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A1dpBpwon lNeplexopévou
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Mépog A

NMapdAAnAn Avakrtnon NMAnpogopiwv

MapAdAANAN Avaktnon MNMAnpo@opiwv:
A1GpBpwon

« KivnTtpo

« Métpa AtTodoong MNapaAAnAwv MNpoypaupdTwy

* [Map&AANAn Etregepyaoia kalr Avaktnon MNAnpogopiwv
— Parallel Multitasking
— Partitioned Parallel Processing

« Alapepiopog Eyypaowy (yia MIMD apxITEKTOVIKN)
* Alauepiopog Opwv (yia MIMD apxITEKTOVIKN)
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Kivntpo

* 000 1m0 hEYAAN gival pia cUAANOYI) KEIMEVWY, TOOO TTIO aKPIRR YiveTal
n dlaxeipior TNG ato éva Al

* AvAyKn yIa apXITEKTOVIKEC KOl TEXVIKEC YIa BEATIwWON TG atrédoong
— The volume of electronic text available online today is staggering.
— The WWW contains over 9 billions pages of text.
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[MapaAAnAog INpoypauUaTIONOG

* [MapaAAnAog MNpoypappatiauos: H Tautdxpovn Xprion TToAAwv
ETTECEPYACTWYV YIA TNV ETTIAUCN EVOC TTPOLBAAMATOG

* Tagivouia TTapaAANAWY apXITEKTOVIKWYVY (Kata Flynn):
— SISD single instruction, single data

— SIMD single instruction, multiple data

* N processors running the same program on different parts of the data, e.g. Thinking
machine

— MISD multiple instruction, single data

* N processors running different programs on a single data stream in shared memory
— MIMD multiple instruction, multiple data

* N processors, N instruction streams, N data streams

- the most common architecture. It also captures diStributed computing
architectures

— the main difference between MIMD parallel computer and a Distributed System is the
communication cost (which is less in MIMD)
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Metpa Arodoong IMNapaAAnAwv Npoypauudtwy
(Parallel Program Performance Measures)

Speedup

Running time of best available sequential algorithm

Running time of parallel algorithm

Av éxw N eTTeCepyaoTEC, TOTE OTNV 10AVIKH TTEPITITWON Speedup=N

AuoTuxwg, autd dev gival TTavta (ouvABWCG) €QIKTO DIOTI:

o éva TTPORANua utropei va unv avaAuetal oe N aveEaptnTa UTTOTTPORARUOTA
« emTAéov KOOTOG eAéyxou (scheduling, cuxpoviouocg)

* 1O TTPOPBANPA PTTOPEI va TTEPIAAUPBAVEI Eva €YYEVEC OEIPIOKSO UTTOTTPORANUA
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Metpa ATrodoong lMNapaAAnAwyv NpoypauudTwy
(Parallel Program Performance Measures)

[Amdahl’'s Law]

Av f gival To TToo000TO TOU TTPOBAAKATOGC TTOU TTPETTEI VA ETTIAUOEI
OEIPIOKA, TOTE N MEYIOTN ETTITAXUVOTN (speedup) TTou PTTOPET va
emITEUXOEi pe xprion N eTTeCepyacTwy Eivai:

1 1
<

S < l
f+(l—f)/N  f

Av f=0 161¢ S <= 1/(0+(1-0)/N) = 1/(1/N)=N

Av f=1161¢ S <=1/(1+(1-1)/N) = 1

Av f=0.5 161¢ S <= 1/(0.5+(1-0.5)/N) = 1/(0.5 + 0.5/N)=2N/(N+1)
yia N=2 S=4/3=1.3
yila N=10 S=20/11 = 1.81
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AvakTtnon NAnpogopiwv Kai
NMapdaAAnAn Etregepyaoia

AvakTtnon MNAnpo@opiwyv Kai
[MapdAANAN EtreCepyacoia

* [Nlpooeyyioeig
— (A) Zxedlaopocg VEWV TeEXVIKWYVY Al TTOU va gival KATAAANAEG yia
TTAPAAANAN €TTECEPYATIQ
— (B) NMpocappoyn utTrTapXOVTwWV TEXVIKWYV VIO TTAPAAANAN
eTTECEPYATia

* Ba €0TIAOOUPE OE AUTH TNV TTPOCEYYION KAl Ba OOUPE TTWGS YVWOTEG
TEXVIKEG UTTOPOUV VA EQAPUOCTOUV O0€ apXxITeKTOVIKEGC MIMD
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MIMD Architectures

 MIMD (multiple instruction, multiple data)

* N processors, N instruction streams, N data streams

« ‘Eva ZAll ptropei va ekpeTaAeutei yia MIMD pnxavr pue duo TpOTTOUG:
— Parallel multitasking;
— Partitioned parallel processing.
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5 processors,
5 IRSs

Search

Engine

User User
Query Query Search
= Engine Sear_ch
Broker | Engine
Result Result Search

Engine Search
Engine

* 000 TTEPIOOOTEPOI ETTECEPYAOTEC UTTAPXOUV, TOOO TTEPICOOTEPES €ival Ol
ETTEPWTNOEIC TTOU JTTOPOUV Va atravtnBouv oTov idlo Xpovo

* 0 XPOVOG QTTOTiUNONG MIOG ETTEPWTNONG TTAPAMPEVEI O iDI0G
* 1 TTPOCPacn oTo dIOKO UTTOPEI va TTPOKAAECEI CUNPOPNON
* QVTIMETWTTION: ETTAVAANWN dedopévwy (replication)
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MIMD Architectures: Partitioned Parallel Processing

Partitioned parallel processing on a MIMD machine

User

Subquery/

Query

Result

Broker

Partial

Search

Process

dlauepIoTEi 0 5

Search
Process

H atroTipnon €xel

e dladikacies. Kabe

Y

Search
Process

Mia ekTEAEITAI O€
Search

Process | | £VQV ETTEGEPYOOTH

Search
Process

* £0W O XPOVOC ATTOTIUNONC UIOC ETTEPWTNONC EiVAl PIKPOTEPOC

*0l UTTOAOYIOHOI YIO TNV ATTOTIUNGN MIOG ETTEPWTNONG KATAVEMOVTAI OE TTOAAOUG

ETTECEPYAOTEC

*KAOE £TTECEPYAOTNG UTTOAOYICEI Eva TUAPA TNG ETTEPWTNONG KAl OTEAVEI TA
atmroteAéopata oTov Broker.
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MIMD Architectures: Partitioned Parallel Processing

Partitioned parallel processing on a MIMD machine

User
Query

Result

Subquery/
Partial

Broker

Search
Process

Search
Process

Search

\ Search

Process

Process

Search
Process

Mwg va SIaUEPICTOUNE TNV ATTOTINON MIOG ETTEPWTNONG ;

=>

NMwg va diapepiocoupe Ta dedopéva evog 2Al;
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MIMD Architectures: Partitioned Parallel Processing
NMwg va diapepicoupe Ta dedopéva o€ P eTTECEPYAOTEG;

Ta Paoika dedopéva TTou eTTeECEPYAETaI Eva aAyOpIBPOG avaKTnong

Indexing Items

CS463 - Information Retrieval Systems

D Ky K, K; K,

0 d, Wi Wy Wi, Wi 1
c d, Wi Wy, Wi, Wi,
u

e dj Wyj Wy Wi Wi
t

o On | Wiy Way Win WiN
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MIMD Architectures: Partitioned Parallel Processing
NMwg va diapepicoupe Ta dedopéva o€ P eTTECEPYAOTEG;

Document Partitioning

Indexing Items

D Ky K, K; K,

0 4, Wi Wy, Wi 4 Wi 4
c d, Wi Wy, Wi, Wi,
u

e Oj | wy o Wy W;; W,

t

. dy Win Won Win Win

» the N documents are distributed across the P processors

» each parallel process evaluates the query on the subcollection of
N/P documents assigned to it
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MIMD Architectures: Partitioned Parallel Processing
NMwg va diapepicoupe Ta dedopéva o€ P eTTECEPYAOTEG;

Term Partitioning Indexing Items

D Ky K, K; K,

0 d, Wi Wy Wi, Wi 1
c d, Wi Wy, Wi, Wi,
u

e 0 Wy Wy Wij Wi
t

o On | Wiy Wy Win WiN

« thet indexing items are distributed across the P processors

» the evaluation process for each document is spread over multiple
processors
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MIMD Architectures: Partitioned Parallel Processing
Document and Term Partitioning for Inverted Files

* Document Partitioning
—~ Physical Document Partitioning
— Logical Document Partitioning
* Term Partitioning

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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[Mapadelypa 2uAloyng Kelpévwy Kal Tou AveoTpaupEVoU
EupeTtnpiou

Document Corpus

Inverted File

CS463 - Information Retrieval Systems

Doc Text
1 | Pease porridge hot
2 | Pease porridge cold
3 | Pease porridge in the pot
4 | Pease porridge hot, pease porridge not cold
5 | Pease porridge cold, pease porridge not hot
6 | Pease porridge hot in the pot
Dictionary Inverted
cold {215 [<a1>[ <515
hot  —{<11>]<a1>]<51>1<61> ]
in — <3,1> | <6,1> |
not  —{<41>]<51>]
pease [ <11>|<21>|<31>|<42>|<59>|<61> |
porridge  —{ <11>|<21>]<31> <425 <525 <61> |
pot —<31> | <6.1> |
the <31>1<61>

Yannis Tzitzikas, U. of Crete, Spring 2006
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MIMD

Inverted Files: Physical Document Partitioning

_ Text H guAAoyr] eyypa@wVY KATOVEUETO
1 | Pease porridge hot P1 OTOUG gﬂg&gpyqo“[ég
2 | Pease porridge cold KdaBe uttoouAAoyn £xel TO BIKO TNG
3 | Pease porridge in the pot P2 OVECTPOMMEVO OpPXEiO
4 | Pease porridge hot, pease porridge not cold
5 | Pease porridge cold, pease porridge not hot | P3
6 | Pease porridge hot in the pot
P1 P2 cold P3
cold | [ gps ] —
o m hot | <51> | <6.1> |
0
. m In
cld e
hot pease | [ <315 | <q0- pease | <5.2> | <6.1> |
pease ' —» <11> | <21> | ||| porridge | [ 315 | <42 porridge —| <525 | <6.1> |
porridge | <115 | <2.1> | pot [ <315 | pot
the | [ 355 ] the

CS463 - Information Retrieval Systems
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MIMD
Inverted Files: Physical Document Partitioning

cold — <2,1> | <4.1> | <5,1> |
Original hot —l<11> | <41> | <51> [ <61> |
in
Inverted File 90 =0
not  —<a1>|<51> |
pease 4’| <1,1> | <21> | <31> | <4 2> | <5.2> | <6.1> |
porridge = <115 [ <215 [ <315 | <425 [ <525 | <615 |
pot <3,1> | <6,1>
the <3,1> | <61>
P1 P2 cold | P3
cold | {475 e
hot <51> | <6.1>
hot | ;;] j;
n | o -
cold not m not
hot pease | [ <375 [ <40s | pease — <525 | <6.1> |
pease L <11> | <21> | porridge | <315 | <4 9> porridge | —( <5.2> | <6.1> |
porridge —’| <1,1> | <2,1> | pot —@ pot
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MIMD
Inverted Files: Physical Document Partitioning

« Karaokeun AveoTpaupévwy Eupetnpiwy
— Kabe emreepyaoTtric kataokeuddel (ev TapaAAAAW), Eva TTARPEG EUPETAPIO VIO
Ta £YYPOQPA TOU.
— Kdavoupe éva BApa CUYXWVEUONG TTPOKEINEVOU VA UTTOAOYIOOUUE TO KABOAIKA
oTaTIoTIKA (global statistics), dnAadry IDF, kai KaTd1TIV T OTEAVOUUE OTA
EUPETAPIA TWV ETTECEPYAOTWV.

» AtroTipnon Emepwrtiocwy
— O peaitng (broker) gexiva P TTapdAANAEC eTTECEPYATiES
— Kdabe emreCepyacia ekTeAEi TOV id10 aAyOpIBUO (scoring) oTa £yypaga TToU £X0UV
eEKXwpnOei oTov eTTECEPYQOTA

— O peaitng Tapayel TNV TEAIKA dIATAgN TWV eyypaewyv

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 22




MIMD Architectures: Partitioned Parallel Processing
Document and Term Partitioning for Inverted Files

* Document Partitioning
— Physical Document Partitioning
— Logical Document Partitioning
« Term Partitioning
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MIMD
Inverted Files: Logical Document Partitioning

H cuAAoyh eyypa@wy KOTAVEPETAI OTOUG ETTECEPYAOTEG, AAAG KABE uTTOOUAAOYN BEV
€XEl TO OIKO TNG EUPETAPIO, AANG N OO TOU EUPETNPIOU ETTITPETTEI OTOV KAOE
ETTECEPYAOTH) TNV APECN TTPOORACT OTO KOMUATI TOU EUPETNPIOU TTOU TOV EVOIQQPEPEI

Inverted List
Term i

Dictionary of
Ler1ms

P1

item i
Broker \ - "

P4
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Logical Document Partitioning

cold <215 ]<a1>1<51>]

Original hot —<11> | <41> ] <51> | <6,1> |
Inverted File in__ —<31>]<61>|

ot <a1>|<51>|

pease [ <11>]<21>1<31>1<42>|<52>1<61> |
porridge | <1 1> [ <0 1> <31> <425 <525 | <p1> |

pot <3.1>1<6,1>

Dictionar
4 the — <31> | <6.1> | _
cold Inverted List
Term “pease”
hot
Extended = <1,1>
icti <2,1>
chtlonary not Pl
< 3 , 1>
pease P2 <>
porridge P3 > <2
ot <6,1>
CS463 - Information Retrieval thystems Yannis Tzitzikas, U. of Crete, Spring—2666 25

MIMD
Inverted Files: Logical Document Partitioning

» Kataokeun AveoTpapuévou EupeTnpiou
— Ta éyypaga diauepilovral OTOUG ETTEEEPYAOTEC;
— Kda06e emreepyaoTtnic eupeTnpIdlel Ta dIKA Tou Kal dNPIOUPYEI AVECTPAMMEVES
AioTeg (“lala”, doc1(2), doc2(6)) , Tagivounuéveg aA@aBnTika
— 2UYXWVEUOUE TIG NIOTEG AUTEG YIa £TO1 TIPOKUTITEI TO TEAIKO EUPETHPIO
* BuunBeite atd TNV dIGAEEN 9: Merging partial indices to obtain the final

» ATtrotipnon ETTepwtAocewy (6mwg kai To Physical Doc. Partitioning)
— O peaitng (broker) gekiva P parallel ereepyaaoiceg

— Kdabe emreCepyaoia ekTeAEi Tov idl10 aAyopIBUO (scoring) oTa £yypaga TTou
EXOUV eKXwpPNBEi oTOV ETTECEPYATTN

— Ta ammoteAéopaTa ypagovTal o€ Evav Kolvo TTivaka (shared array)
— O peoitng TTapdyel TNV TeEAIKR dIATALN TWV EYYPAPWV
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Alagpopéc petagu Physical kai Logical document partitioning

Physical Logical
Inverted
P1 | P2 cold P3 N List
I_ [ ] Dictionary Term i
hot 51> 61> of terms
Sl e BT o o =n ]
hot N P3
: T [ N =
pease <1,1> <2,1> porridge 21 40 porridge <52> <6,1>

* Logical Document Partitioning

— KaBe Aégn Tou AegiAoyiou gival atroBnkeuuévn pévo 1
Popd
— 01 D100IKACiES TTPOCTTEAQUVOUV TO idIO KEVTPIKO EUPETHPIO
» TTpooBdoeig avayvwong, dpa dev EXOUPE OUUPOPNON
* AiyoTepn emikolvwyvia (oTo Physical, uttdpxel n ¢aon

UTTOAOYIOUOU TwV KAaBOoAIKWwY oTaTioTIKWwV (IDF)).
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 27

MIMD Architectures: Partitioned Parallel Processing
Document and Term Partitioning for Inverted Files

* Document Partitioning

— Physical Document Partitioning
— Logical Document Partitioning
Term Partitioning
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MIMD
Inverted Files:Term Partitioning

cold 4>| <2.1> | <4,1> | <5,1> |

P1 hot | — <115 | <41> | <5.1> | <6,1> |
i 31> | <6,1> |
Term not | <41> | <5,1> |
Partitioning p2 || Pease i <11> [ «21> | <31> | <42> | <52> | <61> |

porridge — <1 1> | <2.1> | <3.1> | <4.2> | <5,2> | <6,1> |
pot [ <3,1> | <6,1>

P3 the — <31> | <6,1> |
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MIMD
Inverted Files:Term Partitioning

« Karaokeun AveoTtpapuévou Eupetnpiou (6TTwg oto Log. D. Par.)
— Ta €yypapa diauepilovral OTOUG ETTECEPYAOTEG;

— KdBe emreepyaoTic eupeTnpIdlel Ta OIKA TOU Kal ONUIOUPYEI AVECTPAMMEVESG
AioTeg (“lala”, doc1(2), doc2(6)) , Tagivounuévec aAeaBnTika

— ZUYXWVEUOUE TIG AIOTEC AQUTEG YIa £TOI TTPOKUTITEI TO TEAIKO EUPETRPIO
— KatoTtriv To EUPETAPIO SIONEPICETAI OTOUG ETTECEPYAOTEG

» AmoTtiunon Etrepwtiocwyv
— H emTepwyTnON avaAueTal 0TOUC OPOUC TN, KAl KABE évag OTEAVETAI OTOV
ETTECEPYAOTI) TTOU £XEI TNV QVTIOTOIXN QVECTPAPMEVN AioTa
— O emreCepyanTég utTOAOYICOUV MEPIKA-OKOP (partial document scores) kail Ta
OTEAVOUV OTOV PETITN
— O peoitng utroAoyicel Ta TEAIKG okop ouVvOIAJOVTAG TA MEPIKA, KAl TTOPAYEI
TNV TEAIKA aTTAVTNON
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MIMD: Document and Term Partitioning for Inverted
Files: Zuvoyn

* Opydvwon eupeTtnpiou o€ pia MIMD unxavn:
— Document partitioning (physical or logical);
— Term partitioning.

* Document partitioning

— simpler inverted index construction and maintenance than term partitioning;

— performs better when term distributions in the documents and queries are more
skewed

* Term Partitioning
— performs better when terms are uniformily distributed in user queries.
— ETtmiong 6t1av o1 eTTepWTACEIS TTEPIEXOUV Aiyoug Opoug

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 31

MIMD: Partitioned Parallel Processing
Document Partitioning for Signature Files




Signature Files: ETTavaAnyn

b=3 ( 3 words per block) B=6 (bit masks of 6 bits)

Block 1 Block 2 Block 3 Block 4
Text |Thisis a text.|A text has many|words. Words are [made from letters.

N

Text Signature | 000101 > [110102) [100100]' (101101 | 1

h(text)= 000101
Signature Function |Nh(many)=110000
h(words)=100100
h(made)= 001100
h(letters)=100001
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MIMD: Partitioned Parallel Processing
Document Partitioning for Signature Files

Doc Text
Pease porridge hot P1
Pease porridge cold
Pease porridge in the pot P2 Sign. File 3 | Sign. File 4
Pease porridge hot, pease porridge not cold

Pease porridge cold, pease porridge not hot | P3 Sign. File 5 | Sign. File 6
Pease porridge hot in the pot

Sign. File 1 | Sign. File 2

o Gl WwWIN -~

« Each processor creates the signatures of its own documents

« Each processor evaluates the query signature totally. The broker
then merges the results
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Mépog B

Karavepnupévn Avaktnon MNAnpo@opiwyv Kai
(Distributed Information Retrieval)

Karavepnuévn Avaktnon MNAnpo@opiwv:
A1GpBpwon

« KivnTtpo

« 2x€on petacu MNapaAAnAng kai Katavepnuévng Av. MNMAnpogopiwv
e 2Xe0I00TIKA ZnTHMATA

* Alauépion ZuAAoywv Kal Eyypapwyv

* EmAoyn MNnyng

« Evotroinon AttoteAeoudaTwy

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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Karavepnuévn All: Kivntpo

» To kivnTpo yia MapdAAnAn Al ATav n BeATiwon Tng amrdédoong

* [a v Karavepnuévn Al dev €ival yévo auTo.

« Eival kal n avaykn evotroinuévng rpoéofaocng ota £yypaga
TTOAAWYV CUOTNUATWY avAKTNONS TTANPOYOPIWV
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Kartavepnupévn Avaktnon MNAnpo@opiwv

Ao
e PRI egess s g TCP/IP
@ @ @ @ g
IRS1 IRS2 IRS3 IRS4 IRS5

UofCrete UofAthens UofPatras
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Karavepnupévn Avaktnon MNAnpo@opiwv

query \

a

@ g
IRS1 IRS2 IRS3 IRS4 IRS5
UofCrete UofAthens UofPatras
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Kartavepnupévn Avaktnon MNAnpo@opiwv

answer

ans1 ansb

ans?2 ans3 ans4

UofCrete UofAthens UofPatras
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[Moia n Zxéon YeTAgU
MapdAANANG kal Kataveunuévng Avaktnong NMAnpogopiwy;

* H katavepnuévn poiadel ue Tnv TapAaAAnAn apxitektovikry MIMD
* Alagopég ye Tnv MIMD
— TO KAVAAI ETTIKOIVWVIOG PETALU TWV ETTECEPYAOTWYV Eival TTOAU TTIO QpYO
— Ogv €XOUE TOUG iBIoUC eTTECEPYAOTEG (OTTWG O€ HIa TTAPAAANAN pnxavn)

— oTnVv Kataveunuévn o ueaitng (broker) cuxva emIAéyel va XpnOINOTTOINCEI
MOVO €va UTTOOUVOAO TWV UTTOKEINEVWV CUCTNUATWY

e BUS
IRS1 IRS2 IRS3 IRS4 IRS5
UofCrete UofAthens UofPatras

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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2x€on MeTacu MNapdAANAng kai Kataveunuévng Av. TA.

Moia Trpooéyyion Tou Partitioned Parallel Processing civai
KaTAAANAN yia Tnv Katavepnuévn Avakrnon;

« document partitioning: €vOeikvuTal yia TNV KATAVEUNMUEVN
avAakTnon

« term partitioning: d¢v €ival TTOAU KaAr OIOTI ATTAITEI TTEPICCOTEPN
eTIKoIVWVia (yia autd oTrdvia UIoBeTEITal aTTd £Va KATAVEUNMEVO
ouoTnua

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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Katavepnuévn Avaktnon: 2xed1aoTika {ntiparta

Server: receives requests, Search Protocol for
initiates a thread for each request; ( transmitting requests and results
combines the intermediate result == E.g. Z39.50, STARTS
into the final answer :
e RS g e grrssssn s peesenes TCP/IP
@ (9 Ao Ao @
IRS1 IRS2 IRS3 IRS4 IRS5
UofCrete UofAthens UofPatras
edistribute documents across servers
eselection of the servers to receive a particular request
scombine the results of multiple servers
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Alapepiopog Zuhoywyv (Collection Partitioning)

» Agv TiBeTal TETOI0 {ATNUA AV TA UTTOKEIJEVA CUOTAMATA Eival
ETEPOYEVI

e 2EVAPIA VIO TNV TTEPITITWON TTOU UTTAPXEI KEVTPIKOG EAEYXOG:
— Semantic-based partition of collections to servers

» Search Servers focusing on a particular subject area
— E.g. Maths, Physics, etc

— Semantic-based partition of documents to servers
e T.X. ME XPon €vog aAyopiBuou opadotroinong (clustering)
— Replications of collections to all servers
* via BeATiwon throughput (poidder ue To multitasking)
* OTAV Ol CUANAOYEG BeV gival JEYAAEG
— Tuyxaia diavoun eyypa@wyv OTOUG servers
* yia BeATiwon TG aTTGdO0NG OTNV TTEPITITWON TTOU 1N GUAANOYN €ival TTOAU heEYAAN

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 44




EmiAoyn MNnyAc (Source Selection)

Q=«Lagrange multipliers»

MATHS MATHS PHILOSOPHY CHEMISTRY MATHS

i e
i e\

Source Selection: ETiIAoyr} Twv ocuAAoywyv TToU gival TBavov va
EXOUV oUVAQPI] EYYPOPA JE TNV TPEXOUOA ETTEQWITNON
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['1a TTo10 AOYO va Kavouue EtmiAoyn MNnyNAg;

* H avalAtnon o€ KaBe ouAAOyN UTTOPEI:
— va gival akpIB o€ XPOVO (APOoU PTTOPEI va €XOUNE EKATOVTADEG CUAANOYEQ)
— va gival akpifn og xpAua (N avadnTnon UTToPEi va €XEl XPNHOTIKO KOOTOG)
— va kaBopioel Tnv atroteAeouartikéTnTa (effectiveness) tng avaktnong
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EmAoyn Mnyng: EtmAoyry OAwv

*  KataAAnAn Kupiwg yia dIaUEPIOPO KIS HEYAANG OUAAOYNG TTAVW
atrd éva TOTKO dikTUO

« EUKOAN gvotroinon atroteAecoudTwy yia 1o Boolean model
— answer(q) = ans1(q) v ... U ansk(q)

* H gvoTtroinon atroTeAeCUATWY VIO TA OTATIOTIKA YOVTEAQ €ival TTIO
OUOKOAN (10 {NTnua auto Ba ueAetnBei rapakarw)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006

47

EmiAoyn MNnyAs: XeipovakTik OpadoTtroinon kai ETTAoyn

* OguaTIKR OpYyAvVWOn CUAAOYWYV (XEIPOVOAKTIKWG)
— T uaénuarika, QUOoiKrj, EIONOEIS, KATT
— TTPOPBARuaTa
* XpovoRopa diadikaaia, EUAAWTN O AOUVETTEIEG/TTAPAAEIYPEIG, OV OO DOUAEWEI
KOAQ Y10 UN-0uvnNBITUEVEG ETTEPWTNTEIG

» O xpNaoTng €TTIAEYEI TN BEPATIKN KATNYOPIQ

*Maths: 1,3
*Physics: 3
*Philosophy: 4,5

Q=«Maths:Lagrange multipliers» ~__ ‘g&i\
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EmAoyn Mnyng Baoel Kavovwy (Rule-based)

* Ta mepiexdpeva KGBe ouANoyrig TTEpypagovTal o€ phia Baon Nvwong
« 'Eva 2uoTtnua Kavovwy eTTIAEYE TIG TTNYEG YIa KABE 10€pXOPEVN ETTEPWTNON
* Aduvapieg

— KOOTOG OUYYPA®NG KAVOVWV

— AVAYKn OUVTAPNONG TWV KavOvwyV (av ol CUANOYEG gival DUVAUIKEG)

Q=«Lagrange multipliers» —
oenae mitiplers —— 4B e |
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EmAoyn Mnyns: Katavoun Zuvaewyv Eyypaewy
(Relevant Document Distribution (RDD))

P11dEE pia BAon Pe ETEPWTATEIS KAl THV \/\/ﬂ
MOavA KATAVOUA TWV CUVAQWY EYYPAPWV q1

og KABe auAAoyn (M€ KATTOIO TPOTTO)

S1 S2S3 54 S5

qzb

S1 S2S3 54 S5

S1 S2 S3 54 S5
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EmAoyn Mnyng: Katavoun Zuvaewyv Eyypapwy
(Relevant Document Distribution (RDD))

MNa kd0e véa eTrepwTNON q
» Bpiokoupe TIG K TTI0 KOVTIVEG ETTEPWTACEIC 0TN Bdon
(similar past queries) q1
* AT TIC KATAVOMEG TOUG, EKTIMOUUE TTOOQ ouvagn S1 S2S354 S5
EYYPOQa UE TNV VEA ETTEPLITNON £XEI KABE TTNYN
* Amo@agifoupe TTOOQ £yypa@a va (NTACOUUE aTrd
KGBe auAAoyn (av O dev OTEAVOUE ETTEPWTNON ) 92

?

)

S1 S2 8354 S5
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EmAoyn MNnyNns: ETrepwTtnon BoAidookotrnong
(Query Probing)

« 2TEAVOUE PIa eTTEPWTNON BOAIBOOKOTTNONG 0€ KABE CUAAOYN
(TTOoU PTTOPEI Va TTEPIAAUPBAVEI HEPIKOUG OTTO TOUC OPOUC TNG
ETTEPWTNONG)

— KA&Be ouAloyr atmavTd PeE OTATIOTIKEC TTANPOPOPIES
« TIX: MEYEBOG GUAAOYNG, TTOOA £yypaga £XOUV ToV KABE 6po, TTO0A
Eyypaga £€xouv OAOUG TOUG OPOUG TNG ETTEPWTNONG, KATT
— Bdoel auTwyv Twv OTOIXEIWV ETTIAEYOUUE TNV TTNYN

* YTroB¢oeig
— 1 €TECEPYOATia TWV ETTEPWTACEWY BOAIOOOKATTNONG €ival TTOAU @ONVOTEPN
» TTEPIEXOUV AiyOoug Opoug, dev XpelddeTal va UTTOAOYIOTEN DIATAEN YYpPAPWYV
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EmiAoyn MNnyA¢ pe Alavooparta NMnywyv

*IRS1=<0.4,0.3, ..., 0.8>
*IRS2=<0.1, 0.9, ..., 0.4>
*IRS3=<0.8, 0.5, ..., 0.2>

« BA€moupe kaG0Be cuAAoyn wg éEva HeyaAo Eyypago

»  Omndyxvoupe éva didvuopua via Kabe ouAAoyn (Tuttou TF-IDF)
— tfij: ouvoAikég epgavioelg Tou 6pou | 0Tn CUAAOYN |
— idfi: log(N/ni), 6trou N 10 TTA|60¢ TV CUAAOYWYV, Kal Ni TO TTARBOG TWV CUAAOYWV
TTOU €XOUV TOV OPO0 i
* YTroAoyiCoupe To BaBO OpOIOTNTAG KABE VEAG ETTEPWTNONG ME TO DIAVUC MO
KAa0Bg ouAAoOynG (TT.X. OPOIOTNTA CUVNUITOVOU)
*  AlaTA000UUE TIGC OUANOYEG Kal ETTIAEYOUUE TIC KOPUQPAIEC

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006

53

EmAoyn MNnyng pe Alavuoparta Mnywv (1)

* Mia aduvapia:
— MTropei 0 BaBudg opoIdTNTAG PE pia OUAAOYR va gival JeyAAog, aAAG va pnv
UTTAPXEI KAVEVA £YYPAQPO €KEI e HEYAAO BaBud ouvageiag
* ‘Evag 1poT1TOC QVTINETWTTIONG:
— TNa k&Be ouAdoyn eTiIaEe N/B diavuopuata, dnAadn Eva didvuoua yia Kabe B
EYypagpa Tng GUANOYNG
— Av B=1 161€ 0 server €ival oav va £XEl TO EUPETAPIO OAWV TWV CUOTNUATWY
— Av B=N T1671¢ £x0UpE £va didvuopua yia KABe cuAAoyn
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EmAoyn Nnyns: GIOSS

(Glossary of Servers Server)

» Estimate the number of potentially relevant documents in a
collection C for a Boolean AND query Q as:

df

df; : number of docs in C that contain t

» Requires that each collection C have an entry in a centralized
index
— centralized index is small, easy to maintain
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EmAoyn MNnyns: gGIOSS kai hGIOSS

. gGIOSS

— Extends the GIOSS approach to the vector space model
« Each collection is represented by its centroid vector
» Standard inner product similarity measure of query to each collection
* Rank collections accordingly

* hGIOSS (hierarchical GIOSS)
— Extends the gGIOSS approach to sets of gGIOSS indexes
— Each gGIOSS index is represented by its centroid vector
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EmiAoyn MNnyAg: 20voywn

» [lpooeyyioeig yia pIKpo apiBud aulAoywv
— EmAoy OAwv
— XelpovakTikn) Opadotroinan (Kai XEIPOVAKTIKN £TTIAOYN)
— EmAoyn Baocel Kavovwy (Rule-based selection)
— Karavoun Zuvagwv Eyypdoewv (Relevant document distribution (RDD))
— BoAidookdtrnon Emepwrnong (Query Probing)
— Alaviopuara Nnywv

+ [poaoeyyigeig yia peyaAo apiB@uo aulhoywv

— Ailavuopara MNnywv
- GIOSS
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HARVEST

A distributed architecture to gather and distribute data Gatherers: eupetnpidlouv

— used by CIA, NASA, US National Academy of >=1 Web Server
Sciences TTEPIODIKA

Brokers: atravrouv
ETTEPWTNOEIG BACICOUEVOI

Replication OTA EUPETAPIA TWV
@ Manager gatherers 11 GAAwv
brokers (kai
EVNMEPWVOUV AUENTIKA Ta
EUPETAPIO TOUG)
Cache

Gros)  Gavermy (e Ganers)
(e sie) @Woo i) (Wi i) (e si) (oo ) e st
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MapdaAAnAn & Kartavepnuévn Avaktnon MNMAnpogopiwv

EvoTtroinon ATToteAeOHATWY
(... Results Merging, Fusion, Rank Aggregation, ...)

Evotroinon AtroteAeoudTWwV

A1GpBpwon

« Karnyopieg Texvikwyv Evotroinong: Isolated vs Integrated
» Teyxvikég Evotroinong

— Round Robin interleaving

— Score-based

— Weighted Score-based
— Global-statistics

MeTta-Mnxavég Avalntnong

Evotroinon Aiatdewv (Rank-Aggregation)

— EmOupntég 10160TNTEG

— Evotroinon Borda

— Evotroinon Condorcet

— To Oewpnua Tou Avépiktou Tou Arrow (Arrow’s Impossibility theorem)
— Evotroinon Kemeny
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Evotroinon ATtroteAeoudTwWV

answer =?

@ @ @ @ @
IRS1 IRS2 IRS3 IRS4 IRSS
UofCrete UofAthens UofPatras
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[MepITTTWOEIG

« Evotroinon ZuvéAwv (11.X. amraviioewyv o€ Exact Match Queries)

— answer(q) = ans1(q) v ... U ansk(q)
— Apa n evotroinon atroTeAeoudTwy yia 1o Boolean model gival eUKoAn

« EvoTtroinon Alardagewyv (atravrioswy Partial Match Queries)
— H gvotroinon atroTeAEOPATWY €ival TTI0 OQUOKOAN

— 01 d1aTAageIg/oKop BEV gival TTAVTA CUYKPIONUES (apoU e¢apTwvTal ATTO TA
OTATIOTIKA TNG OUAAOYNAG TOU KABE cuoTruaTog (e.g. idf)
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Karnyopieg Z1patnyikwyv Alatagewyv

(A) OMAokAnpwpéveg Texvikeg (Integrated)
— Q1 TTNYyEG TTapEXOUV ETTITTPOTOETN TTANPOPOPI TTOU XPNTIUOTTOIEITAI KATA TV
gvoTToinon
— Aduvapieg:
* 2TeVO TTEDIO EQAPPOYNAG - ATTAITOUV CUPQWVIa PETALU TwV TTNYwV (e.g. protocol)

* 2Zuxva Aaupdavouv utrown Toug PETPa OTTWG Precision/Recall, Ta otroia dgv givai
QVTIKEIMEVIKA | CUYKPITIUA.

(B) Attopovwpuéveg MeBodoi (Isolated)

— Agv ATAITOUV KAMIa ETTITTAEOV TTANPOPOPIa aTTo TIG TTNYES (UTTOPOUV Va
EQPAPPOCTOUV KAl OTIG META-UNXAVES avalATNong)

— Eival avegaptnTeg TV TEXVIKWY EUPETNPIACNG KAl TWV HOVTEAWV AVAKTNONG
TWV UTTOKEINEVWYV CUOTNUATWY

— Apa KATAAANAEG yIa duVAUIKA TTEPIBAANOVTA OTTOU UTTAPXOUV TTOAAG
OUCTAMOTAO TWV OTTOIWV N AgIToupyia e€¢eAicoeTal cuxvda Kal atTpOBAETTTa
— Texvikég:round robin interleaving, score-based, Borda, Condorcet, download

and re-index the contents of the objects (web pages)
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 63

Evotroinon Alatdéewv: Round Robin interleaving
(isolated)

(dnAadn merge sort)

* [Napadeiypa:
— ans1(q) = <d10,d2, d30, d7>
— ans2(q) = <d4, d12, d5, d9>

— ANS(q) = < {d10,d4}, {d2,d12}, {d30,d5}, {d7,d9}>

* [poBAquarta

— OTnV TTPAyMaTIKOTNTA OAQ Ta £yypaga Tou ans1(q) MTTOPEI va gival KaAUTepa
(1TTI0 ouvaen) atrd 1o 10 oTOIXEIO TNG ans2(q)
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Evotroinon Alataéewv: Score-based
(isolated)

* [Napadeiypa:
— ans1(q) = < (d3,0.8), (d2,0.7) >
— ans2(q) = < (d5,0.6), (d6,0.3) >
— ans3(q) = <(d4,0.9) >

— ANS(q) = < d4, d3, d2, d5, d6>
* [lpoBAfuaTa
— TO OKOP OIOPOPETIKWV CUCTNNATWY OEV Eival CUYKPICIUO

(KavovIKoTToINUEVA), APOU ECAPTWVTAI ATTO TA OTATIOTIKA TNG OUAAOYNG TOU
KaBe ocuoTtriuaTog (e.g. idf)
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Evotroinon Alatdéewv: Weighted Score-based

« Aaupavoupue utréWn To OKOP TNC TTNYAS TTOU UTTOAoyioaue otav
kavaue EmAoyn lnyng
— |'|X
— Sc(IRS1) =0.9 // utroAoyioTnKe OTN @ACN €TTIAOYN TTNYNS
— Sc(IRS2) = 0.5 // utroAhoyioTnke oTn @ACN €TTIAOYN TTNYAG
— ans1(q) = <(d1, 0.7)>
— ans2(q) = <(d2, 0.9)>
— ANS(q) = < (d1, 0.56), (d2, 0.45)> //0.56 = 0.9*0.7

* EOw tmroAAaTTAacIGoape TO OKOP TNG TTNYNAG JE TO OKOP TWV
eyypagwyv. Aidpopec AAAec TTapallayéc uttapyouv (Callan94,95)
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Evotroinon Alatdéewv: Download and re-index/re-score
(isolated)

< Extended Boolean Model

— Vector Space Model

* AVaKTOUME TO £yYyPAQPQA TWV ATTAVTAOEWY KABE TTNYNAG

* Ta gmmavasupeTnpidloupue Kal ¢avauttoloyioule 1o aBuo
OUVAPEIOG TOUG

« Aduvapieg

— XpovoBopa diadikaoia
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Evotroinon Alataéewv: Global term statistics
(integrated)

* MTtTOpOUNE VO KAVOUUE CUYKPIOIUA TO OKOP OIOPOPETIKWV
OUCTNUATWY av €TTIBAAOUUE Ta DI OTATIOTIKA OTOIXEIO O€ OAQ T
ouoThuaTta (global statistics)

* TpoOTTOI ATTOKTNONG QUTWY TWV OTOIXEIWV

— Katd tnv emAoyn Tnynig (mx Alavuouarta MNnynAg, Probe Queries, ...)
— ATtrotipynon Etrepwtioewy o€ 2 @aoeig

« oTnV 1n oUAAéyovTal TO OTATIOTIKA (O server OTEAVEI TNV ETTEPWTNON KAl Ol TTNYEG
ATTAVTOUV JE T OTATIOTIKA TWV OPWV TTOU TTEPIEXOVTAI OTNV ETTEPWTNON)

* OTNV 2n o server oTéAvel o€ KABE TTNYA TNV €mEpWTNON Padi uE Ta KOBOAIKA
OTATIOTIKA TWV OpWV TNG

* KABE TTNYA QTTOTINA TNV ETTEPWTNON ME TA KOBOAIKA OTATIOTIKA KAl ETTIOTPEPEI
TNV ammdvinon

* O server Aaupavel €EToiga okop Kal aTTAG Ta evoTrolei (merge sort)
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Evotroinon Alatdgewv: Global term statistics
[Mapaderyua

q="Hotels Crete” idf(Hotels)= 10g(2000/400) RETINERNCOIPNISENy

! idf(Crete)= 1og(2000/105) merging of ans1 ans2
(@ = @ (@
/\ /\ ans1 /\ ans2

N1 =1000 | | N2 =1000
N1Hotels = 300 | | N2Hotels = 100
N1Crete =100 N2Crete =5
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Evotroinon AtroteAeoudTWwV

A1GpBpwon

« Kartnyopieg Texvikwyv EvoTtroinong: Isolated vs Integrated
* Texvikeg Evotroinong
— Round Robin interleaving (isolated)
— Score-based (isolated)
— Weighted Score-based (integrated)
— Global-statistics (integrated)
* Meta-Mnyxavéc Avalrntnong
« Evotroinon Aiatdéewv (Rank-Aggregation)
— EmBuunTtéc 1816TNTEC
— Evotroinon Borda
— Evortroinon Condorcet
— Evotroinon Kemeny
— To Oewpnua Tou AvépikTou Tou Arrow (Arrow’s Imposibility theorem)
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Server: receives requests,
initiates a thread for each request, (@ «Search Protocol»: HTTP/HTML
combines the intermediate result —

into the final answer

S JERRY S s O S TCP/IP

@ (9 o) o) @
IRS1 IRS2 IRS3 IRS4 IRS5
Google AltaVista Lycos

Meta-Mnxavh Avalitnong: Mnxavr) avaltnong TTou TTPowoEi
TNV ETTEPWTNON OE TTOAAEG UNXAVES avalnTNoNG Kal EVOTTOIET TA
QATTOTEAECUATA TTOU ETTIOTPEPOUV
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[1aTi @TIGXVOUNE PETA-UNXAVES avalnTNOoNG;

KaAuTtepn KGAuyn:

— O1 0eAideg TTOU €ival yVwOTEG O€ KABE pnxavh €ival OIAQOPETIKES

Aiaragn MAsioyneouocag Nvwpung (consensus ranking)
— H d100eo1poéTnTa TTOAAWY PNXavwy pag divel TRy duvatdTNTA VA OPICOUE
éva aBpoloTIKO (TTAEIOWPNQIKO) HETPO OUVAPEINAG

» Evotroinon ammoteAeopdtwy = MpdBAnua atré@aong ouddag (group decision
problem)

Meiwon spam:
— AuUokoAa pia spam oeAida ptropei va ¢eyeAdoel OAEG TIG uNXAVES
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MeTa-Mnxaveg Avalntnong

« Examples:
— Dogpile (http://www.dogpile.com/)
» over Google, Yahoo!, msn, Ask Jeaves
— SurfWax (http://www.surfwax.com/)
— http://www.jux2.com/
— Metacrawler, SavvySearch,
*  BrAuata Asitoupyiag
— Submit queries to host sites.
— Parse resulting HTML pages to extract search results.
— Integrate multiple rankings into a “consensus” ranking.
— Present integrated results to user.
* Ala@opég pe Tnv Karaveunuévn Avaktnon NAnpogopiwyv
— Ol UTTOKEIMEVEG UNXAVEG Oev TTapEXOUV term-statistics, apa pytropoupe va

XPNOIUOTTOINOOUNE JOVO atTouovwHEVEG (isolated) TEXVIKEG evoTToinong
QATTOTEAECUATWV

— Ol UTTOKEIJEVEG PNXAVEG eV UTTOOTNPICOUV TNV idIA EPWTNUATIKA YAWwoOoa
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Evotroinon Alatagewv:
Rank Aggregation (or Meta-Ranking) (isolated)

Alatuttwon Tou MNpoBAruarog
* D: éva ouvoAo avTIKEINEVWV (TT.X. EYYPAPWYV)
« S1,...Sk: éva ouvoAo diatdgewv Tou D

« 2KOTTOC: EvoTtroinon twv diatdewv S1,..Sk o¢ uia

The metaphor: elections

— Objects - Candidates

— Sources > Electors

— Ordering by a system -> Elector’s voting ticket
— Fused ordering > Election list
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Plurality Ranking (ATTAf MNAciopneia)

O utTOWN@IOC LUE TIC TTEPICOOTEPEC TIPWTEC BETEIC €ival O VIKNTAC...

‘EoTw 6 TTNyEC (S1,...,S6) kal 4 ogAideg a,b,c,d

S1: <a,c,d,b>
S2: <a,b,c,d>
S3: <b,c,a,b>
S4: <b,a,d,c>
S5: <a,d,c,b>
S6: <c,a,b,d>
a: 3
b: 2
c: 1
d: 0

TeAIkA katdra¢n: <a,b,c,d>
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Plurality Ranking (ATtTAf MNAsiowyneia)
Katrola TrpoBAfuata

3 ouoTNUaTA
6 cuoTuata
3 ouoTuaTa
5 ouoTtuaTa
2 OUCTANATO
5 ouoTtuara
2 guoThuaTa
4 cuoTAuara

a:9
b:8
c./
d:6

TeAikA didTagn: <a,b,c,d>

CS463 - Information Retrieval Systems

<a,c,d,b>
<a,d,c,b>
<b,c,d,a>

<b,d, c, a>

<c,b,d,a>
<c,d,b,a>
<d,b,c,a>
<d,c,b,a>

Atmréoupon Tou d

(Trou ATav TeAEUTaIO)

3 ouoTnuaTa
6 cuoThuaTa
3 ouoTruaTa
5 ouoTtuata
2 ouoTAuMaTa
5 ouoTruata
2 ouoThuaTa
4 cuoThpaTta

a9
b:10
c:11

<a,c,b>
<a,c,b>
<b,c,a>
<b,c, a>
<c,b,a>
<c,b,a>
<b,c,a>
<c,b,a>

TeAIkA didraén: <c,b,a>
AvTioTpo®n TNG apxIKAG!
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Plurality Ranking (ATTAf MNAsioyneia)
Katrola trpoBAfuata

3 ouotnuaTta  <a,c,d,b> Amréoupon Tou d

6 ouotTiuata <a,d,c,b> Tehikn didragn: <c,b,a>
3 ouoctiuara <b,c,d,a>

5 ouotiuata <b.,d, c, a> Améoupon Tou a

2 ouoTAMaTa  <c,b,d,a> Tehikn didragn: <d,c,b>
5 ouotjuara <c,d,b,a>

2 ouoTApara  <d,b,c,a> ATtr6oupon Tou b

4 guoTApaTa  <d,c,b,a> TeAikn didragn: <d,c,a>
a9 Amréoupon Tou ¢

b8 TeAikn didragn: <d,b,a>
c./

d:6

TeAikA didragn: <a,b,c,d>
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Evotroinon Aiataéewyv kata Borda
[Jean-Charles Borda 1770]

Reinvented (for the context of
Meta-Searching) in [Tzitzikas 2001]

The votes of an objecto | V(0)= X1;(0)

i=1..k

I; (0) : the position of the object o in the ordering of system S;

The fused ordering is derived by ordering the objects in
ascending order wrt to their votes

Example:
S;:<0,0,,05 > V(o) =1+1+2=4
Sy <0p,03,0p > V(0y)=2+3+3=8 M :<0q,03,0, >
S3:<03,01,0p > V(03)=3+2+1=6

If each source S; returnsan ordered subset O; of Obj.
£ (0:) = positionof 0;inO;  if 0j€0;
e F+1 otherwise where F =max{|Oy|,...,| Oy [}
— 1
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Evotroinon Alatdéewv kara Borda
[Tzitzikas, 2001] BaBuoég Zupopwviag

The distance between two orderings i and j: | dist(i, ])= X [ri(0)-r;(0)]

0e0
5 dist(0, i)
The mean distance of the fused ordering0 | Dem=1=L-k
The level of agreement of the fused ordering O:
C —Dem
linear transformation LA= C C - wex bozaiple Li6s qrersuce
inversion transformation | | A = c~Dem C>leg.C=2

* High level may drive the user to read only the very first documents since
probably they are the more relevant

* Low level may drive the user to read more documents
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Evotroinon Alatd¢ewv katd Condorcet [1785]

Condorcet: the winner is a candidate that defeats every other
candidate in pairwise majority-rule election

S1:<a,b,c>
S2: <b,a,c>
S2: <c,a,b>

ab 2:1 // 0 a vik& Tov b dUo popéc (kal XAavel hia)
a:.c 2:1 // 0 a vikd Tov ¢ dUO POpPEC (Kal XAVEl hia)

Condorset ordering: <a,b,c>
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Evotroinon Alatdgewv katd Condorcet [1785]

S1:<a,b,c>
S2: <b,c,a>
S3: <c,a,b>

ab 2.1 /[ apa o b dev pytropei va givail o viknTAg
a:.c 1:2 // apa o a dev utropei va gival o VIKNTAG

ccb 1:2 /I apa o c dev PTTOPEi Va €ival 0 VIKNTAG

Agv utrdpyel mavra Condorset viknTAc!
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Borda vs Condorcet

S1:<a,b,c>
S2: <b,a,c>
S2: <c,a,b>
» Condorset
— ab 2:1
— a.c 21
— Condorset ordering: <a,b,c>
 Borda
— a:1+2+2=5
— b:2+1+3 =6
- Cc3+3+1=7

— Borda ordering: <a,b,c>
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Borda = Condorcet

Borda (

1770)

* Member of French Academy of .
Sciences

» Noted for work in hydraulics, optics,

navigation instrument

» Purpose: Reforming the election
procedure of French Academy.

+ Criticize plurality method

Condorcet (1785)

Viewed Borda as an enemy

Finding best ordering by hypothesis
testing

Switch to propose Condorcet winner
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Borda = Condorcet

S1:<a,b,c,d,e>

S2: <b,c,e,d,a>

S3: <e,ab,c,d>

S4: <a,b,d,e,c>

S5: <b,a,d,e,c>

 Borda  Condorset

—a1+5+2+1+2="11 — ab 3:2
- b:2+1+3+2+1=9 — a:.c 4:1
—Cc3+2+4+5+5=19 — ad 4:1
—d:4+4+ 5+3+3=19 — ae:3:2

e:b5+3+1+4+4=17

Borda winner: b
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Condorset winner a
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Prurality # Borda = Condorcet

49 votes | 48 votes | 3 votes
1st X y z
2nd y z y
3rd z X X

* Prurality winner: x
 Borda winner: vy
« Condorcet: Z> X
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* <a,b,c> has support 25
— a>b:8, a>c:6, b>c:11

» <b,c,a> has support 23
— a<b:5, c>a:7, b>c:11
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Evotroinon Alatdéewv katad Kemeny (1959)
(Kenemy developed BASIC language)

« AmoéoTOoNn METALU dUO dIATALEWY = TTARO0C TWV dIAPWVIWYV OTN
olaTagn Ceuyapliwy

* [lapadeiyua 1
—r1= <ab,c>
—r2= <b,a,c>
— K(r1, r2) = 1

® (a >r1 b7 a <r2 b)

* [lapadeiyua 2
—r1=<a,b,c,d>
—r2=<b,d, a, c>
- K(r1,r2)=3

* (a >r1 b’ a <r2 b) (a >r1 d’ a <r2d) (C >r1 d’ c <r2d)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 87

Evotroinon Aiatd¢ewv katd Kemeny (1959)

Kemeny Optimal Aggregation

* H kaAUTepn evotroinuévn diATa¢n ival EKEivn TTOU ATTEXEI TO
AIyOTEPO ATTO OAEC TIC DIATALEIC

‘E0Tw n dIaTACEIC: r1, r2, ..., rn

Evomoinuévn diatagn  r = arg min > K(r,ri)

H eUpeon NG evotroinuévng dIATagng sival akpin
— (TTp6BANua NP-hard)

Reconciles Borda and Condorcet
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Evotroinon Alatdewv: ETOupnTég 1016TNTEG

* Oudeteportnta (Neutrality)

— Kapia evaANaKTIKA eV TTPETTEI VA EUVOEITAI

« Pareto Optimality
— Av X >Y (0g 0Agg Tig d1aTAgeIg) TOTE X>Y (OTNV TEAIKN)
« Movortovia (Monotonicity) // Ranking higher should not hurt a candidate
— X vIKNTAG (oTNnV TEAIKR), aAAayr evog wnPodEATIOU YZX > YXZ, o X TTOPAMPEVEI
VIKNTAG (OTNV TEAIKNR)
» AveCaptnoia atrd AoXETEC EVAANAKTIKES (Independence from Irrelevant
Alternatives)

— X >Y (omnv 1ehikr), AANQYH EVOG WNPODEATIOU XZY > ZXY, to X>Y TTOPAPEVEI OTNV
TENIKN

« 2uvétrela (Consistency)

— Av o1 ynpopdpol diaipeBouy o€ dUo opddeg kal KAOe oudda avadeigel Tov idlo vIKNTA, TOTE O
TENIKOG VIKNTAG (av AdBoupe uttdwn TIS WHPOUG Kal TWV 2 OPAdwV) TTPETTEN va gival 0 id10G
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Arrow’s Impossibility Theorem

Kenneth J. Arrow, Social Choice and Individual Values (1951). Won
Nobel Prize in 1972

No voting scheme over three or more alternatives can satisfy the
following conditions

— Universality (no restriction on individual ordering. All orderings are
achievable)

— Monotonicity

— Independence of irrelevant alternatives
— Pareto Optimality

— Non-dictatorship

* 2UUTTEPACUA: OEV UTTAPXEI IO ATTOAUTWG IKAVOTTOINTIK
ouvapTNOoNn evoTroinong dIaTAgewy
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Evotroinon AttoteAeoudTwy

A1GpBpwon

Katnyopieg Texvikwyv Evotroinong: Isolated vs Integrated
Texvikeg EvoTtroinong

Round Robin interleaving (isolated)
Score-based (isolated)

Weighted Score-based (integrated)
Global-statistics (integrated)

MeTa-Mnyxavéc Avalntnong
Evotroinon Aiatagewv (Rank-Aggregation)

EmBuunTtég [010TNTEG

Evotroinon Borda

Evotroinon Condorcet

Evotroinon Kemeny

To Ocwpnua Tou AvépikTou Tou Arrow (Arrow’s Imposibility theorem)
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