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peaitizailii MpOeKTiB pO3pOOKU MPOTPAMHUX MPOTYKTIBY.

[TosicHIOBaJIbHA 3alMCKa CKJIAJAE€ThCS 31 BCTYIY, 9 PO3JILIIB, BHUCHOBKY,
CIIUCKY BHUKOPHUCTAaHUX JKepen 13 36 HaliMeHyBaHb, JOJATKiB. 3arajdbHUN o0OcCsAT
pob6oTu — 84 cTOPIHOK, y TOMY 4YUCHi 67 CTOPIHOK OCHOBHOTO TEKCTY, 3 CTOPIHKH
CIIUCKY BUKOPUCTAHUX JIKEpell, 9 CTOPIHOK JOJIaTKIB.

KBanmigikamiiiny po0OTy Marictpa MNpPUCBSIYEHO pO3pOoOLI MoJenl Ta
iHQopMaIiiHOT CHCTEeMH BH3HAUYCHHS aHali3y BUKOPUCTaHHS  010710TeK
MaIIMHHOTO HABUYAHHS y peai3allii MpoeKTiB PO3POOKH MPOrpaMHUX MPOIYKTIB. B
po0OOTI MPOBEACHO OTJISAJ BIUIMBY O10J10TEK MAIIMHHOIO HABYAHHS Ha MPOLIECH
PO3pOOKH MPOrpaMHUX MPOAYKTIB. Y poOOTI AOCIIKEHI Ta BU3HAYCHI MIA0JIOHU
MIOMUWJIOK Ta BUIPABJIEHb BUKOPUCTaHHS 010110TEK MAILIMHHOTO HABYAHHS. Y po0OOTI
Oy70 CHPOEKTOBAHO MOJENbh Ta I1H(QOpPMAIIHY TEXHOJIOTII0 3 TOYKH 30Dy
po3poOHUKa, TOOYJ0BAaHO KOHTEKCTHA Ta KOHIIENTYalbHA Jiarpama, peajii3oBaHO
aJITOPUTM aHalli3y BUKOPHUCTaHHA. Pe3ynmpTaToM mpoBeneHoi poOOTH € MOJeNnb Ta
iHopmaliiHa TEXHOJOTIA BH3HAYEHHS aHalI3y BUKOPHUCTaHHS O010710TeK
MalIMHHOrO HaB4aHHS. [IpakTuuHe 3HauYeHHS poOOOTHM TOJArae y pPo3poOIl
1H(pOpMaIIiHOI TEXHOJOrIi, U0 Ja€ 3MOTy NPHILBHALIUTH peali3alilo MpPOEKTIB
PO3pPOOKH MTPOTPAMHHX MPOIYKTIB.

KirouoBi cioBa: mojens, iHdopMalliifHa TEXHOJIOTIs, aHaji3, MalluHHE

HaBYaHHs, 010J1I0TEKH, TPOTPaMH1 TTPOTYKTH.
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BCTYII

MammHHe HaBYaHHSI CTa€ ICTOTHUM KOMIIOHEHTOM CY4YacHOi IPOrpamHOi
pO3pOOKH TpH pealizaiii MPOrpaMHOrO MPOAYKTY BHUKOPUCTOBYIOTH BHCOKO
abcTpakTHi 616J110TeKH MAIIMHHOTO HABYAHHSA JIJIs1 HAITMCAHHS MPOTpaM MaIlIiHHOTO
HAaBYaHHSI B CBOIX IHCTPyYMEHTaxX 1 JojaTkaxXx. Benmka KiuIbKicTh O010110TEeK
MAITMHHOTO HABYaHHS 3arajbHOJOCTYNMHA JJIs MIATPUMKHA  3pOCTAIOUYOTO
BUKOPHCTAHHS MAIIMHHOTO HAaBYaHHSI B PO3poO0Ill MPOTPaMHOTO MPOAYKTY.
Hanpukian, neski 3 momyispuux 6i0miorexk — Caffe [1], H20 [2], Keras [3],
Mahout [4], MLIib [5], scikit-learn [6], Tensorflow [7], Theano [8], Torch [9] i
Weka [10]. Bci i 6i6mioTekn aOCTparyroTh Bijl JeTalei aJroOpuTMiB MallIMHHOTO
HaBYaHHI 1 HamaroTh Application Programming Interfaces (API) [11]. Taxum
YUHOM, MpHU peaji3alii IporpaMHOro MPOAYKTY MOKHA JIETKO IMHUCATH CKIIJHI
MO/IeJIl MAIIMHHOTO HaBYaHHS, BUKOPUCTOBYIOUH 111 API.

Takum 4YMHOM, CcTajia aKTYaJIbHOIO HEOOX1IHICTh BUBUEHHSI TPOOJIEM, 3 SIKUMH
CTUKAIOTHCSl TIPH 3aCTOCYBaHHI MAIIMHHOTO HaBYaHHS B PO3POOIl MPOrpamMHOTrO
npoayKkTy. bynu BuBYeHI TpoOiemMH, 3 SKUMH CTHKAIOTHCS PO3POOHUKU TPHU
BUKOPUCTaHHI O10110T€K MAIIMHHOTO HABYaHHS ISl PO3POOKH MPOrpamMHOTO
MPOYKTY, XapaKTEPUCTUKH MTOMUIIOK, JOMYIICHUX pO3POOHUKAMU, TAOJIOHH, IKUM
CIAYIOTh PO3POOHUKH MPU BUIIPABIICHHI ITUX MOMUJIOK, & TaKOX 3alpONOHYBaIN
HOBY MoOjeib Ta 1HGOPMAIIMHUX TEXHOJOTIM JJIi aBTOMATUYHOTO BHUSBJICHHS
HernpaBuibHOTrO BuKopucTanHs API B mporpamHoMy 3a0e3neueHHi MalluHHOTO
HaBYaHHSI.

OcCHOBHI BUCHOBKH 1 pe3yJIbTaTH MOKA3YIOTh, 10 PO3POOHUKH CTUKAOTHCS 3
HaWOUTHIIIMMHE TPYTHOIIIAMH HA €Tarll CTBOPEHHS MOJENIe MAlllMHHOTO HaBYaAHHSI,
po3poOKa JOMATKIB TMOB'S3aHA 3 BEJIMKOIO KUIBKICTIO TOMUJIOK, TaTepHAMHU
MOMWJIOK, 3 JCKITbKOMa HOBUMH 1 YHIKQIbHUMHU TaTEpHAMHU TIOPSAI 3 HOBHUMH

npoOiemMamu.
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Mera po6otu — po3pobka iH(OpPMAIIHHOT TEXHOJIOTII aHali3y pe3yJbTaTiB
BUKOPUCTaHHS 010J10TEK MAIIMHHOTO HABYAHHS y peasizallii MPOeKTIiB pO3pOOKH
MPOrpaMHUX MPOIYKTIB.

JIJIst OCSITHEHHSI TIOCTAaBJICHOI METH MPOEKTy Oyl BU3HAYEHI HACTYITHI
3ajaui:

— TIPOBECTH JCTaJIbHUN aHalli3 MNpeJAMETHOI 00JIacTi Ta ICHYHYHUX pIIICHb
peamizallii, BA3HAYUTH TIEPEBAru Ta HEIONIKU ISl KOXKHOTO PIIIEHHS IS
dbopMyBaHHS METH Ta 3a/1a4 MPOEKTY;

— MpoaHaNi3yBaTH Ta BUOPATHU IHCTPYMEHTH Ta METOAU JTOCHIIKEHHS;

— BHUKOHAaTW TuianyBaHHs [T-TipoekTy, CTBOpUBIIM IUIaH POOOTH MPOEKTY C
pUB’A3KO00 A0 Yacy (aiarpamy I'aHTa) Ta OLIHKY PU3HUKIB;

— BHUKOHATH 30ip MaHUX NP0 TMOMHJIKH Ta BHIPABICHHS BHUKOPHUCTAHHS
010,110TeK MalTMHHOTO HaBYaHHS, HOpMaJIi3allis JaHUuX;

— BU3HAYUTU XapaKTEPUCTUKH TOMUJIOK Ta BHUIIPABICHb BUKOPUCTAHHS
010J110TEeK MallTMHHOTO HABYaHHSI, BU3HAYCHHS MIATEPHIB Ta aHTUIIATEPHIB;

— CTBOPEHHS MOJIe1 Ta iHPOopMaIiiiHOT TEXHOJIOT11 JJ1sl aHAT13y BUKOPUCTaHHS
010J110TEK MAIIMHHOTO HABUYAHHS;

— peamizaiiis Mojieni Ta iH(GopMaIifHOT TEXHOJIOTIT, TECTYBaHHS Ta MepeBipKa

TOYHOCTI MOJIENI.



1 AHAJII3 IPEJMETHOI OBJIACTI

1.1 Orasix BUKOpUCTAHHSA 0i0/1i0TeK MAIIMHHOTO HABYAHHS B

JKUTTEBOMY HMKJII PO3POOKH MPOTrPAMHOI0 3a0e31e4YeHHsA

MaiiiHHe HaBYaHHS MPOHUKAE y BC1 MOB'sI3aH1 3 HUMHU O13HEC-TIPOIecH, 1100
BHUBECTH 1X Ha SIKICHO HOBHI piBeHb. Maiike Oyab-SIKUI MMOCTAYAJIbHHUK MOCIYT 3
pO3pOoOKM MpOrpamMHOro 3a0e3NeyYeHHs WIYKa€ MUISIXW HNPUCKOPEHHS JKUTTEBOTO
UKy PO3pOOKH MporpamMHOro 3abe3meyeHHs 3a JOMOMOIOI0 BHUKOPHCTAHHS
MaITUHHOTO HaBYaHHSA. MOKIMBOCTI MAIlIMHHOTO HABYAHHS MOXYTh OyTH JOIaH1
JI0 CHUCTEMH KUIbKOMa Croco0amu, BKJIIOYAIOYM MPOTPaMHI CHUCTEMH 3
KOMITIOHEHTaMHU Ta CTPYKTypamH, IHCTPYMEHTH Ta 010J110TE€KH, 110 3a0e3MeUyI0Th
(GyHKIIOHATBHICTh BUKOPUCTAHHS. bBINbIl A€TaJbHUM OIS BUKOPUCTAHHS
MalIMHHOTO HAaBYaHHS B JKUTTEBOMY LMK PO3POOKH TPOrPAMHHUX MPOAYKTIB
MPEACTaBICHUN Y JAHOMY PO3JILIL.

Bumoau npoexmy

VYrpaBiaiHHS BUMOTraMHu - Ipoliec 300py, NePEeBIpKHU Ta BIICTEKEHHS TOTO, 10
HEOOX1THO KIHIIEBUM KOPHUCTYyBayaM BiJl YACTHHH MPOTPAMHOTO 3a0€3MEUYeHHS - €
OCHOBHOIO MPHUUYMHOIO 3aTPUMOK, JOPOrHX a00 HEBAAIUX MPOEKTIB, KOJIM BOHU
BUKOHYIOThCS 1oraHo [12]. Jlesiki BeHa0opy BOPOBAAWIN HU(PPOBUX MOMIUHHUKIB, SIKI
MOXYTh aHaJI3yBaTH JIOKYMEHTH 3 BHMOTaMH, HESCHOCTI 1 HEBIAMOBITHOCTI
npamnopiB 1 MNpONMOHyBaTH TomimiieHHs. LI 1HCTpYMEHTH MOXYTb BUSIBISTH
HETOYHOCTI a00 1HIII HEJIOJIKH - TaKl, IK HSITOBHI BUMOTH, HEBUMOBHHM KIJIBKICHHI
aHam3 (BIACYTHI oJuHMIN a00 JOMyCKH), CKJIQJ0OBI BHUMOTH 1 aBapiiiHi
3aCTEpEXEHHS, - 3 THUM 100 MNPUCKOPUTH PO3IJIAL BUMOr. 3riHO 3
MOBIJOMJICHHSIMH, TTAMPUEMCTBA, 1110 BUKOPUCTOBYIOTH TaKl IHCTPYMEHTH, 3MOTITN

CKOPOTHUTH Yac pO3IJISIIy BUMOT OLTbIT HiXK Ha 50 BIJICOTKIB.
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Busenenns npobaem

InenTudikais mpobIeMu € OCHOBHUM MPOIIECOM B KOXKHOMY O13HEC1 1 pOOUTH
MoAaNbIII KPOKH IIOA0 ii BUpilIeHHs. B KiHIIeBOMY paxyHKyY, ToTpeda B po3poOiii
MIPOTPAMHOTO 3a0e3MeUeHHS TOYMHAECTHCS BXXE HA IIbOMY €Tarli.

CwitbHi 1 c1a0K1 CTOpOHU O13HECY MOBHHHI OYTH IpoaHaIi30BaH1 HAJIC)KHUM
gyuHOM. [lopsim 3 1IMM BpPaxoBY€ThCS 3BOPOTHUM 3B'A30K BiJ KIIEHTIB,
CHIBPOOITHHKIB, 3allIKaBICHUX CTOPIH 1 T.J.

Hayka mipo gaHi Moe TOOMOTTH oco0aM, sIKi TPUMarOTh PIlIeHHS, TBOMa
crocobamMu: 3a JOMOMOTOI0 1THCTPYMEHTIB O13HEC-aHAJIITUKU a00 3a JOMOMOTOI0
MalIMHHOTO HaB4aHHA. JlocTynm A0 Oi3HEcC-IaHMX MOXHa OTpUMAaTH 3 MaHell
yOpaBiIiHHSA Oi3HEC-aHANITHKHU, /€ PI3HI OI3HEC-MOKa3HUKH BIAOOPaXKAIOTHCSA Y
BUTJISIAL KapT 31 3HAYEHHSM MMPOJTYKTHUBHOCTI.

Kaptu 3 HU3BKOIO NPOAYKTHUBHICTIO BUKIHKAIOTH MpoOiieMu B Oi3HECI.
Jocutb mpocTuil cnoci® BHU3HAYEHHS BIIHOCHUX MNPUYMH. AOO X MAallIWHHE
HAaBYaHHS, JI€ MalllMHa OTPUMY€ BCl Oi3HEC-IaHl B CTPYKTYpOBaHOMY abo He
CTpykTypoBaHoMmy Burisai. [loTiM MammHa aHamizye ajaroputMm 1 3abesneuye
po3ymiHHs. L{ux 3HaHb AOCUTH U1 1IeHTU]IKALIT TPOOIIEM.

Jlokymenmayis

Konu ines chopmynboBaHa, HACTYMHUM BaKJIMBUM €TAllOM € CKJIaJIaHHS
JIOKyMEHTaIlli Ha OCHOBI TU1aHy. [InanyBaHHS - 1€ TOKJIQJHUN 3BIT, SKUA TOBUHEH
B1JI0Opa)KaTH KIHIIEBY METY BUMOT.

TyT cig 3ragatu Opo BapTICTh, PO3MOJILT peCcypciB, TepMiHU 1 Tipo Bce. Lleit
IJIaH MOXKHA PO3TJISIATH SK 3amOODKHUM JTOKYMEHT, B SIKOMY KOXHY BHUMOTY
MIPOTIOHYETHCS 3aI[IKABICHUM CTOPOHAM. ABTOMaTH4YHA Kiacu(ikallisi TOKyMEHTIB
Ha OCHOB1 KOHTPOJIbHUX MTOKAa3HUKIB, TAKUX SIK BUTPATH, PECYPCH 1 T.J., MOXKE OyTH
JOCATHYTA 3a JJOTIOMOT'OI0 MAIlIMHHOTO HaBYaHHSI.

[licns momadi Ha MalIMHY JaHUX 3 TMEPIIOro eTamy, OakaHa MeTa
BCTAHOBJIIIOETHCA B SIKOCTI JJaHUX, 110 BBOAATHCS. [1oTiM cucTeMa po3paxoBye iHIe

1 MMPOTHO3Y€E€ 3HAYCHH IJIS1 KOKHOI'O KOHTPOJIbHOT'O ITOKAa3HHKA.
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J7is po3noJIiiTy pecypciB BpaxOBYEThCS aHAIII3 TOBEIIHKH CIIBPOOITHHKIB, a
MOTIM PO3MOIUISETHCS BIAMOBITHO 0 iX 3mMi0HOCTEH. ['padik BCTAaHOBIIOETHCS Ha
OCHOB1 HaBHUYOK KOKHOT'O PECYpCy 1 1X MUHYJUX 310HOCTEN 3aBEpPILICHHS METH 3
Oprasizarfi€ro.

IIpomomun npoecpamnozo 3abe3neyenns

[Ticns 3aTBepKEHHS TJIaHY BIMOBITHOT KOMAHIO0I0 CTBOPIOETHCS MPOTOTHIT
ab0 KOHIEMNI[is MporpaMHOro 3abe3meueHHs. BiH NpPOEKTyeThCs BiAMNOBITHUM
YUHOM 3 BHUKOPHCTAHHSIM IIa0JIOHIB apXiTEKTypU Ta PO3POOKU MPOrpamMHOro
3a0€31eUeHHS.

KoHuenrtyanpbHa Mozenb pO3TISAJAETHCA SK NEPIIMA KPOK B po3pooir
porpamMHoOro 3ade3nedeHHs. ApXITeKTypa MporpaMHoOro 3a0e3nedeHHs Oy IyeThCs
Ha OCHOBI TMOTOKY MpPOrpaMHOTO 3a0e3ledyeHHs, MiATOTOBJICHOTO Ha eTalll
JIOKyMEHTYBaHHS.

MamuHu MOXXyTh TIEPEBIPUTH BUCHOBOK MOJENEH KOHIICMIII{, BHBYHBIIH
Hamepea 3ajaHi erajoHd. J[Js KOKHOTO IyHKTY MOXHA 3aJaTh 3HAYCHHS,
HAIPUKJIA], HaIiHICTh BHOOPY MOBU KOJTyBaHHs, HEJOJIKH 1 0araTo 1HIIOTO.

Kooysanns

Ha upoMy etami po3poOisieThCcsi CTPYKTypa KOAYBaHHS 3 yciMa (PYHKIISIMU
BIAMOBIAHO A0 BUMOT. Iliciis MpUAHATTS KOHIENTYaJbHOI MOJAEN e THYYKHN
npoiec. Makcumizallis pe3ynbTaTy IUIIXOM YIpaBiIiHHSA TpadiKoM BBaXKAETHCS
Jy>K€ BaXKJIMBOIO B I MEPioJ.

[IpaBubHI MOBHM TIPOTpaMyBaHHS BHKOPHCTOBYIOTHCS ISl 3a0€3MCUCHHS
CTaO1IbHOT CHCTEMH 3 MEHIIOIO KUJIBKICTIO IMMOMMIIOK a0 iX BifacyTHicTIO. OHAK
MOMWJIKHU TPAIUIAIOTHCS, 1 HAKpala npakTHUKa, SKOi CIIiJ JOTPUMYBATHUCS, TIOJIATAE
B TOMY, 00 3p0OUTH X SIKOMOT'a MEHIIIE.

Hayka mpo nmani moserimrye 3yCwiiisi po3poOOHUKIB, Hadaro4yu TuiatGopmy
porpamMyBaHHs, fKa BOJIOJl€ MAlIMHHUM HaBuaHHsM. L1 miarpopmu HanaroTh
aBTOMATHYHO 3reHepyBajii MPOIO3UIli 0 KOy MpU MiAroToBI koay. Hapmuiok
no0pe MiATPUMYEThCSI B KOXKHIN 3ama4i po3poOku. CHpusHHA TaKOMY CIPHUSHHIO

naaaroTh Kite [13], Codota [14] 1 in. Cigyo4u 1[bOMy METOY, KOMIaHIT MOXKYTh
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3poOUTH CBOIX PO3POOHMKIB AKTUBHUMH, & TaKOX ITJABUIIATA MPOTYKTUBHICTH
mpari.

Tecmysanns

TecryBanHsi KOay - HACTyNHE 3aBJIaHHS TMICJIA €Tamy po3poOKH, e
MepPEeBIPSIETHCS 1 ONTUMI3YEThCS BCS CTPYKTypa KoayBaHHs. Ha niboMy etari, KpiMm
TECTYBAHHS KOJY, PO3TJISIAl0ThCA 1 JSSIK1 1HIII aCTIEeKTH.

TyT nepeBipsieTbes 1 MOPIBHIOETHCA 3 TAOIUIICI0O BUMOT 200 JTOKYMEHTAIIIEI0
3a0e3MeUeHHs]  AKOCTI  MporpamMHOro  3a0e3nedyeHHs, TMOTIK  KOJyBaHHS,
MacmTabOBaHICTh 1JIs1 MaOYTHIX HAJAIITYBaHb, N€()EKTH 1 T.JI.

Tecrepu mporpamMHoro 3a0e3mneueHHs, SK BpPy4yHY, Tak 1 3a JOIOMOIOIO
IpOrpaMHOro 3a0e3NeueHHs, 3a0e3MeuyloTh JOCATHEHHS LUIed HpOrpaMHOro
3a0e3nedeHHs. PO3poOHMKY NOBUHHI BUIIPABUTH BCl TOMUWJIKH, IPO K1 TOBIAOMIISIE
KOMaHJla TECTYBAJIbHHUKIB, 1 BHECTHM 3MIHM IS 3a0€3MeuYeHHsT BHUCOKOI
IPOTYKTUBHOCTI.

B sKocTi gaHMX B LbOMY MPOLECI PO3IVISIAAETHCS ICTOPUYHUN aHam3 1
momnepeaHi MPOSKTH, 3aCHOBaHI Ha PI3HUX BHUMOrax 3aMoBHHMKA. KomaHma
TECTYBaJbHUKIB 1 pO3POOHUKU OTPUMYIOTH MOKJIMBICTh MOJABATH MOMUJIKUA a00
0arv Ha MaIIuHy.

Poszeopmanns

[Ticnst AiarHOCTMKUA CHUCTEMa, HApEITi, JIOCATa€ CTaHy pIBHOBAru, ToOTO
cTabUIbHOI TIporpaMHoi Tatgopmu. JKUTTEBUN MUK PO3POOKH MPOTPamMHOTrO
3a0€3MeYeHHs]  BIANOBIAAE  OCTATOYHOIO CTAaHOM  BHIYCKY [POTPaMHOTO
3a0€e3MeUeHHs MICJIsl YCIIITHOTO 3aBEepPIISHHS MOTEPEIHIX eTalliB.

[Tomunku, sKi Bce IMe 3'ABISAIOTBCS B TPOrpaMHOMY 3a0e3MedeHHI,
BUIIPABIISIOTHCS sSIKOMora mBuAmIe. Ha 1ipoMy eTarmi KUTTEBOTO UKy PO3POOKH
IPOTrPaMHOTO 3a0e3MEeUCHHS 30UPAEThCS 1 BIPOBAKYETHCS 3BOPOTHUIM 3B'SI30K 13
3aMOBHUKaMHU.

[TigKTIOYMBIIM MaIlllMHHE HABYaHHS, TO IILJIKOM 3pO3YMUIO, IO CTaTycC

BIIPOBAHKCHHS TAKOX MOXKe OyTH 0OpOOICHMIT 32 TOMTOMOTOI0 MAIIUH. 30UPAOTHCS
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1 aHANMI3YIOThCSI HOBI BIATYKHM 3aMOBHHUKIB JJIi CTBOPEHHSI HOBHX IPOMO3MUIIH 715t
PO3pOOHUKIB.

DyHKYIOHANBHICMb T 00CTY208)8AHHS

CytmpoBia mporpaMHOTro 3a0e3MeYeHHs TAaKOK B1IOMO SK "CTafist mATPUMKH"
UKITy pO3pOOKH MPOrpaMHOro 3abe3neyeHHsl.

Sxmo cuctema gocsirae OibIT BUCOKOTO PiBHS 3aCTOCOBHOCTI, KOJIU O1JIbIIe
HE TTOTPIOHO OHOBJICHHS, TO, SIK KaXKyTh, BOHA J0CATIa CTadii "HacudeHHs".

Maimaam nmoTpiOH1 JaHi, Cy4acHl TEXHOJIOT1i, pUHKOBI BHpPA3KH 1 3JIETH,
aKilii, B OCHOBHOMY, BC€, III0 MO>KHA OTpUMATH uepe3 [HTepHeT.

B nanuii yac HaBiTh HECTPYKTypoBaHI (OpPMH JIaHUX AaHATI3yIOThCA 3a
nonomororo Natural Language Processing (NLP) [15]. Ananizyroun icCHyro4i JIaHi 3
HOBMMHU BUMOTAaMHM, MAaIlMHAa 3alpONOHY€ HOBI IHHOBALli, SIKI MOXYTb OyTH

IHTErPOBaHI 3 MPOrPAMHUM 3a0€3MEUEHHSIM.

1.2 Orasia npo6JieM BUKOPUCTAHHS 0i0/1i0TeK MAIIIMHHOTO HABYAHHS

Po3poOHHMKN 4acTO CTHKAIOTHCS 3 PI3HUMHU TUIIAMH TIOMHJIOK MPU CIPoOi
BUKOPUCTAHHS MAaIIMHHOTO HaBYaHHS B peajizallli nporpamHoro npoaykry. [[{oo
3pO3yMITH TOMHUJIKM BUKOPUCTaHHS O10I0TEK MAIIMHHOTO HAaBYaHHA, 1X OyJo
MpoaHa i30BaHO Ta PO3JIUICHO Ha pi3Hi Kateropii. Knacudikaris 3acHoBana Ha [ 14]
1 ajganToBaHa Ha OCHOBI BCiX mpoaHami3oBanux mocTiB 3 Stack Overflow. B
KOKHOMY 3aluci MOKHa OyJIO BUAUTUTH TUIBKM OJHY NMOMMJIKY. SIKIIO B TMOCTI
PO3MIISIIA€ThCA IEKIIbKa KaTEeropii MoMUIIOK, To OepeThes 3a yBary Ta IOMHIIKA, sSKa
Mae OUTBIINN TPIOPUTET B TUTAHHI.

Homunxa API

s rpyna nomuiok BukiukaHa caMuM APl 6i6mioreku. 3a3Bu4ail, KoJIu
po3poOHuK BUKOpUCTOBYe API Gi6moTeku, pi3HI TOMIIKH, TOB's3aHl 3 1uM API,

yCHaJAKOBYIOThCS aBTOMAaTUYHO 0€3 BijloMa KopucTyBaya. OCHOBHI IPUYKUHU MOSIBU
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nomusiok APl moxyTe OyTu uepe3 3MiHu BuzHaueHHS APl B pi3HMX Bepcisx,
BIACYTHICTh cymicHOCTI MK APl 1 iHOAl HempaBuiabHOI ab0 3aIlIyTaHOIO
JIOKYMEHTAITi.

Ilomunka kooyeanus

[ToxiOHI MOMUIIKKM BUHUKAIOThH Yepe3 MOMUIIKH MporpamyBaHHs. Lle, B cBOIO
4yepry, MPU3BOJUTH IO TIOSBH 1HIITNX THITIB TOMHJIOK B IPOTPaMHOMY 3a0e3MeueHHi,
AKi TpU3BOAATHP ab00 1O TIOMWJKM BHKOHaHHS, ab0 110 HEBIpHHX
pe3yibTaTiB. Benmukuii  BIACOTOK  MEpPEBIPEHHMX MOMMJIOK BHUHHUKAE  uepes
CUHTAKCUYHI MOMWJIKH, SIKI HE MOKHA BUIIPABUTU, 3MIHUBILHU JIUIIE ACSAKI PAIKU
koxy. Llei Tun moMUITOK HE BUSIBIISIETHCS KOMITLIIITOPOM MOBH MPOTPaMyBaHHsI, 10
MPU3BOJUTH JI0 HEMPABUILHOTO BUCHOBKY.

Ilomunka oanux

[Is mnomuika MOXKE BHHUKHYTH, SKIIO BXIJHI JaHl HENpaBUJIHHO
BiipopMaToBaHl ab0 HENpPaBHIIBHO OYMILEHI IEpel Nepenayero iX B MOJIENb
rbokoro HaBuaHHs. Lleil THI MOMUIKK BUHUKAE A0 TOTO, SIK AaHI HAJAXOIATH B
Mozenb TIubokoro HaBuaHHs. Lle BimOyBaeThcs HE udepe3 HEMpaBWUIbLHY MO
MAIIMHHOTO HAaBYAaHHSA, a BHUKIIOYHO 4Yepe3 THUMH 1 CTPYKTYpH HaBUAIbHUX abo
TeCTOBUX HaHuX. [Ipo moMuiiku qaHuX 3a3BUYail MO3HAYAI0THCS] KOMITUIATOPOM, alie
B JICSIKUX CIICHAPisIX BOHU MOKYTh MPOXOIUTH 0€3 MEepeBipKHU B MPOIIECT KOMITUISAIIT
1 TeHepyBaTH IOMUWJIKOBI pE3yJIbTATH.

CmpyxmypHna nomunxa (SB)

[lepeBaxkHa OUIBLIICT, MOMMJIOK MAIIMHHOTO HABYaHHS BUHUKAE 4Yepes
HEeMpaBWJIbHI BU3HAYEHb CTPYKTYpH Mojeni. JIo HUX BITHOCSATHCS PO30IKHICTH
pO3MIpIB MDK pI3HUMHU PIBHSAMU MOJENIeH MAallTMHHOTO HABYaHHS, HAsIBHICTh
aHoMaJlii MIX HaBYaJbHUMHU 1 TECTOBUMHM Ha0OpaMU JaHUX, BHUKOPUCTAHHS
HEMPaBWIBHUX CTPYKTYp JaHUX TpH peamizamii KoHkpeTHoi ¢yHkmii 1 1. [
[ToMUIIKH ITHOTO THUITY MOXHA PO3IUIUTH HA YOTUPH MiAKATErOpii.

TIlomunxa ynpaeninns i nociioognocmi

Ile#i migkIac MOMUIKH BHUKJIMKAHWNA HEMPABUIBHOI CTPYKTYPOIO TMOTOKY

yhpaBiiHHA. Y 0arathbox CICHApisX uepe3 HempaBwibHe ymoBH if-else mogens He
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Ipaloe HaueKHUM 4yuHOM. Lleit Tunm momMuinok abo mpu3BOAUTH A0 30010, KOJIU
YacTMHAa MOJENl TJMOOKOrO0 HaBYaHHS HE Tpaie, ado MPU3BOAUTH [0
HEeTMPaBWIHHOI pOOOTH Uepe3 HENMpaBUIbHY 00pOOKH TaHUX uepe3 PiBHI.

Ilomunka nomoky oanux

OcHOBHa BIIMIHHICTh MK IOMMJIKOIO IMOTOKY JIaHMX 1 TMOMHJIKOIO JaHUX
MOJIATA€ B MICII TIOXO/KCHHSI. SIKIIO MOMMJIKA BUHHUKAE Yepe3 HEBIIMOBITHICTH
Tuny abo GopmMH BXIAHMX JAaHUX MICJIS TOTO, SIK BOHU OyJM MepeaaHi B MOEIb
rIMOOKOTO HaBYaHHS — TO II€ MOMUJIKA TMOTOKY JaHuX. BOHM BKIIOYalOTH Ti
CueHapii, B SKUX IIapyd MOJENl He Y3rO/UKEH1 3-3a PI3HOi (POpMHU JaHUX, IO
BUKOPUCTOBYIOTbCS B MOCHioBHUX Mmiapax. [[lo6 BumpaButu 11 MNOMUIIKH,
pO3poOHKKaM HEOOX1AHO 3MIHUTH MOJIeTh 00 3MIHUTH (OPMY JTaHHX.

Homunka iniyianizayii

VY rnubokoMy HaBYaHHI MOMUJIKA 1HIIIAI3AI] O3HAYAE, 10 MapaMeTpu abo
(GyHKLIT HE IHIMAMI3Y€E€ThCsS HAJNEKHUM YMHOM Mepel BUKOpUCTAaHHSM. Lled Tun
MOMMJIOK HE 000B'SI3KOBO MPU3BE/IE 10 TOMUJIKH BUKOHAHHS, aJI€ POCTO MOT1PIIUTh
poboty mozeni. TyT Bu3HaueHHs (YHKIIINA BKIIOYAE K BU3HAYEHI KOPUCTYBAYEM,
Tak 1 neBHi API. Mu Takox BiIHOCMMO MOMUJIKY 10 Li€i kaTeropii, akuo APl HE
IHIIATI3y€ThCS HAIC)KHUM YHHOM.

Jloeiuna nomunka

VY rnubokoMy HaBYaHHI JIOTIYHE PO3YMIHHS KOXKHOTO €Taly KOHBEepa €
HEBI/I'€EMHOI0O YaCTUHOIO Tpolecy KoayBaHHs. [Ipy HempaBuUibHIA JIOT14HIN
CTPYKTYp1 MOJieJll ITMOOKOTr0 HaBYaHHSI BUX1/IHI 1aH1 IPOrpaMU MOXYTh PUBECTH
a00 710 MOMUJIKA BUKOHAHHS, 200 0 MOMUIKOBOTO pe3ybrary. L momuiku gacto
BUHUKAIOTh MPH BIJICYTHOCTI B KOJII HAJICKHUX YMOB 3aXHUCTY.

Ilomunxa obpobxu

OmHuM 3 HAWOUTBIT BaKIMBHX pIMIEHb B CTPYKTYpl MOENI TIHOOKOTO
HABYaHHS € BUOIp MPAaBHJIBHOTO AJITOPUTMY Mpoliecy HaBuaHHA. DaKTUYHO, Pi3HI
QITOPUTMHU TTMOOKOT0 HABYAHHS MOXKYTh MPU3BOAUTH JI0 P13HOT MPOAYKTHUBHOCTI 1

pizaux pe3ynbTaTiB [30]. KpiM Toro, o0 pi3Hi piBHI OyJIM CYMICHI OJIUH 3 OJTHUM,
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TUOU JAaHUX KOXKHOTO PIBHS TOBUHHI BIANOBIIaTH KOHTPAKTaMHU  MIXK
HumH. [Tomunku 06poOku BiOyBalOThCA Yepe3 MOPYIICHHS [IUX KOHTPAKTIB.

He mooenvna cmpyxmypa nomunka (NMSB)

Ha Bigminy Bix SB, NMSB BunHHKaI0TH 11032 cTamii MoaemtoBaHHs. [HIIIMuU
CJIOBaMHU, 1151 IOMUJIKA MOXKE CTAaTUCS B OyIb-IKOMY INIMOOKOMY €TaIly HaBYaHHS,
TAKOro SK e€Tal HaB4YaHHS a00 eTam NpPOrHO3YBaHHS, 3a BHHSITKOM €TaIy
monemntoBanHs. NMSB mae ananoriuni migkareropii six SB.

Tlomunxa ynpaenints i nociioosHocmi

Lleli mniaknac aHaJOTIYHUM MOMUWJII YOPaBIIHHSA 1 THOCIIJOBHOCTI B
SB. [lomunka BUKJIMKaHa HENPaBUWIBHOIO CTPYKTYpPOIO TOTOKY YIpPaBIIHHS,
HAIPHKIIA/ HeTPaBIWILHUM YMOBOIO if-else ; mpote 1151 mommIika BiiOyBa€eThCs 1mo3a
cTtaall MOJEIIOBAHHS.

Tomunxa iniyianizayii

Lel migkaac aHAIOTTYHUM NOMMJIKY 1HIMIami3amii B SB. [Tomuika BUKkiinkana
HE PaBUIBHOIO 1HIIIATI3a1€r0 TapaMeTpa a00 PyHKIT nepes ii BAKOPUCTAHHSIM.

Jloeiuna nomunka

Lleli miaknac cxokuid Ha JoriuHy noMuiky B SB. [lomuika BukinMkaHa
HEIMPaBUJILHUM PO3YMIHHSIM MOBEAIHKU OTIEPATOPIB CASE 1 IOTIYHUX OINEpPaTOpiB.

TIlomunxa obpooxu

Lel migkmac cxoxuil Ha TOMIWIKYy o0poOku B SB. Ilomuiika BukiMKaHa HE

MPaBUILHO OOPaHUM AJITOPUTMOM.

1.3 JlocaigxeHnHs icHyrouHX 6i0/1i0TeK MAIIMHHOT0 HABYAHHSA

B po6oTi po3misiHyTO 1 MpoaHadi30BaHO HAMOUIBIN BXKMBaHI Ha ChOTOJHI
0101i0TeKM MAITMHHOTO HaBYaHHs, a came pandas, Matplotlib, Tableau, NumPy,
scikit-learn, NLTK, TensorFlow, TensorBoard, PyTorch, Keras, Caffe, Apache
Spark.



17

Pandas

bi6moreka po3pobiieHa, 100 3poOMTH aHaAMI3 1 MOJCIIOBaHHS JaHUX
3pyuanM Ha Python. pandas criporrye ananis, neperBoproroun daiinu ganux CSV,
JSON 1 TSV a6o 6a3y nanux SQL B dppeiim ganux, o0'ekt Python, cxoxwuii Ha Excel
a6o SPSS-tabmuiio 3 psakamu 1 cToBOIsiME. binbin Toro, pandas KoMOIHYIOTbCS 3
iHcTpyMmeHTapiem  [Python 1 iHmmmm  GiGmioTekamMu  AJig  MiJBUIICHHS
MPOJYKTUBHOCTI 1 MATPUMKH CITUIBHOTI pOOOTH.

Matplotlib

Matplotlib - me 2D 6i6mioTeka Python mns kpecnenns. Hespakarouu Ha Te,
1o 610;110TeKa HamKMcana B o0CHOBHOMY Ha Python, BoHa po3simupena 3a 101omMororo
NumPy 1 iH1110T0 KOy, TOMY IMpalioe 100pe HaBITh MPYU BUKOPUCTAHHI JIJ1s1 BETUKHUX
MacCHBIB.

Matplotlib no3Bosisie reHepyBaTu Bi3yami3alli BUPOOHUYOrO SIKOCTI 3
KUIbKOMa psiakaMu KoAy. DyHKIIOHAIBHICTh 010110TEKH MOXKe OyTH pO3IIHMpEHA
CTOPOHHIMHM ITaKeTaMM Bi3yajisallii, Takumu sk seaborn, ggplot 1 HoloViews.
daxiBIll TaKOXX MOXYTh J0JIaBaTH OAATKOB1 (DYHKIIIi, BUKOPUCTOBYIOUM HAOOPH
IHCTPYMEHTIB JIJIs MPOEKIIii 1 kKaprorpadii Basemap i cartopy.

Tableau

Tableau - e iHCTpyMeHT Bizyaui3ailii JaHHUX, 0 BHKOPUCTOBYETHCS B HAYIII
npo jaHi 1 6i3Hec-aHamTHIll [16]. Pan cnenudiuanx ocoOIMBOCTEH pOOIATH 1ie
nporpamHe 3a0e3nedeHHs] €PEeKTUBHUM ISl BUPILIEHHS 3aBJIaHb B PI3HUX Tally3sx
MPOMUCIIOBOCTI 1 1H(GOPMAIIITHUX CepeIOBUIIAX.

Jocmimkyroun 1 BIIKpUBAIOYM JaHl, MporpamHe 3abesneueHHs Tableau
IIBUJIKO BUTATYE 3 HUX 1H(MOpMAIIiO 1 TpeACTaBis€e ii y 3po3yMunx (opmarax.
Bono He BuMarae BIIMIHHUX HAaBHYOK MPOTpaMyBaHHS 1 MOXke OyTH JIETKO
BCTAHOBJICHO Ha BC1 BUJU MPUCTPOIB. Y TOM Yac SIK HEBEIMKUMN ClIEHApi MOBUHEH

OyTH HanmucaHui, OUIBIIICTD ONepalii BUKOHYETHCS IEPETITYBAHHSIM.
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NumPy

Panime 3ragyBanmii NumPy € makeToM po3mupeHb AJii BUKOHAHHS
YUCeIbHUX OO0YHMCiIeHb 3a jornoMoror Python, sxuii 3amiauB NumArray i
Numeric [17]. Bin miarpumye OGaratoBuMmipHi MacuBu (Tabnwii) i Marpumi. [ani
MalIMHHOTO HaBYaHHS MpEJCTaBlIeHI B MacuBaX. A MaTpHIS - 1€ JBOBUMIPHHUMN
macuB yucen. NumPy MICTUTh MHUPOKOMOBHI (YHKIIi SK 1HCTPYMEHTH JIst
interpauii Ci / Ci ++ i koxy Fortran. Ii ¢pynxuionansHicTs Takox BKIIOYae B cebe
neperBopeHHs Dyp'e, diHIAHY anredpy 1 MOXKJIMBOCTI pOOOTH 3 BHUIIAJKOBUMU
YHCIIaMHU.

daxiBii B 00JaCTI JaHUX MOXYTh BUKOpHUCTOBYBaTH NumPy B sKOCTI
e(hEeKTUBHOTO KOHTEWHepa Hjisi 30epiraHHs OaraTOBUMIPHUX 3arajlbHUX JIaHUX.
3aBIIIKM MOKJIMBOCTI BU3HAUCHHS IOBUIBHUX THUIIIB JaHUX, NumPy J1eTko 1 BUIKO
IHTErPYETHCS 3 YUCICHHUMU TUIIaMU 0a3 TaHUX.

scikit-learn

scikit-learn - e GiGmioTeka 3 BIAKPUTUM BHUXIJTHAM KOJOM JIJISi MAIITHHHOTO
HaBuaHHs Ha Python, moOynoBana Ha ocHoBi SciPy (Scientific Python), NumPy 1
matplotlib.

bibmioTexka mnpu3HadeHa I BUPOOHWUYOro BHKopucTaHHs. I[IpocTtora,
HU3BKOSKICHUM TTPOIYKT, MOKIJIMBOCTI CIUIBHOI pOOOTH, MPOYKTUBHICTD 1 BEIHKA
JIOKYMEHTAaIllsl, HalMcaHa MPOCTOK MOBOIO, CHPUSIOTH 11 MOMYJISIPHOCTI cepen
pi3HMX (HaxiBIIiB.

Scikit-learn Hamae kopucTyBauaM psiJi YCTaJICHUX QJITOPUTMIB IS
KOHTPOJILOBAHOTO 1 HEKOHTPOJILOBAHOTO HaB4YaHHS. biOmioTeka (OKycyeThcs Ha
MOJICTIIOBAaHH1 JaHUX, a HE Ha 1X 3aBaHTaXCHH1, MaHIMyJIIOBaHHI 1 y3arajibHEHHI.

NLTK

NLTK - me mpaktuyHo cTtanmaptHa Oi0Gmioreka Ha Python mns pobortu 3
TEKCTOM, 10 BOJOJlE Oe3niyuto kopucHux (yHkii[18]. Hanpuknaa, pi3Hi THIH
TEKCTYy, 00poOKa MPOMO3MUIIN 1 CIlIiB, YACTUHA MOBHHUX TETiB, aHali3 CTPYKTypHU
MPOTIO3HUINIi, PO3Mi3HABAHHS IMEHOBAHUX O00'€KTIB, Kiacu(ikailis TEKCTy, aHali3

MOYYTTIB 1 6arato 1HIIOTO.
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TensorFlow

BaxximmBoro ocoOJMBICTIO i€l 0i0MOTEKH € Te, IO YKMCEIbHI OOYHMCICHHS
BUKOHYIOTBCS 32 JOMIOMOTOI0 rpadikiB MOTOKY JAaHUX, IO CKJIAJAAETHCS 3 BY3JIB 1
pebep [19]. By3nu mpeacTaBisioTh co00I0 MaTeMaTH4HI omepaiii, a pebpa - 1me
O0araToBUMIpPHI MacCUBH JaHUX a00 TEH30PH, Ha/l IKUMH BUKOHYIOTHCS 111 OTepaltii.

TensorFlow BiJipi3HA€THCS THYUKICTIO 1 MOKE€ BUKOPUCTOBYBATHCS HA PI3HUX
obuucmoBansaux 1wiargopmax (CPU, GPU i1 TPU) 1 nmpucTtposx, BiJ HACTIIBHUX
KOMI'IOTEPIB /10 KJIACTEPIB CEpPBEPIB 1 MOOUIBHUX 1 MPUKOPAOHHMX cuctem. llle
OJIHIEIO TIEPEBAroI0 1IbOro (PpeMBOpKA € Te, 110 BIH MPAIIOE K JJIS JOCTIIKEHb,
TakK 1 JI7Is1 TOBTOPIOBAHUX 3aBJaHb MAITMHHOTO HABYaHHSI.

TensorBoard

TensorBoard - me Habip iHCTpYMEHTIB Iuisi TpadivHOTO MPEICTABICHHS
PI3HUX aCIEeKTIB 1 eTaImiB MalMHHOTO HaBYaHHs B TensorFlow [20].

TensorBoard uutae ¢aitnu nogit TensorFlow, mo MicTSITh 3BeneH1 naH1
(cmocTepeXeHHs 32 KOHKPETHUMU OIepaiisiMd MOJIEN1), 10 TEHEPYIOThCS MiJl Yac
po6otu TensorFlow.

CrpykTypa wMojeni, TMokKa3aHa Ha rpadikax, JO3BOJSE JOCTITHUKAM
MEPEKOHATHUCS B TOMY, 1110 KOMIIOHEHTH MOJIEN1 PO3TAIlIOBaHi TaMm, Je 11e HEOOX1/IHO,
1 TPaBUJIBHO IM1IKJIFOYECHI.

3a gomoMorow  rpagigyHoro  Bi3yanmi3aTopa  KOPUCTyBadl  MOXYTb
JIOCITIJIKYBaTH PI3HI BEPCTBH a0OCTpakilii Mojeni, 30UTbIIYIOYM 1 3MEHIIYIOUU
MacmTad Oyap-skiil yacThHi cxemu. llle oH1€0 BaXIIMBOIO IEPEBATrOI0 Bi3yasi3allii
TensorBoard € Te, 1110 By3711 OHUX 1 THX K€ THIIIB 1 CXOXKHUX CTPYKTYp papOyroThcs
OJTHUMHU 1 TUMH X KBITaMu. KoprcTyBaui TakoX MOKYTh EPETIISIIATH PO3MAIbOBKY
3a npwiagamu (CPU, GPU a0o noenHanHs 000X), BUALIATA KOHKPETHUM BY30JT 3
¢dyHKIi€r "TpacyBaHHs BXOIB" 1 Bi3yali3yBaTH OHY a00 KUIbKa CXEM OJHOYACHO.

TensorBoard moka3zye MeTpuKkd TiJ 4Yac po3poOKH MOJENl 1 J03BOJISE
MPUIHATH PIIICHHS 100 MoAeli. Hanpukian, my»e 3pydHo CIOoCTEepiraTH 3a THM,
SK TIpAIfoe MOJEINb, MPU MiJACTPOIOBaHHS ii TrireprapaMeTpiB 1 BUOOpI Tiei, ska

MPALFO€ HAWKpAIIIE.
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KpiMm BimoOpaxeHHs MeTpUK NpOAYKTUBHOCTI, TensorBoard wmoxke
MoKa3yBaTH KOpPHCTyBadaM 0e3iid 1HIo1 iHpopmallii, Takoi SK TiCTOrpaMu, ayio,
TEKCTOBI Ta rpadiyuHi JJaHi, pO3MO1Ty, BOYIOBYBaHHS Ta CKAJISIPH.

PyTorch

PyTorch - me cucrtema MamMHHOTO HaBYaHHS JUISI TJIMOOKUX HEWPOHHUX
Mepex, sKa mATpuMye 1 mpuckoproe podoty GPU.

PyTorch 6yB po3pobnenuii 3 ineero 3a0e3mneueHHs] MAaKCUMAJIBHO IIBUIKOTO 1
THYYKOTO MoOjentoBaHHsA. Bapto 3aszHauuth, mo poGoumii mpomec B PyTorch
cxoxui Ha npouec B NumPy, HaykoBoi 004MCIIOBaIbHO1 010J110TE11, 32aCHOBAHOT Ha
Python.

JuHamiyHui o6uncIoBaIbHUM Tpad - 0/1Ha 3 0COOTUBOCTEH, K1 POOIATH 1110
010110TEKY ONYJIAPHOI. Y OLIbIIOCTI PpeiiMBOPKIB, TakuX sk TensorFlow, Theano,
CNTK 1 Caffe, moneni moOy/10BaHi CTaTUIHUM criocoOoM. Buenuid, 1o 3aiiMaeThCs
JTAHUMU, TIOBUHEH 3MIHUTH BCIO CTPYKTYpPY HEMPOHHOI Mepex1 - nepeOyayBaTH ii 3
HyJIsd - mo0 3MiHMTH i1 moBeAiHKy. PyTorch poOute ne nerme i mBuaLIE.
®peiiMBOpPK J03BOJISIE TOBUIHHO 3MIHIOBAaTH TOBEIAIHKY MeEpexi 0e3 3aTpuMOK 1
HaAKJIaJHUX BUTPAT.

Keras

Keras - nae MOXIUBICTh BYEHHUM, $IKI MpPAIIOIOTh 3 JaHUMH, IIBUIKO
MIPOBOIUTH €KCIIEPUMEHTHU TI0 MAITUHHOMY HaBYaHHSI.

bibmiorexa moxke npaitoBatu Ha GPU 1 CPU 1 miaTpumye sSiK MOBTOPIOBaHi
Mepexi, a TakoXk ix KoMmOiHaii. [IIBHIKE TPOTOTUITYBaHHS MOXJIMBO 3a JIONOMOTOIO
BHUCOKOPIBHEBOTO, 3p03yMmijioro iHtepdercy Oi0mioTeku, po30UTTS Mepex Ha
MOCIIOBHOCTI OKPEMHUX MOIYJIB, Kl JETKO CTBOPIOBATH 1 aodaBaTH. Ha aymky
(daxiBIliB 3 JaHWMH, IBUAKICTH MOJCIIIOBAHHS € OJHIEIO0 3 CUJILHUX CTOPIH JaHOT
010110 TEKN.

Apache Spark

Apache Spark - 1e posnoginene GperMBOPK i KJIaCTEPHUX OOYHCIICHb,
SKUM  3a3BUYail  OCHAIIEHWH JBUTYHOM OOpOOKM  JaHMX B  MaM'ATI.

DyHKIIOHAIBHICTH LIbOTO «IBUTYHa» BKItouae B cede ETL (BuTsT, mepeTBOpeHHs i
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3aBaHTAXEHHS ), MAIlIMHHE HaBUAHHS, aHANI3 JaHUX, MAKETHY 00pOOKY 1 MOTOKOBY
00poOKy JaHuX.

Ileit iIHCTPYMEHT BUKOPHUCTOBYE KOHIICMIIIIO MMOTOKOBOI OOPOOKH AaHUX IS
PO3MOIEHUX OOYUCICHb 1 J03BOJIAE€ MaciiTabyBaTH PIIICHHS M BEJIUKHX
KJIaCTEPIB.

Pi3HOMaHITHICTH BapiaHTIB 3amycKy (JIOKaJdbHO, B KJacTepax, xmapi abo Ha
MICIIi) 1 MOXKJTUBICTD JOCTYITY JI0 TAHUX 3 OyAb-SKHUX JDKEPE - 1€ e OJJHa KOPHUCHA
ocobmuBicTh Apache Spark.

Caffe

Caffe2 - nst cripoIeHHS 1 THYYKOT0 IIIHO0KOT0 BUBUCHHS CKJIaHUX MOIEIICH
1 MATPUMKH MOOUIBHOTO PO3TOpPTaHHS.

VY KopucTyBadiB € KiIbKa BapiaHTIB OpraHi3aiii 0O4HCIeHb 3a JOIOMOIO0
010J110TEKH, sIKa MOke OYTH BCTAaHOBJICHA 1 3aIylieHa Ha poO0YOMY CTOJI1, B XMapi
a00 B LEHTp1 OOPOOKH JTaHUX.

Po3ropHyTi Mozeni MOXYTh IIBHJIKO MPAIIOBAaTH Ha MOOLIBHUX MPUCTPOSIX
3aBsiku iHTerpailii 3 IDE Xcode, Visual Studio 1 Android Studio. Ile#t dperimBopk
TaKO0 J03BOJISIE MIBUAKO 301IbIITYBaTH 200 3MEHIIYBaTH MacIiTad, HE BAAIOYHUCH J0
pedakTOpuHTY AU3aiHy.

[IIBuake MTPOTOTUIYBAHHS, MAOCTIHDKEHHS 1 PO3POOKM € TepeBaraMu
Bukopucrtanns Caffe.

VY peanizariii nporpaMHOTO NPOAYKTY BUKOPUCTOBYIOTH ITt0 0107110TEKY, TOMY
o0 BIH Ma€ YITKy 1HPPACTPYKTypy KOay, 1 MOro JEerko pO3IMUPUTH IS

OCJIHKEHHS HOBUX METO/IIB.

1.4 TlopiBHAHHS AJTOPUTMIB 00UHMCJIEHHA MOAIOHOCTI TEKCTY

[Hdopmaltis mpo pe3ybTaTh BUKOPUCTaHHS 010110T€K MAITMHHOTO HABYAHHS

y peam3aiii TpPOEKTIB MPOTPaMHUX TMPOIYKTIB Oyne OpaTuCs 3 TEKCTOBHX

noBigomiieHi Ha Stack Overflow, Tomy moTpiOHO PO3TIIAHYTH IMiXOAM 10 OOPOOKH
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Ta aHali3y TEKCTOBUX MOBIIOMIIEHB. [ gaHoi podotu Oyno BUOpaHO alroputm
MOPIBHSHHS TEKCTIB, SIK TOJIOBHUX BU3HAYHUK PE3YIIbTATY.

HaiiBaxuBimmm eTarnom B poOOTi MUTAIBHO BIJMIOBIIHOT CUCTEMHU € 00poOKa
TeKCcTy. Ane mo0 3po3ymiTH, Sk came (OPMYIOThCS BIAMOBIAI HA MHUTAHHA,
HeoOX1HO po3risiHyTH ocHOBU Natural Language Processing (NLP). V po3po6ii
NUTAIBHO-BIAMOBITHUX cucTeM po3ain Natural Language Processing mpucBsiueHuit
TOMY, SIK KOMITIOTEPH aHATI3yIOTh MPUPOIHI MOBH 1 JIO3BOJISIE 3aCTOCOBYBATH
QITOPUTMH MAIIMHHOTO HaBYaHHS JIJIsl TeKCTY i MoBU. NLP 111 TekcTy BKiIOYae B
cebe Kuibka mpoueciB. KoxkeH 3 HHUX MO-CBOEMY BaXKIMBHUHA 1 HEOOXIAHHWM IpHU
CTBOPEHHI 3aIIUTaHb-BiAMOBIACH crctemu [21].

IToxin TekcTy 3a mpomo3ulisiMU. Ines momsrae B ToMy, IO B aHTJIHCHKIHN 1
JEAKUX 1HIIMX MOBaX, MOXHa BUIUISATA HOBY MPOIO3UII0 KOXKEH pa3, KOJu
3HAXOJUTHCS MEBHUM 3HAK MYHKTYAIIIi - Kparka.

Jlematuzanis. Ilpomec mnpuBeneHHs Oyab-aKoi (GopMH cjJoBa 10 HOro
cioBHUKOBOI hopmi. CrioBo drove Mae cI0BHUKOBY dopmy drive.

Crewminr. Ile nporiec, B sIKOMY BiIpI3a€ThCSI BCE «3aifBe» BiJ KOPEHS CIIOBA.
Hanpuknan, ciosa cat, cats, cat's 3BosIThCsl 10 OJIHI€T popmu - cat.

Crom-cnoBo. Taki ciioBa BHKJIIOUAKOTHCA 3 TEKCTY J0 a0o0 Imicisi 0OpoOKH.
3a3Buyail 11e apTUKIII, COIO3H 1 T.J., TaK K BOHU HE HECYTh HISKOTO CMHCIOBOIO
HaBaHTAXEHHS, a JIUIIE CTBOPIOIOTH LITyM B MPOIEC 0OPOOKH.

Perynspui Bupasu. [lesika mociiIoBHICTb CUMBOJIB, sSIKa BU3HAYa€ 1a0JI0OH
MONIYKY. [HIMUMU CITIOBaMH, NJIsl TOIIYKY BHKOPHUCTOBYETHCS PSIOK-3Pa30K, IO
CKJIaJIa€ThCS 3 CHMBOJIIB 1 METa-CUMBOJTIB, SIKa 3aJ1a€ MPABHIIO TIOIIYKY.

Mimok ciiB. Lle TexHika, mpu BUKOPUCTAHHI SIKOT HA IPUPOJIHIN MOB1 KOXKEH
JOKYMEHT a00 TEKCT BUIJISAAE SIK HEBIOPSIKOBaHUN HaOip ciiB 06e3 Oyab-siKoi
iHpopmariii npo 3B'S30K MK HUMH. byab-ska iHdopmallis mpo TopsaoKk ado
CTPYKTYpY CJIiB ITHOPYETHCS, 3B1/ICH 1 Ha3Ba.

KoxkeH 3 nux mnpoueciB Jomomarae 3pO3yMiTH, SIK Kpalle po3poOUTH

MUTAJIBHO-BIAMOBIIHY cucTeMy [22]. AmKe 3HaHHS OCHOBHM BHJIUICHHS O3HAK
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J03BOJINTH BUKOPUCTOBYBATHU I1X SK BXIAHI JaHl JJIsl aJrOPUTMIB MAIIMHHOTO

HaB4YaHHII.

Aneopummu po3anizHa8aHHsA CXOHCOCMI MEKCMY

Jlns po3poOKM THTATBbHO-BIAMOBITHUX CHUCTEM BHUKOPUCTOBYIOTHCS Pi3HI
aJITOPUTMH, SIKI 3/1aTHI PO3MI3HABATU HA CKUIBKU TEKCTH CXOX1 OJWH Ha OJHOTO.
BoHu 103BOJISIFOTH OILIHUTH, YH MPABUIILHO CHCTEMa BIJMOBIA€ HA MMOCTABICHI Ti
nutaHHsa. HalGiaein BijoMuMu anroputMamu € koedimieHT JKakkap 1 koedilieHt
Cepencena.

Koeghiyienm Kaxkap.

Inakme Ha3uBaeTbes Mmipoo JKakkap abo koedilieHTOM MOIOHOCTI.
3acHOBaHMI Ha BUKOPUCTaHHI iH(opMarlii mpo Oe3miy 3araJbHUX CUMBOJIB [23].
OO6UYUCITIOETHCS, SIK BITHOIICHHS KUTBKOCTI YHIKQJIBHUX CUMBOJIIB B IBOX MHOKHHAX

JI0 3araJibHO1 KUTBKOCTI YHIKQJIBHUX CUMBOJIB B IBOX MHOXKUHaX (popmymna 1.1).

|ANB]
|AUB|

J(AB) = (1.1)

JIist Hallkpamoro po3yMiHHS pOOOTH LLOTO AJITOPUTMY, CHIA PO3TISHYTH
npuknaa. OpHa droguHa poOUTH 3alMUT 1 NUIIE B MOIIYKOBOMY PSAKY CJIOBO
«MOJIOKO». /[lpyra mronvHa BUSIBISETHCS MEHII TPAMOTHOIO 1 MPUITYCKAETHCS
NOMWJIKM, HANKMCAaBIIM B IOUIYKOBOMY DPSAKY «Majok». 3a 3MICTOM 3aluTH
aOCOJIIOTHO OJHAKOBI, aJKe OOWJBa Maju Ha yBa3l OAMH 1 TOW >Ke Hamii, aie
HAIlMCaHHs BUSBUIOCA pi3HUM. [lUTalbHO-BIAMOBIIHA CHCTEMa, Y CBOIO 4Yepry,
NOBUHHA SIKMMOCh YMHOM IHTeprpeTyBaTH opdorpadiuyHo HENpaBUIbHUMI 3aIuT.
[Ilo6 me 3pobuTH, i HEOOXITHO OLIHUTH, BUMIPATH CXOXICTh 3alMTIB, BUAABIIN
KUIBKICHY OIIHKY CTymneHs Ii€i cxoxocTi. CaMe TyT Ha JOMOMOTY HPHUXOAMTH

koedimient XKakkap.
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Inoexc Copencena

binapna Mipa mnomiOHOCTI, €KBiBaJeHTHa (IOB's3aHa OJHIE] MOHOTOHHO
3pOCTauoI0 3aekHicTI0) Mipy JKakkap [24]. 1o cyTi, BoHM 00M/1Ba €KBiBaJICHTHI
B TOMY CEHCi, 10, 3 OTJsAy Ha 3HaueHHA Koedimienta CepeHceHa S, MOXKHa
pO3paxyBaTH BiAMOBiIHE 3HaUEHHS iHACKCY JKakap J i HaBmaku, BUKOPUCTOBYIOUH

piBHsHHS (Ppopmyna 1.2).

J=S/(2-S)iS=2/(1+7J) (1.2)

Aneopumm Pemxnigpgp-Obepuenvna

[ToxibHicTh MBOX PSAAKIB S1 1 S; BU3HAYAeThCs 3a (POPMYIIOO: MOABIMHY
KUIBKICTh CHIBIIAIal0UNUX CUMBOIIB Ky TIITUTHCS Ha 3arajibHy KUIbKICTH CUMBOJIIB B
000x Tekcrax [25]. BimOyBaeThcst MOIMIyK MaKCMMAaIbHOI CYMIXHiT IMOCIIJOBHOCTI
JBOX PSAKIB, MICIS YOTO aITOPUTM 3aIlyCKA€EThCSl PEKYPCUBHO JJISl PEILTH PSAKIB,

PO3TaIlIOBAHKX JIIBOPYY 1 MpaBOpyY BiJl 3HaiaeHO1 (hopmyna 1.3).

= Zm (1.3)

ro |S1]+]S2]

Hauni anroputMu OyayTh mopiBHIOBaTucs. 100 mobGauuTu, sk TpaIorTh
aNropuTMH, OyJia B3siTa HEBEIMKA Oa3y MaHuX. Y HIM MICTATHCS MTUTAHHS 1 BIAMOBI1
Ha HUX, & TAaKOXK nepedpa3oBaHi MUTAHHS, K1 32 3MICTOM 1IEHTUYH] BUXIHUM, aJie
CKJIAJAalOThCAd 3 1HIIUX CIiB. BCl CHMMBOJIM TEKCTYy HABOAATHCS JI0 HUKHBOTO
pericTpa, BUAAISIOTHCS 3HAKW MYHKTYyallli, pi3Hl HEOYKBEHUX CHMBOJHU 1 HU(pHU.
KoxeH psiok po30MBA€ThCsl HA CIMCOK CKJIAJOBUX 11 CJIB 1 BUAQISIIOTHCS CTOII-
CJIOBA, & TAKOK BUKOPUCTOBYETHCS JIeMaTH3AIl1.

VY mporpami NMOpIBHIOIOTHCS JIBa MUTAHHS, CXOXHUX MK COOOIO 1 0 HHUX
3aCTOCOBYIOTHCS BUIIEBKAa3aHI aJTOPUTMU. B KIHIII BUBOJMUTHCS BiJICOTOK
NOpIBHSHHA. YWM BiH BHINUNA, TAM Kpallle MpaIfoe TOW YW I1HIINK aJTOPUTM.

PesynbraTom mnporpamu € rpadik MOPIBHAHHS POOOTH JBOX aJITOPUTMIB 3
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anroputMoM Petkinidda-O6epmensna (puc. 1.1), BUXoas4yu 3 SIKOr0 BUAHO, IO
anroput™M Cepencena 1 JKakkap HE CUIBHO BIAPI3HAIOTHCS OJUH Bl OJJHOTO, aje
SIBHO MOCTYMar0Thcs anroputmy Perkmidda-O6epuiensna. ToMy aiis nopiBHIHHS B

JIBOX TEKCTiB OyB BUOpaHuii came anroput™ Perkmidda-Obepiensna.

Em StopWord=False Normal=False

R StopWord=True Normal=False

W StopWord=False Normal=True
StopWord=True Normal=True

Sorensen Ratcliff_obershelp Jaccard

Pucynok 1.1 — Pe3ynbrar nopiBHSHHS aqTOPUTMIB
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2 TIOCTAHOBKA 3AJIAYI TA METOU JOCJIIUKEHHS

2.1 Merta Ta 3a1a4i J0CTIKeHHA

L{i;mu1t0 1aHOTO MPOEKTY € CTBOPEHHS MOeNi Ta 1H(HOpMaLIiHOT TEXHOJOT1]
aHai3y pe3yJbTaTiB BUKOPUCTAHHS 010J110TEK MAITMHHOTO HABYAHHS Yy peaji3arlii
pO3pOOKK MpOrpaMHUX MNPOAYKTIB. Mojenb Ta 1H@opmalliiiHa TEXHOJIOTIS Mae
aHaJ13yBaTU BUKOPUCTAHHS 010J110TEK MAIIMHHOTO HABUYAHHSA B peati3allii po3poOKu
IpPOrpaMHUX MPOAYKTIB Ta MOBIAOMIISITH TPO 3JIOBXUBaHHS O010710TEKOIO,
BUSIBJICHHSI TOMIWJIOK peati3allii, siKi MonepeHbo OyJId BUPIIICHI.

Mera cTBOpeHHs Mojeni Ta 1H(opMaIiiHOT TEXHOJOTI aHali3y — HajaTh
pPO3pOOHMKAM  MOKJIMBICTh  BUSBUTH TIOMUJIKM BHUKOPUCTaHHS  O10110TEK
MaITMHHOTO HaBYaHHSA Ha CTa il pO3pOOKH Ta BUSBUTH 3JIOBKUBAHHS BUKOPUCTAHHS
01010TEK.

Hanani Mmoaenb Mmoxe OyTH iHTErpoBaHa B CUCTEMHU MPOrPAMHHX 3aC001B, IS
MIBUIKOTO Ta 3pYYHOTO BUSIBJICHHS] TOMUJIOK BUKOPUCTAHHS 010J110TEK.

Mopensb Ta iHpopmaliiiiHa TEXHOJOT1sI HOBUHHA BUKOHYBATH NIEPEITIK HACTYTHUX
3asay:

— aHaji3yBaTH TOMWIKH Ta BHIPABICHHS TMOMYJIAPHOI CHUCTEMH Ta

BIJINOBIJIEH A1 mpodeciiinux nporpamictiB Stack Overflow;

— pO3IMi3HaBaTH KOJ pO3POOHHUKIB;

— BUSBJISITH paHille BiJIOMOi MIOMUJIKH B KOJII;

— MPONOHYBATH BUMPABIICHHS MOMUJIKU JOMYLIEHOT pO3POOHUKOM.
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2.2 3aco0m peaii3auii mpoexkTy

MoBa mnporpamyBanHss Python - BucokopiBHeBa yHiBepcalibHa
iHTeprpeToBaHa MoBa cieHapiiB. [Ipu po3poOui moBoro Python Benmka yBara
OPUIISETHCS TPOCTOTI 1 3pO3yMIIOCTI CHHTAKCHUCY, IO HE TUIBKU CKOPOUYE yac
BHBUYCHHS WOT0 OCHOB, aji¢ 1 MiJBMINYE IIBHIKICTh po3poOku B migomy [26]. Lle
JTaJIeKO HE BC1 IlepeBar 1aHOr0 MOBU, OCHOBHI 3 HUX:

— 00'€KTHO-OPIEHTOBAHICTH;

— BUIbHE MOLUIMPEHHS 1 IUPOKA MIATPUMKA;
— KpocriaThOpMEHICTh;

— PpO3BHHEHI QYHKIIOHAIBHI MOKIIUBOCTI.

Moga Python o0'eqHye nB1I mapagurmMu nNporpaMmyBaHHS - O0'€KTHO, SKa €
HOTY>KHUM 3aCO000M CTPYKTYpOBaHOIO HPOrPaMHOr0 KOAy Juid Oararopa3zoBoOro
BUKOPHUCTAHHSA, 1 MPOLEAYpPHY, IO PO3IMMPIOE KOJO BHUPINICHHS 3aBJaHb,
JT03BOJISIIOYM BUKOPUCTOBYBATH 3aco0u Python npu BupilieHH1 TaKTUYHUX 3aB/IaHb
3 BiJIcyTHICTIO ¢a3u mpoekTyBaHHs. O0'ekTHa Mojenb Python miaTpumye mOHSTTS
noiMopQi3M, NEPEBAHTAKEHHS ONEPATOPIB 1 MHOKUHHE CHAJAKyBaHHS.

KpocmarpopMeHHICTE MOBH JOCSATAETHCS 3aBISKH HOro peaiizaiii Ha
nepeHocumiii ANSI C, mo 103Bossie mporpamaM, HamucanuMm Ha MoBi Python,
OJIHaKOBO J0OpEe KOMITLJTIOBATUMETHCS 1 BUKOHYBATHUCS Ha OyAb-SKHUX MIaThOopMax,
Jie BCTaHOBJIEHa cyMicHa Bepcist Python.

IN6punna npupona Python o6'enHye B coli mpocTOTy 1 3pYy4HICTH MOB
CIIEHapiiB 1 MOTY>KHOCTI KOMITUTIOE MOB, 10 poOuTh Python 3pyunum 3acobom
po3poOKu ojaTkiB pizHOrO TUmy. OnHak HaiOuUIbma eQeKTUBHICTh MOBH
JOCSITAETHCS TIPU BUPINICHHI 3ajlad aHali3y JaHUX 1 aBTOMAaru3allii IMpOIIECiB.
Python mmpoko BHKOPHUCTOBYETHCS B  JOCHIIHMIIBKUX poOotax. Moga
nporpamyBaHHs Python Mae noTy>xHuii BOyJJoBaHUM 1HCTpYMeHTapieM (BOyAOBaHi

TUMIA O0'€KTIB 1 JMHAMIYHA THWITI3allis, aBTOMATHUYHE KEPYBaHHS MaM'sTTIO) 1



28

MO>KJIMBICTIO BUKOPUCTAHHS 30BHINIHIX 010710TEK 1 yTUIIIT CTOPOHHIX PO3POOHUKIB
JUTSL BUPIIICHHSI O1IBIII By3bKOCIEI[iali30BaHUX 3aB/IaHb.

Jupyter Notebook - me BeO-70aaTOK 3 BIAKPUTHM BHUXIIHHAM KOIOM, IO
JI03BOJISIE CTBOPIOBATH KOJM 1 TOKYMEHTH 1 OOMiHIOBaTHCS HUMU [27].

BoHo Hagae cepenoBuiie, B IKOMY MOXHa JOKYMEHTYBAaTH KOJI, 3aIlyCKaTH
fioro, mepernsgaTH pe3yJbTaTH, Bi3yami3yBaTH JaHl 1 OauuTH pe3yJbTaTH, HeE
BUXOJISTYH 3 cepenoBuiia. Lle pobuts ioro 3py4HUM 1HCTPYMEHTOM JJI1 BUKOHAHHS
B1J1 KIHIIS JIO KIHIIS pOOOYHX MPOIIECiB B 00J1aCT1 HAYKH PO JAaH1 - OUUIIIEHHS JaHUX,
CTAaTUCTUYHOTO MOJICTIOBaHHS, TOOYJOBM 1 HAaBYaHHS MAITUHHAM MOJIEIIIM,
Bi3yasizarlii JaHux 1 6ararbox, 6araTboX IHIIHUX 3aCTOCYBaHb.

EdexTuBHull 1HCTpyMEHT HaBYaHHS: HOYTOYK Jupyter - e HE TUIBKH
IHCTPYMEHT /U1 HAyKOBUX JOCIIKEHb 1 aHali3y JaHMX, a U BIAMIHHUHN 3aci0
HaBuaHHs. [Ipukiagom moxe ciyxutu [Python Blocks - 6i0mioTeka, 1o mo3Bossie
BaM a00 BAIlIMM YYHSIM CTBOPIOBATH CITKH 3 PI3HOKOIBOPOBUX OJIOKIB.

[HTEepakTUBHUI KOJ 1 HOCIIKEHHS JaHUX: MakeT ipywidgets Hagae Oe3miy
CHUIBHUX €JIEMEHTIB YIIPaBIiHHS MPU3HAYCHUM JIJIs1 KOPUCTYBava iHTepderncom s

1HTEPAKTUBHOT'O BUBUEHHSI KOAY 1 IaHUX.
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3 IPOEKTYBAHHS TA MOJEJIOBAHHSI IHOOPMAIIMHOI
TEXHOJIOI'TI AHAJII3Y PE3YJIbTATIB BUKOPUCTAHHS
BIBJIIOTEK MAILIMHHOI'O HABYAHHS Y PEAJIIBALIIL TIPOEKTIB
PO3POBKU ITPOI'PAMHUX ITPOAYKTIB

3.1 KonuenrtyajbHa MojaeJb iH(popMamiHHOT TEXHOIOTII aHATI3Y

pe3y.111>TaTiB BHUKOPHUCTAHHA 0i0JTioTeK MAIIMHHOI0 HABYAHHS

KoHuenrtyansHa MO€b MPECTaBIIsi€ COOO0 PO MPOrPaMU TOCTIIKEHHS.
VY pAnl BUNAIKIB HAKMCAHHS MPOTPaMU MOKE OYMHATHUCA 31 cripoOU moOyayBaTH
KOHIIETITyaJIbHY MOJIEJNb 1 IOTIM, B TIPOLIeCi pOOOTH HaJl MOJAEILIIO, CHOPMYJITIOBATH
METY 1 3aBIaHHs, BU3HAUYUTH 00'€KT Ta MPEAMET JOCTIKeHHS [28].

[TocninoBHICT poOOTH B JAaHOMY BHMAAKy OyAe 37aBaTHUCA XapaKTepoM
JOCIIITHULIBKOT TIPOOJIEeMH Ta HasBHUM OOCSITOM 3HaHb 3 JIaHOI MpoOJieMH,
HasBHICTIO TEOpiil, SIKI MOXYTh OyTH 3aCTOCOBaHI JJIi ONUCY HOpoOieMH Ta
1HMBIIyaJIbHUM CTHJIEM JOCIIITHUIIBKOI pOOOTH.

KonnentyanpHa MoJenb - 1€ CYKYNHICTh B3a€MOTOB'SI3aHUX TOHSTH, IO
JeXaTb B OCHOBI JOCHIAHUIBKOTO AW3ailHy, CHUCTEMHHMH ONUC IOCHIIKYBaHOI
obmnacTi. lle Moxke OyTH MPOCTHIA CIIUCOK MOHSATH 1 IX MOKITMBUX 3B'SA3KIB 200 OLTBIIT
po3po0JieHa CcxeMmMaThyHa JiarpamMa KIIOYOBUX BIUIMBIB, mepeadadyBaHUX
B3a€MO3B'A3KIB, MOXJIMBUX PIIIEHb AOCIIAHUIBKOI mpobiemu. KonuentyanbHa
MOJICIh HAOUHO OIMMCYE CTPYKTYPY MOJICIHOBAHOI MPEJAMETHOI 00J1acTi 1 3B'SI3KU
MIDX 11 €JIeMEHTaMH.

KonnenryansHa Mozenp mpeactaBisie B TrpadiuHiii abo omoBimHOT ¢GopMi
OCHOBHI MOMEHTH, 1[0 BUMAratoTh BUBYCHHS, - YNHHUKHU, KOHCTPYKTH, 3MIHHI 1 iX
HMOBIpHI 3B'sI3KM OAMH 3 OAHUM. BOoHA CTPYKTYypy€ MpoIec JOCIiKEHHS, T03BOJISE
MOB'S3aTH TEOPIt0 1 eMMIPUYHI JlaHi, Hampasiisie 30ip JaHUX 1 1X MMOJANBIILY

IHTEpHpEeTaLio.
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KonnentyanpHa Mojaens A0ONOMAara€ BHUPIIIMTH, SKI 3MiHHI HaWOLIbII
BOXKJIMBI, AKI 3 UM HAWOUIBII 3HA4YMMI 1, OTXKe, Ky 1H(POpPMAII HEOOXiTHO
30uparu. KoHnenryaibHa MO/Iemb, MO3HAYAI0YN TEOPETUIHHIA KOHTEKCT, B paMKH
KO0 MO)Ke€ OyTHM TOMIIl[eHa OCHIIKyBaHa CHUTYyallid, Aa€ MOXIHUBICTh YITKOI
MMOCTAHOBKH JIOCJIITHUIILKUX MUTAHb 1 PO3POOKH T1MOTE3 JOCITIHKEHHS.

g nanoi po6otu Oyna CTBOpEeHa KOHLENTyallbHAa MOJAENb 1HQOpMaIliitHO
TEXHOJIOTIi aHai3y Pe3yJbTaTiB BUKOPUCTAHHS Oi0J10TEK MAITMHHOTO HAaBYaHHS,

sKa TMpejcTaBlieHa Ha puc. 3.1.

AropaT™ Meronakn
nopiBHAHHSA didmioTer

Hat6opu
JAHHX

O6pobxa
JAHHX

Pesyabran
AHAJTI3Y

Bxinmi
nami

MepeBipka
JAHHX

He
npaBHIBHI
naui

Pucynox 3.1 — KonnentyanbHa Moziesib iHPOPMAIIIfHOT TEXHOJIOT1 aHaIi3y

pe3yJIbTaTiB BUKOPHUCTAHHS 010110TEK MAIIMHHOTO HAaBYaHHS
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3.2CTpykTypHO-PyHKIiOHABLHE MOIETIOBAHHS

IDEF 0 peanizye MeTOoaMKy (YHKIIIOHAIBHOTO MOJCIIIOBAHHS CKJIQIHUX
cucreM. Haitbinpi Bigomoro peamizamieto IDEF0 € metonomnoris SADT (Structured
Analysis and Design Technique). @ynkiionansna monens IDEFO sBisie coboro
Hallp OJIOKIB, KOXKEH 3 SIKMX MPEJCTaBIIsIE COO0I0 «YOPHUM SIIHMK» 3 BXOJAMHU 1
BUXOJIaMHU, YIIPaBIIHHIM Ta MEXaHI3MaMH, SIK1 JIETaII3yIOThCS (JIEKOMITO3YIOTHCS)
10 HeoOxigHoro piBHA. HaiiOupmn BaxkiamBa (PyHKIIS po3TalioBaHa y BEPXHbOMY
JIBOMY KYTKY. 3'€IHYIOThCS (PYHKIIIT M1 COOOIO 3a JOIIOMOTOIO0 CTPIJIOK 1 OMHUCIB
¢dyHKIioHATEHUX 0J10KiB [29]. [Ipy IbOMY KOKEH BUJI CTPIIKK 200 aKTUBHOCTI Mae
BJIaCHE 3HAYCHHs. JlaHa MOIeNb 103BOJIsI€ ONTMCATH BC1 OCHOBHI BUIM MPOIIECIB, K
aJIMIHICTpAaTHBHI, TaK 1 oprasizauiiai. CTpiaku MOXyTh OyTH: - BXiJHI - BCTyIHI,
AKl CTaBJISITh TNEBHE 3aBAaHHA. - BUXiJHI - BUBOJATH pe3yJbTaT MISUIBHOCTI. -
Kepytoui (3BepXy BHU3) - MEXaHI3MH YIIPaBIiHHS (TIOJ0KEHHS, IHCTPYKIIIi TOIIIO). -
Mexanizmu (BiJ HU3Y 10 BEPXY) - L0 BUKOPHUCTOBYETHCS JJIs TOTO, 00 3p00UTH
HeoOX1Hy poboTy. [liarpamMu JeKkoMIo3ullii Mpu3HayeH1 I aeTaii3alii QyHKIiH 1
BUXOJSTh TMpPU pPO30MBAHHI KOHTEKCTHOI JiarpaMM Ha BEJIHKI TJACUCTEMU
(pyHKIIOHANTBHA AEKOMITO3MULIIS) 1 OMUCYIOTh KOXKHY MIJCUCTEMY Ta iX B3a€MOIIO.
€nuna QyHKIIs, IpecTaBiIeHa Ha JiarpaMi KOHTEKCTHOTO BEPXHBOTO PIBHS, MOXKE
OyTH po3KiajeHa Ha OCHOBHI MiJ (DYHKI[li 3a JOMOMOIOK CTBOPEHHS JI0YipHBOT

Jlarpamu.

CtpykTypHO-GyHKIIOHATFHA MOJENbh TNEPIIOr0 pPIBHA Ma€ HACTYITHUN
uriaa, (puc.3.2 — puc.3.4). Jlekommnoswuiis OnokiB «Pobota 3 maHUMH» Ta
«CTBOpEeHHsT MOjieJl MOPIBHAHHS MpeacTaBieHl Ha pucyHkax b.1 — Bb.2. [imo
JaHOT CTPYKTYPHO-(PYHKITIOHAIBHOI MOJIENI € MOKa3aTh poOOTYy MOJENl aHalizy
pe3yabTaTiB BUKOPUCTAaHHA 010J110TE€K MAIIMHHOTO HAaBYaHHS y peai3alii MPOeKTIiB

pO3pOOKHU TIporpaMHKX MPOAYKTIB. BximHumu nanumu € «HaGip manux» ta «Jlani



32

poboTu». «Habip manux» - MicTuTh mUTaHHs Ta BiAmosiui i3 Stack Overflow Ha sikux
OyzZe HaBYATHCA Ta TECTYBAaTUCSA MOJENb. «JlaHi poOOTH» - 1€ 1aHi BUKOPUCTAHHS
010J1I0TeK MAaIIMHHOTO HaBYaHHA. Ha BHXOJ1I MaeMoO pe3yibTaT BUKOPHUCTAHHS

JTaHUX pOOOTH.
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4 INABJOHHU NIOMMWJIOK TA BUITPABJIEHBb BUKOPUCTAHHA
BIBJIIOTEK MAILIMHHOI'O HABYAHHS Y PEAJIIBAILIIL TPOEKTIB
PO3POBKMU ITPOI'PAMHUX MTPOAYKTIB

Y OuIbIIOCTI BUMAAKAX PO3POOHUKH, SIKI BUKOPUCTOBYIOTH MAIIIMHHE
HAaBUYaHHS, HE PO3YMIIOTH 3 KOO caMme MNpoOsieMol0 BOHM 3ITKHyJucs. Lle
YIOBUIBHIOE PO3POOKY, caMe TOMY MOTPIOH1 HOCTIKEHHS B AaH1i oOnacti. Bonu
JIOTIOMOXKYTh JII3HATUCS OCHOBHI NMPUYMHHU MOMUJIOK, CIa0OKi Micis 0i0Ii0TeK Ta
iame. Taki moCiKeHHS MOXXHA BUKOPHUCTOBYBATH JUIsl HABYAHHS BHKOPHUCTAHHS
010710TEKaMH, 200 ISl TOJAJIBIIOTO iX MOKPAIIEHHS.

Lle#t po3ain mpeacTaBisie KOMIUIEKCE JOCTIHKEHHS MpoOJieM, MOMUJIOK Ta
BUIIPABIICHb, 3 SAKUMHU CTHKAIOTHhCS PO3POOHUK. JlOCHIUKEHHS IOKa3ye, II0
OUIBIIICTh TOMUJIOK - II€¢ TOMWJIKH B JIaHUX 1 TOMUJIOK JIOTiKH, OCHOBHHUMH
NPUYUHAMM, SIKI BHUKIMKAIOTh TOMWIKM € CTPYKTYpHa Hee(EeKTUBHICTH 1

HEeIMpaBUJIbHUI TapaMeTp MOJEIII.

4.1 XapaxkTepucTHK NOMMJIOK NOTJIH0JeHUX BUBYEHHS

byno BuOpaHo n'ATh HaWmomyJspHIIIUX O10J10TE€K TIMHMOOKOro HaBYaHHS
Caffe, Keras, Tensorflow, Theano, 1 Torch. ¥V Toii yac sk KoxHa 3 1ux 010J10TEK
MpU3HaYeHa JjIs TMOOKOTo HaBYaHHS, y HUX Pi3HI 1Tl TpoekTyBaHHs. Hampukian,
Tensorflow okycyerbcst Ha 3a0e3M€4eHHI HU3bKO PIBHEBI, BUCOKO KOH(IrypoBaHi
o0'exktH, B TOM 4ac sik Keras mparne 3a06e3ne4nTy BUCOKHUA piBEHb a0CTPaKIlii, 110
MPUXOBYIOTh HU3BKO piBHEBI aetaii. Theano 1 Torch 3ocepemxeHi Ha MoJeTIIIEHH]
BUKOpucTaHHA oOuucieHb Ha GPU, mo0 3pobutu rnnOoke BUBYEHHS OUIBII
MacmTaboBanuil. TakuM 9MHOM, X BUBUCHHS OJTHOYACHO JO3BOJISE MOPIBHIOBATH 1

31CTABJISITH LTI X TPOEKTYBAHHS 3 TOMWJIKAMU B iX BUKOPUCTAHHI.
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VY naniit poOOTI TOCHIKYEThCSI IOCTH  Tpo 11 Oi0miorekax Ha  Stack
Overflow. Halip nanux nae HaMm ySBJIEHHS MPO MOMHJIKH, 3 SIKHMHU CTUKAIOTHCS
PO3pOOHUKM TpPH CTBOPEHHI MPOTPAMHOTO 3a0€3MEYCHHS 3 BHUKOPHCTAHHSIM

010J110TEK TITMOOKHUM BUBUYEHHSIM.

MeTtoauka
36ip oanux

HaGopu nanux Oynu 3HaiifieH1 y BIIKpUTIA ¢Gopmi B Mepexi [HTepHeT.

KopoTtkuii onuc nux HabOpiB TaHUX HaBeAeHO B Tadiuil 4.1.

Tabmuus 4.1 — 3BeicHHS BUKOPUCTAHOTO B IOCIIKEHHI HA00PY JaHUX

o Stack Overflow
biomiorexn
3anucu [Tomunku

Caffe 183 35
Keras 567 162
Tensorflow 1558 166
Theano 231 27
Torch 177 25
Bceroro 2716 415

J11si BUBUEHHSI TOMUJIOK BUKOPUCTaHHA 0107110TEK rITMOOKOT0o HaBYaHHs Oyiu
Bukopucradi aadi 3 Stack Overflow. Ile Bigomuii caliT nuTaHb 1 BIANOBIACH, Ha
AKOMY  PO3pOOHMKHA  OOTOBOPIOIOTH  TPOOJEMH  pO3pOOKH  MPOTPAMHOTO
3abe3mneueHHs. [Iporec 300py AaHUX CKIATAETHCS 3 IBOX €TariB.

Ha mepmomy erami BuOuparoThes HaOOpPW JaHUX, MPUCBSYCHI 010I10TEKaM
rnuOokoro HaBuaHHs. JlaHi Habopu NaHuX € y BUIbHOMY nocTymi. bynu BuOpani
m'sTh 010mioTex rimookoro HaBuanHs: Caffe, Keras, Tensorflow, Theano 1 Torch.
Ile m'saTe HaWOUIBII 0OroBOprOBaHUX 0i0IIOTEK TIMOOKOro HaBuaHHS Ha Stack

Overflow. JlonatkoBo Oynu BiAdIIbTPOBaHI MOBIJOMJICHHS, 0 HE MICTITh
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BUXITHOTO KOy, OCKIIBKH TIOBIJOMJICHHS TIPO TIOMHJIKM 3a3BHYail MICTSTh
dbparmenTu koxy. Kpim Toro, Oyio cKOpoueHO KUTbKICTh TIOCTIB, BAOPABIIN MTOCTH,
Ui OIIIHKH, PO3PaxoOBaHi SK PI3HUIS MDK KUTBKICTIO MO3UTUBHHUX 1 HETaTUBHUX
roJIoCiB, Oyym OinbIe 5, mMo0 30CepeTUTUCS Ha BUCOKOSKICHUX TIOCTax 1 30epertu
KEpOBaHICTh BPYUHY.

Ha npyromy ertami Oynm mpoduTaHi BCi MOCTH, MO0 BU3HAYUTH, SKI 3 HUX
MICTATh IOMUJIKA. JIJIs1 KO)KHOTO TTOCTY TUBWIINCS MATAHHS 1 HAWOIIBII TOMYJISIPHY
BIAMOBIAL. SIKIIO HAWOUIBII NPUHUHATHUM BIAMNOBULIIO OYyJIO BHUIIPABJICHHS
BukopuctanHa API-inTepdeiiciB rimOoOKoro HaB4YaHHS B MUTaHHI, TO LEH IMOCT
TOBOPUTH MPO MOMIIIKH MIHO0KOTr0o HaB4aHHsl. [1icis nuporo kpoky Bussmwiu 35, 162,

166, 27 1 25 nomunok s Caffe, Keras, Tensorflow, Theano 1 Torch BiammoBigHO.

Knacudgikanisa KOpiHHUX NPUYHH MOABA MOMWIOK

Biocymuicmo cymicnocmi Inter AP

OcHOBHA MPUYHMHA IUX TOMIJIOK - HEY3TO/DKEHICTh MOETHAHHS TBOX PI3HUX
tumiB ~ O0i0mioTex. Hampuknaa,  kopucTyBauy  HEe  MOXe  Oe3mocepeaHbo
BukopuctoByBaTH (¢yHkiiro Numpy B Keras, Tomy mo Hi Oekenaa Tensorflow,
Hi Oekenaa Theano Keras ne maroth peanizarii Gyukiin Numpy.

Biocymnicmo nepesipku muny

Lleli BUA MOMUJIOK TMOB'A3aHUM 3 MPOOJEMOIO HEBIANOBIAHOCTI THIIB IPH
BuKkinKy ™metomiB APIL I{i mommnku 3a3Buyail TOB'A3aHI 3 BUKOPUCTAHHSIM
HEBIPHOTO TUIy nmapaMeTpiB B API.

3mina API

[IpyyriHa 1IMX TOMWJIOK - BUIYCK HOBHUX Bepciii 010J110TEK MaIlIMHHOTO
HaBYaHHA 3 HecyMicHUMHU API. [HIMMU coBaMu, MOMUJIKA BUHUKAE, KOJU HOBA
Bepcis APl He mMae 3BOpOTHOI CyMICHOCTI 3 MOMEpPEaHBhOIO Bepciero. Hanmpukian,

KOPUCTYBa4 OHOBJIIOE HOBY BepcCii0 010JI0TEKM MAIIMHHOTO HABYaHHS 3 HOBUM
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cuaTakcucoM API; mpoTte koprcTyBad He 3MIHIOE CB1i KOJ JUTsI BIIMTOBITHOCTI HOBOT
BepcCii, 110 MPU3BOAUTH 0 MOMIIKH 3MiHH API.

Henpasunvne suxopucmanns API

[ToxiOHI MOMUJIKA YacTO BUHUKAIOTh, KOJM KOPUCTYBa4l BUKOPHUCTOBYIOTH
API mMamumHHOTO HaBYaHHS, HE PO3yMiIOYM TOBHICTIO. BiZICyTHI YMOBH MOXYTh
OyTH OIHUM 3 BUIB HEMPABUWJIHHOTO BUKOpHCTaHHS API, 1 119 mOMuUIKa BUHUKAE,
KOJIM BUKOPUCTAaHHS HE BifamoBizae oomexxeHHsM APl mis 3abe3nedeHHs] meBHUX
HEOOX1THMX YMOB. 301i - TOJJOBHUM €(eKT [UX MOMMIIOK.

lInymanuna 3 004UCTIOBAILHOIO MOOELNIO

[{i momunku BiAOYBalOTHCS, KOJIM KOpUCTyBau He po3ymie QyHkiii API
rJIMOOKOTO HaBYaHHS, 10 MPU3BOJIUTH 10 HEMPABUILHOTO BUKOPUCTAHHS MOJEI1
oOuucienb, MNpuiHATOI  O107i0TEeKO0  raMOokKoro  HaBuaHHs. Hampuknan,
KOPHUCTYBau IJIyTA€ThCS MK MOOY/I0BOIO Tpadika 1 €Tarom OLIHKH.

Henpasunvni napamempu abo cmpyxkmypa mooeni (IPS)

[PS Bukiukae npobieMu 3 MOOYAOBOK MOENI MAIMHHOIO HAaBYaHHS,
HAIPUKJIAJ HEMpaBUJIbHA CTPYKTypa MOl a00 BUKOPUCTAHHS HEBIAMOBIIHHUX
napametpiB. IPS - mommpena nomuiaka B TporpaMHOMYy 3a0e3MedeHHI s
MalIMHHOTO HAaBYaHHS 4Yepe3 BIJACYTHICTb Yy KOPHUCTYBadiB 3HaHb MpO Ta
HE3PO3YMIJIOCTI MOJENei MallMHHOTO HaBYaHHA. [leii Bua IMOMUIOK BHUKIIMKAE
HEKOPEKTHICTh POOOTH; TAKUM YMHOM, €PEKT L1€i MOMUIIKH - 3011.

Inwe

11 momunku He moB's3ani 3 I1O mis rmnOokoro HaBYaHHS. [HIIMMM cII0BaMH,
111 TOMUJIKA B OCHOBHOMY TOB'sI3aH1 3 MTOMUJIKAMH B TIPOLIEC] PO3POOKH, TAKUMU SIK
HENPABUIIbHUN CUHTAKCUC.

Heeghexmusnicmo cmpyxmypu (SI)

SI BukMKae mpoOemMu, MOB's13aH1 31 CTa/II€10 MOJICTIOBAHHS B TIPOTPAMHOMY
3a0e3MeUeHHl TIMOOKOro HaByaHHs, TakoMy sik IPS; mpore SI mpuszBoauth 10
MOTraHo1 MPOYKTUBHOCTI, a [PS npu3zBoauTh 10 30010.

Hesupienuanui mensop (UT)
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[{i moMIJIKM 4acTO BUHUKAIOTH Ha eTarti moOyaoBu rpada obunciens. Komu
KOpHUCTyBa4d Oyaye rpad o04HCICHb B MPOIIECi TITMOOKOT0 HaBYaHHS, BiH IOBUHCH
HaJIaTy MPaBWIbHI BX1JHI JIaHl, K1 3aJI0BOJIbHAIOTH BXiAHUM crienudikaiism API
IIIMOOKOTO HaBYAHHS, OAHAK 0arato KOpPHUCTyBadyiB He 3HAIOTH crenudikarii API
a00 HempaBUJILHO PO3yMitoTh mianuc API, mo npusBoautk 10 momuiiok UT.

Henpasunvna ooxymenmayisi

JIo 1MX TOMHJIOK TNPU3BOJAUTH HEBipHa iH(pOpMalis B JOKYMEHTAIll
610moTtexu. KopucryBaui 610/110TeKH IITMOOKOTO HaBYaAHHS MOXKYTh 31TKHYTHUCS 3
TaKUMH  TIOMHJIKAMH, SKIIO TIPOYHMTAIOTH HEMIPaBUIbLHE BHU3HAUYCHHA a0o0

HernpaBuibHe BUKopucTanHs API riubokoro HaBuaHHs 3 TOKyMEHTAIlIi.

Knacudikanis HacaiaKiB NOMHUIOK

lloeana npooykmuericmo

[Torana npoayKTUBHICTh a00 HU3bKa MPOAYKTHUBHICTH - OJMH 3 MOIIUPEHUX
e(eKTIB TpOrpaMHOro 3a0e3NeueHHs IS MAallMHHOTO HaBYaHHS. biaemn Toro,
OCHOBHMMHM IIprurHaMu 10ro edekty € SI abo CCM, siki noB's3aH1 3 OOy 10BOIO
mozeni. He3Baxkaroun Ha Te, 1110 pO3pOOHUKHI MOXKYTh MPABUILHO BUKOPHUCTOBYBATH
010J110TeKM MAITMHHOTO HABYaHHS, BOHU SIK 1 PaHIIIe CTHKAIOTHCS 3 TpodieMamMu
noOy0Bu Mojienel, ockiibku API B iux 010110TeKax € abCTpaKTHUMU.

3611

301if - HalOLIBII YacTUil ePeKT MAITMHHOrO HaBYaHHs. PaKkTUYHO, Oyb-SKi
MIOMUJIKM MOXKYTb MPUBECTH A0 30010. O3HAKOI0 30010 € Te, 1110 Tporpama rnepecrae
MPAITIOBATH 1 BUBOIUTH MOBIIOMJICHHS TIPO TTOMUJIKY.

Tlowko0oxcenns oanux

I{st moMuITKa BUHUKAE, KOJIU JIaH1 ITOIITKOKEH] TIPH TIepeaadi mo mepexi. Lei
edeKT € HaACIIJKOM HEMPaBHILHOTO Po3yMiHHS anroputmiB abo API rmuGokoro
HaB4aHHs. Komn BimOyBaeTbcs TIOMIKO/KEHHS JIaHUX, KOPUCTYyBad OTPUMYE

HEeCHOo/IiBaHl BUX1IHI JaHI.
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3asucanns

Edexr 3aBucaHHs BHHHKAE, KOJIU MpOTrpaMHE 3a0€3MEUYEeHHS TIHOOKOTOo
HAaBUaHHs T[epecTae pearyBartd Ha BBeleHHs. [loBuibHe oOnamgHanHs abo
HEBIJIMOBITHUN  AJITOPUTM MAIIMHHOTO HABYaHHA  MOXYTh  TNPUBECTH  JIO
3aBucaHHs. O3HAKOIO 3aBUCAHHSA € Te, IO MpOrpaMHE 3a0e3IMEUEHHS MpPaIioe
MPOTATOM TPUBAJIOTO TIEPIOTy Yacy, He 3a0e3Meuyroun OaxaHui pe3yJIbTar.

Henpasunvna ¢ynuxyionanvricme

Ile#i edexr BUHUKAE, KOJIM TNPOrpaMHE 3a0€3MEUECHHS TOBOJUTHCS
HECIO/[IBAHUM YMHOM 0€3 Oy/Ib-SIKUX MOMUJIOK / TIOTIEPEIPKEHb Yacy BUKOHAHHS 200
kommisnii. [le Bkirouae HempaBuiIbHUN (opMaT BUBEICHHS, HeOakaHy poOOTy
mapiB mojeni 1 1. [.

Mano nam'amo

[Iporpamue 3a0e3nedyeHHs] MAIIMHHOTO HABYAHHS YacTO 3YMHUHSETHCS Yepe3
HEJIOCTYIHICTh pecypciB nam'ari. Lle moxke OyTH BUKIMKaHO ab0 HENMpaBHIbHOI
CTPYKTYpPOIO MOei, a0 HEIOIIKOM OOYHCIIOBAJILHUX PECYpCiB JJIsl HAaBUAHHS

KOHKPETHOT MOJIEJII.

YacTi noMUIKH

HopmamizoBanuii posnoaun tumiB noMuiok B pgaHux Stack Overflow
Mmoka3aHo Ha pucyHKy 4.1. Po3mozain momuok 1 gani Stack Overflow B Tabmuiti 4.2
MOKAa3yIOTh HAsIBHICTh PI3HUX THUIIIB TOMUJIOK.

Ilomunku oanux

3 pucynka 4.1 mu 6a4nMo, 110 cepe]l TUIIB MOMIJIOK IIOMUJIKH JaHUX 4acTo
3ycTpivaroThes (26%) y Bcix Oi6mioTekax. Y BuBdYeHux manux Stack Overflow
o0aunmMo 30% 3anucis B Tensorflow , 24% 3anucis B Keras , 36% 3anucis B Torch,
35% 3ammciB B Theano i 9% nosinomiiens B Caffe 3 momunikamu nauux. [Tomunku
JTAHUX B OCHOBHOMY BHHHUKAIOTh 4Y€pe3 BIACYTHICTh OOpPOOKHM IaHUX, TaKUX SIK

MPOEKTyBaHHS QYHKIIIN, TepeBIpKa JaHUX, IepeTaCyBaHHS JaHUX 1 T. .
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Momunkw APl
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CN. NerivHa noMunka

BipcTokie
2 8 B2 B8 2 8 8

=

100 4
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Caffe Keras

||

Theano Torch

TF

Pucynok 4.1 — Po3nozin tunis momuiok B StackOverflow

{0 mMOMWJIKY CKJIaJHO BHUIPABUTH, MPOCTO IJISHYBIIM HA 3alHC PO
NOMMJIKY. Bakko BU3HAUMTH TOYHY NPUYMHY MOMMIKH, 4Yepe3 sSIKy pPO3pPOOHUK
po3micTuB nuTaHHsA Ha Stack Overflow.

Benukuii BiICOTOK MOMUJIOK JTaHUX BKa3ye Ha Te, M0 TPYAHOIII, MOB'A3aHi 3
NONEPEIHBOI0  OOPOOKOI0 JIaHMX, JOCUTh YacTO 3yCTpiHarOThCsl B Mporpamax
JUTSE MAITUHHOT'O HABYAHHS.

llomunku cmpykmypHoi 102iKu

Jlpyruii BEJUMKHA TUN TOMMJIKU - 1€ IOMMJIKA CTPYKTYPHOI JIOTIKM B
nepenoBHeHHi creka. B Caffe Ginbiie  momminok crpykrypHoi joriku B Stack
Overflow B mopiBHSIHHI 3 1HIIUMHU 010M10TeKaMu. B iHmuMx 0i0Ii0TeKaX TaKOXK €

3HAaYyHa YaCTUHA MOMUJIOK CTPYKTYpPHOI JIOT1KH B Aiana3oHi Big 0% mo 27%.

IMomuaxku API

VY 6101i0Tekax MalIMHHOTO HaB4YaHHsA 3MiHM APl 1HONI mopymiyioTh Bech
BUpOOHNUMIA KoA. HesBHI 3aiexHOCTI MK 010/110TeKaMu BUKIIMKAIOTh IPOOJieMH,
KOJIY B OJIHi# 3 010J110TeK BiI0OYBatOThCs cepito3Hi 3Minu. Hanpuknaza, konmu Numpy
onosmoe Tensorflow , mporpamue 3a6e3neuennst Keras moxke Buiitu 3 naay. Keras

gacto BukopuctoBye Tensorflow ado Theano sik 6exkenaa, TOMy  OHOBJICHHS
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Tensorflow a6o Theano moxxe mpuBecTn 10 30010 TPOTPaMHOTO 3a0e3MEUCHHS,
po3pobneroro 3 BukopuctanusMm Keras. [Tomunkun APl wacrime BUHUKAIOTH B
Keras i Tensorflow , sk mokazano Ha pucynky 4.1.bimem 81% momummok API
noB's3ani 3 Keras i Tensorflow.

P-snauenns (anri. P-value) - BenuunHa, sika BUKOPUCTOBYETHCS MPH
TECTYBaHHI CTATUCTMYHUX Trinore3. PakTUYHO II€ WMOBIPHICTh MOMUJIKK TpU

BIIXWJICHH] HYJILOBOI TIMOTE3H (MMIOMUJIKH TIEPIIIOTO PO ).

Tabmuus 4.2 — Cratuctuka tumis noMuiok B StackOverflow 1 Github

Caffe | Keras | Tensorflow | Theano | Torch | P Value
I[Tomunku API 6% 11% 11% 7% 16% 0.3207
IToMunka manux 9% 24% 30% 35% 36% 0.3901
HMCII. YnpasiniHus
1 HOCJIITOBHICTD 0% 0% 0% 4% 0% 0.3056
HMCII. ITomunku
1HIIam3ani 0% 1% 1% 0% 0% 0.7655
HMCII. Jloriuna
IIOMUJIKA 11% 13% 8% 25% 12% 0.0109
HMCII. ITomunkn
00poOKH 0% 0% 1% 0% 0% 0.2323
CII. YnpaBniHHA 1
[MOCJII JOBHICTH 6% 2% 4% 4% 8% 1
CII. ITomunka noToKy
MaHUX 3% 13% 15% 0% 4% 0.2873
CII. ITomunku
1H1am3ani 0% 1% 8% 0% 20% 0.8446
CII. Jloriuna
IIOMMJIKA 42% 27% 18% 18% 0% 0.3442
CII. ITomunku
00pOOKH 23% 8% 4% % 4% 0.8535

OCHOBHI NPUYMHUA BUHUKHEHHS IOMWIOK

HopwmamizoBane posmomin mpuuwH B (pparmentax komy Stack Overflow

MoKazaHo Ha pucyHky 4.2. Jlani B Tabmwuii 4.2 TOKa3ylOTh HAasSBHICTh PI3HHUX
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Kateropiii ocHoBHuX npuuuH B Stack Overflow i mpeacrasisiroTs 3HaYenns P, mo
MOKa3y€ CXOXKICTh PO3IMO/LIIB 3 BAKOPUCTAHHSM t-TECTY.

Henpasunvnuii napamemp mooeni (IPS)

IPS mpu3BOAWUTH 0 TOMIIIOK, SIKI BHKJIMKAIOTH 301d MporpamMu Tij dYac
BUKOHAHHS 1 BUKOHAHHS He BraeThcs. Y Tensorflow i Theano IPS mpusBoauts 10
IHITUX OCHOBHUX TPUYWH BUHUKHEHHS MMOMUJIOK, IO CTAaHOBIATH 26% 1 26% Bif
3arajbHOI YaCTKM OCHOBHUX MPUYHWH, BiMOBITHO.

CmpykmypHa HeepexmugHicms (SI)

I[Tomunku SI He BuUKIUKalOTh 300iB mnporpamu. [li momunku dacto
MPU3BOJSTH 10 HEONMTUMAIBHOI TPOYKTUBHOCTI MOJIeN TIMOoKOoTro HaB4YaHHs. L1
NOMWIKK  Outbiie moOB's3aHl 3 Q0S a00  HedyHKIIIOHATFHUMU  BUMOTAMHU.
Hanpukinaza, nporpamicT HaMaraeTbCs HABYUTH MOJENb PO3MI3HABATH PYKOMHUCHI

udpu, ajie TOYHICTh HE MOJIMIIYETHCA 1 3AJIUIIAETHCS MOCTIHOO 2-10 emnox.

100%

0%

oo

aos

w0 I

Caffe Keras TF Theana Torch

N BiacCyTHICTs NEPEBIpKN TUNIB
. 3uina APl
HenpasrnbHe BUKOPHUCTAHHA AP|
MnyTanena 3 obynCNBaLHOI MOLENND
mmm HenpasknbHWil napameTp a6o cTpykTypa Mogeni
e HeedexTmsHICTb CTPYRTYPH
N HeEWpIBHAHWA TEHIOP
EEN BigcyTHicTs CymicHoCTi Mix AP
_— Wi

Pucynok 4.2 — Knacudikanis npuunn Stack Overflow

He supienuanuii mensop (UT)
VY MammHHOMY HaBYaHHI TEH30pPHI BUMIPIOBAHHS BAXKIMBI JUIsl YCHIITHOL
nobynou Mmozem. Tensorflow , Keras, Torch, Theano , Caffe marote 16%, 12%,

28%, 7% 1 3% nomusiok uepe3 UT BiamoBiIHO.
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Biocymnicmo nepesipku muny

bimpnricte  6107i0TeK MAIIMHHOTO HaBYaHHS HamucaHo Ha Python. Yepes
auHaMmidHOl mpupoau Python mpobOieMa BiCYTHOCTI MEPEBIPKH THIIB CHIBHO
BITUYyBa€ThCS B IMX 0i0mioTekax. BincyTHICTh mepeBipKU THUIIIB MPU3BOIUTH 0
30% momuok B Theano , 8% nmomminok B Keras i 15% nomunok B Tensorflow.

3mina API

Y 6i6mioTexax rmuOokoro HaB4aHHS 3MiHa APl Mae TeHmeHmio Matw
pimryunii  edekt. Lli Oi0miorexku B3aemozanexHi. Otxe, 3MiHa APl B onHiif
01010Te1l OpyITy€e poOOTY 1HIIKUX O10T10TEK.

36’430k 0CHOBHOI NPUYUHU 3 MUNOM NOMUTIKU

3 pucyHky 4.3 BUIHO, 110 OUIBIIICTh MOMUJIOK, HE MOB'SI3aHUX 3 MOJCILIIO,
BUKJIMKaHI HempaBmwibHUM BukopuctanasM API (6-100%). [Tomunku cTpyKTypHOI
1HimMiamizamii, ki He € MOJACISIMHU, 1 TIOMHJIKA CTPYKTYpHOI OOpoOKH, SIKi HE €
MOJIEJIIMH, BUKJIMKaHI HenpaBuibHUM BHKopucTaHHAM API B 100% Bumankis B
BUBYEHUX AaHuX. [{ikaBo, 1m0 B momuikax 3miHa API rpae )KUTT€BO BaXXJIUBY POJIb
(68%) y nmopiBHsAHHI 3 HenpaBWIbHUM BUKOpUcTaHHIM API (20%); oHaK MOMUIIKH,
NOB'A3aH1 3 MOJEJUTI0, OB ypasnusi it KopiHHUX npudnH IPS 1 SI. 3 pucynky
4.3 BUAHO, IO MOMHUJIKA CTPYKTYPHOTO KOHTPOJIIO Ta TMOCHIJIOBHOCTI, IMOMUJIKA
CTPYKTYpPHOTO TIOTOKY JaHUX, TOMHJIKAa CTPYKTYpPHOI IHIIlami3ali, MMOMMIIKa
CTPYKTYPHOI JIOTIKHM, ITOMUJIKA CTPYKTYpPHOi OOpOOKH, SIKI MOB'Si3aH1 3 MOJEIIIO,
Bukaukani SI 31%, 3%, 10%, 33% 1 53. % pa3 BianoBigHO 1 BUKiIuKaHo IPS 62%,
59%, 40%, 36%, 24% pa3 BIANOBITHO.
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BiacyTHiCTs nepesipkx TUNIB

3mina API

HenpasunbHe BUKOPWCTaHHA API

MnyTanusa 3 06YUNCN0BANBHOI MOAENID
HenpasnabHniA napameTp abo CTPyKTypa Moaeni
HeedexkTHBHICTL CTRYKTYPH

HeewpisHAHWA TEH3OP

BiacyTHICTB cymicHOCTI Mix API

IHwwi

MNomunku API

MoMunKa AaHux

HMCN. ¥npasnikHa | NOCNiA0BHICTE
HMCI. Momunkm iuiauinisaui'l'
HMCM. MlorisHa nomunka

HMCI. NMomunku oBpobku

CN. ¥YnpasAiHHA | NOCAIA0BHICTL
CN. MoMuNKa NOTOKY OaHMX

CN. Momunky iHiayinizauii

CN. Neriyxa noMunka

Pucynok 4.3 — 3B's130K Mi>k KOPEHEBIUMH MMPUYUHAMH 1 THITAMH TTOMIJIOK

BniiuB noMuJ10K
HopwmainizoBanuit posmnozin edekri Stack Overflow nokasano Ha pucyHky
4.4, Jlani B Tabmuii 4.3 TMOKa3ylOTh HASBHICTh PI3HUX BHUAIB €(EKTIB I

010JII0TEK MAIIIMHHOTO HABYAHHS.

M\ I I
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§
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Caffe Keras Theano Torch

" orana NPOAYKTHBHICTL

m COiR

W OWKOAKEHHR AaHNX
3asncanns

" HexopexTHa QyHKUIOHANBHICTS

W nam"ATB N03a MEXAMI

W Hesinomo

Pucynok 4.4 — Po3noxin edexriB momuiaok Stack Overflow
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3611

AHani3 mokasye, 10 HaWOUIbII CEpHO3HUM HACTIAKOM MOMUIIOK € 30iil. Y
rIMOOKOMY HABYaHHI TOMMJIKM B OCHOBHOMY IMPHUBOJATH [0 IMOBHOTO 30010
nporpamu. Y Bcix 010710TeKax HAMOUTBITUN BIUTMB poOWUTH 30ii B jJiama3oHi Bif
40% no 77%, sx MOKa3aHO HA PUCYHKY 2.4.

llocana npooykmusenicmo

Hu3bka NpOAyKTHBHICTH YacCTO BHUKJIMKAE 3aHETIOKOEHHS y PO3POOHUKIB
nporpaMHoro 3abe3nedyeHHs s riIMOokoro HapuaHHA. HaBiTe sKmo Mopenb
HABYAETHCS YCHIIIHO, HA €TaIll OI[IHKK a00 MPOTHO3YBAaHHS MOJEIb MOKE JaBaTv
JTy’K€ HU3BKY TOYHICTb MU KiacudiKalii 1iJb0BUX KJIACIB.

Henpasunvne ¢pynkyionanoricme

HenpaBunpHa (QyHKIIOHAJIBHICTh BHUHHMKAE, KOJIU MOBEAIHKA MPOrPAMHOIO
3a0e3MeyeHHs] IiJ] 4Yac BHUKOHAHHSA MPU3BOAUTH O SKOTOCh HE3PO3yMIUIOTO
pe3ynbTaTy, SIKOr0 HE€ MOKHA OYIKyBaTH BIJ JIOTIYHOI OpraHizaiii mozeni adbo
MONEepPEaHBOTO JJOCBITY PO3POOHHUKA.

Hanpuknan, B HacTynmHOMY (pparMeHTi KOy KOPUCTYyBad X04e MEepEeTBOPUTH
300paxkeHHs B MacuB 28 * 28 NUumpy ; mpore Ha BHUXOJA1 BUXOAUTH YOPHE

300paxeHHs (puc. 4.5).

with tf.Session() as sess:
first image = mnist.train.images[@]
first image = np.array(first image, dtype='uintsg')
pixels = first image.reshape((28, 28))
plt.imshow(pixels, cmap="gray")

Pucynox 4.5 — Ilpukian Bukopucranus 6i6morekun Numpy

KopucryBad orpumaB HelpaBUJIbHUI BUCHOBOK Yepe3 MePETBOPEHHS MACUBY
3 IJIaBaKOYOI0 KOMOIO B Uint8, sIKuii mepeTBOproe Bel mikcedi B 0, SIKII0 BOHU MEHILE
1. o6 BupimmTH mpobiieMy, KOPUCTyBad MOKE MOMHOKUTH MacuB Ha 255, gk

IPOTIOHYETHCS y BIAMOBIAL. Theano mae Oiibil BUCOKHUH BiZICOTOK TIOBIIOMJICHB TIPO
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npobyieMd 3 HEMpaBWIBHOKO (YHKIIOHAJIBHICTIO B TMOPIBHSHHI 3 IOTAHOIO

IPOAYKTHBHICTIO.

CkJiaaHi eTany HABYAHHSA

Iliocomoexa danux
3 pucyHky 4.6 BUJIHO, 110 OUTBIIICTh MOMUJIOK B IPOrpaMyBaHH1 MallIMHHOTO

HaBUYaHHS B1I0yBA€THCS HA €Tarl MiATOTOBKU JaHUX.

35
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Bubip moneni
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Nepenbayerts
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Tinep NapaMeTpuuHa HacTpofka

PI/ICYHOI( 4.6 — ITomuiaku Ha eTamax KOHBCEpPa TIMOOKOT0 BUBYCHHS

Eman nasuanns

Hactynaum etanom, CXWJIBHUM JI0 TIOMUJIOK, € €Tan HaB4aHHsS. BiabmricTh
MMOMIIIOK, oB's13aHuX 3 IPS 1 SI, BuHMKae Ha eTarni HaBYaHHS.

Bubip mooeni

Bubip moneni - Tpetit eran nomuiku. Ha etami Bubopy mozeni OyayeThes
MOJIEJIb 1 BUOMPAETHCS MPABWIbHUKN anropuT™M. OCHOBHUMHU TTPUYHMHAMH TTOMUIIOK

Ha iboMy erari € [PS, ST'1 UT.
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CHhijibHICTh IOMMJIOK

OcHoBHa TiMoTe3a IoJjsArajga B TOMY, IO O010i0TeKH OyIyTh CHIBHO
KOpENIbOBaHI Ha OCHOBI PO3MOALTY TMOMUJIOK, OCKUIBKM BOHHM BHKOHYIOTH CXOXI1
3aBJIaHHS.

AHai3 maTBepKYE ITI0 TIMOTEe3y, SK MOKa3aHo Ha PUCYHKY 4.7. BuaHo , m1o
01067110TeKM MalOTh CHJIBHHHA Koe(illieHT Kopensii, omm3pkuii 10 1. JIuBHO, ane
Caffe mokazana mqyxe cinaOKy KOPEJNAIiio 3 IHIIUMH 010J110TeKaMH 3 TOYKHU 30py
THUITY TIOMHJIKH.

Byno BUsBIEHO aHTUMNATEPH IUISXOM OUIBII TJIMOOKOTO aHalizy KOy
nomuitok Stack Overflow nnst  momanbIIoro  JOCHIKEHHS CHIBHOT — KOPEIISIii
Tensorflow i Keras, a Takox cimabkoro kopensmii Torch 1 Caffe. Bussieno
aHTUNATEpH : Oe3nmepepBHE CTapiHHS, NPOrpPaMyBaHHS METOJOM BHUPI3aHHS 1
BCTaBKH, MEPTBUH KOJI, 30JI0THI MOJIOTOK, 3aTHYKa Ha BBEICHHS JAHUX, YITPABIIHHS
rpudamu, kox crareti. Lls knacudikaiis B3sita 3 [31]. Po3noain pi3HUX aHTUNIATEpH
no Oi0mioTekax mokasaHo Ha pucyHky 4.8, ane, mo B Tensorflow 1 Keras 40%
aHTUTIATePH - II¢ 3aTMYKa Ha BBEJCHHsS JaHuWX.3 iHmoro Ooky, B Torch 40%
MOMWJIOK BMHUKA€E Yepe3 aHTUIIATEePH «BUPi3aTu 1 BcTaBuTh». Tensorflow 1 Keras
MaloTh Maike OAHaKOBYy posmnoiin B besnepepBue crapinHs i MeptBuii koxu. Lle
MoKa3ye, M0 CUJIbHA KOpeJsilis Mk po3noaiioM nomuiok B Tensorflow 1 Keras
MOKe OyTH TIOSICHEHA CXOXKICTIO 3arallbHUX aHTUTATEPH JIJIS IUX JBOX O10J110TEK.
Cnabka xopemsiis Mk posnoauiom mnomMusiok Torch 1 Caffe moxe Oyrtu

PE3YIBTaTOM PI3HOTO PO3MOJAUTY aHTUITATEPH MK ITMMHU JIBOMa 010110 TeKaMHU.
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Pucynoxk 4.7 — Kopensitist TUIIiB MOMIJIOK cepent 610110TeK

MoctiiHe Bupizatn i MepTeuii Kog, 3onotui BxigHuit knagk Cnine Kog,

cTapiHHA BCTABMTH MONOTOK ynpaeniHHA cnareTTi

Pucynox 4.8 — Po3noin pi3HUX aHTH IMapaMeTpiB
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EBoJuronis noMmuiok

3pocmanua yucia NOMUIOK CIMpYKmypHoi 102iKu

32015 o 2018 momuiku cTpyktypHOi joriku B Caffe ckiagaroTs BinOBiIHO
30%, 32%, 67%, 100%, mo Bka3zye Ha Te, 110 TOMWIKU CTPYKTYPHOI JOTIKH BCE
Oinpiie 0OTOBOPIOIOTHCST po3poOHUKamMu 3 2015 poky. OuikyBaHo , mo 3 2015
POKY MaIIMHHE HaBYaHHS CTaJIO 3ay4yaTH Bce OUIBIIY yBary. po3poOHUKH MOYaIH
BUKOPUCTOBYBATH 010J110TEKM MAIIMHHOTO HABYaHHS JJIsl HAIUCAHHS POTPAMHOTO
3a0€31eUeHHS.

3menuienHs KinbKicms NOMULOK 8 OAHUX

B Torch Data momuiiku 3anuiiagucss MahXKe HE3MIHHUMH, MiATPUMYIOUYH
omm3pko 50% mnomumiok, mo obrooproBanucs B 2016-2018 pokax (puc.4.9). ¥
Keras moMuiiku JaHux MOBUTRHO 3MeHITyBaiucs 3 27% mo 15% 3 2015 poky. ¥V
Tensorflow nmomuiku ngaHux NoBUIBHO 3MeHmryBaiucs 3 30% mo 10% 3 THx
mip. 2015-2018 pp. ¥ aBox iHmmx 0i0miOTEKax KiBKICTh MOMUJIOK JTaHUX TaKOXK
MOCTYIIOBO 3MEHIITyBajacs, HaOIMKaOUUCh 10 HyJs1. MOXIUBOIO MPUYUHOIO ITi€T
TEHJICHIIII € PO3BUTOK MOMYJISIPHUX CIeliali30BaHUX O1010TeK JaHUX, TaKUX
sk pandas , ski 103BOJISAIOTH MPOBOJUTH TOCTIIHUN aHai3 JaHWX Ui KPaIloro
pPO3yMIHHS BJIaCTUBOCTEH naHux. KpiM TOro, BUKOPUCTaHHS TUITy JaHUX |€nsor ,
110 Mae 1HpOpMaIito Mpo TUI 1 Gopmy, JorloMarae mo30yTUcs BiJ ACSTKUX TOMUIIOK
nanux. [lomarkoBa miaTpumka Bepudikamii B mmux 0107i0TeKax JIOMOMOXKE

1no30yTHCS Bl LIUX TOMUJIOK.
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Tabmuns 4.3 — CtaTucTHKa KOPIHHUX TTPUYHH MTOSBH IIOMUJIOK
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Pucynok 4.9 — TepmiHM €BOIIOLIT TOMUIIOK
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Caffe | Keras | Tensorflow | Theano | Torch | P Value

Biacyrnicts
CYMICHOCTI MiX 0% 1% 1% 0% 0% 0.1411
API
Biacyrnicts

. . 3% 8% 15% 30% 8% 0.9717
MePEBIPKH THITIB
3mina API 0% 7% 9% 4% 8% 0.2485
Henpasunbue
BUKOPHUCTAHHS 11% 15% 14% 7% 12% 0.003
API
IImyTanuHa 3
MOJEILITIO 14% 9% 6% 11% 12% | 0.7839
o04HCIIEHb




o1

Henpasunbuui
napametp mozeni | 26% 21% 26% 30% 20% | 0.5040
abo0 CTPYKTypHu
Hpyre 0% 0% 0% 0% 0% 0.3466
Henocrariers 37% 26% 13% 11% 12% | 0.7170
CTPYKTYpH
HeBupiBusinuit
3% 12% 16% 7% 28% | 0.7541
TEH30p
HeraBI/IJIBH.a 6% 1% 0% 0% 0% 0.3402
JOKYMEHTAIIis
Tabmuug 4.4 — Brums nomuiiok B Stack Overflow
Caffe | Keras | Tensorflow | Theano | Torch | P Value
[lorana
NpOAYKTHBHICTE |  31% 16% 8% 11% 8% 0.9152
301 40% 61% 71% 70% 60% 0.7812
[TomkomkeHHs
TAHUX 6% 5% 6% 4% 4% 0.948
3aBUCaHHS 0% 0% 1% 0% 0% 0.3466
HexopexTHa
(yHKLIOHATBHI
CTb 23% 13% 7% 11% 16% 0.5418
[Tam'sTh O32
MexXaMH 0% 3% 1% 4% 0% 0.0844
Hesigomo 0% 2% 0% 0% 12% 0.8419
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4.2 BumnpaspiieHHsl 3aKOHOMipHOCTel i mpodJieM

JIOCTYIHICTh BETUKHUX JaHUX NpHUBENa 10 MOSBU TJIMOOKUX HEUPOHHUX
Mepex (DNN). DNN cknagaeTbes 3 HaOopy miapiB. KoskeH piBeHb MICTUTH HaOIp
BY3JIiB, sIKi 30MparOTh BXIAHI JaHi 3 MOMEPEAHBOTO PIBHS 1 MOJAAIOTHh BUXITHI daH1
BY3JIIB HACTYITHOTO PIBHS 4yepe3 Habip 3BakeHHX pedep. LI Baru KopeKkTyoThcs 3
BUKOPUCTAHHAM TMPHUKIAMIB, SKI HA3UBAIOThCA HABUAJbHUMHU JAHUMH, 1
BCTAHOBJIIOIOTHCS. Ha 3HAYEHHS, SKI MIHIMI3YIOTh PIZHHUIIO MDK (DaKTHYHUMU
BUXITHUMHU JaHUMH DNN 1 O4yiKyBaHUMM BUXIJTHUMH JaHUMH, BUMIPSHUMHU 3
BUKOPUCTaHHAM ILIJIbOBOI (DYHKIII1, 3BaHOI (PyHKI[I€O BTpaT. JlOCTYIHICTh BETUKHUX
JAaHUX JI03BOJIMJIA TOYHO HajamTyBaTh Bark Jyuisi OaratomapoBux DNN. Takum
YUHOM, 0araTo MporpaMHUX CHUCTEM 3a3BHYail BUKOPUCTOBYIOTH DNN.

CyTTeBo0 TPOOJEMOIO CTBOPEHHS MPOTPAMHOTO 3a0e3MEUCeHHS, SIKE
BukopuctoBye DNN, € HasBHiCTh mommwiok [32]. Bu3Haumiu THNHM MOMHIIOK,
OCHOBHI MPUYMHHM Ta ix Hacaiaku B Oiomiotemi Tensorflow mos DNN. V [33]
BUBYMIM Ile OUTbIIMi HaOip Oi0miorek, Bkmouaroun Caffe, Keras, Tensorflow,
Theano 1 Torch, mo6 BU3HAYMTH XapaKTEPUCTHUKU TOMHIOK. Y TOW dYac sK
nonepeaHi poOOTH MPECTaBISAIOTh COO0OI0 TMEPBUHHE TOCHIKEHHS IA0JIOHIB
BurnpasiieHHs mis Tensorflow, 11 pobora cpokycyBaTHCh Ha XapaKTEPUCTHUKAX
BumnpaBiieHHs. OCKITbKM  BiIHOBJICHHS IMPOTPAMHOTO  3a0€3MEUeHHsS, IO
BukopuctoBye DNN, € ouyeBHIHOIO NOTPeOO0 B CHUCTEMHIN I1HXKEHepli, e
aBTOMATH30BaHI 1HCTPYMEHTH MOXYThb OYTH Iy’K€ KOPHCHI, MOBHE PO3yMIHHS
npoOsieM BIJHOBJIEHHS 1 INAOJIOHIB, SIKI BHKOPHUCTOBYIOTHCS TpPHU PYYHOMY

BurpaniieHH1 moMmwiok B DNN, mae BupimanbHe 3HaUYeHHS.
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MeToauka

Habip oanux

Jlane JOCHiPKEHHS CHUpPAEThCS Ha Ha0lp JaHUX TPO  TIOMUJIKH,
niarotoieHuit B [33] nmsa 300py 1 MIATOTOBKM HAOOPY JIaHMX MPO BUIIPABIICHHS
nomuiiok. Habip manux npo noMusku MictuTh 415 nmomunok 3 Stack Overflow nmst
5 pi3HuX 610/110TEeK TIMOOKOr0 HaBYaHHS, K MTOKa3aHo B Ta0muii 4.5.

Ta6nuns 4.5 — 3BeieH1 JaHi 1040 BUIIPABICHHS MOMMIIOK

bibmoTekn [Tomuiiku Bunpasnenus
Caffe 35 27
Keras 162 143
Tensorflow 166 118
Theano 27 15
Torch 25 17
Bceworo 415 320

36ip sunpasnenv nomunox Stack Overflow

[Ilo6 3i10paTu BuUMpaBiCHHS TOMIJIOK B Habopi gaHux moMuiiok Stack
Overflow, Oysi0 BUBUEHO BIAMOBII K1 MAlOTh HAMOUIBITY OIIHKY. SIKIIO B 3amuci
HEMa€e KOJy, alleé OMUCYETHCS, 10 NOTPIOHO BUIPABUTH B BUXIJHOI MOMUJIKY, MU
TaKOX PO3TISTAEMO iX SK BHUIPABJICHHS. SKIIO 3amuc Mpo TMOMUIKY HE Mae
MPUMHATOrO BIAMOBIII, ajie Ma€ BIAMOBIAL OLIHKY > = 5 0ajaMu, MU PO3TJIsIaEMO
iX SIK BUTIPABJICHHS, TaK SIK OI[IHKA 5 BBAXKAETHCS MPUNHATHOIO METPUKOIO SIKOCTI B
nonepeHix podorax [33]. JoTpumyrouncs 1miei meToaosorii, Oyso 3HaiiaeHo 320

BUTIpaBiieHb 11t 320 3anucis.
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BunpasieHHs NOMWIKH KJaacupikauii madJIoHiB

Dyukyia empamu

I{s rpyma BumpaBiieHb 3aCHOBaHa Ha OAAaBaHHI, BUJAJICHHI a00 OHOBJICHHI
dbynkuii BTpat mia yac HaB4yaHHs. DyHKIS BTpAT - 1€ KIOYOBUI MapaMeTp, KUl
JIOTIOMAarae TpoIeCy HaBYAaHHS BUSBUTH BIIXWICHHs BiJl 3aCBOEHHX 1 PEaTIbHUX
npukiaaiB. Js pisHUX THMIB 3aBJaHb MOTPiOHI pi3HI QYHKIII BTpaAT, HAIPUKIA/,
KpOC-E€HTPOMIiHI BTpaTH IIMPOKO BUKOPUCTOBYIOTHCS B 3a7a4ax Kiacudikari, Toi
SK CEPEeIHBbOKBAAPATUYHI BTPATH MOMHUJIOK B OCHOBHOMY BHKOPHCTOBYIOTHCS JIJIS
3a/lay, 3acCHOBaHUX Ha perpecii. [leski mpobOiieMr BHUMAararTh HaJIAIITyBaHHS
GbyHKIIT BTpAT JUIsl KPaIIoro pe3yibTaTy HaBYaHHS.

Lliokntouenns 0o mepesxci

Ils rpyna BHUMpaBlieHb 3MIHIOE 3B'A30K MIX By3JaMu B IJIMOOKa HEHpOHHA
Mepexa (DNN). DNN - 1e rpad, ne pebpa - 11e Baru i 3MilIEHHS, a BY3JIH - 1€
€JIEMEHTH KOKHOTO Iapy. Hampuknan, B miibHOMY miapi peOpa Baru MOBHICTIO
MOB'A3aH1 3 HACTYIHUM IIIapOM, 1 PO3MIp IIapy BU3HAYAE KIIBKICTh BY3JIB, fK1
OyayTh JOCTYNHI B LbOMY Miapi. T1 BUIpaBiI€HHS NOMMJIOK, $IKI 3MIHIOIOTH
KOH(DIrypaiiro ux CroJy4eHb JJIS MOJIMIIEHHS Pe3ybTaTiB, KIACU(DIKyIOThCS B
i KaTeropii. 3MiHM BKJIFOYAIOTh 3MIHY Bard, BUAAJICHHS peOep MIIAXOM OOpi3KU
Mepexi, 10AaBaHHS 3BOPOTHOTO MOUIUPEHHS 1 T. 1.

Jlooasanns pienus

VY Oyas-sikoMy 3aBIaHHI, 3aCHOBaHOI Ha KJjacudikaili, B Mojeni Oyne sk
MIHIMYM JBa TpoOIapku: BXigHUK 1 BuxigHui. [[lo0 BHBYMTH 0COOIMBOCTI
BBeneHHs: DNN moTpiOHO Oinbilie MPOMIKHUX MIapiB (3BaHUX MpuxoBaHUMU). Ls
rpylia BUIpaBieHb Jojae jgoxatkoBi piBHI DNN  aus  migBUIIEHHS
pOayKTUBHOCTI. JlofaHi mapu MOXyTb OyTH HIUIBHUMHU, KOJHM JBa MOCIITIOBHUX
1iapy HOBHICTIO 3'€JIHaH1, 3TOPHYTUM IIAPOM, 1€ MPU BXOJ1 3aCTOCOBaHA (PYHKIIS
3TOPTKH, IIAPOM BUKJTIOUEHHS ISl 3MCHIIICHHS TTIepeHaBYaHHS 1 T.]I.

Posmip wapy
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i BumpaBieHHs 3MIHIOIOTH PO3MIpH LIApiB, 00 3pOOUTH TX CyMICHUMU 3
CYCITHIMU IIapaMH 1 BBEJICHHSM.

Bumiprosanns oanux

Bumnpasnenns, moB's3aHe€ 3  BHUMIPIOBAaHHSIM  JaHHUX, AaHAJOTIYHO
BUMIPIOBAHHIO IIapy, aje BOHO MOB's3aHe 3 BXIAHUMHU JAHUMH, a HE 3 IIapaMu
DNN. Po3mip ganux moBuHeH Oytu y3romxenuit 3 DNN. et Tun BumpaBieHHS
HaifuacTimie moTpibHo, Komu BXimHi po3mipu DNN 1 BUMIpIOBaHHS JaHUX HE
301raroThCsl.

Mempuka mounocmi

[Ilo6 Bumipatu npaBwibHICT DNN, NOKa3HMK TOYHOCTI € OJIHUM 3
KIIIOUOBUX TIapaMeTpiB, SKi HEOOXIJHO HajamTyBaTh. Tun mnpobieMu Mae
BEJIMUE3HMUI BIUTUB HA THI BHUKOPHUCTOBYBAHOI METPUKH TOYHOCTI, HAIMPHUKIAI,
npoOiemMu Kiaacu@ikaii OI[IHIOITHCS 3 BUKOPUCTAHHSIM TOYHOCTI Kiacudikarlii,
ominku F1 abo Marpuii miytanuHu, aie i MeTpukd HE miaxonsTe mjisi OLIHKK
MO/IeJIl, 3aCHOBAHOI Ha perpecii, e JorapuMiuHi BTpaTH OUIbIIE M1IXOIATh.

Tun oanux

s rpyma BumpaBi€Hb 3MIHIOE THIl BXIJHUX AaHUX, OO BIANOBIAATH
ouikyBaHHsIM DNN.

Axmusayis

OyHkuig akTuBalii ang By3na B mapli DNN 3icraBise BXiJHI JaHl 3
BuxigHuUMU. [{1 rpyma  BumpaBieHb 3MiHIOE  (QYHKIIIO — aKTHBaIli, sKa
BUKOPUCTOBYETHCS B IIapi, 00 Kpauie BIANOBIAATH NpoOIeMi.

Imepayii

Ils rpyma BHIIpaBI€Hb PETYIIOE KUIBKICTh 3alyCKiB TPEHYBAJIBHOTO
nporiecy. 3a3Buuaii e poOUThCS I MIABUIIEHHS TOYHOCTI ab00 3MEHIICHHS
nepeHaB4yaHHs. [ BumpaBieHHs BKIIIOUAIOTh 3MiHA pO3Mipy makera abo enoxu. Y

JESAKUX BUIAIKaX PO3POOHUKH JA0JIAI0Th IIUKJI BChOTO HABYAJIHLHOTO MPOIIECY.

Bepcin
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biobmioreku DNN mBHAKO pO3BHBAIOTHCS, 1 PSAJ BUIYCKIB HE MAalOTh
3BOPOTHOI CyMICHOCTI, 1110 Topymrye koA. Llg rpymna BumpaBieHp afantye Koa AJis
pob6oTtH 3 HOBOIO Bepcieto 610mi0Tekn DNN.

Ilepemeopenns oanux

Cymnepeukn AaHUX BIJTHOCATHCSA 10 3MIHHM (OpMH JaHMX Oe3 3MIHH iX
11111, 3a3BUYail 11e poOUTHCS I BUTIPABICHHS JaHUX IS TIOJaIbIuX onepariii. [{s
rpylia BUIpaBJICHb M0aa€ oOpoOKy maHumx myis BumpaBieHHs DNN, Hampukian
[UIIXOM 3CYBY JaHHUX, IEPEMIITyBaHHS 1 T.1I.

Mownimop

Bunpasnennst B il kateropii J0Jar0Th KOJ JJIsi JIIaTHOCTHKU B IPOIIECi
HABYaHHs, 3a3BUYail JIJIsl IPYKY CTAaTUCTUKU HaBuaHHA. L[ rpymna BumpasieHb He
yCyBa€ IOMMJIKY B KO/Ii, JI¢ JOIOMarae JIOKajai3yBaTH MOMUJIKY.

Onmumizamop

Llsa rpyna BUIpaBi€Hb 3MIHIOE AJITOPUTMH ONTHUMI3allli, BUKOPUCTOBYBAaHI
mMozaemto DNN. Anroput™m ontumiszanii, M0 3aJI€KUTh BlJI MPOOJIEMHU, BU3HAYAE
ITepalliiHui mporec, M0 BUKOHY€EThCS JUTs MABUIICHHS ToYHOCTI Moaeni DNN.

3Mina nHeupoHHOI apXimeKkmypu

L{s rpyna BumpasieHs, 1o cyti, nepepoomia DNN Mozenb, Tak K BUXiIHA

MoieIb OyJia HerpHuaaTHA.

IITa010HM BUNIPABJIEHD ISl Pi3HUX THITIB IOMHJIOK

106 mi3HaTHCA, YW BIAPIZHSIOTHCS IIA0JOHHM BUIIPABJICHHS MOMUJIOK IS
PI3HHX THUITIB TOMWJIOK, OyJI0 MpOaHaTI30BaHO KOPEJIAII0 MK TUTIAMHU TTOMUJIOK B
Ha0opi AaHuX, IpejacTaBieHoMy B [33], 1 marepHaMH BUIPABJICHHS TMOMUJIOK, 3
BUKOPUCTAHHSAM PO3MOJUTY TMOMHUJIOK 1 BIAMOBIIHUX iM BUIpPAaBJICHB. Po3momin
NaTepHIB BUIPABJICHHS MOMMJIOK 3a pi3HUMHU THmamu nomuiiok B Stack Overflow
nokaszaHo Ha pucyHnkax 4.10 1 4.11 BignoBigHo. ['opu3oHTaIbHA 1 BEpTUKAIbHA OCI
OMHCYIOTh Pi3HI TUMH MOMUIIOK 3 [33] 1 BiICOTOK Pi3HMX MIA0JIOHIB BUIIPABJICHD,

HEOOX1THUX JIJI1 BUIIPABJICHHS [IMX MOMUJIOK, BIJITOBIIHO.
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3mina xapakmepucmux y 38's3Ky 3 OHOBIEHHAM 8€pPCil.

20 Bumpasnensp B Stack Overflow BkmowaroTe 3MiHa crienudikarii, ski
nOTPiOH1 y 3B'A3KY 31 3MIHOIO Bepcii 01010TeKr. 3MIHU 1] YaC OHOBJIEHHS Bepcii
010110TeKH BKJIIOYAIOTh TaKi 3MiHM: 3MiHA TOBHUX IMEH METO/IIB, 3MiHa CUTHATYpH
API 1 3miHa imoBipHicHOTO TIOBeMiHKM API. Xoua BumpapneHHs, MOB's3aH1 3i
3MIHOI0O TIOBHHMX IMEH MeTO[iB 1 3MmiHOW curHatrypu API, € moOpe BuBueHUMHU
npoOseMaMu, BHUIPABICHHS, MOB'sI3aHI 31 3MIHOIO IMOBIpHICHOTO TOBeMiHKH API,
CKJIaJIHI 1 BIJPI3HAIOTHCS BIJ TpanuiiitHux 3MiH API. Jlokam3alis mux MOMHUIIOK
YCKJIaAHEHA 4Yepe3 BIACYTHICTh CKJIAJHUX IHCTPYMEHTIB IMOBIPHICHOIO aHalli3y
JUTSI MAIIIMHHOTO HaBYaHHS.

3mina cneyughixayii ons niompumxu 6ioaiomexu. 111 TOMUIKY BUHUKAIOTh
yepe3 CXOXKI1 MPUITYIIEHHS Ipo MOBEAIHKY 1 cnenudikamisax pisHux APl B pi3Hux
010moTekax. J[J1g BUMpaBiIeHHS UX MOMHJIOK MOTPiOEH IOCBiA podOTH 3 0OOoMa
010110 TEKaMH.

3 pucyskiB 4.10 1 4.11 MoXHa BHUABUTH, 110 BUIIPABIECHHS BUMIPIOBAHHS
JAHUX € HalouIbll MOoMITHUM mabnonoMm (41,77%) nns BUMpaBlIEHHS MOMUIIOK
nanux B Stack Overflow. Ile roBopuTh mpo Te, MO JUIsl BUIPABICHHS MTOMHUIIOK
JJAaHUX OCHOBHI 3MIHM TOB'si3aHi1 3 BUMIpaMu JaHuX. Lle BimOyBaeTbcs TOMy, IO
pPO3MIp JaHMX AY>Ke BOKIUBUMN JUISl MpaBUIIbHOT podoT Mmoaeni DNN.

JI71s1 BUTIpaBIICHHS! JIOTTYHUX MTOMUJIOK HAHOLIbII MOMIUPEHO MPAKTHUKOIO €
3MiHa MepexeBoro miakmodeHHs (~ 27,03% B Stack Overflow). bepyuu 10 yBaruy,
10 3HaYHa KUIbKICTh MOMUJIOK MOTOKY JAHUX MOKHA BUIIPABUTH, 3SMIHUBILHU PO3MIP
mapy (~ 36,36% B Stack Overflow). 1li crocrepexkeHHs Aal0Th HaM 1HTYIIIifO, IO
JUTSI BUTIPABJICHHSI PI3HUX THITIB TOMIJIOK MOKYTh 3HAJJOOUTHCS YHIKAIbHI TEXHIUHI

MIXO/IH.

BBeneHHs1 IOMMJIOK Yepe3 BUNPABJICHHS

1106 BinMmoOBiCTH HA MHTAHHS YU MPU3BOJIUTH BUTIpaBiIeHHS moMuiaku DNN

JI0 HOBOI MOMWIKY, OYyJIO MpOaHaIi30BaHO BUITAJKOBO BHOpaHI BHUIpPABJICHHS
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3 Stack Overflow , mo6 3po3ymitu, 4u MOXKe BUIPABICHHS IOMIJIKHA PUBECTH IO
MOSIBU HOBOI MOMMJIKM. By mpouwTaHi BIANOBiAI Ha BiAMOBiAI, BHOpaHi 3a
JIOTIOMOTOI0  KpuTepiiB QinbTpanii. byno Bussieno, mo 29% BuIpaBieHb B
BUIAJKOBO 00paHOMY HaOOp1 JaHUX BHOCSATH SIK MIHIMYyM OJHY HOBY IMOMHJIKY B
koai. TyT HOBa moMuiika BKazye Ha Te, IO BUXIJHA MOMUIIKA Oyjia BHUIpaBIIeHA
OImyOJIIKOBAaHUMH PIIICHHAM; POTE PIIICHHS MPEJCTABIA€ HOBY MOMUJIKY, sKa
BIJIPI3HIETHCS BiA BHXITHOT MOMUIKA. lleit pesynpTaT mokasye, Mo OUIBIIICTH
BBEJICHUX ITOMHJIOK BIJHOCSITBCS IO HOBHUX THIIIB, 1 IX IOBEIIHKA IOBHICTIO
BIJIPI3HSAETHCS BiJ MOBEIIHKM OAaThbKIBCHKUX MOMUJIOK. TakoX BUSBJIEHO, IO 301
(55,8%) € HaNOIIBII YAaCTUM BIUIMBOM IIMX HOBHUX ITOMHJIOK, 1 OUIBIICTBH ITUX
MOMMJIOK TOB's13aHO 3 TomMiikoro API (37,9%), a HalOUIbII MOMTUPEHOIO OCHOBHOO
NPUYUHOIO IIUX NOMUJIOK € 3miHa API (34,5% ), Skuii BkItodae 3MiHy a0o MiaNuCH
API, abo mnosuoro imeni APIl.44,8% 1 34,5% HOBUX TIOMMJIOK MOB'SI3aHI
3 Keras i Tensorflow. Bunpagienns momuiok, mos'szanux 3 Caffe, Theano i Torch,

BHOCATH 10,34%, 3,45% 1 6,90% HOBHUX MOMUIIOK BIAIIOBIIHO.

IIpo0siemu B BUIIpaBJICHHI IOMMJIOK

DNN Iloeémophe suxopucmannsi

Hapuanus DNN-mozensiMm Moxe OyTH JTOpPOTMM, TaK SIK BUMAarae CKJIagHUX
OOYHUCITIOBAILHUX PECYPCIB 1 BETUKOTO 00CATY MOMIYEHUX JTAHUX, SIK1 MOXKYTh OyTH
HenoctynHi. [le mpusBeno g0 moBTopHOro BukopuctaHHs DNN-moxenei, mio
CTBOPIOE YHIKAJIBHI MPOOJIEMHU, TaKi SIK aTaka YOPHOTO X0y, BBEJACHHS 3MIIICHHS 1
HEBIJIMOBIIHICT MK HaMipamMu BcTaHoBieHoro DNN-mozem 1 Hamipamu

pO3pOOHUKA.
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base_model = ResNet50 (input_shape= (224, 224, 3),

2| include_top=False,weights=' imagenet’, pooling="avg’)

Y maBeneHoMy Buine mnpukiamai 3 mocta Stack Overflow #4922644714
po3poOHUK xoue moOyayBaTu Bu3HaueHy cTpykTypy DNN wmomenmi ResNet50,
BUKOPHCTOBYIOUM HaOip MmaHMX TIpo pak. HaBueHa wmepexka MPU3BOIUTH
JI0 TIEPEMIArOTOBKH, TaK SIK PO3pOOHHMK HE 3HAaB MPO CTPYKTYpPy MOBTOPHO
BUKOPUCTOBYBAaHOI MOJENl 1 MOTpeOyBaB 3MiHI MEpPEXKI HUISIXOM J0JaBaHHS
BUIIAJIAI0Th 1 MIIJTBHUX IIAPIB JIJIs 3MEHIIIEHHS e(DEeKTy MeperniirOTOBKH.

Biocmeorcysana abo uacmxogo siocmedsicysana nOMuiKa

VY pa3i NOMWJIKK MaJiHHA, 3arajJbHOK CTPATETri€l0 JIOKai3alii MOMUIIKH €
aHai3 MOBLAOMIIEHHS Tpo mNoMuiKy. [Ipore, Oyno BUSIBICHO, IO JIOKaJi3allis
MOMUJIKM Jy’K€ CKJIaJiHa B MporpamMHomy 3a0e3nedeHHi DNN, Tak stk TOMUIKH 1 3001
HE TMOB'sI3aHl MK coboro. Jlmsg imoctpamii po3riistHeMo (parMeHT Koay 3

noBimomuienus Stack Overflow # 3347442415 uuxue.

model = Sequential()
model.add(Dense(hidden size, input dim=input size, init="uniform'))
model.add(Activation( 'tanh'))

y pred = model.predict(X nn)

[eit koa Buga€e HACTYMHUM CIT1J] TOMUJIKHU:
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ttributeError Traceback (most recent call last)
2| <ipython-input-17-e6d32bc0d547> in <module>()

====> 2 y_pred = model.predict (X_nn)
1491 predict (self, X, batch_size=128, wverbose=0):
492 X = standardize_ X (X)
==> 493 return self. predict_loop(self. predict, X, batch_size,

i| verbose) [0]

494
495 predict_proba(self, X, batch_size=128, wverbose=1l):
2|AttributeError: fSequential’ object has no attribute ’_predict’

3 1bOTO MOBIAOMJICHHS TIPO TTOMUIIKY PO3POOHHK MOKE MOYaTH KOMATUCS B
komi ¢yHKIii nporHo3y i o0'ekra Sequential , ame mpoGnema mossrae B
MPOMYIIEHOMY KpOIll KOMIUIALIL. Y 3B'S3Ky 3 LHMM IMIJKIOYEHHS MOJACII He
1HIL1aJI3Y€ThCSA, @ MIOMUJIKA NOLIMUPIOETHCA HAa poOOTY (PYHKIIIT TPOTHO3Y 1 3yIUHSE
npouec HaByaHHA. byno BusBieno, mo 11 3 50 moBimoMieHb HE BKa3zylOTh Ha
MOBIJJOMJICHHS MPO MOMUJIKY, a B 1HIIKX 39, 20 MOBIIOMJIEHb MalOTh BUIIPABIICHHS,
sKe He 301raeTbcsl 3 NOBIAOMIIEHHSIM PO MOMUJIKY.

Lllsuoxi eepcii

Panime oOroBoproBasioch, 10 BeJIMKAa KUIBKICTH BUIIPABJIEHB IOB'SI3aHO 3
HIBUIKAM 301IbIIEHHAM Bepciil 1 3MiHaMu B DNN-01010TeKax.

Y Ttabmuii 4.6 HaBeIEHO KUIBKICTH CHMBOJIIB OIEpaIliii, JOCTYIMHHUX JIJIs
KOokHOI Bepcii Tensorflow , a Takok KUIBKICTH omepariid, ki OyJjM BHIaJICHI,
nepeiiMeHoBaHi ab00 mepeKoH(IrypBaTH B TMOPIBHAHHI 3  MONEPEIHBOIO
Bepciero. byno BusBieno, mo 3 Bepcii 1.14 Ha Bepcito 2.0 Oyno 3mineHo 26%
onepauii. Takox Oyno BuBueHno Keras v2.0, v2.1, v2.2 1 v2.3, 1100 3p0o3yMiTH, 4 €
11 mpoOiaeMa MmomupeHo TiUTbKkH B Tensorflow uun mi. Beranosiaeno, mo mnpu
nepexoni Big v2.0-v2.1, v2.1-v.2.2 1 v2.2-v2.3 BiICOTOK 3MiHH OIlepalliii CTaHOBUTH
6%, 8% 1 4% BinnosigHo. HeTpuBianbHOIO Mpo0OJIEMOI0 TpU  BUIIPaBJIEHI
nporpamaoro 3abesnedeHdss DNN € posnogin ycix nmoeainky API. Jleski 3 mux

OHOBJIEHb BEpCli TAKOXK 3MIHIOIOTH PO3MOALT ycix moBeniHky API, Bukiukarouu
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neskl CckiaamaHi moMuikd. Hwkue mnpencraBieHuid TPUKIAA, B SKOMY 3MiHA
IMOBIPHICHOTO PO3MOJALTY 3MIHIOE BUCHOBOK OJHI€T 1 Ti€l K omepariii 3 pi3HUMHU

BEPCISIMU.

Ta0muns 4.6 — 3minu API Tensorflow. 3mina = # onepaiiiii 3MiHEHO B TIOPIBHSAHHI 3

MIOTIEPETHBOIO BEPCIEI0

Bepcis #- CumBoIiB | 3MiHHU Jata Bumycky
v2.0 (Beta) 6504 2185 07.06.2019
v1.14.0 8363 59 18.06.2019
v1.13.1 3560 39 25.02.2019
v1.12.0 3314 52 01.11.2018
v1.11.0 3145 175 25.09.2018
v1.10.0 3230 N/A 07.08.2018
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5 PEAJIIBAIISI IHOOPMAIIMHOI TEXHOJIOI'TI AHAJII3Y
PE3YJIbTATIB BUKOPUCTAHHS BIBJIIOTEK MAILIMHHOI'O
HABYAHHS Y PEAJIIBAII ITPOEKTIB PO3POBKHU ITPOI'PAMHUX
MPOAYKTIB

JUisi TpUIIBUALIEHHS PO3pOOKM Ta BHSBIEHHS IOMUJIOK Yy peanizalii
IporpaMHUX TPOAYKTIB Oyia po3poOieHa iHQopMaliiiHa CcUCTeMa aHali3y
pe3yabTariB  010JIOTEK MAIIMHHOTO HaBYaHHS. 3a 11 JIOMOMOTOI MO>KHA
IpoaHali3yBaTH KOJI Ta BHU3HAUUTH, YU MICTUTh BIH TOMHUJIKY, SIKa BXKe

obroBoproBaiacs Ha Stack Overflow.

5.1 HaGopu nanmx

HaGopu manux mns Bu3HaueHHs pe3ynbrariB Oynu B3sTi 3 Stack Exchange.
Stack Exchange - e mMepexa BeO-calTIB i3 3alIMTAHHSIMH Ta BIAMOBIASIMHA Ha Pi3HI
TE€MHU, KO’KHA 3 KX OXOILIIOE TIEBHY TEMY, JI€ TUTaHHS, BIJIMOBI/II Ta KOPUCTYyBayl
MIJJIATal0Th IpoLeaypl IpucymkeHHs penyTarlii [34]. Jlns pobotu Oyna B3sita 6a3a
nanux Stack Overflow, sika OHOBIIOETBCSA KOXHOTO JHS. [laHuil cepBic MponoHye
BBecTH SQL 3amuT pe3ynbTaToM SKOTo € csv (paitn 3 mTaHuMU, K1 MOMaIaroTh i

KpuTepii nomyky. Jus Mmozaeni Oynv B3sTI MOJIA K1 IpeIcTaBlieHl B Ta0uii. 5.1.

Tabmuns 5.1 — ATpuOyT nuTaHb Ta BIAMOBIACH

[Tome 3HaYeHHSA Tun
question.ld VYHiKaTbHUH HOMep | int

MTATaHHS
question.CreationDate | /lata ctBopeHHs nuTanHs | datetime
question.ViewCount KinbKicTh nIeperisaiB int
question.Tags Tern nmuTaHHs nvarchar (250)
question.Title 3aroJ0BOK MUTAHHS nvarchar (250)
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question.Body

TekcT nmuTavHSA

nvarchar (max)

question.Score

O1iHKa IUTaHHA

int

answer.Body

TekcT BiamoBial

nvarchar (max)

answer.Score

OuiHKa BiamoBial

int

106 oTpumaT He0OXiMHI Habopu gaHuX OyB cTBopeHuit SQL 3anuT. Jlanuii

3aIUT BKJIIOYAE BC1 MOJIA, K1 OyJIM BKa3aHi B Tabiuill 1, Ta Mae HacTyITHI YMOBH:

— PpEWTHHT BIANOBII OuIbIIE 4;

— TUI0 BIAMOBI/I HE IOBUHHO OYyTH IyCTE;

— TUIO MUTAHHS HE MOBUHHO OyTH IyCTE;

— TEry MUTaHHS MOBUHHI MICTUTH HA3BY IIyKaHO1 010J110TEKH;

— nuTa"Hs Oyno ctBopeHe micid 1-ro ciuns 2016 poky.

SELECT

question.ld,

question.CreationDate,

question.ViewCount,

question.Tags,
question. Title,
question.Body,
question.Score,
answer.Body,
answer.Score
FROM
Posts question
LEFT JOIN

Posts answer

ON answer.ld = question.AcceptedAnswerld

AND answer.PostTypeld = 2

WHERE

question.PostTypeld = 1
AND answer.Score > 4

AND answer.Body IS NOT NULL



AND question.Tags LIKE '%<tag_name>%'

AND question.Body IS NOT NULL

AND question.CreationDate > '2016-01-01'

ORDER BY

question.CreationDate ASC

65

[Ticnst 3aBaHTakeHHA BCiX (haiiiiiB, KIJIbKICTh 3aIMUCIB JIJIs1 KOXKHOI 010110TeKH

MpeacTaBiIeHo B Tabymin 5.2. Bchoro, KinbKicTh 3amuCiB — 6773.

Tabnuns 5.2 — KutbKicTh 3anuciB y 610110TeKkax

bi6miorexn KinpkicThb
Caffe 184
H20 52
Keras 1559
Mahout 20
Milib 166
Scikit-learn 1405
Tensorflow 3083
Theano 147
Torch 95
Weka 62

5.2 Peanizauis moaesi

J1J1st 3YuTyBaHHS 3aITUCIB 3 HAOOPIB TAHUX TaM MOJIAIBIITNX MaHIMyJIAIIH Oyia

BHUKOpHCTaHa Oi0ioTeka pandas [35].
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Pandas - me OiOmioTeka 3 BIZKPUTHM KOJOM, IO 3abe3medye
BHCOKOTPOAYKTHBHI, MPOCTI Y BUKOPUCTAHHI CTPYKTYpHU JTaHUX Ta 3aco0U aHaTi3y
JaHUX JUIsl MOBH NporpaMmyBanHs Python.

CKpHUIIT 3YMTYyBaHHS TaHUX 300paXkeHO Ha pUCYHKY S.1. [lst BuganeHHus Bcix
IyCTHX 3Ha4YeHb OYB BUKopucTaHui Metoxa dropnal).

In [3]:  #Caffe

df_caffe = pd.read_csv("./data/Caffe.csv", nrows=184)
df_caffe = df_caffe.dropna()

#H20

df H20 = pd.read csv("./data/H20.csv", nrows=52)

df H20 = df H20.dropna()

#Keras

df_Keras = pd.read_csv("./data/Keras.csv", nrows=1559)

df_Keras = df_Keras.dropna()
# Mahout
df Mahout = pd.read csv("./data/Mahout.csv”, nrows=20)

df_Mahout = df_Mahout.dropna()
# mLLib
df_mllib = pd.read_csv("./data/Mllib.csv", nrows=166)

df_Mllib = df_mMllib.dropna()

# Scikit-learn

df Scikit learn = pd.read csv("./data/Scikit-learn.csv”, nrows=14605)
df_Scikit learn = df_Scikit_learn.dropna()

# Tensorflow
df_Tensorflow
df_Tensorflow
# Theano

df Theano = pd.read csv("./data/Theano.csv"”, nrows=147)

pd.read_csv("./data/Tensorflow.csv", nrows=3083)
df_Tensorflow.dropna()

df_Theano = df_Theano.dropna()

# Torch

df_Torch = pd.read_csv("./data/Torch.csv", nrows=95)
df_Torch = df_Torch.dropna()

# Weka

df_Wekka = pd.read_csv("./data/Weka.csv", nrows=62)
df_Wekka = df_Wekka.dropna()

Pucynok 5.1 — 3untyBanHs gaHuX 3 (ailiib

O06’enHanHg Bcix gata ¢ppeitmMiB B oquH (puc. 5.2).

In [16]: df = pd.concat([df caffe,df H20, df Keras,df Mahout,df M11lib,df Scikit learn,
df Tensorflow,df Theano,df Torch,df Wekka])

Pucynok 5.2 — O0’eqHanHs Aata QppeiimiB

CrtBopenuii nata dpeitm Mae HactynHuit Burisig (puc.3). Komonka “Body.1”

— 1€ TLI0 BIAMOBIL, “Score.1” — peUTHHT BiIMOBIII.



Id

CreationDate ViewCount

Tags

Title

Body

Score

Body.1
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Score.1

0 27890137

1 27986339

2 28171577

3 28177298

4 28692200

2015-01-11
17:44:37

2015-01-16
14:39:56

2015-01-27
13:22:44

2015-01-27
18:17:48

2015-02-24
09:33:33

9120

1847

3066

30950

724

<C++><Macos><opencv:=
<osx-yosemite><caffe>

<machine-learning=
<neural-network><deep-

learni..
<python=><lua><caffe>
<torch=

<python==caffe=

<python==caffe=

Pucynok 5.3 — Indopmariis nata ppeiimy

Undefined symbols for
architecture x86_64: for..

Where can | find the label
map between frained..

How to get a layer from a
caffe model using torch

Import caffe error

Using GPU despite setting
CPU_Only, yielding u_.

<p=| got this error for <a
href="http://caffe ..

<p=everyone, | am new to
caffe. Currently, | t.

<p=>In python when | want
to get the data from ...

<p=i compiled caffe
successfully in my ubuntu

<p=I'm installing Caffe on
an Ubuntu 14.04 vir..

4

2

<p>Solvedl</p=\nin<p>
<code>cv:imread(cv::Stri..

<p=If you got
<code>caffe</code> from
gityou .

<p=First of all please note
that <a href="http...

<p>This happens when
you have not run
<code>ma...

<p=I'm gonna add a few
words to Mailerdaimon's .

JIJist MOpIBHAHHS BX1JIHUX JAHHUX 3 MUTAHHAM OyB BUKOPUCTAHUUN aJTOPUTM

Perkmdd-Ob6epuiensna, sskuii OyB npexncraBieHuid B po3aum 1.4. Jlanuii meton

peamnizoBano B 616mioTer difflib [36]. CtBopena QyHKIS similarity, IKa IpUiiMae

JIBa apT'YMEHTH, a cCaMe TEKCTH, Ta MIOBEPTAE PEUTUHT CXOXKOCTI (puc.5.4).

class difflib.SequenceMatcher - me rHyukmii kimac AJis TOPIBHSHHS Tap

HOCJIi,Z[OBHOCTGﬁ 6yI[b-$IKOFO THUITY, 3@ YMOBH, IO CIICMCHTH HOCJ'IiI[OBHOCTi MaroTb

xeml. O0'eKT MOXKHA XeIlIyBaTH, SKIIO BIH Ma€ XelI-3HAYEHHS, SKE HIKOJM HE

3MIHIOETBCA TPOTATOM YCHOTO JKHUTTA, 1 HOro MOXKHAa TMOPIBHATH 3 I1HIIUMHU

00'ekTamu.

ratio() — wmerox wiacy difflib.SequenceMatcher, sxuit moBeprae Mipy

CXO0KOCTI TocaigoBHocTel B miama3oHi Bix 0 mo 1. [le 0 — Hemae cxoxocrti, a 1 —

MOBHA CXOXICTh.

difflib.SequenceMatcher(None, normalizedl, normalized2).ratio()

Pucynok 5.4 — Peanizaiiis mopiBHSHHS JIBOX TEKCTIB



5.3 JemoHcTpalis podoTu

Po3pob6iena indopmariitHa cucteMa Mae iHTepdeic, TMpeacTaBICHUN Ha

PUCYHKY 5.5, AKul MICTUTBH ABa ejaeMeHTa. [lepmmii — 11e moie textarea y sIKHid

NOTPIOHO BBECTHU TEKCT/IPOTPAMHUNA KOJ MAJIsA aHajily BUKopucTaHHs. Jpyruit

CJICMCHT — IIC KHOIIKA ITOIIYKY, JdKa 3allyCKac (I)YHKHIIO BUKOHAaHHA MOI[@J'Ii.

In [4@]: Start()

Type something 1
Search 2

Pucynok 5.5 — BigoOpaxeHHs iHTepQeicy 1HPpOopMaLiifHOI CHCTEMHU

Po3pobena cucrema mae epeBIpKy Ha IycTe moJje BBeaeHHs(puc.5.6).

In [101]: Start()

Type something

Search

Enter text, please

Pucynox 5.6 — IlepeBipka nosist BBeACHHS

BceTraBneHuilt KoA/CKpUNT TOPIBHIOETHCS 3 KOXKHUM «TIJIOM»  BIJIOBIIL.

[TopiBHsIHHA BiAOyBaeThCsd (QYHKIEW similarity, SKHUM BHU3HAYA€ PEUTHHT

CXO0XOCTI JBOX TeKCTiB. OCKUIbKM, 3MIHUBIIM TOPSAOK TIEpeadi apryMeHTIB,

(GyHKIIIST MOKE TOBEPHYTH Pi3HI PE3yabTaTH, OyJIO IPOBEICHO JBa MOPIBHIHHS :
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— TEepIIMM apryMeHTOM (YHKIII MepeaaBaiuch JaHi poOOTH, IPYTUM
apryMEHTOM TIepeiaBaBcs TeKCT MUTaHHA 3anucy i3 Stack Overflow;
— TepmuM apryMeHToM (YHKIIIT mepeaaBaBcs TEKCT MUTAHHS 3aInCy 13
Stack Overflow, npyrum - nani podoTH.
[TopiBHSIHHS 3aMKMCyBaINCh B OKPEMOMY CTOBOII y aTa (ppeiimi.

PesynpTaTomM pobOTH € 3amuc, SKUM Ma€ HaOUIBITY CXOXICTh (CymMa JIBOX
MOPIBHSHB) 3 BBEACHUMH JMaHUMH. SIKIO HaWOLIBIIIA CyMa CXOXKOCTI MEHIIE
3HaueHHs 0.01 — To BBaxkaeThbcsl, 110 Pe3yabTaT HE 3HaAeHui (puc.5.7).

Sxmo pe3ynbTar 3HalAeHW, TO BiH Oyjle CKIadaTHCS 3 TPhOX YaCTHH.
[Ipuknan pesynbrary 300paxeHud Ha pucyHKy 5.8. Ilepmmii eneMeHT — TekcT
BinoBial. Jpyruii enemMeHT — OCHOBHa iHdopmarlisi mpo 3anuTaHHs 13 Stack
Overflow. A came: MoOCWIaHHS HAa CaWT 3 MUTAHHSAM, OLlIHKA NMHUTAHHS, OIlIHKA
BIJIMOBI/I1, JaTa CTBOPEHHS, KUTbKICTh IEPETJISA/IIB, TETH 3aUTaHHs. TpeTiii e1eMeHT

— 3aroJI0BOK 1 T1JIO ITUTAHHS.

In [1@2]: start()

Lorem ipsum dolor sit amet, consectetur
adipiscing elit, sed do elusmod tempor incididunt

ut labore et dolore magna aliqua. P
:

Search

Answer not found!

Pucynok 5.7 — Tekcr He 3HalIeHOT BIAMOBI1



In [109]:
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start()

df = quandl get(WIKI/GOOGL")
X = np array(df)

Search

Answer

The preprocessing.scale() algorithm puts your data on one scale. This is helpful with largely sparse datasets. In simple words,
your data is vastly spread out. For example the values of X maybe like so:

X =11, 4, 400, 10000, 100000]

The issue with sparsity is that it very biased or in statistical terms skewed. So, therefore, scaling the data brings all your values
onto one scale eliminating the sparsity. In regards to know how it works in mathematical detail, this follows the same concept
of Normalization and Standardization. You can do research on those to find out how it works in detail. But to make life simpler
the sklearn algorithm does everything for you !

Link

Score of question: 15. Score of answer: 19.
Created: 2017-02-19 08:39:21

View Count: 19363

Tags:

"<python><python-3.x><machine-learning><scikit-learn>’

Title

What preprocessing.scale() do? How does it work?

Question

Python 3.5, preprocessing from sklearn
df = quandl.get('WIKI/GOOGL")

X = np.array(df)

X = preprocessing.scale(X)

Pucynok 5.8 — Pesynbprar anainizy BBEICHHX JaHUX
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BUCHOBKU

3pocTaroue BUKOPUCTaHHS MAlIMHHOTO HaBYaHHS B PO3POOI MPOrpaMHOIro
3a0e3MeYeHHsI BIIKPUIIO HOB1 JTOCIITHUIIBK] 3aBAAHHS JJIs TOCII1THUKIB TTIOBTOPHOTO
nomyky. B poOoTi IoCHiKyeThess NedKi TpoOjeMu, 3 SKUMH CTUKAIOThCS
PO3pOOHHUKH 1 SIKI BUMAraroTh HETaifHOI yBaru sik 3 00Ky JOCTIAHHKIB, TakK 1 3 OOKY
po3pooHukiB API. KitouoBi BUCHOBKHM MOKa3yIOTh, 110 TIPH PO3pPOOIT, MIBUAIIC 32
BCE, 3ITKHYThCS 3 TPYIHOILIAMH, B MEPIILY YEPTy, IPH MIATOTOBII JaHUX, CTBOPEHHS
MOJIeJIl 1 HaBYaHHI Ha eTanax po3poOKM MAlIMHHOTO HaBYaHHsA. Bcl 11l BUCHOBKH
BKa3ylOTh Ha pPO3pOOKY HOBHUX MPUHIUMIB 1 mapagurm s po3poOku APl mns
MalIMHHOTO HaBYaHHS 1 pI3HUX IHCTPYMEHTIB CTATUYHOTO aHAMTI3y.

byno MIPOBEJICHO KOMIUIEKCHE JOCIIIKEHHS IS PO3YMIHHS
3aKOHOMIPHOCTEM BUHHUKHEHHS MOMMJIOK MPHU PO3poO0Il MPOrpaMHOro HNPOAYKTY.
byno BuUsBIEHO, 110 ICHYIOTh JESKI YHIKaJIbHI IIA0JIOHM MOMWJIOK, Taki sk IPS,
MOMUJIKA TMOTOKY JaHUX 1 TTOMHUJIKA CTBOPECHHS MOJCNCH, sIKi BIAPI3HSIOTHCS BiJI
IHIIKUX obJlacTel po3poOKU mporpaMHoro mpoaykry. Ile o3Hadae, 1o moTpioH1 HOBI
BU/IM BIJUIaJTHUKIB 1 J€TEKTOPIB MOMUJIOK, K1 JOMOMOXYTh B pO3p00LIl IPOrpaMHHIX
MIPOTYKTIB.

bynu 3HaiigeHi Jeski HOBI MOJEJl BUIPABJICHHS, TaKi K BHUIIPABIICHHS
MIJKITIOUYEHHS 10 MEPEeXi, BUMPABICHHS PO3MIPIB JaHUX, PO3MIpPIB (PIKCYyIOUOTro
mapy 1 T.1., SIKIi € HOBUMH 1 YHIKQJIbHUMU JJI PO3POOKH MPOTPAMHUX MPOIYKTIB.
[Mabnonu (ikcamii MOXyTb OyTH BUKOPUCTaHI JJIsi aBTOMATH3alli BUMPABIECHHS
MOJENEN.

Takoxx Oyno 3ampONOHOBAHO AaBTOMATHYHY METOAMKY  BHSBJICHHS
3noBxkuBaHb API, nomyuieHux po3poOHUKaMHU.

3anponoHoBaHO  iHGOpMaliiHYy  TEXHOJOTII0  aHali3y  pe3yJbTaTiB
BUKOPHUCTaHHs O10J110TEK MAIIMHHOTO HaBYaHHsS, JJIs ii ampobarili po3poOsieHo

1H(opMaIliiHy cucTeMy.
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JTOJATOK A

IlnanyBaHHs pooiT

Po36uttss poOoT Ha MeHII 3aBAaHHS - 1€ 3arajdbHUN MpHIIOM
IPOAYKTUBHOCTI, SIKHH BUKOPUCTOBYETHCS AJISL TOTO, 11100 3poOUTH poOOTYy O1IbII
KepoBaHOIO Ta goctynHowo. s npoektiB CtpykTypa posnoairy pooit (WBS) €
THCTPYMEHTOM, SKHH BUKOPHCTOBYE IF0 TEXHIKY, 1 € OJHHM 3 HAWBa)KIUBIIINX
JIOKYMEHTIB yNpaBIIiHHS MpoekTaMu. BiH 0/1HOOCIOHO iHTErpye 0a30Bi MOKA3ZHUKU

o0csry, BapTocTi Ta rpadiky, 3a0e3nedyroun y3ro/KEHICTh MJIaH1B MTPOEKTIB.

Hamsnrrysames
wozeni

BHIPARICHE

‘ Tocaimaema mmpaRTems: |

sia BIT Ha ockonl asanisy

‘ JlocTimKeHRA MOMITOK |

breakdown structure)

Pucynok A.1 — Ta6muusa WBS (work

TaHix

Obpobka

THEIHA TDTMETHO FaTys

| Jos



IToOynoBa kasienaapuoro rpagiky Bukonanus I'T — npoekry

JIJisi BU3HAUEHHA 4acy 31MCHEHHS 3aXO/iB, CIPSIMOBAHUX Ha JOCATHEHHS
[1JIeH MPOEKTY, 1 JIsl BCTAHOBJIEHHS B3a€MO3B'SI3KIB MK HUMHU IO TUMYACOBOMY
napameTpy 3 ypaxyBaHHSIM HalO1IbII PU3UKOBHX MO, CKIIATA€THCS KaJCHIapHAN

IUIaH MPOEKTY.

B pe3ynbTaTi CTBOpPEHHS KaJeHAApHOTO IUIAHY BHXOAWUTH TIOBHE MPOCKTHE
pO3KJIaJl, IO BPAaXOBY€ TPUBAIICTH POOIT 1 pecypcHy O0a3y, HEOOXITHY s

BHUKOHAHHS ITPOCKTY.

Hirpama ['anTa mnpeacTaBisieThCs CMyramMH, 30pPIEHTOBAHI B3JIOBXK OCI
(mKanm) yacy Tak, 110 KiHellb 1 MOYaTOK KOKHOI CMYTH BIJINOBIIA€ Yacy MOYaTKy 1
KiHIg poOOTH MO BUKOHAHHIO 3aBAaHHs. BiamoBigHo, M0oBXKWHA miarpamu ['aHTa
JIO3BOJISIE  BU3HAYUTU  TPUBAIICTH  BUpOONeHoi  poOotu. Ha  iHmmin
(meprneHauKyISpHii) MIKaIO MHKYIOTHCS BUKOHYBaH1 3aBAaHHs. CTOBIYUKH, 110
MPEACTaBISAIOTh Il 3aBJaHHS, B3a€EMOIIOB'SA3aHI MK co00r0, a iX 3B'I30K

Bi/IOMBA€THCA (DITYPHUMH CTPLITKAMH.
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I[InanyBaHHA PU3HKIB IPOEKTY

Hetamzaris metu npoekty meromoM SMART. PesynsraTtén meramizaiii

MetosoM SMART po3mimieni y Tabmaumi A.1.

Tabmums A.1 — [eram3amis metu MetogoM SMART

Specific CrtBopuTH MOnEh Ta iH(GOPMAIIWHY TEXHOJOTII0 aHaTi3y

(KOHKpeTHa) BUKOpPHCTaHHS O10J10T€K MAaIIMHHOTO HABYaHHSI Yy
peanizalii NPOeKTIB pO3pOOKH MPOTPAMHHUX MPOIYKTIB

Measurable Bu3HaueHHS TOMMIIOK B pealtizallii MpOEeKTIB pPO3pOOKH

(BUMIproBaHa) IPOrpPaMHUX MPOJTYKTIB

Achievable ABTOMaTHYHO BU3HAYATH IIOMUJIKY TIPU peati3allii MpoeKTiB

(ocsxHa) pPO3pOOKM TPOTpaMHUX MPOAYKTIB 3 BHKOPHCTAHHIM
JITOPUTMIB MAIlIMHHOTO HABYAHHS

Relevant [Ipuckoput mpouec po3poOKH MPOTPaMHUX HPOIYKTIB 3

(peasicTuHa) BUKOPUCTAaHHAM MAIIMHHOTO HABYAaHHSA JONOMAararyu

BU3HAYNUTH IIOMHJIKH

Time-framed PeanizyBaTi HeoOXimHWi (DyHKIIOHAT MOJEN HE Ti3HIIIE
(oOMerkeHa y yaci) | 3allJJaHOBAHOTO 13 3AMOBHHMKOM TEPMIHY.

YupasiiHHs pU3HKAMU

JIo OCHOBHUX PH3UKIB MoOJedl Ta I1H(QOpPMAIIWHOI TEXHOJIOTII aHami3y
pe3ynbTaTiB BUKOPUCTAHHS 010J110TEK MAIIMHHOTO HAaBYaHHS y peai3allii MPOeKTiB

PO3pOOKHU MPOTPAMHUX MPOIYKTIB BITHOCITHCS:
— 3MIHa IIJIe Y X011 peai3allii MpoeKTy;
— 3MiHa CTPOKIB BUKOHAHHS pOOOTH;
— HE NMPaBWILHO 00pOOJICHI J1aHi;
— JIOJICBKUN (hakTop;

— BIJICYTHICTb KBaJi(h)iKOBAaHOTO MPOTPaMICTa;
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— 3POCTAaHHA BUMOT 10 MPOEKTY;

Hlkana OIIHKM PHU3UKY MOXKE BIAMOBIAATH EMIIPUYHINA IIKadl OLIHKH

pu3uKy(1uB Ta0. 2):

5 6amu - kputnyaui pusuk (0,81 - 1);
4 0anm - Baromuii pusuk (0,61 - 0,8);
3 6anu — nomipuuii pusuk (0,41 - 0,6);
2 6anu - Hesnaunuii pusuk (0,31 - 0,4);
1 6an - irHopyetbes pusuk (0 - 0,3).
R =P * L, ne R — piBens pusuky; L — BrpaTu, P — iMOBIpHICTh BUHUKHEHHS.

Tabmuusa A.2 — Pusuku npoexrty

Ne | OG’ekT pusuKy P L R

1 | 3miHa mijei npoexTy 06 |05 |03
2 | 3MiHa CTPOKIB MPOEKTY 05 |05 ]0,25
3 | HenpaBuibsHO 00po0OsieHi JaHi 0,9 0,9 0,81
4 | JIroncekuit (hakTop 0,4 0,3 0,12
5 | BiacytHicTh kBamigikoBaHOTO pOOITHUKA 05 |06 1|03
6 | 3pocTaHHsS BUMOT 10 MOJE1 0,3 0,3 0,09
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JIOJATOK B

Kon indopmariiitnoi moaeni:

import pandas as pd # data processing, CSV file I/0 (e.g. pd.read csv)
import difflib

from IPython.core.display import display, HTML,clear output

from ipywidgets import interact, interactive, fixed, interact manual
import ipywidgets as widgets

In [2]:
def similarity(sl, s2):
normalizedl = sl.lower ()
normalized2 = s2.lower ()

return difflib.SequenceMatcher (None, normalizedl, normalized2) .rat
10/()
In [3]:
#Caffe

df Caffe = pd.read csv("./data/Caffe.csv", nrows=184)
df Caffe = df Caffe.dropna ()

#H20

df H20 = pd.read csv("./data/H20.csv", nrows=52)

df H20 = df H20.dropna/()

#Keras

df Keras = pd.read csv("./data/Keras.csv", nrows=1559)
df Keras = df Keras.dropna ()

# Mahout

df Mahout = pd.read csv("./data/Mahout.csv", nrows=20)

df Mahout = df Mahout.dropna ()

# MI11ib

df Mllib = pd.read csv("./data/Mllib.csv", nrows=166)
df Mllib = df Mllib.dropna ()

# Scikit-learn
df Scikit learn = pd.read csv("./data/Scikit-learn.csv", nrows=9999999

)
df Scikit learn = df Scikit learn.dropna/()
# Tensorflow

df Tensorflow = pd.read_csv("./data/Tensorflow.csv", nrows=3083)
df Tensorflow = df Tensorflow.dropna ()

# Theano

df Theano = pd.read csv("./data/Theano.csv", nrows=147)
df Theano = df Theano.dropna ()

# Torch

df Torch = pd.read csv("./data/Torch.csv", nrows=95)

df Torch = df Torch.dropna ()

# Weka

df Wekka = pd.read csv("./data/Weka.csv'", nrows=62)

df Wekka = df Wekka.dropna ()
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In [4]:
df = pd.concat ([df Caffe,df H20, df Keras,df Mahout,df Mllib,df Scikit
_learn,

df Tensorflow,df Theano,df Torch,df Wekka])

In [5]:
def search(sl, df):
for index, row in df.iterrows():
~df.loclindex, 'Similarity'] = similarity(row['Body'], sl)
# _df.loc[index, 'Similarity'] = 0
return df.sort values(by='Similarity', ascending=False)
In [0]:
def Selector (x):
sel.value = x
In [7]:
button = widgets.Button (description="Search™)
output = widgets.Output ()
Textarea = widgets.Textarea (
value="",
placeholder="Type something',
description="",
disabled=False
)
In [8]:

def displayA (ans) :

display (HTML ('<h2>Answer</h2>"))

display (HTML (ans['Body.1"]))

display (HTML ('<a href='+ "https://stackoverflow.com/questions/" +
str(ans['Id']) + '>Link</a>"))

display (HTML ('<p>Score of question: <i>' + str(ans['Score']) +

'</1>. Score of answer: <i>' + str(ans]['Score.l']) +

'</i>.</p>"))
display (HTML ('<p>Created: ' + str(ans['CreationDate']) + '</p>"))
display (HTML ('<p>View Count: ' + str(ans['ViewCount'])+ '</p>"))
display (HTML ('<span>Tags:' + ans['Tags']+ '</span>'"))
display(ans['Tags'])
display (HTML ('<h2>Title</h2>"))
display (HTML (ans['Title']))
display (HTML ('<h2>Question</h2>"'))
display( HTML (ans['Body']))
In [9]:

def on button clicked(b):
if Textarea.value == '':
print ('Enter text, please', end="\r")
else:



new df = search(Textarea.value,

if new df.iloc[0]['Similarity']
print ("Answer not found!'")
else:
displayA (new df.iloc[0])

button.on click(on button clicked)

def Start():
display (Textarea,button)

Start ()
df = quandl.get('WIKI/GOOGL') X = np.array(df)

df Scikit learn)
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