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Boolean queries: Exact match

* The Boolean retrieval model is being able to ask a
qguery that is a Boolean expression:

— Boolean Queries are queries usin@dND, OR and NOT
to join query terms
* Views each document as a set of words
* |Is precise: document matches condition or not.

— Perhaps the simplest model to build an IR system on
* Primary commercial retrieval tool for3 decades.

* Many search systems you still use are Boolean:
— Email, library catalog, Mac OS X Spotlight
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Phrase queries

= We want to be able to answer queries such as
“stanford university” — as a phrase

" Thus the sentence “/ went to university at ~Etanford”
is not a match.

* The concept of phrase queries has proven easily
understood by users; one of the few “advanced search”
ideas that works

= Many more queries are implicit phrase queries
* For this, it no longer suffices to store only

<term : docs> entries
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Query processing: AND

= Consider processing the query:
Brutus AND Caesar
= Locate Brutus in the Dictionary;

/ = Retrieve its postings.

Y = Locate Caesar in the Dictionary;

= Retrieve its postings.

= “Merge” the two postings (intersect the document sets):
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Intersecting two postings lists
(a “merge” algorithm)

INTERSECT(p1, p2)
1 answer «— ()
2 while p; # NIL and p, # NIL
3 do if docID(p1) = doclD(p>)
then ADD(answer, doclD(py))

p1 < next(p;)

p2 < next(pz)
else if docID(p;1) < doclD(pz)

then p; < next(p:)
9 else p, < next(pz)
10 return answer
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Introduction to Information Retrieval Sec. 1.3

Query optimization

= What is the best order for query processing?
* Consider a query that is an AND of n terms.

= For each of the n terms, get its postings, then
AND them together.

w——>>[2 14 | 8116 32/ 64128 |

Caesar m——>[ 1] 21 3] 578 [16] 21 34

Calpurnia | "——>[13T16] [ [ T T T 1]

Query: Brutus AND Calpurnia AND Caesar
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Introduction to Information Retrieval

Exercise

= Recommend a query
processing order for

(tangerine OR trees) AND

(marr.nalade OR skies) AND T;ren; 25;;]2
(kaleidoscope OR eyes) kaleidoscope 87009
marmalade 107913

=  Which two terms should we skies 271658
process first? tangerine 46653
trees 316812

aS" 30l BY o 0o,l0 AND Bgo. piS Gl 1) o OF slaS™ a5 suay FrECOM a5 & 55e be (puod 5
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More general optimization \

* e.g., (madding OR crowd) AND (ignoble OR
strife)
= Get doc. freq.s for all terms.

= Estimate the size of each OR by the sum of its
doc. freqs (conservative).

= Process in increasing order of OR sizes.
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Phrase queries

= We want to be able to answer queries such as
“stanford university” — as a phrase

= Thus the sentence “/ went to university at Stanford”
is not a match.

= The concept of phrase queries has proven easily
understood by users; one of the few “advanced search”
ideas that works

= Many more queries are implicit phrase queries
= For this, it no longer suffices to store only
<term : docs> entries

phrase queries

Jio il o2 JUS i dalS 30 oudled oo 02,008 0“7 0 a5 wiiee sl qQuery s c3y Jan

oS oo o,le Ll 4 L search engine Ji. < information retrieval . Stanford university
@1y g j9ige eudled oS o S,le sl query . phrase query iy gz g Yl

99 oS Wb 8 Lot Jlataums gl oo Phrase query oilsn 45 o judi (S50

Sosds gl o2 phrase query b oSS solawl L8 oSS gl 51 jsha>

we want , o g, S OlelS asil slw olg oo puiSin $9,8 Jo ol 5 0ol 5 sl

o3 pals G5 1) ol oo op LS 45 o aslS g0 ,» .. g WaNt to,to be,be able ,answer query
(U= oly oelsh) ouS” ail|

Sles 1) o aalS 9o phrase lsn aSul (o8 L -Y 05l oo b (s uSonl pzx =) 0)ls ol )l bass
o ... 3 to be able . want to be. we want to oL LT §oS > b 4w slo phrase L s s
315 6 o 5 e



Ngd (oo oolitul (L g (Bgme 5 (e (S &S ald 4elS 90 (ol s Sl g Ol (o0 1) B9
ol phrase Jlss a5 cal Jgl Loy om0 1) Liog3 old Slosgs a5) 0,5 o ol |, e
500 Slewlre JLss mubas el Lol & gt 5 o e U oS adlal index sies pine (L3 a5 00,5

29
&S oo g |, phrase . Boolean Joo col sods aias (VI G a5 Jow les  oolatul @ pgd (gig)
o2 5 Stanford e a5 oo Llo wiwaiSs z,w lo> o2 UNiVersity wSs z,. lo> 1,Stanford
sStanford a5 sleacs (sl o aiSee Bax | ady wiSo il wiSie log |y Cew Lyl 5o UNiVersity

Sk 1S I8y lade SO pp hgy ol S a0 B ae SO SO ) S Lol yo UNiversity

Introduction to lnformation Retrievol

Solution 2: Positional indexes

* |n the postings, store, for each term the position(s) in
which tokens of it appear:

<term, number of docs containing term;

docl: positionl, position2 ... ;
doc2: positionl, position2 ... ;
etc.>

<! positional invert index ;l soliwl S0 o9,
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Positional index example

<be 993427,
1:7,18,33,72, 86, 231; oo 12 1<
2: 3, 149; could contain *fo be
417,191,291, 430, 434; or not to be™?

5 363,367, ...>

* For phrase queries, we use a merge
algorithm recursively at the document level

* But we now need to deal with more than
just equality
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Processing a phrase query

* Extract inverted index entries for each distinct
term: to, be, or, not.

* Merge their doc:positionlists to enumerate all
positions with “to be or not to be”.

— to:
 21,17,74,222,551; 4:8,16,190,429,433; 713,23,191,; ...

— be:
« 1:17,19; 4:17,191,291,430,424; 5:14,19,101; ...

* Same general method for proximity searches
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Proximity queries

» LIMIT! /3 STATUTE /3 FEDERAL /2 TORT

— Again, here, /kmeans “within kwords of”.

* Clearly, positionalindexes can be used for
such queries; biword indexes cannot.

* Exercise: Adapt the linear merge of postings to
handle proximity queries. Can you make it
work for any value of &?

— This is a little tricky to do correctly and efficiently
— See Figure 2.12 of /IR

invert index L) sl aisls positional invert index o 28g 45 coul ol Cond a5 gl 435 V>
phrase query , odle ool atils g, ol 85 20,5 o33 iNdEX 555 1, GldS position laas el
-2y Fwly o2 | Proximity query ol o
IS oo By SO Ll Wl e0,,5 LS Wl e LS sl query oo proximity query
o aalS B Y i el Jg8 LB o2 aadS B Y alol L wisg oo ,US o STinformation retrieval
PO (oo e ) Dygea o)l JISATaBl e
LIMIT! /3 STATUTE /3 FEDERAL /2 TORT
J&sl asl TORT 5 FEDERAL (0 o2 dalS B Y g0 las SIS0l all (gl o o2 aadS B Y 51 n
S POSITION 5130 598 (oo (ateie (05 w58l Lol w15 (0 85 (2 ¥ 57 (sl (s)pghaal o)
ax 51 A5 ey 45 0 o2 500 duslie SO Wb aldl col Olemail X+H3 <Y Wb cesl X g
X+2=y b X+1=Y Mie Bgo pl a5 wugd relao B osSs Cawyo gbla b s X-3<y<X+3 Mo (5 ,lako
b oS canyo |y oy b bbb Lo oiles oo 1) ol Lol o aulo 5l oS go0e Jlade jsb pan |
0P 9w S 4 Sy oS Ay e (S b proximity ol aew sl 1) g
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Introduction to Information Retrieval Sec. 2.4.2

Positional index size

= A positional index expands postings storage
substantially
= Even though indices can be compressed
= Nevertheless, a positional index is now standardly
used because of the power and usefulness of phrase
and proximity queries ... whether used explicitly or
implicitly in a ranking retrieval system.

\

oo b dw gla Jad 10 g 5K |y 0L e loges o poOsitional index ) cows a5 ol 4SS
D55 5 s (59 (8 oS > 45 oS 00,28 |, oL invert index

Positional index size

= Need an entry for each occurrence, not just once per
document

* Index size depends on average document size

= Average web page has <1000 terms

= SEC filings, books, even some epic poems ... easily 100,000
terms

= Consider a term with frequency 0.1%

Document size Postings Positional postings
1000 1 1
100,000 1 100

69> o0 53U Lo olesl Job :Silie (gl ys0 (al j0 45 58 oAbl il Slszy &S (SzsS 0yl S
Sgdu yad> Lo positional index 45 .l
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Rules of thumb

= A positional index is 2—4 as large as a non-positional
index

= Positional index size 35-50% of volume of original
text

= Caveat: all of this holds for “English-like” languages

|

NON- <G oS pp ¥ loga> wualese positional invertindex  s8s aus5 oo Lo, oess G V>
OF Ore 993 4 Cus o positional index Loges § 5,50 Jlo g 95 o0 0,55 poOsitional index
ool beds o)ls o xSTIE A LA CladSsylo SIS by e 095 Wgd o0 b e ojlail gl 707X
integer slacl a0 a5 v ;ygb POSItION] . oy s 0 a5 1) g POSILION Lass 0sS o Bis> 4, SlelS

...\JSLSoLg)L.\.QiS |)‘5.mpqoo|d~d g;wlumint .b‘..&.c|5¢;w:|

Introduction to Information Retrieval Sec. 2.4.3

Combination schemes

= These two approaches can be profitably combined

= For particular phrases (“Michael Jackson”, “Britney
Spears”) it is inefficient to keep on merging positional
postings lists

* Even more so for phrases like “The Who”
= Williams et al. (2004) evaluate a more sophisticated
mixed indexing scheme
= A typical web query mixture was executed in % of the time
&  of using just a positional index

= |t required 26% more space than having a positional index
alone

14
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Inverted index construction

Documents to ‘ Friends, Romans, countrymen. ‘

be indexed <
L]
L]

Token stream l ‘ Friends

‘ Romans ‘ Countrymen ‘

Linguistic modules

friend ‘ roman

countrymﬂn ‘
] — H

Inverted index 1 roman >
oo —=[13 16

Cand oidsls term as oleai olaws : Term

Modified tokens
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S(HTML L, latex b cuingyygb ppt Jio) o Jold 5l 69,5 Sy o
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Col) G )ls o5 0o Gied 0 1S 488 ERSe 9 NG Ul GBS |y Lad g @iSe Y Bpo ©VSe
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@ Word — A delimited string of characters as it appears in the
text.

@ Term — A "normalized” word (case, morphology, spelling etc);
an equivalence class of words.

@ Token — An instance of a word or term occurring in a
document.

@ Type — The same as a term in most cases: an equivalence
class of tokens.
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4552 )90 ) 0585
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In June, the dog likes to chase the cat in the barn. — How many
word tokens? How many word types?

G g0 Cgme ) SO 50 Gy b HLST likSeT )b 4w 9 93 plS o the g in ©lalS Ggd w)be )
25 39 )l 0593 IV Egamo > laxiol

pldl 2L & @S @ WS oS (RS I S oIF I 5 I lp (@l puSail B)sul @elySe S Rl
Win) jl g plop ) ez S 9 S2gS Bgym 4 paS s ) Bgy> 4ad isy 935 jVoy Ll 53,5 jVloy @
&S (RSe3 pulgly U @ plool ¢yie (69) 22U a5 Cuwl uuslgys SQ 93)5 jaVloys ol .+ ... 9 S edldiwl aalS

R0 25 Aol )3 1) )5 el 3905 L@ Hauis |y (6HuinS0d @ (A WLl (gl Jime 1S

Tokenization: Recall construction of inverted index

@ Input:

Friends, Romans, countrymen. || So let it be with Caesar| ...

@ Output:

friend | [ roman || countryman||so]| ...

@ Each token is a candidate for a postings entry.

@ What are valid tokens to emit?
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L gl EReS 5o .50 (gj)lae (WIS L equivalence classes (ulS (uilgrieSol vlgic j)lad g Wiglaie (cldtuoyd
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Ambiguous segmentation in Chinese

Hlin]

The two characters can be treated as one word meaning ‘monk’ or
as a sequence of two words meaning ‘and’ and ‘still’.
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L Lol ) il a5 dalS 93 €53 Loy g Cauwl dalS SO j3lo Wio .@y)ld 1) Ghlaline (63932 U @ )l (hbj 53 1) SSlelel
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Other cases of “no whitespace”

Compounds in Dutch, German, Swedish
Computerlinguistik — Computer + Linguistik
Lebensversicherungsgesellschaftsangestellter

— leben + versicherung + gesellschaft + angestellter

Inuit: tusaatsiarunnanngittualuujunga (I can’t hear very well.)

¢ ¢ ¢ ¢ ¢ ¢

Many other languages with segmentation difficulties: Finnish,
Urdu, ...

aidls Lall SO 5l i b ol SOl G 3w SO ) Cwl (Sas a5 Gl ¢l @@ S @235 lgic a5 (63)lge ;505
15 3929 Lall F o5 JUio )5 el

Japanese

IV B ESE LET VT v — A SANHERREZBD
HZMOTTATINAT Fyr2—>o Be LT, fAFLE <
Doy ZE TR o, o) ZEELET SRR ZA
THhofnn] PEETEKRL TN Z 0, FRIZESDATE
V—F&#800TLUNOLHIELD, i HARATH, A 7A M K
MERBZTIOA20AETITRED S EE N, KEZFHEHAITIL,
5 0 HMM M OfAT S & = 2 Bildh 2 oORIE 23 S ET,
4 different “alphabets”: Chinese characters, hiragana syllabary for
inflectional endings and function words, katakana syllabary for
transcription of foreign words and other uses, and latin. No spaces
(as in Chinese).
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@ Accents: résumé vs. resume (simple omission of accent)

@ Umlauts: Universitdt vs. Universitaet (substitution with
special letter sequence “ae”)

6595 9> B dbj Jlisl @ S ) Gl T i @ 15 )3 |y 4alS Sy el ojiage paiS G 2L el o
AR08 @ 9>

b ) 3T VYgano OB Qe ed3liwl LES)> ¢ ksl g @dle I 5)lulwl clls )5 &5 (ponbj H> Wie

A8 83 5 Jlie )l i jaVlep 9 L) peudis (S 3)S 4295 (T @ 1L 45 (63)lge 503 )l

@ Normalization and language detection interact.
@ PETER WILL NICHT MIT. — MIT = mit
@ He got his PhD from MIT. — MIT # mit

Ll 8BLS1 SO ol pb MIT g 39505 (sunalSSl 3 Lel cumils jylao g mit Jalee |y MIT (lgi 50 (Sl (4bj >
(LwalSSl (b ©WSie) Wopys sWSiine
eSSl O) @ @3,5) 9 @S Houe sl 1505 Gl @ beae &S (53190l 400 |l

Case folding kj.&.)..\.]99 S 905 3Vloy (g udd plel (hS95 (59 SSlogil jgb 4y @yl U2l a5 ()5 (gl
g 295 Gygo 4 g @135y A S)i )1 ) dalS B> plad (i sl
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L BBL B Sy )51 g Wilwysa b @ |y Llitue pggae gud &5 Aikiwd (SlalS a5 oepl Jlel g LSl gy o
4 Stop word  pU ¢pad (gl 9 3,5 adlsl Ll GuSail )3 |) eyl 365505 (9)2 Jw (sige 8)L )5 Jlo o )> Jubls
A=y &5 cuwl JSb ol 4 93,5 s ol 090 LauS iyl 9 3uSS livaslol (iey dS sl 631> dcgazo (il
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Three stemmers: A comparison

Sample text: Such an analysis can reveal features that are not easily
visible from the variations in the individual genes and can
lead to a picture of expression that is more biologically
transparent and accessible to interpretation

Porter stemmer: such an analysi can reveal featur that ar not easili visibl
from the variat in the individu gene and can lead to a pictur
of express that is more biolog transpar and access to interpret

Lovins stemmer: such an analys can reve featur that ar not eas vis from th
vari in th individu gen and can lead to a pictur of expres that
is mor biolog transpar and acces to interpres

Paice stemmer: such an analys can rev feat that are not easy vis from the
vary in the individ gen and can lead to a pict of express that
is mor biolog transp and access to interpret
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“operational AND research”, “operating AND system”, “operative AND dentistry”
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Porter algorithm

@ Most common algorithm for stemming English

@ Results suggest that it is at least as good as other stemming
options

@ Conventions + 5 phases of reductions

@ Phases are applied sequentially

@ Each phase consists of a set of commands.

@ Sample command: Delete final ement if what remains is longer
than 1 character

o replacement — replac

@ cement — cement

@ Sample convention: Of the rules in a compound command,
select the one that applies to the longest suffix.
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P@l=1/1=1
P@2=1/2=0.5
P@3 =1/3=0.33
P@4 =2/4=0.5
P@5=3/5=0.6

P@n = 3/n
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Document 1: (cat, runs, behind, rat)
Document 2: (Dog, runs, behind, cat)

SRS S
Query: (rat)
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Term document matrix

words\documents |Documentl  document? [query term

cat 1 1 [
rumns 1 1 0
behind 1 1 0
rat 1 0 1
dog 0 1 0
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Relevance feedback & Query expansion

<555 Ll 05y L . Relevance

Best known relevance feedback method : Rocchio feedback
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Gope = argmax[sim(q, u(D,)) — sim(q. u(D,))]
q

L.:.';JA EYoom A4S gaue . Dr
‘b.;jﬁb Jt.w‘@}.a.?u:Dnr
Sim = similarity

8 Ole 4

Efopf - l"—"*(Dr) T [f-"*(Df:] _ I"—"*(Dm’)]

.M@asw16&QJﬂq\)ROCChiO &S 5,15 5 g SMart CUQM:&



VE- YN Al ) e ads

.

cJl> a5 relevance feedback .Sep o,ls JUglS cll> query expansion 45 oS
3,ls ')

Recall ;s YU lp &9, S relevance feedback asbe oSt 5555 @
Comd

9 S o s (6595 opl a5 el ol global query expansion ;) j4lai. @
& iS00 Mo JUglS e S (sl 2 098 modify

A (§ 555 4 Aaly &5 st oo ool T JLglS e S @

global 4 (query-dependent) siwa 5,555 4 awly Relevance feedback e
(query-independent) aiis s 555 4 aiwslg qUery expansion

0SS oolatul xe po SlalS 5l aS cann ol query expansion Lol sl ®
Slp o2 g (LB i g 1S g database Jie delS S5 S D
5 SOlgquerygselect jyiws 0,900 9 Cunss oes database als Ll s ls 54>
ol e 3z o)l lolr )l g abloe pspie o Jals siw Lxialps cosla j )
D)l 9525 dalS (pl dis 955 )0 wiz 2 (pspie

Oygo d b (S ob 45 WiSe (55l me Iy e o SLelS (pl A5 puslins @
3, o thesaurus weie als oy cov bl ol Fiie

Sy dalS LS o e les AadS ol Jia @
Sy YU Iy recall Liges a5 @

o=l |, precision g b & jso 4wl plool 45 SLalS (6l p el (S @
359k



Canlgiome g pudlan b adwl, (o ads cpl o 00,0 )5 s ilal a5 _dlae wuas audal 4o
latent semantic indexing cw.d b o,5 5, olbiwl g, b oMl (g SO

@ |y ol (euSo Map Slels a1 slewl Lo aSyl slow oS cancyl Cod (] Lol oy
0So Map  uolis

pelie & 0iSee MAP o2 5) SLalS j5laton

XS, 8 term gdocument o alio o

retrieval system Data Jio SLdS L el s o dbms gl a5 cogeie Dl

(!

Ol &S 1S bsb 1) (eoliwl ol (San S IS S5begs! Thesaurus G as LSI
ol b arly ole asw Cad OllS (s a5 Slbla )l L Lol acsl sl 1) s o500 aolS

olis ol a1y ole ai LS aisl jidg yo SYStEM aulS oS 00 Ko (i G Jloo 15 M
5 S ol "SYStEM” aulS pogio 4 LSI o o ls retrieval g data ] 9,0 45 daoe
sl o1 Jlss g ol las e retrieval o data pgeie L System sgpie 45 suSe S

Aol ioled 5 4 900,50 Lol e

o9k, slwl 31 le concept o
o2 lee SSlegs| thesaurus @



SO DS oo d CONCEPT o 50,0 1uiSs Cotro SlalS 550,80 a1 (gl @
o o gy dlaw Sl e ConslS slaw Liges (92 Sguine B o jile sl oS el

Singular value decomposition(svd)
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Singular Value Decomposition

(SVD)
- - @ o% Q
Motivation o ¥ s
S F
Problem #1 R i C.
Find “concepts” s B S
in matrices : 2|12|2
vegetarians || T
Problem #2 ¥/5/5/5
Compression / 4 2 2
dimensionality meat eaters 33
reduction *i 114
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SVD Definition (pictorially)
A[n x m] = U[n il A [rxr] (v[m X r])T

m r
r m
n = n X r X r
Diagonal matrix m terms
Diagonal entries: r concepts
concept strengths

n documents

SIS n documents

r concepts

Yoo leds pogio (39 (s T,V aslio Mo wdanse lid Lo 4y 1hla pogio (439 (e o ol ,lad



SVD Definition (in words)
A[n X m] = U[n Xr] A [rxr] (V[m X r])T

B SRE
A: n x m matrix
e.g., n documents, m terms J J e E B
U: n x r matrix R
e.g., n documents, r concepts FEe

n e n Gocuiranty
m = T EaniEay

A: r x r diagonal matrix
r: rank of the matrix; strength of each ‘concept’
V: m x r matrix

e.g., m terms, r concepts

g U Guile g0 01 A Gy 5ile ddian pilgine 90550 a5 (a1 50 )10 (6,585 S
p»-deJ?u ooLQ(S‘)EV

A 10 0g0e liale Ggiw Vg U ile



SVD - Properties - | | & 3

Diagonal matrix ™ larns
Diagonal entries: r concepts
THEOREM [Press+92]: o
always possible to decompose matrix A into

A=UAVT
U, A, V: unique, most of the time
U, V: column orthonormal
i.e., columns are unit vectors, and orthogonal to each other

uru=I

viv =1 (I identity matrix)
A: diagonal matrix with non-negative diagonal entires,
sorted in decreasing order

Oyl A 0 S
A=U A VT
SVD - Example n
. o |+ N - 3
‘5{}0 e .
20 & O i e
b(b .\é\ &Q‘}' \OQ®\\\Q m terms pts
|\ 1 1 0.18
2 2 2 ) ( 036 |
d
1 1 1 0.18
964 0.58 0.58 0.58 C
6 § b ) = (090 0 X X
) 529 0 ( 0 071071
) 2 2 0.53 I L —= |
J Db ( 3 3 0 080
1 1 0 027
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SVD - Interpretation #1

‘documents’, ‘terms’ and ‘concepts’:

U: document-concept similarity matrix
V: term-concept similarity matrix
A: diagonal elements: concept “strengths”
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SVD - Interpretation #1

‘documents’, ‘terms’ and ‘concepts’:

Q: if A is the document-to-term matrix,
what is the similarity matrix AT A ?

wA: term-to-term ([m x m]) similarity matrix

Q:AAT?
A: document-to-document ([n x n]) similarity maurix

AAT ey sie oSe pn mBses] 35y CingeSTs 53 e 5 3505 o5 CesaSTo L A ST YL
CoagaSTo b CoeguSTe conliss s ATA g 05 40 o5 Sl

AS 0, g le W/ (g SO Ol



SVD - Interpretation #2

More details
Q: how exactly is dim. reduction done?

A: set the smallest singular VW

if fOE

PL 2 2 2 |
125 ; J0 25 AN Sl
5 5 ~ 'S5 5 O |

g o= N =
= W c c .
S W NVO O O C

SVD - Interpretation #3

» finds non-zero ‘blobs’ in a data matrix =
 ‘communities’ (bi-partite cores, here)

—11100— Row 1
11 1/0 0
Mo Row 4 Col 3
00 0 2 2
00 0 3 3 e Col 4
(00 0 1 1] RoOW. 7
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Case Study
How to do queries with LSI?

Compactly, we have:

q V.= C1concept

0.5

[y 0.5

0.5 8

-

AR O 0.7
' 1 concept

0.7
1

term-concept
similaritv matrix
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Case Study

How would the document
(‘information’, ‘retrieval’) be handled?

SA
d V = dconcept ME!

0.5
8
0.5
8
= |11, .
1T 1 05 6 N
= - 8
Z;~'.<‘\\o \\’b D L
S & ¢ N 0.7
& ' 1 concept
0.7
1

term-concept
similarity matrix
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Case Study
Observation
Document (‘information’, ‘retrieval’) will be

retrieved by query (‘data’), even though it does
not contain ‘data’!!

> Query strongly
0 associates with
® & o
g LFEL & / CS concept
05
1 ——— 0
\-query Map to g8 "
concept space
document 11 — LI
Un-map from 6

concept space
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Meta-Search Engines

DS ) () A3 e sl 4500 (5 gaiien 5 ge dia ) 5 43Sl index s il GR35 4S saiua [ gise

 Search engine that passes query to several other
search engines and integrate results.
— Submit queries to host sites.
— Parse resulting HTML pages to extract search results.
— Integrate multiple rankings into a “consensus” ranking.
— Present integrated results to user.

* Examples:

Ui A query 4S 43 ) ga 4 IS Jl g
0] G 4 e lite sla Gl Jala

— SavvySearch SavvySearch A 0 9ty 4 2 5 48

— Dogpile

— Metacrawler



http://www.metacrawler.com/
http://www.savvysearch.com/
http://www.dogpile.com/

HTML Structure & Feature Weighting

* Weight tokens under particular HTML tags
more heavily:
— <TITLE> tokens (Google seems to like title matches)
— <HI1>,<H2>... tokens
— <META> keyword tokens

 Parse page into conceptual sections (e.g.
navigation links vs. page content) and weight
tokens differently based on section.



Bibliometrics: Citation Analysis

4 0,000 o (o) sina dn g HS gl Sl 3l A da g pe S Wy Bl ol e W dasy
ol S SO JiSi 5 asd Sad 80 (5 Allia dia 4yl (San e s 4l Jlie ) 53
IR T PUS U

Many standard documents include bibliographies (or references),
explicit citations to other previously published documents.

Using citations as links, standard corpora can be viewed as a graph.

The structure of this graph, independent of content, can provide
interesting information about the similarity of documents and the
structure of information.

CF corpus includes citation information.



Impact Factor

* Developed by Garfield in 1972 to measure the importance (quality,

influence) of scientific journals.

* Measure of how often papers in the journal are cited by other
scientists.
Crlina o2l MG ) 81 il dais &3 paia YL () 4S5 g0 JKS (pl 40 () $8Jlma

* Computed and published annually by the Institute for Scientific

Information (ISI).
Lite piitia g dvalae [ST 4w ga Jau g5 43V Ls gl (5 4an

* The impact factor of a journal J in year Y 1s the average number of
citations (from indexed documents published in year Y) to a paper
published in J in year Y—1 or Y—2.

* Does not account for the quality of the citing article.
allia () sina Ci 43 Cand aga Shar) s s 2Lkl 3laes il



Bibliographic Coupling

* Measure of similarity of documents introduced by Kessler in 1963.
Ailue aliu) Calud 5 dulas ) s obaa o

 The bibliographic coupling of two documents 4 and B is the number
of documents cited by both A and B.
 Size of the intersection of their bibliographies.

* Maybe want to normalize by size of bibliographies?

SIE 4n 8 5 2l ab b 280 arigine g Al pla ) A Bdwa 0 8 AB G 0 e
O il sise ad g Laial 43 CSI R8N andi U 3l | sine 4y o) 5 ol Jid 8 coalud 080 ik
i Jlayi ] la




Co-Citation

* An alternate citation-based measure of similarity introduced by Small
in 1973.

 Number of documents that cite both 4 and B.

* Maybe want to normalize by total number of documents citing either A4
orB?
6 Aed b il 2 a8 & la Gl bl caled (gt S0y e o Co-Citation
mm.ku‘)\u.uﬁ ﬁ;bm\ sl o2l ALt A)BM\J‘\SL}ML;».&J).HAYW
) ‘_A.@ BIBY ().\5\_\“; )




Citations(2liul) vs. Links(<%ad)

 Web links are a bit different than citations:
i glila jlils caalad ae ) e s aliiu) 5l Sayd e

— Many links are navigational.

as i S s Anikad glaaiia p JlleaS a5 ol il Sal —

— Many pages with high in-degree are portals not content providers.
Nl o siae (i g At JU) g dnd b Sad —
— Not all links are endorsements.
At 2l 3 ) 90 L 2 g (5 4ad —
— Company websites don’t point to their competitors.
CIat1oNS o st s i 352 G185 41 s s by —

— Citations to relevant literature is enforced by peer-review.



Authorities <« s> &) sisa

* Authorities are pages that are recognized as providing significant, trustworthy,

and useful information on a topic.

* [n-degree (number of pointers to a page) is one simple measure of authority.

2L Y In-degree 43 » 53 yidn asdia () 4 4xal e et aS 2 pdie Siely pen o
Gl YL a8 authority

* However in-degree treats all links as equal.

* Should links from pages that are themselves authoritative count more?



Hubs

* Hubs are index pages that provide lots of
useful links to relevant content pages (topic
authorities).

» Hub pages for IR are included 1n the course
home page:
— http://www.cs.utexas.edu/users/mooney/ir-course
dbe (sla (Sl 4S 2y Kse Tladon 43 LB 3 G L s
YL S aitle 2L p2d (5 5 o) man ) 0
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http://www.cs.utexas.edu/users/mooney/ir-course

HITS

« Algorithm developed by Kleinberg in 1998.
MC‘)LAdgjgéJﬁ\éMC‘)hé\uum ‘)Jé)ﬂ\&\ .
* Attempts to computationally determine hubs and authorities on a
particular topic through analysis of a relevant subgraph of the web.

NS danlaa | pald () sie G b authority s cla 2i ) &1 oyl e
« Based on mutually recursive facts:

— Hubs point to lots of authorities.

— Authorities are pointed to by lots of hubs.

5 A o L authority&d\_)jd\bj@u cla 4S8 Gl ‘;’J}‘-"@\‘L}f‘zﬁjﬁ\ u,)\ésdjau
Nl o Jlll 53k ) sl s 43 a8 W authority

11



Hubs and Authorities

» Together they tend to form a bipartite graph:

Hubs Authorities

12



HITS Algorithm

* Computes hubs and authorities for a

particular topic specified by a normal query.

 First determines a set of relevant pages for
the query called the base set S.

 Analyze the link structure of the web
subgraph defined by S to find authority and
hub pages 1n this set.

13



Constructing a Base Subgraph

 For a specific query O, let the set of documents
returned by a standard search engine (e.g. VSR) be
called the root set R.

* Imitialize S to R.
* Add to § all pages pointed to by any page in R.
* Add to S all pages that point to any page in R.

14



Base Limitations

 To limit computational expense:
— Limit number of root pages to the top 200 pages retrieved for the query.
— S ey ds G amda Y Il

— Limit number of “back-pointer” pages to a random set of at most 50 pages
returned by a “reverse link” query.

ariSae 4aulaa |y W gquthority s s
* To eliminate purely navigational links:
— Eliminate links between two pages on the same host.
* To eliminate “non-authority-conveying” links:

— Allow only m (m =4-8) pages from a given host as pointers to any
individual page.

15



Authorities and In-Degree

» Even within the base set S for a given query,
the nodes with highest in-degree are not
necessarily authorities (may just be
generally popular pages like Yahoo or
Amazon).

* True authority pages are pointed to by a
number of hubs (1.e. pages that point to lots
of authorities).

16



Iterative Algorithm

o g 5038 L))l 1) W authority s @b Swlb HITS ¢ 4laa gl o
« Use an iterative algorithm to slowly converge on a mutually reinforcing set of
hubs and authorities.

* Maintain for each page p € §:
— Authority score: a, (vector a)
— Hub score: hp (vector h)
* Initialize all a,= hp =1
ariSae il |l o Gl 5 e Hlai 50 Sy 1l authority s W b lail e
* Maintain normalized scores:

17



HITS Update Rules

 Authorities are pointed to by lots of good hubs:

e 9wl Authoritiesbe 44 la xas o

= 2N,
q9:9—>pP
* Hubs point to lots of good authorities:

2.4,

q:P—9

18



[llustrated Update Rules

Ll ol e o ‘\

s )y Authoritieste a,=h +h, +h,

e

h =a5+a6+a
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HITS Iterative Algorithm

Initialize for all p & §: a,=h =1

Fori1=1 to k:
Forallp € Su,= > h, (update auth.
scores) ramp
hp - Zaq
For all

For all

lpE S 7 (upyidde/ofil samias)zc o
For al <

L P & S Clp: Clp/C C. i(hp /C)Z —1 (normalize h)

p €S h=h/c c r

20



Convergence

Algorithm converges to a fix-point if 1terated
indefinitely.

Define A4 to be the adjacency matrix for the
subgraph defined by S.

— Aij= lfori € S,j € Siffi—j
Authority vector, a, converges to the principal
eigenvector of 474

Hub vector, A, converges to the principal
eigenvector of 447

In practice, 20 1terations produces fairly stable
results.

21



Results

 Authorities for query: “Java”
— java.sun.com
— comp.lang.java FAQ
 Authortities for query “search engine”
— Yahoo.com
— Excite.com
— Lycos.com
— Altavista.com

 Authorities for query “Gates”
— Microsoft.com
— roadahead.com

22



Result Comments

* In most cases, the final authorities were not
in the 1nitial root set generated using
Altavista.

 Authorities were brought in from linked and
reverse-linked pages and then HITS
computed their high authority score.

23



Finding Similar Pages Using Link Structure

* Given a page, P, let R (the root set) be 7 (e.g.
200) pages that point to P.

 Grow a base set S from R.

* Run HITS on §.

 Return the best authorities in .S as the best
similar-pages for P.

* Finds authorities in the “link
neighbor-hood” of P.

24



Similar Page Results

* G1ven “honda.com™
— toyota.com
— ford.com
— bmwusa.com
— saturncars.com
— nissanmotors.com
— audi.com
— volvocars.com

25



HITS for Clustering

* An ambiguous query can result in the
principal eigenvector only covering one of
the possible meanings.

» Non-principal eigenvectors may contain
hubs & authorities for other meanings.

» Example: “jaguar”:
— Atar1 video game (principal eigenvector)

— NFL Football team (2" non-princ. eigenvector)
— Automobile (3™ non-princ. eigenvector)

26



PageRank

 Alternative link-analysis method used by
Google

* Does not attempt to capture the distinction
between hubs and authorities.

» Ranks pages just by authority.

* App.

neig

1ed to the entire web rather than a local
nborhood of pages surrounding the

resu

ts of a query.

27



Initial PageRank Idea

* Just measuring in-degree (citation count) doesn’t
account for the authority of the source of a link.

 Inmitial page rank equation for page p:

R(p)=c 3, 20

qgq—>p Vg
— Nq 1s the total number of out-links from page q.

— A page, g, “gives” an equal fraction of its authority to
all the pages it points to (e.g. p).

— ¢ 1s a normalizing constant set so that the rank of all
pages always sums to 1.

28



Initial PageRank Idea (cont.)

» Can view 1t as a process of PageRank
“flowing” from pages to the pages they cite.
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Initial Algorithm

» [terate rank-flowing process until convergence:

Let S be the total set of pages.
Initialize VpES: R(p) = 1/|S]
Until ranks do not change (much) (convergence)
For each pES:
R(g)

R(p)= > v

qg-q9—p q
c=1/) R'(p)

peS

For each pES: R(p) =cR'(p) (normalize)

30



Sample Stable Fixpoint

0.4 0.2

2
\ 0.2
0.4 \ /0.4




Linear Algebra Version

 Treat R as a vector over web pages.

* Let A be a 2-d matrix over pages where
—A =1UN ifu—velse A =0
* Then R=cAR

* R converges to the principal eigenvector of A.

32



Problem with Initial Idea

* A group of pages that only point to
themselves but are pointed to by other pages
act as a “rank sink” and absorb all the rank
in the system.

I

—/

/

— —

/

/j Rank flows into

cycle and can’t get out
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Rank Source

* Introduce a “rank source” E that continually
replenishes the rank of each page, p, by a
fixed amount E(p).

R<p>=c[ 5 R]f,q%E(p)j

q:9—>D q

34



PageRank Algorithm

Let S be the total set of pages.

Let VpES: E(p)=a/|S| (for some 0<a<1, e.g.
0.15)

Initialize VpES: R(p) = 1/|S]
Until ranks do not change (much) (convercence)
For each p & S

R(p)=|(-a) ¥ 22 |1 £(p)

B q:q—>p q
c=1/) R'(p)

peS

For each p=S: R(p) =cR'(p)

(normalize)
35



Linear Algebra Version

e R=c(AR+E)
* Since |[R][, =1 : R=c(A + EXI)R
— Where 1 is the vector consisting of all 1°s.

* So R 1s an eigenvector of (A + Ex1)

36



Random Surfer Model

» PageRank can be seen as modeling a “random
surfer” that starts on a random page and then at
each point:

— With probability £(p) randomly jumps to page p.
— Otherwise, randomly follows a link on the current page.

* R(p) models the probability that this random surfer
will be on page p at any given time.

* “E jumps” are needed to prevent the random surfer

from getting “trapped” in web sinks with no
outgoing links.

37



Speed of Convergence

» Early experiments on Google used 322
million links.

» PageRank algorithm converged (within
small tolerance) 1n about 52 iterations.

* Number of 1terations required for
convergence 1s empirically O(log n) (where
n 1s the number of links).

» Therefore calculation 1s quite efficient.

38



Simple Title Search with PageRank

» Use simple Boolean search to search
web-page titles and rank the retrieved pages
by their PageRank.

« Sample search for “university”:

— Altavista returned a random set of pages with

“university” in the title (seemed to prefer short
URLs).

— Primitive Google returned the home pages of
top universities.

39



Google Ranking

* Complete Google ranking includes (based on
university publications prior to
commercialization).

— Vector-space similarity component.

— Keyword proximity component.

— HTML-tag weight component (e.g. title preference).
— PageRank component.

 Details of current commercial ranking functions
are trade secrets.

40



Personalized PageRank

» PageRank can be biased (personalized) by
changing E to a non-uniform distribution.

» Restrict “random jumps” to a set of
specified relevant pages.

» For example, let E(p) = 0 except for one’s
own home page, for which E(p) = a

* This results 1n a bias towards pages that are
closer 1n the web graph to your own
homepage.

41



Google PageRank-Biased Spidering

» Use PageRank to direct (focus) a spider on
“Important” pages.

» Compute page-rank using the current set of
crawled pages.

* Order the spider’s search queue based on
current estimated PageRank.
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Link Analysis Conclusions

* Link analysis uses information about the
structure of the web graph to aid search.

* It 1s one of the major innovations in web
search.

* It was one of the primary reasons for
Google’s 1nitial success.
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