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AiapBpwon AidAegng
= Kivntpo

= Avdadpaon Xuvageiag (Relevance Feedback)
=  Avadiatirwon Erepwricewyv (Query Reformulation)
= AvaBdpuvon Opwv (Term Reweighting)
= EméxTaon (AlaotoA) Erepwrtnong (Query Expansion),
= Avadiatumrwon Emepwtriogwy yia to AlavuopaTikd MovtéAo
= Optimal Query, Rocchio Method, Ide Method, DeHi Method
= H évvolia Tou Optimal (or Best) Query
= AloAdynon
= WYeudo-avadpaon cuvdageiag (Pseudo relevance feedback)
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Kivntpo

‘Exel maparnpnBei  Om o1 xpAoteg Twv XAl datmmavouv TTOAU  Xpdévo
avadIaTUTTWVOVTAG TNV  APXIKA TOUG ETTEPWTNCN TIPOKEIUEVOU va  Bpouv
IKavoTToINTIKG £yypaa

= [liBavég aitieg

= 0 XPAOTNG eV YVWPICEl TO TTEPIEXOUEVO TWV UTTOKEIUEVWV EYYPAPUV

= 70 Ae€IAGYIO TOU XPrOTN UTTOPEI va Slagépel atrd autd TG GUAAOYAG

= N apXIKN ETTEPWTNON PTTOPEI va gival M0 VeVIKA A TTI0 €I0IKN aTTé aUTH TToU Ba £TTPETTE
(kataAfyovTag €ite o€ TTapa TTOAAG ) o€ TTOAU Aiya €yypaga)

= H apyiki €mepwTtnon PImopei va BewpnBei wg n TTPWTN TTPOOTTABEIa EKPPACNG
TNG TTANPOYOPIAKNG avAYKNG TOU XPHOoTNn

= AvAyKn yIa TEXVIKEG QVTIMETWITIONG aUTOU TOU TTPORANMATOG
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TpoTtrol AVTINETWTTIONG

(1) BeAtiwon TG apXIKNG ETTEPWTNONG

(2) Xpnon Mpo@iA Xpnotn

(3) BeATiwon TTapAdoTaong KEINEVWV

(4) BeAtiwon aAyopiBuou (MovTéAou) avAaKTNONG

= [lapaTnpenoeig

= Ta (2) ,(3),(4) éxouv o Poviuo amoTéAegpa  (emnpedlouv Tnv ATAvVINon Kal Twv
ETTOPEVWV ETTEPWTHTEWV)

= Edw Ba gomidooupe aTo (1)

BeAtiwon Tng epwtnon We:

(a) avartrpoocapuoyn Bapwv

(B) eTékTAON TNG EPWTNONG
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Texvikég BeAtiwong Tng Apxikng Etrepwtnong

Katnyopieg:

(a) TexVIKEG TTOU aTTaITOUV £i0080 OTTO TOV XPHOTH

(B) Texvikég TTOU BV aTraITOUV €i0000
(B1) TTou BaciovTal oTa KOpUPAia £yypa@a TTOU avakThonkav
(B2) TTou BaciCovTal o OAa Ta &yypa@a NG GUAAOYNAG

H Awodwkoocio Tng Avadpacng

/ €i00d0¢ 1} X1 A6 TO XPAOTN

TTapaywyn véou
£pWTAPATOG

A

véo
EPOTNLLOL
Q

emegepyaaia
£pWTAPATOG

aApYIKO
EPOTNHO
Q

anotelé emegepyaaia
OLOTOL QATTOTEAEOUATWV

H dwadixaaoio tg avadpaons uropel
Vo, ETOVOANQOET TEPLIGGOTEPES POPES.
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Avadpaon Zuvdeeiag (Relevance Feedback):
H Baoikn 16éa

Me gicodo atrd 10 XpNoTn

Bruara:

1/ Metd TNV TTapouciacn Twv ATTOTEAEOUATWY, ETTITPETTOUME OTO
XPNRoTN va Kpivel (BeTIKA [ apvnNTIKA) TNV CUVA@EIa VOGS 1)
TTEPICOOTEPWYV EYYPAPWYV TNG ATTAVTNONG

2/ AglotToloUhEe QUTAV TNV TTANPOQYOPIa YIa VO avadIaTUTTWOOUHE
TNV £TTEPWTNON

3/ Karomv  didoupye oTO0  XpAotn TNV amdvinon  Tng
avadIOTUTTWHEVNG ETTEPWTNONG

4/ MNMAyaive oto BAua 1/
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Avadpaon Zuvagelag (Relevance Feedback):
H Baoikn 16éa

Apyun
Enepdnon

Avabeopn

pévn AZ O,G KO ‘Avadiafodicpéva
, VOKTNONG Evyo0o0
Emepomon [IAnpopoprdv (e

N Enavadiotomoon )
Enephmong Au{gaeuwuava > Do
opoL :
y Ypee 3. Doc3
1. Docl U
2.Doc2 fI
3.Doc3 U
Avatpopodotmon
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TuAparta TNG APXITEKTOVIKAG TToUu EUTTAEKOVTAI

User
L Interface ||
user need Text

’ Text Operations

logical view logical view
w s Query )
| user feedbadk | Operations Indexing Text
Corpus
query inverted file l
Ty

retrieved docs

v

y ﬁ Ranking
ranked docs
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Mapdadeiypa avaTpo@odoTnong Cuva@eiag
o€ gUOTNUA AVAKTNONG EIKOVWYV

q = bike

(H)New Page 1 - Netscape i ] 4|

. File Edit View Go Bookmarks Tools Window Help

|
o @Q @ @ Q Q | httpiffnayana, ece.ucsh, edufi I ‘:gc @

. ‘4% Home | %% Browsingand ...

Shopping related 607,000 images are indexed and classified in the database
Cnly One keyword iz allowed! !

Jlike] Search |

Designed by Baris Sumengen and Shawn Newsam

Fowared by JLAMFP2000 (fava, Linux, Apachs, Mysgl, Ferl, Windows2000)

(http://nayana.ece.ucsb.edu/imsearch/imsearch.html)
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Mapddeiyua avarpo®oddTnong CUVAYPEING
o€ oUOTNPA AVAKTNONG EIKOVWV

Answer(“bike”)=

Elmwsel Searchl Prevl Ne}ctl Random

(144473, 16452) (144457, 252140) (1444356, 26285T) (144456, 262863) (144457, 252134) (144483, 265154)
00 00 0.0 00 0.0 00
0.0 00 0.0 00 0.0 00
0.0 00 0.0 00 0.0 00

(144453, 264644) (144453, 265153) (144512, 257752) (144538, 525057) (1444356, 240611) (144456, 250064)
00 00 0.0 00 0.0 00

0.0 0.0 0.0 0.0 0.0 0.0
on

oo on oo oo
(5463 - Information Retrieval Systems Yannis |zitzikas, U. ot Crete

Mapddeiyua avarpo®odoTnong CUVAYPEING
o€ oUOTNPA AvAKTNONG EIKOVWV

Mapkapioua twv Zuvaewy (n Emluuntwyv) amé rov Xprorn

Browse | Search | Prev| mext| Randam |

(144483 265154
0.

0.
0o

(144455, 264644) (144455, 265153) (144515, ssasasa (144456, 250064
0.0 0.0 0.0 0.0

oo oo oo oo 0.0 0.0

oo oo oo oo 0o 0o
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Mapddeiyua avarpo®oddTnong CUVAYPEING
o€ oUOTNPA AVAKTNONG EIKOVWV

ATravrnon Tng avadiaTuTTwPEéVNG ATTAVTNONG =

Browse | search | Prev| next| Rancom |

(144532, 523493) (184538, 5234345 (144538, 523520) (1444356, 253569) (L4436, 253568) (144532, 525799)
054152 056319296 0534279 064501 0650275 066709167
0.251944 0.267304 0,2808%1 0351305 04117435 0.334033
0309876 0205889 0.303398 0203615 0.23853 0309058

o bl ‘g’ e, W il
trh-!umk‘ri S

1

f ‘: g; P
i s
(144473 162489 (144456, 240634) (144456 253603 (144473, 16328) (144483 265264) (144473 512410
06721 067012 0676001 0. 700338 0.70170796 0. 70297
0.393022 04639 0.47645 0.309002 0.36176 0469111
O e Ty STo g A BERL i, TR hiasees 13
AvadIaTuTTwon £TEPWTNONG PAacel Avadpaong Zuvagelag
(Relevance Feedback: Query Reformulation)
TpoTTOI AVOBIATUTTWONG TNG ETTEPWTNONG META TNV avadpaon:
AvaBdpuvon Twv Opwv (Term Reweighting):

— AUEnon Twv Bapwyv Twv 6pwv TTOU guPavifovTal aTa ouvaen/emouunTa
£yypaga Kal yeiwon Twv Bopwv Twv Opwv TTOU gugavifovral oTa pn-
ouvaen/embuunTd £yypaga.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 14

Avaktnon NAnpogopiag 20082009




. ¢
i

AvadIaTuTTwon £TEPWTNONG PAacel Avadpaong Zuvagelag
(Relevance Feedback: Query Reformulation)

Emrékraon erepwtnong (Query Expansion):

Eyypaga)

Y1dpyxouv ToAAOI aAyOpiBuol yia eTTavadiaTuTTwon ETTEPWTNONG

— MNpooBnkn véwv épwv oTnv emepwtnon (TT.X. ommd yvwotd ouvaen

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

Avé@opaon oto Avwovoopotiké Movtélo

BéATIoTn €pwtnon: H o yvwot) péBodog avadpaong oto AIOVUGUATIKO
povTéNo gival n uéBodog Tou Rocchio.

A query vector, q,,, that
= maximizes similarity with relevant documents

= minimizes similarity with nonrelevant documents.
fept = arg max[simig, &) — simig, Cor)].
¥
C: oviroym eyypdowv, Cr: civoro oyetikdv, Crr: chvoro pn GeTikdv

YTEVOOUION: gy 4y = 20 - Fida)
T [VEIIVid
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Avéopaocn oto Alovoospotiké Movtéro

X UM OYeTIKE Eyypapo
O GYETIKA EYYpPOQO.

Bé)\TlGTO EDOE MO KOVT& OTA OXETIKA + TTI0 HAKPIA OTTO TA N OXETIKA

(Gop)

Avadpaon oto Atovoopatiké Movtého

‘EOTW OTI £XOUNE Eva NOVO OXETIKO £YYPaPO (£0TW r) KAl £va JOVO [N
OXETIKO £yypa@o (€oTw nr). MNa va uTTopECOUPE va dlaXwpPIiCOUNE TO
éva atré 10 GAAo, To didvuopa Tou BEATIOTOU epwTAMATOS Q,,00a eival

(yia ouvnpitovo):
vec(Q,,) = vec(r) — vec(nr)

Avaktnon NAnpogopiag 20082009



Av@adpaon oto Atovoopatikd Movtéro

A
3
(1,2) .
2 O oyeuko Eyypogpo
,/ ~ e o
péluaro eparhuo £y (3,1)
< © X :
1N axeTio
Eyppago
.3 -2 -1 1 2 3

Avé@opaon oto Avwovoopotiké Movtélo

To BEATIOTO EPWTNUA TTOU TTPETTEI VA DIATUTTWOOUNE WOTE va dlaxwpioTouv Ta
OXETIKG £yypaga aTTd Ta PN OXETIKA €ival (OTav XPNOIUOTIOIEITAI OUOIOTNTA

ouvnNUITOVOU):
- | - 1 -
Oy = Zdj—m 2.4,

R|; ;
‘ d;eR d;¢R

C: cvihoym eyypdowv, R: chvoro oystikdv, N-R: civoro un oyetkdv

The optimal query is the vector difference between the centroids of
the relevant and nonrelevant documents

Avaktnon NAnpogopiag 20082009
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Avadpaon oto Atovoopatiké Movtého

Opadomoinon (Clustering)

Relevant documents have similarities among themselves ->
[davikn epdon oto Kévrpo (centroid) Tng cLGTAdA TOVG

Irrelevant documents have term-weight vectors which are
dissimilar from the ones for the relevant documents

Avadpaon oto Atovoopatiké Movtého

MpdBANua: To BEATIOTO epwTnua dev pTTopEi va Bpedei atnv TTpAgn.

MNaoTi?

ATl dg yvopilovpe €K TOV TPOTEP®Y TO GOVOAO TV
OYETIKAV gyyphowv. Av ta yvopilape moog o Adyog va
EKTEAEGOVLE TO EPpATNLAL?

Avaktnon NAnpogopiag 20082009
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AvadiaTUTTWoN £TTEPWTNONG OTO AlavuopaTiké Xwpo

A@ou ouwg d¢ev yvwpiloupe 1o ouvoAo C,,0a AdBouue utrown v apxikn
ETTELWTNON KAl ThV £i0000 TOU XpNoTn.

Answer(q)= Answer (q) + user feedback =

Kokkiva: o xpriotng édwoe apvnTikr avadpaon
Mpdoiva: o xpriotng édwoe BeTIkA avadpaon
M1rAe: 0 xproTng dev £dwae avadpaaon

Rocchio 1971 Algorithm (SMART)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 23

(I) Standard Rocchio Method

A@oU 10 gUVOAO OAWV TwV cuvaewy gival dyvwaoTo,

XpnolgoTroinoe Ta YVwoTd guvaen (Dr) kal ywvwoTtd yn-ouvaen (Dn) éyypaga (atmd tnv
ammavTnon TG apxIKAG ETTEPWTNONG Kal BACEl TNG £100060U OTTO TOV XPrOTN) KAl ETTIONG
OUNTTEPIEAABE TNV APXIKA ETTEPWTNON .

Avadiarutrwuévn TELWTNON

@m:0@+ﬁ D3 C_lij—y > d;
Dylvien, * Dulviien,

o: Tunable weight for initial query.
B: Tunable weight for relevant documents.
v: Tunable weight for irrelevant documents.

Usually y < (the relevant docs are more important)
If y = 0 then we have positive feedback only

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 24
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apyLKO
EPMOTNUO

X Un GYETIKA £yypapa
avaBeopnuévo epaTNILL O OXETIKA EyYypaga

'.v::..!? -
b ¥ Avadpaon oto Awovvopatiké Movtéhe

query vect or = & - apykd SVOCHA EPOTALATOG

+ [ -0tk avadpaon
i i Xvvibag, Y < B
— 7 - apYNTIKN avadpoot

apxwoepimua |0 [4[0]8]ofo] @=1.0 [o]4]o[s]o]o]

(+)

BeTIKA avadpaaon |2|4|8|0|0|2| ﬂ=0.5 |1|2|4|0|0|1|

()

apvnTikA avadpacn |8|0|4|4|0|16| 7:0'25 |2|0|1|1|0|4|

VEO EPWTNHA |-1|6|3|7|0|-3|

Term weight can go negative
Negative term weights are ignored (set to 0)

Avaktnon NAnpogopiag 20082009
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AvadiaTUTTWoN £TTEPWTNONG OTO AlavuopaTiké Xwpo

TpoT1r01 aglotroinang TNG avaTpo@oddTnong Tou XPARoTN
()  Rocchio Method

(1) Ide Method

(Il1) DeHi Method

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

(1) IDE Regular Method

Mepioodtepn avadpaon => peyaAuTeEPOG PaBudg avadiaTuTTwong.

MNa autd, katd Tnv IDE Reqular uyéBodo dev KAVOUUE KOVOVIKOTTOINGN
(Bdoel Tou TTOOOU avAdpPaAOoNG)

qg,=aq+f Zc?j—y Zc?j

Vd,eD, Vd,eD,

o: Tunable weight for initial query.
: Tunable weight for relevant documents.
v: Tunable weight for irrelevant documents.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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ApvnTiki] Avadpoon

* H apvnrmiki avadpacn €ival yia gopery avadpacng TTou XPNOIUOTTOIE
TIANPOYOPIa ATTO £YYPAPA TTOU £XOUV XOPAKTNPIOTEI WG PHN-OXETIKA aTTO
TO XpHoTn.

* H apvnTikf avadpaaon Bswpeital TTPORANUATIKNA:

— MMéte évag xpnotng Ba TTPETTEl va XapakTnPIdel éva Eyypago wg un-
OXETIKO; Eival 1o SUOKOAO aT1rd TO XAPAKTNPEIOUO WG OXETIKO.

— To va TrepIPével KAVEIG ATTO TOUG XPMOTEG VA ETTIAEEOUV £yypaPa WG
MN-oxeTikK& oTtnv  avalnmnon uJtropei va  eivar  dUOKOAO OThv
uAoTToinon TTPOKTIKA.

(Ill) IDE “Dec Hi” Method

Taon yia amoéppiyn HOVO TWV PN-CUVAPWY EYYPAPWY TTOU £XOUV UWNAG OKOpP
(Bias towards rejecting just the highest ranked of the irrelevant documents:)

ém = aé+ﬂ zd] —]/maX non —relevant (dj)

“ answer(q):
Vd;eD,

o: Tunable weight for initial query.
B: Tunable weight for relevant documents.
v: Tunable weight for irrelevant document.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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2uykpion uebddwv (1) (1) (M)

Gn=ci+D Y d-L Y d

Dylva €Dy 7Dyl va €Dy

Go=aq+f Yd,-y 3Yd,

VdeD, vdeD,

—

qm =0!67+ﬂ Zd] _7/maxnon—relevant (d])

Vd,eD,

= [evikd, Ta meipapatikd dedouéva dev divouv kaBapd TrpoBddiopa o€ KATTola
TEXVIKN.

= OAgg o1 TexVIKEG BeATILOVOUV TRV aTTédoon (recall & precision)

= JuviBwga =B =y=1.Avy =0, yévo BeTiki avadpacon

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 31

Relevance Feedback Example: Initial Query and Top 8 Results

Query: New space satellite applications _

+ 1. 0.539, 08/13/91, NASA Hasn't Scrapped Imaging Spectrometer
+ 2. 0.533, 07/09/91, NASA Scratches Environment Gear From Satellite Plan

3. 0.528, 04/04/90, Science Panel Backs NASA Satellite Plan, But Urges Launches of
Smaller Probes
4.80.326, 09/09/91, A NASA Satellite Project Accomplishes Incredible Feat: Staying Within
udget
5. 0.525, 07/24/90, Scientist Who Exposed Global Warming Proposes Satellites for
Climate Research
6.CO|.524, 08/22/90, Report Provides Support for the Critics Of Using Big Satellites to Study
imate
7.0.516, 04/13/87, Arianespace Receives Satellite Launch Pact From Telesat Canada
+ 8. 0.509, 12/02/87, Telecommunications Tale of Two Companies

Avaktnon NAnpogopiag 20082009
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Relevance Feedback Example: Expanded Query

« 2.074 new

+ 30.816 satellite
* 5.991 nasa

* 4.196 launch

« 3.004 bundespost
» 2.790 rocket

+ 0.836 oil

15.106 space
5.660 application

5.196 eos Néa epwrtnon pe 18
6pouc Kal véa Ba
3.972 aster pous Baen

» 3.516 instrument 3.446 arianespace

2.806 ss
2.053 scientist

e 2.003 broadcast 1.172 earth

0.646 measure

Top 8 Results After Relevance Feedback

Launchers

+1.0.513, 07/09/91, NASA Scratches Environment Gear From Satellite Plan
+ 2. 0.500, 08/13/91, NASA Hasn't Scrapped Imaging Spectrometer

3. 0.493, 08/07/89, When the Pentagon Launches a Secret Satellite, Space Sleuths Do
Some Spy Work of Their Own

4.0.493, 07/31/89, NASA Uses "Warm*‘ Superconductors For Fast Circuit

+5.0.492, 12/02/87, Telecommunications Tale of Two Companies
6. 0.491, 07/09/91, Soviets May Adapt Parts of SS-20 Missile For Commercial Use
7.0.490, 07/12/88, Gaping Gap: Pentagon Lags in Race To Match the Soviets In Rocket

8.0.490, 06/14/90, Rescue of Satellite By Space Agency To Cost $90 Million

Avaktnon NAnpogopiag 20082009
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A&loAdynon AtroteAeopaTiKOTNTOG TEXVIKWY AvAdpaong ZuvAageiog

Remarks

= Relevance feedback is most useful for increasing recall in situations
where recall is important
= Users can be expected to review results and to take time to iterate

Incremental Refinement

= Empirically, one round of relevance feedback is often very useful. Two rounds
is sometimes marginally useful.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 35

A&loAdynon AtroteAeopaTIKOTNTAG TEXVIKWY AvAdpaong ZuvAageiog

AloAbéynon:
Xpron apxIKng g, kal uttoAoyiopog precision and recall graph
Xpron BeATiwpévng q,, Kal uttoAoyiopdg precision and recall graph

Remarks

= By construction, reformulated query will rank explicitly-marked relevant documents
higher and explicitly-marked irrelevant documents lower.

= When evaluating such methods, a method should not get credit for improvement on
these documents, since it was told their relevance.

= In machine learning, this error is called “testing on the training data.”
= Evaluation should focus on generalizing to other un-rated documents.

ZuuTrépacpua: Ba ayvornooulE Ta £yypo@a yia Ta OTroia €xoupe NdN Tn
yvwpn Tou XpoTn;

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 36
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A&loAdynon AtroteAeopaTiKOTNTOG TEXVIKWY AvAdpaong ZuvAageiog

Fair Process for Evaluating the Effectiveness of Relevance Feedback
Remove from the corpus any document for which feedback was provided.

Measure recall/precision performance after relevance feedback on the
remaining residual collection.

Relative performance on the residual collection provides fair data on the
effectiveness of relevance feedback

But, compared to complete corpus, specific recall/precision numbers may
decrease since relevant documents were removed.

37
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Relevance Feedback Evaluation

TABLE 4, Evalungio i Iyl | n nE fwg uments, we
L I+ ] fi b e, dine: i i
O Iypical felevanca e dbuach methods for five o ectio 4 1 ghted
i i n
' Igied gueripsg

Mathod
Relevance Feedbgck CACM CIsT
and A CRAN
Method Precisin, oot 0S8 8040t 1397 goey  paeey o MED
queries 112 docs 25 querics g docs 1033 gogg
Imiteal Run HEmEl 30 queries Averag,
(reduced collection) —-——________f
Ide {dee hi) ik 1184 L1586 1368
- -33de
Sapand by Rank :
e T - .
B= 75 0= 15 24 + .
Rank
all 2
terms lﬁtﬁmu 2553 Ii:‘t _,:: 14 13 6
Mprove . 2255
expand by Rak ment +75% +19% +156% +llt'.n S50
. Frogision '5439: 2 = 133% TR +70%
1 - Bl ral 2% 2% a -
P mprovement 47y 378 e rﬁg 1361 s :
(adusied revised - e +35% i

Simulated interactive retrieval consistently outperforms non-interactive

retrieval (70% here).

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

38

Avaktnon NAnpogopiag 20082009

19



Relevance Feedback Evaluation: Case Study

CS463 - Information Retrieval Systems

Example of evaluation of interactive information retrieval [Koenemann & Belkin
1996]

= Goal of study: show that relevance feedback improves retrieval effectiveness

= Details
= 64 novice searchers (43 female, 21 male, native English)
= TREC test bed (Wall Street Journal subset)
= Two search topics
= Automobile Recalls
= Tobacco Advertising and the Young
= Relevance judgements from TREC and experimenter
= System was INQUERY (vector space with some bells and whistles)
= Subjects had a tutorial session to learn the system

Their goal was to keep modifying the query until they have developed one
that gets high precision

Reweighting of terms similar to but different from Rocchio

Yannis Tzitzikas, U. of Crete 39

Reset Al UNDO LAST RUN QUERY]  [Show Search Topic Text]

Enter (next) query term below and hit <RETURN >

Rutgers INQUERY, . ._!J

Exit RU INQUERY.

#nris| ¥ou marked O documents A

GM Plans to Recall 62,000 1988-89 Cars _with Quad 4 Engines

Current Query Has 4 term(sy

GM, Ford Recall  Vehicles to Repair  Defective Parts —--- By Neal Templin S

car*
defect”
recal*

automobi I* manufactur®

1
2,
3. Isuzu Motors, Honda Commence Car Recalls —--— A wall Street Journal News |
4,

Ford and GM Recall Series OF Pickup Trucks, Coupes

NS

5. General Motors Corp. Recalls 196,000 Cars For Defective Brakes

(T m—T

Total of 6747 documents retrieved
Document # 1 of 6747

GCM Plans to Recall
4% ¥ | 62,000 198880 Cars

with Quad 4 Engines

WwS|900413-0013
04/13/90 WALL STREET JOURNAL (), PAGE B2

DETROIT —— General Motors Corp. said it is recalling
57,000 198854 Model Cars equipped with its high-Tech Quad 4
engine 1o Tix defective fuel lines linked to 24 engine fires

G said the 1988-80 Pontiac Grand am, Oldsmabile Cutlass
Calais and Buick Skylark cars equipped with the 16-valy
Four—cylinder Quad 4 engine havs Tuel lines that could orack
or separate from the engines. Although GM has received
reports of 24 fires caused by leaks attributable to the
faulty fuel Tines, a spokesman says the company knows of no
injuries resul ting from the incidents. GM sold about 312,000
cars equipped with Quad 4 engines in the 1988-89 model vears.

In another action, GM said it is recalling about 3,200 of
its 1990 Oldsmobile Cutlass Calais and Buick Sky\avk models
10 fix fuel-line defects on three engines: the Qua
3.3-1iter V-6, and 25-liter four cylinder. GM |sntaware of
any fires or injuries related to the fuel line problems in
this group of cars, the spokesman said.

Al repairs will be done free of charge 1o owners, the

company sal

Separately, the US. sales arm of Wolkswagen AG’s Audi
subsidiary said it is recalling 1,600 1990-model Audi 80, 90
and Coupe Quattro luxury cars to replace a defective bolt in
the assembly that locks the steering when the car is parked,
The defé{ct\‘ve})o\t Cog\d brEaKA, causing the Xfeer\ng WAhEEI to

v
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Hewpopotika Aroteréopata

= Opaque (black box)

= Transparent

= Penetrable

= O xproTng dev ptropei va del Tn diadikacia avadpaong.

= O xpAoTng uTTopei va Ogl Toug Opoug TTou dnuioupyndnkav oTmmod Tnv
avadpaan aAAd dgv ptropei va PHETABAAEI TO EpWTNHA.

= O xpAoTnG uTropei va YETARAAEI TO EPWTNHA.

Evaluation:Precision vs.

RF condition (from Koenemann & Belkin 96)

Criterion: p@30 (precision

at 30 documents)

Compare: 07s

p@30 for users with -
relevance feedback

p@30 for users without 0o

relevance feedback
Goal: show that users with
relevance feedback do
better

Results:

= Subjects with
relevance feedback 0.0
had 17-34% better
performance

= But: Difference in 0o
precision numbers not
statistically significant.

Hetrieval Precision for top 30 Cocuments

Txiall Trial 3
L L

L L '
Mo RF No RF Opaque RF TransparentRF Fenetable RF
Condition

Search times
approximately equal
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21WTTNPES YTT00E0¢€1G TNG AvAdpaonS ZUVAPEING

A1: User has sufficient knowledge for initial query.

A2: Relevance prototypes are “well-behaved”.
— Term distribution in relevant documents will be similar
— Term distribution in non-relevant documents will be different from
those in relevant documents
« Either: All relevant documents are tightly clustered around a single
prototype.

» Or: There are different prototypes, but they have significant vocabulary
overlap.

« Similarities between relevant and irrelevant documents are small

Violation of A1

= User does not have sufficient initial knowledge.

= Examples:
= Misspellings (Brittany Speers).
= Cross-language information retrieval (higado).
= Mismatch of searcher’s vocabulary vs. collection vocabulary
= Cosmonaut/astronaut — laptop/notebook

Avaktnon NAnpogopiag 20082009
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Violation of A2

However, there are several relevance prototypes.
= Examples:
= Burma/Myanmar
= Contradictory government policies

= Pop stars that worked at Burger King (query whose answer set is
inherently disjunctive)

= Often: instances of a general concept

= Good editorial content can address problem
= Report on contradictory government policies

Aside: Vector Space can be Counterintuitive.

Doc “J. Snow & Cholgra

ql query “cholera”
0 www.ph.ucla.edu/epi/snow.html
Query “choler x other documents

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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High-dimensional Vector Spaces

» The queries “cholera” and “john snow” are far from each
other in vector space.

* How can the document “John Snow and Cholera” be close to
both of them?

* Our intuitions for 2- and 3-dimensional space don't work in
>10,000 dimensions.

+ 3 dimensions: If a document is close to many queries, then
some of these queries must be close to each other.

» Doesn't hold for a high-dimensional space.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

[ati n avadpaon ouvageiag dev XPNOIUOTIOIEITAI EUPEWG;

= Long queries are inefficient for typical IR engine.
= Long response times for user.
= High cost for retrieval system.
= Partial solution:
= Only reweight certain prominent terms
= Perhaps top 20 by term frequency
= Users are often reluctant to provide explicit feedback

= |t’s often harder to understand why a particular document
was retrieved after applying relevance feedback

Avaktnon NAnpogopiag 20082009
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Avadpaaon Zuvagelag otov Naykoouio 1o1o

10Tog  Eikove( Upmos; KOioADyog
1 - Eow
|[(AvaTiman | 2o

GO ngge Infarmation Retriesal
mvaffman: @ orovaiord O medfBe ypoppsve ora vkt O o

Amorehéoparo 1- 10 amd mepimou 6.270.0

loTog

INFORMATION RETRIEVAL
An orline book by CJ Rijsbergen, University of Glasgow.
wwaw. des. gla. ac. uk/Keith/Preface html - 7k - Amofnkeupéun Zedida - Nopdpoieg gehifieg

= Some search engines offer a similar/related pages feature

(simplest form of relevance feedback)

MoAAég @oOpPEG 0 UTTOAOYIOHOG AUTWYV TWV OUOIWV/OXETIKWV oeAidwyv dev yiveral
Bdoel Tou Trepiexopévou aAAd Bdoel Tng dopng Tou ypdeou (Bupnleite TNV
avdaAuon ocuvdéouwyv). O uTToAOYIOHOG Eival OPKETA TTI0 YPRYOPOG.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Relevance Feedback on the Web

Some search engines offer a similar/related pages feature (this is a trivial

form of relevance feedback)
— Google (link-based)
— Altavista

— Stanford WebBase
But some don’t because it’s hard to explain to average user:

— Alltheweb
— msn

— Yahoo
Excite initially had true relevance feedback, but abandoned it due to lack

of use.

Avaktnon NAnpogopiag 20082009
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Excite Relevance Feedback

= Only about 4% of query sessions from a user used relevance
feedback option
= Expressed as “More like this” link next to each result

= But about 70% of users only looked at first page of results and
didn’t pursue things further

= So0 4% is about 1/8 of people extending search

» Relevance feedback improved results about 2/3 of the time

Other Uses of Relevance Feedback

= Following a changing information need (name of car
models change over time)

= Maintaining an information filter (e.g., for a news feed)

= Active learning

= [Deciding which examples it is most useful to know the class of to
reduce annotation costs]

Avaktnon NAnpogopiag 20082009
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Avvapukn Avalitnon

EYYPAQWV.

= Katd éva peydho pépog otn douAeld TTou yivetal yia To RF uttdpxel n
mapadoxn OTl n TTAnpogopia TTou avalnTtei o xprioTng oe PETARAAAETa
Katd T dIdpKEIx TNG avadATNONG.

= Av autd Oev cuuaivel, TOTE Ta £yypa@a TTOU XOAPAKTNEIOTNKAV OXETIKA
aTnVv apxn Tng avalnTnong PTTopei va unv gival kahd Tapadeiyyata yia 1o
TI BewpPEi 0 XPAOTNG OXETIKO PETA.

= Mg xprion ageing component utropei va peiwvetal 1o Bapog evég Gpou
600 TrEpVAEl 0 XPOVOG WOTE va €XEl MIKPOTEPN €TTIOPOCN OTNV €UPEDN

Weutoavddpaon 2uvdegeiag

Avadpaaon Xwpig €icodo atrod 1o XpAoTn

Avaktnon NAnpogopiag 20082009

27



Yeudoavadpaon Zuvag@eiag
Pseudo Relevance Feedback

= Xprion peBddwv avadpaons aANG Xwpig gicodo
a1ré TO XpNoTN

= Ymwo0eon o1 Ta Kopugaia m amd Ta avoKTnuéva
éyypaga eivar ouvagr (kar xprion Qutwv yia
avadpaaon)
= MrmopoUue €TTiONG va XPNOIPMOTIOINCOUNE Ta TEAEUTAIa

£yypaga yia apvnTikr) avadpacon

= EMTPETTEl TNV ETTEKTAON TNG ETTEPWTNONG ME OPOUG

TTOU OXETICOVTAI UE TOUG OPOUG TNG ETTEPWTNONG

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

answer(q):

55

B

Documents

Revised IR
Query System
|| Query
Reformulation

1.Docl Tt
2.Doc2 1!

Pseudo 3.Doc3 1

Feedback :
CS463 - Information Retrrevar Systems Yannis Tzitzikas, U. of Crete
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Yyetkd pe v Wevdoavadspaon

= ['vwoTn kal wg blind 1 ad-hoc RF, xpnoipoTroiei Texvikég RF yia
va BeAniwoer auréuara TNV KAtaTagn TPV TTOPOUCIacTouV Ta

Eyypaga oTo XpnoTn.

= H pseudo RF TtexvIK AEITOUPYEI IKAVOTTOINTIKA YIO «KOAG»
apXIKA EPWTAMATA AAAG €ival QvATTOTEAECOMATIKN VIO «KAKA»
ApXIKA EPWTANATA.

A¢loAoynon Weudoavadpaong

= Bpébnke va BeATiwvel Tnv atrédoon oto diaywvioud Tou TREC (ad-hoc
retrieval task)

= Aivel Tn duvatétnta va Ppebei éva KAAUTEPO €PWTNPA XWPIig va
arraiteital amé 10 XPAOTN va SIOTUTTWOEN éva VEO €PWTNPA ATTO ThV
apxn.

= EUKOAn uAoTtroinon Kal epapuoyr ata TTo dNUOQIAA JovTEAa avakTnong
(boolean, vector, probabilistic)

= AouAelel akoua KOAUTEPA av Ta Kopugaia E£yypaga TTPETTEl va
IKOVOTTOIOUV Kol Ml boolean  ékgpacn  TTPOKEINEVOU VO
XpnoiyotroinBouyv yia avadpaan
= (TT.X. VO TTEPIEXOUV OAOUG TOU OPOUG TNG ETTEPWTNONG)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Avéaopaon oto IIBavokpotTikd Movtéro

H ocvvéptnon opotdtrog tov mbovokpotikod HoviéAov givarl:

(-7)

(ad pi-(1=r)
S o (g,d) =Y log H——I= =7

Omov 1 éOpoion apopd cTovg Opovg MoV Ppickovior Kot GTO
EPATNUO KO GTO £YYPOPO.

p; MOavaéTnTa 0 P0G t; va EPPavifeTal o€ OXETIKO £yyPAPO

r, mMBaveTnTa 0 6pOG t; va ePPavieTal o€ Pn OXETIKO £yypagpo

Avéaopaon oto IIBavokpotTikd Movtéro

Apyikd Bétovpe TIES 6TIG MOAVOTNTES !
p; =Pk |R)=c
rl.ZP(xl-|R_)=ni/N

omov:

¢ gtvan pio Toyoio otabepd (m.y., 0.5)
n; elvo 1o TAN00G TV £YYPAP®V TOL TEPLEYOVY TOV 1-06TO OpO
N mAn00g £yypaewv GLALOYNG

Avaktnon NAnpogopiag 20082009
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Avéaopaon oto IIBavokpotTikd Movtéro

" ™ Pektioon G TOWOTNTAG TOV OTOTEAEGUATOV Ol TPATES
epappoyég Tov [Mbavokpatikod povtédov ypetalovtat Tnv Tapéppacr tov
YPNOTN YO TNV AVATPOGOPHOYT ToV TV (Y Rocchio).

Evolloktucd pmopet va ypnoiponomBel Kot oquTOUATOTOUEVOS TPOTOG
(yevto-avadpoon).

Apykd eKTEAEITOL TO EPOTNUA LUE TIC OPYIKEC eKTIUNGELG. EmAéyovton Ta K
KOAOTEPQ EYYPOQOL.

‘Eoto K; 0 apBpdc tev £yypaeov mov meptéyovv Tov i-06T6 6po. Oftovpe:
p;i=Px |R)=k/k + 0.5 adjustment
r; =P | R)=(n;- k;) | (N - k)

Avéaopaon oto IIBavokpotTikd Movtéro

MNa pIkpég TIPéG Tou K Kai kK;
+ 0.5 adjustment

p.=P(x;| R) = (k;+ 0.5)/ (k + 1)
r.=P(x,|R)=[(n,- k)+0.5]/[(N-k)+1]

AAAO TBavo + k/N

Avaktnon NAnpogopiag 20082009
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Xpioipor Xovoeopon

200TNUO aVAKTNONG EIKOVWYV PE duvaTdTNTa avAadpaong

Survey of relevance feedback over VSM, Probabilistic and Logic
Model

AiGpBpwan AIGAEENG

Emékraon ETepwrioswy
— Autépartn Tomikr) (Emréma) Avdhuon (Automatic Local Analysis)
— KaBoAikr) AvéAucon
— Eméktaon Emepwinong Bdaoel ©noaupou (Thesaurus-based Query Expansion)
— Autéuarn KaBoAiky AvaAuon (Automatic Global Analysis)
— ZXrtamioTikoi ©®noaupoi (Statistical Thesaurus)
— Kataokeury Onoaupw

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Emrékraon Erepwrnong
(Query Expansion)

In relevance feedback, users give additional input (relevant/non-relevant)
on documents.

In query expansion, users give additional input (good/bad search term) on
words or phrases

Awdpaotiki] EradEnon Epotipatog

= O1 yéBodol yia TPOTTOTIOINCN EPWTANATOG TTOU £XOUV TTEPIYPAPEI WG TWPA
€MAEyoUV OpoUG aTrd Eyypaga Kal TTPOCBETOUV KATTOIOUG OTO £PWTNUA.

= 'Evag evaANOKTIKOG TPOTTOG ival o1 XprioTeG va eTTIAEyOUV TOUG OPOUG TTou Ba
TpoaTeBolv oTo epwTtnua (IQE - interactive query expansion).
= To oUoTnua €TIAEYEI TOUG TTOIO OXETIKOUG OPOUG

= AvalnTACEIS O€ TTEPITITWOEIG TTOU £XEl avakTnBei Aiyn OxXeTIKA TTAnpogopia
weelolvTal atté IQE.

= Eival mo mBavd o1 xprioTeg va xpnoigotroioouv IQE o€ pia TTOAUTTAOKN
dUoKoAn avagnTnon.

Avaktnon NAnpogopiag 20082009
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EmrékTraon ETrepwrnong
(Query Expansion)

Mwg Ba Bpouue TOug TTIO OXETIKOUG OPOUG

= Tommkr AvaAuon
= AvaAUoupe Ta (Kopu@aia) £yypaga tng aTdvinong

= KaBoAikr) AvaAuon
= AvaAUoupe 6Aa Ta €yypaga TnG CUANOYHG

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Emékraon EmrepwTtnong (Query Expansion)
Tomik AvaAuon (Local Analysis)
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Autopartn Tommikn (EmTéma) AvaAuon
Automatic Local Analysis

1. Metd tnv dIaTUTIWOoN TNG ETTEPWTNONG, avAAUCE (OTaTIOTIKA) TIG AEEEIG TTOU
gP@aviovtal Mévo OTa KOPUPAia avakTUEVA Eyypapa
T.X. €mMAEyoupe TIG 10 TTI0 ouyxvd eu@aviCOuEVEG AEEEIC TwV Kopudaiwy 5
EAAYele (01N,
2. To ouoTtnua TTapoucidlel oTo XPoTn TIC TTI0 ouxVa ep@aviCOueveg AEEEIC Kal O
auTdg eTTIAEYEl eKeEiveS TTOU BEAEI va TTpOOTEBOUV OTNV ETTEPWTNON
eVOAAOKTIKG n €TTIAOY PTTOPE va yivel autopaTa (xwpig Tnv mapéuBacn n
ouykardBeon Tou XpAoTN)

Emidpacn oTnv atmroTeAeOPATIKOTNTA TG AVAKTNONG
=  O1 aocageic (I apgionueg) Aé€eig dnuioupyolv Alyotepa TTpofAnRuaTa  (atr
0TI TNV KABOAIKN avdAuon — Tnv oTroia Ba avaAUooulE TTAPAKATW)
= [Mapdderyua: ye Tommkr avaiuon n emepwtnon “Apple computer” utropei va
emrekTadei otnv “Apple computer Powerbook laptop”

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 69

Mapddelyua epapuoyng

YOU ARE HERE = Home = My InfoSpace = Meta-Search = Weh Search Results

Web Search Results

Your Search Re

liaguar search | Select: IWE!b 'l

[ Yellow Pages [ White Pages [ Classifieds

re you looking for?

Jacksonwille Jaguars Jaguar Car Elack Jaguar Jaguar Xka
wrild Jaquars laquare Jaquar Accestaries Jaquar Autormabile

Also: see altavista, teoma O xprioTng BAETel TG Kopugaieg Aégelg
i (ka1 6x1 £yypaga)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 70
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Web | Images | ideo | Local | Shopping | more »

YA_EIOO!P SEARCH EJaguar

‘ [ Search ] Advanced Search

Search Results [

Also try: jaguar cars, jaguar animal pictures, jaguar parts, jaguar ;D
fore. .

vy, Shopping. corm - Millions of Products from Thousands of Stores All in One Place

= Jaguar Xk
Cars.InfoSpot1000.com - Seeking Jaguar xk Info? See The Results You Want Mow.

» Jaguar Cars

1. Jaguar

1 -10 of sbout 45,700,000 for Jaguar - 0.21 sec. (About this page

SPONSOR RESULTS J
aguar
» Jaguar Shop for Car Parts. Compare

products, stores & prices.
weorw. Dealtime. com

Jaguar Merchandise Book
Buy Jaguar merchandise Book at
cars.nextag.com - Compare multiple free quotes on a new car from local dealers. SHOP.COM.

wwrey, SHOP. com

SPONSDR RESULTS

wwnw jaguar.corm - bMaore from this site

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

Official site of the Ford Motor Company division featuring new Jaguar models and local dealer Jaguar Matural Spray on
infarmation. Cataloglink

Find Jaguar natural spray on

T atalaal inle

71

MyStuff | Settings

Jaguar | Save

Kingdom: Animalia Phylum: Chordata Class:
Mammalia Grder: Carnivora Famiby: Felidas

Genus: Panthera Species: Parthera onca

@ The biggest and most powerful North

Source Arerican cat, the Jaguar is the only one that
roars. It moves over a large home range with
a diarneter of 3 to 15 miles (5-25 km) where
prey is abundant, larger where prey is
scarce. This cat hunts... More »

Key Facts | Images | Encyclopedia

anced Search

Narrow
Jaguar Cars

Black Jaguar

Cat Jaguar

Jaguar Big Cats
Jaguars Habitat
What Do Jaguars Eat
Panthera Onca

Jaguar
Gama actual, concesionarios, historia, noticias, anuncios y
servicios financieros.
@o v jaguar.com/
Where Do Jaguars Live
More » Jaguar (Panthera onca)
Jaguar (Panthera onca) facts, photos and videos. ... The

Expand Jaguar is the largest cat in the Western Hemisphere and the third
Cheetah largest cat in ..
Ferran @ - werw thebigzoo comiAnimalsiJaguar asp - Cached

Mare »
Jaguar

The jaguar measures five to six feet from its nose to the tip of

its tail and weighs 140 to 220 pounds (females are slightly smaller).
@Bo - weene kidsplanet. orgffactshestsfaguar html - Cached

Related Names

Jaguar

1At 1 Z1ZIRad, U. UL UICLE

=] Images

hare »

E Dictionary
Definitions of 'jaguar’

{jagwir, jagya-ar) ) _1 definiiof
The Arnerican Heritage® Diction
jaouar (n) A large feline mammal
(Panthera onca) of Central and South
Ametica, clozely related to the leopard
having & tevwny cost spotted with blacl
rozettes.

34 Al Music Guide

L Jaguar
BY: Fred Small
Whether an artist is
conservative, centrist

liberal or dawnright radical, there
nathine wenne with sattine on 2,

Avaktnon NAnpogopiag 20082009
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2710 groogle/mitos

A very simple technique is currently supported:

— For each term t; that appears in the top L (by default L=5) documents returned by the Query

Evaluator, we sum its term frequencies (i.e. all tf; where j in top-L documents) and we

recommend to the user the S terms (by default S=5) with the highest accumulative frequency.

brocge | _searcn |
@ m T T OS Advanced Search

Results per page | 10+

List of documents matching the M

tou can expand your query Qith: [ avaxtng [ tw [ ninpogop [ assign [ project
HY-463 Zuomuorg Avdkinons [TAn ==t

IR Link Analysis 555 B Salutions Project GRoogle 24 ..
hittp:iwaw cad. Uoc.grE0~hyd B3 2006/ken/assignments.htrml - 1162813764000 - 6KB Cached [mat asspam]

Table 9. Query Expansion Examples Table 10. Query Expansion Average Times
Initial Query Ezrpanded Terms L [Time (see)
1|retrieval imag |mediclindex [storag [system 5 0.002
2|web system |servic|page |process|cours 10] 0003
3luser interfac|layer |system|develop|softwar 15| 0004
20]  0.004
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. ot Crete 73

Autouartn Tommikn (EmTémma) AvadAuon

TEXVIKEG QUTOUATNG TOTTIKNAG avAAuong
» Association Matrix
— based on the co-occurrence of terms in documents
» Metric Correlation Matrix
— based on the co-occurrence and proximity of terms in documents
» Scalar Clusters

 //Local context analysis

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 74
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tl t2 t3 ....................... tn CU: COl‘relatIOH factor between
t; | Gl Cla Cpgeeeriiiiiiiiiiiinns Cln term i and term J:
| S
G| G ¢;= 2 fuxfu
. . dieD
t | Cm £, : frequency of term 7 in document k&

Normalized Association Matrix

— Frequency based correlation factor favors more
frequent terms. — iy

— Normalize association scores:

Normalized score is 1 if two terms have the same
frequency in all documents in D.

A6 autov Tov TTivaka UTropoUuE va BPoULE TOUS 6pouUg TTOU Eival ITIo KOVIA g€ autouc TN
gmepwrnong (BuunOeite kai Tov mivaka ouoxEriong oTo fuzzy model)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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(b) Metric Correlation Matrix

= Association correlation does not account for the proximity of terms in
documents, just co-occurrence frequencies within documents.

Metric correlations account for term proximity.

V. Set of all occurrences of term i in any document in D.
r(k, k,): Distance in words between word occurrences k, and &,
(=00 1f k,, and k, are occurrences in different documents).
1

c, = _
! k,eVik, eV, r(k,,k,)

Normalized Metric Correlation Matrix C;
. S e A—
— to account for term frequencies: T x ‘V‘
i J
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Query Expansion with (Association or Metric) Correlation Matrix

f )ty e, t
t Ci1 Clp Cpaerremcnreninannnnnnn. Cin
G| C

G| Gy

tn Cn1

= For each termiin the query g, expand query with n terms, those
with the highest value of c;.

= This adds semantically related terms in the “neighborhood” of the
query terms.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

t f by eeeeeiieeeiieeie, t
t Ci1 Clp Cpaerremrmieninannannnn. Cin
G| C
G| Gy
tn Cn1

For each query term t;: consider the terms that have similar correlation values
with it

Inner product of the related vectors

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Autouatn KaBoAikry AvaAuon
(Automatic Global Analysis)

Autopatn KaBoAikry AvaAuon
Automatic Global Analysis

CS463

Mpoodiopiopdg Babuol opoidTNTAG PETAEU Twv Opwv BACEl OTATIOTIKAG
avaAuong oAGkANpPNG TNG SUANOYNG
YmoAoyiopdg  mIVAKWY  ouoxéTiong  (association  matrices) TTOoU

TTOOOTIKOTTOIOUV TNV OPOIOTNTA METAEU TWV Opwv avaAoya Pe TO TTOOO ouXVva
ouvepgavigovtal

ETTékTaon mepWTNONG PE TOUG TTIO OUOIOUG OPOUG.

Emidpaon otnv amoteAeopaTikOTNTA TNG AVAKTNONG

= O1 acageig (| apgionueg) AéEeig dnuioupyoulv TepiccoTEPa TTPOBARaTa (AT OTI TNV
TOTTIKA av@Auon)

=  [lapddeiypa: pe kaBoAiki avdAuon n emepwrnon “Apple computer” pmopei va
emmekTaBei otnv - “Apple red fruit orange computer”

Mia Auon:
» Query Expansion Based on a Similarity Thesaurus

- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Query Expansion Based on a Similarity Thesaurus

BaoikA 16€a

= O1 6pol TTou TTPOCTIBEVTAI OTNV €TTEPWTNON KaBopilovtal pe Bdon TNV
amméoTaon Toug armrd oAOkAnpn Tnv emepwtnon (kai Ox1 Bdacesl g
aTrOOTACG TOUG ATTO KABE 6PO TNG ETTEPWTNONG LEXWPIOTA)

Evw Twpa

= “fruit” not added to “Apple computer” since it is far from “computer.”
= “fruit” added to “apple pie” since “fruit” close to both “apple” and “pie.”

= 3TNV avTiBeTn TepiTITWON Ba gixaue:
= “Apple computer” — “Apple red fruit computer”

CS463

- Information Retrieval Systems
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Query Expansion Based on a Similarity Thesaurus

TpoTTOg

— 'Eotw N éyypaga, t 6por K={k,,...,k}
— Mapiotavoupue KABe 6po pe £va didvuoua ato Xwpo Twv N dilaoTdoewv

Eivar cav va €xoupue

avTIOTPEWElI TO POAO TwV OPpWV Kal TWV eyypaewv:

€xoupe Aoirév pia dlavuopaTik Trapdotacn Twv 6pwv (KGBe €yypago
atroTeAei pia dIAGTAON OTO XWPO Twv diavuaudtwy). Mpocapudloupe TO
oxnua Bapuvong TF-IDF Bdoel autAg TnG Bewpnong.

ki =(Wilsees Win)

(0.5+0.5L)itfj
max ; ( f;)
" SN (05405 S22
=l max; (fi)” "/
CS463 - Information Retrieval Systems

itf: Inverse term frequency (1o avd@Aoyo Tou idf):

Num of terms in the collection
itfj =

Num of distinct terms in dj

<avahoyo TnG Bapuvong TF*IDF pévo 1mou £3w
XpnoligoTroloUpe To inverse term frequency.

Yannis Tzitzikas, U. of Crete 82
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Query Expansion Based on a Similarity Thesaurus

YTtrevlouion
idf,= inverse document frequency of term i := log(N/df)

tf; =freq; /max, {freq,;}
Ormou
- freq; = TANBOG euPavicewv Tou Spou i OTO EyyPaPo
— max{freq,} 1o peyaAurepo mANBOS eupavioewv eVos Opou aTo Eyypago |

w; = tf, idf, = tf;log(N/ df)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Query Expansion Based on a Similarity Thesaurus (I1)

= YTT0AOYIOPOG opoIdTNTAG SUO OpWV E—
= (T.X. HE EOWTEPIKO YIVOUEVO) )
= Ta Briparta yia Tnv €TEKTACN TNG

ETTEPWTNONG -
= (1) Represent query in the concept space

—q= Wiqki

that we used to represent terms

= (2) Compute sim(q,k,) for each k| ——wsim(q,k,)=§ -k

u
= (3) Expand g with the top r ranked terms. _ Sim(q,ku)
The weight of each added term k, is set o W' = ZW’
q
kieq
= Results

» 20% improved retrieval performance

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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KaBoAikn vs. Emitotia AvaAuon

H kaBoAikiy avAAuon €xel pueyGAO UTTOAOYIOTIKO KOOTOG
aAAG puévo oTtnv apxn
= ytToBETOVTOG OTI TA £yypa®a TNG CUAAOYNG gival oTaBepd

= H 1omk avAdAuon £xel ApKETO UTTOAOYIOTIKO KOOTOG IO
KAOE eTTEPWTNON
= (TTapoAo Tou TO TARBOG Twv Opwv KAl Twv eyypaQwy Eival
MIKPOTEPO AuTOU TNG KABOAIKNG)

= H 101K avaAuon divel KAAUTEPA ATTOTEAECUATO

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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ETrékTaon eTEPWTACEWV: ZUUTTEPACTHATA

= H eméKTOON TWV ETTEPWTACEWV PE OXETICOPMEVOUG OPOUG UTTOPEI va
BEATILWOEI TNV ATTOTEAEOUATIKOTNTA TNG AvAKTNONG, IDIAITEPA TNV
avakAnon (recall).

= H aAdyioTn €TTIAOYA OXETICOPEVWV OPWV UTTOPEI va HEIWOEl TNV
akpipela (precision).

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Onocaupoi Opwyv kal KaBoAikg AvaAuon

Onoaupoi Opwv

* 'Evag Bnoaupdg TTapéxel TTANPOQOpIES yia
OUVWVUNA KAl onuacioAoyiK& KOVTIVEG AEEEIC Kal
@pdaoceig [see also Sec 7.2.5]

* [lapddeiypa:
physician
syn: ||croaker, doc, doctor, MD, medical,
mediciner, medico, ||sawbones
rel: medic, general practitioner, surgeon,

P AYINOUL

* Online-Bnoaupoi:
— Roget’s thesaurus
— INSPEC thesaurus
— WordNet (http://wordnet.princeton.edu/)
— The free dictionary http://www.thefreedictionary.com/

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Xpnoeig Onocaupou

O6pou atrdé Bnocaupd

Bnoaupou

oupBouAeutolpue TO
QAVTIKOTOOTAOOUUE
ETTEPWTNONG PE TTIO €10IKOUG.

Eupetnpioon kelpévwv/BIBAiwv pe  €mIAoyn
AvalAtnon xpnoidoTTolwvTag  Opoug  Tou

= (autopaTtn A UoTEPa aTTO ETTIAOYK TOU XPAOTN)

MNa BeATiwon TG avakTnong

= Av n amavinon MIag €MEPWTNONG €ival MIKPA,
pTTOpOUME va TpocBéooupe 6poug PBdaoel Twv
oX£€0€wV Tou Bnoaupou (Cuvwvuua, ..)

= Av amdvinon eivar oAU peydAn, UTTOPOUUE va

Onoaupod Kal va

KATTOI0UG

6poug  Tng

CS463 - Information Retrieval Systems
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MyStuff | Settings

/ b

.com

Web | Images | Yideo | More »

|jaguar1 B

Advanced Search

Narrow

Jaguar Cars

Black Jaguar

Cat Jaguai

Jaguar Big Cats
Jaguars Habitat

What Do Jaguars Eat
Panthera Onca

Where Do Jaguars Live

Maore »
Expand
Chestah
Ferrari

Mare »
Related Names
Fard
Walf

Maore »
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Aidkpion ©Onoaupwv

* [Awooikoi Onoaupoi

vocabulary

— Examples
* INSPEC

* Onoaupoi katdAAnAol yia Information Retrieval
— for coordinating the basic processes of indexing and retrieval
— designed for specific subject areas and are therefore domain dependent

— [x Roget’s thesaurus. Designed to assist the writer in creatively selecting

CS463 - Information Retrieval Systems

Yannis Tzitzikas, U. of Crete
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INSPEC thesaurus (for IR)

Domain: physics, electrical engineering, electronics, computers

Types of relationships between two terms
— UF: Used For (converse: USE) // m.x. USE X onuaivel o 0 X givail o 36KIJog 6pog
— BT: Broader Term (converse NT)
— TT: Top Node, l.e. root of the hierarchy)
— RT: Related Term
Example:
— computer-aided instruction
+ see also education
+ UF teaching machines (UF: Used For, converse: USE)
+ BT educational computing (BT: Broader Term)

+ TT computer applications (TT: Top Node, l.e. root of the hierarchy)
* RT education , teaching (RT: Related Term)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 91

WordNet (http://wordnet.princeton.edu/)

* A more detailed database of semantic relationships between English words.
Developed by famous cognitive psychologist George Miller and a team at Princeton
University.

» About 144,000 English words. Nouns, adjectives, verbs, and adverbs grouped into
about 109,000 synonym sets called synsets.

Synset Relationships
+ Antonym: front — back
+ Attribute: benevolence — good (noun to adjective)
+ Pertainym: alphabetical — alphabet (adjective to noun)
» Similar: unquestioning — absolute
Cause: kill —» die
Entailment: breathe — inhale
Holonym: chapter — text (part-of)
* Meronym: computer — cpu (whole-of)
+  Hyponym: tree — plant (specialization)
* Hypernym: fruit — apple (generalization)
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AAT (Art and Architecture Thesaurus)

» Controlled vocabulary for describing and retrieving information:
fine art, architecture, decorative art, and material culture.

« Almost 120,000 terms for objects, textual materials, images,
architecture and culture from all periods and all cultures.

* Used by archives, museums, and libraries to describe items in
their collections.

» Used to search for materials.

» Used by computer programs, for information retrieval, and natural
language processing.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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XapakTnpIoTIKG Onoaupwv

» Coordination Level (BaBuog cuvTtoviouou)
refers to the construction of phrases from individual terms
— Pre-coordination: the thesaurus contain phrases
+ the vocabulary is very precise
- the user has to be aware of the phrase construction rules, large size

— Post-coordination: the thesaurus does not contain phrases. They are
constructed while indexing/searching

+ user does not worry about the order of the words
- precision may fall
« Term Relationships
— equivalence relations (e.g. synonymy)
— hierarchical relations (e.g. dogs BT animals,)
— nonhierarchical relations (e.g. RT)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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XapakTnpIoTIKa Onoaupwy (2)

Number of Entries per Term
— preferably: a single entry for each thesaurus term
— however homonyms does not make this possible

 parenthetical qualifiers:
— bonds(chemical), bonds(adhesive) // xnuik6g deapdg / UNIKO GuykOAAnong

Specificity of Vocabulary
— high specificity -> large vocabulary size
Control of Term Frequency of Class Members (for statistical thesauri)
— the terms of a thesaurus should have roughly equal frequencies
— the total frequency in each class (of terms) should be equal
Normalization of Vocabulary
— terms should be in noun form

— other rules related to singularity of terms, spelling, capitalization,
abbreviations, initials, acronyms, punctuation

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 95

EtrékTaon emepwtriocwy Bacel ©O@noaupou
Thesaurus-based Query Expansion

= TpoTtrog:
= T4 KGBe 6po t TNG €TTEPWITNONG, TTPOCHETE OTNV ETTEPWTNCN TA CUVWVUUA KAl TIG
OXETIKEG AEEEIC (related terms) Tou t
= Ta Bdpn Twv VEwV AéCewv PTTOPEL Va gival XaunAdTEPa Twv Bapwv Twv AEEEWV TNG
APXIKAG ETTEPWTNONG
= E.g. of a WordNet-based Query Expansion
= Add synonyms in the same synset.
= Add hyponyms to add specialized terms.
= Add hypernyms to generalize a query.
= Add other related terms to expand query.

= AmToTéAeCua
= Autdavel Tnv avakAnon (recall.)
= Mrropei va peiwoel TNV akpifeia (precision), 181AiTEPa OTAV N ETTELWTAON
TTEPIEXEI AP@IoNUES AECEIG

= ‘“interest rate” — “interest rate fascinate evaluate”
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Tpotrol Kataokeung ©Onoaupwy

[A] XelpoTtToinTn Anuioupyia

[B] Autéuatn Kataokeun

[B.1] amé oguAAoyn KEIPEVWV
MpoutdBeon: Na utrdpxel Mo HEYAAN Kal QvTITIPOCWTTEUTIKA) GUAAOYH KEINEVWY

[B.2] a6 ouyxwveuon AAAwv Bnoaupwv
MpoutrdBeon: Na utrdpyouv >2 diaBéaipol Bnoaupoi yia TNV TTEPIOXT TTOU Jag
evoloQEépEl

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 97

[B1] Autéuatn Kataokeury ©Onocaupwy atrd Keipeva

H kataokeur| (a1rd avBpwtToug) evog Bnaaupou gival TToOAU xpovoRopa Kal
Oev UTTApyoUV Bnoaupoi yia OAEG TIG YAWOTES

= O1 TANPOYOPIEG TTOU UTTOPOUE VA XPNCIKNOTTOINCOUNE atrd évav Bnoaupd
TreplopifovTal OTIG OXETEIG TTOU UTTOOTNPICEI 0 Bnoaupdg

» 16éa: M1TopoUpe va avakaAUWOUHE CNUACIOAOYIKEG OXETEIG METASU
AéSewv avaAUovTag OTATIOTIKA IO HEYAAN GUAAOYH KEIPEVWV

= 314010
1/ Karaokeun AgdiAoyiou
2/ YmroAoyiouog opoiotnrag ueraéu 6pwv
3/ Opyavwon (ouvibwg ispapxiki) Tou AsiAoyiou
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Autouatn Kataokeury ©Onoaupwv atréd Keipeva (1)

1/ Kataokeun Aegihoyiou
— Amogaon: Moiog BéAoupe va gival o Babudg €€i1dikeuong (desired specificity)
« if high then emphasis will be given on identifying precise phrases
— O 6pol (terms) ptrOopoUV va e1TIAeyoUv atd TOUG TITAOUG, TIG TTEPIANWEIS
(abstracs), ) akéua kai atrod 10 mANpeS Keipevo (full text)
— Normalization: stemming, stoplists
— Criteria for selecting a term:

» frequency of occurrence (divide words to 3 categories: low, medium, high,
select terms with medium frequency)

 discrimination value ~ idf

— Kartaokeur) epdocwyv (phrase construction) av kdri 1€Toio gival emOuunTéd
(BuunBeite coordination level)

2/ Y1roAoyiopdg Opoidtntag HeTagu Opwv
— Mapadeiyuata petpikwyv: Cosine, Dice

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

99

Autouatn Kataokeury ©noaupwv atrd Keipeva (1)

3/ Opyavwan (ouvnbwg ispapxikn) Tou AsiAoyiou

+ OrmroloodnmroTe aAyoépiBuoc clustering PTropei va XpnoiyoTroinoei

‘Evac aAyopiBuoc via IspapyIk opyavwon svoc As€ihoyiou:
1/ Identify a set of frequency ranges

2/ Group the vocabulary terms into different classes based on their
frequencies and the ranges selected in Step 1. There will be one
term class for each frequency range

3/ The highest frequency class is assigned level 0, the next level 1,
and so on

4/ Parent-child links: The parent(s) of a term at level i is the most
similar term in level i-1 (a term is allowed to have multiple parents)

5/ Continue until reaching level 1

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Mapdadeypa e 3 KAAOEIC CUXVOTATWY

2uyvoTnTa 1

EMGAvIoNg :
1
1
1 1
1 1
1 1

Computer I:?atabases IRs: SQL TF-IDF

@ Computer
Databases / \
IRS Databases IRS

saL TF-IDF
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Case: grOOGLE’2007

(1) Compute the minimum and maximum frequency of the words in the lexicon
(denoted by df, and dfy,, respectively).

(2) Partition the interval [dfy,n,dfm,] into L successive intervals (where L is
administrator-provided), i.e. [dfn, df1], ..., [dfr—1.dfm.]. We will refer to
them with levq, ... levp respectively.

(3) Ignore the intervals corresponding to low frequencies, specifically keep only
the M intervals with the highest frequencies (M is administrator-provided
and it should be M < L), i.e. keep only levy _pr_q,...,levy.

(4) Assign to each of these M intervals those words whose frequency falls to that
interval.

(5) For each word w; of level z (where z < L — 1) connect it with the most
"correlated” word of the level z + 1 (that word will be the "parent” of w;).

Regarding step (5), the correlation ¢;; between two words w; and w; is computed
using the formula:

Cij = Z tfiw % tfik (1)

dpeD

where ¢ f;;. is the frequency of term 7 in document k.
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(cont)

As an example, Table 11 describes the partitioning obtained assuming L = 20
(for each level the table shows the number of words that belong to that level).

To construct the taxonomy we have considered only the last 5 groups (empty
groups, like level 19, are considered as non existant). So the taxonomy includes
35 words in total. After creating the connections between words we realized that
each word has an average of 1.4 child nodes.

Low frequency High frequency

Level 1

2 3 [4 [5 [6 |7 (8 T0]1112]13]14{1 17]18]19[20]

Num. Of Words|217142

(
1103[523[292[199]128]s3]83]53]52[25] 18[1s[14] 13|z [8 |2 [0

=

ot

The reason for partitioning words into groups (according to their frequency) is
for avoiding computing the correlation matrix between all pairs of words (which
would be formidably expensive”). In addition, ignoring those words that occur
rarely further improves efficiency (as more than 95% of the vocabulary has a
very small document frequency) and does not harm the quality of the result
as these words do not describe the main concepts of the document corpus, and
we have not anyway adequate statistical information to connect them right in a

hierarchy.
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Resulting taxonomy:

<1> http

<2> system

<3> us

<3.1> new
<3.1.1>url
<3.1.1.1> map
<3.1.1.2> network
<3.1.1.2.1> commun

<3.1.1.2.2> gener
<3.1.1.2.3> site
<3.1.1.2.4> scienc
<3.1.1.2.5> web
<3.1.1.3> page
<3.1.1.3.1> link
<3.1.1.3.2> applic
<3.1.1.4> document
<3.1.1.5> access

<3.1.1.6> univers
<3.1.1.7> data
<3.1.1.8> process
<3.1.2> time
<3.1.3> base

<4> inform

As you can see this taxonomy is not very good/useful
Possible improvements:
» Better vocabulary construction

— The terms with high frequency are not very informative as
you can see (e.g.. http, system, url, ...). Therefore we
should try the middle levels.

— Furthermore if we had selected words that appear only in
titles/abstracts then we would avoid words like: http, url, ..

— The user at run-time could even specify how
specific/general the taxonomy should be (his/her choice
would determine the visible part of the taxonomy)

» Other improvements
— It's better to show the original words (rather than stems)
— Use phrases instead of single words as terms

CS463 - Information Retrieval Systems

Low frequency High feeeemes—

1 2 B 6 s o Ise] i isfiof2
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Autouatn Kataokeun lepapxiwv
[M. Sanderson and W. B. Croft. Deriving concept hierarchies from
text. In SIGIR’1999]

» Given two terms x and y from a document collection, we say that x subsumes'y,
and we write x — y if: P(x]y) > 0.8 and P(y|x) <1

P(x|y) is the probability that term x occurs in a document, given that term y does

» This technique leads to creation of a hierarchy of terms, where
— General terms appear as top-level categories
— More specific terms appear as lower-level categories

* Pros
— Simple and effective

+ Cons

— Requires n2 computations of conditional probabilities, where n is the number of terms
in the collection

— Requires the terms to have a unique meaning

* However If we use this technique only on query results and by using only terms that
appear more frequently in the query results than in the whole collection. then this lessens
the problem of ambiguity and reduces the number of terms that form the subsumption
hierarchy.
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AuTtouatn Kataokeun MNMoAuedpikwyv lepapxiwv
[Automatic Construction of Multifaceted Browsing Interfaces,W. Dakka, P.
Ipeirotis, K. Wood, CICK’05]

* |t describes an approach for constructing multifaceted hierarchies.

* Includes methods for selecting the best parts of the generated
hierarchies when it is not possible to fit all the categories on screen

+ Experiments with real-life data sets indicate that automatic
construction of multifaceted interfaces is feasible, and generates
high-quality hierarchies
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A Data Mining approach
(to organize the set of terms hierarchically)

* LetlI={i,,...i,,} be a set of items
* Let D be a set of transactions where each transaction is a subset of |

* An association rule is an implication of the form X->Y where X, Y are subsets of
I and X nY=9

e Arule X=2Y holds in the transaction set D with
— confidence c if c% of the transactions in D that contain X also contain Y
— support s if s% of the transactions in D contain X UY

Consider the case of an IR system. In that case
» The set | could be the set of all terms (the vocabulary)
* The set D could be the set of binary vectors of the documents
* Arule XY would be an implication between set of terms
— If X|=|Y|=1 then the implications are between single terms
— If |[X|=]Y|=2 then the implications are between pairs of terms

» So we could exploit data mining algorithms to get a taxonomy from an IR system
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MepiAnyn

= The complete landscape
= Global methods
= Query expansion
= Thesauri
= Automatic thesaurus generation

= Local methods
= Relevance feedback
= Pseudo relevance feedback
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Relevance Feedback -- Summary

* Relevance feedback has been shown to be very effective at
improving relevance of results.

— Requires enough judged documents, otherwise it's unstable (= 5
recommended)

— Requires queries for which the set of relevant documents is medium
to large

* Full relevance feedback is painful for the user.

+ Full relevance feedback is not very efficient in most IR
systems.

» Other types of interactive retrieval may improve relevance by
as much with less work.
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