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Elementary IR: 
Scalable Boolean 

Text Search

(Compare with R & G 27.1 -3)

Information Retrieval: History

Å A research field traditionally separate from Databases

ïHans P. Luhn, IBM, 1959: ñKeyword in Context (KWIC)ò

ïG. Salton at Cornell in the 60ôs/70ôs: SMART
ÅAround the same time as relational DB revolution

ïTons of research since then

ÅEspecially in the web era

Å Products traditionally separate

ïOriginally, document management systems for libraries, 
government, law, etc.

ïGained prominence in recent years due to web search

ÅStill used for non-web document management. (ñEnterprise 
searchò).

Today: Simple (naïve!) IR

Å Boolean Search on keywords

Å Goal:

ïShow that you already have the tools to do this from your 
study of relational DBs

Å Weôll skip:

ïText-oriented storage formats

ï Intelligent result ranking (hopefully later!)

ïParallelism

ÅCritical for modern relational DBs too

ïVarious bells and whistles (lots of little ones!)
ÅEngineering the specifics of (written) human language

ïE.g. dealing with tense and plurals

ïE.g. identifying synonyms and related words

ïE.g. disambiguating multiple meanings of a word

ïE.g. clustering output

IR vs. DBMS

Å Seem like very different beasts

Å Under the hood, not as different as they might seem

ïBut in practice, you have to choose between the 2 today

IR DBMS

Imprecise Semantics Precise Semantics

Keyword search SQL

Unstructured data format Structured data

Read -Mostly.  Add docs 
occasionally

Expect reasonable number of 
updates

Page through top k results Generate full answer

IRôs ñBag of Wordsò Model

Å Typical IR data model:

ïEach document is just a bag of words (ñtermsò)

Å Detail 1: ñStop Wordsò

ïCertain words are not helpful, so not placed in the bag

ïe.g. real words like ñtheò 

ïe.g. HTML tags like <H1>

Å Detail 2: ñStemmingò

ïUsing language-specific rules, convert words to basic form 

ïe.g. ñsurfingò, ñsurfedò --> ñsurfò

ïUnfortunately have to do this for each language
ÅYuck!

Boolean Text Search

ÅFind all documents that match a Boolean 
containment expression:

ïñWindowsò
AND (ñGlassò OR ñDoorò) 
AND NOT ñMicrosoftò

ÅNote: query terms are also filtered via 
stemming and stop words

ÅWhen web search engines say ñ10,000 
documents foundò, thatôs the Boolean search 
result size

ïMore or less ;-)
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Text ñIndexesò

ÅWhen IR folks say ñtext indexòé

ïusually mean more than what DB people mean

ÅIn our terms, both ñtablesò and indexes

ïReally a logical schema (i.e. tables)

ïWith a physical schema (i.e. indexes)

ïUsually not stored in a DBMS

ÅTables implemented as files in a file system

A Simple Relational Text Index

Å Given: a corpus of text files

ï Files(docID string, content string)

Å Create and populate a ñbag of wordsò table

InvertedFile(term string, docID string)

Å Build a B+ -tree or Hash index on InvertedFile.term

ïSomething like ñAlternative 3ò critical here!! 

ÅKeep lists of dup keys sorted by docID
ïWill provide ñinteresting ordersò later on!

ÅFancy list compression on the docIDs is important , too

ÅTypically called a postings list by IR people

ïNote: URL instead of RID, the web is your ñheap fileò!
ÅCan also cachepages and use RIDs

Å This is often called an ñinverted fileò or ñinverted indexò

ï Maps from words -> docs, rather than docs -> words

Å Given this, you can now do single -word text search queries!

An Inverted File

Å Snippets from:

ï Old class web page

ï Old microsoft.com 

home page

Å Search for

ï databases

ï microsoft

Term docID

Handling Boolean Logic

Å How to do ñterm1ò OR ñterm2ò?

ïUnion of two postings lists ( docID sets)!

Å How to do ñterm1ò AND ñterm2ò?

ïIntersection of two postings lists!

ÅCan be done via merge of postings lists

ÅRemember: postings list per key sorted by docID in index

Å How to do ñterm1ò AND NOT ñterm2ò?

ïSet subtraction
ÅAlso easy because sorted (basically merge logic again)

Å How to do ñterm1ò OR NOT ñterm2ò

ïUnion of ñterm1ò with ñNOT term2ò.

ÅñNot term2ò = all docs not containing term2.  Yuck!

ïUsually not allowed!

Å Optimizations: What order to handle terms if you have 
many ANDs ?  Can you do better than merge?  How does 
this interact with postings list compression?

Boolean Search in SQL

�‡ ( SELECT docID FROM InvertedFile
�:�+�(�5�(�� �Z�R�U�G�� � ���³�Z�L�Q�G�R�Z�´

INTERSECT
SELECT docID FROM InvertedFile

�:�+�(�5�(�� �Z�R�U�G�� � ���³�J�O�D�V�V�´�� �2�5���Z�R�U�G�� � ���³�G�R�R�U�´)
EXCEPT
SELECT docID FROM InvertedFile

WHERE �Z�R�U�G� �³�0�L�F�U�R�V�R�I�W�´
ORDER BY magic_rank ()

Å Thereôs only one SQL query template in Boolean Search

ïSingle-table selects, UNION, INTERSECT, EXCEPT

Å magic_rank () is the ñsecret sauceò in the search engines

ïWeôll study this later in the semester

ïCombos of statistics, linguistics, and graph theory tricks!

ñWindows ò AND (ñGlassò OR ñDoorò)

AND NOT ñMicrosoft ò

One step fancier: Phrases and ñNearò

Å Suppose you want a phrase 

ïE.g. ñHappy Daysò

Å Different schema:

ïInvertedFile (term string, docID string, position int)

ï Index on term (sort of Alternative 3 style, with docID and 
position in the postings list)

ïPostings lists sorted by (docID, position)

Å Post -process the results

ïFind ñHappyò AND ñDaysò

ïKeep results where positions are 1 off
ÅCan be done during merge-join to AND the 2 lists!

Å Can do a similar thing for ñterm1ò NEAR ñterm2ò

ïPosition < k off

ïThink about refinement to merge -joiné


