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Kagheopu ingopmayitinux mexHono2iti

3ACTOCYBAHHA MAIIMHHOI'O HABYAHHA B
PEKOMEHJAIIMHUX CUCTEMAX

Jloneyvkuti Hayionanvruu yHisepcumem imeni Bacuns Cmyca, m. Binnuys

MarmnHe HaBYaHHS BIJITpa€ BaXKIUBY POJIb B CY4aCHOMY CBITi, IEPETBOPIOIOUH
Oarato ramyseu, Bil MEAUIIMHU N0 (iHAHCIB, KEPYBaHHsS JIAHIFOTOM ITOCTaBOK,
Oe3rekwn, irpoBoi iHAYCTpii Ta Oarato iHmmx. [{e qomoMarae Komm'torepaM BUBYATH 3
IITUPOKOTO CMEKTPa JTAaHUX Ta 3/IIMCHIOBATH BUCOKOSKICHI MPOTHO3U a00 pillleHHs 0e3
IPSIMOTO MIPOrpaMyBaHHSL.

Oco06MBO IIIHHOIO € POJIb MAIIMHHOTO HABYAHHS B PEKOMEHIALIMHUX CUCTEMAX,
Kl BUKOPUCTOBYIOTbCS B €JEKTPOHHIM KOMEpIIii, MIOTOKOBOMY BMICTI, COLIaJIbHUX
Memia Ta 1HmMMX cdepax. 3a JIOMOMOIOK QJITOPUTMIB MAIIMHHOIO HaBYaHHS,
peKOMEHJAIlIiHI CHUCTEeMH aHaNI3yI0Th IaTePHH IIOBEIIHKA KOPHUCTyBayiB, ixHI
BIIOJJ00AHHS Ta ICTOPIIO NEPETIAIB, OO MPONOHYBATH HAOUIBII peJeBaHTHI TOBAPH,
¢biIbMU, MY3UKYy, HOBMHM Ta IHIIMH KOHTEHT. Taka mepcoHami3allis MOJIMIIye
3aJI0BOJICHICTh KOPUCTYBAUIB, MIJIBULIYE MPOAAXKI TA 3ATyUYEHICTb.

3HaMEHHUTI MPUKJIaan BKIFOUYaoTh Amazon ta Netflix [1]. Amazon BukopucToBye
MallMHHE HaBYaHHS JUJIsi TIPOMOHYBAHHS TOBApiB, $KI MOXYTh OyTH LiKaBi
KOPUCTYBa4aM, Ha OCHOBI IXHIX ONEPEIHIX MOKYIOK, MeperisaiB Ta BiArykis. Netflix
BUKOPUCTOBYE MAIIMHHE HaBYaHHS ISl MPOMOHYBaHHS (IIBMIB Ta CepialliB, sKi
KOPUCTYBaul MOXYTh 3aXOTITH MEPErJISTHYTH HA OCHOBI iXHBOT iCTOPIi MeperisiaAiB Ta
Brojo0anb. lle Beme 1m0 30UIBIIEHHS 3a70BOJICHOCTI KOPUCTYBadiB, 301JIbIIyE
B3a€MO/IIIO T4, B KIHIIEBOMY PaxyHKY, IPU3BOJUTH 0 3pOCTaHHS JOXO/IIB.

MaivHHe HaBuYaHHS JO03BOJIIE TAKOXX CTBOPIOBATHU [E€TaNi30BaHI MPOTHO3U
BIOJIOOAHP  KOPHUCTYBA4iB HAa  OCHOBI  iXHBOI  TOMEPEAHLOI  IOBEIIHKHU.
BukopHcTOBYIOUM Pi3HOMAaHITHI aJIFOPUTMHM, TakKl K KJIacTepu3allis, Kiacudikaris,
perpecis Ta rMOOKE HABYAHHS, MAIIMHHE HABYAaHHS MOXKE BUABIATU IIA0JOHH Ta
TEHICHIIIT y MOBEIHI{I KOPHUCTYBaYiB, SKi MOKYTh BKa3yBaTH Ha TXHI BI1o100aHHs [2].

PosrnssHemo mpukia, mo0 BUKOPUCTOBYE MAaTpHUHy (HaKTOPU3AIIIIO0, TOMYJISIPHY
TEXHIKY B PEKOMEHJAIIMHUX CHCTEMaxX, 30KpeMa B CUCTEMax, [0 BUKOPHUCTOBYIOTh
KojabopaTuBHy O¢uibTpamito. Mu OyneMo po3riasgaTd npodsiieMy 3 TOYKH 30py
MPOTHO3YBaHHS PEUTUHTIB KOPUCTYBAUIB JIJIsl PI3HUX TOBAPIB.

1. Matpuus peiitunri: Hexaii y Hac € MaTpuIls pedTUHTIB R po3mipoM m x n,

Jie M - KUIbKICTh KOPUCTYBAa4iB, a 1 - KUIBKiCTh ToBapiB. Enement R;; BinoOpaxae

PEUTHHT, KUl KOPUCTYBad 1 JaB TOBapy j. BaxxamBo 3a3HauuTH, 110 OUIBIIICTH



€JIeMEHTIB MaTpulll R, sk mpaBuio, OyayTh HEBiIOMI (KOPHUCTYBadi OLIHIOIOThH
JIMIIIE HEBEJIMKY YAaCTUHY TOBApIB).

2. daktopuzaiiss maTtpuili: Mu xoueMo TpUOIU3UTH R K 10OYTOK IBOX
matputb U (mx k) ta V (k x n), ne k - ue kinpkicts "¢akTopis" (Hampukiazn,
BJIACTUBOCTEH, sKI MOXYTh OINKCATH IHTEPECH KOPHUCTyBadiB  abo
XapaKkTEPUCTUKH TOBapiB). Lle npumyckae, mo peuTuHr R;; MOXKHA BUPA3UTH 5K
CKaJISIpHUN OOYTOK ABOX BEKTOPIB: [-Tr0 psaka marpuii U Ta j-ro cToBmIs
matpuii V.

3. Hapuanusa: Mu xodemo 3Haiitn U Ta V, sKi MiHIMI3YIOTh BIIXWJICHHS MIX
BIJOMUMH PEUTUHIaMHM Ta iX mporHo3amu. Lle MokHa BUPA3UTH SIK ONTUMI3ZALIO
IIJIbOBOI (DYHKIII1, IKa € CYMOIO KBaJIpaTiB MOMUJIOK JIUISI BCIX BITOMUX PEHTHHTIB,
3 I0JIaBaHHSM PETYJIAPU3YI0YOTro YieHa IJIs YHUKHEHHS TTepeHaBUaHHS:

minZ((Rij — Ui * V)2 + Ax (U + [V]?)

ne U; ta V; - ue i-i psanok U Ta j-ii croBnens V BiANOBIAHO, a A - 1ie mapaMeTp

perynsipu3saiii, skuit KOHTporoe macutad Bar U ta V.

4. Iporuno3ysanus: [licns Toro, sik matpuili U Ta V Oyyin HaB4YEeH1, MM MOXEMO
POTHO3YBAaTH HEBIIOMI PEUTHHTH, TEPEMHOXUBIIM BIAMOBIHI BEKTOPU
KOpPHUCTyBay4a Ta TOBapy.

[leld miaxiag BUKOPHCTOBYE MAITMHHE HABYAHHS JUISI BUSBJICHHS CKPUTHX
(dakTopiB, sAKI TMOSICHIOIOTH B3a€EMOJII0 MK KOPHUCTyBadyaMH Ta TOBapaMu. |akuii
aHai3 Moke OyTH BUKOPUCTAHUM /JIs peKOMEH/1allii TOBapiB KOPUCTyBayaM Ha OCHOBI
iXHIX MOMEpeHIX OLIHOK IHIIUX TOBAPIB.

Posrnsaemo iHmmi npukian, mo BukopuctoBye K-HaitOmmxkuux cycimiB (K-
Nearest Neighbors, KNN) nns pexkomenpganii toBapiB. lle myxke mnpoctuii, ane
MOTY>KHUW JITOPUTM MAIIMHHOTO HAaBYAHHS, SKUH MOXe OyTH BUKOPUCTAaHUU B
peKOMeHIaliiHuX cructeMax [3].

1. Bxinni nani: Hexail y Hac € TaOnuiis, 110 MICTUTh OLIHKH, SIKI KOPUCTYyBayi
nanu pi3HUM ToBapaM. KokeH psIoK BIAMOBIJA€ KOPUCTyBauyy, a KOXKEH
CTOBIICIIb BiJIMOBIIa€ ToBapy. Hanpukian:

Tabn.1 — neMoHcTpauiiiHa TaOMUI OIIHOK, SIKI KOPUCTYBay Jalld Pi3HUM
TOBapaM

Tomap 1 Tosap 2 Tosap 3
Kopucrysau 4 3) ?
1
KopucrtyBau 3) ? 3
2
Kopucrypau ? 4 5
3




Tyt "?" BIANOBIa€ HEBIIOMUM OLIIHKAM, IKI MU XOYEMO MMPOTHO3YBATH.

2. OOuwncienHs BiacTtadl: MM BH3HAYaeEMO BIJACTaHbR MDK  JBOMa
KOpPUCTYBauaMH $IK PI3HULIO B I1XHIX OLIHKax JUisi TOBapiB, Kl BOHU 000€
ominuiay. Ile mMoxe OyTtu oOuMcIIeHO, HAMPUKIAA, 32 JOMOMOTOI0 E€BKIIIJIOBOI
BijcTani. Hanpukian, Bincranb Mixk Kopucrysau 1 ta Kopucrysau 2 qist ToBap
le|(4-5)| =1.

3. [Momyk K-nHaitOnmxuux cycinis: s mporHo3yBaHHS HEB1IOMOT OLIIHKK MU
3Haxoaumo K KopucTyBadiB, M0 MarOTh HAWMEHIIy BiJICTaHb 10 JaHOTO
KopucTyBaua (Hanpukiaa, Kopuctysad 1), 1 BAKOPUCTOBYEMO 1XH1 OI[IHKH JJIsI
IPOrHO3YBaHHS.

4. IIporno3yBaHHs: Sk mpaBuiio, MPOTHO30BaHA OI[IHKA € BarOBUM CEpEeAHIM
omiHok K-HallOnmx4ux cycifiB, e Bard OOEpHEHO MPOMOPLIAHI BiJICTAHSIM.
Hamnpuknan, sikio KopucryBau 1 mae nBox Haitbnmxunx cyciniB Kopuctysau ta
Kopucrypau 3, ixni omiaku 11t ToBap 3 € 3 ta 5 BiANOBIIHO, a BIJACTaHI J0
Kopuctysau 1 € 1 Ta 2, Toni nporano3zoBana orinka st Kopucrysau 1 Oyne:

3 5 1 1
(1+ 2)/(1 + 2) = 3.67

[le¥t miaxia BUKOPUCTOBYE MAIllMHHE HAaBYAHHS JIJISI BUSBIEHHS CXOXKOCT1 MIXK
KOPUCTYyBa4aMH Ha OCHOBI iXHIX OIIHOK, 1 TOTIM BUKOPUCTOBYE ITI0 1H(POPMAIIIIO IS
MIPOTHO3YBaHHS HEBIJIOMUX OIIHOK. Lle Moxke OyTH BHKOPUCTAHO AJIS PEKOMEHIallii
TOBapIB KOPUCTYBayaM Ha OCHOBI OI[IHOK, SIKi MOAIOHI /10 HUX KOPHUCTYBadl Jaiu
THIITUIM TOBapam.

3Bakaloud Ha BCE BHKIJIAJCHE BHWINE, MAIIMHHE HABYAHHA € KIIOUYOBUM
€JIEMEHTOM Cy4YaCHUX PEKOMEHJAIIMHUX CUCTeM. BOHO BHUKOPHCTOBYETbCS IS
aHalli3y JaHUX KOPHUCTYBadiB, MPOTHO3YBAHHsS IXHIX BIOJO0OAHb Ta HaJaHHS
MepCOHaI30BaHOro 10cBiay. He3Baxkaroun Ha IeK1IbKa BUKIIMKIB, TAKUX SIK TpoOIeMa
"XOJIOHOTO CTapTy", MPUBATHICTh JAHUX 1 €TUYHI MUTAHHS, TEXHOJOT1i MAITMHHOTO
HaBYaHHS [TPOJIOBXKYIOTh PO3BUBATHCS Ta MIPOCYBaTHCs Biepea [4], BiakpruBaroyu HOBI
MO>KJIMBOCTI JIsl BAOCKOHAJIEHHS PEKOMEHIAIIHHUX CUCTEM.

VY MailOyTHbOMY MOHa OYIKYBAaTH JAJbIIOI0 PO3BUTKY B 00JACTIX TJIMOOKOTO
HABYaHHS, MYJIbTHKOHTEKCTyalIbHUX pekoMeHpaalmiii i1 etmunoro Al. Lli po3BuTku
3p00JIATh peKOMEH IAIII] 111€ OUTBIIT TOUHUMH, OCOOMCTUMH Ta BPAaXOBYIOUMMHU 1HTEpECH
KOPHUCTYBayiB, CTBOPIOIOYM OLIbII 33J0BOJIEH] Ta 3a]y4€Hl ayAUTOPii.

Ha 3aximioune cioBO, MalIMHHE HaBYaHHS € HEBI'€EMHOI0 YaCTUHOIO
pEeKOMEHJAIIMHUX CHCTEM 1 BiAirpae KpPUTUYHY POJb B  3a0e3ledyeHHI
MEPCOHAII30BAHOr0, BIANOBIAHOTO 1 3HAYYNIOTO JOCBIAY ISl KOPHCTYBadiB B
1IU(GPOBOMY CBITI.
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METO/IHU HOBYAOBH INEPHIOI'O OINIOPHOI'O IIVIAHY
TPAHCIIOPTHOI 3A JAUI JIIHIMHOI'O IIPOT PAMYBAHHSI

Jloneyvkuii Hayionanvruul ynieepcumem imeni Bacuna Cmyca, m. Binnuys

TpancnopTHa 3amada — 1€ KJIacHM4YHA 3ajada JIHIHOTO MpoTrpaMyBaHHS, sKa
BUHUKA€ B KOHTEKCTI IUIAHYBAaHHS TPAHCIOPTHUX BaHTAXIB MDK JEKUIbKOMa
JpKepenamMu 1 NpuiMadamu.

[IpoGnema BupilIeHHS TPAHCIOPTHUX 3aJlad € HAJA3BHUYAHO aKTyaJIbHOIO B
Cy4aCHOMY CBITi, OCKUIbKH TpPAHCIIOPTHA JIOTICTUKA CTa€ BCE BAXKIIMBIIIOW IS
e(peKkTUBHOr0 (PyHKLIOHYBaHHS MiJOPUEMCTB 1 KommaHiil. 3agada e(eKTHBHOTO
IUTAHyBaHHS TPAHCIIOPTHUX PECypCiB cTae Jenalii CKJIQIHINIOK, OCKUIBKH BOHA
MMOBHWHHA Bpax0OByBaTH 0arato (akTopiB, TAKWX SK MapIIPYTH, YaC, BUTPATH Ha MAJUBO,
Tapudu Ha TPAHCTIOPTHI MOCIYTH Ta 1HIIIL.

®opMynOBaHHA TPAHCHMOPTHOT 3ajadul — 13 JESKUX M MYyHKTIB BIIIPABICHHS
A Ay, ... A,  (TOCTa4aNbHHMKHM) TOTPIOHO TIEPEBE3TH BaHTAX Yy N IYHKTIB
npuszHaueHHs Bq, B,, ..., B, (cnokuBaui). Bigomi 3amacu MyHKTIB BiANpaBlICHHS U
noTpedu y BaHTaXy MYyHKTIB MPHU3HAUYEHHS, a TAKOXK BUTPATH HA JOCTABKY OJWHUIII
BaHTAXY BIJ IMOCTa4aJbHUKA [0 crooxuBada. [loTpiOHO 3HAWTH Takuil TUIaH
repeBe3eHb, 100 OyB BUBE3CHHUI BECh BaHTaX, 3aJI0BOJICHI BC1 CIIOKMBAYi 1 3arajibHi
BUTpATH Ha MEPEBE3EHHS BaHTaXy Oyinu MiHIManbHUMHU [1].

Jlist 3ammcy MareMaTUYHOI MO TPaHCHOPTHOI 3amavi Oysio BHUKOPUCTAHO
HACTYyIHI Mo3HayeHHs [1]:

aj — 3armacy BaHTaXy B i-My IyHKTI Bianpasnenus (i = 1,2, 3, ..., m);

bj — norpeba y BanTaxi B j-My nmyHKTI npusnadenns (j = 1,2,3, ..., n);

Xij — KUTBKICTh OJJUHUITH BAHTAXKY, IEPEBE3EHOTO BiJl 1-TO MTyHKTY BIAMPAaBICHHS
710 j-TO MyHKTY MPU3HAYCHHS;

Cij — Tapu(u NepeBe3eHHsI OJMHUIL BAHTAXKY BiJl 1-TO IyHKTY BiJANPaBICHHS 10
J-TO TIYHKTY TIPH3HAYCHHS.
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