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* Kivntpo
* [po@iA XpnoTtwv
— pera-0inenon (Post-Filters)
— Tpo-diIenan (Pre-Filters)
— ZeXwpIOTA onueia avagopdg
» XuvepyaTikr) EmAoyr/Ainenon (Collaborative
Selection/Filtering)

©
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Kivntpo

Mapadeiypara Kpitnpiwv Aldkpiong XpnoTwv

* AlaTTOTWOEIG
— Aev €xouv Aol 01 XPAOTEG Ta idIa XOPOKTNPIOTIKA
— Apa dev £xouv oUTE TIG iBIEG TTANPOPOPIOKESG AVAYKEG

*  ZKOTOG: MNpoocappoyr| TG AEITOUPYIKATNTOG OTA XAPAKTNPIOTIKG
KQI TIG AVAYKES SIAQOPETIKWV XPNOTWV

Yannis Tzitzikas, U. of Crete, Spring
nne

(CS-463, Information Retrieval Systems

» Eoikeiwon pe TNV TEPIOXA TNG £TTEPWTNONG
— XpnoTng pe AA atnv MANpo@opIikA Waxvel yia I0TPIKEG TTANPOPOPIEG
— g="theory of groups”
« sociologist: behaviour of a set of people
+ mathematician: a particular type of algebraic structure
* NA\woolIkég IkavoTnTeg
— ZeAideg aTa yaAAikd (oK yia dpopoAdyia TTAoiwv, dlackédaan, 6xI OPWG yia
@INOCOPIKA KEeiPEVA), OEAIDEG HE YIOTTWVEIKA (TITTOTA)
*  ZUYKEKPIMEVEG TTPOTINAOEIG
— gyypaQn o€ TEPIOdIKO
— TTapakoAoUBNan SOUAEIGG CUYKEKPINEVWY OUYYpa@Ewy (TT.X. Salton)
* Mop@wrTikd eTiTred0
— Xpnotng pe Mav/kd Mruxio vs XproTtng pe MNvwaoeig AnuoTikou

Yannis Tzitzikas, U. of Crete, Spring 4
nne
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Mpo@iA XpnoTtwv

["evikoi TpoTrol AgloTToinong Twv Mpo@iA Katd TNV AvAkTnon
MAnpo@opIwv

* [Mpo@iA XpnoTwv:
— MEOO SIGKPIONG TWV XPNOTWV BACEI TWV XAPAKTNPIOTIKWVY KAl
TTPOTINHOEWV TOUS
* Moper
— Agv uTtdpXEl KATTOIQ TUTTOTTOINKEVN HOPPT
— MmopoUpe va Bewpriooupe OTI €XEI TN HOPPNA HIAG ETTEPWTNONG

Mpo@iA XpnoTwv kal HOIKA
(a) Eival «0pB6» va TrepIopifoupE Ta aTTOTEAETATA;
(B) 1d1wWTIKOTNTA KOI TTPOCTOCIC TIPOCWTTIKWY dedopévwy (Privacy)
— Av €xoupe TTOAU AeTTTOPEPT TTPOQPIA
+ Tolog €xel Sikaiwpa va BAETTEN Ta TTPORIA;
« [loiog ptropei va eAéyxel Kal va aAAGdel Ta TTPOQIA;
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* A) Meta-0in6non Baoel mpo@ih (User Profile as a post-filter)
— EBw 10 TPO@IA XpnoiyoTTIoIEiTal KATOTTIV TNG ATTOTIUNGNG TNG OPXIKAG
ETTEPWTNONG
— H xpnon mpo@iA augdvel To UTTOAOYIOTIKO KOOTOG TNG AVAKTNONG

* B) lMpo-6in6non Baoel mpo@ik (User Profile as a pre-filter)
— EJW 1O TrIpO@IA XpNOIUOTIOIEITAI IO VO TPOTTOTIOINCEI TNV OPXIKN
ETTEPWTNON TOU XPNOTN
— H xpnon Tpo@iA kal N TPOTTOTTOINGN ETTEPWTHCEWV deV QUAvEl KaTE avaykn
TO UTTOAOYIOTIKG KOOTOG TNG AVAKTNONG

* C) Emepwrtnan kai Mpo@il wg EexwploTd onueia avapopdg
— (Query and Profile as Separate Reference Points)
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(A) MeTa-01InBnon Bdoel MpoiA
(User Profile as a Post-filter)

* MéBodog:
— H apxIkn £mepWTNON UTTOAOYIETAI KAVOVIKG
— Ta amroteAéopata opyavwvovtal BAel TOU TTPOPIA
* Avadidtagn oToIXEiwV amavInong
* ATTOKAEIOPOG OPICUEVWY EYYPAPWY
* YTroAoyIoTIkG KOOTOG
— H xprion TTpo@iA dev PEILVEI TO UTTOAOYIOTIKO KOOTOG
— AvTiBeTa, el0aydyel £va TTapaTrdvw UTToAoyIoTIKG OTAdIO
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B) I"Ipo—6|r']6r]0r] BdO’SI ﬂpocpl')\ (User Profile as a Pre-filter)
Mapdaderypa Tpotrotroinong Emepwrioewy:

! Chili B Rrofile2
»@ Q'2
eQ
Spiciness éQ1 i )
Mapddelypa pe 2 d100TACEIG
Chicken g
[l Profile
0 t Ice cream
]

0 Calories

Mpo@iA xpRoTn TTou nbonudsl eAa@pPIG Kal OxI TTIKAVTIKA gaynTa
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TeXVIKEG TPOTTOTTOINONG ETTEPWTIOEWV

(B.1) Simple Linear Transformation
— MeTakivei To didvuopa TTPog TNV KatelBuvan Tou TTPO®IA
(B.2) Piecewise Linear Transformation
— MeTakivei To didvuopa TTPog TNV KateuBuvan Tou TTPO@IA BACEI TTEPITITWOEWY

Yannis Tzitzikas, U. of Crete, Spring
nne
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(B.1) Simple Linear Transformation
(a1rASG YPOAUUIKOG ETAOXNUOTIONOG)

‘Eotw g=<q1,...,qt>, p=<p1,...,pt> (qi, pi Ta Bdpn Twv diIAVUCPATWYV)

TpoTroToinon £1TePWTNONG g (KA1 0pICPOG TNG q') :
q’ =kp;+(1-k) g; yiaéva O<k <1

MepimTwoeig

* Av k=0 16TE Q' =q (N €TEPWTNON PEVEI avaAAoiwTn)

* Av k=1 16T ' = p (n V€ ETTEPWTNON TAUTICETAI PE TO TTPOPIA)
*  O1evdiGueoeg TINEG TOU K gival EVOIAPEPOUTEG

Yannis Tzitzikas, U. of Crete, Spring 10
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(B.2) Piecewise Linear Transformation

* Edw n TpoTrotroinon Twv Bapwyv TpoadiopileTal Ye éva oUvolo
TEPITITWOEWV
* [epimTwoelg:
(1) 6pog TTOU PPAVICETAI KAI GTNV ETTEPWTNCN KAl GTO TTPOPIA
* €QAPHUOLOUPE TOV ATTAG YPOUUIKG HETAOXNUATIOUO
(2) 6pog TToU epPavifeTal YOVO OTNV ETTEPWTNAN
* agrivoupe To Bapog Tou dpou apeTABANTO i TO peIVoUpE EAa@Pd (TTX 5%)
(3) 6pog TToU euPavieTal YOVO OTO TTPOYIA
+ dev KAVOUpE TITTOTA, A £I0AYAGYOUHE TOV OPO OTNV ETTEPWTNON AAAG pE HIKPO Bapog
(4) 6pog TToU dev EPPAVICETAI OUTE OTNV ETTEPWTNGT OUTE OTO TTPOPIA
* Ogv KAVOUWE TiTTOTOl
* TMapdadeiyua
-p=<5 0 0 3>
-q=<0, 2 0 7>
- q=<125,150 6>
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(C) Emrepwtnon kai Mpo@ih wg EexwpIoTd onueia ava@opds
(Query and Profile as Separate Reference Points)

» [pooéyyion
— Edw Bev TpoTroTroigiTal n apxIKr £MEPWTNON
— AvTiBeTa KaI N ETTEPWTNON Kal TO TTPOPIA AapBdvovTal EeXwPIoTd uTToWn
kaTd Tn diadikagia TNG BaBUoAdYNoNg Twv eyypapwyv
* EpwtAiuata
— NMwg va ocuvdudooupe auTd Ta duo;
— Zg TTOI0 VO BWOOUNE TTEPITaATEPO BAPOG KAl TTWG;
* Ymo6ean epyaaoiag
— ‘EoTtw 611 n avdkTtnon yivetal Baoel piag cuvdptnon amréotaong Dist
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Tpd1T0I CUVOUOCHOU TTPOPIA KAl ETTEPWTNONG

Tpotrol cuvduaopou TTPo@iA kai eTepwtnong (I1)

P q
(1) To d1aeukTikd povTéAo (TO AiyOTEPO QUATNPO)
— ‘Eva d aviikel aTnv amm@vrnon av:

N
— (Dist(d,q) <L) OR (Dist(d,p) <L) p g
- EvahhakTik Siatomrwon: min (Dist(d,q), Dist(d,p)) <L @ @
— gival To AiyéTepo auotnpd
— (Dist(d,q) <L) AND (Dist(d,p) <L) @
— max (Dist(d,q), Dist(d,p)) <L
— ¢ival To Mo auoTnpod
— n amdvinon givail n Tour) Twv ans(p) kal ans(q) (e KATWOAI

* av 1o q atméxel TToAU atmd To p, TOTE n aTravTnon Ba gival Kevi

(2) To guleukTik6 povTéAo (TO auoTNPATEPO)

(CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 13
&

(3) To eMelwoeIdEG povTéAo
— Dist(d,q) + Dist(d,p) <L
— Kaho6 av 1o d Kai To p dev aTTEXOUV TTOAU
* Qv aTréXouV TTOAU TOTE PTTOPET va avakTnBoUv TTOAAG Un cuvagr) Ue Kavéva

Yannis Tzitzikas, U. of Crete, Spring
nne
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Tpotrol cuvduacopou TTpo@iA kai erepwTtnong (I11)

Mwg pTopoUpe Kabopioouue TN OXETIKA BapuTnTa
ETTEPWTATCEWY KAl TTPOIA;

(4) To oBA&A povtélo Tou Casini
— Dist(d,q) * Dist(d,p) < L
— av 70 d Kal To p €ival KOVTd, TOTE OPOIAZEl PE TO EANEIPOEIBES
— av atméXouv Aiyo TOTE POIALEl NE PUOTIKI
— Qv aTréX0oUV TTOAU TOTE €XEl TN Hop@r) Tou 8
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* Bdpn ptropoulv va pooTeBolv oTa TTponyoUeVa HOVTEAQ:
— min (w7*Dist(d,q), w2* Dist(d,p)) <L
— max (w1*Dist(d,q), w2*Dist(d,p)) <L
— w1*Dist(d,q) + w2*Dist(d,p) <L

//51ageUKTIKO
/louCeukTikd

leANNelyoEIBEG

» oT0 Cassini d¢ev ival TTOAU KOAS a@oU €xEl TN HOPPK YIVOUEVOU.
Edw eival TrpoTipoTEPO Ta BApn va ekppacBolV wg eKOETEG:
— Dist(d,q)*? * Dist(d,p)*? <L

/ICassini

Yannis Tzitzikas, U. of Crete, Spring
nne
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Mpo@iA XpnoTwyv Kai
AgloAdynon AtroteAeopaTIKOTNTAG AVAKTNONG

ZuaTrpaTa MoAAaTTAWY Znueiwv Avagopag
(Multiple Reference Point Systems)

* Mo&vo TTEIPaPaTIKG JTTOPOUUE VA aTTo@avOoUE yia TO TTold
TIPOOEYYION €ival KAAUTEPN, I VIO TO OV QUTEG Ol TEXVIKEG
BeATILOVOUV TNV OTTOTEAEGUATIKOTNTA TNG AVAKTNONG

* H meipaparikr agloAdynan [Sung Myaeng] atrédeige OT1 01 TEXVIKEG
QUTEG BEATILOVOUV TNV OTTOTEAETUATIKOTNTA
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KivnTtpo
« AuvaToTnTa XPAONG TTEPICOOTEPWY TWV 2 CNUEIWV ava@opdg
— Zmv ponyoUdevn oulrTNon ixape duo onueia avapopdg: TNV ETTEPWTNOT KAl TO TIPOIA.
Opioude:
— Znpeio Avagopdg (reference point of point of interest) =
‘Eva opiouévo onpueio 1j évvoia wg mpog TNV ormoia HITopoUlE va
Kpivouue éva éyypagpo

Mapadeiypata onueiwv ava@opdg:
— éva yvwoTo £yypago
— éva 0UVOAO YVWOTWV EYYPAQWY
— €vag ouyypagpéag f éva GUVOAO CUYYPaPEWY
— £éva yvwoTo TePIodIKO
— MO XPOVIKH| TTEPiIOdOG

Mwg pTTopoUpEe va opicoupE €va

onueio avagopdg atroé éva oUvolo

eyypaowv C cD;

Amdvinon: @swpoupe OTI UTTApXE

€va TEXVNTO €yypago, To centroid

document

— 70 BApn Tou SlaviopaTog Tou

TIPOKUTITOUV TTAIPVOVTAG TOV PETO
PO TWV BApWV TWV eYyPAPWY TOU
c
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>uoTrpaTa MoAAaTTAWY Znueiwv Avagopdg
(Multiple Reference Point Systems)

* Xnueia avagopds: R1,... Rn
* Bapn: wi,...wn, Z wi=1
* || || peTpikA (OuvdpTnon améoTOONG)

* Mapatnpnoeig
— Ta mapakdTw gival avegapTnTa TNG METPIKAG TTOU XPNCIUOTTOIOUHE
— MJTTOPOUNE VO XPNOIUOTTOINOOUHE OTTOIadNTIOTE PETPIKN arméaTaons i
opoIeTNTAS EMOUUOULE

» Aiiobntika: Eivar oav va k@voupe Avékrnon lNAnpogopiag
xpnaipomoiwvrag MNOANES eTepwTAoEIS Tautdxpova
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Multiple Reference Points: Mathematical Basis

* Od yevIKEUOOUE Ta PHOVTEAQ TOU DIOBIGOTATOU XWPOU TTOU EXOULE
non o¢i:
— min (w7*Dist(d,q), w2* Dist(d,p)) <L
— max (w7* Dist(d,q), w2*Dist(d,p)) <L
— w1*Dist(d,q) + w2* Dist(d,p) <L
— Dist(d,q)*" * Dist(d,p)*2<L

* AnAadn:

min (w1*Dist(d,R1), ..., wn* Dist(d,Rn)) <L

//51ageUKTIKO
/louCeukTikO
/leANelyoeIdég
/[Cassini

/1d1ageuKTIKO

— max (w7*Dist(d, R1),..., wn*Dist(d, Rn)) <L //ouZeukikd
— w1*Dist(d, R1) + ... + wn*Dist(d, Rn) <L IleNNepoEIdEg
— Dist(d, R1)#? *..* Dist(d, Rn)#" <L //Cassini

* 1) oUVBUAONOG TWV TTAPATTAVW

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring
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AMNEG TEXVIKEG (TTOU £xoupe 110N &¢l) TTou BonBouv Tnv
eCaropikeuon

* Opoadomroinon (Clustering): BuunBeite To pdBnua Tepi
opadoTToinong Kail EmMTOTTag avaAuong
— Mrmropei va dwoel AUon oTo TTapddelyua:
— g="theory of groups”
« sociologist: behaviour of a set of people
» mathematician: a particular type of algebraic structure

» Texvikég BeAtiwang Ardvinong Emrepwtriocwy (avaTpo@oddTtnon
ouvaQEIag)
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ESaTtopikeuon péocw
ZuvepyaTiking EmiAoyncg/Aindnong
Personalization using
Collaborative Selection/Filtering

Mapdadeiyua

Our Price: $15.15

Avallability: Usially ships within 24 hour

Shopping vrith us s
10090 safe.

Customers who bought this book also bought:
* Reinforcement Learning: An Introduction; R. S. Sutton, A. G. Barto
* Advances in Knowledge Discovery and Data Mining; U. M. Fayyad

* Probabilistic Reasoning in Intelligent Systems; J. Pearl
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Product Rating by Users

Thank you for your fradback.
we've item below to the kst of [bems vou ow. To help s imorove your ecommendations, please rate

Product rating

Cite wandow
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2uvepyartikr) ETAoyn/AInénon

Baoel Twv KaTayeYPAPUEVWY TTPOTINACEWY

MpoBAewn TTPOTINACEWG VOGS XPNOTN

Tou 16iou Kal GAAWV XPNOTWV.
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Mapadeiyua: EmAoyn EoTiaTtopiou

* KAaooikn MNMpoocéyyion:
— XapakTnpifouye Ta eGTIOTOPIA BATEI EVOG TTETTEPATUEVOU TUVOAOU KPITNPIWV
(koudiva, k6oTog, ToTroBeaia). O1 TTPOTIUATEIG EVOG XPNOTN EKPPAovTal UE
Hia guvdptnon agioAdynong TTavw o€ auTd Ta KpITApIa.
* Melovektrpata
— ZTnVv €mAoyr OpWG EVOG ECTIATOPIOU EUTTAEKOVTAI KAl GAAOI TTAPAyOVTEG
(atrepidpioTol oTOV apIBPAG) TTou dUoKoAa Ba uTTopoUcav va EKPPACTOUV HE
gaQAVvEId, OTTWG:
* TO OTUA Kai n aTgéogaipa, n diakdéounon
* 1 umréAoITTn TTEAATEIA, TO TTAPKIVY
* nyerrovid, n diadpopr| TTPOG TO ECTIATOPIO
* 1 €GUTINPETNON, 01 WPES AeIToupyiag, Ta ... oepRiTola
* Oa BéAape va ptropoUlpe va TTPOBAEWOUE TIG TIPOTINATEIS XWPIG
va 1TepIopI{OpaaTe o€ £va oTaBepd oUVoAo KpIThPiwy
— XWPIG Kav va XPeIaoTel va avaAUOOUUE TOV TPOTTO TTOU OKEPTETAI O XPROTNG
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H KAaooikr) Avaktnon Kelpyévwy

OpoIéTNTa GpWV
Bdaoel Twv eyypaewv

sim(k1,k2)
Opol
ky K o kg
. OuoIoTNTA EYYPAPWV
d, Wy Wy e Wy Slm(d1,d2) ll n IVVP P
. dy Wy Wy o W Bdoel Twv Aégewv
Eyypaga k ) . «dot product
cosine
. . . . *Dice
dn Wln W2n Wln «Jaccard
0 Wiq Wy o Wy
Wi = {0,1}
w;; =t idf;
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Xpnoteg avti Opwyv

OpoI6TNTa XPNOTWV
Bdoel TwV TTPOTIUACEWY TOUG
sim(ut,u2)
XpnoTeg
Up Uy o U . .
dy Wy Wy oo Wy sim(d1,d2) 0!10|01n10 svvpuc’pwv
Eyypaga dy Wy Wy o Wy «dot product Bdoel Twv (TTPOTIPACEWV
Co : ~cosine TWV XPNOTWY
: . . . *Dice
dn Wln W2n Wln «Jaccard
A Wiq Wy o Wy
Wi = {0,1} > 0: Bad, 1: Good

Wi = tfiyj idf;===> W, ; :BaBpés mpotipneng Tov ypiioT i 670 Eyypagoe j, my {1,2,3,4,5}
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Xpnoteg avti Opwyv

‘Eyypaea

Wi ™ {0,1}

*  A@oU dev xpnalpoTroloUPe AEEEIG, Ta
«E€yypa@a» PTTopEi va eival oTISATTOTE:
— Gwroypagieg, BIBAia

OpoI6TNTa XPNOTWV
Bdoel TwV TTPOTIPACEWY TOUG

. — HAekTpIKEG ZUOKEUEG
SIm(U1’UZ) — Eomardpia, MededomrwAcia
— Kivnuatoypa@ikég Taivieg
Xpnoreg — TnAeotmikd Mpoypdppata
U Uy e U _ — -
dp Wyp Wop oo Wy sim(d1,d2) !.IOIOTI’]TC( svvpu?wv
d, Wi Wy oo Wy «dot product Bdoel Twv (TTPOTINACEWV
Co : -cosine TWV XPNOTWV
¥ o : +Dice
dn Wln W2n Wln «Jaccard
a4 Wiq Wy o Wy

===> (): Bad, 1: Good

W= tfi,j idf;===> W, ; Babpog mpotipmong Tov xpiom i oto éyypago j, my {1,2,3,4,5}
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MavTeUovTac TIC TTPOTIUACEIC EVOC XPNOTN

OpoI6TNTa XPNOTWYV
Bdoel Twv TPOTIHACEWY Toug | O XprioTng ut Sev éxel
BaBuoAoynoei (ekppdoel Babud

sim(ut,u2) TIPOTiUNoNG) yia 1o d1.
MTTOpOUNE VA TOV HAVTEWOULE;
XpnoTeg
U1 uz - ra
dy owyy Wy sim(d1,d2) O!JOIOTr]Td Evvpac’pwv
Eyypaga L W.12 w'22 «dot product Baoel Twv (’Trponpr]oswv
i scosine TWV XpNoTwv
X o -Dice
dy Wiy W +Jaccard

Wi = {0,1} ===> 0: Bad, 1: Good
W= tfiyj idf;===> W, ; Babpog mpotiumang tov xpiom i oo éyypugo j, my {0,1,2,3,4,5}
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YTroAoyiopoc MpoBAEwewy Kal UCTACEWY

Prediction

OpoI6TNTa XPNOTWV
Bdoel Twv TPOTIHACEWY Toug | O xprAoTNG ut Sev €XEl
BaBuoAoynoei (ekppdoel Babud

sim(u1,u2) TIPOTiUNONG) yia 1o d1.
MTTOpOUNE Va TOV HAVTEWOULE;
Xpnoteg
u, U, . .
dy Wiy Wy sim(d1,d2) OIpmo-rrrru svvpu(’pwv
Eyypaga d,z W.lz W.22 «dot product Baoer Twv (’Trponunoswv

. ~cosine TWV XpnoTwv

: . . . *Dice

dn Wln W2n Wln «Jaccard

Recommendation

Computing recommendations for a usér u:
1/ Predict values for those cells of u that are empty, and
2/ Select (and give the user) the highest ranked elements

Yanmis Fzitzikas, U-of €rete; Sprim
nne

€8=463 nformatiom Retrievat-Systen

Mapddeyua TNG diagopdg peTagl MpdBAewng Kal ZUoTAONG

» Prediction
— e.g.: ET3 channel has tonight the movie “MATRIX”, would | like
it?
* Recommendation
- e.g. recommend me what movies to rent from a Video Club

(CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 32
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How can we compute recommendations?

Nearest Users:

Xproreg

their ratings infer w(u,,di)
i (or compute recommendations).
Eyypaga

Nearest Items:
find the nearest (most similar) item and from

Uy Up oo Uy its rating infer w(u,,di)
[di wy wy - ] v
. d, Wy Wy ... Wy
Evvpagal ° 7 . (compute recommendations):
: . find the items that are similar to other
N % items the user has liked in the past

Yannis Tzitzikas, U. of Crete, Spring
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find the nearest (most similar) users and from

How we can compute recommendations.
Nearest Users

Xproreg

Objective: Compute w(u,,di)

‘Eyypaga
» Algorithm Average
— Let Sim(u,) = the users that are similar to u,
« E.g. k-nearest neighbours
— w(u,di) = average( {w(u,di) | u € Sim(u,)} )
» Algorithm Weighted Average

— As some close neighbors are closer than others, we can assign higher
weights to ratings of closer neighbors

— w(u,di) = X sim(u,, u)*w(u,di) where u e Sim(u,)
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Mapddeiypa TPoRAewng Bdoel Twv 3 KOVTIVOTEPWV
XPAOTWV Kal HETPO ATTOOTAONG TN WETPIKN L,

Tony Manos Tom Nick Titos|Yanhis
PizzaRoma 4 5 1 2 5
PizzaNapoli 3 3 1 1 4

PizzaHut 1 2 5 4 1
@ 2 1

PizzaToscan:

D(Tony, Yannis) = sqrt [(4-4)2+(3-3)2 +(1-2)7]=1
D(Manos, Yannis) = sqrt [(5-4)2+(3-3)2 +(2-2)%]=1
D(Tom, Yannis) = sqrt [(1-4)2+(1-3)2 +(5-2)]=4.69
D(Nick, Yannis) = sqrt [(2-4)?+(1-3)? +(4-2)?]=3.46
D(Titos, Yannis) = sqrt [(5-4)%+(4-3)2 +(1-2)2]=1.73

Nearest 3 = Tony, Manos, Titos
(5+4+5)/3 = 4.66
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Mapddeyua TTPORAEWNGS pe BAon TIG 2 KOVTIVOTEPES
MTOAPIES KAl PETPO ATTOOTAONG TN HETPIKA L,

Tony Manos Tom Nick Titos Yannis
PizzaRoma 4 5 1 2 5
PizzaNapoli 3
PizzaHut 1
PizzaToscand 5

EN 1SRN
N —
—_s =
D~ &

D(Roma,Toscana) = sqrt [(4-5)2+(5-4)? +(1-2)2 +(2-1)? +(5-5)?]= 2
D(Napoli, Toscana) = sqrt [(3-5)2+(3-4)2 +(1-2)2 +(1-1)2 +(4-5)]= 2.65
D(Hut, Toscana) = sqrt [(1-5)2+(2-4)2 +(5-2)? +(4-1)2 +(1-5)%]= 7.34

Nearest 2 = Roma, Napoli
(4+3)/2=3.5
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MpoBAfuaTa Exkivnong (1)
Nearest Users

* Eicaywyn véou xpnotn:

— Ogev €xel EKPPATEl KAPIG TTPOTIUNON => BeV PTTOPOUE VO TOU TTPOTEIVOUE
TiTroTa (JEV PTTOPOUE VO EVTOTIITOUPE KOVTIVOUG XPAOTEG)

Tony Manos Tom Nick Titos|Yanjits
PizzaRoma 4 5 1 2 5

PizzaNapoli 3 3 1 1 4
PizzaHut 1 2 5 4 1
PizzaToscana 5 4 2 1 5

(CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring
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MpoBARuaTa Exkivnong (I1)
Nearest Items

» Eicaywyn véou avtikeipévou (new item):

— Ogv £XOUUE TTPOTIPACEIG YIa auTd => TToTé dev Ba TTpoTabei o€ KATTOIOV
XePnoTn

Tony Manos Tom Nick Titos Yanmt
PizzaRoma 4 5 1 2 5 4
PizzaNapoli 3 3 1 1 4 3
PizzaHut 1 2 5 4 1 2
PizzaToscanal - - - - - 2
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MpoBARpaTa Ekkivnong (111)

* Z¢ KABe TrePiTITWON TTOTE dev Ba TTPOTABE! £va VEO OTOIXEID O€ éva
VEO XproTn

Tony Manos Tom Nick Titos|Yant
PizzaRoma 4 5 1 2 5 |-
PizzaNapoli 3 3 1 1 4 |-
PizzaHut 1 2 5 4 1 |-
PizzaToscana - - - - |7
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OuoiétnTra/ATTéoTa0n XPNOTWV

* TpdTtrol utTToAOYIOHOU: >10 Gdsla KEAIA

t TOU TTivaKa
— €0WTEPIKG yvopevo  (SIM(ULU2) = Y wyj - W,;| Bewpoupe 611
izl uTTapxel 1o 0
, t
— guvnuitovo 0. .a X (wii-wai)
cos( Uy,0,) = —L 2 - icl
e oy [ | ! 2§ ]
X Wi X waj
i=1 i=1
— Mean Squared Distance
— Pearson Correlation
Coefficient
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OuoiétnTra/ATTéoTacn XpnoTwy

+ Problem: Not every User rates every ltem

+ A solution: Determine similarity of customers u1 and u2 based on
the similarity of ratings of those items that both have rated, i.e.,
D

ulnv2:

Tony Manos Tom Nick Titos Yannis
PizzaRoma 5 2
PizzaNapoli 3 1 4 3
PizzaHut 1 5 2
PizzaToscana 5 2 1 5

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring
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OpoioTnTo/ATTO0TACN XPNOTWV:
Mean Squared Difference

ul(x) = wiy
U2(X) = Wyy

d MSD (UI,UZ) = #

Putrwz| x€Dyinu2

X) —U2(x))*
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Opoi6TnTo/ATTO0TACN XPNOTWV:
Pearson correlation

/%ugx)—ﬁxuzu)—ﬁ)
xeDy1~u2
ST@0-uY . LW0- 1)

xeDy1nu2 xeDy1u2

Cpearson (Ul,U2) =

C(ut,u2) >0 6grikr) oxéon
C(ut,u2) =0 oudérepn oxéon
C(ut,u2) <0 apvnriki oxéon

ul = mean of ul

U2 = mean of u2

The correlation coefficient measures the strength of a linear relationship between two variables.

The correlation coefficient is always between -1 and +1. The closer the correlation is to +/-1, the closer to
a perfect linear relationship. Here is an example of interpretation:

-1.0 to -0.7 strong negative association.

-0.7 to -0.3 weak negative association.

-0.3 to +0.3 little or no association.

+0.3 to +0.7 weak positive association.

+0.7 to +1.0 strong positive association.

OuoiétnTa/ATréoTaon ltems

+ Tpotrol uttoAoyiopoU opoIdTNTaG/aTTéoTOONG:
— E0WTEPIKO YIVOUEVO
— guvnuitovo
— Pearson Correlation Coefficient

X (u(x1) = xD(u(x2) - x2)
uel

¥ WD) -XD? - L u(x2)-x3)
ueU ueU

Cpearson (X1, X2) =

— Adjusted Pearson Correlation Coefficient

u(x1)—ul)(u(x2)—u2
To handle the differences _ ugzu( (D ~ubutey )
. . CF’earson (x1,x2) = 2
in rating scales of the users 3 (u(xt)—ul)?- Y (u(x2)-u2)
uelU uelU

44
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OuoiétnTa/AtTréoTOon Items Obtaining User Input
+ TpdTrol uttoAoyiopoU opoldTNTaG/aTTé0TACNG: . -
e ) ¥ ,“ HolotTag ns User (consumer) input is difficult to get
— EOWTEPIKO YIVOUEVO
— ouvnuitovo .
M ) o A solution:
— Pearson Correlation Coefficient . . . L , .
— — « identify preferences that are implicit in people's actions
1 1 2 2
UEJ(“(X )02 1) — Purchase records
Cpearson (X1.X2) = 2 » For example, people who order a book implicitly express their preference
\ UEJ (uxn 'UE,(U(XZ)@ for that book (over other books)
— Timing logs
— Adjusted Pearson Correlation Coefficient
) Z(U(Xl)@U(ﬂ)@ » Works quite well (but results are not as good as with the use of
To handle the differences Co (X1,x2) = uey ratin )
in rating scales of the users earson® ™ > (u(xl)@~ Z(U(X2)@ 9
uelU ueU
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Obtaining User Input: An Example of Implicit Rating Mapd TauTa,
= MoAU ouxvd |Dyq-u2l=0
Ble L0 Yww Fgrmies
Cars ;3 A e oum‘l_'; e B SR When thousands of items available only little overlap!
Like s gt s 007 {0 0¥ - Aok Lk 55 L Ot G
e e e, SRt A => Recommendations based on only a few observations
o i = | Nt | PR O Catgiry A P b - —
ny Manos Tom Nick Titos Yannis
PizzaRoma 5 2
PizzaNapoli| 3001 4 3
PizzaHut | 1 5 2
PizzaToscanz&S\ 2 1 5
* Various solutions:
— View CF as a classification task
« build a classifier for each user
« employ training examples
Implicit ra - Reduce Dimensions
* e.g. LSI (Latent Semantic Indexing)
48
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' Performance Issues

LSI:
documents
« Tp6TIOC GUYKPIONS 2 GPWV: * Depends on |U] vs. |D| and their “stability”
— the dot product between two row vectors of X_ X * Typical setting
rgflt?,lcts thg exte?t to which two term?hhavetaf terms — D stable (e.g. 5.000 movies)
similar pattern of occurrence across the set o \
document. — U dynamic and [U| >>|D| (e.g. 100.000 users)
txd — A fast Item-based approach
+ Precompute similarities of items:
ocuments — Requires O(|D|*2) space (very big)
— One solution: Store only the k-rearest items of an item (this is what
- Tp6TIOC TUYKPIGNS SUO EYYPAQWV: X we need for computing recommendatins)
— dot product between two column vectors of X termy
txd
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Evaluation Metrics ' 2uvaen ZnTAuaTa TTou £XOUNE NON YEAETAOEI
A method to evaluate a method for » Evomoinon Alatagewv
collaborative selection/filtering is the — Borda, Condorcet, Arrow’s Impossibility Theorem
following: — AV oI TTPOTINACEIG TWV XPNOTWV Eival éva dIaTETAYUEVO GUVOAO ETTIAOYWYV
* YTroAoylopdg OUCTAoEWY = eUPEDN evoTToINUEVNG DIGTAENG
» Data is divided into 2 sets » [prAyopn atotiynon top-k queries
— training set N — AAyopiBuog FA (Fagin’s Algorithm) kai TA (Threshold Algorithm). Av o1
test set Z| pi - Qi | TIPOTIUACEIG TWV XPNOTWYV EKPPAJOVTAI UE OKOP Kal €ival ATTOBNKEUPEVES O
- testse MAE = i=1 ATTOPaKPUCPEVA CUCTAUATA.
» Evaluation Metrics - N

(CS-463, Information Retrieval Systems

— Then we compare the results of the
techiques on the test set using the Mean
Absolute Error (MAE)

p; : predicted rating
0j : actual rating

Yannis Tzitzikas, U. of Crete, Spring
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2uvepyartikr) ETAoyr/AInénon: Zuvoywn

1310iTEPO XOPOKTNPIOTIKS: BEV XPEIGLETAI VO EXOUHE TTEQIYPAPH TOU
TTEPIEXOUEVOU TWV OTOIXEIWY
— UTTOPOUE va TNV XPNOIUOTIOICOUKE Yia TNV emAoyr/3IBnon ToinudTwy,
@IANOCOPIKWV ISEWV, Mp3, peedoTTWAEIWY, ...
Oa ptropoloe va agloTroindei kai oTa TAaioia TNG KAAooIKnG Arll
— Aidragn oToixeiwv amrdvrnong Baoel ouvagelag KAl Tou ekTipoUpevou Babuou Toug
(Baoel Twv agloAoyRoewv Twv GAAWY XPNOTWV)
‘Exel amrodeixOei xpAoIun Kal yia Toug ayopaoTéG KAl VIO TOUG TTWANTES (e-
commerce)
Aduvapieg: Sparceness & Cold Start
— Works well only once a "critical mass" of preference has been obtained
— Need a very large number of consumers to express their preferences about a
relatively large number of products.
— Users' profiles don't overlap -> similarity not computable
— Doesn't help the community forming
— Difficult or impossible for users to control the recommendation process
Emrektdoeig/BeAToEIg
— Trust = explicit rating of user on user

(CS-463, Information Retrieval Systems
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' AidpBpwon Mapouciaong

* Motivation
» User Profiles
— as Post-Filters

— as Pre-Filters (query modification)
« Linear and Piecewise Transformations
— as Separate Reference Points

» Collaborative Selection/Filtering
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