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Introduction to Information Retrieval

KATA2KEYH EYPETHPIOY



H Baowkn doun: To avtECTPOULUEVO

evupetnpto (inverted index)

BRruTUS — | 1 2 4 11 | 31 | 45 | 173 | 174

CAESAR — |1 2 4 5 6| 16 57 | 132

CALPURNIA | — | 2 [ 31|54 | 101

N > Ny >y
~

dictionary postings

Nioteg kataxwpnoswv (posting lists)

KaBe kataxwpnon (posting) yia éva o6po
TMEPLEXEL M OSlatstayusvn Alota pe to
syypoa@a (DoclD) ota omoia epdaviletal o
0pOC — OCUXVA ETUMPOCOETA oToLXElQ , OTIWG
position, term frequency, kKAt

Ne€lkOo: oL opot (term) kot n
ouxvotnta eyypadwv (#eyypadwv
NS oLAAoyYNG nov gpdavilovton)
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Kotaokeun evpetnplou

" Nw¢ KataokeLA{OVLLE TO EUPETNPLO; (indexing,
indexers)

" [1OLEC OTPOATNYLKEG XPNOLUOTIOLOULLE OTAV
EXOULE TLEPLOPLOMEVN UVNUN;
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Baolka otoleia Tou UALKOU

= [MoAAEC ammopAOELC OTNV avaKTnon MAnpodopiag
Baoilovtol oTa XOPAKTNPLOTIKA TOU UALKOU
(SltadbopeTikol aAyOpLBLIOL/TEXVLIKEC)

= Ac SoUE HEPLKA BOOLKA XOPOLKTNPLOTLKAL
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Baolka YapaKTNPLOTIKA TOU UALKOU

* Hmnpoomnehaon d€dopevwy oTnV KUPLA LVALN ELVOL TTOAD 7o
vprivopn Ao TNV npooTmieAacn dedouevwy oto dloko (repimou
evoc rmapayovtog tou 10) — epapyia pvAaung (register-cache L1, L2, L3,
RAM (main memory), hard disk)

= INUOVTLKNA TEXVIKA: caching

= Disk seeks (xpovoc avalntnonc): Evw tonoBeteital n kepaAn d¢ yivetal
netadopd dedbopevwy
" Apa: H petapopa peyaiwv koppotiwv (chunk) dedopévwy amnod to diloko otn
VAN €lval ypnyopotepn amo tn HeTadopd TTOAAWY HULKPWV
= H egmkowwvia pe to dioko (Disk 1/0) yivetal os osAidec (block-based):

= AwaBalovrtat kat ypadovtal oAokAnpa blocks (OXL TLAMATA TOUC). IXETIKOG XWPOG OTN UV — memory
buffer, MéyeBoc Block: 8KB - 256 KB. (locality)

"  [lapdAAnAa pe tnv eneéepyaoia dedopevwy

= JUMmieon — cuxvA TILO YPHyopn AOcUTiieon + emeéepyaoia
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Baolka YapaKTNPLOTIKA TOU UALKOU

= OLeneéepyaoTEC TTOU XpNoLpomolouvtol otnv All
dlaBetouv oA GB kuptLoc pvnneg, cuxva 6eKAOEC
arno GBs.

= O dlaBeopoc xwpoc dlokou eival TtoAAEC (2—-3)
TAEELC peEYAAUTEPOC.

= H avoyxn ota opaApata (fault tolerance) eivor toAv
akpLBn: $OnNvoTEPO Vo XpNOLUOTIOLEL KAVELG TTOAAEC
KOWVOVLKEC LUNXOVEC TIOPA L K LEYOAN»
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YrioBeoelc yia to uAko (~2008)

symbol | statistic value

S average seek time 5ms=5x1073s

b transfer time per byte 0.02 us=2x1073s
processor’s clock rate 10° s71

P Low level operation (e.g., compare & swap a 0.01 us=10738s
word)
size of main memory several GB
size of disk space 1 TB or more




H cuAAoyn RCV1

= H ouAloyn pe ta anavia tou Shakespeare dev eival
QPKETA LLEYAAN YL TO OKOTIO TNC ONUEPLVAC
SdlaAeénc.

= H guA\oyn rou Ba xpnolpomnotriocouvpue Hev eival otnv
MPAYUOTIKOTNTA TIOAU HEYAAN, aAAd sival StaBgoLun
OTO KOLVO.

" Oa XpNOLLLOTIOL|COUE TN cUAAoYN

= Eilval évoc xpovocg Tou KUKAwHATOC elbnoswv Tou Reuters
(Reuters newswire) (LEpog tou 1995 kal 1996)

= 1GB kelpévou

10
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Eva eyypado tnc ouAdoync Reuters RCV1

REUTERS B

You are here: Home > News > Science > Article

Gotoa Section: U.S. International Business  Markets  Poltics  Entertainment  Technology  Sports  Oddly Enouc

Extreme conditions create rare Antarctic clouds

Tue Aug 1, 2006 3:20am ET

Email This Article | Print This Article | Reprints

Text [4
SYDNEY (Reuters) - Rare, mother-of-pear| colored clouds
caused by extreme weather conditions above Antarctica are a
possible indication of global warming, Australian scientists said on

Tuesday.

Known as nacreous clouds, the spectacular formations showing delicate
wisps of colors were photographed in the sky over an Australian
meteorological base at Mawson Station on July 25.

11
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Eva eyypado tnc culoync Reuters RCV1

Symbol  Statistic Value
N documents 800,000
L.e avg. # tokens per document 200
M terms 400,000
avg. # bytes per token (incl. spaces/punct.) 6
avg. # bytes per token (without spaces/punct.) 4.5
avg. # bytes per term 7.5
T tokens 100,000,000

" [lati kata HEco eva term givoil UEYXAUTEPO QTTO EVA
token;

12
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Term Doc #
Kataokeun eupetnplou 1
N VPETNP e !
caesar 1
| 1
1° népaopa: e .
Eneéepyalopaote ta eyypada yo va BPoUE TLG i'h i
AE€eLC - auTEC amoBnkevovtal pall pe to Document E:af)itol 1
ID, {eVyn (term, doc-id) brutus 1
killed 1
me 1
so 2

le
be 2
: : with 2
| did enact Julu_Js So let it be with caesar 2
Caesar | was killed | | caesar. The noble noble 2
. . . brutus 2
I the Capitol; Brutus hath told you natr :
Brutus killed me. Caesar was ambitious you >
was | )
ambitious 2

13
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B 4 ! o t Term Doc # Term Doc #

aGLKO n ua ° SO r | 1 ambitious 2
did 1 be 2 _

enact 1 brutus 1

julius 1 brutus 2

= 2°mepaopa: adol EXOUE cacsar : capito !

We - was 1 caesar 2

ene&epyacrelt OAa Ta eyypacl)a, TO was ! caesar ?

OVTEOTPOAULLEVO EVUPETNPLO i 1 did 1

, ' the 1 enact 1

Olataoostal (sort) pe faon Toug capitol 1 hath 1

’ brutus 1 [ 1

OpPOUG killed 1 | 1

me 1 i' 1

SO 2 it 2

% let > = lius 1

' ' It i killed 1

Oa emikevipwBoupe oto Bripa dtataéng ';e ; il 1

Npemnel va data&oupe 100M 6pouc. with 2 et 2

the 2 noble 2

P ’ ’ noble 2 [Yo) 2

2Tn OUVEXELQ, Yla KaBOe 0po, brutus 2 the 1

’ , hath 2 the 2

dlataén eyypadpwv told 2 told 2

you 2 you 2

caesar 2 was 1

was 2 was 2

ambitious 2 with 2
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KALLLOKWON TNC KOTOOKEUNC TOU EUPETNPLOU

= Aev eival duvatn N MANPNC KATAOKEUN TOU
gupetnplov otn pvnun (in-memory)

= Agv pmopou e va GopTWOOUNE OAN TN cUAAOYN OTN
VAN, VA TNV ToELVOUNOOUUE Kat va ypaoupe 1o
EVUPETNPLO TIIow o0TOo OLOKO

" [MwC UITOPOULLE VO KATOLOKEUAOOULE EVOL
EUPETNPLO YLA Lo TTOAU HeYAAn cuAdoyn;
= Moag evdladepel to 1/0O kdoTOC

15
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Koataokeun pe faon tn dataén

MrmopoUuE vaL KpOATAME OAO TO EUPETAPLO OTN UVAUN;

= KaBe eyypadn kataxwpnong (akopa kot xwpic mAnpodopia 6€onc - non-
positional) dnAadn (termlID, doclID, freq) katoAapBavel 4+4+4 = 12 bytes
KOLL QTTOLLTEL TTOAU XWPO YL LEYAAEC CUAAOYEC

=  Xpnron termID avti term yla kaAutepn anoddoon (400.000 6pot => 4 bytes yia ids vs 7,5
yla to term)

= Xprion doclID (800.000 €ypada)
= T=100.000.000 6potyta to RCV1 (1.2 GB)

= AUt n oUAAOYA XWPAEL OTN UVALN, GAAQ OTNV TIPAYHOTIKOTATA TTOAU peyaAltepeg, M.x.,
ol New York Times mapeyouv eva EUPETHPLO Yo KUKAwUa eténoswv >150 xpovia

= [lp&nel va anoBnkeVou e evOLAUECA OTOTEAECHATO OTO OLOKO

= KaBbwc KataokeuAdl{oUE TO EVPETNPLO, eETEEEPYALOMAOTE TA Eyypada Eva-
gva

= OLTEAKEC KaTaYwWPNOELC YLoL KABE 0po elval nuLteArc LEXPL TO TEAOC

16



Alatoén xpnoLLomoLwvTac To SLoKo oav

CUVAN»;

= MrmnopoUuE va xpnolpomoltnoou e tov (bto aAyoptduo
KOTOLOKEUNC YL TO EVPETAPLO AAAA XPNOLUOTIOLWVTOLC
Sdloko avti yla pvnun;

= Oyu Awataén T = 100,000,000 eyypadwv oto dloko
elval oAU apyn — mMoAAEC Ttuxaiec avaktnoelg (disk
seeks)

17
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[Tt oy

= AlaoxLon Tou eyypadou Kal KATOOKEUN eyypadwy
KATAXWPNOEWV yla Eva yypado tn dopa

= Meta dtataén twv eyypadwv pe Baon Toug Opoug
(koL peta, yio kabe 0po, SLATaén KAToXWPNOEWV UE
Baon to eyypado)

= Autn n dtadkaoia pe tuxaio avaktnon oto dloko Ba
ntav oAU apyn — dtataén 7=100M eyypadwv

Av ka¥€ ouykplon xpetaletal 2 mpoomeAaoelc oto S(0Ko, Kol yla

tn otataén N otolyeiwv xpeta{opaote N log,N cuykpioelg, moco
xpovo da ypetalouaotay,

18



BSBI: AAvoplBpuoc kataokeunc kata block

(Blocked sort-based Indexing)

1. Xwploe tn ocUAAOYN OE KOULLATLO LOOU
neyebouc

2. Toa&wounoe ta (evyn termID—doclID yia kB¢
KOUUATL OTN MVAUN

3. AmoBnkevoe ta evdlapeoa amoteAeopata
(runs) oto dloko

4. ZUYXWVEUOE TA EVOLAUECO OTIOTEAEOUOTO

19



BSBI: AAvoplBpuoc kataokeunc kata block

(Blocked sort-based Indexing)

= EyypoadéEc 12-byte (4+4+4) (termID, doclD, freq).
= [Mapayovtal Katd tTn dlaoxLlon Twv eyypadwv
= Awdtaén 100M tetowwyv 12-byte eyypadwv e Baon tov Opo.

= Opilloupue gva ‘Block ~ 10M teTOLEC EYYPAPEC

= Mmopou Wa Vol £XOUHE KATTOLAL OTTO QAUTA OTN KLV UN.

= Apxtka, 10| tétola blocks.

= Baowkn oea:
" JUYKEVIPWOE KATOXWPNOELC yLa va Yepioel Eva block, duatate
TLC KaTaywpnoelc o kaBe block, ypaye to oto dioko (run)

= Meta ovyxwvevoe ta blocks og eva peyaAo SLATETAYUEVO
block.

20
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Awataén 10 blocks twv 10M gyypadpwv

BSBINDEXCONSTRUCTION( )

n<—20

while (all documents have not been processed)

don—n+1
block «— PARSENEXTBLOCK()
BSBI-INVERT(block)
WRITEBLOCKTODISK(block, f,)

7 MERGEBLOCKS(f1, ..., fn; fmerged)

O 1 B~ W N

AlaBaoe eva-eva ta eyypa@oa — yeuifovroc eva block ue <termid, docid>,
Invert: (1) ditataén (euywv ue Baon to termid, (2) ouykevtpwon oAwv UE To (blo
termid o€ postings,

vpoaye to yeuato block oto dioko

21
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MNapadelypa

postings lists
to be merged

brutus d1,d3,d6,d7

brutus d1,d3 brutus db6,d7 caesar dl,d2,d4,d8,d9

caesar dl1,d2,d4 caesar d8,d9 - julius ~ d10 merged
noble db jl.l].i us d10 killed ds pDE tln_gﬁ .li.E-tS
with dl,d2,d3,d5 killed d8 noble db

with d1,d2,d3,d5

/

disk

merge sort

22
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Awataén 10 blocks twv 10M gyypadpwv

" Mpwta, dtafaoce kaBe block kat dlatate tic eyypadec
TOU:
= Quicksort 2N In N avapevopueva BrApota
= Ytnv nepimtwon pog, 2 x (10M In 10M) steps
" AoKnaon: EKTIUNOTE TO OUVOALKO KOOTOC yla va StaBaoouue Kade
block amo to bioko kat va eapuocovuUe quicksort o€ auTo.

= 10 popEC auTn N eKTinoN Tou Xpovou pac oivet 10
dlatetaypeva runs tTwv 10M eyypadwv 1o Kabeva.
= O am\o¢ tpomoc xpetaletal 2 avtiypadoa twv dedopEvwy
oto 6loko
= AA\Q prtopel va BeAtuwBel

23
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Mwc Ba ylvel N cUYXWVEUGCH TWV runs?

= Avadlkn ocuyxwveuon, pa devrpikr dopn ue log,10 =4
enimeda.

= Je kAOe eninedo, StaBaoce otn pvnun runs os blocks twv 10M,
OUYXWVEUOE, ypale niow.

]
2
! » | 2 | | Merged run.
3 4
/ / 3
Runs being \ 4

merged.

24
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Mwc Ba ylvel N cUYXWVEUGCH TWV runs?

* Mo amodoTka ME pla multi-way cuyywveuaon, OTou
StaBaloupe amo oAa ta blocks tautoxpova

= Yro tnv npolmnobeon otL Stafalovpe otn pvnun
QPKETA pLEyAAa Koppatio kaBe block katl peta
YPAPOUUE TIIOW APKETA LEYAAD KOUUATLO, AAALWG
NAAL TPOBANUa pe T avalntnoelc oto dloko

25
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BSBI: meplAnyn

= Baowkn oea:

" AtdBale ta Eyypada, cuykeEvipwoe <termid, docid>
KOTAXWPNOELC EwC va YepLoel eva block, dtataée tig
kataxwpnoelg oe kaBe block, ypaye 1o oto dioko.

"= Meta ouyxwvevoe ta blocks og eva peyalo SLATETAYUEVO
block.

= Avadikn ocuyxwveuon, pwa devrpikr) dopn ue log,B
entimeda, omou B o aplBuoc twv blocks.

26



Introduction to Information Retrieval ked. 4.3

Xpnon oavoyvwplotikou opou (termiD)

" Ynodeon: kpotoe to AsELko atn VNN

= Xpelalopaote to Ae€Lko (To omolo peyaAwvel
SUVOULKA) yLa VoL UAOTTOLACOUE TNV OTIELKOVLON
uetofvu opou (term) oe termlID (O0tav €vac opog,
Koltape av Nén map oe ID, kKAn)

" O UMOPOVCOUE VAL EPYOOTOUME Kol pe term, doclD
Kataxwpnoelc avti twv termlID, doclD
KOTAXWPNOEWYV, oAAA Ta evOLlapeECA apyELa yivovTol
1oAU peyaAa.

27



SPIMI: Single-pass in-memory indexing
(eupetnploon evoc mepACUOTOC)

Ae duatnpoupe term-termID armnelkovioelg petaéu
blocks.

EvaAdaktiko¢ adyoptBuoc: Artopuyn tnc dtataénc twv

OpWV.

" JUYKEVTPWOETE TIC KATAXWPNOELC 0€ AlOTEC KATAXWPNOEWV
OTIWG AUTEC epdavilovtal.

= KaTtaokeun evog TIANPOUC OVTECTPALUEVOU EUPETNPLOU KoL
Ae€koU yla kaBe block. Xpnolpuomnolnos KATOUKEPULATIOMO
(hash) wote oL kataxwpnoelc tou (dlou 6pou otov idlo kado

" META CUYXWVEVOUUE TA EEXWPLOTA EVPETNPLA OE EVA LEYAAO.

28



Introduction to Information Retrieval ked. 4.3

SPIMI-Invert

SPIMI-INVERT(token_stream)

1 output_file = NEWFILE() Xpnowonotovue  hash  wote ot

2 dictionary = NEwHAsH() /faraxw,,on'aag yta tov iblo opo otov

3 while (free memory available) (010 «ktd0»

4 do token «+ next(token_stream)

5 if term(token) ¢ dictionary

6 then postings_list = ADD'TODICTIONARY(dictionary, term(token))

7 else postings_list = GETPOSTINGSLIST(dictionary, term(token))

8 if full(postings_list)

9 then postings_list = DOUBLEPOSTINGSLIST(dictionary, term(token))
10 ADDToOPOSTINGSLIST (postings_list, doclD(token))

11 sorted_terms <+ SORTTERMS(dictionary)
12 WrITEBLOCKTODISK(sorted _terms, dictionary, output_file)
13  return output_file

= H guyxwveuvon onwc kot oto BSBI.

29
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AUVOLKA EVPETNPLL

= MexpL oTLypNC, Oewpnoape OTL TOL EVPETAPLA ELVOL
OTATIKC.

= AUTO cUMBOLVEL OTTAVLO, OTNV TIPOYATLKOTNTA:

= Néa eyypada epdavidovtal Kol TPEMEL vaL
gupetTnpLomolnBouv

= ‘Eyypada tpomomnolovvtal N dtaypdadovrtal
" AUTO ONUOALVEL OTL TTPETTEL VO EVNIUELPWOOUE TLC
AlOTEC KATAYWPNOEWV:
= AANQYEC OTLC KATOXWPNOELS OpwV TToU £iva dN oto Ag€Lko
" MpocBnkn VEwV 0pwv oTo Ae€LKO

30
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Mo artAn tpooEyyLon

" AlOTAPNOE EVO « LEYAANO» KEVTPLKO EUPETNPLO
= Tavea Eyypada o€ UIKPO «BonONTLKO» EVPETAPLO
(auxiliary index) (otn pvAun)
= Wacte kat ota SU0, CUYXWVEUCE TO ATTOTEAECUOL
= AloypodEc
= |nvalidation bit-vector ywa ta Staypoappeva eyypada
= QATPAPLOUO OTTOTEAECUATWY WOTE OXL SLoypaLEVA

= Meplodika, re-index to BonONTIKO 0TO KUPLWC
EUPETNPLO

31



Introduction to Information Retrieval Ked. 4.5

[MoAuTtAokotTnT

= AnoBnkeVoupe KAOe AloTa KATAXWPNOEWV O€ SLAPOPETLKO
aPXELO N OAO TO EVUPETNPLO OE EVOL APYXELO;
Eotw o€ Eva apxeLo

Eotw T O OUVOALKOC aplOpOC TwV KATAXWPNOEWV KoL n ol

KOTOXWPNOELG TTOU YwpoUV oTtn MVAUN

Katookeun

" Kuplwc kot BonUntiko supetnpto: T/n CUYXWVEVUOELS, OE KAOE
lia Koltape 0Aoucg Toug 6pouc, apa TtoAurthokotnta O(T?)

Epwtnua

" Kuplwc kot Bonudntiko evpetnpto: O(1)



Introduction to Information Retrieval kedp. 4.5

Ocpata

" JUXVEC OUYXWVEUVOELC
= Kakn anodoon Katd tn SLAPKELA TNG CUYXWVEUONC

" Mo amodotiko av kabe Alota KaTaxwprnoswv ATav
armoBnkevpévn o SLadpopeTiko apyxeio (tote, anmAwe append),
aAAa Ba xpelalopaote TTOANQ apyeia (KN armodoTLKO yLla To
NZ)

" Qa UuroBEcoupE OTL OAO TO EUPETHPLO OE Eva apyelo.

= Ytnv mpaypatikotnta: Katl avapeoa (m.X., TOANEC LULKPEC
ALOTEC KaTOXWPNONG OE Eval apxeio, SLaomaon oAU PeEYAAwWY
ALOTWV, KATT)

33
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AoyoplOULKn ocuyxwvevon

" AloT)pNoN Lo OELPOAC OTTO EVPETAPLO, TO KaBeva
Sduthaolovu peyEBouc amno ta TPonyoUUEVO

= KaBe oTyun, XpNOLUOTIOLOUVTOL KATIOLO OO
auTa
* Eotw n 0 aplOuoc tTwv postings otn LvNun
= Awotnpoupe oto dioko gupetnpla ly, Iy, ...

" |, neyeBoug 2° * n, |, peyeBoug 2! * n, |, peyeboug 22 *
n...
= ‘Eva BonOnTIkO supeTNPLO LEYEBOUC N OTN LVAMN,
ZO

34
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AoyoplOULKn ocuyxwvevon

= Otav ¢ptaoeL to 0plo n, ta 2° * n postings Tou Z,
uetoadEpovtal oto OLoKo

= Q¢ eva veo index |,

= Thv gm’)p,evr] d)opd TTOV TO ZO VEHKEL, GUVX(bVEUOT]
Me I

= AmoBnkevetat wg |, (av dev umdpxeL 46N 1,) A
ouyxwveuon Ue |; wg Z, KAT

" To epWTAUOTO OITOVTWVTOL PE XPrON TOU Z, 0TN
LV Kol 0owv | umtapxouv oto dioko kaBe dopa

35



Introduction to Information Retrieval kedp. 4.5

LMERGEADDTOKEN(/indexes, £y, token)
1 Zy — MERGE(Zy, {token})

2 if |[Zp| =n
3 then for / — 0 to oo
4 do if /; € indexes
5 then Z; 1 «— MERGE(/;, Z})
6 (Zi1+1 is a temporary index on disk.)
7 indexes < indexes — {I;}
8 else [ — Z; (£; becomes the permanent index I;.)
9 indexes + indexes U {I;}
10 BREAK
11 Zo — ()
LOGARITHMICMERGE()

Zo — 0 (Zp is the in-memory index.)

indexes «+ ()

while true

do LMERGEADDTOKEN(indexes, Zy, GETNEXTTOKEN())

B 0N
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Introduction to Information Retrieval Ked. 4.5

[MTOAUTTAOKOTNTEC

Katookeun

= Kuplwc kot BonOntiko supetnpio: T/n ocuyXwVeULOEeLS, 0 KABE pia KOTAUE OAOUG TOUG
opouc, dpa moAumAokotnta O(T?)

To oAU log T indexes, nEyebog tou peyaAutepou

= NoyaplOpLkn cuyywvevon: KABe kataxwpnon cuyxwvevetatl O(log
T) dopec, apa moAurtdokotnta O(T log T)

Epwtnua

"  Kupiwc kat Bondntiko evupetrpto: O(1)

= Noyoptduikn cuyywvevon: kottape O(log T) eupetnpla

[EVIKa, TEPUTAEKETOL 1N QVAKTNON, ONOTE ouxva TnAnNpncg
QVAKOTOOKEUI) TOU EUPETNPLOU



AUVOULKOL EUPETNPLOL OTLC LNXOAVEC

avol{TNONG

" oAU cuXVEC aAAQYEC
" JUXVQA TTEPLOOLKN AVAKOTOOKEU TOU EUPETNPLOU OTO
TNV apxn

" Evw KOTaoKEVALETAL TO VEO, XPNOLUOTIOLELTAL TO TTAALO KoLl
OTOV N KOTOLOKEU ) TEAELWOEL XPrjon TOU VEOU
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Introduction to Information Retrieval Keo. 4.5

AAN\a Ocpata

" Hdbwataén twv eyypopwy otic Alotec € yivetal
rtavta e Baon to DoclD aAAa pmopet kat pe Baon
TN ocuxvotTNTA EUPAVIONC TOU OPOU OTO £yypado
(Lo mtepimAoko yati 6ev apkel append)

= Alotec dikowwpatwy nipoornieAaonc (Access Control
Lists ACLs)

= [a kABe xpriotn, o AloTtol KATaxwpnoewV HE Ta eyypada
TIOU UTTOPEL va TIPOOTIEAACEL
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Introduction to Information Retrieval kedp. 4.4

KatovepnUEVN KATOOKEUN

= Lo eupeTNPLO KALpHOKOC web
Xpnon katavepnuéevou cluster

" Emeldn po pnxovn Vol ETMLPPETNC O€ armoTuyia
= Mmnopel anpoodoknta va yiveL apyn N va artoTUyEL

= Xpnotlpomoinon mMoAAWV punxavwv
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Mepkol aplBpot

= The Indexed Web contains at least 1.71 billion
pages (Sunday, 16 March, 2014).

= Each year, Google changes its search algorithm
arou nd 500_600 t|me5 http://moz.com/google-algorithm-change
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Web search engine data centers

= OLpunyaveg avalntnong xpnotpomnotlouyv data centers
(Google, Bing, Baidu) kupiwc¢ arnoé commodity
unxovec. lati; (fault tolerance)

" Ta KEvTpa €ival dSltaomaopta 0 OAO TOV KOGUO.

= Ektipnon: Google ~1 million servers, 3 million
processors/cores (Gartner 2007)

http://www.google.com/insidesearch/howsearchworks/thestory/

Oa 1o SoUE AVAAUTLKA OE ETTOUEVA poBnpata
Alya «eykukAomatdika» yia to MapReduce kal th
XPron ToU OTNV KATALOKEUI TOU EVUPETNPLOU
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Google index

" index partitioned by document |IDs into pieces
called shards

" each shard is replicated onto multiple servers

" jnitially, from hard disk drives, now enough servers to
keep a copy of the whole index in main memory

" |nJune 2010, Caffeine continuously crawl and
incrementally update the search index

" |[ndex separated into several layers, some updated
faster than others

» Google trends -- https://www.google.com/trends/
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Mua potia otol ToAU PEyaAng
KALLLOKOLC EVPETNPLL
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MapaAANAn KatookeuN

"= Maintain a master machine directing the indexing job
— considered “safe”.

" Break up indexing into sets of (parallel) tasks.

= Master machine assigns each task to an idle machine
from a pool.
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Parallel tasks

= We will use two sets of parallel tasks
= Parsers
= |Inverters

= Break the input document collection into splits

= Each split is a subset of documents (corresponding to
blocks in BSBI/SPIMI)
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Parsers

= Master assigns a split to an idle parser machine

= Parser reads a document at a time and emits (term,
doc) pairs

= Parser writes pairs into j partitions
= Each partition is for a range of terms’ first letters

(e.g., a-f, g-p, g-z) — here j = 3.
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Inverters

= An inverter collects all (term, doc) pairs (= postings)
for one term-partition.

= Sorts and writes to postings lists
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MapaAANAn KatookeuN

- Master |----
asjslg,iﬂ,{ ] ~~£’:?§(?{f”\ Postings
I
| | o= oP
Spo|itS : : \CI/Z
Map Segment files Reduce
phase phase
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MapReduce

* The index construction algorithm we just described is an
instance of MapReduce.

"= NMapReduce (Dean and Ghemawat 2004) is a robust and
conceptually simple framework for distributed computing
without having to write code for the distribution part.

" They describe the Google indexing system (ca. 2002) as
consisting of a number of phases, each implemented in
MapReduce.

open source implementation as part of Hadoop *
*http://hadoop.apache.org/ «
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Example for index construction

Map:

= d1:Ccame, Cc'ed.

= d2:Cdied. -

<C,d1>, <came,d1>, <C,d1>, <c’ed, d1>, <C, d2>,

<died,d2>

Reduce:

= (<C,(d1,d2,d1)>, <died,(d2)>, <came,(d1)>, <c’ed,(d1)>)
9

(<C,(d1:2,d2:1)>, <died,(d2:1)>, <came,(d1:1)>,

<c'ed,(d1:1)>)
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MapAdOELY Ol KATAOKEUNC EVPETNPLOV OE

MapReduce

To YEVIKO OXNHA TWV CUVOPTACEWV map Kat reduce
" map: input = list(key, value)
= reduce: (key, list(value)) - output

Edappoyn otnv MEPINTWON TG KATAOKEVUNG EUPETNPLOV
* map: collection = list(termID, doclD)

= reduce: (<termID1, list(docID)>, <termID2, list(docID)>, ...) &
(postings list1, postings list2, ...)
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MapReduce

= |Index construction was just one phase.

= Another phase: transforming a term-partitioned
index into a document-partitioned index.

= Term-partitioned: one machine handles a subrange of
terms

" Document-partitioned: one machine handles a subrange of
documents

" most search engines use a document-partitioned
index ... better load balancing, etc.
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2TATLOTIKA OTOLYELOL

" M16co peyalo elval To Ae€LKO KAl OL KOTAXWPIOELG;

BRUTUS — 1| 2| 4| 11|31 |45 | 17/3 | 1/4

CAESAR — | 1| 2| 4 5| 6|16 | 57| 132

CALPURNIA | — | 2| 31 | 54 | 101
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2TaTLoTIKA Yo T cuAoyn Reuters RCV1

N documents 800,000

L tokens per document 200

M terms (= word types) 400,000
bytes per token (incl. spaces/punct.) 6
bytes per token (without spaces/punct.) 4.5
bytes per term (= word type) 7.5

T non-positional postings 100,000,000
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MeyeBoc eupetnpilou

size of word types (terms) | non-positional positional postings
postings

dictionary non-positional index positional index

Size A% cumul Size (K) A cumul Size (K) A  cumul

(K) % % % % %
Unfiltered 484 109,971 197,879
No numbers 474 -2 -2 100,680 -8 -8 179,158 -9 -9
Case folding 392 -17 -19 96,969 -3 -12 179,158 O -9
30 stopwords 391 -0 -19 83,390 -14 -24 121,858 -31 -38
150 stopwords 391 -0 -19 67,002 -30 -39 94,517 -47 -52

stemming 322 -17 -33 63,812 -4 -42 94,517 0 -52
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Ae&\oyLo kat peyeBoc culoync

" [M0oco peyalo sival to Ae€LAOyLo Opwv;
= AnAadn, moool eival ot dStapopeTikol Opot;
" YRLAPYXEL KaTtoLo avw opLo (N LEYOAWVEL CUVEXWC UE
TN MPooOnKn VEWV eyypadpwv);

M.x., To Oxford English Dictionary 600,000 Ag€elc, aAAa
OTLC TIPAYMOTLKA LEYAAEC CUAAOVEC ovopaTa
MPOCWTIWYV, TIPOLOVTWYV, KATT

v’ 3TNV MPAYHATIKOTNTA, TO AeELAOYLO cUVEXLEL val
LEYAAWVEL UE TO MEYEDBOC TNC CUAAOYNC
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Ae&\oyLo kat peyeBoc culoync

O vopog tou Heaps:

M = kTP
M eival to peyeBog tou Ae€lloyiov (aplBpocg opwv), T o aplOuoc
Twv tokens otn cuAloyn
nepLlypadeL mTwe peyaAwvel To Ae€ELAOYLO 000 PEYAAWVEL
n cuA\oyn

= YuvnoOnc tpec: 30 < k <100 (e€aptatal oo to €00¢
NS ocuAAoync) kat b = 0.5

= Ye log-log plot tou peyeBouc M tou Ae€lhoyiou pe 1o T,
O VOUOG TIPpOPAETIEL ypaUU LE KAlon meplitov %
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[laa to RCV1, n
Swakekoppévn voauwi  Heaps' Law
log,,M =0.49 log,,T + 1.64
(best least squares fit)

Onote, M = 104647949 qpar|
k=101%4= 44 and b = 0.49.

Ko mpooéyylonylato 2 -
Reuters RCV1! ”
Mo to mpwta 1,000,020
tokens, o vopoc mpoBAEnel - -
38,323 0poug, otnv
npaypatikotnta 38,365 | . . . |
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O vopoc tou Heaps

Ta apakAdtw emnpealouvv to peyeboc tou Ae€Lkou
(kaL Tnv mapapetpo k):

= Stemming

" |Including numbers
= Spelling errors

= Case folding
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O vopocg tou Zipf

v' O vopoc tou Heaps poac Sivel to peyeboc tou
Ae€lloyiov e ouAhoyne (oe ouvaptnon Tou
neyebouc tnc culAoync)

Oa €EETACOVUE TN OYETLKI CUYVOTNTO TWV OPpWV

" 3TC PUOLKEC YAWOGCEC, uTtAPXOUV Alyol TTOAU cuyvol
OpOoL KoL Ttapo oAU oTtaviol
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O vopocg tou Zipf

O vopoc tou Zipf: O i-00TOC Lo GUXVOC OPOC EXEL
ouyxvotnta avaioyn tou 1/i.
cf. < 1/i = K/i 6mou K pa normalizing constant

Orou cf; collection frequency: o aplBuog epdavicewv touv opovu t;
oTn cuAAoyn.

Av 0 TiLo ouxVvOG 0pog (o0 opog the) epdavitetal cf, dopeg
Tote o 6eUTEPOG TLO GUYXVOG (0f) epndaviletal cf,/2 dopeg
O tpitog (and) cf,/3 dpopeg

O O O O
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O vopocg tou Zipf

cf. = ciX
log cf,=log c-logi
* Tpapptkr oxeon petady log cf katlog i

cfi=cif k=-1

power law oxéon (ekBeTIKOC vOuOC)
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Zipf's law for Reuters RCV1

log10 rank 65



Introduction to

Information Retrieval

[MAE70: Avaktnon MAnpodoploc
Aldaokouoa: Evayyelia Mitoupa

AwaAeén 4-5: Zvurnieon Eupetnpilou
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2YMMNIE2H
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YUTILED

" Qa SoUHE PEPLKA BEpaTa yLoL TN CUMTLEDN TO
Ag€LKOU KAl TV ALOTWV KATAXYWPNOEWYV

= Baolko Boolean supetnplo, xywpic mAnpodopia
Bconc kAT
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[Tl cuuTieon;

" AlyOTEPOG YWPOG OTN VNN
" /A\lyO TILO OLKOVOULKO
= KpQTALLE MEPLOCOTEPA TIPAYHOTA OTN UVALLN
= AU&non tng taxvTnTag
= AU&non tnc toxvtntac petadopac dedopEvwy amno
10 6LOKO OTN MvAUN

= [duaPoaoe ta cupmieopeva dedopeva| amoouunieoe]
ypnyopotepo ano [Olafaoce pn cuprnieopeva dedopeval

* MpoUnobeon: Npriyopol aAyopLlOuol amocu unieonc
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ATTWAEOCTLKN KOl LN CUUTTLEDN

= |Lossless compression: (LN oMWAECTIKN CUUTTILEDN)
Atatnpeite OAn n mAnpodopia
= AuTi TTou KUPpLlwE xpnotpornoleitol og Al
= Lossy compression: (anmwAgoTIK cuurnieon) Kamola
nAnpodopia Yavetol
* MoAAA amo ta Bnuarte nmpo-crneéepyooioc (LETATPOTN OE
ULKPQA, stop words, stemming, number elimination) pnopsl
va BewpnBouv wc lossy compression
= Mrmopetl va glval amodeKT TNV MEPLUTTWON TL.X., TIOU LLOLC
evoladEpouv povo ta kKopudala amo Ta OXETIKA Eyypada
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2YMMNIEZH AE=ZIKOY
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Yupriieon Ae€kou

= H avalntnon apxilel ano to Ae€ko -> Oa BeAape va
TO KPOTAE OTN UVNMN

= JuvuTtapyxeL pe aAAec epappovec (memory footprint
competition)

= Kntec/eVOWUOTWHEVEC OUCKEVEC ULKPN MVAMN
= AKOMO KoL oV OXL 0T pvnun, 8a BgAape va eival
LLKPO yLa ypriyopn apxn tng avalntnong
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AmoBnkevon Ae€lkou

= KaBe eyypadn: tov 0po, cuxvotnta epdavionc, deiktn

" Qo Bewprnooupe TNV 1o arArn anobrnkeuon, W TAEWVOUNEVO TtVaKa
geyypadwv otaBepou peyeBouc (array of fixed-width entries)
= ~400,000 6pot; 28 bytes/term = 11.2 MB.

Terms |Freq. Postings ptr.

a 656,265
o—

7 —Jaachen |65

.\, zulu 221

Aopr] AvalAtnong 20 bytes 4 bytes each
Ae€kov )

v

v

v
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AmoBnkevon Ae€lkou

2TTaTAAN XWPOU

* MoAAd armo ta bytes otn ot)An Term &€ XpnoLuomnotouvtoL
— Sivoupue 20 bytes yia opouc pe 1 ypappo

= Kat &g pnopol e va XelplotoUpe To supercalifragilisticexpialidocious i
hydrochlorofluorocarbons.

"= Mé£oocg 0po¢ 0TO YPaTtto Aoyo yLa ta AyyAka eivat ~4.5
Xapaktipec/Aegn.

"= Mé£oocg 0po¢ TwV A€ewv oTo AEELKO yLa Tt AyYALKA: ~8
XOPOAKTNPEQ

= O pKpEC Ag€elc kupLapyoULv ota tokens aAAd OxL oToug
OpOoUC.
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JUMTILEON TNC AloTOC OpWV:

NEELKO-WC-2ELPA-XAPAKTAPWV

AmtoBnkevoe to Ae€Lko wc eva (peyalo) string xapakTtipwv:
» Evag deiktng Selxvel oto TEAOC TNC TpEXOUOOC AEENG (apxn EMOUEVNC)

- E€olkovounon 60% tou xwpou

....systilesyzygeticsyzygialsyzygyszaibelyiteszczecinszomo....

j\ - =

Freq. Postings ptr. Term ptr.

33
29

4 Agixteg o 3.2M

126 < Bt 10g,3.2M =

22bits = 3bytes

75
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Xwpoc yLa to Ae€Lko wc string

= /4 bytes ava 0po yla to Fred,. T Kotd péoo

= /4 bytes ava 0po yla deiktec o€ Postings. . opo:1lbytes
, . /term

= 3 bytes ava term pointer

—

= Kata pEoco opo 8 bytes ava opo oto string (3.2MB)

= 400K opotx 19 = 7.6 MB (evavtt 11.2MB yLa
otaBepo pnkoc Ae€nc)
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Blocking (Aeiktec o€ opadec)

= Alaipeoe to string og opadec (blocks) Twv k 0pwv

= Alatnipnoe eva deiktn o€ kaBe opada
" Napadeyua: k = 4.

= XpelalOMOOTE KOl TO UNKoc tou opou (1 extra byte)
... 1systile9syzygetic8syzygial6syzygyllszaibelyite8szczecin9szomo.. ..

Freq. Postings ptr. Term ptr.

~N

29 ,
Kepoiloupe 3 bytes ,
44 } Vi -1 <'|:Xowovu8 4 (k) bytes yuo

TO UNKOC TOL OPOL

126 ) Seiktec.
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Blocking

2UVOALKO odeloc yia block size k=4
= Xwpic blocking 3 bytes/pointer

= 3x4=12 bytes, (ava block)
Twpa 3 + 4 =7 bytes.

E€¢owkovounon akopa ~0.5MB. EAattwon tou peyebouc
TOU gupeTnpilov amno 7.6 MB og 7.1 MB.

= [Latl oxL akoua peyoAutepo k;
" J€ TLXAVOUUE;
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Availntnon oto Aeéko xwplc Blocking

= Ac umoBgooupe duadikn
avalntnon Kat OTL KaBe 0po¢
LoomiBavo va epdaviotel otnv
epwtnon (OxL Kol TOoo PEAALOTLKO
otn mpaén) LEcog apLlBuoc
ouykploswv = (1+2:2+4-3+4)/8
~2.6

Aoknon: okedteite Eva
KaAAUTEPO TPOTIO avalAtnong

av Oev EXOULE opoLlOpopPN
KOTAVOLN TWV OpWV
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Availntnon oto Ae€ko pe Blocking

Avadikn avalntnon poc odnyel oe opadec (block) amo k
=4 O0poug

Metad ypappikn avalntnon otouc k = 4 avtouc 0pouc.
Méooc opoc (duadiko devtpo)= (1+2:2+2-3+2:4+5)/8 = 3

(o)
> BOX > DEN >
\_/

@ @ >( WIN
NG \_/
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EuntpooBia kwokomoinon (Front coding)

OL Ag€ELC oUYVA EXOUV HEYOAD KOLVOL
npoBspuata — anobrikevon HOVO TWV
Stadpopwv

S8automataS8automateSautomaticlOautomation
—>8automatj'j al de2dic30ion

Extra length

Encodes automat
beyond automat.
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MeptAndn ovpumieonc yua to Ae€ko tou RCV1

MB

Fixed width 11.2
Dictionary-as-String with pointers to every 7.6
term

Also, blocking k = 4 7.1

Also, Blocking + front coding 5.9
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EuntpooBia kwokomoinon (Front coding)

Av oto OLoKO, UTTOPOUE VOL EXOUME Eval B-
HEVTPO LE TOV IPWTO OPO O€ KABe oeAida

KatakepUATIOMOC EAATTWVEL TO pHEYEDOC Al
NPOBANUA LE EVNUEPWOELC
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2UUTILEON TWV KATAXWPNOEWV
" To apxelo TwV KOTAXWPNOEWV Elval TTOAU
HeyaAutepo autol tou Ae€ikoU - TouAaylotov 10
dopeg.
= Baowkn emdblwén: armoUnkevon kade kataywpnonc
OUVOTTTIKO

= 3TNV nEPLMTWON pHagc, Ko Kataxwpnon eival to
QAVOYVWPLOTLKO evoc eyypadou (doclD).

= [La t ouAAoyr) tou Reuters (800,000 £yypada), LTOPOUUE VA
xpnotuomnownooupe 32 bits ava doclD av €xoupe akepaiouc 4-bytes.

= EvaAlaktika, log, 800,000 = 20 bits ava doclD.
= MnopoUpe Ayotepo aro 20 bits ava doclD;
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2UUTILEON TWV KATAXWPNOEWV

= MeéeyeBoc tnc cUAAOYNC

800,000 (eyypada) X 200 (token) X 6 bytes =960 MB
= MeyeBoc Tou apxeilov KATAXWPNOEWV

100,000,000 (kataxwpnoelc) X 20/8 bytes = 250MB
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2UUTILEON TWV KATAXWPNOEWV

= AmoOnkevoupue tn Alota Twv eyypadwv o avéovoa
dtataén twv doclD.

= computer: 33,47,1 54, 159, 202 ...

" JUVETIELO: OPKEL Vo armoBnKkeVoUE Ta Keva (gaps).
= 33, 14, 107,5,43 ...

= [t To meEPLOCOTEPA KEVA UTIOPEL VAL
KwoLkomolnBouv/amoBnkeutouv e TTOAU Alyotepal
arto 20 bits.
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MNapadelypa

encoding postings list

THE doclDs .. 283042 283043 283044 283045
gaps 1 1 1
COMPUTER doclDs .. 283047 283154 283159 283202
gaps 107 5 43
ARACHNOCENTRIC doclDs 252000 500100

gaps 252000 248100
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2UUTILEON TWV KATAXWPNOEWV

= ‘Evac 0poc¢ onwc arachnocentric spdoaviletal iowg
O€ €va £yypado O0TO EKATOUUUPLO.

" ‘Eva 0opoc onwe the epdaviletal oxedov oe kabBe
eyypado, apa 20 bits/eyypadn moAv akplpo
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Ked. 5.3

Kwolkortolnon petapBAntou peyebouc

(Variable length encoding)
2TOXOC:

= [ to arachnocentric, Ba xpnolponoltnooupe syypadec ~20 bits/gap.

= T to the, Ba xpnolpomnoljooupe eyypadec ~1 bit/gap entry.
= Av TO LECO KEVO yLa £vayv 0po eival G, Beloupe va
Xxpnowuonotnooupe eyypadeg ~log,G bits/gap.
= Boaolkn mpokAnon: kwdikomoinon kabe akepaiovu (gap) pe ooa
Alyotepa bits eival amopaitnta yLo outov ToV aKEPALO.

= AuTO arnalttel kKwoikomoinon petapPAntov peyebouc -- variable
length encoding

= AUTO TO METUXOLVOUE XPNOLUOTIOLWVTOC CUVTOMOUC KWOLKEC yLa
LULKpoUG aplBpoug
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Kwdkol petaBAntwyv Byte (Variable Byte
(VB) codes)

= Kwdlkomolovpe KaBe HLAKEVO UE aKEPALO apLlOpO
armno bytes
= To npwrto bit kaBe byte ypnowuomoteitatl wg bit

ouveytonc (continuation bit)
= Eivat 0 og 0Aa ta bytes ektoc amo to tTeAeutaio, Omou

elva 1
= 0, av akoAouBei kat deUtepo byte

= 1, aA\wg
= XpnOLUOTIOLELTAL VIO VAL oNUaTOS 0T OEL TO TeAeuTalio byte

NG KwoLKoTolnong
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Kwdkol petaBAntwyv Byte (Variable Byte
(VB) codes)

" Zekiva pe eva byte yua tnv amobnkevon touv G

= Av G <127, urtoAoyloe tn duadlkn avomopaotaon UE
Tt 7 SLaBeopa bits and B€oe ¢ =1

= AAWG, Kwdlkomoinoe ta 7 lower-order bits touv G
KOl Xpnolpomnoinoe ermumpooBeta bytes yla va
kwolkomolnoeLc ta higher order bits pe tov 6Lo
aAyoplOpuo

= Y10 TEAOC, B€0¢€ TO bit ouve)xLonc Tou teAeutaiou byte
o1, c=1 koL ota aA\a o 0, c = 0.

92



Introduction to Information Retrieval Ked. 5.3

[
Napadelypa
_— 215406
gaps 214577
VB code 00000110 10000101 00001101
10111000 00001100

10110001

Postings stored as the byte concatenation
00000T110101110001000010T00001T01000011001011000T

A\

Key property: VB-encoded postings are
uniquely prefix-decodable.

824 For a small gap (5), VB
1100111000 uses a whole byte. 03
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AANEC KWOLKOTIOLNOELC

= Avtiyla bytes, 6nAadn 8 bits, aAAec povadec ny 32
bits (words), 16 bits, 4 bits (nibbles).

Compression ratio vs speed of decompression

= Me byte xAvouLE KATIOLO XWPO AV TTIOAU ULKPA Slakeva—
nibbles kaAUTepa o€ AUTEC TLC TIEPUTTWOELC.

" MKpEC AE€eLg, TiLo TLEPITTAOKOC XELPLOMOC

= OLkwdkol VB xpnoLpomolouvtal o€ oA
EUTTOPLKA/EPEVVNTIKA CUOTHHLOTO
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Yuprieon tou RCV1

dictionary, fixed-width 11.2
dictionary, term pointers into string 7.6
with blocking, k =4 7.1
with blocking & front coding 5.9
collection (text, xml markup etc) 3,600.0
collection (text) 960.0
Term-doc incidence matrix 40,000.0
postings, uncompressed (32-bit words) 400.0
postings, uncompressed (20 bits) 250.0
postings, variable byte encoded 116.0

postings, y—encoded 101.0
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MNepiAnn

MropoULLE VO KATOLOKEUALCOUUE EVOL EUPETNPLO YL
Boolean avaktnon moAU amodoTiko amno anoyn
XWPOU

Movo 4% tou cuvoALlKoU peyEBouc tTnc cUANOYNC

Movo to 10-15% tou cuVOALKOU KELUEVOU TNG
oUAAoyN¢

BEBata, Exoupe ayvonoeL tnv mAnpodopia Bgonc
= H efolkovopunon xwpou eival HLKPOTEPN OTNV TIPAEN
= AAAQ, OL TEXVLKEG ELvVOL TTOPOLOLEC
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Introduction to Information Retrieval

TEAOZ 4°V-5° MaBnpuatog

EpwtnoeLc?

XpnotuomnotfOnke KAmoLo UALKO TwvV:
v Pandu Nayak and Prabhakar Raghavan, CS276: Information Retrieval and Web Search (Stanford)
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