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1.Tema: MonaemroBaHHsT CUCTEMHU aHaII3y moBeMIHKHA KopuctyBadiB IT mpoaykry 3a
JIOIIOMOTOK METOJIIB MAIITMHHOTO HABYAHHS

3aTBEpHKEHA Haka30oM 110 1HCTUTYTY Ne 02-30 811 20.10.2023 p.

2. Tepmid 371241 CTYIEHTKOXO 3aKiHUeHoi podotu: 16.12.2023 p.

3. Ilepenik muTaHk, 10 MUIETAOTL po3pobir (antibotan.com)
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. I[IpoananizyBaTv oTpuMaH1 Pe3VJbTaTU
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8. 3axucT 17.01.24
MaricTepchbKoi
JTUTIIOMHOT pOOOTH

Jata Bumaui 3aBnanss: 05.10.2023 p.

KepiBHuK Marictepcbkoi podoTu C.I. JleBuubkuii
(migmuc) (npi3BuILe, 1HIIATN)
3aBJlaHHs OTpUMAJIa 0 BUKOHAHHS H.O. Isanuenko
(miamuc cTyaeHTa) (mpi3BHIIE Ta 1HIIIATN)
PEDEPAT

Maricrepebka aumiomua podora mictuts 98 ctopinok, 1 Tabnuito, 51 pucyHok, 2
noJaTku, 38 010a10rpa@1yHuX MOCUIIaHHS.

O06’exToM JOCIIHKEHHS € BUKOPUCTAHHS METO/[IB MAIITMHHOTO HABYaHHSA, a caMe
KJIacTepu3allii 1Jig aHalli3y NoBeAiHKN KopucTyBauiB [T qoaatky.

[IpenMeToM MAOCHIDKEHHS € HayKOBO-METOJAWYHI 1 MPAaKTUYHI MIAXOIU MO
mojenoanns 1 (77.93.36.128) mporpamyBaHHs CHCTEMH aHaJi3y TOBEIIHKH
kopuctyBauiB [T nogaTtkom.

B mepmomy po3aun  3aiMCHEHO JeTadbHUM OTJISAA MPEeIMETHOI 00JacTi.
Jlociipkeno (library.econom.zp.ua) npUYMHHO-TIOBEIIHKOBHI KapKac JUIs aHali3y
BEIIMKUX JaHWUX. PO3MISIHYTI THMM CydacHOi aHamiTHKHA. [IpoBeneHO MOCTiKEHHS
CUCTEMU aHaII3y JaHUX MIPO MOBEAIHKY KOPUCTYBayiB

Y npyromy posaun mposeaeHo orisa  (library.econom.zp.ua) apxiTekTypu
MIKpOCEpBICIB Ta 3ac00iB Bizyamizamii. OOpaHo MoOBy mnporpamyBanHs Python s
aHami3zy ganux Ta A/B TecT sk croci® BU3HAUEHHS peakilli KopucTyBayiB Ha 3MiHH B [T
MPOYKTI

B tpersomy posmini  (library.econom.zp.ua) oOGrpyHTOBaHO BHKOPHUCTAHHS
MaIlIMHHOTO HABYaHHS ISl aHai3y JaHuX. BuOpaHO 1 ONMMCAaHO KJIacTEpHU3alliio SK
THCTPYMEHT NMPOIyKTOBOI aHATITUKHU. PO3IIsTHOYTO METOIM Ta MOJIEN1 BUPILLIEHHS 3a7a4
Kiractepu3aiii. HaBemeHo pukIta allropuT™ K-CepeHix 1 0COOIMBOCTI HOTO peatizaltii

Ha Python. PeanizazoBano kiactepHuil aHami3 Ha MpUKIaAl 3aJ1aHOi 0a3u TaHUX.
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B derBepTOoMy pO3/1J1 HaBEACHO KOHIIEMIIID PO3POOKH MIKPOCEpBICIB Ta
BIIPOBA/PKEHO PO3pOOJICHI MOEN y aHaIITUYHUNA MikpocepBic. MiKpocepBic MoOxke
3HAaXOJIUTUCH K Ha JIOKAJILHOMY XOCTI Ta 1 B MEPEXkK1 IHTEPHET, B MOJIEJb MEePEAarOThCs
MeBHI MapaMeTpu KII€EHTa 1 BOHA Ha IUX JaHUX (OPMYye€ MPOTHO3, SKHK IO CYTi €
HOMEpPOM HMOBIPHOTO KJIacTepy 10 skoro Tpeba BimHecTu 1pboro kimenra.llokazano

METO/IH OIIHKM €(pEKTUBHOCTI BIPOBAKEHHS 3MiH Y JOJIaTKY.
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BCTVII

BaxnuBicTh BETMKUX JaHUX JJs KOMIIaHIi BaXXKKO MEPEOLIHUTH y Cy4aCHOMY
013Hec-nanamadri. Och KUIbKa KJIIOYOBHX aCMEKTIB, YOMY BEJIMKI JaHl € KPUTUYHUM
pPECYpCOM JJIsi KOMITaH1M:

Benuki gaHi HajarOTh KOMIIaHISIM BEJUKI 0OCATH 1H(popMallii, Ha OCHOBI SIKHX
MOKHa TpUMaTH OOIPYHTOBaHI CTpPATErivyHi Ta ONepaliiiHi pllieHHS. AHa3 JTaHUX
JI03BOJISIE BUSIBJISITH TEHJEHINT, pO3yMITH MOTPEOM KIIIEHTIB, ONMTUMI3yBaTh Oi3HEC-
MPOILIECH Ta MPUIUMATH PIIIEHHs, IO TPYHTYIOTHCS Ha (akTax, a He Ha MPHUITYIICHHSX.

Benuki gaHi 103BOJISIOTH KOMITaHISIM TJIMOIIE PO3YMITH CBOiX KIIIE€HTIB. AHaI3
MOBEJIHKHM KIIEHTIB, MEpeBar, BIATYKIB Ta B3a€MOAIl 3 MPOAYKTAMH YU MOCIyraMu
JoTioMarae CTBOPIOBATH CIeIliaibH1 TPOMO3UIIIT Ta 3MIITHIOBATU BITHOCUHU 3 KJII€EHTAMH.

3 ypaxyBaHHSM NHX (AKTOPIB BEJMKI JaH! CTalOTh HEBIA'€MHHM 1HCTPYMEHTOM
JUIsl KOMITaHiM, sIKI IparHyTh OyTH YCHIIIHMMH, 1HHOBAalIMHUMU Ta aJanTOBAaHUMHU [0
YMOB PUHKY, III0 IIBUAKO 3MIHIOIOTHCH.

Ji1g aHanizy BETUKUX JaHUX BUKOPHUCTOBYIOTh METOJIY MAallIMHHOT'O HAaBUAHHS, SIKi
JO3BOJISIIOYM  OTPUMYBATU IIHHY 1H(QOpPMAILIIO, BHUSBISATH 3aKOHOMIPHOCTI 1

MPOTHO3YyBaTH MaiOyTHI TeHneHiii. B marictepcbkiii poOOTI BUKOPUCTAaHO OJIMH 3



METO/11B MAaIlIMHHOTO HaBYaHHS, a caMe KJIACTEPHUI aHai3, IKUi I03BOJIUB 3rpyIyBaTH
kopuctyBauiB [T mogaTky Ha OCHOBI iXHBOI ITOBETIHKH.

00’ exTOM JIOCITIHKEHHS € BUKOPUCTAHHS METO/[IB MAaIlTMHHOTO HABUaHHS, a CaMe
KJIacTepu3allii jis aHaji3y moBeAiHKu KopucTyBauis IT qomaTky.

[IpeameToM MAOCHIIPKEHHSI € HAayKOBO-METOAMYHI 1 MNPAKTU4YHI MIAXOAH [0
MoJielroBaHHs 1 mporpamysanns (library.econom.zp.ua) cucremMu aHamizy MOBEHIHKA
kopuctyBauiB [T mogaTkom.

Jnsa pocsrHeHHST MeTH Oyld TIOCTaBlEHI 1 BUpIIIEHI HACTYNHI 3aBOaHHS: -
BHU3HAYEHO CYTHICTh MPUYMHHO-TIOBEAIHKOBOIO KapKacy JJIsl aHalli3y BEIMKUX JaHUX;-
MpOaHaATI30BaHO THMHW AaHATITUKH; - 3IIMCHEHO OIJISAJ 1HCTPYMEHTIB PO3POOKH
MIKPOCEpPBICY; - OOpaHO KJIacTepu3allilo SIK 1HCTPYMEHT MPOAYKTOBOi AHAIITUKH; -
OoOrpyHTYBaHO MOJEJNIb BUPIIICHHS 3a/a4 KJlacTepH3allli; - CTBOPEHO MIKPOCEPBIC IS
Kjactepu3zauii kopuctyBadi [T npoaykry.

HaykoBa HoBu3Ha. IlpoBeleHO aHaii3 OCHOBHUX MPUHIMUIIB PO3POOKHU
MIKPOCEPBICIB; OOrpyHTOBAaHO BUKOPUCTAHHS MAITMHHOTO HABYAHHS JJIsl aHAJI3Y JaHUX,
BUOpaHO 1 ONHMCAHO KJIACTEPU3ALIID SK 1HCTPYMEHT MPOAYKTOBOI aHANITHKH,
PO3IIITHOYTO METOJM Ta MOJIENl BHUPIIIEHHS 3aJlay KJIacTepu3allii, HaBEeJIEHO MPHUKIIAT
aQITOPUTM K-CepeAHiX 1 ocoOJMBOCTI Horo peanizamii Ha Python, peanizazoBaHo
KJIACTEpHUI aHaJi3 Ha MPUKJIaAl 33J1aHOi 0a3u JaHUX Ta IHTErPOBAHO B MIKPOCEPBIC.

[IpakTruHa MIHHICTH POOOTH MOJSATAE B HACTYITHOMY. Y pOOOTI HABEACHO MPUKIIA
poOOTH PO3POOJICHOTO MIKPOCEPBICY, IKUN MOXKE 3HAXOUTUCH SIK HA JIOKAJIbLHOMY XOCTi
Ta 1 B MEPEX1 IHTEPHET, B MOJIEIb TIEPEIAt0OTHCS TIEBHI MTapaMeTPH KJIIEHTA 1 BOHA Ha ITUX
naHux (popmye MPOrHO3, SIKUIM 10 CYTI € HOMEPOM MMOBIPHOTO KJIACTEPY JI0 SIKOTO Tpeba
BIJTHECTH LILOT'O KJIICHTA.

Armnpo0aiiisi TEOpETUYHUX MOJI0kKEHb poO0TH BiAOyacs 6 rpyius 2023 poky y Xoi
XXV HaykoBO-TpakTHUHOI cTyJaeHTChKOi KoH(pepeHnuii y [IpAT «IIBH3 «3anopizpkuii
THCTUTYT €KOHOMIKH Ta 1H)OPMALIIITHUX TEXHOJIOT1i.

Marictepchka TUIIIIOMHA POOOTa CKIAMAETHCS 31 BCTYIy, YOTUPHOX PO3MIUIIB Ta
BUCHOBKIB Ha 99 cTOpiHKaX MAaIIMHOIUCHOTO TeKcTy. PodoTa mictuts (77.93.36.128) 98

CTOpIHOK, 1 Tabmuirio, 51 pucyHoK, 2 nogaTku, 38 610aiorpadigHUX TOCHIIAHHS.
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PO3/ILT 1
AHAJII3 TIPEMETHOI OBJIACTI TA TIOCTAHOBKA 3AJIAUI

1.1. TIpuuMHHO-TIOBEAIHKOBHI KapKac JJid aHaji3y BEJIUKHUX JaHUX

VY cydyacHOMy CBITI BEJIMKI JaHl HampsMy BIUIMBAIOTh Ta 3MIHIOIOTH XapakTep
0i13Hecy. Lle 0co0aMBO MTOMITHO y AISTIBHOCTI 0araTb0X KOMITaHiH, 0COOJUBO THUX, YU
yCHiX TOB'SI3aHUI 3 TEHEPAIlI€I0 1/1€i, OCHOBHUM JIKEPEJIOM SKHUX BUCTYMAOTh BEJIMKI
JaHl.

Benuki nani — 1ie cepa nisIbHOCTI, CIIPSIMOBaHa Ha aHali3, 00poOKy 1 30epiranHs
BEJIMKHUX 00CSTIB KOPUCHUX JaHUX, 110 TeHEPYIOThCA pI3HOMaHITHUMU JuKkepenamu. Komu
TpaaulliifHI METOAW aHaji3y JaHuX, TEXHOJOrii iX OoOpoOku 1 30epiraHHsl CTalOTh
HEJIOCTaTHIMH, Ha JIOMIOMOTY MPUXOJATH PIIICHHS 1 METOIU JJI BETUKHUX JaHuX. BoHU
BI/IPI3HAIOTHCS 00'€THAHHIM HETOB'sI3aHUX HAOOPIB TaHUX, OOPOOKOIO BEIMKUX OOCSTIB
HECTPYKTYpPOBAaHUX JaHUX Ta BUSBJICHHSIM IMPUXOBAaHOI 1HGOpMAIli B ONMEPaTUBHOMY

pexuMi 6€3 3aTPUMOK.



3a3Buyail JKUTTEBUHN ITUKJI aHATITUKU BEIMKHUX JaHUX BKJIIOYaE 1AeHTU(DIKAIIiIO,
JIOCTaBKy, IMIJITOTOBKY Ta aHaJI3 BEJIIMKUX OOCATIB CUPUX JAaHUX 1 HECTPYKTYPOBAHHX
JaHUX 3 METOI0 BHSIBJICHHSA KOPHCHOI 1 3Hauymoi iHdopmarii. Ll iHpopmariis moxe
CIYXKUTH B SIKOCTI BXIJIHMX JAaHMX IS BHU3HAYCHHS MOJENei, MOKpaIleHHs
KOPIOPATUBHUX JaHUX 1 BAKOHAHHS MACIITAOHMX MONTYKOBHX 3aITHTIB.

CydvacHl BenmWKi JaHl CTaJdM PI3HOBUAOM KalliTaly, OCOOJMBO [IJIi BEITHUKHX
TEXHOJIOTIYHUX KoMmImaHii. [[IHHICTh TXHIX MPOMO3HIIN 3HAYHOIO MIPOIO 3aJICKHUThH Bl
JaHUX, K1 BOHU TTOCTIMHO aHATI3yI0Th, 00 IMiIBUIYBAaTH €(hEKTHUBHICTH Ta PO3POOIISATH
HOBI MMPOAYKTH.

3aBIsSKM HOBITHIM JOCSTHEHHSIM Yy cdepl TEeXHOJIOTIN BAAJIOCS 3HAYHO 3HU3UTHU
BapTICTh 30epiranHs Ta o0uuciensb. Le gae MoKIIMBICTB 30epiratu Ta 00pooIsiTH 00CsITH
JaHUX, 10 MOCTIMHO 3pOCTalOTh, 3a MeHIIl BUTpaTh. CydacHi TEXHOJIOTIi J03BOJISIOTh
31MCHIOBATH O1IBII TOUHI Ta 3BAKEH1 O13HEC-PIILICHHS.

JlaH1 HAKOMMYYIOThCS 3aBSKH iX 300py B KOMIIaHIi 3a IOMIOMOTr'0I0 P1I3HOMAaHITHUX
JI0JIaTKiB, TATYMKIB 1 30BHIMIHIX JKeper. OO0poOiieHi JaHl MOKYTh BUKOPUCTOBYBATHUCS
KOPIIOPaTUBHUMHU JOJIATKAMHU Ta 30€piraTUcs y CXOBUII JTaHUX.

OOpoOKa BeIMKUX JTaHUX Jla€ 3MOTY OTPUMATH MEBHI MepeBaru NpeicTaBleHl Ha

puc.1.1.[36].
onepauiiHa onTyUMi3aLis

HOBI 3HaHH4 Ona BUKOHaHHA

Binblw geTanizosadi GdakTu
/_- NOCTaBEHUX 3aBAaHb

YIOCKOHaNEHHA NpoLeca HEPEBEFM Bi,ﬁ, 06p06KM
NPUAHATTS PiLlEHb BEAMKUX AaHUX

\—— TOUHi NPOrHO3M

— BWHABNEHHA HOBWX pl/HKiB

HayKOBI BIAKPWUTTA

MOHITOPWHI HecnpasHOCTeH Ta
WaxpancTea

Puc.1.1. IlepeBaru Bijg 00poOKH BEIUKHX JaHUX



HesBaxkarouu Ha jiesiki IiepeBaru BiJi HaSsBHOCT1 BEJIMKUX MAaCHUBIB JaHUX, ICHY€ Pl
npoOJieM, siki HeOOX1THO BpaxOBYBaTH MPU BUOOPI MIAXOMIB 0 AHAIITHUKUA BEIUKHX
TaHUX.

['070BHOIO METOIO aHAJITUKHU JIaHUX € TEeHepallis, MepeBipka Ta MiABUIICHHS
e(eKTUBHOCTI YIPABIIHCHKHUX pillleHb. [[1s1 TOCSATHEHHS 11€1 METH BUKOPUCTOBYIOTHCS
pi3HOMaHITHI TexHojorii, Taki ik Apache Hadoop ta Katka st 36upanns ta 36epiranis
iHdopmari, Spark Ta Amazon Kinesis 11 IBUAKOT aHATITUYHOI 0OPOOKH MOTOKOBOI
1HpOopMaIlii.

VY AKOCT1 OCHOBHUX 1HCTPYMEHTIB JIJIsl aHATITUKH JIAaHUX MOKHA BUAUTUTH Cy4YacHi
Bl-incTpymeHTH, 5Ki, KpiM Bi3yaui3allli JaHHUX, I03BOJISIOTH POOUTH MPOrHo3u. OHaK 11l
IHCTPYMEHTH 3a3BHYaii € BHCOKOI BapTICTIO. TakoXX BHUKOPHCTOBYIOTHCS MOBH
nporpamyBaHHs, Taki sik Python, pazom 3 0Oe3miuyio pi3HOMaHITHHUX O10J10TEK Ta
¢peitmBopkiB. Lle Hamae MOXKIMBICTE BUKOPUCTOBYBATU IHCTPYMEHTApIid 111 00poOKH
JaHUX, TPOBEACHHS  OOYMCICHb,  MOJCIIOBAHHS,  BKIIOYalOUd  MOOYyAOBY
HeHWpoMepeKeBUX MOJIeIIeH, Bi3yalli3allil JaH!UX, CTBOPEHHS AamOop/iB Ta iHime. Python
3a0e3neuy€e THYYKICTh Ta PO3IIMPIOBAHICTH JJisi BUPIMIEHHS PI3HOMAHITHUX 3aBJIaHb

AHATITUKHA BEJIMKUX JaHUX.

1.2. Tunu aHaTITUKA

AHaJITUKa BENMKUX JAHUX TEPMIH JOCTATHbO IMIMPOKUMN, KU BKIIIOYAE 1 caM
aHaji3 JaHuX (MpoIec JOCTIDKEHHS JaHUX U TOMIyKY (akTiB, BIIHOIICHb, IIA0JI0HIB,
imeii a0o TeHJEeHINH). AHaTTHKA JaHUX OXOIUIIOE YMPABIIHHSA ITOBHUM >XUTTEBUM
LMKJIOM JaHUX (30MpaHHs, OYMCTKA, OpraHi3alis, 30epiraHHs, aHajl3 1 peryJjJtOBaHHs
nanux) [1].

Pi3H1 BuaM opraHizaimiii mo pi3HOMY BHKOPUCTOBYIOTH IHCTPYMEHTH 1 METOIHU
aHAJITUKHU JJaHHUX, a caMe:

— y Oi3Hec] pe3yabTaTh aHATITUKHU CIPSMOBaHI HAa 3HMKCHHS €KCILTyaTallliHUX
BUTpPAT 1 MABUIIECHHS €()EKTUBHOCTI MPUNUHATTS CTPATETTUHUX PIILICHb;

— B HAyKOBIH cepl aHATITHKA JTAHUX JOTOMAarae BUSHAYUTH MPUUNHU SIBUII JJIs



MOKpAaIEHHSI IKOCT1 MPOTHO31B;

— y cdepl pI3HOMAHITHUX CEpBICIB aHANITHKA IOMOMArae MIICUINTH SIKICTh
MOCIYT IPU MiHIMaJIbHUX BUTpATaXx.

Sk mpaBuIIO, BUALISIOTH HACTYIHI YOTUPU KATEropii aHANMITUKK TPEICTaBICHI Ha

puc.1.2.[34]

OeCKpMNTMBHAa

NiarHoCTMYHa

KaTeropil aHaAiTUKHK

T POrHOCTMYHA

npeckpenTtreHa

Puc.1.2. YoTupu 0CHOBHI KaTeropii aHaAIITUKU

OcHOBHa 3ajgaya pI3HUX TUMOIB AHAITUKA MIABULIYBaTH €(QEKTUBHICTh
PI3HOMAaHITHHX METO/IIB Ta AJITOPUTMIB aHAJII3Y.

Tak, IecKpUNTHBHA aHAJITUKA BUKOPUCTOBYETHCS JUIsl TMOIIYKY BIAMOBIAI Ha
MUTaHHA PO TOAll, sK1 Bxe BimOymucsa. Llg dbopma aHamiTuku y3romkye mai 3
KOHTEKCTOM JJisi reHepyBaHHs iH(opmariii. Bona peanizyerbcs  3a J10OMOMOTOIO
cnenlagbHuX 3BITIB a00 1H(OpMaliiHUX MaHened npeacraBieHux Ha puc. 1.3. g
MPOBENCHHS TMOAIOHOTO pOAY aHalizy Ha MPOMHCIOBUX TMIAMPHUEMCTBAX, JIOCUTH
BAXKJIMBUM 3aBJIJaHHSIM € Oe3nepepBHUI 30ip 1HPoOpMaIlii 3 pi3HOTO PoaYy BUPOOHUUOTO
oOnagHaHHs, IJIs1 IFOTO BUKOPUCTOBYIOThCS smart-gaTauku Ta iHmi loT-npuctpoi, ski
JI03BOJISIIOTH 310paTu ICTOPUYHI JaHi JJIs X MOJAJIBIIOTO aHami3y, BUSBUTH TIPOOIEMHI

TUJISTHKY Ta HETMOJIaJAKH poOOTH K CaMOro 00JIaiHaHHS, TaK 1 TaTYUKIB.



IHCTpyMmeHTHn

h 4 y

3BiTH Jdaw6bopan

Puc.1.3. BukopuctanHs 1eCKpUIITUBHOI aHAJIITUKH JIJI CTBOPEHHS 3BITIB Ta

1H(hopMaIiHUX 1amOOpAIB

JliarHocTHYHA aHAJIITHKA HaMpaBjeHa Ha Te, 00 BU3HAYUTH NMPUYHHY IOl SKa
BUHUKJIAa. METOI0 € BU3HAYEHHS siKa 1H(pOpMaIlis BITHOCUTHCS /10 JAHOTO SBUIA, 100
HaJIaTH BIATOBI1 YOMY II€ BIIOYJIOCS.

3a3Buuail J[IarHOCTHYHA aHAJITUKA NOTpedye 300py AaHMX 3 PI3HUX JDKEpen 1

30epiraHHs iX B MEBHIN CTPYKTYPpI, sIKa MIITAETHCS aHANI3Y SIK ITOKa3aHo Ha puc. 1.4.

IHCTpyMmeHTn

v

KBapTanbHi gaHi

3ropTtaHH=A y JeTtanbHUiA aHanis

PiyHi gaHi MicauHi gaHi

Puc.1.4. BukopucTaHHs 1IarHOCTUYHOIT aHAJITUKH JUISl ICTATBHOTO BUBYCHHS

TAaHUX

Pe3ynbTaTi A1arHOCTUYHOL aHATITUKA MOXKYTh OyTH MPEACTAaBIEH] 3a J10IIOMOT 00

IHCTPYMEHTIB 1HTEpaKTUBHOI Bizyamnizamii. Lle 103Bojsie KopucTyBauam BHU3HAYaTH



TEHJEHIII1 1 11abaoHu. BUKoOHaHHS 3anUTIB BIJOYBa€ThCsl HA 0AraTOBUMIPHUX JaHUX, SIKI
3HAXOJIATHCS B CUCTEMI aHAJITUYHOTO OIPAIFOBAHHSI.

Y tabmumi 1.1 HaBepeHo poOOTYy OAHOrO 31 CMapT-JaT4MKiB, MpU 300pi
arperoBaHoi iHdopmallli 3 KUIBKOX JaT4yMKIiB Ha eTaml JSCKPUIITHUBHOI aHaJITHUKH,
npo0JieM BUSIBJICHO HE OyJ0, OJIHAK MiJ yac Mo0yI0BM MPOTHO3HUX MojIeNeil 1y crpoOi
MOSICHUTH 1X HE3aJOBUIbHY SIKICTh, OyJIO BUSBICHO, IO JESKI €IEMEHTH O€3MepepBHOTO
300py JaHUX MOTPeOyIOTh PEMOHTY a0o0 3aMiHM. BumpamieHHs 3a3HaueHOi MpoOeMu
CYTTEBO MiJIBUIIMIO SIKICTh TPOTHOCTUYHUX MOJIEIIEH.

Taomug 1.1

Po6ota oaHOrO 31 CMapT-1aTYNKIB

Hara Kon HoooBsi
MOKA3HUKM Smart-
AATYHKY

01.08.2021 |100001 (4.2
02.08.2021 |100001 |4.6
03.08.2021 |100001 |0
04.08.2021 |100001 |0
05.08.2021 |100001 |0
06.08.2021 |100001 (3.8
07.08.2021 |100001 (3.6
08.08.2021 |100001 (3.9
09.08.2021 |100001 |0
10.08.2021 (100001 |0
11.08.2021 (100001 |0
12.08.2021 (100001 |0
13.08.2021 (100001 |0
14.08.2021 (100001 (3.1
15.08.2021 (100001 (3.4
16.08.2021 [100001 |4
17.08.2021 |100001 (3.8
18.08.2021 (100001 (4.1
19.08.2021 (100001 (4.1
20.08.2021 |100001 (4.2
21.08.2021 |100001 |0
22.08.2021 |100001 |0

VY SKOCTI OCHOBHOI'O 1IHCTPYMEHTApII0 HAa IbOMY €Tarll MOXYThb 3aCTOCOBYBAaTHCH

KJIAaCTepHUH aHalli3, KOpeJsLUIHHUN aHali3, Oy 1yBaTHCh MO/EN1 KiIacu(ikalii ToIIo.



[TporHocTUYHA aHANITHKA MPOBOIUTHCS 3 METOI0 BHU3HAYUTH PE3YJIbTAT TMEBHOI
Noii, s’Ika MOXKe BUHUKHYTH Y MalilOyTHbOMY. 3a JIOTIOMOTOIO IIhOTO BUAY aHAIITUKU
iH(MOpMaITis MACWIIOETHCS 3MICTOBHUM HAaBaHTAKCHHSIM. [HTEHCUBHICTD 1 3HAYUMICTh
aCoIlIaTUBHUX 3B’SI3KiB (DOPMYIOTH OCHOBY MOJIENCH, SIKi BHUKOPHUCTOBYIOTHCS IS
CTBOpPEHHS MailOyTHIX MPOrHO31B HA OCHOBI MUHYJIUX TOIiH.

SAx mpaBwio, I1HCTPYMEHTH MPOTHOCTHYHOI aHAJITUKA BUKOPHCTOBYIOThH
a0CTpaKTHI CrOCOOM BUPIIIEHHS CTATUCTUYHO CKJIQJHHMX 1 HECTPYKTYpPOBaHHUX 3ajad,

HAJAI041 3py4Hi JUI1 KOPUCTyBaya 30BHiIIHI iHTepdeiicu (auB. puc. 1.5).

IHCTPYMEHTH

A

MporHocTnyHa
aHaNiTUKa

Puc.1.5. IHCTpyMEeHTH POTrHOCTUYHOT aHATITUKH

Ha panomy etami, OOIIJIBHO BHUKOPUCTOBYBATH MAaTEMAaTUYHY CTATUCTHUKY,
iMiTarliiiHe MOJIeITFOBaHHSI, MAIITMHHE HAaBYaHHS, @ TAKOYK HEHPOMEpEKeBE MOICTIOBaHHS.
VY CcBOIO dYepry MallMHHE HaBUaHHS Ta HEHpOMEpe)eBe MOJCIIOBaHHS MOTPEOYIOTh
BEIIMKHUX 00’ €EMIB JJaHUX, 1110 HAMIPSIMY BiJIOOPA3UTHCS Ha AKOCTI TOOYOBAHHUX MPOTHO31B.
Crij 3a3HaYUTH, 110 HE 3aBXKIU JOIIJILHO BUKOPUCTOBYBATH «CKJIaJIHI» MOJENI 1 Tpeda
JOTPUMYBATUCH MAPUTETY MIXK IIHOIO Ta SKICTIO MOOYOBaHUX MPOTHO31B.

PesynbraTaMy TMPOTHOCTHUYHOI AHAJITUKA € TPECKPUINITUBHA, sKa TMPOIOHYE
3aX0AM, SKI MOTpiOHO peayidyBaTH. |HIIMMU cloBamMHu, LEH BUJ aHATITHUKUA A€
pe3yiabTaTH Ha OCHOBI SKMX MOXHa POOUTH BUCHOBKHU.

[IpeckpunTuBHA aHATITUKA € HAWMOUIBII 3HAYMMOIKO, OCKIIBKH 3aBASUYYHOUHU i

PO3pOOISAIOTHCS PIZHOMAHITHI CLIEHapii 1 MPONOHYETHCS ONTUMANIbHUN HAO1p 3aX0/I1B JIs



KOXKHOTO 3 HMX. BoHa mepenbavyae BUKOpUCTaHHS Oi3HEC-TIPABWIJI 1 BEIIMKUX OOCSTIB
BHYTPIIIHIX 1 30BHIIIHIX JaHUX, Y TOMY YHCJI1, OTPUMAHMX SIK pe3yJIbTaT MOJCIIOBaHHS
1 omucye ONTUMAIbHMMA TIJIaH /i COPSAMOBaHMX HA MPUUHATTA €(QEKTUBHUX
yIPaBIIHCHKUX pillieHb (UB. puc. 1.6).

OTpuMaHi Ha eTari MPEeCKPUNTUBHOI aHATITUKU Pe3yJIbTaTH, MOXYTb YBIUTH A0
MOJIETILHOTO OJIOKY CHCTEMH MIATPUMKU MPUUHATTSA PillieHb, PEKOMEHAAIIIHOT CUCTEMHU

TOIIO.

bisHec-npaBuaa

IHCTpymeHTH /
aHafiTMKa

/

MpeckpunTnBHa
aHaniTuKa

Puc.1.6. BukopuctanHs NPeCKPUNITUBHOI aHATITUKA

Jlanuii BU1 aHAJIITUKY NIPEACTABIISIE HAHOUIBIIY 3HAYUMICTh, HA BIIMIHY BiJ] IHIINX
BuiB. [IpeckpuntruBHa aHamiTHKa MOTpeOye BIAMOBIIHIUX HABUYOK Ta CTEI1aTi30BaHOTO
MporpaMHOro 3a0e3nedyeHHs] Ta I1HCTPYMEHTIB. 3aBISKH il pPO3PaXOBYIOThCS pIi3HI
pe3yJIbTaTH 1 MPOMOHYETHCSI ONTUMANIBHUN Mepeltik Aiil. JlaHa TakTuka NepexoauTh Bl
MOSICHEHBb 70 KOHCYJIbTAIlIM 1 BKJIIOYaE B ceOe¢ MOJEIIOBAHHS PI3HUX CIEHapiiB. Y
MaricTepchbKid poOOTI MPOMOHY€ETHCS BUKOPUCTOBYBATH CaMe MPECKPUNTUBHY aHATITUKY

JUTS aHaJT13y MTOBEIIHKH KOPUCTYBAaYiB.
1.3. Cucrema aHani3y JJaHUX NPO NOBEAIHKY KOPUCTYBauiB
AHani3 NOBEAIHKA KOPHUCTYBaulB 3 BUKOPUCTAHHSAM MPECKPUNTUBHOI aHATITUKU

cTae HaHBBanﬁHO BaXXJINBUM, 0co0JIMBO Ha HOBHX pUHKax, a€ YMOBH €

Herepen0auyyBaHUMHU, a CTpaTerii MapKeTHHTY MOXyTh OyTH Ha eTari pPaHHbBOTO



po3BuTKy. Crioctepiralouu 3a KUIbKICTIO KOPUCTYBauiB, SIKI B3a€EMOIIIOTh 3 TTPOJTYKTOM
(momatkoMm), BIJABIYBaHHSIM €KpaHIB YU BEO-CTOPIHOK Ta KIUIBKICTIO CEaHCIB
KOPHCTYBaHHS, aHAJIITHKa JOIOMAarae€ OINTUMI3yBaTH BeO-CalT YU MapKETUHTOBY
cTpaTerito, o0 BOHM Kpallle BIAMOBIIANMA IMOTpedaM 1 iHTepecaM KOPHUCTyBayiB Ha
HOBOMY PUHKY.

AHaniTHKa MPOAYKTYy — II€ MPOIEC CUCTEMAaTHYHOTO MOHITOPHHTY, 300py Ta
00poOKM MaHMX Ha PIBHI KOpUCTyBaya y (HOpMi CTAaTUCTUYHUX JaHUX (METPHK), IO
BKa3yIOTh Ha B3a€EMO/IIIO KITIEHTIB 3 KOHKPETHUMU TpoaykTamu. Llei mpormec mo3Bossie
KOMIIaH1SIM aHaTi3yBaTH MIIIXU KOPUCTYBadiB — BiJl MOMEHTY aKTHBAIlli 1O BCIX €TaIliB
BUKOPHUCTAHHA MPOAYKTY — 3 METOIO 3pO3yMIHHS TOTr0, 1110 MPUBEPTAE iX O MPOAYKTY
Ta 3a0X04y€ MOBEPTATUCA 0 HBOTO. AHATITUKA TAKOXK J0TIOMAarae BU3HAYUTH HIHHICTh
MPOIYKTY JJIsl KII€eHTIB [1].

BifcyTHICTh aHaIITUKKA MPOIYKTY MOKE€ NPHU3BECTH 1O BHUTpPAT pPECYpCiB Ha
Hee(DEeKTUBHI KaHaly Ta IHCTPYMEHTH, a00 BUKOPUCTaHHS KPEAaTUBHUX MIAXO/IB, K1 HE
MIPHUBEPTAIOTH KIEHTIB, & HABMAKH, BUKJIMKAIOThH BIJITOPTHEHHS.

OcCHOBHI eTany aHATITHKU TPOLYKTY BKIIOYAIOTH [2]:

36ip mammx: CucremaTHyHuUi 301p JaHUX PO BUKOPHUCTAHHS IIPOAYKTY €
KJIr04oBUM etanom. Lle Bkiouae 1H(OpMAIIlI0 MPO KOPUCTYBaUiB, iX Aii B MPOIYKTI Ta
B3aeMoito 3 GpyHkKIisMu (previous.scientia.report) ra iHmmMu mapamMmeTpamMu.

Amnaniz nanux: Ilicis ycminmmHoro 300py aHUX BaXKJIMBO MPOBECTHU 1X aHAI3 JUisl
BUSIBJICHHSI MaTepHIB Ta TpeHAIB. Lleil eranm pomomarae 3po3yMiTH, SIK KOPUCTyBayl
B32EMO/IIIOTH 3 TPOJYKTOM Ta BUKOPUCTOBYIOTh HOTO (PYHKITIOHAII.

Metpuku npoaykry: BusHaueHHs KIHOYOBUX METPUK Tpa€ BAXKIUBY pPOIb Yy
BIJICTEKEHHI 3HAUyIIMX acnekTiB npoaykry. Cepea HHUX MOXYTh OyTH KOHBEpCIs,
yrpumanHs (previous.scientia.report) kopuctyBadiB, 4acTOTa BUKOPUCTAHHS (YHKIIIH Ta
1HIII B)KJIMB1 TapamMeTpH.

TecTyBaHHs TimOTE3 Ta EKCIEPUMEHTH: AHANITHKA TPOAYKTY JO3BOJISE
MPOBOAMTA TECTU Ta EKCHEePUMEHTH Ui BHU3HAUYEHHS TOrO, SKIi 3MIHH MOXYTh

MOKPAIIUTH SIKICTh MIPOJIYKTY Ta 33J0BOJbHEHHS KOPUCTYBAUIB.


https://previous.scientia.report/index.php/archive/article/view/1285/1293
https://previous.scientia.report/index.php/archive/article/view/1285/1293

3BITHICTE Ta pekomenjaiii: Ha ocHOBI pe3ynbTaTiB aHATI3y JaHUX aHAIITHYHA
KOMaH/Ja TOTye 3BITM Ta pPEKOMEHJallli IJisi pPO3pOOHHMKIB Ta MEHEIKMEHTY, IO
JI0TIOMAara€e y TPUAHSTTI OOTPYHTOBAHHMX PINICHh CTOCOBHO MMOJAJBIIOIO PO3BUTKY
MPOAYKTY.

[IpeckpunTrBHa aHANITHKA TPOAYKTY € BAKIMBOI YACTHHOIO YIIPaBIIHHS
npojaykrom 1 (previous.scientia.report) BUKOPHCTOBYEThCS B PI3HUX TaTy3sX, TAKUX SK
1HTepHEeT-013Hec, po3poOKa mporpaMHOro 3ade3neueHHs, MOOUIbHI I0JaTKH Ta 1HIII, JIe
MPOAYKTH a00 TOCIYrd MaroTh IudpoBmid acnekT. (previous.scientia.report) Hlasxom
aHali3y ICTOPUYHUX JAHUX Ta BUKOPHUCTAHHS aJITOPUTMIB MAIIMHHOTO HABYaHHS IIs
TEXHOJIOT1SI MOXXE BUSBIATH 3aKOHOMIPHOCTI Ta TEHJEHINI, SKi JOMOMAararTh
opraHizailisiM mnepeadayaTd MailOyTHiI pe3yibTaTd, 0co0aMBO B cdepi (¢iHAHCIB, €
TOYHICTh MPOTHO3YBaHHS € BUPIIIAIBHOIO JJIsi MPUUHATTS 1HBECTHUIIMHUX pIIIEHb Ta
YIPaBIIHHS PU3UKAMH.

JaHi, 310paHi 3a I0MOMOTOI0 aHAJITUKHU MPOAYKTY, BKIIOYAIOTh 1HPOpMAILit0 TTPO
MONYJISIPHICT,  (PYHKINM, cepefaHiii 4yac BUTpauyeHWM HaA TMeBHI Jii, €()EKTHBHICTH
MapKeTHUHIOBUX KaHaIIB Ta YTpUMaHHsA KopucTyBauiB. Ll iH(popmaiis 103BOJsE
KOMITaHIsIM aHajli3yBaTH B3a€MOJII0 KOPHUCTYBaudiB Ta BHKOPUCTOBYBATH 11 JJIst
MOJTIMIIICHHS TPOIYKTY.

AHaJITUKa TPOAYKTY CTa€ BAXJIMBOIO TPAKTHUKOIO YIPABTIHHSI TPOAYKTOM,
OCKUIBKH 0arato J0JaTKIB 1 BE0-CalTIB HE HATAl0Th JOCTATHRO JIETAI130BaHOI 3BITHOCTI.
be3 ananiThkM AaHi PO BUKOPUCTAHHS MOXYTh OyTH HEMPAaBUIbHO BiA(OpPMaTOBAaHUMU
Ta cynepeuwinBuMu. [IporpamHe 3a0esneueHHs ISl aHaNi3y MNPOAYKTIB POOUTH I
HECTPYKTYPOBaHI JIaHI KOPUCHUMH, 00'€THYIOUH 1X B €JMHE OpTraHi30BaHE IMOJaHHS.

BaxxnuBo BIpOBa/)KyBaTH aHATITUKY TPOAYKTY TUIBKH TICHS JTOCATHEHHS
MPOJIyKTOM BCTAaHOBJICHOI MIHIMAJIbHOT KIJBKOCTI KopucTyBauiB. [Ipu HeBenukii
KJIIEHTCHKIM 0a3i J1aHi, 310paHi aHaIITUKOIO MPOIYKTY, MOXKYTh OyTH HEJJOCTATHIMU JJIs1
CTBOPEHHSI 3HAUYII01 BUOIPKH, SIKa BIUIUBAE HA OpraHi3alliiiHl pillIeHHS.

[Ipouiec BIpOBaIKEHHS] CUCTEMH aHaNi3y JaHUX MpPO MOBENIHKY KOPHCTYyBadiB

nependavae puc.1.7 [35]:


https://previous.scientia.report/index.php/archive/article/view/1285/1293
https://previous.scientia.report/index.php/archive/article/view/1285/1293

Bubip Haiikparoro

IHCTPYMEHTY
[ToGynoBa 1iany anaiizy(Polymer,
MOHITOPHHTY Akkio, MonkeyLearn )
JIaHUX, BUOIp Ta Ta Bizyasizamii
aHaJ3 METPUK aHAJIITUKHU IPOAYKTY

(Microsoft Power BI,
Tableau Ta in.)

[TpuB’s3ka qaHUX KITIEHTIB
10 O13Hec-1inen

Puc 1.7. IIpotiec BpoBaxKEHHsI CUCTEMU aHATI3Y JaHUX PO MOBEIIHKY

KOPHUCTYBauiB

BcTaHoBiieHHs 3B'SI3Ky MDK JaHUMHU KITIEHTIB Ta O13HEC-IUIAMH € KPUTHYHUM
acnekToM. CJiJ1 4iTKO BU3HAYUTH KOHKPETHI O13HEC-1ILI1, MTOB's13aH1 31 30MpaHHAIM JIaHUX.
Hanpuknan, e Moxe BKIIOYATH KOHBEPTAIlil0 OUIBINOI KiIBKOCTI KOPHUCTYBadiB 3
0€3KOLITOBHOI MPOOHOI BEPCli B IMJIATHUKIB.

[Tpy cTROpenH! MIaHny MOHITOPUHIY JIaHUX Ba)JIMBO YITKO BU3HAYUTH BCl MOIi,
AK1 HeoOX1JTHO BIICTEKYBATH ITiJ] Yac B3a€MO/IIi KJIIEHTIB 13 MpoaykToM. Ha 1riromy erari
oOpaHHsI Ta aHaII3 KIIoUoBUX MeTpuK, Takux sik LTV, ARPU, ARPPU, ARPDAU, DAU,
WAU, MAU, Retention, churn rate, Bimirpae BaXJIMBY pOJb Yy 3a0e3leucHHI
€()EKTUBHOTO MOHITOPHUHTY.

Bubip  onTuMalbHOrO  IHCTPYMEHTY  JUIsl  aHajizy  Ta  Bi3yamisaili
(previous.scientia.report) maHux B TPOJYKTOBIM aHATITHIN BUPINIYETHCS BaXKJINBUM
3aBJaHHSIM JIJI Oy/Ib-sIKOi JaHUMH KE€pOoBaHOi opraHizailii. [cHye 06arato iHCTpyMEHTIB,
K1 BUPI3HIIOTHCS MOMJIMBICTIO Bi3yasi3allii, aHasli3y Ta MOHITOPUHTY JaHUX, CIIPUSIOUN
TOCATHEHHIO O13HEeC-LI1JIeH.

JlexisibKa 3 HallKpaluX IHCTPYMEHTIB Ha ChOTOHI BKIIIOUAIOTh [4]:


https://previous.scientia.report/index.php/archive/article/view/1285/1293
https://previous.scientia.report/index.php/archive/article/view/1285/1293

Tableau: Jlanuii IHCTpYMEHT IMIJATPUMYE CKJIajHI OOYMCIIEHHs Ta 00'€IHAHHS
JTAaHWX, JO03BOJISI€E CTBOPIOBATH 1HTEPAKTHBHI Bi3yalli3allii Ta JIErKO ONpallbOBYE BEJIMKI
o0'emu 1HpOpMaIIii.

Microsoft Power BI: Lleii iHCTpyMeHT IHTEIPYEThCS 3 ICHYIOUMMH IIPOrpaMaMH,
CTBOPIOE TIEPCOHAJI30BaH1 1H(OPMAITilHI MaHel, JOTIOMarae omyoIiKOByBaTH Oe3MedH1
3BITH Ta HE OOMEXKYETHCS 00CITaMy aM'sITi Ta MIBUAKICTIO.

Polymer: HaniiiHuii 1HCTpyMEHT IITYYHOT'O 1HTEJEKTY, SIKMM MEPETBOPIOE JaHl B
0a3y nanux 0e3 KOAyBaHHS Ta aHAJI3YeE 1X IS MOJIMIICHHS PO3YMIHHSA KOPHCTYBadaMH.

Akkio: IIs mmardopma MamMHHOTO HaBYaHHS O€3 KOJYy /103BOJIIE OY/1yBaTH
HEMPOHHI MEPEIKi Ta Ma€ PEHTHHT TOYHOCTI U1t Mojencii. (previous.scientia.report)

MonkeylLearn: InctpymeHT aiig kinacu@ikamli TEKCTYy 3a MITKAMH, CIPOLIEHHS
OUMIIEHHS, CHUCTEMaTH3allli Ta Bi3yami3alli BIATyKIB, HE BHUMAarae KOJYBaHHS 1
aBTOMAaTHU3ye O13HEC-TIPOLIECH Ta aHaIII3 TEKCTY, 10 MPU3BOUTH /10 3a0IAKEHHS Yacy.

BuxopuctanHs Bizyani3auii JaHUX NpPeCTaBisie cOO0I0 HAI3BUYANHO BAXKIMBUN
THCTPYMEHT y cdepl aHATITUKA Ta YIPABIIHHS MPOIYKTOM. 3HAUYYIIICTh Bizyamizarii
JaHUX BUSBISETHCS B HACTYITHOMY:

Posyminns a1 Beix: Bizyanizaiiist poOUTh J1aHi OUIbII TOCTYITHUMHU 1 3p03yMUTUMHU
JUTSl BC1X YYACHUKIB MTPOEKTY, HABITH JJIsl TUX, XTO HE € €KCIIepTaMH B 00JIaCTI aHATITHUKH.

Businenns narepHiB: IlatepHu Ta TeHAEHLII y JaHUX I1HOJl BaXXKO BHUSIBUTH,
neperiisaaaoyr yucia. Bizyanizallis moserirye Bii3HaBaHHs 3aJI€KHOCTEN Ta aHOMAJTIH.

[linTpumMKka TNpPUKAHATTA pilleHb: Bidyamizamiss gomoMarae KepiBHUKaM Ta
YVIPABIIHIEIM MIBUIKO PO3YMITH CUTYAIIO Ta TPUIMATH OOTPYHTOBAH1 PIIICHHS.

EdexTuBHe noeqnanHs: 3HaAUYIIICTh Bi3yasi3allii Mojsrae B 31aTHOCTI €(peKTUBHO
KOMOIHYBaTH CKJIQJIHI KOHIIEMIII1 Ta iH(popMaiiito.

[IpakTruHi mopaay MO0 Bizyanizalii JaHuX:

BianosinHicTh 1UIbOBIM ayauTopii: UiTko po3ymiiiTe, KOMy NMpU3HA4Y€Ha Ballia
Bi3yasmizalis 1 ajantyiTe ii BiAMOBIAHO. Pi3HI aynauTopii MOXYTh Kpalle pO3yMITH
KOHKPETHI TUIH TPaQiKiB UM Jlarpam.

EdexkTBHE BHKOPUCTAHHS KOJBbOPIB: BUKOPUCTOBYITE KONIBOPU 0OEpPEKHO,

YHUKAWTE SICKpPaBUX BIATIHKIB Ta 3a0€3MeUTe cTajae MapKyBaHHS.


https://previous.scientia.report/index.php/archive/article/view/1285/1293

[HTepakTUBHICTh: PO3rJIsiHBTE MOXIJIMBICTE BUKOPUCTAHHS 1HTEPAKTUBHHUX
€JIEMEHTIB Yy Bi3yajiizallii, 1obd KOpuCcTyBadl MOTJIM JOCTIPKYBATH IaH1 CAaMOCTIHHO.

CripoleHHs Ta y3arajJbHEHHS: YHHKailTe MepeHacHueHUX Jiarpam Ta rpadikis.
CrpocTiTh Bizyamizailito, GOKyCyIOUHCh Ha TOJIOBHUX TOYKAaX.

TekcroBi nosicHeHHs: JlogaBalTe TEKCTOBI €JICMEHTH JJIS IMOSCHEHHS KIIIOUYOBHX
aCTeKTiB Bi3yaii3allli Ta HaJlaBaiTe T0AaTKOBHI KOHTEKCT.

TectyBanHs 3po3yminocTi: IlepeBipre Bairy Bi3yaizallilo Ha IpeACcTaBHUKAX
[ITLOBOT ayauTOpii, 00 3a0e3neunTH ii 3p03yMUTICTh Ta €)EeKTHBHICTb.

Bukopucranns Bizyanizaiii JaHUX y TMPOJAYKTOBIM aHAIITHIII MOXE 3HAYHO
MOJIETIIUTH PO3YMIHHSA Ta yXBAJICHHS PIIIEHB 3 O0KY BCIX YYaCHUKIB IIPOEKTY.

BpaxoByroun Bce BUIIE CKa3aHE PO3MVITHEMO MPUKJIAJ] aHANI3y BEIUKHUX JaHUX
(mara cer) MOBEMIHKM KOPUCTYyBauiB JA0JaTKy. JlaHu# gaTa ceT MICTh HACTYIIHHI JIaHi:
Users ID, Platform, Device Type, OS Version, App Version, Payment Time, Price Plan,
Subscription, Timestamp Event type, Option, Session id, Activity. Ha puc. 1.8

IIPEICTaBJICHO aHalli3 JaHuX Ta Bizyami3ariio B Tableau.

Users Device Dashboard

Total Users
174,732

Users by device

Device Type =
1 16,088
15,093
14,544 Platform
12,267
6,584
6,449
3,812
3,497
3,453
3078

Users &

0SVe. &

Users by 0S

48714%
51.286%

Users by OS Versions

24.71%
10.53%
10.36%
2.09%
1.18%
N 49%,

% of Total Users

Platform

49.65%

Puc.1.8. Ananiz kopucTyBadiB JoJaTKa 3a TUIIAMHU JIeBaliCiB

3 mambopay BUAHO aHali3 KOPUCTYBayiB JIOAATKOM 3a TUIIAMH JIEBAWCIB, 3a

BUJIaMU OTEPALIIITHUX CHUCTEM, 3arajibHy KUIbKICTh KOpUCTyBauiB. OTpUMaHi JaHI Ham
HEOOXIH1 JIJI1 MOHITOPUHTY OCHOBHHMX METPUK KOPHUCTYBaHHs jaojatkoM. Ha puc.1.9.

300pa)keHO aHai3 OCHOBHUX METPUK B3a€MO/I11 KOPUCTYBAUIB 3 MPOIYKTOM.
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Puc.1.9. Anani3 OCHOBHUX METPUK B3aEMO/Ii1 KOPUCTYBaUiB 3 MPOTYKTOM

OTxe, aHali3 TMOBEAIHKM KOPHUCTYyBadiB dYepe3 Bi3yami3allilo JaHUX MOXKe
BUSIBUTHCS BUKIIMKOM, ajie IPU HAJIS)KHOMY IIJIaHYBaHHI, YBa3l 10 JeTaiei Ta GoKycy Ha
YITKOCTI Ta €)EKTUBHOCTI Il TPYIHOIII MOXKHA MMoj[0J1aTh. BaxknmnuBo 0Opatu BiMOBIIHI
METOAM Bi3yalli3alli, aJantyBatd OOpoOKy JaHMX 3 ypaxyBaHHSM iX CKJIQJHOCTI Ta
o0csATy, a TaKoXX MOKpPALIUTH IHTepHperanio. TakuM YHHOM, KOMIAHII MOXYTb
OTpUMATH LIHHY 1H(}OpPMAIIiIO, sIKa COpUSE Y TPUUHATTI PIlIeHb Ta ONTUMI3ALi O13HEC-

MPOIIECIB.
1.4. BuCHOBKHU 10 pO3ALLY

Y po0oTi BKa3zaHo, 110 TEPMIH "aHaTITHKA BEIUKUX JaHUX" € TOCTaTHHO HTUPOKUM
1 OXOIUTIOE HE JIMIIIE caM MPOIeC aHali3y AaHUX (KUK BKIIFOYAE B ce0€ TOCTIKEHHS
JaHUX N7 BUSIBJICHHS (DaKTiB, BiTHOCHH, IIa0JIOHIB, i€ abo TeHeHIlH), aie U
VIPaBIiHHSA YCIM JKATTEBUM IIMKJIOM JaHUX (30ip, OUMINEHHS, OpraHizariis,

30epiraHHs, aHami3 1 perymtoBaHHs AaHux). Jladi, ski 30MparoThCs 3a JOMOMOTOIO



aHAJIITUKHU TPOYKTY, MICTATH 1H(GOPMAIIIIO PO HANTOMYJISIpHIIT (QYHKIIIT MIPOAYKTY,
cepelHii 4Yac, KWW KOPHUCTyBadl BUTPAYalOTh HAa KOHKPETHY i10, €(PEKTHUBHICTH
MapKETHHTOBUX KaHAJIB Y MPUBEICHHI HAMKPAIINX KOPUCTYBAYiB, a TAKOXK MPOIICHT
MOBEPHEHHSI KOPUCTYBAUiB 10 MPOAYKTY IIOJIEHHO, IIOTH>KHEBO YW HIOMICSI. 3a
goromororo 1iei iHQopMarlii KoMMmaHii MOXYThb aHaJi3yBaTH, SK KOPUCTyBaui
B3aEMOIIFOTH 13 CTBOPEHUM MPOJAYKTOM 1 BAKOPHCTOBYBATH IIi TaH1 JIJISl TTOJTIMIIICHHS
B3a€MO/I1i 3 KOPUCTyBayaMHu.

[IpeckpuntruBHa aHamiTHKA - 1Ie OpMa aHATITUKH, KA BUKOPHUCTOBYETHCS MJIS
PO3pOOKH pEeKOMEHAll 1010 TOro, o ciig podoutn. BoHa BHKOPHUCTOBYE Mojei
MaIlIMHHOTO HAaBYaHHS IS aHAJI3Y JAHUX 1 BUSIBJICHHS 3aKOHOMIPHOCTEH.

[IpeckpunTHBHA aHAJIITHKA € TMOTYKHAM 1HCTPYMEHTOM, SIKHA MOXE JOITOMOTTH
oprasizailisiM mpuiMaT OUTbIIT OOTpyHTOBAHI pilieHHs. BoHa MOke BUKOPUCTOBYBATHUCS
JUTSL BUSIBJIEHHSI MO>KJIMBOCTEN, BUPILIEHHS IPOOJIEM 1 MiIBUILIEHHS €()EKTUBHOCTI.

[IpeckpunTuBHA aHANITHKA € BIJHOCHO HOBOIO Tajiy33i0, ajeé BOHA IIBHJKO
PO3BUBAETHCS. 3aBISKH 3POCTAHHIO JOCTYMHOCTI JAHUX 1 MOTYXXHOCTI MAaIIMHHOTO

HaBYaHHS MMPECKPUNTUBHA aHAIITUKA CTaHE 111€ OUIbIII MOITUPEHOI0 B MAaOyTHHOMY.

PO3/ILI 2
THCTPYMEHTHU PO3POBKU MIKPOCEPBICY



2.1. ApxiTeKkTypa MiKpOCEPBICIB

ApXiTeKTypa MIKpOCEpBICiB — 1€ MIJX1]T 10 pO3POOKHU MPOTrPaMHOTO 3a0e3MeueHHs,
B SKOMY J0JIaTOK pPO30MBAEThCS HA HEBEJIWKI Ta aBTOHOMHI CEpBICH, BIiOMI SK
MikpocepBicu. KoxxeHn MikpocepBic Mpalfioe He3alIeKHO, Ma€e CBOIO BIIaCHY 0a3y KOIy Ta
0a3y maHmx 1 MOXe OyTH pPO3TOpPHYTHH Ta MacimTaOOBaHWI HE3AJEKHO BIiJl 1HIITUX
cepBiciB. OCHOBHI TNPUHIMIK II1€1 apXITEKTYpU BKIIOYAIOTh PO3OUTTS Ha CepBiCH,
CaMOCTIMHICTb, JIETKICTh 3aMiHH, THYYKICTh, PO3MOMAUICHI JaHi, MacmTabOBaHICTh,
30BHIIIHI IHTep(]ElicH, KEpOBaHICTh, IIIAPOBAHY apXITEKTYPY, MIHIMIZAIlIIO 3aJIeKHOCTEH
[10].

Po30uTTs Ha cepBicM O3HAaya€ MOJUT MOHOJITHOTO JOJaTka Ha HEBEJHKI,
aBTOHOMHI CEpPBICH, SIKI MOXKYThb MISITH He3anexHo. KoxkeH MiKpocepBic (yHKIIOHYE
CaMOCTIIHO 1 MOXe OyTH 3aMIHEHHM YU OHOBJIEHUN O€3 BIUIMBY Ha IHIII YaCTHHH
CUCTEMHU. [HY4YKICTH JO3BOJISIE IIBHUIKO pearyBaTH Ha 3MIHM Ta TIIOKpAaIIEeHHS, a
MacITaboOBaHICTh 3a0e3leuye ONTUMalbHY MPOJYKTUBHICTH Ta BIATYK CHCTEMHU.
Posnoninieni naHi J03BOJISIOTE KOKHOMY MIKPOCEPBICY MaTH BiacHy 0a3y JaHux abo
BUKOPUCTOBYBATH Pi3HI MIIX0U 0 POOOTH 3 TaHUMH.

BukopucTaHHs MIKpOCEPBICHOI apXITEKTYpH IMOJIETUIY€E pO3pOOKY, TECTyBaHHS Ta
MIATPUMKY CKJIATHUX JOJATKIB, 320€3MeUy0YM THYUYKICTh Ta IIBUAKICTh pe€aryBaHHs Ha
3MIHU y BUMOTax Ta pUHKOBUX yMoBax. O HaK MpaBWIbHE IUIAHYBaHHS, BIPOBAHKCHHS
Ta yIpaBJIiHHSA MIKPOCEPBICAMH € KITIOUOBUM JIJIsl YHUKHEHHSI CKJIaIHOIIIIB, MOB'I3aHUX 13
3pOCTaHHIM KUJIBKOCTI CepBiciB Ta iX B3aemoiero [10].

[Tizgxoau 10 po3ropTaHHs MIKPOCEPBICIB BKIIFOUAIOTh BUKOPUCTAHHS KOHTEHHEPIB,
Takux sk Docker, sikuil 103BOJIsIE PO3rOPTaTH CEPBICH B 130JbOBAHMX KOHTEHHEpaX Ta
BUKOPHCTOBYBATH KOHTpOJIepU MaciiTadyBanHs, Hanpukiaa Kubernetes. Ile 3a0e3neuye
HaJIIHHICTh, MACIITAOOBAHICTh Ta MOXKJIMBICTh PO3MOIIIUTH J0JIATOK HA Pi3HI (Pi3UyHI Ta
BipTyaJsibHiI MammHu [9].

MikpocepBicHa apXiTeKTypa MoKa3aHo Ha pucyHky 2.1 [11].
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Puc 2.1. MikpocepBicHa apXiTeKTypa

[Ipu BmpoBamKeHHI MIKPOCEPBICHOI apXiTEKTyph KOXKEH CEpBIC Ma€ BIACHY
KOJIOBY 0a3y Ta 0a3y MaHuX, 1 JUIIEe 0 HUX Ma€ MpsMuid 1ocTyn. OCKUTBKH CepBicH HE
MOXYTh 0€3MOCEePEIHhO B3aEMOJIISITH 3 0a3aMU JIaHMX 1HIIMX CEPBICIB, OOMIH JaHUMU
3MIIACHIOETHCS Yepe3 BUKIMKUA PECypciB 1HIINX cepBiciB. Takuil miaxia Npu3BOAUTH 10
OUIBIII CKJIQJHOTO JIOCTYIy JI0 PECypciB, IO HajeXaTh IHIIUM CepBicaM Y
MIKPOCEPBICHIH apXiTEKTypi.

[Ile onHi€r0 3HAYYLIOK MEPEBArOI0 MIKPOCEPBICHOI APXITEKTYpHU € MOMIUBICTH
BUKOPUCTAHHSA PI3HOMAHITHHUX MOB IporpamMyBaHHs Ta O10J10TEK JjIsi CTBOPEHHS ii
KOMIOHEHTIB. B3aemomiss Mik pi3HUMH YacTHHAMU CHUCTEMH 3JIIMCHIOETHCS 3a
JOTIOMOT 010 3araJIbHUX MPOTOKOJIB 3B'SI3KY, K1 MIATPUMYIOTh MPAKTUYHO BC1 aKTyaJIbHI
MOBHU MporpaMmyBaHHs. Lle BiAKpHBa€e MIUPOKHUI CHEKTpP 1HCTPYMEHTIB JUIsi BUPIIICHHS
PI3HOMaHITHHX 3aBJaHb 1 CTBOPIOE O€311i4 MOXKIMBOCTeH. Hampukiam, 17si cTBOpEHHS
IHTEPaKTUBHOTO 1HTEpdENCy KOpUCTyBada MOKHA BUKOpPHUCTOBYBaTH JavaScript, s
pobotu 3 obOcsiroM Benukux AaHuX — Python, mns oOpoOku momii 3 MiHIMaJIbHUMU
sarpumKkamvi B peaiisHoMy 4aci — (ela.kpi.ua) mosu nporpamysanns C ta C++.

ApXiTeKTypa Ha OCHOBI MIKpPOCEpBICIB Mae 0Oe3iiu IepeBar, ajié BOHA TaKOXK
noB'si3aHa 3 TpyaHomamu. OaHie0 3 TpobieM MIKPOCEPBICIB € PO3MOIIICH] KypHAIH,

OCKUIbKM HE3aJIe)KHI CepBICH T€HEPYIOTh BJACHI KypHaiu. Lle cTaHOBUTH BUKIUK Y


https://ela.kpi.ua/bitstream/123456789/42968/1/Petryk_bakalavr.pdf

nopisasnHl 3 (ela.kpi.ua) menTpanizoBaHUMU KypHATaAMHA MOHOJIITIB, K1 3a0€3ME€YYIOTh
€IMHE JKEpEerIo MpaBAMd i pO3pOOHMKIB Ta ONEPATUBHUX Tpyn. MOHITOPHUHT 1
yOpaBIiHHA 1HOPACTPYKTYPOIO TAKOX CTAIOTh CKIAIHIIMIMMU Yepe3 BEIUKY KiIbKICTh
PYXOMHUX €JIeMEHTIB. TecTyBaHHS Ta HaJaro/)KCHHs CTAlOTh CKJIAIHIIIMMH, OCKUIbKU
BIJICYTHA iHTerpoBaHa cepeaosuiie po3pooku (IDE), sixa nputamanHa MOHOJITaM.

[Toni6HO 70 BiACYTHOCTI (pOpPMANBHOTO BU3HAYEHHS TEpMiHY "MikpocepBicu',
HEMae CTaHJaPTHOI MOJIEII, sSIKa IIPEICTABIICHA Y KOXKHIM CUCTEMI, [DYHTOBAHI HA IbLOMY
apxiTekTypHomy cTrii. OJTHaK MOXKHA OUYIKYBaTH, 110 OLIBIIICTh CUCTEM, MTOOYIOBAHUX
3a MPUHIMIIAMUA MIKPOCEPBICHOI apXIiTEKTYpH, BUSBIIATH KIJIbKa 3arajJbHUX PUC:

MynpTukoMnoHeHTHICTh:  [lporpamuHe  3abe3nedeHHs,  po3pobieHe 5K
MIKPOCEpBICH, MOXKE OYyTH pPO3IJISIHYyTE sIK HaOlp ckiagoBux ciyx0. Lle mo3Bomsie
po3ropTaTH, KOH(QITypyBaTH Ta MEPEBUILYBAaTH OKpEMi CIIyOHM HE3aJIeKHO OJHa BiJ
OJIHO1, 30epirarouu IUTICHICTh cucTeMu. Lled miaxix Moke BUMaraTd 3MiH JIMIIE B
OKpEeMHUX CITy>k0ax, 3aMICTh MOBHOTO IEpe3amycKy BChOro aojatky. OJHaK 1€ MOXKe
MPU3BOJUTH JI0 BUTPATHUX BIJAJICHUX BUKIMKIB, Tpyoux BimmaneHux APl Ta
YCKJIQIHEHOTO TIEPEPO3NOA1TY 000B'I3KIB Mi’K KOMIIOHECHTaMHU.

bi3znec-opieHTOBaHICTh: MIKpOCEpBICH YaCTO OPIEHTOBaHI Ha O13HEC-MOMKJIMBOCTI
Ta npioputeTd. Ha BiAMIHY BiJ TpaJUIIIfHOTO MOHOJITHOTO MiAXOY, A€ Pi3HI KOMaHIH
(OKYCYIOThCSA HAa OKPEMHX aClEeKTaX, y MIKPOCEPBICHII apXiTEKTypl BAKOPUCTOBYIOThCS
kpocyHKIIOHaIbHI KoMaH 1. KojkHa KOMaH1a BIJIMOBIIa€ 32 CTBOPEHHS KOHKPETHHX
MPOJYKTIB, 0A30BAHUX HA OJJHOMY YM KIJIBKOX CEpBICAX, 110 B3a€EMOAIIOTH Yepe3 IIMHY
MOBIJIOMJICHb.

[TpocTa mapmpyTtuzaiis: MikpocepBicH Ait0Th, K 1 cuctremu UNIX, o0po06istoun
3aMUTH, TEHEPYIOYM BIANOBIAl. Y BIAMIHY BiJ IHIIMX MPOJIYKTIB, Takux sik ESB, ne
BUKOPUCTOBYIOTHCSI BUCOKOTEXHOJIOTIYHI CHCTEMH JUIsl MapIIpyTH3allii MOBiIOMIICHB,
MIKPOCEPBICH MAalOTh 1HTEJIEKTyalbHI KIHIIEBI TOYKM Ta MPOCTI KaHAJIM, MO SIKUX
iH(popMarris Teyve.

JlenieHTpanizoBaHicTh: 3 OIJISAAYy Ha BUKOPUCTAHHS PI3HUX TEXHOJIOTIH Ta
maTdopM, MIKpOCEpPBICH BIJJAIOTh MEpeBary JelUeHTpaIi30BaHOMY ympasiiHHiO. Lle

JI03BOJISIE PO3POOHUKAM CTBOPIOBATH KOPHUCHI IHCTPYMEHTH JIJISl CIIUTBHOTH, SIKI MOXKYTh
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BUKOPHUCTOBYBATHCS 1HIIUMU JIJII BUPIMICHHS 3arajibHUX mpoOsieM. MikpocepBicHa
apXIiTeKTypa TakKOoX HIATPUMYE JACLEHTPaIi30BaHE YIPaBIiHHSA JTaHUMHU, A€ KOXKHA
CiTy»0a yIpaBJisie CBOEI0 YHIKAILHOIO 023010 JaHUX.

BigmoBocTilikicTb: MikpocepBicu po3po0JieHi Tak, 100 epeKTUBHO BIIOPATUCS 3
NOMHJIKAMU. 3 OISy Ha Te, IO KUIbKa YHIKaJIbHUX Ta PI3HOMAHITHHUX CEPBICIB
B3a€MOJII0TH, MOXKJIUBI BUTIAJIKH, KOJIU CEpBiC BUIE 3 JIaay. Y TaKuX BUIMAIKAaX CUCTEMA
NOBUHHA JO3BOJIUTA IHIIUM CJIy>K0aM TIpalifoBaTv Jajii, JOKH BIJIHOBIIIOETHCS
BIIMOBUBIIHI cepBic. MOHITOPUHT MIKPOCEPBICIB MOKE JOMIOMAraTH YHUKHYTH PU3HUKY
BUHUKHEHHS HEMOJIAIOK.

EBomnrorifiHicTh: ApXITEKTypa MIKPOCEPBICIB € €BOJTIOLIMHUM AU3aHHOM, 171€aTbHO
I1JIXOAUTE JIJIsl CHCTEM, 110 TIOCTIHHO po3BUBaIOThCS. Lle 0COOIMBO KOPUCHO B CUTYAIIIsIX,

KOJIM HEMOXKJIMBO MOBHICTIO nepedaunty Tunu (Openarchive.nure.ua) npucTpois.

2.2. 3acoOwu BipTyamizarii

Bipryamzamis - 1e KOHIEMNMis, W0 mnepeadadae JoriyHe 00'eaHaHHS
0OYHUCITIOBAJILHUX PECYPCIB Ta iX aOCTparyBaHHs Bij (Pi3UYHOTO 0OJaHAHHS, TAKOTO K
cepBep UM KoMIT'toTep. BipTyanbHa MailliHa Ma€e CBiM BJIACHUM MYJI JIOTIYHUX PECYpPCiB,
Takux Sk 1eHTpaneHuid  npouecop (CPU), oneparuBHa mnam'atb (RAM)
(dspace.nau.edu.ua) i auckoBHMU TPOCTip. 3aBASKH BipTyaiizallil MOXKHa OJHOYACHO
3alyCKaTH KiJbKa HE3aJIKHUX BIPTyaJbHUX MAIIIUH HA OJJHOMY (h13UYHOMY CEpBEDI.

Ha punky icHye 0e3niu miaatdopm, siKi TATPUMYIOTh Pi3HI TUIH BipTyali3aiii Ta
OpIEHTOBaHI Ha BUPIMICHHS Pi3HMX 3aBAaHb. OJHAK OCHOBHA 00JIACTh 3aCTOCYBAHHS
TEXHOJIOT1H BIpTyaii3alii - e XMapHi CEpBICH.

OcHoBHa nepeBara BipTyasizailii nmojisrae B epeKTHBHOMY 3MEHIIIEHHI BUTPAT Ha
miaTpuMky IT-iHpacTpyKTypu 3aBISKu €KOHOMII (PI3UYHUX pecypciB, aBTOMAaTH3AIlll
MIPOIIECIB, aIANTUBHOCTI Ta MacIITabOBaHOCT1 O13HECY.

HaniifHicTh € Ie OfHI€I0 IepeBaroro Ii€i TEXHOJIOTIl, OCKUIbKH B KPUTHYHHUX

CUTyaIlISIX JaHI MOXXHa JIErKO BIJIHOBUTH 3a JOMOMOTOI PE3EPBHOTO KOIIIOBaHHS


https://openarchive.nure.ua/bitstream/document/12069/1/2019_M_PI_Ivanov_MY.pdf
https://dspace.nau.edu.ua/bitstream/NAU/57125/1/%D0%A4%D0%9A%D0%9A%D0%9F%D0%86_2022_122_%D0%9F%27%D1%8F%D1%82%D0%BA%D1%96%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%92.%D0%AE..pdf
https://dspace.nau.edu.ua/bitstream/NAU/57125/1/%D0%A4%D0%9A%D0%9A%D0%9F%D0%86_2022_122_%D0%9F%27%D1%8F%D1%82%D0%BA%D1%96%D0%B2%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%92.%D0%AE..pdf

BIpTyaJibHUX MainuH. [lel mpoiiec Mo)kHa aBTOMaTH3yBaTH, 100 cucTeMa 30epiraia
aKTyaJIbHy 1H(QOpMAIliI0 B pe3€PBHUX KOMIsAX, 3MEHIITYIOUYH PU3HK MIPOCTOIO O13HECY.

[TnaTdopmu BipTyamizarmii CTBOPIOIOTh THYYKE CEPEIAOBHINE JJIsI TECTyBaHHS
pI3HUX TMPOEKTIB, 30KpeMa B Trajy3l po3poOKH MPOrpaMHOro 3a0e3MeUCHHS.
Bipryanizamisi TakoX CIy>KUTh OCHOBOIO JJIsI BIPOBA/DKEHHS XMapHHUX pIIlIEHb, SKi
MIIBUIYIOTH KOHTPOJIb HAJl KpUTUIHUMH TaHUMH.

OpHiero 3 monyJIsIpHUX TUIaTGopM BipTyasizalii A 130160BaHuX cucteM € Docker
- IHCTpYMEHT YTIpaBJIiHHS KOHTeWHepamu B cepenoBuli Linux. Docker BukopuctoBye
KOHTEHHEpHY BIpTyaii3ailiio, Je KOXHa MporpaMa 3alyCKaeThCsi B OKPEMOMY
KOHTEWHEpl, MOBHICTIO 130JIbOBAHOMY BiJ IHIIMX Ha piBHI (halIOBOI CHCTEMH Ta
BHYTpIIIHIX TpoiieciB. Lle mo3Bomisie ogqHOoMy cepBepy 0OpOOJISITH COTHI KOHTEHHEPIB,
3a0e3neuyroun MacTaboBaHICTh Ta PIBHOMIPHUN PO3MO/ILST HABAHTAYKEHHS.

Koxen xonteitHep Docker dopmyerbcss HUISIXOM BHUKOPUCTAHHS MPOCTOIrO
TEKCTOBOro (haimy, SIKM BKIIOYA€ THCTPYKIII JJIsl CTBOPEHHS O00pa3y KOHTeWHepa
Docker. [Ins aBTomatuzaiiii mporo mpoiiecy BukopuctoByetbesi Dockerfile, sikuit Hagae
CTaHAAapTHI KOMaH/IU 1JIsi CTBOPEHHsI 00pa3y uepes iHTepdeiic komanaHoro psanaka (CLI).
Oo6pa3u Docker BmimyoTh B ceO¢ BHUKOHYBaHMI BUXIJHUN KOJI MpPOrpaMH Ta BCI
HEOOX1AHI IHCTPYMEHTH, O10JIOTEKHM Ta 3alieKHOCTI JJii MPaBUIBHOTO BUKOHAHHS
MPOrPaMHOTO KOAy y BUTJSAI KoHTeliHepa. Cam 00pa3 CKIIagaeThes 3 PI3HUX IIapiB,
KOJKEH 3 SIKMX MPEJICTaBIIsSIE COO0I0 BEPCito 00pasy.

Konrelinepu Docker npencraBisitors coO00 akTUBHI eK3eMILIsspu 00pasiB Docker,
10 BUKOHYIOThCSI. BOHU € )xuBUM, eheMepHUM Ta BUKOHYBAHUM BMICTOM, 3 IKUM MOHA
B3aemojisITH Ta HamamToByBaTu. Docker Hub, 3aranpHOmocTymHe cxoBuile o0pasiB
Docker, € BaxiIuBUM pecypcoM Jyisi OOMIHY 300paKEHHSIMU Ta € TUIaThOpMOIO IS
cuisHOTH Docker.

Kpim Docker Hub, icHytoTh iHII1 TiatgopMu JUisi CXOBHUILA 300pa’KeHb, Taki sIK
GitHub, skuii BUKOpPHCTOBYETHCS [JIsi PO3MILICHHS PEMO3UTOPIiB Ta OOMIHY
iHCTpyMeHTamu po3poOku. Docker Desktop - 11e mporpama ajis omnepaiiifHuX CUCTEM
Mac a6o Windows, sika mictuth Docker Engine, Docker CLI, Docker Compose,

Kubernetes Ta iH1111 KOMITOHEHTH, a TaKOXK Hagae noctym g0 Docker Hub.



Peectp Docker - 11e cuctema jyist 30epiranss Ta po3noBCIOIKeHHS o0pasiB Docker
3 BIAKPUTUM KOJIOM. BiH 103BOJIsIE€ BIJICTEKYBATH BEpCii 300pakeHb, BUKOPHCTOBYIOUH
teru Ui ix imeHtudikamii. Docker Hub 1 GitHub BuxopuctoByioTbes myis oOMiHy
300paXEHHSIMH Ta CTBOPEHHS PETIO3UTOPIiB.

VY3aranbHIOIOUH, BipTyami3allisi Ta IHCTpYMEHTH, Taki sk Docker, BimirparoThb
BOKJIMBY POJIb Y TOJIMIIEHH] €(eKTHBHOCTI, MacmTaboBaHOCTI Ta KepoBaHocTi IT-

CepeOBHII, POOJISTYM 1X OUIBII THYYKHMH Ta HATIMHUMH.
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Puc. 2.2. Apxitepkrypa Docker-koHTeitHepa

Docker no3Bossie 3amyckaTy pi3HI MPOILECH B 130JbOBAHOMY PEXKUMI, HEXTYIOUU
iXHIM BMICTOM, 1 MOTIM JIETKO TIEPEHOCUTH Ta KJIOHYBATH C(POPMOBaHI KOHTEIHEPH Ha
iHm cepBepu. Docker Gepe Ha cebe BCio poOOTy 31 CTBOpEHHS, OOCIYyrOBYBaHHS
(dbpedia.org) ta miaTpumku kouTeliHepiB [12]. Ha pucyHky 2.3 300pakeHa CTPyKTypa Ta

OCHOBHI Ta OCHOBHI komnoHeHTH Docker.


http://dbpedia.org:8891/page/Docker_(software)
http://dbpedia.org:8891/page/Docker_(software)
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Puc. 2.3. CtpykyTtpa Ta komnonentu Docker

Docker Client € inTepdeiicom kopuctyBaua Docker, Hagatoun HaOip KoMaHa AJis
yIpaBiiHHS oOpa3amu Ta KoHTeiHepamu [§]. B3aemonist 3 Docker Client 311licHIOETBCS
yepe3 Docker Daemon - ngeMoH-miporiec [9], mo BiAmOBiJae 3a omepariiiiHy poOoTy
cuctemu. Docker Host micTuTh koHTeliHepu Ta o0pa3u Docker Image (DI). Koxxen o6pa3
BKJIIOYA€E OTIEpAIliiiHy CUCTEMY, 3aCTOCYHOK Ta BCi Horo 3anexHocti. O6pa3u B Docker
Mpe/ICTaBIICH] Y BUTIISLAL apiB. Hanpuknan, 1yis ctBopeHHs: o0pasy 3 BeO-cepBepoM, MU
BUKOPHUCTOBYEMO 00pa3 3 OIepaliitHO0 CUCTEMOIO SIK 0a30BUM, J0/Ia€EMO 3AJICKHICThD -
BeO-cepBep 1 3amuCyeMO II€ SIK HOBUM o0pa3, sSKUi MICTUTHh JBa IIapu: OAWH 13
omepalliiHol0 CHUCTeMO, IHIIMK - 13 BeO-cepBepoMm [5]. 3i6pani Docker oGpasu
30epiratrothesa y Docker Registry (DR) ajist moganbiioro BUKOPUCTaHHS.

Omxe, Docker nonomarae:

® MiHIMI3yBaTl BUKOPUCTAHHS PECYPCIB;

® 3pYYHO MPUXOBYBATU (DOHOBI MPOIIECH;

® [pocTO MacuITadyBaTu;

® 3MEHIIUTH Yac MK HAITUCAHHSIM 1 3aITyCKOM KOJIY;
® IIBUIIIC TECTYBATH;

® IIBUJKO PO3TOPTATH;

L e(beKTI/IBHO CTBOPIOBATH AOAATKH.



2.3. Mosga nporpamyBanns Python ns ananizy maHux

Ha cygacHomy IT-puHKy icHye O34 TEXHOJOTIN JJIsi PO3POOKH MPOrpamMHUX
IPOJYKTIB, 30KpeMa Ha apXIiTeKTypi KiieHT-cepBep. [l BuUOOpY HaMKpammx Ta
HalicydacHImmxX TexHoJjorii juisi creopenns (ela.kpi.ua) mporpamuoro 3actocyHky
HEOOX1THO BHBYUTH HAasBHI TEXHOJOTII, MIAXOIM Ta MPAKTHKU iX BUKOPUCTAHHS Y
CydyaCHMX yMOBax. 3TiHO 3 1HIEKCOM IOMYJSPHOCTI MOB mnporpamyBanHs PYPL
(Popularity of Programming Language), (ela.kpi.ua) Ha cporomHi HaWOLIBII

MOMYJIIPHOIO € MOBa IporpamyBanHs Python [28].

Worldwide, May 2021 compared to a year ago:

Rank Change Language Share Trend
1 FPython 28.9 % -1.2 %
2 Java 17.72 % 0.0 %
3 JavaSeript 8.31% +0.4 %
4 C# 6.9 % 0.1 %
5 4 ClC++ 6.62% +0.8%
6 P FHP 6.15%  +0.1%
7 R 393% +0.0%

Puc. 2.4. PeliTUHT MOB NpOrpamMyBaHHS

MoBa nporpamyBanHg Python 3aBoroBajia BHUCOKY MONYJSPHICTh BIJHOCHO
HelaBHO, ane 3a 1eil koporkuii (ela.kpi.ua) mepiox Bxke MpoaeMOHCTpyBajia CBOKO
HiHHICT y 6araThboX Taly3sX pO3POOKM MPOrpaMHOrO 3a0e3MeueHHs. i Imupoka
MOIIMPEHICTh TOJIOBHUM YHWHOM OOYMOBJIEHA JIETKICTIO BUBYEHHS Ta CTPIMKUM
3pOCTaHHSM CHITBLHOTH po3poOHUKiB Python, siki HemepepBHO PO3BUBAIOTH IO MOBY.

Python € BUCOKOpIBHEBOIO MOBOIO IIPOrpaMyBaHHSI, CIPSIMOBAHOIO Ha TTiABUIIICHHS
MPOyKTUBHOCTI PO3pOOHUKA Ta MOJIETIICHHs YnTaHHs Koay. Lle inTepripeToBaHa MOBa,
M0 J03BOJISIE BAKOHYBATH KOJI PSIIOK 32 PSIIKOM 1 BUSBIISIETHCSI OCOOTMBO KOPUCHORO i

yac HaJlaroJkeHHs nporpam. [Htepnperarop Hanvcanuii MoBoro C 1 € BIAKPUTUM IS


https://ela.kpi.ua/bitstream/123456789/51753/1/Petryk_magistr.pdf
https://ela.kpi.ua/bitstream/123456789/51753/1/Petryk_magistr.pdf
https://ela.kpi.ua/bitstream/123456789/51753/1/Petryk_magistr.pdf

yCiX; MOro MOKHa PO3LIMPIOBATH BJIIACHUMHM JIOMIOBHEHHSAMM JJIi OTPUMAaHHS HOBOTO
dbynkiionany [29]. Haibinbeim nommpeHoro peaisaiieto inteprnperaropa € CPython [29].

Python Bosozie mnHamMivHOO THITI3AIIEIO, IO O3HAYAE BiACYTHICTH HEOOX1THOCTI
NonepeHb0 BKa3yBaTH THUMNM JaHUX. CHHTAKCUC MOBHM € JAaKOHIYHUM, YITKUM Ta
MPOCTUM, IO JO3BOJISIE JIETKO OCBOIOBATH HOTO Ta IIBHUJKO MUCATH MPOTPaMHUI KO,
MOJICTIIYIOYM YUTAHHS IHIIUMHU po3poOHuKamu. [lam'sTh ynpaBiseTbcs aBTOMaTHYHO,
110 3BUIBHSE PO3POOHUKA BiJl HEOOX1THOCTI BPYUHY K€PyBaTU BUKOPHCTAHHSAM I1aM'sITi.
Python 37aTHMii epekTUBHO MpaIfoBaTH 31 CKIAJAHUMU CTPYKTYpPaMH JaHUX BHUCOKOTO
pPIBHS Ta BHKOPUCTOBYE JIMHAMIYHE 3B'S3yBaHHS, 110 MPUCKOPIOE MPOIEC PO3POOKU
MporpamMHoOro pimeHHs [29].

Python mnpencraBnsie co0or0 MyJpTUNApaAMIMalbHY MOBY MNpPOrpaMyBaHHS, 3
¢dbokycoMm Ha O00'€KTHO-OpIEHTOBaHIM Ta (YHKIIOHAIBHIA MapagurMax, a TaKoxX
MIITPUMY€ 1HII TapagurMu, Taki SK IMIIEpaTUBHA, MPOLEIypHA, CTPYKTypHa Ta
acreKTHO-opieHTOBaHa. Python € kpocmiiargopmMeHuM, 110 A03BOJISE JIETKO NEPEHOCUTH
nporpaMHe 3a0e3nedyeHHs 3 OJHlel MmIaTpopMU Ha 1HINY, BCTAHOBJIIOIOYM Ta
KOMITUTIOKOYM BUXigHUI ko4 Ha MoB1 C [29]. Python Takox 103BOJIsi€ BUKOPUCTOBYBATH
KoMIib0BaH1 Ko C ta C++, 1110 pOo3LIMPIOE MOKIMBOCTI MOBH.

3aranom, Python € Hajn3BMYailHO MOTYKHMM 1 THYYKUM I1HCTPYMEHTOM JJis
pPO3pPOOHUKIB, SIKMA 3HAXOIWUTh IIMPOKE 3aCTOCYBaHHA Yy PpI3HUX 00JacTIx
porpamMyBaHHS.

[le oaniero 3Hauy1I010 NiepeBaroro Python € iioro oOmmpHMii criekTp BOy10BaHUX
010J110TEK, 110 pOOUTH MOBY 17€aTHHOIO JJI1 BUKOPUCTAHHS B PI3HOMAHITHUX MPOEKTaX.
CrannaptHa 616m10Teka Python micTuTh mmpokuii Ha0ip IHCTPYMEHTIB Ta KOMIIOHEHTIB
11 poOOTH 3 MEPEKEBUMHU MPOTOKOJIAMHU, PI3HUMU (HhOpMaTaMu MPEICTABICHHS TaHUX,
ctBopenHs HTTP cepBepiB Ta KiieHTIB, 0OPOOKH MOIITOBUX MOBIIOMJICHb, MAHIITY ST
nanumu JSON, XML, CSV Ta iHmmmu. Kpim TOro, € Momym i B3aeMoii 3
OTIEpAIlifHOI0 CHCTEMOIO, MO JO3BOJIAIOTH JIETKO CTBOPIOBATH KpOCIUTaTHOPMHI
JTOJATKH.

3aBASKM MIMPOKIA MIATPUMIIL CHIIBHOTH po3poOHUKiB, Python Hacuuenuii

pI3HOMaHITHUMH  010J1I0TeKaMH, sIKI MOKPHUBAIOTh MPAKTHYHO BCl  aCHEKTH



nporpamyBaHHs. [li 0i1010TeKH BKIIOYAIOTh 1HCTPYMEHTH I OOpOOKH 300pa’keHb,
pobotu 3 06azamMu AaHUX, BEO-pO3POOKH, YUCETBHUX METOMIB, CTBOPEHHS IITYYHOTO
1HTEJIEKTY, 0OpOOKHU TEKCTY, po3po0KH irop Ta 6arato iHmUX. BimpmicTs mux 616a10TEK
€ BUIBHOJOCTYITHUMH 1 MatOTh BUCOKUM PIBEHBb JOKYMEHTAIII].

Hesin'emnoro nepesaroio Python € fioro minensis, sika He 0OMexye KOMepliiiHe
Bukopuctanus. Lle poouts Python nmpuBabmuBuM 117151 po3poOHUKIB, SIKI MPAIIOIOTh HAl
Oi3Hec-pimeHHsIMU. KpiM TOro, BelMKa KIIBKICTh pO3MIMpeHb Ta 010iioTek Python
JAOCTYMHI Y BUIBHOMY JOCTYII, IO CHOpPUS€ IIBUAKOMY Ta €()EKTMBHOMY pPO3BHUTKY
porpam.

Opnak BaxJIMBO BpaxoByBaTH, 1o Python, sk iHTepmperoBaHa MoBa, MOXe
JEMOHCTPYBAaTH HEBHCOKY IIBHIKICTh BUKOHAHHS TPOTPaM, OCOOIMBO JUISI BETUKUX
oOYuCTIOBAILHUX 3aBAaHb. lle oOMexeHHs BUPINIYEThCS B OUIBIIOCTI BUMAIKIB
MEHIIMMU BUTPAaTaMU 4acy Ha po3poOKy MporpaMHOro 3adesnedeHHs. 3aranom, Python
€ e(peKTHBHIM Ta TOTYKHUM 1HCTPYMEHTOM, 30KpeMa i MPOEKTiB, J€ BAXKJIHBA HE

KpUTHUYHaA IIIBI/II[KiCTB BUKOHAaHH:.

2.4 Po3poOka 1oAaTKiB 3 BUKOPUCTAHHSAM (hPEHMBOPKIB

Flask - me minensoBanuii mikpodperiMBopk Ha 0a3i Werkzeug Ta Jinja2,
po3pobienuii Pocoo 1 Ha chorojHimHIA AeHb HiATpuMyBaHuil npoexktom The Pallets
Project. Onniero 3 ocobnuBocTel MiKpoppeHMBOPKIB, 10 sKUX HanexuTh Flask, € ix
(dbokyc Ha HaJgaHHI JUIIe HEOOX1JHUX KOMIIOHEHTIB JUIsl BUPIIIEHHS KOHKPETHOI 3aja4i
[38].

Flask nosBossie po3poOHUKaM BUKOPUCTOBYBATH JIMIIIE HEOOXi/IHI KOHGITYpaIllii,
pobJIsiun MOro mMpocTUM Ta THY4YKHM. lle 0coOMMBO BUTIAHO JJi1 PO3POOHUKIB, SKi
MOKYTb JIETKO HAJIAIITOBYBATH 1 BUKOPUCTOBYBATH TIIbKU T1 (DYHKIIIT, SIK1 iM OTP10HI,
CIPOIIYIOYH MPOIEC PO3POOKHU IPOTpaM Ta BUKOPUCTAHHS IJIATIHIB.

OcHoBHi komnonentu Flask - me Werkzeug 1 Jinja2. Werkzeug BiamoBimae 3a

MapHIpyTH3alliio, HaJTaroKeHHs Ta inTepdetic mumo3y Beo-cepepa (WSGI), B Toit yac



K Jinja2 BUCTymnae B SKOCTI JBIKKa JUIs 11abyioHiB. Ha BiaMiHy BiJ JAESKUX I1HIIHX
¢dperimBopkiB, Flask He BOyaoBye B cebe miaATpuMKy ©0a3 JMaHuMX, aBTeHTU]ikarii
KOPHUCTYBayiB YM IHIIMX BUCOKOpIBHEBUX YyTWUNIT. OJHaK BiH Ma€ MIUPOKUN BHOIp
PO3IIMPEHD, K1 PeaTi3yloTh 111 PYHKIIOHATBEHI MOYKIIUBOCTI.

Crpykrypa Flask € MogynbHORO, 1110 TTOJIETIITY€ OpTaHi3allifo BEIUKIX 3aCTOCYHKIB.
Lle#t ¢pperiMBOpK Haza€e HANIMHY OCHOBY ISl TOAATKIB, a (DYHKITIOHAT BEPXHBOTO PiBHS
BUKOHYETHCS 32 JOMOMOTOI0 po3impeHsb. Flask mpomonye 3py4uHuii iHCTpyMeHTapiid 1Jis
CTBOpPEHHSI K MPOCTHX, TaK 1 CKIAAHMX BeO-I0JaTKIB, 3a0e3Meuylodyd NpU IbOMY

I‘Hy‘IKiCTB Ta JIETKICTh BHKOPHUCTAHHA.

from flask import Flask
app = Flask( name )
@app.route('/")
def hello world():
return 'Hello, From Flask!'

Leit kon BukopucTtoBye 010mi0TeKy Flask nnst ctBopenHst mpocTtoro Be6-10/1aTKA.
Bin iHilit0€ 101aTOK, OTOJIONIYE MAPIIPYT Ta BU3HAYA€ (DYHKIIIO /ISl BUKOHAHHS MPU
BUKJIMKY MapiipyTy. OHak BOyJJoBaHUM cepBep, IKUI BUKOPUCTOBYETHCS B IIbOMY KO/,
MPU3HAYCHUN TIEPEBAKHO JJISi TECTYBAaHHS 1 HE MIAXOAWTH ISl BBEIACHHS IOAATKY B
eKCILTyaTarlito.

st podotH 3 6a3or0 ganux y Flask wacto BukopuctoBytoTh po3mupenss Flask-
SQLAIchemy, sike namae miaTpumky mist 0i10miorekn SQLAlchemy. SQLAlchemy
MPOTIOHY€E IHCTPpYMEHTH i poooTH 3 SQL Ta Object Relational Mapping (ORM).

Jns posmmpeHHs (PYHKIIOHAIBHOCTI JOJATKy, PO3POOHMKUA HYacTO JOJA0Th
MoayJi ayTeHTH(dikaimii kopuctyBaua Ta omepaniii CRUD (cTBopeHHs, yuTaHHS,
OHOBJICHHA Ta BuAaieHHs nanux). Flask Takoxx mo3Bomsie iHTerpyBatu Swagger aiis
aBTOMATUYHOI reHepailii fokymenraiii API.

Y  TecTyBaHHI  3a3BMYail  BUKOPHCTOBYIOTH  pytest i  MEpPEBIPKH
¢ynkuioHansHOCTI. 1le moBHOMYHKIIIOHATBEHUN 1THCTPYMEHT Uil TecTyBaHHsA Python,
SAKUW CHOpPOIIyE PO3POOKY TECTIB Ta MAacIITa0yeThbCsl IS CKJIQJHUX BHITAJIKIB

BHUKOPHUCTAHHA.



Postman € BaxnauBuM iHcTpymMeHTOM i1 podotu 3 API REST, nagarouu
MOBHOIIIHHY TuiaTdhopmy Ui po3poOku Ta iHTerpaiii APl Ha BCix eramax >KUTTEBOTO
nukiy. Le nosnermurye po3poOky Ta poOUTS i ORI HAJIHHOIO.

CrpimmiT (Streamlit) - 1e BiaKpuTe MporpamMHe 3a0e3leyeHHs i HIBUIKO1
pPO3p0oOKH BeO-3aCTOCYHKIB 3 BUKOPHUCTAHHSIM MOBHU IporpamyBaHHs Python. OcnoBHa
i7es 3a Streamlit mossirae B ToMy, 1100 T03BOJIUTH pO3pOOHUKAM JIETKO CTBOPIOBATH BEO-
3aCTOCYHKH 3 MIHIMQJIbHOIO KIJIBKICTIO KOAY. 3aCTOCYHKH, CTBOPEHI 3a JIONIOMOIOIO
Streamlit, mpu3HayeHi 1715 MBUIKOT MPOTOTUIMI3ALIl, aHAI3Y JaHUX Ta Bizyamizaiii [37].

OcHoBH1 0cO0MBOCTI Streamlit BKIIIOUAIOTh:

[Ipoctota BukopucTaHHs: Streamlit po3poOieHo 3 (GOKycoM Ha TPOCTOTY
BUKOPHUCTaHHA. PO3pOOHUKM MOXYTh CTBOPIOBATH BE0-3aCTOCYHKH, BUKOPHUCTOBYIOUH
BCHOT'O KIJIbKa CTPOK KOAY.

JluHaMi4uHa OHOBJIIOBaHICTh: Streamlit 703B0JIsIE aBTOMATHYHO OHOBJIFOBATH BMICT
BIJDKETIB Ta rpadikiB MpU 3MiHI HapaMmeTpiB, 0e3 HEOOXIAHOCTI IMepe3aBaHTAKEHHS
CTOPIHKH.

Benuka kinbkicTh BOyAOBaHMX BIJDKETIB: Streamlit mMae HaOlp BOyaoOBaHMX
BI/DKETIB, TaKUX SK KHOMKH, TOJS BBEJASHHS, TpadiKd Ta IHII, IO J03BOJISE
PO3pOOHUKAM JIETKO B3a€EMOJISATH 3 KOPUCTYyBayaMu Ta Bi3yalli3yBaTH JaHI.

[linTpumka BOyJZOBaHOrO peHAEpPUHTY: Streamlit aBTOMaTUYHO pO3Mi3HAE Ta
PEHACPUTD PI3HI TUIH JIAHUX, TaKl K TEKCTH, 300pakeHHs, rpadiKy Ta 1HIIIL.

[linTpumka anami3zy pgaHux: Streamlit go3BosisiE  pO3pOOHHKAM  JIETKO
BUKOpUCTOBYBaTH Python-016mioTexu 11t aHammizy nanux, Taki sk Pandas ta NumPy, nos
00poOKM Ta Bizyaizallii TaHWX B IXHIX Be0-3aCTOCYHKAX.

[TinTpumka posroptaHHs B xmapi: Po3poOneni 3a nmomomororo Streamlit BeO-
3aCTOCYHKH MOYHA JIETKO PO3rOpTaTH B XMapHUX cepBicax, Takux sik Streamlit Sharing,
Heroku, abo AWS.

CtpiMIiT poOUTH MPOIEC CTBOPEHHS BeO-3aCTOCYHKIB Ha MOBiI Python Oinbur
JOCTYITHUM 1 3pYYHUM JIJIsi PO3POOHUKIB, IO CIEMIaNi3yIOThCS HAa aHalli3l JaHUX Ta

IITYYHOMY IHTEJIEKTI.



2.5. A/B tect sk cnoci0 TecTyBaHHS peakilii KopucTtyBadiB Ha 3miHA B IT

IPOAYKTI

A/B-TectyBaHHS — 1€ TPOIIEC, ITiJ] Yac SKOTO OJHOYACHO MOKA3yIOTh JIBa BapiaHTH
OJTHOTO TIPOJIYKTY JBOM TE€CTOBUM TI'pyIlaM CIIOKMBadiB. 3aCHOBAaHO Ha IMOBEIIHKOBIH
AKTUBHOCTI KOXKHOT TpYIIH, MOKHA 3p00UTH BUCHOBKH 111010 ehextrurHOCTI (doc4web.ru)
TeCTOBaHUX 3MiH [32].

3a3Buyail A/B-TecTH BUKOPUCTOBYIOTHCS JUIsl TOUKOBOTO IIJBUIIIEHHSI KOHBEPCI,
TaKMX $K TEepeBipKa HEBEIUKUX 3MiH 1HTepdeicy, Nu3aiiHy €JIEeMEHTIB MPOAYKTY,
pO3TallyBaHHsI KOHTEHTY TOILO, JI€ KOPUCTYyBaul B3a€EMOJIIOTh 3 HOBUMH (DYHKI[ISIMU.
KinbkicTh KOpHCTYBauiB Balloro MPOAYKTY BHU3HAYA€ KUIBKICTH MOKJIMBOCTEH J1Jisi
orpuManHs npuOyTKy, (docdweb.ru) Tomy mocTtiiiHa poOoTa HaJL KOHBEPCIHHICTIO
MPOAYKTY € BAKIIMBOIO JIJI1 MAKCUMI3allii WX MOXKIJIUBOCTEH.

B A/B TecTyBaHHI BU3Ha4yae€TbCs BaplaHT OQOPMIICHHS, SIKUM NPU3BOAUTH IO
OlIbII BHCOKOI KOHBEpCii, 1 1€l BapiaHT AONOMAara€ ONTHMI3yBaTH HPOIYKT JIs
JOCATHEHHS KpalllMX pe3yJbTaTiB. Pe3ynpTaT — MIJBUIICHHS KOHBEpPCii KOpPUCTYBayiB,
110 1pU3BOAUTH 110 (doc4web.ru) npuBepTanHs Oijblle KIIIEHTIB O€3 30UTBIIICHHS BUTPAT
Ha 3aJTy4YEHHs B1JBITyBayiB.

[ITo6 3abe3meunTH BIPOTIAHICTH pPE3yJbTaTIB, TECT CHiJ TPOBOAUTH 13
KOHTPOJIBHOIO BUOIPKOI0. PEKOMEHyeThCsl PO3AUIUTH ayIMTOPi0 HA TpH Tpynu (A, A,
B) 3amicts aBox (A Ta B). lle n03Bojsie BUSBUTH BIUIMB 30BHIINIHIX YMHHUKIB Ha
pe3yJIbTaT TECTY Ta BU3HAUNTH, YW HE BUHUKIIM IOMHIIIKH Y 300p1 METPUK.

Hanpuknaza, sSKiio iHIIWK BT 3ayCKae peKjIaMHy KaMIIaHiio, 10 pUBEpTaE
0arato KOpUCTyBayiB, Kl MOXYTh BIUIMHYTH Ha pPe3yJIbTaTH TECTY, KOHTPOJIbHA BUOIpKa
JOTIOMO>K€ BU3HAYUTH, YA PIBHOMIPHO PO3MO/LIEHI y4acHUKU A/B-TecTy 3a rpynamu.

3a pe3yibTaTaMM KOHTPOJIbHOI BHUOIPDKM MOKHAa BU3HAYUTH, YU BIUIUHYJIU
30BHIINIHI YMHHUKU Ha pe3ylbTaT TecTy. SKimo mnokazHuku Trpyn A Ta A He
BIJIPI3HSIOTBCS, MOXKHA JTOBIPSATH JaHUM. Y pasl BIAMIHHOCTEH, udpu cCnoTBOpEHI, 1

pIIIEHHS HAa OCHOBI TECTY CJIiJl yTPUMATH.


https://doc4web.ru/finansi-/finansoviy-mehanizm-pidpriemstva.html
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MpuHuun A/B-TecTyBaHHS

Be3 KOHTpOonbHOI BUGIpKU 3 KOHTPONbLHOK BUBGIPKOK

== ==

Puc. 2.5. Ilpunnun A/B TecTyBaHHS

Axmo y Bac iCHYIOTH OUIbllIe HDK JBa BapiaHTH I TMOPIBHSHHS, MO>KHA
BUKOPHUCTOBYBAaTH MyJIbTUBapiaHTHE TecTyBaHHs. [ [puniun e cxoxum 1o A/B-tecty, ane
BU TOPIBHIOETE OJIHOYACHO OuNbIlIEe HIXK JB1 Bepcii ofHiel 3MiHU. KoxkHOMY BapiaHTy
BUJUISIETCA TIEBHA YaCTUHA ayAUTOPIi JIs [TOKa3y, 1 Ha 3aBEPILLEHHS TECTY pe3yIbTaTu
nopiBHIOIOTKCS. [lepeMarae Bepcis, sika mokasajia Halkpal MEeTPUKH.

MynbTHBapiaHTHE TECTYBaHHS JO3BOJISIE BaM OI[IHUTH BIUIMB K1JIbKOX PI3HUX 3MiH
OJIHOYACHO, III0 MOKe OyTH KOPUCHUM B CKJIAJIHUX CIIeHapisx. 3abe3neuyroun ayauTopii
pI3HUMU KOMOIHAIISIMUA 3MiH, BU MOKETE BU3HAUUTH ONTUMAJbHY KOHQIryparlito, sika
MaKCcUMIi3ye OakaHi METPUKH.

[Ipoliec MyJIbTHBApPIaHTHOTO TECTYBaHHA BKJIIOYa€e B ceOe BUOIp 3MiH, PO3NOJALI
ayIuToOpii MIDXK PIZHMMHM BapiaHTaMH, BUKOHAHHS TECTy Ta aHall3 pe3yJbTaTiB.
[Tam'siTaiiTe, 110 BaXKJIMBO BPAaXOBYBAaTH CTATUCTUYHY 3HAYYIIICTh 1 KOHTPOJIIOBATH
MOJIUB1 (PaKTOPHU CIIOTBOPEHHS PE3YJIBTATIB TECTY.

MynpTUBapiaHTHE TECTYBaHHS € TMOTYXXHUM I1HCTPYMEHTOM JUId ONTHMIi3alii
PI3HOMAaHITHHX €JIEMEHTIB BeO-caiiTy abo MpOAYKTy, ajieé BaXKJIUBO MPABUIHHO

MJIaHYBaTH Ta BUKOHYBATH MO0 JIJI1 OTPUMAHHA HaJIMHUX pe3yJIbTaTIB.



MynbTUBapiaHTHE TeCTYBaHHS

Tpadik

Puc. 2.6. MynbTrBapiaHTHE TECTYBaHHS

MeTon MyJIbTUBapIaHTHOTO TECTYBAHHS €(DEKTUBHO JTO3BOJISIE MEPEBIPATH KIJIbKa
Bepciil 3 HeBeMUMKUMHU 3MiHaMu. Hampukiaa, Mo)kHa MPOBECTH TECTYBAHHS YOTHUPHOX
pi3HuX (pa3 "BUkAMK A0 1" s ofHiel KHONKW. Kpim Toro, meil mMeTon 3pydHO
3aCTOCOBYBATH ISl OLIHKK METPHK IMPH pi3HUX KOoMO1Hausax. Hanpuknana, aKmio y Bac €
YOTUPU BApPIaHTH TEKCTY JJIsl KHOIKH Ta JIBa KOJIbOPH, MYJIbTUBAPIAHTHUM TECTYyBaHHSIM

MOKHa MOPIBHATH BICIM MOXJIMBHUX BEpCId Ta BU3HAUUTH, sIKA KOMOIHAlA MOKa3aia
Halikpaiui pe3ynbtatu. lllogo A/B-TecTyBaHHS, Ipolec BKIIOYA€E B ce0e BICIM KPOKIB:

CdopmymroBatu rinore3u: ['imoTe3a gornoMarae BUSHAYUTH T €KCIIEPUMEHTY,
BUOpaTH METPUKH Ta IHTEPIPETYBATH PE3yJIbTATH.

Busznauntu metpuku: Merpuka A/B-Tecty — 11e MOKa3HUK, 32 SIKHUM OIIIHIOETHCS,
Y MiATBEPNIIACS TINOTe3a YU HI.

BusnayeHHsi KpuTepiiB yCIIXy Ta NPUAHATTS PIillIEHb Ha OCHOBI PE3yJIbTATiB
tectyBaHHA: Kpurepiii ycrixy — 1ie O4iKyBaHUW BHX1]l, HA OCHOBI SIKOTO MOXHa 3p00UTH
BHCHOBOK PO YCHIIIHICTb TPOBEAECHOTO TECTY.

Binnatu kojeram Ha  Kpoc-peB’to:  Kpoc-peB’ro  jmomomara€e  OLIHHUTHU
c(hopMyIbOBaHI TIOTE3H, BpaXyBaTH BCl METPUKHU Ta NMEPEBIPUTH MPABUIBHICTh PILICHb.

[TinroryBatn excnepumenT: CTBOpeHHsS Bepcii 31 3MIHaMH JJisi TECTyBaHHS,
BU3HAUYCHHS KOHTPOJIBHOT Ta EKCIEPUMEHTaJIbHOI BHOIpKH, MIHIMAJBLHOTO PO3MIPY

BUOIPKH, MOKa3HUKA CTATUCTUYHOI 3HAYYIOCTI Ta TPUBAJIOCT] TECTYBAHHS.



3anyctutu ekcriepuMeHT: IlepeBipka KopekTHocTi pobGotu A/B-tecty Ta
YHUKHEHHSI BUSIBJIEHHS 3HAUYIIMX PI3HULIb B)K€ HAa MOYATKOBUX €Tarax.

[IpoananizyBatu pe3yibTaTd Ta 3poOUTH BUCHOBKH: [IOpIBHSHHS OTpUMaHHX
JaHUX 3 KPUTEPISIMU YCIIXY, BA3HAYEHUMU Ha €Tarl TOTyBaHHS TECTY.

3poOuTty 3BIT Ta MOAUIMTUCA HHUM 13 Koyieramu: Po3MmoBigs mpo pe3yibTaTH
TECTYBaHHS JJIsl PO3YMIHHS BC1€I0 KOMaH/IO10.

[HIm mMeTonm IS TIEpeBIPKM TIMOTE3 BKIIOYAIOTH 103a01TiTI-TeCTYBaHHS, SIKE
OIIIHIOE, HACKUIBKH 1HTEpdEC € 3pydHuM JJisi KopucTyBadiB, Ta fake door Tect, sikwmii
JI03BOJISI€ TIEPEBIPUTH, UM MMOTPIOHA KOPUCTyBauyaM HOBa (YYHKIIIS, JOJIal0UM i1 Ha PiBHI
MakeTiB. Takok MOKHA BHUKOPHUCTOBYBAaTH peEJi3 HOBOTO TOBapy Ha OOMEXEHY
ayJIUTOPIIO JUIsl TECTYBAHHS BEJIMKHUX 3MIH O13HEC-MOJIeNl a00 HOBOTO MPOAYKTy. A/B-

TCCTHU JO3BOJIAIOTH HMIBUAKO TCCTYBATHU TIITOTE3M Ta PO3BHUBATH ITPOAYKT.

2.6. BHCHOBKH 10 pO3aiTy

VY apyromy po3aun JTOCHIAKEHO BUKOPUCTAHHS MIKPOCEPBICHOTO MIIXOAY, SIKUN
HaJIa€ THKEHEPAM MOKJIMBICTh MPAIIOBATH HE3aJIEKHO OJIMH Bij OJTHOTO Ta PO3POOIISTH
OKpeMI CepBICH 3 BUKOPUCTAHHSAM Pi3HUX MIAXOIB Ta MOB IIporpamyBanHs. [leit Mmeron
MPOEKTYBaHHS JOJATKIB SIK CYKYIHOCTI MIKPOCEpBICIB 3a0e3nedye MaciTabOBaHICTh
CUCTEMHU Ta PO3MOAUI JoAaTKa Ha pi3HI (i3WyHI Ta BIpTyaldbHI MaIlMHU, MO0 TaKOX
MIJBUILYE HAAINHICTh. 3a3BUYail, MIKPOCEPBICH 3aITyCKAIOTHCS B OKPEMUX 130JIbOBAHUX
KOHTECiHEpaX Ta BHUKOPUCTOBYIOTh KOHTpOJIEp MAacIITa0OBAHOCTI, HANpPUKIAT,
Kubernetes, ns ynpaBiiHHA Ta MaciITabOyBaHHS OKPEMUX CEPBICIB 3TIHO 3 pOOOYMMU
HABAHTAKCHHSIMH CHUCTCMHU.

Ax npuxman miardopmu  KoHTeWHepu3arii, OyB HaBemenuid Docker —
IHCTPYMEHTApI{ I yIPaBIiHHS 130JJbOBAHUMH KOHTEHHEpamMu. Takuil apXiTeKTypHU I
Miaxig, 1o 0a3yeTbcsl Ha HE3AICKHUX CIIy))O0ax Ta KOHTeWHepusallii, HaOupae
MOMYJIIPHICT CEPell PO3POOHUKIB.

Bxkazano, mo texHosorii, Taki sik Docker tTa Kubernetes, HagatoTh iHXeHepaM

MOKJIUBICTB pO3pOOJISATH HAA1HI, THYYK] Ta MaciTaboBaHi cucteMu. OHIEIO 3 TIepeBar



€ MOKJIUBICTh PO3TOPTaHHS Ta MEPE3ayCcKy MiKpOCEPBICIB HE3aJICKHO OJIMH BiJl OJTHOTO,
0 pOOMTH Il Mmiaxia OiibII THY4YKHM 1 epekTUBHUM B nopisusHHI 3 (docdweb.ru)
MOHOJITHUMH CHCTEMaMHU.

3a3HayeHo, 10 CTPIMIIT POOUTH MPOIEC CTBOPEHHS BEO-3aCTOCYHKIB Ha MOBI
Python G111 TOCTYIHUM 1 3pYYHHUM JJIs1 pO3POOHUKIB, IO CHEIiaNi3yI0ThCS Ha aHai31
JaHHUX Ta IITYYHOMY 1HTEJIEKTI.

[Tomanpiie po3risgaHHS 3a3Hadyae OMUIBHICTH TpoBelcHHS A/B-TecTyBaHHS
MIKpOCepBIiCy AJIsl KJacTepu3allii KOpucTyBauiB y AofaTky. Lleit meron € edekTHBHUM
IIpU JOKaJbHOMY 3aCTOCYBaHHI MPOJYKTY Ta BHUIPOOYBaHHI 3HAYHMX 3MiH y Oi3Hec-

MOJIE1 Y¥ BUIIPOOYBaHHI HOBOT'O MPOIYKTY.

PO3IL 3.
METO/IM TA MOJIEJIT MAILIMHHOTO HABUAHH I


https://doc4web.ru/finansi-/finansoviy-mehanizm-pidpriemstva.html

3.1. MamuHHe HaBYaHHS ISl aHATI3Y JTaHUX

TexHONOriYHO PHUHOK MAINIMHHOTO HABYaHHS IBUAKO  PO3IIMPIOETHCA.
[Tounnaroun 3 2016 poky, #oro po3Mip mnepeBHIIUB TMo3Hauky y $1 mupa, i
MIPOTHO3YEThCA, MO 110 2025 poky BiH Moke 30impmuTrcs 10 $39,98 mupa. B kinmi 2016
poky MIT Technology Review ta Google Cloud npoBenu crijibHE TOCTIKEHHS HA TEMY
"MalmuHHe HaBYaHHS: HOBUM CHOCIO OTpUMaTH KOHKYpEHTHY mepesary". YV 1momy
ONMUTYBaHHI Opay ydacTh 375 KBami(hiKOBaHUX PECIIOHJICHTIB 3 Pi3HUX KpaiH cBiTy, (€-
tk.Intu.edu.ua) mpencraBHHKIB sSK JOpPIOHMX, TaK 1 BEIMKUX KOMIIAHIA y cdepax
MIPOMUCIIOBOCTI, TOCHyr Ta (iHaHCiB. 3riHO 3 pe3ynbraramu jgociimkenHs, 60%
KOMIIaHI{ BXKE¢ BUKOPHUCTOBYIOTh MamuHHe HaBuaHHs (ML), (e-tk.Intu.edu.ua) i Tpetuna
3 HUX Tepeinia B cTaail IHHOBAIllK 10 cTaaii 3putocti. JJogaTkoBo, 26% KomIaHiii
CTBEP/IKYIOTh, 1110 BOHH BXKE€ OTPUMYIOTh KOHKYpPEHTHY TiepeBary 3apiusaku ML. UsepTsb
KoMMaHii Bkiagae nmoHan 15% BiJl KOILITIB, MpU3HAYEHUX Ha po3BUTOK IT, B MammHHe
HaBYaHHS, 1 BUSIBJISI€ 3HAYHY B1JJ1ady BiJl IUX 1HBECTHUIIIN.

MamuHHe HaBYaHHS, 30KpeMa, HEHPOHHI MEpeXl, BHUSBIAETHCA €(EKTHBHUM
THCTPYMEHTOM JIJIsI pO3B'si3aHHA O13HEC-3aBJaHb y BUNIAJKAX, KOJIU:

Benukuii oOcsAr pi3HOMaHITHUX JaHUX: 3aCTOCYBaHHS MAIIMHHOTO HaBYaHHS
BUIPAB/IAaHO, KOJU € OOIIMpHI Ta PI3HOPIAHI AaHl, UId SKHX BaXKO pO3pOOUTH
TpaAMIIiitHI TpOrpaMu 0OPOOKU Ta CUCTEMaTH3AIlil.

CrioTBOpeHi, HermoBHI abo He cucrematm3oBami jaami: (ela.kpi.ua) mammuHe
HAaBUAaHHS MOJKE BIIOPATHUCS 3 BHUKIMKAMHU CIIOTBOPCHMX UM HETOBHUX JIaHMX,
BJIOCKOHAJTIOIOUH iX Ta BUTATAIOYH IIHHY 1HQOPMAITIIO.

Pi3HOMaHITHICTh JaHUX: KOJM JaHI HACTUIbKKM PI3HOMAaHITHI, IO CKJIaJHO
BU3HAYUTH 3B'SI3KM 1 3aKOHOMIPHOCTI, MAIIMHHE HaBYaHHS MOXE BUSBUTHU
HenepeadavyBaHi B3a€MO3B'A3KH.

MammHHe HaBuYaHHA J03BOJIsI€ €(EKTMBHO BUPIIIYBAaTH PI3HOMAHITHI Oi3Hec-

3aBAaHHs, Taki sk [31]:


https://e-tk.lntu.edu.ua/mod/resource/view.php?id=10665
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IIporHo3yBaHHs: NMPOTrHO3YBAHHS MONMUTY, OOCArYy MPOAAXKIB, HANOBHEHHA
CKJIA/ly, 3aBAHTAKEHHsI YCTATKYBAHHS Ta IHIIMX pecypciB AJsi NMOKpalleHHS
cTpaTeriii po3BUTKY MiINPUEMCTBA.

BusBicHHS: BUSIBJIEHHSI TeHJAEHUi, MPUXOBAHUX B3a€EMO3B'SI3KiB, aHOMAJIIH
(ela.kpi.ua) Ta moBTOpIOBaHMX eJIeMEHTIB /JIs1 3a0e3MeYeHHs KPaloro NpuiHATTS
pillleHb.

BukopucTtaHHs MalIMHHOTO HaBYaHHS B Oi3HECI JI03BOJIsIE peaji3oByBaTU
PI3HOMaHITHI 3aBIaHHSI, TaKi K PO3Mi3HaBaHHs (DOTO-, BIJICO-, ayAIOKOHTEHTY, a4 TAKOXK
BUSIBJICHHS IIaxpaiicTBa, OpexHi, BHYTPIIIHIX 3arpo3 Ta 30BHIIIHIX aTak Ha CHUCTEMY
oesneku. (ela.kpi.ua)

OCHOBHI 3aCTOCYBaHHSI MAITMHHOTO HAaBYaHHS BKJIIOYAIOTh:

PosnizHaBanns: MammnHHe HaBYaHHS J03BOJISE€ €(PEKTUBHO PO3Mi3HaBaTH (POTO-,
BlJIO-, Ta ayzaiomarepianu. Takok BOHO 3aCTOCOBYETBhCS MJIA BHUSBJIEHHS CIPOO
axpancTBa, OpexHi, IHTEpHAIIBHUX 3arpo3 Ta 30BHILIHIX aTaK HA cUCTEMY Oe3IeKu.

ABToMaTH3aIlifs: MamuHHE HaBYaHHS BHKOPHUCTOBYETBHCS [UISI aBTOMATH3AIlil
pobotu omepatopiB B oHiaiH-datax (WwWw.it.ua) Ta TeneoHHHX omepaTopiB, MO0
MOKPAIIUTH €PEKTUBHICTh OOCITYTOBYBaHHS KJIIEHTIB.

Knacudikamis: BaxiuBuM BHKOPUCTAHHSIM € Kiacu@ikaliss Ta CerMeHTalis
MOKYNIIB, KJIIEHTIB Ta 3aMOBHUKIB 3a PI3HUMHU NapamMeTpaMH JJIsi OTPMMAaHHS OLIbII
TOYHOTO PO3YyMIHHS ayAUTOPIi.

Knacrepuzanis: MamuHHe HaBYaHHSA JoloMarae B KjacTepusalli  3a
napamMeTpamH, siki 3 CaMOro MoYaTrKy He Oy BiloMi, 100 BUSIBUTH HOBI MiIXOJIU IO
KaTeropusariii.

Po3po6ka: B kommaHisX aKTMBHO BHUKOPHCTOBYETHCS MAIIMHHE HABYAHHS MJIs
pPO3pOOKH 4YaT-00TiB, IO MOJIMIIYIOTh KOMYHIKAIIO 3 KII€EHTaMHU Ta ONTHUMI3YIOTh
00CITyroByBaHHS.

[TpukmagaMu yCIiITHOTO 3aCTOCYBaHHS MAITMHHOTO HABYAHHS € TEXHOJIOTTYHUN
riranT Alibaba, skuifi IIHPOKO BUKOPUCTOBYE I1HTENEKTyaJIbHUN aHami3 AJid
NepcoHai3allii BipTyalbHUX BITPUH Ta ONTHUMI3alli MOmykKy. Takoxk, amMepuKaHCbKa

po3apiOHa mepexka Target BHKOpHUCTOBYE MallWHHE HAaBYAaHHS IS TiepeadadeHHs


https://ela.kpi.ua/bitstream/123456789/42078/1/Zhurakovskyi_B_Zeniv_Tehnologii_internet_rechey.pdf
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MOBEIHKM MOKYIILIB, a margopma Neuromation 3 YKpaiHu mpaiftoe Hajl CTBOPEHHSIM
HITYYHOTO HAaBYAIBHOTO CEPEIOBUIIA JIJISl TIIMOOKOTr0 HaBYaHHSI HEHPOHHUX MEPEK.

Yei  mozeni MalIlMHHOTO HABYaHHS MOAUISIIOTBCA HA  KOHTPOJIbOBAHE,
HEKOHTPOJHOBAaHE Ta HABYAHHS 3 MiAKpiMIeHHsIM. KOHTpoIbOBaHE Ta HEKOHTPOJIbOBAHE
HaBYaHHS J1ajll KJIACU(DIKyIOThCA SIK Pi3HI TEpMIHHU. PO3IIIIHEMO KOXKEH 13 HUX JETAIBHO
[33].

1. KoHTpo/ibOBaHe HABYAHHSI:

HaBuyanns mig Harasgom: [Ipocta Moaenb MalIMHHOTO HAaBYaHHS, sIKa BUBYAE
0a30By (hyHKIIIIO, 1110 BiIOOpaXkae BXiAH1 JaH1 HA BUXIJIHI.

[Mpuxmnan: [Iporao3yBaHHs 3pocTy JIIOAUHK Ha OCHOBI BiKy. (techukraine.net)

Kaacudikanis:

Omnuc: 3aga4ya mporHo3HOTro0 MOICIIIOBAHHS, JIe MITKa Iepea0adaeThes s 3a1aHUX
BXIIHUX JaHUX.

[Ipuknagn 3actocyBaHHa: DuabTpalis chnaMmy, po3MiI3HABaHHS PYKOIHMCHHUX
CHUMBOIJIIB, aHAJII3 HACTPOIB.

Perpecis:

Onuc: Mogenb, Ae BuUxi 3aBxaAu Oe3nepepBHU. BuKoOpHUCTOBYEThCS s
MPOTHO3YBaHHS 3apIlUiaT, BiKYy, TEMIIEPATypH TOIIIO.

[Tpuknaz: [Iporao3yBaHHS L[IHM aBIaKBUTKA.

2. HaByaHHs1 0€e3 KOHTPOJIIO:

Onuc: BuKOpHUCTOBYEThCS MJisI BUSIBJIEHHS IIA0JIOHIB BXIJHUX JaHUX 0e3
MO3HAYEHUX PE3yJIbTaTiB. 3aCTOCOBYETHCS JIJII CETMEHTAIlll KIEHTIB, JOCIIIHALIBKOTO
aHai3y JaHUX.

[Tpuknaza: 3MeHILIEHHS PO3MIPHOCTI, KJIacTepU3aLlisl.

Kaacrepusauis:

Omnuc: I'pymyBaHHsl TOUOK JaHUX JJIs1 BUSABIICHHS M1a0JOHIB. 3aCTOCOBYETHCS IS
Kiacudikailii TOKyMEHTIB, CETMEHTAIlli KJIIEHTIB.

[Mpuknan: AnroputMu KiiacTepu3allii: i€papxidHa KiacTepusarlisi, KjJacTepu3alis
Ha OCHOBI IILTBHOCTI.

3MeHIIIeHHS PO3MIPHOCTI:


https://techukraine.net/%D0%BF%D0%BE%D1%8F%D1%81%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F-%D0%BD%D0%B0%D0%B9%D0%BF%D0%BE%D0%BF%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%96%D1%88%D0%B8%D1%85-%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B5%D0%B9-%D0%BC/

Onuc: 3MEHILIEHHs BUIAJKOBUX BEJIMYMH JJII OTPUMAHHS TOJOBHUX 3MIHHHX.
ANTOpUTM aHali3y TOJIOBHUX KOMIIOHEHT BHUKOPUCTOBYETHCS [JISi 3MEHILIEHHS
PO3MIPHOCTI.

[{i mMomeni BUPI3HSIOTHCS 32 CBOIMHU 3aBIaHHSIMU Ta METOJIaMU HaBYaHHS, IO
pOOUTH 1X €PEeKTUBHUMHU JJIsl BUPIIICHHS PI3HOMAHITHUX MPOOJIEM B raixy3i MalllMHHOTO
HaBUYaHHS.

3. IlinkpinyieHHs MAIIMHHOTO HABYAHHSA:

Omnuc: Cxoxa Ha KepOBaHE MAIlIMHHE HaBYaHHS, aJlé BUKOPUCTOBYE METO]I PO 1
MTOMUJIOK JJIsl HaBUaHHS. e 4acTo BUKOPHUCTOBYETHCS B Irpax, HaBiraiii, poOOTOTeXHill
TOIIIO.

Tunu anropuT™MiB MaITMHHOTO HABYAHHS:

Jlinilina perpecis:

Onuc: 3HaXO/KEHHS psJiKa, SKAA HaWKpallMM 4YWHOM BIJIOBIIA€ JaHUM.
Bxitoyae MHOKMHHY JIIHIMHY PErpeCiio Ta MOJTIHOMIAIBHY PErpeciio.

JlorictuuHa perpecis:

Onuc: BukopucTOBYyeTbCS [JIs1 OTPUMAHHSI KIHILIEBOI KIJIBKOCTI PE3YJbTATIB
(3a3Bu4ail 1BOX) 3aMICTh JiHIHHOT perpecii. Pe3ynbpTaT B miana3oni Big 0 1o 1.

/lepeBo pilieHb:

Onuc: BHKOpUCTOBYETbCS B CTPATEriYHOMY IUIAHYBAHHI Ta JOCIIIKEHHI
omnepartiid. CkiamaeTbes 3 By3JiB, SIKi YTBOPIOIOTH JIEPEBO PIIICHb.

Bunaakosuii Jiic:

Onuc: AncamOneBUd METOJ, 3aCHOBAaHMM Ha JepeBax pilleHb. BumaakoBo
BHOMpAE MIMHOKHHY 3MIHHMX Ha KO)KHOMY KpOIIi IepeBa.

IinTpumyroya BeKTOpHA MALIUHA:

Omnmc: 3HaxoKEHHS MEX1 MK KJIacaMHu JaHUX JUIS MaKCHMIi3allii 3amacy Mix
HUMHU.

AHaui3 ocHoBHMX KOMNOHEeHTIB (PCA):

Omnuc: 3MeHIIeHHS PO3MIPHOCTI ITUISIXOM MPOEKTYBAaHHS OUTHIII BUMIPHUX JTAHUX Y

MEHIIUHN IpocTip. BUKOPUCTOBY€EThCA N71s1 30€pEKEHHS BUX1THUX 3HAYEHb B MOJIEI.



[{i anropuTMH BUKOPUCTOBYIOTHCS AJI BHUPIIIEHHS PI3HOMAaHITHUX 3aBJaHb Y
chepi MalIMHHOTO HaBYaHHS, 3a0e3reuyoun eEeKTUBHI Ta TOYHI pe3ysbTaTH B Pi3HUX
KOHTEKCTaXx.

Hamnpuknazn, meton ronoBHuX KoMnoHeHT (PCA) € KOprUCHUM 1HCTPYMEHTOM JIJIst
1HTEepIIpeTallii ONUTYBaHb 3 BETUKOIO KUTBKICTIO 3alUTaHb a00 3MIHHUX, TAKUX SIK Ti, 10
CTOCYIOThCSL 0OpOOYyTy, KyJbTYypH HaB4YaHHS M TnoBeniHkH. (techukraine.net)
Buxopucranns moneni PCA 103Bosisie 3MEHIIUTH KUIBKICTh 3MIHHUX JI0 MIHIMyMY, TIpU
IIbOMY 30epirarouv 3HA4yIIiCTh iHhOpMAaIIii.

Haisuuii Baiiec:

Omnwuc: BukopucTtoByeTbes B Haylll PO JaHl Ta 1HIIKMX Tajdy3sX. 3aCHOBaHUM Ha
Teopemi balieca, BU3Hauae IMOBIPHICTh BUX1AHOI 3MIHHOT IIpH BXozAl P.

Heiiponna mepexka:

Omnuc: Mepexxa MaTeMaTUYHUX PIBHSAHb, IO MPUKMAE BXITHI AaHl, NPOXOJIUTh
yepes pi3Hi MIapu Ta MOBEPTAE PE3yJIbTAaTH B OJIHIN 200 KIJIbKOX BUXI1JIHUX 3MIHHHUX.

AaropurMm K-naiioamxkunx cycigiB (KNN): (techukraine.net)

Omnuc: BukopucrtoByerbes mns kinacudikamii ta perpecii. Knacugikye touku
JTAaHUX 32 JIONMTOMOTOIO TOJIOCYBaHHSA IXHIX K HAaHOIMKIHMX CYCIIIB.

Kaacrepusauia K-Means:

Onuc: Mojaenb HEKOHTPOJBbOBAHOIO MAIIMHHOIO HAaBYaHHS IS KiacTepu3arlii
nanux. YTBoproe K kimactepis, BuOUparouu EeHTPOIIU Ta KIACU(DIKYIOYH TOYKH HABKOJIO
HUX.

i anroput™mu, Taki sik HaiBamii baiiec, Heliponna mepexa, KNN ta K-Means,
PI3HOMaHITHI Ta BHUKOPUCTOBYIOTHCA JUIsI PI3HUX 3aBAaHb Yy HAyIl MpO JaHi Ta
MallMHHOMY HaB4YaHHI. BoHu BHpIIIYIOTH  KiIacuikaiiiiHi, perpeciiiHi  Ta

KJIaCTEePHU3alliifH1 3aBJaHHS, POOJISYH MPOIIECH OUThI €()eKTUBHUMHU Ta TOUHUMHU.

3.2. Knactepu3zanis K IHCTpYMEHT MPOyKTOBOT aHAIITUKU

KrnacrepHuil aHami3 € HOTyHUM 1HCTPYMEHTOM Yy cdepl aHamizy NaHuX, HIUPOKO

BUKOPHUCTOBYEThCSI B Oi3Hecl. B OCHOBHOMY, KJIacTepHHMI aHali3 3aCTOCOBYETbCS JIs


https://techukraine.net/%D0%BF%D0%BE%D1%8F%D1%81%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F-%D0%BD%D0%B0%D0%B9%D0%BF%D0%BE%D0%BF%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D1%96%D1%88%D0%B8%D1%85-%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B5%D0%B9-%D0%BC/

IPYIyBaHHS CXO0XHUX 00'€kTiB a00 0ci0, 0a3yrounch Ha iXHIX XapaKTepUCTHKAX YU
noBeiHI. OCh KiIbKa NMPUKIIAIiB BUKOPUCTAHHS KJIACTEPHOTO aHai3y B O13HECH:

1. KnactepHuii aHani3 1onoMarae BU3HAUUTH TPYIH CXOKUX MK COOOIO KITIEHTIB
3a PI3HUMH XapaKTepUCTUKaMHU Ha pUHKY. Lle 103Bosisie KOMMaHisM JIMIIEe PO3yMITH
CBOIO IUJILOBY ayJIUTOPIIO, HAJAIITOBYyBaTH MapkeTHHroBi crpaterii (ela.kpi.ua) Ta
MEePCOHANI3yBaTH MPOIYKTH Ta MOCTYTH JJIsl KO)KHOTO CETMEHTA.

2. KnacrepHuii aHaii3 gornoMarae KOMIIaHisIM Kiaacu(]ikyBaTH CBOi MPOIYKTH a0o
MOCITyTH Ha OCHOBI CIIUTBHUX XapaKTepUCTHK abo BinacTuBocTei. Lle Moxke jonomortu B
yIpaBJIiHHI aCOPTUMEHTOM, TTO3UIIIOHYBaHHI IIPOJIYKTIB Ta pO3pOoOIIi HiIeCTPsIMOBAaHUX
MapKETUHTOBUX CTPATET1H JIJIsl KOKHOTO KJIacTepy.

3. Knacrepuuii anani3z 103BoJsi€ 1A€HTU(IKYBATH I'PYNH CHOKUBAYIB 31 CXOKOIO
MOBEJIIHKOIO, MOKYTIKAMHU YH CIIOXKUBAIIbKUMHU 3BUYKaMH. Lle Moxe OyTu KOpUCHUM JIJIst
nepenOayeHHss MaillOyTHIX TEHAEHLIH, PO3pPOOKH NEPCOHATI30BAHUX MPOMO3UIIIH,
BJIOCKOHAJIEHHSI CTpATerid yIpaBilHHSA KIIEHTAMH Ta PO3YMIHHS TOTO, SIK MOKHA
IT1JIBUIIIUTH TIPOJIAXKI.

4. KnactepHuil aHaji3 MO>KHa BUKOPUCTOBYBATH JIJ1s1 BUSIBJICHHS! HE3BUYAHHUX 200
AHOMAJIBHUX MOJIEJICH, M0 MOXYTh CBIIYMTH MPO 3JIOBMUCHUIIBKY Y UIKIJIJTUBY
JUSITBHICTH @00 TIOMUIIKH B MpoIecax Oi3HeCy.

5. Knactepusartiisi Moxke OyTH BUKOpPUCTaHa JiJisi aHai3y (IHAHCOBUX JAHUX Ta
BUSIBJICHHS PHU3HMKIB Ta MOXJIuBOCcTell. Hampuknan, xmacrepusaimiss Moxe OyTu
BUKOpPHUCTaHAa JIJIs Kiacu(ikallii KOMIaHii 3a pi3HUMH NTOKa3HUKaMU, TAKUMHU SIK 00CATH
MPOJIaXiB, BUTPATH Ha peKJIaMy, PEHTa0EIbHICTh TOIIIO.

6. Knactepusaiiis 103B0JISIE TPYyITyBaTH KOPUCTYBAYiB 3a CIIUIBHUMH 1HTEPECAMH,
J0TIOMararouu 3a0e3ne4ynTy OiIbIl €PEKTUBHY CITIBIPALIIO Ta CIIIKYBaHHS.

7. Knacrepuuii anami3 3HaXOJUTh 3aCTOCYBaHHS B PI3HUX cdepax, TaKuX SK
CerMEHTalllsl PUHKY, aHalll3 COLIaJbHUX MEPEX, I'PyNyBaHHS pe3yJbTaTiB MOIUIYKY,
MEJIMYHA Bi3zyaiizailisi, CerMeHTallisl 300pa)kKeHb Ta BUSBJICHHS aHOMalliid. B Gi3Hecl BiH
JI0TIOMarae KOMITaHIsIM Kpalle PO3yMITH CBOIX KJIIEHTIB Ta ONTHUMI3yBaTH CTpATErii JJIs

JNOCSITHEHHS KOHKYPEHTHOI [IepEBary.


https://ela.kpi.ua/bitstream/123456789/60167/1/Hura_bakalavr.doc

Knacrepusariisi, abo KiacTepHUM aHaI3, MPEACTABISE COOOK CTAaTUCTUUYHY
MpOIeAYpPY, CHPSMOBAHY Ha PO30OUTTS BHOIPKM O0'€KTIB Ha IMIJAMHOXHHHU, SKI HE
MEePEeTUHAIOTHCA 1 Ha3UBAIOThC KiacTepamu. KoxkeH kiactep 00'€Hye cX0xki 00'€KTH,
TOJI SIK 00'€KTH PI3HUX KJIACTEPIB BUSBISIOTH CYTTEBI BIJIMIHHOCTI OJIMH BiJl OJHOTO.
Knactepuuit anHami3 BXOAWTH JO KJIacy 3aBJaHb HaBuaHHs 0e€3 BUMTEIs,
(uk.wikipedia.org) me He (hiKCYeThCS MPUHAICKHICTH O0'EKTIB 10 KOHKPETHUX KJIaciB
[31].

MeTou CTBOpPEHHSI KJIACTEPiB MOXKYTh BUKOPUCTOBYBATHU PI3HI MiIXOIH, TaKi 5K
BIJICTAHb MDK 00'€KTaMH, MIUIBHICTh JUISHOK Y MPOCTOPl JaHMX, 1HTEpBalud abo
KOHKPETHI CTaTHUCTHYHI pO3NMOAUIM. BuOIp KOHKPETHOTO METOAY 3aJleKHUTh BiJl
XapaKTEPUCTHK KOHKPETHOTO JATaceTy Ta BU3HAYEHOI METH BUKOPUCTAHHS OTPUMAHUX
pe3yibTaTIB.

KrnacrepHuil aHami3 He € aBTOMAaTU30BaHUM IIPOLIECOM, aJIe ITEPALIiHUM, OCKUIbKA
4acTO HEOOXIJHO 3MIHIOBATH METOJ OOpOOKM AaHMX Ta NapameTpu Mopeinl. ICHyroTh
JEKUJIbKa TPUYMH HEOJHO3HAYHOCTI pINIEHHS B 3aJayl KjacTepusallli, TaKuX sK
BIJICYTHICTh €JUHOTO KPUTEPIIO SAKOCTI, HEOOXIJHICTh MOMEPEIHBHOTO BHU3HAUCHHS
KUIBKOCTI1 KJIacTepiB 1 Cy0'€KTUBHUI BUOIP METPUKH.

BpaxoByrour 1i 0OCOOJIMBOCTI, KJIACTEPHUN aHali3 3aJIMIIAETHCS MOTYKHUM
THCTPYMEHTOM ISl pO3IJISIIY PI3HOMAHITHUX JIaHUX y O13HEC] Ta 1HIIUX Taly35Xx.

[omo hopmanbHOT MocTaHOBKH 3aaa4i: Maemo BubOipky (csc.knu.ua) X € = {x1, .
.., xt} € X1 pyHkuiro BiacTtani Mixk o0'ektamu p(x, x ' ). Tpeba po3dutu BUOIpKY Ha
I1IMHOXKWHH, SIKI HE OYIyTh MEPETUHATHCS 1 00 KOXKEH KJIacTep CKIIaaBcs 3 00'€KTIB,
Onu3bKKUX MO MeTpuili p, a o0'ektn pisHmx kKiactepiB (Uk.wikipedia.org) icrotHo
BIIpI3HATUCH. [Ipn 1iboMy KOkHOMY 00'ekTy Xi (€SC.knu.ua) € X € mpunucyeTbes MiTKa
(momep) kiactepa Yi (org2.knuba.edu.ua) . Anroputm kinactepusaiiii — e GyHkiis a: X
— Y, mo Oyap-sikoMy 00'€KTy X € X CTaBUTh y BIANOBIIHICTH MITKY KjiacTepa y € Y.
MHoxuHa MITOK Y B JIESKMX BHUIIaJKax BIIOMA 3a34ajerigb, OJHAK YacCTIIIE 3aBIaHHS
nojsirae B Tomy, mo6 (uk.wikipedia.org) BusHaunTH OonTHMajdbHE YHMCIO KJIacTEpPiB 3

TOYKH 30pY TOT'O UM IHIIIOT'O KPUTEPIIO IKOCTI KiacTepu3ailii. 3afava rpynyBaHHs HA00py


https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B1%D0%B5%D0%B7_%D1%83%D1%87%D0%B8%D1%82%D0%B5%D0%BB%D1%8F
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B1%D0%B5%D0%B7_%D1%83%D1%87%D0%B8%D1%82%D0%B5%D0%BB%D1%8F
http://csc.knu.ua/media/study/asp/mod_probl_inf_tech_sys_analysis_ivohin/lecture/lec11.pdf
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B1%D0%B5%D0%B7_%D1%83%D1%87%D0%B8%D1%82%D0%B5%D0%BB%D1%8F
http://csc.knu.ua/media/study/asp/mod_probl_inf_tech_sys_analysis_ivohin/lecture/lec11.pdf
https://org2.knuba.edu.ua/mod/resource/view.php?id=18848
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B1%D0%B5%D0%B7_%D1%83%D1%87%D0%B8%D1%82%D0%B5%D0%BB%D1%8F

00'€KTIB MOJIATAE B TOMY, 110 00'€KTH B OAHOMY KJIacTepi OUIBII CXO0XK1 OJMH Ha OJJHOTO,
Hibk 00'eKTH B IHIIMX KiacTepax (openarchive.nure.ua) [31].

[ToniGHICTH BHU3HAUAE CTYMIHb B3a€MO3B'A3KY MDK 00'€KTaMHM, 1 KiacTepu3allis
BUCTYNAE SIK €(HEKTUBHUN IHCTPYMEHT JIJIsl BUAOOYTKY TaHUX, 3HAUICHHS 3aCTOCYBaHb y
MalTMHHOMY HaBYaHH1, pO3Mi3HaBaHHI 00pa3iB, aHalli31 300pakeHb, ONIYKY 1H(opMariii,
Oioindopmaruili, crucHeHHl ganux (Nmetau.edu.ua) ta komi'rotepHiii rpadiri. [cHyOTh
JIBa OCHOBHHMX THUIIM KJIACTEpH3allii: >KOPCTKa 1 M'sKa.

VY KOPCTKIN KacTepu3allii KOKeH 00'€KT MOBHICTIO HAJICKUTh OJJHOMY KJIACTEPY
ab0 He HaJEeXKHUTh KOJAHOMY. Y M'SKii KiacTepu3alli 00'€éKT MOXXKe MaTH WMOBIPHICTb
HaJie)KaTu OLIbIIe HIXK OJHOMY KJIacTepy.

dakropu s BU3HAYCHHS KJAacTepHU3allii BKIIOYAIOTh THIH BXIJHUX JaHUX Ta
npo0JeMy BUMIPY BiJICTaHI:

O0'exTH ONMUCYIOTHCSI HAOOPOM XapaKTEPUCTHUK, 110 MOKYTh OyTH YUCIOBUMU ab0
HEYHNCIIOBHMH.

Martpuns BijicTaHel MK 00'€KTaMH BHU3HAYAETHCSA BIJCTAHAMH MK OO0'€KTaMu
HaBYAJIbHOI BUOIPKH.

JlaHi, sKi BHUKOPHCTOBYIOTHCS B KJIACTEPHOMY aHali3l, MOXYTb OyTH
IHTEPBAIBHOTO, MOPSAKOBOT0 200 KaTeropiaibHOTO TUITY.

ANTOpUTMHU KjacTepu3alli € cy0'€KTUBHUMH, 1 MOXKE ICHYBaTH OUIbILE OJHOIO
MPaBUJILHOTO MiAxoay ajisi ix BuOopy. KokeH anroputm mae cBii HaOIp mpaBWi IS
BU3HauUCHHsS "moaiOHOCTI" MK oO0'ekTamu naHux. BuOip HaneXHOTo alroputmy s
KOHKPETHO1 3aJadyli 4acTo BHMAara€ €KCIePUMEHTAJIbLHOIO IiIXO0My, OCKUIBKH HEMae
OJIHOTO MaTeMaTUYHO OOIPYHTOBAHOTO BapiaHTy BUOOPY alITOPUTMY KiIacTepu3arlii.

AJnropuTMu KJIactepusallii KIacu(PiKyrOThCS 3a KIACTEPHOI MOACIUIIO, SKa
IPYHTYEThCS HA TOMY, SIK BOHU (hopmyroTh kiactepu. Hampukian, kimactepuzariis Ha
OCHOBI 3B'SI3Ky BUKOPHUCTOBY€ BIJICTaHbh M)XK TOYKAMH JIAaHUX JJIsl BA3HAUYCHHS, HACKUJIBKU
BoHM crniopigHeHi. Kimactepu dhopmyroTbes 3'€THAHHSM TOUYOK JaHUX BIJIMOBIAHO JI0 iX
BizicTaHi. Kimactepusariisi Ha OCHOBI IIEHTPOIiAa BUKOPUCTOBYE EHTPATLHUN BEKTOP IS
MIPEICTABIICHHSI KJIACTEPIB, 1 Il IICHTPOI] BUBHAYAETHCS B ITEPATUBHUX aJITOPUTMAX, 1€

MOAIOHICTh BU3HAYAETHCS OJIM3BKICTIO TOUOK JIAaHUX JI0 IICHTPOiIa KiacTepa.


https://openarchive.nure.ua/bitstreams/dbca5f72-154d-44da-84d9-f19b9678d7ac/download
https://nmetau.edu.ua/file/--molvch-2021-full.pdf

3.3. Metonu Ta MozeN BUPIIICHHS 3aa4 Kiacuikarii

AHani3 MaTeMaTUYHUX MOJENEeH Ta METOMIB KJIACTEPHOTO aHaNi3y € Ba)KITHBOIO
CKJIaIOBOIO OOpOOKM TaHWX Ta BUPIIIEHHS 3a7aHoi Ipobiemu. Icaye 6araTto mozeneil Ta
METOJIB KJacTepu3allii, sIKi BUKOPUCTOBYIOTHCS B JOCHIDKEHHSAX Ta MPAKTHYHUX
3acTocyBaHHAX. J[esKi 3 HUX BKIIOYarOTh [33]:

— ArnomepatuBHe 3roptaHHs: Lleil mMeTton moumHae 3 KOXKHOIO 00'€ekTa SIK
OKPEMOTo KJIacTepa, a MOTIM MOCTIAOBHO 3JIMBA€ HAUOUIBII CXOXI1 KJIACTEpH, MOKU HE
Oy/Zle OTpUMaHO OJIMH 3arajbHUil Ki1acTep ad0 JOCSITHYTO MEBHOI YMOBH 3yNUHKH. JlaHMit
METO/I Ma€ 3J]aTHICTh PO3MI3HABATH KJIACTEPH KJIaCTEpH Pi3HOI (popMuU Ta po3Mipy, MpoTe
1oro o0umMCIIIOBaIbHA CKIAJAHICTh € BUCOKOIO,  MACIITA0OBAHICTD JIJIs1 BEJIMKUX HAOOPIB
JaHUX HEIOCTATHBOTO.

— DBSCAN (Density-Based Spatial Clustering of Applications with Noise): Llei
METO/i 3aCHOBaHMI Ha HIUIBHOCTI JAHWX 1 BU3HAYA€ KJIACTEPHU, BUSBISAIOUM OOJACTI
BHUCOKOI IIIIbHOCTI. BiH BH3HaAvae sipo kiactepa, 00'€KTH B MexXax SIKOIO MaroTh
JIOCTaTHbO ONU3BKUX CYCIIB, Ta pO3pIHKEHI 00sIacTi Mik Kiactepamu. [lanuit MeTos
ABTOMATUYHO BU3HAYa€ IIyMOBI (aHOMaJbH1) TOUKH, MPOTE € YYTIMBHUM JIO TApaMETPIB,
TaKuX SIK palyc Ta MiHIMajdbHa KUIBKICTh CYCIIIB, @ TAKOXK HE MIAXOAUTH JJIS TaHUX 3
BHCOKOIO PO3MIPHICTIO.

— lepapxiunuii knactepuuii ananis: Lleii merom Oyaye iepapxii0 KiacTepiB
HUISIXOM TOCHIIOBHOTO 00'eqHaHHS a00 po30UTTS KJlacTepiB HA OCHOBI BiJcTaHel abo
CXO0XOCTI MK HUMH. Pe3ynpTaToM € JepeBO KiIacTepiB, K€ MOXKHA Bi3yali3yBaTh y
BUIJISIAL ACHAPOTPaMHU, L0 € JOCUTh 3py4YHMM. B 3ayiekHOCTI BiJl 0COOIMBOCTEN
JOCTIKYBaHUX JAHUX MOXKHA OOpaTH OJWH 13 JBOX MIIXOJIIB: arjJOMEpaTUBHHUM a0o
JTUBI3UBHUN. AJle TaHUW METO]] Ma€ BUCOKY OOUYMCITIOBATIbHY CKJIQHICTh Ta YyTJIUBICTh
710 IIyMY, a TAaKOX BIZCYTHICTh MOXJIMBOCT1 3MIHUTHU PIIIEHHS 1IOA0 KJIaCTepU3allii.

— Meton k-cepennix (k-means): netanbHilie mpo Iied METOJ Y HACTYIHOMY

T PO3ILIL.



KoseH 3 1iux MeTo/iB Ma€e CBOi IepeBaru Ta HEeJIOMIKH 1 MAXOAUTh JIJIsl PI3HUX

TUIIB JJaHUX Ta 3aBllaHb aHaizy. Bubip meBHOro mMeroay 3ajeKuTh BiJ KOHKPETHOL

CUTYyarlii, 00cAry JaHuX, XapaKTePUCTUK JOCIIHKYBaHUX 00'€KTIB Ta METH JOCIIHKCHHS.

lepapxiuHa kiactepuzailisi — 1e METOJI KJIACTePHOTO aHali3y, CIPsIMOBAHMI Ha

CTBOpeHHs 1epapxii kiacrepis, (Moodle.znu.edu.ua) icHyrOTh J1Ba THUITH CTpATETii IIHOTO
METOY:

JuBiziiiHa cTpaterist («3ropu IOHU3Y»): Y IbOMY MIJIXOJI BCl CIOCTEPEKEHHS
CIIOYaTKy 00'€ THYIOTHCS B OTHOMY KJIACTEPI, a MOTIM PEKYPCHUBHO PO3IIETUTIOIOTHCS] BHA3
o iepapxii.

ArnoMmepaTuBHa ctpateris («3HU3Y goropu»): KoxkHe crocTepexeHHsl CroyaTKy
pO3TAIIOBY€ETHCS y BIACHOMY KjacTepi, a MOTIM MNapu KiacTepiB 00'€IHyIOTHCH,
MepeCcyBalOYUCh Bropy Mo lepapxii.

AJNTOPUTM arjIoMEpPaTHBHOI KIAaCTEpU3AIlil BKIIFOUAE TaKl CTAITH:

KoxHa Touka po3TamoBy€eThCsl y CBOEMY KIIacTepi.

1. TlomapHi BificTaHi MK LIEGHTPAMU KJIACTEPIB YHOPSIKOBYIOTHCS 32 3pOCTAHHSIM.

2. Tlapa HaWOMMX4YMUX KIacTepiB 00'€MHYETHCA B OJUH, MEPEPAXOBYETHCSA ILEHTP
KJ1acrepa.

3. Ilpormemypa MOBTOPIOETHCS, TOKHU BC1 AaHl HE 00'€ THAIOTHCS B OAMH KIIACTED.

[Tporiec 06'enHanHs KIacTepiB MOKe BUKOPUCTOBYBATH Pi3HI METO/IH:

Single linkage: MiHiMyM momapHHX BiJCTaHEH MiX TOUKAMHU.

Complete linkage: Makcumywm monapHUX BiZICTaHEH MiXK TOYKAMH.

Average linkage: CepeaHe 3HaueHHS TIONIAPHHUX BiJICTAHEH MiXK TOYKAMHU.

Centroid linkage: Bigcranp wMik 1eHTpoimamu aBox (moodle.znu.edu.ua)
KJIACTEPIB.

[lepeBara mepmux TPhOX METOJIB MOJISITAE B TOMY, IO JUIsi HUX HE MOTPIOHO
repepaxoByBaTH BIJICTaHI KOKEH pa3 Micis 00'€THAHHS, 10 3HUKYE OOYUCITIOBAIBHY
CKJIAQIHICTh, aNropuTMy. 3a pe3yJbTaTaM{d BHKOHAHHS aITOPUTMY OYIyEThCS
JeHAporpaMa, sika BKazye, Ha SKOMY e€Tall Halkpaile 3yNHHUTH aJrOPUTM

(comsys.kpi.ua) [31].


https://moodle.znu.edu.ua/pluginfile.php/593075/mod_folder/intro/%D0%91%D0%B0%D0%B7%D0%BE%D0%B2%D0%B8%D0%B9%20%D0%BF%D1%96%D0%B4%D1%80%D1%83%D1%87%D0%BD%D0%B8%D0%BA_2%20%28%D0%9A%D0%BE%D0%BD%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%20%D0%9A.%20%D0%AE.%20%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D0%B5%20%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F%20-%20%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%20%D1%82%D0%B0%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%96%29.pdf
https://moodle.znu.edu.ua/pluginfile.php/593075/mod_folder/intro/%D0%91%D0%B0%D0%B7%D0%BE%D0%B2%D0%B8%D0%B9%20%D0%BF%D1%96%D0%B4%D1%80%D1%83%D1%87%D0%BD%D0%B8%D0%BA_2%20%28%D0%9A%D0%BE%D0%BD%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%20%D0%9A.%20%D0%AE.%20%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D0%B5%20%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F%20-%20%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%20%D1%82%D0%B0%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%96%29.pdf
https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf
https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf
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Puc.3.1. Pe3ynpTat BUKOHAHHS AJITOPUTMY

OCHOBHMM NIpHUHITUIIOM poOoTH ainroputMy k-cepennix (k-means) € ontumainsHe
PO30UTTS MHOKMHHM JaHUX Ha Kk KjacTepiB. AJTOPUTM HaMaraeThCsl 3rpymnyBaTH JIaHi B
KJIACTEPH TaK, 11100 TOCATTH €KCTPEMYMY IIITLOBOI (PYHKIIIT PO3OUTTS.

Jns  mosicHeHHsT poOOTHM alNropuTMy, Hexal o00'€KTH, SKI [IJIATaAI0Th
KJlacTepu3allii, ONMUCYIOThCS BEKTOpOM mapameTpiB XI. Mu BU3HAUYa€EMO MHOXXUHY
KkiactepiB Ta ixHi sapa CK sk Trimosi 00'exTr CBOTO KiacTtepa.

Oninka 6M3bKOCTI 00'€KTa /10 s/Ipa BUKOPUCTOBYE €BKIIIJIOBY Mipy OJIM3BKOCTI
D(xp,ck). LIs Mipa € TuM MeHIIe, YuM OLIbIIE 00'€EKT CXOXKHH HA SIIPO Kiacy. Takum
yrHOM, Mig gac po3outts (moodle.znu.edu.ua) Ha KIacTepu Mu MiHIMIZYEMO CyMapHY
Mipy OJU3BKOCTI JJIs BCi€T MHOKHHU BXiAHUX 00'ekTiB. (COMSYs.kpi.ua)

Aunroputwm k-cepesiHiX CKJIaa€ThCsl 3 HACTYIHUX €TarliB:

Inigianizamis:

BunankoBuMm ynHoM BUOpaTh Kk 00'€KTIB K ITOYaTKOBI IICHTPH KJacTepiB (sapa).

IIpucBo€HHs KiIacTepiB:

st Ko)KHOTO 00'€eKTa 3HAXOAUTH HaWOMMKYe SApo 1 MPU3HAYATH HOMY
BIIMIOBITHUHN KJIacTep.

OHOBJICHHS LIEHTPIB KJIaCTEPiB:

[lepepaxyBaTu LEHTPU KJIAcCTEpiB AK cepeaHe apudMeThyHe BCiX OO'€KTIB Yy
KOXKHOMY KJIacTepl.

IHoBTOpEHHs:


https://moodle.znu.edu.ua/pluginfile.php/593075/mod_folder/intro/%D0%91%D0%B0%D0%B7%D0%BE%D0%B2%D0%B8%D0%B9%20%D0%BF%D1%96%D0%B4%D1%80%D1%83%D1%87%D0%BD%D0%B8%D0%BA_2%20%28%D0%9A%D0%BE%D0%BD%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%20%D0%9A.%20%D0%AE.%20%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D0%B5%20%D0%BD%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F%20-%20%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D0%B8%20%D1%82%D0%B0%20%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%96%29.pdf
https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf

[ToBTOproBatn Kpoku 2-3 A0 30DKHOCTI (KOJM KJIAcTepu 3aUIIalOThCs
CTaO1JTbHUMH).

Ha koxHOMY KpOIll anropuTMy MparHeMo MiHIMI3yBaTh CyMapHY KBaJpaTUUHY
BIJICTaHh MK KOXXKHHM OO'€KTOM Ta IIEHTPOM HOro mpu3HaueHOro kiactepa. L{s mera
BU3HAYAETHCS IUJILOBOIO (DYHKITIEIO, sIKA Tl YaC BUKOHAHHS aJTOPUTMY ITOCTYTIOBO
3MEHIITY€ThCA.

Ileit mporiec TpuBae A0 TUX IIIp, MOKH KJIacTepH 30ITHYThCS 1 00'€KTH B MEXKax
KOXKHOTO KjlacTepa OyAyTh MakCHUMalbHO CXOXKHMH MK C€000I0, IO BIAMOBITAE

JOCSITHEHHIO €KCTPEMYMY IILJIbOBOI (PYHKITIT.

D(xP,c*) = Z Z(xf' —¢cf)? - min
p I

PosrasineMo 3aranpHuil nporiec 3 BUBHAYEHOO KUTBKICTIO IpyIl k (KUIBKICTh Tpym
BU3HAYAETHCS 3a3/1aJI€T1 b BIATIOBITHO JJO KOHKPETHOI 3a/1a41, 1 TOYaTKOB1 3HAUCHHS TPYTI
MOXYTh OyTH BHOpaHi BUIAQIKOBUM YMHOM, 1ICHTUYHUMHU a0O0 BIJAMOBIIHO JO IHIIHMX

€BPUCTUYHHX paBuI) [31].

F 9

Xz

»
X1

KokHa iTeparlist anropuTMy CKJIaIaeThes 3 ABOX etarmiB [31]:
1. 3a He3MIHHUX SAEp IIYKAETHCS TaKe pO30UTTS 00’ €KTIB HA KJacH, 00 MiIHIMI3yBaTH
CyMapHy Mipy OJIM3BKOCTI MK 00’€KTaMH Ta siapaMu KjiaciB: min {2 D (xp , ck )}

Pesynprar eramny — ctBOpeHHS (DYHKIII, 10 po30UBac 00’ €KTH HA KJIACH.
y y y - p



2. Ilig yac HajamTyBaHHsS KJaciB 3a HE3MIHHOTO PO3OHUTTS sApa, CTapaeMocs
3a0e3neunTH Takl napameTpu, o0 B Mexax KOXKHOT0 KJIacy cyMapHa Mipa OJM3bKOCTI
MDK SIIPOM IIBOTO KJAacy Ta 00'ekTamu, 1110 J0 HbOTO HaJIekKaTh, OyJia MiHIMaIbHOIO. Ha

BUXO/I1 bOTO eTary dbopmyeThCs HOBUU HaOIp szep.

X! b

-

X1

ITepaiiii MOBTOPIOIOTHCS TOTHU JOTIOKHU PO3OUTTS HE CTAO1TI3Y€EThCS.



i
-

Ha koxuomy etami po30outTs, (COMSys.Kpi.ua) mjis BH3HAYCHHS ONTHMAJIBHOT
KUIBKOCTI1 KJIACTEPiB, TPOBOJUTHCS MOCTIA0OBHE 301IBIIEHHS 1X KUTBKOCTI. J[J1s KOKHOTO
KJacTepa OLIHIOETHCSA CyMapHa BiICTaHb Bij 10ro siapa 10 00’ extiB, (Comsys.kpi.ua) mo
70 HBOTO BIIHOCATHCA. Ilicas 1BOrO pO3paxoOBYEThCS CyMapHa Mipa IIUTBHOCTI

KJIACTEPIB.

WCsS = Z Z dist(c;, 0;)

cluster; object

CymapHa Mipa HIUIBHOCTI KJIaCTePiB 3MEHIIYEThCS MPU 301IBIIIEHH] KIIBKOCTI
KkiactepiB. OnTuMaibHa KUTBKICTh KJIACTEPiB BUBHAYAETHCS K TOUYKA, JI€ MBHUIKICTh

ObOT'0 SMCHIICHHA JOCATa€ MAaKCUMaJIbHOI'O 3HAYCHHA (SaCTOCOBy'CTBCH IMpaBUJIO HiKTH).

—

WCSS,—. — WCsS, "



https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf
https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf

Optimal number of clusters

Total Within Sum of Square

Numbér of clusters k

[Ipuknan Bu3HaueHHs QIHAIBHUX LIEHTPOIAIB JAJIsl aliropuTmMy k-means.

def final_centroids(self):

wann

flosepTtac:
clusters -- cnMCOK MAcHBIB, WO MICTSTb TOYKU KOXHOIO KAACTepy
centroids -- MacusB po3mipy (KifbKLCTb_KAACTEPIB, KIAbKICTb_@akTopis),

Wo MicTUTb QLHAABHI UeHTpoigm

c = self.initialize_centroids()
mvc = self.move_centroids(c)
while np.any(c '= mvc):

c = mvc

mvc = self.move_centroids(mvc)
centroids = mvc

cc = self.closest_centroid(centroids)

clusters = []

for i in range(self.k):

p9 = []
for j in range(len(cc)):
if cc[j] == 1i:

p9.append(self.X[j])
clusters.append(np.array(p9))

return clusters, centroids

Jnst peamizamii anroputMy k-means BaKJIMBO BH3HAUUTH 3HAYCHHA K, M0
BI/IMOBIZIa€ KUIBKOCTI KJIacTepiB. Xo4da BI3YaJIbHUUM aHaJI3 y JEIKUX BUITQJIKAX MOXKE

HajaTu 1HGOPMAIII0 MO0 KITBKOCTI KJIACTEPIB, el METO/ HE 3aBXKIHU € JOCTaTHbO



HaAiiHUM. {7151 BU3HAUEHHS ONTUMANIBHOT KUTBKOCTI KJIACTEPiB 4aCTO BUKOPUCTOBYETHCS
MeTof "MKTA" - TpadgivHe BiIoOpakeHHs ONTUMAIBLHOTO 3Ha4eHHs k Tpu BUKOPUCTaHHI
anroputmy k-cepeaHix.

BizyanpHuit anamiz "mikTa" gomomarae BU3HAYMTH ONTUMAJIbHY KIJIBKICTh
KJIaCTEpiB, PO3PaXOBYIOUM CEPEIHI0O CyMy KBaJpaTiB BIACTaHEH MK TOYKAMH Ta

[EHTPOIAaMH BCEPEANHI KOXKHOTO KIIACTEPY.

ne K — KiTbKICTh KacTepiB, Ns — KUIBKICTh TOYOK B KJIacTepi S.

[Ipuknan peanizauii (yHKIIT cepeqHix BiACTaHeW [ noOynoBU Tpadika

BI3yaJIbHOTO <JTIKTS»

def mean_distances(k, X):
ApryMeHTH:
k

X

int, kinekicTe wknactepie

np.array, MaTpuufA BX1gHMX AaHux
MoeepTas:

Macue posmipy (k, ), wo micTuTe cepemHi 3HavewHHA cym BiacTaned Bia uenwTpoipa pgo koxHol Touku wnactepy ans k knactepie
re = []

for ki in range(1, k+1):

s =8

model =

KMeans (X, ki)

cl, fc =

medel.final_centreids()

for n in range(ki):

sl=@8

for i in cl[n]:

s1 += (np.linalg.norm(i - fc[n]))**2
s += 51

re.append(s / ki)

return np.array(re)

SAxio0 BU3HAYEHHS KUTBKOCTI KJIACTEPIB YCKJIAJIHEHE, MOXKHA BUKOPUCTOBYBATH
anroput™ g-means. lleii anropuTM BHU3HAYA€ KUIBKICTh KJacTepiB B MOJENI,
BUKOPHCTOBYIOUH TOCITIIOBHUIA CTATUCTHYHHUNA TECT Ha TE, UM JaHI BCepeanHI Kiiactepa
MiMOPSIKOBYIOTECSL TaycciBcbkoMy ((Gaussian, 3BiJICM Ha3Ba alrOPUTMY) 3aKOHY
posnojiny. (comsys.kpi.ua) IIporec poOOTH aIropuTMy TaKHIA:

IMouatkoBe po30outTsi: [lounHaeMo 31 CTBOPEHHS TMOYATKOBOTO PO3OUTTH,
HaIpUKJIaJ, BAKOPUCTOBYIOUN k-means.

CratucTuuHuii Tect: /711 KOXKHOTO Ki1acTepa BUKOHYEThCS CTAaTUCTUYHHHN TECT

Ha TayCCIBChKUI PO3MOJLI JaHUX BCEPEIUHI KilacTepa.


https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf

IMogin kjacrepa: SIKIO CTaTUCTUYHUNA TECT BKa3zye Ha Te, M0 JaHl He
MAMOPSAKOBYIOTHCS TayCCIBCBKOMY pO3IOALTY, KJIAacTep PO3OMBAETHCSA HA JBa HOBHUX
iacrepa. Ili HOBI KJacTepu MawTh WHEHTPH, PO3TALIOBAHI Ha OCI TOJOBHMX
kommonenT (comsys.kpi.ua) momepeaHboro Kiacrepa.

IloBTOpenHss Tecty: Ilpomec cTaTUCTUYHOTO TECTy Ta MOMAUTY KiacTepa
MOBTOPIOETHCS JITIs1 KOSKHOTO KJlacTepa, [0 MPOUIIOB TECT.

BaxxnuBo nmam'sitaTu, 1o anroputMu k-means ta g-means cipsiMOBaH1 Ha T1IOTE3Y
PO KOMIAKTHICTh, IO TMepeadadae, M0 AaHl HaBYadbHOI BHUOIPKH YTBOPIOIOTH
KOMITaKTHI o0OJyiacTi. B iHIIOMY BHMMaaKy KiacTepH, 3HAWICHI UMM aJlfOPUTMaMHU,
MOXKYTb OyTH MaslOiH()OPMATUBHUMHU.

Jns pocmimxenHst Oyino oopaHo HaOip manux «Customer segmentation datasety,
Sk MICTUTh 541909 3ammciB mokymok monatky Ouaeie Hixk 2000 mokymiiB Ta 8
XapaKTEPUCTHK IUX MOKYIMOK (HOMEp , YHIKAIbHUI KOJA JJIsl KOXKHOI TPAaHCAKIi, OMHC
KOXKHOT (P41, KUIBKICTh NPUI0AHUX JOJIATKIB, 1aTa MOKYIKH, I[IHA OJHOI (pi4i, yHIKaJIbHE
ID koxHoro mokymis Ta kpaiHa mpoxxuBanHs) Mk 01.12.2010 ta 09.12.2011. Takum
YUHOM, 0OCST JJAHUX € 3aHAJITO BEJIMKUM, 11100 MpoaHasi3yBaTH MOro HEO30POEHUM OKOM.
Came TOMY AOUUIBHUM OyJile BUKOPHCTAHHS ajJTOPUTMIB MAIIMHHOTO HaBYaHHS JJIS
3HAXOKCHHSI TICBHUX BUCHOBKIB.

Crepiiry BapTo 3arajbHO IpoaHaIi3yBaTH 0a3y JaHUX.

* @ import pandas as pd
- import numpy as np
trom datetime import timedelta
import matplotlib.pyplot as pit
from mpl toolkits.mplot3d import Axes3D

import seaborn as sns
from sklearn.preprocessing import MinMaxScaler

Puc. 3.2. Imnopt 616mioTex Python, HeoOXiAHUX 17151 BUKOPUCTAHHS


https://comsys.kpi.ua/upload/Rainforcement%20Learning%20.pdf

df = pd.read_csv('OnlineRetail.csv')
df .drop(‘Unnamed: @', axis = 1, inplace = True)
df .head()

InvoiceNo StockCode Description Quantity

WHITE HANGING HEART T-LIGHT 2010-12-01

0 536365 85123A

6

HOLDER 08:26:00
1 536365 71053 WHITE METAL LANTERN 6 201,%':12;38
) 536365 844068 CREAM CUPID HEAR"_F'i ﬁgé\; 8 2010%-;2238
s 536365 sdonog  KNITTED UNION FLAG HOT %#TTE: 6 2010%-:122233
4 536365 siras RED WOOLLY HOTTIE I-\:VET;'II'E 5 2010?3':122:3;

255

3.39

275

3.39

3.39

InvoiceDate UnitPrice CustomerID

17850.0

17850.0

17850.0

17850.0

17850.0

Puc. 3.3. [lepmii m’sITh criocTepexkeHb 3a1aHOT 0a3H TaHUX

df.describe()

Quantity

count 541909.000000
mean 9.552250
std 218.081158
min  -80995.000000

25% 1.000000
50% 3.000000
75% 10.000000

max  80995.000000

UnitPrice

CustomerID

541909.000000 406829.000000

4611114
96.759853
-11062.060000
1.250000
2.080000
4.130000
38970.000000

15287.690570

1713.600303

12346.000000

13953.000000

15152.000000

16791.000000

18287.000000

Puc. 3.4. Onuc 3amanoi 0a3u qaHux

Country

United
Kingdom

United
Kingdom

United
Kingdom

United
Kingdom

United
Kingdom



df .info()

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 541909 entries, @ to 541908
Data columns (total 8 columns):

#  Column Non-Null Count  Dtype
®  InvoiceNo 541989 non-null object
1  StockCode 541989 non-null object
2 Description 548455 non-null object
3  Quantity 541989 non-null 1inte4
4 InvolceDate 541909 non-null object
5 UnitPrice 541989 non-null floate4
6 CustomerID 406829 non-null floate4

7  Country 541989 non-null object
dtypes: floate4(2), inte4(1), object(5)
memory usage: 33.1+ MB

Puc. 3.5. Indopmariist mpo 3anany 0azy JaHUX

Ha puc 3.5. BugHo, mo B 0a3i JaHUX BIJACYTHI JEAKl 3HAYEHHS B CTOBIIIAX
Description i CustomerID. BpaxoByroun yHikanbHicTh [D KOXHOTO TMOKYIIIS, HEMA€E
CEHCY 3allOBHIOBATH IPOMYILEHI 3HAUYEHHS, TOMY LI PAJKH MOXHA MPOCTO BUKUHYTH.
BincyTHi 3HaueHHs croBmug Description MokHa 3aMIHUTH Ha ITyCTE TEKCTOBE MOJIE, 00

30eperTH 1HIII JIaHi MO0 [UX 3aIKCIB.



df .drop(df[df["CustomerID"].isnull()].index, axis=@, inplace=True)
df["Description”] = df["Description”].fillna("")
df .info()

<class 'pandas.core.frame.DataFrame’>
Int64Index: 486829 entries, @ to 541908
Data columns (total 8 columns):

#  Column Non-Null Count  Dtype

@  InvolceNo 496829 non-null object
1  StockCode 496829 non-null object
2 Description 486829 non-null object
3  Quantity 496829 non-null 1inte4

4  InvolceDate 486829 non-null object
5  UnitPrice 496829 non-null floate4
6 CustomerID 486829 non-null float64

7  Country 406829 non-null object
dtypes: floate4(2), inte4(1), object(5)
memory usage: 27.9+ MB

Puc. 3.6. Inpopmaris npo oHOBIEHY 0a3y AaHUX MICIs YCYHEHHS BICYTHIX 3HaY€Hb

YV croBmii Quantity Tako>X HasiBH1 BiJ’€MH1 3HaueHHs. [le cBIAUUTh PO cKacoBaH1

3aMOBJICHH:, TOMY BapToO 3&6paTI/I X pa3oM 13 BiIIHOBiIIHI/IMI/I JOJaTHUMHU 3aMOBJICHHSIMM.

size before = len(df)
neg quantity = df[df["Quantity”] < @][["CustomerID", "StockCode", "Quantity"]].sort val
print(f"Negative number of objects: {len(neg quantity)}")
filters = df[df["CustomerID”].isin(neg quantity["CustomerID”]) & df["StockCode"].isin(n
p count = []
for index, series in neg quantity.iterrows():
customer = series["CustomerID"]
code = series["StockCode"]
quant = -1 * series["Quantity"]
counterpart = filters[(filters["CustomerID"] == customer) & (filters["StockCode"] ==
p_count.extend(counterpart.index.to list())

to drop = neg_quantity.index.to list() + p_count
df.drop(to drop, axis=@, inplace=True)

print({f"Deleted {size before - len(df)} raws from DB")

Negative number of objects: 8965
Deleted 14468 raws from DB

Puc. 3.7. Bunanenns 3 6a3u JaHUX 3aMUCIB PO CKACOBaH1 3aMOBJICHHS



3apanns nossrae B romy, o0 (uk.wikipedia.org) momoMortu koMmaHii 301IbIIHTH
iXHI0O KOHKYPEHTOCIPOMOYKHICTh 332 PaxyHOK MPOBEACHHS CEerMEHTallii MOKymiiB. Sk
OyJ10 OTHICaHO B MOTIEPETHHOMY PO3/I1JI1, KIIACTEPHUH aHal13 e()eKTUBHO MPAITIOE 3 TAKIM
BUJIOM TpoOsieM. Maroun came Takuii Habip JaHuX, AOLUIBHO Oyae mpoBectd RFM-
anani3 (Recency, Frequency, Monetary value), mo6 po3ainuTy MoKymiliB Ha TPyHH 31
CXO0’KOI0 CHOXKMBAIbKOIO TIOBEIIHKOIO, @ OCKIIBKU JaHi OyAyTh MPEACTABIICHI caMme y
quCJI0BOMY (hopMaTi Ta CTPYKTYpY KJIaCTEpiB MOKHA MPEJACTABUTH JIIHINHO, HaOIbII

ONITUMAIILHUM PIillIeHHSIM OyJ1e BAKOPUCTATH CaMe aJITOPUTM K-CepesHix.

Ha Puc. 3.8. moka3zaHo CTBOpPEHHs HOBHX IOB’SI3aHUX 13 4acCOM XapaKTEPUCTHK
HUIIXOM BUJIy4yeHHs ix 13 croBmus InvoiceDate. Ilepen uumm, Tpeba mneperBoputu

croBmelb InvoiceDate 3 Tumy object y Tun datetime

df["InvoiceDate"] = pd.to datetime(df["InvoiceDate"])
# extracting time related features from InvoiceDate

"InvoiceDateDay"] = df["InvoiceDate"].dt.date
InvoiceDateTime"] = df["InvoiceDate"].dt.time
InvoiceYear"] = df["InvoiceDate"].dt.year
"InvoiceMonth"] = df["InvoiceDate"].dt.month
'] =
df[”

m

m

m

InwolceMDnthHam df[ "InvoiceDate"].dt.month _name()

InvoiceDay"] = InvoiceDate"].dt.day

InvoiceDayName"” ] = df["InvoiceDate"].dt.day name()

InvoiceDayOfileek™] = df["InvoiceDate"].dt.day of week

InvoicelWeekOfyea r"] = df["InvoiceDate"].dt.isocalendar().week
nvolceHour"”] = df["InvGiceDate"].dt.houd

m
m
m

df [
df [
df [
df [
df [
df["
df [
df [
df [
df["I
Puc. 3.8. CTBOpEHHsI HOBUX YaCOBUX XapaKTEPUCTUK JAHUX
Jst Toro, mo6 npoectu RFM-anarni3, moTpiOHO CTBOPUTH HOBY 0asy JaHUX, €

KOKEH PSAJIOK BIJIMOBIIa€ OKpEeMOMY MOKYMIfo, a croBmii — 1ie Recency, Frequency,

Monetary.


https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%B2%D1%87%D0%B0%D0%BD%D0%BD%D1%8F_%D0%B1%D0%B5%D0%B7_%D1%83%D1%87%D0%B8%D1%82%D0%B5%D0%BB%D1%8F

‘,- r_date = df["InvoiceDateDay”].max() + timedelta(days=1)
df customers = df.groupby( CustomerID').agg({
"InvoiceDateDay": lambda sv: (r_date - sv.max()}).days,
"Invoicelo™: "count™,
"TotalValue": "sum”

I).rename(columns = |
"InvoicelateDay": 'Recency’,
"Invoicelo™: 'Frequency’,
"TotalValue”: "Monetary’

)

df customers.head()

E Recency Frequency Monetary @

CustomerID m
12347.0 3 182  4310.00
12348.0 76 31 1797.24
12349.0 19 73 1757.55
12350.0 311 17 33440
12352.0 37 67 1405.28

Puc. 3.9. IloOynoBa HOBOI 0a3u naHux Ha ocHOBI RFM-ananizy

Ha Puc. 3.10. moka3zaHo yCyHEHHSI 3aliBUX BHUKHJIB, 1100 3MEHIUUTH IIyM Y

CBTOPEHHOMY Jatadpeiimi.



def remove outliers(df, col, threshold=1.5):
Q1 = np.quantile(df[col], .25)
Q3 = np.quantile(df[col], .75)
I0R = Q3 - Q1
df.drop(df[(df[col] < (Q1 - threshold * IQR)) | (df[col] > (Q3 + threshold * IQR))

return df

for col in df_customers.column54
size bhefore = len(df customers)
df customers = remove outliers(df customers, col)
print(f"Removed {size before - len(df customers)} outliers from {col}")

Removed 140 outliers from Recency
Removed 363 outliers from Frequency
Removed 316 outliers from Monetary

Puc. 3.10. Buganenns mymy 3 6a3u JaHux

JlaH1 rOTOB1 0 aHAII3Yy.

3.4. AnropuT™ K-CcepeiHiX 1 0co0aMBOCTI Horo peami3ariii Ha Python

OcHOBHA 1€ anropuTMy K-cepemHix mojsirae B ToMy, 100 3rpyIyBaTu
criocTepekeHHs B K KitactepiB, Jie k — momnepeHb0 BU3HAYEHE YHUCIIO B 3aJIEKHOCTI BiJl
Habopy nmanux. Jlayni HaBeJAEHO MOCTYIMOBI KPOKU aJITOPUTMY Ta MPUKIA] IX BUKOHAHHS
3a joroMororo Python.

3aranpHa CTPYKTYypa aJITOPUTMY BUTJISIIATUME TaK:

— Knac KMeans:

o [Himiamizaiisi HEHTPOIIB;
e 3HaTH HAMOIMXKY1 EHTPOIAM IJIs1 KOKHOI TOUKH;
e 3HaTH ONTUMAJIbHI LIEHTPOI/IH.

— [Tomryk onTUMansHOTO 3HaYEHHS K:

o Metona «TKTs».

1. Knac KMeans

[IpumnycTumo, 1110 MU MAa€EMO BX1JHI JIaH1 X1, X2, X3, ... , Xn € X 1 3HaueHHs k:

1.1. CrBoproemo kiiac KMeans 3 mapamerppamu:



ne X — Marpuiist BXiJHUX JTaHUX;

K — KUIBKICTh KJIaCTEpiB.

class KMeans(object):

def init (self, X, k) :
self.X = X
self.k = k

Puc. 3.11. CtBopenns knacy KMeans

1.2. OOGupaemo k BUIaAKOBUX TOYOK, SIKI OYJIyTh KIACTEPHUMHM ILIEHTPOITAMHU
Hexaii C — HaOip 1neHTpoiniB, TOIl c1, €2, €3, ... , ck € C — neHTpoinu. [Hiiam3anmis
IEHTPOI/IIB BIAITPAE BAXKIMBY POJib 1 HANPsIMY BIUIMBA€ Ha MIBUJKICTH POOOTH IIHOTO
ANITOPUTMY.

def initialize_centroids(self):

warn

lloBepTac:

Macus poamipy (k, Ki/fbKLCTb_@axkTopig),

Ak MICTHUThL K LEeHTpoifiB 3 No4YaTKOBHX TOYOK

wnn

np.random.seed(512)
ic = np.random.permutation(self.X)

return ic[ :self.k]

Puc. 3.12. CtBopenns knacy KMeans
1.3.BimHeceMo KOXKEH Xj 10 HaOIMKI0ro KIacTepy, BA3HAYUBIIH B1ICTaHb BiJl HHOTO J0
KOKHOTO IIeHTpoina. [[is mporo po3paxyemo kBajapaT EBkiioBoi Hopmu (abo sk ii
Ha3UBaIOTh €BKJIJOBY METPUKY) PI3HUII M1k TOYKOIO Ta KOXKHUM LEHTPOIIOM:

||X——Ci”2,Ci€ C



def close centroid(self, centroids):

idx = np . zeros((self.X.shape[@],), dtype=np.int8)
for 1 in range(self.X.shape[©]):
dist = np.linalg.norm(self.X[1] - centroids, axis=1)
min dist = np.argmin(dist)
idx[1] = min_dist
return idx

Puc. 3.13. 3naxoxeHHST HAHOIMKYIOTO IIEHTPOIAA I KOKHOI TOUKH

1.4.TTomyk HOBUX LIEHTPOI/iB, pO3PaXOBYIOUHU CEPENIHE CEPel TOUOK KOKHOIO KIIacTepy:

ae 77?7?77 — 1e Habip yciX TOYOK, [0 HAJIEKATh I-OMY KiacTepy.

def move centroids(self, centroids):

cc = self.close centroid(centroids)
rr =[]
for i in range(self.k):
pp = []
for k in range(len(cc)):
it cc[k] == 1:
pp.append(self.X[k])

rr.append([sum(x)/len(x) for x in zip(*pp)])
return np.array(rr)

Puc. 3.14. Tlomryx HOBUX IIEHTPOIIIB



1.5. IToBTOp KpOKIB 3 Ta 4, MOKU yC1 IIEHTPOIIX HE TIEPECTaHyTh 3MIHIOBATH CBOi
koopauHatu. lle oO3Hauae, MO MM TIOBTOPIOEMO aJTOPUTM, TOKH KJIacTepu He

CTaOUTI3yOThCHA.

def final centroids(self) :

¢ = self.initialize centroids()
mapc = self.move centroids(c)
while np.any(c != mc):

C = mc

mc = self.move centroids(mc)
centroids = mc
cc = self.closest centroid(centroids)
clusters = []

for 1 in range(self.k):
pl = []
for k in range(len(cc)):
if cc[k] == 1:
pl.append(self.X[k])
clusters.append(np.array(pl))
return clusters, centroids

Puc. 3.15. BuBenenns (iHaqbHUX IIEHTPOI/IB

2. Tlomyk onTUManbHOTO 3HAYCHHS K

Jlist Toro, mo6 peanizyBaTH TaHUN aNTOpPUTM, MOTPiOHO MaTu 3HadeHHs k. [Homi,
JTUBJISTYMCH HA IEBHY MHOKHUHY, MO>KHA HAOUHO 3p03YMITH, KA KUIbKICTb KJ1acTepiB Oy/ie
HAWOUIBII ONTHMAJIBHOKI. AJle IIe HE 3aBXIW MOKHA MOOAuuWTH. Y TaKHX BHIIaJKaX
OJIHUM 13 BaplaHTIB € METOJ <JHKTs». MeTon «IKTs» - 1e TpadiuHe BigoOpakeHHS
ONTUMAJILHOTO 3HAaYeHH k /181 KjacTepu3zaillii MeTo1oM k-cepenHix.

[Ilo6 3HaWTH BI3yalbHHUHN <IKOTHb», SIKUH BKa3ye€ Ha ONTHUMAJIbHY KUIbKICTh
KJIacTepiB, MOTPIOHO pO3paxyBaTH CEPEIHIO CYMy KBaJIpaTiB BiICTAaHEH MK TOYKaMH Ta
IIEHTPOIJIOM BCEPEANHI KOXXKHOTO KiacTepy abo CKOpPUCTATUCh 010J110TEKOI0, Ky OyJie

ONMUCAHO IT3HILIE:



ne K — KiIbKICTh KIacTepiB, Ns — KUTBKICTh TOYOK B KJIacTepi S.

def mean distances(k, X):

re = []
for ine in range(1, k+1):
S =0

model = KMeans(X, ine)
cl, fc = model.final centroids()
for n in range(ine):
sl = ©
for 1 in cl[n]:
s1 += (np.linalg.norm(i - fc[n]))**2
S += sl
re.append(s / ine)
return np.array(re)

Puc. 3.16. ®yHKIis cepeHix BiacTaHel At moOy10BU rpadika Bi3yaabHOTO

WTKTS

3.5. Peanizarist KJIaCTEpHOTO aHaIi3y Ha MPUKIIAJI 33]aH01 0a3u TaHUX

Jlani HaBefeHO pearizallilo OMUCAHOTO AJITOPUTMY Ha TPHUKIIAIlI 3aJaHoi 0a3u
JaHUX.

Jlst Toro, 1100 modyayBaTH MOJIEIb, MOTPIOHO HOPMaJTi3yBaTH JIaHi:



&N

p1T
plt
plt
plt

dist score

© scaler = MinMaxscaler()
X = scaler.fit transform(df customers)
X

=

array([[e.225908361,
[0.05421687,
[©.93373494,

.13215859, ©.62772958],
.31718062, ©.61386688],
.87048458, ©.1167973 |,

=
&=

=

ciey
[©.54216867, ©.02643172, ©.02822834],
[@.02108434, ©.04845815, ©.06218827],
[@.12650602, ©.30396476, ©.64171452]])

=
=

Puc. 3.17. Hopmanizariisa qanux

. PlOT(K_clusters, dlsTances)

.xlabel{ 'k-clusters")

.ylabel(f'dist score")

.title("Finding the optimal number of clusters with elbow method™);

Finding the optimal number of clusters with elbow method

600 1

500 -

400 -

300 A

200 +

100

2 4 6 8 10
k-clusters

Puc. 3.18. [Tomryk onTuManbHOTO 3HaueHHs Kk 17151 3a1aHoi 6a3u JaHux



model = KMeans(X, 3)

clusters, final_centrs = model.final_centroids()
print('®iHanbHl ueHTpoiam: ', final_centrs)

OiHanbH1 ueHTpoiam: [[©.12458384 0.47928642 ©.59195919]
[0.69849666 0.10070838 0.1357616 ]
[0.14950028 ©.14436424 0.18444729]]

Puc. 3.19. 3naxoxeHHs HEHTPOIIIB

# cTBOpeHHs 3D rpagika
fig = plt.figure()
ax = fig.add_subplot(111, projection='3d")

# nobygosa knactepis
for cluster in clusters:
ax.scatter(cluster[:, @8], cluster[:, 1], cluster[:, 2])

ax.set_xlabel('Recency')
ax.set_ylabel('Frequency")
ax.set_zlabel( 'Monetary Value')
ax.set_title('Pe3ynbTaTn knactepusauyii')
plt.show()

PesynbTaTu Knactepusadii

Puc. 3.20. [ToGynoBa rpadiky gaHux, HOAUICHUX HA KIacTepH



cl_count = []
for i, cluster in enumerate(clusters):
num_points = len(cluster)
cl_count.append(num_points)
import plotly.express as px
plt.rcParams['figure.figsize'] = [18,6]
customers_df = pd.DataFrame(X, columns=df_customers.columns)
fig = px.pie(data, values = cl_count,
[*1', '2', '3'],

'MporHo3oBaHuit po3noain knactepis')

names =

title
fig.show()

MporHo3oBaHWil po3noain knacrepis

EEE
- oW

51.4%

Puc. 3.21. IIporHo3oBaHuii po3noiia Ki1acTepin

Ha Puc. 3.18. BugHO, 10 3 € XOpOIIUM 3HAYEHHSM JIJIs1 KUTBKOCTI KJIACTEpIiB Y
JTAHOMY BHITAJIKY, aje 11€ 3HAaYCHHsI MOKe 3MIHIOBATHCS 3aJI€KHO BiJl oTpeb Oi3Hecy. 3a
JIOTIOMOTOI0 MOJIEJi, OTPUMAHOI B pe3yJbTaTl aHali3y, KOMIIaHIS MOXE pO3poOJIsTH
IHAUBITyaJIbHI MapKETUHIOBl CTpaTerii Ta peKJIaMHi akilii, CIpsAMOBaHI Ha KIIIE€HTIB,

BpaxOBYHOYHU I'PYILy, 10 SIKO1 BOHU HAJIC)KATh.

3.6 BucHoBKku 70 po3aiy

Knacrepusariist - e METOJ] MallTMHHOTO HaBYaHHS, KU BUKOPUCTOBYETHCS IS
IpyIyBaHHS CX0XXHMX 00'€KTIB UM TOUOK JIaHUX B KjiacTepu abo rpynu. Mera nossrae B
TOMY, 00 00'€KTH B OHOMY Kj1acTepi Oyiu OiIbII CXOKUMHU OJIMH HAa OJTHOTO, HIK Ha
Ti, K1 HaJeXaTh J0 1HIIMX KiacTepiB. Kiactepuzallisi € HEKOHTPOJILOBAHUM METOOM,

OCKUIbKH B HHOMY HEMA€ MOMEPEIHbO BUBHAYEHUX KAaTeropii sl 00'€KTIB.



HapeneHo anroputM K-cepeliHiX 1 0coOJMBOCTI Moro peanizaiii Ha Python. Ichnye
Oarato 610sioTek 11 peanizalii anroputmy k-cepemnix Ha Python, cepen Hux scikit-
learn, sikuit Haae MPOCTHIA IHTEPPEIC Ta THYUKICTh 7151 BUKOPUCTAHHS.

Jnst mocnmipkenHs O0yno obpano Habip ganux «Customer segmentation dataset»,
akuil Mictuth 541909 3ammciB mokymnok nonatky Ouibine HiK 2000 mokymiiB Ta 8
XapaKTEPUCTHK ITUX MOKYIOK (HOMEp , YHIKQIbHUN KO JJIsi KOXKHOT TPAaHCAKIIii, OTIHC
KOKHOT (141, KUIbKICTh MPU0AHUX J0JIAaTKIB, AaTa MOKYIKH, IlIHA OHOT (idi, YHIKAJIbHE
ID xoxkHOTO MOKYMIIA Ta KpaiHa mpokuBanHs) Mik 01.12.2010 ta 09.12.2011. Takum
YUHOM, OOCST JaHUX € 3aHAJITO BEJIUKUM, 11100 IIPOaHai3yBaTh HOro HE030POEHUM OKOM.
Came TOMy AOUUIBHUM OyJi€¢ BUKOPUCTAHHS aJTOPUTMIB MAIIMHHOTO HaBYaHHS JIJIs

3HaXOAKCHHS IICBHUX BHCHOBKIB.



PO3/IL 4.
PO3POBKA MIKPOCEPBICY AHAJII3Y ITOBEJIIHKU KOPUCTYBAUIB
(PO3POBKA AHAJIITUYHOI'O JIOJATKY)

4.1. Konuerniis po3poOKH MIKPOCEPBICIB Ta CTPYKTypa T0JaTKy

Konneniiis po3poO0Kku MIKPOCEPBICIB — IIe apXITEKTYPHUM X1 J0 PO3pOOKH
MPOTPaMHOTO 3a0e3MEeYEHHs, IpU SKOMY IIporpaMa po30MBAaEThCS HAa HEBEJMKI,
ABTOHOMHI CITyOH, sIKI Ha3WBaIOThCS MikpocepBicaMu. KoxkeH MikpocepBic BUKOHYE
koukpetny Gynkiiio (ela.kpi.ua) a6o HaOip moB's3aHuX GYHKIIH 1 MoXke OyTH
PO3TOPHYTHM Ta MacIITaOOBaHUN HE3aJIEKHO B1J] HITUX MIKPOCEPBICIB.

OCHOBHI TPUHITUIN KOHIIEMIIi MIKPOCEPBICIB:

Po36utts Ha ciyx0u (Decomposition): Po3aijeHHs mporpaMHOTo 3a0e3eYeHHS
Ha HEBEJIMKI CITy>KOH, K1 MOKYTh OyTH pO3pOOJICHI Ta MIATPUMYBaH1 HE3ATIEHKHO.

AtoHOMIs (Autonomy): KokeH MiIKpocepBiC € HE3aJIeKHUM, Mae CBOIO 0azy
JaHUX Ta MOKEe OYTH PO3TOPHYTHH OKPEMO.

PezepByap wmoB (Polyglot): BukopuctanHs pi3HMX TEXHOJOTIM Ta MOB
MporpamMyBaHHS IS KPAIIoTo BUPIIICHAS KOHKPETHUX 3aBIaHb.

Camocriiine MacuTadyBaHHs (Independent Scaling): MOXITUBICTD
MaciTadyBaHHS KOKHOTO MIKPOCEPBICY OKPEMO B 3aJI€KHOCTI BiJl HABAHTAKCHHS.

PisnoBuaHicTh iHTepdeiiciB (Diversity of Interfaces): Koxken mikpocepic mae
cBiil BiacHui API, mo 3abe3neuye qocTyn a0 Horo PyHKIIOHAIBHOCTI.

Pereneparisi  (Resilience): 3paTHiCTh CcHUCTEMH BIJIHOBIIOBAaTHCS B  pasl
BUHUKHEHHS MOMUJIOK a00 300iB B OJTHOMY 3 MIKPOCEPBICIB.

CrpykTrypa I0A4aTKy Ha OCHOBI MIKPOCEPBICIB MOXKE BHUIJISAATH HACTYITHUM
YUHOM:

Cepgic aBreHTH(iKalli 1 aBTopu3alii: 3abe3nevye yrnpaBiIiHHS KOPUCTyBayaMH,

PEECTpAIIifo, BXOJ Ta KOHTPOJIb TOCTYTY.


https://ela.kpi.ua/bitstream/123456789/58662/1/Sheliekhanov_bakalavr.pdf

CepBic KkepyBaHHA KopucTtyBauamu: Hamae MOXIMBICTH 3MiHU Tpodiiaro
KOpPUCTyBaua, BCTAaHOBJICHHS MapaMeTpiB Oe3meku Ta IHII (QYyHKII, TOB'sS3aHi 3
0CcOOMCTUMHU OOJIIKOBUMH 3aITUCAMH.

Cepaic 00poOkH 1IaTexiB: 3ade3neuye oOpoOKy TpaH3akKliiid, po3paxyHOK IiH Ta
OIUIaTy TOCTYT a00 TOBapiB.

CepBic 30epexeHHs mgaHux: Moxke BKIOYaTH B cebe Oasm maHux, (aitosi
CXOBHIIIA Ta 1HII MEXaH13MHU JIJIs1 30€epiraHHs JaHuX.

CepBic HoTH(ikamiii: Biamoinae 3a BiAMpPaBKYy MOBITOMIIEHB, EIEKTPOHHHUX
JIMCTIB, a TAKOX MOBIOMJICHB Yepe3 MIaT(MOPMHU CIIOBIIICHb.

Cepgic anamTuku: 3ade3neuye 30ip Ta 0OpOOKY JTaHUX JUIsl MOJAIIBIIOTO aHaJi3y
Ta MPUIHATTS PILLICHb.

Cepgic iHTerparili 3 30BHIIIHIMU cepBicaMu: J[03BOJIsIE B3aEMOMIATH 3 1HIIUMU
cucrteMaMu Ta cepsicamu yepe3 APL.

KoxkeH 3 1HMX MIKpPOCEpBICIB MOXe OyTH HE3aJeKHO PO3TOPHYTHH,
MacmTabOBaHU Ta OHOBIIIOBAHUMU, 110 POOUTH CHUCTEMY OUIbII THYYKOIO Ta JIETIIe
miATpUMYBaHOw. OTHAK BaXJIMBO NMPABWIILHO BUOPATH IPaHUII MK MIKpOCEpBICaMU Ta
JOTPUMYBATUCA TPUHIMIIB, [M00 YHUKHYTH 3aiiBOI CKJIAJHOCTI Ta 3a0e3MEeYUuTH

e(hEeKTUBHY B3a€EMO/III0 M)XK KOMIIOHEHTaMHU CUCTEMH.

4.2. BnpoBamkeHHs (1HTETpaillisi) po3po0sieHnX MojieNiell y aHaTITHYHUHN T01aTOK

BnpoBamxenns (iHTerpaiis) po3poOsieHHX MoOJeNied y aHaMITUYHUN JOJATOK €
BKJIMBUM €TarioM, 110 JO3BOJISIE BUKOPUCTOBYBATH MEPEAOBI aHAJIITUYHI PIIICHHS Ta
MaIllMHHE HaBYaHHS JJIS OTpUMaHHS IiHHOI 1H(dopMarmii. Hmwkue HaBeleHO 3arajibHi
KPOKH JIJISI IHTEerpallii MoJeIe y aHaAIITUHYHUM 10]IaTOK:

Busnauenus 013Hec-3aqa4l:

3'scyiite, Ky came Oi3Hec-mpobiieMy abo 3aBAaHHS MOJIeTTh TOBUHHA BUPIIITUTH.

Busnaute, ski BenUYMHM a00 MapaMeTpu € KIOYOBUMH JJIi BHUPILIEHHS €T

poOemMu.



Po3pob6ka moneni:

Po3po6iTh Ta TpeHyilTe MoOjelNb, sika HaWKpallle BUpIINIyE BH3HAueHY Oi3Hec-
3amayvy.

[TepeBipTe TOUHICTH Ta €(PEKTUBHICTH MOJCII HA TECTOBUX JaHHUX.

Excrnopt mopeni:

30epexiTh HaBYCHY MOJENb Yy BimmoBigHuii ¢dopmar (Hampuxman, TensorFlow
SavedModel abo ONNX miis mozeneit, crBopenux y PyTorch).

CrBopenns API:

Po3po6ite APl nmna B3aemonii 3 Mojemtro. MokHa BHUKOPHCTOBYBATH
dpeitmBopky, Taki gk Flask un FastAPI nis ctBopennst RESTful API.

Pozroprannsa mozeni:

Posropuitb APl Ta Mozenp Ha cepBepli 4YM B XMapHOMY CEPEIOBHIIIL.
BuxopucroByiiTe iHCTpyMeHTH, Taki sk Docker i koHTeliHepu3arii.

[HTerpariis 3 aHATITUYHUM JJOJIATKOM:

3abe3neure MOKIUBICTh AHANITHYHOTO JIOJATKY B3a€EMOJISATA 3 PO3TOPHYTOIO
Mojieso uepes API.

BOyayiite BIAMOBiNHI 3alMUTH Ta JIOTIKY JjIsi OOpOOKHM pe3yJbTaTiB MOJIETi B
AHAIITUYHUH JOATOK.

3abe3neueHHs Oe3MeKku Ta 3a0€3MeUeHHs SIKOCTI:

3axuctith APl Kkarouamu, OOMEXKEHHSMH INBHAKOCTI 3aldTIB Ta 1HIIUMH
METOJaMH O€3MEKH.

BnieBHiThCs, 10 1HTErpallis HE BIUIMBAE Ha IMPOJYKTHUBHICTh Ta CTAOUIBHICTH
aHaJIITUYHOTO JOJATKY.

MOHITOpPHUHT Ta MIATPUMKA:

BcTaHOBITH cUCTEMY MOHITOPUHTY JIsl BIACTEXKEHHS MPOAYKTHBHOCTI MOJIENI Ta
BHSIBJICHHS MOKJTUBUX TIPOOJIEM.

Hapaiite miatpuMky Ta BIACHIAKOBYWTE pe3ysibTaTH, I[MI00 MEpioAUYHO

neperirsiaaT Ta BAOCKOHAJIIOBATH MOJCIIb.



[HTerpanisa Monenedt y aHadiTUYHUI JOJIATOK JT03BOJUTH BaM BHUKOPHUCTOBYBATU
nepeoBl aHAMITUYHI METOIM ISl TOKPAICHHS NMPUUHATTS pIillleHh Ta BUOYTyBaHHS
MIHHUX (QYHKIIHA 171 KOPUCTYBaYiB.

Po3pobka mikpocepBicH € ayXKe TMOTY)>KHUM I1HCTPYMEHTOM, SIKI JIal0Th 3MOTY
BUKOPHCTOBYBATH PI3HOTO POAY IHCTPYMEHTApii BCIM Y KOTO € JJ0 HhOTO focTym. OKpiM
TOTO, IO 1€ AyXe 3pYYHO 1€ IIe 1 MpakTU4YHO. HasBHICTP MIKpOCEPBICIB J03BOJISIE
IIBUJIKO 1 6€3 JJ01aTKOBOI MiATOTOBKKM BUPIIITYBATH HAMCKIIAIHIIII 32291 Y TOMY YHUCII 1
Ti, 5IK1 €()EKTUBHO BUPIIIYIOTHCS 3a JOMTOMOTH METO/I1B MAIIMHHOTO HaBYaHHSI.

Knacrepusaliisi J10CTaTHRO CKJIaJHA 3ajlada, ICHye Oarato pi3HOMaHITHHUX
aNropuTMiB g ii BupimieHHs. OJHUM 13 TOMYJSPHUX QJITOPUTMIB, MPO SKUU BKE
sragyBajioch panime € K-means. HesBaxaroun nHa Te, mo Bin mae (refdb.ru) omun
CYTTEBHI HEJIOJIK, a CaMe OJIHUM 3 [apaMeTPiB I[bOTO AITOPUTMY € KUIBKICTh KJIaCTepiB.
ToOTo0, aHAITUK NOBUHEH 3HATU CKUIBKH KJIACTEPIB MOKHA OTPUMATH Ha HEPO3MIUEHUX
TaHHX.

[cHyIOTh HeKibKa METOMAIB BHU3HAYEHHSI KIIBKOCTI KJIACTEPiB, OJHUM 3 TaKHX
METO/IB € METOJI JIKTA. TE€XHOJIOTIi 1 aHAIITUYHI IHCTPYMEHTH MOCTIMHO PO3BUBAIOTHCH,
3raJJaHuil METOJI MOKHA peaii3yBaTd K CaMOCTIMHO, Tak 1 3a JIOMOMOTH CIEIIaIbHUX
610moTtek. OHiero 3 Takux 01010TeK € «yellowbricky.

VY gKocTi nata cery JUisl MPOBEACHHS KiacTepu3allii OyJd BUKOPUCTaHHI JaH1 3
Kaggle [https://www.kaggle.com/datasets/imakash3011/customer-personality-analysis]
PO MApKETUHIOBY KaMIIaHilO (JUB. PUCYHOK), SIKI MalOTh BIIKpUTY JiueH3ito. [lepen
MOYaTKOM pOOOTH 3 JJaTa CETOM, Tpeba 3pOOUTH IEsIKl IEPETBOPEHHS JIaHUX.

© df.head()

ID Year_Birth Education Marital_Status Income Kidhome Teenhome Dt_Customer Recency MntWines ... MNumikebVisitsMonth

0 5524 1957 Graduation Single 58138.0 0 0 04-09-2012 58 635 7

en

1 2174 1954  Graduation Single 463440 1 1 05-03-2014 38 1
2 4141 1965 Graduation Together 71613.0 0 0 21-08-2013 26 426 L. 4
3 6182 1984 Graduation Together 26645.0 1 0 10-02-2014 26 1 6
4 5324 1981 PhD Married 58293.0 1 0 19-01-2014 94 173 5

5 rows X 29 columns

Puc.4.1. Ilpuknan naHux a1 cCerMEHTAIlli KIIEHTIB


https://refdb.ru/look/2853332-pall.html

B nata ceti HasBHI JaH1 PO PiK HAPOJPKEHHS KIIIEHTA, 3a3BMYail BIK KJIIEHTA €
Jy’)K€ BaKJIMBOK O3HAKOIO, TOMY [IJIsi MEPETBOPECHHS BIKY, a TaKOX JaTH peecTpartii
KJIIEHTA B YUCJIO CKOPUCTAEMOCH HACTYITHOIO (DYHKITI€TO.
° from typing import Tuple

def get_diff_date(end_data:pd.Timestamp,
data: Tuple[str, int],

type date: str = 'year'):
if type_date == 'year':
time_date = int(end_data.year - data)
elif type_date == 'month’:
time_data = end_data.to_period('M") - pd.to_datetime(data, format = '%d-Zm-%¥').to_period('M")

time_data = time_data.n

else:
time_data = end data - pd.to_datetime(data)
time_data = int(time_data.days)

return time_dat4

Puc. 4.2. ®yHKuis 471 IEpETBOPEHHS AaTH HAPOIKEHHS KIIIEHTA 1 JaTH

peecTparili y uucia

Takum uynrHOM, OyJiIM CTBOpPEHI OBl JIOJATKOBI O3HAKU (IMB. PUCYHOK) Age
Month_register st TO1adBIIOTO X BUKOPUCTAHHA MPU BUPIIICHH] 3a/1a4ul KIACTEPHOTO

aHamizy.

df[ "Age’'] = df.Year Birth.apply(lambda x: end data.year - x)

df[ 'Month_regist'] = df.Dt_Customer.apply(
lambda x: get diff date(end data, x, type date ='month'))

Puc.4.3. JlonatkoBi 03HaKu, siki OyAyTh BUKOPUCTAHHI JJIs KJacTepizalii (moauty

Ha IPyNu) KIIEHTIB

[Ticns mpoBeAeHHS BCiX HEOOXIMHUX MAHIMYJSAIINA 3 JaHUM IS TPOBEICHHS

KJIACTEPHOT0 aHalli3y Ta MO0y 0BU Mojiesi OyJo BiniOpaHi HACTYNHI (PaKTOPH.



) num cols = |
‘Age’,
"Income’,
‘Month_regist’,
'Sum_Purchsed’,
"Count_Campaings’,
‘Recency’,
‘"NumDealsPurchases’,
‘MumCatalogPurchases’,
‘"NumStorePurchases’,
‘NumWebvisitsMonth',
‘"NumkWebPurchases ",
‘MntWines’,
‘MntFruits’,
‘"MntMeatProducts’,
‘"MntFishProducts’,
‘"MntSweetProducts’,
‘MntGoldProds’

1

Puc.4.4. BiniOpani o3HaKku J1Jis1 TPOBEICHHS KIACTEPHOTO aHAI3y

[lepen Ge3mnocepenHbO MOOYAOBOKO MOJIEI, Tpeba MPOBECTU MEBHY JOJATKOBY

MIATOTOBKY JaHUX, a caMe iX MePEeTBOPEHHS 3a TOMOMOrH iHCTpyMeHTy StandardScaler.
import matplotlib.pyplot as plt
from sklearn.preprocessing import Standardscaler
X _scaled = StandardsScaler().fit_transform(df_new)

Puc.4.5. Ilpenpouecinr ganux 3a gonomoru 010mioteku sklearn Ta iIHCTpyMeHTY

StandardScaler

StandardScaler no3Bosisie cTaHgapTU3yBaTH JaH1, X CEPEIHIM SIKE JTOPIBHIOE HYIIIO
Ta OJIMHUYHOIO auctiepciero. [{e oauH 3 epeKTUBHUX IHCTPYMEHTIB, IKU 3aCTOCOBYETHCS

JUTSl BUPIIICHHS 3a]1a4 KJlacTepizaiii.



Sk 3a3HayvanoCk paiiie, nepes modya0BOK MOl Tpeda BCTAHOBUTH KUIBKICTh

kiactepiB. [ mporo ckopucraeMoch 010110Tekor0 yellowbrick 1 HacTymHUM KO10M.

from yellowbrick.cluster import KElbowVisualizer
model = KMeans(random state = 42, n_init= ‘auto’)
visual = KElbowvisualizer(model, k = (1, 1), timings = False)

visual.fit(X scaled) #(X pca)
visual.show();

Puc.4.6. Kon, sikuit 10BOJISIE BCTAHOBUTHU KIJIBKICTh KJIACTEPIB 32 JOIIOMOTH

METOAY JIKTS

JInst BcTaHOBIIEHHS €(DEKTUBHOI KUIBKOCTI KJIacTepiB TpeOa BKa3aTH MOJEIb, sKa
OyJie BUKOPHUCTOBYBATHCh, BKa3aTH Jilarla30H KUIBKOCTI KJIacTepiB, B JJAHOMY IIPUKJIAII
e Bim 1 mo 10, a Tak mepenatu Oe3mocepeHbO JaHi. Pe3ynbrar BUKOHAHHS KOIY

HaBEJICHO HAa PUCYHKY.

Distortion Score Elbow for KMeans Clustering

35000
-=-= elbowatk =3, score=19208.520
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Puc. 4.7. BcranoBneHHs e(h)eKTUBHOT KITBKOCTI KJIACTEPiB 3a IOMOMOTH

616mioTexu yellowbrick



TakuM YMHOM, ONITUMAILHOIO KIJIBKICTIO Ki1acTepiB € 3 31 score 19209.
[licnst BCTaHOBJIEHHS KUIBKOCTI KjacTepiB MokHa OyayBath wmojaenb. Kon

noOy10BU MOJIeJI1 HaBEeIEHO Ha PUCYHKY.

from sklearn.cluster import KMeans
model = KMeans(n clusters= 3,
random state = 42)

model .fit(X scaled) # df new

Puc. 4.8. [lobynosa mozeni K-means 3 Tppoma kinactepamu

PesynbraTomM moOy/10BaHOIO MOJIET Ta KOJ OTPUMaHHS HOMEpPIB KIACTEpiB s

KOKHOT'O KJII€EHTa HAaBEJICHO HA PUCYHKY.

labels = model.predict(X scaled) # df new
labels[:20]

array([2, 2, 1, ©, 2, 2, 2, 0, 9, 9, 8, 2, 2, 0, 1, 2, 0, 1, @, @],
dtype=1int32)
Puc. 4.9. Pe3ynpTaToM poOOTH MOJIEN Ta KOA OTPUMAaHHSI HOMEPIB KJIacTePiB AJIs

KO>KHOTO KJIIEHTA

OTtpumani labels nnas KOXXHOro Kil€HTa TeNep MOKHA BUKOPHCTOBYBATH ISt
PO3pOOKH MIKpOCEpBICY, SKHM Il KOKHOTO HOBOTO KIIIEHTY OyJe HamaBaTH HOMEDP
KJIacTepy.

Jns po3poOKH  MIKPOCEpPBICY CKOPHUCTAEMOCH 3pPYyYHOK Ta e(PEKTHUBHOIO
610miotekoro «streamlity. Llg 6i6moTexka MicTuTh O6arato BOYIOBaHMX EJIEMEHTIB i
JI03BOJISIE€ MIBUJIKO PO3POOIISTH MIKPOCEPBICH.

st pobotm 3 streamlit 1 MOOYI0BM MIKPOCEPBICY 3pYYHO CKOPHCTATHCHh TaKOIO

IDE sk Pycharm.



[licns 3aBaHTaKEHHS JaHUX Ta IMIOPTY HEOOXITHUX O10710TeK, HE0OXI1THO
CTBOPHTH MOACIb 1 30epertw ii Uil TMOJANBIIOrO0 BHUKOPHUCTAHHS 1 CTBOPCHHS

MIKpOCEpBICY.

preprocessing = make_column_transformer(
(StandardScaler(), numerical_features),

clf = make_pipeline(preprocessing, LogisticRegression())

clf.fit(X_train, y_train)

y_pred = clf.predict(X_test)
y_pred_proba = clf.predict_proba(X_test)
#print(y_pred)

# EP‘FT}J_EPEG_EPCEGJ

O e ha madal
# «0Ve The model

joblib.dump(clf, PATH_MODEL)

Puc.4.10. CtBopeHHs Ta 30epeKeHHST MOJIE1 AJIsI TOIAIBIIOTO BUKOPUCTAHHS

CtBOpuUMO (YHKIUIT JUIsl 3aBaHTAaKEHHS JaHUX Ta 30€pexeH0i MoJIenl. 3aCTOCYyEMO

KeIIIyBaHHS, JIs IIbOTO Tpeba CKOPUCTATUCH IEKOPATOPOM.

@st.cache_data

def load_data(path):
data = pd.read_csv(path)
data = data.sample(100)
return data

@st.cache_data

def load_model(path):
model = joblib.load(path)
return model

Puc. 4.11. ®yHKIii 1y1s 3aBaHTaKEHHSI TaHUX Ta 30€peKeHO1 paHillle Moel

HeoOxigHO 3aBaHTaXWUTH JaHl, CTBOPHUTH 3arojOBOK, TaKOX JOJAaMO IIepIIi

JIeK1JIbKa 3aI1CIB 3 JaTa ceTy, cTBopuMo markdown 3 onmucom BCiX 3MIHHHX.



22 df = load_data(PATH_DATA)
24 st.header('Cluster Analisys')
2¢ st.write(df[:4])

pk: st.markdown(

S ### Description of data

51 - People

52 -- ID: Customer's unique identifier

-- Year_Birth: Customer's age

-- Income: Customer's yearly household income

-- Recency: Number of days since customer's last purchase
- Products

Puc. 4.12. 3aBanTakeHHs J1aTa CeTy, CTBOPEHHS 3aroyioBky, markdown

CTBOprOEMO M1JI 3pYYHOCTI HEOOX1/IH1 IOJATKOBI €JIeMEHTH, a came selectbox Ta
pizHoMaHiTHI slider’u, 1o OyAyTh pO3TOIIOBaHI HA CTICIiaNIbHIN maHeni 3 jiBa (sidebar),
AK1 BiIOOpakaroTh Pi3HI MapaMeTpu KII€HTA, 111 MapaMeTpu OyayTh BUKOPUCTAHHI JUJIS

BCTAHOBJICHHA HOMCPA KJIACTCpa AJId KOKHOT'O OKPEMOT'O KJI1€HTA.

Age
40 1
s Cluster Analisys
20 76
it | Sum_Purchsed Count_Campaings Recenc umDealsPurchases lumCatalogPurchases lumSto
Income
28175.3%9 968 T 1,315 4] 65 1 9
—
1730.00 113734.00 590 2 882 0 21 3 3
X 4 9 4] 10 1 0
Month_regist
29 7 68 0 36 2 0
—
@ 100
+ .
. Description of data
- =
5 2535 - People
—- ID: Customer's unique identifier
Count_Campaings -- Year_Birth: Customer's age
-- Income: Customer's yearly household income
4 v -- Recency: Number of days since customer's last purchase
- Products
Recency -- MntWines: Amount spent on wine in last 2 years
35 -= MntFruits: Amount spent on fruits in last 2 years
—
e o5 -— MntMeatProducts: Amount spent on meat in last 2 years

Puc.4.13. Ilpuxnag selectbox Ta pizHoManiTHi slider’iB Ha OGOKOBI MaHeN



3a pgomoMoru Koay (AMB. PUCYHOK), 3aHATaXXYEMO paHilie 30epeXeHy MOJIEIb,
30epiraemo mapametrpu kiieHta B DataFrame 1 momaemo kHomky «Predicty. ¥V pasi
HATUCHEHHS Ha KHOMKY «Predicty, 3amyckaeTbes ciieHapiii B paMKax SKOTO JaHHI AJis
IIPOTHO3YBaHHS TIEPEAAOTHCS B MOJICIIb, SIKa Y SIKOCTI pe3yiIbTaTy, Ha OCHOBI IIepeIaHIX

JaHUX, TIOBEPTAE MPOTHO3, a CaMe HOMEP KJIACTEPY JI0 SKOTO BITHOCUTHCS KITIEHT.

data_predict = pd.DataFrame([dict_datal)
model = load_model(PATH_MODEL)

button = st.button('Predict')

if button:
output = model.predict(data_predict)[o]
st.success(f'{output + 1} cluster')

Puc. 4.14. Kon peanizanii 30epexeHHsl JaHUX ISl IPOTHO3YBAHHS Ta CLIEHAPIN

dbyHkioHyBaHHA KHOMKHU Predict

Ha pucyHky HaBeAeHO TMpHUKIAL PpoOOTH pPO3p0OJEHOr0 MIKPOCEPBICY Ta
pe3yibTaT, SKUH MOBEPTAE MOJAECHb JUIsl KIIEHTA 3 YpaXyBaHHSIM MEBHUX MMapaMeTpiB.

To0T0, 11eli KOHKPETHUN KITIEHT BITHOCUTHCS 10 JPYTrOro KiacTepy.

C A Notsecure | 192.168.0.101:3501 2t @B 0 E ¥ A

= Cluster Analisys

Predict

—_ 2 cluster

Description of data

Puc. 4.15. Tlpuxmnan poGoTi MiKpOCEpBICY 3 MOBEPHEHHSIM HOMEPY KJIacTepa s

KJIIEHTA 32 IEBHUMHU IMapaMeTpaMu



TakuM 4yWHOM, 3a JOMOMOTH MIKPOCEPBICY, SIKHH MOXXE 3HAXOIUTHCh SK Ha
JIOKAJILHOMY XOCTI Ta 1 B MEpEeXI1 1HTEpPHET, B MOJIC)Ib NIepeAatoThCs MEBHI MapameTpu
KIII€EHTA 1 BOHA HA LUX JaHUX (POpMy€e MPOTHO3, SKUW MO CyTi € HOMEPOM WMOBIPHOTO

KJIacTepy J0 SKOTO Tpeda BITHECTH IIbOTO KJIIEHTA.

4.3. Mertoau omiHKY €(EeKTUBHOCTI BOPOBAHKEHHS 3MIH Y IOAATKY

Ominka edexkTuBHOCTI BrpoBamkeHHS 3MiH B IT momatky Moke BKIIOYATH
pI3HOMaHITHI MeTO U, a A/B TecTyBaHHS € OJTHUM 13 KJIIOUOBUX IHCTPYMEHTIB TSI LIOTO.
A/B tectyBanns (abo split testing) 103BosIsIE TOPIBHIOBATH JIB1 BEPCIi MPOIYKTY a00 BEO-
calTy JJisi BU3HAYCHHS, siKa 3MiHA € Oulbll ePekTuBHOKW. OCh NEsKi METOAM OLIHKHU
e(eKTUBHOCTI:

A/B TecTyBaHHS:

Po3poOka rinore3u: BusHaute MeTy 3MiH Ta CTBOPITH IIIOTE3Y, SIKA OMHUCYE, SIK L1
3MI1HU OBUHHI TOJIIIITUTH TPOIYKT.

Bubip metpuk: O0epiTh kiatouoBi nokazHuku epexruBHocTi (KPI), siki Bu Oynerte
BUMIPIOBATH ISl OIIHKHU BIUTMBY 3MIH.

PozniniTe aynuropito: PannomizyliTe KOpUCTYBadiB Ha JIBl TPYHH — KOHTPOJIbHY
(A) Ta ekcnepumeHTanbHy (B), 1 BpoBaKyiTe 3MIHU JUIIE JJISI €KCTIEPUMEHTAIBHO1
Tpymu.

301p naHux Ta a”ai3: 30upaiTe JaH1 PO B3aEMOJIII0 KOPUCTYBaUiB 3 MPOLYKTOM
Ta aHAMI3yHTe iX U1 BUSHAYCHHS CTATUCTUYHO 3HAYYIIUX PI3HUIIb MIXK JIBOMA FPYIIaMHU.

KoHTposnb 3a MeTprKaMu IpOAyKTUBHOCTI:

CrnigkyiTe 3a OCHOBHUMH METPUKaMH NMPOAYKTHBHOCTI, TAKUMHU SIK KOHBEpCI,
3aITy4eHHs] KOPUCTYBayiB, 30€peKeHHS Ta 1HIIII.

[lopiBHIOWTE METPUKM JO Ta TICIS BIPOBAIKEHHS 3MiH, a TaKOX MIXK
KOHTPOJIBHOIO Ta €KCIIEPUMEHTAIILHOIO FPYIIaMHU.

O1iHKa BIUIMBY Ha KOPUCTYBAayiB:

3niiicHIONTE 3BOPOTHUM 3B'I30K 3 KOpPUCTyBayaMu JUIsl OIL[HKHA 1XHBOTO

CIPHUIHSTTS HOBOBBEJIEHB Ta PEAKIlli HA 3MiHH.



Retention Analysis (AHani3 yTpuMaHHs):

BuBuaiite, siki 3MiHM BIUIMBAIOTh Ha YTPUMAHHS KOPUCTYBaYiB Ha 1iatgopmi uu
CepBicl.

Customer Satisfaction Surveys (OnuTyBaHHS 33JJ0BOJICHOCTI KOPUCTYBAUiB):

[IpoBoabTEe ONMUTYBaHHS Ui BUMIPIOBAHHS 3a/J0BOJICHOCTI KOPHUCTYBadiB 1
BUSIBIICHHS IXHIX TPIOPUTETIB.

Time Series Analysis (Anami3 yacoBux psaiB): (evnuir.vnu.edu.ua)

AHani3yiiTe 4acoBi psSAu METPUK AJiA BUSBJICHHS TPEH[IB Ta 3MIH B Yaci MICI
BIIPOBA/>KCHHSI HOBOBBEICHb.

KnacrepHuit aHani3z KOpUCTyBayiB:

['pynyiiTe KOpUCTYBayiB 3a IEBHUMU XapaKTEPUCTUKAMU Ta CIIOCTEPIraiiTe 3a TUM,
SK BIIPOBA/PKEHI 3MIHU BIUTUBAIOTH Ha P13HI

B Hamomy BUnaaxky Mu OyZ€MO TECTyBaTH MIKPOCEPBIC KJIACTEPUIIlT KOPUCTyayiB
Hamoro noaaTky. Peam3anii npouenypu nposeaeHHss A/B tectyBanns Ha Python.

lmport numpy &s np

import matplotlib.pyplot as plt

from scipy.stats import binom
from scipy.stats import norm
import seaborn asz sns

E
E

from statsmodels.

o

ot}
(5]

3.proportion import proportion effectsize

from statsmodels.

[E1)

fat}
ol

8 1mport power

from scipy. s import shapiro

(1)

it
[ai]

from scipy. import levene

(1)
[¥1)

ot
[ai)

t
t
IE

m
(K1)

it

from scipy.s import ttest ind

ImnopT HEOOX1HUX O101i0TEK /U1 TpoBeieHHs A/B TectyBanHs Ha Python


https://evnuir.vnu.edu.ua/bitstream/123456789/12901/1/thesis_3.pdf

pirs(contral[metric])

pirc(test[metric])

1f p value A > alpha:

print{"The control data appears to be nommally distributed (Fail to reject HO)")
else:

print ("The control data does not appear to be normally distributed")
1f p value B > alpha:

he test data appears to be normally distributed (Fail to reject HO)")

he teat data does not sppear to be normaslly distributed ")

& (p_value B > alpha) ) | ((p_value & < alpha) & (p value B

stributed so we go to non paramstric test")

frem seipy.stats import mannwhitneyu

nnwhitneyu (control [metric], test [metric],alternative='two-sided',nan policy='omit')

&) & (p_value B> alpha):

@parMeHT Koy o peam3auii pyHkuii Ha Python st mpoBeneHHsI TeCTyBaHHS

rirores

4.4. BUCHOBKH /10 PO3JLITY

Po3poOka MikpocepBiCy € IyK€ MOTYXHUM IHCTPYMEHTOM, SKUW Ja€ 3MOTY
BUKOPHCTOBYBATH PI3HOTO POy IHCTPYMEHTapii BCIM Y KOTO € 0 HbOTO A0cTyn. OKpim
TOTO, IO II€ AYXKe 3pYy4HO IIe IIe 1 MmpakTuyHO. HasBHICTH MIKpOCEPBICIB J103BOJISIE
HIBUJKO 1 0€3 101aTKOBOI MiATOTOBKY BUPIITYBAaTH HAUCKIIAAHIIII 3a/1a4l Y TOMY YHCI 1
Ti, SIK1 €pEKTUBHO BHUPIIITYIOTHCA 32 JIOMOMOTH METO/11B MAIIIMHHOTO HaBYaHHS.

VY sKocTi nara cety JUisli MPOBENEHHSI CErMEHTalllsl OyJM BHUKOPHUCTAHHI JaHl 3
Kaggle [https://www.kaggle.com/datasets/imakash3011/customer-personality-analysis]
PO MAPKETUHTOBY KaMIIaHil0, sIKI MaIOTh BIJKPUTY JIIIEH3IIO.

Jnst po3poOKu MIKpOCEpBICY BHKOPUCTAIM 3pY4YHY Ta €(PEKTHBHY O10110TEKY
«streamlity. L 616;m10TeKa MicTUTh 6arato BOYIOBaHUX €JIEMEHTIB 1 103BOJISIE IIBUIKO
PO3pOOIATH MIKPOCEPBICH.

VY po0oTi HaBeAEHO MPUKIIAJ pOoOOTH PO3pPOOIEHOTO MIKPOCEPBICY Ta pe3yibTarT,

KWW TIOBEPTAE MOCIb JUTs KITIEHTA 3 ypaxyBaHHSIM MEBHUX MTApaMETPIB.



TakuM 4yuHOM, 3a JOTIOMOTOIO MIKPOCEpBICY, KM MOXKE 3HaXOJMTUCH SIK Ha
JIOKAJILHOMY XOCTI Ta 1 B MepexXl 1HTEPHET, B MOJIeJIb NEPEAAtOThCS MEBHI MapamMeTpu
KIII€EHTA 1 BOHA HA LUX JaHUX (POpMy€e MPOTHO3, SKUW MO CyTi € HOMEPOM WMOBIPHOTO

KJIaCTEepY J0 SIKOTo Tpeba BIIHECTH I[LOTO KIIIEHTA.

BUCHOBKHN

Y MarictepcbKii poboTi 00’ €KTOM JOCIIPKeHHS € METOIM MAIlIMHHOTO HAaBYaHHS,
a caMme KjacTtepu3allli jaisa aHamizy noBeAiHku kopuctyBauiB IT gomatky. [lpeaverom
JOCIIUKEHHSI € HayKOBO-METOJWYHI 1 MPAaKTHYHI MIAXOAUM A0 MOJEIIOBAHHS 1
IIPOrpaMmyBaHHs CUCTEMU aHaI3y MOBENIHKU KopucTyBauiB [T gogaTtkom.

B mepmomy po3aun 3a1MCHEHO JETalbHUNM OrJISJ MPEeaMETHOiI 00J1acTi.
Jlocmimkeno (77.93.36.128) npuuMHHO-MIOBEIHKOBUN KapKac JUIS aHali3y BEIMKHX
naHux. OTASHYTI TUNIK Cy4acHOI aHaMITHKU. [[poBeaeHO NOCTIIKEHHSI CUCTEMH aHATII3Y

JaHUX PO MOBEIIHKY KOPUCTYBaYiB


http://77.93.36.128:85/bitstream/handle/123456789/67/2023_Kreshtal_IPZ-111M.pdf?sequence=1&amp;isAllowed=y

VY apyromy posaiii nposeneno orisi (77.93.36.128) apxiTekTypH MiKpocepBiciB
Ta 3ac00i1B Bizyaumizailii. OOpaHo MoBy nporpamyBanHs Python s ananizy nanux ta A/B
TECT SIK CII0Ci0 BU3HAYEHHSI peakiiii KopucTyBadiB Ha 3MiHH B [T mpoayKTi.

B tpersomy posauii (77.93.36.128) oOrpyHTOBaHO BHKOPHCTAaHHS MAIIHHHOTO
HAaBUaHHS I aHai3y JaHuX. BuOpaHo 1 omucaHO KJIacTepH3allilo sIK 1HCTPYMEHT
OPOAYKTOBOI aHAMITUKH. PO3IISHOYTO MeToauM Ta MOJAENl BUPIMICHHS 3a1ad
Kiactepusalii. HapeaeHno nmpukian aaropuT™ K-cepeaHix 1 0COOIMBOCTI HOTO peartizartii
Ha Python. PeanizazoBano kiactepHuil aHaTi3 Ha MPUKIIA/Il 33/1aHOT 0a3u JaHUX.

B derBepTOoMy pO311J1 HaBEACHO KOHIIEMIIIIO PO3POOKH MIKPOCEPBICIB Ta
BIIPOBAHKEHO PO3POOJICHUX MOJIENIeH y aHaNITUYHUI MikpocepBic. MikpocepBic Moxke
3HAXOAMUTHCH K Ha JIOKAJIbHOMY XOCTI Ta 1 B MEpPEX1 IHTEPHET, B MOJEIIb MEPEIat0ThCs
MEBHI MapaMeTpH KII€HTa 1 BOHA Ha LUX JAaHUX (PopMye MPOTHO3, SIKUWA MO CYTI €
HOMEPOM HMOBIPHOIO KJIacTepy IO SKOro Tpeda BimHecTH Iporo kiieHta.llokazano

METOJIY OIIIHKHU €(h)eKTUBHOCTI BIPOBAKEHHS 3MIH Y JOJIATKY.
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JOJATOK A
@parMeHT Koy (aity train.py

import json
import joblib
import pandas as pd

from sklearn.model_selection import train_test_split


http://repository.pdmu.edu.ua/bitstream/123456789/17063/3/Acculturation_%20facilitating.pdf
https://streamlit.io/

from sklearn.preprocessing import OneHotEncoder, StandardScaler
from sklearn.pipeline import make_pipeline
from sklearn.compose import make_column_transformer

from sklearn.linear_model import LogisticRegression

PATH_DATA ="../data/cluster.csv"

PATH_MODEL ="../models/Ir_pipeline.sav"

PATH_UNIQUE_VALUES ="../data/unique_value.json™

numerical_features = ['Age’, 'Income’, 'Month_regist’, 'Sum_Purchsed’,
'‘Count_Campaings', 'Recency', 'NumDealsPurchases',
'‘NumCatalogPurchases', 'NumStorePurchases', 'NumWebVisitsMonth’,
‘NumWebPurchases', 'MntWines', ‘MntFruits', '"MntMeatProducts',
'‘MntFishProducts’, 'MntSweetProducts', ‘MntGoldProds']

df = pd.read_csv(PATH_DATA)

print(df.columns)

y = df['Clusters']

X = df.drop(‘'Clusters', axis = 1)

X_train, X_test, y train, y_test = train_test_split(
X, Y, test_size = 0.2, random_state = 42

)

print(X_train.shape, y_train.shape)

preprocessing = make_column_transformer(
(StandardScaler(), numerical_features),

)

clf = make_pipeline(preprocessing, LogisticRegression())

clf.fit(X_train, y_train)

y_pred = clf.predict(X_test)

y_pred_proba = clf.predict_proba(X_test)

#print(y_pred)

# print(y_pred_proba)

# Save the model

joblib.dump(clf, PATH_MODEL)

# Save unique values



dict_unique = {key: X[key].unique().tolist() for key in X.columns}
with open(PATH_UNIQUE_VALUES, 'w') as file:
json.dump(dict_unique, file)



JIOJATOK B

®parmeHT Koy daiay main.py

import pandas as pd
import streamlit as st
import json

import joblib

PATH_DATA ="../data/cluster.csv"
PATH_MODEL = "../models/Ir_pipeline.sav"
PATH_UNIQUE_VALUES ="../data/unique_value.json"

@st.cache_data

def load_data(path):
data = pd.read_csv(path)
data = data.sample(100)

return data

@st.cache_data
def load_model(path):
model = joblib.load(path)

return model

df = load_data(PATH_DATA)

st.header(‘Cluster Analisys’)

st.write(df[:4])

with open(PATH_UNIQUE_VALUES) as file:
dict_unique = json.load(file)

numerical_features = ['Age’, 'Income’, 'Month_regist', 'Sum_Purchsed',
'‘Count_Campaings', 'Recency’, 'NumDealsPurchases',
'‘NumCatalogPurchases', 'NumStorePurchases', 'NumWebVisitsMonth’,



‘NumWebPurchases', 'MntWines', ‘MntFruits’, 'MntMeatProducts',
‘MntFishProducts', ‘"MntSweetProducts', 'MntGoldProds']

Age = st.sidebar.slider("Age"”, min_value = min(dict_unique["Age"]),

max_value = max(dict_unique["Age"]))

Income = st.sidebar.slider("Income”, min_value = min(dict_unique["Income"]),

max_value = max(dict_unique["Income™]))

Month_regist = st.sidebar.slider("Month_regist", min_value = 0,
max_value = 100)

Sum_Purchsed = st.sidebar.slider("Sum_Purchsed"”, min_value = min(dict_unique["Sum_Purchsed"]),

max_value = max(dict_unique["Sum_Purchsed"]))

Count_Campaings = st.sidebar.selectbox('Count_Campaings', dict_unique['Count_Campaings'])

Recency = st.sidebar.slider("Recency", min_value = min(dict_unique["Recency"]),

max_value = max(dict_unique['Recency"]))

NumDealsPurchases = st.sidebar.slider("NumDealsPurchases”, min_value =
min(dict_unique[*NumDealsPurchases"]),

max_value = max(dict_unique["'NumDealsPurchases"]))

NumCatalogPurchases = st.sidebar.slider(*NumCatalogPurchases”, min_value =
min(dict_unique["NumCatalogPurchases"]),

max_value = max(dict_unique["NumCatalogPurchases"]))

NumStorePurchases = st.sidebar.slider("NumStorePurchases™, min_value =
min(dict_unique[*NumStorePurchases™]),

max_value = max(dict_unique["NumStorePurchases"]))

NumWebPurchases = st.sidebar.slider("NumWebPurchases", min_value =
min(dict_unique[*"NumWebPurchases"]),



max_value = max(dict_unique["NumWebPurchases"]))

NumWebVisitsMonth = st.sidebar.slider("NumWebVisitsMonth", min_value =
min(dict_unique[*"NumWebVisitsMonth™]),

max_value = max(dict_unique["NumWebVisitsMonth™]))

MntWines = st.sidebar.slider("MntWines", min_value = min(dict_unique["MntWines"]),

max_value = max(dict_unique["MntWines"]))

MntFruits = st.sidebar.slider("MntFruits”, min_value = min(dict_unique["MntFruits"]),

max_value = max(dict_unique["MntFruits"]))

MntMeatProducts = st.sidebar.slider("MntMeatProducts”, min_value =
min(dict_unique[*MntMeatProducts"]),
max_value = max(dict_unique["MntMeatProducts"]))

MntFishProducts = st.sidebar.slider("MntFishProducts”, min_value =
min(dict_unique["MntFishProducts"]),
max_value = max(dict_unique["MntFishProducts"]))

MntSweetProducts = st.sidebar.slider("MntSweetProducts", min_value =
min(dict_unique["MntSweetProducts"]),
max_value = max(dict_unique["MntSweetProducts™]))

MntGoldProds = st.sidebar.slider("MntGoldProds", min_value = min(dict_unique["MntGoldProds"]),

max_value = max(dict_unique["'MntGoldProds"]))

dict_data = {
'‘Age': Age,
‘Income’: Income,
'Month_regist': Month_regist,
'Sum_Purchsed': Sum_Purchsed,
'‘Count_Campaings': Count_Campaings,
'‘Recency": Recency,

‘NumDealsPurchases': NumDealsPurchases,



'NumCatalogPurchases': NumCatalogPurchases,
'‘NumStorePurchases': NumStorePurchases,
'NumWebVisitsMonth": NumWebVisitsMonth,
'NumWebPurchases': NumWebPurchases,
'‘MntWines': MntWines,

'‘MntFruits': MntFruits,

‘MntMeatProducts': MntMeatProducts,
‘MntFishProducts': MntFishProducts,
'‘MntSweetProducts': MntSweetProducts,
‘MntGoldProds': MntGoldProds

data_predict = pd.DataFrame([dict_data])
model = load_model(PATH_MODEL)

button = st.button('Predict’)

if button:
output = model.predict(data_predict)[0]

st.success(f'{output + 1} cluster’)

st.markdown(
### Description of data

- People
-- ID: Customer's unique identifier
-- Year_Birth: Customer's age
-- Income: Customer's yearly household income
-- Recency: Number of days since customer's last purchase
- Products
-- MntWines: Amount spent on wine in last 2 years
-- MntFruits: Amount spent on fruits in last 2 years
-- MntMeatProducts: Amount spent on meat in last 2 years
-- MntFishProducts: Amount spent on fish in last 2 years
-- MntSweetProducts: Amount spent on sweets in last 2 years



)

-- MntGoldProds: Amount spent on gold in last 2 years

- Promotion

-- NumDealsPurchases: Number of purchases made with a discount

- Place

-- NumWebPurchases: Number of purchases made through the company’s website
-- NumCatalogPurchases: Number of purchases made using a catalogue

-- NumStorePurchases: Number of purchases made directly in stores

-- NumWebVisitsMonth: Number of visits to company’s website in the last month



