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CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007




Kivntpo

‘Exel TapatnpnBei 011 o1 xpioTeg Twv 2ZAlT datravouv TToAU Xpovo
avadIaTUTTWVOVTAG TNV APXIKI TOUG ETTEPWITNON TTPOKEINEVOU VA
Bpouv IKavoTToINTIKG £yypaga

* [MBaveég aiTieg

— 0 XPNoTNG &V YVWPICEI TO TTEPIEXOUEVO TWV UTTOKEIMEVWV EYYPAPWV

— TO AECIAOYIO TOU XPrOTN MTTOPEI Va JIOQEPEI ATTO AUTO TNG CUAAOYNG
— N ApXIKN ETTEPWTNON PTTOPEI VA €ival TTIO YEVIKN 1) TTI0 €10IKN) ATTO AUTK TTOU
Ba £mTpeTTe (KATAARYOVTAG €iTE O TTAPA TTOAAG 1) o€ TTOAU Aiya €yypaga)
* H apxikn eTeEPWTNON PTTOPEI va BewpnBEei wg N TTPWTN
TTPOCTIABEIO EKPPAONGS TNG TTANPOPOPIAKAS avAyKNG TOU XPHOTN

*  AvAvVKN VIO TEXVIKEC AVTIMETWITIONC QUTOU TOU TTPOBAALATOC
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TpoT1T0I AVTIMETWTTIONG

(1) BeAtiwon TG apXIKNG ETTEPWTNONG

(2) Xpnon MNpogiA Xpnotn

(3) BeAtiwon TTapaocTaong KEINEVWV

(4) BeAtiwon aAyopifpou (HovTéAOU) avaKTNONG

* [MapaTtnproeig
— Ta (2) ,(3),(4) éxouv TTI0 HOVIUO aTTOTEAEOUA (TTNPEACOUV TNV ATTAVTNON KAl
TWV ETTOUEVWV ETTEPWTIOEWY)

 Edw Ba eomidooupue o1o (1)
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TexvikEg BeAtiwang TG ApxIkNG Etrepwtnong

Kartnyopieg:

(a) TEXVIKEG TTOU ATTAITOUV €i0080 ATrd ToV XPROTH

(B) TEXVIKEG TTOU dEV ATTAITOUV €i0000
(B1) TTou oTNPICovTal OTO KOPpUPAia Eyypa@a TTOU aVOKTHONKav
(B2) Tou oTtnpiCovTal o€ OAA Ta Eyypaga TNG CUAAOYNG

Avadpaon Zuvaeelag (Relevance Feedback):
H Baoikn 10éa

Brjuara:

1/ MeTd TNV TTApPOUCIiach TwV ATTOTEAECUATWY, ETTITPETTOUNE OTO
XPAOTN VA KPIVEI TNV CUVAQPEIA £VOC 1] TTEPICOOTEPWYV EYYPAPWYV
TNG ATTAvVTNONG

2/ AZloTTOI0UME QUTHV TNV TTANPOQOPIa VI VO avadIaTUTTWOOUE
TNV ETTEPWTNON

3/ Katotmv didoupe 0To XpHoTn TNV amrdvtnon NG
avadIaTUTTWHEVNG ETTEPWTNONG

4/ MNAyaive oto Brua 1/
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ApXITEKTOVIKN yIa Avadpaon Zuvageiag

Revised
Query
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TuApata TNG APXITEKTOVIKNAG TTou EuTTAEKOVTOI

———————————————————————————————— ”
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http://nayana.ece.ucsb.edu/imsearch/imsearch.htmi
g=bike

() Mew Page 1 - Netscape -10] x|
. File  Edit Mew Go  Bookmarks Tools  window  Help

- @a Q @ Q O | http: ffnavana, ece,ucsh, edufi I Ci?-ga g

» ‘8 Home | %3 Browsing and ...

shopping related 607 000 images are indexed and classified in the databaze
Only One keyword i3 allowed!

Ibikd =earch |

Designed by Baris Sumengen and Zhawn MNewsam

Povwered by JLAMEPZO00 (Fava, Linux, Apachke, Myvsgl, Feri WindowsZ 000)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007

AtroteAéouara
Ans(«bike»)

Elruwsel Bearchl Prevl NE}dl Randuml

(144483, 264644) (144483 265153) (144518, 257752 (144538, 525937 (1444356 2496117 (144456, 250064)
0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 ] 00 0.0

0.0

d d 0.0 d o 0.0
L5403 - InTormation Retrieval Systems yannis 1ZItzIkas, U. ot Lrete, Spring Zuu/
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Mapkapiopa Twv Zuva@wy atrdé Tov XpnoTn

Elrnwsel Searchl Prevl Neml Random

(144433, 265154)
0.0
0.0
0.0

ot
(144456, 2500647

(144437, 2646447 (144493, 265153) (144512, 257752

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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Browese | Search | F'revl Nex‘tl Randaorm |
(144535, 513493) (144535, 52383 5) (144535, 523529 (144456 253569) (144456, 253565 (1445335, 525799
0.54182 056319296 01584279 064501 01650275 066705137
0.231944 0.267304 0.280581 0.351395 0411745 0.358033
0.309576 0295389 0303398 0.293615 0.23853 0.309059
fr el ey’ S R Rl
(rl.:-!url'\.i}:ri‘l o
@"i
-';.‘j:-"
(144473 16240) (144456, 240634) (144456 253603) (144473 16325) (144483 265264) (144478, 5124100
0.6721 0.675013 0.676901 0.700339 0.70170796 0.70297
0.393922 04639 047645 0.309002 036176 0469111
0.278178 0.211113 0.200451 0.301337 0.330043 0.233350
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AvadlatuTiwan eTepwTnong Pacel Avadpaong 2uvagelag
(Relevance Feedback: Query Reformulation)

TpoTTOo1I AVadIaTUTTWONG TNG ETTEPWTNONG META TNV avadpaaon:
* AvaBdapuvon Twv Opwv (Term Reweighting):

— AUENoN Twv Bapwyv Twv 6pwV TTOU EUPAVICOVTal OTA CUVAPHA £yypaga Kal
MEiwoN Twv BapwVv TwV 6pwV TTOU EUPavifovTal oTa UnN-cuvaen £yypaga.

« Emékraon emrepwrtnong (Query Expansion):
— MNpooBnRKNn VEWV SpwyV OTNnV £TEPWTNON (TT.X. ATTO YVWOTA ouvaQn
Eyypaga)

* YTapxouv TToAAOi aAyopIBuol yia eTTavadiaTuTTwon ETTEPWTNONG
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AvadiaTuTTwaon eTTeEPWTNONG 0TO AlavuopaTikd MovTtélo

H BEATIOTN eTepwTnon (Optimal Query)
— Ag uttoBéooupe 0TI yvwpifoupe To aUVoAo C, OAwV Twv CUVaPWV (UE TNV
TTANPOYOPIOKI AVAYKN TOU XPAOoTN) €YYPAPWV.
— H «kaAUTEPN £TTEQPWTNON» (QUTA TTOU KATATACOEI OTNV KOpuPn OAa Ta
ouvaoen Eyypaga) Ba ATav:

RN N S Y
" ‘Cr‘VdjeCrJ N_‘Cr“v’djeCrJ

(Ba avaAuooupe TTEPICTOTEPO
Where N is the total number of documents. auTo TO {ATNMA OPYOTEPQ)

A@ou duwg dev yvwpidoupue 1o ouvolo C,,6a AaBouue
utrown TNV apxIKY ETTELWTNON KAl THV €i0000 TOU XpHaTn.
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AvadiatuTrwaon emepwTnong oto AlavuopaTtiké Movtédo

A@ou opwg dev yvwpidouue 1o auvoio C,,0a AdBouue
utTown TNV QpxIKN ETTELWTNON Kal TNV €i0000 TOU XpNarn.

answer(q):

Kokkiva: o xpriotng €dwaoe apvnTIKr avadpaon
Mpaoiva: o XpAoTng £dwoe BETIKN avadpaon
MiTAe: 0 xprioTng dev £dwoe avadpaon
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TEXVIKEG

(I) Rocchio Method
(II) Ide Method

(111) DeHi Method
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(I) Standard Rochio Method

A@oU T0 GUVOAO OAWV TWV CUVOPWV Eival AyvwaoTo,

XPNOIYOTTOINOE Ta YVWOTA ouvaen (D,) kal yvwoTtd yun-ouvaen (D,,) éyypaga (atmo
TNV aTTAVTNON TNG OPXIKNG ETTEPWTNONG Kal BACEl TNG €10600U ATTO TOV XProTn)
Kal €TTIONG CUUTTEPIEAQRBE TNV QPXIKN ETTEPWTNON Q.

AvadiaTtuttwuévn ETELWTNON:

n=atlr & 3 &=L s

r‘Vd j€Dr

answer(q):

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, Spring 2007 17

(1) Ide Regular Method

[MepioodTepn avadpaon => PeyaAUTEPOC BABUOC avadiaTuTTwonG.
[Na autd, kata T1nv IDE Regular y€60do dev KAVOUUE KAVOVIKOTTOINON
(Badoel Tou TTOOOU avAadpacong)

G, =af+p > d-y Y4

Vd eD, ‘v’d eD

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 18




(Il1) Ide “Dec Hi” Method

Tdaon yia atréoppiyn MOVO TWV PN-CUVAPWY £YYPAPWY TTOU £XOUV
uwnAo okop

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

é)m — a&"’ IB Z C}ijj — y max non —relevant (CliJJ)

VdjEDr

answer(q):

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, Spring 2007
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S uykpion pedddwv (1) (11 (111

bn=ae ) = &g 2

rVdJEDr

§,=afl+p > d;- zé’

vd;eD, ‘v’d eD,
P P
8m = a(?—i— ﬁ Z dj _7/ max non —relevant (dj)
vd;eD,

* [evikd, Ta TTeipapaTika dedouéva dev divouv KaBapd TTpoBadicua oe KATToIa
TEXVIKN.

» OAeg o1 TeXVIKEG BeATILvouv Tnv atrodoon ( recall & precision)

*  2uvnBwg a=R=y=1

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007
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AZIoAOyNnon ATTOTEAECHATIKOTNTAG TEXVIKWY Avadpaong ZUVAPEIOG

Remarks

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

* 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 Evaluation of Relevance Feedback

* Remove from the corpus any documents 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.

* However, relative performance on the residual collection provides fair data on
the effectiveness of relevance feedback

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007
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Relevance Feedback Evaluation

TABLE 4 Evaliy
BEon of Ivpical relevanca feedback methods far five coliections ¢ igh
Wl ghited i
= ACumenis weighted gueries)
Mathod
Relevanee Foedig o o o o
' CRAMN
el ]:*..:.;.'5.3 1204 du:.-:rs 1460 diwog 1297 docs "]'NSPEC o
B4 querjes 11z 225 querie i o o
—— dises % Blguemes;  3p qUETies Averap
(reduzed collection) |
e 1459 184 1158 13
f:mm ) | 1368 L3344
Rocchio (siandarg T e e +Ez% :;:J; | .
o ?H.az.?ﬁ 24 + 4504
Sxfand by Rani
all terms h:-cdmrsn:ru 2 3'9‘ 4 5630
vt ;2:.'552 L1404 2055 1!: o lﬁ
. by P 5& + 1% + 1565 +! - .
IS Commmon Precision ’!:P[ o = fg% X e
terms ,
P 1623 2% 7 =
e Mprovem et +71% 3T +1 ri;a .Ifgl vl -
- I B +
E:ﬂ- e 2% +35% +id G

Simulated interactive retrieval consistently outperforms non-interactive

retrieval (70% here).
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007
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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, Spring 2007
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utgers INGUERY

Reset alll  UNDO LAST RUN QUERY|

Show Search Topic Text]

Enter (nextd query term below and hit <RETURM >

| =it RUINQUERY|

A Marisvoumarked 0 documents

&

. GMW Plans to Recall 62,000 1888-89 Cars ‘with Quad 4 Engines

current Query Has 4 termis):

automobil* manufactur
car*

defect*

recal*

Rl g

“ 2. GM, Ford Recall  Wehicles to Repair Defective Parts —---- By Neal Templin S

lsuzu Motors, Honda  Commence Car Recalls ———— & Wall Street Journal News |

4,  Ford and GM Recall Series  Of Pickup Trucks, Coupes

General Motors Corp. Recalls 196,000 Cars  For Defective Erakes

Total of 5747 documents retrieved

Document # 1 of 6747

Jump to rank: m"’"

CM Plans to Recall
62,000 1935-89 Cars
with Quad 4 Engines

W5]900413-0013
04/13/90 WALL STREET JOURNAL (], PAGE B2

DETROIT —— General Motors Corp, said itis 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.

OM said the 1988-83 Pontiac Grand Am, Oldsmobile Cutlass
Calais and Buick Skwlark cars equipped with the 16-value,
four—cylinder Quad 4 engine have fuel lines that could crack
ot 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 19828-89 model vears,

In another action, GM said itis recalling about 3,200 of
its 1990 Oldsmobile Cutlass Calais and Buick Skwlark models
to fix fuel-line defects on three engines: the Quad 4,
3.32-liter ¥-8, and 2.5-liter four culinder. GM isn't aware of
anw 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 WS sales arm of Volkswagen AG's Audi
subsidiary said it is recalling 1,800 1990-model Audi 80, 90
and Coupe Quattro luxury cars o 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

g W NS FOY FRPAW e et ST PR Uy [y NPy Jy
PP PR

v

LreditMartidHearst
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Evaluation:Precision vs. RF condition (from Koenemann & Belkin 96)

Criterion: p@30 (precision — - : . ; . —

at 30 documents)

Compare: 0TS =

p@30 for users with
relevance feedback

p@30 for users without s T _

relevance feedback | . K

Goal: show that users with
relevance feedback do
better

Results:

+ Subjects with
relevance feedback

Hetrieval Frecision for top 30 Tocuments
.

had 17-34% better oo |- g _

performance
¢ But: Difference in

precision numbers not MET S _

statistically significant. <
. ass L Twxiall T xial 2
Search times £ : - . s s

L I —

oS0 - - - -
oss -~ | 1 1 @ s—— - —
ao.s50 [ T |

045 [ = —

n.ss — —

o RF INo RF Opaque RF TranspaxentRF Fenetxable RF

approximately equal Conflitien

. . o ) Credit: Marti
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 redlt: Martt Hearst

21WTTNPEC YTT0BE0¢€IC TG AvAdpaong 2uvagelag

A1: User has sufficient knowledge for 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, Spring 2007
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[1ati n avadpacn ouvAaeelag OeV XPNOIUOTTOIEITAI EUPEWG;

* Q1 xproTeg ouxva dioTalouv va dwoouV €ic0d0

 H avddpaon €£xel WG ATTOTEAEONA PEYAAEC ETTEPWTATEIC TWV
OTTOIWV O UTTOAOYIOUOG QTTAITEI TTEPICCOTEPO XPOVO

— o€ OUYKPION HE TIG OUVNBIOUEVEG ETTEPWTHOEIG TTOU SIOTUTTWVOUV OI XPHOTEG
ol oTroieg atroteAoUvTal atro 2-3 AEEEIG

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

* MepIKEG POPEC N VEQ ATTAVTNON TTEPIEXEI EYYPAPA TA OTTOIO DEV
MTTOPOUME VA KATAAGBOUUE TTWG TTPOEKUYAV

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 27
e Avadpaon Zuvdeeiac otov Maykdopio 1016
10T0¢ Elkover Upoosg  Katghoyog
Goc )Sﬁl)e [FiGrmaianFetieval | RG] &
tvafimary @ aroviord O cedideg ypoppsvec oo Exdnpukd O o
|UT6§ Amorehéapara 1 - 10 amd mepimou 6.270.0
INFORMATION RETRIEVAL
An online book by CJ Rijshergen, University of Glasgow.
wnw. dcs. gla. ac.uk/Keith/Preface. html - 7k - Ammolnkeupévn Zedifo - Nopdpoec aehibeg
+ Some search engines offer a similar/related pages feature
(simplest form of relevance feedback)
— Google (link-based)
« 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, Spring 2007 28




Weudoavadpaon 2uvageiag

WYeudoavadpaon Zuvagpeiag
Pseudo Relevance Feedback

« XpAon ueBOdwvY avadpaons aAAd xwpig €icodo atrd 1o XpROTH
* Ymwé0eon OTI Ta KOpu@aia m atrd Ta avakTnpéEva Eyypaga gival
ouvaon (kal xprion autwy yia avadpaaon))
— MrTTopoUE €TTiONG VO XPNOIMOTTOINOOUUE Ta TEAEUTAIQ £yypa@a yIa apVNTIKA
avadpaon
« EmTpétTel TV €MEKTAON TNG ETTEPWTNONG ME OPOUG TTOU OXETICoVTAl

ME TOUG OPOUG TNG ETTEPWTNONG answer(q):

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 30




Weudoavadpaon

Revised

‘; Query

ReRanked
Documents

Query
Reformulation

Ranked
Documents

Pseudo
Feedback
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Aglohoynon Weudoavadpaong

* Bp£bnke va BeATiwvel Tnv atmmdédoon oTto diaywviouod Tou TREC (ad-
hoc retrieval task)

» AouAelel akOpa KOAUTEPO av Ta Kopu@aia £yypapa TTPETTEI Va
IKAVOTTOIOUV Kal Jia boolean €k@paon TTPOKEIMEVOU va
XpnoiuotroinBouyv yia avadpaon

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 32




AvaAUovTag TTEPICOOTEPO TNV Evvola TNG BEATIOTNG
ETTEPWTNONG

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

Classically IR systems are good at solving the equation S(q)=A wrt A, i.e.:

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007
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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

CS463 - Information Retrieval Systems

S(upperName(A)) ~_

A_

S(lowerName(A)) =

Yannis Tzitzikas, U. of Crete, Spring 2007
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The Naming Problem for Ordered Sets

Basic Notions
+ Exact name
* Upper name
— Best Upper Name
 Lower name
— Best Lower Name

* Relaxed name

CS463 - Information Retrieval Systems

A =

S(exactName(A)) =

S(lowerName(A)) =

S(upperName(A)) =

(d1, d2, d3)

(d1, d2, d3,ds, do, ...)

(d1, d2, d5,d7, ...)

(d1, d9, d2, d5, d3, ds, ...

Yannis Tzitzikas, U. of Crete, Spring 2007
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Notations

» A(k) : the ordered set comprising the first k elements of A
+ A{k}: the set of elements that appear in A(k)

» AJF : 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}={d1, d2, d3}

- if F={d1,d3}, then A= (d1, d3)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 37

Defining Formally Relaxed/Upper/Lower/Exact Names

A query is a relaxed name of an answer A iff :
(Ais a set) : |S(q){m} NA |=j where m>j>0.
(A is an ordered set) : S(Q)(M)yagy = 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.
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Defining a total ordering of queries

(m.)) > (m.)) iff: §=J’) or G=J" and Mm<m) . c and jA1=3

exact name
' upper names
,;;/:‘3\ - Y”,
Iower names (3 3) ~ o
(43 \ -
\ / (5 3)
i (2 2) ,
Let |Obj|=5 and |A|=3. (3,2)
. ~
The ordering of the (4.2) —__
corresponding pairsare: < (B (5.2)
’ \ (4,1)
(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

» qa= Y2(di,dj) where (di,dj) = arg max {dist(d,d’) | d,d’ €A}
 gb=1/|JA|Z{d|d €A}

« qc=1/[A|Z{a|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 qa is the best upper name

* Moreover, the evaluation of qa (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 (lll)

Method (a): Let A ={d1, d2, d3, d4}
1st step:

Find the pair of most distant documents
Here: (d1, d4)

A

2nd step:
Find whether other documents lie in the
area specified by (d1, d4)

Here: {01, 02} =0
Thus, ga = 2(d1, d4) is an upper name of A

+ Cost
— 1ststep: O(|AJ?) computations of similarity
— 2 step: O(]Obj|) or compute the answer of ga and check if S(ga){|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, ifi=n

dlisa 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

* The set A was selected randomly, the average times are listed in the Table

below.
Collection Naming Functions (in sec)
Unordered Ordered
|OH |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
5K | 255K 10({0.015|112.1 (5) - 262 (10)|0.001([ 0131.2 (5) - 264.7 (10)]|0.048
SK|255K || 100{[0.328(116.0 (5) - 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 (to best of our knowledge this analysis is novel)
» 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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