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AiGpBpwoaon MNMapouagiaong

KivnTpo

MpowiA Xpnotwv

— pueTa-0Ienon (Post-Filters)

— Tpo-01renon (Pre-Filters)

— ToAAaTTAG Znueia Avagopdcg

2uvepyatik EmAoyri/Ainenon (Collaborative Selection/Filtering)
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Kivntpo

« Al0TTOTWOEIG
— Agv €xouv 6ol o1 XpAOTEG Ta idI1a XAPOKTNPIOTIKG
— Apa dev £xouv oUTE TIG iBIEG TTANPOPOPIOKES AVAYKES
*  2KOTIOG: [Ipogapuoyn tNC AEITOUPYIKOTNTAC OTA XAPAKTNPIOTIKA KAl TIC AVAYKEC
OIAQPOPETIKWV XPNOTWV

d

Y
R

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete

[Mapadeiypata Kpirnpiwv Aiakpiong XpnoTwyv

« ECoikeiwon pe TNV TTEPIOXN TNG ETTEPWTNONG
— Xpnotng pe AA otnv MNMANPoQOpPIKA WAXVEL YIA 1ATPIKES TTANPOPOPIES
— g="“theory of groups”
 sociologist: behaviour of a set of people
+ mathematician: a particular type of algebraic structure

* [AWOOIKES IKavOTNTEG
— loTooeAideg 0Tn YAAAIKR YAwooa (oK yia eUpeon dpouoAoyiwv TTAoiwy, 6xI OuwWG yia
@INOCOQIKA KEipeVA), OeNIOEG OTNV 10TTWVIKY (TITTOTA)
*  2UYKEKPIPEVEG TTPOTIMNOEIG
— EYYPAOPNA O€ TTEPIODIKO
— TrapakoAouBnon SOUAEIAG CUYKEKPINEVWY OUyYypa@Eéwy (TT.X. Salton)
*  MopewTikO eTTiTTEdO
— Xpnotng pe Mav/koé Mruxio évavt XpAoTtn ye MNvwoeig AnuoTikou
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[Mpo@i\ XpnoTwv

* [po@il\ XpnoTwv:
— MEOO OIAKPIONS TWV XPNOTWV BACEI TWV XAPAKTNPIOTIKWY KAl TTPOTINNCEWV
ToUg
*  Mopen
— Agv uTTdpxel KATTOIO TUTTOTTOINKEVN HOPYN
— Mrtropoupe va BewpAooupe OTI EXEI TN JOPQN MIAG ETTEPWTNONG P

Mpo@iA XpnoTtwyv Kai HOIKA
(a) Eivalr «xopB06» va TrepIopifOUPE TO ATTOTEAECUATA,
(B) Id1WTIKOTNTA KAI TTPOCTACIA TTPOCWTTIKWY dedouévwy (Privacy)
— Av éxoupe TTOAU AETTTOPEPN TTPOQIA
+ [Moiog €xel Oikaiwpa va BAETTEI TA TTPOPIA;
* [loiog ptropei va eAéyxel Kal va aAAACel Ta TTPOYIA,;
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["evikoi Tpotrol Aglotroinong Twv MNpo@iA katd TNV AvakTnon
MAnpo@opiwv

* A) Meta-01R0non Bdaoel Tpo@iA (User Profile as a post-filter)
— EBwW 1O TTPOPIA XPNOIYOTTOIEITAI KATOTTIV TNG ATTOTIUNONG TNG OPXIKAG ETTEPWTNONG
— H xpnon Tpo@iA au&davel To UTTOAOYIOTIKO KOOTOG TNG AvAKTNONG

+ B) NMpo-dinnon Baocel rpo@ik (User Profile as a pre-filter)
— EOw 1O TTPOQIA XpNOIUOTTOIEITAI VIO VA TPOTTOTTOINCEI TNV APXIKA ETTEPUWTNON TOU
XpnoT
— H xprion TTpo@iA Kal N TPOTTOTTOINCN ETTEPWTACEWY OEV AULAvEl KATA avaykn To
UTTOAOYIOTIKO KOOTOG TNG AVAKTNONG

« C) Emepwtnon kai MNpo@iA wg EEXwPIoTA onuEia avapopdg
— (Query and Profile as Separate Reference Points)
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(A) MeTa-dindnon Baoel MNMpoeiA
(User Profile as a Post-filter)

* MéBodog:
— H apxikn emmepwtnon uttoAoyileTal Kavovikda
— Ta ammoteAéopata opyavwvovTal BAcEl TOU TTPOPIA
* Avadidra¢n oToIxEiwv amavinong
*  ATTOKAEIOPOG OPICPEVWV EYYPAPWV
* YTTOAOYIOTIKO KOOTOG
— H xprion Tpo@iA dev PEIWVEI TO UTTOAOYIOTIKO KOOTOG
— AvrtiBeta, TTPpoCBETEl Eva TTAPATTAVW UTTOAOYIOTIKO OTAOIO
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B) I'Ipo-6|r'16r]or] BdGﬁl Flpocpi)\ (User Profile as a Pre-filter)
[Mapadeiyua TpoTtrotroinong Erepwtiocewy:

| o I Rrofile2
.................... »@ %
Spiciness ea | ’
MNopdadelypa pe 2 dlaoTdoelg
Chicken 5
. Profile1
I i

[Mpo@iA XprioTn TTOU TTPOTIPAEI EAA@PIA Kal OXI TTIKAVTIKA paynTa
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TEXVIKEC TPOTTOTTOINONG ETTEPWTNTEWV

(B.1) Simple Linear Transformation
— MeTakivei To didvuopa TTPOG TNV KATEUBUVON TOU TTPOPIA
(B.2) Piecewise Linear Transformation
— Merakivei 10 didvuoua TTPOG TNV KATEUBUVON TOU TTPOQPIA BACEI TTEPITITWOEWV
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(B.1) Simple Linear Transformation
(OTTAOC YPAUMIKOG HETAOXNMATIOUOG)

‘EoTw OTI TO TTPOYIA gival Eva dIdvuoua p Kal AauBAVOUNE dia ETTEPWTNON q
otou q=<q1,...,qt>, p=<p1,...,pt> (qi, pi Ta Bdpn TWV dlIAVUCUATWV)

TpoTtroTtroinon TepWTNONGS q (KAl OpICPOS TG Q') -
a’ =k p;+(1-k) q; 010U K pia oTaBePdG O<K <1

MepITTTWOOEIG

« Av k=0 1616 q’ =q ( n eTepwTnON PEVEI AvaAAOIWTN)

* Av k=1 1016 Q' = p (N vé€a €TTEPWTNON TOUTICETAI JE TO TTPOPIA)
*  O1evdidueoeg TINEG TOU K gival evOIOQEPOUOES
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(B.2) Piecewise Linear Transformation

* EO&w n tpotrotroinon Twv Bapwv TpoadiopileTal e Eva OUVOAO TTEPITITWOEWY
* [lepimmTwoselg:
(1) 6pog TTOU EPPavICETal KOOI OTNV ETTEPWITNON KAl OTO TTPOPIA
e e@apubéloupe Tov ATTAG YPOUUIKO UETAOXNMATIONO
(2) 6pog TTOU EPPaviCeTal YOVO OTNV ETTEPWTNON
* a@rivoupe 10 BAPOG TOU Opou AUETARBANTO A TO peIvoupE eAaPPd (TTX 5%)
(3) 6pog¢ TTOU EUPavileTal uOVO OTO TTPOWIA
* Ogv KAVOUE TITTOTQ, ) €I0AYAYOUNE TOV OPO GTNV ETTEPWTNON AAAG e PIKpS BApog
(4) 6pog TTOU deV gPPAVICETAI OUTE OTNV ETTEPWTNON OUTE OTO TTPOPIA
* O¢ev KAvVOUE TiTTOTO
* [apadeiyua
- p =<5, 0, 0, 3>
- q=<0 2 0 7>
- q=<125,15,0, 6>
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(C) Emrepwtnon kai MNpo@il wg exwploTd onueia avagopdc
(Query and Profile as Separate Reference Points)

» [lpocéyyion
— EOw dev TpoTroTroILiTal N ApXIKr ETTEPWTNON
— AvTiBeTa KaI N €TTEPWTNON KAl TO TIPOQIA AapuBdavovTal EEXwPIoTA uTTOWn KAt TN
diadikacia NG BaBuoAdynong Twv eyypapwy

* Epwtiuata
— TNwcg va ouvdudooupe autd Ta duo;
— € TT010 VA dWOOUNE TTEPIOTATEPO PAPOG KAl TTWG;
* YTé0eon epyaoiag
— 'EoTtw 611 n avaktnon yivetal Bdoel piag ouvdptnon améortaong Dist
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TpoT1TOo1I CUVOUACHOU TTPOYIA Kal ETTEPWTNONG

L P qQ
(1) To S1aleuKTIKO HOVTENO (TO AIlyOTEPO aUOTNPS) —
— 'Eva d avikel otnv att@vTnon av:
— (Dist(d,q) <L) OR (Dist(d,p) <L) D q

EvaAiakTikr diatumrwon: min (Dist(d,q), Dist(d,p)) <L
gival To Aiyotepo auoTtnpd

(2) To ouleUKTIKO HOVTEAO (TO QUOTNPEOTEPO)

— (Dist(d,q) <L) AND (Dist(d,p) <L) @

— max (Dist(d,q), Dist(d,p)) <L

€ival To 1o auoTnPo
n amravtnon givai n Tou Twv ans(p) kai ans(q) (Me KaTweAI L)
* Qv TO q aTréxel TToAU atrd To p, TOTE N ammdvTnon Ba gival Kev)
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Tpotrol cuvduaopou TTpo@iA kal eTTepwTnong (I1)

(3) To eAAEIYOEIDEC HOVTEAO
— Dist(d,q) + Dist(d,p) <L
— KOAOG av 1o d Kal TO p eV aTTéEXOUV TTOAU

* av atTéXouV TTOAU TOTE PTTOPEi Va avakTnBouv TTOANG pn ouvagn pe Kavéva
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Tpotrol cuvduaopuou TTpo@iA kai erepwtnong (1)

(4) To oB4&A povtéAo Tou Casini

— Dist(d,q) * Dist(d,p) <L

— av 1o d Kal TO p €ival KoVTd, TOTE OPOIACEl JE TO EAAEIPOEIDEG
— av atréxouVv Aiyo TOTE POIACEl JE QUOTIKI

av atréXouV TTOAU TOTE €XEI TN MopPEr Tou 8
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[Mw¢ ytTopoupe kaBopioouue TN OXETIKA BapuTnTa
ETTEPWTACEWYV KAl TTPOYIA;

* Bdpn utmmopouv va TTpooTeBoUV oTa TTPONYOUHEVA UOVTEAQ:
— min (w71™Dist(d,q), w2* Dist(d,p)) <L /151ageuKTIKO
— max (w7*Dist(d,q), w2*Dist(d,p)) <L //ouCeuktikd
— w1™Dist(d,q) + w2*Dist(d,p) <L IleEANEIWPOEIDES
* 270 PovTéAo Cassini Ta Bdpn €ival KAAUTEP va eKQPACTOOUV WG EKBETEG:

— Dist(d,q)*" * Dist(d,p)*2 < L /ICassini
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[Mpo@ih XpnoTwv Kai
AZloAdynon AttoteAeopatikOtnTag Avaktnong

*  Moévo TreipapaTik@ YTTOpoUUE va atTo@avBoUlE yia TO TToIa TTPOCEYYION Eival
KAAUTEPN, ] YIO TO AV AUTEG OI TEXVIKEG BEATIWVOUV TNV ATTOTEAEOHUATIKOTNTA TNG
avakTnong

* H meipauatikh agloAdynon [Sung Myaeng] atrédeife OTI 01 TEXVIKEG AUTEG
BeATIWVOUV TNV ATTOTEAECUATIKOTATA
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2uoTnuara MNMoAAatTAwyv Znueiwv Ava@opag
(Multiple Reference Point Systems)

Kivntpo
*  AuvatdtnTa Xpriong TEPICCOTEPWYV TWV 2 ONMEIWV aAVAPOPag
— ZTnv Tponyoupevn oulATNonN gixape Suo onueia ava@opds: TNV ETTEPWTNON KAl TO TTPO®IA.
Opiouog:
— Znueio Avagopdg (reference point of point of interest) = ‘Eva opiouévo onueio
évvola w¢ mPOog TNV orroia UITOPOUNE va KPiVvOUUE éva Eyypagpo

Mapadeiypara onueiwv ava@opdg:

— €va yvwoTod £yypago +  MNwg ptropoUpe va opicoupe éva onueio
, , , , ava@opdg atré éva auvolo eyypdewyv C

— €éva oUVOAO YVWOTWV eyypa®wyv <D:

— évag ouyypagéag | Eva oUVOAO CUYYPOPEWY «  Amavinon: Oewpolpe 6TI UTIAPXE! éva

. < < TEXVNTO £yypa@o, To centroid document
— EVAYVWaTo 1T£p|06IKO — 10 Bdpn Tou dIavVUCPATOG TOU

— JIa XPOVIKA TTEPiodOo TTPOKUTITOUV TTAPVOVTAC TOV PEGO OPO
HIA Xp 4 P 5 TwV Bapwv Twv eyypdewv Tou C
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2uoThuata NoAAatTAwyv 2nueiwv Ava@opag
(Multiple Reference Point Systems)

* 2nueia avagopds: R1,... Rn
 Bdpn: wi,...wn, Z wi=1
* || || veTpIKA (OuvapTnON aTTOOTAONG)

* [laparnpnoeig
— Ta mopakdtw ival aveEdpTnTa TNG METPIKAG TTOU XPNOIUOTTOIOUNE
— MTTOPOUNE va XPNOIKMOTTOINCOUNE OTTOIODATTOTE PWETPIKI ATTOOTAONS 1) OHOIOTNTAS
embuuouue

«  Aiaio6nrika: Eivai oav va kavouue Avakrtnon FNAnpogopiac xpnoiuoTrroiwvrag
TMOANEZ eTeEpWTROEIC TAUTOX POV

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 19

Multiple Reference Points: Mathematical Basis

*  Oa yevIKEUOOUNE Ta POVTEAQ TOU BIODIACTATOU XWPEOU TTOU £XOUME HON OEl:
— min (w71™Dist(d,q), w2* Dist(d,p)) <L /151ageuKTIKS
— max (w71*Dist(d,q), w2*Dist(d,p)) <L //ouCeuxTikod
— w1*Dist(d,q) + w2* Dist(d,p) <L IENNEIWOEIDES
— Dist(d,q)*? * Dist(d,p)*?<L /ICassini

*  2UYKEKPIPEVQ:

— min (w1*Dist(d,R1), ..., wn* Dist(d,Rn)) <L /151ageUKTIKO
— max (w71*Dist(d, R1),..., wn*Dist(d, Rn)) <L  //ouCeukTixo
— w1™Dist(d, R1) +... + wn*Dist(d, Rn) <L IlENNeIYOEIDEG

— Dist(d, R1)*" *...* Dist(d, Rn)»" <L //Cassini
* 1 OUVOUAOHPOG TWV TTAPATTAVW
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AM\EC TEXVIKEC (TTOU £xOoupE rdn O¢l) TTou Bonbouv Tnv
eCaTopikeuon

* Opadotroinon (Clustering): BuunBeite To udBNUQ TTEPI OPAdOTTOINONG KAl
ETTOTTIAC avAAuong

— Mrtropei va dwoel Auon oTto TTapddelyua:
— g=“theory of groups”
« sociologist: behaviour of a set of people
« mathematician: a particular type of algebraic structure

— uTTo TNV évvoia oTl n diadikacia TNG opadoTroinong Ba pag dwaocel
OIOPOPETIKEG OUADES KAl O EKAOTOTE XPNOTNG Ba UTTOPEI ETTIAECEI TNV
KATAAANAN

»  Texvikég BeAtiwong Atradvinong ETmepwTAcewy (avatpo@oddTnon ouvageiag)

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 21

ESaTopikeuon péEow
2uvepyaTiKAc EmiAoync/Aindnonc
Personalization using
Collaborative Selection/Filtering




[Mapadeiyua

EE O e ] | =]

Lt B B B R e I IR |-
s g 1O g e grmbmae TN G
[ y——

dmazon.co HELP
— — —'____Ill {slsl 0 MUSIC | VIDEO GIFTS |e-CARDS |AUCTIONS| YOUR ACCOUNT
BOOK  BROWSE FEATURED IN  AWARD  COMPUTERS BUSINESS &
SEARCH | SUBJECTS | DESTSELLERS  "yyPMEDIA | WINNERS | &INTERNET | "°° | NVESTING
Only Machine Learning (McGraw-Hill Series in Computer Science)

by Tom W Witchell, Thomas 3 Wlitchell
‘Gakfﬂ-ﬁmiﬂ-ﬂ Our Price: $85.15 |
at a glance

Add to Shopping Cart
(wou can always remove it later)

Shopping with us is
100% safe.

Guaranteed.

Availability: Usually ships within 24 hours,

ereviews

custamer
comments

if you like this
book...

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

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

mazon.com: Why was | recommended this? - Microsoft Internet Explorer

A . B
Rate this item

Thank you for your feedback.

We've added the item below to the list of items you own. To help us improve your recommendations, please rate
the item you own:

Items you own R:::d Dislike it < = love itl
Machine  earning & Ccc 0 coe

by Tom M. Mitchell 7 12 3 4 5

¥ Use for Recornmmendations

[ Save changes |

Product rating

Close window

¥
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2 uvepyartikn EmmAoyr/Aindnon

[MPOBAeWn TTPOTIUNCEWG VOGS XPAOTN
BAocel TwV KATAYEYPAPMEVWY TTPOTIMNNCEWYV TOU 10i0U
Kal AAAWV XpnoTwv.
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Mapdadeiypa: EmAoyr EoTiaTtopiou

«  KAaooikn lNpooéyyion:

— Xapaktnpifouue Ta eoTIATOPIO BACEI EVOG TTETTEPATUEVOU OUVOAOU KPITNPIWV
(koudiva, k6oToC, ToTToBETia). O1 TTPOTIUACEIG EVOS XPAOTN EKPPAlovTal JE HIa
ouvdapTnon agloAdynong TTavw o€ auTd Ta KPITHPIA.

*  MeiovekTuarta
— 21NV €mMAoyn OPwWG £vOg e0TIaTOPIOU EUTTAEKOVTAI KAl GAAOI TTAPAYOVTEG (QTTEPIOPIOTOI
oTov apIBuo) TTou dUCKOAQ Ba pTTopolcav va EKQPACTOUV PE aPhVela, OTTWG:
* TO OTUA Kal n atgoéoc@aipa, n diakéounon
* n uttéAoITTn TreAaTeEia, To TTAPKIVY
* nyermovid, n dladpouny TTPOG TO ECTIATOPIO
* n €EUTTNPETNON, Ol WPEG AEIToupyiag, Ta ... ogpPiTala
*  Oa BéAape va PTTopouuEe va TTPORAEWOUUE TIG TTPOTINNACEIS XWPIG va
TTEPIOPICOUOOTE O€ £€va oTaBepd OUVOAO KPITNPiwV
— XWPIG KAV VO XPEIAOTEI va aVOAUCOUUE TOV TPOTTO TTOU OKEQPTETAI O XPOTNG
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H KAaoaoiky Avaktnon Kelpévwy

OpoiéTnTa 6pWVv
Baoel Twv eyypapwv

sim(k1,k2)
(_H Opol
(K K k)
1 Koo e t ) ]
Eyypaga " le V\{zz \.Ntz ~T  dot product Baoel Twv Aégewv
) ~cosine
) *Dice
Oy Wiy W, Wep «Jaccard
q qu W2q . Wtq °...
w;; = {0,1}
Wi = tfi’j 1df;
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Xpnoteg avti Opwv
OpoldéTnTa XpNOTWYV
BAoel TWV TTPOTINACEWYV TOUG
sim(ut,u2)
(_H Xpnorteg
u, u u h
1 Yy e t ] ]
Eyypaea " le W'22 Wtz — «dot product Bdaoel Twv (’nponpnoswv
scosine TWYV XpNOoTWYV
. o ' *Dice
Ny Wi Wap e Wy «Jaccard
g Wiq Wy o Wy

W= {0,1} ===> 0: Bad, 1: Good
w;; = tf; idf; === w; ; :Babpég mpotipnong Tov ypiioT i 670 £yypago j, my {1,2,3,4,5}
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Xpnoteg avti Opwv

o . . *  AQoU dev XpNnoIPOTTOIOUUE AEEEIG, TA
poloTnTa XpNnoTwv «E&yypagay PTTopEi va gival oTIOATTOTE:
Baoel Twv TTPOTINAOEWY TOUG - Owroypagieg (yevikd TToAupéca), BiBAia
—  HAeKkTpIKEG ZUOKEUEG
Sim(u 1, LI2) — Eomartopia, MegedomwAeia
—  Kivnuatoypa@Ikég Taivieg
{_A_) — TnAeomTiké Mpoypduuata
Xpr']oTag — NoyIouIKG
N - .
u u, ... U, o . .
— . oloTnNTa € apwyv
Eyypaga " le vsz thz —J «dot product Baoel Twv (TTPOTINNCEWV
«cosine TWV XpnoTwyv
‘ ) ’ ' *Dice
\dn Win Won - Wy, «Jaccard
q qu W2q s Wtq °...

W= {0,1} ===> 0: Bad, 1: Good

w;; =t 1df, ===> w; ; :pabpog mpotipmong tov ypiom i oto Eyypago j, my {1,2,3,4,5}
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MavTeUovTac TIC TTPOTIMNCEIC EVOC XPNOTN

Opo16TnTA XPNOTWV
Baoel Twv TTpoTINATEWY Toug | O xproTng ut dev £XEl
BaBuoAoynoel (ekppdoel BaBud

sim(ut,u2) TTpoTiunoNg) yia 1o d1.
(_H MTTOpOUNE VO TOV JAVTEWOUUE;
XpnoTeg

u, U, ] ]

dy Wy Wy }—Sim(d1,d2) O!Jmomm syypa?wv

Eyypaga 0!2 le vsz o W — «dot product Baoel Twv (’nponunoswv
«cosine TWV XPNOTWV
: ) ) ) *Dice
\dn Win Won - Win J «Jaccard

W= {0,1} ===> 0: Bad, 1: Good

w;; = tf;;1df; ===> w; ; :pabuog npotipmong tov ypiiom i oto éyypago j, my {0,1,2,3,4,5}
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Y1ToAovIGUOC MpoBAEWeWVY Kal 2U0TACEWV

OpoISTNTA XPNOTWY Prediction

Baoel Twv TTPoTINNCEWY Toug | O XproTng ut dev €xel
BaBuoAloynoel (ekppdoel BaBud

S’m(U1’u‘2) TTpOTiuNoNG) yia 1o d1.

(_H MTTOpOUNE VO TOV JAVTEWOUUE;
XpRoTeg

u; U, ] )

dy wy Wy }_ sim(d1,d2) O’pmomw svypa(’pwv

Eyypaga qz le vsz R «dot product Baoel Twv (’Trponur]oswv
scosine TWV XpNoTWV
: ) ’ ) *Dice
\dn Win Wop - Win J «Jaccard

Recommendation

Computing recommendations for a user u:
1/ Predict values for those cells of u that are empty, and

2/ Select (and give the user) the highest ranked elements
S=463; OTTITAtION Retrieval Syste YA Ttzikas, Uof Crete 31

Mapddelypa TnG dlapopdc uetacu MpoBAewnc Kal 20oTa0oNG

* Prediction
— e.g.: ET3 channel has tonight the movie “MATRIX”, would I 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
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How can we compute recommendations?

XpRoTeg Nearest Users:
4 A find the nearest (most similar) users and from
U, ug/fﬁLut _ _—_f( | ) users
dy Wy Woy| o | - their ratings infer w(u,,di)
‘Eyypaga d_2 W_12 V\{zz \.Ntz (or compute recommendations).
Kdn Wln W2n Wm /

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

u U, ... U . . .
L2 L its rating infer w(u,,di).
[dy Wy Wy .o - |

. Oy Wipp Wy .o Wy

Eyypaga) = : (compute recommendations):

: S : find the items that are similar to other
Ndy Wy, Wy Wy, Y items the user has liked in the past
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How we can compute recommendations.
Nearest Users

Xpnoteg
a A
o _ UpfUy [ | Uy
Objective: Compute w(u,,di) dy Wy Wy | oo | -
Ay Wip| Wop| o | Wy

» Algorithm Average Eyypaga

— Let Sim(u,) = the users that are similar to u, : :
+ E.g. k-nearest neighbours oy Wy Wop| e | Wy

— 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)= Z sim(u,, u)*w(u,di) where u € Sim(uy)
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Mapadeiyua TTPORAEYNS BACEI TWV 3 KOVTIVOTEPWYV
XPAOTWYV Kal YETPO aTTOOTAONG TN METPIKN L,

Tony Manos Tom Nick Titos [Yanni
PizzaRoma 4 5 1 2 5 |4

PizzaNapoli 3 3 1 1 4
PizzaHut

1 2 5 4 1
1zzaToscana @ 2 1 @ ?

D(Tony, Yannis) = sqrt [(4-4)?+(3-3)? +(1-2)?]=1
D(Manos, Yannis) = sqrt [(5-4)%+(3-3)? +(2-2)?]=1

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

Nearest 3 = Tony, Manos, Titos

(5+4+5)/3 = 4.66
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Mapddeypa TTPORAewnC ue BAon TIC 2 KOVTIVOTEPEC
TITOOPIEG KAl HETPO ATTOOTAONG TN METPIKA L,

Tony Manos Tom Nick Titos Yannis
PizzaRoma 4 5 1 2 5 "
PizzaNapoli 3 3 1 1 4 ;e
PizzaHut 1 2 5 4 1

1zzaToscanal 5 4 2 I 5 P

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

Nearest 2 = Roma, Napoli

(4+3)/2 = 3.5
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[MpoBAruara Ekkivhong (1)
Nearest Users

Eicaywynry véou xprioTn:
— OtV €XEl EKPPAOEI KAUIA TTPOTINNON => OgV UTTOPOUE VA TOU TTPOTEIVOUE TiTToTa (DEV
MTTOPOUE VA EVTOTTIOOUWE KOVTIVOUG XPrOTEG)

Tony Manos Tom Nick Titos [Yann
PizzaRoma 4 5 1 2 5 |-

PizzaNapoli 3 3 1 I 4 |-
PizzaHut 1 2 5 4 1 |-
PizzaToscana 5 4 2 1 5 |?
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[MpoBAryuara Exkkivnong (ll)
Nearest ltems

Eicaywyny véou avTikeipévou (new item):
— Ogv £XOUNE TTPOTIMAOCEIS YIa auTo => TToTE dev Ba TTPOTABEI OE KATTOIOV XPNOTN

Tony Manos Tom Nick Titos Yanni
PizzaRoma 4 5 1 2 5 4
PizzaNapoli 3 3 1 I 4 3
PizzaHut 1 2 5 4 1 2

?

PizzaToscanal - - - -
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[MpopBAnuara Ekkivhong (l1)

* 2¢€ KABg TrepITITWON TTOTE eV Ba TTpOTaBE £va VEO OTOIXEID O€E £va VEO XPHOTN

Tony Manos Tom Nick Titos [Yann
PizzaRoma 4 5 1 2 5 |-

PizzaNapoli 3 3 1 I 4 |-
PizzaHut 1 2 5 4 1
PizzaToscana| - - - - - |?
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Ouoiotnta/AméoTacn XpnoTwy

* TpdTror uroAoyiopou: 2Ta Gdela KEAIG
" TOU TTiVOKQ
— €0WTEPIKO YIVOUEVO sim(ul,u2) _ Zwli 'W2i eaw’poupa oTl
’ i—1 utrapxel 1o 0
— ouvnuitovo T
s 00 ) = 'Uz § Wi W2i)
b2 \“1 Sl Z Z 2
— Mean Squared Distance w 1' ic1 Wi

— Pearson Correlation Coefficient
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Ouoiotnra/ATéoTO0N XPNOTWV

Problem: Not every User rates every Item

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

ulno2-

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

PizzaHut 1 5 2
1zzaToscana 5 2 1 5
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Opuoidtnta/ATéoTOoN XPNOTWV:
Mean Squared Difference

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

1

dpsp (UL, U2) = X) — U2(X))?

‘ ulmuz‘ XeDy1~u?2
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Opuoiétnra/ATéoTOoN XPNOTWV:
Pearson correlation

s B0 U200 - 2)
"~ xeDy1~u2

>IN0 -u? e Y u2(0-u2)

xeDy1~u2 xeDy1~u2

Cpearson (UL, U2) =

C(u1,u2) >0 6crikn oxéon
C(u1,u2) =0 oudérepn oxéon
C(ut,u2) <0 apvnrikn 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.
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Ouoiotnra/AtréoTaon ltems

* Tpodtrol uttoAoyiopoU ouoIdTNTAG/ATTO0TAONG:
— EOWTEPIKO YIVOUEVO
— OuvnuiTovo
— Pearson Correlation Coefficient

> (u(xD) = x1)(u(x2) - x2)

ueJ

3 WO =X)L U(2)~x2)

Cpearson (X1,X2) =
\/UGU ueU

— Adjusted Pearson Correlation-Coefficient

u(xl)—ul)(u(x2)-u2
To handle the differences B ui( (xI) )(U(x2) )
i : Cpearson (X1, X2) = :
in rating scales of the users \/ > (WD) — T1Y2 - S (U(x2)-12)
ueU ueU
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OpuoiotnTa/AmméoTaon Items

*  Tpodtrol uttoAoyIopoU ouoIOTNTAG/ATTOC0TAONG:
— EOWTEPIKO YIVOPEVO
— OuvnuiTovo
— Pearson Correlation Coefficient

> (u(x1) £ x1) U(XD@
Cpearson (X1,X2) = ue : :
\/Z (U(Xl)- Z(u(xz)@
— Adjusted Pearson Correlation-Goeefficient ueV ueU

(u(x1) Lulyu(x2) {u2)
To handle the differences _ LEJ U _U
. . Cpearson (X1,X2) =
in rating scales of the users \/ > (u(xl)@- Z(U(XZ)‘@Z
ueU ueu
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Obtaining User Input

User (consumer) input is difficult to get

A solution:
« identify preferences that are implicit in people's actions

— Purchase records

» For example, people who order a book implicitly express their preference for that
book (over other books)

— Timing logs

»  Works quite well (but results are not as good as with the use of rating)
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2l Amazon. com: Your Recommendations - Microsoft Internet Explorer

File Edit “iew Fawvortes Tools Help |

4= Back - =k - iCh 2} | ‘GuSearch [ Favortes  EFMedia o | B Z§ - =

Links @&]vnet &]haaretz @& ]weather austin @& ]1772 112 28210 - & ] Customize Links %) Launch Outlook Express

Parenting £2: Families
Erofessional 8 Technical

by Ian H. Witten, Eibe Frank
Average Customer Rewiew: Friniis
COctober 11, 1999

Add to wish List

More Categories
Amazron.com
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Catalogo de libros en
espafiol
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ACCcessories
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Address [ htp: /v, amazan. camiensclabidostad stares/recs/instant recs/bocks /0 ref=pd_ir_b_hrm/104-2449569-4302350 ~] @&@6a
Google - | | B Seanchiweb @i Scarch Site S2Search Groups | @ Mew! | F2eREnk concoiegon @ Page Info - >
TOVY. TT0es [ ST
In Books: In a hurry? Click here to edit your recommendations, -
Your Favorites More Results € J
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Coamputers & Internet 1. LOOK INSIDE! @ Data Mining Add to cart )

= \ / ///' Sl B W g

Implicit rating
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Mapd TauTa,
MoAU cuxva |D,q~02/=0
When thousands of items available only little overlap!
=> Recommendations based on only a few observations
3 s Tom Nick Titos Yannis
PizzaRoma 2
PizzaNapoli 1 4 3
PizzaHut 5 2
PizzaToscana 2 1 5
Various solutions:
— View CF as a classification task
 build a classifier for each user
« employ training examples
— Reduce Dimensions
* e.g. LSl (Latent Semantic Indexing)
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LSI:

documents
*  TpO1TOG CUYKPIONG 2 OpWV:

— the dot product between two row vectors of AN
reflects the extent to which two terms have a similar terms X
pattern of occurrence across the set of document.

txd
cuments
*  Tpo1Og CUYKPIONG dUO eyypPAPWV: §\<
— dot product between two column vectors of )( terms
txd
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Performance Issues

* Depends on |U] vs. |D| and their “stability”
+ Typical setting
— D stable (e.g. 5.000 movies)
— U dynamic and |U| >> |D| (e.g. 100.000 users)
— A fast Item-based approach
* Precompute similarities of items:
— Requires O(|D|*2) space (very big)

— One solution: Store only the k-rearest items of an item (this is what we need
for computing recommendatins)
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Evaluation Metrics

method to evaluate a method for collaborative
selection/filtering is the following:

» Data is divided into 2 sets
— training set
— test set

» Evaluation Metrics

N
| 2.1 Pi 0 |
— Then we compare the results of the techiques

on the test set using the Mean Absolute Error MAE = 1=1
(MAE)

p; : predicted rating

g; : actual rating
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2.uvapn ZnTriNaTa TTou €XoUPE NON MEAETAOEI

» Evomoinon Alatdgewv
— Borda, Condorcet, Arrow’s Impossibility Theorem
— Av Ol TTPOTINNACEIG TWV XPNOTWV gival €va dIATETAYUEVO OUVOAO ETTIAOYWV
* YToAoyIopoG ocucTaoewv = €0peon evoTroinuévng dIATagng
["priyopn atrotipnon top-k queries

— AAy6piBuog FA (Fagin’s Algorithm) kai TA (Threshold Algorithm). Av o1 TTpoTIpRoEIg

TWV XPNOTWV EKPPACOVTAI JE OKOP KAl Eival ATTOBNKEUPEVEG OE ATTOUOKPUOUEVO
OUCTAMATA.
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2uvepyartikn EmmAoyn/AInbnon: Zuvoywn

* |d1aiTEPO XOPAKTNPIOTIKO: BEV XPEIALETAI VO £XOUUE TTEPIYPOPN TOU TTEPIEXOUEVOU TWV
OTOIXEIWV
— MTTOPOUME VO TNV XPNOIYOTTOINOOUE Yia TNV €MAOYR/0INBnaon ToiNuaTwy, GINOGOPIKWY I0EWV,
mp3, JECEDOTTWAEIWY, ...
*  Oa ptropouoe va aglotroinBei kal oTa TTAaiola TNG KAaooikng All
— Aiaraén otoixeiwv atrdvinong Bacel cuvageiag KAI Tou ekTipoUpevou Babuou Toug (Baoel Twv
agloNOYACEWV TwV AAAWV XPNOTWV)
+ 'Exel ammodeixBei xproiun Kal yia Toug ayopaoTES Kal yia TOUG TTWANTEG (e-commerce)

. A6uvaulsg 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
o ETmekTdoeIg/BeATIVOEIG
— Trust = explicit rating of user on user
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AidpBpwon lNMapouaciaong

« 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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