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AiapBpwaon AlGAeEng

+ Kivntpo
* Avadpaon Zuvdaegeiag (Relevance Feedback)
* Avadiatutrwon Emepwtioswv (Query Reformulation)
— Avapdpuvon Opwv (Term Reweighting)
Emékraon (AlaotoAn) Erepwtnong (Query Expansion),
AvadiatiTrwon ETepwtioewy yia 1o Alavuopatiké MovtéAo
* Optimal Query, Rocchio Method, Ide Method, DeHi Method
H évvoia Tou Optimal (or Best) Query
AloAdynon
* WYeudo-avadpaon ocuvdeeiag (Pseudo relevance feedback)
+ Emékraon Eepwriocwyv
— Autopatn Tomkn (EmToma) AvaAluon (Automatic Local Analysis)
— KaBoAikr) AvaAuon
— EmékTaon Emepwinong Bdaoel Onoaupou (Thesaurus-based Query Expansion)
— Autopatn KaBoAikr) AvaAuon (Automatic Global Analysis)
— XTaTmioTikoi ©Onoaupoi (Statistical Thesaurus)
— Kartaokeur) Onoaupwv
» /IleveTikoi AAy6piBuol
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& Kivntpo

‘Exel TapatnpnBei o011 o1 xprjoteg Twv ZAlN datravouv TToAU Xpoévo
avadIaTUTTWVOVTAG TNV APXIK TOUG ETTEPUITNON TTPOKEINEVOU VO
Bpouv IKavoTToINTIKA £yypaga

* [MBavég aiTieg

— 0 XPnoTngG 9&V YVWPICEI TO TTEPIEXOUEVO TWV UTTOKEIUEVWV EYYPAPWV

— TO Ae&IAGYIO TOU XPrOoTn UTTOPEI va dla@épel atrd auTd TNG CUAAOYNG
— N ApXIKA ETTEPWTNON PTTOPEI Va €ival TTI0 YEVIKNA ] TTIO €18IKN ATTO AUTH TTOU
Ba £TTpeTTE (KATAARYOVTAG €iTE O€ TTAPA TTOAAG 1) 0€ TTOAU Aiya €yypaga)
* H apxikn eTepWTNON PTTOPEI VO BewpnBei WG N TTPWTN
TTPOCTIABEIO EKPPAONGS TS TTANPOYPOPIAKASC avAyKNG TOU XPHOoTN

*  AvAyKN VIO TEXVIKEC AVTIMETWITIONC QUTOU TOU TTPOBANLATOC
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TpOTTOI AVTIMETWTTIONG

(1) BeAtiwon TG apXIKNG ETTEPWTNONG

(2) Xpnon MNpo@iA XpnoTtn

(3) BeAtiwon TrapdocTaong KEINEVWV

(4) BeAtiwon aAyopiBuou (MovTéAou) avAaKTnoNng

Mapatnpnoeig

* Ta (2),(3),(4) €xouv TTI0 HOVIPO aTTOTEAEOUQ (ETTNPEALOUV TNV
ATTAVTNON KAl TWV ETTOUEVWYV ETTEPWTACEWV)

« Edw Ba eoTiaooupe oTo (1)
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Texvikeg BeAtiwong TN ApxikNG Etrepwtnong

Kartnyopieg:

(a) TEXVIKEG TTOU ATTAITOUV €I0080 ATTO TOV XPHOTH

(B) TEXVIKEG TTOU BEV ATTAITOUV £i0000
(B1) TTou BacifovTal 0T KopU@aia Eyypaga TToU avakTAOnkav
(B2) TTou BacifovTtal o€ OAa Ta £yypa@a TNG CUANOYNAG

Avadpaon Zuvaeelag (Relevance Feedback):
H Baoikn 10éa

BAuara:

1/ MeTd& TNV TTOPOUCIACT TWV ATTOTEAECUATWY, ETTITPETTOUME OTO
XPNOTN va Kpivel (OETIKA | apvnTIKA) TV ouva@Eela VOGS I
TTEPICCOTEPWYV EYYPAPWYV TNG ATTAVTNONG

2/ AZI0TTOIOUNE QUTHV TNV TTANPOQOPIa VI VA avadIaTUTTWOOUME
TNV ETTEPWITNON

3/ KaroTriv didoupe 0To XpAOTN TNV atrdvinon NG
aAvadIaTUTTWHEVNG ETTEPWTNONG

4/ MAyaive oto BApa 1/
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H Baoikr 10€a

Avdadpaon Zuvagelag (Relevance Feedback):

Apyum
Enepdnon

AvaBempn
pévn
Enepdno
n

Xvotnuo
Avéxtnong
[Tnpopopidrv

Emovadiatinmon
Emepamong

Awfodiopéva

2. Doc2

‘Eyypoago

3. Doc3
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‘Avadtofabpicpéva
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Mapadeiypa avarpo@oddTnong cuvagelag
o0& oUOTNHA AVAKTNONG EIKOVWV

q=bike

(M) New Page 1 - Netscape O] x|

. File Edit View Go Bookmarks Tools Window Help

-
N @Q 0 @ Q Q | http:/inayana.ece.ucsb. eduji I dg@ g

.+ 4% Home | %% Browsing and ...

Shopping related 607,000 images are indexed and classified in the database
Only One keyword 15 allowed! 1!

Ibikd Search |

Designed by Bans Sumengen and Shawn Newsam

Powersd by JLAMFE2000 (Java, Linux, Apache, Mysgl, Ferl, Windows2000)

(http://Inayana.ece.ucsb.edu/imsearch/imsearch.html)
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Mapadeiyua avarpo@odoTnons CUVAPEIOG
o€ oUOTNUA AvAKTNONG EIKOVWY
7] I\
Answer(“bike”)=
Browse | Search | Prevl Nextl Random |
(144473, 16455] (144457, 2521407 (144456, 262857) (144456, 262263) (144457, 252134) (144433 265154)
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
(144433 , 264644) (144433, 26515%) (144515, 2577520 (144535, 525937) (144456, 249611) (144456, 250064)
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
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Mapddeiypa avarpo@oddTnong OUvVAPEIag
o€ oUoTNPa avakTnong EIKOVWV

Mapkapioua twv 2Zuvaewyv (n Emluunrwyv) amo rov Xpnorn

Browse | Search | F'rexrl Nextl Random |

(144433, 265154)
0.0
0.0
0.0

(144483, 264644) (144483, 265153) (144518, 257752) i (144456 250064)
0.0 00 0.0 00 0.0 0.0

0.0 00 0.0 00 0.0 0.0

0.0 00 0.0 00 0.0 0.0
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Mapadeiyua avarpo@odoTnons CUVAPEIOG
o€ oUoTNPA avakTNong EIKOVWV

ATTAvVTNON TNG AVASIATUTTWHEVNG ATTAVTNONG =

Browse | Search | F'revl Nextl Fandom |

(144533, 523493) (144538, 523835 (144538, 5235297 (1444356, 2535697 (144456, 253562) (144535, 525799
054152 0,565 19296 0534279 064501 0650275 066709197
0.231944 0.267304 0.230881 0.351395 0411745 0358033
0309876 0255889 0 303398 0.293615 0 23853 0305059

il ‘log' ."k-. LAl
[ERLERE RN, ey
A

(144473, 162407 {1444 356, 240634 (144456, 253603) (144473, 16322) (144483, 265264 (144473, 5124107
0.6721 0.675013 0676801 0.700339 0.70170796 0.70297
0.352922 0.4639 047643 0.309002 0 36176 0465111
0.278178 0.21111% 0.200451 0.391337 0335048 0.233250
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AvadiaTuTtwaon eTepwTtnong Baoel Avadpaong ZuvAagelag
(Relevance Feedback: Query Reformulation)

TpdT1r0o1 avadiaTuTTWwOoNG TNG ETTEPWTNONG META TNV avadpaon:
« Avapdapuvon Twv Opwyv (Term Reweighting):
— AUgnon Twv Bapwyv Twv OpwvV TTou gu@avifovtal oTa cuva@n/emouunTd

EYYPa®a Kal JEiWoN TWV Bapwy Twv Opwv TToU gPavifovTal oTa un-
ouvaen/emluunta £yypaoa.

+ Emékraon erepwtnong (Query Expansion):

— MpooBninkn VEwvV dpwv oTnV TTEPWTNON (TT.X. ATTO YVWOTA cuvaen
Eyypaga)

* YTapxouv 1ToAAoi aAyOpIBuol yia eTTavadiaTuTTwon ETTEPWTNONG
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AvadiaTuTiwan eTeEPWTNONG O0TO AlavuopaTiKOe Xwpo
H évvoia TNG BEATIOTNG ETTEPWTNONG

H BéEATIoTN etrepwtnon (Optimal Query)
— Ag uttoBéooupe OTI yvwpiCoupe 1o oUVOAo C, OAWV TwV CUVOPWY (UE TNV
TTANPOQYOPIOKK) avAayKn TOU XPAOTN) £yyPAQwV.
— H «kaAUTEPN ETTEPWTNONY (AUTH) TTOU KATATACOEI OTNV KOPU®r OAa Ta
ouvaoen £yypaga), Baoel Tou dlavuopaTikoU yovtéAou, Ba ATav:

O F
qopt_‘Cr‘de ‘C‘ Zd

d;eC, vd;eC,

Where N is the total number of documents. (8a avaAuooupe TTEPICTOTEPO

auTo TO {ATNMA APYOTEPQ)

2 Apou ouwg dev yvwpidoupue 1o ouvoAo C,,0a AaBouue urown tnv apxikn
EMEPWTNON KAl TNV giocodo/avarpopod0Tnon Tou xpnorn.
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AvadIaTUTTWOT ETTEPWTNONG OTO AlaVUOMATIKO XWwpo

A@ou ouwg dev yvwpidouue 1o ouvoAo C,,0a AaBoupe utrdwn tnv apxikn
ETTELWITNON KAl TNV €i0000 TOU XPNaoTn.

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

Kokkiva: o XpAoTng £€dwaoe apvnTikA avadpaon
Mpdoiva: o xpriotng ¢dwaoe BeTIKN avadpaon
MrrAe: 0 xprotng dev €dwae avadpaon

—

TpdTr0I agloTT0inONG TNG AVATPOPOdAOTNONG TOU XPNOTN
() Rocchio Method

(1) lde Method

(Ill) DeHi Method
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(I) Standard Rocchio Method

A@oU TO 0UVOAO SAWV TWV CUVOPWV gival AyvwaoTo,

XpNolyoTroinoe Ta yvwoTtd ouvagn (D,) kal yvwoTtd un-cuvaen (D,) éyypaga (atro
TNV ATTAVTNON TNG APXIKNG £TTEPWTNONG Kal Bdoel TG £10000U aTTO TOV XPrROoTN)
Kal ETTIONG oUNTTEPIEAABE TNV APXIKN ETTEPWTNON (.

Avadiatuttwuévn ETEPLWTNON:

qm:aq+£ Z dj_ dj

e
‘Dr VCTJ eDy ‘Dn ‘ VCTJ eDn answer(q):

o: Tunable weight for initial query.
: 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 16




(II) IDE Regular Method

[MeploodTEPN avadpaon => PeyaAuTepog BaBudg avadiatuTTwong.

[Na autd, katd Tnv IDE Reqular yé6odo dev KAVOUUE KAVOVIKOTTOINON

(Baoer Tou TToo0U avadpaacng)

J, =aq+ p Zaj_7 ZJJ

VajEDr VJJGDn

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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(111) IDE “Dec Hi” Method

Tdon yia atréoppIyn MOVO TWV PN-CUVAPWY EYYPAPWY TTOU £XOUV
uwnAG okop

(Bias towards rejecting just the highest ranked of the irrelevant
documents:)

qm — aﬁi + IB Z CTj — Y MaxX ., _relevant (JJ)

answer(q):

VdjEDr

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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2Uykplon pe@ddwv (1) (1) (1)

—

Gn=cd+ 2 ¥ di-X ¥ dj

Dl"v’&jeDr DnvajeDn
0, =aq+p Zaj_y ZJJ
‘v’ajeDr VCT]GDn

qm = aq + IB Z dij — Y MaX o, _relevant (JJ)

VajeDr

evikd, Ta TTEIPAUATIKA dedouéva dev divouv KaBapd TTpoBddicua oe KATTOIx
TEXVIKN.

OAeg o1 TexVIKES BeATiwvouy Tnv atrédoon ( recall & precision)

2uvnlwg a=p=y=1

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AZloAdynon AtroTeAeopaTIKOTNTAG TEXVIKWY Avadpaons ZUuvAagelag

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.

Fair Process for Evaluating the Effectiveness of Relevance Feedback

Remove from the corpus any document for which feedback was provided.
Measure recall/precision performance on the remaining residual collection.

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

Measure recall/precision after relevance feedback (on the residual collection)

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Relevance Feedback Evaluation
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Simulated interactive retrieval consistently outperforms non-interactive
retrieval (70% here).
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Relevance Feedback Evaluation: Case Study

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

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

Reset all]  UNDO LAST RUN QUERY|  {show Search Topic Text] Exit RU INQUERY]
Enter (hextd query term below and hit <RETURM > i|voumarked O documents S
I GM Plans to Recall 62,000 1988-89 Cars With Ouad 4 Engines
Current Query Has 4 termis): GM, Ford Recall  Wehicles to Repair Defective Parts —-——- By Neal Templin 5
automobil* manufactur* lsuzu Motors, Honda Commence Car Recalls ———— A wall Street Journal News |
car
defect® Ford and CM Recall Series  Of Pickup Trucks, Coupes
recal* | General Motors Corp. Recalls 196,000 Cars  For Defective Brakes
Total of 5747 documents retrieved Jump to rank: m"’"
Document # 1 of 6747
GCM Plans to Recall
“*¥ | 52000 1983-89 Cars
with Quad 4 Engines
£ WSs|900413-0013
04/13/90 WALL STREET JOURNAL (1), PAGE B2
DETROIT —— General Motors Corp. said it is recalling
52,000 1988-89 model cars equipped with its high-tech Quad 4
engine to fix defective fuel lines linked to 24 engine fires,
CM said the 1988-838 Pontiac Grand Am, Cldsmobile Cutlass
Calais and Buick Skvlark cars equipped with the 16-valve,
four—cwlinder Quad 4 engine have fuel lines that could crack
or separate from the engines, Although GM has received
reports of 24 fires caused by leaks attributable to the
faulty fuel lines, a spokesman says the company knows of no
injuries resulting 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 itis recalling about 2,200 of
its 1990 Oldsmobile Cutlass Calais and Buick Skylark models
to fix fuel-line defects on three engines: the Quad 4,
3.3-liter W-8, and 2.5-liter four culinder. GM isn't aware of
any fires or injuries related to the fuel line problems in
this group of cars, the spokesman said.
All repairs will be done free of charge to owners, the
company said.
Separately, the LS, sales arm of Wolkswagen AG’ Audi
subsidiary said itis 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 defective bolt could break, causing the steering wheel to
ey o O (0 YRy MY Ry eyt NPT Jg
Greditdastidllearst
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Criterion: p@30 (precision oo £ ' ' ' ' ' =
at 30 documents) -
Compare: 073 = N
p@30 for users with
oFo - —
relevance feedback
p@30 for users without oes L |
relevance feedback - ch
=
. H k=] -
Goal: show that users with | 5 nso - T - -
=]
relevance feedback do | & T
better =) 033 - P n
=} - -
. i -
Results: g oso - -
= -
. . ﬂ ]'-
* Subjects with 5 A
5 0.5 - = -
= L-
relevance feedback | = o 1
-
) .
had 17-34% better nan | g -
performance
n=zs - —
* But: Difference in
precision numbers not CEYES .
statistically significant. 1
. Tzxiall Txial Z
n.zs -
Search times * - - - - .
. e RF o RF Opaque RF TranspaxentRF Fene xable RF
approximately equal Confition

. . . L. Credit: Marti Hearst
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21WTTNPEC YTT08€0¢€1C TNC AvAdpaons ZuvAgeElag

A1: User has sufficient knowledge for formulating the initial
query.
— However:
» User does not always have sufficient initial knowledge.

+ Examples: Misspellings, Mismatch of searcher’s vocabulary vs collection
vocabulary.

A2: Relevance prototypes are “well-behaved”.
— Either: All relevant documents are similar to a single prototype.

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

— However:
* There are several relevance prototypes.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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[1ati n avadpaon ocuvagelag dev XPNOIUOTTOIEITAI EUPEWCG;

* Q1 xprioTeg ouxva dioTalouv va dwoouV €ic0d0

* H avadpaon £xel WG ATTOTEAECUA YEYAAEC ETTEPWTAOCEIS TWV
OTTOIWV O UTTOAOYIOHNOG ATTAITEI TTEPICCOTEPO XPOVO

— 0€ oUYKPION ME TIG OUVNBICUEVEG ETTEPWTHOEIS TTOU OIATUTTWVOUV Ol XPrOTEG
ol oTToieg atroTeAouvTal atro 2-3 AEEEIG

— (search engines process lots of queries and allow little time for each one)

* MepIKEC QOPEC N VEQ ATTAVTNON TTEPIEXEI £yYPAPA TA OTTOIA OEV
MTTOPOUNE VA KATAAGBOUUE TTWC TTPOEKUYAV

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Avadpaon 2zuvageiag otov Naykoopio 1o1o

10Tog  Likovec Upoos;  KOToAoyog
GOL)&%e “nformation Fetrieval I[ AugfATnan ] %
avaffmary @ groviord O oedide ypoppévec oo Exdnvkd O o

Amotshéoparta 1 - 10 gmd mepimou 6.270.0

loTog

INFORMATION RETRIEVAL
An online book by CJ Rijsbergen, University of Glasgow.
wew dos. gla. ac.uk/eith/Preface. html - 7k - Amofnkeupévn Zedilo - Nopdpoisg gehibeg

» Some search engines offer a similar/related pages feature

(simplest form of relevance feedback)

— TMoAAég popEG 0 UTTOAOYICHOG AUTWY TWV OUOIWV/OXETIKWYV OEAiIdWV
Oev yivetal Baoel Tou TrepieXoévou aAAd Bdaoel TG SONAG TOU YpA@Pou
(BupnOcite TNV avaAuon ocuvdéopuwyv). O utTToAoyIoNOG ival APKETA TTIO

YpAyopog.
« But some don’t because it's hard to explain to average user.
— “Excite” initially had true relevance feedback, but abandoned it due to lack of

use.

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




Yeudoavadpaon Zuvageiag
Pseudo Relevance Feedback

« Xpnon ueBodwv avadpaons aAAd Xwpig €icodo aTtrd To XpHoTn
* Ymo0eon O11 Ta Kopu@aia m atrd Ta avakTnuEvVa Eyypaga gival
auvaen (kai xprion autwy yia avadpaan))
— MrTropoUpE €TTiONG VO XPNOIMOTTOINOOUKE TA TEAEUTAIO £yypa@a yia apvnTIKn
avadpaon
o EmTpéTTel TNV ETTEKTACN TNG ETTEPWTNONG ME OPOUG TTOU OXETICOVTAI

ME TOUG 6POUG TNG ETTEPWTNONG answer(q):

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 29

Weudoavadpaon Zuvageiag

B

Revised

ReRanked

Query Documents
— Query . Ranked
Reformulation
Documents

1.Docl 1
2.Doc2 1!
3.Doc3 I

Pseudo
Feedback
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AZloAbéynon Weudoavadpaong

» BpéBbnke va BeATiwvel Tnv atrdédoon oTo diaywvioud Tou TREC (ad-
hoc retrieval task)

* AouAeglel akOpa KOAUTEPO AV TA KOPUPAia £yypapa TTPETTEI va
IKOVOTTOIOUV KOl Jia boolean ék@paon TTPOKEINEVOU va
XpNoiJoTToIinBouyv yia avadpaon

— (T.X. va TTepIEXOUV OAOUG TOU OPOUG TNG ETTEPWTNONG)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AvaAuovTag TTEpPICCOTEPO TNV £vvola TNG BEATIOTNG
eTEPWTNONG (Optimal query)

Mnyn:
Yannis Tzitzikas and Yannis Theoharis, Naming Functions for the
Vector Space Model, 29th European Conference on Information

Retrieval, Rome 2-5 April 2007




The Naming Problem

We can view an IR system as a function from set of Queries to set of Answers

S: Queries ———  Answers

If g eQueries, S(q) denotes the answer of q.
Classically IR systems are good at “solving” the equation S(q)=A wrt A, i.e.:

S(a)="
The naming problem is the problem of solving the equation wrt g, i.e. :
5(7)=A

We can distinguish two formulations of the naming problem:

* For unordered answers (here A is a subset of Obj)

* For ordered answers (here A is an ordered subset of Obj).

where Obj is the set of stored objects (e.g. documents, web pages, etc)
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The Naming Problem for Unordered Sets

Basic Notions
« Exact name

* Upper name

— Best Upper Name
* Lower name

— Best Lower Name
* Relaxed name

S(upperName(A)) ~_

A—

S(lowerName(A)) =
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The Naming Problem for Ordered Sets

Basic Notions

« Exact name Example:
« Upper name
— Best Upper Name A= (d1, d2,d3)

« Lower name
— Best Lower Name

. Relaxed name S(exactName(A)) = (d1, d2,d3,ds, d9, ...)

S(lowerName(A)) = (d1, d2, d5,d7, ...)

S(upperName(A)) =  (d1, d9, d2, d5, d3, ds, ...)
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Notations

Let A be an answer. Some notations that will be used
* A(k) : the ordered set comprising the first k elements of A
* A{k}: the set of elements that appear in A(k)

* A : the restriction of A on the set F, i.e. the ordered set obtained if we
exclude from A those elements that do not belong to F,

Example

if A=(d1, d2, d3) then

« A(2)=(d1, d2)

« A{2}={d1, d2}

« {A}=A{Al} ={d1, d2, d3}

- if F={d1,d3}, then A= (d1, d3)
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Defining Formally Relaxed/Upper/Lower/Exact Names

A query q is a relaxed name of an answer A iff :
Case: Ais a set |S(q){m} NA |= ] where m>j>0.
Case: Ais an ordered set: S(q)(m),;; = A() where m>j>0.

If m=j=|A| then q is an exact name
If m>j=|A| then q is an upper name (the best upper name if m is the least possible)
If m=j<|A| then q is a lower name (the best lower name if m is the greatest possible)

So each query can be characterized by a pair (m,j). We can now define an ordering
over these pairs. The ordering should reflect the quality of the queries (as
solutions for the naming problem).
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Defining a total ordering of queries

(m,)) = (m’,)) iff: (J=y’) or (jJ=) and m<m’)

Let |Obj|=5 and |A|=3

exact name
. ! upper names
Let |Obj|=5 and |A|=3. :
The ordering of the AT
: : (3 3) Lo Tl
corresponding pairs are: lower names @4 3) \ N
\‘*4 (5 3)
2,2 ~
A A 02 _
So far, we have defined what P P (4,2)
exact, upper, lower, relaxed T (5,.2)
names are, and we defined an . (1 ’1)\ ’
ordering over them. S (2,1) —
The next question is whether and (3.1) —
(4,1)
how we can compute these
names for a given answer A. (5,1)
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Investigating possible approaches for solving
the Naming Problem for Unordered Sets

Let A={d1, d2,d3,..., dn}
Possible name queries

ga= "2(di,dj) where (di,dj) = arg max {dist(d,d’) | d,d’ €A}
gb=1/|A| Z{d|d €A}
qc=1/|A| = {d | d €A} -1/|Obj-A| Z{d|d ¢ A}

Notes

ga: minimizes the maximum dist from the elements of A
gb: minimizes the average dist from the elements of A
qc: is the Rocchio method (avg A, - avg Obj-A)

Important remarks:

None is guaranteed to be the exact name (they are all relaxed names)
However, if an exact name does not exist, then ga is the best upper name

Moreover, the evaluation of ga (i.e. the computation if its answer) is faster than
the evaluation of gb, qc.
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The Naming Problem for Unordered Sets (lII)

Method (a): Let A={d1, d2, d3, d4}

A

1st step:
Find the pair of most distant documents

Here: (d1, d4)

2nd step:
Find whether other documents lie in the area
specified by (d1, d4)
Here: {01, 02} 1=

- Thus, ga = '2(d1, d4) is an upper name of A

If there were no other documents then qa
would be an exact name

Cost
— 1ststep: O(|A|?) computations of similarity
— 2nd step: O(|Obj|) or compute the answer of ga and check if S(qa){|A[}=A
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The Naming Problem for Ordered Sets

Let A=(d1, d2,d3,..., dn)
Let i the max integer for which it holds:

sim(d1,d2) > sim(d1,d3) > ... > sim(d1,di)

relaxed name, always

upper name, if i=n

dlis a exact name, ifi=n and S(d1)(n)=A

lower name, ifi<n and S(d1)(i)=A(i)

Computational cost:
* O(n) computations of similarity to find .
* One query evaluation in order to decide whether d1 is lower/exact name.
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Experimental Evaluation

+ Experiments conducted over the experimental web search engine GRoogle
— http://groogle.csd.uoc.gr:8080/groogle (2006-2007)

+ The set A was selected randomly, the average times are listed in the Table below
— |OJ: number of documents, |T|: number of terms

Collection Naming Functions (in sec)

Unordered Ordered
|(_'J'|| |T| | [{A}] ta| th(query te-r-ms” tc| ta| ty(query te-r'-m..s” te
1K | 40K 10{|0.015[1.566 (5) - 3.174 (10)|0.001( 0{1.878 (5) - 3.575 (10)|0.008
1K | 40K 100](0.328] 1.56 (5) - 3.176 (10)[0.005{ 0{1.624 (5) - 3.192 (10)[0.004
HK | 256K 10{|0.015(112.1 (5) - 262.5 (10)|0.001 (] 0{131.2 (5) - 264.7 (10)|0.048
SK255K || 100{]0.328(116.0 (5) - 251.1 (10)[0.006(| 0]153.4 (5) - 271.1 {10)]|0.152

ta: time to find the query (fast, depends on |A|, not the size of the db)
tb: time to evaluate the query (this is the only expensive task)
tc: time to decide what kind of name it is (fast)
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Concluding Remarks and Further Research

* The naming problem has several applications (e.g. for relevance feedback or for
providing a flexible interaction scheme between the system and the users)

»  We expressed formally several variations of this problem and related optimality
criteria
» We provided optimal solutions

— E.g. we provided a method that certainly returns the best upper name for unordered
sets (this is not true for the Rocchio method)

» We described (polynomial) algorithms for solving these problems
» Future research

— Extend the problem statement with an additional parameter: the maximum number of
words that a name could have, e.g. “find the best upper name with no more than 3
words”.

— Indexing structures for efficient computation of names

« For more see
http://www.ics.forth.gr/~tzitzik/publications/2007 _TzitzikasTheoharisNaming.pdf
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MavemoTAuio KpAtng, Tuiua EmoTtAung YmoAoyiotwv
Avoi¢n 2009

HY463 - ZuotiuaTta Avaktnong NAnpogopiwv
Information Retrieval (IR) Systems

TTpoxwpnuévee Acitoupyiec Emepwrnong (II)
Advanced Query Operations

Mavvng TdiTdIkag

AidAeEn @12
Huepopnvia :
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EmékTaon Erepwtnong
(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

EmrékTaon ETrepwrnong
(Query Expansion)

* TommknA AvaAuon

— AvoAUoupe Ta (Kopu@aia) £yypaga TnG ammavinong
» KaBoAikry AvaAuon

— AvaAuoupe 0Aa Ta £yypa@a TNG cUAAoyNG
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Emrékraon Emrepwrnong (Query Expansion)
Tomkn AvaAuon (Local Analysis)

Autéparn TotmkA (EmTéma) Avaduon
Automatic Local Analysis

e Metd TNV dIaTUTTWON TNG ETTEPWTNONG, AVAAUCE (OTATIOTIKA) TIC
AECEIC TTOU gugaviCovTal MOVO OTA KOPUQAia avakTnuEva £yypaea
— T.X. €mMA&youpe TIG 10 TTI0 CUXVA EPPAVICOUEVEG AEEEIC TV KOpUPaiwy 5
EYYPAPWV
* To ouoTtnua TTapouaialel ato XPNOTN TIG TTIO GUXVA EUPAVICOUEVES
AECEIC Kl 0 auTOG ETTIAEYEI EKEIVES TTOU BEAEI va TTpOOTEBOUV OTNV
ETTEPWTNON
— €VAAAOKTIKA N €TTIAOYI UTTOPEI va Yivel auTOpaTta (Xwpig Tnv Tapéufaon n
OUYKaTABeON TOU XProTn)
« ETmidpaon otnv ammoTeAeouaTIKOTATA TNG AVAKTNONG
— O1 acageic (A appionueg) AéCeic dnuioupyouv AlyoTepa TTpoBARuaTa (atr ot
oTnNV KaBoAIKr) avdAucn — Tnv oTToia Ba avaAUCOUNE TTAPAKATW)
— lMapddeiyua: e TOTKA avaAuon n erepwtnon “Apple computer” utropei va
emmekTaBei otnv  “Apple computer Powerbook laptop”
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[Mapadeiyua epappoyng

Y1) ARE HEREE = Home = My InfoSpace = Meta-Search = Web Search Results

Web Search Results

Your Search

Re

|jaguar

[ Yellow Pages [ White Pages [ Classifieds

Search | Salact: |Web

[

re you loaking for?

Jacksonville Jaguars Jaguar Car Elack lagquar Jaquar Xka
Wil Jaguars Jaguare laguar Accessories Jagquar Automaohile

Also: see altavista, teoma
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Web | Images | Yideo | Local | Shopping | more »

“YAHOO! SEARCH [jaguar

Search Results [~

Also try: jaguar cars, jaguar animal pictures, jaguar parts, jaguar pictD
<:E::IWOrem

SPONSOR RESULTS

+ Jaguar

wewne. Shopping. com - Millions of Products from Thousands of Stores All in One Place.

« Jaguar xk
Cars InfoSpot1000.com - Seeking Jaguar xk Info? See The Results You YWant Mo,

+ Jaguar Cars
cars.nextag.com - Compare multiple free quotes on a new car from local dealers.

1. Jaguar
Official site of the Ford Motor Company division featuring new Jaguar models and local dealer
infarmation.
waw. jaguar.corm - Wore from this site
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1 -10 of ghout 45 700,000 for Jaguar - 0.21 sec. (Aboutthiz page)

SPONSOR RESULTS

Jaguar

Shap for Car Parts. Compare
products, stares & prices.
wiier, Dealtime.com

Jaguar Merchandise Book
Buy Jaguar mearchandise Book at
SHOP. COM.

winy, SHOP. com

Jaguar Natural Spray on
Zataloglink

Find Jaguar natural spray on

Tetalanl il
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MyStuff | Settings

Ask ] b

.cam

Kingdom: Animalia Plwlum: Chordsta Class:
Mammalia Grder: Carnivora Family: Felidse

¥ Genus: Parthers Species: Parthera onca

@ The biggest and most powerful Morth

Source American cat, the Jaguar is the only one that
roars. It moves ower a large home range with
a diameter of 3 to 15 miles (5-256 km) where

Web | Images | Video | Wore »

anced Search

Narrow t ; Mare »
Jaguar Cars prey is abundant, larger where prey is
Black J scarce. This cat hunts... Mare »
ack Jaguar Key Facts | Images | Encyclopedia @ Dictionary

Cat Jaguar
Definitions of jaguar’

(Agwar, Agya-ar ™) -1 defintior
The American Heritage® Dictionz

Jaguar Big Cats
Jaguars Habitat
What Do Jaguars Eat

Jaguar

Garna actual, concesionarios, historia, noticias, anuncios y
senvicios financieros.

Panthera Onca o - v jaguar.com/ jaguar (n) A large feline mammal
Where Do Jaguars Live (Parthera onca) of Certral and South
Mlare » Jaguar (Fanthera onca) America, closely refated to the leapard
Jaguar (Fanthera onca) facts, photos and videos. ... The having a tawny cost spotted with black
Expand Jaguar is the largest cat in the Western Hemisphere and the third roseftes.
Cheetah largest cat in ...
Ferrati Bo - werw thebigzoo comfAnimals/Jaguar.asp - Cached

a4 All Music Guide
Jaguar A
: ; . ; . iy 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).
o - wwew kidsplanet. orgffactsheetsJaguar html - Cached

Mare »

Related Names
Ford
W alf

gor BY: Fred Small
YWhether an artist is
consaenative, centrist,

liberal or downright radical, there
nnthinrt weennm with nettine nn 7

Jaguar

111AUULL INCULIC VAL Oy DLULLD LALULD 1 ZILLINGD, U. UL 1T

210 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.

loroogle |  search |

m T -[- 0 Advanced Search
@ S Results per page

ist of documents matching thw

ou can expand your query @ith: [ avosmno O] mp [ ninpogpop [ assian [ project

HY-463 Fugmriuara AvGTnane [T o rhes——tr=--hers
IR Link Analysis 5556 Solutions Project GRoogle 24 ..
httganien csd. 000, gr 80 ~hyd 6302006/enfassignments. himl - 1162313764000 - 6KB Cached [mank as zpam]

Table 9. Query Expansion Examples Table 10. Query Expansion Average Times
Initial Query Erpanded Terms L |Time (sec)
1[retrieval imag |medic[index [storag |system 5 0.002
2|web system |servic|page |process |cours 10] D003
3|user interfac|layer |system|develop|softwar 15] 0.004
20] 0.004
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Autéparn TotmkA (EmTdéma) Avauon

TeEXVIKEG QUTOPATNG TOTTIKNG 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
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(a) Association Matrix and Normalized Association Matrix

D: 1a £€yypaga TnG amavrnong Kal W,...w, ol 0p0I TTou gugavidovtal o€ auTd.

W] W2 W3 ....................... Wn CIJ: Correlatlon factor between
Wl Cl] Clz C13 ..................... C]n teml i and term j.
W, | €y
Wy | C3 Cj = Z fi % fjk
. . deD
Wy | Cui f. : frequency of term i in document K

« Normalized Association Matrix
— Frequency based correlation factor favors more frequent terms.
— Normalize association scores{, _ Cij
ij
— Normalized score is 1 if two terms have the same frequency in all documents
in D.

A6 autdv ToV TTivaka UTTopoUuE va BPoUuE TOUC OPOUC TTOU Eival IO KOVTA O auTouS TN
gmepwrnong (Buunbeite kai Tov mivaka ouoxETiIong oTo fuzzy model Tou pabrnuarog 4)
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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.

Vi: Set of all occurrences of term i in any document in D.
r(k,,k,): Distance in words between word occurrences K, and K,
(=0 if k, and k, are occurrences in different documents).

1
= 2 2 ik

kU €Vi kV GVJ
* Normalized Metric Correlation Matrix G
— to account for term frequencies: i ’\/i ‘ X ’V,‘
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* For each term jin the query q, expand query with n terms, those
with the highest value of c;.

« This adds semantically related terms in the “neighborhood” of the
query terms.
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Autopatn KaBoAikr) AvaAuaon
(Automatic Global Analysis)

AuTtépatn KaBoAikry AvaAuon
Automatic Global Analysis

* [1poodloploudS Pabuou ouoIdTNTAG METACU TWV OpwV PACEI
OTATIOTIKAG avAAuong 0AOGKANPNG TNG OUAAOYNAG

— YTTOAOYIONOG TTIVAKWY CUCXETIONG (association matrices) TTou
TTOOOTIKOTTOIOUV TNV OPOIOTNTA PETAEU TWV OpwV avaAoya Pe To TTOOO cuXvd
ouveu@avicovTal

« ETTéKTOON ETTEPWITNONG ME TOUG TTIO OPOIOUG OPOUG.

« Emidpaon otnv ammoteEAEOUATIKOTNTA TNG AVAKTNONG

— O1 aca@eic (1 apeionPeg) AECEIC DNUIOUPYOUV TTEPICCOTEPA TTPORBARUOTA (OTT
OTI TNV TOTTIKI avAaAuon)

— Mapddeiypa: pe kKaBoAIKr) avdaAuon n erepwTtnon “Apple computer” pytmopei
va etrekTaBei oty “Applle red fruit orange computer”

Mia Auon:

— Query Expansion Based on a Similarity Thesaurus
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Query Expansion Based on a Similarity Thesaurus

* Baoikn 10¢éa
— O1 6pol TToU TTPOOTIBEVTAI OTNV £TTEPWTNON KaBopifovTal ye Bdon Tnv
aTréoTOON TOUG aTrd OAGKANPN TNV £TTEPWTNON (KaI OXI BACEl TNG
ATTOOTACHG TOUG ATTO KABE OPO TNG ETTEPWTNONG EEXWPIOTA)

e 2NV avTiBeTn TTEPITITWON Ba EiXOUE:
— “Apple computer” — “Apple red fruit computer”
 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.”
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Query Expansion Based on a Similarity Thesaurus

* Tpotrog
— 'Eotw N €yypaea, t 6por K={k1,... kt}
— lMapiotdvoupue KABe 6po ue Eva didavuapa otov Xwpeo Twv N diaoTdoewy

* Eival oav va €xoupe avTiIoTpEWEl TO POAO TWV OPWV Kal TWV EYYPAPWYV: EXOUHE
AOITTOV pia SIAVUCHATIKY TTAPAOTACT TWV OpwV (KABE £yypa@o aTToTEAE pIa
d1doTOON OTO XWPEO TwV diavuopdTwy). MNpoocapuodloupe 1o oxnua Bapuvong TF-
IDF Bdoel autig TNG Bswpnong.

itf: Inverse term frequency (To avdAoyo Tou

Ki = (Wigsees Win ) idf):
fi: Num of terms in the collection
(0.5+0.5—1)jtf itf =
maxj(fij) | N f distinct t d
Wij = - um of distinct terms in d,
N fil 262 )
0.5+0.5 % )it
21=1( max)(fin)) ]

<avaloyo Tng Bapuvong TF*IDF povo trou dw

XpNolJoTrolouE To TO inverse term frequency.
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Query Expansion Based on a Similarity Thesaurus (1)

* YTTOAOYIOUOG OPOoIOTNTAG BUO OpWV
— (T1.X. ME EOWTEPIKO YIVOUEVO)

* Ta BAMaATA yIO TNV ETTEKTACT TNG
ETTEPWITNONG

— (1) Represent query in the concept space i k'z Wiqkl
that we used to represent terms 10
— (2) Compute sim(q,ku) for each ku +sim(q,k,) =7 -k,
— (3) Expand q with the top r ranked terms. Wor = sim(q, ku)
The weight of each added term ku is set o ugq'
2. Wig
kieq

* Results
— 20% improved retrieval performance
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KaBoAikn vs. ETiTomna Availuon

* H kaBoAIkiy avdAuon €xel HEYAAO UTTOAOYIOTIKO KOOTOG AAAG HOVO
oTnv apxn

— uTroBETovTag OTI Ta £yypaga TG GUAAOYNG gival oTaBepd

* H 1otk avaAuon €xel ApKETO UTTOAOYIOTIKO KOOTOG YIa KAOE
ETTEPWTNON
— (TTapoAo 1Tou 1o TTARB0C TWV dpwV Kal TwV eYYPAPWY gival HIKPOTEPO AUTOU
TNG KABOAIKNG)

* H 1otk avaAuon didel KaAUTEPa ATTOTEAEOUATA
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ETTéKTaoN ETTEPWTACEWV: ZUNTTEPACHATA

* H emmeEKTOON TWV ETTEPWTACEWY PE OXETICOUEVOUG OPOUG UTTOPEI va
BEATILWOEI TNV ATTOTEAECHATIKOTNTA TNG AVAKTNONG, IDIAITEPA TNV
avakAnon (recall).

* H aAoyioTn €AoYy OXETICOPEVWYV OPWV UTTOPEI VA PEILTEI TNV
akpipeia (precision).
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Onoaupoi Opwv kal KaBoAikg AvaAuon




Onoaupoi Opwv

* 'Evag Onoaupdg TTapExEl TTANPOPOPIES VIO CUVWVUPA KAl ONUAcIoOAOYIKA
KOVTIVEG AECEIC Kal ppAoels [see also Sec 7.2.5]

* [Mopddeiypa:

physician

rel: medic, general practitioner, surgeon,

* Online-bnoaupoi:
— Roget’s thesaurus
— INSPEC thesaurus
— WordNet (http://wordnet.princeton.edu/)
— The free dictionary http://www.thefreedictionary.com/
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syn: ||]croaker, doc, doctor, MD, medical, mediciner, medico, | |sawbones
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MyStuff | Settings
Xproeic ®@nocaupou Ack I

.com

, , , o , YWyah | | Wi Tl >
« Eupetnpiaon keigévwv/BIBAiwy e emAoyr dpou atrd < | IGRES X1a0 | Mers

Bnoaupd jegua
Advanced Search
* AvalnTnon XpnolUoTIoIWVTASG OPOUG TOU Bnoaupou Jaguar Cars

Black Jaguar

Cat Jaguar

Jaguar Big Cats
Jaguars Habitat
YWhat Do Jaguars Eat

— (autdéuaTn A UoTEPQ ATTO ETTIAOYH TOU XPNOTN)

« [a BeATtiwon NG avakTnong Panthera Onca
P , P , , Wyhere Do Jaguars Live
— Av n atrdvtnon PIag ETTEPWTNONG Eival MIKPRA, WTTOPOUUE Mare »
va TpoaBEéooupe OPOUG BATEl TWV OXECEWY TOU =
Bnoaupou (cuvwvupa, ..) \\EEL/T"ID
Cheetah
Ferrari
Mare »

— Av atravtnon €ival TToAU JeydaAn, UTTopoUuE va

OUHBOUAEUTOUE TO BNCAUPO KAl VO QVTIKATAOTACOULE @
Far

KATTOIOUC OPOUC TNC ETTEPWTNONC UE TTI0 £181KOUC.

Wyfalf

Mlare »
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Aidkpion Onoaupwv

* FAwoolikoi Onocaupoi

* ©Onoaupoi katdAAnAol yia Information Retrieval

Designed to assist the writer in creatively selecting vocabulary
Mapdadeiyua:
* Roget’s thesaurus.

YId TO «CUVTOVIOHO» TWV O1adIKACIWY EUPETNPIOONG Kal avalitnong
oxedIAdovTal YIO OUYKEKPIPEVES BEPATIKES TTEPIOXEG (TT.X. BIBAIOYpO@ia
TTANPOYOPIKAG, APXITEKTOVIKNG, KATT)
Mapdaderypa:

* INSPEC

2TNV KATnyopia auTr] JTTopoUlE va TToUUE OTI evidooovTal Kal ol OvToAoyieg
TOou ZnuaacioAoyikou lotou (Semantic Web Ontologies)
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[Mapadeiyua:
INSPEC thesaurus (for IR)

- Medio: physics, electrical engineering, electronics, computers

* TUTTOI 2UOCXETIOEWYV HETALU OUO OpWV:

UF: akpwvupo tou Used For (converse: USE) // .x. USE X onuaivei oti 0 X
gival 0 dOKIUOG 6pog

BT: akpwvupo Tou Broader Term (converse NT)
TT: akpwvupo Tou Top Term (deixvel OTOV KOpUPAio OPO TNG IEAPAPXIAG)
RT: akpwvupo Tou Related Term

padelyua:

* a

computer-aided instruction
+ see also education

* UF teaching machines

* BT educational computing

* TT computer applications

* RT education , teaching
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[Mapadeiyua:
WordNet (http://wordnet.princeton.edu/)

» A detailed database of semantic relationships between English words that was
developed by the 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 (1umoi cuoyetioewv petagy synsets)

« 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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[Mapadeiyua:
AAT (Art and Architecture Thesaurus)

* [ledio: 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.
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XapaKTNPIOoTIKA Onoaupwyv

» Coordination Level (BaBuoég ocuvTtoviouou)
— refers to the construction of phrases from individual terms
— Pre-coordination: the thesaurus contains 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)
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XapaKTnpIoTIKG Onoaupwy (2)

Number of Entries per Term
— preferably: a single entry for each thesaurus term

— however homonyms does not make this possible

+ solution: usage of parenthetical qualifiers:
— bonds(chemical), bonds(adhesive) // xnuUIKOG deaUOGS / UNIKO GUYKOAANGONG

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
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Tpd1o1 Kartaokeuric ©@noaupwyv

[A] XeipoTroinTn Anuioupyia

[B] Autoparn Kataokeun
[B.1] amré guAAoyn KEIpéEvwy
MpoUté0eon: Na uTtdpxel pIa HEYAAN KAl QVTITTIPOCWTTEUTIKI) GUAAOYT KEIWEVWV

[B.2] a6 guyxwveuon dAAwv Bnoaupwv

MpoUté0eon: Na uttdpyouv >2 diabéaiyol Bnoaupoi yia TNV TTEPIOXT TTOU PG
EVOIQPEPEI
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[A] XelpoTrointol ©Onoaupoi (d1adIkacia KATAOKEUAG)

AladIkaoia KOTAOKEUNG

1. Mpoacdiopioudg epPBélciag (define subject boundaries)

2. Alouépion o€ BepaTikEG evoTnTEG (partition into divisions and subject areas)
3. 2uAhoyr Opwv (collection of terms)

— Nnyég: encyclopedias, handbooks, textbooks, journal titles, catalogues, other
thesauri, subject experts, potential users

4. AvaAuon Opwv

— ouvwvupua, IEpapxikh déunon 6pwv, opicuoi OpwV, TTEPIYPAPH EQAPHOCINOTNTAG SpWV
(scope notes)

5. AgloAoynon kai Avadswpnon (reviewing phase)

6. Mapadoon (ekTUTTWON) TOU ONoauUPOU O IEPAPXIKNA KAl AAQABNTIKNA
opydavwon

7. ZuvTthpnon Onoaupou (TTPocBAKN VEWV 0pwv, aAAayEG 0Tn doun, KATT)

- oAU xpovoBopa, komiaoTikn Kal akpifn diadikaocia

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

75




EtrékTaon emepwtriocwy Bdoel ©Onoaupou
Thesaurus-based Query Expansion

« Tpotrog:
— TN k&Be 6po t NG eTTEPWTNONG, TTPOCOECE OTNV ETTEPWTNON TA CUVWVUNQ
Kal TIG OXETIKEG AECelg (related terms) Tou t
— Ta Bdapn Twv VEWV AECEwV PTTOPET va gival XaUNAGTEPO TWV BApWV TWV
AECEWV TNG APXIKAG ETTEPWITNONG
— 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.

» AtrotéAeopa
— Augavel Tnv avakAnon (recall.)
— Mrmropei va peiwoel TRV akpipela (precision), 1Id1aiTepa OTav n €TTEPWTNON
TTEPIEXEI apPionueS Aégelg. Mapddelyua un €mMTUXOUG ETTEKTAONG:
* “interest rate” — “interest rate fascinate evaluate”
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[B1] Autoparn Kataokeur) ©@nocaupwyv atro Keipeva

* H karaokeun (a1md avBpwtToug) evog Bnoaupou cival TTOAU XpovoBopa Kal Oev
UTTAPXOUV BNoaupoi yia OAEG TIG YAWOOEG

*  O1 TTANPOYOPIES TTOU PTTOPOUNE VA XPNOIUOTTOINCOUNE atrd £vav Bnoaupd
TTEPIOPICOVTal OTIG OXETEIG TTOU E€ival pPNTWES KATAYEYPAUMEVES OTOV BNoaupo

* |6éa: MTTOpOUE VA aVOKOAUWOULE ONUACIOAOYIKEG OXEOEIG HETASU AECEWV
avaAUOVTOG OTATIOTIKA Hia MEYAAN OUAAOYN KEIPEVWV

e 214010 EVOG AUTOMATOU TPOTTOU KOTAOKEURG Bnoaupwy
— 1/ Karaokeun AséiAoyiou
— 2/ YmoAoyiouog opoiornrag pueraéu opwv
— 3/ Opyavwon (ouvnlwcg ispapxikn) rou AséiAoyiou
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Autépatn Kataokeui ©@noaupwv atrd Keipeva (1)

1/ Kataokeun AggiAoyiou
— Amégaon: MNMoiog BEAoupe va cival o BaBuog e€idikeuong (desired specificity)
« if high then emphasis will be given on identifying precise phrases
O1 6pol (terms) uTTOPOUV va ETTIAEYOUV OTTO TOUG TITAOUG, TIG TTEPIANWEIS
(abstracs), i) akopa kal atro 1o mARpes 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)

e discrimination value ~ idf

— Karaokeun gpdoewyv (phrase construction) av kari T€tolo gival €mOuunTo
(BupnBeite coordination level)

2/ Y1roAoyiopdg Opoidtntag HETagu opwyv

— Mapadeiypata perpikwyv: Cosine, Dice
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Autépatn Kataokeuri ©@noaupwv atrd Keipeva (l11)

3/ Opyavwon (ouvnBwg ispapyikn) rou AsiAoyiou

. é)j'rmooér’mon aAy6piBuog clustering propei va xpnoiyoTroinBei yia auto 1o
nua

‘Evac aAyopiBuoc via IEpapxik opyavwaon evoc AsCIAoViou:
1/ |dentify 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
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[Mapadeiypa pe 3 KAAOEIC OUXVOTATWY

2uyvoTtnTa
EMQAvIoNng

I
Computer Elbatabases IRs: SQL TF-IDF

I I
Computer
Databases / \
IRS Databases IRS
SQL 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 df,,, respectively).

(2) Partition the interval [dfy,.,,,dfm.| into L successive intervals (where L is
administrator-provided), i.e. [dfyn, df1], ..., [dfo—1,dfsn.]. We will refer to
them with levy, ..., levy, 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 _ar_1,...,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 2 < L — 1) connect it with the most
"correlated” word of the level 2 + 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 tfir X 1fjx (1)
die D

where tf;;; is the frequency of term 7 in document k.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 81




(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 13 [4 |5 |6 [T (819

—
]
—
—

12| 13| 14 151G 17| 13]19]2

Num. Of Words|217142

1103]523]292[199[128]83]83]53[52]25[1s]18]14]147 |8 [2 |0 |4

o
[ )
[ Sv]
o

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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(cont)

Resulting taxonomy:

As you can see this taxonomy is not very good/useful

<1> http

<2> system
<3>us

<3.1> new
<3.1.1> url
.1.1>map
1.2> network
1.2.1> commun
1.2.2> gener
1.2.3> site
.1.2.4> scienc
1

1.3> page
1.3.1> link
1.3.2> applic
1.4> document
.1.5> access
.1.6> univers
.1.7> data
.1.1.8> process
.1.2> time
<3.1.3> base

<4> inform

2
2
2
2
2
.1.2.5> web
3
3
3
4

ANANANNNANANANNANNANANNAN
ATATATATAIATATATATATATAI
— ) — ) e A A A L

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
Low frequency High frequemey—_
1 2 3 4 |5 [6 7 [8 o [1o]iafr2[i3[INs[re[17[is]1o]20]
Of Words|217142]1103[523[292[199[12 3[53]52]25[ 18l igle 137 [s |2 [0 |-

[y
—
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Autépatn Kataokeun lepapyiwv
[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 n? 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
Lhe proﬁlem of ambiguity and reduces the number of terms that form the subsumption

ierarchy.
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Autopatn Kataokeun MNoAuedpikwyv lepapxiwyv
[Automatic Construction of Multifaceted Browsing Interfaces,W. Dakka, P.
Ipeirotis, K. Wood, CICK’05]

» It 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)

« LetI={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
| and X Y=

* A rule XY 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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