Introduction to

Abaokouvoa: Evayyedia Mitovpa

H Baoikry dour: To avteoTpAUUEVO
gupetnplo (inverted index)

[ Brutus | — [ 1] 2] 4] 11[31[45][ 173 [ 174 ]
[ Caesar | — [1] 2| 4| 5| &6|16| 57]132].. |
[ Capurmia | — | 2] 31| 54 | 101 |
—, — e =
dictionary postings

Aefié: oL 6por  (term) kat Aioteg Kataywproswv (posting lists)

ouxvTnTa eyypddwy (Heyypdadwy Kdes’ Kataxwpnon (posting) v'La éva Opo

¢ cuAoyFic Ttou epdavilovrat) MEPLEXEL MOl Sratetaypévn Alota pe Ta
géyypada (DoclD) ota onoia sudaviletat o

0p0oG — OUXVA EMLMPOCOETA oTOLKELD , OTIWG
position, term frequency, kAn 2




Introduction to Information Retrieval Keg. 4&5

TLBa SoUpe orjpepa (1° pépoc);

= Kataokeur tou Eupetnpiov oe MeydAn
KA{paka
= Juunieon Eupetnpiou

YrevOupion: Kataokeun rem  boc

I .
EUPETNPLOV onsct
julius
caesar
Enetepyalopaote ta £yypada yia vo BpoUpE TIg e
AE€eLg - auTég amoBnkevovtal pall pe to Document Killed
ID. :he

capitol
brutus
killed

DOC 1 DOC 2 — !Et

with
caesar
the
noble
brutus
hath
told
you
caesar
was
ambitious

NNNNNNMNNNMNNMNNNMNNNNNR AQaQaaaaaaaaaaa
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Introduction to Information Retrieval Keg. 4.2

BaoLKé Br’] uao Sort Term Doc # Term Doc #
. I 1 ambitious 2
did 1 be 2_
enact 1 brutus 1
julius 1 brutus 2
] ) & A caesar 1 capitol 1
Adou gxoupe enefepyaotel OAa | ! capitol !
S S was 1 caesar 2
Ta svyf)acba, To ’avreomauuevo was ! caesar 2
eupetnplo dlataoaoetal (sort) pe i 1 did 1
, , the 1 enact 1
Baon toug 6poug capitol 1 hath 1
brutus 1 1 1
killed 1 1 1
me 1 i’ 1
so 2 it 2
let 2 * julius 1
it 2 killed 1
be 2 killed 1
with 2 let 2
caesar 2 me 1
the 2 noble 2
noble 2 so 2
brutus 2 the 1
hath 2 the 2
told 2 told 2
you 2 you 2
caesar 2 was 1
was 2 was 2
ambitious 2 with 2
5

Introduction to Information Retrieval Kep. 4

Kataokeun eupetnpiou

* Mw¢ KATAOKEVALOULE TO EUPETHPLO;
= [TOLEC OTPATNYLKEG XPNOLLOTIOLOUUE OTAV EXOULLE
TLEPLOPLOMEVN KUPLWC PvAuN?

= E¢wtepikn Stataén




Introduction to Information Retrieval Kep. 4.2

KALLAKWON TNC KATAOKEUNC TOU EVUPETNPLOU

= Aev givat Suvatn n MARPNG KATAOKEUT TOU OTN
uvAun (in-memory)
= Agv punmopoUupe va poptwooupe OAn Tn cuAAoyn otn
LV, VA TNV TAEWVOUNOOUE KaL va T YpAou e Tiow
oto 6loko
" Mw¢ UmopoUE VA KATAOKEUAOOULE VO EVPETNPLO
yla g TtoAU HeyaAn cuAoyn;
= AapBavovtag ur’ oYLV Ta EPLOPLOUOUG Kal T
XOPOKTNPLOTIKA TOU UALKOU. . .

| introduction to Information Retrieval __ [Kep.42 |
BSBI: AAyOplOpoc¢ kataokeung kata block

(Blocked sort-based Indexing)

" Baowkn Wbéa:
= AlaBale ta Eyypada, cuykévipwoe <term, docid>
KaTaxwpnoeLs €wg va yepioet éva block, diatage tig
Kataxwpnoelg oe kabe block, ypaye to oto dioko.

* Metd ocuyxwveuoe ta blocks o€ éva peydlo dlatetaypévo
block.

= Avadiki cuyxwveuaon, pa Sevepikn dopn pe log,B
emnineda, omou B o aplBuodg twv blocks.

Mapatripnon: WTOPOULE VA EPYOOTOUUE e termid avti yla
term av kpatape to Ae€Iko (tnv anewkovion term, termid) otn
MVAUN




SPIMI: Single-pass in-memory indexing
(eupetnploon evog mepAoUATOC)

Av e Slatnpoupe term-termlD amelkovioelg petay

blocks.

EvaAdaktikog aAyoptduoc: Artouyn tnc diataéng twv

opwv.

" JUYKEVTIPWOETE TIG KATOXWPINOELG O€ AlOTEG KATAXWPNOEWV
OMWC¢ QUTEC epdavilovtal.

= KOTOOKEUH EVOC TTAPOUG OVTECTPAUUEVOU EUPETNPLOU YL
kaBe block. Xpnowuomnoinoe katakepuatiopod (hash) wote ot
KOTOX WP OELG Tou (6lou 6pou otov (6lo kado

= META CUYXWVEVUOUE Ta EEXWPLOTA EVPETAPLA OE VAL LEYAAO.

Introduction to Information Retrieval Kep. 4.4

Web search engine data centers

= OLunxaveg avalAtnong xpnoLuomnolouy data centers
(Google, Bing, Baidu) kupilwg andé commodity
unxavég. larti; (fault tolerance)

" Ta kévipa elval Stdomapta og OAO TOV KOGLO.

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

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

Oa to S0UHE AVAAUTIKA o€ EMOUEVA Labripata
Alyo «gykuKkAomadika» yla to MapReduce kat tn
XProN TOU OTNV KATAOKEUT TOU EUPETNpPLOU 10




Introduction to Information Retrieval Kep. 4.4

Mia potid ota oAU peyaAng
KALpOLKOG EVpETH LA

11

MNoapAdAANAn KOTAOKEUN

= 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.

12




Introduction to Information Retrieval Sec. 4.4

Parallel tasks

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

= Break the input document collection into splits

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

13

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, q-z) — here j = 3.

= Now to complete the index inversion

14




Introduction to Information Retrieval Sec. 4.4

Inverters

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

= Sorts and writes to postings lists

15

Introduction to Information Retrieval Sec. 4.4

Data flow

asygn ass:gn Postings
| T
[
ﬁ - g-p

a-f|g-p|g-z 7

wn
.E...

—

wn

Reduce
phase

Map

phase Segment files
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Introduction to Information Retrieval Sec. 4.4

MapReduce

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

= MapReduce (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/ @hadﬂﬂﬂ

Introduction to Information Retrieval

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)>)

18




Schema for index construction in

MapReduce

Schema of map and reduce functions
= map:input = list(k, v) reduce: (k, list(v)) = output

Instantiation of the schema for index construction
= map: collection = list(termID, docID)

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

19

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
= As we'll discuss in the web part of the course, most
search engines use a document-partitioned index ...
better load balancing, etc.

20
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Introduction to

Introduction to Information Retrieval Keg. 5

TLBa SOUE OXETLKA LE CUMTILEDN

| Brutus | — 1] 2| 4| 11[31]45[173 [ 174 |
| Capsar | — (1] 2| 4] 6| 6[16] 57 [132|.. |
| CALPURNIA | — [ 2 | 31 | 54 | 101 |

" [0 AEMTOUEPN OTATIOTIKA yLa Tt cuAAoyn RCV1
= M6o0o peyalo sival To AeELKO Kal OL KATAXWPNOELG;

= Juurtieon tou Aeéikou

" JUUTTIEON TWV KATOXWPHOEWV

22




Introduction to Information Retrieval Keg. 5

Matl cuprnieon;

= AlyOTEPOG XWPOG OTN HVAKN
= AlyO TLO OLKOVOULKO
" Kpatdpe MePLOCOTEPA TIPAYUATA OTN UVALN
= A0&non tng taxuTnTag
= AU&non tng taxvtntag petadopdg dedopuevwy amno
To SloKo OTN pUvAUN

» [dlaBaoce Ta cuumiecpueva dedopéva | anocuumieoe]
ypnyopotepo ano [SlaBace pn cuumiecpéva dedopéval
= MNpolmnoBeaon: MNpriyopol alyopLlOpoL amocuuieong

23

Mlati cupmieon Twv AVTECTPOAUUEVWV

EUPETNPLWY;

= Agflko
= APKETA LIKPO YL VA TO EXOUE OTNV KUPLA UV N
= AKOMO ULKPOTEPO WOTE VA EXOULE ETLONG KL KATIOLEG
KOTOXWPNOELG TNV KUPLOL VAN
= Apxeio (a) Kataxwpnoswv
= Meiwon tou xwpou oto Sioko

= Meilwon Tou Xpovou mou xpelaletal ylo va SLoBACOUE TIG
AloTEC KaTaXWPNOEWV o To Sloko

= Ol peyaleg pnxaveg avalntnong dlatnpouyv Eva Heyalo
TUAMUO TWV KATAXWPNOEWV OTN UVAUN

24
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Introduction to Information Retrieval Keg. 4.2

2TOTIOTIKA yia T cuAAoyn Reuters RCV1

N documents

L tokens per document

M terms (= word types)

bytes per token (incl. spaces/punct.)
bytes per token (without spaces/punct.)
bytes per term (= word type)

T non-positional postings

800,000

200

400,000

6

4.5

7.5
100,000,000

25

Introduction to Information Retrieval

MéyeBoc eupetnpiou

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

dictionary non-positional index positional index

Size A% cumul Size (K) A

(K) % %
Unfiltered 484 109,971
No numbers 474 -2 -2 100,680 -8
Case folding 392 -17 -19 96,969 -3
30 stopwords 391 -0 -19 83,390 -14
150 stopwords 391 -0 -19 67,002 -30
stemming 322 -17 -33 63,812 -4

cumul Size (K) A  cumul

% % %
197,879
-8 179,158 -9 -9
-12 179,158 0O -9
-24 121,858 -31 -38

-39 94,517 -47 -52
-42 94517 O -52

26
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Introduction to Information Retrieval Keg. 5.1

Lossless vs. lossy ouprtieon

" Lossless compression: (Un amMwAECTIKY cuuTtieon)
Awatnpeite 6An n MAnpodopia
= AuTtr Tou Kuplwg xpnoluomnoleitat og Al
= Lossy compression: (amwAgoTIkr) cupnieon) Kamola
nmAnpodopia xavetal
= MoAAG arno ta Brpoata npo-enefepyaoiag (LeTATPOMY O
HLKpaA, stop words, stemming, number elimination) pumopetl
va BewpnBouv wg lossy compression

= Mrnopel va gival anoSeKTr) oTnv MepMTWon .., TTOU MG
evllapEpouv Hovo Ta kopudaia amd Ta oXETKA Eyypada

27

Ne€LAOYLO Kal pEyeBoC GUAAOYNC

* Mo6oo peyaho sival to Ae€AoyLo Opwv;
= AnAadn, méoeg eivat ot SLadopeTIKEG AEEEL;

" YIAPXEL KATIOLO AVW OPLO;
M.x., To Oxford English Dictionary 600,000 A€eLg, aAAd

OTLC TIPOYHOTLIKEG LEYAAEC CUAAOYEG ovopaTa
TIPOCWTTWV, TIPOLOVTWYV, KATT

v/ TNV MPaypaTIkoTNTa, To Ae€INOYL0 ouveXileL va
HEYAAWVEL PE TO HEYEBOC TNG GUANOYNAG

28




Introduction to Information Retrieval Keg. 5.1

Ae€AOyLO Kal peyeBog cUANOYNG

O vopog tou Heaps:
M = kTb

M glvat To péyebog tou Ae€loyiou (aplBuog 6pwv), T o aplBpuog
Twv tokens otn culoyn
neplypadeLl W LEYOAWVEL TO AeELINOYLO 0G0 HEYAAWVEL Nl GUAAOYN

= JuvnRONng TEég: 30 < k <100 (e€aptatal amo to €idog
NG oUAAoyN¢) kat b = 0.5

= Je log-log plot Tou peyéBoug M tou Ae€lhoyiou pe to T,
0 VOUOG MPOPAETIEL ypO U KALON TtepiTtov %

29

Introduction to Information Retrieval Keg. 5.1

lNato RCV1, n
SLoKEKOUUEVN VPN Hea pS' Law
log,,M =0.49 log,,T + 1.64
(to kaAUtepo best least

squares fit) ©
Onodte, M = 101647°4° dpa
k =10%%*=~ 44 and b = 0.49.

logio M

KaAr mpooéyylon yla to
Reuters RCV1 ! M

Mo to mpwta 1,000,020 -
tokens, o vopog mpoPAEmeL
38,323 6poug, otnv . : : : ;
nipaypotikotnta 38,365

30
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Introduction to Information Retrieval Keg. 5.1

O vopog tou Zipf

v O vopoc¢ tou Heaps’ poc Sivel to péyeBog tou
Ae€lloyiou pog cuAAOYNG

Oa e€ETACOUUE TN OXETLKN CUXVOTNTA TWV OPWV

= 311G GUOLKEC YAWOOEG, UTIAPXOUV Alyol TTOAU cuyvol
OpoL Kal Ttapa TTOAU omaviot

31

Introduction to Information Retrieval Keg. 5.1

O vopog tou Zipf

O vopoc tou Zipf: O i-00TOG TtLo oUXVOG OpOC EXEL
ouxvotnta avaioyn tou 1/i.
cf; ¢ 1/i = K/i 6mou K pia normalizing constant

Ornou cf; collection frequency: o apBuOg epdpavicewv tou dpou t;
oTn ouAAoyn.

o Av 0 1o oUXVOG 0pog (o 6pog the) epdaviletal cf, popég
o Tote o deutepog o ouxvog (of) epdaviletal cf,/2 bopég
o O1pitog (and) cf,/3 popég ...
log cf, = log K - log i

= Tpopptkn oxéon petady log cf; kat log i

power law ox€on (€KOeTLKOC VOUOG)

32
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Introduction to Information Retrieval KeP. 5.1

Zipf’s law for Reuters RCV1
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Introduction to Information Retrieval Keg. 5
Juurnieon

= Qa SoUpE pePLKA BEpaTa yLa TN CUUTiEON TO
Ae€lloylou Kal Twv KATaxwpnoewv

= Baowko Boolean supetnplo, xwpic mAnpodopia
B£onC KATU

34




Introduction to Information Retrieval Kegp. 5.2

2YMMNIEZH AEZIKOY
35

Matl cupnieon tou Agikou;

H avalntnon apxilel anod to Ao -> Oa BEAape va

TO KPOTAUE OTN VAN

= Juvunapyel (memory footprint competition) pe
AAAEG epapUOYEC

= KNTEG/EVOWUATWHUEVEG CUOKEUEG LLKPI UVAMN

= AKOHQ KOL av OXL 0TN pvAun, Ba B€Aape va eivat

MLKPO YL ypryopn apxn Tng avalntnong

36
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Introduction to Information Retrieval Kegp. 5.2

AmoBnkeuon Aelkou

= To 1o amAo, wg mivaka eyypadpwv otabepou
uey€Boucg (array of fixed-width entries)
= ~400,000 6pot; 28 bytes/term =11.2 MB.

Terms |Freq. Postings ptr.

a 656,265
/
/ ——Jaachen |65 >

—— Jzulu 221
AN

20 bytes 4 bytes each

37

Introduction to Information Retrieval Keg. 5.2

AmnoBnkeuon Aeflkou

IMOTAAN XWPOU

= MoAAG ano ta bytes otn otAn Term &g xpnolyonolovvtol —
Sivoupe 20 bytes yla 6poug e 1 ypapua

= Kot && uropoupe va xelplotoUpe to supercalifragilisticexpialidocious 1\
hydrochlorofluorocarbons.

= ME00G OpOG OTO Yparto AOyo yia ta AyyAlka eivat ~4.5
XapaKTrpeG/AEEN.

" ME£00G 0poG TwV Aé€ewV 0To Ae€LKO yla Ta AyyAka: ~8
XOPAKTAPEG

= OL UKPEC AEEELS KupLapyoUV oTa tokens aAAd 0L OTOUG
OpouG.

38




Jupurieon tng Alotoc opwv:
NEEKO-WC-2ELPA-XAPAKTAP WV

AmnoBrikevoe 1o Ae€LKO WG €val (LeyAAO) string XapoKTHPWV:
= 'Evog Selktng Seixvel 0To TENOC TNG TPEXOUOAS AEENG (apXr) ETTOUEVNCG)

= E€olkovounaon 60% tou xwpou.

....systilesyzygeticsyzygialsyzygyszaibelyiteszczecinszomo.....

Freq. Postings ptr. Term ptr. J

33
29 —
44
126
39
Introduction to Information Retrieval Keg. 5.2

Xwpog yla to Ae€LkO w¢ string

4 bytes per term for Freq.

. . ] Now avg. 11
= 4 bytes per term for pointer to Postings. ! bytes/term,
= 3 bytes per term pointer J not 20.

Avg. 8 bytes per term in term string

400K terms x 19 = 7.6 MB (against 11.2MB for fixed
width)

40




Introduction to Information Retrieval Keg. 5.2

Blocking (Aciktec o€ opadec)
= Alaipeoe 1o string og opadeg (blocks) twv k opwv
= Alatrpnoe €va deiktn os kaBe opada
= Mapadeypa: k=4.

= XpelalOUAOTE Kol TO UAKOC Tou 0pou (1 extra byte)
‘ ... 1systile9syzygetic8syzygialosyzygy 1 szaibelyite8szczecin9szomo. . .. ‘

Freq. Postings ptr. Term ptr. J

» ] Save 9 bytes
44 ton 3
126 J pointers.

41

Blocking

ZuvOoALKO 0delog yia block size k =4
= Xwpic blocking 3 bytes/pointer

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

E€owkovounon akopa ~0.5MB. EAdTtTwon tou peyEBoug
TOU gupeTnpiov amnod 7.6 MB og 7.1 MB.

" Lot OxL akOpo pULKpOTEpPO K;
" J€ TLXAVOUUE;

42




Introduction to Information Retrieval Keg. 5.2

Avalntnon oto Aeflko xwpig Blocking

= AgumnoBéocoupe Suadikn
avalntnon Kot OTL KaBe 6pog
LooniBavo va epdaviotel otnv
gepwtnon (OXL Kot TOO0 PEAALOTLKO
otn MpAén) pEcog aplOpuog
ouykpioswv = (1+2-2+4-3+4)/8
~2.6

Aoknon: okebTeite Eva
KaAUTEPO TPOTO avalitnong

av eV €XoUE opoLlOpopdn
KATOVOUA TWV OpWV OTLG

43

Introduction to Information Retrieval Keg. 5.2

Avalntnon oto AefLko e Blocking

Avadikn avalntnon pag odnyet oe opadeg (block) amod k
=4 6poug

Metd ypappikn avalntnon otoug k = 4 autoug 6pouc.
Méoog 6pog (uadikd Sevipo)= (1+2:2+2:3+2:4+5)/8 = 3

JOB @ @ @

22



Introduction to Information Retrieval Keg. 5.2

EunpooBia kwdikomoinon (Front coding)

OL A€€elc ouxva £XOUV HEYAAQ KOV
npoBepata — amobrkevon PHovo Twv
Stadopwv

S8automata8automateSautomaticlOautomation
—8automat*al e2dic30ion

Extra length

Encodes automat
beyond automat.

45

Introduction to Information Retrieval Keg. 5.2

NepiAnyn ocupumieonc yla to Ae€ikd tou RCV1

o MB

Fixed width 11.2
Dictionary-as-String with pointers to every term 7.6
Also, blocking k = 4 7.1
Also, Blocking + front coding 5.9

46
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Introduction to Information Retrieval Kegp. 5.3

2YMMIEZH TQON KATAXQPHZEQN

47

Introduction to Information Retrieval Kegp. 5.3

JUUTIEON TWV KATOXWPHOEWV
= To OPXELO TWV KOTOXWPNOEWV Eival TTOAU
pHeyaAltepo autol tou Ae€LlkoU - Touldaxlotov 10
dopeg.
= Baowkn emblwén: amonkevon kade katoxwpnong
OUVOMTIKA

= 3TNV MEPIMTWON KOG, ML KATaXwpPnon lvol to
QVOYVWPLOTLKO eVOC eyypadou (doclD).

= [wa tn ouMoyn tou Reuters (800,000 éyypada), umopoU e va
xpnotpomnotooupe 32 bits ava docID av £xoupe akepaioug 4-bytes.

= EvaAhoaktikd, log, 800,000 = 20 bits ava doclD.
= Mmnopoupe Atyotepo amno 20 bits ava doclD;

48




Introduction to Information Retrieval Keg. 5.3

JUUTTLEON TWV KATOXWPNOEWV

" AnoBnkeVoupe tn Alota Twv eyypadwv og avouvoa
Sduataén twv doclD.

= computer: 33,47,154,159,202 ...
= JUVERELQ: OPKEL va amoBnkeVou e Ta Keva (gaps).
= 33,14,107,5,43 ..

* [ati; Ta meploooTeEPA KEVA UTMOPEL va
KwdkomotnBouv/amoBbnkeutouv pe TOAU Alyotepa

amno 20 bits.
49
Introduction to Information Retrieval Keg. 5.3

Napadelypa

encoding postings list

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

gaps 252000 248100

50
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Introduction to Information Retrieval Kegp. 5.3

JUuUTieon TWV KATOXWPNOEWV

= ‘Evag 6pog onw¢ arachnocentric spdaviletol iowg
o€ €va £yypado 0To EKATOUUUPLO.

= ‘Evag 6po¢ onwg the spdaviletol oxedov os kabe
gyypado, apa 20 bits/eyypadr) moAL akplBo

Introduction to Information Retrieval Kegp. 5.3

Kwowkomnolnon petapAntou peyebouc
(Variable length encoding)
2TOX0¢:

= o to arachnocentric, Ba xpnotponolticou e eyypadég ~20 bits/gap.

= T to the, Ba xpnotpomnoljocoupe eyypadég ~1 bit/gap entry.
= AV TO LECO KEVO yLa €vav 0po elval G, BEloupue va
xpnotomnotljcoupe eyypadég ~log,G bits/gap.
= Baowkn mpdkAnon: kwdlkomoinon kabe akepaiou (gap) e 6oa
Alyotepa bits elval amapaitnta yia autov ToV aKEPALO.

= Auto anattel kwdikomoinon petafAntol peyéBoug -- variable
length encoding

= AUTO TO TIETUXA(VOUV XPNOLLOTIOLWVTAS CUVTOMOUG KWLKES yLal
HLKPOUG aplBpoug

26



Kwdikol petaBAntwv Byte (Variable Byte
(VB) codes)

" Kwdikomoloupe kaBe SLAKEVO e OKEPOLO APLOUO
amno bytes

* To mpwto bit kaBe byte xpnolponoleitat wg bit
ouvéxlong (continuation bit)

= Eival 0 oe 6Aa ta bytes ektog amnod to teAevtaio, 6mou
elvar 1

= Xpnoluomoleitat yla va onpatodotroel To teAeutaio byte
NG KwdKomoinong

Kwdikol petaBAntwv Byte (Variable Byte
(VB) codes)

" Zekiva pe éva byte yla tnv amobrkevon tou G

" Av G £127, umoAdyloe tn duadikni avanapaotaon e
ta 7 StaBéopa bits and B€oe ¢ =1

" AANwwG, kwdikomoinoe ta 7 lower-order bits tou G
Kall xpnolpormnoinoe emunpooBeta bytes yla va
kwdkomolnoelg ta higher order bits pe tov idlo
aAyoplBuo

" 310 TéA0C, B€oe 1o bit cuvéxlong tou teAeutaiou byte
o€ 1 c=1 kot ota dAAa ¢ = 0.
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14
MNapadelyua
gaps 5 214577
VB code 00000110 10000101 00001101
10111000 00001100

10110001

Postings stored as the byte concatenation
000001101011100010000101000011010000110010110001

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

For a small gap (5), VB

uses a whole byte. .
Introduction to Information Retrieval Keg. 5.3

AM\EC KWOLKOTIOLNOELG

= Avtiyla bytes, dAAeg povadeg niy 32 bits (words), 16
bits, 4 bits (nibbles).

" Me byte XAvoulE KATIOLO XWPO AV TTOAU HLKPA
Slakeva— nibbles kKaAUTEPO O€ AUTEC TLG TIEPUTTWOELG
do better in such cases.

= OLkwblkol VB xpnotpomolouvtal o TTIOAAQ
EUTTOPLKA/EPEVVNTLKA CUCTHUOTA

56
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Jupurieon touv RCV1
Datastructwre | SizeinMB_
dictionary, fixed-width 11.2
dictionary, term pointers into string 7.6
with blocking, k = 4 71
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
57

NepiAnyn

" MmopOUE VO KATAOKEUACOUE €VOL EUPETHPLO YLA
Boolean avaktnon moAU anodotikd amnod anoyn
Xwpou

" Movo 4% Tou ocUVOALKOU HeYEBOUC TNG GUAAOYNG

* Movo to 10-15% Tou OUVOALKOU KELWEVOU TNG
oUAAOYNAG

" BEBala, Exoupe ayvonoel Tnv mAnpodopia BEong
= H efolKOVOUNGCN XWPOU ELval ULKPOTEPN OTNV TPAEN
= AANAQ, OL TEXVLKEG ElvalL TTAPOUOLES

58
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TEAOZ 1° pépoug 5°¥ MaBnuatog

Epwtnoelg?

Xpnotpomouidnke kamoto VALK Twv:
v’ Pandu Nayak and Prabhakar Raghavan, CS276:Information Retrieval and Web Search (Stanford)
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