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A1dpBpwon MNMapouaciaong

Kivntpo

Mpo@ih XpnoTtwv

— PeTa-0InOnon (Post-Filters)

— Trpo-01nénon (Pre-Filters)

— lMoAAaTTAG Znueia Avagopdg

2 uvepyatikr) EmAoyri/Ainenon (Collaborative
Selection/Filtering)

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

INNT




KivnTtpo

* AIOTTIOTWOEIG
— Agv é€xouv OAol o1 XpAOTEG TA idI XAPOAKTNPIOTIKA
— Apa dev €xouv oUTE TIG iDIEG TTANPOPOPIOKESG AVAYKEG

* 2KOTTOG: [Npocapuoyn TNG AEITOUPYIKOTNTAG OTA XAPAKTNPIOTIKA
KAl TIC AVAYKEC OIAPOPETIKWY XPNOTWV

o

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

"NNT

[Mapadeiypata Kpirnpiwv Aldkpiong XpnoTwy

ECoikeiwon Pe TNV TTEPIOXNA TNG ETTEPWTNONG
— Xpnotng ye AA otnv MNMANPoQopPIKr YAXVE YId IATPIKEG TTANPOPOPIES
— g=“theory of groups”
+ sociologist: behaviour of a set of people
* mathematician: a particular type of algebraic structure
AWOOIKEG IKaVOTNTEG
— 2eNideg oTa yaAAIKa (oK yia dpopoAdyia TTAoiwy, dlaokEdaan, OxI OPWG yia
PINOCOQIKA KEiEVA), OENIDES UE YIATTWVECIKA (TITTOTA)
2 UYKEKPIPEVEG TTPOTIUACEIG
— EYypa®n o€ TTEPIOdIKO
— TTapakoAoUuBnon OOUAEIAG OUYKEKPINEVWY OUYYPAPEWYV (TT.X. Salton)
Mop@wTIKO £TTITTEDO
— Xpnotng pe Mav/ké Mruxio €vavt XpAoTn pe MNvwoeig AnuoTikou
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[Mpo@i\ XpnoTtwv

* [Mpoyi\ XpnoTwv:
— MEOO OI1AKPIONS TWV XPNOTWYV BACEI TWV XAPAKTNPIOTIKWY Kl
TTPOTIUNOCEWY TOUS
* Mopen
— Agev uttdpxEl KATTOI TUTTOTTOINKEVN HOPPN
— Mrtropoupue va Bewpricoupe OTI £XEI TN HOPPH MIAG ETTEPWITNONG

Mpo@iA XpnoTtwyv kail HBIKA

(a) Eival «xopB6» va 1repIopioue T ATTOTEAEOUOTQ;

(B) Id1IwTIKOTNTAO KAl TTPOCTACIA TTPOCWTTIKWY dedouévwy (Privacy)
— Av €Xoupe TTOAU AETTTOUEPH TTPOQIA

* [loiog €xel DIKaiwpa va BAETTEI T TTPOIA;
* [loiog ptTopei va eAEyxel Kal va aAAGlel Ta TTPOQIA;
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["evikoi Tpotrol A¢lotroinong Twv MNpo@iA katd Tnv Avaktnon
[MAnpo®opiwv

* A) Meta-0Inenon Baocel mpo@il (User Profile as a post-filter)
— Edw 10 TTPOQIA xpnOIPOTTIOIEITAI KATOTTIV TNG ATTOTINNONG TNG APXIKAG
ETTEPWTNONG
— H xpAon po@iA augdavel To UTTOAOYIOTIKO KOOTOG TNG AVAKTNONG

* B) lNpo-0inbnon paocel Tpo@iA (User Profile as a pre-filter)
— E&wWw 1O TTPOQIA XpNOIMOTTOIEITAI VIO VO TPOTTOTTOINOEI TNV APXIKN
ETTEPWITNON TOU XPROTN
— H xprion 1Tpo@iA Kal n TPOTTOTTOINCN ETTEPWTHOEWY OV AUEAVEl KOTA avaykn
TO UTTOAOYIOTIKO KOOTOG TNG QVAKTNONG

* C) Emrepwrnon kai Mpo@il wg EexwploTd onueia ava@opag
— (Query and Profile as Separate Reference Points)
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(A) Meta-0iInBnon Baoel MNMpo@iA
(User Profile as a Post-filter)

» MéBodoc:
— H apxiki emrepwTtnon uttoAoyieTal KAVOVIKA
— Ta ammoteAéopata opyavwvovTal BACEl TOU TTPOPIA
* Avadidragn oToixeiwv amavrnong
* ATTOKAEIONOG OPICPEVWV EYYPAPWV
* YTTOAOYIOTIKO KOOTOG
— H xprion 1Tpo@iA dev PEIWVEI TO UTTOAOYIOTIKO KOOTOG
— AvrifeTa, eloayayel Eva TTapattdvw UTToAoyIoTIKO oTAdIO
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B) MNMpo-0inénon Bacel Npo@iA (User Profile as a Pre-filter)
[Mapddeiypa Tpotrotroinong ETTepwTioewy:

| o I Rrofile2
P '. %
Mapadelypa pe 2 diaoTaoelg
Chicken 5
. Profile1

0 Calories 1

[Mpo®iA xprnoTn TTou Trbonpdel eEAQQPIA KAl OXI TTIKAVTIKA ¢aynTa
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TEXVIKEC TPOTTOTTOINONG ETTEPWTNOEWV

(B.1) Simple Linear Transformation
— MeTtakivei To didvuopa TTPOG TNV KOTEUOUVOT TOU TTPOQIA

(B.2) Piecewise Linear Transformation
— MeTtakivei To didvuopa TTPOG TNV KATEUBUVAON TOU TTPOQIA BACE!I TTEQITITWOEWV
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(B.1) Simple Linear Transformation
(aTTAGG YPOAUMIKOG HETAOXNMATIONOG)

‘Eotw g=<q1,...,qt>, p=<p1,...,pt> (qi, pi Ta Bapn TwV dIAVUOUATWV)

TpoTtrotToinon £TEPWTNONGS q (KAl oOpICPOS TS Q') -
g’ =kp;+(1-k) g, yia éva 0<k <1

[MepITTTWOEIG

« Av k=0 1616 Q' =q ( nemepwTnON PEVEI avaAAoiwTn)

* Av k=1 1616 Q' = p (N Vvé€a ETTEPWITNON TAUTICETAI JE TO TTPOPIA)
*  O1 evdIdueoeg TIUEG TOU K gival eVOIOPEPOUTES
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(B.2) Piecewise Linear Transformation

* Edw n tpotrotroinon Twv Bapwyv 1TpocdiopileTal uE Eva OUVOAO
TTEPITITWOEWV
* [lepITTWOEIC:
(1) 6pog TTOU EPaVICETAl KOOI TNV ETTEPWTNON KAl OTO TTPOQPIA
* e@apudloupe Tov ATTAG YPAPPIKO HETAOXNUATIONO
(2) 6pog 1ToU gpaviCeTal udvVo OTNV ETTEPWTNON
* AQrVOUNE TO BAPOG TOU OPOU QUETARANTO ) TO PEIWVOUNE EAAPPA (TTX 5%)
(3) 6pog TToU ep@aviceTal uGVO OTO TTPOPIA
* Oev KAVOUE TITTOTA, A €10AYAYOUUE TOV OPO OTNV ETTEPWTNON OAAG PE PIKPO BApOg
(4) 6pog TTOoU dEV gP@avICETAI OUTE OTNV ETTEPWTNON OUTE OTO TTPOPIA
* Oev KAVOUE TITTOTA
* [Napadeiypa
-p=<5 0 0 3>
-q=<0 2 0 7>
- q=<12515,0, 6>
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(C) Emrepwtnon kai MNMpo@iA w¢ EexwpioTd onueia ava@opac
(Query and Profile as Separate Reference Points)

* [lpoacgyyion
— Edw dgv TpoTtroTrolgiTal N apyIKn ETEPWITNON
— AvTiBeTa Kal N €ETTEPWTNON KAl TO TTPOQIA AauBavovTal EEXwWPIoTd uTTown
Katd 1n diadikaoia TNG BaBpoAdynong Twv eyypaewyv

* EpwtAiparta
— lNwg va ouvdudoouue auta Ta duo;
— 2€ TT0I0 VO DWOOUE TTEPICOOTEPO BAPOG Kal TTWG;
* YT60eon gpyaciag
— 'EoTtw 611 n avakTtnon yivetal Bacel piag ouvdptnon amréortaong Dist
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TpoTTOI CUVOUACHOU TTPOPIA KAl ETTEPWTNONG

L
(1) To d1aleukTikd povTéAo (To AlydTEPO QUOTNPO) = %

— ‘Eva d avAkel otnv attavrnon av:
— (Dist(d,q) <L) OR (Dist(d,p) <L)

Y q
— EvaAhakTikn diatumwon: min (Dist(d,q), Dist(d,p)) <L @ @

— ¢gival To Aiyotepo auoTtnpod

(2) To ouleUKTIKO HOVTEAO (TO QUOTNPOTEPO)
— (Dist(d,q) <L) AND (Dist(d,p) <L)
— max (Dist(d,q), Dist(d,p)) <L

— ¢gival To Mo auoTtnpd
— natmdvrnon givail N Tou Twv ans(p) Kail ans(q) (ME KATWOAI

* Qv TO g atréXel TTOAU aTTd TO P, TOTE N ATTAVTNON Ba gival KevA
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TpoTtrol guvduaapou TTPoiA kal etrepwTtnong (1)

(3) To eAAEIWOEIDEC POVTEAOD
— Dist(d,q) + Dist(d,p) <L

— KOAOG av 1o d Kal To p &V ATTEXOUV TTOAU
* AV QTTEXOUV TTOAU TOTE UTTOPEI VO avaKTNBoUV TTOAAG un ouvaQr JE KavEVa
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TpoT1T01 guvduaopou TTPoIA kal etrepwTtnong ()

(4) To oB4&A yovtéAo Tou Casini
— Dist(d,q) * Dist(d,p) < L
— av 10 d Kal TO p €ival KOVTA, TOTE OPOIACEI UE TO EAAEIYOEIDES
— av ammEXouv Aiyo TOTE YOIALEl UE QUOTIKI
— av aTTéXOoUV TTOAU TOTE €XEI TN MOP®N TOU 8
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[Mw¢ pTTopouue KaBopIiooOUUE TN OXETIKN BapuTnTa
ETTEPWTACEWYV KAl TTPOWIA;

* Bdpn utropouv va TpooTeEBOUV OTA TTPONYOUHEVA HOVTEAQ:
— min (w1™Dist(d,q), w2* Dist(d,p)) <L /181aguUKTIKO
— max (w71*Dist(d,q), w2*Dist(d,p)) <L //oueuktiko
— w1™Dist(d,q) + w2*Dist(d,p) <L /leNeIpOEIBEG

» 0710 Cassini 0gv gival TTOAU KAAO a@ou €xel TN JOPPH YIVOUEVOU.
Edw eival rpoTiudTEPO Ta BAPN va eKPPACOBOUV WG EKOETEC:
— Dist(d,q)*? * Dist(d,p)*2<L //Cassini
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[Mpo@ih XpnoTwv Kai
ACIoAGynon ATToTeAeOaTIKOTNTAG AVAKTNONG

* MOovo TTEIpANATIKA JTTOPOUME VA atTopavOouUE yia TO TToIx
TIPOCEYYION €ival KAAUTEPN, 1] YIA TO AV AUTEG OI TEXVIKEG
BEATILOVOUV TNV ATTOTEAECHPATIKOTNTA TNG AVAKTNONG

* H mreipapaTikh agloAdynon [Sung Myaeng] atrédeIge OTI Ol TEXVIKEG
QUTEG BEATILUVOUV TNV ATTOTEAECUATIKOTATA
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2uoTnuara MNMoAAatTAwyv Znueiwv Ava@opag
(Multiple Reference Point Systems)

Kivntpo
» AuvaTtoTnTa XPrAong TTEPICOOTEPWY TWV 2 ONMEIWV ava@opdag
— 2TV Tponyoupevn oulATnon gixape dUo onuEia avagopdg: TNV ETTEPWITACN Kal TO TTPOQIA.
Opioudc:
— Znueio Avagopdg (reference point of point of interest) =
‘Eva opiouévo onueio n évvoia wg mpog TNV omoida UITopoupE va
Kpivouue éva éyypago

Mapadeiypara onueiwv avagopdg: « TMwg PTTopoULE va opicous £va

o < ox onueio avagopdg atod £va aUvoAo
Eva yvwaoTo £yypago EVYPaQWV G D

— €va OUVOAO YVWOTWV EYYPAQWY +  Amavinon: OswpoUpe 8Tl UTTEPXEI

— £Vag ouyyPaQEag 1 £va GUVOAO GUYYPOPEWY zVO‘ TiXVTé €yypago, To centroid
. ] ) ocumen

— £€va yvwaTO TrePIodIKO — 710 Bépn Tou BIaVUCATOS TOU

— IO XPOVIKI TTEPIod0G TIPOKUTITOUV TIAiPVOVTOG TOV HECO
6po TwV BapwV TWV EYYPAPWY TOU
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2uotiuara NMoAAaTTAwyY 2nuegiwv Avagopag
(Multiple Reference Point Systems)

2nueia avagopag: R1,... Rn
Bdpn: w1,...wn, % wi=1
|| || MeTPIKA (OuvApTnon atrdéoTaoNC)

[MapaTtnpnoeig
— Ta Tapakdtw gival ave¢dpTnTa TNG METPIKAG TTOU XPNOIUOTTOIOUUE

— MTTOPOUME VA XPNOILOTTOINOOUNE OTTOIAONTIOTE HETPIKY ATTOOTA0NS N
opoIoTNTAC ETTIOUUOUUE

Aiaiobntika: Eivar oav va kavouue Avakrnon lNAnpogopiac
xpenoiuorroiwvrag NOAAES erepwTnoeic Tautéxpova
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Multiple Reference Points: Mathematical Basis

* ©Oa YyeVIKEUOOUNE TO JOVTEAQ TOU OIOBIACTATOU XWPEOU TTOU £XOUME
non Ocl:
— min (w1*Dist(d,q), w2* Dist(d,p)) <L //81aeUKTIKO
— max (w1* Dist(d,q), w2*Dist(d,p)) <L //ouleuktikd

— w1™Dist(d,q) + w2*Dist(d,p) <L I/ENNEIWOEIBEG
— Dist(d,q)*" * Dist(d,p)#2<L //Cassini
* AnAadn:

— min (w1*Dist(d,R1), ..., wn*Dist(d,Rn)) <L //81aeUKTIKO

— max (w1* Dist(d, R1),..., wn*Dist(d, Rn)) <L //ouleuktikd

— w1™Dist(d, R1) + ... + wn*Dist(d, Rn) <L I/ENNEIWOEIBEG

— Dist(d, R1)#? *_..* Dist(d, Rn)»" <L //Cassini
* 1) CUVOUAONOC TWV TTAPATTAVW

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring
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AMNAEG TEXVIKEG (TTOU £xoupE NON d¢l) TTou fonBouv Tnv
gCaTopikeuon

* Opadotroinon (Clustering): Buunbeite To padnua Tepi
ouadoTT0iNONG Kal EMTOTTIOC AVAAUONG
— Mrtropei va dwaoel AUon oTo TTapAdEIyua:
— g="theory of groups”
« sociologist: behaviour of a set of people
* mathematician: a particular type of algebraic structure

» Teyxvikég BeAtiwong AttavTnong ETTepwTthcewy (avaTpo@odoTtnon
OUVAQPEIAQ)
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ESaTopikeuon péow
2uvepyaTtikKng ETTIAoyng/AInOnong
Personalization using
Collaborative Selection/Filtering
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Machine Learning (McGraw-Hill Series in Computer Science)
by Tom W Witchell, Thomas Il Witchell
Our Price: $85.15 |

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

€

Availability: Usually ships within 24 hours.
Shopping with us is

customer 100% safe.
N Guaranteed.
comments

if you like this

book...

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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2 uvepyaTtikn EmmAoyn/Aindnon

[MpOBAeWn TTPOTINACEWS EVOC XPNOTN
BACEl TWV KATAYEYPANMUEVWYV TTPOTIUNCEWV
TOU 10i0U KAl GAAWYV XpNOTWV.
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Mapdadeiypa: EmmAoyr EoTiartopiou

» KAaooiki lNpooéyyion:
— XapakTnpi¢oupe Ta €0TIOTOPIO BACEI EVOG TTETTEPACUEVOU OUVOAOU KPITNRIWV
(kouliva, k6oTog, ToTroBeaia). O1 TTPOTIUACEIG EVOG XPNOoTn ek@palovTal P
MIa guvdpTnon agioAdynong TTavw O€ autd Ta KPITHPIA.

* MelovekTipaTta

— 21NV €AoY OPWG EVOG E0TIATOPIOU EUTTAEKOVTAI KAl AAAOI TTAPAYOVTEG
(atepI6pIoTol oTOV APIBUG) TTou BUCKOAQ Ba PTTOpOUCAV VA EKPPACTOUV E
oaPAveIa, OTTWG:

* TO OTUA Kal n aTpoo@alpa, n dlakdounon

* n uttéAoITIn TTeEAATEia, TO TTAPKIVY

* nyemovid, n Ol1adpOouN TTPOG TO ECTIATOPIO

* n €EUTTNPETNON, OI WPES AsIToupyiag, Ta ... ogpPitaia

* OQa BéAape va PuTTOpoUUE Va TTPORAEWOUE TIC TTPOTINAOCEIS XWPIC
va TTEPIoPICOPacTE 0€ Eva oTaBePd aUVOAO KPITNPIWVY
— XWPIG KAV va XPEIAOTEN va avaAUOOUNE TOV TPOTTO TTOU OKEPTETAI O XPAOTNG
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H KAaooikry Avaktnon Keipévwy

OpoiétnTa épwv
Baoel Twv eyypdewv

sim(k1,k2)
(JH Opol
~
kp ky ...k ] ]
dy Wy Wy o Wy sim(d1,d2) Opoi1éTnTa EYYPAPWYV
. d, Wy Wy .. Wy ~} ’ Bdaoel Twv Aégewv
Eyypaga i o . «dot product
) scosine
’ *Dice
dy Wy, Wy Wy «Jaccard
0 Wyq Wy oo Wy
w;; = {0,1}
w;; = tf idf;
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Xpnrotec avti Opwyv
OpoI16TnTa XPNOTWV
Baoel Twv TTPOTIUACEWY TOUG
sim(ut,u2)
(JH XpRnoTeg
- N
Uy U, ... U ] ]
dy wy Wy o Wy sim(d1,d2) Opoi1éTnTa £YYPAPWYV
Eyypaga 0!2 W.12 vsz thz ~} «dot product Baoel Twv (’Trponpr]oawv
scosine TWV XPNoTWV
) ) *Dice
Ly Wiy Wop o Wy «Jaccard
0 Wigq Wyg o Wy

W= {0,1} ===> 0: Bad, 1: Good
w;; = tf;1df; ===> W, ; :paBpég mpotipmeng Tov yprieTn i 670 Eyypago j, my {1,2,3,4,5}
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Xpnoteg avti Opwv

* AQoU d¢gv XpNOIUOTTOIOUME AEEEIG, TO
«Eyypa@a» PTTOPEi va gival oTIONTTOTE:
— O®wroypagicg, BiBAia

Opol16TnTa XPNOTWV
Baoel Twv TTPOTIUACEWY TOUG

H — HAeKTPIKEG ZUOKEUEG
Slm(U1’UZ) — Eomardépia, MeCedottwAeia
—  Kivnuatoypa@ikég Taivieg
XpnoTeg — TnAeotrmika lMpoypappata
~ N - .
Uy Uy e Uy - .
di Wy Wy, o Wy —% sim(d1,d2) O!JOIOTnTa EYYPaQuY
Eyypaoa d.z le sz YVtZ —T  dot product Baoel Twv (’Trponpnoawv
scosine TWV XPNoTWV
: ) ) *Dice
Oy Wi Wo e Wy «Jaccard
0 Wgq Wy oo Wy

W= {0,1} ===> 0: Bad, 1: Good
w;; = tf;1df, ===> W ; :Babpog npotipmong tov ypiom i oto Eyypago j, my {1,2,3,4,5}
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MavTeUovTac TIC TTROTIMNCEIC EVOC XPNOTN

OpoI16TnTa XPNOTWV

Baoel Twv TTPOTINACEWY Toug | O XproTng ut dev EXEl
BaBuoAoynoel (ekppdoel Babud
TTpoTiuNoNg) yia 1o d1.

(_/H MTTOpOUE VO TOV HOVTEWOUE;
XpnoTeg
/“

U, U, ...

dy Wy Wy @—% sim(d1,d2) 0!10|0Tn1a svypafpwv
dy Wy, Wy, ... > — Baoel Twv (TTpoTINACEWY

sim(ut,u2)

«dot product

«cosine TWV XPNOoTWV
*Dice

n «Jaccard

‘Eyypaga

oWy, Wy, W,

W= {0,1} ===> 0: Bad, 1: Good
w;; =t 1df, ===> W, ; :Babpog npotipmong tov ypiiom i oto Eyypago j, my {0,1,2,3,4,5}
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Y1roAovIoUOC MNMpoBAEWewWYV Kal 2U0TATEWV

OpoISTNTA XPNOTWY Prediction
Bdaoel Twv TTPOTIMACEWYV TOUug | O xpAoTNG ut dev £XEl
BaBuoAoynoel (ekppdoel Babud
TTpoTiNNOoNG) yia 1o d1.
MTTOpOUlE VO TOV HOVTEWOUE;

sim(ut1,u2)

(JH Xpnoreg

U, U, ...
) OuoléTnTa € apwv
Ay Wy Wy ... @—} sim(d1,d2) OMeloTTa evypd
dy Wy Wy, .. 2 — «dot product Baoel Twv (TTpOTINACEWV
: : : : scosine TWV XpNOTWV

*Dice
-Jaccard

/"

‘Eyypaga

oy Wy Wy Wi

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

31

[Mapadeiypa TS dlaPopdac HeTagu MNpoBAeWnC 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
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How can we compute recommendations?

XpRoTeg Nearest Users:
~ N find the nearest (most similar) users and from
. uy/\l‘u_t their ratin sinfei w(u,di) )
dl Wll W21 - - g t .
‘Eyypaga dy Wy W'zz \.Ntz (or compute recommendations).
dy Wy Wy v | Wy |

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

u U, ... U . . .
L2 L its rating infer w(u,,di).
d, Wy, W -
| 1 11 Wop - w
. Oy Wy, Wy oo Wy
Eyypaga| = % ) : (compute recommendations):
: Do : find the items that are similar to other
dd, Wy, Wy Wy, Y items the user has liked in the past
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How we can compute recommendations.
Nearest Users

XpnoTeg
~ N
o . U fu, |.... |y
Objective: Compute w(u,,di) dy Wy Wy | ... | -
dy Wpp| Wop | o | W

Eyypaga
* Algorithm Average -
— Let Sim(u,) = the users that are similar to u; d, wy | w,
* 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) = Z sim(u,, u)*w(u,di) where u € Sim(u,)
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[Mapdadeiypa TPORAsWnS BAoEl TWV 3 KOVTIVOTEPWV
XPAOTWYV Kal JETPO ATTOOTACNG TN WETPIKA L,

/— Tony Manos Tom Nick Titos YanL?
PizzaRoma 4 5 1 2 5 |4
PizzaNapoli 3 3 1 1 4 |3
PizzaHut 4 1 |2

5

PlzzaToscan@ @ 2 1 @ ?

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

Nearest 3 = Tony, Manos, Titos

(5+4+5)/3 = 4.66
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[Mapdadeiypa TTPORAEWNG Ye BACN TIG 2 KOVTIVOTEPEG
TTOAPIEG KAl JETPO ATTOOTACONG TN METPIKNA L,

Tony Manos Tom Nick Titos Yannl\s

PizzaRoma 4 5 1 2 5 a
PizzaNapoli 3 3 1 1 4 ;
PizzaHut 1 2 5 4 1 e
@zaToscana 5 4 2 1 5 ?

D(Roma,Toscana) = sqrt [(4-5)%2+(5-4)? +(1-2)% +(2-1)2 +(5-5)?]= 2
D(Napoli, Toscana) = sqrt [(3-5)?+(3-4)? +(1-2)? +(1-1)? +(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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[MpoBAnuara Ekkivhong (1)
Nearest Users

« Eloaywyny véou xpnorn:
— OeVv €XEl EKPPATEI KAUIA TTPOTINNON => OEV ITTOPOUUE VO TOU TTPOTEIVOUE
TiTToTA (OEV PTTOPOUE VA EVTOTTIOOUNE KOVTIVOUG XPrOTEG)

— Tony Manos Tom Nick Titos|Yanjm
PizzaRoma 4 5 1 2 5 |-
PizzaNapoli 3 3 1 I 4 |-
PizzaHut 1 2 5 4 1 |-
PizzaToscana 5 4 2 I 5 |?

N~ _
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[MpoBAruara Exkkivnong (lI)
Nearest ltems

* Elcaywyny véou avTtikelyévou (new item):
— O&V £XOUNE TTPOTIMNACEIG VIO auTO => TTOTE dev Ba TTPOTABEI O€ KATTOIOV
XpPAoTn

— Tony Manos Tom Nick Titos Yannrs\
PizzaRoma 4 5 1 2 5 4

PizzaNapoli 3 3 1 I 4 3
PizzaHut 1 2 5 4 1 2
9

PizzaToscanal - - - L
S~ ~
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[MpoBARuaTa Ekkivnong (I11)

* 2¢& KABe TrePITITWON TTOTE dev Ba TTPpoTABEl £va VEO OTOIXEIO O€ £va

VEO XPNoTN
— Tony Manos Tom Nick Titos|Yanjm
PizzaRoma 4 5 1 2 5 |-
PizzaNapoli 3 3 1 I 4 |-
PizzaHut 1 2 5 4 1
PizzaToscana| - - - - - |?
N~ _
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OuoiétnTa/ATréoTOoN XPNOTWYV

» TpoTrol UTTOAOYIOMOU:

— €0WTEPIKO yIvopevo  (SIM(UL,U2) = D Wi - Wy

t

i=1

2Ta adela KeEAIA
TOU TTiVaKQ
Bewpoupe oI
uttdpxel 10 0

— guvnuiTovo

cos(

P

VY

|| ™~

(Wll W 2i)

Pz)

\UlHuz\ \/Zwl. ZW2.2

— Mean Squared Distance

— Pearson Correlation
Coefficient
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OpuoiotnTa/ATrécTOoN 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.,

Du1 Nov2-
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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Mean Squared Difference

Ouoidtnra/AréoTacn XpnoTwv:

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

dMSD(Ul,UZ) = I

Buiru2| xeDy1~u2

X) — U2(X))?

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring
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OuoidétnTa/ATréoTOC XPNOTWV:
Pearson correlation

o EI0 U0 -1
Cpearson (U1, U2) = 2=Butrws

>IN0 -u? e Y u0-u2)

xeDy1~u2 xeDy1~u2

C(u1,u2) >0 6crikn oxéon
C(ut,u2) =0 oudérepn oxéon
u2 = mean of u2 C(ut1,u2) <0 apvnTikn oxéon

ul = mean of ul

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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OuoiétnTo/ATréoTOoN Items

* TpdT1T0I UTTOAOYIOHOU OloIGTNTAG/ATTOOTACNG:
— EOWTEPIKO YIVOUEVO
— ouvnuiTovo
— Pearson Correlation Coefficient

> (u(x1) = X1)(u(x2) — x2)
Chpearson (X1,X2) = uey 3
> (u(x1)-xD)* - ¥ (u(x2)-x2)
uelU ueU

— Adjusted Pearson Correlation Coefficient

u(x1) —ul)(u(x2)—u2
To handle the differences ~ ui( (xD) —uD)(u(x2) -u2)
i - Cpearson (X1, X2) = -
in rating scales of the users \/ 3 (u(xl)—ﬁ)z- Z(u(xZ)—ﬁ)
ueU ueld
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Ouoiotnra/AtréoTaon ltems

* TpdT1T0I UTTOAOYIOHOU OpoIGTNTAG/ATTOOTACNG:
— EOWTEPIKO YIVOUEVO
— ouvnuiTovo
— Pearson Correlation Coefficient

¥ (u(x) £ x1)(u(x2) x2)

ueU

C earson( 1,x2) =
P \/ 5 o) G- T £x2)”

uel ueU

— Adjusted Pearson Correlation Coefficient

. > (u(x1) £ u)(u(x2) Au2)
To handle the differences __ ueU 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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Obtaining User Input: An Example of Implicit Rating

2} Amazon.com: Your Recommendations - Microsoft Internet Explorer

File Edit Miew Fawortes Tools Help |

$= Back = =+ - () ot | ‘@ search [ Favorites S Media o | Bhy- = [ - j=3
Links @&]%net &]haarstz &) weather austin @]1772 118 22R0 - & Customize Links (3] Launch Outiook Espress

Address |2_‘| Iittp: £ v, arnazon, comdexecd obidos/ta/ stores/recsfinstant-recs /- book /0 ref=pd_ir_b_hrm/104-2449563-4302350 ~| @Go
Google - | | B Seachweb S Search Site  S2Search Groups | ¢ Mew! | P2asREnk oo paregony @ Page Info - 2>
TOwT. T TLES [ SLIorrT
In Books: In a hurry? Click here to edit your recommendations. -
Your Favorites More Results € J
Science
Computers & Internet 1. LOOK INSIDE! Data Mining Add to cart )

Parenting 8 Families
Erofessional 2 Technical

by Ian H. Witten, Eibe Frank
sverage Customer Rewview:
October 11, 1999

Add to Wish List

More Categories
ATMazon.coin

Drata rmuning techniques are used to power mtb frwrare, both on
Arts & Photography and off the Internet. Data Mining: Fracticgh Macjline Learming Toois
Audio CDs explamns the magic beluind mformation extrgfction a boole that succeeds
Audiocassettes at bringing the latest in computer sciencefese h to any IS manager or
Bargain Books developer. In... Read more
Biographies & Memaoirs

Business 2 Investing

Accessories

Our Price: $49.95 Used 8 ne

e (Town it} (Mot interested ) wWhy was [ recammended this?
Catalogo de libras en

espafiol

= —_— -

I —— = \ ///// e =

Implicit ra%
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[Mapd Tauta,

MoAU ouxvd |D,q.2]=0
When thousands of items available only little overlap!
=> Recommendations based on only a few observations
s Tom Nick Titos Yannis
PizzaRoma 2
PizzaNapoli 1 4
PizzaHut 5 2
PizzaToscana 2 1 5

(98]

* Various solutions:
— View CF as a classification task
* build a classifier for each user
* employ training examples
— Reduce Dimensions
* e.g. LSI (Latent Semantic Indexing)
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LSI:

documents
* TpOTTOC CUYKPIONG 2 OpWV:
— the dot product between two row vectors of X ﬁ
reflects the extent to which two terms have a terms
similar pattern of occurrence across the set of
document.
txd
cuments
» TpoT1TOC CUYKPIoNS dUO £yYPAPWV: 5\(
— dot product between two column vectors of X 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 ltem-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

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

 Data is divided into 2 sets

— training set %l Pi — O |
| |

— test set =
» Evaluation Metrics MAE =

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

Q; : actual rating

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 51

"NNT

2uvaen ZnTrMaTa TToU £XOUME NON MEAETNOEI

« Evotroinon Alatagewy
— Borda, Condorcet, Arrow’s Impossibility Theorem
— Av oI TTPOTINNAOCEIG TWV XPNOTWV €ival Eva dIATETAYUEVO GUVOAO ETTIAOYWV
* YTOAOYIOPOG CUOTACEWV = €UPEDN EVOTTOINUEVNG BIATAENG
* ['pAyopn artrotiuynon top-k queries
— AAyopiBuog FA (Fagin’s Algorithm) kai TA (Threshold Algorithm). Av ol

TTPOTIMNCEIG TWV XPNOTWYV EKPPAOVTAI UE OKOP KAl €ival ATTOBNKEUUEVEG O€
ATTOPAKPUOHEVA OUCTHUATA.
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2uvepyaTtikn EmmAoyn/AiIndnon: Zuvoywn

* 1310iTEPO XOPAKTNPIOTIKO: DEV XPEIACETAI VA EXOUNE TTEPIYPAPH) TOU
TTEPIEXOUEVOU TWV OTOIXEIWV
— MTTOPOUUE VA TNV XPNOIUOTTOINCOUE YIa TNV TTIAOYR/dINBNCN TTOINPATWY,
QINOCOQIKWYV 10wV, Mp3, HECEBOTTWAEIWY, ...
* Oa ptropouce va aloTroinBei kal oTa TTAQioIa TNG KAACOIKAG Al
— Aidtaén oToixeiwv amravinong Baoel cuvageiag KAI Tou ekTiyouugvou Babuol Toug
(Baoel Twv agloAoynoewv Twv GAAWV XpNoTwY)
» ‘Exer ammodeixOei xprioiun Kai yia Toug ayopaoTES Kal yia TOUG TTWANTEG (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
*  Emekrtdoeig/BeATiwoelg

— Trust = explicit rating of user on user
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