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HY463 - Zuotiuata Avaktnong MNMAnpogopiwv

Information Retrieval (IR) Systems

E€atopikevon: MpodiA Xpnotwv Kat Tuvepyatikr) Emhoyn/Awbnon
(Personalization: User Profiles and Collaborative Selection/Filtering)
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AiapBpwon Mapouaciaong

= Kivntpo
= [lpodiA Xpnotwv
= peta-61n0non (Post-Filters)
= mnpo-6u0non (Pre-Filters)
= oMamAd Znueia Avadopdg
= Juvepyatikr Emhoyn/Aun0non (Collaborative Selection/Filtering)
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Kivntpo

ALOTULOTWOELG

— Agev £Xouv OAOL OL XPAOTEG TA 5L XOPAKTNPLOTIKA

— Apa bev £xouv oUTe TIG 16LeG TANPODOPLAKES AVAYKES
IKomoG: llpooapuoyn TG AELTOUPYIKOTNTOS 0T YOUPAKTNPLOTIKA KOL TLG OVAYKES
SLAPOPETIKWVY XPNOTWV
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Napadeiypata Kpttnpiwv Atdkplong Xpnotwv

E€olkelwon e TNV MEPLOXN TNG EMEPWTNONG
— Xpnotng pe AA otnv NAnpodopikr) PAaXVEL yLa LATPLIKEG TTAnpodOopieg
— g="theory of groups”
e sociologist: behaviour of a set of people
e mathematician: a particular type of algebraic structure

MWOOLKES IKAVOTNTEG
— lotooeAideg otn Yok yAwaooa (oK yia ebpeon Spopoloyiwv mhoiwv, 0xt OpwCE yLla
Pphocodika keipeva), oelideg otnv Lamwvikn (tirota)
JUYKEKPLUEVEC TIPOTLUNOELG
— eyypaodn os MePLOSLKO
— mapakoAouBnon S0UAELAG CUYKEKPLUEVWY ouyypadEwy (.. Salton)
MopdwTko eninedo
— Xpnotng e Mav/ko6 Ntuxio évavil XpAotn pe NVwoeLg Anpotikol
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MpodiA Xpnotwv

MpodiA Xpnotwv:
— UEOO SLAKPLONG TWV XPNOTWV BACEL TWV XYAPOAKTNPLOTIKWYV KOl
TIPOTIUNOEWVY TOUG
Mopor

— Agv UTIAPYXEL KATIOLOL TUTTOTTOLNKEVN Lopdn
— MrnopoUue va BewprnoouE OTL £XEL TN Hopdn LLAG EMEPWTNONG

MpodiA Xpnotwv kat HOwKA
(o) Elva «opB0O» va meplopiloupe ta amoteAéopATa;
(B) 18lwTIKOTNTA KOL TTPOCTAGCLA TIPOCWTILKWV Sedopévwy (Privacy)
— Av £xoupe oAU Aemttopepn mpodih
= [lolog éxet Sikaiwpa va BAEmel ta mpodid;
= [olog umopei va eAéyyel kot va oANGLeL Ta TtpodiA;
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levikol Tpomot A€lomoinong twv MpodiA katd tnv Avaktnon NAnpodoplwv

A) Meta-811@non Bdoet mpodil (User Profile as a post-filter)
— E6w 1o mpoodil xpnoomnoLeital KATOmV TG anotiinong TG apxXLKNG EMEPWTNONG
— Hxpnon mpodiA auéavel To UTTOAOYLOTIKO KOOTOG TNG AVAKTNONG

B) Npo-61@nan BaoeL mpodiA (User Profile as a pre-filter)
— ESw to mpodiA xpnoLUOTOLEITAL VL0 VO TPOTIOMOLNCEL TNV QPXLKI| EMEPWTNON TOU
xprotn
— Hxpnon mpodiA Kat n tpomomnoinon enepwtioewv 8ev auEAVEL KATA AVAYKN TO
UTIOAOYLOTLKO KOOTOG TNG AVAKTNONG

C) Enepwnon kat Mpodid wg EexwpLotd onpeia avadopdg

— (Query and Profile as Separate Reference Points)
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(A) Meta-6i\6non Baocel MpodiA
(User Profile as a Post-filter)

= Mé6oboc¢:
— H apyikn enepwtnon umoloyiletal Kavovika
— Ta amoteAéopata opyovwvovtal BAceL Tou mpodth
o Avadiatagn otolyeiwv anavinong
0 ATIOKAELOUOG OPLOUEVWV EYYPADWY
= YTTOAOYLOTLKO KOOTOG
— H xpnon mpodi\ §gv LELWVEL TO UTTOAOYLOTIKO KOOTOG
— AvrtiBeta, mpoobETeL Eva MOPAAVW UTIOAOYLOTIKO 0TASL0

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

B) Mpo-61n6non Baoet NpodiA (User Profile as a Pre-filter)
Mapadetlypa Tpomomnoinong Enepwtioswv:

1 Chili [ Rrofile2
e Q2
eQ
Spiciness éQ1 i i
Mapddeiypa pe 2 diactdoeig
Chicken g

[l Profile1
0 * Ice cream

| 2 1

0 . Calories

MpodiA xprotn mou mpoTipdel ehadpld Kot OXL TUKAVTIKA daynTd
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TeXVIKEG TPOTIOTIOLNONG EMEPWTHCEWVY

(B.1) Simple Linear Transformation
— Metoakivel to Slavuopa pog tnv kateuBuvon Tou podiA

(B.2) Piecewise Linear Transformation

— Metakivel To dtavuopa pog thv KatevBuvon tou TpodiA Bdaoel
TEPUTTWOEWV

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

(B.1) Simple Linear Transformation
(oTAOG YPOLLKOG LETALOYN LOTLOMOG)

EOTW g = <qy,...,0>, P = <Py,...0> (G, p; T BAPN TWV SLOVUCHATWY)

Tpormormnoinon enepwtnong q (koL opltopdc g q’) :
q/=kp;+(1-k) q; ytaéva0<k<1

MepUTTWOELG

= Av k=0 toteq’ =q ( n emepwtnon pével avaAloiwtn)

= Av k=1 tote g’ =p (n véa enepwtnon TauTileTal LE TO TPOPIA)
= OLev8Lapeoeg TIUEG Tou k eival evlladEpouaeg

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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(B.2) Piecewise Linear Transformation

ESw n tpomormnoinon twv Bapwv npocdlopiletal e £va cUVOAO MEPUTTWOEWY
(Stapopetikn ouuneplpopa pe Baon av 0 0pog ELPAVIIETAL 1) OXL OTNV ETTEPWTNT KAl OTO TTPOPIA)
MepUTTWOELC:
(1) 6pog mou epdaviletal KaL oTnV EMEPWTNON Kot 0TO TIPOdIA
* £bapUOTOUUE TOV ATAO YPAUMUIKO UETACKNUATIOMO
(2) 6pog mou epdaviletal pdvo oTnV EMEPWINTN
* a¢drVoupE To BAPOG TOU POV APETABANTO 1| TO HeELWVOUUE eEhadpd (rx 5%)
(3) 6pog mou epdaviletal poévo oto mpodiA

® §gv KAVOUUE TUMOTA, I EL0AYAYOULE TOV OPO OTNV EMEPWTNON OANA HE LKPO BAPOG

(4) 6pog mou bev epdaviletal OUTE OTNV EMEPWTNON OUTE 0TO TTPodil
® 8gv KAVOUUE Timota

Napadelypa
- p =<5, 0, 0, 3>
- q =<0, 2, 0, 7>
- g =<1.25, 1.5, 0, 6>
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 11

(C) Emepwtnon kat Mpodil wg Eexwplota onpeia avadopadg (Query and Profile as
Separate Reference Points)

Mpocéyylon
— E&w 8gv TpomornoLeitaL n apyLkn EMepWTNON

— AvrtiBeta kat n emepwtnon Kat to TPodiA AapBdavovtal EEXxwPLoTA UTIOYN KATA T
Sadkaoia tng BabpoAdynong Twv eyypadwv

EpwtApata
— Mwg va cuvbuaooupe autd ta duo;
— Z€TOLO VO SWOOUE TEPLOCOTEPO BAPOG KA TIWG;

YnoBeon epyaoiag
— 'Eotw OTL N avdKTnon yivetal BAoeL plag ouvaptnon andotacng Dist

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 12
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Tpomnotl cuvduacopol TpodiA Kal EMEPWTNONG

— 'Eva d avnKeL oTNV amavtnon av:

— elvat to Alyotepo avotnpd

(2) To ouleukTikO HOVTENO (TO QUOTNPOTEPO)
— ‘Eva d avnkel otnv andavtnon av:
(Dist(d, q) <L) AND (Dist(d, p) <L)
= max (Dist(d, q), Dist(d, p)) <L
— &lval To Mo auoTtnpo

n antdvtnon eivat n toun Twv ans(p) kat ans(q) (Me katwdAL L)
® Qv TO q QMEXEL TTOAU OO TO p, TOTE N andvinon Ba eivat kevn

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

Ly
(1) To &LaleukTiko HovTéNo (To AlyoTEPO QUGTNPO) %

(Dist(d, gq) <L) OR (Dist(d, p) <L)
= EvoAhaktikd Statvnwon: min (Dist(d,q), Dist(d,p)) <L @ @

Tpomnot cuvduacpou rpodiA kat emepwtnong (1)

(3) To eMewboelbég povtélo
— Dist(d, q) + Dist(d, p) <L
— KA av to d KaL To p SV anéxouv oAU
= Qv aréXouV oAU TOTE Hropei va avaktnBolv moAAd& pun ocuvadn e kavéva
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Tpomnot cuvduacpou mpodiA kat emepwtnong (1)

(4) To oB&A povtého Tou Casini
— Dist(d, q) * Dist(d, p) <L
— av to d KoL to p gival Kovtd, Tote opoLdlel pe To eANeloelSEQ

— Qv aréXouv Alyo Tote HoLAleL e GUOTIKL
— Qv aTEXOUV TOAU TOTE €XEL TN Hopdr] Tou 8

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 15

Mwg urmopoUpe KBoPioOUE TN OXETIKA BOpUTNTA EMEPWTHOEWV KOl
npodiA;

=  Bdpn Unopoulv va mpootebolv oTa TPoNyoUEVA LOVTEAQL:
— min (w1*Dist(d, q), w2* Dist(d, p)) <L //81aeukTiko
— max (w1* Dist(d, gq), w2* Dist(d, p)) <L //outeukTiKO
— wi1*Dist(d, q) +w2* Dist(d, p) <L //eMewpoelbég
= Y10 povtélo Cassini ta Bapn sival kaAltepa va ekdpacbolv we ekBETEG:

— Dist(d,q)** * Dist(d,p)*? <L //Cassini

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 16
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MpodiA Xpnotwv kat
AfloAOynon AmoteAeopATIKOTNTAG AVAKTNONG

=  MOVO TEPAUATIKA UTopoUE va anmodavBioU e yLa To TIola TPOCEyyLon elvat
KOAUTEPN, 1 YLOL TO AV QUTEC OL TEXVIKEG BEATLWVOUV TNV OIMOTEAECUOTIKOTNTA TNG
QVAKTNONG

= Hnelpapatikn afloAdynon [Sung Myaeng] améSeLEe OTL OL TEXVLKEG QUTEG
BeATLWVOUV TNV AMOTEAECUATIKOTNTA

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 17
Juotuata NoAAamAwy Znpeiwv Avadopdg
(Multiple Reference Point Systems)
Kivntpo
= AuvatdtnTta Xprong MEPLOCOTEPWV TWV 2 ONUEiwV
avadopag
— 2NV mponyouUpevn oulitnon eixape Suo onpeia avadopdg: TNV EMEPWTNON Kat
o mpodiA.
Oplopog:
— ZInueio Avadopag (reference point of point of interest) = Evar
0pLOUEVO onueio 1) évvola wE TTPOG TNV Onoia UTTOPOUUE va
Kkpivouue éva éyypapo
= WG UMopoUE VoL OpiCOUHE €va ohpeio
ﬂapa&g[yuata on ug[wv avad)opdq; avagdopds and éva VoMo eyypddwy C <
. L D;
B %va vv’woro Eyvpad?o ) = ANAvTnon: OewpoUpe OTL UTIAPXEL Eva
—  &va 6UVOAO YVWOTWV eyypddwy TEXVNTO €yypado, To centroid document
— évag ouyypadéag r éva cuvolo cuyypadéwv * 10 Bdpn TOU SLAVOOHATOG TOU TIPOKUTITOUY
, , , Taipvovtag Tov HECo Opo TwV Bapwv Twv
—  £va yvwoTto neplodiko eyypédwy Tou C
—  MLOXPOVLKA TtepioSog
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 18
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Juotiuarta NoAAamAwy Znpeiwv Avadopdg
(Multiple Reference Point Systems)

Inpeia avadopdg: Ry,... R,
Bapn: wy,..w,, Zw=1
] || petpwn (ouvaptnon amdotacng)

MapatnproeLg
— Ta mapakdtw eivot avedptnTa TG LETPLKAC TTOU XPNOLLOTOLOUUE

—  UITOPOULE VO XPNOLUOTIOL|GOU LLE OTIOLASATIOTE UETPLKN ATTOOTAONC 1) OUOLOTNTAG
emdupovue

o AlawoOnuika: Eivor oav va kavouue Avaktnon lAnpogopiag xpnotuomotwvrag [NOANES
EMEPWTIOELG TAUTOXPOVA

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

Multiple Reference Points: Mathematical Basis

Oa YeVIKEUOOUWE T HOVTEAQ TOU SLoSLACTATOU XWPOU Tou €XoUpEe NN SeL:

— min (w1*Dist(d, q), w2* Dist(d, p)) <L //81aeuktiko

— max (w1* Dist(d, q), w2* Dist(d, p)) <L //outeukTiKO

— wi1*Dist(d, q) + w2* Dist(d, p) <L //eMewboelbég

— Dist(d, g)** * Dist(d, p)*?<L //Cassini
JUYKEKPLUEVA:

— min (w1*Dist(d, R;), ..., wn*DDist(d, R.)) <L //&wafeuktikod
— max (w1* Dist(d, R;),..., wn*Dist(d, R.)) <L //ouleuktiko
— wi1*Dist(d, R;) +..+ wn*Dist(d, R <L //eMewpoetbég
— Dist(d, R;)** *..* Dist(d, R )" <L //Cassini

Il CUVSUOOUOG TWV TOPATIAVW

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 20
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AMN\EG TEXVLKEG (TToU €xoupe &N 6€L) mou BonBoulv tnv e€atopikevon

=  Opadonoinon (Clustering): 6a to doU e Kat oto HABnua repl opadonoinong kat
EMLTOMLAC avaAuong

= OuabormoloUue Ta AIMOTEAEUATA TNG EPWTNONG

Mropet va dwoet AUon oto apddetlypa:
g="theory of groups”
= sociologist: behaviour of a set of people
= mathematician: a particular type of algebraic structure

= UTo TNV €vvola OtL N Stadikactia tng opadomnoinong Ba pag Swoel SLadopeTIKEG OUASEC Kat
0 €KAOTOTE XPNotng Ba umopei eTAEEEL TNV KATAAANAN

= Texvikég BeAtiwong Anavinong Emepwtroswyv (avatpododotnon cuvadelag)

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

E§atopikevon péow Zuvepyatikng Emthoyng/Atnbnong
Personalization using Collaborative Selection/Filtering

AvakTtnon lNAnpogopiag 2008-2009
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BOOK  BROWSE FEATURED IN  AWARD  COMPUTERS BUSINESS &
SEARCH  SUBJECTs  DESTSELLERS  “rypwepia  winners s nTerner KPS uvEesTiNG
Ot MMachine Learning (McGraw-Hill Series in Computer Science)

by Tom ML Wtchell, Thomas b MMitchell

'°°"[1-Dmm Our Price: $85.15 Add to Shopping Cart
Iyou can always remove it later)

at a glance Availability: Usually ships within 24 hours.

o ravigws e Shopping with us is
customer 100% safe.
——— Guaranteed.
comments
if you like this
book...

Customers who bought this book also bought:
e 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

£ Amazon.com: Why was | recommended this? - Micrasoft Internet Explarer

.. . 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:
Not . . .
Items you own Rated Dislike it < > love it1
Machine Learning [ONN SR SN SN o o
by Tom M. Mitchell 7 12 3 4 5
¥ Use for Recommendations
(_Save changes |
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Juvepyatikn Emloyn/An6non

MpoBAedn TPOTIUACEWG €VOG XPNOTN Baocel Twv
KOTOYEYPOUUEVWY TIPOTIUNOEWY Tou 6lou Kol AGAAWV
XPNOTWV.
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 25
MNapadetypa: Emloyr Eotlatopiou
KAaoowkn Mpocgyylon:

—  XopaKTnpl{ou e T EOTLATOPLO BACEL EVOG IEMEPAOTUEVOU CUVOAOU KpLTnpiwv (kouliva,
KOOTOC, TormoBeaia). OL MPOTLUNOELG EVOG XprioTh ekdpAlovTal PE Lo oUVAPTNON
afloAdynong mAvw C€ AUTA TA KPLTHPLAL.

MelovekTrpata
— Ztnv emloyr OUWG EVOC E0TLATOPIOU eUMAEKOVTOL KAl AANOL TTapdyoVTEG (amepLopLoToL
otov aplBuo) mou Suokoha Ba urmopovcav va ekPpacTolV pe cadriveLd, OTIWE:

e TOOTUA Katn atpoodapa, n Slakdopnon
® 1 UTtOAOUTN TIEAATELQ, TO TIAPKLVY
® nyewovid, n Sladpopn TPOG TO ECTLATOPLO
* 1 efumnpetnaon, oL WpPeg Asttoupyiag, Ta ... oepPitola

Oa BéAape va prmopol e va TipoBAEPOUE TIC IPOTIUAOELS XWPLG va TepLopL{OUAOTE OE

€va otaBepo clvolo kpLtnplwv
— Xwplg Kav va XpELOOTEL val aVOAUGOUE TOV TPOTIO TTOU OKEDTETAL O XPrOTNG
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 26

AvakTtnon lNAnpogopiag 2008-2009

13



H KAaoowr Avaktnon Kelpévwy

OpotétnTa 6pwv
Bdaoesl twv eyypadwv
sim(k,, k)
Opol
kp, k, ...k
. Opowotnta eyypadpwv
gl Wyg Wop v Wy sim(d,,d.,) |J. n }\’WP ¢
Eyypaoa 2 W.lz W-22 thz «dot product BaoeL Twv Aé§ewv
) scosine
: ' *Dice
W = {0 1} d Win Waon Wi «Jaccard
1 ! 0 Wgq Wyq o Wy
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 27
Xprotec avti Opwv
OpoLOTNTA XPNOTWV BACEL TWV TIPOTLUNCEWY TOUG
sim(u,,uy)
Xproteg
u u Opoiétnta eyypadwv
oMy t ) i
dp Wy Wy, oo Wy } Sim(d1,d2) Baoel Twv (MpoTlHnoewyv)
Eyypada dZ Wi, Wy o Wi, * dot product TWV XpNOoTWv
. . . . « cosine
. . . . * Dice
dn Wiy Wy . Wy, :Jaccard
0 Wgq Wyq o Wy
W= {0, 1} ===> 0: Bad, 1: Good
w;; = tf;; idf;===> w;; :pabpég mpotipnong Tov ypfiot i ot éyypago j, my {1,2,3,4,5}
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 28
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Xpnotec avti Opwv

AdoU bev XpnoLUOTIOLOULE AEEELG, TaL «Eyypadar
unopel va elvat otdnmote:
- Quwtoypadieg, BiBAia
—  HAeKTpLKEG ZUOKEUES

OpOoLOTNTA XPNOTWV
BAoEL TWV TPOTIUACEWV TOUC

sim(ut, u2) -  Eotatdpla, Meledonweia
—  Kwnuotoypadikég tatvieg
(_X_] —  TnAeontkd Npoypdupota
Xproteg = w
u u, ... U
dp Wy Wy oo Wy sim(d1,d2)
«dot product A A
Eyypaga dy Wy Wy oo Wy Opoiodtnta eyypadwv
: : : “Dice Baoel Twv (MpoTLuroewy)
«Jaccard .
: : : : . TWV XpNOTWV
dn Wln W2n th
q qu qu Wtq

w;;=1{0, 1} ===> 0: Bad, 1: Good

w;; =ty idfi===>w, ; :BaBuo6g mpotipnaong tou xpriotn i oto eyypado j, nx {1,2,3,4,5}

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 29

MavtelovTag TLG TIPOTLUNOELG EVOG XPROTN

OpoLOTNTA XPNOTWV

Prediction

QOEL TWV TIPOTLUOEWV TOU 2 2 2
B pottun s O xpnotng u, dev exeL BabBuohoynoel
sim(uy,uy) (exkdppaoel BabOud mpotipnong) yla to
d,.
Jl MropoU e va Tov LovTEDOUUE;
Xprioteg
u; U,
dy Wiy Wy sim(dy,d) Opoldtnta eyypadwv
Eyypada 2 Wi Wa Bdoel Twv (MpoTIURoEWY)
. TWV XpNoTwv
dn Wln W2n th
w;;={0, 1} ===> 0: Bad, 1: Good
w;; = tf; idf;===> w;; : BaBuo6g mpotipnong tou xpriotn i oto eyypado j, mx {0,1,2,3,4,5}
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 30
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YrioAoylopog NpoPAedewv Kot ZUCTACEWY

OpoLOTNTA XPNOTWV

BAOEL TWV POTLUAGEWY TOUG Prediction
0 xpriotng u, Sev éxel Babpoloynoel (ekppdoet
sim(u,,u,) BaBuo6 mpotipnong) yla to d;.
MTOPOUUE VA TOV HAVTEYOULE;
XproTeg
u, u, Opolotnta eyypadwv
d; Wy Wy sim(d,,d,) Bdoel Twv (MPOTIUACEWV)
. W,, W. TWV XpNotwyv
EYYDG(PG 2 .12 22
d, Wy, Wy, oo Wy

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

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 31
MNapadetypa tng dtadopdg petafL MpoPAedng kal Zvotaong
= 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 32
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How can we compute recommendations?

XpnoTeg
u, ug/ﬁ\ Uy
dy Wyl Wog | oo | -
. dy  Wyp| Wy Wi, . . .
Evypaga| . I . Me mowov xpAotn £xw TaPOUOLEG
. T(POTLUNOELG;
d, Wy Wy, Wi, TUA€eL aUTOG O XPrioTNG yla To dy;

Nearest Users:

CS-463, Information Retrieval Systems

find the nearest (most similar) users and from their ratings infer w(u,,d)
(or compute recommendations).

Yannis Tzitzikas, U. of Crete 33

How can we compute recommendations?

Nearest Items:

find the nearest (most similar) item and from its rating infer w(u,,di).

(compute recommendations):
find the items that are similar to other items the user has liked in the past

u, U, Uy
[di Wy Wy T w
. d, Wi, Wy W
Eyypaga : S .
dn Wln W2n th

CS-463, Information Retrieval Systems
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Nearest Users

How we can compute recommendations.

Objective: Compute w(u,,di)

. E
= Algorithm Average vvpada

— Let Sim(u,) = the users that are similar to u,
- w(u,di) = average( {w(u,di) | u € Sim(u,)})

= Algorithm Weighted Average

ratings of closer neighbors

- w(u,di)= % sim(u,, u)*w(u,di)  whereu e Sim(u,)

CS-463, Information Retrieval Systems

Yannis Tzitzikas, U. of Crete

= E.g. k-nearest neighbours d

Xproteg
Ugp | U, Uy
Wyl Wo| v | -
Wipf Wop [ v | Wip
Wln W2n th

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

35

N HETPWKA L,

Mapadetypa mpoPAeP N BACEL TWV 3 KOVTLVOTEPWY XPHOTWV KOL LETPO AMOOTAGCNG

PizzaRoma 4 5 1
PizzaNapoli 3 3 1 4

PizzaHut 1 2 4 1
@) 2 1057,

2 5

2N WS

1
5
2

Tony Manos Tom Nick Titos|Yanhi

PizzaToscan
= sqrt [(4-4)>+(3-3)? +(1-2)°]=1
D(Manos, Yannis) = sqrt [(5-4)2+(3-3)2 +(2-2)?]=1

D(Tony, Yannis)
(
D(Tom, Yannis)
(
(

D(Nick, Yannis)

Nearest 3 = Tony, Manos, Titos

(5+4+5)/3 = 4.66

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

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

36
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Mapadetypa mpoBAeP NG e BAoN TLG 2 KOVTIVOTEPEC MLTOAPIEG KAl LETPO
andotaong tn HETPKN L,

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

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

Nearest 2 = Roma, Napoli

(4+3)/2 = 3.5

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

MpoPAnuata Ekkivnong (1)
Nearest Users

Eloaywyn véou xpnotn:
— Oev éxeL ekdPACEL KOULA TIPOTIUNON => §€V UMTOPOUE VA TOU TIPOTEIVOUUE Tinota (Sev
HITOPOU LE VOL EVTOTILOOULE KOVTLVOUG XPrOTES)

Tony Manos Tom Nick Titos|Yan
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
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MpoPAnuata Ekkivnong (I1)
Nearest [tems

Eloaywyn véou avtikelévou (new item):
— B&V €XOUE MPOTIUNCELS YLO AUTO => TIOTE Sev Ba mpotabel o KAMOLOV Xprotn

Tony Manos Tom Nick Titos Yanni

PizzaRoma 4 5 1 2 5 4
PizzaNapoli 3 3 1 1 4 3
PizzaHut 1 2 5 4 1 2
PizzaToscana| - - - - - 7]

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 39

MpoBAnpata Exkkivnong (I11)
Ye KAOe nepintwon moté dev Ba mpotabel éva véo oTolxelo og €va VEO Xprotn
Tony Manos Tom Nick Titos|Yan

PizzaRoma 4 5 1 2 5 |-
PizzaNapoli 3 3 1 1 4 |-
PizzaHut 1 2 5 4 1 |-
PizzaToscana| - - - - - 2]

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 40
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Ouolotnta/Anoctacn Xpnotwyv

Tpomol urtoAoyLopou:

— ECWTEPLKO YIVOUEVO

t . ,
STTHTRES RIS Zta adeta KeALd Tou
— ouvnpitovo =1 niivaka Bewpoupe OTL
umapxeLto 0

t
T. o0 2 (wii-wa2i)
cos( Uq,U,) = 172 i=1

Uyl loy | : 2 5 2
2 W1 X W2j
i=1 i=1

— Mean Squared Distance
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Opolétnta/Anootacn Xpnotwy

Problem: Not every User rates every Item

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

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
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Ouotétnta/Anoctacn Xpnotwy:
Mean Squared Difference

ul(x) = wyy
U2(X) = Woy

d MSD (Ul, U2) =—

L X) — u2(x))?

‘ Duiru2 ‘ xeDy1~u2

CS-463, Information Retrieval Systems

Yannis Tzitzikas, U. of Crete 43

Ouotétnta/Anootacn Xpnotwy:
Pearson correlation

Cpearson (UL, U2) =

OO
xeDy1~u2

ST -2 X u2(0) - u2)

xeDy1~u2 xeDy1~u2

ul=mean of ul

u2 = mean of u2

-0.3 to +0.3 little or no association.

CS-463, Information Retrieval Systems

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 +0.7 weak positive association.
+0.7 to +1.0 strong positive association.

C(ut,u2) >0 6erikn oxéan
C(ut,u2) =0 oudétepn axéon
C(ut,u2) <0 apvnrikh oxéon

Yannis Tzitzikas, U. of Crete 44
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Ouolétnta/Anootaon Items

Tpomot urtoAoylopol opolotnTag/andoTacng:
— ECWTEPLKO YIVOUEVO
— ouvnuitovo
— Pearson Correlation Coefficient

Cpearson (X1, X2) = ueU

> (u(x1) - xI)(u(x2) - x2)

ueU

3 (U0 - xD? - X (u(x2)-x2)°

uel

— Adjusted Pearson Correlation Coefficient

To handle the differences
Chpearson (X1, X2) = ueU

> (u(x) - uD)(u(x2) - u2)

in rating scales of the users

¥ (u(x1)-u1)?
uel

T u(x)-uw2)’

ueU

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Ouolétnta/Anootaon Items
Tpomot urtoAoylopol opoloTnTag/andoTacnc:
— ECWTEPLKO YIVOUEVO
— ouvnuitovo
— Pearson Correlation Coefficient
3 (u0) £ XDlu(x2) x2)
Cpearson (X1, x2) = uet 5 2
Jz o0 La)? - 3w {52
ueU ueU
— Adjusted Pearson Correlation Coefficient
(u(x1) Lul)(u(x2) Lu2)
To handle the differences u%] U U
i rati les of th Cpearson (X1, x2) =
in rating scales of the users \/ 3 (u(xl)@z- Z(U(XZ)@Z
uey ueU
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 46
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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

e 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)

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 47
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Mapd Tavta,

NoAU ouxvd |Dq.=0
When thousands of items available only little overlap!
=> Recommendations based on only a few observations

0 0s 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 e.g. LS| (Latent Semantic Indexing)

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 49

LSI:

documents
= Tpomog cUyKpLong 2 6pwv:
= the dot product between two row §\<
vectors of reflects the extent to which X termg
two terms have a similar pattern of
occurrence across the set of document.
txd
cuments
= Tpomnog olykplong SUo eyypadwv: $\<
= dot product between two column vectors of X terms
txd
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 50
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Performance Issues

Depends on |U| vs. |D| and their “stability”

Typical setting
— D stable (e.g.5.000 movies)

— Udynamicand |U| >> |D| (e.g. 100.000 users)

— A fast Item-based approach

Precompute similarities of ite
— Requires O(|D|~2) spa

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

ms:
ce (very big)

computing recommendatins)

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 51
Evaluation Metrics
A method to evaluate a method for collaborative
selection/filtering is the following:
e Datais divided into 2 sets
— training set
— testset N
e Evaluation Metrics Zl p _ q |
— Then we compare the results of the techiques on i1 ! |
the test set using the Mean Absolute Error (MAE) MAE = 1=
p; : predicted rating
g; : actual rating
CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete 52
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Zuvadn ZnTAuata o £Xou e A& UeAETNOEL

e Evomoinon Alatafewv
— Borda, Condorcet, Arrow’s Impossibility Theorem
— AV OL TTPOTIUACELG TWV XPNOTWV Elval éva Slatetayuévo cUVOAO ETIAOYWY
* YTOAOYLONOG OUOTACEWY = EVPECH EVOTIOLNUEVNG SLATAENG
e [pryyopn amotipnon top-k queries
— AMyopBuog FA (Fagin’s Algorithm) kat TA (Threshold Algorithm). Av ot potiuroeLg Twv
Xpnotwv ekdpdlovtal e oKop Kal eival armoBnKeUUEVEG O QMOUAKPUOUEVO CUCTHUOTA.

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Juvepyatikny Emloyn/An6non: uvoyn

* |5LaLTEPO XAPAKTNPLOTIKO: eV XPELALETAL VAL EXOUE TIEPLYPOPH TOU TIEPLEXOUEVOU TWV
oTolXElwY
—  UIOPOULE VA TNV XPNOLUOTIOCOUE yia TV emthoyr/6Bnon moinpdtwy, dthocodikwyv tewv, mp3,
peteSonwAeiwy, ...
e Qo unmopouoce va alomolnBel kat ota mMAaiola TG KAaootkig Al
— Awdtagn otolkeiwv anavinong Baoel cuvadelag KAl tou ektipoUpevou Babpou toug (Baocet Twv
agloloynoewv Twv AAwV Xpnotwv)
e 'ExelL amodelyBel xprioLn Kal yLo TOUG 0lyOPAOTEG KL YLA TOUG TWANTEG (e-commerce)
= Aduvapiec: 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
e EMeKTdoel/BENTUDOELG
— Trust = explicit rating of user on user

CS-463, Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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e Motivation
e User Profiles
— as Post-Filters
— as Pre-Filters (query modification)
e Linear and Piecewise Transformations
— as Separate Reference Points

e Collaborative Selection/Filtering
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