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Cuctemmn 3aCHOBaAHU Ha capaamu

Cuctem 3acHOBAH Ha capagtbyn KOPUCHMKY Npenopyyyje oHe NPOoU3BOAE Koje Cy HheMy CAINYHMU
KOPUCHMUM OLEHUAM Kao Beoma Aobpe. 3anpaso, 0Baj NPUCTYN NPETNOCTaB/ba Aa aKO KOPUCHUK
A UMa CIMYHO MULL/bEHE KA0 KOPUCHUK b 0 HEKOM CKyny npounsBoaa, Beha je BeposaTtHoha aa
he A MmaTn ncTo mmwberse Kao 6 o ogpeheHom Nnponssoay ca KOjum A Huje ynosHar.
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[akne, 3a pasNNKy o4 CMCTEMA 3aCHOBAHMM Ha caapKajy, oBae je GOoKyC Ha CIMYHOCTMMA
OUEeHa JABa KOPUCHMKA O WUCTMM nNpou3BOAMMA. BeKTop KOpUCHWMKA Cce Mpe/acTaB/ba
oaroBapajyhum pegom m3s maTpuue KopucHoctu. Ca apyre cTpaHe, BEKTOp npou3Boga ce
KOHCTpyulle nomohy oarosapajyhe KonoHe U3 nomeHyte maTpule. MNpasHa nosba y matpuum
KOPUCHOCTU 3ametbyjeMo Hysnama. CTeneH C/IMYHOCTU [Ba KOPUCHMKA UM ABa NPOM3BOAA Ce U
oszae Takohe mepu nomohy Jaccard similarity, Cosine similarity wnn lMupcoHosoe KoeguyujeHma
kopenayuje. CylwuTMHa OBOr NMPUCTYNa jecte y NpeTpasm CANYHUX KOPUCHUKA KOPUCHUKY A 1n
NpenopyLM OHMUX MPOM3BOAA KOjU Cy Ce A0MNanv OBMM KOPUCHMLMMA. YNpaBo Taj npouec
NAEHTUPUKOBaHa C/IMYHUX KOPUCHMKA U NpenopyynBakba OHUX MPOMU3BOAA KOjU Cy Ce HbUMa
HajBMLIEe AoManu ce Ha3nBa capagHuuKko dpuntpuparbe (collaborative filtering).

Y 3aBMCHOCTM 0Z, eHTUTETa M3Mehy KOojuX ce UCMUTYje CIMYHOCT Pas/IMKyjy ce ABe BapujaHTe
OBOr NpuUcTyna:

e User Based Collaborative Filtering (CapagHW4ko GUATPUpPare 3aCHOBAHO Ha
KOPWUCHUKY) U

e |tem Based Collaborative Filtering (CapagHWU4KOo GUATPUparbe 3aCHOBAHO Ha
npounssoay).
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Hepoctauu User Based Collaborative Filtering cy:

e PauyHate CMYHOCTM M3Mehy CBUX KOPUCHUKA ca ogpeheHnmM KOPUCHUKOM je
BEOMA PAYyHCKM 3aXTEBHO M U3NCKYje J0CTa BPEMEHA.

e HaBuKe U yKyCHu Jjbyam ce memajy,

Kog Item Based Collaborative Filtering nspadyHaBa ce canMdyHocT namehy npomssoga Koju cy
Ce KOPUCHUKY HajsuLle J0oNanm N OHUX NPOM3BOAA KOje joll yBeK HMje UMCKycmo. HakoH Tora ce
KOPUCHURY, ¥ Buay Top-N nucte, npeacrtasu oapeheHn 6poj Hajbosbe paHrMpaHux NnpomsBoaa.

360r HaBeAeHUX HedoCTaTaKa, CNOXeHW cucTemu (HNp. AmasoH) ce oKpehy Item Based
Collaborative Filtering npuctyny. Haume, ¢oKycuparbe Ha CIMYHOCTU M3Mehy HeNpoMeH/bUBUX
objekata moxke gosectn Ao 60/bUX pe3ynTaTa, HEro 0CNakbakbe Ha CIMYHOCTM YKYCa PA3INYUTUX
JbyAu, WTO je NpOMeH/bMBa KaTeropuja. Mose ce gecutn ga ce jeaHoj ocobu cBUAEO NPOM3BOL,
ca oapeheHUM CBOjCTBMMA, @ HAKOH KPaTKOr NepuMoga HewWwTo cacBUM CynpoTHo. byayhu aa je
KOZ CNOXEHUjUX cucTema yKynaH 6poj npomssoaa 40CTa Makbk 04 6poja KOPUCHMKA, padvyHare
MaTpULE CINYHOCTU M3Mehy Npon3BOAa 3aXTeBA 3HAYaAjHO Makbe pPavyyHaPCKMX pecypca. Takohe,
edbMKacHMje reHepurcarbe MaTpuLe CIMYHOCTM 3HAUYM K BprKe NnpunarohaBakbe cMcTeEMa Kaga ce y
KaTanor Aogajy HoBu NpPoM3BoOaM.

AKO je maTpuua KOPWUCHOCTM WCNYHEHA WMMMAWMUUTHUM MoJauMma, OHZa je KOPUCHO
Kopuctuth Jaccard similarity. OBa mepa CAMYHOCTU Ce NpeacTaB/ba OAHOCOM 6poja NponsBoaa
KOju cy Ha 06a KOPUCHMKA OCTaBM/a UCTM YTUCAK (peunmo, 1 aKo je Kyn/beH) npema yKynHoMm
6pojy Nnpon3soaa ca Kojuma cy oba KOpUCHUKA MHTeparosanal. Ca Apyre cTpaHe, ako je pey o
EKCNNUMTHUM nodaunma, Hajoosbe je Kopuctutu Cosine Similarity. Kao y caydajy cuctema
6asvpaHum Ha cagpxajy (Content-Based), noTtpebHO je NpBO HOPMaaM30BaTM MaTPULLYy
KOPWMCHOCTK, TPETUPATM NpasHa NoJba Kao Aa je ynucaHa Hyna, na Tek Taga padyHatu Cosine
Similarity.

OCHOBHM HeaoCTaTak KOPUCHUYKM OPjEHTMCAHMX CMCTEMA 3a MPENOPYKY Ce 0O4HOCK Ha T3B.
Cold Start npobnem, Kaga ce HOBU KOPUCHMK MPUK/bYYM CUCTEMY, @ joW YBEK HUje O30 OUEHE
cagp)Kajuma Ha cajTy. Taza ce He MOXKe 04PeAnTU CIMYHOCT ca APYTMM KOPUCHULMMA.

Hajsehu npobnem capagHuukor ¢puaTpmparba jecte npasHa maTtpuua (sparse utility matrix),
Tj. Kaga HeMa A0BOJbHO NoAAaTaKa 3a yTBphMBarbe Ta4HOr cTeneHa CANYHOCTU n3mel)y KopuUCcHMKaA
nnaun npomssoaa. 36or matemaTuyke npuposae popmyne, Hajsehun npobiem NPUANKOM pavyHata
Cosine Similarity ce jaB/ba aKO MOCTOjM CaMO jegaH NMPOU3BOJ, Ca KOjum cy oba KOPUCHUKa
MHTeparoBana. ¥ TOM C/y4ajy, CIMYHOCT je jegHaka jegmHuum 6e3 063mpa Ha MCKa3aHW cTeneH
A0Naa/bMBOCTU jeAHOT U APYror KOpucHUKa. Kako 6u ce nsberao oBaj cueHapmo, padvyHa ce
C/IMYHOCT CaMO Ca KOPUCHULIMMA Ca KOjMMa NOCTOje ABa UM BULLE 3aje AHUYKMX apTUKana. JegaH
Of, HauyMHa 3a npeBasunaxkere sparsity npobnema jecte KnactepoBatbe€ KOPUCHWUKA WU
npousBoaa.

M3a3o.u (challanges): https://en.wikipedia.org/wiki/Collaborative filtering

! Moa nHTEpaKumMjom NoapasymeBamo eKCNAULUTHO OCTaB/bakbe PEjTUHTA 04, CTPaHe KOPUCHUKA UNKU HEeKoT
UMMNIMLUTHOT NOAATKa, KOjU YKa3syje Ha 3aMHTepecoBaHOCT KOPMCHMKa 3a Taj objeKar.


https://en.wikipedia.org/wiki/Collaborative_filtering
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Oapehusare camuHocT nsmehy KopucHUKa

Jaccard vs Cosinus similarity

AKO MaTpMLLa KOPUCHOCTM OCIMKaBa KyNOBUHY Npoun3BoAa, Jaccard camyHocT je gobap nsbop.
Mnak, ako maTpuLa cagpu AeTasbHe oueHe, Jaccard ciMyHoCT ryom ogpeheHe nHdopmaumije.

HP1 HP2 HP3 TW Swi1 SW2 SW3
A 4 5 1
B 5 5 4
C 2 4 5
D 3 3

A 1 B umajy npecek BennuunHe 1, a yHuja je 5. Taga, Jaccard canuHocT je 1/5, a bmxosa Jaccard
yAa/beHOCT je 4/5; Tj. Beoma cy yaasbeHu. Y cynpoTHom, A n C umajy Jaccard canuHocT o 2/4,
TaKo Aa je wuxoBa Jaccard yaasbeHocT ucta, 1/2. To 3Haum aa je A 6amxke C Hero B. LLiTa Kaxke
MHTynumja? A n C umajy pasnnumTo MuL/bere 0 ABa GMUIMA Koja cy rneganu, Aok ce A n B cnaxy
y Be3u jegHor duama Koju cy oboje rneganu.

) 4%x5
cosSim(A,B) = Nrrwree el o 0.380

cosSim(A,C) = 0.322
TpaHncdopmaumja maTpuue KOPUCHOCTU

3aokpyxcusarbe Nno0amaka

JocTa ce yecTo y npaKkcu gelwwasa A3 KOPUCHMUM O3ajy UK BPAO BUCOKE WAW BPJIO HUCKe
oueHe npoussoaMma (items). Kako 61 ce y nOTNyHOCTM efleMUHMCane OBaKBE NojaBe, Ha npumep,
MOrKemo oueHe 3, 4, 5 na cmaTpamo Aa nmajy BpeaHocT ,,1“, a oHe ca oueHama 1, 2 aa cmatpamo
HeolereHUM NponsBoamMma. Taaa, JaccDist(A, B) = %, aJaccDist(A, C) = 1. [IpMMEHOM KOCUHYCHe
CIMYHOCTM HaZ OBAKBUM NoAaLnma 033U Ce 40 UCTOT 3aK/byuKa.

Hopmanuszayuja oyeHa

Hopmanusauymja oueHa KOpPUCHMKA Ce CNpOBOAW OAM3MMAHEM MPOCEYHOr pejTMHra Tor
KOPUCHMKA 04 CBMUX AAaTMX oLeHa. HUCKM pejTUHI nocTaje HeraTmBaH, a BUCOKU PEjTUHT OCTaje
no3uTuBaH 6po;j.

cosSim(A, B) = 0.092; cosSim(A, C) =-0.559
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AyanHoct canuHoctu (The Duality of Similarity)

MaTpuua cAMYHOCTM Aaje MHGOPMaLMje 0O KOPUCHULMMA, NPOU3BOANMA, UK 0be cTBapu y
ncto Bpeme. CBaKka 04, TEXHMKA 3a TPaXKere CAMYHOCTM M3mehy KOpUCHMKA, MoXKe aa ce
MPUMEHM U1 3a TpaxKere CIMYHOCTM n3mely npomssoga. Moctoje gBa pasnora 360r Kojux je oBa
CMMeTpUja y NPaKCKU HapyLieHa (NPUCTyNu He Aajy UCTO peLlerse).

1. CaunyHocT M3mehy KOPUCHUKA ce MoXKe KOPUCTUTM 3a NPenopyKy nNpou3soga. 3a aator
KOpPUCHMKA moXKe ce Hahu ogpeheHn 6poj cAnMYHMX KOpUCHMKA. KOPUCHMKY ce mory
NOHYANTM NPOU3BOAM KOjU cy Hajuewhe KynoBaHW MM KOjU Cy OLEeHEHU BUCOKUM
oueHama. Mnak, Ty He nocToju cumeTpuja. AKo npoHahemo napoBe CANYHUX NPOU3BOAa,
notpebaH je 4oAaTHU KOpaK Aa 6bu ce NponsBoa NPenopyynmo KOPUCHULMMA.

2. Moctoju pa3nuka usmehy camyHoctM usmelly KopucHuKa un u3mehy npoussoaa.
MpounsBogm ce mory KnacudmMKoBaTM BEOMaA je4HOCTAaBHO Ha pas/inyMTe HauyuHe. JegHa
MY3MYKa HyMepa He MOXe Aa npunaga poky 60-ux u 1700 6apoky. Ha gpyroj ctpaHm
NnocToje KOpUCHUUM Koju Bone obe nomeHyTe Kateropwuje. Mocneguvua je ga je nakiie
oApeauTn canvHocT namehy npounssoaa, Hero namehy KOPUCHMKA jep OHU MOTy BONETU
jefaH UCTW KaHp, OOK Y UCTO BPeEME MOTY BONETW TOTAJIHO Pa3/INumUTE KaHpPoBe.

Heku npucTynu y cucteMmma 3aCHOBaHUM Ha capafitbu

1. JepaH jegHocTaBaH NPUCTYN capagHUYKoOr GunTpupara 3a KOPUCHUKA

e 3a KOopUCHMKa A npoHahu 1 HajCIMYHNjUX KOPUCHUKA Ha OCHOBY M3abpaHe meTpuKe (Hnp.
CosSim).

e HanpasuTK CKyn Npou3Boa Koje cy 3abpaHu KopucHuum Kynuan/rneganu/...
MMnAMunTHU nogaum:
a) wusabpatu k nponssoza Koje cy Hajuewhe KynoBaHu uau
b) usabpatn k dpunmosa Koju cy Hajuewhe rneganu.
EKCnAMUUTHM nopauyum:
a) wusabpatu k Hajbos/be oLeHeHUX GUIMOBa.

b) w3abpaTtu k Hajb6o/be ouereHNX GUIMOBA KOjU Cy OLEHEHM HNP. BMLWE 04 5 nyTa.
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2. Knacrepusaumja KOPUCHUKA U NPOM3BOAA

Hekaaa je TelwKo oapeamnTu CAMYHOCTU B1uno nsmehy KopucHuka, 6uno nsamehy nponssosa,
jep Mamo He,0BOJbHO MHPOPMALLMja Y PETKO NOMYHEHO] MATPULLM KOPUCHOCTU. AKO MMaMo ABa
CIMYHa NPOM3BOAA KOja MpMNajajy MUCTOj KaTeropuju, manm cy usrneam aa he nocrojatm nyHo
KOPMCHMKA KOjW Cy KYMUAM UM OLLEHMAM TE MPOMU3BOAE.

JegaH opg npuctyna ga ce pewwu oBaj npobnem je Knactepusaumja npoussoga u/wmam
KOPWUCHMKA. Ha npumep, moxKe ce ypaguth Knactepmsaumja nponssoda M3 nasere AOCTYNHUX
npoussoga. Puamosu ce mory KnactepmsoBaTtu y Tpu KaTeropuje HP, TW, SW.

Kaga cy npoussoam noges/beHn No KnactepyMma, HOBa MaTpuLLa KOPUCHOCTU caja YMecTo
KOJIOHA 3a NPOM3BOAE MMa KOJIOHE KaacTepa, Npu Yemy je oueHa 3a KopucHuKka U n Knactep C
npoceyHa oLeHa Kojy je KopucHuk U gao camo ouereHMm npoussogmuma us C. Y cayyajy ga
KOPUCHUK HWje oLeHNOo HujegaH npounssos n3 C, Taga oueHa ocTaje npasHa.

Capa ce oBa HOBa MaTpuLLa MOXe Oa/be MeaTH, NpPU Yemy ce caZia MOry K1acTepmnsoBaTu
KopucHuumn. Kao 3a cayyaj npomssoga, spegHocT 3a U-knactep i I-knactep je npoceKk oueHa
KOPWUCHMKA Y MOCMaTPAHOM KaacTepy npou3soaa. lNpouec ce moxe NoHaB/baTu BULLE MyTa aKo
nma notpebe, 1 3a KOPUCHUKE M 3a NPOU3BOAE.

YKOJIMKO XeNnmo ga Nnpeasuanmo oueHy 3a KopucHuKa U n npounssog I
a) NMpoHahwu Knactepe Kojuma KopucHuk U 1 npounssog | npunaaajy, Hnp, Cu D.

b) Ako BpegHocT 3a Cu D Huje npa3Ho Nosbe, Taga y3eTu Ty BPe4HOCT Kao NPoLeHeHy OLLEHY
3a U-l nosme.

c) Ako je BpeaHoct 3a C 1 D npasHo nosbe, Taga ga 6u ce npoueHuna oueHa 3a U-l noswe
Tpeba uckopuctutn npuctyn (*) roe ce oBa oueHa ogpelhyje Ha OCHOBY CMYHUX KNacTepa
3a C nan D. 3a Buwe nHpopmaumja Ha Koju HaunH ce CBe MOKe aAedUHMCATU CANYHOCT
namehy ckynosa (Knactepa), norneaaTtu nornassbe 3 Kbure Mining of Massive Datasets,
Jure Leskovec.

3. KNN cuctemu 3a npenopyky

CucTeMn 3aCHOBAHM Ha CapaghbW reHepully AUCTY MPenopyYyeHux NpousBoga Ha OCHOBY
cAMyHocTM Mamehy objeKkata (KOpUCHUKa Man npoussoaa). Mehytum, oBakBM CUCTEMM HEMAjY
MoryhHOCT Aa npeaBuae PejTUHT HEKOr NPOU3BOAA, KOjU MOXKE MOCAYKUTU Kao KpUTEPUjYM Ha
OCHOBY Kora ce popmupa Top-N nucra.

KNN (K Nearest Neighbours — K Haj6anxux cycena) cuctemm ynpaso OTKNamajy HaBeaeHu
HeaocTaTaK. Kao u y cnyyajy capagHuukor ¢untpuparba, nocrtoje ase spcte KNN cuctema:

e KNN cuctemu 3acHOBaHM Ha KOPUCHURY (user-based KNN)

e KNN cuctemu 3acHoBaHM Ha npoussoay (item-based KNN)
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Y HactaBky je pata wema KNN cucTema 3aCHOBAaHMX Ha KOPUCHWMKY, Koja MpuMKasyje
npepsuhatbe oueHe KojoM 61 KOPUCHUK U OLEHMO NPOU3BOA, i.

MaTtpuuy KopucHocT1 Tpe6a HOpMaN30BaTH HA NMOYETKY.

MpoHahu k HajcAMYHMjUX KOPUCHMKA
KOPMCHUKY U, a KOjU CY OLEHNAM NPOM3BOL, I.

Ypagutn noHgepucarbe oueHa ca
sBpeaHowhy dyHKUMje CAMYHOCTU KOPUCHMKA
U W CBAKOT NojeaMHavYHOr KOPUCHMKA.

MNpeaukumja pejTuHra

ZUEN{((u)(sim(u, V) Tyi)

ZveN{C(u) sim(u, v)

Tui =

Ty = NPeAUKLUMja pejTUHIA KOPUCHMKA U 3@ NPOU3BOA, [
Nl-k(u) - ckyn k HajbAnKMX KOPUCHMKA KOPUCHUKY U KOjU CYy OLLEHWU/IU NPOU3BOA, i

sim(u, v) - dyHKUMja CAMYHOCTM KOja payyHa CTeneH CAMYHOCTU n3Mmehy KOPUCHUKA U U ¥
(Hnp. Cosine Similarity).
Tyi - PEJTUHT KOjUM je KOPUCHUK ¥V OLLeHNO NPOon3BoA, I

%k %k 3k 3k %k %k %k %k % %k *k %

Jow jepaH oA HauMHa Aa ce nNpeaBUAM BPeAHOCT KOjoM 61 KopUCHMK U oueHno npoussog, |
je Aa ce npoHahe n KOpUCHUKA (33 HEKO yHanpea 3a4aTo 1) KOju Cy HajCANYHUjU KOPUCHUKY U 1
oApeau HUXOB NPOCeK oueHa 3a npoussoga |.

MaTpuuy KopucHocT 06aBe3HO HOPMaAIU30BaTH.

MpBo ce ogpehyje npoceyHa oueHa npomnssoaa | (Tj. npocek fobujeHe pasnnKe 3a CBaKy OLEHY)
33 OHe m3abpaHe KOPWUCHMKe Koju cy oueHunu npoussog |, a 3aTmm ce oBaj npoceKk godaje
NPOCEKY CBMX OLEeHA Koje je KopUCHUK U fao cBMM Herosum nponssoauma. Npumep 6a0r

Ha oBaj HauMH ce nponarohaBa npoueHa y cayyajy Aa KOpUCHMK U uma TeHAEeHUMjy AaBatba
BEOMA BMCOKUX UM BEOMA HUCKUX OLLEHA UM 3@ C/TYYaj 43 BEMKN A0 CIMYHUX KOPUCHUKA MMa
TY UCTY TeHAeHUNjy. Popmyna je gata y HaCTaBKy:

ziEusers Sim(u7i)*T’iP
ZiEusers |8?,m(’u,,z) ‘

TFup — Tu +


https://www.geeksforgeeks.org/user-based-collaborative-filtering/
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NaeHTUYaH NocTynakK ce npumetsyje u Kog, item-based KNN cuctema.

k-nearest-neighbors

.-»l-»l

Nurepartypa: Jure Leskovec, Anand Rajaraman, Jeff Ullman, Mining of Massive Datasets, Second
edition. Cambridge Universiy Press, 2014.



