data")
current_subplot.text(xx0.max() - .3, xx1.min() + .3, ('%.2f" % score).Istrip('0'), size=15,
horizontalalignment="right')

Pab6ora ¢ oudiinorexkamu Keras u Theano. Hacrpoiika mog Windows

MpbI 3aKOHYMIIM paCCMOTPEHUE MTPOCTHIX MOJAEIEH HEMPOHHBIX CETEU
U TepexoauM K Oojee CIOXKHBIM. B 4acTHOCTH, K CBEPTOUYHBIM CETSAM.
OpnHako TOCKOJIBKY B OuOnnoTeke scikit HET MOJIHOLIEHHOM IMOIECPKKH
TaKMX CeTe, TO B JJAaHHOM TIyHKTE MBI PACCMOTPHM YCTaHOBKY
u HacTpoiiky oubnuortek Keras u Theano, motoMy 4to i moJib30BaTenei
Windows ycTaHoBKa 3TUX OMOIMOTEK HETPUBUAJIBHA.

Hns pazBopaunBanusi Keras m Theano mns CPU na Windows
BBITIOJTHUTE CIIEAYIOIIEE:

1. Otkpoiite Anaconda prompt (KOMaHIHYIO CTPOKY AHaKOHJIbI
yepe3 MeHI0 «llyck» WM MmpocTO BBINOJIHUTE CTaHAAPTHYIO
koManny cmd. Ecnu Bce ycraHoBiieHO BepHO, TO Anaconda
«IEePEeXBATUTY» aJPECOBAHHBIC € KOMAH/IbI)

Brimonaute conda update conda
Brmonnute conda update --all
Brimonnute conda install mingw libpython
YcranouteTheano, pip install Theano
VYcranoBute Keras pip install keras

AT A ol

BrinonHuTe KO IS TPOBEPKU KOPPEKTHOCTH BCEX ACHCTBUM
(OH 1OKa3aH B JJUCTUHTE 75).
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Jluctuur 75

import numpy as np

import sklearn.linear_model as lin

from keras.layers.core import Dense, Activation
from keras.models import Sequential

from keras.optimizers import RMSprop

x_train = np.array([[0, 0], [0, 1], [1, O], [1, 11D
y_train = np.array([0, 1, 1, 0]).reshape(4, 1)
x_test = np.array([[0, 0], [0, 1], [1, O], [1, 11])

model = Sequential()

model.add(Dense(2, init="lecun_uniform', input_shape=(2,)))
model.add(Activation('relu’))

model.add(Dense(1, init="lecun_uniform"))
model.add(Activation('linear"))

rms = RMSprop(Ir=0.01)

model.compile(loss="mse’, optimizer=rms)

epochs = 200

model.fit(x_train, y_train, batch_size=1, nb_epoch=epochs, verbose=0)
y_predict = model.predict(x_test, batch_size=1)

print y_predict

Tenepsr onumiem paszBopaunBanue Theano ans GPU na Windows.
Benp oOydeHue 1ake OTHOCHTENIBHO MPOCTBIX CBEPTOUYHBIX CETeH —
KpaiiHE 3aTpaTHBIA BBIYMCIUTEIBHBIA MPOLECC, KOTOPBI MOMKET 3aHATH
HECKOJIbKO 4acOB Ha JIOBOJILHO MOIIHOM Ipolieccope (3/1eCh TaKKe CTOUT
YUYUTHIBATH, YTO HE BCE OMOIMOTEKH U MIATPOPMBI MOAEPKUBAIOT Mapall-
JIETBHOE HWCTIOJIHEHUE KOJAa MEXIY SIAPAMU MPOLECCOPOB, a 3HAYMUT, IOII-
POCTY HE MCIOIb3YIOT BCIO BHIYUCIUTENbHYIO Molb CPU).

CoBpemeHHble TpaduuecKkue KapThl IMO3BOJSIOT 3allyCKaTh OYEHb
MHOTO MapaJuIeNIbHBIX BHIYMCICHUN Ha anmnapaTHOM (a HE TOJILKO Ha Mpor-
paMMHOM) ypoBHE. JIuaepoM TakuxX BBIYHCICHHI Ha CETOJHSIIHUN JEHb
apigercss kommanusi NVidia, koTopass mpeayiaraeT CHelHaIbHYIO IIaT-
dbopmy nox HazBanueM CUDA. DTo nporpaMmmHo-anmnaparHas miargopma,
KOTOpass BCTpOE€Ha B BHUJEOKapThl U ApaiiBepa NVidia. IlomoOnas
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TEXHOJIOTHUSI MOXKET YCKOPUTh BBIUMCICHUS BO MHOTO pa3 (oT 4 no 100).
Koneuno ke, GPU BapuaHT mpeAmnouTUTENIbHEE HE TOJIbKO B PEaTbHbBIX
MPOEKTaX U MPOMBIIIIEHHBIX CUCTEMax, HO U B Mpolecce 00ydeHus], Tak
KaK MOKET CYIIECTBEHHO COKOHOMUTH BpeMsI Ha DKCIIEPUMEHTHI U BBINOJ-
HEHUE y4eOHbIX 3aJaHuM.

bubnnorexka Theano MoXXeT HUCHOJHITHL CBOM MOJieId Ha rpadu-
yeckoMm Tmpornieccope (GPU), xoropeiil ycraHoBiieH B cucreme. OHAKO
MOJIJICP)KUBAIOTCS TOJIBKO rpaduyeckue mnporeccopsl oT NVidia u ToJIbKO
Te, KoTopble mojaep;xkuBatoT pexkum CUDAComputeCapability 3.0 wm
BbIIIE. Y3HAaTh O TOM, KakoW peXUM TMOJJIEPKUBAET Ballla BHAECOKapTa
MOXHO Ha opunranbHoM caiite NVidia.

Camo pazBopauuBanue Theano cocTOUT U3 CAEAYIONIMX IAroOB:

1. [IpoBepbTe, UTO y Bac €CTh CBEXHUMU ApaiBEp HAa BUICOKAPTY
Nvidia. Heo6xoauma umenno kapra NvidiacCompute Capablity = 3.0 unu
Bbiie (mpoBeputh Compute Capablity cBoeit BuaeokapThl MOXKHO TYT
[58]). Ecnm kaptel ot Nvidia HET, TO ATOT CIiEHApuUi peaau3oBaTh HE
MOJYYUTHCS U ITPOCTO uctonb3zyrre CPU.

2. Ckauaiite u ycranosute CUDA Toolkit 8.0 otcrona: [59].

3. Ckauvaiite Cudnn 5.0 qus CUDA Toolkit 8.0 orcroga [60]. D10
OuOIMOTEeKa /1711 HU3KOYPOBHEBOW MOJJIEPKKU HEUPOHHBIX cereil. Pacna-
kyite apxuB Cudnn. Tam OyaeT HECKOJIbKO MamokK. B Kakmaoi mamke 1o
ofHOMY (aitiry. DT ¢ailabl HY>KHO MEPEMECTUTh B MECTO, KyJa OblI
ycranoBieH CUDA Toolkit 8.0. Hanpumep, daitn cudnn64 5.dll u3z nanku
cuda\bin mosoxuTe B manky bin B mecto, Kyaa ycraHoBwici CUDA
Toolkit 8.0 u Tak ganee.

4. Teneps ko Theano moxer 3anyckarbesi Ha GPU. Ho ero emie
HY>KHO CKOMIUIUpoBaTh. s komnwisiiuu HyxeH VC++ KOMIUISATOp OT
Maiikpocodra. HyXHyt0 BEpCHI0O KOMOWISATOPAa MOXKHO TOJY4YUTh, yCTa-
HoBuB Visual Studio 2012.

5. Co3zpnaiite TeKCTOBBIN (haitin ¢ uMeHeM .theanorc, 3amoJTHEHHBIN

KaK MOKa3aHo B JUCTUHIre 76. OnucaHue NpuBEACHO B JUCTUHTE 77.
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6. Co3nanubiii  (paiin HY)KHO TIOJIOKHUTH B JIOMAIIHIOK WJIU
noJsib3oBarenbckyto qupekroputo OC. s Win ato C:\Users\$UserName$.
UToOBI YETKO OMpEeNeNuTh JUPEKTOPUIO, MOXKHO BBHITIOJTHUTD CIEAYIONTUN

KO (JIUCTUHT 78).

JIuctuHr 76

[global]

floatX=float32

device=gpu

mode=FAST_RUN

cnmem=0.7

[cuda]

root=C:\Program Files\NVIDIA GPU Computing Toolki\CUDA\v7.5
[nvec]

flags=-LD:\Program_Files\Anacondal\libs
—compiler_bindir=C:\Program_Files_(x86)\Microsoft_Visual_Studio_11.0\VC\bin\
—fastmath=True

Jluctuur 77

[global]

Cnmem - o6bem namsaTn, KOTOPbIA UCMONb3YETCS Ha BUOEO KapTe
[cuda]

Root - nyTb Ha kopHeByto nanky CUDAtoolkit. Hanpumep:
«root=C:\Program Files\NVIDIA GPU Computing Toolki\CUDA\v8.0»
[nvec]

Flags - ykasbiBaeT nyTb Ao 6ubnuotek Anaconda

compiler_bindir - nytb go komnunstopa cl.exe n3 VisualStudio

Bo Bcex napameTpax [nvcc] He gormkHo ObiTb npobenos. Tak «Program Files (x86)» Hy»HO
3ameHuTb Ha «Program_Files (x86)». Mpumep nyTu:
«D:\Program_Files\Visual_Studio_1\VC\bin\»

JIuctuur 78

os.environ[ THEANO_FLAGS'"="device=gpu0,lib.cnmem=0.5"
path=0s.path.expanduser('~/.theanorc.txt')

7. BrinosHuTe NpoBEepOUYHBIA KOJ W3 JucThuHra 79. OH HOJDKEH
BbiBecTU 'Used the gpu' u HyneBoil koA OIMOKH.
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Jiuctuur 79

from theano import function, config, shared, sandbox
import theano.tensoras T
import numpy
import time
vlen =10 * 30 * 768 # 10 x #cores x # threads per core
iters = 10000
rng = numpy.random.RandomState(22)
x = shared(numpy.asarray(rng.rand(vlen), config.floatX))
f = function([], T.exp(x))
print(f.maker.fgraph.toposort())
t0 = time.time()
for i in range(iters):
r=1()
t1 = time.time()
print("Looping %d times took %f seconds" % (iters, t1 - 10))
print("Result is %s" % (r,))
if numpy.any([isinstance(x.op, T.Elemwise) for x in f.maker.fgraph.toposort()]):
print('Used the cpu')
else:
print('Used the gpu')

IHonyuyenue nannbIx cpeacreamu Keras

[Mono6uo Oubnmmnoreke Scikit-learn 6ubamorexka Keras takxe mmeer
BCTPOCHHBIE (DYHKIMH JIs TIOTyYEHUs TOTOBOTO Habopa maHHbIX. [Ipumep
nokaszan B jmctuHre 80. Ha BbIXoAe y HAcC IONY4YarOTCA CTaHAAPTHBIE
MaccuBbl Numpy.

Jluctuur 80

from keras.datasets import mnist
(X_train, y_train), (X_test, y_test) = mnist.load_data()

3a0ekaB HEMHOTO BIEPEl, CKaXEM, YTO CBEPTOUYHBIC MOJEIH, TIPE-
CTaBJICHHbIE OMOIMoTeKkoil Keras, MpUHUMAIOT Ha BXOJ HEMHOI'O HEMNpH-
BBIYHBIA opmaTr AaHHBIX I 00yueHusa. Tak mapamerp Input shape
dbyukiuu model.fit() umeer cnenyromyro Gopmy: (samples, channels,
rows, cols). 3nech samples — KOJIMUECTBO 3JIEMEHTOB B BBIOOPKE (MOXKET
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HE YKa3bIBaThCsl), channels — koauyecTBO KaHaIOB (€ciau peub UAET 00
RGB-u300pakeHusx, T0 Ha KaKIy0 KOMIIOHEHTY OyJeT MO MaTpHIle
U OTOT IMapaMeTp OyJIeT paBEeH TPEM), TOWS M COls COOTBETCTBEHHO IIIMPHUHA
¥ BBICOTA MATPHIIBI (M300PasKCHHS).

Hcxonast u3 3TOTO, HAM HEOOXOIUMO MOAM(PHUIIUPOBATH MOTYUECHHBIC
nanHble. UToObl cMeHUTh Popmy maccuBa Numpy, BeiianHoro load data,
BOCITIOJIB3yHTECh (DyHKITHEH reshape, KoTopas B KadecTBE ITapaMeTpOB IIPH-
HUMaeT pa3Mep Kaxaoro maMmepeHwus. [IpuMep GyHKIHMH MMOKa3aH B JIHC-
trHre 81.

JNuctunr 81

X_train = X_train.Reshape(N, 1, r, c)

Kpome cmensl (opMbl MaccuBa €ro 3JE€MEHThl HEOOXOJAUMO
MpUBeCTH B auana3oH oT 0 10 1 11 KOppeKTHOM paboThl ¢ HUM CBEPTOU-
HOW HEUPOHHOU ceThio. CrenaiTe 3T0 CaMOCTOSTENBHO.

Han BeiOopkoit Y Takke HEOOXOIWMO MPOBECTH MpeoOpa3oBaHUS.
[lemoe 4nCI0 HYKHO MEPEBECTH B OMHAPHYIO MACKy (BEKTOp) TakK, YTOObI
KJIacC 2 M3 TPeX BO3MOXKHBIX KJIACCOB MpejacTaBisiia codoir BekTop [0,0,1]
npu orcuere ot Hynsd. [logoOHoe mpeoOpa3zoBaHME MOXKHO CAeIaTh MPH
oMoty GyHKIMU np_utils.to_categorical.

Co3nanue u o0yyeHHne MOJeIH CBEPTOYHOI ceTH

OO6mas noruka oOy4eHus MOJICNIA Takasl )K€, KaK U B MOJENsIX Ouo-
muoteku Scikit-Learn. Ho nockonsky Keras Oomnbliie opueHTHpOBaHa Ha
HEeWpOoceTeBbIe MOJICNIM, TO OHA TMO3BOJISIET OOJiee JeTaIbHO HACTpauBaTh
CTPYKTYpPY M paboTy ceTu. B 3TOM IMyHKTE MbI paCCMOTPHUM JIMIIIh HEKOTO-
pbI€ U3 BO3MOKHOCTEMN.

Monenn B Keras ONUCBHIBAIOTCS KakK BBIYUCIUTEIbHBIE Tpadbl.
[ToaToMy, 4TOOBI CO3/1aTh U OOYYUTh CBEPTOUYHYIO CE€Th, CHadajla HE0OXO-
JMMO CO3J7IaTh TIOCJIENOBATEIbHYI0 MOJEnb (rpad mociaeaoBaTEIbHBIX
BBIUHCJICHUI\0OpaOOTUMKOB, «KOHTEHHEP Mojielnei»). Cruenarh 3T0O MOXKHO
TaK, KaK IOKa3aHO B JIUCTUHTE 82.
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Jluctuur 82

model = Sequential()

[Tocne cosmanus rpad HEOOXOAMMO 3aIMOJHUTH PSJAOM 00paboT-
yuKoB. OmnrcaHne BceX BO3MOXKHBIX 00OpaOOTUYMKOB €CTh B IOKYMEHTAILIMU
Keras, nanpumep, 3xnech: [61]. Huke mpencrtaBieH COUCOK OCHOBHBIX
00pabOTYUKOB, C KOTOPHIMHU MBI CTOJIKHEMCS B ’TOM ITYHKTE.

Dense — oJHOMEpHBIM CJIOW OOBIYHBIX HEMpoHOB. Ilo cyTu, 3TOT
00pabOTUMK BBIYUCIISIET B3BEIICHHBIE CYMMBI JJI Ka)KJI0T0 HEHPOHA C04,
HO HE BBIYUCISET JUIsl HUX (YHKIMIO aKTUBAlUM (TaK KaK OHa 3aJlaeTcs
OT/eNIbHBIM 00paboTunkoM). DyHkIUs, co3naronias o0pabOTUMK, MPUHU-
MaeT Ha BXOJ YUCIIO HEUPOHOB. Mcnonb30BaTh €€ MOXKHO Tak, KaK MOKa-
3aHO B JINCTUHTE §3.

Jluctuur 83

Dense(128)

ConvolutionND — cBepTouHBIN cj0i HeWpoHOB. JlaHHBIM 00pabOT-
YUK TOJCYUTHIBACT B3BEIICHHBIE CYMMBI ISl KaXKIOW KapThl M KaXJOTO
HEHpOHA B CJIO€, HO TaK)Ke HE BBIYUCISIET JJII HUX (DYHKITUIO aKTHUBAIIHH.
OyHKIUA, co3garonias oOpabOTUMK MPUHKMMAET HA BXOJ YHUCIO KapT
B clloe U pazMmep saapa\buibTpa, Takxke ompenensercs ¢gopma Bxoja
U pexuM 00paboTku rpanul] (valid o3HayaeT, 4To BCe sipa MOMECTATCS
B ICXOJHYIO MAaTPUIly U HE OyJIeT BHICTYIAIOIINX TPAHUII, IPHU STOM KapTa
OyIeT MeHbIIe MUCXOAHOW MaTpHllbl; B cllydae same KapTa OyJeT Takoro
ke pa3Mepa, Kak W BXOAHas MaTpuia). MOXXHO 3alaTb U pAI JAPYTUX
mapamMeTpoB, HO C HHMH BaM TpeajiaracTcsi O3HAKOMHTHCS CaMOCTOS-
TenpHO. [IpuMep ncroap30BaHus MPUBEACH B IUCTHHTE 84.

Activation — o0paboTyuk (YHKIIMHU aKTUBAIIMU. 3a7aeTCs TMOCIIe
kaxjaoro ciosi HelpoHoB (Convolution wim Dense), Takue o0pabOTIUKH,
kak MaxPooling2D wnu Dropout, He SBIAIOTCA CIIOSMH HEHWPOHOB.
JlanHBI 00pabOTYMK PACCUYMTHIBAET 3HAUCHWE AKTHBAIIUM JIJIS B3BEIICH-
HBIX CYMM MpeAbIAyIIero cios. B kauecTBe aprymeHTa (QyHKIUS TPUHU-
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MaeT CTPOKY C Ha3BaHUWEM COOCTBEHHO (pyHKkuuM aktuBanuu (relu, tanh,
linear, sig, prelu). [Ipumep ucnons3oBanus — B IUCTUHTE &5.

Jluctuur 84

Convolution2D(nb_filters, nb_conv, nb_conv,
border_mode='valid',
input_shape=(1, img_rows, img_cols)))

Jluctuur 85

Activation('relu")

MaxPoolingND — 06pabotuuk o0beuHeHus: mo makcumymy. Oo6pa-
OOTYMK MPOXOIUT MO MaTpulle, MOCTYIMAIIEH Ha BXOJ, OKHOM pa3Mepa
pool_size (Hanpumep, 2X2) 1 MOJa€T HA BBIXOJIHYIO MATPUILY OJHO MAKCH-
MaJIbHOE 3Ha4Y€HHE U3 JaHHOW 00JacTH BXOJHOM MaTpulilbl. MinmrocTparus
paboThl GyHKIMU — pUCYHOK 69 [1].

Single depth slice

1 0 B2
X
4 6 6 8
—>
3 1 1 o0
1 2 2 4
Y

PucyHoK 69. Unnioctpauma geincteua obpaborunka MaxPooling2D

Kak mb1 BunumM, u3 BXogHOM MaTpuilel 4X4 dopMmupyercs Marpuiia
2X2 MakcuMalbHBIX 3HaueHUH. [IpuMep BbI3OBa (YHKIUHU TPUBEICH
B JJUCTUHTE 86.

JluctuHr 86

MaxPooling2D(pool_size=(nb_pool, nb_pool))

Dropout — manHbIil 00pabOTUMK 3a/1a€T CTENEHb pa3pbiBa HEUPOH-
HBIX CBsI3el MEXKIY COCEIHUMHM cllosiMU. B kadecTBe mapamerpa GyHKIUS
npuHuMaeT 3Hauenue ot 0 1o 1, BeIpakaroliee MpoueHT pa3pbiBa. B pan-
HOM citydae 25% cCBsi3el MEXJy CIIOSIMU BBIPOJATCS B HOJb U HE OyayT
MEHSIThCA B IIpoIecce 00yUEeHHS.
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Oo0paTute BHUMaHue!

o Takou 603modcHOCmMU He ObLIo 68 bubauomexe scikit-learn. mo
BAJICHASL HACMPOUKA, MAK KAK OHA NO380J5.em KOHMPOIUPOSANb
nepeooyuerue cemu He moivbko peayisapuzayueti. Kpome moeo,

MAaKkum cnocobomM MONCHO 00OUMbCsL I Gexma 10KaNbHOCIU.

Bri30B 00paboTunika — B IUCTUHTE 87.

Jluctuur 87

Dropout(0.25)

Flatten — BerpaBHUBarOIIMH 00padboTunk. [IpeodbpazyeT cBs3u OT HEl-
POHOB CJIOSl CBEPTKH K OJHOMEPHOMY CJIOIO OOBIUHBIX HeWpoHOB. Takoi
00pabOTYMK HCIOJB3YyeTCsl OJIMKE K 3aBEPIIECHUI0 CETH, YTOOBI (popMu-
poBaTh BeIX0J Mozenu. [Ipumep BbI30Ba — B mucTUHTE §8.

Jluctuur 88

Flatten()

Ecnu co3gath MojeNb U3 ABYX CBEPTOUHBIX CIIOEB ¢ (DYHKITMEH aKTH-
Bauu «relu», 3areM meperTH K OOBIYHBIM CJOSIM, JO0OaBUThH Pa3pbIBBI
U 3aBepIInTe MOJenb ciioeM u3 10 HEeHpOHOB ¢ (PyHKIMEW aKTUBALUU
«softmax», To nanHass QyHKIUs CHOPMHUPYET BBIXOJHON BEKTOP TAKUM
o0pa3om, 4TOoObI CyMMa BCEX 3JIEMEHTOB ObLla paBHA €IMHUIIE, a OT/CIIb-
HBIM 3JIEMEHT BEKTOPA BBIpaKaJl BEPOSITHOCTh MPUHAIICKHOCTH BXOIHOTO
o0pa3a K KJaccy, KOTOPbI 0TOOpa)kaeTcs 3TUM 3JIEMEHTOM BEKTOpA.

UtoObl 100aBUTH TOT WM WHOW OOpPabOTUMK B BBIUUCIUTEIIBHBIN
rpad, ucnonszyercs GyHnkuus add, kak mokazaHo B JUCTUHTE §9.

[Tocne dhopmupoBanus rpada HEOOXOIUMO CKOMIUIUPOBATH MOEIb.
[Ipudem TO ke camoe MPUAETCS BBIMOIHUTD U MOCHE 3arpy3Kd MOJAEIH U3
¢aiisia, TOCKOJBKY COXpaHSAETCs JUillb rpad BBHIYUCICHHM, a HE TOTOBBIM
K WCIIOJTHEHUI0 00BEKT. [Ipumep KOMIWISAIMU MOJIENN TMPUBEIEH B JIHC-
tunre 90.
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Jluctuur 89

model.add(<obpaboTumk>)

Jluctmur 90

model.compile(loss='categorical_crossentropy’,
optimizer='adadelta’,
metrics=['accuracy')

OOyuaercs MoOJ€Nb YK€ 3HAKOMBIM CIOCOOOM (C TMOMOIIBIO
dbyukiuu fit, kyna nepenarorcss TpeHUpPoBOUHbIE BBIOOPKHU X, Y). OgHaKo
B JIAaHHBIX MOJEIIIX HMMEET CMBICI PacCMOTPETh €Ie HECKOJIBKO Tapa-
METpPOB:

e batch size — ompeaensieT KOJIUYECTBO MPEIbABISIEMBIX 00pa30B
B paMKax OJIHOTO OOHOBJIEHMs BeCOB (Tak ecyiu batch size>1, To nmpousso-
IUThCA OOy4YeHue Mo TpyIIe, a He MO OJUHOYHBIM oOpazam). JlaHHBIMA
napaMeTp MOKET MOBJIMATH Ha CKOpOocTh oOyueHusi (ocodenno Ha CPU)
1 Ha o0beMm Tpedyemoil namsaTu. Tak HeOonbime rpynnsl 1o 50 oOpa3oB
MOTYT MOTPEOOBATH MEHBIIIE TTAMSTH ¥ BEIYUCIUTEIBHBIX PECYPCOB (CIOBO
«MOTYT» UCTIOJIB3YETCA MOTOMY, YTO €CTh U ApyTrHue (GaKkTOPhl, B TOM YHCIIE
anmapaTHasi peaji3alnus HeKOTOPBIX (PYHKIIMI 1 MOBEACHHUE KAIIIa).

e nb_epoch — omnpenenser KoJIUIeCTBO 3MOX 00yUCHUSI.

e verbose — ompesenseT, BHIBOJUTh U B KOHCOJIb JE€TaTl OO0Yy4YEHUS
win HeT. [log neransimu noHumaercs nHGopMalus o XoJe 00yueHus, Bpe-
MEHH U OIIEHKE KaueCTBa 32 KaXKAYI0 UTEPALIHIO.

e validation data — ompezgenseT HabOp AAHHBIX, 110 KOTOPOMY OYyAET
IIPOBOJIUTHCS OLIEHKA KauyeCTBa MOJIEIH.

[Ipumep oOydeHuss MoJiesii PUBEEH B TUCTUHTE 91.

Jluctnur 91

model.fit(X_train, Y_train, batch_size=batch_size, nb_epoch=nb_epoch,
verbose=1, validation_data=(X_test, Y_test))

KadecTtBo 00yueHHON MO/ENIN MPOBEPSAETCS KOJIOM U3 JTUCTUHTA 92.
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Jiuctnur 92

score = model.evaluate(X_test, Y_test, verbose=0)
print('Test loss:', score[0])
print('Test accuracy:', score[1])

HanomnaumM, yTO:

e Bennunna loss xapakTepuszyeT MHTETpaIbHYIO OIIEHKY BCEX CpeaHe-
KBaJJPaTUYECKUX OMMOOK. ENUHUIIBI 3TON BEIMYHUHBI COBMAIAIOT C €IMHU-
namMu Y. UeMm MeHbIle 3TO 3HauyeHHe, TeM jaydmie. OQHAKO I KaXAou
3a7auM (KaXKJ0ro THUMA JAaHHBIX) KOHKPETHbIC BEIUYUHBI OyIyT Pa3HbIMU,
Y OLICHUBATH 3TY BEJIUYUHY HYKHO\MOXHO, TOJIbKO 3Hasl XapaKTep JaHHBIX
U JIONYCTUMBIE BeJIMUUHBL. Tak, A OIEHKH CTOMMOCTH KBApTHUPHI 00IIast
ommubka 300 000 Ha TPEHUPOBOUHOW BHIOOPKE B HECKOJBKO THICSAY KBap-
THUP MOKET ObITh BIIOJIHE MPUEMIIEMOM. A BOT Takasl ke BeJInunHa loss jist
OLICHKM YpPOBHSI JIEUKOIIMTOB B KPOBU Ha THICSUY MAI[MEHTOB IPOCTO
HEMprUeMIIEMA.

e BenmunHa accuracy XapakTepU3yeT MPOILIEHT BEPHBIX OTBETOB U3
TecToBOM BbIOOpKH. Uem Ommke 310 3HaueHue k 100% (umu 1.00), Tem
JydllIe.

3arpy3ka M COXpaHeHHe CJIOKHBIX MO eJIei

B omHoM w®W3 TpOHUIBIX TYHKTOB OBUT pPAacCMOTPEH BapHUaHT
coxpaHeHusi 00bekToB mocpeactBoM ¢Gynkuuii pickle.dump(obj, output)
u pickle.load(f). Onnako mHorne Moaenu Keras uMEIOT Takyro CIOXHYIO
CTPYKTYpY, YTO CTaHJAPTHBIA cepuann3aTop O0OBEKTOB BBI3BIBAET MCKIIIO-
YeHue u3-3a TIyOWHBI CCBHUIOK. [loATOMY Mg COXpaHEHUsS W 3arpy3Kd
CJIOKHBIX MOJIeTiell HEUPOHHBIX CETe HEOOXOAMMO HMCIOJB30BaTh CIEIY-
IOIMK Ko (JTMCTUHT 93).

OoparTuTe BHUMaHue!

o Hacmpouxu mooenu u 8eca coOXpausaomcs pazoenvHo.
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Jluctuur 93

def SaveToJSon(model, fileName):
model_json = model.to_json()
with open(fileName + ".net", "w") as json_file:
json_file.write(model_json)
model.save_weights(fileName + ".wgt")
print("model saved to disk")
def LoadFromJSon(fileName):
json_file = open(fileName + ".net", 'r')
loaded_model_json = json_file.read()
json_file.close()
loaded_model = model_from_json(loaded _model_json)
loaded_model.load_weights(fileName + ".wgt")
print("Loaded model from disk")
return loaded_model

PexyppeHTHBIE ceTH /I IPOTHO3UPOBAHNSI BpEeMEHHbIX PS/I0B

Tenepr paccMoTpuM npumep padOThl ¢ PEKYPPEHTHBIMU CETSIMU
cpencrBamu 6ubnuotexku Keras, a ”MEHHO, UX MIPUMEHEHHUE ISl peLIeHUs
3aJlayd MPOTHO3MPOBaHUsI BpeMeHHbIX psjoB. Ilycte B ¢aiine «interna-
tional-airline-passengers.csv» (ckayaTb ero MoxHO otrctoga: [41]) Haxo-
JATCSl JAHHBIE O €KEMECSIYHOM KOJIMYECTBE MAaCCaXKUPOB MEXKTYHAPO/I-
HOTO a’poIropTa B BU/JIE, MpeicTaBieHHOM Ha pucyHke 70. [Ipumenum pexyp-
PEHTHYIO CETh JUIsl MPOTHO3UPOBAHUS KOJMYECTBA MACCAXUPO B OyayIIEM.
['myOuHy MporHo3a BO3bMEM PaBHOW OJHOMY MECSIly, KaK M KOJIMYECTBO
TOYEK, IO KOTOPOMY OyJiIeM CTpOUThH MpOrHo3. KauecTtBo paboThl MOAenu
OLICHMM [0 BEJIMYMHE CpeIHEKBaapaTUYHOW omuOku. JlaHnHas 3amaua
Y KOJI €€ PEUICHHUS, IOKa3aHHbIA B TUCTUHTE 94, B3sATHI U3 [62].

Jluctuur 94

# -*- coding: utf-8 -*-
#Heobxogmmble nmnopTbl
import numpy

import matplotlib.pyplot as plt
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MpoaonxkeHune nuctuHra 94

from pandas import read_csv
import math
from keras.models import Sequential
from keras.layers import Dense
from keras.layers import LSTM
from sklearn.preprocessing import MinMaxScaler
from sklearn.metrics import mean_squared_error
# yHKUMA anga co3aaHns BbIOOPKN N3 MCXOOHOrO MaccuBa AaHHbIX
def create_dataset(dataset, look back=1):
dataX, dataY =], []
for i in range(len(dataset)-look_back-1):
a = dataset][i:(i+look_back), 0]
dataX.append(a)
dataY.append(dataset[i + look_back, 0])
return numpy.array(dataX), numpy.array(dataY)
# doukcaumna cocTosHMA paHaoma ans nonyvyeHns npeackasyemMoro pesynbraTa
numpy.random.seed(7)
# 3arpyska AaHHbIX
dataframe = read_csv('international-airline-passengers.csv', usecols=[1], engine='python’,
skipfooter=3)
dataset = dataframe.values
dataset = dataset.astype('float32")
# HOpManu3auusa gaHHbIX
scaler = MinMaxScaler(feature_range=(0, 1))
dataset = scaler.fit_transform(dataset)
# py4Hoe pasgeneHune gaHHbIX Ha 0by4vatoLLyto U TECTOBYHO BbIGOPKY
train_size = int(len(dataset) * 0.67)
test_size = len(dataset) - train_size
train, test = dataset[O:train_size,:], dataset[train_size:len(dataset),:]
# ameHeHne ncxogHoro Habopa gaHHbIX 4ns Toro, YTobbl B KaxXgon cTpoke X okasasncs
# BpemeHHon psag pasmepoM look back, HaunHasa ot momeHTa BpemeHn t0. AB Y
# BpeMeHHoW psag eguHUYHOro pasmepa oT MoMeHTa BpemeHun t0 + look _back.
# B naHHOM npumepe, ans look _back=4 X1 6yanet coctostb n3 o6bekTos: Data[tO],
# Data[t1], Data[t2], Data[t4], a Y1 u3 o6bekToB: Data[t5]. X2 HauHeTCsa ¢ anemeHTa
# Data[t1] v T.40.
trainX, trainY = create_dataset(train, look_back)
testX, testY = create_dataset(test, look_back)
# n3meHeHue opMbl BXOOHbIX AaHHbIX U NpuBeAeHNe UX K Buay
# [konn4ecTBO 06BEKTOB, pa3mMep BPEMEHHOTO psifa U3 06bEKTOB, KONIMYECTBO NPU3HAKOB
Kaxxgoro obbekTal
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OKOHYaHue nanctuHra 94

trainX = numpy.reshape(trainX, (trainX.shape[0], trainX.shape[1], 1))
testX = numpy.reshape(testX, (testX.shape[0], testX.shape[1], 1))

# CosgaHue rpacda BbluMCrieHMIn (HEKOTOPOW abCTpakTHOM MOAENN)
model = Sequential()

#4 — a10 KonmyecTBo 6riokos LSTM, input_shape - aTo doopma BekTOpa BXoga
model.add(LSTM(4, input_shape=(look_back, 1)))
model.add(Dense(1))

#Komnmnsuma mogenu

model.compile(loss="mean_squared_error', optimizer='adam’)
#0O6y4eHne mogenu

model fit(trainX, trainY, epochs=100, batch_size=1, verbose=2)

# BbINONHEHWE NpeAcKa3aHns

trainPredict = model.predict(trainX)

testPredict = model.predict(testX)

# TaK kak NpoOrHo3Hoe 3Ha4vyeHne HopmMmanmaoBsaHo, TO HeobXxoaMMo ero BOCCTaHOBIEHME

# noa BOCCTaHOBIIEeHMeM NnoHnMmaeTCA npmeeeHne K UICXogHoOMy MaCLIJTa6y OaHHbIX

trainPredict = scaler.inverse_transform(trainPredict)

trainY = scaler.inverse_transform([trainY])

testPredict = scaler.inverse_transform(testPredict)

testY = scaler.inverse_transform([testY])

# BbluMCreHMe OLWMOKM NPOrHo3a

trainScore = math.sqgrt(mean_squared_error(trainY[0], trainPredict[:,0]))
print("Train Score: %.2f RMSE' % (trainScore))

testScore = math.sqrt(mean_squared_error(testY[0], testPredict[:,0]))
print('Test Score: %.2f RMSE' % (testScore))

# noaroToBKa AaHHbIX AN OTPUCOBKM

trainPredictPlot = numpy.empty_like(dataset)

trainPredictPlot[;, :] = numpy.nan
trainPredictPlot[look_back:len(trainPredict)+look_back, :] = trainPredict
testPredictPlot = numpy.empty_like(dataset)

testPredictPlot[:, :] = numpy.nan
testPredictPlot[len(trainPredict)+(look_back*2)+1:len(dataset)-1, :] = testPredict
# nocTpoeHune rpaduka

plt.plot(scaler.inverse_transform(dataset))

plt.plot(trainPredictPlot)

plt.plot(testPredictPlot)

plt.show()
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PucyHok 70. [laHHble 0 naccaXkupax

Ha »toM MBI 3akaHYMBaeM pacCMOTPEHUE HWHCTPYMEHTAIBHBIX
CPEACTB JyIsl pa3pabOTKU MPUIOKEHHUN chepbl MAITMHHOTO OOy4YEHHUsI Ha
s3pike Python. Kak BeI MOTIM 3aMeTHUTh, B TOCOOMHU HE OBLIIN PACCMOTPEHBI
pean3aiuy TeHETUYECKUX aJITOPUTMOB U METOJIOB HEUETKOM JIOTUKHU. DTO
CBSI3aHO C TE€M, UTO UX peanu3zanus Ha si3bike Pyhton He TpeOyer kakux-1mdo
CIEIUAIM3UPOBAHHBIX OUOJIMOTEK, MO3TOMY 3TY YacTh IPAKTHYECKOTO
Marepuajga BaMm MpelaracTcsi OCBOUTh CAaMOCTOATENIBHO B PAMKAX BBINOJI-
HEHMs 3a7a4 1o 3TuM TemaM (cMm. paszaen «lIpakTuueckue 3agaHus).
B cinyuae 3aTpy/iHeHUsI Bbl MOXKETE€ OOpPaTUTHCS K CIEIYIOIINM PECypcam:
peanuzanusa reHerudeckoro aiaroputma Ha Python — [63] u matepuansi
y4eOHOTo 1ocoous [64], e paccMaTpUBaeTCsl pealn3aius TeHeTUUYEeCKUX
aJTOPUTMOB M HEKOTOPBIX OIEpaIMii HEUETKOM JIOTUKU Ha SI3bIKE Java.
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KOHTPOJIBHBIE BOIIPOCHI H TECTOBBIE 3AJJAHHUA

Tect «O01mMe cBeleHUs1 0 MAIIMHHOM 00y4YeHHI»

1. BriOepute BepHbIEC YTBEPKICHUS
a) OnaHa u3 33724 MaIlMHHOTO OOYYEHHS — HAy4YUThCA JieJlaTh MpPOT-
HO3bI JJIs1 TPU3HAKOB
b) OOBEKTHI ONMUCHIBAIOTCS C TTIOMOIIBIO TPU3HAKOB
c) OnaHa u3 3a7a4 MAIIMHHOTO OOYUYEHHS — HAy4YUThCS JieJIaTh MPOT-
HO3BI UI1 00OBEKTOB
d) Ilpu3Haku ONMUCHIBAIOTCS C TOMOIIBIO OOBEKTOB
2. Kakue u3 3TuX 3a/1a4 ABJISIOTCS 3a/1auaMu KJ1acCUpUKAIUN?
a) IIpornos remreparypsl Ha CICAYIOIIAN JEHb
b) PazneneHue KHUT, XpaHSAIIUXCS B JJIEKTPOHHOM OMOIMOTEKe, Ha
Hay4YHBIE U XYJI0KECTBEHHBIE
c) Ilouck rpynn moxoxux Mojb30BaTeIe HHTEPHET-Mara3uHa
d) IIporHo3 oleHKH CTyAeHTa MO MATHOAUIFHOM IIKajie Ha DK3aMEHE
110 MAIIMHHOMY OOYYE€HUIO B CJIEIYIOLIEH CECCUH
3. Kakne cBOMCTBa NAHHBIX MOPEMATCTBYIOT OJHO3HAYHOMY IMOCTPOCHUIO
pa3aensmoe TOBEpXHOCTH?
a) OpTOroHajabHOCTH
b) MynIbTHUKOJIMHEAPHOCTD
c) IIpoTuBOpeYMBOCTH
d) KareropuaibHOCTh
4. Kakast crmocOOHOCTb JIIOJIEH W CHUCTEM IO3BOJISIET MOJIy4aTh UM HOBBIE
3HAHMS 110 HAOJIFOJICHUIO OTACIBHBIX MPELeCHTOB (IPUMEPOB)?
a) Koppextupoars ommoOKy
b) O06o0mars
c) 3amnoMuHaTh
d) Pacno3naBath 00pasbl
5. Kakas 3agava Jy4iie BCEro MOJXOJMUT TMOJ CJIEIYIOIIEE OMUCAHUE.
Haxoxnenue takout ¢ynknuu F, xortopas Obl HamiaydmmMm oOpa3om
oToOpakaja HEU3BECTHBhIE paHee OOBEKTHl X B KOHEUHOE MHOXKECTBO
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[ETIOYUCIICHHBIX HOMEPOB (MMEH, METOK), HA OCHOBaHUU OOYYaIOIIUX
nap (X, Y)?

a)
b)
c)
d)

[TporHo3upoBaHue ACHEKHBIX 3aTpaT
Knacrepuzanusi KI1MEHTOB
Knaccuduxanus o0pazon
BrlisiBieHEE 0COOCHHOCTEH B JAHHBIX

. HO‘ICMY pIRIb | 06yq€HI/IH MoJieaeH HUCIIOJB3YIOTCA TAaKHUC MCTOIbI, KakK

['pagueHTHBIN CITyCK?

a)

b)

c)

d)

[ToToMy 4TO METO/I MO3BOISIET KOPPEKTUPOBATH MAPAMETPHI MO
MOCTEIIEHHO

[ToToMy 4TO aHATUTHUYECKHE PEIICHHS HE BCErJa JAI0T KOPPEKTHOE
pelieHue

[ToroMy 4TO Takoil MOJXOJ MO3BOJAET MOJy4YaTh OOJiee TOUHBIC
petenust (I'mobanbHBIN SKCTPEMYM B OTJIMYKE OT JIOKAJIBHOTO)
[ToTomy uTO mpu GOJBIION Pa3MEPHOCTH BXOJHBIX JIaHHBIX 10/100-
HbIE METOJIbI pabOTAIOT OBICTpEE

. Beibepute BepHbIE YTBEPKICHUS

a)

b)

d)

Meton baiteca — 3T0 BO MHOTOM KJIACCUYECKHM MOIXOJ K KJIACCH-
dbuKanuy, OCHOBAaHHBIN Ha OIICHKE YacTOTHl BCTPEY OOBEKTOB CO
CXOXKMMHU TIPU3HAKAMHU

briarogapsi yHHMBEpPCaJbHOCTH CTATUCTUYECKOTO MOJXOJa METO]I
baiieca mo3BoiisieT pemaTh Jr00bIe 3a7aund 0€3 anpuopHON HHQOP-
Maliu

JlaHHBI METOJ TO3BOJISIET OYEHb XOPOIIO 0000IIaTh BHICOKOYPOB-
HEBBIC NMPU3HAKHU

3aKOH, 3a1aI0IINI pacupeaeICHUE BEPOSITHOCTEN, KOTOPBIA UCITIOJb-
3yeTcs B MpeAcKa3aTeIbHOM MOJIeNIU, CHUJIBHO BJIMSIET Ha CIOCOO
000011IeHIS

IIpo6aema nepeodyueHust

1. Kakue (paktopsl BIUSAIOT Ha niepeodydeHue?
2. Kakue ectb ciocOObI OLIEHKU NIepeoOydeHus?
3. Kakwue ectb criocoObl 60phOBI ¢ epeodydeHueM?
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Perpeccus

AN

. Ilouemy Takast mpoctast popmyna, kak y=kx+b, nmozBonsier nenate npor-

HO3bI WUJTH KJIaCCU(PUKAIINIO?

B yeMm oTiimure TMHENHON U JOTUCTUYECKOW perpeccui?

B dyem oTimuune TMHEHHOW OT HEJTMHEMHON perpeccuu’?

B dyem oTinuure IMHEHHON pErpeccuu OT NOJIMHOMHATBLHON?
Uro no3Bonser nenate LASSO?

B uem 3akntouarotcs ocooennoctu Ridge perpeccrn?

Moaeau 1 MeTOAbI HEeUEeTKOH JJOTUKH

9

. OX&pﬁKTCpPBYﬁTC CICAYHOINUC MMOHATHA: HCYCTKHUC MHOXKCCTBA, OIICpa-

LMY HEYETKOM JIOTUKU, HEYETKNE MOJEIU UM HEUETKUE CUCTEMBL.
ChopmynupyiiTe NOHITUE TUHTBUCTUYECKOW HEONPEIEIEHHOCTH.

. Hanumure (yHKIUIO JTUHTBUCTUYECKON HEOIMPENEICHHOCTH HEKOTO-

poro o0beKTa.
Haiite onpenenenre QyHKIINU MPUHAIICKHOCTH.

. K KaKOMY THITY OTHOCATCS HCUCTKHC MHOKCCTBA, CCJIIN 3HAUCHHA (1)YHK—

MU PUHAJICKHOCTH HEYETKOTO MHOKECTBA MPEICTaBIECHBI TOYHBIMU
YHUCJIOBBIMU 3HAYCHUSIMU ?

K xakoMy THITy OTHOCSITCSI HEUETKHE MHOKECTBA, €CJIM 3HAYEHUs (PYHK-
[[MU MPUHAIIICKHOCTH HEUETKOTO0 MHOXKECTBA MOACIUPYIOTCA JPYTUMU
HEYETKUMU MHOKECTBAMMU?

Kakue cyiecTByroT criocoObl 3ajanus PyHKIUN MTPUHAIEKHOCTH?

. IlpuBeaute Tpu mnpuMepa (PYHKIUK NPUHAMICKHOCTH, 3a/1aBAEMbIX

(yHKIIMOHAJIBHBIM CIIOCOOOM.
Hanummre Gopmyny KOMIIaKTHON 3anmucu (GyHKIIUU MPUHAATICKHOCTH.

10. Cdopmynupyiite onpeieeHue JMHTBUCTUIECKON TEPEMEHHOM.

11.  Omnwumwure Ha60p MNEPCMCHHBIX, C ITIOMOIIBIO KOTOPOI'O OIIMCHIBACTCA

12.

JIMHTBUCTUYECKOU TTIEPEMEHHAS.
JlaliTe ompeneneHuss CIEAYIOIMUX MNOHATHM: X — YHUBEPCAIBbHOE

MHOXXCECTBO O6BCKTOB, X — Ga3zoBoe TCPM-MHOXKCCTBO, G — cuHTaKcu-
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YecKHe MpaBuia BbIBOAA (IIOPOXKJICHUS) HOBBIX TepMOB, P — cemaHTH-
YECKHUE MPaBUIIA.

13.  Cdopmynupyiite onpeeneHue HeUeTKON JTOTUKHU.

14. Kakue HeOOXOAMMBbIE XapaKTEPUCTUKU HEUETKOW JIOTUKH BBEI
JI. 3ane?

15. Yro nexut B OCHOBE ONEpaAlNil HEYETKOU JIOTUKU ?

16. Kakue omepanuu HCHOJB3YIOTCA JISI MOJEIUPOBAHUS OCHOBHBIX
noruueckux cBa30k M, NJIM Hax HEYETKMMHU MHOXKECTBAMHU B HEUETKOMN
JIOTUKE?

17. Cdopmynupyiite onpeneseHus TPUAHTYJISIPHOWM HOPMbI U TPUAHTY-
JSIPHON KOHOPMBI (t-HOpMa U S-KOHOpPMA) M JIOKQKUTE MX JTBOMCTBEH-
HOCTh. [IpuBeauTe nmpuMepsl.

18. 3anumure koMmno3uiMoHHoe npasuio JI. 3aze.

19. Cdopmynupyiite cojepxaTeIbHOE ONpPEACIeHUE Onepaluu UMILIH-
KallWH.

20. Cdopmynupyite ompeacieHue CUCTEMbI HEUETKOTO JIOTHYECKOTO
BBIBOJIA.

21. Kakue oOBbeKTHI BXOAST B CUCTEMY HEYETKOTO JIOTUYECKOTO BhIBOIA?

22. Kaxkwue ycrnoBus IOMKHBI COONIOIATHCS TPU MOCTPOSHUM TIPaBUII HA
OCHOBE CUCTEMbI HEUETKOI'O JIOTUYECKOr0 BhIBOIA?

23. [llepeuucnure msATh COCOOOB peATM3AMU HEUETKOTO JIOTUYECKOTO
BBIBOJIA.

24. TlogpoOHO oNMMUIIMTE peaau3aluio HEYETKOTO JOTHMYECKOTO BBIBOJA
¢ nomouiplo anroputMa Mamaanu. Hapucyiite cxemy mpoiiecca He4eT-
KOT'O BBIBOJIA ATOT'0 aJITOPUTMA.

HeueTkne BpeMeHHbIE PSAIbI

. ChopmynupyiiTe onpeaeneHnue ypoBHsI BPEMEHHOIO psijia.
. ChopmynupyiiTe onpeaeieHue HeYeTKOTO BpEeMEHHOTO PsiJia.

1

2

3. ChopmynupyiiTe onpeeieHne HOCUTEIIS HEYeTKOH METKH X, .

4. TlpuBeauTe NpuUMeEpPbl MPUKIATHBIX 3a/1a4 00paboTKU HeueTkux BP.
5

. [aliTe onpeneneHne HEYETKOMY pa30UEHUIO.
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9

OnumuTe OCHOBHBIEC ATAllbl AJITOPUTMA MOJECIUPOBAaHUS HedeTKux BP
B COOTBETCTBUH C HEUETKOU MOoaebi0 CoHra.
B 4yem npenmyniecTBo UCNoJib30BaHus Mojieieid HeueTkux BP?

. Uto nmoHuMaeTcs Mo HHTCIUICKTYAJIbHBIM aHAJIN30M NAdHHBIX HJIHA Data

Mining?
Kaxkue 3anaum pematorcst Ha ocHoBe Data Mining?

10. IlpuBeauTe BUABI TEMIOPATLHO-TOTMYECKUX KOHIENTOB BP.

11. B uyem 3akirodaeTcs MCTOJ AalllIpOKCUMAIIMK BPCMCHHOI'O psiaaa Ha

ocHoBe F-nipeoOpazoBanus?

Heuerkas perpeccust

. Kakue CYICCTBYIOT IIOAXOAblI K ITOCTPOCHUIO MOJIeJIel HEYEeTKOM

JIMHENHOU perpeccuu’?
Kakue cyiiecTBylOT KpUTEpUM JUIsl ONpPEACNICHUs] HEUeTKUX Kod(pdu-
[IACHTOB MOJEIN?

. Kakue BbI 3HaeTe BapHaHTbI MCTOA0OB HA OCHOBC KJ'IaCCI/I(l)I/IKaI_[I/II/I «BXOH4 —

BBIXOI»?

I'eneTnuyeckue AJITOPUTMBI

L=

10.

[TosicHuTe MPOUCXOKACHUE TEPMHUHA «KTEHETUYECKHUE ATITOPUTMBI».
Onumute chepy NpUMEHEHUS! TEHETUYECKUX aITOPUTMOB.
JlaliTe onpeiesieHne reHy B KOHTEKCTE TEHETUYECKUX aITOPUTMOB.
JlaiiTe ompezeneHre XpoMOCOMe B KOHTEKCTE T€HETHUYECKUX aJTOPUT-
MOB.
JlaliTe ompezaeneHue MOMYJISIIIUA B KOHTEKCTE F€HETHUUYECKUX aITOpPHUT-
MOB.
JlaliTe ompejeneHue CTENEHU NPUCTOCOOJIEHHOCTH B KOHTEKCTE T'eHe-
TUYECKUX aJTOPUTMOB.
JaiiTe ompenenieHre KpoccoBepa B KOHTEKCTE T€HETUYECKUX AJITOPUT-
MOB.
JlaliTe onpeielieHne MyTalluiu B KOHTEKCTE TEHETUYECKUX aJITOPUTMOB.
[lepeunciure MeTOIbI OTOOPA XPOMOCOM JJI KPOCCOBEpa.

PacckaxuTe 0 TUIIOBOW CXE€ME T€HETUYECKOTO aIropuTMa.
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Heuerkas kiacrepuzauus

A

~

10.

JlaiiTe onpenenenue kinaccuukamu.

JlaiTe onpenieneHre KiacTepu3alum.

[TosicHuTe pa3HuLly MeXy Kinaccu(pUKaluen U KilacTepu3aluei.
Omnpenenure 00J1acTh MPUMEHEHHUE KJIACTEPU3ALIUH.

Omnpenenute uenp anropurma FCM-knactepuzanum.

Onpenenure nepedeHb BXOAHBIX JaHHBIX U1 anroputMa FCM-kiacre-
pHU3aLuN.

[Tepeuncnute maru anropurma FCM-kiactepuzanum.

. IloueMy kmacrepuzanus, NpoBoguMas c nomoiisio aiaroputmMa FCM,

SIBJISIETCSI HEYETKOM ?
[TosicHuTe Ha3HAYEHUE MMapaMeTpa «CTENEHb HEUETKOCTH» B alTOPUTME
FCM.

Uto sBisieTcsl BBIXOAHBIMH JaHHBIMH ainroputmMa FCM-knacte-
puzanun?

HckyccTBeHHbIE HEMPOHHBIE CETH M TIYOMHHOE 00y4eHue

. Kakue nocrounctBa u Hegocratku ectb y MHC no cpaBHenuto ¢ Per-

peccuei u Pemarommmu JlepeBbsimMu?
CeTb KaKoro THIIA JIyYIIE UCIIOIb30BaTh JJIsl TPOTHO3UPOBAHHUS ?

. CeTb Kakoro Tuma MOXXHO MCIIOJIb30BaTh B YCJIOBUAX IMOCTOAHHOI'O

WU3MEHEHHUS JaHHBIX, KOT/1a TOUHOW BBIOOPKH €I1I€ HE CYIIIECTBYET?

Tect « ACKyCCTBEHHBbIC HEPOHHbIE CETH»

1. Bri6epuTe BepHBIC YTBEPIKIACHUS:

a) UHC npomie momo6paTe mona 00y HEIWHEWHYIO 3ajauy.
Bce, 4T0 Hy»HO caenarh, 3TO YBEIUYUBATH YHUCIIO CIOEB IMPO-
MOPIMOHAIIEHO YHCITY TIPU3HAKOB

b) UHC mno3Bossitor 00pabaThiBaTh 00Jie€ BBICOKOYPOBHEBBIE
NpU3HAKY 32 CUYET HEJIMHEWHON (PYHKIIMU aKTHUBAIIUU H TOCIIe-
TOBATEHHBIM CIIOSIM
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c) Ilo cpaBuenuto ¢ Perpeccueit MHC npaktrdecku HE MOJABEP-
xeHbl [lepeoOydeHuto npu JIF0OOM KOJIUYECTBE HEHPOHOB

d) C Touku 3penuss maremaruudeckoro ammapata MHC — »sto
KOMOUWHAaIIMS OJMHOMHUATIBHON PErpeccuu BBICOKOTO MOPSIKa
u popmysl baiieca

e) MHC moxeT anmpokCUMUpPOBaTh J00YI0 HEJIMHEHHYIO HETpe-
PBHIBHYIO (DYHKIIHIO, HO 3TO eiie He rapantupyer 100% cxoau-
MOCTH Ha MPOU3BOJIbHBIX JaHHBIX

f) UHC B ortnuuue OT perpeccuy MOXKET XOpOIlo o0padaThiBaTh
BBICOKYIO CTEMEHb MYJIbTUKOJUIMHEAPTHOCTU U MPOTUBOPEUU-
BOCTH B JaHHBIX

2. CeTb Kakoro THIIA JTy4llle UCIIOIb30BATh JIJIsi TPOTHO3UPOBAHUS
BPEMEHHBIX PAIOB?

a) CBepTOUHYIO

b) ART MAP

¢) UmnynascHyt0

d) MLP

e) PekyppeHTHyIO

f) Kormutpon

3. CeTb Kakoro THUIA JIyYllle UCIOIb30BATh NI OOPA0OTKHU TpeX-
MEpPHBIX CLICH?
a) MLP
b) PexyppeHTHy1O
c) ART MAP

d) CeepTounyto

e) Korautpon

f) mnynscHyto

4. CeTpb KaKoTro THIIA JIyYIlle UCIOJIb30BATh ISl PEIICHUS 3a1a9u

KJIaCCU(UKAIMK KIHEHTOB 110 OJIMHOYHOMY BEKTOPY KIIMEHTCKHUX XapaKTe-
PHUCTHUK (C YIETOM TOTO, YTO ITOT BEKTOP COACPKUT OOJBIITOE KOTUIECTBO
KaTeTOPHAIbHBIX TIPU3HAKOB)?

a) ABTOKOJIUPOBIIUK

b) MLP
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c) Koruutpon

d) ART MAP

e) CepTouHYIO

f) PexyppeHTHYIO

g) UMnynscHyto

5. CeTb KaKOTO THUITA MOKHO UCITOJIH30BATh B YCIOBHUSIX MOCTOSH-

HOTO M3MEHEHMs JaHHBIX, KOTJIa TOYHON BBIOOPKHU €Ill€ HE CYIIECTBYET
U CETh IPUXOUTCS MOCTOSTHHO 1000y4YMBaTh Ha HOBBIX Kjaccax?

a) MLP

b) Ceprounyto

c) Korautpon

d) PexyppeHTHyO

e) ART MAP

f) ABTOKOAMPOBIIMK

g) UmnynascHyt0

258



TTPAKTHYECKHE 34/JAHUSA

Pa6ora c ¢gaitiiom nannbix « Turtanuka

IIpuBeeHHbIC HUKE 3aJlaHUsI OCHOBAHbI HA JaHHBIX 'titanic.csv', Tie
COZEpIKaTCA CBEACHMS O Mmaccaxkupax « Tutanuka.

3anauu:
1. Kakoe koiruecTBO My»4H1H U >KEHIIHH IUIbUIO Ha Kopaose?
2. Kakoil yacTu mnaccaxupoB yaajioch BbDKUTH? I[locuutaiite

JIOJIF0 BBDKUBIIKMX TMaccaXupoB. OTBET MPUBEAUTE B MPOILEHTAX (YUCIIO
B uHTepBasie oT 0 mo 100, 3HaK MpOIEHTa HE HYXKEH), OKPYIIIUB JIO JBYX
3HAKOB.

3. Kakyto mom10 maccakupsl MepBOro Kjacca COCTAaBISUIM Cpeau
BCceX maccakupoB? OTBET MPUBEAUTE B MPOIEHTAX (YKUCIO B UHTEPBAJEC OT
0 o 100, 3Hak MpoleHTa HE HY>KEH), OKPYTJIUB JI0 JBYX 3HAKOB.

4. Kakoro Bo3zpacta Obimum maccaxupbl? I[locuuTaiiTe cpemHee
U MeIuaHy BO3pacTa MaccakupoB. B kauecTBe oTBeTa NpUBEIUTE JBA
YHclia yepes npooer.

5. KoppenupytoT nu uucio OpaTbeB/cecTep/CyNnpyroB ¢ YUCIOM
ponuteneit/nereit? Ilocuuraitte xoppensmuio I[lupcoHa Mexay mnpu3Ha-
kamu SibSp u Parch.

6. Kakoe camoe momnyisipHOe KeHCKoe nMs Ha kopabne? M3Bie-
KUTE W3 MOJIHOIO MMEHU maccaxxupa (KojgoHka Name) ero JUYHOEe UM
(First Name). D10 3aganue — TUIMMYHBINA TPUMEP TOTO, C UEM CTAIIKHUBAETCSA
CHEIUATIUCT N0 aHAIM3y JaHHBIX. J[aHHBIE OYEHb PA3HOPOJHBIC U LIYyM-
HbIE, HO U3 HUX TpeOyeTcs u3Biieub He0OxoauMyto nHdopmaruto. [lompo-
OyliTe Bpy4YHYIO pa3o0paTh HECKOJBKO 3HaU€HUI cTosiOna Name U BbIpa-
00TaTh MPaBWIO ISl U3BJIEUYEHUS UMEH, a TAKXKE pa3/IeNIeHUus UX Ha JKEH-
CKHE€ U MYXCKHE.
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Pabora mo oT60py npu3HakoB

JopaboTaiite ko 0TOOpa MPU3HAKOB, HMCIOJH30BAB BCE MOJESIU U3
CITHCKA:
1. JIuneitnas perpeccus (LinearRegression)
2. ['pebneBas perpeccus (Ridge)
3. Jlacco (Lasso)

4. Cnyuaiinoe Jlacco (RandomizedLasso)

5. PexypcuBHOoe cokpamienue mnpusHakoB (Recursive Feature
Elimination — RFE)

6. Cokpamenue mnpuzHakoB CiyuyaliHpiMH jaepeBbsiMu (Random

Forest Regressor)
7. JIuneiinasa koppemsinus (f regression)

OtoOpa3uTe MOJIy4MBIIMECS 3HAUYECHMS\OLIEHKH Ka)KIOro IMpU3HAKA
KOKIbIM METOJOM\MOJIEIBI0 M CpelHIOI OleHKy. IIpoBenure anamus
NOJIyYMBLIMXCS pe3yJibTaToB. Kakue 4 mpu3Haka oKa3ajauch CaMbIMHU BaX-
HBIMH I10 cpeaHeMy 3HaueHuto? (Ha3BaHuA\MHAEKCH MPU3HAKOB U OyayT
OTBETOM Ha 3ajaHue).Kakue BBIBOABI MOXKHO CHENATh IO pPe3yJibTaTaM
OTJENbHBIX METOJOB?

MHOroc/10iHBIN MEepCenTPoOH

1. Jlopaboraiite kon 3amaun kiaccudukanuu (auctuar 58). Ilompo-
OyiiTe HACTPOUTH PaA3IMYHBIC MapaMeTpPbl CETHU, TAKHWE KaK KOJUYECTBO
HEHpPOHOB B TMEPBOM WM BTOPOM CJlO€, BHUA (PYHKIMU aKTHUBALUU
(activation), anropuT™M IrpaJUEHTHOTO CITycKa (solver), KOJM4eCcTBO MaKCH-
MaJIbHBIX UTepauuil npu oOydeHuu (max iter), mopor TOUHOCTH OpU O0Y-
yeHuu (tol). Bapeupyst 3Tu mapameTrpsl, NonpoOyHTe HAUTH HAWITYUIIHI
BapUaHT (BO3MOXHBIC 3HAUYCHHSI MEPEMEHHBIX MOXXHO HAaWTHU B JOKYMEH-
tanuu Scikit-learn).

2. Hackonpko mnyume win Xyxke padboraet MLPClassifier mno
CpPaBHEHHUIO C TiepcenTpoHoM? be3 HopMmanu3aluu JaHHBIX U C HOpMaju3a-
nueit nanueix? [pennonoxure, moyeMy UMEHHO TaK BEYT ce0s MOJIEIIH.
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3. IlpoBenute cepur0 3KCHEPUMEHTOB C PA3IUYHBIMHU 3HAYEHUSIMU
random_state. Kak ciyualinas nununmanusaius BecoB Biuset Ha [lepcentpon
Y MHOTOCJIOMHYIO CETh?

4. JlonmomHUTENbHO MOCTPOiTe TpaduK pacrnpeneseHusi HCXOIHbIX
JAHHBIX.

Peasm3zanus ajaropurmMa o0paTHOro paclpoCTPaAHEeHUs OIIMOKHU

1. Moaudumnupyiite cetb u3 nuctunra 59. JlobaBbTe ere o uH CIon
U BOCCTAHOBHUTE PabOTOCIOCOOHOCTh anropurma. Kpurepuem ero padboro-
CITOCOOHOCTH MOXKET ObITh CTPEMHUTEILHO YMEHBIIIAOIIASICS OIIHOKA.
2. JlonoimHUTENRHO OOYyYUTE CTapyr0 M HOBYIO MOJEIM Ha CIey-
FOIIMX JaHHBIX:
X=1[0,0,1],[0.3, 1, 0],
[1,0.3,0], [0.6,0.2, 1],
[0.6,0.2, 1]]
IIpoananu3upyiite ncxoHble naHHbIEe. Kakas 3aBUCUMOCTBH CKpbITa
B HuxXx? OOBICHUTE, YTO MPOMU3ONLIO C KAYeCTBOM KJIACCUDUKAIINH.
[Touemy? C yeM MOXET OBITh CBA3aHO MOJAOOHOE B PEAJbHBIX 3aJauax
1 KaK Ha 3TO MOKHO MOBIHUATH (€CIU 3TO BOOOIIE BO3MOXKHO)?

Peryasipuzanus 4 ceTb NPAAMOro pacnpocTpaHeHus

1. BepHurecy k 3amaue u3 nyHkKTa «BnusHue perynspuzanuu Ha
MHOTOCJIOWHYIO CETh MPSAMOro pacnpocTpaHeHus». [IpoaHanusupyiite
pe3ynbTaT KoJAa MPHU KOJIUYECTBE HEUPOHOB, paBHOM 100, B CKpBITOM Cll0€
MLP. HarmioMHUM, 4TO peryysipu3aiusi — 3TO MEXaHU3M CHUXKEHUS 00Jib-
IIMX BECOB MOJEIMU IPHU IMOBBIIIEHUH €€ CJIO0KHOCTH. JTOT MEXAHU3M
noMoraer wu30exarhb ImnepeoOydeHus. Ilapamerp perymspuzanuu alpha
peryaupyert pazMep mrpadoB, KOTOpbIE HAKIAbIBalOTCS Ha Beca. Kakoii
KO3(PUIIMEHT peryspu3ali ONTUMAJEH sl JaHHOMU 3a1a4n?

2. 3agaya CpaBHEHHS MEPCENTPOHA, MHOTOCIOMHOM CETH M perpec-
cuil. B niynkre «BnusiHue perynspuzanuv Ha MHOTOCJIOMHYKO CETh Ips-
MOTO paclpoCTpaHeHHs» ObLIa omycaHa 00IIasi METOIHMKA 10 MTPOBEACHUIO
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CEpPUU SKCIIEPUMEHTOB U BBIBOJY PE3yJbTATOB (MOHSITHO, YTO 3TO MOKHO
cenaTh HE TOJbKO B BUJE rpa)KoOB, HO U BHIBOJAOM UH(POPMAIIUA B KOH-
COJIb WJIM 3amucu OoJiee nerainbHOM uMHpopmainuu B (ain\tabiuiy ams
nanbHeimein o00padoTku). COOTBETCTBEHHO KapKac 3TOW MPOrpamMMbI
MOXHO MOBTOPHO HCIOJL30BaTh BO MHOTHX JPYTHUX 3KCIEPUMEHTAX HE
TOJBKO IO aHAJIM3Y BIUSHUS PETYIISIpU3AIUU.

[lo ananoruu ¢ 3aJjaHuUEM BBIIIE CrEHEPUPYWTE 3 3aaaud Kiacc-
cupuKauu co CleAylIUMH Mapamerpamu: make moons (noise=0.3,
random_state=rs), make circles (noise=0.2, factor=0.5, random_state=rs),
X,y =make classification (n_samples=500, n_features=2, n_redundant=0,
n_informative=2, random_state=rs, n_clusters_per class=1) u cpaBHUTE
CJIETYIOIINE MOJCIIH:

e JIuHENHYIO pErpeECCU0
o [losMHOMUATBHYIO PETPECCUIO (HATIPUMED, CO CTEIEHBIO 3)
e ['peOHEBYIO MOJMHOMHAIBHYIO PETPECCHIO (HATPUMED, CO CTEMEHbIO

4, alpha = 1.0)

e [lepcentpon
e MHOTOCIONHBIN MIEPCENTPOH C IECATHIO HEUPOHAMU B CKPBITOM CJI0€

(alpha=0.01)

e MHOTOCIONHBIN TIEPCENTPOH CO CTAa HEMPOHAMH B CKPBITOM CJIOE

(alpha=0.01)

Co3zpnaiite OTaeNbHBIN (paiia U 3aMeHUTe TOJBKO Koa Mojenei. Iloct-
poiite rpaduku U 0TOOpa3nuTe KauecTBO Mojienei. B pesynbrare y Bac 101-
KHO TIOJYYUTHCS MOJOTHO T'paUKOB, MOX0OXee Ha pucyHok 71 (mpuuem
B JJAaHHOM CJIy4ae IpejcTaBjieHa TOJbKO MepBas 3ajaya Kiaccupukanuu Ha
Moondataset).

[Ipoananu3upymnTe IOJYYEHHBIE PE3YJbTAThl, PACCUMTAB WX IPH
napamerpe random_state=25 nis crneayromux QyHKIHi\0ObEKTOB:

e Perceptron
e MLPClassifier
e Ridge

e make classification
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¢ rng = np.random.RandomState(25)
e make moons
e make circles

e train test split

Input data LinearRegression palynom 4 polynom 5 ridge_pelynom 5

MLP 100
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PucyHok 71. Npumep paboTbl Nporpammbl No CpaBHEHUIO HECKONIbKMX moaenei

Ha 3aga4yax moon, circle, linear

CpaBHenne 3¢ dekTUBHOCTH MOojesiell n3 Ondanorexku Keras

Br1 HayyuTecs:
e [IpoBOAMTE CaMOCTOSATENBHBIN AHAIN3 PE3YJIBTATOB JKCIEPHU-
MEHTOB;
e [IpoBOaUTH CEPUIO DKCIIEPUMEHTOB;
e lIHTepnperupoBaTh pe3ysbTaThl MOJAECIIEH;
e [lonOupars COOTBETCTBYIOIIME TaHHBIM MHCTPYMEHTHI U Mapa-
METPBI.
HeoOxonumble import A BBINOJHEHUS pPadOThl MpPEICTaBIECHbI
B JIUCTHHTE 95.

Jluctuur 95

import numpy as np

from keras.datasets import mnist

from keras.models import Sequential

from keras.layers import Dense, Dropout, Activation, Flatten
from keras.layers import Convolution2D, MaxPooling2D
from keras.utils import np_utils

import matplotlib.pyplot as plt

from keras.models import model_from_json

from sklearn.datasets import fetch_Ifw_people

from sklearn.model_selection import train_test_split
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NHCTpyKIIMK 11O BBIMOJHEHUIO MPEJCTABICHBI B JTUCTUHTE 96 (Tiep-
Bble 3 miara), a Takxke Huxe. [Ipexne yeM mepelTu K mary 3, CpaBHHUTE
Ka4ueCcTBO IOJIYYECHHBIX Tpex Mmojeneld Ha aaHHbIX MNIST. OOmsicHute
MOJy4YEHHbIE pe3yibTaThl. ECTh JM MPEBOCXOJCTBO CBEPTOYHOM CETH
nepe1 OOBIYHOM WIIM TIepe/T TOJTMHOMHUAIIBHOM perpeccueii?

JIuctnHr 96

#lWar 1. 3arpysute gaHHble MNIST

(X_train, y_train), (X_test, y_test) = mnist.load_data()

#lWar 2. Cosgante mogenb MHOrOCIOMHOro nepcenTpoHa (Ha ocHoBe Keras)v CBEPTOYHON
#cetn (Ha ocHoBe Keras) n nonnHommnaneHon perpeccumn u3 Scikit-Learn.

#[1na 3agaHMst 0ObIYHOrO NMIMHENHOTO CIOsi B KAYECTBE NEPBOroO Crosi ceTn notpebyeTcs
#ykasaTb (oopMy BXOLHOIO BeKTOpa (pasmep). ATO MOXHO caenatb criegyowmm obpasom:
Dense(128, input_dim=input_size)

#lWar 3. Janee nonpobynte 3T Tpy TMNa MOGENN YXKe Ha APYrnX OaHHbIX.

#[1na aToro 3arpysnte n NoAroToBbTe AaHHble ¢ oTorpaduamMm ngen ¢ NOMOLLLH
#6umbnunotekn scikit-learn (M3yunTe kog camoCcTOSATENBHO):

Ifw_people = fetch_Ifw_people(min_faces_per_person=70, resize=0.4)

# introspect the images arrays to find the shapes (for plotting)

n_samples, h, w = Ifw_people.images.shape

X = Ifw_people.images

# the label to predict is the id of the person

y = Ifw_people.target

target_names = Ifw_people.target_names

n_classes = target_names.shape[0]

print("n_classes: %d" % n_classes)

# split into a training and testing set

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.25, random_state=42)
X_train = X_train.reshape(X_train.shape[0], 1, img_rows, img_cols)

X _test = X_test.reshape(X_test.shape[0], 1, img_rows, img_cols)

X_train = X_train.astype('float32")

X_test = X_test.astype('float32')

X_train /= 255

X_test /=255

[Iar 4. OtoOpa3ute naHHbIE, YTOOBI YAOCTOBEPUTHCS B UX KOPPEKT-
HOU MOJTOTOBKE ISl AaIbHEUIIET0 O0yUYEHUs.

264



[Iar 5. OO0yunTe MOJAENb MHOTOCIOWHOIO MEPCENTPOHA, MOJMHO-
MUAJIBHOW perpeccuu W cBepTouHor cetu. IlompoOyiiTe pasHoe YuCio
HelipoHoB U cioeB B ceTsax (10, 20, 50, 100, 200, 500 neitponon) u (1-3
cyos). boibliee 4nci0 HEMPOHOB U CIIOEB HE HY>KHO.

3ameuanue 1: KoHeuHo ke, HE cieAyeT oOy4yaTh MOJIEIU CIIepBa Ha
MNIST, a nmoToM 3TH e MoAenu (KOHKPETHBIE SK3eMIULSIpbl) Ha (HOTO-
rpadusx. ITo0 COBCeM pa3HbIE 3a/1aud, U IIPU MaJbIX KOJIMYECTBAX CJIOEB
U TakuX BBIOOpKaxX BpsJ JIM MPOM30UJET Xopoliuee o0odmenue. Mmeercs
B BUJy, UTO T€ K€ TPU TUIA MOJIEJIEHN Ternepb HAJl0 CPaBHUTH Ha (poTorpa-
busx.

3ameuanue 2: Eciu Ha CPU oOy4eHue UaeT CIUIIKOM JI0JITO, TO BO3b-
MHUTE HE BCIO 00yYaroIyto BHIOOPKY, a JIHIIIb MOJTOBUHY WM OHY TPETh.

B 3akiiroueHue cpaBHUTE KaueCTBO OOYUYEHHBIX MOJIENIEH Ha JaHHBIX
dbotorpaduii. OOBICHUTE MOTYUYECHHBIE PE3YJIHTATHI U OTBETHTE a BOIPOCHI:

e [louemy Moay4minochr UMEHHO TaK?

e Ha uyTo ciocoGHBI 1 HE CTTOCOOHBI UCTIOIB3YEMbIE MOACIIN?

e UeM oTimyaroTcsl TaHHbIE U3 NEPBOM YaCTH 3aJaHHs OT JIaH-
HBIX M3 BTOPOM 4acTH 3a1aHUs?

Pa6ora c oubdauorexoit OpenCV

Jlokaxxute runoTesy, chopMyJIUpPOBAHHYIO MO 3aBEPIICHUIO MPE]IbI-
nymiero 3aganusi. Yto HyxHO caenath ¢ JaHHbIMH MNIST, uyTo0BI pado-
Talolllas paHee MOJENb CTajla JaBaThb Ha HUX IUIOXWE pe3yibTarhi? s
ATOTO BaM MOXeT moHanoouThes ouodnmorexka OpenCV s Python. Koto-
past 1O0CTaTOYHO JIETKO ycTtaHaBiauBaercs. Cmorpute pasnpen «Installing
OpenCYV from prebuilt binaries» o cienyromen ccouike: [65].

Cornacno Bukunemuu [1]: «OpenCV (anri. Open Source Computer
Vision Library, 6ubnnoTeka KOMIBIOTEPHOTO 3pEHUS C OTKPBITHIM HCXO/I-
HBIM KOJIOM) — OHUOJIMOTEKAa aJIrOPUTMOB KOMIBIOTEPHOI'O 3peHHs, 00pa-
OOTKM HM300paKEHUII M YHCICHHBIX aJrOPUTMOB OOIINET0 Ha3HAYEHUS
C OTKPHITHIM KoAoM. PeanuzoBana Ha C/C++, Takxke pa3pabaThIBaeTCs AJs
Python, Java, Ruby, Matlab, Lua u npyrux ss3eikoB. MoxeT cBOOOIHO
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UCIIOJIB30BaThCSl B aKaJEMHUYECKUX M KOMMEPUYECKHUX IIeJISIX — pacIpo-
CTpaHsIETCs B yCIOBUAX JulieH3nu BSD.

[Tpoekt OpenCV Bo3Huk B 1999 rony B pamkax ucciegoBanus Intel
10 BBICOKOIIPOU3BOAUTENBHBIM NPWIOKEHUSIM MO o0pabotke 3D ciieH.
DTOo KpallHe MoOIlHas OMONMOTEKAa W CTaHJapT Je-(akTo st 00paboTKu
uzo0paxennit. Cepsl npumenenust OpenCV:

Nuctpyment Boiaenenus 2D u 3D npu3HakoB;

TpexmepHas HaBUTALIMS;

Cucremsl pacrio3HaBaHUs JIUIL;

CucrteMbl pacrio3HaBaHHUS )KECTOB;

YenoBeKO-KOMIBIOTEPHBIE HHTEP(EHCHI;

Moo6unbHbIE POOOTHI;

Pacno3naBanmne 3MOIHiA;

Nnentudukanus 00bEKTOB;

CerMeHTanus 1 pacro3HaBaHUE;

Crepeospenue;

BoccraHoBieHne noBepxXHOCTH;

OTcnexuBaHue JIBUKCHUS,

JlononHeHHas peaabHOCTb.

Kpome Toro, s moaiep K1 HEKOTOPBIX BBINIEYKa3aHHBIX oOOJjac-
teid, OpenCV BkiItouaetr B ceOsi OMOIMOTEKN CTATUCTUYECKOW 00pabOTKu
JTAHHBIX U MAIIMHHOTO OOYYEHHUS:

Pemaromue nepeBbs;

AJTOPUTM MaKCUMaJIbHOTO MPaBIONOI00US;

Anroputm k-Onvkalmx coceneu;

Hawusnbril baitecoBckuii kinaccugpukarTop;

HckyccTBeHHBIE HEUPOHHBIE CETH;

Crnydaitnblie neca;

Metoa onopHBIX BEKTOPOB.

B oubmmoreke OpenCV ecTh MeTOMbl Uil MHOTHMX BHUJOB Jedop-
Manuii n3oOpaxxkenuit. [{ns 6azoBoit mpoBepku cnocoOHoctet MHC nHa
JBYMEPHBIX NU300paKEHUSIX BIIOJIHE XBATUT CIEIYIOIINX:
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[ToBOpOTHI;

JIMHEWHEIE CIBUTH,

MacurrabupoBaHue».

Hwxe (B nuctunre 97) npuBeAeH KOJ, KOTOPHIM MO3BOJISAET BBIMOJI-
HUTHh TPeOoOpa30BaHUE HUCXOAHOTO u300pakeHus images[i]. Kaxprit
METO/] TIpeoOpa3oBaHusi Cv2 BO3BpallaeT HOBOe n300paxkeHue. s moBo-
POTHBIX M JIMHEWHBIX CIIBUTOB HCIIOJB3YKOTCS CIHEHHAIbHBIE MAaTPHUILIbI
nedopmanuu. Koa uist ux MHUIMAIU3AlMK Takke MpuBeeH Huxe. Hemo-
CTAIOINE MEePEMEHHbIE — 3TO KO3((PUIMEHTHl U KOHCTaHThI. Omnpenenure
UX CaMOCTOSITEIILHO.

Jluctnur 97

import cv2

# setrotation

rot_Matrix = cv2.getRotationMatrix2D((cols / 2, rows/ 2), ang, 1)
cv2.warpAffine(imagesli], rot_Matrix, (cols, rows))

# set scaling

cv2.resize(imagesli], dsize=(rows, cols), fx=scale, fy=scale,
interpolation=cv2.INTER_CUBIC)

# set translation

trans_Matrix = np.float32([[1, O, tx], [0, 1, ty]])
cv2.warpAffine(imagesli], trans_Matrix, (cols, rows))

[Tocne mpeoOpazoBaHusl YaCTU M300pPAKEHUIN MTPOBEIUTE COOTBETCT-
BYIOIINE SKCIIEPUMEHTHI C Pa3HbIMHU MoesIMu. M3MeppTe KauecTBO Moiy-
YUBIIUXCS Mojeieil. BepodaTrHo, mpujercsa mpojenaTh MHOTO 3KCIEpH-
MEHTOB C Pa3JIMYHBIMH NapamMeTpamu, YTOObl JOOUTHCS TAKOW CUTYallHH,
KOI'/Ia pe3yJbTaThl Oy yT OOBSACHATH TEOPUIO.

Heuyerkas Joruka

1. Ha sa3pike Python pa3spabotaiiTe CKpunT, MO3BOJSIONINI 33/1aTh
HEYETKOE MHOXECTBO C TPEYTOJIbHOW PYHKIIMENH MPUHAJJIEKHOCTH U OTOO-
pa3uTh €ro Ha3BaHUE, MapaMeTPhl, a TAKXKE CTENEeHb MPUHAITIEKHOCTH BBO-
JMMOTO TI0JIb30BaTelIeM O0BEKTA.
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2. Ha s3pike Python paszpaboraiiTe ckpunT, MO3BOJAIONIUMN 3a7aTh
HEUYETKOE MHOXECTBO C TpamnerueBUAHON (yHKIUMEW NpUHAICKHOCTH
U 0TOOPA3UTh €ro mapameTpsl, a TaKXKE CTENeHb MPUHAITIECHKHOCTH BBOIU-
MOTO TOJIb30BaTeIeM 00BEKTA.

3. Ha s3pixke Python pa3zpabotaiiTe CKpUNT, MO3BOISIONIMI BBINOJ-
HUTH OICPALMI0 MEPECEUCHUS 3aaHHBIX IOJb30BATEIEM HEUYETKUX MHO-
KECTB C TPEYTOJbHBIMU (PYHKUUSIMH MPUHAIIECKHOCTH. BXOAHBIMU JaH-
HBIMU OyJyT mapaMeTpbl PYHKUUNW MPUHAICKHOCTH U YETKUE OOBEKTHI
JUIsL KOKIOTO M3 MHOXKECTB. BBIXOJIHBIMU — TMEpECEUEHNE JAHHBIX HEUYET-
KUX MHOKECTB.

4. Ha s3weike Python paspaboTaiiTe CKpHUIIT, MO3BOJISIONIUN BBITOJI-
HUTH OIEPALMIO MEPECEUCHUS 3aJaHHBIX MOJIb30BATEIEM HEYETKUX MHO-
ECTB C TpaNeUUEeBUAHBIMA (DYHKIIUSIMU TPUHAMICKHOCTH. BXOAHBIMU JTaH-
HbIMU OyAyT mapameTpbl PYyHKIUN TPUHAICHKHOCTA U YETKUE OOBEKTHI
U1l KQXIOTO U3 MHOXECTB. BBIXOAHBIMU — MEPECEUEHNE AAHHBIX HEUET-
KHX MHOECTB.

5. Ha s3bike Python paspabortaiiTe CKpuNT, MO3BOISIONIMI BBINOJ-
HUTh ONEpaluio OObEIMHEHUS 3aJlaHHBIX MOJIb30BATEIEM HEYETKUX MHO-
KECTB C TPEYTOJbHBIMU (PYHKUUSIMHU MPUHAIICKHOCTH. BXOAHBIMU JaH-
HBIMU OyJyT mapaMeTpbl PYyHKUUNW MPUHAICKHOCTH U YETKUE OOBEKTHI
JUISl KQKI0TO U3 MHOXKECTB. BBIXOJIHBIMU — OOBEIMHEHUE JAHHBIX HEYET-
KUX MHOKECTB.

6. Ha s3pixke Python paszpaboraiiTe CKpUNT, MO3BOJSIOIIMKN BBIMTOJ-
HUTH OIEpalni0 00beIMHEHUS 3aJaHHBIX TOJIb30BATEIEM HEUETKUX MHO-
KECTB C TpareuueBUIHBIMA (QYHKUMUSIMH PUHAJJICKHOCTH. BXOIHBIMU JTaH-
HbIMU OyAyT mapameTpbl PYyHKIUN TPUHAICHKHOCTA U YETKUE OOBEKTHI
JUISl KQKJIOTO U3 MHOXKECTB. BBIXOJIHBIMU — OOBEIMHEHUE JAaHHBIX HEYET-
KHX MHOECTB.

7. Ha s3pixke Python pa3zpabortaiiTe CKpUNT, MO3BOJSIONIMKN BBIMTOJ-
HUTH OTNIEPALIMIO JOIMOJHECHUS, 3aJAHHOTO MOJIb30BATEIIEM HEUYETKOIO MHO-
ECTBa C TPEYTrOAbHON (PYHKIIMEN MTPUHAICKHOCTH. BXOHBIMU TaHHBIMU
OynyT mapameTpbl QYHKIMH MPUHAJICKHOCTH M YETKHE OOBEKThI MHO-
KeCTBa. BBIXOIHBIMU — IOTIOJHEHUE HEYETKOTO MHOKECTBA.
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8. Ha s3bike Python paspaboraiiTe CKpUNT, MO3BOISIONIMI BBIMNOJ-
HUTbH OIEPAINIO JOMOJHEHUS, 3aIAHHOTO MOJIb30BaTEIEM HEYETKOTO MHO-
KECTBA C TpaNelUeBUIHON PYyHKIHMEH MPUHAJICKHOCTH. BXOAHBIMU JaH-
HBIMU OyJyT mapaMeTpbl (PYHKUUU MPUHAICKHOCTH U YETKUE OOBEKTHI
MHO€CTBA. BBIXOAHBIMU — IONOJTHEHUE HEYETKOTO MHOKECTBA.

9. Ha s3pixe Python pa3zpabotaiiTe CKpUNT, MO3BOISIONIMI BBINOJ-
HUTH ONEPAIMI0 UMIUIMKAIMU 33JIaHHBIX T0JIb30BATEIEM HEYETKHUX MHO-
KECTB C TPEYTOJbHBIMU (PYHKUUSIMHU MPUHAIIECKHOCTH. BXOAHBIMU JaH-
HbIMU OyAyT mapameTpbl PYyHKIUN TPUHAICHKHOCTA U YETKUE OOBEKTHI
JUISl KQXJOTO U3 MHOXECTB. BBIXOJHBIMU — pe3yJbTaT UMIUIUKALIUK JaH-
HBIX HEYETKHX MHOXeCTB. [Ipruem pe3ynbTaT BHIBECTU YEpe3 JIMHTBUCTH-
YyecKue nepeMeHHbie. IMImukaio MogenupoBaTh MUHUMYMOM.

10. Ha s3bike Python pa3paOoraiite ckpunT, MO3BOJISIONIUA BBINOJ-
HUTh OMEPAIUI0 UMIUITUKAIMU 3aJaHHBIX TOJIb30BATEJIEM HEUETKUX MHO-
KECTB C TPaNeUUeBUAHBIMI (QYHKIUSIMHI IPUHAIIC)KHOCTH. BXOIHBIMU J1aH-
HBIMU OyJyT mapaMeTpbl PYHKUUNW MPUHAICKHOCTH U YETKUE OOBEKTHI
JUISl KQXKJOTO U3 MHOXXECTB. BBIXOJHBIMU — pe3yJbTaT UMIUIUKAIIUK JaH-
HBIX HEYETKUX MHOXKECTB. IMIUIMKAINIO MOJIETMPOBATH MUHUMYMOM.

I'eHeTHYecKkue aaropuTMbI

1. Ha s3p1ke Python pa3paboraiiTe cKpunT, KOTOPBIM C TOMOIIBIO TeHE-
TUYECKOT0 alIrOpUTMa pelaeT ciaeayruyro 3azady. Jlano N Haume-
HOBAHUW MPOAYKTOB, I KaXJOTO M3 KOTOPBIX W3BECTHO M XapakTe-
puctuk. Heo0xoanMmMo nmoydyuTh camblil JENIEBbI PAllMOH U3 K HAUMEHO-
BAHUU, YIOBJIETBOPSIOIINMT 3aJaHHBIM MEAUIIMHCKUM HOPMAaM I KaXI01
U3 M XapaKTEPUCTHUK.

2. Ha s3sixe Python pa3paboraiite CKpUNT, KOTOPBI C TOMOIIBIO T€HE-
TAYECKOTO AJTOPUTMa pPEMIacT CHEAYIOIIYI0 3anady. J[aHo 7 IyHKTOB
IPOU3BOICTBA MPOAYKTOB U k TOPOAOB, KOTOpPhIE B HUX HyxaatoTcsa. Kax-
JBIA TOPOJ MOXKET MOTPEOUTH X MPOAYKTOB, & KaXKIbI MyHKT MPOU3BECTH
y npoayktoB. HeoOxoauMo MOAy4YWTh ONTUMAIbHBIA MapuipyT, Tak,
YTOOBI BCE rOPO/Ia MOTYUMIIN HY>KHBIM UM 00BhEM NPOYKTOB 0€3 CHIIBHOTO
€ro MPEBBIIICHMS], @ TPAHCTIOPTHBIE PACX0/Ibl OBLITM MUHUMAJIbHBIMU.
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3. Ha s3eike Python pazpaboTaiiTe CKpUnT, KOTOPBIA C TTOMOIIBIO T€HE-
TUYECKOI0 AJITOPUTMA PELIAET CIEAYIOIIYIO 3axauy. /[ano N HamMeHoOBa-
HUW TPOAYKTOB, Uil KaXIOTI'O0 M3 KOTOPBIX M3BECTHO M XapPaKTEPUCTHUK.
Heo6xoaumMo moJiyduTh CaMblil JIyUIIHi 10 XapaKTepUCTUKaM PalloOH U3 k
HAMMEHOBAHWM, yIAOBIECTBOPSIONIMKA 3aIaHHBIM IICHOBBIM paMkam. Jlydmmm
CUMTAETCS PALlMOH ¢ MUHUMAJIbHBIM OTKIIOHEHUEM OT HOPMBI.

4. Ha s3eixe Python pa3zpaboraiite CKpUNT, KOTOPBIN C TOMOIIBIO TE€HE-
TUYECKOT0 aJIOPUTMA peIlaeT CIECAYIOLIyr 3anady. J[aHO # IIyHKTOB
MPOU3BOJICTBA MPOJYKTOB U k TOPOJIOB, KOTOPBIE B HUX HYXaaroTcs. Kax-
JIbII TOPOJI MOXKET MOTPEOUTH X MPOJIYKTOB, a KaXK/IbIi MYHKT MPOU3BECTH
y npoayktoB. HeoOXoauMo MONy4YUTh ONTUMAIbHBIA MapUIPYT, Tak,
4TOOBI BCE TOPO/JIa MOJTYUYUIIU HYKHBIM UM 00BEM MPOAYKTOB C MUHUMAJIb-
HBIM €r0 MPEBBILIEHUEM, a TPAHCIIOPTHBIE PACXO/Ibl YKIIAABIBAIIUCH B OIIpE-
JIEJICHHBIE PAMKHU.

5. Ha sa3pike Python paspaboTtaiiTe CKpuUIT, KOTOPBIN € MIOMOIIBIO T€HE-
TUYECKOT0 aJIFOPUTMA pellaeT claeAyrouly 3anady. Jlano N nonel u k
KYJbTYp IS moceBa. J[JIs KakAoro IOJig M3BECTHA XapaKTEPUCTHUKA YPO-
WKAUHOCTH KaXKJIOW U3 k KYyJIbTYp, a JUIs KaXJ0i KyJIbTypbl — €TI0 3aKy-
mo4yHass CTOMMOCTh. HeoOX0oauMo MOJydUTh CaMblil Jy4IIMN ypokail 3a
HalMEHBIIYI0 CTOUMOCTb.

Heuerkas kiacrepusanus 00beKTOB

1. Ha sa3eike Python pazpaboraiite cKkpunt, KiiacTepu3yIomui 3arpy-
YKEHHbIE JTaHHBIE O pa3Mepe 3apaO0THOM IJIATHI /1 JIFOACH Ha ONpE/ICIICHHbIE
UM KJacTepbl, 00O3HAYEHHBbIE 3aJlaHHBIMU B MPOTPAMME JIMHTBUCTH-
YEeCKMMH MeTKamMu. MaKkcuMaibHOE KOJWYECTBO METOK 3a/laThb CaMOCTOSI-
TEJIBHO.

2. Ha s3bike Python pazpaboraiiTe CKpunT, Ki1acTepU3yIOIIUi 3arpy-
KEHHbIE JaHHBIE O BO3pacTe x JIIOJEH Ha ONpeneNieHHbIE UM KJIAacTephl,
0003HAUEHHbIE 33JIaHHBIMU B MPOrPAMME JIMHTBUCTUYECKUMHU METKaAMHU.
MakcumanbHOE KOJIMYECTBO METOK 33aTh CAMOCTOSITENIBHO.

3. Ha sa3wike Python pa3zpaboraiite ckpunt, KiiacTepu3yomui 3arpy-
KEHHbIE JAaHHbIE O CTOMMOCTH 7 aBTOMOOWJIEH Ha ONpeneNIeHHbIE UM
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KJIaCTEepbl, 0003HAUYCHHBIE 3aJIaHHBIMU B MPOrpaMMe JIMHTBUCTUYECKUMHU
MeTKaMH. MakcuMaabHOE KOJIMYECTBO METOK 3aJaTh CAMOCTOSITEIBHO.

4. Ha s3pike Python pa3paboTaiiTe CKpUNT, KIACTEPUIYIOIINHN 3arpy-
YKEHHbIE JAHHBIE O POCTE 1 JIIOJIEW Ha OINPEAEIICHHbIE UM KJIACTEpHI,
0003HAYEHHbIEC 3aJlaHHBIMU B TPOTPaMME JIMHIBUCTUYECKUMHU METKaAMH.
MakcuMaibHOE KOJTMYECTBO METOK 33]1aTh CAMOCTOSITEIIBHO.

5. Ha s3eixe Python pa3spabotaiite CKpUNT, KJIACTEPU3YIOITUN 3arpy-
JKEHHbIE JAHHBIE O pa3MeEpe 3aTpaT Ha MPOU3BOACTBO 7 MPOJYKTOB Ha
ONpE/ICICHHbIE UM KJIACTE€pbl, 0003HAUYCHHBIC OMPEJCICHHBIMU B MPOT-
paMMe JIMHTBUCTUYECKUMHU METKaMu. MakCUMaJIbHOE KOJIMYECTBO METOK
3a/1aTh CAMOCTOSITEIILHO.

6. Ha s3eike Python pazpaboraiite CKpuIT, KiiacTepu3yIomui 3arpy-
KCHHBIE JTaHHBIE O JJIMTEIBHOCTH MEPEIETOB JO 7 IMYHKTOB Ha OIpe-
JIEJIEHHBIE UM KJIACTepbl, 0003HAUYCHHBIE 3aJJaHHBIMUA B MPOTrpaMME JIMHT-
BUCTUYECKMMU METKaMU. MakcHUMalbHOE KOJIMYECTBO METOK 33JaTh CaMo-
CTOSITEIBHO.

7. Ha sa3beike Python pazpaboraiite ckpunt, KiiacTepu3yomui 3arpy-
YKEHHBIC JAHHBIC O pa3Mepe 3aTpar Ha CBA3b CPEAM 1 OTACIIOB Ha OIpeJie-
JIEHHBIE UM KJacTepbl, O0O3HAYEHHBIE ONPEACIICHHBIMU B MPOrpaMMe
JMHTBUCTUYECKUMU METKaMH. MakCHUMajabHOE KOJWYECTBO METOK 3aJaTh
CaMOCTOSTEIIBHO.

8. Ha si3pixe Python pa3pabotaiite CKpUNT, KJIACTEPU3YIOUIUN 3arpy-
YKEHHbIE JAaHHBIE O pa3Mepe IUIOLIAJIECH # KBapTUP HA ONPEACICHHBIE UM
KJIacTephbl, 00O3HAUEHHBIE OIPEACICHHBIMU B MPOrpaMMe JIMHTBUCTH-
YECKMMHU METKaMu. MakcHMalbHOE KOJMYECTBO METOK 3aJaTh CaMOCTO-
SITEIBHO.

9. Ha sa3bike Python pa3zpaboraiite ckpunt, KiiacTepu3yIomui 3arpy-
YKEHHBIE TAaHHBIE O Pa3MEPE yPOxkKasi 1 CENbCKOXO3AMCTBEHHBIX KYJIbTYp Ha
OTpeJieJIeHHbIE MM KJacTepbl, 0003HAYCHHBIE OINpPEEICHHBIMU B MPOT-
paMMe JIMHTBUCTUYECKUMHU METKaMu. MakCUMaJIbHOE KOJMYECTBO METOK
3a1aTh CAMOCTOATEIIBHO.

10. Ha s3eike Python pa3zpaboraiiTe CKpuUNT, KIaCTEPU3YIOIINMA
3arpy->KE€HHbIE JAHHBIE O BECE 1 JIFOAEH HA ONPENEIICHHBIE UM KJIACTEpHI,
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0003HaYCHHEIC OIIpCACIICHHBIMU B IIpOrpaMmMc<c JIMHI'BUCTHUYCCKHMH MCT-

KaMu. MakcuMaiabHOE KOJIUYECTBO METOK 3aJaTb CaMOCTOATCIIBHO.
AHaau3 BPEMECHHBIX PHA/I0B

1. Jluneeucmuuecxue wikanel. Pazpadborars ckpunt Ha Python, mo3Bo-
JSOIIMANA 3a/1aBaTh C MCHOJb30BaHUEM (DYHKIMI NPUHAAJIEHKHOCTH JIMHT-
BUCTUYECKYIO IIKAIy ISl pEUIeHUs 3aJayd M0 BapuaHTy (Tabimuua 14).
KonuyecTBO OLIEHOK B HIKajle W MapaMeTpbl PYyHKUUNA MPUHAIICKHOCTH
TOJDKHBI 3a7aBaThCsl MO YMOJYAHUIO, €CIM B 33IaHHOM I10JIb30BATEIIEM
¢aiisie He ykazaHo nHoe. OcymiecTBUTh rpaduueckoe oToopaxeHue QyHK-
IU{ MPUHAUIEKHOCTA METOK IIKaJbl, BBIJCIUB KaKIyI OTACIIbHBIM LIBeE-
TtoM. [IpenycMoTpeTs 3arpy3Ky ¢aiina ¢ JaHHBIMHU U OLIEHKY MX 10 TTOCTPO-
€HHOM IIKaJIE.

Tabnuua 14. Bapuants! ais 3agaun «JIMHTBUCTHYECKUE TITKATIBDY

Bapuant Pynris Ha3naueHue mKaJbl
NPUHAAJICKHOCTH

1. TpeyrosbHas Onenka 3(pPEeKTUBHOCTH MPOJIAK

2. TpanenueBuanas Onenka 3(Q(HEKTUBHOCTH  Olepaluit
C BAJIFOTOU

3. TpeyrosbHas OrneHka npuobUIH

4, TpeyronbpHas OreHka 3aTpaT Ha oIiaTy Tpyjaa

5. TpaneuneBuaHas OneHka peHTa0eIbHOCTH

6. TpeyrosbHas OneHka 00bEMOB MPOAAK

7. TpaneuneBuaHas OueHka 00BEMOB 3aKyTIOK

8. TpeyronpHas OneHka 3arpy»>K€HHOCTH CEPBEPA U CETU

9. TpeyrosbHas Ouenka ypoBHS 3apILIATHI

10. TpanenueBuanas OreHka yOBITKOB

1. TpeyroisibHas Ornenka 3(ppeKTUBHOCTH MPOJIAK

12. TpaneuueBuHas Onenka  2(pGHEKTUBHOCTH  omeparui
C BaJIIOTOU

13. TpeyroyibHas OrieHka MpuoObLTH
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OxoHuanue Tadmune! 14

Bapuant Pynrins Ha3naueHue mkaJbl
NPUHAAJICKHOCTH

14. TpeyroabHas OueHka 3aTpaT Ha OIUIaTy Tpy/ia

15. TpaneuneBuHas OreHka peHTa0eTbHOCTH

16. TpeyrosbHas OneHka 00bEMOB MPOAAK

17. TpanenueBuaHas OueHka 00BEMOB 3aKyTIOK

18. TpeyronpHas OneHka 3arpy»K€HHOCTH CEPBEPA U CETU

19. TpeyrosbHas Ouenka ypOoBHS 3apILIATHI

20. TpanenueBuanas OreHka yOBITKOB

21. TpeyroisibHas Ornenka 3(ppeKTUBHOCTH MPOJIAK

22. TpaneuneBuaHas Ouenka A(PGdEKTUBHOCTH  OINepalui

C BAIKOTOU

23. TpeyroiybHas Or1eHka MpuoObLTH

24, TpeyroisbHas OueHka 3aTpaT Ha OIIaTy TpyAa

25. TpanenueBuaHas OneHka peHTa0eTbHOCTH

26. TpeyroiyibHas OreHka 00bEMOB MPOAAK

27. TpaneuneBuHas OrneHKa 00BEMOB 3aKYIIOK

28. TpeyrosbHas OueHka 3arpy’K€HHOCTH CEPBEpPA U CETU

29. TpeyroisibHas OueHka ypoBHS 3apILIaThI

30. TpanernueBuHas OrieHKa yOBITKOB

2. Heuemkue 6pemenHvie psaobl U psadbl HEYeMKUX MeHOEeHYULL.
PeanuzoBath CKkpunT Ha s3bike Python, mo3Bosstomuil 3arpy»aTh YETKUMA
BPEMEHHOW PAN BEJIUYMHBI U3 33J4a4d MO JIMHTBUCTHUYECKUM IIKaJIaM
(3amaua «JIuHrBucTrueckue mkanb»). C MOMOUIBIO MTOCTPOCHHON B MPE/bI-
nyied pabore mkanel (3a7ada «JIMHrBUCTHYECKHE IIKANBD)) TMOCTPOUTH U3
YETKOI'0 BPEMEHHOIO psAJia BPEMEHHOW PsiJi HEYETKUX 3HAUYCHUW U HEUETKHUX
TeHjeHIui. OcyiecTBUTh rpaduueckoe OTOOpaKEHHE HEYETKUX METOK
IIKAJIBl 1 HEYETKUX TEHIAECHUNM, BBIICIINB KAKIYIO OTAEIbHBIM I[[BETOM.

3. Krnacmepuzayus u nuneeucmuyeckue wikaavl. SI3bIK peanuzanuu
Python. IlocTtpouTs mikanay u3 3aJaud MO JMHTBUCTUYECKUM IIKaJIaM
(padota «JIMHTBUCTUYECKHE NIKAJIB») ¢ MOMOIIbI0 anroputMma fcm-kiac-
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tepu3anuu. KolInm4ecTBO KIacTepoB 3aJa€TCS MO YMOJYAHUIO, HO MOXET
peIaKTUPOBATHCS TOJIH30BATEIEM MOCPEACTBaM 3arpy3ku u3 (aiina. Kax-
JbIA KJIACTEP — METKA Ha IIKAJIE ¢ MPUCBOEHHBIM €My JIMHTBUCTUYECKUM
3HAYEHUEM JUOO0 MO YMOJYaHUIO, JU0O0 mojib3oBareneM. OCylecTBUTh
rpaduyeckoe OTOOpaKE€HWE METOK IIKaJbl, BBIJICIUB KAKIYIO OTICIbHBIM
I[BETOM.

3. IIpoecno3zuposanue 3HaueHus 8PEeMEHHO20 psi0d C NOMOUbIO Heli-
poHHOU cemu. Peamn3oBaTh MPOTHO3 CIAEIYIONIEr0 3HAYCHUS YETKOTO Bpe-
MEHHOTO0 psifia U3 padboTsl «HedyeTkre BpeMEHHBIE PAJIbl U PsIIbl HEUETKUX
TeHACHLIHUIN» C TMTOMOIIBI0 HEMpoHHOU cetr, HO HE pexyppeHTHOTO THMA.
['paduueckn oToOpa3uTh peaabHBINA P U MPOTHO3HOE 3HAUCHHE, a TAK)KE
MPOMJUTIOCTPUPOBATH PE3YJIBTAT TECTOBOI'O MPOTHO3A.

4. Ilpoeno3uposarue 3naueHus 8pemMeHH020 psaod ¢ NOMOWbBIO MOOU-
Gduyuposannoeo memooa Conea. Peann3oBaTh MPOTHO3 CIEAYIONIETO 3Ha-
YEHUsI BPEMEHHOT0 pssia u3 padbotel «HedeTkre BpeMEHHbIE PSIbl U PSJIbI
HEYETKUX TEHACHIUI» C TOMOIIBIO METOA, ONMMCAHHOTO B IMyHKTE «IIpu-
Mep MOJCIMPOBAHUS BPEMEHHOI'O psjia B HEUETKOM Tmoaxoje». ['padu-
YECKH OTOOpa3UTh pPEeaIbHbINA PsiJl U MPOTrHO3HOE 3HAUCHHUE, & TAKXKE MPOUII-
JIFOCTPUPOBATH PE3YJIbTAT TECTOBOTO MPOTHO3A.

5. F-npeobpaszosanue. J15ia BpeMeHHOTO psijia U3 paboTel «HeueTkue
BPEMEHHBIC PAIBI U PSIAbl HEUETKUX TECHACHUHI» BBIICIUTH TPEHII METO-
noM F-tipeoGpazoBanumsi.

Pabora ¢ peKyppeHTHBIMH CEeTAMM

1. Momudunupyite kKoj u3 JAUCTHHTA 91: MO’KCIIEPUMEHTUPYITE
C pa3HOM CTPYKTYpOW CETH, Pa3HbIM KOJIMYECTBOM TOYEK, MO KOTOPHIM
CTPOUTCS TPOTHO3, U C pa3HbiM KojuyecTBOM LSTM-06mokoB. Ouenure
Ka4ueCcTBO pabOTHI CETH B Pa3HbIX AKCIepuMeHTax. UHTepnpeTupyiite pesy-
JBTATHI.

2. Pemmre 3amauy «IIporHo3npoBaHue 3HaYECHHUS BPEMEHHOTO psiia
C TIOMOIIbI0O HEUMPOHHOMN ceTw» U3 OJoKa 3aJaHui «AHaln3 BPEMEHHBIX
PAIOB» C MOMOIIBI PEKYPPEHTHON ceTu. CpaBHUTE U UHTEPIPETUPYUTE
pE3yJbTaTHL.

3. O0OBsicHUTE pabOTy KojAa U3 JUCTUHTA 98.
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Jluctuur 98

import numpy

from keras.models import Sequential
from keras.layers import Dense

from keras.layers import LSTM

from keras.utils import np_utils

numpy.random.seed(7)

alphabet = "ABCDEFGHIJKLMNOPQRSTUVWXYZ"
char_to_int = dict((c, i) for i, ¢ in enumerate(alphabet))
int_to_char = dict((i, c) for i, c in enumerate(alphabet))

seq_length = 1
dataX =]
dataY =]

for i in range(0, len(alphabet) - seq_length, 1):
seq_in = alphabet][i:i + seq_length]
seq_out = alphabet[i + seq_length]
dataX.append([char_to_int[char] for char in seq_in])
dataY.append(char_to_int[seq_out])
print seq_in, '->', seq_out
X = numpy.reshape(dataX, (len(dataX), seq_length, 1))
X = X/ float(len(alphabet))
y = np_utils.to_categorical(dataY)

model = Sequential()
model.add(LSTM(32, input_shape=(X.shape[1], X.shape[2])))
model.add(Dense(y.shape[1], activation="softmax'))
model.compile(loss='categorical_crossentropy', optimizer="adam’, metrics=['accuracy'])
model fit(X, y, nb_epoch=500, batch_size=1, verbose=2)
scores = model.evaluate(X, y, verbose=0)
print("Model Accuracy: %.2f%%" % (scores[1]*100))
for pattern in dataX:

X = numpy.reshape(pattern, (1, len(pattern), 1))

x = x / float(len(alphabet))

prediction = model.predict(x, verbose=0)

index = numpy.argmax(prediction)

result = int_to_char|index]

seq_in = [int_to_char[value] for value in pattern]

print seq_in, "->", result
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4. TlpoBeauTe ABa SKCHEPUMEHTA, MOJUPUIUPYS KOJ W3 JIUCTUHTA
92 cnexyromum oOpa3om:

1. U3menuB 3Hauenue seq length, cinenaB ero paBHbIM 3 U U3MEHUB
dbopMy BXOAHBIX JAHHBIX CIEAYIOIIUM 00pa3oM:

X =numpy.reshape(dataX, (len(dataX), 1, seq_length))

2. U3menuB 3HaueHue seq length, cnenaB ero paBHbIM 3 U U3MEHUB
dbopMy BXOAHBIX JAHHBIX CIEAYIOIIUM 00pa3oM:

X = numpy.reshape(dataX, (len(dataX), 1, seq_length))

HNuTepnpernpymnTe nojiydeHHbIE pE3YJIbTAThI.
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3AKJIIOYEHHE

Mb1 paccMOTpenu MOJIeNId U aJrOPUTMBbI, UCIOJIb3yeMble B cdepe
MAIlIMHHOTO OOYyYEeHUs JJIsl aHaJu3a JIaHHBIX, a TAKXKE CIIOCOOBI UX peayu-
3auu Ha s3blke Python ¢ ucnonb3oBanmem Oubnmotrexk Keras, Theano
U JPYTHUX.

B nacrosiiee BpeMsi MallliHHOE OOy4Y€HHE M 00JIaCTh aHaIW3a JIaH-
HBIX SIBJIAIOTCA BEChbMa IMEPCIEKTUBHBIMU HampasieHusmu B UT. 3agaueit
JAHHOW KHUTY OBLIO MO3HAKOMHTH Bac C a3aMHU ATOTO HaIlpaBJIEHUs, pac-
CMOTpPEB HaubOojee BaKHbIE MOJEIH, aNTOPUTMBI M HX peallh3aluIo.
OpnHako, 4TOOBI CTaTh CHEMUAIMCTOM B cepe aHalu3a JaHHBIX, HEJAO0CTa-
TOYHO MNPOCTO 3HATh MOJIEM W HUHCTpyMeHThl. HeoOxomumMo moHuMaTh
I'PAHULBI UX IPUMEHEHUI U TPEUMYIIECTBA OJTHOTO NIEPEL APYTUM.

JlanHoe ydeOHOE MOCOOME UMb MPUOTKPBHIBAET IBEPIY B MUD
MaIlIMHHOTO OOyYeHUs, OcBellas HeOOIbIIy0 ero yactb. Eciu ke mocne
pabOThl C KHUTOW BbI MOHSJIM, YTO aHAJIN3 JAHHBIX — KpailHE MHTEpecHas
BEIllb, TO BAM HEMPEMEHHO HYXHO JIBUTaThCs Jajnpiie. [IpuyeM HE TOIbKO
B U3YUYEHUHU MOJIEIIEN, METOAOB, aJITOPUTMOB U HHCTPYMEHTOB UX peaju3a-
MU (4TO BBl MOXKETE CienaTh, U3y4YHMB MPUBEJCHHbIE B OmOIMorpaduu-
YECKOM CIIUCKE UCTOYHUKH), HO U B COBEPUICHCTBOBAHUU CBOETO MBbIIILJIE-
HusA. Benp MOKa HMCKYCCTBEHHBIM HMHTEIUIEKT €Ile He H300peTeH, BCIO
CEMaHTUYECKYI0 HArpy3Ky 3ajlad MalluHHOTO oOyueHus Oeper Ha cels
pazpaboTuuk-yenoBek. [103ToMy OH HEMpPEeMEHHO JOKEH 00JiaaTh OCT-
PBIM aHATTUTUYECKUM YMOM.

[Tepedpazupys llepnoka Xonmca, HATOMHUM, YTO «Pa3BUTHIN MO3T —
3TO TO, YTO BcerAa OyaeT B IieHe». B CBsI3U ¢ 3TUM, 3aKOHUYMM IOCOOUE
MOXKE-JTAaHUEM: OTTAYMBANTE CBOM pa3yM, MOKOPSIMTE HOBBIE BEPIIMHBI, HE
OCTaHABJIMBAUTECh HA IOCTUTHYTOM!
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I toccaruvi

DataMining — MHTEIIEKTYAJIbHBIN aHAIU3 JAHHBIX.

TimeSeries DataMining — WHTEUIEKTyaJdbHbIA aHAJIU3 BPEMEHHBIX
1301 (0):3

AHOMAJIMSI BPEMEHHOI'0 Ps/ia — HOBBIM, HE TUIWYHBIA NATTEPH Bpe-
MEHHOTO psija.

AnocrepropHasi BEepOATHOCTb — Ha3HAUCHHAs! COOBITUIO BEPOSITHOCTD
IIPY YCJIOBUY HAIMYUS 3HAHUU, MOJIAEPKUBAIOIIUX €r0 HACTYIUIEHUE U MOJTY-
YEHHBIX OMBITHBIM IIyTEM.

AnpuopHasi BepOSTHOCTb — Ha3HA4Y€HHas COOBITHUIO BEPOSTHOCTD,
IIPY YCJIOBUU OTCYTCTBHSI 3HAHUM, TOJIEPKUBAIOIINX €r0 HACTYIJICHHE.

Bpemennout psg (BP) — mnocinenoBaTelnbHOCTh  yIOPSAIOYEHHBIX
B PaBHOOTCTOSIIIME MOMEHTHl BpEeMEHM map (MOMEHT BpPEMEHH,
3HAUYECHHE XapaKTEPUCTUKH).

I'eHeTH4eckue aJrOpuTMBbI — aJalTUBHBIE METO/bI MOUCKA, UCITOb-
3YIOIIMECS AJIs PElIeHUs 3a71a4 (PYyHKIMOHATHHOM ONTUMU3AIIH.

I'pagmeHT — BEKTOp, YKa3bIBAIOIIMI HampaBlieHUE HAUOOJIBIIETO0 BO3-
pacTaHusi HEKOTOPOM BEJMYHMHBI, 3HAYEHHE KOTOPOU MEHSETCS B CKaJSIPHOM
oJIe.

Hedasz3ndpukanus — noIydyeHUE ONTUMAIBHOIO YETKOTO 3HAYEHUs 110
arpernpoOBaHHOMY HEUYETKOMY MOHSTHIO.

JMucnepcusi — Mepa pazOpoca 3JIEMEHTOB BBIOOPKH OTHOCHUTEIBHO €€
MaTE€MaTUYECKOTO OKUIAHUS.

3agaya kiaaccupUKAUMU — PACIPEICICHUE HEKOTOPOrO MHOXECTBA
00BEKTOB 1O 3aJIaHHOMY MHOKECTBY TPYIII (KJIACCOB).

3ajaya kJacTepu3alMHU — PAa3JCJICHHE HEKOTOPOr0 MHOXECTBA
OOBEKTOB Ha HEMEPECEKAIIMecs TPYIIbl (KIacTepbl) TaKUM 00pa3om,
4TOOBI KaXk/1asl TPYIIa COCTOSUIa U3 CXOKHMX OOBEKTOB, & OOBEKTHI PA3HBIX
KJIACTEPOB CYILIECTBEHHO OTJIMYAJIUCH.

3agauya perpeccuu — NpUOTIDKEHHWE HEM3BECTHOM 11€7IeBOIl 3aBUCH-
MOCTH Ha HEKOTOPOM MHO>KECTBE JAHHBIX.
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3agaya TAaKCOHOMMH — 3ajJa4ya MOCTPOCHUS JAPEBOOOpa3HOUN wuepap-
XUYECKOUN CTPYKTYPBI, yIOPSI0UYUBAIOLIEH UCXO/IHBIE TAHHBIE.

3akoH pacnpeneseHusi — (QyHKUMSA, ONpeAessomas aisi BbIOOPKH
BEPOSATHOCTh MOIMAJAHUS B HEKOTOPBIA WMHTEPBAI WA BEPOATHOCTH MOJIY-
YEHUS ONPEEICHHOTO 3HaYEHUSI.

3HaHUe — COBOKYITHOCTHb YTBEPKICHUH O 3aKOHOMEPHOCTSX U CBOM-
CTBAaX IPOLIECCOB M SIBJICHHM, a TAKXKE CBSA3BIBAIOIIMX WX MPABUI JIOTH-
YEeCKOT'0 BBIBOJA U MPABUJI UCIIOIb30BAaHUS UX NTPU NPUHITUH PEILIECHUN.

NuaekcupoBanue O00bEKTOB BPEMEHHOr0 Ppsigla — IIOCTPOCHUE
WHJIEKCOB 15 9 (PEKTUBHOTO BBIMOJHEHUS 3aPOCOB K 6a3zam naHHBIX BP.

Knaccuduxkauus 00beKTOB BPpEeMEHHOI0 psiia — Ha3HaueHue BP wim
YX TIATTEPHAM OJHOTO U3 3apaHEe ONPEEICHHBIX KIIACCOB.

Kuacrepusanusi 00beKTOB BPeMEHHOI0 psiia — MOUCK TPYHIIUPOBOK
BP nim ux naTTepHOB.

KomOuHupoBaHHass Moje/ib MPOrHO3MPOBAHUS — MOJIEIb MPOTHO-
3UpPOBAHHUs, COCTOSIAs U3 HECKOJBKUX WHAMBUAYAJIBHBIX (YaCTHBIX) MOJE-
Jel, Ha3bIBa€MbIX 0a30BBIM HA0OPOM MOJEIIEH.

KoHuent BpeMeHHOH NPOAOJKMTENbHOCTH — IPUCYTCTBHE OIpeE-
NEJIEHHOrO0 TaTTepHa WM npu3Haka BP Ha omnpeneneHHOM WHTepBae
BPEMCHU.

Konunent HeuerkocTHu BP — HEYETKOCTh BBIPAXKEHHOCTH TEMIIO-
paNbHBIX COOBITUN U OTHOIICHUH.

Konuent onnoBpemennoctu BP — coBmajieHne BO BpEMEHH TEMIIO-
pabHBIX COOBITHH (MMATTEpHOB pa3audHbIX BP).

Konuent ouepennoctu BP — nopsgok cinenoanusa narrepHoB BP Bo
BPEMCHU.

KpoccoBep — onepamusi B réHETUYECKOM aJITOPUTME, MO3BOJISIOIIAS
XpoMocoMaM 0OMEHHMBATHCA MEKy CO00I CBOMMU YaCTSIMHU.

JIMHrBUCTHYECKAA MEepeMeHHas — J3TO MEPEMEHHAs, 3HAYEHUAMH
KOTOPOM SIBIISIFOTCSI CJIOBA WJIM BBICKA3bIBAHMSI €CTECTBEHHOI'O WJIM HCKYC-
CTBEHHOTIO SI3bIKA.

MartemaTu4eckoe OKHIAHME — CPEIHEE 3HAUYECHHE BEPOSITHOCTHBIX
AIIEMEHTOB BBIOOPKHU.
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Mennana — 4ucio, XapakTepU3yIolllee BHIOOPKY IO CPEIHEMY U3 €€
3HAYEHHM.

MeToa rpajiMeHTHOr0 CIyCKa — HaXOXIEHUE JIOKAJIbHOIO JKCTpe-
MyMa (MHUHUMyMa WM MakCUMyma) (YHKIUHM IyTE€M ABUXKEHUS BJOJIb
rpaJyueHTa B HANPAaBICHUM HAWCKOPEHIIEro CIyCKa, 3a/JaBacMOro AaHTH-
rPauEHTOM.

MyTtanusi — omnepauys B T€HETUYECKOM alrOpUTME, MPOU3BOJIBHBIM
00pa3oM U3MEHSIOIIAsi XPOMOCOMY.

Henoobyuenune — cutyaius, KOrja ajJroput™M Nnpu OOyYEHUHU C YYH-
TEJEM HE JAaeT yAOBIETBOPUTEIHHO MaJOW Cpe/lHEel OMMOKH HA 00ydarolieM
MHOECTBE.

Heuerkasi JIOTHKAa — JIOTMKA, OINEPHUPYIOIIAs HEUYETKUMH BBICKa-
3bIBAHUSIMU U PACCYKJICHUSIMHU Ha 06a3¢ YaCTUYHOW UCTUHHOCTH.

Heverknit Bpemennou psax (HBP) — ynopsmodeHHas B paBHO-
OTCTOSIIME MOMEHTHI BPEMEHHU MOCIE0BATEIHLHOCTh HAOIIOACHHUM HaJl HEKO-
TOPBIM MPOILIECCOM, COCTOSIHUSI KOTOPOTO U3MEHSIOTCS BO BPEMEHH, €CJIN 3Ha-
YEHHUE COCTOSIHUS MpoIlecca B KaXIAbli MOMEHT BPEMEHU MOKET ObITh BbIpa-
’K€HO C IIOMOIILIO HEUETKOU METKU .

HeueTkoe MHOKECTBO — COBOKYIIHOCTb OOBEKTOB, NMPUHAIJICKALIUX
€MY C OIPENICIICHHON CTENECHBIO.

Hopmasm3anusi JaHHBIX — NPOLECC MAacCIITAOMPOBAHUS BEKTOpA Kax-
JI0TO TIPU3HAKa K TAKOMY BHJy, YTO BEKTOp OyJIeT UMETb €IUHUYHYIO HOPMY
(pu 3TOM €CTh pa3HbIE€ CIIOCOOBI OIIEHKU\IIOJICYETa HOPMBI).

O6o0maromas cnocodHOCTb — CBOMCTBO MOJIETN OTpakaTh UCXOAHBIE
naHHbIe B TpeOyemble pe3yabTaThl (X — Y) Ha BCEM MHOXXECTBE HCXOJIHBIX
JAHHBIX (BO BCEX CIIEHAPHIX, & HE TOJILKO Ha TPEHUPOBOYHBIX MIPUMEPAX).

OO0yuyeHue — CIOCOOHOCTh QJITOPUTMA IIPU PELIECHUU 3a/1a4 HEKOTO-
pPOTO Kjlacca BBIJABATh HA HEKOTOPOM OIIBITE JIYYIIUE PE3YJIbTAThl B CMBICIIE
3aJJaHHOM MEpbI KaueCTBa IPU NPEABSIBICHUN HOBOTO OIIBITA.

OmubdKa — YUCIIEHHO BBIPAXKEHHAs Pa3HUIA MEXY OTBETOM MOJIEIH
U TpeOyeMbIM (peabHbIM) 3HAYCHUEM.

IlepeoOyyenune — CBONWCTBO HATPEHHUPOBAHHOIO aJTOPUTMA HA OOBEK-
Tax TPEHUPOBOYHOU BHIOOPKHU /1aBATh CYIIECTBEHHO MEHBUIYIO BEPOSITHOCTD

OIIMOKH, YeM Ha 00BEKTaX TECTOBOM.
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IIpocTpaHCcTBO MPU3HAKOB — 3TO N-MEpHOE NMPOCTPAHCTBO, rAe N —
YHCJIO U3MEPSEMBIX XapaKTEPUCTHK OOBEKTOB, BBIJICICHHOE JUIsl KOHKPETHOU
3a7a4u.

Peryasipu3zanus — no6aBieHre HEKOTOPOW IOTOJHHUTEIHHON HHOOP-
Malli¥ K YCIOBUIO MUHUMU3AIMU OIIHOKHU.

Pe3iomupoBanue BpeMeHHOT0 psiia — GOpMHUPOBAHHUE KPATKOTO OIU-
canus BP, comepkaliero CymecTBEHHbBIE YEPThl ¢ TOYKH 3PEHUS pEIIaeMOin
3a7a4u.

CermMeHTanMsi BPEMEHHOI0 psAia — pa3OHeHHEe BPEMEHHOTO psijia Ha
3HAYUMBIE CETMEHTBI.

CucremMa HE4YETKOr0 JJOrM4eCKOro BbIBOIa — MOJIEJb, OMTMCHIBAOIIAS
MOBEJICHUE CUCTEM HA €CTECTBEHHOM (WM OJIM3KOM K €CTECTBEHHOMY) SI3bIKE
B BUJIE MIPUOIMKEHHBIX PACCYKJICHUI HA OCHOBE KOMITO3UIIMOHHOTO MpaBuia
BBIBOJIA.

CpenHekBaapaTnyeckoe OTKJIOHEHHE — BEIMYHMHA, XapaKTepH-
3yIOIllasi pacCeMBaHME 3HAYCHU BBIOOPKH OTHOCHUTEIBLHO €€ MaTeMaTH-
YECKOr0 OKHMIAHUS.

Cranaapru3anms JaHHBIX — MPOLECC NPUBEICHHUS BEKTOPa KaXKJ0Tro
MIPU3HAKA K TAKOMY BHJY, YTO €0 MATEMATUYECKOE OKHUIAHUE CTAHET HYJIE-
BBIM, a JUCIIEPCHS — CIUHUYHOM.

CreneHb NMPUHAAJIEKHOCTH — 3HaUCHUE, 33a/1aBaeMoe (PyHKIUEH TpH-
HAJUIC)KHOCTHU U Haxosmeecs B nuaTepBaie ot 0 1o 1.

da3z3udukanusa — MPOLECC YCTAHOBKU COOTBETCTBUSA MEXKIAY UETKUM
3HAYEHUEM X U HeueTKUM f uepe3 QyHKIUI0 NPpUHAIEKHOCTH.

DOyHKIUSA NPUHAIEKHOCTH — (YHKIOHSA, oToOpaxkaromas 0a3oBoe
3Ha4YeHue X U HeueTkoe f B maTEpBan ot 0 g0 1.

XpoMocoma (B reHeTHYECKOM aJIrOpuTMe) — OMTOBasl CTPOKA, OIH-
CBHIBAIOIIAS PEIICHUE.

YacToTHBIM aHAJIHU3 BPEMEHHOI0 PfAa — IMOHUCK YacTO MPOSBIISIO-
muxcs narrepHoB BP.

JHTPONMS — MEPa HEYITOPSATOUEHHOCTH CUCTEMBI.
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