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Disclaimer

* This tutorial reflects the personal biases,
preferences and limitations of the
presenters ©

* It does not cover everything done in DB+IR

» It does not cover related areas such as
other XML-problems, multimedia, spatial
databases, ettp.

1. Motivation

* Types of data

« DB & IR Views

* Possible Solutions
* Applications

e Search Problems




Different Views on Data

VOLUME ADVERSARIAL

)
Pb

COMPLEXITY PRIVACY

Data and Databases

XML DBs
Nested
Relations |
| e =
RDBs ! o }, 1
- =1 8 IR l S =
i,




~.good

'3.

RDB vs. IR

DBs allow structured
qguerying

Queries and results
(tuples) are different
objects

Soundness & L
completeness expected

All results are equally

"\ C
- Useris expected to know
the structure

IR only supports
unstructured querying

Queries and results are
both documents

Results are usually
imprecise & chmpIete

S e results are more

f s releivant than others

User is Expected to be
dumb

|

The Notion of Relevance

Data retrieval: semantics tied to syntax
Information retrieval: ambiguous semantics

Relevance:
— Depends on the user

— Depends. on-the context (task, time, etc)

— Corollary: The l#erfect IR System does n&)t exist
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Possible Architectures

* IR on top of RDBs
IR supported via functions in an RDB
* IR on top of a relational storage engine

. Mlddlewareﬁa_y?r on top of RDB & IR'
systems

- RDB functionality on top- ofJan IR system <

1ntegrati‘on via an XML databage & query
— language il

Problems of the IR view

Very simple query language

— It is natural language the solution?

NoO query optimization

Does not handle the complete answer




Problems of the DB view

The syndrome of the formal model
— Model is possible because of structure
The syndrome of “search then rank”
— Large answers

— Optimization is useless
= Quality'vﬁ;reed '

— E.g. XQuery ' - =

- What is a Data Base? l =
s Are RDBS really a speC|aI ca&e of IR
i sysstems? ‘ -

Applications for Integrated Systems

* E-commerce search

* Intranets & enterprise data

* Customer support (e.g. CRM)

* News archives, bulletin boards, etc. .
* Personal |nforn‘1at|on (e.g. My Llfe B|t$)
& P2P Web Seareh w4

o =




Challenges posed by the Web

* Integration of autonomous data sources
— Data/information integration

» Supporting heterogeneous data
— How to do effective querying in the presence of
structured and text data
— How to support IR-style querying on DB 5

- Because nowibsers seem to know IR/keyword style =
querying more, even though structureis gooq because
it supports structured querylrigI

= How to support imprecise C]LLerIETS .

|
-

Enterprise Search is Different

» Sophisticated systems run by librarians are
morphing into simple self-service web-based search
— Must be scalable, reliable, highly available

« Data is different
— Heterogeneous in format & structure (documents DBs, etc)

— Less volume & better quality
« Searching is also Elfferent ’
— Less & better queries, different tasks | | 1

=] ;
— Focus in recall rather than premsn'oj e £

Other |ssues securlty able to search but not to see

A




What is a Bad Interface/Result?

* No search box

 Inability to judge user intent
— No spell checking
— No context disambiguation (cricket: game or bug?)
— No recommendation system, no user feedback

* Too many hits: answer overload

— Return 10,000 hits when the average user looks only at the
top-20

* The most relevantitem is not at the top of tl]e list |

e Too many similar documents
— Poor dupllcate detection, poor clUslterlng/categorlﬁatlon

Inability to understand why a dog:uant has been

- returned
~ No KWIC

« Lack of Meta information w =
— Size, format, date, etc.

Cost of a Bad Search

Information is useless if no one can find it

— ROI for employee productivity

— ROI for customer satisfaction

— Cost of people using out-of-date information

— Cost of people usmg wrong information -

— Cost of recreatng information which canr*ot be :
found 1 ; 1

—.Cost of opportunity for not ;‘mﬁmg the'zlnfgrmat|0ﬁ-'
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Some Examples - |

Where is the search box?

Global Customers

Auton

mnking sares of 3

reques! Enterprise Portals Autonomy .
Information 3 viray

LCRM Read what the ¢

& downloads

Autonaomy Grouy
ST Enterprise Search

L] p
mm audentify
Cortact & Call Center
Solutions

Collaboration Netiorks.

What does Autonomy do? bttt scabily

Most Comprehensive Security)

Customer Quo

hutonomy is the [eading provider of software Ed Sketch, Fo

i aungaie infrastructure that autormates apérations on S e Company - 4
Total Cortpliance, Spam unstrugtired information \hCifegorization & Taxcnomies | IRt R
fundarmental pa

and Web Filtering Repository Interfacing

e-learning solr

Solutions \ .
Automiatic Clusts
gl ok Blids the paps

Inteliigent XML corporate know
Full METADATA Handling Autonarmy mek

Some Examples — I

“ultra seek” or “ultraseek”?

Search Tips
Sampany(ag) ‘Gustarnars(a)
Partnars(a) Productard)
Elick an category above to narow search results
Cureent Query: ultra seek show / Hide summaries
Documents: 1- 10 out of 62 Results Per Bage: 10 | 25 | 50 | 100
<<1l2 |3 [4 |56 7>
Date Inic Title & summary Scorew
Type
2003/09/08 T Verity, Inc. : Company : Events : Webinars 7%
Summmary: By Giga Infarmation Group SeniorAnalyst Laurs Ramas Mare and mars companias
are taking advantage of tsxonomiss with content management systerns, portals and search
technology to retieve results organized for context and user needs, M=, Feldman,
Folders archive | Sie: 26KE
2003/07/23 Verity, Inc. : Partner Program : Portlet Program : Epicentric 7%
Summary: Epicentric, Inc. is & laading provider of Business Portal selutions for Global 2000
companias to deliver integrated Web services to their customers, partners and employees.
Contact Ve
Folder: epicentric  Size: 16KB
2003/07/23 & Verity, Inc. : Company : Corporate : Yerity Awards : Industry Analysts 72% :
Summary: Thg Gartner Group: Verity listad as 2 leader in the Magic Quadrant for Enterpris
Search Source: The Gartner Group 2002 Enterprise S&arch Magic Quadrinh Fﬁb 2002 VEnt'i was
determined by Gartner o be listed as a 7Leader? in Enterprize Search,
Folders awards  Size
2003/07/15 F£  Verity, Inc. 2002 Annual Report & 10-K 70%
Werity K2 P Werity K2 R DrOUldes the integrated three-tier foundation
of next generation business portals an s WYerity K2 Werity KZ

Developer is a taslkit that lats camrnerdal software de....
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Some Examples - I

Looking for “k-means” in lotus.com

Home | Products & services | Support & downloads |

My account

= Select a country
Search results

Search resufts
Advanced search

Searchwithin: & United States © Worldwide

[ke-means

Advanced search  Tips

1-3of 2 results
& Registration required

1. 1X84513: WHEN GROUP MESSAGE IS SENT FROM ONE PLATFORM TO
ANOTHER PLATFORM, MQMDE DATA IS...
HP-UX EPHUB(1051) O K (means n no MOMDE) Windovs

NT QM2(43T . QM1 (932) ——-—-> HP-UX EPUD1(332) O K.(means no
DE} Windows NT Qb 1({832
URL: http i1 taret wssTuit=awy KB4513

3 1X84513 - WHEN GROUP MESSAGE IS SENT FROM ONE PLATFORM TO
ANOTHER PLATFORM , MOMDE DATA...
932 wrmmeenn> HP-U3 EPHUB(1 051) 0K {means n no MOMDE) Windows
T QM2(437 . OM1{933) ——-—-= HP-UX EPUD1{332) 0 K.(means no
DE) Windows NT QM1(932
URL: hittp i1 darn ieve.wss Puid=apridc] afiT

3. o= Starting the Application Server with the Tivoli Maiager for R/3 on
Windows 2000 Fails
Domain in order to connect properly. 3. Run the command: wicftap -r
FOREST\d04adm -k {-k means that thers will be a prompt far the
passward for the the d04adm id) (FOREST\04adm
URL: hittp e dbim WSS Puid=swa 21055139

Agenda
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2. Introduction to IR
through Web Retrieval

IR challenges posed by the Web
Logical view of text

Similarity models

IR system architecture ._
IR queryﬁﬁqluages & interfaces }

Bag-of-Words Representation

FuII text cohtlnuum |
= ambiguity vs. completeness trade-off

12



Challenges in Current IR Systems

Document Base: Web

Largest public repository of data
(more than 6 billion static pages?)

Today, there are more than 60 million Web servers

Well connected graph with out-link and in-link power
law distributions., " |

.i Selfi§imilar& 1
‘ Sél'_"c',-o’ganilzing >




Web Retrieval

* Problems:

— volume

— fast rate of change and growth

— dynamic content

— redundancy _
— organization and data quality "
— diversity E = — “’!
+ Deal with data overload =

Challenges in Current IR Systems

14



Web Users

Cultural and educational diversity
Short queries

— Inherent to users or due to the query language?
Different goals:

— Information need

— Navigational-need-;

— Transactional neecﬁ ’
Short patience

- few quenes posed & few an:Jwer

s[; seen/
. Other problems concurrency, scale,

Challenges in Current IR Systems

Interaction Uscloss

15



Interaction

Inexperienced users
Dynamic information needs
Varying task: querying, browsing, . / ‘ \

No content overview E\
Poor query language, no help
| L
| = = | =
Poor preview, no visualization I . ’ @
' Missing answers: partial Web CO'Vera{ge, invisible
Web, different W0rds or media, ...
Useless answers -

0
=

Challenges in Current IR Systems

IR System

16



Centralized parallel architecture

Web Retrieval Architecture

G-

Searching
l Text —=| Indexing |--|-»| Ranking - 03;“@"
Model :
' Text Visual
| Crawlers — Text —=| Opej'aﬁuns el
il Query
Usexr

* Crawling:
— Quantity
— Freshness
— Quality

« Ranking i

— Words, links, usage logs, ... , meta
__— Spamming of all kinds of data |
~ Good precision, unknown recall -

Algorithmic Challenges

— Politeness vs. Usage of Resources

- =
date;
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Text Similarity Models

Vector model:

» words are dimensions Documents

« tf-idf is used for weights

Set Models:
— Boolean, Fuzzy se sim(d,q)=cos(m)

Algebraic Models: m
-+ Vectar, LSI, etc. -
Probabilistic Models:
= If’robablllstlc, Inference & belief networks

Index

Aachen

T

List of
Positions

* Inverted index
 Lists sorted by

' Byte  3060%
1 Zwaziland Doc  15-25%
Block 712%
weight li =
Vocabulary

— global (e.g.
Pagerank)

AN

Text f f
~ local (e.g. word et [ ] IIIIIIII!I [ T[] T 1

0 1 2 3 4
weights) Blocks

¢ Hashing + set I = |
operations _ N l_J = Y
f Compressed i . |
- Incremental =
~ updates

'
4




Parallel Case

Collection is divided per server
* Local indexes are used
— Document partitioning
* Brokers distribute queries and merge results
» Simpler to build and update _.
+ Good IoadbaTTnce, low concurrency '

|

* In theory a global part1t|one'd index ach@ves

:_hlgher concurrency but has Iowe‘; load balance

and more dlfflcult to build & maintain

|

|
|

Non-word based Applications

» Suffix trees
e Linear building time
» Linear space (but larger than data)
 Suffix arrays
 Linear building time, less space .
» Powerful search:
— any substri:Lg = = ’

_ - approximate search | |

- — regular expressions {
. Appllcatlons blology, mUSIC |IthIStIC etc.

.

19



Link Ranking

* Incoming links count (Li, 1997)
* HITS (Kleinberg, 1998)
— Authorities: good pages
— Hubs: good links
* PageRank (Page & Brin, 1998) _.
— Random walk + random jumps if “borTsd”
* Many variatiorl of these ideas _
- Good to find communities, spam, etc. /'i
« . Application to other problems (e.g. ranking
relations) e :

Agenda

Motivation
An Introduction to IR
Requirements for DB-IR
Semi-structured Data
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DB Approaches ’
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 Bibliography o
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3. Requirements for DB-IR

* Motivating Applications
* Data and Query Requirements
» Sample Use Cases

Sample Paper on the Web

XQL and Proximal Nodes

Ricardo Baeza.Yates Gonzalo Navarro

Depto. de Ciencias de la Computacion
Universidad de Chile
Blanco Encalada 2120
Santiago 6511224, Chile
E-mail: {rbaeza,gnavamo)}adcc.uchile.cl

Abstract

We consider the recently proposed XQL languaie, which is designed to guery XML documents by content and structure. ¥We show that
an already existing model, namely ““Proximal Nodes??, is the only one that addresses all the complex querying operations defined by
KGL and that suggests an eficient implermentation for therm 1

1. Introduction i

Searching on structured text is becoming more important with the increased use of XML Although SGML existed for a long time, its
complexity was the main limitation for a wider use. By taking advantage of the structure, content queries can be made more precise.
Also, XML data can be seen as the meeting point between the database comrmunity (in particular the work on semi-structured data and -
query languages for XML) with the information retrieval community (structured text models). Our main goal in this paper is to show the

" - - .




Bibliography Entry

<proceedings>
<inproceedings>
<author>Ricardo Baeza-Yates</author>
<author>Gonzalo Navarro</author>
<title>XQL and Proximal Nodes</title>
</inproceedings> .
</proceedings> ‘f ’
it

+ Describes metadata for the Wjorkshop article
. The XML data conforms to the D%LP sch/ema
(DTD) = =

Paper Content in XML

<workshop date="28 July 2000" >
<title> XML and Information Retrieval: A SIGIR 2000 Workshop
<ftitle>
<editors> David Carmel, Yoelle Maarek, Aya Soffer
</editors>
<proceedings>
<paper id="1">
<title> XQL and Proximal Nodes </title>
<author> Ricardo Baeza-Yates </author>
<author> Gonzalo Navarro </author>
<abstract> We consider the recently proposed language ...
</abstract>
<section name="Introduction”>
Searching on struictured textis becoming more important with XML -
</section> { : ’
i : = |
<C|te xmins;xlink="http://www.acm.org/sigir/.. Ipaperlxmlql > .. <[cite> : !
</paper> ] d
</w0rkshopj> ; =B 25T ‘:‘7 § P
S oguEaREt= =1 Y . Lo | S l
; =i | = < |
~+ The XML data conforms to the publisher's DTD

22



A Digital Library Application

Access Content

* Web interface for the citation -

XGL and Proximal Nodes (2000) (11 (2 cabors) View o dounioad
Ricards BaszaYales, Gonzaio Navams.
JASIET

Citations

", s the onily one that ddrasse
them. (Lipdate)

ore comphcated simdanty [lIKIR Idb tirom the Praximal |
nade belom .,.m e detesmine od by the

Similar Documen:t-_si

0
=

Applications Areas

» Scientific, Technical and Medical Reference
Books, Journals, Publications
» Case Law and Litigation Materials
* Regulatory and Business Filings
* Maintenance, Repairs and Operations Manuals
* Product Documentatlon
- DeS|gn ru ’ :
— Procurement (SRM) - = 2 1
. — Customer Service (CRN ) | - =3 =
e :rCoIlaboratlon Poridls e, | ]
~ *» Web, Intranet, Group & Personal Repositories
. ~Represents “80% of enterprlse data”




Data Requirements Objects

=

» (Text)Documents, Images| Application Files,
Multimedia Content

» Structured Data
— ions: rom, To)

—|Hi [ roceedlngs/paper/sectlon

* [Semi-structured |Data :1

— Edltorlal coﬂ(hments on the paper
. s

capture the reqylrementsabbve

FREIVIT

Publishing Relational Data

USERS |USERID NAME RATING|

ITEMS |ITEMNO DESCRIPTION  OFFERED_BY  RESERVE_PRICE

BIDS |USERID ITEMNO  BID_AMOUNT  BID_DATE

24



Queries on Views - Integration

<users> <items> <bids>
<user_tuple> <item_tuple> <bid_tuple>
<userid> <itemno> <userid>
1243 1066 1243
</userid> </itemno> </userid>
<name> <description> <itemno>
humphrey unicycle 1066
</name> </description> </itemno>
<rating> Local <offered_by> <bid_amount>

Global

Heterogeneous Sources - P2P

<users> <items> <bids>
<user_tuple> <item_tuple> <bid_tuple>
<userid> <itemno> <userid>
1243 1066 1243
</userid> </itemno> </userid>
<name> <description> <itemno>
humphrey unlcyt_:le_ <products> 3
</name> </descriptic e no>
_ product>
<rating> <offered_hyv> ITak »

products in bike category?

<category>
scooter

</category>

<manufacturer>

25



Query Requirements Overview

» Developing the web application Content-only

XOL and Proximal Nodes (2000 |11 Wiew or downlosd

ando Basze Yates, Gonzao Navams, Cackes B B PO hn::mm
CiteSeer [ — Freen: dec iathis ei-gaganninbl (mots)
= (Enter wathor homesages)
e Rt this ariche: 1 2 34 5 boat)
p i Siomment on this adicle
SUCTUTELONY 1 ey oot st gt s

mily “Proximal Nedas®, i the oy one tht ssdnisses
mplamantation for them. (Update)

fram the Praximal
tsminad by the

. could be extanded to handla these mare complicated simdarity metncs. ELIXIR could bes
eodal [1] 1o parmit operatisns in which the fact that a nade belomgs to the nal iesh can
ani pusision of the woids

tagrating Documanfland Dats Ratrieval Based on 3L - Jar-Marcs Bremar Dipl (2003)

\ ~_Content and Structur

tE

Relevance, Similarity

- B
al 40 Ous

e}t Databases by.. - Novams, Esazs-Yates (1967)

sg1aphy ed docu
Expensang Powee of 3 Naw Mode
A Model and 3 Vi

All
ured Tox Datatases - Navams,
Strsctured Taat - Basza-Vates

3 (19585)

ro-Vabes (1556
am (1589

« Bz Yatws, Nivaro (1997) |

Mors AN
- Barglund, Boag ot ol - 2002
- Clark, DaResn o ol - 1969

BibTe snmy: {Update)

Proteomics Portal (courtesy T. Topaloglou, Protana)

0, 2000 102950 AL~ Thedarss Tapatolan
List Hame: Just soma proteins - -

o
"0 mds proteomics st Ty Pt () el T
AIDA Sequence Ei

&
S of thesn wonds mist Hone of (R widds mist be
e e in S e (OR) Aound in the taz (NOT)
= H |
£ 1103634 RIPKY] H ] ]
 Subet it
 Suiesd nong. Protain Duony
i 5ve Dusry h
Sirdacky B % Spocias [4 Specen 5] v| T | [sesii
EE=
Sumimsary
oy | s Sy e o
1 104825 cardiak, picd, candd, rigd, rck 1682 1

TORUZE  candiak, rigad, cangd, eed, nex

2 BUIEED  eandiak ripdd, cangd, mpd, ek, ek w14
BYIRGT  camiak Nipd, candd, red, ok, cok

3 70865 ek ek w1
TH0588  rpk, nick

4 U0 enmiak k2, eare
1103834

1692 1

Uratues Search Resus
sonfe =] 2ef20 =] snow] Samenary =] 68

[T -

son[Dute 7] sin20 3] Mimﬂ
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DB-IR Query Requirements

* Express arbitrary Full-Text (FT) searches

» Select the substructures where the FT
condition applies (search context)

» Select the substructures to be returned (return
context)

 Choose hOML_EO determine relevance for results |

and (Welghted \querles 4 1
e Access and comblne the re|I?vance scores ,
+ Limitanswertotop-k- . | 1%

\

. :'Support approximate structural searches

S. Amer-Yahia, N. Koudas, D. Srlvastava ICDE 2003 Tutorial
 Full composition of FT and structural queries ——

Additional DB-IR Requirements

Efficient and scalable query evaluation,
supported by

— Indexes (FT and structural)
— Optimizer (plans and operators)
Rich functionality for presenting answers
— Visual interfaces
— nghllght tht FT terms in context ’ %
Support queries on mtegrated views 3 1
. Query heterogeneous structhre - == <
- — Within a single collection = |
Bt data reposltory crawled from web sources
- — Across peer sources wi

27



Sample Use Cases

* Quick overview of the range of possible DB-IR
requirements
— ldentify search and return contexts
— Motivate relevance
— lllustrate composition

» Extension of uge cases from Full-text Xé@uery
(//www.w3.org/TR/xmIquery—fuIIrtert—use—ca'ees)- i
¥ ! S 4 { : i

1 | N

|

Finding Text in Elements

» Find all book titles containing the word "usability*

* Find all books with the phrase "usability tests" in
book or chapter titles

— Multiple search contexts, different return

* Find all books with the phrase "usability tests"
(even across elements) A

- Find all book ti Illes for books with abstra#ts
mentioning software develqpers (interpreted as.
. havrng broad terms “softwar i near “developer”)y

CHE Prexrmrty i
saerg Thesaurus (developer programmer)

|

28



Finding Text in Structure

* Find the first two sections mentioning “task” in
chapters on "conducting usability tests” with
the book abstract not mentioning “software”

— Structured search contexts
* book/chapter//section
* book/chapter
- book/ab tract ’

* Do the above i |gnor|ng footn?tes in chapters but
- not in abstracts P

— Modlfles the search contexts ‘
-~ Match the contexts approximately

|

*‘t

Ranking

Find how relevant to "usability" are the books
* Find the best two books on "usability tests*
— Take into account reviewers comments

* Return all books with only the sections highly
relevant to "usability” 7
« Rank on beth-approximate structure and
content matchi[hg the sections mentionin’g
“task” in chapters on "condugcting usability
- tests® with the book abstra not mentlonlng
software”

1|

=
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Composing Queries

* For books with "usability” in the title create a
flat list of all titles and the authors

* Find the 10 most relevant books about
conducting "usability tests" which have more
than one author and are published after "2000*

 Find all books published after "2001" which

share a SUbjeC[E with the 10 most relevant

books on “usability” that have titles men_'tioning'_i l
_“software* and “developer” | = = |

>

5} | S
S AR = Y } =55 | :

The (VLDB-only) DB-IR Saga

14

12

10

Papers

" 7576 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04
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XQuery History

XML Query Language Comparison

XML-QL Lorel
-expressivity | | | | | + expressivity
XQL99 XSLT XQuery
Lorel XSLT XmL-aL XQL 99 XQuery
Main Queries of semi- Transformation of Data queries, Queries within a Queries on
functions structured data documents transformations, documentandquerieson |  heterogeneous data
integration of XML data | collections of documents sources
from different sources
Data model Graph / Tree Tree Graph Tree Ordered sequence of
{suchas XPath 1.0) [DOM of XML) nodes
(such as XPath 2.0)
Inputsource & XML Documents XML Documents XML Documents from XML Document's XML Document,
format + StyleShest different sources XML Fragments,
Caollections of XML
documents
Quiput XML Document XML Document XML Document XML Document (XML XML Document,
information | (Ordered listof identifiers | (Transformed XML tree), (XML Fragments) Fra(r]menh XML Fragment,
of the resulting Collections of XML List of resuting Collections of XML
elements) documents elements) documents
(xslhdocument)

32



XML Query Language Comparison

Lorel XSLT XML-aL XaL s XQuery
Pattern/ select <xskfor-each | WHERE pattern IN pattern FOR paiterns
Filter/ construclor select= pattern » SOUTCE, [fitter] LET bindings
Constructor {rom paftern sl fiter WHERE fliar
where filer match=filter> CONSTRUCT RETURN
<gopy-of /> constrictor constnictor
</xshif>
<xsl:for-each>
Relational Operators  |>.2= < <==<>, | > 2=, <=, =1z | > >z < <==1= | > >=< <= 3=
Boolean Qperators and, or, not and, or Ne and, or
Nesting queries Yes Yes Yes Yes
Creation of new elements Yes Yes Yes No
Filtering of elements preserving hierarchy No Yes No Yes
(using templates)
Reduction No Yes No Yas
Restructuring Grouping of results Yes No No Only by structurs,
operations (group by) not by value
Skolem Functions Yes Ne Yes No Yes
Sorting of results Yes Partial Yes No Yes
{order by) (xsl:s0rt?) (ORDER-BY) (SORTEY)
Inter-document links {join), Intra-documents | Jain,Semi-oin Semi-join Join, semi-ain Semi-join, join Join, semi=join
links (semi-join)

XML Query Language Comparison

Insertion, delete and update

Lorel XSLT XML-QL XQL99 XQuery
Use of tag variables Yes Yes Yes Na Yes
Path expressions Regular exprassion | XPath Expressions | Regularexpression Wild card: * XPath Expressions
operators: ¥, |, +, 7 operators Path Operators:
Qualifiers: >, @ bl Bohe N
Dereferencing Yes Yes Yes Yes Yes
of IDREF(S) attributes {As a subelement using i}y (By means of a join) id{}) (Dereference
the point notation) Qperator =>)
Set Functions mir, max, count, sum, sum, count min, max, count, sum, count min, max, count,
avg sum, avg sum, avg
Quantifiers Existential Yes Yes Yes Yes Yes
{exists) (implicit) {implicit) (implicit) {SOME)
Universal Yes No No Yes Yes
(for all} all) (EVERY)
Handling of datatypes (XML Schema) Partial No No No Yes
{under study)
Yes Yes No No No
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XML Query Language Comparison

Lorel XSLT XML-QL XaLes XQuery
Keywords Awordinside free | By means of path | By meansof path | By meansof path | By means of path | By means of path
text expressions expressions expressions expressions expressions
Similarity No No No No No
Context No No No No No
Boolean Yes Yes No Yes Yos
Operators.
Pattern matching operators: String operators Like operator String operators String operators
like, grep, soundex and functions and functions and functions
Structural Queries Structural By means of path | By means of path | By means of path | By means of path | By means of path
Inclusion EXpressions EXpressions BXpressions expressions expressions
Positional Yes Yes Yes Yes Yes
Inclusion
Structural No No No Yes Context node
proximity (immediately
precedes ")
Structural Order By means of Yes By means of Yes Yes
comparison of |prece ding, comparison of {hefore, (BEFORE,
positional indexes | preceding-siblings, | positional indexes after) AFTER)
following,
following-shiings)
Assignation of weighting fo the terms No No No No No
of the query
RDF support No Ne Ne No No
XLink and Xpointer support No No No Partial No
(In study)
Operations over sefs Intersection, union, | Union, difference | Intersection, union | Intersection, union | Intersection, union,
ifference difference

XML Query Data Model

e Joint with XPath 2.0, XSL 2.0
— Last version of Feb 2004
e Ordered, labeled forest
e Based on XML Information Set, PSVI
* Has node identity

. DTDs (fr ML, IR style) ’
- XML Scheme (DB style) | _
= Prpvide data types- " J = / |

|




XQuery and the Data Model

XML Query Formal Semantics

XQuery is a functional language
— A query is an expression
— Expressions can be nested with full generality.
— A pure functional language with impure syntax

Static Semantics

Dynamic Semantics . —W

Very | L = 1 : ; il ! :

Large ~ Value inference rules - .
& Data Siiefesste DR - } = iR —

Bases — Define the meaning of XQuery expressions in
~~terms of the XML Query Data Model.

— Type inferencerules
— Structural subsumation = ‘
P
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XQuery Expressions

* Element constructors
* Path expressions
* Restructuring
— FLWOR expressions
— Conditional expressions

— Quantified-expressions 4

» Operators and fu[pctions : ’ 1

« List constructors =T =
e Expre§$ions that test or mbﬂif;l;ﬂdatia types”

Path Expressions

<bib>

<book year="1994">

: {-- XQuery uses the abbreviated syntax
< >
et of XPath for path expressions --}
<author>
<last>Ste document(“bib.xml™)

<first=W.< /bib/book/author

</author> 4 /hin/hook//*

<publisher= _
//author[last="Stevens” and first="W."]

<price> 65.
4 4_<,/b00kf? }:\ document(“bib.xml”)//author

= \'-.
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FLWOR Expressions

FOR - LET - WHERE - ORDER BY - RETURN
Similar to SQL’s SELECT - FROM - WHERE

for $book in document("bib.xml")//book
where $book/publisher = "Addison-Wesley"

return
<book>

$book/title, i
$book/author

} 34
</book=>
S = N
= \~

SQL vs. XQuery

"Find item numbers of books"

. SQL:

SELECT itemno

FROM items AS i

WHERE description LIKE 'Book’
ORDERBY itemno;

[
e XQuery: * =
FOR $i IN //item_tuple J

e

sl WHFRE contains($i/dés€r.ipﬁl)n, “Books")

_ RETURN $ilitemno ORDERBY(.)
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Inner Join

"List names of users and descriptions of the items they offer"

SQL:

SELECT u.name, i.description
FROM users AS u, items AS i
WHERE u.userid = i.offered_by
ORDER BY name, description;

I .
i 2 = =3
FOR $u IN //user_tuple, $i IN//item tuple - 3 : 1
WHERE $uluserid = $i/offered- by == N
. RETURN B
© 7 <offering>{ | i g
= _ .. .=—sulmame, 5
_ $i/description
} </offering> ORDERBY(name descrlptlon)

e XQuery: ' | ’ 4

Text Search

<section><title>Procedure</title>
The patient was taken to the operating room where she was placed in

a supme_ po_ Conditions on Text
<anesthesia>i _
<lanesthesia> -0
<prep> <actio //section[title="Procedure”]
bladder</ac| r i _text:
and the abd } o
//section[contains(title, “Procedure”)]
</prep>
<incision>A ¢
* <geography>
~</geography.

and the subcttaneous tissue was divided
<|nst|aument>usmg electrocautery. <finstrument>
</incision>




Full-text Requirements - |

* Full-text predicates and SCORE functions are
independent

* Full-text predicates use a language subset of SCORE
functions

» Allow the user to return and sort-by SCORE (0..1)

¢ SCORE must not require explicit global corpus
statistics

« SCORE algorlthm should be prowded and c}an b=
disabled - 2 E l

| e 47
Very E_ont J = ] =
Laree [ Problems P

& Data FEEEEEE (o] clear how to rank without global me)ﬁsures
Bases

- Many/no answers. problems
— Search then rank is not practical
— How to integrate other SCORE functions?

Full-text Requirements - Il

e Minimal operations:
— Single-word and phrase search with stopwords
— Suffix, prefix, infix
— Proximity searching (with order)
— Boolean operations
— Word normalization, diacritics
— Ranking relevance (SCORE)

» Search over e\Jerythrng, mrJ:Iudrng =y 1
attributes >

. Proxrmity across markup elemlents
_+ Extensible




XQuery Implementations

Software AG's Tamino XML Query
Microsoft, Oracle,

Lucent Galax

GMD-IPSN\item X-Hive

XML Global

SourceForg Uench, Saxon, eXist, XQ h ery Litei_‘

Fatdog i

Qexo (GNU Kawa) - compiles to Java byte code
‘Openlink, CL-XML (Common Lisp)| Kweelt

Soda3 DB4XMLand about 15 more

Why XQuery?

Expressive power

Easy to learn (?)

Easy to implement (?)

Optimizable in many environments

Related to concepts people already know

Several current in{lplementations

The accepted W3C XML Qu_gr)'ZJLan'guage;
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Structured Text Models

» Trade-off: expressiveness vs. efficiency
* Models (1989-1995)
— Hybrid model (flat fields)
— PAT expressions
— Overlapped lists
— Reference lists
~ Proximal nodes — e l
— Region algebra = __
-+ Proposed as Algebra for XML-IR-DB Sandwich ~
- " — p-strings o j
- T;Tréérmatching

imal : phit o f Overlappe
wimal e S ) lists
Nodes +  Positional N
. inclusion s Lot B
E ),.+" Overlapsin «
P! Direct o structure
. . - \
5 ! ancestorship o L PESTos oo ss L
P 1 Distances { Text is first- 1
[ l“*~_,ki_r: class object 1
| 1 B 1
' [ - 1 a T [
: ‘\ . Recursive ' Set d Y 1
: & ':.. structures ; manipulation § e Overlaps
1 . el I _ « Compositional i inresults
3 Inclusion language a
b S ...V relations @ =77 |
3 Vo A, - s '
p Hierarchy =~ - | mm =T - : - &
: ierarchy t-de-2n - + Combination =
: on results TTTTTEA of nodes L
Lececcsoscsesssasnncccssccshosaccccsccnssnnccccsnsenssascnnocsns
/
2
Tuples Semijoin
and join by contents
Tree
. = = = PAT expressions
matching

------ Hybrid model T
fffff Lists of references




Comparison -

Proximal Nodes

Query on
contents g
Structuring ,
power / . Tree matching
Lists of references i
; 9
PAT AR S ‘
expressionsZ. @ ...
Hybrid o . O\-'Lérlamwtilisls
model e

Querv on structure

Comparison - lll

Hybrid ~ Overlapped
model lists

Proximal Nodes
PAT
expressions @

Lists of references

Efficiency

p-strings

Tree matching

Expressivity




Example: Proximal Nodes
(Navarro & Baeza-Yates, 1995)

 Hierarchical structure

» Set-oriented language

» Avoid traversing the whole database

* Bottom-up strategy ,_

» Solve leaves w pth indexes ’

* Operators work with near-by nodes

. Operators cannot use the text Fonteﬁts

- Most XPath and XQuery expressmns can
be solved using this model

Proximal Nodes: Data Model

Text = sequence of symbols (filtered)

Structure = set of independent and disjoint
hierarchies or “views”

Node = Constructor + Segment
Segment of noc nod O segment of Chlld en

Text view, to m dellze pattern matchlng
querles >

J Query result = subset of some \l'lew
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Proximal Nodes: Hierarchies

Jrsecty rsectsd Josect:  Lsect sects”, Doosect ot

pler -

page * Y page -’ v page

fascicle : : fascicle

page Y opage b page iy

Proximal Nodes: Operations

By including

Composition
Operations

lements

arfer, alfer(k)
Bafore, belrek)

By included edements

Sermanipnlatdon

fsiin
157 Baginie
fsfendin

Uew

Conshucior
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Proximal Nodes: Query Example

[last] figure in (chapter With (section with (title with "early")))

//\

book book boak
chapter chapter chapter
li title  section Structure
m title title section
litle figure figure /\
P
A pite, gD
P itk title [
| v ¢
i L ; 1
! | oL dite
i i i
' v 0 .
! i i |
! | i i
! | ; : Text
“““ Farly mesults Solve early... G e

Proximal Nodes: Architecture

Query d{ ¢ Visualization of results
Interface
| Document layer |
Query | | Setof
tree segments
Constructor
name
-_—
Structure QUEI’V
index . Segment Text contents
. engine
Set of
fode Textual List of
query segments
Search
E—
Text Text index
i Text itent:
engine = |Textcontents
Results




Agenda

Motivation

An Introduction to IR

Requirements for DB-IR

Semi-structured Data

Industrial DB-IR Examples: Oracle, Verity

DB Approaches ’

IR &_ Hybrid Approaches =

Open Problems " sl =
Bit:ali.ég\yraphys/'_j p e

© 0N O wDN R

5. Industrial DB-IR Examples:
Oracle, Verity

* DB View: Oracle
* IR View: Verity
* Provided by them!
* Thanks to
— Omar Alonso (Oracle) :
— PrabathﬂFaghavan (Verity) :’
i =
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A DB Example: Oracle

* Oracle Text

— Complete API for building any type of search
application

— Features range from basic keyword searching to
advanced techniques like classification and information
visualization

* Oracle Ultra-Search

— Out-of-the-box soIJ tion that requires no coding ’

— Can search across OCS compo_nprts, websites, |
. databases, files, email, and Portal =

- BuitontopofOracle Text |
+ Included free with the standard system

>

Oracle Text Search Architecture

e I-|1 Other Datshases comm oo
rav]
Index Wb Bervets ‘!‘r!
Oracle Ultra Search
ek AP Servers [
Applications -
Relational Data @
EmE 1] kﬁ_\_‘_\
g

Documents 1 10

3 Pel

Mukimedia g
gl di, Eeywotd 3earches
ke, i Cracle Text Fuzzy Searches
Full-Text Search Catalog Searches
Email Messages it Clagsification

Clusteting

l!l Themes and Crists
Highliglting
Nulti-lingial queties
Thesauri

Taxonomy Management
Text Mining

... and more
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Common Myths about Oracle Search
(according to Oracle)

» Database-Integrated Search Technology is slow

» Oracle’s Search Technology is less functional than
specialized search-only engines

* Major sites must run specialized search engines

* Oracle is expensive -

« Oracleis cdrhﬁ&" LJ

* Oracle’s search technology wiII not scale out

* You can only search database- desudent content with
Oracle i : . ‘

Oracle Text Search Functionality

* Fully integrated with the database
* Premier text search quality (TREC-8 win)

* Advanced linguistics: built-in extensible thesaurus, themes,
gists, fuzzy, internationalization features for multilingual
applications, etc.

* Document services: multilingual highlighting, themes,
navigation ...

e XML support 7
* Classification (FREC-10 win) ' i
 Statistical Text Processing: Clustering ’
e Integrated with JDev {Ioper Java IDE_ =

* Filters for 100+ document formats L J 1= E |

. Spemaltzed indexes for catalogs classlflcaPon XPEth
“searches ' |

= Vlsuallzatlon

U Integrated web-crawler and out- of-the box GUI with UItra
Search
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Quality

Link awareness

— Popular pages and hubs

— Website structure

— Page structure

Duplicate elimination

— Remove URLs with duplicate or near duplicate content

Spelling correction

— Did you mean . -
KWIC (Key Word In Context) /1] =
& nghllghts relevant parts of the document
— 'No need to open the URL if it doesnt look relevant

— Component that t uFes a dictionary and data from Fuery Iogs

|
|

Performance

* Oracle Text integrates with and benefits from
features like

— Data partitioning
— RAC
— Query optimization

* Common and rare queries
— Small index on URL and title for common queries
— Large index-en-document content for rare queries
* Query Relaxation| ’
— Enables you to execute most restrictive query first

- Then relaxmg thesearch J ‘ T =P
3 . ;
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Ease of Use

* Users want a simple and easy to use search
interface

» Hide all the complexity and expose simple
interface

» Ultra Search

* Two search-modes

— Basic: simple search box where search resuIFs are
sorted by relevance =

— Advanced: interface with. moreJ options wher re user
has more control over the coIIecuon!

B

=)
=

Personalization

* Know user search patterns
— What do they search?
— When do they search?

» Search query log analysis
— Which queries were made?
— Whichaae?flps were successful?
— How many imes was eaﬁh quer"y made?
1 .9 £
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Advanced Features

» Classification
— Supervised classification of content
— Two ways: rules or training sets
— You can group a number of categories into a taxonomy
— Very useful for defining a common vocabulary in an
enterprise

 Clustering
— Unsupervis sification of patterns into grou .
— The engine analy. \es the document coIIectlon anjj outputs a
set of clusters with documents on it == | l

— Very useful for discovering- pattern# or nuggets |n collectlons

— Could be used asa starting pomt when fhere iS no taxonomy
o= present\ T | \ |

Information Visualization

Present searched information in ways other than hit-
lists

Shows relationship across items in addition to
satisfying query results

Better IR using visual metaphors

Very useful for

— Navigation t large data sets ' |
— Discover relations jips and associations between items = 1

~ Focus + context tasks i 4
Number of visualizations avalla le | e
= Stretch\hewer =8 \ = : ‘

=i — Interactlve Viewer (ThemeMap Clusterwsuallzatlon)
— Integration with 3" party vendors - =
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StretchViewer

rosolt Inbernet Euplorer =0 xf!
| P £t Vew Favtes Toos el [ = ]
| sotak =+ - @D [ | Dseorch GiFmowes Peds @ - S3EEE & |tribs g Cuntomin ks ] Froe Hatmal i
Yapa Search for: [una _Seweh | Advanced search Ercwss DEA
Browse » Categones =
: Venous thromboembalism, which invabves venous thrombosis
and puimonary embolisim, is 3 leading cause of marbidity and
¢ 4 mortality in hospitalized patients (ref{1]) and is being seen with
Rarme

hart Vahars(1)

£ Myocardusmid0)  Congestae la_
Shack: Pathoginy...
Papiliary MuSEio-. o siood Pross...
Coranary Ariery —

P v 18] o
Ischenc Heart D...

Rstiiersd 5} Candiae Tumors:.
Vienours: Thioembso.

Endatiwiund 10}
Catenories Ischenc Heart D...
L O ————

Buscie, Smooth._.

Viaing{ 24}

nythilal?3)

Fnanearsmisi1s)

Pericardtis@?)  ppproach to the

in oulpatients. This increased incidence of
[venous thc n may be to
the trend toward earty hospital dscharge of postsurgical patients,
clinicians' heightened avareness of the impartance of
thromiboermbolism in . and the
of reliable nonmvasive u-annnsnc tests.

Most patients with venous thromboembolismm have one or more
wellrecognized chinical risk factors. The mast commmon risk
factors sre recent surgery, rauma, and immaobility, 3z well 3z
serious liness, including congestve heart failure_ Stroke,
rmahgnancy, and inflammatary bowel dizease. (ref[2]) The
cormman risk factors n outpatients include hospital admission
within the past st months, (ref[ 1) mahgnancy, presence of
antiphesgholipid nrmhomr. and familial thrombonhllla Less

| nocturnal he
nephratic syndrome, and anc\thcmla vera

Athough venous thrombosis can occur in any vein in the bady. &
usually invohes superficial or deep veins of the legs, Generally
benign and seff-bmiting. thromhosis in 3 superficial vein of the leg
can be serous if & eends from the long "lphvmul'.. in it the
comman femoral vewn or f & is associated with deey
thrombosis that is clinically sient. Superficial lhnunlm;unl-:lunx %
easily recognized by the presence of a tender vein surrounded
an area of erytherna, heat, and ederna. A thrombus can often be
palpsted in the ffected vein Campylobacter fetus infection may

play 3 causative role, especially ¥ phichais accurs at the site of 2
puncture, (ref]) S tis may be
wath deep vein Hhrambosia (rof(4]) In most cases, superficial =

ThemeMap

cardiac outputs

increase

. cause

urnited states

shocks *

cardiogeqis, iggar

digtributive  pulmonary obstruction

result

B\
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ThemeStar

2] Tapa - Search Resulks - Microsolt Intemet Explorer

P [= 1|
Ble EM Vew Fpeostes Jooks  Hele
bk v = D [3) G| Dseach GFmore Fwes 3 D GI0 & Unks ™
| B[R] o uskrseo-l. o on s coree 770 raclyag el =] oo
Yapa Search for: [nean _Soeech | Advanced search Ergwss DEA S
List Categories Cluster = Document Heghlight Themses st
Page 1 of 8 - Oracle found 117 results for heart -
fean Fslure: aAlboptnesiology th ,i“:.",
i —— P entrcutar | 4008
100 Disturbances of Cardiac Rindhm snd Conduction. Supraentricular atrial fibrillation t F":*\'"M
m_c%aﬁ;‘.:'c% Myacandunm - Antithmia b SUPHAVENTRICUL AR
a!rhythrni‘as %
evaluation v
g.:.'(;-IL:L' Hizart Falure: Thisragy for Conpestha: Hean Falure atriums: I
100% lschemic Hsart Disease: Acuie Mvocardial farction: Madicall - ighaes
CaMgoNes VRS - Paricariom - Arries - Paricardiis - MYgCanaium - Artthmis | tac hyca rdia L LA
1007%, I::.-l' I'lL-.'s IJI'—CiI'JII"i ?-Wu-:fmu Conduction. Passtae Srtythmiss ¥ ’:"""'
= |10 Caomoanes: Desed Camsorapatty, e L
4!:’\&":"": r Manggerment
a0 Congesthe Heart Falue. Clinical Manifestatons of Lefi-Sided
RSt L EY |
] Rockt Thaswtti tatid Lo it r
)
Is Oracle’s Text Search Complex?
» Easy to Develop
— Simple SQL and PL/SQL interface
« Can be used by any developer that knows SQL
« Can be called by any tool that knows SQL
* Using any language: Java, JSP, PL/SQL, C, etc.
— Choice of datastores
» Stored in the database
 Stored in-the-file system |

» Stored on the cﬁveb (URL)
. User-defined datastore

-+ Easyto Deploy
« Easy to Maintain -

e =
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Oracle Text API

* Three index types
— context: classic text searching
— ctxcat: catalog searching
— ctxrule: classification/routing applications

e Extensions to SQL
— select tithe=from my table where
contains(tex L’Java )>0; '
— select title from my_categories where
__matches(myquery, mydoc) % O ==
= : Y

E

Oracle Text API =1l

» Operators: Boolean expressions, phrases,
proximity, fuzzy, stemming, wildcards,
accumulate scores, term weighting, XPath,
etc.

» Packages
— CTX_DOC: document services
— CTX_QUERY: query feedback '
— CTX_REPORT: index information
— CTX OUTPUT%ongg - ’
— CTX_THES: thesaurus features| || J i 5!
: = CTX_CLS: Uauungset
Sl TXE ADM administration

— CTX_DDL: create/manages |ndex preferences
__sections, stop lists

3
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An IR Example: Verity
Structured data

 Indexing databases

— Used to import data from ODBC databases into
Verity indexes (“collections”)

— Similar to Verity gateways to other backend
repositories e.g., Lotus Notes, Exchange,
Documentum, Filenet, etc.

. Parametric@?:tion for search ’

Intersect full-text search with range _
quenes/selectlon | ==
-~ When a field is a taxonomy @R | =

- ‘Continent/Country/City/Street), you have relational

taxonomies = Cartesian product of taxonomies

|
¢

Database indexing — 2 choices

» “Export” to XML or Bulk Insert File

 ODBC Gateway

* The common theme to either approach is to
preserve the database structure in-the index,
such that you can query/display/sort on fields

- of integer, float, date, strlng “attaTchmem” data &

— "types\
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“Export” to XML or BIF - Overview

Many applications use a database as a storage
component.

Verity may not have an official gateway to that
system because the APIs may not exist and/or a
simpler solution exists.

Sample list of applications that may be indexed using
this approach
— MatrixOne, SleEeLlnterwoven Fatwire, V|rage any othé‘rs

The general concept is to temporarily export the
database row/field structure |n| a Verity combatlble
format.

A varletyof mtegratlon Ianguages hLave been used —
including, but not limited to ASP Java/JSP/JDBC,
Perl/ODBC, etc. m

Verity Gateways

* Pre-built Gateways provide access to the most
common enterprise repositories

» Gateway developer’s kit enables you to build
custom gateways to virtually any application

» K2 Enterprise enforces existing secunty
models = I

Includmg natl e security of appllcatlons accefssed by
Verity Gatewa 1

— Ensures end-users can only VIFW the lnformatlon thag
they are authorlzed toaccess . ‘
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Verity Gateways

Pre-built Verity Gateways

» Available for the following repositories:
— Documentum
File Systems (NFTS and UNIX)
HTTP
Lotus Notes
Microsoft Exchange ’
ODBC databas

_ Verity Gateway Developmeﬁt I%irt : |
-+ Quickly and easily build secure custom
gateways to additional repositories

gl | = | - g

ODBC gateway

» Verity product that uses ODBC (Data-Direct
drivers) to stream records from database into
Verity collections.

* A graphical tool (MMC plug-in) is used to build

the text-based configurations that contro’l the |

|

desired mapping behavior.

m |
5 IJ I. = 3 |
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ODBC GW - Certified Platforms

* Windows (with access to Oracle, DB2, Microsoft SQL
Server)

» Solaris (with access to Oracle and DB2)

* AIX (with access to Oracle and DB2)

* HP-UX (with access to Oracle and DB2)

« Linux (with access to Oracle and DB2) |

U =

* Other databases such as Infonr}wlx Sybase ‘MySQL
and others are supported @& 4
h= Gatewéy uses ODBC 3.5 API caIIs to ulsure compatlblllty

Feature Highlights

» SQL statements that select fields from one
or more tables (gateway join)

* Full Data Type support

— Blobs, unsigned/signed integers, floats, dates

— Filebyname — treat field as file system path and
automatically follow and index ,

* Multi-row reéB_raEL |
« Compound primary keys _ = 1
-+ Efficient spidering - | - =33 e

__“Event-driven updates — use databése tr{lggers
— Where clauses can be used for crawlmg limit




Verity K2 Enterprise Search -
Parametric Selection

* Intuitive interface enables users to easily sort
and filter information by selecting pre-set
parameters and searching through filtered text
fields and document content for specific text

L Q=

Verity K2 Enterprise Search -
Parametric Selection Example

Doty Wolmmess | Arry w Bady Voderes  Bocand Bics  Bolod Conh  Sober bl CopoBirolion
Rt Ay - 1360 #1290 $783 | L000x 14 70M
Viskedll Cente _q_-_’; - Loid $253  $1020W 000x 0400
ek Gl 29 C gt 4550 A0S $08.50M| Soo0n $36.7.20M
O $mat Copait Clad Coptavm Clen b 1291 EXRLCE | $hi0a 530
00 $1055 RIS BN Siom
a8 =3 10008 | Lo 52 20m
& $25 20 2850 | $hoia 20
Badn SIS $2< B0 | A 7 0
11260 00 3000K | 000K T
S gt Basks 11360 LEECNE UL T 1z s0m
gy Fanahegd A 13730 aa¥ 10000 fhion HEE
Agrapace L Dafarss 14000 1220 10006 $000n Frree




Verity K2 Enterprise Search -
Relational Taxonomies

» Allows users to quickly narrow down
information in the way that makes the most
sense to them

— Users take alternate paths through the same

topics or categories to quickly and easily narrow‘
down on the infor atlon they need = ;:l

— Users can nawgate to information; smg two e |

= more taxonomles at once = { /
Dramatlcally improve the fmdmg exderlence
_ for data Wl\th attributes

Verity K2 Enterprise Search -
Relational Taxonomies Example

Ud.a. (R ] Ewripean {150
i (2325 Flerids (421} A (1124 B {5 o Bemi: [T At

Adrhar Bartin [T1)

17500 Mutehes Faund

|
z ompact Whate 593 i
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Compet el e
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5
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Agenda

Motivation

An Introduction to IR
Requirements for DB-IR
Semi-structured Data

DB Approaches

IR & Hybrid Approaches -

Open Problems
Biblibgraphy

© 0N O wDN R

|

Industrial DB-IR Examples: Oracle, Verity

6. DB Approaches

* IR on Relational Data
— Keyword search
* IR on XML
— Keyword search
— Full QL + IR extension

— Algebrérs—ary‘[d Evaluation
i
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6-1. IR on Relational: Keywords

BANKS

— Gaurav Bhalotia, Arvind Hulgeri, Charuta Nakhe,
Soumen Chakrabarti, S. Sudarshan, Keyword

Searching and Browsing in Databases using BANKS,

ICDE 2002
e DBXplorer

— Sanjay Agrawal, Surajit Chaudhuri, Gautam Das,
DBXplorer: A System for Keyword-Based Sefarch
over Relational Databases, ICDE 2002

DISCOVER i e |

= Vagells Hristidis, Yanms PapaLonstIantmou/
DISCOVER, Keyword Search in Relational
Databases, VLDB 2002

Keyword Search

» Keywords could be:
— In the same tuple
— In the same relation
— In the Data or the Metadata

— Connected through primary-foreign key
relationships
* Results Cé“lf"scored based on:
— Distance of keywords within a tuple -1
— Distance between keywonLds in # edges
CEE IR-ster ranklng il

- Random walk probablllty (PageRank style)

— Some combination of the above — -
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Example Query [v. Hristidis]

Keywords:

ORDERS

ORDERKEY CUSTKEY TOTALPRICE CLERK
1000105 12312 $5,000 John
1000111 12312 $3,000 Mike
1000125 10001 $7,000 Mike
1000110 10002 $8,000 Keith Brown

CUSTOMER

CUSTKEY  NAME

12312 Brad Lou
10001 George Walters
10013 John Roberts

Smaller sizes usually
NATION denote tighter association

NATIONKEY REGIONKEY between keywords
01 N.America

6-2. IR on XML: Keywords

e XKeyword
— V. Hristidis, Y. Papakonstantinou, A. Balmin,
Keyword proximity search on XML graphs, ICDE
2003
— A. Balmin, V. Hristidis, N. Koudas, Y.
Papakonstantinou, D. Srivastava, T. Wang, A System
for Keyword Search on XML Databases, VLDB 2003
e XSearch ', A =
- S. Cohen 3. Mamou, Y. Kanza, Y. Sagiv, Search: a
semantic search engine for XML, VLDB 2( '

'-XRANkK o 3 Ll ?
T v, J. Shani ugasu daram
e X NK: Ranked kexword:”jj' er XML !

documents, S@MOD 20058
Ao - S i - ;;;;‘ =




XSearch Example

<proceedings>
<inproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying Logical Databases</title>
</inproceedings>
<inproceedings>
<author>Victor Vianu</author>
<title>A Web Odyssey: From Codd to
XML</title>
</inproceedings>

</proceedings>

The Content-Only Approach

Find papers by Vianu on the topic of
“logical databases”

Search: | Yianu logical databases j@.

* Each documerfT in the corpus is treated %as a
unit. =
e FSA doqument contalnlng Somie of 1]he three query
Sep= ='term5\|s considered as a result

]
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The document contains the three query terms.
Hence, it is returned by a standard search engine. BUT

1
\

<proceedings>
<inproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying|Logical]|Databaseg</title>
</inproceedings>
<inproceedings>
<author>Victor| Vianj</author>
<title>A Web Odyssey: From Codd to
XML</title>
</inproceedings>
</proceedings>

XQuery+FT Query Language

FOR $i IN document(“bib.xmlI’*)//inproceedings
WHERE $i/author contains ‘Vianu’

AND $i/title contains ‘Logical’

AND $i/title contains ‘Databases’
RETURN <result>

<author> $iZauthor </author>
<title> $istitle </title>
</result>

This &ioes work, BUT| . 1

*.«'Much more compllcated query exprgssmrLthan search box

- Extensive knowledge of the document structure is required to
write the query

. Still need to choose a mechanism for ranking the results




Requirements from the Search Tool

* A simple syntax that can be used by naive users

» Search results should include XML fragments
and not necessarily full documents

* The XML fragments in an answer, should be
semantically related

— For example, a paper and an author should be
in an answer-only if the paper was written by
this author ’ e

{ .

i S ‘ =
 Search results sLouId besagked &~ === ; 1
» . Search results should be returned in “reasonable™

4_ Ltme tA \ S |

N

XSEarch Query Syntax

* Aqueryis alist of query terms
* A query term can be a

— Keyword, e.g., database

— Tag, e.g., inproceedings:

— Tag-keyword combination, e.g., auther:Vianu. .
« Optionally preéﬁéded by a ‘+’ _ ’ !1




The Example Revisited

* Find papers by Vianu on the topic of “logical
databases”

logical +database inproceedings: author:Vianu I

=T 7=

The keyword database pf Vianu under the | 5 l
must appear in the fragment  |n the fragment, &
t increaq increases the rank of this fragment

XSEarch:| author:Vianu title:

<proceedings>
<inproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying Logical Databases</title>
</inproceedings>
<inonroceedinas>
<author>Victor Vianu</author>

<title>A Web Odyssey: From Codd to XML</title>

</amprucccurtiys

</proceedings>

| Good Result!
title and author elements ARE semantically related
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XSEarch:| author:Vianu title:

<proceedings>
<inproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying Logical Databases</title>
</TNnproceearngs>
<inproceedings>
<author>Victor Vianu</author>
<TITIESA Web U0ySSey: From cood to XMr/title>
</inproceedings>
</proceedings>

Bad Result!
title and author elements ARE NOT semantically related

Example (1)

Relationship

Lowest common tree

ancestor of circled
nodes

proceedings

N
inproceedings inproceedings

Queryingi x?ctor AV\ieb Odyssey: 8 = 1
. Logical: ianu Frdrjﬁ Codd to XME 3
Sl =2

| Databases Q. ‘

Circled nodes belong to different inproceedings entities
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Example (2)

Lowest common
ancestor of circled
nodes

5

b

Ee i Relationship
inproceedings tree
author tjtle
e e—— !
Moshe Y ) ’ =
Vardi Querying x!cmr A Web Odg=SeRgn : 1
. Logical Sl g F.WT Codd to XME 3
:; | Databases Eiain S0P :

Circled nodes belong to the same mproceedmgs entity
(see MLCAS in Li, Yu, Jagadish, Schema-Free XQuery, VLDB 2004)

| User B |

Query Processing and Ranking

|ndexes\'

the estimated relevance

| I

Query‘ —

Procgssor Ranker B

v g %

Index Repository
tdi XML Files
Immarces ndexe v S
i Py
] -
“« Document fragments are extrﬂcted tfsmg

“« Extracted fragments are returned ranked by
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Result Ranking

Several factors increase the rank of a result
» Similarity between query and result

* Weight of labels appearing in the result

» Characteristics of result tree

TF-ILF — |
_ Extension of 1{7F IDF, classical in IR ’ 3 1

— Term Frequency: number, o{ occurrences ofa
query termin a fragment: e o
—-===+ Inverse Leaf Frequency: numbe} of leaves
contalnlng a query term lelded by number of
_leaves in the corpus

TF-ILF
« Term frequency of keyword Kk in a leaf node n,

oce(k,ny)
max{oce(k’,n;) | k' € words(n;)}

tf(ka nl) =

* Inverse leaf frequency

I

o V] |
if (k) = log (1 + {n'eN|ke words(n’)H)

il sl SR & =1 | L |

“TF-ILF is the product between tf and ilf
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6-2. IR on XML: TeXQuery

TeXQuery Expression
Convert a FullMatch to
a sequence of items

T\

Evaluate to a XQuery FTSelection Evaluate to
sequence of items Expression Expression a FullMatch

N~—_9v

Convert a sequence of
items to a FullMatch

. i e : g
~_» Composability: coriversibn backand
-~ *“forth from FullMatch to )(Quéry data
- model (within TexQuery expression)

TeXQuery Expressions

* Contains
FTContainsExpr::= ContextExpr "ftcontains” FTSelection
returns true if a node in ContextExpr satisfies FTSelection

//book[
-//section ftcontains (“'usability" && '"software')
1/title

» Score M _ ’ = 1
FTScoreExpr::= ContextExpr "ftscore” FTWéi'ghtedSeIectidn,
returns :a sequence of scores'(for,,ranLing and top-k) o

e | = .

. 17/b00k:ff590re C'usability" weight 0.8

— 7 &&-Si/topic weight 0.2)




TeXQuery Full-Text Model

FullMatch

1
I #simpleMatcel

SimpleMatch

1 1
J-v—stringllu’lu(lv #| +stringkxclude

StringMatch

+queryString: string
+queryPos: integer

1 +pos -. -Ii - 1

: =
Position >

+abs: integer

+elem: Node
+paragraph: integer
+sentence: integer
+type: TagOrContent
+term: string

QL-IR Design Choices

* SQL/MM structured text proposal

— L. Brown, M. Consens, |. Davis, C. Palmer, F. Tompa, A
Structured Text ADT for Object-Relational Databases,
Theory and Practice of Object-Systems 1998

— Functions have IR sublanguage as an argument, so the
expression string can be constructed as a query

— Explicit mark_subtexts() function supports hlghllghtmg

i
matches [ :
.« TeXQuery { = | : 1
-— IR sublanguage grammar exposlad and fully c/omposabte
~ with XQuery =

= Implementatlon deflned posmons and scores




ﬁ

6-2. IR on XML: TIX Algebra

* TIX is an extension of the bulk XML algebra
TAX that manipulates collections of scored
trees with matching defined via scored pattern
trees

S. Al-Khalifa, C. Yu, H. Jagadish, Querying structure text
in an XML database, SIGMOD 2003

— Are part of an article written by an author W|th last
name “Doe” and are about “search engine”

- Relévance to “internet” and “information retrieval” is
__desirable (but not necessary) B

{ _
* Find documenl . components in articles tl'lat = 1

Example Scored Pattern

T: 51 __— Article
Author
Name=‘Doe’ \’ 3 1
\ Article or any
= - other
Scoring: - __descendant

$4.score = ScorlngFun,ctlon(

{"search engine"}, {" internet", lﬁfo”rmatio_n_ retrieval"})
$1l.score = $4.score
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Scored Selection

Scored pattern

tree ( p)
Scored data G C Scored data
trees C P trees ~
article|0.8] 7al article[3.6] #al article|3.6] #al
author #a3 author #23 author #a3
| p|0.8] #a18 | section[3.6] 716 | article[5.6] #al
sname #a3 sname #a3 shame #a3

() (b) (c)

Scored Projection
Scored data 1 Scored data
trees C IjH P’PL(C) Ijtrees~c

Ascored A projection
pattern list (PL) ’
tree (p)

4- Comblne multlple scores (from ultlple pattern
matches) by keeplng the maximum
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Scored Joins

* Find relevant document components in articles as before
* For articles containing such components, find the reviews
with similar titles

Scoring:
$6.score = " 51
ScoringFunction({"search engine"}, B\ rticle

{"internet", "information retrieval})
5 | Author

$2.score = $6.séore [
i

$joinScore = FJ $8
ScoreS|m($3 cornitént; $8. contem)
il e Qaes APtche title [™  Article or
$l.score= 3 \ 5 any
5 ScoreBar($JomScore $6. score) & other

Name=‘DoeL - descendant

IR-style Operations

e Threshold
— Projection that retains input trees where at
least one node has a top-k score, or a score
higher than a threshold
* Pick
— Projection-that uses a condition with 4
functions th t can traverse the tree to’ = 1
remove redundant answers | - =
+ Operations implemented: us ng sjack -based
-~ "algorithms on regions ‘
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Query Evaluation with Relevance

R. Fagin, A. Lotem, M. Naor, Optimal aggregation algorithms
for middleware, JCSS 2003 (Garlic System 1995)

* Threshold Algorithm
— Given m sorted lists with object rankings

— Aggregate the rankings from each list for
each object

— Return thetop k ranked objects 3
— Instance Optiﬁnal Solution: do sorted access
(and the corresponding random acgess) untit -
you know you have se'ér'ﬁ'ﬂ{e top k answers
~ « IR Application: objects are document (fragments)
— and-each list has the relevance of each
document for a given keyword B e

Agenda

Motivation

An Introduction to IR
Requirements for DB-IR
Semi-structured Data
Industrial DB-IR Examples: Oracle, Verity
DB Approachgs ’
IR & Hybrid Approaches _— = o 1
Open Problems . = _ o
 Bibliography |
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7. Hybrid & IR Approaches

* Overview of Approaches
* Retrieval Models

* Indexing

* INEX

* Ranking XML

‘ ’
i - :

Overview of Approaches

RBD + IR: Two different APIs

RDB + IR Hybrid: QUIQ, MOA, HySpirit, ...
RBD “text search” accelerator

— Text content is transformed to flat XML

— XML is searched using an IR API

— Results can be later combined with SQL

IR System with SQL support ’
— Special indexes for atomic data t)_(pes | 'i
XML Databases E o " J = /
. Atomic data types as attributes (metadata)

— Implementation on top of structured text models?
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QUIQ (Kabra et al, 2003)

Tuple: <tag-name, tag-type, tag-value>

Query: match-filter-quality

— Result: AND of match & filter

— Match are approximate constraints

— Filter are exact constraints

— Relevance.is-adjusted by quality .

Indexing: built on t{pp of a RDBMS : ' : 1

— Non-text data is mapped to piiseudo-:V\[ordé
+ Unified index & common TF-IDF Tod'el .

~— Deferred update operations
+ Evaluation: 60% faster than a RDBMS text ex'tensi%

Retrieval Models

Relational Model: DB2XML, XML-QL, TSIMMIS,
LOREL

* Object-oriented Model: SOX, StruQL, ...
Extended Vector Model
Weighted Boolean Model: XQL, ...

Probabilistiedeel: XIRQL, ELIXIR, JuruT(ML, |
| |

i >
= ) =1
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Indexing

Flat File: add information, SQL accelerators,...

Semi-structured:

— Field based: no overlapping, Hybrid model,..

— Segment based: Overlapped list, List of references, p-strings
— Tree based: Proximal Nodes, XRS, ...

Structured:
— IR/DB, Path-based, Position-based, Multidimensional .
Indexes: | | &8 1

— Structure + Value index (XML on top of RDBs): -
. Tp)g’iﬂ, Dataguides, T-indéxés, ! pdex‘ Fabric, etc. :

~— Integrated Full-text and Structure index:

- «_Proximal Nodes, Region Algebra, String Indexing, ...

XPath over Proximal Nodes
(Navarro & Ortega, 2003)

A fast implementation of XPath subset

Maps XPath expressions into Proximal Nodes algebra
Format translation of Axes

Node + Text index

Lazy evaluation

Query EEIXPN Xind eXist Grep Saxon MS | Toxin

|
/tstmt/bookcoll/book/ 18U 20.5 8.8 34 = 4.0 ’ 3.3 | ZF
chapter 05 2.8 ZZ—J 07 ; 3.3 | 1.3 =

/tstmt/coverpg/cqverpg
[titlel] = ]

/tstmt [/_/chapt:er ‘
/tstmt [/‘/chapt_er]\‘. - =i |
vi-riover 1 B8 o4 | 9o FEGEET0R @4 | 18 | 37

‘:/éstmt{/coqe;pg/titlg

:subtitle 0.5 2.6 9.8 0.7 3.3 1.3 s

18 | 589 {w88 | 388 | 4 |32 25
09 | 227 | 88 3.\7 e e

/following-silbling:
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INEX

« Initiative for the Evaluation of XML
* Three types of tasks:

— Content only search

— Content & Structure Search

— Clustering

 Started in?OOj ’ X
« Cooperative relevance assesment- =~ =

- About 40 groups per year " J

3

Ranking XML

» Content only:
— exploit hierarchical structure
— exploit importance of tags

* Content & structure:
— Query languages with uncertainty & vagueness
— Data types with vague predicates
— Strict & fuzzy ‘tructural conditions ’
— Dynamic tf xidf E o " J |

= S el

sirefg = alB SE O g “ ‘
X b X = 2 i
N <= e

1

> i
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Very

Large |
= Data

Bases

Integrated IR (Bremer & Gertz)

* Extension to XQuery
* Based on XML fragments

» Schemas are extended DataGuides
— Enumeration of all rooted label paths
* Ancestor relationships from structural joins
+ RANKBY-operator "
— based on IoEaI & dynamic tf-idf ’
* New node enumeration end?dlng Y

- Path & term-index
- Other smaller mdexes (in total less than 60%)

prototypes

> X

_More than 10 times faster than other XQuery .

Agenda

Motivation

An Introduction to IR

Requirements for DB-IR

Semi-structured Data

Industrial DB-IR Examples: Oracle, Verity

DB Approachgs ’

IR & Hybrid Approaches =t

Open Problems g = _
Blbllography L R l
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8. Open Problems

Heterogenous data

Ranking tuples & XML

New retrieval models

DB issues for documents
Simple/succinct vs. complex/verbose QL
— Define an XQuery core? ' =]
Optimization a[ d algebras ’

=] -
Efficient algorithms " = =

.Indexing & searching |
Quallty evaluatlon (Web, XML)

Thank You

§o

=-d O

" 9 0| RO S,

Motivation

An Introduction to IR

Requirements for DB-IR

Semi-structured Data

Industrial DB-IR Examples: Oracle, Verity
DB Approachgs ’
IR & Hybrid Approaches - | '
Open Problems " emneed = _ -
Blbllography L R l

“ome to SIGIR 2005, Salvador Bahia, BrazH(August)
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