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Introduction to Information Retrieval Kep. 3

TL elO0Ee 0TO MPONYOULLEVO paOnua

Avaktnon AVeKTLKn o€ ZdaApata

= ALopBwon Aabwv
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AlopBwon opBoypadikwv Aabwv

" AUO BAOLKEC XPNOELC
= AOpBwon Twv Eyypa@wy IOV EVPETNPLOTIOLOVUVTOLL

= AOpBwon TwWV EpWTNUATWY WOTE VA OLVOKTNOOUV «CWOTECH
QTIOLVTAOELC

" Auo BOOLKEC KATNYOPLEG:
" Meuovwuevec Ag€eic
= E&€taoe kABe AEEN povNn TG yla AdOn
= Aev TILAVEL typos TIOU £XOUV W ATIOTEAECHO CWOTA YPOAUEVEC AEEELC
" 1X., from — form
= Baolouévn o ouuppalousva (context sensitive)
= Kottd otic Aé€elg yupw,
= 1.X., | flew form Heathrow to Narita.



Introduction to Information Retrieval Keg. 3.3.2

AlopOwon pepovwuevng AeEng

" OepeAwdng unoBeon —

" Avuo BaolKEC EMAOYEC YL aLUTO TO AEELKO
= ‘Eva standard Ae&iko
= To Ae€wko TS ouAAOYN ¢ (corpus)

AoBEvtoc evoc Ae€lkoU Kal pog akolouBiog xopaktipwy Q,
enteotpeP e Tic Ae€elc Tou Ae€lkoU Tou eival o kovta oto Q

E€etaoape SU0 oplopouC eyyuTnNTOC:

" Tnv anootaon dtopdwonc (edit distance) kol tTnv oTaGULOUEVN
ekdoxn NG

» FrukaAvyn (overlap) n-ypauuctwv
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Antootaon O0LopBwonc (Edit distance)

OPIZMOz: AoBevtwv duo aAdaplOuntikwyv (strings)
S;and S,, o eAaxLotog aplOpog mpadewy yLo tn
LLETOTPOTIN TOU €VOC 0TO AAAO

YTOAOYLOMOC UE Xprion OUVALLLKOU TIPOYPOUOTIOLOU:

O BeAtioTtoc Tpomoc amo pa Ae€n os pwa aAAn, Baoiletal oto
BEATLOTO TPOTIO ATTO KATIOLO TPOBEA TNG TPWTNE OE TPOBe
¢ 6elteEPNC

Evav Mivaka

v Tpappeg: Npapparta (mpobéparta) tng mpwtn A&ENC
v YtAec: Mpappata (mpoBgpata) tng deUtepng AEENG

v’ @foelc Tou Ttivaka: BEATLoTO KOOTOC (aooTtoon)
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YrioAoylopoc amootaonc 6topbwaonc

String s,

cats — fast
flaflsjt KaBe otoweio mli, j| Tou
_ ojtj2p3j4 nivoka pog divel to
Sl flj2)f3]4 kdoToC (amdoTaon) ya va
s all2]21]2]3 TALE aTto o Tpobepa
& tM3NM3M2l212 U KOUG i TOU S, OTO
00epo LRKoUC j TOU S
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YrtoAoylopoc amnootaonc 6topbwaonc

Kootocg armo tov mavw Kootocg amo tov mavw Yeitova
QPLOTEPO YEiTOVA Delete
Copy N Replace

Kootog amod tov aplotepo
yeitova To HLKPOTEPO Ao Ta 3 KOOTN
Insert
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AUVOULKOC TTPOYPOLULUATIOMOC

1. BéAtiotn umno-6oung (Optimal substructure): H B€ATioTn
AUon o€ eva poBAnpa TIEPLEXEL TLC UTTO-AUOELG, SnAadn
TLIC BEATIOTEC AUOELC 0€ UTTO-TtpoBARaTA

2. EmkaAvuntopevec umto-Avoelc (Overlapping subsolutions):
Ot urto-AUoeLc urtoAoyilovtal Eova Kol Eava otav
uTtoAoyilovtal ol oAlkeC BEATIoteg AUoeLg otov brute-force

aAyopOpuo.
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AUVOULKOC TTPOYPOLULUATIOMOC

v\ ZTNV MEPUTTWOoN TWV AIOoTACEWV S10pBwoNn¢ — To Uno-
npoBAnua duo poBeudtwy

V' OL ETUKAAUTITOHEVEC UTIO-AUOELC: XPELA{OMOOTE TLC
TMEPLOCOTEPEC AMOOTACELS 3 POpEC: Kivnon dekLa, otn
SloywvLo, KATw
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AAyoplBuoc (bLaywvia)

Av T0 i-00TO GTOLXELO TOU S, €lval

LEVENSHTEINDISTANCE(Sy, 5,) OTORELO O ,
' SLOPOPETLKO AUTTO TO j-00TO OTOLKELOU TOU S,

1 fori—0 to |s]
do m|[i,0] =i
for j 0 to | -1, j-1 -1, ]
do m[0,j] =J i, j-1
for i — 1 to |s;
do for j — 1 to |sp|
do if s1|i| = s2[j]
then mli.j] = min{m(i-1, j|+1, m[i, j-1]4+1, m[i-1, j-1]|}

9 else mii,j| = min{mli-1,/]+1, m[i, j-1|+1, m|i-1, j-1]+1}
10 return m(|s|, |ss|]
Operations: insert (cost 1), delete (cost 1), replace (cost 1), copy
(cost 0)

I, ]

O Il OO B~ WK
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Xprion Twv amootacewv 610pBwonc

1. AoBelooc pLac epwtnong, mPWTa amapilOpunos OAeC TIC
aKOAOUDBLEC YO POKTAPWY UECO OE ULOL TIPOKOOOPLOUEVN
(otaBuiopévn) anootaon 6opbwong (m.x., 2)

2. Bpec tnv Tour autol TOU CUVOAOU LE TIC KOWOTEC» AEEELC
3. [lpoteive Touc opouc TToU BPNKEC OTO XPNoTN
EVaAAOKTIKA,
= Wake OAec Tic tBavec S1opOBwWOELC OTO AVTECTPOAUEVO
EUPETNPLO Kal emEoTPEPE O TA Eyypada ... Apyo

* MTOPOUUE VO ETTLOTPEYOULE TO EYYPOPO. LOVO YLOL TNV TILO
rniBavn 61opbwon

= H evaAAaKTIKA AUON TOLPVEL TOV EAEYXO ATTO TO XProtn aAAd
kepbiloupe €va yupo dtadpaong

12
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ErtukaAupn k-ypappotwyv

EVOAAQKTLIKOC OPLOUOC amooTtaonG: PAcCH TwV KOWWV K-YPOLUUATWVY
1. AmapiBunoe oAa 10 k-ypAUHOTA OTOV OPO TNE EPWTNONG

2. XPNOLUOTIOLNOE TO EVPETNPLO K-YPOAUATWY VL0 VOL OVOKTHOELS OAOUG TOUG OPOUG TOU
Ae€LKkoU 1o TalplalouV KATOLO Ao T K-YpAUUATO TOU EPWTAHOTOC

3. AvVEKtnoe 6Aou¢ Toug OpouC Tou AefLlkol Ttou tapldlouv Karmolo (>= katwpAt) aplBuo
aro Ta k-ypAappato Tou epwtApatoc f Jaccard distance > TIUA

= Moapadeypa: k = 2, epwtnua lord, anmootaon amno lore kat border

lo sloth

A\ 4

or
rd

morbid

card
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ALopBwon e€aptwpevn amo to nepLBailov

Kelpevo: I flew from Heathrow to Narita.

" Qewpelote 10 epwTnua-ppacn“flew form
Heathrow”

" Qa BEAaE VO ATTOLVTI|OOUE
Did you mean “flew from Heathrow”?

Mloti Oev unapyouv (apketa) eyypada mou va
TOULPLA{OUV OTO APXLKO EpWTNMA dpAon

14
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AopBwon Baoclopevn ota cupdppalOpeva

= Xpelaletal cupudpalopevo nepPailov ya va to
TILAOEL QUTO.

Mpwtn WOEa:

1. AVEKTNOE TOUC OPOUC TOU AEELKOU TTOU €ilval kovta (o€
otaOulopevn anootaon 6L0pOwong) amno kabe opo tou
EPWTNMATOC

2. Nokipaoe 0Aec tic mBaveC ppAoELS TTOU TTPOKUTITOUV
Kpatwvtoc kKaBe dopa pia Ae€n otabepn
= flew from heathrow

= fled form heathrow
= flea form heathrow

3. Hit-based spelling correction: NMpOTELWVE TNV EVAANOKTIKA UE
Ta teploootepa hits

15
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AopBwon Baoclopevn ota cupdppalOpeva

EvaAlaktikn Mpoogyylon pHe xpnon biwords

2aoe NS ppaon oe oulevén biwords.
Waée ta biwords nou xpeltalovrtal §10pObwon povo evog opou.

ArtoplOpunoe Lovo T pACELC TTOU TIEPLEXOUV «KOLVAY»
biwords.

16
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[evika Bgpoata

" @gAoupe va doupe HLOPOPETIKEC ATIAVINOELC OTO
“Did you mean?”

" [lolec Ba eMIAEEOV LE VO TTOPOUCLACOU E OTO
Xpnotn;

= Autn mou spdaviletal ota MEPLOCOTEPA Eyypada
= AvdaAuon tou Query log

17
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Soundex

Dwvntikn 610pBwon: EPWTNUA TIOU KAKOUYETOLY
OTIWC O CWOTOC OPOC

= KAAON EVUPLOTLKWV VLA TNV EMEKTAON EVOC
epwTAHATOC 0 dwvnTKa (phonetic ) Ltooduvapa
= E¢aptwvtal amod tn YA\ wooa — Kupiwg yLa ovopata
= [1.x., chebyshev — tchebycheff

18



Introduction to Information Retrieval Keg. 4-5

Tt Ba dovpue onuepa

" Katookeun eupeTnpilou
= JTOTLOTIKA YL T cUAAOYN

19
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KATA2KEYH EYPETHPIOY



H Baowkn doun: To avtECTPOUUEVO
evupetnplo (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

A > Ny S
~

dictionary postings

Aiotec kataxwpnoswv (posting lists)

KaBe katayxwpnon (posting) yia €va o6po
TLEPLEXEL Mo SLatetaypévn Alota pe ta
gyypada (DoclD) ota omnoia epdaviletol o
0pOG — CUXVA ETMLIPOCOEeTA oTOoLXELDL , OTIWG
position, term frequency, KAt

Ne€lko: oL Opot (term) kot n
ouxvotnta esyypadwv (#eyypadwv
™S oUAAOyYN¢ ov gpdavilovton)
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Kotaokeun evupetnplou

" MW KATALOKEVALOULLE TO EVUPETNPLO;

" [NOLEC OTPATNYLKEC XPNOLUOTIOLOUUE OTAV
EXOULE TIEPLOPLOLLEVN UVIUN;

22
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Baolka otoleia Tou UALKOU

" [MoAAEC AtOPAOELC OTNV QvaKTNON TTANpodopLac
Baoilovtol oTa XOPAKTNPLOTLKA TOU UALKOU

= Ac S0oUpE pEPLKA BOOLKA XOPOKTNPLOTLKA

23
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Baolka YapaKTNPLOTLKA TOU UALKOU

= Hnpoomnelaon dedopevwy otnv KUpLA LvALN €ivat oAU 7o
vpnyopn omo tnv npoomnélaon dedopevwy oto dioko (rmepimou
gvoc mapayovtog tou 10)

" INUOVTLKN TEXVLKA: caching

= Disk seeks (xpovoc avalntnonc): Evw tonoBeteital n kepaAn b yivetal
uetadopa Sedbopevwv
= Apa: H petadopa peyaiwy koppoatiwy (chunk) dedopévwv amod to dioko otn
VAN €lval ypnyopotepn amo tn HeTadopd TTOAAWY HLKPWV
= H emkowwvia pe to dioko (Disk 1/0) yivetal og ogAidec (block-based):

=  AwBalovral kot ypadovtal ohokAnpa blocks (Oxt TUAMATA TOUC). IXETIKOC XwPOoC otn UvAun — buffer,
Méyeboc Block: 8KB - 256 KB.

*  [lapdAAnAa pe tnv eneéepyaoia dedopevwy

= JUMTEON — CUXVA TILO YPHYOpPN QITOCUUTILEDN + eMeéepyaoia

24
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Baolka YapaKTNPLOTLKA TOU UALKOU

= OLemeéepyaoTEC TTOU XpnoLpomolovvtoal otnv All
dlaBetouv oA GB kUpLaC LvANG, ouxVa SEKAOEC
armo GBs.

= O 6laBeopoc xywpoc dilokou eivatl oAAEC (2—3)
TAEELC peEYAAUTEPOC.

= H avoyxn ota opaApata (Fault tolerance) eivat moAv
akpLBn: dONVOTEPO Vo XpNOLUOTIOLEL KAVELG TTOAAEC
KOWVOVLKEC UNXOVEC TIOPAL UL € LEYOAN»

25



Introduction to Information Retrieval Kep. 4.1

YrioBeoelc yia to uAko (~2008)

symbol | statistic value

S average seek time 5ms=5x1073s

b transfer time per byte 0.02pus=2x1073s
processor’s clock rate 10° s™1

P Low level operation (e.g., compare & swap a 0.01 ps =1078s
word)
size of main memory several GB
size of disk space 1 TB or more

26



H cuA\oyn RCV1

= H gulloyn pe ta anavta tou Shakespeare dev eival
QPKETA LEYAAN VLA TO OKOTIO TNG ONUEPLVAC
dlaAeénc.

= H guAAoyn mou Ba xpnotlponotriocouvpe Hev eival otnv
MPAYUOTIKOTNTA TIOAU HEYAAN, aAAd eival StaBgoun
0TO KOLVO.

= Oa XPNOLLOTIOL)COULE TN SUANOYH)

= Eilval évoc xpovocg Tou KUKAWHATOC el6noewv Tou Reuters
(Reuters newswire) (Lépocg tou 1995 kat 1996)

= 1GB kelpévou

27
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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  Politics  Entertainment Technology  Sporls Oddly Enouc

Extreme conditions create rare Antarctic clouds

Tue Aug 1, 2006 3:20am ET

Email This Article | Print This Article | Reprints
[-] Text [+
SYDNEY (Reuters) - Rare, mother-of-pearl 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
metecrological base at Mawson Station on July 25.

28
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Eva eyypado tnc ouAdoync Reuters RCV1

Symbol Statistic Value
N documents 800,000
[.ve 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

29
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Term Doc #
Kataokeurn evpetnplou i
enac 1
N VPETNP e y
Ic:aesar i
1° népaopa: e .
Eneéepyalopaote ta eyypada yo va BPouU e TLG it'h i
AE€eLC - auteg amoBnkevovtal pall pe to Document caT)itoI 1
ID, Cevyn (term, doc-id) E.ZT‘QZS :
me 1
so 2

le
| | with :
I d|d enact JU“US SO |et |t be Wlth tc::lesar ;
Caesar | was killed | | caesar. The noble noble 2
o . . brutus 2
I the Capitol; Brutus hath told you nath :
Brutus killed me. Caesar was ambitious you >
caesar 2
was 2
ambitious 2

30
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Baowko Brpa: sort

= 2°meEpaopa: apol EXOUUE
eneéepyaotel OAa ta Eyypada, TO
OVTECTPAUUEVO EVPETNPLO
Odlataooetal (sort) pue faon toug
OpOoUG

%

Oa enikevipwBOoUL e oto BApa dtataéng
Mpémnet va dataéoupe 100M opouc.

2 TN CUVEXELQ, YLa KABE O0po,
dtataén eyypadpwv

v’ Xpnion termID avti term ywa
KaAUtepPN amodoon

Term

|

did
enact
julius
caesar
|

was
killed
i

the
capitol
brutus
killed
me

so

let

it

be
with
caesar
the
noble
brutus
hath
told
you
caesar
was
ambitious

O
o
o
H*

NDNNDNMNNDNMNNDNMNMNNMNMNNMNMNNMNRPPRPPRPPRPPRPPPRPPPRPERPPRPREPR

Term
ambitious
be
brutus
brutus
capitol
caesar
caesar
caesar
did
enact
hath

I

I

i
it

""’ju”us
killed
killed
let
me
noble
o)
the
the
told
you
was
was
with

v
o
o
+H

31
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Introduction to Information Retrieval KEP. 4.2

KALLLOKWGON TNC KALTOLOKEUC TOU EVUPETNPLOU

= Aev gival duvatn n TARPNC KATAOKEU TOU
gupetnpiov otn pvAun (in-memory)

" Agv pmopou e va GopTWOOoUE OAN T cUAAOYN OTN
LVAUN, VO TNV TAELVOUNCOUE Kol va ypaoupe to
EVUPETNPLO TIlow 0TOo OLOKO

" [Mw¢ UITOPOULLE VO KATOLOKEUACOUE EVAL
EUPETNPLO VLA Lo TTOAU HeYAAn cuAAoyn;

32
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Kataokeun pe faon tn dataén

MrmopoUUE VoL KPOTAME OAO TO EUPETNPLO OTN KUVAUN;
= KaBe eyypadn kataxwpnong (akopa kot xwpic mAnpodopia 6€onc - non-
positional) &nAadn (term, doc, freq) katahopPavel 4+4+4 = 12 bytes kot
QUTTALLTEL TTOAU XWPO YL LEYAAEC CUAAOYEC
= T=100,000,000 6potyta to RCV1 (1.2 GB)
= AutA N cUAAOYHN XWPAEL OTN UVAMN, AAAQ OTNV TIPAYUATIKOTNTO TTOAU
pneyaAvtepec, MN.x., ot New York Times mapExouv Evo EUPETHPLO YLo
KUKAwua eténoewv >150 xpovia

= [p€nelva amoBnkevoupe eviLapeoa anoteAeopota oto HLoKo

= KaBwc KataokeUA{OUE TO EVUPETNPLO, emetepyalOHOOTE Ta Eyypada Eva-
Eva
= OLTEALKEC KOTAXWPNOELC YLa KABE 6po elval NULITEANG LEXPL TO TEAOC

33



Alatoén xpnoLonoLwvtoc To dLloko oav

CUVAUN»;

* MrmnopoUUE va XpNOLLOTIOLNCOUUE ToV (blo aAyoptduo
KOTOLOKEUNC YL TO EUPETAPLO AAAA XPNOLULOTIOLWVTOC
Sdloko avti yLta pvnun;

= Oyu Awataén T = 100,000,000 eyypadwv oto dloko
glval oAU apyn — moAAEC Ttuxaiec avaktnoelg (disk
seeks).

= Xpetalopaote evav aAYoplOuo sEwteplknc dtataénc
(external sorting).

34
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[Tt oy

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

= Meta dlataén twv eyypadwv pe Bacn Touc Opoug
(koL peta, yio Kabe 0po, SLATAEN KATOUXWPNOEWV UE
Baon to eyypado)

= Autn n dtadlkaoia pe tuxaio avaktnon oto dioko Ba
ntav toAv apyn — dwataén T=100M eyypadpwv

Av kaUe ouykplon xpelaletol 2 mpoormeAaoelc ato 6(OKO, Kal Lo

tn 6tataén N otolyeiwv xpetalopaote N log,N ouykpioelg, moco
xpovo Ja xpeltalopyaotay;

35



BSBI: AAyoplBuoc¢ kataokeunc kata block

(Blocked sort-based Indexing)

1. Xwploe tn ocUAAOYN OE KOLLLATLO LOOU
neyebouc

2. Toa&wounoe ta (evyn termID—doclD yua kaBe
KOUUATL OTN MVAUN

3. AmoBnkevoe ta evdlapeoa amoteAeopata
(runs) oto 6iloko

4. ZUYXWVEUOE TA EVOLAUECO OTIOTEAEOUOTO

36



BSBI: AAyoplBuoc¢ kataokeunc kata block

(Blocked sort-based Indexing)

= EyypadéEc 12-byte (4+4+4) (term, doc, freq).
= [Mapayovtal Katd tTn dtaoxlon Twv eyypadwv
= Awdtaén 100M tetowwyv 12-byte eyypadwv pe facn tov opo.

= Opiloupue €va [Block  10M tetolec eyypadEC
= Mmopou Wa Vol €XOULLE KATTOLOL ATTO AUTAL OTN MVAMN.

= Apxtka, 10| tetola blocks.

= Baowkn oea:
" JUYKEVIPWOE KATAXWPNOELC yla va yepioel eva block, dtataée
TLC KaTaxwpnoelc oe kabe block, ypawe to oto dioko (run)

= Meta ovyxwvevoe ta blocks og eva peyalo SLateTaypEVO
block.

37



Introduction to Information Retrieval KEP. 4.2

Awataén 10 blocks twv 10M gyypadwv

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)

SO 1 B~ W N

AlaBaoe eva-eva ta eyypa@a — yeuilovroc eva block ue <termid, docid>,
otataén tou block,

Invert: dtataén (evywyv ue Baon to termid, cuykevipwaon oAwv ue to idto termid
o€ postings,

vpoae to yeuato block oto dioko
38



Introduction to Information Retrieval KEP. 4.2

MNapadelypa

postings lists
to be merged

brutus dl1,d3,d6,d7

brutus d1,d3 brutus d6,d7 caesar dl,d2,d4,d8,d9

caesar dl1,d2,d4 caesar d8,d9 - julius ~ d10 merged
noble db jl.l].il.lS d10 killed ds pDE tln_gﬁ ]]'_51-5
with dl,d2,d3,d5 killed dB8 noble db

with d1,d2,d3,d5

/

disk

39



Introduction to Information Retrieval KEP. 4.2

Awataén 10 blocks twv 10M gyypadwv

" Mpwta, StaPaoce kaBe block ko datate tic eyypadec
TOU:
= Quicksort 2N In N avapevopueva BrApota
= Ytnv nepimtwon pag, 2 x (10M In 10M) steps
" A0Knon: EKTIUNOTE TO OUVOALKO KOOTOC yla va StaBaoouue Kade
block amo to dioko kat va epapuocouue quicksort o€ auTo.

= 10 dopEC auTn N eKTiNON Tou Xpovou pac oivel 10
dlatetaypeva runs Twv 10M eyypadwv 1o KaBeva.
" O am\oc¢ tpomocg xpelaletal 2 avtiypada twv Sedopevwy
oto 6loko
= AA\Q propel va BeAtiwBet

40



Introduction to Information Retrieval KEP. 4.2

Mwc Ba ylvel N CUYXWVEUGCH TWV runs?

= Avadlkn ocuyxwveuon, pa devtpikr) dopn pe log,10 =4
enimeda.

= Je kaOe eninedo, StaBaoe otn pvAun runs os blocks twv 10M,
OUYXWVEUOE, ypale niow.

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

merged.

41



Introduction to Information Retrieval KEP. 4.2

Mwc Ba ylvel N CUYXWVEUGCH TWV runs?

" Mo amodoTKA ME pla multi-way cuyywveuaorn, OTou
StaBaloupe amo oAa ta blocks tautoxpova

= Yro tnv npolmnobeon otL Stafaloupe otn Lvnun
QPKETA pLeyaAa Koppatio kabe block kal peta
YPAPOUUE TIOW APKETA LEYAAD KOUUATLA, AAALWG
AL TPOBANUa pe tig avalntnoels oto dloko
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BSBI: meptAnyn

= Baowkn Oea:

= AwaBale ta Eyypada, cuykeEvipwoe <term, docid>
KOTOAXWPNOELC EWC va YepLoel eva block, dtataée tig
kataxwpnoelg oe kaBe block, ypaye to oto dioko.

"= Meta ovyxwvevoe ta blocks og eva peyalo SLateTaypeEVO
block.

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

Moapatnpnon: LTOPOULE VO EPYACTOUME LE termid avtl yia
term av kpatape 1o Ae€Llko (tnv amnelkovion term, termid) otn
S\Vy[¥ly
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Xpnon ovoyvwplotikou opou (termiD)

" Ynodeon: kpatoue to Agélko otn uvnun

= Xpelalopaote to Ae€LkO (To omolo peyaAwvel
SUVOULKA) yLa VoL UAOTTOLACOUE TNV OTTELKOVLON
uetofv opou (term) os termiD.

" Oa UMOPOUCOE VAL EPYOCTOUME KoL pe term, doclD
Kataxwpnoelc avti twv termiD, doclD
KATAXWPNOEWYV, aAAd Ta evOLApMESO apXELD YivovTol
TTOAU pEYAAQL.
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SPIMI: Single-pass in-memory indexing
(eupetnploon evoc MeEpACHOTOC)

Av 6¢e dlatnpoupe term-termID armelkovioelg petoéu
blocks.

EvaAdaktikoc aAdyopiSuoc: Artopuyn tnc dtataénc twv

OpWV.

" JUYKEVTPWOETE TIC KATAXWPNOELC 0€ ALOTEC KATAXWPNOCEWV
OTIWG AUTEC epdavilovtal.

" KaTtaokeun eVOg TIANPOUC OVTECTPALUEVOU EVPETNPLOU YL
kaBe block. Xpnowpuomnoinoe katoakeppatiopno (hash) wote ot
KOTOXWPNOELC TOu tbLou opou otov ibLo kado

" META CUYXWVEVOUE TA EEXWPLOTA EUPETHPLOL OE EVAL LEYAAO.
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SPIMI-Invert

SPIMI-INVERT(token_stream)

1 output_file = NEWFILE() Xpnowonotovue  hash  wote ot

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

3 while (free memory available) (010 «k&td0»

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 guyxwveuon onwc kot oto BSBI.
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AUVOLKA EVPETNPLOL

= MeExpL oTLyUNC, OEwpnoape OTL TOL EVPETAPLA ELVOL
OTOTIKA.
= AUTO cUMBOLVEL OTIAVLO, TNV TIPOYHOTLKOTNTA:

= Néa eyypada epdavidovtal KoL TPEMEL vaL
gupetTnpLomolnBouv

= ‘Eyypada tpomomnolovvtal i dtaypadovral
" AUTO ONUOLVEL OTL TTPETTEL VO EVNUELPWOOUE TLC
AlOTEC KATAYWPNOEWV:
= AA\QYEC OTLC KATOXWPNOELC OpwV TIoU £ival 6N oto Ae€Lko
* MpootiBevtal veolL OpoL oto Ae€LkO
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Mua artAn tpooEyyLon

" AlaTAPNOE EVO « LEYAANO» KEVTIPLKO EUPETNPLO
= Tavea €yypada o€ PIKPO «BonBNTLKO» EVUPETAPLO
(auxiliary index) (otn pvAun)
= Wacte kat ota SU0, CUYXWVEUCE TO ATIOTEAECUOL
= AloypodEc
= |nvalidation bit-vector yia ta Staypappeva eyypada
= QATPAPLOUO OTTOTEAECUATWY WOTE OXL SLoypapLEVA

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

Eotw T 0 OUVOAKOC aplOpOC TwV KATAXWPNOEWV KoL n ol
KOTOAXWPNOELG TTOU YwpoUV oTn MVAUN

Kataokeun

" Kuplwc kot Bonontiko supetnpto: T/n cUYXWVEVOELS, OE KAOE
Ll KOLTAE OAOUC TouC Opouc, apa TtoAurthokotnta O(T?)

Epwtnua
" Kupiwc kat Bonvdntiko eupetnpto: O(1)
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Ocpata

" JUXVEC OUYXWVEVOELC
= Kakn amodoon Katd tn SLAPKELA TNG CUYXWVEUONC

" Mo amodotiko av kabe Alota Kataxwproswv NTav
armoBnkevpevn oe SLadpopeTIko apyxeio (tote, anmAwe append),
aAAa Ba xpelalopaote TTOANQ apyeia (KN amodoTLKO Lo TO
A3)

" Qa umoBecoupe OTL OAO TO EVUPETHPLO O€ Eva ap)elo.

" Itnv mpaypatikotnta: Katt avapeoa (m.X., TOAAEC ULKPEC
ALOTEC KaTOXWPNONC O€ Eval apxeio, SLaomaon oAU PEYAAWY
ALlOTWV, KATT)
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AoyoplOULKN cuyxwWVeUON

" AloT)pNoN Lo OELPOC OTTO EVPETNAPLO, TO KaBeva
Sduthaoiov peyeEBouc armno ta TPonyoUEVO

= KaBe oTLyun, XpNOLUOTIOLOUVTOL KATIOLO OO
auTa
" Eotw n 0 aplOuoc Twv postings otn HvAun
= Aiotnpoupe oto dioko gupetnpla ly, Iy, ...

" |, ney€Boug 2° * n, |, peyeBoug 2! * n, |, peyeboug 22 *
n...
= ‘Eva BonOnTIkO eupeTNPLO LEYEBOUC N OTN LVAMN,
ZO
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AoyoplOULKN cuyxwWVeUON

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

= Q¢ eva veo index |,

* Tnv emopevn dopa mou To L, VEULLEL, OUYXWVEUON
Me I

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

" To EpWTAUOTO OITOVTWVTOL LLE XPrON TOU Z, 6TN
LV N Kot oowv | umtapyouv oto dioko kaBe dopa
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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; ; «— MERGE(/;, Z;)
6 (Zi+1 is a temporary index on disk.)
7 indexes < indexes — {l;}
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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[MTOAUTTAOKOTNTEC

Katookeun

" Kuplwc kot Bontntiko supetnpio: T/n ocuyXwveUoeLlg, o KABE pia KOTAUE OAOUG TOUG
opouc, apa moAumAokotnta O(T?)

= NoyaplOLLkn cuyywvevon: KABe kataxwpnon cuyxwvevetal O(log
T) dopecg, apa moAurtdokotnta O(T log T)

Epwtnua

"  Kupiwc kat Bondntiko evupetrpto: O(1)
= Noyoptduikn ocuyywvevon: kottape O(log T) eupetripla

[eViKa, TEPUTAEKETOL 1N QVAKTNON, ONOTE ouxva TnAnNpncg
QAVOKOTOOKEUI TOU EUPETNPLOU



AUVOULKOL EUPETNPLOL OTLC LLNXOAVEC

avol{TNONG

" oAU cuxVEC aAAQYEC
" JUXVQ TTIEPLOOLKN QVOKATAOKEUN TOU EUPETNPLOU QTTO
TNV apxn

" Evw KOTaoKEVALETAL TO VEO, XPNOLUOTIOLELTAL TO TTAALO KoLl
OTOV N KOTOLOKEU TEAELWOEL XPrON TOU VEOU
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AAN\a Bcpata

= H dataén twv eyypadwyv otic Alotec b€ yivetal
rtavta pe Baon to DoclD aAAa pmopet kat pe faon
TN ocuxvotINTAa EUdAVIONC TOU OPOU OTO £yypado
(Lo epimAoko ylati 6ev apkel append)

= Alotec Sikouwpatwy nipoornieAaonc (Access Control
Lists ACLs)

= [ kaBe xprotn, po AloTta KATtaxwpnoewv e ta eyypada
TIOU UTTOPEL VAl TIPOOTIEAAOEL
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KatovepnUEVN KATOOKEUN

" Lo eupeTNPLO KALpHOKOC web
Xpnon katavepnuéevou cluster

= Emeldn pLo pnxovn Vol EMLPPETNG O€ arotuyia
= Mmnopel anpoodoknta va YIVEL apyn N va aITOTUXEL

= Xpnotlpomoinon mMoAAwWV pnxavwv
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Mepkol aplBuot

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

= Each year, Google changes its search algorithm
around 500_600 tlmeS http://moz.com/google-algorithm-change
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Web search engine data centers

= OLpunyaveg avalntnong xpnotpomnotlouyv data centers
(Google, Bing, Baidu) kupilwc¢ ando commodity
unxowvec. lati; (fault tolerance)

= Ta kKEvTpa ival dltaomapto 6 OAO TOV KOGHO.

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

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

Oa to S0V E OVAAUTLIKA OE EMOMEVA poOnpata
Alya «eykukAomatdika» yia to MapReduce kal th
XPron TOU O0TNV KOTOLOKEUN TOU EUPETNPLOU
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Google index

" index partitioned by document |Ds into pieces
called shards

" each shard is replicated onto multiple servers

" initially, 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 the others
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Mo 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 |-
anlg!,’l{ ] ~_g§§{g~n\ Postings
I
| | Pz 9P
Spo|itS O : TI;
Map Segment files Reduce
phase phase
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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/ «
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Example for index construction

Map:

= dl1:Ccame, Cc'ed.

= d2:Cdied. 2

<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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[MapAdELYUOL KATOOKEUNC EVPETNPLOV OE

MapReduce

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

Edappoyn otnv mEPIMTWON TNG KATAOKEVNG EUPETNPLOV
* map: collection = list(termID, doclD)

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

" |[ndex 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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2TATIZTIKA 2YANOIH2



Introduction to Information Retrieval Kep. 5

2TATLOTIKA OTOLYELOL

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

CAESAR — | 1| 2| 4 5| 6|16 | 57| 132

CALPURNIA | — | 2| 31 | 54 | 101

" [1lo AEMTOMEPN OTATLOTLKA YLa T cuAAoyn RCV1
" [T600 peyalo gival To AgELKO Kol OL KATOXWPNOELC;
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2TATLOTIKA Yo T ouAAoyn 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 94517 -47 -52

stemming 322 -17 -33 63,812 -4 -42 94,517 0 -52
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Ae€LAoyLo Kkat peyeBoc culoync

" [Moco peyalo sival to Ae€LAOyLo Opwv;
" AnAadn, mooec eival ol SLAPOPETIKEC AEEELC;

" YIAPYXEL KATIOLO VW OPLO;

M.x., to Oxford English Dictionary 600,000 Ac€elc, aAAQ
OTLC TIPAYMOTLKA LEYAAEC CUAAOYEC ovopaTa
NMPOCWTIWYV, TIPOLOVTWYV, KATT

v/ 3TNV MPAYHOTIKOTNTA, TO AeELAOYLO cuVEXIEL val
LEYAAWVEL e TO MEYEDBOC TNC cUAAOYNC
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Ae€LAoyLo Kkat peyeBoc culoync

O vopog tou Heaps:
M = kTP

M eival to peyeBog tou Aeflloyiou (aplOpocg opwv), T o aplOuoc
Twv tokens otn cuAloyn

MEPLYPAPEL MWC PEYOAWVEL TO AeELAOYLO OGO peyaAwVveL N cuAAoyN

= YuvnOnc tpec: 30 < k <100 (e€aptatal oo to €ido¢
™NC cuAAoync) ko b = 0.5

= Ye log-log plot tou peyebouc M tou Ae€lhoyiou pe 1o T,
O VOUOG TIPOPBAETIEL YpOLUUN LE KAloNn Ttepiitov V5
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[la to RCV1, n
Suakexoppévn yoapus  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.

KaAf mpooéyylonylato = o -
Reuters RCV1 ! ’
Mo to mpwta 1,000,020
tokens, o vopoc mpoBAEnel - -
38,323 opoug, otnv
npaypatikotnta 38,365 . l l . .
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O vopoc tou Zipf

v O vopoc tou Heaps' pac Sivel to péyeboc tou
Ae€lloyilou pLoc cUANOYNC

Oa €EETACOVE TN OYXETLKI CUXVOTNTO TWV OPWV

" 3TLC PUOLKEC YAWOGOEC, uTtAPXOUV Alyol TTOAU cuyvol
OpoL KoL Ttapo oAU oTtaviol
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O vopoc tou Zipf

O vopoc tou Zipf: O i-00TOC 1Lo CUYVOC OPOC EXEL
ouyvotnta avaioyn tou 1/i.
cf. ¢ 1/i = K/i dmou K pa normalizing constant

Ornou cf; collection frequency: o aplBuog epdavicewv Tou opou t,
otn cuAloyn).

o Av 0 TtiLo oUXVOG 0p0oG (0 Oopog the) epdavifetal cf, popeg
o Tote o deutepog 1o ouxvog (of) epdavitetar cf,/2 popeg
o O tpitog (and) cf,/3 dopseg ...
log cf, = log K- log i

= [pappikn oxeon petady log cf; kat log i

power law oxeon (ekBeTkoC vopoc)
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Zipf's law for Reuters RCV1

log10 rank 80
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TEAOZ 4°° MaBnpuatog

Epwtnoelc?

XpnotuornotOnke KArmoLo UALKO Twv:
v’ Pandu Nayak and Prabhakar Raghavan, CS276: Information Retrieval and Web Search (Stanford)
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