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Simple model of IR

Information Need Text Objects
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Boolean Search
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Boolean Search Taeiu Inverted File
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Boolean Search alasrin Inverted File
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K4 — List : D3

900N Q=(K1 AND K2) OR (K3 AND K4)

Fawaansnldnne Set { D1, D2, D3}



Boolean Search in SQL

(SELECT docID FROM InvertedFile

WHERE word = “window”

INTERSECT

SELECT docID FROM InvertedFile

WHERE word = “glass” OR word = “door”)
EXCEPT

SELECT docID FROM InvertedFile
WHERE word=“Microsoft”
ORDER BY magic rank()



Fully Boolean Search
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Fully Boolean Search
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Matching Functions
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nagnslumsaumlagly Matching Function
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nagnslumsaumlagly Matching Function
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Matching Functions

Cosine Correlation
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Cosine Correlation

Cosine Correlation = i=1
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Vector Space Model:
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Vector Space Model:

system Doc?

Doc1

Docé

Doc4d

refrieval

information
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TORIAN

Q =Wy, Wy W

w=0If atermis absent
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TORIAN

ID nova galaxy heat h'wood  film role diet fur

A 10 5 3

B 5 10

C 10 8 7

D 9 10 5

E 10 10
F 9 10
G 5 7 9

H 6 10 2 8

| 7 5 1 3

Mnveyataduiulan

“Nova” occurs 10 times in text A
“Galaxy” occurs 5 times in text A
“Heat” occurs 3 times in text A
(Blank means 0 occurrences.)
“Hollywood” occurs 7 times in text |
“Film” occurs 5 times in text |

“Diet” occurs 1 time in text |
“Fur” occurs 3 times in text |
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TORIAN
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Q is a query — also represented Boolean term combinations
as a vector
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Q is a query — also represented Boolean term combinations
as a vector
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Serial Search
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Q is a query — also represented Boolean term combinations
as a vector
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amnundmnes  (Cluster Representatives)

Y 3 1 7 = a
MmN ununsmas Descriptions  wvesau®n
Y Jd 1 (92}.1 . o o Jd 1
meluadmaoimaniy ¥z la lagnmsmuiungaguonig

(Centroid) vesndmaesniia



=

amnundmnes  (Cluster Representatives)

]. " D - Hat
C=— 3 “ D’ ” [ n Lﬂ%ﬂﬂ%ﬂ%ﬁ‘]ﬂﬂLﬂﬂﬁﬁM}
s il ;

IIQJJM@& Euclidean Narm, TETIAE
10N = JA124+d22+d32 4. +de?




=

amnundmnes  (Cluster Representatives)

naaaunulas Numerical Vector usvszuaasunulasluuis

Sames (Binary Vector) w3eddidsanguniia

. nl' [ 3 'n-_.nlld 1 St 1 :llu
Di v luwiSSanasifiadaedl il

] W oalal E oo B ows ool | o
Op = 1 TIREILITRETY] | ELHLEIﬂﬁ’ITH

e T

ala o B ad |=|Il

0 erlaliRaSseduR | lwanasi

ad - At r‘:‘
RVT =1 n LTI L a N a1 S LW AR a T



msnadeyalaeriondmnedifluiug
(Cluster-Based Retrieval)

Foodedeauyigvesndmaes (Cluster Hypothesis) #

a1

(11 A Y Y KR o v = Y ~ 9 v Y
!9ﬂﬁﬁﬂuﬂﬂﬁ!ﬂa‘ljﬂﬂmﬂﬂaﬂﬂu ﬂauwmﬂuumzmmmmﬂuma

° Y| YN 11
AT TN UINEINY




Cluster-Based Retrieval
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Interactive Search Formulation
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Feedback
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(Named Pages Finding System
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Boolean queries: Exact match

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

Boolean Queries use AND, OR and NOT to join
qguery 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 for 3 decades.

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



Examp|ei WeStLaW http://www.westlaw.com/

Largest commercial (paying subscribers) legal
search service (started 1975; ranking added
1992)

Tens of terabytes of data; 700,000 users
Majority of users still use boolean queries
Example query:
What is the statute of limitations in cases
Involving the federal tort claims act?
LIMIT! /3 STATUTE ACTION /S FEDERAL /2
TORT /3 CLAIM

/3 = within 3 words, /S = In same sentence



Examp|ei WeStLaW http://www.westlaw.com/

Another example query:

Requirements for disabled people to be able to
access a workplace

Note that SPACE is disjunction, not conjunction!

Long, precise queries; proximity operators;
Incrementally developed; not like web search

Many professional searchers still like Boolean search
You know exactly what you are getting
But that doesn’'t mean it actually works better....



Boolean queries:
More general merges

Exercise: Adapt the merge for the queries:
Brutus AND NOT Caesar
Brutus OR NOT Caesar

Can we still run through the merge in time O(x+y)?
What can we achieve?



Merging

What about an arbitrary Boolean formula?
(Brutus OR Caesar) AND NOT
(Antony OR Cleopatra)

Can we always merge in “linear” time?
Linear in what?

Can we do better?



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.

Brutus

_LCaes ar

Calpurnia

Query: Brutus AND Calpurnia AND Caesar .

I[§|E——
I[§|E——
I[§|E——

2 14 16| 32| 64128
1] 2 5|1 8 16 21 34
13116




Query optimization example

Process in order of increasing freq:
start with smallest set, then keep cutting further.

4

This is why we kept
document freq. in dictionary

Brutus|] ©——>[ 214 ] 816! 32] 64][128
—Caesar] T[] 51 8 | 16/ 21 34
Calpurnig "——=[13 116

Execute the query as (Calpurnia AND Brutus) AND Caesar.



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. freq.’s (conservative).

Process in increasing order of OR sizes.



Exercise

Recommend a query
processing order for

(tangerine OR trees) AND
(marmalade OR skies) AND
(kaleidoscope OR eyes)

Term
eyes
kaleidoscope
marmalade
skies
tangerine
trees

Freqg
213312
87009
107913
271658
46653
316812

51



Query processing exercises

Exercise: If the query is friends AND romans
AND (NOT countrymen), how could we use the
freq of countrymen?

Exercise: Extend the merge to an arbitrary
Boolean query. Can we always guarantee
execution in time linear in the total postings
size?

Hint: Begin with the case of a Boolean formula
guery where each term appears only once in the

query.



Exercise

Try the search feature at
http://www.rhymezone.com/shakespeare/

Write down five search features you think it
could do better

53


http://www.rhymezone.com/shakespeare/

