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ﬁgmllnformation Retrieval, Search

Problem

How to index Web content so as to answer (keyword-based) queries
efficiently?

Context: set of text documents

dy  The jaguar is a New World mammal of the Felidae family.

d» Jaguar has designed four new engines.

dz For Jaguar, Atari was keen to use a 68K family device.

d, The Jacksonville Jaguars are a professional US football team.

ds Mac OS X Jaguar is available at a price of US $199 for Apple’s
new “family pack”.

ds One such ruling family to incorporate the jaguar into their name
is Jaguar Paw.
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il %2 outline

Information Retrieval
Text Preprocessing
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ﬁgmlText Preprocessing

Initial text preprocessing steps
® Number of optional steps
® Highly depends on the application

® Highly depends on the document language (illustrated with
English)
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ﬁ%ml Tokenization

Principle
Separate text into tokens (words)

Not so easy!

B |In some languages (Chinese, Japanese), words not separated by
whitespace

B Deal consistently with acronyms, elisions, numbers, units, URLs,
emails, eftc.

B Compound words: hostname, host-name and host name. Break
into two tokens or regroup them as one token? In any case,
lexicon and linguistic analysis needed! Even more so in other
languages as German.
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ﬁgmlmkenization: Example

d; theq jaguar, is3 a4 news worldg mammal; ofg theg felidae o family; -

d> jaguarq has, designeds four, news enginesg

dy forq jaguar, atariz was, keens tog usey ag 68kg family o deviceq 4

ds theq jacksonville, jaguarss are4 as professionalg us; footballg team,

ds macy 0S» X3 jaguar, iss availableg at; ag priceg ofg us11 $199+»
fori3 apple’si4 new;s family;g packi7

ds oneq suchs rulings family, tos incorporateg thez jaguarg intog
their{p namey1 isq» jaguariz pawq4

d; ity isp az bigy cats
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—§it i | Stemming

Principle

Merge different forms of the same word, or of closely related words, into
a single stem

® Not in all applications!

m Useful for retrieving documents containing geese when searching
for goose

B Various degrees of stemming
B Possibility of building different indexes, with different stemming
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ﬁ%ml Stemming schemes (1/2)

Morphological stemming (lemmatization).

B Remove bound morphemes from words:
= plural markers
= gender markers
= tense or mood inflections
= etc.
B Can be linguistically very complex, cf:
Les poules du couvent couvent.
[The hens of the monastery brood.]
B |n English, somewhat easy:
= Remove final -s, -’s, -ed, -ing, -er, -est
= Take care of semiregular forms (e.g., -y/-ies)
= Take care of irregular forms (mouse/mice)

®m But still some ambiguities: cf rose
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ﬁ%ml Stemming schemes (2/2)

Lexical stemming.

B Merge lexically related terms of various parts of
speech, such as policy, politics, political or politician

B For English, Porter’'s stemming [Porter, 1980]; stem
university and universal to univers: not perfect!

B Possibility of coupling this with lexicons to merge
(near-)synonyms

Phonetic stemming.

B Merge phonetically related words: search proper
names with different spellings!

B For English, Soundex [US National Archives and

Records Administration, 2007] stems Robert and
Rupertto R163. Very coarse!
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—§it i | Stemming Example

d; theq jaguar, bes a4 news worldg mammal; ofg theg felidae o family;
d> jaguarq have, designs fours news engineg
dy forq jaguars atariz bey4 keens tog usez ag 68kg family o deviceq
ds theq jacksonvilles jaguars bey as professionalg usy footballg teamg
ds macy 0S» X3 jaguary bes availableg at; ag priceg of1g us11 $199+»
foriz applei4 newqs family{¢ packiz
Ods oneq suchs rules family, tos incorporateg the7 jaguarg intog
their{g nameq1 beqs jaguariz pawq4
d; ity bes ag bigy cats
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—§it i | Stop Word Removal

Principle
Remove uninformative words from documents, in particular to lower the
cost of storing the index

determiners: a, the, this, etc.
function verbs: be, have, make, etc.
conjunctions: that, and, etc.

etc.
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—§it i | Stop Word Removal Example

d; jaguars news worldg mammaly felidaeqq family+

d> jaguary designs foury news engineg

0z jaguars atariz keens 68kg familyq deviceq4

d, jacksonville; jaguars professionalg usz footballg teamg

ds macy 0S» X3 jaguar, availableg priceg us1y $1991, apples
newqs family{g packiz

Ods oneq suchs rules family, incorporateg jaguarg theirig nameq
jaguarsz pawy4

d; bigy cats
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il %2 outline

Information Retrieval

Inverted Index
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ﬁ%ml Inverted Index

After all preprocessing, construction of an inverted index:
B |ndex of all terms, with the list of documents where this term
occurs
® Small scale: disk storage, with memory mapping (cf. mmap)
techniques; secondary index for offset of each term in main index
B | arge scale: distributed on a cluster of machines; hashing gives
the machine responsible for a given term

B Updating the index costly, so only batch operations (not
one-by-one addition of term occurrences)
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ﬁgmllnverted Index Example

family  dy, ds, ds, Og

football dj

jaguar d1, dg, d3, d4, d5, ds
new di, 0o, ds

rule ds

us d4, d5

world d;
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—§it i | Storing positions in the index

B phrase queries, NEAR operator: need to keep position information
in the index

B just add it in the document list!

family  d;/11, d3/10, d5/16, ds /4

football d4/8

jaguar  di/2, d»/1, d3/2, dy/3, O5/4, 0/8 + 13
new di/5, d>/5, d5/15

rule ds/3
us d4/7, d5/11

world d;/6
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i 2 A 00 TF-1IDF Weighting

B Some term occurrences have more weight than others:

= Terms occurring frequently in a given document: more relevant
= Terms occurring rarely in the document collection as a whole: more
informative

® Add Term Frequency—Inverse Document Frequency weighting to
occurrences;
Ntag o D

Zt,nt@d \Jd’eD|ntd/>0 !

tidf(t, d) =

ntq number of occurrences of tin d
D set of all documents

B Store documents (along with weight) in decreasing weight order in
the index
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i 2800 TF-IDF Weighting Example

family  dy/11/.13, d3/10/.13, ds/4/.08, d5/16/.07

football dy/8/.47

jaguar  dy/2/.04, d>/1/.04, d3/2/.04, dy/3/.04, ds/8 + 13/.04, d5/4/
new d»/5/.24, dy/5/.20, ds/15/.10

rule ds/3/.28

us ds/7/.30, ds/11/.15

world  d;/6/.47
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il %2 outline

Information Retrieval

Answering Keyword Queries
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—§it i | Answering Boolean Queries

B Single keyword query: just consult the index and return the
documents in index order.

B Boolean multi-keyword query

(jaguar AND new AND NOT family) OR cat

Same way! Retrieve document lists from all keywords and apply
adequate set operations:

AND intersection

OR union
AND NOT difference

B Global score: some function of the individual weight (e.g., addition
for conjunctive queries)

B Position queries: consult the index, and filter by appropriate
ConditiOny 15 février 2013
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—§it i | Answering Top-k Queries

tt AND ... AND t,

Problem

Find the top-k results (for some given k) to the query, without retrieving
all documents matching it.

Notations:
s(t,d) weight of tin d (e.g., tfidf)

a(s1,...,s,) monotonous function that computes the global score
(e.g., addition)
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e Fagin’s Threshold Algorithm
—5:7 4 | [Fagin et al., 2001]

(with an additional direct index giving s(t, d))

1. Let R be the empty list and m = +oc.
2. Foreach1 <i<n:

2.1 Retrieve the document d(") containing term # that has the next
largest s(t;, d). _ .

2.2 Compute its global score gyn = g(s(ti,d"),.. ., s(ty, d)) by
retrieving all s(t, d) with j # i.

2.3 If R contains less than k documents, or if g, is greater than the
minimum of the score of documents in R, add d() to R (and remove
the worst element in R if it is full).

3. Let m = g(s(t;,dM), s(to, d®), ..., s(ty, dM)).
4. If R contains k documents, and the minimum of the score of the
documents in R is greater than or equal to m, return R.

5. Redo step 2.
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il %2 outline

PageRank
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il 241100 The Web Graph

The World Wide Web seen as a (directed) graph:

Vertices: Web pages
Edges: hyperlinks

Same for other interlinked environments:
B dictionaries
B encyclopedias
B scientific publications
® social networks
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_ ecaw P@d€Rank (Google’s Ranking [Brin and
i ZE T page, 1998))

ldea
Important pages are pages pointed to by important pages.

gj =0 ifthere is no link between page / and j;
gij = %’ otherwise, with n; the number of outgoing links of page /.

Definition (Tentative)
Probability that the surfer following the random walk in G has arrived
on page / at some distant given point in the future.

pr(i):< lim (GT)kv>i

k—+o00

where v is some initial column vector. a0
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—het i | lllustrating PageRank Computation
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ﬁﬁm‘l PageRank with Damping

May not always converge, or convergence may not be unique.
To fix this, the random surfer can at each step randomly jump to any
page of the Web with some probability d (1 — d: damping factor).

or(i) = (kﬂToo(“ — )G + dU)kv>

where U is the matrix with all 1N values with N the number of vertices.

I
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—§it i | Using PageRank to Score Query Results

® PageRank: global score, independent of the query
® Can be used to raise the weight of important pages:

weight(t, d) = tfidf(, d) x pr(d),

B This can be directly incorporated in the index.
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ﬁ%mllterative Computation of PageRank

1. Compute G (often stored as its adjacency list). Make sure lines
sumto 1.

2. Let u be the uniform vector of sum 1, v = u, w the zero vector.

3. While v is different enough from w:

= Setw=v.
= Setv=(1-d)G"v+ au.
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il %2 outline

Conclusion
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#3108 conclusion
What you should remember
B The inverted index model, associated tools and techniques

B Main ideas behind Fagin’s TA
B PageRank, and its iterative computation

Software

® Most DBMS have text indexing capabilities (e.g., MySQLs
FULLTEXT indexes)

B Apache Lucene, free software library for information retrieval

To go further
B Good textbooks [Manning et al., 2008, Chakrabarti, 2003]

B Very influential papers on top-k algorithms and PageRank: [Fagin
et al., 2001, Brin and Page, 1998]
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