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Information Retrieval (IR) Systems

Parallel and Distributed IR
TTapdAAnAn kai Katavepnuévn AT
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AldpBpwon Meplexopévou

Mépog A: MapdAAnAn Avaktnon NMAnpodoplwv (Parallel IR)

Mépog B: Kataveunuévn Avaktnon NAnpodoplwv (Distributed IR)
— Emoyn Mnynig

— Evormnoinon AnoteAecpdtwv

Mépog I': Avaktnon MAnpodoplwv oe Oudtipa Suotnuata (Peer-to-
Peer Systems)
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Mépog A

NapaAAnAn Avaktnon MAnpodoplwv

MapdaAAnAn Avaktnon NAnpodoplwv: AldpBOpwaon

= Kivntpo

= Métpa Antodoong NapdAAnAwv MNpoypappdtwy

* MapaAAnAn Enefepyaocia kat Avaktnon MAnpodoplwyv
= Parallel Multitasking
= Partitioned Parallel Processing

= AlopepLopOG Eyypadwv (yia MIMD apXLTEKTOVLKH)
= Alopeplopog Opwv (yia MIMD apXLTEKTOVLKA)
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Kivntpo

= ‘Oco Mo peydAn eival pla cUAAOyYR KELWEVWY, TOOO TILO aKPLPN
yivetal n diaxeipion tng amd éva ZAMN

= AVAYKN YlO QPXLTEKTOVIKEG KOl TEXVIKEG yla PBeAtiwon tng
andédoong
= The volume of electronic text available online today is staggering.
= The WWW contains over 30 billions pages of text.

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

NapdAAnAa Zuctipata

= MapdAAnAn Enefepyacia: n Tautoxpovn AsLToupyia MOAAWY OPWV
(eme€epyaotwy 1 povadwy 1/0) yla tnv enilucn evog mpoBARUATOG.

= Hxprion mMoAAwV OPWV UTOPEL VA BEATLWOEL ONUAVTLIKA TO XpOvo enefepyaoiag
€VOG EPWTNMATOC, SLOTL N KABe povada cuvelodEPEL 0TNV EMIAUCH EVOG LEPOUG
Tou apXLkoU TpoPBArATOG.
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NapdAAnAa Zuctipata

= MapaAAnAlopog pnopei va epappootel 6 OAOUC TOUG TOPOUG EVOC
OUOTIHATOG.

= JuvnObwg avadepouaoTe ot :

napaAAnAlopd enefepyaoctwy (processor rj CPU parallelism)
= mapaAAnAlopd cuothipatog elo6dou-e€6dou (1/0 parallelism)

MapdAAnAog MpoypaUUOTIOHOG

NapdAAnAoc Mpoypappatiopdd: H tautoxpovn xpron moAAwv
enefepyaoTwy yla tnv enthAuon evog mpoBARUATOg

= Taflvounon apXLTEKTOVIKWY (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)

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

= AmoteAel TNV KAQGLKA unxavr) von Neumann, OTtOU €XOULE LOVO Evav
enefepyaotn o onoilog ekteAel pia akoAouBia evioAwv oe Eva stream
Sebopévwy.

SIMD

= Anoteleital and N enefepyaotég ol onoiot enegepydlovral N Stadopetikd dedopéva
edapudlovrag tnv idla Asttoupyia.

= OLenefepyaoTég eival CUYXPOVIOUEVOL WOTE Va EKTEAOUV TNV {Sla Aettoupyia ota
Sedopéva.

= apadeypa SIMD cuotiuarog: Thinking Machines CM-2.

= KdBe emefepyaotrq Umopel va €XeL T SIKr TOU VAN 1 OAoL emefepyaoTég Umopolv va
potpdadovtal Tnv {Sla pvrun.

Agrovpyia 1

Agitovpyia 1

Agitovpyia 1
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MISD

= N enefepyaoTég oL omoiol pmopolv va ekteholv SladopeTikég Aettoupyieg ota ibla
Sedopéva.

= OAol oL eme€epyaoTeg polpdlovtal Tty idla uvun.

= Ta cuothpata MISD Sev eival eupéwc Stadedopéva.

= [apdadetypa: Systolic Arrays

Agovpyia 1

Agttovpyia 2

Agrovpyia 3

= Elval n mo yevikn Kat 1o Stadedopévn mapdAnAn apXLTEKTOVIKH CUOTNUATWY.

= ‘Exoupe N enefepyaotég kat N Sedopéva, Kat kaBe emefepyaotr Umopel va ektelel
Sladopetikn Aettoupyia.

= KdBe enefepyaotnq Wtopel va €xeL tn Sikr Tou pvhun f 6ot va potpddovtal tny Sia.
= [apadelypata: Sun HPC Server, IBM SP2

Avdaloya pe to BaBuod emikovwviag Twy eENeEEPYACTWV UETAEY TOUG SLOKPIVOUUE:

= Tightly-coupled cuotruara.

= Loosely-coupled cuothpuarta.

Agrrovpyia 1

Agtovpyia 2
Agtovpyia 3
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Méetpa Anodoong MapdAAnAwv Mpoypapupdtwy

',_:_.a 4
: (Parallel Program Performance Measures)

Speedup

Running time of best available sequential algorithm

Running time of parallel algorithm

Av €xw N enefepyaoTég, TOTE oTnV LWOavIKN mepimtwon Speedup = N

Avotuywg, auto dev eival mavta (cuvnBwg) ediktd SLoTL:

e £va mpoPAnua propei va pnv avaAuvetal oe N avefaptnta
uronpoBAnuata

e emUTA£0V KOOTOG eAEyXou (scheduling, cuyxpoviouog)

* 1O TPOPANUO pmopei vo mepAaUPBAVEL EVOL EYYEVWIC OELPLAKO
urnonpoBAnua

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

Métpa Artédoong MapdAAnAwv Mpoypapudatwy
(Parallel Program Performance Measures)

[Amdahl’s Law]

I . amdahl's Law
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Métpa AntéSoong NapaAAnAwv Mpoypaupuatwy
(Parallel Program Performance Measures)

S < ! SL
f+(1-f)/N" f

Avf=0T161e S <=1/(0+(1-0)/N) = 1/(1/N)=N
Avf=116te S <=1/(1+(1-1)/N) =1

Avf=0576Te S <= 1/(0.5+(1-0.5)/N) = 1/(0.5 + 0.5/N)=2N/(N+1)
yiaN=2 S=4/3=13
yia N =10 S=20/11 = 1.81
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Métpa Altodoong

= Speedup = xpdvog oelplakol ahyopiBuou TPOG TO Xpdvo TapdAAnAou
oAyopiBuou (B€houpe ypapukotnTa)

Av 10 MPOPANua (6edopéva) peyaAwvouv:

= Scaleup = xpdvog emihuong pikpol TPOPBAAKATOG O WIKPO CUCTNUO TIPOG TO
Xpovo emiluong peyalou TmpoPAnuatog o€ peyaho ouvotnua  (B€houpe
otabepotnta)

= Sizeup = xpdvog emiluong Uikpol TPOoPAAUATOC 0t peydAo cUOTHUO TPOG TO
Xpovo emiluong peyalou TmpoPAnuatog o€ peyaho ovotnua  (B€houpe
VYPOUULKOTNTAO)
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Métpa Altodoong

Métpa anodoong anod tnv MAEUPA KAOE epyaciog:

= PuBuocg efodou 1 ohokAnpwong (throughput): o aplBudc twv
E£PYQOLWYV TIOU UTIOPOUV VO OAOKANPWOOUV OE CUYKEKPLUEVO XPOVLKO
Slaotnua

= Xpovog amokplong (response time): o xpOvVog MOU QALTELTAL YLO vVa
olokAnpwOel uia epyacia amno tn otyun nov Ba untofAndel

= OAKOG ¥povoc (total time) vs Response (or parallel) time: aBpotlotika
0 OUVOAOKOC XpOVoG yla pia epyacia

NapaAAnAiopog I/0

= Kotad tn SlapKela emefepyaciog EVOg EpWTAUATOG MOAUG XpOvoc darmavatal yLo
Aettoupyieg 1/0.
= O£AOUUE OL AELTOUPYLEC QUTEC val EKTEAOUVTAL yPNYOPOTEPQ.

= O tpoémog pe tov omoio Stapolpalovral ta dedopéva otoug Siokoug mailel
ONUAVTLIKO pOAO otnv enidoon Tou CUCTHUATOC.

= O Slapolpaopodg (declustering) pmopet va mpaypatornotnOet:

= oo 1o UAKO (. I/0 controller)

File 3

= o 10 AOYLOMLKO (TLX. Aettoupyikd cvotnua, database)

File 1, File 2, File 3
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NapaAAnAiopog I/0

O mapaAANALOUOC OTOXEVEL:

= Katavoun tou ¢popTou MoAWVY (KpWV attoewv |/0 pe otoxo tnv
avénon tou throughput.

= MNapaAANALOUOG peyalwy attnoewv 1/O pe otdXo TN HELWOT Tou
Xpovou artokptonc (response time).

Xprion RAID (Redundant Arrays of Inexpensive Disks) - Redundant Array of
Independent Disks

increased data reliability or increased input/output performance

NapaAAnAiopog I/0

Data striping: the data is segmented into equal-sized partitions that are distributed over
multiple disks
Striping unit: size of a partition

Usually, using a round robin algorithm: if the disk array consists of D disks, partition i is
written onto disk i mod D

Round robin => large requests of the size of many contiguous blocks involve all disks =>
process the request by all disks in parallel => increase the transfer rate to the aggregated
bandwidth of the D disks

Avaxtnon [TAnpogopiog 2008-2009
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NapaAAnAiopog I/0

= on a few check disks

Consider the first bit in each disk

Multiple disks may lower overall reliability
Increase reliability through redundancy

= Where to store redundant information?

= distribute it uniformly across all disks
= How to compute redundant information

® parity scheme: an extra check disk contains information that can be used to recover
from failure of any one disk in the array

Let i of the D data bits be one => first bit on the check disk is 1 if i is odd, 0 otherwise

RAID Levels

RAID LEVEL O

= KaBe dilokog amobnkelel Ta Sika
Tou Sedopéva. Aev uTtapyeL
enavaAnyn.

= Jemepintwon nou £xoupe failure
o€ évav 6loKo Ta TIEPLEXOUEVAL
Kataotpedovral.

RAID LEVEL 1
= Mirroring (redundancy)

= KdaBe 6iokog €xeL kaL évav avtioTtoLyo o
oroliog nepLéxel avtiypado twv Sedouévwy

= No stripping
= Parallel reads of the same disk block!

Avaxtnon [TAnpogopiog 2008-2009
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RAID Levels

RAID LEVEL 2 RAID LEVEL 3

= Memory-style error correcting codes = Bit-interleaved parity

= Stripping unit: single bit = JeavtiBeon pe to level 2

" [a kdOe byte Sedopévwy xpnotpormnolei évav dioko yla
aroBnkevEeTalL Kal éva parity bit, parity.
WOTE VoL UopEi va yivel =  Melovéktnua: oe kabe I/0
avakataokeur dedopévwy o CUUUETEXOULV OAoL oL SioKol.

niepintwon mou €xoupe failure

RAID Levels

RAID LEVEL 4 RAID LEVEL 5

=  Block-interleaved parity = Block-interleaved distributed parity

= Stripping at the block level = Ta parity 6edopéva anobnkevovtal oe

= e KAOe Sioko amoBnkevetal block 6houg toug Siokoug, paii pe ta
Sedopévwv Kat xpnoLpomnoLeital to parity bebopeva.

yta kaBe block

Avaxtnon [TAnpogopiog 2008-2009
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Awapolpacpog Aedopévwv

Declustering, Partitioning: MéBodoL diapolpacpuol twv Sedopévwyv otoug SlabEaiuoug
Slokouc.

O Tpomog Slapolpacpol Twv deSopévwy €XEL AUECn oxéon e tnv enidoon &vog
€£PWTNAMATOG.

JtoxoL:
= Na evepyormotoUvtat 660 to duvato Aydtepot Siokol.

= OL &ilokoL TOU €VEPYOTIOLOUVTAL VA €KTEAOUV (OOSUVOUES €PYAOIEG, WOTE O XPOVOG
enegepyaociog kabe Slokou va lvat mepinou o idLog.

YTdpxouv TpeLs SLadOPETIKEG TEXVIKEG SLAUOLPACHOU TWV SE60UEVWY EVOG TILVOKA
o€ éva oUVoAo Slokwv:

= Round-Robin
= Hash Partitioning

= Range Partitioning

Awapolpacpog Aedopévwv

ID Tithog Tawviog Xpovid
1 Rear Window 1954
2 Psycho 1960
3 North by Northwest 1959
4 Armageddon 1998
5 Lord of the Rings 2001
6 Minority Report 2002
7 Insomnia 2002
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Round-Robin

Disk 0

Disk 1

Disk 2

Hash Partitioning

XPNOLUOTOLOUE TN CUVAPTNON KATOKEPUATIOMOU: [Xpovid] MOD 3

Disk 0

Disk 1

Disk 2

Avakmnon ITAnpogopiog 2008-2009
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Range Partitioning

O nivakag xwplletal o€ mMePLOXEG (ranges) KAl KAOE TePLOXN AMOONKEVETAL O EEXWPLOTO
Sioko.

1950 éwg 1970 1971 éwg 1999 2000 ¢mg 2003
Disk 0 Disk 1 Disk 2

1, Rear Window, 1954 9
> > 5, Lord of the Rings, 2001
3, North by Northwest, 1959 4, Armageddon, 1998 6, Minority Report, 2002

2, Psycho, 1960 7, Insomnia, 2002

Z0yKplon
EpwTtAiuara:
SELECT * FROM movies (relation scanning)
SELECT * FROM movies
WHERE title="Armageddon” (point query)
SELECT * FROM movies
WHERE year BETWEEN (1970,2000) (range query)

Na oudnTtnBei n amédoon Twv PeBGdwWYV diapoipacuoul yia Ta EPWTHHATA.

Avaxtnon [TAnpogopiog 2008-2009
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Awapolpacpog Aopwv

Ze ouotApata MoAAwV Slokwv UTTAPXEL N avAyKn va SLALOLPACOUE
TG Sopeg Sedopévwy (m.x. B-6évdpal).

TEXVLKEG TTOU XPNOLLOTIOlLOUVTOL:

= ALQUOLPACHOG TWV EYYPOPWV
= Ynep-oehideg

= AlOpOLlpaOHOG GEAISWY

=  Multi-Disk B-trees

Awapopacpog Eyypadpwv

= Edapuoletal £vag Kavovag SLapolpaciou twv eyypadwy otoug diokoug (round-robin,
hashing, range partitioning).
= [la kaBe dioko uTtapxel Eva §exwpPLoto B-6£vSpo to onoio Selktodotel Tig avtioTtoleg
eyypadEs.
B-6évdpo 1 B-6¢vdpo 2 B-6¢évdpo 3

R1, R2, R3 R4, R5, R6 R7,R8, R9

Disk 1 Disk 2 Disk 3

Avaxtnon [TAnpogopiog 2008-2009
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Ynep-oeAideG

= KabBe kOpuPog tou 8évbpou Bewpeitat oTL amoteAeital and N tuipata, omou N o
aplOuoG Twyv Slokwv. Kabe tunua anobnkevetal os Eexwploto Sioko.

Al A2 A3 A4

Multi-Disk B-trees

= OLKOpPoL Tou §€vEpou KATAVEUOVTAL OTOUG SLoKOUG £ToL WoTeE, SUO OeAIBEG TTOU £xOUV
peyaAn mbavotnta va {ntnBouv pali oe éva epwtnua anobnkevovtal o Stadopetikolg
Siokoug.

= N aptBudg Siokwv: Otav Snuiovpyeital pia véa oeAida P, amobnkevetal oto §ioko o omoiog
Sev mepléxel TG N-1 } N-2 yeLTovIKEG OeASEG e tnv P.

20 40
I SR
1 3
2
5 L5 25 30 50 60
1 6 17 22 27 31 45 55 61
2 8 18 23 28 32 46 56 62
3 10 19 24 29 33 47 57 63
1 2 3 1 2 3 1 2 3

Avaxtnon [TAnpogopiog 2008-2009

17



NapdAAnAeg Baoelg Asdopévwv

11 ¥r:

‘ Shared Memory ‘ ‘M“M“M‘
shared everything shared disk shared nothing

NapdaAAnAot AAyopiLOpot

=  Baolkol otoyol evog tapaAinAou alyopiBuou ivat:
— n &wdonaon tou apxtkol mpoBAfuatog og urtonpoPApaTa
— N avrotoixton UNonPoBANUATWY O eMe€epyaOTEG.

Y€ TOAMEC MEPUTTWOELG OTTALTELTAL VA £XOUUE i EKTIUNON OXETIKA UE TO XPOVO TOU
amnalteital yla tnv eniluon evog umomnpoPARUATOG.

H avtlotoixion umompoPAnUATWY o eMeepyaoTEC UMOpel va pn ylvetal otatikd
oAG SUVOULKG, avAAloyo HE TIG OVAYKEG TIOU TIPOKUTITOUV KATA TNV TOpEia
QMAVTNONG TOU EpWTAMATOC (static vs dynamic assignment)

= 3TN cuvéxela meplypddoupe Svo mapdAAnloug alyopibuoug ol omoiot AUvouv to
TPOBANUa TG Tagvopnong xpnotpomnolwvtog N emefepyaoTEg.

= Parallel Merge-Sort

= Partitioned-Based Parallel Sorting

Avéxtnon [TAnpoeopiog 2008-2009
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Parallel Merge-Sort

Backend Sort: To apyelo mpog tafvounon Slapolpaletal OTOUG ETMEEEPYAOTEG KOL META TNV
eneepyaocia, to Tafvounuévo apyxeio emotpédel otov host.

Distributed Sort: apxtkd to apxeio givatl nén SlapoLPACUEVO OTOUC EMEEEPYAOTEG. ETO TEAOC TNG
Taflvopnong eite eyypadetal oto dioko eite amootéAetat otov host.

O O O O

Y

Parallel Merge-Sort

= O alyoplBuog Bewpel OTL oL eme€epyaoteg oxnuatilouv pio devbpikn dopr).
= KdBe emefepyaotnc mou Pploketal oe «PUANO» €XeEL €va Sloko Kol UMOpEl va
ekteA€éoeL Talvopnon avedptnta amd Toug AAAOUG.
= Alokpivoupe Vo daoelc:
= @Qdon tagwounong (sort phase)
= @don ocuyxwveuong (merge phase)

= Katd tn $daon tng tafvopnong - kabe emefepyaotng oto eminmedo Twv UMWV
to€lvopel Ta Sedopéva TOU TOU AVTLOTOLKOUV.

= Kotad tn $Aacn tTng cCUYXWVELGCNG - TO TAELVOUNUEVA TUAUATA TTOU €xouv dnpoupynBel
amd TNV Tponyoupevn ¢acn ouyxwvelovtal yla vo Swoouv  peyalutepa
TtaflvounuUéva TUAUATA.

H Sladikaoia tng ouyxwveuong cuvexiletal péxpt va talvounbel 0Ao to apyelo.

Avaxtnon [TAnpogopiog 2008-2009
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Parallel Merge-Sort

Yrdpxouv 8U0 TPOTIOL E TOUG OTOLOUC UIMOpPEL va YiVEL N cuyYWVEUON:
= Me xprion pipelining petal twv eneéepyaotwyv SLAPOPETIKWV EMUTESWV.

= Mg xpnon TOoUTOXPOVNG OUYXWVEUONG OTOUG ETEEEPYAOTEG TOU
emumédou.

6lou

Parallel Merge-Sort

4 B 10 13
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Partitioned-Based Sorting

Ye KaBe emefepyaoTn AVTLOTOLXEL €va eUPOG TLUWV TO OToio KaAs(tal va TaflvourosL.

= H elpeon Tou eVpoug yla kabe emefepyaotn kabopilel kal tnv anddoon Tou aAyopibuou.

= H pébodog npoomnabel yia opolopopdn KATavoun oe OAOUG TOUG EMEEEPYAOTEG, WOTE VO LNV
unapxet bottleneck.

o 213
splitting vector

123456789 3,6,9 - 564

987

Partitioned-Based Sorting

N ene€epyaotég P1 ... PN, kal KABe €vag £xel éva ouvoho Sedopévwy Di.

= KdaBe Pi mpayuartomolel tuxaia detypatohnio oto Di Katl armooTtéAAEL TO Selypa oTov
ouvtovioth (coordinating processor).

= O guvtoviloTh¢ Le Bdaon ta deiypata kabopilel éva splitting vector to omolo kaBopilel
TO €UPOG TILWV yLa KAOe emelepyaoth.

= To splitting vector amootéAAetal oTOUG eMetepyaoTEG KOl 0 KABe évag Slavéuel ta
Sebopéva oToug avtioTol oug EMEeEepYOTEG.

= KaBe enefepyaotnc tatvouel ta Sedopéva tou Kal eyypadeL Ta AMOTEAECUATA OTOV
tomuko &ioko.

H detypatoAnyia kootilel.

Meydlo OSelypa KaAr mpoogyylon twv Sedopévwy oANd peyAAo KOOTOG UTIOAOYLOMOU Kol
uetadoong.

Mikpd Seiypa UIKPO KOOTOG UTIOAOYLOHOU Kal HeTddoong aAAG kivBuvocg yla KoK KTipnon.

Avaxtnon [TAnpogopiog 2008-2009
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Avaktnon NMAnpodoplwv Kat
NapdAAnAn Enegepyaoia

Avaktnon NAnpodoplwyv Kat
MapdAAnAn Eneéepyaoia

Mpooeyyloelg

(A) Zxeblaopog vEwv Texvikwy Al mou va gival KATAAANAEC yLa
napAaAAnAn enefepyacia

(B) Npocappoyn uMAPXOVIWV TEXVIKWV Yyl TtapdAAnAn enefepyaoia
Ba £0TIA00UE OE QUTH TNV TPOCEYYLON Kal Ba SOUE MWG YVWOTEG TEXVIKEG
MTopoUuV va epapuooToUV O aPXLTEKTOVIKEG MIMD

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

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

‘Eva ZAM umnopei va ekpetadeutel pa MIMD pnxovr pe Suo Tpomoug:

= Parallel multitasking;

Kabe emnefepyaotng ektedel €va  fexwplotd €pyo (task) avefdptnta amd Toug GAAoug
EMELEPYAOTEC.

= Partitioned parallel processing.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 45

MIMD Architectures: Parallel Multitasking

Parallel multitasking on a MIMD machine 5 processors,

5IRSs

Search

Engine
User User
Query Query Search
Engine Search
Broker Engine
Result Result Search

Engine Search
Engine

= 500 TEPLOCOTEPOL EMEEEPYOOTEG UTIAPXOUV, TOOO TIEPLOCOTEPEC ELVAL OL EMEPWTNAOELG
TIOU UmopouV va anavtnBouv otov idlo xpovo (throughput)

= 0 XpOVOG ATOTIUNONG LG EMEPWTNONG MAPAUEVEL O (5L0¢ (response time)

= n npdoPacn oto Sloko pnopel va mpokaAéoel cupdopnon

= quTLUETWITLON: eMavaAnyn dedopévwy (replication)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 46
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MIMD Architectures: Partitioned Parallel Processing

Partitioned parallel processing on a MIMD machine

H amotipnon €xet
Subquery/ Search Slapeplotel o€ 5

Partial Process ] Sadikaoieg. Kabde pio
User ekteleital og évav
Query Search enefepyaotn

/ Process Search
- | Broker Process
\ Search
Result

Process

Search
Process

£6W 0 YPOVOC OMOTIUNONG UL ETEPWTNONG ELVOLL LUKPOTEPOG

® oL UTIOAOYLOMOL Yl TNV QUTOTIUNGCN MHLOG EMEPWTNONG KATAVEUOVTAL OE TIOAAOUC
€MeEEPYOOTEC

= KGOe eme€epya ot UTTOAOYITEL EVal TUAMA TNG EMEPWTNONG KoL OTEAVEL TA ATMOTEAECHOTA
otov Broker.
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MIMD Architectures: Partitioned Parallel Processing

Partitioned parallel processing on a MIMD machine

Subquery/ Search
Partial Process
User
Query Search
/ Process | Search
Broker Process
\ Search
Result Process

Search
Process

Nw¢ va SLAUEPLOOUME TNV ANOTIHNON ULOG EMEPWTNONG ;
=>

Nw¢ va Stapepiooupe ta dsdopéva vog AN,
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MIMD Architectures: Partitioned Parallel Processing
Nwg va Stapepicoupie ta Sedopéva og P eme€epyaoTeg;

Ta Baoka dedopéva ou enefepyaletal Eva alyoplOUoc avaktnong

Indexing Items

CS463 - Information Retrieval Systems

D Ky K, Ki Kq

0 d; Wi Wi Wil Wi
¢ d, Wia  Wap Wio Wio
u

- d )

e i Wi Wy Wi Wi
n .

t

s dy WiNn  WonN WiN WiN
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MIMD Architectures: Partitioned Parallel Processing
Nwg va Stapepicoupe ta dedopéva os P enefepyaotec;

Document Partitioning

Indexing Items

. Kk 3 K
0 4, Wit Wy, Wii Wi
¢ d, Wip Wy Wio Wio
u

e j Wi Wy Wij Wi
n e

t

. dy WiNn  WonN WiN WiN

CS463 - Information Retrieval Systems

= 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
Nwg va Stapepicoupie ta Sedopéva og P eme€epyaoTeg;

Term Partitioning Indexine It
naexing Items

b K, K, ook ook

o O Wi Wor |l oo owi | Wy
¢ d, Win Wyl oo Wi .. Wi,
u

¢ G Wi Wai |l o Wil Wy
n

t

. dy Win Won| -0 Win| - Wiy

= thet indexing items are distributed across the P processors

= the evaluation process for each document is spread over multiple
processors

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

51

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
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MNapadetypa ZuAoyng Ketpévwy Kat Tou Aveotpappévou Eupetnpiou

Text

Document Corpus

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

cold

Inverted Lists

<.1> | <4,1> |

<5.1> ]

hot

—'{ <l,1> | <4,1> |

<5,1> | <6,1> l

in

not

Inverted File pease

—ﬁ <1,1> | <. 1> |

a0 | <42> | <s2> | <61> |

porridge

—'{ <l,1> | <2,1> |

31> | <42 | <s2> | <61> |

pot

the

CS463 - Information Retrieval Systems

<3,1> <6,1>
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MIMD
Inverted Files: Physical Document Partitioning
Doc Text
1 | Pease porridge hot P1 " HouMovyh eyypdduwv
2 | Pease porridge cold KQTOVEUETAL OTOUG
3 | Pease porridge in the pot P2 eMefePYAOTES
4 | Pease porridge hot, pease porridge not cold = KdaBe umoouAloyn £XeLTO 6kO
5 | Pease porridge cold, pease porridge not hot | P3 TNG AVECTPANUEVO ap)Eio
6 | Pease porridge hot in the pot
= il B =
COld <4.1>
hot <6.1>
hot — .
: _’ in
mn <3.1>
no! <4.1>
hot . pease
pease porridge ] 31> 49> porridge
porridge <11> | <2.1> pot pot
the the

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

| cold <> <4 1> | <515 ]
Original hot <t l<arsl<s 1> <615 ]

in —{ 31> <61>

Inverted File
ot —{g1>l<s1o]
p2 pease <] ]>|<2]>|<3]>|<42>|<52>|<6l>l

porridge _’{<1I>|<2]>|<%I>|<42>|<52>|<6l>l

pot —{ 31> [<61>

hot

the —{ 31> [ <61> cold <5.1>

(]
BN rery
in | ]
in 6.1>
o T aans

\i

o | [
porridge not
pot _@ cold pease <52> | <6.1>
b .
the 2] hot porridge
pease
porridge
the
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 55

MIMD
Inverted Files: Physical Document Partitioning

= Kataokeur Aveotpappévwy Eupetnplwy
— KaBe enefepyaotng kataokevalel (ev_mapalnlw), éva MANPEG EVPETHPLO
yla Ta €yypada Tou.
— Kavoupe éva BAHO CUYXWVEUCNG TIPOKELWEVOU VO UTIOAOYIOOUUE Ta
KaBoAkd otatiotikd (global statistics), 6nAadn  IDF, kalL Katomwv ta
OTEAVOULE OTOL EUPETNPLA TWV ETIEEEPYAOTTWV.

= Anotipunon Emepwtioswv
— O peoitng (broker) Eekva P mapdAAnAeg emefepyaoieg
— KaBe enefepyacia ekteAel tov i6lo aAyoplBuo (scoring) ota éyypada mou
€xouv ekxwpnBel otov enegepyaotn

— O peoitng mapadyel tnv TeAkn Statagn twv eyypadwv

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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DuoKkAg ALapoLPaoOG
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MIMD Architectures: Partitioned Parallel Processing
Document and Term Partitioning for Inverted Files

= Document Partitioning
= Physical Document Partitioning
— = |ogical Document Partitioning

= Term Partitioning

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

Inverted Files: Logical Document Partitioning

H cuM\oyn eyypddwv KATaVEUETAL OTOUG eMEEEPYAOTEG, OANG KGOe urocuAloyr) Sev £xetL To S1kO
NG EVPETAPLO, AANQ N KEVTPLK SOUN TOU EUPETNPIOU ETLTPETEL OTOV KAOE emefepynoth TNV AUEDN
MPOOBacn 0TO KOUUATL TOU EUPETNPLOU TtoU ToV evSLadEpEL
KaBe Béon oto Ae€iko mepléxel P pointers (P: aplBuog emefepyactwy). O j-ootdg pointer Seiktodotet ta
éyypada mou Bpiokovtat otig Aloteg epuddaviong kat IPEMEL va EMEEEPYAOTOUV armd Tov enefepyaoth Pj.

item i
Broker

Dictionary of terms

P1

In

verted List Term i

)

vmerta-PL

P2

P3

P4

CS463 - Information Retrieval Systems
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Logical Document Partitioning

|

cold

Original
Inverted File
Dictionary
cold
hot
Extended in
Dictionary not
pease
porridge
pot
(CS463 - Information Retsi u!tél,?:

D1>1<41>1<51>
hot —l i <a1> <515 <615
in_ {3161
not <41>|<51>
pease <Ll>l<0>l<31>|<42>]<52>|<61>|
porridge  f—{ o) 1> o>l 1sl<ars <5001 <61> ]
pot  —{31>[<61>]
the —{ 31> <61>] Inverted List

Term “pease”

<1,1>
<2,1>
Ei T e
<4,2>
P3 e
<6,1>

Yannis Tzitzikas, U. of Crete
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MIMD
Inverted Files: Logical Document Partitioning

= Kataokeur Aveotpappévou Eupetnpiou

— Ta éyypada Slapepilovral oToug eme€epyaOTEG;

— KaBe enegepyaotric eupeTnpLalel Ta SIKA TOU Kal SNULOUPYEL AVESTPAUMEVEG AlOTEC
(“lala”, doc1(2), doc2(6)) , Tafivounuévec aldaBnTika

— ZUYXWVEVOULE TIG AlOTEC AUTEC YLoL ETOL TIPOKUTITEL TO TEALKO EUPETHPLO
e BuunBeite and mponyoupevn SLaheén: Merging partial indices to obtain the final

= Amnotipnon EmepwtnoewV (6nwg kat to Physical Doc. Partitioning)
— O peoitng (broker) Eekwva P parallel enefepyaoieg

— KaBe enetepyaoia extelel Tov i6lo alyoplBuo (scoring) ota £yypada rmou
€xouv ekxwpnOel otov enefepyaotn

— Ta anoteAéopata ypadovtal og €vav Kowo mivaka (shared array)
— O peoitng mapayel tnv tehkn dlatagn twv eyypadwv

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 61

Alagopéc uetagu Physical kai Logical document partitioning

Physical Logical
Inverted
PL P2 cold _>_ P3 List
— Dictionary e
<5.1> <6,1>
. L A
o poe ol o T || L7 N S Py
i P4
pease 11> | PN ] porridge | ol 1o | e ] porridge —Pi <52 | <61>
porides T T on ot pot
e the

Logical Document Partitioning
= KaBe Aé€n tou Aeflhoyiou eival amoBnkeupévn povo 1 popa
= oL SLadLlkacleg TPOOTEAQUVOUV TO (810 KEVTIPLKO EVPETAPLO
“* pooPBaoelg avayvwong, apa Sev Exoupe cupddpnon

+»* Aydtepn emkowvwvia (oto Physical, umtdpyel n ddon
UTIOAOYLOHOU TWwV KOOOALKWY otatiotikwy (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

CS463 - Information Retrieval Systems

——— = Term Partitioning

Yannis Tzitzikas, U. of Crete
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MIMD
Inverted Files:Term Partitioning

Term
Partitioning

cold ——{ <.1> | <4,1> I <5,1> ‘
| P1 | hot ——{ <1.1> | <4,1> | <5,1> | <6,1> ‘
in
not [ <4p> [ <51 ]
I?' pease <1.1> | <2,1> | <3,1> | <4,2> | <5,2> | <6,1> ‘
porridge — <1 1> | <2.1> | <3,1> | <4.2> | <5.2> | <6,1> ‘
pot % <3.,1> | <6,1>
the

—] <3.1> | <6.1>

CS463 - Information Retrieval Systems
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Awapolpacpog Opwv

AéEeig Aloteg Eppaviong

MIMD
Inverted Files:Term Partitioning

= Koataokeur Aveotpappévou Eupetnpiou (6mwg oto Log. D. Par.)

— Ta éyypada Stopepilovral 0Toug eMeEepYAOTEG;

— KaBe enefepyaotr¢ eupeTnpLAlel To SIKA TOU Katl SNULOUPYEL AVESTPAUMEVEG AloTEG
(“lala”, doc1(2), doc2(6)) , Tafwvounuéveg aAdaBntikd

— JUYXWVEVOUUE TIG AMOTEC UTEC YLOL £TOL TIPOKUTITEL TO TEALKO EUPETAPLO
— Koatomnuw to eupetrplo Slapepiletal oToug ENefEPyaoTES

= Anortipunon Emepwtioswy

— H enepwtnon avaAUETAL 0TOUG OPOUC TNG, Kal KABE €vag oTEAVETAL OTOV
£MEEEPYOOTH TIOU €XEL TNV AVTIOTOLKN AvECTPAUUEVN AloTa

— O enegepyaotég umoloyilouv pepikd-okop (partial document scores) kat ta
oTéAVouv otov peaitn

— O peoitng umoAoyilel Ta TEAIKA OKOp CUVSUATOVTOG TOL LEPLKA, KOL TTAPAYEL TNV
TeAKN amavtnon

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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MIMD: Document and Term Partitioning for Inverted Files:
Zovoyn

= QOpyavwon gupetnplov og pia MIMD pnxavn:
— 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.
— Emiong otav oL emepwtnoELg MEPLEXOUV Alyoug OpoUG
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MIMD: Partitioned Parallel Processing
Document Partitioning for Signature Files
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Signature Files: EmavaAnyn

b=3

Text

Text Signature 000101 110101} [100100]\ [101101 | 1

Signature Function h(many)= 110000

CS463 -

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

Block 1 Block 2 Block 3 Block 4

This is a text.|A text has many|words. Words are [made from letters.

N N\ S

h(text)= 000101

h(words)=100100
h(made)= 001100
h(letters)=100001

Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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MIMD: Partitioned Parallel Processing

Document Partitioning for Signature Files
Doc Text
1 | Pease porridge hot PL | |[sign. File 1 | Sign. File 2|
2 | Pease porridge cold
3 | Pease porridge in the pot P2 ‘ ‘ Sign. File 3 | Sign. File 4 ‘
4 | Pease porridge hot, pease porridge not cold
5 | Pease porridge cold, pease porridge not hot | P3 ‘ Sign. File 5 | Sign. File 6 ‘
6 | Pease porridge hot in the pot
= Each processor creates the signatures of its own
documents
= Each processor evaluates the query signature totally. The
broker then merges the results
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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