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9_’ Motivation

XML is able to represent a mix of structured
and text information:

— XML applications: digital libraries, content
management.

— XML repositories: IEEE INEX collection, SIGMOD
Record in XML, LexisNexis, the Library of
Congress collection, HL7, MPEGY.

* Need for a language to search XML
documents
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H. R. 2739 (Introduced-in-House) - Mozilla Firefox

File Edit View Go Bookmarks Tools Help

G- - & ) ) |0 npithomas.loc.govihome/gpoxmic109/h2739_ihxmi

*@Gﬂ@,

109t CONGRESS

ST SESSION H. R. 2739

To address rising college tuition by strengthening the compact between the States, the Federal Government, and institutions of higher
education to make college more affordable.

IN THE HOUSE OF REPRESENTATIVES

May 26, 2005

Mr. TIERNEY (for himself, Ms. MoCoLLom of Minnesota, Mr. GEORGE MILLER of California, Mr. KILDEE, Mr. EManUEL, Mr. BisHOP of New York, Mr. PAYNE, Ms.
WooLsey, Mrs. MoCartHy, Mr. Wo, Mr. Davis of Illinois, Mr. GRuaLv a, Mr. MEEHAR, Mr. BECERRA, Mr. REVES, Mr. GonzaLez, Ms Linpa T, SANCHEZ of
California, Mr. McGovERN, Ms. DELAURO, Mr. OwenS, Mr. Hinoiosa, Mr. KocmiacH, Mr. HoLT, Mr. Casg, Mr. Van HoLLen, Mr. OrTiz, Mr. GUTIERREZ, Mr.

CArRDOZA, Mrs, Jones of Ohio, Ms. Barowin, Mr. WEXLER, Mr. Barrow, Mr. JEFFERSON, Mr. Evyaw of Ohio, Mz Sous, Ms. VELAZQUEZ, and Ms.
SCHAKOWSKY ) introduced the following bill; which was referred to the Committee on Education and the Workforce

A BILL

To address rising college tuition by strengthening the compact between the States, the Federal Government, and institutions of higher
education to make college more affordable.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,

SECTION L SHORT TITLE: TARLE OF CONTENTS.

[+]
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9_’ LoC XML Document

http.//thomas.loc.gov/home/gpoxmlc109/h2739 ih.xml

<bill bill-stage = "Introduced-in-House">
<congress> 109th CONGRESS </congress>
<session> 1st Session </session>
<legis-num> H. R. 2739 </legis-num>
<current-chamber> IN THE HOUSE OF REPRESENTATIVES </current-chamber>
<action>
<action-date date = "20050526" May 26, 2005 </action-date>
<action-desc><sponsor name-id = "T000266"  Mr. Tierney </sponsor> (for
himself, and <cosponsor name-id = "M001143"  Ms. McCollum of Minnesota
</cosponsor>, <cosponsor name-id = "M000725"  Mr. George Miller of
California </cosponsor>) introduced the following bill; which was referred to the
<committee-name committee-id = "HEDOO" Committee on Education and the
Workforce </committee-name>
</action-desc>
</action>

</bill>
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9-’ LoC Document Example

<congress>

T <session>
109th Ist session <action-desc>
<Sp0nsor / |
<CO-Sponsor>
v <committee-name>

Mr. Jefferson <committee-desc>

<action> <legis body>

<action-date>

...and the Workforce
... Committee on Education ...
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9' THOMAS Search Engine

<} Search Full Text of the Congressional Record - 109th Congress - Microsoft Internet Explorer

File Edit Wiew Faworites Tools  Help ;
, Thomas Home 5
Fegizlative Information for tee Pullic Library of Congress
Bill Text
109th Congress (2005-2006)
Select Congress: 109 | 108 | 107 | 106 | 105 | 104 | 103 [ 102 | 101 HELP
Bill Number: [Help]
| | Examples: hr. 1425, 5. 896, hjres. 125, sconres 24 [ Search | [ Clear |
View Cotnplete List of Bills m this Congress by Type and Ball Mamber
The following fields can be used singly or in combination:
Word/Phrase: [Help]
| | Search ] [ Clear]
@ Al Bills O Bils with floor action ' Enrolled bills sent to the President
@& Both House and Senate Bills O House Bills only O Senate Bills only
® Exact wordis) O Word vaniants (pharals, etc.)
Date/Session: [Help]
On ”~ L3
From..through F at: seriddAnnn -ded-3nnny
On or after e o e [ Search ] [ Clear]
Onorbetore | From|  [Thous[ |
First session bl
Words in the Index:
™" 1 1" [ 1 - o - 1 . T T . 1 " " "l o1 1 . 1 11" 1 . 1 11 . T 1 1 tnd 2 1" 4 :
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9-’ Challenges: DB and IR

<congress>

T <session>
109th W

<sponsor
CO-sponsor=> XPATH/XQUERY

IR engines

<action>
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9.’ Challenges

* Searching over Structure+Text

— express complex full-text searches and
combine them with structural searches.

— Specify a search context and return context.

* Scores and Ranking
— specify a scoring condition,

* possibly over both full-text and structured
predicates

— obtain k best results based on query
relevance scores
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9_’ Motivation

* Current XML query languages are mostly “database”
languages
— Examples: XQuery, XPath
* Provide very rudimentary text/IR support
— fn:contains(e, keywords)
— Returns true iff element e contains keywords

* No support for complex IR queries
— Distance predicates, stemming, ...

* No scoring
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* Full-Text Task Force (FTTF) started in Fall 2002 to
extend XQuery with full-text search capabilities: IBM,
Microsoft, Oracle, the US Library of Congress.

* First FTTF documents published on February 14, 2004.
(public comments are welcome!):
http://www.w3.org/TR/xmlquery-full-text-use-cases/

http://www.w3.org/TR/xmlquery-full-text-requirements/
* XQuery Full-Text highly influenced by TeXQuery.

* Published a working draft describing the syntax and
semantics of XQuery Full-Text on July 9, 2004. Latest
version on May 1st 2006 :

http://www.w3.org/TR/xquery-full-text/

Y ahoo Confidential


http://www.w3.org/TR/xmlquery-full-text-use-cases/
http://www.w3.org/TR/xmlquery-full-text-requirements/
http://www.w3.org/TR/xquery-full-text/

9_’ Example Queries

* From XQuery Full-Text Use Cases Document

— Find the titles of the books that contain the phrases
“Usability” and “Web site” in this order, in the same
paragraph, using stemming if necessary to match the tokens

— Find the titles of the books that contain “Usability” and
“testing” within a window of 3 words, and return them in
score order

* Such queries are used, e.g. in legal applications
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9_’ Related Work in IR

 XSEarch, XIRQL, JuruXML, XXL,
ELIXIR

— Not integrated with a powerful language for
structured search, such as XQuery

— Lack expressive power
— No fully composable
— Not easily extensible
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9' XML FT Search Definition

* Context expression: XML elements searched:

— pre-defined XML elements.
— XPath/XQuery queries.

* Return expression: XML fragments returned:

— pre-defined meaningful XML fragments.
— XPath/XQuery to build answers.

* Search expression: FT search conditions:
— Boolean keyword search.
— proximity distance, scoping, thesaurus, stop words,
stemming.
* Score expression:
— system-defined scoring function.
— user-defined scoring function.
— query-dependent keyword weights.
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9- Four Classes of Languages

* Keyword search
“book xml”
* Tag + Keyword search
book: xml
Path Expression + Keyword search
/book]./title about “xml db”]
* XQuery + Complex full-text search
for $b in /book
let score $s := $b ftcontains “xml” && “db” distance 5

Y ahoo Confidential



9-’ XML Search Languages

. Keyword only

Nearest concept (Schmidt, Kersten, Windhouwer, ICDE 2002)
- XRank (6uo, Botev, Shanmugasundaram, SIGMOD 2003)
- Schema-free XQuery (Li, Yu, Jagadish, VLDB 2003)
- INEX Content-Only queries (Trotman, Sigurbjornsson, INEX 2004)
-  XKSearch (Xu & Papakonstantinou, SIGMOD 2005)

* Tag+Keyword

- XSEarch (Cohen, Mamou, Kanza, Sagiv, VLDB 2003)

* Path+Keyword

- XPath 2.0 (http://www.w3.0rg/TR/xpath20/)
XIRQL (Fuhr, GroBjohann, SIGIR 2001)

XXL (Theobald, Weikum, EDBT 2002)

NEXT (Trotman, Sigurbjornsson, INEX 2004)
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9' TeXQuery and XQuery Full-Text

* Extends XPath/XQuery with fully composable full-text
primitives.

* Scoring and ranking on all predicates.

XQuery Full-Text
Drafts

http://www.w3.org/TR/xquery-full-text/
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9- XQuery in a Nutshell

* Functional language.
Compositional.

* Input/Output: sequence
of items

— atomic types, elements,
attributes, processing
instructions, comments,...

* XPath core navigation
language.

* Variable binding.

* Element construction.

Y ahoo Confidential

return books on XML indexing and ranking
sorted by price:

for $item in //books/book

let $pval := Sitem//price

where fn:contains($item/title, "XML”)
and fn:contains($item, “indexing”)
and fn:contains($item, “ranking”)
and Sitem/price < 50

order by $pval

return <result>

{$item/title, Sitem//authors}

</result>

sub-string operations: fn:start-with(),
fn:end-with()

No relevance ranking.




9-’ Syntax Overview

Two new XQuery constructs

 FTContainskExpr
* Expresses “Boolean” full-text search predicates
* Seamlessly composes with other XQuery expressions

* FTScore

* Extension to FLWOR expression
* Can score FTContainskExpr and other expressions
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9.’ FTContainsExpr and FTScore

* FTContainsExpr := FTWord | FTAnd | FTOr | FTNot | FTMildNot |
FTOrder | FTWindow | FTDistance | FTScope |

FTTimes | FTSelection (FTMatchOptions)*

books//section [ . ficontains (“usability” with stemming occurs
4 times && “Software” case sensitive) window at most 3

ordered with stopwords ]

* FTScore

for $b SCORE $s in FUZZY
/Ibooks [ ./title ftcontains “XML” 0.4 and .//section

ftcontains (“indexing” with stemming &&
“ranking” with thesaurus “synonyms?)
distance 5 and ./price < 50 |

order by $s
return <result score="“{$s}’> {$b/title, $b//authors} </result>
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9.’ FTContainsExpr

* Like other XQuery expressions
— Takes in sequences of items (nodes) as input
— Produces a sequence of items (nodes) as output

Evaluate to a ..... XOuery

sequence of items | ™

- |Expression

* Can seamlessly compose with other XQuery
expressions

Y ahoo Confidential



9.’ FTContainsExpr

ContextExpr ftcontains FTSelection

— ContextExpr (any XQuery expression) is context spec
— FTSelection is search spec

— Returns true iff at least one node in ContextExpr satisfies
the FTSelection

* Examples
— //book ftcontains ‘Usability’ && ‘testing’ distance 5
— //book[./content ftcontains ‘Usability’ with stems]/title
— //book ftcontains /article[author="Dawkins’]/title

Y ahoo Confidential



9.’ FTSelection

* Encapsulates all full-text conditions in
FTContainsExpr

* Works in a new data model called AllMatch

— Operates on positions within XML nodes (more
fine grained than XQuery data model)

— Fully composable; similar to composition of
relational (and XML) operators!

FTSelection Evaluate to

............. AllM a t Ch

i

Y ahoo Confidential



9.’ FTSelection Composability

* ‘Usability’
* /book[author="Dawkins’]/title
* ‘Usability’ && /book[author="Dawkins’]/title

* (‘Usability’ && /book[author="Dawkins’]/title)
same sentence

* (‘Usability’ && /book[author="Dawkins’]/title)
same sentence window 5

* All of these evaluate to an AllIMatch!
— Allows arbitrary composition of full-text primitives
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9.’ FTMatchOption

* Can be applied on any FTSelection to specify
aspects such as stemming, thesauri, case, etc.

— Fully composable with other context modifiers and
FTSelections

* Examples
— ‘Usability’ && ‘testing’ with stems

— ‘Usability’ && ‘testing’ with stems window 5 without stop
words

— ‘Usability’ && ‘testing’ with stems window 5 without stop
words case insensitive

Y ahoo Confidential



9-’ FTScoreExpr

In aﬂY{ FOR $v [SCORE $s]? [AT $i]? IN [FUZZY] Expr
order L LET ...

WHERE ...

ORDER BY ...

RETURN

Example

FOR $b SCORE $s in
/pub/book[. ftcontains “Usability” && “testing”]

ORDER BY $s
RETURN <result score={$s}> $b </result>
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9.’ FTScoreExpr

In aﬂY{ FOR $v [SCORE $s]? [AT $i]? IN [FUZZY] Expr
order L LET ...

WHERE ...

ORDER BY ...

RETURN

Example

FOR $b SCORE $s in FUZZY
/pub/book]. ftcontains “Usability” && “testing”]

ORDER BY $s
RETURN <result score={$s}> $b </result>

Y ahoo Confidential



9_’ Semantics Issues

Nest TeXQuery Expressions
into XQuery

........... pgeaseannen,

Evaluate to a ......... Ouery

Sl < on | Evaluate to
Sequence of items, ™. | Expression FlSelection | /. aFullMatch

i

.

T TR

Nest XQuery Expressions
into TeXQuery
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9_’ FullMatch Overview

FTSelections are fully composable

Extensible with respect to new FTSelections
— Only have to define semantics w.r.t. FullMatch

* Clean way to specify semantics of FTSelections
— Like specifying semantics of relational operators

* Provides basis for optimizing complex queries
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9_’ FullMatch

FullMatch

| D |

SimpleMatch SimpleMatch
[]

StringInclude | | StringInclude | | StringExclude

Position Position

* FullMatch can be interpreted as a propositional
formula over word positions in DNF

Y ahoo Confidential



9_’ Sample Document

<book (1) id(2)=""1000(3)"'>
<author (4)>Elina (5) Rose (6)</author (7)>
<content (8)>
<p(9)> The (10) usability(ll) of(12) software(1l3)
measures (14) how(1l5) well(16) the(17)
software (18) provides (19) support (20) for(21)
quickly (22) achieving(23) specified(24)
goals (25). </p(26)>
<p(27)>The (28) users(29) must (30) not (31) only(32)
be (33) well-served(34), but(35) must (36)
feel (37) well-served(38).</p(39)>
</content (40)>
</book (41) >
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9_’ Sample Query

Sdoc ftcontains
('usability' with stems &&
'Rose ')

window at most 10
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9_’ Sample FTSelection

('usability' with stems &&

'Rose')

window at most 10
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9_’ Semantics of FTStringSelection

<book (1) id(2)=""1000(3)"''>
<author (4)>Elina(5) Rose(6)</author (7)>
<content (8) >
<p(9)> The (10) usability(11l) of (12) software (13)
measures (14) how(1l5) well(1l6) the(17)
software (18) provides (19) support (20) for(21)
quickly (22) achieving(23) specified(24)
goals (25). </p(26)>
<p(27)>The (28) users(29) must (30) not(31) only(32)
be (33) well-served(34), but(35) must (36)
feel (37) well-served(38).</p(39)>
</content (40) >
</book (41) >

Y ahoo Confidential



9_’ Semantics of FTStringSelection

Y ahoo Confidential

FullMatch

SimpleMatch

FullMatch
|
| |
SimpleMatch SimpleMatch
StringInclude StringInclude
Token: usability Token: users

StringInclude
Token: Rose

'usability'

with stems

‘rose'




9_’ Sample FTSelection

('usability' with stems &&

'Rose')

window at most 10 _
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9_’ Semantics of FTAndConnective

FullMatch

SimpleMatch

FullMatch
|
| |
SimpleMatch SimpleMatch
StringInclude StringInclude
Token: usability Token: users

StringInclude
Token: Rose

'usability' with stems ‘Rose’
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9_’ Semantics of FTAndConnective

FullMatch
|
| |
SimpleMatch SimpleMatch

| |
| | | |
StringInclude String Include| | StringInclude String Include

Token: usability Token: Rose Token: users Token: Rose

SHEECHE

'usability' with stems && ‘Rose’
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9_’ Sample FTSelection

('usability' with stems &&

'Rose')

window at most 10
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9! Semantics of FTWindowSelection

<book (1) id(2)=""1000(3)"''>
<author (4)>Elina(5) Rose(6)</author (7)>
<content (8) >
<p(9)> The (10) usability(11l) of (12) software (13)
measures (14) how(1l5) well(1l6) the(17)
software (18) provides (19) support (20) for(21)
quickly (22) achieving(23) specified(24)
goals (25). </p(26)>
<p(27)>The (28) users(29) must (30) not(31) only(32)
be (33) well-served(34), but(35) must (36)
feel (37) well-served(38).</p(39)>
</content (40) >
</book (41) >
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9! Semantics of FTWindowSelection

Y ahoo Confidential

FullMatch

|
SimpleMatch

| |

StringInclude String Include
Token: usability Token: Rose

('usability' with stems &&

window at most 10

‘Rose’ )



9! FullMatch Benefits

Y ahoo Confidential

FullMatch has a hierarchical structure
Thus FullMatch can be represented as XML

Semantics of FTSelections can be specified as
transformation from input XML FullMatches to the
output XML FullMatch

Thus, semantics of FTSelections can be specified in
XQuery itself!

Full-text conditions and structural conditions
represented in the same framework

— Enables joint optimization and evaluation
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9’ INitiative for the Evaluation of XML
* retrieval

 Evaluate effectiveness of content-oriented
XML retrieval systems

* Ongoing effort to define:
— documents
— queries (topics)
— relevance assessments
— metrics

http.//inex.is.informatik.uni-duisburg.de/
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9_’ INEX document

<article>
<fno>A1002</fno>
<do0i>10.1041/A1002s-2004</doi>
<ti>IEEE ANNALS OF THE HISTORY OF COMPUTING</ti>
<issn>1058-6180</issn>
<obi> Published by the IEEE Computer Society</obi>
<mo>JANUARY-MARCH</mo>
<yr>2004</yr>
<bdy>
<sec>
<ip1>Some 25 years ago, 26 if we are to be precise, a small group of computer scientists decided

that their discipline not only had a past, it had a history. A history is a very different thing from a

past. A past is a series of events;some good, bad, pleasing, embarrassing,.....

</ip1>

<p align="left" ind="none">A history, however, looks at the deep trends of modern life and asks
where they have been, where they are now, and where they are going. It is a discipline that
looks to the future as much as it retells the story of the past. Those of us involved with the

<it>Annals</it> believe that the stored program electronic computer helps us understand
almost
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9_’ Two types of topics

* Content-only (CO) topics
— ignore document structure
— simulates users, who do not have any knowledge of the
document structure or who choose not to use such
knowledge

* Content-and-structure (CAS) topics

— contain conditions referring both to content and structure of
the sought elements

— simulate users who do have some knowledge of the
structure of the searched collection
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9_’ NEXI

* Narrowed Extended XPath |

— Designed for content-oriented XML search (i.e. “aboutness”)
— query conditions on structure interpreted as hints to find content

* |EEE document collection growth
— 12,107 to 659,388 documents
— 8M to 30M elements
— 494MB to 60GB (total size)

+ontologies -aumonyms
[larticle [ about (., ontologies) ]

[larticle [ about (., ontologies) ]//sec [ about (., ontologies
case study ) ]
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9_’ INEX topic id=202

<inex_topic topic_id="202" query_type="CO+S" ct_no="1">

<InitialTopicStatement>I'm interested in knowing how ontologies are used to
encode knowledge in real world scenarios. I'm writing a report on the use of
ontologies. I'm particularly interested in knowing what sort or concepts and
relations people use in their ontologies.

</InitialTopicStatement>

<title>ontologies case study</title>
<castitle>//article[about(., ontologies)]//sec[about(., ontologies case study)]</castitle>

<description>Case studies in the use of ontologies</description>
<narrative>I'm writing a report on the use of ontologies. I'm interested in
knowing how ontologies are used to encode knowledge in real world scenarios.
I'm particularly interested in knowing what sort or concepts and relations people
use in their ontologies. I'm not interested in general ontology frameworks or
technical details about tools for ontology creation or management. An example
relevant result contains a description of the real world phenomena described by
the ontology and also lists some of the concepts used and relations between concepts.
</narrative>
</inex_topic>
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9. Relevance

* Precision and recall are not enough:

relevance is a binary property (items are relevant or not)
relevance of one item independent from other items
user spends a constant time on each element

user looks at an ordered list and stops at some point

* The problem with retrieving elements:

Y ahoo Confidential

specificity and exhaustiveness matter
overlap between elements: return parent (2005) / child (2006)?
size of retrieved elements varies => time spent varies

near-misses: some elements could be found by browsing



9_’ Metrics

* inex-eval (precall)
— quantisation functions to capture specificity and exhaustivity
— ignores possible overlap between elements

* inex-eval-ng
— incorporate overlap and element size in precision and recall

— consider only increment in text size of elements already
seen

* cumulative gain
— favors specificity
— computed as the sum of relevance score up to that element
— favors deeper nodes
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9.’ Some papers

* Designed TeXQuery

and XQuerK Full-Text, a full-text extension of XPath/XQuery
ttp://www.w3.org/TR/xquery-full-text/

and developed GalaTex, a conformant open-source implementation.

* Beyond DB: Formalized a query semantics that consistently extends

classical XPath semantics to account for XPath relevance ranking.
FleXPath

* Beyond IR: Developed a family of scoring methods for XML on both
structure and content that are consistent with {f*idf.

* Developed efficient algorithms for topK processing.
Whirlpool
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http://www.w3.org/TR/xquery-full-text/

9.’ Example Query

book

//book [ ./info [ ./author
ftcontains “Dickens’” and ./title

ftcontains “Great Expectations” | author  gig1o
and ./edition ] I [

Dickens Great
Expectations

info edition
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9_’me XPath Relaxations

* Examples of atomic relaxations:

—| Leaf node deletionl

—|Edge generalizationl

—| Subtree promotion|

Dickens

uer

Great
Expectations

Charles Great
Dickens
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I edition? I

Great
Expectations
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@!ery Representation

//book [ ./info [ ./author
ftcontains “Dickens” and ./title
ftcontains “Great Expectations” |
and ./edition ]

Dickens Great

Expectations

pc($1,$2) and pc($2,$3) and pc($2,$4) and pc($1,$5) and

($1.tag = book) and ($2.tag =info) and ($3.tag = author) and

($4.tag = title) and ($5.tag = edition) and contains($3, “Dickens”) and
contains($4, "Great Expectations”)
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9.’ XPath Relaxation Algorithm

* Logical representation of query using predicates on
structure and content.

* Compute query closure using inference rules below:

— pc($x,$y) implies ad($x,$y)
— ad($x,$y) ad($y,$z) implies ad($x,$z)
— ad($x,$y) contains($y, FTExp) implies contains($x, FTEXp)

* Drop predicates.
* Compute query core (unique).
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9_’ Example of XPath Relaxation

query relaxed
query
> Dickens
Great
Dickens Great Expectations
Expectations
pc($1,$2) and and pe(31,$2) and and
pc(32,$4) and and pc(32,54) am.[ and |
($1.tag = article) and ($2.tag = info) ($1.tag = article) and (§2.tag = info)
and ($3.tag = author) and and ($3.tag = author) and .
($4.tag = title) and ($5.tag = edition) ($4.tag = tft[e) ‘mf ($5.tag = edition)
and contains($3, “Dickens”) and and contains($3, “Dickens’) and

contains($4, "Great Expectations”) contains($4, " Great Expectations’)
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9-’ Spanning XPath Relaxations

Framework for defining new relaxations.
Orthogonal to approximation on content.
Answers to relaxed query contain answers to exact query.

Score of answer to relaxed query should be no higher than score
of answer to more exact query.
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9.’ Adaptation of tfidf to XML

Document Retrieval

XML Retrieval

(result is a subtree
rooted at an element with a given
tag and satisfying content and
structure in query)

that contain the

idf (inverse document frequency) is a
function of the fraction of documents

idf is a function of the fraction of
returned fragments that

the number of
keyword in the document

if (term frequency) is a function of

of the

ff is a function of the number of

the returned fragment
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9_’ A Family of Scoring Methods

*  Binary scoring

— Low quality

— Fast computation
*  Path scoring

*  Twig scoring

— High quality
— Expensive computation Dickens  Great
Expectations
+ + + + + * *
Dickens Great
Expectations
Dickens Great Dickens  Great
Expectations Expectations
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9_’ What does XML mean anyway?

EDS: Encyclopedia of Database Systems

Alphabetical organization of ~ 1000 entries

— definitions and illustrations of basic terminology,
concepts, methods, and algorithms,

— references to literature, and cross-references to
other entries and journal articles.

— Not a textbook
— http://refworks.springer.com/database-systems

April 15: Initial list of entries for XML
Send to sihem@yahoo-inc.com
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