KuiBcbknii HanioHanbHUM yHiBepcuTeT iMeHi Tapaca IlleBuenka
®daxynpTeT 1HPOPMAIIITHIX TEXHOJIOT1H
Kadenpa nporpaMHUX CHCTEM 1 TEXHOJIOT1M

YK 004.89/.048 Ha npasax pykonucy

BUITYCKHA KBAJII®IKAIIMHA BAKAJIABPCBKA
POBOTA

Tema: ¢ Po3poOka peKOMEHIAIMHOT CHCTEMH HA OCHOBI

BMICTV Ta CIUIBHOI ¢inpTparti ”
(nassa 32iono 3 naxazom pexmopa)

9

CrnenianbnicTb — 121 “Inxenepis nporpamHoro 3ade3neyeHHs’

HOACHIOBAJIBHA 3AIIMCKA
BP.II13 - 38.00.00.000

(nosnauenns)

CryneHr

1113-43 / loaina JIA3BYKIHA/
(mmdp rpynun) (minmuc) (mata)(po3mudpoBKa MiAMUCY)

HaykoBuii kepiBHUK

K.T.H., aCHCT. /Makcum TKAYEHKO/

(mocaja) (migmuc) (mara) (po3mmgpoBKa MiAMUCY)

KoncyabTant

3 IHTAHb HOPMOKOHTPOJIIO
(paxiBeupb /Tamapa YAITIOBCBKA/

(mocana) (mignme) (maTa) (po3mugppoBKa MiAIHCY)

JlonyckaeTbes 10 3aXUCTy
3aBinyBau kadeapn

A.T.H., Ipo. /Oaexciii BHAUKOB/

(mocana) (migrnuc) (nara) (po3mudpoBKa MiaAucy)

Kuis — 2021



Pimennsim Ex3zamenariiitHoi komicii
BUITyCKHA KBaji(ikaiiitHa podoTa CTyaeHTa

3axXHIleHa 3 OI[1HKOIO

I'onoBa Ex3amenarriiinoi komicii

npodecop, JOKTOp TexH. Hayk Bikrop BUIITHIBChKUIA



KuiBcrkuit HarionansHuM yHiBepcuteT iMeH1 Tapaca IlleBuenka
®daxynpTeT IHPOPMAIIITHIX TEXHOJIOT1i
Kadenpa mporpamuux cucteM i TEXHOJIOT1H
CremianbHicTh 121 “IHXkeHepis mporpaMHOTo 3a0e3ne4YeHHs”

3ATBEP/IXVYIO:
3aBigyBau kadeapu NporpaMHuX
CHUCTEM 1 TEXHOJIOT1H

(Onekciit BUUKOB)
(migmuc) (po3um¢poBka miamnucy)
o 2021 p.
3AB/IAHHSA
HA BUITYCKHY KBAJI®IKAIIIMHY BAKAJABPCBKY POBOTY
CTYJIEHTY

Jlazykinii [lomni €BreHiBHI

(npi3Bu1Ie, iM’s1, TO-0aTHKOBI)

(4

. Tema BunmyckHoi kBaJgidikamiiinoi 0OakanaBpcbkoi podoru  “Po3polOka

PEKOMEH A MHOT CUCTEMU Ha OCHOBI BMICTY Ta CITLJIBHOT

dbinpTpanii’”’

KePIBHUK OPOeKTY (po0doTn) Tkauenko Makcum Bacunb0oBHUY, K. T.H., ACUCTEHT

3aTBEpKEHA HAKa30M BUIIIOTO0 HABYAIBHOTO 3aKaady Big & 20 p. Neo

. CTpOK nogaHHs CTYA€HTOM pPo00TH 2021 p.

. Buxigni pani g0 po6orm HaykoBo-TexHiyH1 nyOJiikallli, MOPUCBSIYEHI PO3TIISIY

MAllIMHHOI'O  HAaB4YaHHA, PC3VJIbTATH CKCICPHUMCHTAJIBbHUX I[OCJ'IiI[)KCHB, MOI[CJ'Ii

nmoOVJIOBA peKOMeHmamliianx cucreM. @Dopma janory: Bebd-cepsic. lleperik

BUKOPHUCTOBYBAaHMX IporpaMHux 3aco01iB: OC Windows 10, 1HTErpoBaHE CEPENOBUIIIE

po3pooku Visual Studio Code; CSS/HTML, Python, Flask framework.

. 3MICT MOSICHIOBAJILHOI 3aNIUCKHU (MepetiK NMTaHb, 10 IX HAJIEKUTH PO3POOUTH)

1. AHai3 opeaIMeETHOT TaTy3i.

2. AHaJI3 3aCTOCYBAHHSI PEKOMEHTAIIIMHUX CUCTEM.

3. MareMaTUYHWN ONKUC CTBOPEHHSI KOHTEHTHOI Ta KOJa00paTUBHOI (hUIbTpali.

4. ITpoekTyBaHHSA PEKOMEHIAIIIHOI CUCTEMH.

5. IlporpaMua peajizaiis Ipo€EKTY.




6. AHaJ13 Ta MOPIBHAHHS PE3YIbTATIB.

5. IlepeJtik rpadgiynoro marepiajy (3 TOUHMM 3a3HAYEHHAM 000B’SI3KOBUX KPeCJIeHb)

1. Cxema poOOTH TPAIUIIWHOI cucTeMu pekomennaiii (puc. 1.1, ¢t. 16)

2. Marpuili B3aeMoIiil kopuctyBau-eiaeMenT (puc. 1.2, cT. 18)

3. Cxema B3aemMoii koprcTyBada i enemenTiB B CB cucremi (puc. 1.3, ¢cT. 21)

4. Jliarpama BUKOPUCTAHHSA CUCTEMU pekomenaanin (puc. 3.1, cr. 33)

5. 3aranibHa KJi€eHT-cepBepHa cxema (puc. 3.2, cr. 34)

6. JliarpamMa B3aeMoil KOPUCTYBAUa i3 CUCTEMOIO pekoMeHraatii (puc. 3.3, ct. 34)

7. JliarpamMa KOMIIOHEHTIB Be0-3aCTOCYHKY pekoMeHaanii (puc. 3.4, ct. 35)

6. KoHcyJbTaHTH 3 po00TH i3 3a3HAYEHHSIM PO3ALIIB po00TH, 10 iX CTOCYIOThCS

Ilignuc, nata
Po3ain KoncynpranT 3aBaaHHS BUIAB 3aBaaHHA
MPUHSB
OcHoBHa K.T.H., aCHCT., Makcum
YacTHUHA TKAYEHKO

7. JlaTta Bujayi 3aBJaHHA

KepiBHuk Maxkcum TKAYEHKO
(mizmic) (posudpoBKa mimuCy)
3aBIaHHA NPUHHSB 10 BUKOHAHHS [Tomiua JIASYKIHA
(miic) (po3mmdporka mimwCy)
KAJEHJAPHUMH IVIAH
No Ctpok
/n Ha3Bu eraniB 6akaiaBpchbkoi podoTu BUKOHAHHS [TpumiTka
eTarmiB poOOTH
1. | Orpumanns 3aBmanHs Ha Bunyckny| 20.10.2020 BUKOHAHO
kBasidikaiiitny pooory.
2. Amnaniz 3aBmanns, mnomyk 1 BuBueHHs| 09.11.2020- BHUKOHAHO
BIJIMTOBIJTHO1 JTITEPATyPH. 30.11.2020
3. | ®opmyBaHHS MOCTAHOBKHU 33]1a4i. 16.12.2020 BUKOHAHO
4, HocnimkeHHs i aHami3 HasBHHX crpareri| 21.12.2020- BUKOHAHO

CTBOPEHHS PEKOMEHIAIIIMHIX CHCTEM. 04.01.2021




5. MareMaTH4YHUIA OITHNC METO/IIB. 13.01.2021- BUKOHAHO
24.01.2021
6 [IpoexTyBaHHS pEKOMEHIAIIIMHOTO cepBicy. | (01.02.2021-
' 20.02.2021 BHKORAHO
7 Po3po06ka anroputMy cucTemMu Jiis HaaHHs | 22.02.2021-
* | pexomeHmaIlin. 04.03.2021 BUKOHAHO
Po3pobka BeO-3ac00y 3 BUKOPHUCTAHHSIM 08.03.2021-
8. | po3pobienoro aNrOpUTMY HaAHHA | o (13 5091 BUKOHAHO
peKOMEeH Al . o
. AHani3 Ta TOpIBHSHHS  PE3yJbTaTiB, 99 .03.2021-
: OTPUMAHHX 32 JIOTIOMOTOKO MPOTPAMHOTO | & 01 5501 BUKOHAHO
3aco0y. o
10 OdopmiteHHST TIOSICHIOBAJIBHOI 3amucku Ta| 12.04.2021- BUKOHAHO
" | TEKCTOBUX MaTepiaiB. 22.05.2021
11 OdopMiieHHs pe3eHTaIlITHIX MaTepiaiB. 24.05.2021-
_ BUKOHAHO
30.05.2021
CryneHt — OakanaBp [Tomina JIASYKIHA
(mmiarmc) (po3mm¢ppoBKa MiIIHICY)
KepiBHuk poboTu Maxkcum TKAYEHKO

(migmuc)

(po3umdpoBka miamnucy)




AHOTAIIA

Bunyckna kBaJjidikauiiina 6axanaBpcbka podora: 79 c., 18 puc., 2 tadmn., 5
noxaar., 13 mxepern.

Tema: Po3poOka pekomMeHAAIIMHOI CHCTEeMH Ha OCHOBI BMICTY Ta CIUIBHOL
¢inbTpari.

O0’exkT aOCJIIUKEeHHSI: 1HTEPHET-CEPBICH, IO BKJIIOYAIOTh IIPOIEC TeHeparlii
pPEeKOMEHIaITIH.

Meta po0oTH: BHUSIBICHHS HOBHX 3aKOHOMIPHOCTEW Ta METOJAMYHE OOTPYHTYBaHHSI
IPOLECY CTBOPEHHS CHUCTEMH DPEKOMEHJAIN y BUIJISAAI BeO-3aCTOCYHKY, OTPUMAaHHS
HalOUIbII PEJICBAaHTHUX PEKOMEHAAIN, a TaKOX OLIHKa Ta MOPIBHSHHS pEe3yJIbTaTIB
poOOTH; OISl HAIBHUX MIIXOJIB JO peanmi3allii peKoOMeHAAIlIHHUX CUCTEeM, Ha MiJACTaBl
BUBYCHOT'O TEOPETHYHOTO MaTepiairy, po3pooutu anroputm ¢hopmyBanHs content-based Ta
collaborative pekoMenaniiiHOi cHCTEMH, BAKOPHCTOBYIOUYH MAIIMHHE HABYAHHS; HA OCHOBI
BUSIBJICHUX TTPOOJIEM 3alPOTIOHYBATH MOJIIMIIICHHS METO/IIB.

IIpenmeT aoc/aiIsKeHHsI: METOAN Ta MOJIET CTBOPEHHSI, KOPHUCTYBAHHS OCOOMCTHUX
peKoMeHIaMil (KOHTEHTHA Ta KojabopaTuBHA (iIbTparis).

Pe3yabTaTH 0CTiIMKEHH: ONTMCAaH1 MOXKIIMBOCTI, 3aCTOCYBAHHS Ta OIlIHKAa METO/IB,
ANrOpuTMIB pEeKOMeHAAliiHuX cucteM. Ha migcraBi aHamizy pe3yJbTaTiB CHCTEMH,
3po0JIeHUN JIOTIYHHM TIJACYMOK CIIOCTEPEXKEHb Ta 3alpOIOHOBAHO  IOJIMIICHHS
AITOPUTMIB.

BucHoBoKk: y pe3ynbTaTi AOCIIKEHb OTPUMAHO peajli3oBaHy CTpaTeriro HaJaHHs
pEKOMEHAIlIN, 3py4YHHl BEe0-3aCTOCYHOK 13 BOYJOBAHOKO CTpAaTEri€lo, sika MOXe OyTu
BUKOpUCTaHA B OyAb-SIKOMYy CyYacHOMY BeO-cepBici, SKIIO Ti MOTpeOyIOTh
PEKOMEHIALIMHOTO MeXaHI3My 13 3aCTOCYBaHHS MiAXOAYy BMICTY Ta KoOJabOpaTUBHOI
dimpTparii.

PEKOMEHJJAIIIMHA CHUCTEMA, MAIIIMHHE HABYAHHS, KOHTEHTHA
OUIBTPALLA, KOJTABOPATUBHA ®UIBTPALLA, PYTHON, BEB-3ACTOCYHOK.



AHHOTAIUA

BoinyckHasi kBaau(pukanuoHHas 0akanaBpckas padora: 79 c., 18 puc., 2 tabun.,
S mpwu., 13 UCTOYHHKOB.

Tema: Pa3paboTka peKOMEHIATENBbHON CHUCTEMBI Ha OCHOBE COJACpKaHUA U
COBMECTHOM (PHIIbTPAIIIH.

OO0beKT uccjIe0BaAaHUA: WHTEPHET-CEPBUCHI, BKJIIOYAIONIME IPOLIECC TeHEpaluu
PEKOMEH TAIH.

Leab padoThl: BEISIBICHUE HOBBIX 3aKOHOMEPHOCTEHN U METOINYECKOE OOOCHOBAHUE
npouecca CO3JaHusl CUCTEMbl PEKOMEHJAlUWNd B BUAE BEO-NPHIIOKEHHUS, NOTYyYEHUS
HanOoJiee PEJICBAaHTHBIX PEKOMEHJALMM, a TakKe OIEHKA W CpPaBHEHUE DE3YJIbTATOB
paboThl; 0030p CYLIECTBYIOMIMX MOAXOA0B K peaanu3alui peKOMEHIAaTeIbHbIX CUCTEM, Ha
OCHOBAaHMU  HU3YYEHHOTO  TEOPETHYECKOI0  Marepuaia, pa3padoTarb  alrOpUTM
dopmupoBanus content-based u collaborative pekomenaarenbHOM CHCTEMBI, HCIIONB3YS
MalIMHHOE OOyuYeHHEe; Ha OCHOBE BBISBJICHHBIX MPOOJEM MPEAJIOKUTh YIyULICHUS
METO/IOB.

IIpeamer ucciie0BaHMA: METOJbl U MOJEIH CO3[aHHUS, UCIOJIb30BAHUS JMYHBIX
peKOMeHAanui (KOHTCHTHAs ¥ COBMECTHAs (PHIIbTPAITHs).

Pe3yabTarbl MCCIeI0BAaHUSI: OINKCAHbl BO3MOXKHOCTH, MPUMEHEHUWE M OILIEHKa
METOJIOB, aJITOPUTMOB PEKOMEHAATENIBHBIX cucTeM. Ha OCHOBaHMM aHaiM3a pe3yJbTaToOB
CUCTEMBI, CJIEJIaH JIOTHYECKUN UTOT HAOJIIOICHUI U IPEJIOKEHB YIYUIlIEHUs alrOPUTMOB.

BbiBoA: B pe3ynbTaTe MCCIENIOBAHUNA IMOJYYEHO pEaJTu30BaHHYIO CTPaTEeTrHIo
MPEIOCTaBIICHUS PEKOMEH AN, yI00HOE BEO-TIPUIIOKEHHE CO BCTPOCHHOM CTpaTeruei,
KOTOpass MOXET OBbITh HUCIOJIb30BaHA B JIOOOM COBPEMEHHOM BeO-CEpBUCE, €CIH Te
HYKJIalOTCSl B PEKOMEHAATEIbHOM MEXaHMU3ME I10 NMPUMEHEHHIO MOAXO0AA COJIEpkKaHUS U
KOJUTa0OpaTHBHOU (PHIIHTPAIIUU.

PEKOMEHJIATEJIbHAS CHUCTEMA, MAIIMHHOE OBYUEHUE,
KOHTEHTHAS ®UJIbTPALINA, KOJTABOPATUBHAS ®UWJIBTPALIUA, PYTHON,
BEB-TTPUJIOXXEHUE.



ABSTRACT

Graduation qualifying bachelor's thesis: 79 pages, 18 images, 2 tables, 5
applications, 13 sources.

Theme: Development of a recommendation system based on content and
collaborative filtering.

The object of the research: internet services that include the process of generating
recommendations.

The purpose of this work: identification of new patterns and methodological
justification of the process of creating a recommendation system in the form of a web
application, getting the most relevant recommendations, as well as assessment and
comparison of work results; a review of existing approaches to the implementation of
recommender systems, based on the studied theoretical material, to develop an algorithm
for the formation of a content-based and collaborative recommender system using machine
learning; based on the problems identified, proposed improvements in methods.

The subject of the research: methods and models for creating, using personal
recommendations (content-based and collaborative filtering).

Results of research: are described possibilities, applications, and evaluation of
methods, algorithms of recommender systems. Based on the analysis of results of the
system, is made a logical result of observations and suggested improved algorithms.

The conclusion: as a result of researches, the strategy was implemented for providing
recommendations, a convenient web application with the built-in strategy that can be used
in any modern web service if they need a recommendation mechanism for applying content-
based and collaborative filtering.

RECOMMENDATION SYSTEM, MACHINE LEARNING, CONTENT-BASED
FILTERING, COLLABORATIVE FILTERING, PYTHON, WEB APPLICATION.
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HEPEJIIK YMOBHHUX ITO3HAYEHBb, CUMBOJIIB, OAUHUIIb,
CKOPOUYEHbD I TEPMIHIB

CBF — content-based filtering, ¢inprpariis Ha OCHOBI BMICTy, a00 KOHTEHTHA
¢inbTparis.

CF — collaborative filtering, konadoparruBHa, a60 crijbHa QiIbTpAILIis.

Al — Atrtificial intelligence, mryanuii iHTEEKT.

NLP — Natural Language Processing, o0po6ka nmpupoiHoi MOBH.

CSS — Cascading Style Sheets, xackamHi TaOJIUIl CTHIIIB.

HTML — HyperText Markup Languag, MoBa TirnmepTeKCTOBOI PO3MITKH.

URL — Uniform Resource Locator, yHidikoBaHuii JlokaTop pecypciB abo ajapeca
pecypcy.
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BCTYII

AKTYyaJIbHICTb pO0OOTH

OO6csr iHpopMallii y BCbOMY CBITI IIBUIKO 3pOCTAE YIIPOJIOBK TPUBAIOTO MPOMIKKY
yacy. llonHs 110111 OTpUMYIOTh, CIIPUIMAIOTh Ta PUIBTPYIOTHh BX1THUH MOTIK 1H(OpMAIlii,
0 HAIXOJUTh 13 PIZHUX JDKEpen: podoTa, coliadbHl MEpexki, EJICKTPOHHa IIOIITa,
MONYJISIPHI Jixkepena iHpopmariii ToIo.

3a ocTaHHI POKM HaOYJIM 3HaYHOI MOMYJISIPHOCTI IHTEPHET-CEPBICH, 1110 IPOIIOHYIOTh
TOBapW BCIX MOXUIMBUX BHJIB (IHTEpHET-MarasuHu), iHGopmailito Ha Oyab-sSKU CMak
(dbinbmu, HOBHHU, QOPYMH, KHUTH, cepiand, cTarTi Tomo). CTajio Haa3BUYAHO Ba)KHO
KOPHUCTYBA4€Bl OPIEHTYBATUCS B KaTajorax TOBapiB, HABIThH 13 MOLIYKOM TOBapiB, TOMY SIK
HeJIerko o0paTu OyIb-1110 32 YMOBH BEJIMKOro o0csry iHdopmaitii. [le ctBopuiio mpobiaemy
1H(OpMAIIHHOTO MepeBaHTaXXEHHs. 3 1HIIOro OOKYy, HayKa Ta TEXHOJIOTIl BlApearyBaH,
po3po0sitoun  1HCTpyMeHTH ¢uabTpalii iHdopmaiii s po3B’s3aHHA MPOOJIEMHU.
[HTerpanis peKoMeH1aliifHOI CUCTEMH, TPUHIIUIHN MOOYAyBaHHS AKUX OyJ€ pO3IJISIHYTO B
11 poOoTi, cTasIa €PEKTUBHOIO CTPATETIEI0 MOI0JAHHS MEPEBAHTAKECHHS.

Cucremu pekomMeHAaIli# — 11e TporpamMHi 3aco0u Ta METO/IH, K1 HaJIat0Th TPOTIO3UIIi1
MpEAMETIB, 1110, WMOBIPHO, 3alllKaBIATh KOHKPETHOro KopuctyBaya. IIpomno3umii
CTOCYIOTBCSI PI3HHX IMPOIIECIB MPUUHSTTS PIlI€Hb, TAKUX SIK TE, 1[0 MOTPIOHO KYIUTH, SKY
MY3HUKY TIPOCIyXOBYBAaTH, a00 K1 (PIIbMU YU Cepialid MEPETISTHYTH.

Taki cucteMd moyanu IIUPOKO BUKOPHCTOBYBATH HUHIIIHI 1HTEPHET-KOMMAaHIi B
paMKax IHTEpPHET-MapKETHHTY. 3a JI0MOMOT0I0 IPOTHO3yBaHHS PEeKOMEH/Ia1liii BOHU MalOTh
Ha MeT1 30UIBIIUTHA 3JIy4EHICTh KOPUCTYBadiB J0 KOHKPETHOTO cepBicy. Takoxk, y pasi
PO3pPOOKH PEKOMEHIAIIIHOT CUCTEMH 3 BIAMOBIIHUMHU PEKOMEHJAIISIMU, 10 3aCTy>KUIJIN
JIOBIPY KOPHCTYBayiB, MOXXHA PO3MIIIyBaTH cepel PEKOMEHJAIlN 1HIIl TOBapH, IO
PEKIIaMYIOThCSI, TOOTO II€ 31 CBOTO OOKY CIIPUSiE€ TPUOYTKY.

Ockiibku ~ SKICHI ~ peKOMEHJalii  MiATPUMYIOTh  3aIliKaBJIEHICTh  KIIIEHTIB,
PEKOMEHAIIHI CUCTEMHU € JYXE aKTyaJIbHUM 1HCTPYMEHTOM i Oynb-sIKOTO Ol13HECy.

Came TOMy aJirOpUTMH Ta METOJU TeHepallli peKOMEeH Iallid nepedyBatoTh y NOCTIHHOMY
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PO3BUTKY Ta CTAalOTh OUIBII CKJIAJHUMH, MPATHY4H MiJBULIUTH TOYHICTh Ta aKTyaJbHICTh
pPEeKOMEH IaITlH.

Merta i 3apau4i nocJaixKeHHs

MeTtoro gaHoi OakanaBpCcbKOi pOOOTH € BUSIBIICHHS HOBUX 3aKOHOMIPHOCTEH Ta
METOJIMYHE OOIPYHTYBAHHS MPOIECY CTBOPEHHS CUCTEMH PEKOMEHAAIN y BUTJISAII BEO-
3aCTOCYHKY, OTpUMaHHs HaWOIbII pEICBAaHTHUX PEKOMEHAIl, a TaKOX OIliHKa Ta
MOPIBHSHHS Pe3yJIbTaTiB pOOOTH; OTJISII HAsBHUX I1IXOIIB JI0 peatizallii peKoMeHIaIlIHHIX
CHUCTeM, Ha TMIACTaBl BHMBYEHOTO TEOPETUYHOIO Marepianxy, pO3POOUTH aITOPUTM
dopmyBanHs content-based ta collaborative pekoMenaamiifHOT CHCTEMH, BUKOPHUCTOBYIOUH
MAaIlIMHHE HaBYaHHS; HA OCHOBI BUSIBJIEHUX ITPOOJIEM 3apONOHYBATH MOJIMIIIEHHS METO/IIB.

OTxe, OCHOBHUMH 3aJjla4aMH JJId JOCSATHEHHS I[1€] METH €.

— AHaJji3 miaxo/iB Ta aAITOPUTMIB JIJIsI CTBOPEHHS CUCTEM PEKOMEHAITIH.

— Ornsg peKOMEHIAIMHNX CUCTEM Ta MATMHHOTO HAaBYaHHS.

— TlpoexTyBaHHS apXITEKTypHU CUCTEMH Ta ii MOBEIHKH.

— Po3pobOka anroputmiB CUCTEMU.

— DBuBYeHHS TEXHOJIOT1H aHaJI3y BETMKUX MacHUBIB iH(opMaIlii.

— Po3po0xka BebO-cepgricy, 1o noeaaye content-based Ta collaborative meToam.

— AmHaJi3 BUKOHAHO1 pOOOTH Ta MOPaaH 1010 MOJIIMIIEHHS CTBOPEHUX METO/IB.

OO0’ekT A0CHiTKEeHHS] € IHTEPHET-CEePBICH, IO BKIIOYAIOTH MPOIEC TeHeparlii
pEKOMEH Al .

IIpeamerom poCHiIXKEeHHS € METOIM Ta MOJENII CTBOPEHHS, KOPUCTYBaHHS
0COOMCTUX pEKOMEH1alliii (KOHTEHTHA Ta CHUIbHA (PLIbTpaLIis).

MeToau noc i KeHHs

AHani3, MOUIyK Ta OMpalfoBaHHA iH(popMallii, 00poOka BEIMKUX MACHBIB JTaHHUX,
KOMITJIEKCHOMY BUKOPHMCTAHHIO Ta MOEJIHAHHI BOX METOAIB (PiIbTpallii HA OCHOBI BMICTY
Ta CHUIBHOT QiIbTparii, ais MOO0yI0BU aNTOPUTMY PEKOMEHIAINHOI CHCTeMH
BUKOPHUCTOBYETHCSI amapar MaTEeMaTHYHOI CTaTHCTUKHM Ta MaTEeMaTHUYHOTO aHai3y,
EMITIPUYHE MOPIBHAHHS OTPUMAHUX PE3yJIbTaTIB.

HaykoBa HOBU3HA 0/lepKaHUX Pe3yJbTaTiB
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JlociKeHO MOKITUBOCTI PEKOMEHIAIIMHAX METO/I1B Ta BUSBIICHHS 1X HEJIOJIKIB, 110
J1aJ10 3MOT'Y 3alPOTIOHYBATH BJIOCKOHAJICHHS aJITOPUTMIB; BUKOHAHA IIPOrpaMHa peaizalis
pEKOMEHALIWHOT cucTeMH [Uisl (PIIbMIB 3 BHKOPUCTAaHHSIM JBOX METOJIB HaJaHHA
pPEeKOMEH IaITH.
IIpakTHYHA HIHHICTH OlePKAHUX Pe3yJIbTATIB
PeanizoBani anropuTMH MOXXYTh BHUKOPHUCTATHCh Y OYIb-SKOMY Cy4acHOMY BeO-
cepBici, 110 moTpedye peanizalliio peKOMEH/IAIHOTO MeXaH13My 13 3aCTOCYBaHHS IT1JIXOTY
¢iapTpamii BMICTY Ta aJrOpUTMIB MalIMHHOTO HaBYaHHS, UISI TOTO, MO0 ITiIBHIIUTH
MpUOYTOK MEBHOMY Oi3HECY.
Pe3ynpTaT BUKOHAHOI AMIUIOMHOT poOOTH BIPOBa/pkeHO Ha mignmpueMmctBl TOB
«MIT».
Oco0ucTnii BHECOK CTyeHTa
OcoOucTuii BHECOK € OCHOBHI pe3yJIbTaTH:
1. mpuBeneHa peaiizailisi JBOX aJTOPUTMIB Ta EMITIPUYHE AOCIIJKECHHS, SK1
METOJM BapTO 3aCTOCOBYBATH, 3alPONOHOBAHO TMOJIMIICHHS METOIIB Ha
OCHOBI pe3yJIbTaTIB;
2. po3po0Ka KOMIUIEKCY MPOTPAMHOTO 3a0e3MeueHHs — PEeKOMEeHIAIliHOT
cUCTeMU i (PLIbMIB.
Anpo0auis pe3yJbTaTiB BUILyCKHOI KBaJi(pikauinHol 0akaaaBpCcbKoi podoTH
PesynpTaTn OakanaBpchkoi poOOTH mpescTaBieHi Ha 8-miit CximHo-EBponenchkiit
koH(pepeHuii «Marematnuni Ta nporpamui TexHoisorii Internet of Everything», mo
BinOynacs B M. Kuesi 14 tpasus 2021 p.
Iyoaikamii
[TapanenbHO 3 HAYKOBUMHM JOCIIIKEHHIMHU B OaKajlaBpChKii poOOTI MiJArOTOBICHO
nomoBiab mis 8-moi CximHo-EBpomneiickkoi KoH(EpeHInii, Mo HaapyKoBaHa B 301pHHUKY
y3aranpbHeHuX  MarepianiB  8-moi  CxigHo-EBpomneiickkoi  koHepeHIii,  cekiis
«MaremaTunuHi Ta nporpamHui TexHoJorii Internet of Everythingy, o Binoynacs B M. Kuesi

14 tpaBus 2021 p.
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PO3JLI 1
AHAJII3 OPEAMETHOI TAJTY3I

KosxeH neHbp MH 31IIITOBXYEMOCH 13 BUOOpOM 1 Oe3miuuro BapiaHTiB. [1{o moauBuTuCh,
abo kynutu Ta mpountatu? Tomy, abu AOMOMOITH KOPHCTYyBadeBl 3HAMTH HEOOXiIHY
1H(opMalliro, 3aB35TO BUKOPHUCTOBYIOTh PEKOMEH IAIlIiHI CUCTEMH.

PexomMenpariiifna cuctema — sBJIsie COOO0 MiAKIAC cUCTeM (inbTpallii iHpopMmarli,
1€ IPOrpaMH Ta CEPBICH, 1[0 HAMATAIOThCS MepeadayuTH, ki 00’exTu (PiIpMU, My3HUKa,
HOBHHH, TOBapH TOII0) OyyTh iKaBi KOPHCTYBAUECBI, CIIMPAIOYNCH Ha JIAKY 1H(OpMAIIito
(mpodink KopucTyBaua 4 onuc 00’ekty). L1 mporpamMu BIOCKOHAIWIN CIIOCOOU B3a€MOJIT
MDK CEpBICOM Ta BIJBiyBaueM, OCKUIBKH 3aMICTh TOTO, IIOOM HaJaBaTH CTATHYHY
iH(pOpMaIlifo, KOPUCTYBaY OTPUMYE THTEPAKTHUBHI MOKIUBOCTI [1].

Ha pucynky 1.1 300paxkeHO 3araibHy apXITEKTypy PEKOMEHJIalIiHOI CUCTEMHU, SKa

MpcacTaBjicHa HACTYIIHUM YHMHOM:

Recommender Interface

—input Data—} “
Recommendations
User list

3

Recommender
alghorithm

Background
data

Puc. 1.1. Cxema po0GoTH TpaguiiHOT CUCTEMHU PEKOMEHIALIIM

— nani (background data) — cucremHa iH(oOpMallis MPO TOBapu CEPBICY, IO
30UpaETHCS;

— BXijgHi gani (input data) — iHpopmallis, sIKy KOPUCTYBa4 BHOCHThH Y CHCTEMY,
00 oTpuMaTH peKOMEHIaIlii;

— pekoMmeHmaniitauii aaroput™ (recommender algorithm) — amropurtw™m, 1110
KOMOIHye CcHCTeMHY 1HpOpMAIl0 Ta BXIAHI JaHl [ OTpUMaHHSA

pPEKOMEHAITIH.
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TunoBi cuctemu, y poji JIOBIIKOBHX JaHWX, BUKOPHUCTOBYIOTH JaHI MPO TOBAp,
npodiai KOPUCTYBaYiB, a y poJil BXiTHUX — JIi KOpUCTyBaya (OIIHIOBaHHS TOBapiB, Yac,
MIPOBEICHUIM HA CTOPIHII TOIO0). PeKoMeHmaliifHi CUCTEMH € YyJOBOIO aIbTEPHATHBOIO
MOIITYKOBUM aJTOPUTMAaM, OCKITBKH TOTIOMAararoTh KOPUCTyBadaM BUSBIISATH €IIEMEHTH, SKi

B IHIIIOMY BHUITQJIKy, MOTJIM ¥ HE 3HAWTH.

1.1. Orasia miaxoaiB 10 CTBOPEHHSI PEKOMEHIALIHOI CHCTeMH

Pexomenpanii OyBaroTh JBOX THITNIB: IEPCOHANI30BAaHI Ta HEMEPCOHAII30BaHI.
[Ipukiagom HEMEPCOHATI30BAHUX — 1€ PEKOMEHAYBATH HAaUTIOMyJISIpHIiIIIe, TOOTO BCIM OJIHE
1 TEXK caMme.

Cepen miaxoAiB NEPCOHATIZ0BAHOI PEKOMEHAIIT PO3PI3HAIOTh:

— content-based (ocHoBaHi Ha KOHTEHTI, TOOTO BMICTY);
— collaborative filtering (komadboparuBna, a00 criibHa (GiTbTparis);

— TiIOpUIIHY TEXHIKY, SKa MOETHYE JBA MOMEPEIHI METO/IH.

1.1.1. KonadopaTtuBHa (pinbTpaitis

CroinbHa inerparis, abo komadboparuBHa (collaborative filtering) — me meton
IPOrHO3y B PEKOMEHJIALIMHUX CUCTEMaX, SIKU BUKOPHUCTOBYE BIJIOMI MepeBaru (OLIHKH)
rpyny KOpUCTyBayiB, a00 KOpUCTyBaya JAJisl MPOTHO3YBaHHS HEBIJOMHX IepeBar (OLIHOK)
IHIIIOTO KOPHUCTyBada. 3a JOMOMOTOI0 IhOTO aITOPUTMY OyAyeThCs TIEBHA TaOIUIlS
KOPHUCTYBauiB, TaK 3BaHOI MaTpHUIll B3a€EMOJI KOPUCTYBau-e€JIEMEHT, SIKa 300pakeHa Ha
pUCYHKY 1.2, KOPHCTYyBaui TPYMYIOTHCS 3a CXOXKICTIO, Ta TPOTHO3YIOTHCS PE3YJIbTATH IS

IHIINX KOpUCTyBaviB [2].
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BEBB--B
| ]
r Y
r Y
20 2 : EemE
Y . Y [ ] User-item
& | interactions
‘ [ ] matrix
Y

Users User-item interactions matrix Items
suscribers rating given by a user to a movie (integer) movies
readers time spent by a reader on an article (float) articles

buyers product clicked or not when suggested (boolean) products

Puc. 1.2. Matpuiii B3aeMO/Iiii KOpUCTYBau-EIEeMEHT

Hanpuknazn, mig dac cTBopeHHs BeO-0J0ry, Ha SIKOMYy HEOOXITHO 3ampoOBaUTH
pPEKOMEHJAIIiHY CHCTEMYy, Ha OCHOBI iH(opmarii BiJ 0araTb0X KOPUCTYBauYiB, SKi
MIIMACYIOTECS Ha OJOTHM ¥ YHMTAIOTh 1X, MOXKHA 3TPYIyBaTH WX KOPHUCTYBadiB 3a ixX
iHTepecamu. Ha cbOroJiHI JOCHITHUKH PO3POOMIIN IUIMNA Psii aJrOpPUTMIB, SIKI MOXKHA
PO3IIJIMTH Ha JIBI OCHOBHI Kareropii [3]:

— Memory-based, sixi 6a3yroThCs Ha aHadi3li HAABHHUX OIIIHOK, aHAMHECTHUYHI
Meroau. [li anropuTMu TPYHTYHOTBCS Ha CTaTHCTHYHUX METOJAax, IOOH
3HAWTH rPyMy KOPUCTYBadiB OJM3BKUX J0 IIILOBOTO KOpHCcTyBada. [{ei miaxin
€ Ha3UBalOThb METOJ HAWOMMKYMX CYCIJiB: BUKOPUCTAaHHS MOMEPEIHIX
OIIHOK, 3pOO0JICHUX KIIIEHTOM, ¥ aHalli3 OIIHOK IHIIMX KOPUCTYBayiB, SIKI
MarTh MOAIOHI mepeBaru. Tomi pekomeHpaanii (MpoOrHo3) sl IIJILOBOTO
KOpHcTyBaua (DOPMYIOThCSI Ha MiJCTaBl OOYMCIIEHHS SKOICh MIPH CXOXOCTI B
yCiX HAKOTIMYECHUX JTaHUX.

— Model-based, siki 6a3yroThcst Ha aHai31 MOAENI JaHHUX, MOJCIIbHI METOIU. Y
bOMY BHUIAJKy CIOYAaTKy 3a CYKYMNHICTIO OILIHOK (OpPMYy€ThCS OMHCOBa
MOJieJIb TepeBar KOpUCTYBauiB, TOBapIB 1 B3a€MO3B'A3KY MK HUMH, a MOTIM
dbopMyrOTbCSl peKoMeHAallli Ha MmiaAcTaBl oTpumaHoi Mojeni. Ilporec
dbopMyBaHHS PEKOMEHHaIlli pO30MTHII Ha JBa €Talu: PEeCcypCOMICTKE
HaBYaHHS MOJEJI y BIAKJIAJICHOMY PEXHUMI M JOCUTh MPOCTE OOYHMCIECHHS

peKoMeHJaIli Ha OCHOBI HasBHOI MoOJeli B pealibHOMY daci. OpHiewo 3
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HANOUTBII MOIIMPEHUX peaizaliid MiIXoqy Ha OCHOBI MOJENI € MaTpu4Ha
dbaxTopu3ariis.

— MeTtou, 10 IPYHTYIOTECS Ha 00’ €THAHHI TOMEPEIHIX aJTOPUTMIB: T10pHIHI
METO/TH.

Tpu kateropii, siki 3rajadi BHUIIE, TaKOX CKJIAJalOThCA 3 METOMiB. PosrisiHeMo
memory-based mMetou, sSKi MOAUIAIOTHCS Ha:

— IlomiOHocTi KopucTyBauiB (USer-based) — 1mo0u gaT HOBY PEKOMEHJALIiIO
KOpHCTyBaueBi, MeTo 1 USer-based mamaraerbcsi mpuOIn3HO 11eHTH(IKYBATH
KOPUCTYBauiB 13 HaOUIbII CXOXHUM «mpodinem B3aemMoaii» (HalOIMKIYUMU
CyClJlaMH), 100U 3apONOHYBaTH €JIEMEHTH, SIKI HaHOUIbII MOIMYJISIpHI cepen
nux cycimiB. lleil MeToj Ha3MBaeThCA «OPIEHTOBAHUM Ha KOPHCTYyBauay,
OCKIJIbKHY BIH MPEACTABIIsIE KOPUCTYBaU1B HA OCHOBI iX B3a€MO/II1 3 €JIEMEHTAMHU
1 OIIIHIOE BIJICTAHI MK KOPUCTYBaUYaMH.

— IlomiouocTti enemenTiB (item-based) — imes mMeroay moJisirae B TOMY, IOOU
3HAWTH €JIIEMEHTH, CXOXI Ha Ti, 3 SKUMH KOPHCTYBad YXKE «IO3UTHBHO
B3aeMOisAB. JIBa €IIEMEHTH BBaXXAIOThCA CXOXKHUMH, SKIIO OUIBIIICTH
KOPHUCTYBayiB, SKI B3a€EMOJISIM 3 HUMU oOoma, poOuinu 1e ogHakoBo. Lleit
METOJ HA3UBAETHCS «OPIEHTOBAHUN Ha MPEIMET», OCKUIBKU BIH MPEICTABIISIE
CJIEMEHTH, 10 TPYHTYEThCS Ha B3a€MOJII, sIKI KOPUCTYyBadl MalM 3 HUM, U
OLIIHIOE BIJICTaH1 MK [IUMH €JIEMEHTAMHU.

Mipa cX0XOCTi Biflirpa€ BaXJIMBY POJb y LHMX METOAAX, aJ)Ke € OCHOBOK JIsi
NOpIBHSHHS 00’€KkTiB. € KiJIbKa CMOCcO0IB 00paxyBaTH CXOXKICTh KOPUCTYBadiB abo
enemMeHTiB: EBKii10Ba BifcTaHb, KoedimieHT kKopensiii [lipcona, MaHXxeTTeHChKa BiACTaHb
Ta KOCHHYCHa Bijgctadb [4]. Po3ristHeMo OiIbIn 1eTalbHO KOXKEH 13 HUX.

EBKkiizoBa BificTaHb — 11€ MPOCTUM CHOCIO PO3paxXyHKY OIIHKU MOJAIOHOCTI. Y pasi
oOuuciieHHs KoedillieHTa TOAI0HOCTI 3a JOMOMOIOK €BKJIIJIOBOI BIJCTaHI MPEIMETH
OI[IHIOBAHHS TOMAIOTHCA Yy BUTIISAAI KOOPJAWHATHUX OCEH. Y CHCTeMl KOOpAMHAT
pPO3TalIOBYIOThCSI TOYKM, BIJMOBIJHI TI€peBaraM KOPUCTYBayiB, HAa OCHOBI SKHX 1

BU3HAYAETHCS KOoedilieHT o1i0HOCTI. Po3paxoByeThes 3a hopmyioro:
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d= ”x'y” = \/Z?:llxi _yilz ’ (11)

ne d — me BigcTaHb, X — KOOPIWHATH MEPIIOTO KOPHUCTyBada/elleMeHTa, Yy —

KOOpAMHATA  JPYroro  KOpUCTyBaya/eleMeHTa, N  —  3arajibHa  KUIbKICTh
KOPHCTYBaYiB/€IEMEHTIB, | — HOMEp MOTOYHOTO KOPUCTYBay4a/eJIeMEeHTa.

Kopensmis [lipcona — 1e TpoXM CKIAIHIMIMA CHOCIO BH3HAYCHHS IMOAIOHOCTI
IHTEpeCIB JIOAEH. 3aCTOCOBYEThCS ISl JIOCHIDKEHHS B3a€EMO3B'SI3KY JBOX 3MIHHUX,
BUMIPSIHUX Y METPUYHMX INIKaJlaX Ha OJHIN 1 Tiil ke BuOipui. Bin nae 3Mory Bu3Ha4YHUTH,
HACKUIBKHM TIPOTOpIIiiiHA MIHJIMBICTh JBOX 3MIHHMX. Koedimient kopemsmii Ilipcona
XapaKTepHU3y€e ICHYBAaHHS JIHIMHOTO 3B'I3Ky MIDXK JBOMa BeJIMYMHAMU. SKIIO 3B'S30K
KpHUBOJIHINHA, TO BiH He Oyze npautoBatu. Dopmyna Mae BUTIIS:

_ s (= 0 i —Y)
\/Z’iil(xi—f)z \/Z?=1(Yi—7)2

r

: (1.2)

7€ X — KOOPAWHATH IEPIIOro KOPUCTyBada/eleMeHTa, Y — KOOPAWHATH JPYTOTo
KOpUCTYyBaya/eJIeMeHTa, N — 3arajbHa KUIBKICTh KOPHUCTYBadiB/€JIEMEHTIB, | — HOMeEp
MMOTOYHOTO KOPHUCTYBayua/eIEMCHTA.

KocunycHa BijicTanp — 116 3Ha4Y€HHsI BiJICTaHI MK JBOMa BEKTOpaMU BHYTPIITHHOT
TLJION, SIKUM BUMIPIOE KOCUHYC KyTa MK HUMHU. Takox Bigoma, sik BEKTOpHA MOAIOHICTb.

Haiibisbmioro nommvpeHHst B po0oTax 3 aHamizy JaHux. Po3paxoByeThes 3a opMyIior:

> o

d= cos(i-J) = m, (1.3)

ne d — BiACTaHP MK KOPHUCTyBauyaMH/€IEMEHTaMH, | — BEKTOp IEPIIOrO
KOpHCTyBada/eJIieMEHTa, | — BEKTOp APYroro KOpUCTyBayda/eJIeMCHTA.

MaHnxeTTeHChbKa BIJACTaHb — L€ CepelHs PI3HUI MO KoopAuHaTax. Y OUIbIIOCTI
BUIAJKIB 111 Mipa BIACTaHI MPUBOJUTH IO TaKWX K€ PE3yNbTaTiB, K 1 JUIsl 3BHYAWHOI
BijcTadl EBkimiga. OgHak BIUIMB OKPEMHX BEJIMKUX PI3HUIL 3MEHINYEThCS (Uepe3 Te, 110
BOHU HE 3BOJSITHCA Y KBaJipaT). MaHXETTEHChKA BIJICTaHh OOYHCIIIOETHCS 32 (HOPMYJIOIO:

d= Xilx; — yil, (1.4)

e X — KOOPJAWHATH IEPIIOro KOPUCTyBada/€IeMEHTa, Y — KOOpJAWHATH JIPYroro

KOpHCTyBaya/eieMeHTa, | — HOMEp MOTOYHOT0 KOPHUCTYBava/eIeMEeHTA.
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KonaGopatuBna  QinbTpamiss —  HAWOOMyNAPHIIIMK  CHOTOJIHI  PI3HOBH[
pexomMeHauiiHux cucteM. OCHOBHUMM I€peBaraMM JaHOro MiAXoxy Juisi (OpMyBaHHS
PEKOMEH/IallI|: MBHIKA poOOTa aNTOPUTMIB, IPOCTA peatizallis Ta Maja KUIbKICTh 1Tepaliii
[5]. Aute ronoBHUI HETOMIK METOAY — IPOOJIEMa «XOJIOJHOTO CTAPTY», TOOTO JIJIsl KOPUCHHUX
peKoMeHaalid moTpiOeH BEMMKHI MacuB JaHUX IPO TEpeBard KOPUCTyBaya, SKUH HE
JOCTYITHUIA Ha MOYAaTKOBOMY €Talll, HEMa€ 110 PEKOMEHIyBaTH HOBUM a0O HETUIIOBUM
KOpHCTyBauaM. Tako)X BUHHUKAE MpoOJieMa pO3piKEHOT MaTPHIll OIIHOK, OCKIJIBKH 1HOJI

HCMOMKIIMBO 3pO6I/ITI/I ITPOTrHO3.

1.1.2. ®iabTpanisi Ha ocHOBI BMicTy (content-based)

Cucrema pekoMeHJAIli HA OCHOBI BMICTY HaMara€ThCsi peKOMEHJyBaTU TOBapH
KOpPUCTyBa4yaM Ha OCHOBI ix npodimo. Ilix npodieM maeThcs Ha yBa3l BIOAOOAHHS Ta
CMaku KopucTyBada. Bin moxe (opmyBaTHCS Ha OCHOBI KUIBKOCTI HAaTHCKaHb Ha Pi3HI
€JIeMEHTH 200 BITOJ00aHb OJTHOTO €JIEMEHTA. |[HITMMHU CIIOBaMH, PEKOMEHTYBAaTH IIEMCHTH,
SIK1 CXO0%K1 Ha Ti, IK1 KOPUCTyBauy CoA00aIuch y MUHYJIOMY a00 BUBYAE 3apa3.

30kpema, pi3HI €IeMEHTU-KAHJIUJATH TIOPIBHIOIOTHCS 3 €JIIEMEHTAMH, paHille
OI[IHEHUMHU KOPHUCTyBaueM, a00 BIMOJAOOAHHMH, 1 PEKOMEHIYEThCA HAWOUIBII BIAMOBIIHI
CIIEMEHTH, TPUKJIA] B3a€MOJIT KOPUCTYBau Ta eleMeHT ((piabM, KHHKKA, CTATTs TOIIO)

300paxeHo Ha PUCYHKY 1.3.

similar ltems

not similar ltems

Puc. 1.3. Cxema B3aemMo/Iii KOpHUCTyBaya it ejieMeHTiB B content-based cucremi
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OCHOBHI KpOKM B JIaHIii CHUCTEMi: MpPOaHaNi3yBaTH KOHTEHT €JIEMEHTIB 1 CKJIACTH
Hallp HWoro KpurtepiiB (PKaHpU, TETH, CJIOBA), JI3HATHCS, SKI KpUTEpii MOa00a€eThCs
KOPHCTYBa4eBi, 31ICTABUTH I1i JaH1 Ta B KIHI[EBOMY €TaIli OTpuMaTH pekomenaiii. Kpurepii
00'€THYIOTh KOPUCTYBAUIB i €JIEMEHTH B €UHINA CUCTEM1 KOOPAMHAT, a Jajl — SKIIO TOYKa
KOpHUCTYyBaua i eJeMeHTa opy4, TO UMOBIPHO €JIEMEHT CIoJ00a€ThC KOPUCTYBAUY.

ToOTo, yuMm Oinblle €JIeMEHT BIJMOBIAA€ I1HTEpEcCaM KOPUCTyBaya, THUM BHIIE
OITIHIOETHCS TOTEHIIIMHA 3aIliKaBJICHICTh KOpHCTyBada. OueBHjHA BUMOTra TyT — Yy BCIX
ToBapiB/eIeMeHTIB y Karano3i mae Oyru omuc. Icropuuno mpemmerom content-based
pEeKOMeHalli yacTime OyJid TOBapy 3 HECTPYKTYPOBAHUM OIUCOM: (DUITbMH, KHUTH, CTaTTI.
Takumu 03HaKaMu MOXYTh OyTH, HAITPUKJIAJ, TEKCTOBI OITUCH, PEIIeH31i, CKJIaJl aKTOPIB Ta
iHme. HeoOXiHO BpaxoByBaTHM MapaMeTpu €JIEMEHTIB 1 iX BIANOBIAHICTH IMepeBaraM
KopuctyBaya. /[71st 1bOro B peKOMEHJAIITHUX CUCTEMaX BUKOPUCTOBYIOThCS TETHU (KIIIOYOBI
CJIOBA), 100 omucaTH 00'EKTH.

HecTpykTypoBaHi 03HAKH OMUCYIOTHCSI TUTIOBUM JIJIs1 TEKCTY CTIOCOOOM — BEKTOpaMu
B mpoctopi cmiB (Vector-Space model). Koxen eneMeHT Takoro BEKTOpPY — O3HaKa,
MOTEHI[IHO, 110 XapaKTEepU3ye 1HTEpeC KOPUCTyBaya. AHAJIOTIYHO, MPOJYKT — BEKTOP y
TOMY X TPOCTOpi. Y Mipy B3aeMojiii KOPUCTyBaya 13 CUCTEMOIO (CKaxiMo, CIoj00aBcs
(b1716M), BEKTOPHUHN OIMKC BMOJI0OAHOTO HUM €JIEMEHTY 00'€THYI0ThCS (T1JICYMOBYIOThCS U
HOPMAJTI3YIOThCS) Y €IMHUNA BEKTOp 1 (POPMYETHCSA BEKTOp Horo iHTepeciB. [ami gocuTh
3HAUTH €JIEMEHT, OIUC IKOTO HAaHOIMKYe O BEKTOPY 1HTEPECIB, TOOTO PO3B’sI3aTH 3a/1auy
MOIIYKY N HAMOIMKYMX CYCI/iB.

[TepeBaru content-based migxoay — e OUTBIIT TOYHHIA Pe3yJIbTaT; HEMa€e MPoOIeMHU
XOJIOMIHOTO CTapTy, OCKUIbKM peKoMeHfaIlli 0a3yroThCs Ha Mojeni 00’€kTa, a HE Ha
NOMepeHIX OLIHKaX KOPUCTYBaYiB.

Henonikamu € «3atpatHe» ctBopeHHs mojeni (ii moOyaoBa JOCUTH CKIIaaHA), SKIIO
QITOPUTM CKJIAJHHWM, TO HEBHCOKA IMBUAKOAIS (Oarato oOYMCIIEHB); MOXKIJIMBA BTpaTa

TOYHOCTI IPU CKOPOYEHHI apaMeTpiB MOJIENI.
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1.1.3. I'iopuana ¢pinbrpauis

VY BCiX pI3HOMaHITHHX PEKOMEHAAIIWHUX CHCTEM, PO3TJSHYTHX BHINE, € CBOI
nepeBaru Ta HeIoJikH. Jleski cucTeMy HalOUIbIl epEeKTHUBHI B KOHTEKCTaX, /1€ KIJIbKICTh
JOCTYIMHUX JaHuX oOMexeHa. IHmil, Hampukiaa, xomabopaTuBHa (UIbTpalis, Hallkparie
OpalioloTh Yy CEpEJOBHUINAX, /1€ € BEJMKI MacuBU JaHuX. Haituacrime, konu [aHi
pPI3HOMAaHITHI 1 JOCTaTHbO THYYKi, MOXXHAa CKOMOIHYBaTHM pPEKOMEHMAIlll, OTpUMaHi
JEKUIbKOMa Croco0aMu, TUM CaMUM MIJABUIIUBIIU SKICTh CUCTEMHU B Iiiomy. llei Tum
QITOPUTMIB TMOEAHYE B CO01 MIIXOIM KojlabopaTuBHOI Ta content-based inbrparrii.
JocnipkeHo 6e31114 KOMOIHATOPHUX PUIMOMIB, Y TOMY YHCIIL:

— 3BaXKeHI: pEeKOMEHJAIlll, OTPUMAaHHUX PI3HUMH METOAAMH, IPUCBOIOETHCS
pi3HY Bary — ToOTO, IedKl peKOMEHAAIIl1 BBAKAIOTHCS KPAIIMMU, HIXK 1HIIIL.

— 3wmimani: 3arajJbHUNA HaO1p peKOMEeH/1allii, 03 SIBHOI MepeBaru TUX Y 1HIINUX
KJIACIB.

— JlonmoBHeHi: pexomeHAarii BiJ OJHIET CUCTEMHU BUKOPUCTOBYIOTBHCS, SK
BBEJICHHSI JIJISl HACTYITHOI, 1 TaK IO JIAHITFOXKKY.

— 3MiHa: BUOIp BUMAJKOBOIO METOAY.

Omxe, TIOpUAHUN TIAX11 HAKOUTBIIT MOMYJSPHUN TIPU PO3POOII peKOMEHAAIITHUX
CUCTEM JIJIi KOMEPILIMHUX CAalTIB TOMY, 10 HOTO CTBOPEHO, MIOOM TMOJ0JIaTH MPOOIeMU
KOJabopaTUBHOI (PUIbTpalli, a TakoX MOKPAIIUTH SKICTb MPOTHO3YBaHHS OLIHOK

KOHKpEeTHOI Mojei [6].

1. 2. llonynsipHi cepBicH, siKi BAKOPUCTOBYIOThH CHCTEMY peKOMeHIauiii

PexomennaiiifHi CHUCTEMU BHUKOPUCTOBYIOTHCS B PI3HUX O0JacTIX 1 dYacTo

PO3IIISIA0THCS SIK TEHEPATOPH CIUCKIB BIATBOPEHHS JUISl BIZIEO- 1 My3UUYHUX CITYKO, TAKUX
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sk Netflix, YouTube i Spotify, pekomennariii moo mpoayKTiB, Takux sk Amazon, abo
PEKOMEHIALIIT 111010 BMICTY IS IIaTGOpM CoIlialbHUX Meia, Takux sk Facebook 1 Twitter
[7]. Ockinbku, cucTemMu MarOTh MOXIIMBICTh YTPUMATH KJII€HTA, IMiJIBUNIMTH 3a7Ty4YCHICTh

ayIUTOpIi Ta BapTICTh KOIIIHKA.

1.2.1. Netflix — yrpumanas Ta AMazon — miABHIEHHS BAPTOCTi KOIIHKA

Netflix, Hamae CTpPIMIHrOBI MOCIYyrd 3 JOCTYIIOM 3a MiAMHCKOK, KOPUCTyBayaM
MPOTIOHYIOTHCS IJIs Teperiisany GuUIbMU i ceplaliu, 10 BIAMNOBIIATUMYTh IXHIM 1HTEpecaMm 1
Brogo0anHsM [8]. IMOBIpHICTH pilllcHHS, MOJWBUTHCS KOHKPETHE BiJie0 3 Karaiory,
OIIHIOETHCA Ha OCHOBI 0€3J1141 YNHHUKIB:

— BpaxoByroTbCsi 0COOIMBOCTI B3a€MO/I1i KOPUCTYBaya i3 cepBiCOM (HaMpUKIa,
1CTOpIsI MEPEerJIsiIy Ta OLIIHKK, BUCTABIICH] 1HIITUM BIJIEO).

— Bubip iHIIKUX KOPUCTYBaUiB CEPBICY 31 CXOKUMHU CMAKaMH Ta YIOI00aHHSIMHU.

— XapakTepucTuku camoro (uibMy ado cepiaiy: KaHp, KaTeropis, akTopu, pik
BUXOJTy TOIIIO.

Kpim iHdopmarii mpo Te, mo came KopuctyBau nuBuBCS Ha Netflix, Takox
BUKOPHUCTOBYE JaH1 MPO Te, AK BIH 1I€ pOOUTh: y SKUM 4yac JoOU, HA SAKUX HNPHUCTPOSX 1
HACKIJIBKU JOBro. YcCl Il TapaMeTpu OUIHIOIThCA ¥ 00po0istoThesi. OCKUIbKK OuTbIa
yactuHa jg0xo/iB Netflix HaIX0AUTH BiJ NEPIOUYHOT MIAMUCKU HA BUCTABIICHHS PAaXyHKIB
13 (PIKCOBAHOIO CTABKOIO, HAWOUIbIIA PEHTAOEIBHICTh 1HBECTULIIM KOMMAHIi B cHCTeMax
PEKOMEHAIlI — YTPUMaHHS.

Posrisinemo, sik cruibHa (QUIBTpALis MPAILIOE€ B PEAIbHOMY XHUTTI. Amazon MOXe
OPEKOMEHTYBAaTH KYIMHUTH TPETI0 KHHUTY J0 OOpaHWX JBOX, SKi KOPHUCTyBad YXe KYIIHB,
OCKUIBbKH 1i KYMWJIM JIIOAU 3 OJIHAKOBUMHU 1HTepecamH. SIK MOXHa MmoOayuTH, BOHU HE

POCTO CETMEHTYIOTh ayJIWUTOPI0 1 3HAIOTh, 1O SKOI TPYNU BH HAJICXKHUTE, TaKOK
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BIJICTEXXYIOTh OCOOMCTI 1HTEpEeCH KOHKPETHOIO KOPHUCTyBaua W TIOPIBHIOIOTH iX 3
nepeBaraMu iHIIUX.

[[IBuake mocTaBieHHS TOBapiB Amazon Ta akIEHT Ha OOCIyrOBYBaHHI KITI€HTIB
IpUHECIH M MIJTBHOHM KJi€HTIB. CUCTEMHU PEKOMEHJAIIN BIAIrpaloTh poJib HE TIIBKU Y
TOMY, 100 JIOTIOMOT'TH KJIIEHTaM 3HaWTH O1JIbIIIe HEOOX1THOTO, aJie 1 MOKPAIyIOTh BApTICTh
KOIIMKAa. Amazon HE MOBUHEH IUIATUTH O1JIbIIE 3a JOCTaBJICHHS, II00 HaICTIaTH YABIYl YU

BTpHUY1 O1JIbIIIE TPOJIYKTIB, @ TOMY iX HOpMa MPUOYTKY 30UIbIIYETHCS.

1.3. MamuHHe HABYAHHSA Ta 00P0OOKA NPUPOIHOI MOBHU

MaivHHe HaBYaHHS € MIAPO3J1IJIOM ITYy4YHOro iHTenekTy (Al), mo crocyeThes
ANTOPHUTMIB, sIKI 3HAYHOIO MipOIO IMOKJIAAIOTHCSI HA MATEMATHUKY Ta CTATUCTUKY, IO Jal0Th
3MOTy KOMIT IOT€paM HaBYaTUCS. TUTIOBUM BUITAJIOK BUKOPUCTAHHS, KOJIM MAJIO YSIBISEMO,
[0 JaHl TOBOPATh MPO MNpoOJieMy, SIKy HaMaraeMocsi BUPIIIWTH, HAMNPUKIAI, JOCHUThH
HE3pO3yM1iJI0, 5Kl (GIIbMU TT000aI0THCS YU Hi IIaHYBAJIbHUKAM KiHO.

MarmHHe HaBYaHHS JISKUTh B OCHOB1 PEKOMEH IallIMHUX CUCTEM, a CaMe: Ha aHai3i
JaHUX; JaHl SK HaBYAJIbHUN HaOIp, TpEHYBaHHS AITOPUTMY Ta BHU3HAYCHHS IMOJAJBITUX
nporHo3iB. B HacTymHMX po3auiax OUIbII JIETadbHO PO3IVIAHYTO YAaCTUHU MAIIIMHHOTO
HaBYaHHS.

O0poOka mnpupomunoi MoBu (Natural Language Processing — NLP) migposmin
iHbpopMaTuku Ta Al, MPUCBIYEHUN TOMY, SIK KOMIT'IOTEPH aHAII3YIOTh JIIOJICBKY MOBY.
TexkcT — 0iuH 13 HaAOLTBII PO3NOBCIOKEHUX (DOPM MOCIITOBHOCTEN TAHUX. Y CBOIO YEPTY,
TEKCT MOKHA THTEPHIPETYBATH 1 K MOCJIIOBHICTh CUMBOJIIB, 1 SIK TIOCIIIOBHICTh CJIIB, aJie
yacrime o0pobsieTbes Ha piBHi ciiB. Y NLP (06poOka mpupoaHoi MOBH) IiJ TEKCTOM
PO3YMIEThCS YIOPSIKOBAHA TOCTIAOBHICTh TOKEHIB, € TOKEHU — 1€ CUMBOJIM, CJIOBa 200
pedyenns. HaGip ycix TekcTiB, ki € B HasBHOCTI B 3amadax NLP, 3aBemeHo HasuBaTu

KOPITyCOM, a Ha01p yCiX YHIKaJIbHUX TOKEHIB — CJIOBHHUKOM.
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Jis  3MEeHIIeHHs pPO3MIpy CJIOBHHKA, CKOPOYEHHS KIJIbKOCTI OOYHCIIEHb 1
MOJIIMIIEHHS SIKOCTI BEKTOPHUX YSIBJIEHb TEKCTIB BUKOPUCTOBYIOTH METOJM IMOMNEPEIHbOI
00po6ku TekcTiB. [lonepenHs 00pobKa TEKCTY TPAIUIIIITHO € BaKIMBUM KPOKOM, aJKE Ma€
Ha METI MEPETBOPUTH TEKCT y OUIBIN 3pyuHy ¢GopMy, 00 aIrOpUTMH MAIIMHHOTO
HABYaHHS MOTJIM MPAIlOBATH Kpallle.

JI51s o0 HEOOX1THO BUKOHATH HaJl TEKCTOM HACTYIHI Oreparii:

— ToxkeHizalist — po30UTTS JTOBTUX AUITHOK TEKCTY Ha OUIbIN JpiOHI (ab3ariu,
pEeYeHHsI, CJIOBA), HAUIEPIIN eTarm 00pOOKHU TEKCTY.

— Hopwmamnizaiiisi — npuBeAeHHS KOKHOTO OKPEMOTO CJIOBa 10 HOTO MOYaTKOBOi
dbopmu (€IMHMI peeCTp CIIIB, BIICYTHICTh 3HAKIB IyHKTYallii, pO3IIH(pOBaHi
CKOPOYCHHS, CJIOBECHE HAIIMCAHHS YHCEIT TOIIO).

— CreMMi3anisi — MPUBEIEHHS CJIOBA JI0 HOT0 KOPEHS Yepe3 YCYHEHHS TPUAATKIB,
T0OTO cy(ikca, MPUCTABKH, 3aKIHUCHHS.

— Jlemartuzaiii — npuBeJeHHS CJIOBa JI0 CMHCIIOBOI KaHOHIYHOi (popmu cioBa
(iHb1iHITUB JUIsl Ai€CIOBA, HA3WBHUUN BIIMIHOK OJJHUHM — JJIsl IMEHHUKIB 1
MPUKMETHUKIB).

— YwucTka — BUAATIEHHS CTOI-CJIIB, Kl HE HECYTh CMHCIIOBOT'O HABAaHTAXCHHS, a
came: apTHKJI1, CIIOTYyYHUKH, MPUAMEHHHUKH TOIIIO.

[lo 3aBepiieHHI TOMEpPeaHBOI OOpPOOKH, TEKCT CTAa€ MPUIAATHUM [JIsi HOTO
nepeBeICHHS B YUCIOBY (pOpMy, TOOTO BEKTOpHU3AIli0 (TEPETBOPEHHS B UUCIIOB1 BEKTOPH),
moOu Janl MNpPOAOBXKHUTH BUTAT O3HaK. [ Takoi TpaHcopmallii BHUKOPHUCTOBYIOTH
CrieliaJIbHI MOJIEIT1, HAMOIBIIT MOMYJISPHUMH 3 SKHX €:

— Word2Vec — crmoyaTKy CTBOPIOETHCSI CIOBHHK, «HABUAIOYHMCH» HA BXIIHHX
TEKCTOBUX JaHUX, a MOTIM OOUUCIIIOETHCS BEKTOPHE TTOJAaHHS CJIiB, 3aCHOBAHE
Ha KOHTEKCTHOI Onm3bkocTi. [Ipy 1boMy ciiOBa, 110 3yCTPIYAIOTHCS B TEKCTI
Mopy4, y BEKTOPHOMY TMOJAaHHI MaTUMyTh OJW3bKI YHCIOBI KOOPIWHATH.
C10B0 "40JIOBIK" HAJIEKUTH IO cJIoBa "KIHKA'" Tak caMo K CJI0BO "AaabK0" 1o
ciaoBa "ThOTA", B IHIINX MOEISIX JTOMOITHCS TAaKOIr'O K CIHIBBIIHOIICHHS

BEKTOPiB MOKHA TUTHKH 32 JIOTIOMOTO0 CIeIialbHUX XUTpoIiB. ToOTO BapTO
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PO3YMITH, IO 115l MOZIEJIb, 3BUYAIHO K, HE BOJIOJII€ PO3YMIHHSM CJiB, @ IPOCTO
HAMara€eTbCsi PO3MICTUTH BEKTOPH TakK, IIO0 cCJIOBa, LIO0 BXKUBAIOTHCA B
3araJbHOMY KOHTEKCTI, pO3MIIITYBaIUCS HEAAICKO OMH BiJ OJTHOTO.

— TF-IDF (Term Frequency — Inverse Document Frequency, dactora cioBa —
3BOPOTHA YacTOTa JOKYMEHTA) — MIAPaxOBY€EThCS BXOJKEHHS KOKHOTO CIIOBa
B JIOKyMEHTI, OINIHIOETHCS BAXKJIMBICTh KOKHOTO CJIOBAa W OOYHCIIOETHCS
OIIHKA IS IIHOTO JOoKyMeHTa. CyTh METOY, SIKIIIO CJIOBO YaCTO 3ralyEThCs B
JTAHOMY TEKCTI 1 SIKIIO 1€ HE CTOM-CJIOBO, TO, IIBUIIIIE 32 BCE, BOHO BAXKIIUBE.
AJle TakoX, SIKIIO SKECh CIIOBO PIAKO 3rajy€ThCs B 1HIIMX JOKYMEHTaX, a B
JTAHOMY JTOKYMEHTI BOHO 3yCTPIUa€ThCs, TO BOHO, TEX BAXJIUBO JJIsi JAHOTO
JOKyMEHTAa, TOMY L0 1O IIbOMY CJIOBY MO>KHA BIJIPI3HUTH IaHUU TEKCT B1JT YCIX
1HIIIHX.

— Count Vectorizer — mMojenb He BpaxoOBYe I'paMaTHKy ab0 TOPSJIOK CIiB i
noTpiOHA ISl BU3HAYEHHS KUTBKOCTI BXO/PKEHb OKPEMHUX CJIIB B aHAIII30BaHUMN
TekcT. Ha mpakTuiii peanizyeTbcs B TaKui CHOCIO: CTBOPIOETHCS BEKTOP
JIOBKMHOIO B CJIOBHHUK, ISl KOXKHOTO CJIOBA PaXyEThCsS KIIBKICTh BXOJIKEHD Y
TEKCT 1 11€ YMCIIO MiJACTaBISETHCS HA BIAMOBIIHY MO3UIIIO B BeKTOpl. OHAK,
IIPU 1IbOMY BTPAYAETHCS MOPSAOK CIIB Y TEKCTI, @ 3HAYUTB, IMICJIS BEKTOPU3aIlii
peueHHs, Hanpukia:, «i have no cats» 1 «no, 1 have cats» OyayTh 1I€HTHYHI,

ajie MPOTUJICXKHI 3a 3MICTOM.

1.4. BucHoBku 10 po3ainy 1

VY miacyMmky, NpoaHaji30BaHI OCHOBHI MIAXOAM JO CTBOPEHHS PEKOMEHJAIliN:
OCHOBaHI Ha KOHTEHTi, KOJlabopaTWBHY Ta riOpuaHy ¢inbrpartiro. Onucadi MIIOCH Ta
MIHYCH KOXHOTO, a TaKOX OUIbII ACTANIBHO TMEPErjITHYyTI METOAU Ta aJIrOpUTMHU s

moAaIIbIoT po3poOku cuctemu. [lpu ormsamai cnoco0iB OTprUMaHHI BEKTOPHU3aIlii, BHHUKIIO
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MATaHHS BUOOPY METOTY, aJ’KE KOKEH 3aJICKUTD BiJl TOCTABJICHOTO 3aBAaHHS. 31CTaBUBIIIH
cyts Bukopuctanus Word2Vec, TF-IDF ta Count Vectorizer y monepeanix miapo3aiiax,
BHPIIIEHO BUKOPHUCTOBYBATH OCTAaHHIO MOJIENh y PO3POOITFOBAHOMY MiAX01 OCHOBAaHOMY Ha
KoHTeHTI. Tomy mo mozenbp Count Vectorizer mBuaka y BHKOPHCTaHHI, IpPOCTa B
peaiizarliii, Ta OCKUIBKHA 00’ €M TEKCTY 1 CJIIB OyJie HEBEJIUKHM, TO METO/I LIJIKOM I1IXOIUTh

I BI/IpiH_IeHHﬂ 3aBJaHHA.
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PO3JILI 2
IMILIEMEHTAILIISI MATEMATHYHHUX OCHOB B AJITOPUTMU

2.1. MaTemaTu4HHii onuc cTBopeHHsi content Ta collaborative filtering

[Tpu po6oTi 3 BenmukuM 00’ eMoM AaHux (HiTbMiB y hopmarti .CSV, TOTPIOHO MPaBUIBHO
XapakTepu3yBaTH iX. BHKOpHCTOBYyBaTMMEMO BEKTOpHY Mojenb (term vector model),
OCKIJIBKH — 11 anreOpaidyHa MOJIENb JUIsl MOJaHHS TEKCTOBUX JTOKYMEHTIB (YU OyJb-IKUX
00'eKTIB, y 3arajbHOMY), y POJIi BEKTOPIB 1IEHTU(]IKATOPIB, TaKUX SK, HAIPHUKIA],
1H/IGKCHUX TepMiHiB, abo TeriB (ferms), 3 sKMMU HalKpale IpaIoBaTH MPU MOPIBHIHHSX
[9]. Bektopom € BennumHA, sKa XapaKTEPU3YEThCS, SK YUCIOBHUM 3HAYCHHSM, TaK i
HanpsMOM Yy IPOCTOpP1 1 Ma€ BUTJISIL:

d] = (Wl,erZ,j ""Wi,j)' (21)
ne d; — BEKTOpHE YSBJICHHS |-TO JAOKyMEHTa, Wijj — Bara I-ro TepMiHy B |-My
JIOKYMEHTI1, N — 3arajbHa KUIbKICTh PI3HUX TEPMIHIB.

Benuka KUIBKICTb BEKTOpIB OyJ€ NpeNCcTaBiieHa Yy BUIVISIAI MaTpull, TOOTO
CHEI1aJIbHOTO BUTJISIAY MPSIMOKYTHA TaOIUIl, 110 Oyze CKIagaThCs 3 psiiKiB — GiIbMIB Ta
CTOBIIIB — >KaHPY, aKTOPIB, PEXKHUCEPY, ONMUCY KIHO AJII KOHTEHTHOI (puIbTpamii, a as
KOJJAOOpaTUBHUX METOMIB 3 TPHUIUIETIB ((PpUIbMH — CTOBMOLI, KOPUCTYyBadl — PSAKU, B
KOMIipKax MaTPHI[l po3TaIloBaHi OIiHKK). Po3Mip MaTpHIli 3a7af0Th CTOBIIII Ta PSIIKH, BOHA
Ma€ BUTIIS;

aij; Q12 Qpn
. . . ) (22)

Am1 Am1 Omi
7€ 8jj— eNIEMEHT MaTPUIIi; | — HOMEp PSAIKa; | — HOMEpP CTOBIIIISL.
JlokyMeHTOM MoOe OyTH OyIb-IKWi O00’€KT, SKUH TOTpIOHO 3MOJENIIOBATH,
HAIpPUKIIAJ, JOAU MOXKYTh MaTH BIK, Bary, picT TOIIO. Y HallOMYy BUIAJKy B KOHTEHTHIN
dinpTparii — e Oyje kaHp, akTopH, pexkucep, onuc PpiabMy, siki OyayTh 00’ €1HaH1 HagATl

B OJIMH BEKTOp, ajie¢ TMOIMEpPEeHKO MepeBeneHi 10 nopsaaky. KomabGopatusHiil Qinbrpartii
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0e3114 TPUIIETIB (KOPUCTYBaY, (PLIIbMU, OI[IHKA) OLIIHOK ()OPMYIOTh PO3PIKEHY MATPHIIIO,
sIKa HA3WBAETHCS MATPHIICIO OIIHOK, Mapu (KOpucTyBay, (iIbM), B IKUX KOPUCTyBaul HE
BiJiJayid miepeBary (iibMy, € HEBIIOMUMHU 3HAUYEHHSMU Li€i MaTtpuili BekTopHi omeparrii
MO’KHa BUKOPHUCTOBYBATH JIJIs TTOPIBHSIHHS JOKYMEHTIB 13 3anmuTamMu. ToOTO MiXK THM, 110
crogo0anock KOPHCTYBa4eBl Ta TepMiHAMH, TOOTO HAIIMMH KIIOYOBHUMH CIIOBaMH.
[lepeBarn BEKTOpHOI MOJENl — OCKUIBKM MOJENh TMPOCTa, MOXKHA PO3PaXxOBYBaTH
MOAIOHICTh MIDK 3aITUTOM 1 JOKYMEHTOM HECKIHYEHY KIJIbKICTb, MOJIEIb J03BOJISE 3HAUTH

30irM Mixk eeMeHTaMu ((pinbMamu Ta kKopructyBadamu) [10].

2.2. O0rpyHTYBaHHSI BUOOPY Mip CXO0:KOCTi

Jlnst Toro, mo0 OOYHUCIUTH CXOXKICTh MK IBOMa 00'€KTaMH, BUKOPUCTOBYIOTh MIpY
CXOYOCTI, IK 3a3HaYEHO B MOMEPEHIX PO3/LIax, BOHA BIAIrpae BAKIUBY POJib. AJKE Bijl
TOrO, SIK po3paxyBaTH TMOMIOHICT, JBOX OO’€KTIB, 3alleWUTh HaJaldl TeHeparlis
pEeKOMeHaAIH.

JIBoMa monmyJspHIIIMMUA MipaMH € KOCHHYCHAa BiJCTaHb Ta Kopesris IlipcoHa.
3Bakalouu Ha JOCIIIHPKEHHS €MIIPUYHOTO MOPIBHSIHHS 1HJEKCIB JIOKAJIbHOI CTPYKTYpPHOI
HOIOHOCTI [T peKOMEHaiiHuX cucteM [11], 1e mpoBoAATh mapajiens pe3y/IbTaTiB Mip,
a came: Canrona, JKakkapna, CepeHceHa, Apnamiva-Agapa, po3MNOALT PECYpCIB,
KOCHHYCHOTO 1HJIeKCYy Ta KoediiieHta kopessiii [lipcona BinoBigHo (Ha HAOOp1 HaHUX 13
caiitry MovieLens). V takuii cnociO, MOpPIBHSAHHSA pPe3yJbTaTiB, BUMIPSHI TOYHICTIO,
PI3HOMAHITHICTIO Ta TMOMYJSPHICTIO, MPOAEMOHCTPYBAIM, IO KOCHHYCHAa BIJICTaHb Ta
kopessis [lipcona miicHO MOXKYTh JaTH XOPOII Pe3yIbTaTH.

s xoHTeHTHOI (inbTparii BIAMOBIAHICT, MiX ABOMa (UIbMaMH 3 KIHOYOBHUMU
CJIOBaMH, BUKOPHUCTOBYBATUMEMO KOCHHYC KyTa Mi>K BEKTOpaMU. SIKHif pO3paxoBY€EThCS 3a
dbopmyroro:

di'q;

cosf = ———
Ndilllla;ll°

(2.3)
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ne d; * qj— TepeTuH, TOOTO CKaaApHUM JOOYTOK | Ta j BEKTOPIB KJIIOYOBHX CIIB

¢binbMmiB, a ||d;|| ||q j || — HOpMaJli BEKTOPIB, SIKi 00YHCITIOIOTHCS 3a (POPMYJIOK0:

lqll = / 1147 (2.4)

J€ q; — Ue | BEKTOp KIHOYOBUX CJIiB (QiIbMy. 3Ha4eHHSA KOCHHyca KyTa, SKHH
nepeOyBae B J1ana3oHi BiJ -1 10 1, BKa3zye Ha MPOMDKHY CXO0XICTh UM HECXOXICTh BEKTOPIB,
ae -1 abconmoTHO He cX0Xki, @ 1 aOCOMOTHO OTHAKOB1 BEKTOPH, a MpH 90° MaIOTh CXOXKICTh
0[12]. ToOTo ABA BEKTOPH «ITOAIOHI», Y HAIIOMY BHITaAKY ABa (PiIbMHU IMOAI0HI1, SKIIIO BOHH
napajiebHl  Ta  MaKCUMaJbHO  «BIAPI3HAIOTHCS»,  SKIIO BOHM  OPTOTOHAJBHI
(neprneHIuKyIspHi).

B xonabopatuBHiil GiabTpallii peani3oByBaTUMEMO Bifpa3y JBa METOJU 3aCHOBaH1
Ha mam’sTi: item-based Ta user-based. 3 ormsiay Ha JOCHIKEHHS, JJIS IIUX METOIIB
MOJKJIMBE 3aCTOCYBaHHS, SIK KOCHHYC KyTa, Tak 1 kopesiito [lipcona. Tomy ms user-based
BUKOPUCTOBYBATUMEMO KOCHHYC KyTa (auB. dopmyny 2.3), ne d; * q; — 1ie TIEPETUH Mix
KopucTyBadamu | T1a j. A mus item-based xopemsmito IlipcoHa, sika po3paxoOBYEThCS 3a
dbopmyioro:

_ Yuev(ria=Ti)(rjp =75)
JSucoria= ) S coltro-7)

ne U — MHOXHMHA KOpHCTYyBaui, 1;, — KOOPAMHATU NEPUIOrO KOPHUCTyBaya, 1, —

Wab

)

: (2.5)

KOOpJMHATH JPYroro KOPUCTyBaya, sIKi OIIIHWIM eJleMeHTH | Ta j. Hamani nependaueHHs
peKoMeHaIii  0a3yeTbCs HA OCHOBI  OTPUMAHUX  OOYHUCICHH MIp  KOXHOTO
KOpHUCTYBaua/P1ibMy OJIM3bKUX 1O KOPUCTYBaya, SKMI BBIB BIAMOBIIHUMA (D1JIbM Ta OLIIHKY .
ToOTo MporHO3yBaHHS MOXKE OYTH OOYHMCIICHO, SIK 3BAXKCHHUM CKAJISIPHUUN TOOYTOK, SIK JJIs
item, Taxk i g5t user-based po3paxoByeThes 3a HOPMYJIOH0:
Dui = 2 Us Wris, (2.6)

7e U — BEKTOp iHTepecy KopucTyBaua (Ha3Ba (GijibMy), | — BEKTOP OIIHKH, W — BEKTOD
PCIIEBAHTHOTO  €JIEMEHTa/KOpUCTyBada. BekTop OIIHKM MOXeE J0JAaTKOBO OyTH
HOPMaJIi30BaHUM, NUISXOM BiJIHIMaHHS OyJb-sIKOi KOHCTAHTH, HeXall KOHCTaHTHa

JOpIBHIOBAaTUME 2,5.
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2.3. BuCHOBKHM 10 po3iiay 2

OnucaHi KJIFOYOBI MOMEHTH MaTeMAaTUYHOT YaCTUHU KOHTEHTHOI Ta KOJ1abopaTUBHOT
dinpTpatii. Y pe3ynbrari o00paHO KOCMHYC KyTa Ta Kopeisuito [lipcona, Takum criocodom
3pO3yMITH YM TPAKTUIHO BUKOPHUCTOBYBATH IIHPOKO BHUKOPHUCTOBYBAaHI METPHKH Ta
IIpOaHaTi3yBaTH OTPUMaHI pe3yJIbTaTH. AJIKE K TaKOTO 1/IealibHO1, a00 HaMKpaIoi OliHKA

JIBOX 00’€KTIB HEMAE, € JTUIIIC PEKOMEH IaIlil 10 3aCTOCYBAHHS TOTO Y 1HIIIOTO METOTY.
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PO3ALI3
MPOEKTYBAHHS PEKOMEHJIAIIITHOI CHCTEMHA

3.1. Bumoru 10 nporpaMHoro 3ade3ne4eHHs

®OyHKI110HATBHI BUMOTH, «I110» MYCHTh POOUTH CHCTEMA!

1) BBeneHus mepmoro (inmeMy st content-based pexomenparii, BBeaEHHS
apyroro ¢ineMy Ta oro ominka ais collaborative filtering (gpimemu MoXyTB
30iraTucs);

2) mepeBipka (iIbMiB Ha KOPEKTHICTh BBEICHHS;

3) BUBIJ MMOBIIOMJICHHS PO MMOMHUJIKY;

4) BUBIJ TPHOX PI3HUX PEKOMEHAIIIN (iTbMIB;

5) magaBatk iH(OpMAILIO MPO Te, IO I 33 CUCTEMH Ta SKUH HaOip JaHHX
BUKOPHCTOBY€ETHCS;

HedynkirionanbHi BUMOTH, «SKa» MOBHHHA OyTH CHUCTEMa:
1) mporpama moBUHHA MaTH iHTepdelic KopucTyBaya:
a) BUKOHAHHS HajliHe (6€3 TOMIIIOK);
0) IOCTYINHICTH iHTEpPeicy;
B) €(pEKTUBHICTB;
r') Mpo30puil Ta BUpa3HUU BeO-iHTEp(eic aHTIICHKOI0 MOBOIO, SKUH
MIOBHHEH MaTH:
— «TOJIOBHY CTOPIHKY, JIe TOBUHHA OYTH: Ha3Ba CUCTEMU; M1OJI€ TS
BBOJIy JIBOX Ha3B (IIbMIB Ta OI[IHKHU JPYroro; KHOMKY «Submity;
MEHIO, JIE PO3MIIyBaTUMEThCA 1H(OpMAIlil MPO CUCTEMY Ta
NOCUJIaHHS Ha CITUCOK YCiX (PLIIbMIB;
— «CTOpIHKa TPO TMOMUIIKY», Ae: iHdOpMaIis Mpo TMOMUJIKY;

MOBEPHEHHSI Ha «TOJIOBHY CTOPIHKYY;
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— «CTOpIHKa pEKOMEHaIiit», ne: Ha3zBa cuctemu; 10 kpammx
peKoMeHaalii GiIbMIB y BUIIISAI CIKMCKY it content-based; 10
Kpalllux peKOMeHaamid (QuUIbMIB Yy BUIJISAAI CHUCKY JJIA
collaborative filtering (item and user based); wmenio, ne
1H(opMalIlis Ipo CUCTeMy Ta MOCUJIaHHS Ha CIIMCOK yCiX (PiIbMIB,;
2) BBelleHHS Ha3B (DIIbMIB aHTIIIHCHKOI0 MOBOIO;

3) mpocToTa B eKCILTyaTallil.

3.2. JliarpaMu BHKOPHCTAHHSI, B3a€MO/ii Ta KOMIIOHEHTIB peKOMeHIAUiHOI

CHUCTEMH

Ha ocHoOBI1 BUMOT J10 B€0-3aCTOCYHKY MJI OLIBIIOTO PO3YMIHHSI CUCTEMU CTBOPEHO
JiarpaMy BapiaHTIB BUKOPHUCTaHHS — Il Tpadiunuii 3aci0d crienudikyBaHHS BUMOT, SKa

300pakeHa Ha pUCYHKY 3.1.

EPETMAHYTY iHopmaLie npd, “extend”
cHCTEMY

OTpuMarti Aga NocMNaHHA Ha
nepernag cnuckie ginsmia

KopucTtyeay

BeeneHHA ABox QinbmMie Ta

OLIHKa ApYTOro HagaHHA pekomMedgadin

Puc. 3.1. JliarpamMa BUKOPHUCTAHHS CUCTEMH PEKOMEHAAITIN

Moxkna mobauntu Ha puUCYHKY 3.1 cy0’ekT, a came KOpHUCTYyBay, SIKHA MOXe
B3aEMOJIISITH 13 CHUCTEMOIO, [IJIi KOPUCTyBaya OTPUMAHO BapiaHTH BUKOPHCTAHHS:

IPOJUBUTH 1H(POPMALIIIO TPO CUCTEMY, a 1aJll OTPUMATH MMOCUJIAHHS Ha Mepersia PuibMiB;
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BBECTHU JIBa (UIbMH Ta OLIHKA APYroro (GuibMy, KOPUCTYBad BBOJIUTH (PIIBMU Ta OTPUMYE
PEKOMEHIAITIIO.

Tak, sk ue Oyme BeO-3aCTOCYHOK, TO BHUKOPHUCTOBYBATH KIIIEHT-CEPBEPHY
apXITEeKTYypy, AKa Mpairoe Ha cTopiHii BeO-cepBepa, WSGI koudirypaiis BOynoBaHa y
bpelMBOpK, Ta BHUKOPUCTOBYE BeO-Opay3ep (KJII€HT), B3aeMois BiAOyBaeThCcs 3

npotokosioM HT TP, 110 npoiatocTpoBaHO Ha PUCYHKY 3.2.

CepeaosuiLe BAKOHAHH
|HTEpHET
> napameTpu |

HTTP-3anpoc
Bed-Opayaep Beb-cepeep BeG-nogatok
html

b HTTP-eignogigk h CTORiHKA

Puc. 3.2. 3aranpHa KIli€HT-CEpBEpHA CXeMa

K

Takuii BUO1p 3yMOBJIEHUI TUM, IO BIH € IPOCTUN Y BUKOPUCTAHHI, CTIMKICTB J10 aTaK
Ta Ma€ MIBUJIKY PeaKIlisg Ha 1ii kopuctyBava. st Toro, moou 3po3yMiTH, SIK KOPUCTyBad
Oyne B3aEMOJISITH 13 CHCTEMOI0, CTBOPEHO JiarpaMmy B3aemMojlii Ha pUCYHKY 3.3, ska
BUKOPUCTOBYETBCS Il B3a€MOII MK 00’€KTaMu MPOTPAMHOTO 3a0e3MeyeHHs, s

npeneaeHty Haganus pexkomenaanii (GuibMiB.

f MonoeHa cTopiHEa . ‘Mogyne
Aoaatky APl cepaepy pekomeHaaLii

‘Kopwctyeay

|
1 inbMy Ta HATHCKAHHA KHOMEM "Submit”
»

2.3anMT Ha OTPHMEHHA PEKOMEHZALIH N

3 © MogynA >

4 MeHepauin peromeHgaii
dinemis

5. CNWcok pekomeHaoeaHuy Ginsmie

3

6. BigoOpaxeHHA CTORIHKN
31 CNMCKOM perkoMeHaaujin

-

L]

Puc. 3.3. Jliarpama B3aeMo/11i KOpUCTyBaya 13 CUCTEMOIO PEKOMEH Al i
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Bxignoro iHpopMmarieto Oyne — Ha3Ba ABOX (PIIbMIB Ta OLIHKA, BUX1IHOIO — CITUCOK
¢bimbMmiB 3 10 Hakpanux cxXoux (UIbMIB J10 EPIIOro BBeAeHOTo Ta 20 peKOMEH 1Al 11
apyroro. MoskHa JIIHTH BUCHOBKY, IO B3a€MO/Ii KOPUCTYBaya 3 CUCTEMOIO BiJIOYBa€THCS
MIOKPOKOBO Ta MOCIiI0BHO. OTXe, OMMCAHO, SIK TOBUHHA IMOBOJUTHCH TIpOrpama, moTpioHo
3p0o3yMiTH Gi3UYHE TPEICTaBICHHS Be0-3aCTOCYHKY, TOOTO SIKi KOMIIOHEHTH ITOBUHHI OyTH
peanizoBaHi I CTBOPEHHs BeO-cepBicy pekoMeHmaIlii. /(s mporo cTBOpUMO miarpamy
KOMITOHEHTIB, 1110 Ma€ MPOrpaHi MOAYJI, SKI PO3MIIIEHI B MaKeTaX, K MPEJACTaBICHO Ha
pUCYHKY 3.4.

Server
[WSGI

View WWeb-app(Flask)

app.p
TR ¥
index.html negative.html| | positive.html|

Recommendation b

% contentbased_recom py
% collaborative_recom.py
e

Node! e-m
.
tmdb.csy ratings.csv movies.csy pandas.dil rake_nltk.dll sklearn.dll
AN AR R

Puc. 3.4. Jliarpama KOMITIOHEHTIB Be0-3aCTOCYHKY pEKOMEHIaIIiii

ToOto Maemo:

— TOJIOBHMM MOJYJIb app.py, SKHil Oyje TeHepyBaTH BE0-3aCTOCYHOK, B SKOMY
immoptoBanuii Flask 1 crBopenuit exzemruisip kiacy Flask, mo 1 6yne Hammm
WSGI-nonatkom; dyukiis, ska renepye URL-aapec 1 moBeprae BiANOBIIHY
html cropinky, a Takox BHKIMKae (PyHKLII0 recommendations 3 MOZyIs
contentbased recom.py Ta ¢ynkiii getRecomForltems, getRecomForUsers 3
Monyis collaborative recom.py;

— manka Recommendation, e 2 Moaynmi peKOMeHaallii, a came:

contentbased_recom.py, y skomy immoproBaHi 3 0i0mioTekH, (QYHKIIis
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3YUTYBAHHS JaHHUX, MEPETBOPEHHS IMX JaHUX, TOOTO MomepeaHs oOpoOka,
¢dynukuis get_similarity(), ne Count Vectorizer ta ¢pynkiis Cosine Similarity, a
takox (GyHKIis recommendations(); collaborative_recom.py, xe immoproBasi
3 6i6miorekn, pynkiig data_processing(), 1mo BUKOHYE MOmepeaHio 00poOKy
Ta pO3paxXyHOK Matpuii moaioHocti, get similar_movies() — po3paxyHOK
nojioHocTi Juist ¢iapmiB Ta get similar_users() — mia KopucTyBadiB, IBi
dbyHkii pekomenaariiii getRecomrForltems(), getRecomForUsers().

— mnanka Model, ne OymyTh Hamii gaHi mpo GiTeMu y popmari .CSV;

— mamnka View — 3 BeO-CTOPIHKH, SIKi CKIIATar0Thes 31 cTpyKTypH cropinku (html)
Ta 30BHINIHBOTO BUTIIALY (CSS); index.html — maTume moste a1 BBOAY, KHOTIKY
«Submity, KHOMIKY MEHIO, oIkC cucTeMu; Positive.html — kHonky mMeHro, omuc
CHCTEMHU, CITUCOK peKoMeHarriif; negative.html — indopmariito mpo mpobiemy

Ta KHOIIKY ITIOBCPHCHHA Ha3a/l.

3.3. AuropuTtMH relepaiii pekomenjaaitii 15 content ta collaborative filtering

HaiiBaxiuBima dYacTMHAa CHCTEMH pEKOMEHaAIlidi — anroputM. Y poOoTi
BUKOpUCTOBYeThCs 1Ba Metonu CBF ta CF (item Ta user based). [yis CBF o6pano Habip
naHux, mo Mictuth 250 kpamux ¢iaeMmiB IMDB anrmiiicekoro MoBoOro, 00 HaOip Mae
BIJIMOBIAHI €JIeMEHTH JJisi KOHTeHTHOi ¢unbrparii. Tabmums mictute 250 ¢inbmiB 1 38
cToBmiB. OaHaK, MOTPIOHO, MIOOM pEeKOMEHAAIlli I'PYHTyBajluCi TIIBKM Ha pexucepa
(b11MYy, TOJTOBHUX aKTOPIB, )KaHPI M CIOKETI, aJ[KE caMe BOHH HECYTh TOJIOBHY 1HGOPMAIIiTO
npo (GuUIbM, TOMY i€ €MHI CTOBMII, sIKI Oy/1IeMO PO3TIsAaTH B MOACIIIOBAHHI.

OCHOBHI KPOKH B IIbOMY aJITOPUTMI — 11€ TIpOaHali3yBaTy JaHi, skl B Hac OyAyTh B
.CSV (hopmarti, cTBOpUTH HAOIP KpUTEPIiB (KAHPIB, OMKC PIIBMY, PEKUCEPY), 00’ €THATH IIi
KpUTEPil Ta 3HAWTH KIIFOUOBI CJIOBA, NOPIBHATH 0OpaHuil (UIbM Ta HAOIp TaHUX, OTPUMATU

pexkoMeHaIio. binbm neransHuii ommc anroputmy omnwmcaHo B Jlomatky A.l. Jlicraemo
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TUIBKM OAWH CTOBMELb JMJI KOXHOTO (UIbMy, SKHM MICTUTh YyC1 BHILE3a3HAUYCH]
XapaKTEPUCTUKU pa3oM. [ 1boro moTpiOHO BUKOHATH BEKTOPHU3AIIIO JIJIi OOUMCICHHS
KOCHHYCa Ta OTPUMATH PEKOMEH/IAIIIH.

Hnsa CF oOpano iHII JdaHi, aJke 3HAWUTH BIAMOBIHUN HaAOip, adu B HbOMY OyJH
NPUCYTHI i KOPUCTYBaUl, 1 pPEUTHUHTH, 1 TETHU BUSABUIIOCH CKJIAIHUM 3aBiaHHsIM. HaOip nanux
(ml-latest-small) Bix MovieLens, mo ctBopeHi 610 xoprucTyBauaMu B miepion 3 29 6epesHs
1996 poxky o 24 Bepechst 2018 poky, mictuth 100836 peittunris ta 9742 dbinsMu. OCHOBHI
KpPOKH — 00’ € THAHHSI (paiiiliB, OTPUMAHHS CTOBIIIIB Ha3B (ibMiB, 1d KOprUCTyBaya, peHTHHT;,
B 000X BHIaJKaXx HEOOXIJHO CTBOpPEHHsS USEr-item MaTpuilio, ska MaTHME CTOBHeENb Id
KOPHUCTYyBaua, psaku — puIbMH, B KOMipKax MaTpulll Oyie 3anucana iHhopmMaiis po OIIHKY
¢impMy M kopuctyBauem N. Ilicma moOynoBW L€l Marpuiil, Ha ii OCHOBI HEOOXiIHO
po3paxyBaTy JBl HOBI MaTpuill 3 KoeilieHTaMu MOIOHOCT1 JIJIsi KOPUCTYBauiB (KOCHHYC
KyTa) 1 1715 GieMiB (kopedsiis [lipcona).

Pexomenpamii s item-based: oTpuMyemo BBeAcHHME  (iIbM, 3HAXOJUMO
KOPHUCTYBauiB, SIKUM TMOA00A€ThCs el (IbM, TUBUMOCS Ha (UIbMHU, K1 MOJ00AIOTHCS
3HaWJEHUM KOpUCTyBadyaMm, BUBOAUMO 10 cnucok kpamux (UIbMIB 32 3MEHIICHHSIM.
Pexomenpmamii mast user-based: OepemMo BHXIZHOIO KOPHCTyBada, 3HAXOIUMO TPYITy
KOPHUCTYBauiB, IKa MaKCUMAaJIbHO CX03Ka Ha HhOTO (TPYHTYIOUHCH Ha OIIHKAX ), II3HAEMOCH,
Akl QuapMu  cnogobanucs Wid rpymi, BUBOAMMO cnucok 10 kpamux GuibMiB 3a
3MEHIICHHIM. JleTanbHuil onuc anropuTMiB onucano B Jlomatky A.2.

Yepes Te, 1110 y Hac Oyae Be0-3aCTOCYHOK, OMUIIIEMO HOTo poOOTy B LJIoMy. Maemo
TPU CTOPIHKH Be0-3aCTOCYHKY: 1€ «l0loBHa cTopiHKa», «CTOpIHKAa NOMWIKH» Ta
«Pexomenpariit». SAkio kopuctyBau oOupae BBeCTH nepinuil GiabM, Apyruid GpuibM 1 oro
OLIIHKY, HATHCKA€E Ha KHOMKY «SUbMIity, BiH MepexoauTh Ha CTOPIHKY PEeKOMEHIAIIIH, AKIIO
— BBeZIeHI (DUTbMH Ta OIIHKAa HEKOPEKTHI (HempaBWIbHA HA3Ba, BBEJACHHUM 3 MOMIJIKAMH,
BIJICYTHIA B CIHMCKY, OI[IHKAa HE B Mexax 1-5), KopucTyBad mepeiie Ha CTOPIHKY IMpo
IOMUJIKY, JIe MOKHA Oy/ie TOBEPHYTH Ha3ajl, a caMe Ha TOJIOBHY CTOPIHKY.

Axio xopuctyBay 6axkae oTpuMaty 1H(OpPMAILIIO PO CUCTEMY, TO TIEPEXOIUTH 10

MEHI0, JIe MICTUTBCS OITUC CUCTEMH Ta IOCUJIAHHS HAa CIUCOK JIBOX HA0OPIB TaHUX (PLIbMIB,
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Kl BUKOPHUCTOBYE CHCTE€Ma, B IHIIIOMY BHIIaJKy 3aKpHUBAa€ MEHIO Ta TOBEPTAETHCA Ha

TOJIOBHY CTOPIHKY, 200 30BCIM BUXOJUTH 3 CUCTEMH.

3.4. BucHoBKkHM 10 po3ainay 3

Y 1poMy po3AUTi BUKOHAHI OCHOBHI KPOKH MPOEKTYBAHHS CHUCTEMH, Y PE3yJIbTaTi
(BUOMMUX) BIACTUBOCTEH, OOpaHO MOJAHHS BHYTPIMIHIX JaHHUX; PO3POOKAa OCHOBHHX
ITOPUTMIB; OTIMCaHa MOBEIIHKA CUCTEMH Ta (Pi3UyHe NMpecTaBiIeHHs BeO-3acTocyHKY. [Llo

JIa€ 3MOTY IPUCTYIIUTHU JO peaiizalii camoro MpoeKTY.
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PO3JILI 4 }
PEAJIIBALISA BEB-3ACTOCYHKY PEKOMEHJIAIII ®LIMIB

[Ticnsa anamni3y, BU3HauU€HHS BUMOT Ta MPOEKTYBAHHS HACTA€ Yac iX BIPOBAKECHHSI.
Y npomy po3aiiai OmMcaHi OCHOBHI aCMEKTH, BUKOPUCTOBYBaH1 3aCO0M Ta 3aCTOCYBaHHS

plIlIeHb.

4.1. Bu0Oip moBu nporpamyBaHHs, 0i0J1ioTeK Ta ppeiiMBOpPKY

Ockinbku poOoTa 3B’s3aHa 3 MallMHHUM HaBYaHHSM, TO oOpaHo MoBy Python rta
cepenosumie po3pooku Visual Studio Code. Amxe Python BukoOpuCTOBYeTHCS IS
MAalIMHHOTO HaBUYaHHS Mailke BciMa po3poOHukamu. [lo-mepiie, e mpocra MoBa s
PO3YMIHHS, 1110 NPOTNOHY€E HaaiHUK koA, Tox mpocrota Python momomarae Bropatucs 3i
CKJIQJIHUMHU aJrOpUTMaMH, KpIM TOTO, 1€ €KOHOMUTh 4ac po3podOku. [lo-mpyre, uynosa
010;110TEYHa €KOCHCTEeMa € OJIHIEI0 3 TOJIOBHUX Mpu4HH, YoMy Python € kpamum ans
MallMHHOTO HaB4YaHHs. bi0mioTekn 1onomararoTh 1 CKOPOUYIOTh Yac po3poOku. B poboTi
BUKOPHUCTOBYIOTHCS TpH 010710TEKH, a came:

— Pandas — maker, 1o 3a0e3mneuye MBUAKI, THYYKi Ta BUPa3Hi CTPYKTYPH JIAHUX,
po3po0JieHl JJIi TOro, IIO0U 3poOuUTH POOOTY 3 «pelsdliiHuMU» abo
«MIYCHUMI» JTaHUMHU OJJTHOYACHO JIETKO Ta iHTyiTuBHO [13].

— Scikit-learn — moxyns Python, 1o iHTerpye KJIacU4HI aarOpUTMH MAITUHHOTO
HAaBYaHHS 1 TICHO TNOB'A3aHUI 3 HAyKOBUMM MakeTamMu (numpy, Scipy,
matplotlib), cnpsmoBanuii Ha mpocTe Ta edeKTHBHE PO3B'SI3aHHS MPOOJIEM
MaIIMHHOTO HaBYAaHHI.

— Rake_nltk — ajroput™ MIBUIKOTO aBTOMATUYHOTO BHJTYYCHHS KITFOYOBHUX CJIIB,
IUIIXOM aHalli3y 4acTOTH TOSBH CJIOBAa Ta HOro CHIB3BYYHOCTI 3 1HIIMMH

CJIOBAMH B TEKCTI.
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Bonu narooTh 3MOry BHKOHYBAaTHM MaTpU4HI omeparii (TabnuyHi) XyXe MIBUIKO
(mBuALIe, HiXK OY/Ib-5IKa CAMOIIMCHA ITepallis).

1106 ctBOpuTH BeO-cTOpiHKY 00pano HTML i1 CSS. Ockilbku BOHH € aKTyaJIbHUMH
1HCTpyMEHTaMH JIs BeO-T13aliHy, aJKe € MPOCTUMH Y BUKOPUCTaHHI Ta PO3YMIHHS, HaBITh,
SIKIIIO 70 Iiboro He npamtoBanu 3 HTML ta CSS.

OpeitMBOPKH MOJETUIYIOTH TOBTOPHE BUKOPUCTAHHS KOy JUIsl 3BUYAHMX OIepariiii
HTTP. Bnacue, mi ¢hpeliMBOpKH IHKAICYIIOIOTh poboTy. [ cTBOpeHHs BeO-cepBicy
BUpimeHo oOpatu BeO-PpeiimBopk Flask, amke 3abesmeuye mpocToTy, rHY4YKiCTh, Ma€e
HEBEJIMKE SApo 1 JIerko po3mmuproBaHuil. B ocHoBi cBoei podotn Flask BukopucToBye
WSGI, saxuit 3a6esneuye mapmpytuszanito URL-aapec Ta 00poOKy 3amuTy/BiIIOBIII.
ToOro cepsep WSGI npocto BHKIMKae 00'€KT, 110 BUKIMKAETHCA, y mporpami. O0'eKT
3aMuTY € r100aTbHUM, TOMY MOKETE OTPUMATH AOCTYI 0 HhOro Habararo mpocrime, URL-
aapecu y (GpelMBOpKY, SIK MpPaBUJIO, BHU3HAYAIOTHCS pPa3oM 13 IPEJCTaBICHHIM (3a

JIOTIOMOT 010 JIEKOPaTOopa).

4.2. AHaJni3 Ta nonepeaHs 00podka HaAOOPiB JaHUX

Jlns Toro, moOu peanizyBaTh pekoMeHmallil (impMiB Ha ocHOBiI content-based
MeToAy, B3sTO naHi 3 caiity IMDB tom kpamux 250 ¢inemis. [IpamroBatumemo 3 Pandas
DataFrame myig 3py4HOCTI, 31 CBOro OOKYy — 11€ IPEICTABICHHS y BUTIISIAL TBOBUMIPHUX, 3
PO3MipOM, TaOJUYHUX JaHUX. 3UNTYEMO JaHi 3 daiiny 3a gornomoru pd.read_csv(). Crano
3p0O3yMiJIO, IO 11 Tabiuis MicTuTh 250 ¢iapMiB Ta 38 croBmiiB. s pekoMeHaailiil Bci
CTOBNIII HaM HE MOTPiOHI, a/yKe OCHOBHA 1HGOpPMAIS ISl XapaKTEPUCTUKU (PLIBMIB
3HaxoauThcs B: Haszei ¢imemy, XKanpi, Pexwucepi, AxrtopiB, Croxery. Crnpobyemo
NOJIUBUTHUCH, B IKOMY POILIl HAUOLIbIIA KIJTBKICTh (PUIBMIB Ta 3 SIKOTO MO KU PiK MPUCYTHI
¢impmu. [lornsiHyBIIM HA pUCYyHOK 4.1 MokHA T0OauuTH, 110 HiTbMH WAYTh 3 1921 poky 1o

2017, nai6insine ¢inbmis 3 2010 10 2017 poky.
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Puc. 4.1. Jliarpama BiTHOIIIEHHS KUTBKOCTI (DITEMIB 10 POKY BHITYCKY

HactynHuit kpok, 00upaeMo BIAMOBIAHO PSIIKH, K1 TOTPIOHO Ta MPUBOJIUMO iX 10

nopsANKy, Ak 1e omucaHo B Jlomatky A, Ha pucyHky 4.2 3o0paxeHa TaOmuis a0

Title Genre Director Actors Plot

The Shawshank : Tim Robbins, Morgan Freeman, Bob Gunton, Two imprisoned men bond over a number of

0 Redemption Crime, Drama Frank Darabont Willi... years...
1 The Godfather Crime, Drama Frané?p';‘;r‘: Marlon Brando, Al Pacino, James Gaan, Richard The aging patriarch of an organized crime dyna...

i Francis Ford ; 5 : 5 3

2 The Godfather: Part Il Crime, Drama Coppola Al Pacino, Robert Duvall, Diane Keaton, Robert... The early life and career of Vito Corleone in ...
3 The Dark Knight Action, S::Y:a’ Christopher Nolan  Christian Bale, Heath Ledger, Aaron Eckhart, M., '/nen the menace known as the Joker emef”r%es
4 12 Angry Men Crime, Drama Sidney Lumet  Martin Balsam, John Fiedler, Lee J. Cobb, E.G.... A jury holdout attempts to prevent a miscarria...

Puc. 4.2. Tabnuusg nanux 10 IEPETBOPEHD

[TonepenHio 06pOOKY TEKCTY TPOBOJUMO HACTYITHUM YHHOM:

— BUSBJICEHO NPUEMHY OCOOJIMBICTH Yy makeTi nltk, sika H03BOJIs€ BUTATYBaTH

KJIFOUOBI CJIOBA 3 TEKCTYy, Y HAIIOMY BHUMNAJKy BUKOPHUCTOBYEMO ii B OMMCI

Gb1meMy, BUTST 300paKeHO HA PUCYHKY 4.3.

Plot

Two imprisoned men bond over a number of years, finding .
The aging patriarch of an organized crime dynasty transf.

The early life and career of Vite Corleone in 1920s New .
When the menace known as the Joker emerges from his myst

A jury holdout attempts to prevent a miscarriage of just.

v

[finding, solace, years, acts, number, eventual, redempt...

Key_words

[aging, patriarch, organized, crime, dynasty. transfers,...
[portrayed, 1920s, new, york, family, crime, syndicate, ...
[mysterious, past, gotham, ability, dark, knight, must, ...

[miscarriage, jury, holdout, attempts, colleagues, justi...

Puc. 4.3. BUTSr KJ1r04Y0BUX CJIIB
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— nepeBoauMo «Kanpy», «Pexucep», «Axtopu» 1 «KitouoBi ciioBa» B HIKHIN
perictp, o0 YHUKHYTH JTyOIIOBaHHS;

— o0'emHyeMO BCl iIMeHa 1 Ipi3BHUIA B OJHE YHIKallbHE CIOBO B «Pexucep» 1
«AKTOpWY;

— micas momnepenHboi 00pobku «Kanpy, «Pexwucep», «Axropu» 1 «Kiodosi
cioBa» 00'elHYyeMO B HOBUH cToBIelb «Bag of wordsy» Ta nepenpusnagaemo
1HJIEKC Ha CTOBITCIh HA3BHU (HIJTEMIB.

Yci monepeHi Kpoku 300pakeHi MOKPOKOBO Ha PUCYHKY 4.4.

Director Actors Genre Plot
Frank Darabont Tim Robbins, Morgan Freeman, Bob Gunton, William Sadler Crime, Drama Two imprisoned men bond over a number of years, finding ..
Francis Ford Coppola  Marlon Brando, Al Pacino, James Caan, Richard S. Castellano Crime, Drama The aging patriarch of an organized crime dynasty transf.
Francis Ford Coppola Al Pacino, Robert Duvall, Diane Keaton, Robert De Niro Crime, Drama The early life and career of Vito Corleone in 1920s New ..
Christopher Nolan Christian Bale, Heath Ledger, Aaron Eckhart, Michael Caine  Action, Crime, Drama When the menace known as the Joker emerges from his myst..
Sidney Lumet Martin Balsam, John Fiedler, Lee J. Cobb, E.G. Marshall Crime, Drama Ajury holdout attempts to prevent a miscarriage of just..
\ Director \ Actors L Genre ¢ Key_words
[frankdarabont] [timrobbins, morganfreeman, bobgunton] [crime, drama] [finding, solace, years, acts, number, eventual, redempt
[francisfordcoppola] [marlonbrando, alpacino, jamescaan] [crime, drama] [aging, patriarch, organized, crime, dynasty, transfers, ...
[francisfordcoppola] [alpacino, robertduvall, dianekeaton] [crime, drama] [portrayed, 1920s, new, york, family, crime, syndicate, ...
[christophernalan] [christianbale, heathledger, aareneckhart] [action, crime, drama] [mysterious, past, gotham, ability, dark, knight, must, .
[sidneylumet] [martinbalsam, johnfiedler, leej.cobb] [crime, drama) [miscarriage, jury, holdout, attempts, colleagues, justi...
Title \ Bag_of_words/
The Shawshank Redemption crime drama frankdarabont timrobbins morganfreeman bobgu...
The Godfather crime drama francisfordcoppola marlonbrando alpacino jam
The Godfather: Part Il crime drama francisfordcoppola alpacino robertduvall dia
The Dark Knight action crime drama christophernolan christianbale heathl
12 Angry Men crime drama sidneylumet martinbalsam johnfiedler leej.co...

Puc. 4.4. Tabnuig naHux miclis NepeTBOPEHb

[Iporpamuuii koA nonepeaHboi 00poOKu MoxkHa neperyisiHyTy B lonatky b.1. [licns
I[LOTO JIaH1 TOTOBI JIJIs MaHINMyJ AT Hagami 11t GyHKIii get_similarity i recommendations.
Hns CF B3sto HaOip manux i3 caity MovieLens. 943 xopucTyBadviB Jajiu OLIHKH
1682 ¢inemam, ycboro 100 000 peittunris. Cepenniii peitunr — 3,52 3a mkanoro Big 1,0
10 5,0 31 crangapTHUM BiaxwieHHsM 1,12, meniana peittunry — 4,0. Bizyanizyemo po3noain

PEUTHHTIB, 1110 MOYKHA MTO0AYUTH HA PUCYHKY 4.5.
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Puc. 4.5. Po3nioain pedTHUHTIB

Jli3Haemocs CKUIbKU (PUIBMIB OLIHWIN JIIOAU B CEPEAHBOMY. 3/1a€ThCs, OUIBIIICTD

KOPHCTYBaYiB OIIHWIN MeHIle HixK 50 ¢inpmiB (nuB. puc. 4.6).

200 Distribution of ratings count per user

150

rrequency
=]
2

0 100 200 00 400 500 00 00 800
Number of ratings per user

Puc. 4.6. Posnoain pedTuHTiB

s CF poboTa 3 maHuMu HabaraTo MpoCTillle, MU 3UATYyEMO JBa (aiiiu ratings.csv
Ta MOVIEes.CsV, 00’eaqHyeMo 1ii (Gaiim, BUAAIIEMO HENOTPIOHI CTOBIIII, 3aIUINAEMO JIHIIE

movield, title, userld, rating Ta ctBoproemo Bianosiguuit DataFrame ratings (aus. puc. 4.7).

movield title wuserId rating
2} 1 Toy Story (1995) 1 | 4.0
1 1 Toy Story (1995) 5 4.0
2 1 Toy Story (1995) 7 4.5
3 1 Toy Story (1995) 15 2.5
4 1 Toy Story (1995) 17 4.5

Puc. 4.7. Tabnuus nanux micis oOpoOKu
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HizHaemocs yHikanpHuX KopucTyBauiB 610 1 ¢inemiB 9724. JlicTuHr nmonepeaHboi
00poOKku MokHa mepernisHyTd B Jlomarky b.2, Hapasi maHi TOTOBI /10 MOJAJIBIIOTO

MaHITyJTIOBaHHS.

4.3. Peanizanin ¢pyHkuiii pexomenaauniii

Jlnst peamizamii  pynkmii pekomenmanii CBF, moamBumMoch Ha pUCYHKY 4.4,
MIPUBEJICHO JIaHi TaOJIUIl JI0 MOPSAKY, TeTep MOTPiOHO 3p0OUTH BEKTOpU3AIlis 3 JOTIOMOTH
get_similarity(). Count Vectorizer — npocTuii JIYMILHUK YacTOT JJII KOXKHOTO CJIOBA B
croBnii Bag of words. Ilicis Toro, sik 3'sBUsiack MaTpulIls, 0 MICTUTh KUIBKICTb YCiX CIIiB
y (iIbMi, MOKHA 3aCTOCYBAaTH (DYHKIIIIO CIIIBBIIHOIIEHHS cosine similarity /st MOpiBHSHHS
noAioHoCTI Mixk dimbMamu. Ha pucynky 4.8 300pakeHa MaTpulisg, MU 0a4UMO OJMHUIIL 1O

JiaroHai, OCKIJIbKH, 3BHYANHO K, KOJKEH (P1JIbM 1JICHTHYHHI caMOMy COO1.

.15789474 0.13764944 ... 0.05263158 0.05263158 0.05564149]

.15789474 .36706517 ... 0.085263158 ©.85263158 0.085564149]

.13764944 ©.36706517 1. ... 0.84588315 ©.04588315 0.04850713]

.05263158 0.05263158 0.04588315 ... 1. .05263158 0.05564149]
.05263158 0.85263158 0.84588315 ... 0.85263158 1. 0.085564149]
.05564149 0.85564149 0.64850713 ... 0.05564149 ©.05564149 1. i

Puc. 4.8. Matpwuist moaioHOCTI

Matpuiis TakoX CUMETpUYHA, TOMY 1110 CXO0XICTh MK A 1 B Taka cama, Ik CXOXKICTh
MK B 1 A. OcTaHHIM KPOKOM € CTBOPEHHs (DYHKIIIT peKOMEHallll, SKa NpuiiMae Ha BXij
Ha3By (pinbMy i moBepTae 10 Halikpanux moa10HUX GinbMiB. [|JIsi IHOTO CTBOPEHO MPOCTY
cepito Ha3B (UIBMIB 3 YHCJIOBUMHU IHJEKCaMHU, 100 3I1CTaBUTH I1HJAEKCH 3 MaTpHII
moAI0HOCTI 3 aKTUYHUMU Ha3Bamu PuibMiB. L GpyHKIig Oye 31CTaBIATA HA3BY BX1JHOTO
¢iapMy 3 BIATOBIIHMM 1HIEKCOM MATPHIll MOMIOHOCTI Ta BUTATYBAaTH PSJIOK 3HAYCHB,
BIJIMOBIAHI 1HJIEKCH, B mopsaky cnagaHHs. Kpami 10 cxoxkux (inbMiB MOXKHA 3HAWMTH,

BUTSTYIOUYHN 11 BEpXHIX 3HAYEHB 1 3rOJIOM BIIKHUIAIOUH MEPIITUi 1HAeKC (11001 GyHKIlIS He
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noBepTalia Ty X Ha3By (imemy). binein geranpHy pearnizaliito HanmucaHo MOBOIO Python
MO>KHa noaAuBUTHUCH B Jlomatky b.1.

CF peanizyemo Binpasy aBa metoau item-based i user-based. IlpuBenena tadimisg Ha
puCyHKY 4.7 roToBa i o0Oya0BU USer-item martpuili. BoHa € BUXiHOI MaTpHIICIO IS
JIBOX METO/IIB, KOJIOHKaM JaHOi MaTpuIll BiAMOBIZa€ 00'€KT, B HAIIOMY BHMIAAKY (iIbM,
PSAKY BIAMOBITAE KOPUCTYBAU, B KOMipKaxX MaTpHIll pO3TaIIOBaHl PEUTUHTH 300pakeHi Ha

pUCyHKY 4.9.

userId Y 10 Clo..

Puc. 4.9. User-item maTtpuiis

J171s1 BMEHIIEHHS] ITyMY B PEKOMEHIALISX 1 301IbIIEHHS iX TOYHOCTI BUKOPUCTOBYEMO
TUTBKA Ti (QUIbMH, y SKUX € moHajg 10 KopucTyBauiB, 1O OIIHWIM Horo. OCHOBHOMO
MaTtpuiiero 11 item-based miaxoay € MaTpuils item-item. Psjkax 1 CTOBILSX €1 MaTPUII
BIZIMOBIaI0Th 00'ekTH ((piibMu). Y KOoMipkax 30epiraeTbCs 3HAYEHHS CXOXKOCTI (DUTbMIB.
JIyist BU3HAYEHHSI CX0XKOCTI BUKOPUCTOBYEMO Kopeusiito [lipcona, B cTBopeHiit (hyHKIIi1
get_similar_movies() Buxonyemo item_similarity _df = user_ratings.corr(method="pearson’)

Ta 30epiraemo 11i gani 1o item_similarity _df.csv ¢aitny (aus. puc. 4.10).

title (se@) .. 1@ clo. 1@ Thi.

‘burbs, .. © 0.063116.. -0.02376.. 0.143481..
(500) Da.. ©.063116.. @ 0.142471.. ©.273989..
10 Clove.. -©.02376.. 0.142471. © -0.00579...
10 Thing.. ©.143481. 0.273989.. -0.00579.. @

Puc. 4.10. Item-item marpuus pis item-based migxomy

VY item-item marpwuiii BCi 3HaYEHHS MO JiaroHaini gopiBHOOTH 1 (00'ext Ha 100%
CXO0KH Ha cebe), TOMY 3aHYJIIEMO OJUHUILI, II00 B peKOMEHAIlisIX He OyJIO TOTO % CaMOro

BBeZicHOTO ¢unbMy. Komu y Hac € wmatpung item-item, MokeMo MOOYAyBaTH
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MepCOHANI30BaHl pekoMeHmanii s kopuctyBada A. CtBoproemo ¢ynkiiro def
getRecomForltems(movie, rating), 1o mpuiiMae Ha3By QiIbMY 1 pEHTHHT, K BXiIHI JaHi 1
noseptae 10 cxoxux ¢dimpmi. [lepemMHOKyeEMO MaTpuirro item-item i BeKTOp pelTuHTY
KOpHCTyBaua A, BigHIMAlOYM KOHCTAHTY 2,5, 3ammcyemo B gaTa dpeiim similar_movies;
CYMY€EMO Ta BIJICOPTOBYEMO B MOPSIKY YOYBaHHS 3HAY€Hb OTPHUMAHOTO CIHMCKY (DUJIBMIB,
30epiraemo crimcok ¢ineMiB 10 macuBy all_recommend, 6epemo Tinpku nepmri 10 dinbmis
Ta TIOBEPTAEMO iX.

Jiis user-based migxo/y TakoX BUKOPHCTOBYEMO MaTpHITO USer-item. J{is KoskHOTO
KOPUCTYBa4a HEOOXITHO OTPUMATH HAMOLIBII CX0XKMX KOPHUCTYBayiB, SIK MUCAJIOCS BUIIIE,
Uit Mipu  OaM3BKOCTI OyJeMO BHUKOPHUCTOBYBAaTHM KOCHHYCHY BiJCTaHb. Y (yHKIII
get_similar_users() motpiOHO TpaHCIIOHYBAaTH MAaTPHITIO USEr-item (mae Ha3By USer_ratings),
BUKJIMKaIOUu aTpuOyT . T Ta 004YHCIII0EMO KOCUHYCHY BIJICTaHb, TOOTO y KOMIpKax OyayTh
3HAUYEHHS OJIM3bKOCTI KOKHOTO KOPUCTYBaua, 1HAEKC — KOPUCTYBa, CTOBIIII — KOPUCTyBaY

Ta MPUBEAEMO MATPUILIO 10 AaTa ¢ppelimy (auB. puc. 4.11).

1

0.899735..

%) 0.173842..

0.180400.. 0.326121..

Puc. 4.11. Marpuusg nogioHocTi USer-user

Takox 3aHy/iaseMo JiaroHanb Hamrol Tadmumi. Jlami ctBoproemo ¢dynkmiro def
getRecomForUsers(movie_name, ratings), mo npuiiMae Ha3By (QiIbMYy 1 PSHTHHT, Y POJIi
BXITHUX daHuX 1 moBeptae 10 cxoxux ¢impMiB. [lepemHO)KyeMO maTpuirro USEr-user i
BBEICHUI (DUIbM, BEKTOpP PEUTUHTY KOpHCTyBaua A, BiJHIMAlOYM KOHCTAaHTy 2,5,
3anmucyemMo a0 Tabmuii Similar_score, BuOMpaemMo MiIMHOXHHY KOPHUCTYyBadiB 3 Haif
BHCOKOIO CXOXICTIO 3 KOpUCTyBadeM A, COpTyeMO Ta Bubupaemo Tuibk 10 KopucTyBauis,

30epiraeMo 10 MaTpuIli SIM Ta BUBOJUMO CIHCOK 10 Kpanmx cXoxkux (ijabMiB.
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4.4, Peanizanisa monyJs Flask Tta Bed-cTopinok

Jns mouatky iMmoptyBaiu kiac Flask Ta Mmoaym pekomennpamiit. EkzemMmuisp 1iboro
knacy # Oynme WSGI-mogatkom. HacTymHUM KpOKOM € CTBOPEHHS €K3EMIULIPY IIHOTO
knacy. Ilepmmit aprymenT — 1e im's moayns abo makera mnporpamu (app =
flask.Flask(__name__, template_folder="templates’)). [lami, BUKOpPHCTOBYEMO ICKOPATOP
@app.route(), moodu ckazaru Flask, skuit 3 URL moBuHeH 3ammyckaTu Hanry QpyHKIIit0, TOOTO
HAJTAIITOBYEMO MapmipyT. [l 3amycKy JOKaJdbHOTO CEpBEpa 3 HAIIUM 3aCTOCYHKOM,
BUKOpPUCTOBYEMO (yHKIIIt0 app.run(). 3aBasku koHCTpykiii if  name ==' main_ "

HTTP (npoTokos, Ha SIKOMY CHIJIKYIOThCSI B€0-3aCTOCYHKH ) MOYKE BUKOPUCTOBYBATHU
pizHi Metoau aus goctymy go URL-aapec. 3a 3amoBuyBanHsaM, @app.route() BiamoBimae
mume Ha 3anutd tuny GET, ame ne MokHa 3MIHWUTH, 3a0€3MEUMBILU JEKOPATOP
@app.route() aprymenrom methods. HTTP-meron moBimomisie cepBepy, 110 X04e 3pOOUTH
KJIIEHT 3 3alIMTYBaHOI CTOPIHKOIO. B HammomMy Buma Ky BUKOPUCTOBYBATUMEMO JIBa METOIU:

— GET — Oyzme moBepratu ToioBHY cTOpiHKy index.html, me peami3oBani 3a
nmoromororo html ta ¢ss: TOTOBHE MEHIO, ¢ MICTUTBCS OIHMC Ta ITOCUIAHHS Ha
CIIUCOK BCiX (pUIbMIB; CTOpPIHKA Ma€ Ha3By CUCTEMH, MOJIS JJIs1 BBOY (iIbMIB
Ta OILIIHKY, KHONIKY «Submit» Ta TeMaTUYHUN AU3aiH.

— POST — Buknukatume (GyHKIT peKOMEHAIid, sSKi peaii3oBaHi B MOy
contentbased recom.py Ta collaborative recom.py, sIKII[0 Ha3BU KOPEKTHI, TO
noBepTaTuMe CTOpiHKY Positive.html, B skomy peanizoBaHO MeHIO, Take K
came, SIK 1 Ha TOJIOBHIM CTOPIHII; HA3BYy CHUCTEMH, CIIUCKH PEKOMEHJallii Ta
TEMaTUYHUN nu3aiiH. SIKI0 Ha3BU HEMpaBWIbHI, TO MOBEPTATUME CTOPIHKY
negative.html, ne — moBimoOMIIEHHS PO TTOMUJIKY Ta MOJIMBICTh TTIOBEPHCHHS
Ha TOJIOBHY CTOPIHKY IS IOBTOPHOTO BBE/ICHHS.

Jlnst 3amycKy Beiel cucteMu BBoAMMO BOy0BaHy KoHcosb VS Code python -m flask
run, TOAi 3amyCTHTHCS BOYIOBaHWH JOKATBbHUN CEpBEpP, MEPEXOAMMO IO TOCHIAHHIO

http://127.0.0.1:5000/ Ta BIAKPHETHCS TOJIOBHA CTOPIHKAa PEKOMEHIAIIHHOI CHUCTEMH.
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[arepdeiic peanizoBaHOi CHUCTEMHM PEKOMEHMAALIM Ta IHCTPYKIIIO KOPHCTyBada MOKHA

neperyisinyTy B Jlomarky B.

4.5. BucHOBKM /10 po3aiay 4

PeanizoBaHo Bci Moayii, siKi OyJiM CIIPOEKTOBaHI B MOMEPEAHBOMY po3iii. bekenn,
110 BIJMOBIIAE 32 3/1MCHEHHS (PYHKI[IOHYBaHHSI BHYTPIIIHbOI YaCTUHU BE0-3aCTOCYHKY, a
came: peanizallis JBOX MOJIEIeil peKOMEH 1alliif, YCIIITHO MpaIoTh. KilleHTChka CTOpOoHa
MPU3HAYEHOTO [l KOpUCTyBada 1HTep(eiicy, BHUKOHaHA BAAJIO, TOMY 3OBHIIIHE
IIPEICTaBIICHHS 1 BHYTPIIIHS peaizallisi He KOH(DIIKTYIOTb, 10 1a€ 3MOTY MpoaHaIi3zyBaTu

OTPUMaHI PE3yJIbTaTH Y HACTYITHUX PO3LIax.
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PO3JILT 5
AHAJII3 PE3YJBTATIB TA iX HOPIBHSTHHS

5.1. Pe3yaibTaTl TA NOPiBHSIHHSA

[Ipu reneparrii pekomeHaaIli s BBeeHOro ¢piapMy T0Y Story ta mnpu oIiHii 3 ajs
user-based i item-based pekomMenpamisix, OTpHUMalli TPU CIHUCKH, KOXCH 13 SKHX

ckianaerbes 3 10 cxoxux GUIbMIB, [0 MOKHA MO0AaYuTH B Tabm. 5.1.

Tabmums 5.1
Cnucok pekoMeHauii piibmiB
Ne | Content-based Item-based User-based
1. Toy Story 3 Toy Story 2 (1999) Toy Story 2 (1999)
2. | Song of the Sea Groundhog Day (1993) Jurassic Park (1993)
3. Inside Out Independence Day (a.k.a. Independence Day (a.k.a. ID4)
ID4) (1996) (1996)
4, Finding Nemo Willy Wonka & the Star Wars: Episode IV - A New
Chocolate Factory (1971) Hope (1977)
5. Aladdin Mission: Impossible (1996) Forrest Gump (1994)
6. Monsters, Inc. | Nutty Professor, The (1996) Lion King, The (1994)
7. Up Bug's Life, A (1998) Star Wars: Episode VI-Return
of the Jedi (1983)
8. Zootopia Lion King, The (1994) Mission: Impossible (1996)
9. The Grand Babe (1995) Groundhog Day (1993)
Budapest Hotel
10. | Mary and Max Monsters, Inc. (2001) Back to the Future (1985)

Axio nmpobirtuch ounMa 1Mo TaOJIMIl, TO BiApa3dy MOXKHA MOOAYUTH, MO0 B TPHOX

CIMCKAaX HasBHI JIeKUIbKa cXoxux @uibmiB, a came: Monsters, Inc., Toy Story 2,
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Independence Day (a.k.a. ID4) (1996), Mission: Impossible (1996), Lion King, The (1994).
B content-based mictuthes 1 dimpm 1 9 mynerdinemis, item-based — 5 ¢inpmiB 1 5
MyIbTQiIEMIB, USer-based — 8 ¢inbpMiB Ta 2 MynbThITBMIB.

BuHrKae nmuTaHHs, SK 3p03yMITH, YU pelieBaHTHI peKOMeHarlil. Bax/ImBuM Kpokom
y Oyb-sIKOi MOJIeJII MAallIMHHOTO HAaBYaHHS € OI[IHKA TOYHOCT1 Mojei. JIj1s OIIHKHU SIKOCTI
poboTu icHye Oe3md METpUK SKOCTI. B OCHOBHOMY, 116 METPHUKH OIIHKH TOYHOCTI
nepea0avyBaHOTO 3HAYEHHs 1 peaibHOTO. POo3riistHeMO /1B HAMMOIMYJISIPHIIIT METPUKH IS
OITIHKM MeTO1B pekoMeHaariiuux cucreM — MAE 1 RMSE.

RMSE (Root Mean Squared Error, cepenns kBaapaTH4yHa MMOMMJIKA) — ITOMHIIKA
OOYHUCIIOETBCS K KOPIHb 3 CYMH KBaJIpaTiB PI3HUIL MDXK INepeadadyyBaHUM 3HAYEHHSM 1

peatbHUM 3HAYEHHSM, 10 PO3PaXOBYETHCH:

RMSE = |ZienPizRD* (5.1)

n
e N — e KUIbKICTh eJeMeHTiB, P — mepenOauyBaHe 3HaueHHsM, R — peanbHe
3HaueHHsA. TOOTO ISl KOKHOTO €JIEMEHTa PO3PAXOBYEThCS KBAJpaT BiIXUJICHBb (PI3HUIIS
MDK (akTOM 1 TPOTHO30M, 3BeJeHa Yy KBazapar). IIoTiM po3paxoBYeTbCS cepeaHe
apupMeTnyHe (CymMa KBaJIpaTiB BIIXWICHb, MTOAIIEHA HA KUIBKICTh) 1 BUTSITYEMO KOPIHb 3
OTPUMAHOTO PE3YJIbTATY.
MAE (Mean Absolute Error, cepents abcoioTHA MOMHIIKA) — [TOMHJIKA OLIIHFOETHCS
AK PI3HULS MK TPOTHO30M 1 pEAJIbHOIO OL[IHKOIO 110 MOAYJIO:

—Rj|

MAE = 2=t (5.2)

e N — e KUIbKICTh eJeMeHTiB, P — mepenOauyBaHe 3HaueHHsIM, R — peanbHe
3HaueHHs. BoHa oO3Hauae, MmO BCl 1HAMBIAyaJbHI BIAMIHHOCTI 3Ba)K€HI OJHAKOBO B
cepeanromy. Ak miacymok, MAE He Taka uyTinuBa 10 BukuaiB, sk RMSE. Tomy B Hamiomy
BUIAJIKY Oy/IeMO BUKOPUCTOBYBATH CaMe CEPEIHIO KBAPATHUHY TTOMUJIKY.

Omxe, npu BBeAeHHI QinbMy TOY Story Ta mpu OIiHIl 3, MU OTPUMAJIH HE JIUIIE
CrUCOK (IIbMIB, @ ¥ MIPYy CXOXKOCTI KOXXHOTO BHUBEAEHOTO (inbMy, sl TOrO, 100U
nopaxyBatu RMSE. Hammmmu nepea6auennMu 3HaYeHHIMU OYyTh JECATh OJIMHUIID, aJIKEe

ak kopensmia Ilipcona, Tak 1 KOoCMHycHa MOAIOHICTH TparHe a0 1, mo o3Hadae mayxe
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BHCOKHWI IMO3UTHUBHUH 3B'S30K MiX JBOMa eleMeHramu, a tomy P =(1,1,1,1,1, 1,1, 1, 1,
1), a Rcg = (0.228217, 0.17541, 0.166090, 0.146385, 0.143019, 0.136930, 0.136930,
0.136930, 0.129099, 0.122474) nna content-based; R, = (0.230881, 0.180770, 0.179237,
0.178657, 0.176423, 0.175147, 0.172716, 0.172124, 0.170568, 0.165407) s item-based;
ta Ryp = (0.286301, 0.282818, 0.282131, 0.278694, 0.273548, 0.270573, 0.270545,
0.269456, 0.267084, 0.265191) mns user-based. Po3paxoByemo koxxHe 3HadeHHS RMSE,

nijacTaBisitoud BianoBiaHl P Ta R. Pe3ynbratn 004uciaeHb MICTAThCS B Tabml 5.2.

Tabmums 5.2
PesynbpTaTn oOuuciens metpuku sikocti RMSE
Merton pekoMeHarii RMSE
Content-based 0.84837
Item-based 0.81999
User-based 0.72540

Otosk, HAMKpalMM Ha HAIMX JaHUX BUSABHBCS USEr-based meron, Ha npyromy wmicii
item-based Ta Ha ocranrpomy content-based. A ToMy i KOCHHYCHa BiJICTaHb BHSBHJIACH
nieBoro, aHixk kopensiis [lipcona. Po3risiHemo B oMy npo6iieMa KOKHOTO METOTY.

3BakaloyM Ha aHali3 pe3yJbTariB, Hama mnoOyaoBaHa content-based wmonens,
BUSBWINCS E€MIIIPUYHO MEHII TOYHOK TIpH BHUPOOJICHHI pPEKOMEHJalii, HIK
KoiabopaTuBHA, TOOTO 3HMKEHHS TOYHOCTI. OCKITbKM (DYHKIIIOHAJIBbHE TPE/ICTABICHHS
(1IbMIB MEBHOIO MIPOIO PO3POOISETHCS BPYUHY, LI METOJ BUMAara€ BEJIMKOTO 3HAHHS
IpeAMETHOI 00J1acTl, 10 TaKOXX 3aJICKUTHh BiJI TOBHOTH oOpaHOro Habopy maHux. OTOXK
MOZEJIb MOKe OyTH HACTUIBKM XOpOolla, HACKUIbKM TapHI il XapaKTEepUCTUKH, CTBOPEHI
BpyuHy. ToOTO HE MOXEMO BHKIIOUUTH MOXJIMBICTH TOro, U0 GUIBMH, SKI HE
JOCIIKYBaJIA, HE OUTbIIIE aKTyalbHi, HIXK Ti, K1 BUBUUJIH.

€ BenuYe3Hl IUIIOCM — HE BUMAarae HisIKMX JaHUX MpO 1HIIMX KOPUCTYBauiB, 00
pexomeHauli crnenudivuHi g I[bOT0 KOPHUCTyBaya, 1€ CIPOLIye MaciuTaOyBaHHS ISt
BEJIMKOI KIJIBKOCTI KOPUCTYBauiB. A TaKOX, MOKa3ye KOHKPETHI 1HTEPECH KOPHUCTyBaya 1

PEKOMEH/Iy€e HIIleBl €JIEeMEHTH, sIKi I[1KaBl HeOaraThoM 1HIIMM. Ha BiIMIHY BiJl CHIBHOT
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¢inbpTpanii, AKmo y (UIbMIB JOCUTH OMHUCY, YHUKAEMO MPOOJIEMHU «XOJOAHOTO CTapTY»,
TOOTO MOYKHA BiApa3y HaJaTH PEKOMEHIAIIIIO.

CrtBopeHa konabopaTuBHa (QinAbTpalliss Ma€ JEKUIbKa OCHOBHUX MpOOJeM.
PospimkenicTs USEr-item mMatpuili, ajke, SKIIo MOJUBUTHCH MONIEPEIHI PO3I1IH, OLIBIIICTH
KOPHCTYBauiB HE CTaBUTH OIIHKH (PiIbMY, Y KOMIpKaxX MaTpHUIll CTOSTh HyJ1. Hanmpukina,
TIIBKA aKTUBHI KOPUCTYBaul CTaBIATH OLIHKM (iIbMaM, y Takud crnocid HaBiTh
HAUTOMyJApHIII (GUIBMH MOXKYTh MaTH HU3bKY KIJIBKICTh OIIIHOK. TOOTO piKICTh JaHUX
BIJIMBAE Ha SIKICTh PEKOMEHAIl KOPUCTyBaya, a TAKOXK MOCUIIOE TPOOIEMY XOJIOIHOTO
cTapTy. «XOJOAHUN CTapT» — MPU J0JAaBaHHI HOBOTO (PIIbMY /10 IaHUX, MTOKU XTOCh MOTO
HE OI[IHUTb, AITOPUTM He Oye 1ei GUTbM peKoMeHAyBaTH. TaKoXK 1 3 KOPUCTYyBadYeM, MTOKU
He Mae 1H(opMailii mpo Horo mnepeBaru, HE MOXJIMBO BIAHECTH 10 IEBHOI TPYIH.
MacmtabyBaHHs MOKe CTaTH MPOOJIEMOI0 B MalOyTHROMY /11 HAOOPY JaHUX, 1110 3pOCTAE,
OCKIJIbKH CKJIAJIHICTh MOXE CTaTH 3aHAATO BEIUKOIO.

[Tmroc — MeToM HEe3aJIC)KHUN Bil KOHTEHTY, TOMY 3/IaTHUA TOYHO PEKOMEHIyBaTH
GiIpMHU, HE BUMAraloyu «pO3yMiHHS» caMuX (QUIbMIB, y TOPIBHSHHI 3 KOHTEHTHUM
METOJIOM, BiH OUIbIII TOYHUH, MOXKE TaTH OUIbII pPEJIEBAHTHI PEKOMEH/1allli.

Omke, user-based anropuTM: XOJOAHHUHA CTapT — HOBI OO0'€KTH HIKOMY HE
PEKOMEHIYIOThCS; HIYOTO PEKOMEHAYBAaTHU HOBHMM, a00 HETHUIIOBUM KOPHUCTyBadam, SKi
Hiyoro He oriHmIM. ltem-based anropurm: 3amuiraeTbest Opak y BUTIISAII XOJIOJIHOTO CTAPTY
1 BOJIHOYAC PEKOMEHJIallli CTal0Th TPUBIAIbHUMH, PECYPCOMICTKICTH OOYMCIIEHb METOMY

BHCOKA, TOOTO JJI MPOTHO31B HEOOX1AHO TPUMATH B IIaM'SIT1 OL[IHKH BCIX KOPUCTYBaYiB.

5.2. Ilpono3uiii moao motinmeHHss MeTOAiB HA OCHOBI pe3yJIbTaTIiB

Ockinbku content-based cucrema 3acHoBaHa Ha 3MiCTi, 3 OISy HAa IMOBHOTY
oOpaHoro HabOpy MOKHA TMOJIMIIUTH pPe3yJdbTaTh peKoMeHmarii. ToOTo, SKIo omuc
¢inpMy OyZe MaTH JOJATKOBI MOCUJIAHHS HA 30BHILIHI JpKEpesna, TO MOXKHA aHaji3yBaTu

TAaKOX BCIO TIOB'S3aHYy 3 HUM CTOPOHHIO 1H(opmariito. A6o npu (hopmyBaHHI BEKTOpa
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KIIFOYOBHX CIIIB 3aMICTh OKPEMOT'O CJIOBa MOKHa BUKOPHCTOBYBATH N-rpamMu (IOCiIOBHI
mapu cJiB, TPIMKM TOINO), HANMPUKIaA, SKIIO Y Hac € (pasza «moaodaeTbes» 1 Pppaza «He
Mo100a€ThC», y HUX MPOTHIIeKHUM 3MicT. [licns Toro, sik mopaxyBaiv Bl MOTPiOHI HaM N-
rpaMH, KOPUCTYEMOCS TUMH K CaMUMHM MIAXOJaMu, 10 ¥ paHillie, TIIbKU Oyle HE OJHE
CJIOBO, a JIBa, TpH ToIo. Lle 3poOuth HaIlry MoJieb O1IbII AETaTI30BaHOIO.

B anroputmi pexomeHnaiii cuiibHOl (iabTpallli KIF0OYOBUM MOMEHTOM B HAIlIOMY
BUIIAAKY € pO3paxyHOK MOAIOHOCTI Mk KoprcTyBaduamu USer-based i diasmis item-based.
Ane mpu aHami3yBaHHI POOOTH METOAYy BHUSBHWIIOCS, IO TEpEeBakHA OIIBIIICTh OIIHOK
HEB1/I0Ma, a TOMY PO3PIKEHICTh MaTPHUIIl OI[IHOK JOCUTh BUCOKA. 3 1HIIOr0 OOKY, AaHi, 10
BXK€ € B MATpHIll JOCUTh CyO'eKTHBHI. Jlesiki KOpUCTyBayl — OMTUMICTH, 1 iXHI OI[IHKU
3aBXJIM BHUCOKI, B IHIIUX KOPUCTYBAaudiB OIIIHKK 3aBXJIU 3aHWkeHi. Jljisi Toro, mio0
ONTHUMI3yBaTH MPOYKTUBHICTh BUAa4l PEKOMEH AN, BayKJIMBO HOPMaJIi3yBaTH OIlIHKH.

B user-based — 1e mpoctuii i JOTIYHMIA MiAXiA, HAOIM3UTH HOBHH PEHTHHT, SK
cepeHii peUTUHT TaHOTO KOPUCTyBaua IUIIOC BIAXHWIICHHS BiJl CEPEIHIX PEUTUHTIB 1HIIUX

KOpI/ICTYBa‘{iB, 3BAKCHUX UMK CAMHUMMU BaraMi, 1o po3paxOBYETHCA 3a (bOpMy.TIOIOI

ZVEK(Tvi_ﬁJ)Sim(uv) (5 3)

T = Tu TS dsiman)|

1e T, — PEKOMEHAIl i1 KOpUcTyBava U i GinbMy i, 7, — cepemHs OIliHKa, 10
BUCTaBHMB KOpHCTyBau U, SIm(Uv) — oOpaHa Mipa CXOXKOCTi MK KopucTyBadem U iV, K —
MHOXXHHA HAaHOUIBIII CXOKUX KOPHUCTYBaUiB A0 U, 73,; — OI[IHKA KOpHUCTyBaya V 1 GiabMy
I, 7, — cepeIHs OIliHKa KOpHCTyBaya V.

Jns item-based pekoMeHaanil yce aOCOTIOTHO EKBIBAJICHTHO, PEHUTUHT (iabMy | JUIs

KOpUCTyBaua U MOXKHa TMepeadadYuTd, BUKOPUCTOBYIOUM TIPOCTE CEpPEIHHLO3BAKEHE

3HAa4YCHHA:

—~

rul

_|_

ZUEK(T‘U]_‘E])Slm(l]) (5 4)
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=3

J7Ie 7; — CepeIHs OIiHKA, 1110 MocTaBeHa GinbpMy I, a Sim (i ) — Mipa cX0KocCTi (BiTbMiB

I Ta j.
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5.3. BucHoBKHM 10 po3aiity 5

Y po3aunl MpoBEAEHO aHaji3 pe3yJbTaTiB TPhOX METOAIB pekoMeHmamiit. [lpu
nepeBipill pesieBaHTHOCTI OTPUMAHUX CIHUCKIB (UIbMIB, BUKOPHCTOBYBajlach METpHKa
RMSE, sika mponemoHCcTpyBana, Mo HaWKpalldM Ha HalluX JTaHUX BUSBHBCS USEr-based
METOJI, @ TOMY Mipa KOCHHYyca KyTa Kpalle Mpalfoe Ha Hammx AaHux. [licis BUsSBIECHHS
IUTIOCIB Ta MIHYCIB KOXKHOTO PO3POOJICHOTO alrOpuTMy, OyJId HaJaHl peKOMEHAITi mo10

X TIOJIIIIIICHHS.
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BUCHOBKU

VY naniit AUMIIOMHIN poOOTI MPOBEACHO aHaNI3 MPEAMETHOI ramy3i Ta ii aKTyaabHOCTI.
Y pe3yabpTari MpoaHaIi30BaHI OCHOBHI QJITOPUTMHU Ta MIIXOAU JO HPOTHO3YBaHHS
pekoMeHanid. OmnMcaHi  XapaKTepUCTUKH, TepeBarn Ta  HEAOJIKM  KOXHOTO.
OsnaiomuBIuch 3 Takumu kommanismu, sk Netflix Ta Amazon, cramo 3po3ymino, 1o
npobiemMa CTBOPEHHS PEKOMEHJAIIMHUX CHCTEM € aKTyaJdbHOIO. AJKE KOXKHA BeJMKa
KOMIIaHisl, IKa BUKOPUCTOBYE 1[I0 TEXHOJIOT1I0, MA€ MOXUOKHU Ta CTAPAIOTHCS KOKHOTO pazy
MOJIMIIIATA aJTOPUTM BUKOHAHHS, TOMY SIK II€ 3aJIe)KUTh BiJl MOMUTY Ha TOBap Ta B
MiJICYMKY Ha PUOYTOK.

€ Tpu OCHOBHI MiAXOAW JO TOOYJOBH CHUCTEM pPEKOMEHJAllli — 1€ CIiibHA
dinpTpartis, GUIBTpaIlis Ha OCHOBI BMICTY Ta TidopuaHa. st Toro, mo6 NopiBHATH pOOOTY
JEKUTBKOX MIIXO1B BUPIIIEHO 00paTH GUIbTpallilo HA OCHOBI BMICTY Ta CIUIBHY (memory-
based — item Ta user-based). Amke BOHH IIJIKOM IMiIXOIATH JUUIS BUPIIICHHS MTOCTABIICHOT
MeTH — oTpuMaTH 10 peneBaHTHUX peKOMEH Al (iIbMiB.

VY xoai orfisay MiaXo/1iB, BUSBUIOCH, IO Mipa CX0KOCTI MK 00’ €KTaMH BiIITParOTh
OJIHy 3 TOJIOBHMI poseil. J[Boma MHOMyNspHIIIMMH MipaMH € KOCHHYCHa BIJICTaHb Ta
kopessiis [TipcoHa, a Takok 3BaXkKarouu Ha eMITIPUIHE TOCTIHKEHHS, 1€ HASThCS, IO 111 1Bl
MIpH AAa0Th Kpalll pe3yJbTaTH, 00paHo caMe iX, abh TaKOoK MOPIBHATH MIXK COOOIO.

[Ticnst oruisaMy BiIMOBIHOT JTITEPATYPH Ta MATEMATHYHOT MOJIEII CTBOPEHO HAJICKHUI
alropuT™ 3acHoBaHMil Ha content-based Ta collaborative migxomi. BiamosigHO 10
BUKOPUCTAHHS MAIIMHHOTO HAaBYaHHS OCHOBHMMM KpPOKaMHM JUIS JBOX MOJEJICH €: BUOIp
JaHUX, TOOTO CIIUCKIB (PLIBMIB; TIOTIEpETHE OTIPALFOBAHHS TAHKX; CKJIACTH HAa0Ip KPUTEPIiB;
MOPIBHATH 1X; M13HATUCS, KU €JIEMEHT M0JA00a€ThCsl KOPUCTYBaueBl; 31CTAaBUTH 111 JIaHi;
OTpUMAaTH PEKOMCH/IAIII].

ToO6to mpobiemM 3 UMM eTarioM HE BHUHHUKAIO, aKE MO CYTI AIrOpUTMU €
iHTYyiTUBHUMU. OOpaHO CTBOPIOBATH BE0-3aCTOCYHOK, TOMY MOJAJBIIUMHU KpOKamMu OyJio
BU3HAYCHHS BUMOT, POEKTYBAHHS MOBEAIHKHA CUCTEMH Ta apXiTeKkTypu 3a qonomoru UML

miarpaM. Lls yacTMHAa eHeproBUTpAaTHA Ta BUMAra€ BIANOBIAHUX 3HaHb. 3aBepUIAIbHUM
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€TanmoM CTajla TMpaKTHYHA peaii3aiis Be0-3aCTOCYHKY, MONEPEAHhO OOpaBIId MOBY
nporpaMyBaHHsl Ta (peldMBOpK. Buxoasum 3 omparboBaHoi iH(}opMallii, BuOip maB Ha
Python, ajpxe IMpoKko BUKOPUCTOBYETHCS JIJIsl MAITMHHOTO HABYAHHS, IPOCTHH B PO3YMIiHHI
Ta Ma€ BEJIMKY KIJIBKICTh O10110TEK JUIsl MaHIMYJIOBaHHS JaHUMU. TakoX Uil CTBOPEHHS
BeO-cropinku oopano HTML Tta CSS.

OTxe, y pe3yabTaTi poOOTH po3pOo0IeHO BE0-3aCTOCYHOK Il (hijIbMIB Ha OCHOBI
content-based Tta collaborative migxomiB, KiIi€HTChbKAa CTOPOHA OTpHMala 3PYYHHHA Ta
KOPEeKTHHI 1HTepdeiic, a OekeHn — peanizoBaHi anroputMu. [lopiBHIOIOUM MeTOnIHU, abu
3pO3yMiTH, SIKi 13 HUX JAIOTh HAaWpeJIeBaHTHINI peKkoMmeHpalii, oopano merpuka RMSE.
Hatikparny oIiHKy sIKOCTI pekoMmeHaliii orpumas User-based merox — 0.72540; item —
0.81999; content-based — 0.84837 BiamoBigHO. A TOMY Mipa, siKa Ja€ Kparili pe3yJbTaTi Ha
HAIINX JaHUX BUSBUJIACH KOCUHYCHA BIJCTaHb.

[licns mOpiBHAHHA HaJaHI pPeKOMEHAAIlli I0J0 TOJIMIICHHS PO3pOOJICHUX
aNropuTMiB, JIs content-based — 3BepHyTH yBary Ha MOBHOTY oOpaHOro Habopy abo
BUKOPUCTAHHS N-TpaMu; JUis user Ta item-based — mo0 ontumizyBaTH MpOAYKTUBHICTH
BUJAYl pPEKOMEHAAIll, BaXXJMBO HOPMATI3yBaTh OLIHKU. AJITOPUTM MpPU LHBOMY
KapJIWHAJIbHO HE 3MIHIOEThCS, TOOTO: CTBOPIOEMO MATpHIFO IteM-USEr; O00YHCITIOEMO
moAIOHICTh MK e€JIeMEHTaMH; 3HaijemMo Kk-HaOmMDKYMX CycCiaiB 3a IOJIOHICTIO;
MPOTHO3YEMO PEUTHUHT, BUKOPUCTOBYIOUU (hopMysTy 5.3; BUBOJUMO PEKOMEHIaLlli.

Haii6inpm momioaumMu 1o crBoperoi cuctemu € IMDB ta MEGOGO, ane Bonu He
BUKOPUCTOBYIOTh BMICT (PUIbMIB, 10 € MiHycoM. Pe3ynbratu 11i€i poOOTH MOXke OyTu
BUKOPUCTAaHUM Oylb-IKUM CydacHHUM BeO-cepBicOM, 110 TOTpedye e(eKTUBHOI
PEKOMEHIAIIHHOT CTpaTerii.

3aranom, mocTaBieHa MeTa Oyja YCIIIIHO BHUKOHaHa B mponeci podotu. OpHak
HaJaJIi MOKJIMBE MPOBEJCHHS ONTUMI3aIii Ta MoaAudiKaIlii peKOMEHIAIIHHOT CUCTEMH, 3
METOIO TIJBUIIEHHS TOYHOCTI PE3yJbTaTiB, MOIJIBHO 3BEPHYTH yBary Ha mpoOiemy
«XOJIOMIHOTO CTapTy». BWKOHaHW# aHami3 mMOKa3ye, M0 HE ICHy€ YHIBEpCATIbHOTO
ANTrOPUTMY, TTOTPIOHO 3 KOXKHUM Pa30M MHUHATHU MOPIT «Cy0 €KTHBHOCTI» PEKOMEHIAIIN,
a/pke Ha TOBEAIHKY JIIOJMHU BIUIMBA€e Oulbiie (DAKTOPIB, HIK MOI00AETHCS YU HE

M0100a€THCSI B KOHKPETHUM MOMEHT Yacy.
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JlopaTok A
AJropurmu

A.1. Anroputm st CBF

1. 3uuryemo daiin IMDB_Top250.csv.
2. Tlomepenus oOpoOKa qaHUX.
2.1 . Obupaemo rosoBHi psiaku — Ha3ea, XKanp, Pexucep, Aktopu, Onuc CIOKeTy.
2.2 . IlepeTBOpeHHS iMEH aKTOPIB 1 peXKHUCEPIiB B OKPEMI CIIOBA, 100 BOHH Oy YHIKAIIEHUMH,
BIJIKHJIA€MO KOMH Ta OTPUMYEMO TPH IMEHI.
2.3 . O6’eqnyeMo iMeHa Ta damiiii s KOKHOTO aKkTopa, o0 1e O0ysio oHe cloBo.
2.4 . BUTAT KJIIOYOBHX CIIIB 3 OITUCY CIOXKETY.
2.4.1 CTBOPIOEMO HOBUH CTOBIICIIb.
2.4.2 Y mukii npoxXoauMOCh TI0 BCIM ormucaM (DiTbMiB:
— cTBOpeHHsI (PYHKIIIT, IKa 3HAXOAMTh KJIFOUOBI CJIOBA, BIIKMIAIOYH CTOII CJIOBA;
— OTpUMAaHHS Ta MPHUBJIACHCHHS KJIFOYOBUX CJIIB HOBOMY CTOBIIIIIO.
2.4.3 0O06’emnyemo Bci croBmui Haspa, XKaup, Pexucep, Axropu, Onuc croxkery Ta
Kiro4oBi ciioBa B OIMH CTOBIIEIIH (BEKTOD).
CTBOpEeHHs MATPHIIl MiAPAXYHKY ISl BEKTOPY.
CTBOpeHHs MaTpHULll KOCUHYCHO 1O11IGHOCTI.

CtBOpeHHs cepii s Ha3B (PUIbMIB, I0OM BOHU BIJIOBIAAIHU 1HAEKCAM.

o 0k~ w

CrtBopeHHs (yHKLII peKkoMeHallll — npuiiMae Ha3By QUIbMY SIK BXiJHI JaHl 1 noBeptae 10
Kpalux peKOMEHI0BaHUX (PUIbMIB.

6.1 . OrosouryeMo MacUB peKOMEHAALIIH.

6.2 . Orpumaemo iHaeKc (iapMy, IKHiA BiIIOBigae Ha3Bi QiTbMY.

6.3 . CTBOpeHHs cepii 3 OlliHKaMU MOAI0HOCTI B MOPSIKY YOYBaHHS.

6.4 . Orpumaru iHznexcu 10 GUIBII CX0XKHUX (PLIBMIB.

6.5 . 3anoBHUTH cITUCOK Ha3zBamMH 10 Kpamux BiAMOBITHUX (iIbMIB.

6.6 . [ToBepryTH ciricok 10 kpammx QiIbMiB.

7. Busig ciucky pexomenaanii (10 gpinbMiB CX0KUX 10 BBEIEHOTO).
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A.1. Anroputm st CF

1. 3uutyemo daiinu ratings.csv Ta movies.csv.
2. Tlomepenus 0OpoOKka qaHUX:
— 00’emHyeMO TaOIUIll Ta BUAAISIEMO CTOBIII genres Ta timestamp, B pe3yJbTaTi TaOIHIIs
31 ctoBmisiMu — movield, title, userld, rating.
3. CrBopeHnHs USer-item marpuiito, B sikiii ingekc userld, cropmens movield Ta 3HayeHHs rating:
— BHJAJICHHS QUIbMIB, y SIKUX € MeHII sK 10 KopHrcTyBayiB, sIKi OLIHMIN HOT0, 3aIIOBHEHHS
1HIuX, 1o sauumumiarck NaN 0.
4, Jlns item-based:
4.1 . CtBOpeHHs MaTpHIli moaioHocTi GiTbMiB 3a nomomoru kopessmii [Tipcona.
4.2 . 306epiranHs Marpuii y .CSV daiimi.
4.3 . CtBopeHHS QYyHKIIII peKOMEHaIlii, 1110 MpHuiiMae Ha3BYy (QiTbMY, pEUTHHT K BX1HI JaH1
1 BuBoAUTH 10 cx0xuX (HibMiB B MOPAIKY 3MEHIIICHHS
— OoTpuUMaHHs QUIbMY 1 OI[IHKH;
— BigHIMaAHHS BiJ OI[IHKYA KOHCTAHTY 2.5;
— 3HaXO/UKEHHsSI KOPHMCTYBauiB, SKHUM CII0JI00aBCsl BBEIEHUN (UIBM B MaTpuLl
noaidHoCTi, K1 PibMHU came M crog00aNnCh, BUTAT HUX (PLIbMIB,
— COpTYBaHHs CHCKY (ibMiB Ta BuBiJ nmie 10 cX0kuX B OPSAKY 3MEHIIICHHS.
5. Jlns user-based:
1.1 CrBopeHHs MaTpulli HOJIOHOCTI KOPUCTYBaUiB 3a JJOMIOMOTY KOCUHYC KyTa.
1.2 CrBopeHnHs QyHKIIITI peKOMEHIAIli1, 0 MpHiiMae Ha3By (UIbMY, PEUTHHT K BXiHI JIaHi
1 BUBOAUTH 10 cx0kuX (H1IbMIB B MOPSAIKY 3MEHILIECHHS .
— OTpUMaHHS QUIbMY 1 OLIIHKH;
— BigHIMaHHSA BiJ OI[IHKA KOHCTAHTY 2.5;
— HaxOJDKEHHS CIIUCKY KOPUCTYBaYiB CXOKUX 32 BBEJICHOIO OLIIHKOIO;
— OTpUMaHHA ycix (QuIbMIB, 110 CIIOI00ANNCH IILOMY CIIMCKY KOPUCTYBAUiB;
— COpTYBaHHA CIUCKY Q11bMIB Ta BUBIiJ Juie 10 cX0XHUX B TOPSAIKY 3MEHILIEHHS.

6. Busin cnucky pexomenmaniid (10 cxoxux ¢ineMmiB s item-based ta 10 ¢inemiB mis user-
based).
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b.1 Monyns pekomennaiiit ais CBF

def data_processing():
pd.set_option(‘display.max_columns’, 100)
df = pd.read_csv('D:\IMDB_Top250.csv')
df = df[['Title', 'Genre', 'Director’, 'Actors', 'Plot']]
moviesList = list(df['Title].values.flatten())
df2 = pd.read_csv('D:\IMDB_Top250.csv')
df2= df2[['Title', 'tomatoURL]
df2.set_index('Title', inplace = True)
df['Actors'] = df['Actors'].map(lambda x: x.split(’,)[:3])
df['Genre] = df['Genre'].map(lambda x: x.lower().split(',"))
df['Director'] = df['Director'].map(lambda x: x.split(' "))
for index, row in df.iterrows():
row['Actors’] = [x.lower().replace(" ', ") for x in row['ActorsT]
row['Director’] = ".join(row['Director']).lower()
df[ Key_words] =""
for index, row in df.iterrows():
plot = row['Plot’]
r = Rake()
r.extract_keywords_from_text(plot)
key words_dict_scores = r.get_word_degrees()
row['Key_words'] = list(key_words_dict_scores.keys())
df.drop(columns=['Plot'], inplace = True)
df.set_index('Title', inplace = True)
df['bag_of words] ="
columns = df.columns
for index, row in df.iterrows():
words ="

for col in columns:



if col !="Director":
words = words + ' ".join(row[col])+ "'
else:
words = words + row[col]+ "'
row['bag_of words'] = words
df.drop(columns = [col for col in df.columns if col!="bag_of words'], inplace = True)
ndf = pd.merge(df, df2, on=('Title'), how ='left’)
return ndf, moviesList
def get_similarity():
count = CountVectorizer()
count_matrix = count.fit_transform(ndf['‘bag_of_words'])
indices = pd.Series(ndf.index)
indices[:5]
cosine_sim = cosine_similarity(count_matrix, count_matrix)
return indices, cosine_sim
indices, cosine_sim = get_similarity()
def recommendations(title, cosine_sim = cosine_sim):
recommended_movies =[]
url =]
idx = indices[indices == title].index[0]
score_series = pd.Series(cosine_sim[idx]).sort_values(ascending = False)
top_10_indexes = list(score_series.iloc[1:11].index)
rop_10_sim = list(score_series.iloc[1:11])
for i in top_10_indexes:
recommended_movies.append(list(ndf.index)[i])
foriintop_10 indexes:
url.append(list(ndf['tomatoURL")[i])
recom = pd.DataFrame(columns=[Title','tomatoURL"])
recom['Title'] = recommended_movies
recom['tomatoURL'] = url

return recom
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def data_processing():
ratings = pd.read_csv('ratings.csv')
movies = pd.read_csv(‘movies.csv’)
moviesList2 = list(movies['title'].values.flatten())
ratings = pd.merge(movies,ratings).drop(['genres','timestamp'],axis=1)
n_users = ratings['userld'].nunique()
n_items = ratings['movield'].nunique()
user_ratings = ratings.pivot_table(index=['userld'],columns=['title],values="rating’)
user_ratings = user_ratings.dropna(thresh=10,axis=1).fillna(0)
return user_ratings, moviesList2
def get_similar_movies(movie_name,user_rating):
user_ratings, moviesList2 = data_processing()
item_simil_df = user_ratings.corr(method="pearson’)
item_similarity_df = item_simil_df.where(item_simil_df.values !=
np.diag(item_simil_df),0,item_simil_df.where(item_simil_df.values !=
np.flipud(item_simil_df).diagonal(0),0,inplace=True))
item_similarity_df.to_csv('item_similarity_df.csv')
similar_score = item_similarity_df[movie_name]*(float(user_rating)-2.5)
similar_movies = similar_score.sort_values(ascending=False)
return similar_movies
def getRecomForltems(movie, rating):
try:
similar_movies = pd.DataFrame()
similar_movies =
similar_movies.append(get_similar_movies(movie,rating),ignore_index=True)
all_recommend = similar_movies.sum().sort_values(ascending=False)
m = all_recommend[0:10].to_string()

m = m.split("\n")

all_recom=[]
foriinm:
i =isplit(" ™)

all_recom.append(i[0])
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return all_recom
except:
return(*No recommendation found: (")
def get_similar_users():
user_ratings, moviesList2 = data_processing()
user_similarity = cosine_similarity(user_ratings.T)
np.fill_diagonal(user_similarity, 0)
user_similarity_df =
pd.DataFrame(user_similarity,index=user_ratings.columns,columns=user_ratings.columns)
return user_similarity_df
def getRecomForUsers(movie_name,ratings):
try:
user_similarity_df = get_similar_users()
similar_score = user_similarity_df[movie_name]*(ratings-2.5)
similar_score = similar_score.sort_values(ascending=False)
sim = similar_score[0:10].to_string()

sim = sim.split("\n")

all_recom=[]
foriinsim:
i =isplit(" ")

all_recom.append(i[0])
return all_recom
except:

return("No recommendation found:(")
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JlonaToxk B
IncTpykuisi kopucryBaua

Bumoru 1o mporpamMHOro 3a0e3rneyeHHs:

— Onmepariiina cucrema cimeiictea Windows (e Hmkde Windows 7)/Linux/Mac OS.

— IligKIro4YeHHs JO MepexKi IHTEPHET.

— Be06-Opaysep Mozilla Firefox (ne Hmkye 8.x Bepcii).

[Tepunii 3amyck mporpamu.

2.1 3axomuMo B Manky MPOEKTY, 3HAXOUMO (a1 app 3 PO3MIUPEHHSIM PY.

2.2 3amyckaemo daiin.

2.3 YV koHcomi 3’sSBUThCSA mocwiaHHs http://127.0.0.1:5000/, mepedith mo HBOMY Ta 3a
JIOTTIOMOT'010 BeO-Opay3epa BUKOHAETHCS TIKIIFOYCHHSI.

O3HalOMJIIEHHS 3 CHCTEMOIO [mporpamu.

byne Bukonano mepexin 10 «['0JOBHOI CTOpPIHKH», 3 SKOi Haga€TbCcs TOCTYH A0 CHUCTEMH 3

HACTYITHUM TieperikoM (muB. puc. J.1):

Puc. I.1. «"onoBHa cTOpiHKa»

— Ha3BU CUCTEMHY,
— T0Js A5 BBOAY QUIbMIB Ta OLIHKU JAPYroro;
—  KHONKH «Submity;

— KHonku «MeHo».

4. Tlouatok po6oTH.

4.1 OTtpuMaHHs peKOMEHIALIIN:
— BBoaumo, B 060B’s13k0B1 noJis (auB. puc. /1. 2), Ha3By (HUIBMIB Ta OLIHKY APYTOTO

(muB. puc. 1. 3).
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E‘ilg

Toy Stary (1995)

Puc. /1.3. Beenenns nHazsu Qinpmy

— Haruckaemo kHomky «Submity.

— JSkmo ¢inbMH  BBelIeHI KOPEKTHO, KOPHUCTYBad IIEPEXOAUTh Ha CTOPIHKY
«Pexomenariiii»y Ta otpumye crmcok 10 ¢inpmiB mis content-based, 10 item-
based, 10 user-based (auB puc. J1.5), TaKOkK € MOXKJIUBICTh MEPEHTH 110 MOCUITAHHIO

Ha cailT pineMmy (nuB. puc. /. 4).

—————— THE SHAWSHANK REDEMPTION

[ -

& 90% 17 98%

rouerex
TowCowt 72 e Rt 898073

ste sce

W WHERE TO WATCH

5o €

ANOW  Mewervwy NETFLIX  swoscrimon PIMEVIdEO o or by

@ty rwew VUDU  weem
Puc. /1.4. Ilepexin Ha caldT GpinbMy
— Skmo ¢inbM HEKOPEKTHO BBEICHMM KOPUCTYBad TEPEXOAUTh HAa CTOPIHKY

«[Tomunkwu» (nus. puc. Jl. 6).

Cropinka «PekoMeHaIii» CKIIagaeThes 3:



Puc. J1.5. Ctopinka «PexomeHgariin

— Ha3Bu recommendations;
— CIHKCKY pekoMeHaanii ¢inpmis, y cymi 30;
— KHOmIKHU «MeHo».

Cropinaka «[ToMHITKIY CKIaTa€ThCS 3:

‘000

Sorry! Page not found. Possible reason(s):

Puc. J1.6. Ctopinka «IToMumkmy

— HOMCPp NIOMUIIKH ;

— [PUYUHU [TIOMUJIKH;
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— kHonku «Go Back to Home Page & Try Againy», nmpu HaTUCHEHHI KHOIKH IOBEPTaE Ha

TOJIOBHY CTOPIHKY.

Ilepernsig MEHIO CUCTEMU:
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Jns nepernsny «MeHI0» HEOOX1THO HATUCHYTH KHOIIKY MEHIO Y BEpXHbOMY IPaBOMY KyTi. MeHto

MaTHUMEC BHUIJISA:

Puc. [1.7. «MeHto» cucremMu

— iH(opMariio mpo cucTemy,
— IIOCHUJIaHHA Ha CIUCOK (D1JIbMIB, IKa BUKOPUCTOBYE CUCTEMA;
— IIOCHUJIaHHS Ha CTOPIHKY PO3pOOHMKA Ta KOHTAKTH,

— KHONKH «MeHIo».



68

Joxarok /I
Software Architecture Document

Recommendation system based on content and collaborative filtering.
Software Architecture Document (SAD)

CONTENT OWNER: Lazukina Polina

DOCUMENT NUMBER: RELEASE/REVISION: RELEASE/REVISION DATE:
e 100 e 100 e 01.06.2021



Table of Contents
1 Documentation Roadmap...............ccccoiiiiiiiiiii e 70
1.1 Document Management and Configuration Control Information................. 70
1.2 Purpose and Scope of the SAD..............ccoiiiiiii 70
1.3 Viewpoint Definitions. .............cccoooiiiiiiiiiii e 70
1.3.1Module decomposition viewpoint definition..........ccoccvvrvvieiiieeiinissiineene 71
1.3.2Data flow viewpoint definitioN..........ccuveiiveriiiee e 71
1.3.3Deployment viewpoint definition..........cecvreeiieiiniinieiiscseee e 71
2 Architecture Background..................ccoooiiiiiii 73
2.1 Problem Background ..................ccooiiiiiiiiiiii 73
2.1.1SYSteM OVEIVIEW.....cviiiiiiiiiiiiii ettt 73
2.1.2G0als and CONLEXLE ....vveuvirieiiieiiiiesiie et 73
2.1.3 Significant Driving ReqUirements ............ccccvreeiieiineenieeniese e 74
2.2 Solution Background ...............ccociiiiiiiinii 75
2.2. 1 Architectural APProaches ........cccoviviiiiiiiiiiie i 75
2.2.2 ANalysis RESUILS .....ccuviiiiiiiieiiiee e 75
2.2.3Requirements COVETAZE. .......cccveieerieeririeeitiaresieesreeeessee e e e nne e 75
B VECWS. ..o 76
3.1 Module decomposition View ..............ccccociiiiiiiinin 76
3.1.1VIEW DESCIIPHION ... 76
3.1.2VIEW OVEIVIEW ...ttt nnee s 76
3.2 Data FIOW VIEW......ccooooiiiiiii s 76
3.2.1VIEW DESCTIPHION ...t 76
3.2.2VIEW OVEIVIEW ...ttt nnee s 76
3.3 Deployment VIEW..........oooiiiiiiiiiiiiie e s 77
3.3.1VIEW DESCTIPHION ...ttt 77
3.3.2VIEW OVEIVIEW ..ttt 77
4 Referenced MaterialS ..o 78
S DHFECLOTY ..ottt s 79
5.1 GIOSSATY .o 79

5.2 Acronym LiSt ... 79

69



70

1 Documentation Roadmap

1.1 Document Management and Configuration Control Information

e Revision Number: 1.0.0
e Revision Release Date: 01.06.2021

e Purpose of Revision: first release of the document

1.2 Purpose and Scope of the SAD

This SAD specifies the software architecture for the recommendation system. All information regarding
the software architecture may be found in this document, although much information is incorporated by
reference to other documents. The Software Architecture Document (SAD) provides a comprehensive
architectural overview of the recommendation system. It presents a number of different architectural views
to depict the different aspects of the system. This document provides a comprehensive architectural
overview of the system, using a number of different architectural views to depict different aspects of the
system. It is intended to capture and convey the significant architectural decisions which have been made
on the system. These structures will be represented in the views of the software architecture that are
provided in Section Ommoka! McTOYHHK CCHIJIKH He HAM/IeH..

1.3 Viewpoint Definitions

As required by ANSI/IEEE 1471-2000, this SAD employs a stakeholder-focused, multiple view approach
to architecture documentation. A viewpoint identifies the set of concerns to be addressed and a view is a
viewpoint applied to a system. In current section are presented and defined viewpoints used in this SAD.
The following table summarizes the stakeholders in this project and the viewpoints that have been included
to address their concerns. In the next subsections, each viewpoint is shortly presented.

Table 1:  Stakeholders and Relevant Viewpoints

Stakeholder Viewpoint(s) that apply to that class of stakeholder’s
concerns

Developer Module decomposition, Data flow, Deployment

Maintainer Module decomposition, Data flow, Deployment

End user Data flow, Deployment

Acquirer Module decomposition, Deployment
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1.3.1 Module decomposition viewpoint definition

1.3.1.1 Abstract. Views conforming to the module decomposition viewpoint partition the system into a
unique non-overlapping set of hierarchically decomposable implementation units — modules.
1.3.1.2 Stakeholders and Their Concerns Addressed. Stakeholders and their concerns addressed by this
viewpoint include
e developers, who use the elements to produce a running version of the system;
e maintainers, who are tasked with modifying the software elements;
e acquirers, who are concerned that projected changes to the system over its lifetime can be made
economically by confining the effects of each change to a small number of elements.

1.3.1.3 Elements, Relations, Properties, and Constraints. Elements of the module decomposition viewpoint
are modules, which are units of implementation that provide defined functionality. Modules are
hierarchically decomposable; hence, the relation is “is-part-of.” Properties of elements include their
names, the functionality assigned to them and their software-to-software interfaces.

1.3.1.4 Language(s) to Model/Represent Conforming Views. UML, using subsystems or classes to
represent elements and “is part of” or nesting to represent the decomposition relation.

1.3.2 Data flow viewpoint definition

1.3.2.1 Abstract. Views conforming to the data flow (pipeline) viewpoint represent the system as a
computational model in which components act as data transformers and connectors transmit data
from the outputs of one component to the inputs of another.

1.3.2.2 Stakeholders and Their Concerns Addressed. Stakeholders and their concerns addressed by this
viewpoint include
e developers, who use the elements to produce a running version of the system;
e maintainers, who are tasked with modifying the software elements;
e users, who will use the final system and need to know basic architecture overview.

1.3.2.3 Elements, Relations, Properties, and Constraints. Elements of the pipeline viewpoint are pipe and
filter. Filter is a component that transforms data read on its input ports to data written on its output
ports. Pipe is a connector that conveys data from a filter’s output ports to another filter’s input ports.
The “attachment” relation associates filter output ports with data-in roles of a pipe, and filter input
ports with data-out roles of pipes. Properties of elements include their names, the functionality
assigned to them and the data transferred between them. The main constraint is that pipes connect
filter output ports to filter input ports.

1.3.2.4 Language(s) to Model/Represent Conforming Views. (a) UML, activity diagram or (b) dataflow
diagram.

1.3.3 Deployment viewpoint definition

1.3.3.1 Abstract. Deployment viewpoints allocate software elements, which are native to a component &
connector style to the hardware of the computing platform on which the software executes.

1.3.3.2 Stakeholders and Their Concerns Addressed. Stakeholders and their concerns addressed by this
viewpoint include
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e developers, who use the elements to produce a running version of the system;

e maintainers, who are tasked with modifying the software elements;

e users, who will use the final system and need to know basic architecture overview;

e acquirers, who are concerned that projected changes to the system over its lifetime can be made
economically by confining the effects of each change to a small number of elements.

1.3.3.3 Flements, Relations, Properties, and Constraints. Elements of the deployment viewpoint are

software elements and environmental elements. Software element is an elements from a component
& connector view. Environmental element is a hardware of the computing platform — processor,
memory, disk, network and so on. Possible relations are ‘“allocated-to”, “migrates-to”, “copy-
migrates-to”, “execution-migrates-to”. Properties of elements include their names, the functionality
assigned to them and the data transferred between them. The allocation topology is unrestricted.
However, the required properties of the software must be satisfied by the provided properties of the

hardware.

1.3.3.4 Language(s) to Model/Represent Conforming Views. (a) informal graphical notations that use
boxes, circles, lines, arrows, and so on to represent the software and environmental elements; (b)
UML, a deployment diagram is a graph of nodes connected by communication associations; (c)
Architecture Analysis and Design Language (AADL) or (d) SysML which are architecture
description languages that provide formal notations for describing deployment views.
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2 Architecture Background
2.1 Problem Background

2.1.1 System Overview

The purpose of this system is to offer the user the different recommendations of films that he can choose
from a variety of methods, which give recommendations films that he likes. The recommendation system
also has a graphical user interface where he can enter two films and score the second, browse the system
menu, and get three variants of film recommendations, each with the best ten matches.

The recommendation system has a graphical user interface. Where there are three web pages. "Home page",
where the name of the system; a field for entering two movie titles and evaluating the second; "Submit"
button; a menu with information about the system and a link to a list of all movies. "Error page", where:
error information; return to the "main page". "Recommendation page", where: system name; top 10 movie
recommendations as a list for content-based; top 10 movie recommendations in the form of a list for
collaborative filtering (item and user based); menu with system information and a link to a list of all movies

It can be concluded that the user interacts with the system step by step and sequentially. If the user chooses
to enter the first film, the second film and its rating, clicks on the "Submit" button, he goes to the
recommendations page, if the user entered movies and rating are incorrect (incorrect name, entered with
errors, not in the list, rating not within 1 -5), the user will go to the error page, where you can go back,
namely to the main page.

If the user wants to get information about the system, he goes to the menu, which contains a description of
the system and a link to a list of two data sets of movies used by the system, otherwise close the menu and
return to the main page, or completely log out.

Software requirements: Windows family operating system (not less than Windows 7)/Linux/Mac OS;
internet connection; Mozilla Firefox web browser (version 8.x).

Therefore, the system should be compact. Cost of the final system (including software and hardware) must
be cheap enough (~60%). System should be modular and flexible to allow further expansion and
modification, support software component changes.

2.1.2 Goals and Context

The web application will have a client-server architecture. As described in previous section, solution should
be modular to support extension of the system and components change. For solution to be modular software
architecture should be modular too. From description several modules can be formed:

e the Main module app.py, which will generate a web application in which Flask is imported and an
instance of the Flask class is created, which will be our WSGI application;

e the Recommendation folder, where 2 recommendation modules, namely: contentbased recom.py,
in which 3 libraries are imported, data reading function, data conversion, pre-processing,
get similarity() function, where Count Vectorizer and Cosine Similarity function, as well as
recommendations function; collaborative recom.py, where 3 libraries are imported,
data processing() function, which performs pre-processing and calculation of similarity matrix,
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get_similar movies() - similarity calculation for movies and get similar users () - for users, two
functions of recommendations getRecomForltems(), getRecomForUsers();

e the Model folder, where our movie data will be in .csv format;

e the View folder - 3 web pages, which consist of page structure (html) and appearance (css);
index.html - will have an input field, "Submit" button, menu button, system description;
positive.html - menu button, system description, list of recommendations; negative.html -
information about the problem and the back button.

These modules can be changed in future. Since it will be a web application, it uses a client-server
architecture that runs on a web server page, the WSGI configuration is built into the framework, and uses
a web browser (client), interacting with the HTTP protocol. This choice is because it is easy to use, resistant
to attacks, and has a quick response to user actions.

2.1.3 Significant Driving Requirements

The main key requirements are the speed of the solution and architecture modularity. The former can be
achieved with efficient algorithm recommendations. The latter can be achieved with the modular style of
system designing, and with the required level of control of cohesion and coupling between software
functions.

Functional requirements, "what" the system must do:

1) introduction of the first film for content-based recommendation, introduction of the second film and its
evaluation for collaborative filtering (films may coincide);

2) checking the films for correctness of input;

3) output error message;

4) output of three different film recommendations;

5) provide information on what kind of system it is and what data set is used;
Non-functional requirements, "what" should be the system:

1) the program must have a user interface:
a. reliable performance (without errors);
b. availability of the interface;
c. efficiency;
d. atransparent and expressive web interface in English, which must have:

e "Main page", where it should be: the name of the system; a field for entering two movie
titles and evaluating the second; "Submit" button; menu where information about the
system and a link to the list of all movies will be placed,

e "Error page", where: error information; return to the "main page";

e "Recommendations page", where: system name; Top 10 movie recommendations as a
list for content-based; Top 10 movie recommendations in the form of a list for
collaborative filtering (item and user based); menu, where information about the system
and links to a list of all movies;

2) entering movie titles in English;
3) ease of operation.
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2.2 Solution Background

2.2.1 Architectural Approaches

Modularity of architecture can be achieved with help of software modules. Each module performs one task
and can be extended or modified to meet new changes that can be presented with new requirements,
hardware and/or software changes. Each module has open external inter-face seen to other modules to
reduce coupling between modules and increase cohesion inside modules.

Primarily the division of responsibilities between the client and the server determines the model of client-
server interaction. It is logical to separate three levels of operations:

e alevel of data representation, which is essentially a user interface and is responsible for presenting
data to the user and entering control commands from him;

e application level, which implements the basic logic of the application and at which the necessary
information processing;

e alevel of data management that provides data storage and access.

2.2.2 Analysis Results

Implemented all the modules that were designed in the previous section. The backend that is responsible
for running the internal part of the web application, namely the implementation of the two models of
recommendations, is working well. The client side of the user interface is successful, so the external
representation and internal implementation do not conflict. Recommendations are given within 4 seconds,
which is a good result.

To measure modularity metrics to measure cohesion and coupling were used. For coupling metrics, CE
(efferent coupling) and CA (afferent coupling) were used. For cohesion, metric LCOM was used. As
solution is small enough and has small amount of methods metrics show small values, which are interpreted
as good results.

2.2.3 Requirements Coverage

Requirements addressed by the software architecture are processing speed of the system and system
modularity. Processing speed is achieved with efficient algorithm. System modularity is addressed in
flexibility, open for extension, possible component changes requirements and this aspect is achieved with
module-based design of software. The user interface includes compliance with all requirements and the
speed of providing recommendations and using the system.

The main requirements are covered and results of analysis provided in previous section.
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3 Views

This section contains the views of the software architecture described in Section 1.3.
3.1 Module decomposition View

3.1.1 View Description

This view partitions the system into a unique non-overlapping set of hierarchically decomposable modules.
The modules that described earlier are given on a diagram.

3.1. View Overview

View represented as diagram built based on UML package diagram notation.

Server
WsaGl

View Web-app{Flask)

T @
index.html negative.html positive.html

Recommendation b

contentbased_recom.py

% collaborative_recom.py

NModel

3.2 Data Flow View

3.2.1 View Description

This view represents the system as a computational model in which components act as data transformers
and connectors transmit data from the outputs of one component to the inputs of another. System in given
view presented as pipeline of modules described earlier.

3.2.2 View Overview

View represented as diagram built based on UML activity diagram notation.
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3.3 Deployment View
3.3.1 View Description
This view allocates software elements, which are native to a client-server architecture.

3.3.2 View Overview

View represented as diagram built with informal graphical notations that use boxes, circles, lines, arrows,
and so on to represent the software and environmental elements for client-server architecture.
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5.1 Glossary

Term

Definition

software
architecture

The structure or structures of that system, which comprise software elements,
the externally visible properties of those elements, and the relationships
among them [Bass 2003]. "Externally visible” properties refer to those
assumptions other elements can make of an element, such as its provided
services, performance characteristics, fault handling, shared resource usage,
and so on.

view

A representation of a whole system from the perspective of a related set of
concerns [[EEE 1471]. A representation of a particular type of software
architectural elements that occur in a system, their properties, and the
relations among them. A view conforms to a defining viewpoint.

viewpoint

A specification of the conventions for constructing and using a view; a
pattern or template from which to develop individual views by establishing
the purposes and audience for a view, and the techniques for its creation and
analysis [IEEE 1471]. Identifies the set of concerns to be addressed, and
identifies the modeling techniques, evaluation techniques, consistency
checking techniques, etc., used by any conforming view.

5.2 Acronym L.ist

APl | Application Programming Interface; Application Program Interface; Application
Programmer Interface

CF | Collaborative filtering

CBF | Content-based filtering

NLP | Natural Language Processing

IEEE | Institute of Electrical and Electronics Engineers

GUI | Graphical user interface

SAD | Software Architecture Document

UML | Unified Modeling Language
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