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A1dpBpwoaon lMepiexopévou

Mépocg A: MapdAAnAn Avaktnon MNAnpogopiwv (Parallel IR)

Mépog B:  Katavepunuévn Avaktnon MNAnpogopiwv (Distributed IR)

— EmAoyn MNnynAg
— Evotroinon ATrotTeAeopdTWV

Mépog I: Avaktnon lNMAnpogopiwy og OudTiya 2uotiuara (Peer-to-Peer
Systems)
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Mépog A

NMapdAAnAn Avakrtnon MAnpo@opiwv

MapAaAAnAn Avaktnon MNAnpo@opiwv:
AidpBpwon

« Kivnrtpo

* Métpa Atrédoong MapdAAnAwv MNpoypaupdatwy

* [MapdAAnAn Etregepyaaia kai Avaktnon NAnpogopiwv
— Parallel Multitasking
— Partitioned Parallel Processing

* Alapepiopog Eyypdowyv (yia MIMD apxITEKTOVIKE)
* Alauepionog Opwv (yia MIMD apxITEKTOVIKA)
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» Ooo Mo peydAn civar pia cuAAoyn KeiEVwY, TOOO TTIO aKPIRR YiveTal
n dlaxeipion TNG atro Eva 2ATll

* AvAyKn YIO APXITEKTOVIKEG KAl TEXVIKEG VIO BEATIWON TNG ATTOdOONG
— The volume of electronic text available online today is staggering.
— The WWW contains over 30 billions pages of text.
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s MapdAAnAo¢ MpoypauuaTIoNOC

» [Mapd&dAAnAoc MpoypauuaTtioyds: H Tautdxpovn Xprion TToAAwv
ETTECEQPYACTWV YIA TNV £TTIAUCN €VOC TTPOBANUATOC

* Taglvouia apyITekTovIKwyY (Katd 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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Métpa ATrodoong MNapdAAnAwyv MNMpoypapuaTwy
(Parallel Program Performance Measures)

Speedup

Running time of best available sequential algorithm

Running time of parallel algorithm

Av €xw N etre€epyaoTég, TOTE OTNV IDAVIKN TTEPITITWON Speedup=N

AuoTuxwc, auTo dev gival TTavTa (ouvnBwCg) EQIKTO DIOTI:

«  éva TPpOPANPa ptTopei va unv avaAuetal o€ N ave¢dptnta uttoTTpoBARUaTa
* emTTAéov KOOTOG eAéyxou (scheduling, cuxpoviouog)

e TO TTPORBANUA UTTOPEi va TTEPIAAPPBAVEI Eva eyYEVWG OEIPIOKO UTTOTTPORANUO
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Métpa ATrodoong MNapdAAnAwyv MNMpoypapuaTwy
(Parallel Program Performance Measures)

[Amdahl’s Law]

Av f gival To TTO000TO TOU TTPOBAARMATOC TTOU TTPETTEI VA ETTIAUBEI
OEIPIOKA, TOTE N MEYIOTN ETTITAXUVON (Speedup) TTOU PTTOPEI Va
emTEUXOEI e xprion N eTTeCEpyaoTWYV Eival:

S < 1 Sl

T f+@-f)/N

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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Avaktnon NAnpoeopiwyv Kal
MapdaAAnAn Etreepyaoia

Avaktnon NAnpoeopiwyv Kal
Map&AANAN Etre¢epyaoia

» [Npooeyyioelg
— (A) ZxedI00MOG VEWV TeXVIKWYV Al TTOU va gival KATAAANAEGS yia
TTAPAAANAN eTTECEPYATia
— (B) Mpoocapuoyn UTTapXOVTWV TEXVIKWY YIa TTAPAAANAN
eTTeCepyaoia

* Oa €OTIGOOUNE O€ AUTA TNV TTPOCEYYION Kal 6a doUUE TTWGS YVWOTEG
TEXVIKEG UTTOPOUV VA EQAPUOCTOUV 0€ apXITEKTOVIKEC MIMD
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MIMD Architectures

« MIMD (multiple instruction, multiple data)
* N processors, N instruction streams, N data streams

« ‘Eva ZAIll ytropei va ekpetaAeutei yia MIMD pnxavr ue duo TpOTTOUG:
— Parallel multitasking;
— Partitioned parallel processing.
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MIMD Architectures: Parallel Multitasking

Parallel multitasking on a MIMD machine S processors,
Search o IRSs
Engine
User User
Query Query Search
- Engine Search
Broker | Engine
Result Result Search
Engine Search
Engine

* 000 TTEPICTOTEPOI ETTECEPYATTEC UTTAPYXOUV, TOOO TTEPICCOTEPEC Eival Ol
ETTEPWTNOEIG TTOU PUTTOPOUV Va atravTnBouv oTov idIo Xpovo

* 0 XPOVOG ATTOTINNONG MIAG ETTEPWTNONG TTAPAMEVEI O iI0G
* N TTPOCRacn oT1o dioKO PTTOPEI va TTPOKAAETEI GUPEPOPNON
* QVTIUETWTTION: ETTAVAANWN dedouévwy (replication)
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MIMD Architectures: Partitioned Parallel Processing

Partitioned parallel processing on a MIMD machine

p— H atrotipnon €xel
Subquery/ earc dlaueploTei o€ 5
Partial Process HEp

d1adikaoicg. Kabe
Search - Mia EKTS)\Ei(T;GI (of
.~ — | Process Search
Broker =

= Process | | EVOV ETTEEEPYAOTA
\ Search
Result

Process

User
Query

Search
Process

e £OW 0 XPOVOC ATTOTIUNONC UIOC ETTEPWTNONC Eival PIKPOTEPOC

*0l UTTOAOYIOHOI YIO TNV OTTOTiUNON MIOG ETTEPWTNONG KATAVEMOVTAI O€ TTOANOUG
ETTECEPYOOTEG

*KAO€ €TTECEPYQOTAG UTTOAOYICEI EVA TUNUA TNG ETTEPWTNONG KAl OTEAVEI TO
atmroteAéouaTa oTov Broker.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 13

&% MIMD Architectures: Partitioned Parallel Processing

Partitioned parallel processing on a MIMD machine

Subquery/ Search

Partial Process
User
Query Search
- / Process | search
Broker i3 | Process
\ Search
Result Process

Search
Process

NMwg va SIOPEPICOUNE TV ATTOTIMNON PIOG ETTEPWTNONG ;
=>

NMwg va diapepiooups Ta dedopéva evog 2AlT;
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MIMD Architectures: Partitioned Parallel Processing
NMwg va diapepiooupe Ta dedopéva o€ P eTTECEPYAOTEG;

Ta Baoikd dedopéva TTou eTTeCEPYAleTal Eva aAyOpIOPOg avaKkTnoNng

Indexing ltems

D k1 k2 k| kt
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MIMD Architectures: Partitioned Parallel Processing
NMwg va diapepiooupe Ta dedopéva o€ P eTTECEPYAOTEG;

Document Partitioning Indexing Items

D Ky K, K; Kq

0 O F] Wip Wy, Wi1 Wi 1
¢ d, Wio Wy Wio Wi o
u

- . .

e O | Wy Wy W W,
n .. ..

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 diapepiooupe Ta dedopéva o€ P eTTECEPYAOTEG;

Term Partitioning Indexing Items

5 K, K, .ok o kg

o O Wip  Wou| -vo Wig] oo Wiy
3 d, Wio Woof wvo Wi woo Wi
e 0 Wi Woji | e Wy | W
t

o On | Wiy Won| oo Wi e Wiy

« the t 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
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[Mapadeiypa ZuAloync Keigévwy Kal Tou AVECTPOUMEVOU

Eupetnpiou

Document Corpus

Inverted File
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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 —{ <0 1> [ <a1> [ <5 15198
hot —1<11>|<41>1<51>1<61> ]
in — <31> | <6.1> |
not — <41> ] <5.1> |
pease | <11>|<21>|<31>|<42>]<52>]<f1> |
porridge =1 <11>]<21>1<31>1<42>1<52> <615
pot  —{<31><61>|
the — <31> | <6.1> |

19

MIMD

Inverted Files: Physical Document Partitioning

[Doc | Text H cuAoyn eyypaQwy KaTavépeTal
1 | Pease porridge hot P1 OTOUG ETTECEPYAOTEG
2 | Pease porridge cold Ka&Be utrooUAOYR Xl TO BIKO TNG
3 | Pease porridge in the pot P2 OVECTPOMHEVO ApPXEiO
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
T B — —
hot <51> | <6.1>
hot L[ <415 : '
in _’@ in
cald .
hot ‘ pease | —{ <5.2> | <6.1> |
pease Il <11> | <2,1> | porridge | [ 31> | <40 porridge - —{ <52> | <6,1> |
porridge L —f <1 1> | <015 | pot |l <315 | pot
the (- <31>] the

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

cold [<01> | <d41> | <51> |
Original h-Ot — <115 <415 <51> | <6.1> |
. In <31>1<61>
Inverted File not <415 | <5 15 |
pease {115 <01>]<31> <425 <52>]<61>]
porridge | <115 [ <015 [ <315 <425 [ <525 [ <615 |
pot {3151 <1>]
the <31>]<61> |
P1 P2 cold P3
P s
hot <51> | <6,1>
hot
— "
cold ot e not

hot , pease | —f <52> | <6.1> |
pease | <11> | <2,1> | porridge | [ <315 | <a0> porridge |—| <52> [ <6.1> |

porridge "1 1> | <21> | pot  t—[ <315 ] pot
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MIMD
Inverted Files: Physical Document Partitioning

» Kartaokeur) AveoTpapuévwy Eupetnpiwy
— Kdabe etregepyaoTig KaTaoKeuAdel (ev TTAPAAANAW), Eva TTARPES EUPETAPIO VIO
Ta £YYpaQA TOU.
— Kdvoupeg éva BAMO CUYXWVEUONG TTPOKEIMEVOU VA UTTOAOYICOUE Ta KABOAIKA
oTaTIOTIKG (global statistics), dnAadny IDF, Kal KATOTTIV TO OTEAVOUNE OTA
EUPETNPIA TWV ETTECEPYATTWV.

» ATtrotiunon Emepwtioewy
— O peaitng (broker) ¢ekiva P TTapAdAANAEG eTTECEPYQTIiEC
— Kdabe emregepyaoia ekTeAE TOV iDI0 AAYOPIBUO (Scoring) oTa £yypaga TTou £XouV
EKXWPNOEI OTOV ETTECEPYADTH)

— O ueoitng Tapayel TNV TeEAIKA dIATAEN TWV EYYPAPWV
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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
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MIMD
Inverted Files: Logical Document Partitioning

H ouAAoyr eyypd@uwy KaTavéUETal OTOUG ETTECEPYAOTES, AAAG KABe uTTOOUAAOYI SV
€XE1 TO OIKO TNG EUPETAPIO, AAAG N OOMN TOU EUPETNPIOU ETITPETTEI OTOV KABE
ETTECEPYAOTH TNV Aueon TTPOOBACT OTO KOUUATI TOU EUPETNPIOU TTOU TOV EVOIQPEPEI

Inverted List
Term i

Dictionary of
1ETTmS

P1

item i
Broker \ P3 T

P4
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Logical Document Partitioning

B cold  —~{<p1>[<a1>[<515]
Original hot  —={<115[<a1><51>]<6.1>]
Inverted File in__ —{<x31>1<61>]
not —1 <4.1> | <5.1> |
pease | <1151 <2151 <31> | <42> | <52> | <6.1> |
porridge <1 1> [ <215 [ <31> <425 <525 [ <615 |
pot [ —{<31>]<61>]

Dictionar
Y the <3.1> | <6,1> _
cold Inverted List
Term “pease”
hot
Extended - <1,1>
Dictionary —————1 <2,1>
not | .- P1
......... <1
pease . P2 an
porridge P3 > S
pot Y
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MIMD
Inverted Files: Logical Document Partitioning

» Karaokeur) AveoTpaupévou EupeTtnpiou
— Ta éyypaga diauepidovial OTOUG ETTECEPYQOTEG;

— Kdabe etegepyaoTig eupeTnpIalel Ta OIKA TOU Kal ONUIOUPYEI AOVECSTPOAMMEVES
Aioteg (“lala”, doc1(2), doc2(6)) , Tagivounuéveg aAQaBnTIKA
— ZUYXWVEUOUE TIG AIOTEG QUTEG YIA £TOI TTIPOKUTTITEI TO TEAIKO EUPETHPIO
* BuunBeite amd Tnv didAeEn 9: Merging partial indices to obtain the final

» ATtrotiuynon Emepwtioewyv (6mwg kai 1o Physical Doc. Partitioning)
— O peaitng (broker) ¢ekiva P parallel etre€epyacieg

— Kdabe etregepyaaia ekTeAEi TOv id10 aAyOpIBUO (scoring) oTa £yypag@a TTou
€XOUV eKXWpPNBEi oToV ETTECEPYOOTA

— Ta ammoteAéopara ypdgovtal o€ évav Kolvo Trivaka (shared array)
— O peoitng Tapayel TNV TEAIKA OIATAEN TWV EYYPAPWV
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Alagpopéc petacu Physical kai Logical document partitioning

Physical Logical
Inverted
P1 | P2 cold P3 N List
hot 51> % 1> of terms
hot ] .
cold t _-
hot - item i P3 | —"
o —T— P -
pease —DI <1,1> | <2,1> I porridge a1 42 porridge <5.2> <6.1> b
porrdge o | wn R o e pot
the the —>| <6,1>

» Logical Document Partitioning

— KdaBe Aégn Tou AeClhoyiou gival atroBnkeupévn povo 1
popa
— 01 01adIKOTiEG TTPOCTTEAQUVOUV TO idI0 KEVTPIKO EUPETHPIO
* TTPOORACEIS avAyvwaong, apa OEv £XOUNE CUUPOPNON
* ANiyoTepn emikoivwvia (oto Physical, uttdpxel n @don

UTTOAOYIOPOU TwV KaBOAIKWY oTaTioTIKwV (IDF)).
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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
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MIMD
Inverted Files:Term Partitioning

cold  (— 1> | <41> | <5.1> |

P1 hot (<115 [ <41> [ <515 | <6.1> |
in 31> [ <615 |
Term not —'{ <4,1> | <5,1> |
Partitioning P2 || P = <11> | 21> | <31> | <«42> [ <52> | <6.1> |

porridge | — <1 1> | <2,1> | <3,1> | <4,2> | <5,2> | <6,1> |
pot [ <3,1> | <6,1>

P3 the _.{ 31> | 61> |

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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e MIMD
Inverted Files:Term Partitioning

« Kataokeur) AveoTpaupévou Eupetnpiou (6mwe oTto Log. D. Par.)
— Ta éyypaga dlauePifoVTal OTOUG ETTECEPYAOTEG;

— KdBe emre€epyaoTtig eupeTnpidlel Ta SIKA TOU Kal ONUIOUPYEI AVECTPOAMMEVES
Aioteg (“lala”, doc1(2), doc2(6)) , Ta&ivounuéveg aA@aBnTikd

— 2UYXWVEUOUE TIG NIOTEC QUTEG YIA £TOI TTPOKUTTITEI TO TEAIKO EUPETAPIO
— KaTtotriv To eUupeTH P10 SIOUEPICETAI OTOUG ETTECEPYAOTEG

» ATtroTiunon Emepwtiocewy
— H emmepwtnon avaAUeTal 0TOUG OpoUg TNG, Kal KABE évag OTEAVETAI GTOV
ETTECEPYAOTHA TTOU €XEI TNV AVTIOTOIXN QVECTPAUUEVN AioTa
— O1 emmegepyaoTéG uTTONOYiICOUV pEPIKA-OKOP (partial document scores) kail Ta
OTEAVOUV OTOV PEDITN
— O peoitng uttoAoyicel Ta TEAIKG OKOp ouvOIAJOVTAG TO MEPIKA, KOl TTOPAYEI
TNV TEAIKI ATTAVTNON
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MIMD: Document and Term Partitioning for Inverted
Files: Z0voyn

* Opydvwon eupeTtnpiou o€ pia MIMD pnxavi:
— 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.
— ETmiong étav o1 eTTepwTOEIG TTEPIEXOUV Aiyoug Opoug
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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 |This is a text.]A text has many words. Words are made from letters.

N 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
Pease porridge cold

P1 Sign. File 1 | Sign. File 2

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

o Ok Wi -

« 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

Kartavepnuévn Avaktnon lNinpogopiwv
(Distributed Information Retrieval)

AidpBpwon

Karavepnuévn Avaktnon lNAnpogopiwv:

« Kivnrtpo

e 2x€on peTagu MapdAAnAnG kal Katavepunuévng Av. INAnpogopiwyv

* 2Xe0I00TIKG ZnTrMaTa

« Alauépion ZuAhoywv kai Eyypaowyv

« EmAoyn lNnyng

» Evotroinon AtroteAeopdtwy

CS463 - Information Retrieval Systems

Yannis Tzitzikas, U. of Crete
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Kataveunuévn All: Kivntpo

» To kivntpo yia MapdAAnAn Al ritav n BeATiwon Tng amrédoong

* [a tnv Karavepnuévn Al dev gival pévo auTo.

« Eival kai n avaykn evotroinuévng TTpooBacng ota £yypapa TTOAAWYV
OUOTNPATWY AVAKTNONG TTANPOPOPIWYV
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Katavepnuévn Avaktnon MNAnpogopiwv

Uiy~ T B TCP/IP

UofCrete UofAthens UofPatras
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Karavepnuévn Avaktnon lNAnpo@opiwv

UofCrete UofAthens UofPatras
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Karavepnuévn Avaktnon lNAnpo@opiwv

UofCrete UofAthens UofPatras
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[Moia n Zxéon PeTagu
MapdAANANG kal Katavepunuévng Avaktnong MNMAnpogopiwy;

* H karavepunuévn poialel pe tnv mapAdAAnAn apxirektovikry MIMD
* Ala@opég pe Tnv MIMD
— TO KAVAAI ETTIKOIVWVIOG HETAGU TWV ETTECEPYACTWY Eival TTOAU TTIO apyo
— Ogv €£XOUME TOUG idIoUG eTTECEPYAOTEG (OTTWG O€ YIa TTAPAAANAN Pnxavr)

— oTnv Karaveunuévn o peaitng (broker) cuxva €mAéyel va XpNOIUOTTOINOEI
MOVO £va UTTOOUVOAO TWV UTTOKEIMEVWY CUOTANATWY

............................................................... g BUS
IRS1 IRS2 IRS3 IRS4 IRS5
UofCrete UofAthens UofPatras
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2xéon MeTagu NapdAANANg kal Kataveunuévng Av. TA.

Moia Trpoo€yyion Tou Partitioned Parallel Processing civai
KAaTAAANAN yia Tnv Kataveunuévn Avaktnon;

« document partitioning: evdeikvuTal yia TNV KATAVEUNUEVN
avAakTnon

« term partitioning: dcv cival TTOAU KOAr} IOTI ATTAITEI TTEPICOOTEPN
ETTIKOIVWVIa (Y10 auTd OTTAVIA UIOBETEITAI ATTd £va KATAVEUNMEVO
ouoTnua
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Karavepunuévn Avaktnon: 2xedlaoTika {nTAparta

Server: receives requests, Search Protocol for
initiates a thread for each reques d transmitting requests and results
combines the intermediate result == E.g. Z39.50, STARTS
into the final answer %
s grrremssnnns e e T g TCP/IP
@g\Q@ @g\gﬂ@ ég\gé @@Q@ @g\;ﬁ@
IRS1 IRS2 IRS3 IRS4 IRS5
UofCrete UofAthens UofPatras
edistribute documents across servers
eselection of the servers to receive a particular request
ecombine the results of multiple servers
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Alapepiopds Zuhoywy (Collection Partitioning)

« Aev TiBeTaI TETOIO {NTNMA AV TA UTTOKEIMEVA CUCTAPATA Eival
ETEPOYEVN

e 2evApIa yIa TNV TTEPITITWON TTOU UTTAPXEI KEVTPIKOG EAEYXOC:
— 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
o TI.X. ME XPrion evog aAyopibuou opadoTtroinong (clustering)
Replications of collections to all servers
* yia BeAtiwon throughput (poidel pe To multitasking)
* OTAV 0l OUNNOYEG OgV Eival HEYAAEG
Tuxaia diavoun eyypdpwyv 0TOUG servers
* via BeATiwon TNG amrédoong oTNV TTEPITITWATN TTOU N GUAAOY €ival TTOAU PeyaAn
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EmiAoyn Nnync¢ (Source Selection)

Q=«Lagrange multipliers»

@

b @ & @

MATHS MATHS PHILOSOPHY CHEMISTRY MATHS

Source Selection: EtmIAoyr Twv cuAAoywv TToUu gival TIBavov va
EXOUV oUVaQn £yypagpa JE TNV TPEXOUCO ETTEPWTNON
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Ma ro10 Adyo va kavoupe EmiAoyn MNyAg;

* HavalAtnon oe KGBe cuAAoyI) UTTOPEI:
— va gival akpiffi og XpOvo (apou PTTOPEi Va £XOUUE EKATOVTADEG OUAAOYEQ)
— va gival akpif o€ XpAua (N avalitnon JTTopEi va €xel XpnUaTikd KOOTOG)
— va kaBopioel Tnv amroTeAeopaTikOTnTA (effectiveness) Tng avaktnong
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Emioyni Mnyig: ETTIAoyr) OAwv

* KataAAnAn Kupiwg yia dIaPEPIOUO PIaG HEYAANG OUAAOYNAG TTAVW
aTTo £VA TOTTIKO BiKTUO

» EUKOAN gvoTtroinon atmroteAeopaTwy yia To Boolean model
— answer(q) = ans1(q) v ... U ansk(q)

* H gvotroinon amroTeAEOPATWY VIO TO OTATIOTIKA JOVTEAQ €ival TTIO
OUOKOAN (10 {RTnua auto Ba PeAeTnBe TTapakAaTw)
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EmAoyn MNnyns: XeipovakTikl OpadoTroinon kai ETAoyn

*  OguaTikr opyadvwaon cUANOYWV (XEIPOVAKTIKWC)
— TIX uaénuarika, QuoiKrj, EIONOEIS, KATT
— TpoBAnuaTa
* Xpovopopa diadIkaagia, EUAAWTN O ATUVETTEIEG/TTAPAAEIWPEIG, BeV Ba OOUAEWEI
KOAQ yIa UN-0UvNBITPEVES ETTEPWTATEIG

» O XpnaoTng emmAEyel TN BEUATIKA KATnyopia

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

Q=«Maths:Lagrange multipliers» ~__ \Q
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EmAoyn Mnyrg Bdoel Kavévwy (Rule-based)

Ta TepiexOueva KABe cuANoYG TTEPIYpaPovTal o€ pia Baon MNvwong
‘Eva ZuoTtnua Kavovwy eTTIAEYEL TIG TTNYEG VIO KABE I0€pXOPEVN ETTEPWTNON
Aduvapieg

— KOOTOG OUYYPAPNG KaVOVWV

— avdykn ouvTipnNong Twv Kavovwy (av ol CUANOYEG gival DUVANIKEG)

Q=«Lagrange multipliers» ‘ —
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EmAoyn Mnyig: Katavoun Zuvagwyv Eyypaowyv
(Relevant Document Distribution (RDD))

PTIACE pIa BAON PE ETTEPWTNOEIC KAl THV \/\/ﬁ
MOAVA KATAVOUI TWV CUVAPWY EYYPAPWY q1

o€ KGBe auAAoyr] (e KATToI0 TPATTO)

S1 S2S3 5S4 S5

qzb

S1 S2 8354 S5

i

S1 S2 83 84 S5
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Emioyn Mnyig: Katavoun Zuvagwyv Eyypaowyv
(Relevant Document Distribution (RDD))

MNa kaBe véa erepwTnON ¢ TTOU AaUBAvVEl TO CUCTHHO

» Bpiokoupe TIG K TTI0 KOVTIVEG ETTEPWTAOEIC OTN BAON
(similar past queries) q1

* ATTO TIC KOTAVOUEG TOUG, EKTIMOUUE TTOCQ OUVAH) S1 S2S3S4 S5
EYypa@a UE TNV VEQ ETTEPWTNON €XEI KABE TTNYN

* Atmo@acifoupe TTOOQ £yypaga va {nTrooUuE atro
KaBe cuAloyn (av 0 dev oTéEAvoupe €TTEPWTNON )

?

)

g2

S1 S2 8354 S5
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EmAoyn MNnync: ETrepwtnon BoAidookoétrnong
(Query Probing)

* 2TéAVOUNE HIa €TTEPWTNON BOAIBOOKOTTNONG 0€ KABE CUAAOYN
(Trou pTTopEl va TrepIAaPBAVEl JEPIKOUG OTTO TOUG OPOUG TNG
ETTEPWTNONG)

— KA&Be cuAAoyr aTTaVTA PE OTATIOTIKEC TTANPOPOPIES
o TTX: MEYEBOG CUANOYNG, TTOOA £yypa@a £xouv ToV KABE Opo, TTOoa
Eyypaga £€xouv OAOUG TOUG OPOUG TNG ETTEPWTNONG, KATT
— BAoEl AQUTWV TWV OTOIXEIWV ETTIAEYOUUE TNV TTNYNA

» Ymobéoeig
— n eTTECEPYATia TWV ETTEPWTHOEWV BOAIDOOKOTTNONG Eival TTOAU @ONVOTEPN
» TrEPIEXOUV Aiyoug 6poug, dev XpeldleTal va uTtoAoyioouue BaBuoug ouvageiag
va dIaTALOUNE TA £YYPaPA WG TTPOG TN CUVAQPEIQ TOUG
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EmAoyn MNnyn¢ pe Alavoouara NMnywv

*I[RS1=<0.4,0.3, ..., 0.8>
*IRS2=<0.1, 0.9, ..., 0.4>
*IRS3=<0.8, 0.5, ..., 0.2>

» BAémmoupe kG0e ocuAAoyn wg éva peydAo éyypago
»  OTiaxvoupue éva didvuopua yia Kafe ouAAoyn (tutrou TF-IDF)
— ftfij: ouvoAikéG ep@avioelg Tou 6pou i oTn CUAAOYN |

— idfi: log(N/ni), 6trou N 1O TTAB0G TWV CUAAOYWV, Kal ni TO TTARBOG TWV GUAAOYWV TTOU
€xouv Tov 6po0 i

* YTroAoyiloupe 10 BaBuO opoIOTNTAG KABE VEAG ETTEPWTNONG HE TO SIAVUC A
Ka0e ouAAoyNnG (TT.X. OuoIOTATA CUVNUITOVOU)

*  AIQTA000UUE TIGC CUAAOYEG Kal ETTIAEYOUUE TIC KOPUQAIES

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

53

EmiAoyn MNnyn¢ pe Alavoopara Mnywv (1)

* Mia aduvayia:
— MrTropei 0 BaBuodg opoIdTNTAG PE Pia ouAAoyn va gival JeydAog, aAAd va unv
UTTAPXEI KaVEVA EYYPAPO EKEI hE PEYAAO BaBud ouvageiag
* ‘Evag 1poTTOog avTIgeETWITIONG:
— Ta k&Be auAhoyn @TiIage N/B diavuouarta, dnAadn éva didvuopa yia KkdBe B
EYypagea TNG OUAANOYNAG
— Av B=1 161¢€ 0 server €gival oav va £Xe€l TO EUPETHPIO OAWV TWV CUCTNUATWYV
— Av B=N T16T1¢ £€x0UpNE éva didvuoua yia KABe cuAloyn
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EmiAoyn MNnyne: GIOSS

(Glossary of Servers Server)

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

df
Cl. —t
df; : number of docs in C that contain t

* |C| the number of documents in the collection C

» Requires that for each collection C we 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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EmmiAoyn MNnyng: Zuvown

» [lpooeyyioeig yia pIKPO apiOud ouAAoywv
— EmAoyn OAwv
XeipovakTikiy Opadotroinan (Kai XEIPOVAKTIKI ETTIAOYT)
EmAoyn Baoel Kavovwy (Rule-based selection)
Karavour Zuvagwyv Eyypaewyv (Relevant document distribution (RDD))
BoAidookotrnaon Emepwrnong (Query Probing)
Alavuopara Nnywv

» [poageyyioeig yia peyaho apiBpd auAloywv
— Alavuopara MNMnywv
- GIOSS
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HARVEST

A distributed architecture to gather and distribute data Gatherers: eupetnpialouv

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

Brokers: atraviouv

ETEPWTAOCEIC Baoi{OuEVOI
Replication OTO EUPETHPIA TWV
@ Manager gatherers 1 GAAwv
brokers (kai
EVNMEPWVOUV augNTIKA TA

EUPETAPIA TOUG)
: Broker
Object (eroker)
Cache

(@ 1) e i) e i) G i) (e ) e i
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On writing parallel/distributed programs
(the case of Google)

» To reducing the complexity of writing parallel programs, Google,
has adopted the Map Reduce technique

— A typical first-week training assignment for a new programmer hired by
Google is to write a software routine that uses MapReduce to count all
occurrences of words in a set of Web documents.

— In that case, the "map" would involve tallying all occurrences of each word
on each page—not bothering to add them at this stage, just ticking off
records for each one like hash marks on a sheet of scratch paper.

— The programmer would then write a “reduce” function to do the math—in
this case, taking the scratch paper data, the intermediate results, and
producing a count for the number of times each word occurs on each page.

TO BE OR
— One example, from a Google developer V:T:e H Tl
presentation, shows how the phrase "to be
or not to be" would move through this
process.
key

. BE OR NOT
. . . . value 2 1 1
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