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Disclaimer

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

* |t does not cover everything done in DB+IR

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



1. Motivation

* Types of data

e DB & IR Views

e Possible Solutions
* Applications

e Search Problems

|
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Different Views on Data

ADVERSARIAL

COMPLEXITY PRIVACY



Data and Databases
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RDB vs. IR

DBs allow structured
guerying
Queries and results

(tuples) are different
objects

Soundness & ‘!
completeness expected

All results are equally

good @ .

User is expected to know
the structure '

IR only supports
unstructured querying

Queries and results are
both documents

Results are usually
imprecise & incpmplete' |
Some results are more

r

i rele%vant than others

User is lexpected to be
dumb



The Notion of Relevance

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

Relevance:

— Depends on the user

— Depends on-the context (task, time, etc) |
— Corollary: The IE’_erfect IR System does nJ)t exist ]
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Evaluation: First Quality, next Efficiency

Database

Answer

Relevant
Documents

Answer Rel. Docs
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Evaluation: Comparing Systems

p * p-r normalized graph
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Possible Architectures

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

 Middleware lay ayefr on top of RDB & IR’
systems | ]
« RDB functlonallty on fop ofJan IR system N

=T ntegration via an XML databasle & query
~ language | o




Problems of the IR view

e Very simple query language
— It Is natural language the solution?
* NO 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"\/é.—S[Ti'eed ’
— E.g. XQuery " :

o What |saData Base? J . =

¢ Are RDBS really a spemal case of IR

systems?

r



Applications for Integrated Systems

 E-commerce search

* |ntranets & enterprise data

e Customer support (e.g. CRM)

 News archives, bulletin boards, etc. .
 Personal |hforn1@t|on (e.g. My Llfe Blt@
e P2P Web Search '__J |

' .
SR isgpmasss W . = :




Challenges posed by the Web

 Integration of autonomous data sources
— Data/information integration

e Supporting heterogeneous data

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

- Because nowlusers seem to know IR/keyword style l
querying more, even though structure is gooq because
it supports structured querylnlg|J|

~ How to support imprecise quﬁerief =P

—




Enterprise Search Is Different

e 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 a@?ifferent ’
— Less & better que ies, different tasks |
— Focus in recall rather than_pr__ec_jSi'an = ; -

Other iséyes; security, able to séar’cll"n but not to see




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 relevant Item IS not at the top of tITe list
Too many similar documents _ |
— Poor dupllcate detection, poor cluﬂterlng/categorlzatlon

Inability to understand why a docuant has been
Teturned > |
T N_(_);KW|C | I
Lack of Meta information = L 2
— 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 using wrong information |
— Cost of ré’éf(ﬁi}Fg Information which canrﬂot be

found 4 = T = 1 _ l

—_Costio;f opportunity for not findjing the information:

kN
|




Some Examples - |

Where is the search box?

Global Customers

Auton

o king ninme ol 3

ROl &'Benefits| | Customers OEMs | Padners vents | Investors | FAQ

Special News

request : Enterprise Portals Autanomy |
‘*dawn[madﬁ inforration | : : Yirai
hr.:ﬂ-_RM Head what the ¢

Autonomy Grou
bl Enterprise Search

NN
Rewrarch

HE ~

mE audentify
Contact& Call Center
Solutians

Collaboration Networks,

What does Autonomy do? nbetibe Seskbiny

Most Comprehensive Security

Customer Quo

Autonomy is the leading provider of software

"
L

Ed Sketch, Fo

INirasIruciurg tnat allormaies operations on - L : - Company - "4

Lraun ale frastricture that autorrates operat Cohceptual Szarch
Total Corpliance, Spam unstructared information *'Eﬁguﬂm}m’; Lttt techaology 15 &
fundamental pa

and Weh Filtering Reposttory Interfacing

- I 5
Solutions e-lezrning soln

Automiatic Clustering Bl S s

InTE!!_lgént XML mrpbr&te P e =

E’MEQ‘ . ‘ i o Full METADATA Hindling Autanomy nak




Some Examples — Il

“ultra seek” or “ultraseek”?

2 - Company | Customers | Products | Partners | §§ == (s

| W(search UM

Search Results

|- Search k]rmsﬂarﬂl Search Tips

Company(39) Custorners (8]
ParEners(3) Productsid]

Click: on categoiy al:'ru\re to narrow search results

Lurrent Query: ulbra seek Show / Hide Summaries
Documents: 1 - 10 outof 62 Results Per Page: 10 |25 |50 | 100
A2 |3 [ $ |5 |6 | Fims
Doc |
Date Title & summary Score-w
Type =k
20030908 ﬂ: Yermty, Inc. : Company : Events : Wehinars F2% b
Sumnmmary = By Giga Ianrmation Group. SeniorAnalyst Laurs Ramos More and maore companies
are taking adiantage of taxonamias with content managerment systerms, portals and search 3
technolagy to retrieve results organized for context and user needs, Mz, Feldman..... .
Folder: archive Sizer Z6KE
2003/07/23 ﬁ’_“ Yerity, Inc. : Partner Program : Portlet Program : Epicentric F2% | "
Summary: Epicentric, Inc iz a leading provider of Business Portal solutions for Global 2000 o
companies to deliver integratad Web services to their customers, partners and emploveas, . |
Contack Vet
Folder: epicentric Size: 16KE
2003/07 723 E Yerity, Inc. : Company : Corporate : Yerity Awards : Industey Analysts F25%
Summary: The Gartner Groupt Verity listed az a leader in the Maagic Quadrant for Enterprise
Search Source: The Gartner Group 2002 Enterprise S&arch Magic Quadrant, Feb., 2002 Varity was
determined by Sartner to be listed as 3 7Leader? inEnterprise Search, 1D,
Folder: awards Sizez 17EE
| 2003/07/15 £ ¥erity, Inc. 2002 Annual Report & 10-K FO%

Summary: Verity K2 Enterprise Werity K2 Enterprize providestheintegrated three-tier foundation
of next generation business portals and e-business applications. Werity K2 Developer arity K2
Developer is a toclkit that lats commmercial software de. o




Some Examples - |l

Looking for “k-means” in lotus.com

Home | Products & services | Support & downloads | My account

-+ Select a country

Search results

Search results
Advanced search Searchwithin: & United States T Wiorldwide

Tips |k.—means @
Advanced search  Tips

1-3of 3rezults

&= Registration reguired

1. 1X84513: WHEN GROUP MESSAGE IS SENT FROM ONE PLATFORM TO
ANMOTHER PLATFORM, MOMDE DATA IS...
932) - = HP-LI ERHUB{1 051 O K. means n no MQMDE) Windows
[T QM243T . QW {H3Z) ~mmmmeem = HP-LX EPU0 (9323 O K (means no
DE) Windows PMT GQh1{932
URL: hitpitwssse=1 iborcomisupportfdocview wss7uid=swg 1 HE4513

2. 1¥84513 - WHEN GROUP MESSAGE IS SENT FROM ONE PLATFORM TO
ANOTHER PLATFORM . MOMDE DATA...
e = HP-LI EFHUB(1 051 O K.gneans n no MGMDE) Windows
MWT CM2Z43T . QM {H33) ~mmmme- = HP-LH EPUD1Y932) O K.(means no
DE} Windows MT Gh1{332
URL: hitpifestsw=1 ibm comdsupportfidocview wss?uid=apr3s8c] a7fr. .

3. & Starting the Application Server with the Trvoli Manager for R'3 on
Windows 2000 Fails
Dormain in order to connect properly. 3. Run the command: wicttap -r
FORESTWWOdadm -k -k means that there will bhe a prompt forthe
password for the the d04adm id) (FORESTWdOd4adm
LIEL: htpihannnie-1 dbim.comdisuppotidosviewawssYuid=swg 21 055139
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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 query Igﬁq'uages & interfaces

i =3

=2 ' Gl
Ly = = = .\__ ! : . :




Bag-of-Words Representation

“Full-text ("':dminuum:j | '
= . .. ambiguity vs. completeness trade-off




Challenges in Current IR Systems

Information Document Base
Need

3 IR System




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-. '

=
Self-sllmllar =
‘Self- organlrlng

X P

o

w=cl og <=



Web Retrieval

e Problems:

— volume
— fast rate of change and growth
— dynamic content

— redundancy

— organization and data quality
— diversity F

_ = s ||

« Deal with data overload




Challenges in Current IR Systems




Web Users

Cultural and educational diversity

Short queries
— Inherent to users or due to the query language?

Different goals:

— Information need

— Navigational-need-.

— Transactional neeq‘! ’

Short patience
~ few querles posed & few ansj.werja seen
» Other problems concurrency, scale,




Challenges in Current IR Systems

Dynamic
Interaction

Useless




Interaction

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

No content overview \/
Poor query language, no help

t W
Poor preview, no visualization''|

2 : o : H : i :. ”"’H .
Missing: answers: partial Web coveraﬂge, invisible

—

- Web, different words or media, ...

» Useless answers




Challenges in Current IR Systems




Web Retrieval Architecture

Centralized parallel architecture

Searching |=

I Text —= Indexing |--= Ranking [={---
Model
T : ¥

Text - Yisual

| Crawlers _" Text —= Operations Intexface

= e : User




Algorithmic Challenges

e Crawling:
— Quantity
— Freshness
— Quality
— Politeness vs. Usage of Resources

e Ranking [' ) = ’ |
— Words, links, usage logs, . j metadata =
iy Spammlng of all kinds of data b

— Good preC|S|on u_nknown_ recall




Text Similarity Models

Vector model:

e words are dimensions Documents

o tf-idf is used for weights

o Set Models:i——

— Boolean, Fuzzy sees,
» Algebraic Models:

-~ “Vectar, LSI, etc.

Probablllshc Models:
w -5 Probablllsuc Inference & belief networks

sim{d,q)=cos(m)

[ |




Index

Aachen f :___:-
* Inverted index | >< Bottons o
€ LiStS Sorted by : Byte  3050%
- Zwiaziland Elunik 1?512253?
weight o
ocabulary
— global (e.g. \
Pagerank) \
— local (e.g. word ol ”1 L ”2| L L |
We|ghtS) i Blocks
e Hashing + set i =\
operations ] =

Compressed
 Incremental
~ updates




Parallel Case

* Collection is divided per server
* Local indexes are used

— Document partitioning
* Brokers distribute queries and merge results
e Simpler to build and update |
 Good load bHI‘Tnce, low concurrency ’

|
|
1

 |n theory a global part1t|oned index achleves
_‘__hlgher concurrency but has Iower load balance
and more dlfflgglt to build & maintain

—



Non-word based Applications

o Suffix trees
e Linear building time
« Linear space (but larger than data)
o Suffix arrays
* Linear building time, less space |
* Powerful search:
— any substrijg = = ’
__— approximate search _ 'J = |
- - regular expressions b
. Appllcatlons blology, mUSIC |IﬂgUIStIC etc.

>~




Link Ranking

e Incoming links count (Li, 1997)
 HITS (Kleinberg, 1998)

— Authorities: good pages

— Hubs: good links
 PageRank (Page & Brin, 1998)

— Randorrrwale + random jumps if ! borfd”
 Many variations of these ideas |
 Good to find communities, ébam etc.

. ?.-Appllcatlon to other problems (e. g ranking
relatlons)
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3. Requirements for DB-IR

« Motivating Applications
« Data and Query Requirements
« Sample Use Cases




Sample Paper on the Web

X@QL and Proximal Nodes

Ricardo Baeza-Yates Gonzalo Navarro

Depto. de Ciencias de la Computacién
Universidad de Chile
Blanco Encalada 2120
Santiago 6511224, Chile
E-mail: {rhaeza.gnavarro}@dcc.uchile.cl

Abstract

We consider the recently proposed XOL language, which is designed to guery =ML documents by content and structure. Ve show that
an already existing model, namely “Proximal Modes?? | is the only one that addresses all the complex querying operations defined by
XCGL and that suggests an efficient implementation for them.

1. Introduction

=earching 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, ML data can be seen as the meeting point between the database community (in particular the wark on semi-structured data and
gquery languages for XML) with the information retrieval community (structured text models). Our main goal in this paper is to show the

i Aes. =




Bibliography Entry

<proceedings>
<inproceedings>
<author>Ricardo Baeza-Yates</author>
<author>Gonzalo Navarro</author>
<title>XQL and Proximal Nodes</title>

</inproceedings>
</proceedings> M ’

* Describes metadata for the \NJorkshop article

© The XI\/IL data conforms to the DI%LP scﬁema
(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 structured textiis becoming more important with XML .
</section> 1| ’
| P
<cite xmins;xlink="http://www.acm.org/sigir/...[paperxmliql”> ... </cite> l
</paper> | :

</workshop> | =1 > : '-g_\r | ‘ =

=

XL - N

—a Th__g_XIVIi‘. _daté c:c)nlf.or"ms to the ___p___ublisher’s DTD




A Digital Library Application

) ) } Access Content
 Web interface for the citation

“iew or download:

XQL and Proximal Nedes (2000) (IMzke Corrections]) (2 citations)
fcc uchile cli~gnavarro . sigifdl ps gz

Ricardo Baeza-Yates, Gonzalo Mavarro

JABIST Cachpd:
Home/Search Bookmark Context Related F roee ot
gt..e...s.,g.gr LEnter authur hormepages)
(Enter summary] Rate this article: 1 2 3 4 5 (hest)

CI tatl O n S s ; Comment on this aricle

Abstract: We consider the recently proposed X0L language, which is designed to query =ML
docurnents by content and structure. Wwe show that an already existing model, namely "Proximal Modes", is the only one that addresses
all the complex guerying operations defined by XL and that suggests an efficient implementation for them. (Update)

Context of citations to this paper:  More

..N\a=ged metric, could be extended to handle these more complicated similarity metrics. ELIXIR could bene t from the Proximal ‘
No®gs model [1] to permit operations in which the fact that a node belongs to the nal result can be determined by the
Cited by: More

idenMy and position of the node. . iy
Similar Documents
Integratmg Documen and Data Retrieval Based on XML - Jan-Marco Bremer Dipl (2003)  [Correct) 3

Jorn XML docurnents - Chinenyanga, Kushmerick (2001)  (Correct) ___' .

Similar documents {at the sentence level): - L
55.8%:  XOL and Proximal Modes - Baeza-Yate U] [Correct) - 5 ','
16.9%:  Froximal Modes: A Model to Query Docliment Databases by, - Mavarro, Baeza-Yates (1997)  [Correct) =

Active bibliography (related documents): More All
0.5 Expressive Power of a Mew Model for Structured Text Databases - Navarro, Baeza-Yates (1995) (Correct]

. o 0.4 A Model and a Visual Query Language for Structured Text - Baeza-Yates, Mavarro..  [Correct]
s 0.3 “isualization of Large Answers in Text Databases - Baeza-Yates [Correct)

Similar documents based on text: More All

0.2 Searching in Metric Spaces - Chavez, Mavarro, Baeza-Yates.. (1999) [Correct)

0.2 XML Query Languages: Experiences and Exemplars - Fern (1999) [(Caorrect]

0.2 Block Addressing Indices for Approximate Text Retrieval - Baeza-Yates, Mavarro (1997)  [Correct)

Related decuments from co-citation: More All
3 World Wide Web Consartium (context) - Berglund, Boag et al. - 2002
2 World Wide Web Consortiur (contexd) - Clark, DeRose et al. - 1999

BibTeX entry: {Update)




Applications Areas

o Scientific, Technical and Medical Reference
Books, Journals, Publications

 Case Law and Litigation Materials

* Regulatory and Business Filings

e Maintenance, Repairs and Operations Manuals

* Product Documentation |
— Design | { .‘
— ProcuremerLt (SRM) - | = | - l

. — Customer Service (CRM) = <

e .Collaboration, Portals '

« Web, Intranet, Group & Personal Repositories

- Represents “80% of enterprise data”




Data Requirements Objects

Z

S Documents, Images[AppIication Files,]
Multimedia Content

e Structured Data
—|Relations: rom, To)
—|Hierarchiesyproceedings/paper/section

» (Semi-structured|Data |
— Editorial comments on the paper. ’

o = =

. Assumpnon XML provides a rea)sonably way to
capture the reqwrements above



Publishing Relational Data

USERS

ITEMS

BIDS

USERID NAME RATING
I TEMNO DESCRIPTION OFFERED_BY RESERVE_PRICE
USERID I TEMNO BID_AMOUNT BID_DATE

et



Queries on Views - Integration

<users> <items> <bids>
<user_tuple> <item tuple> <bid_tuple>
<userid> <itemno> <userid>
1243 1066 1243
</userid> </i1temno> </userid>
<name> <description> <itemno>
humphrey unicycle 1066
</name> </description> </i1temno>
<rating> [ Local <offered_by> <bid_amount>

Global




Heterogeneous Sources - P2P

<users> <iptems> <bids>

<user_tuple> <item tuple> <bid_tuple>
<userid> <itemno> <userid>
1243 1066 1243
</userid> </itemno> </userid>
<name> <description> <itemno>
humphrey unlcy9le_ <products> >
</name> </descriptic <product> o>
<rating> <offere > int>
products in bike category’?]
= ' <category>
scooter
</category>

<manufacturer>



Query Requirements Overview

- Developing the web application ~ Content-only

“iew or download:
dee uchile. cli~gnavarro . sigifdd.ps.gz

Cached: PS.gz PS PDF Image Update Help

XQL and Proximal Nedes (2000) (lMzke Corrections) (2 citatio

Ricardo Baeza-Yates, Gonzalo Mavarro

JASIST
Citeseer HomerSearch B Bookmark Context  Related Fram: dec uchile. cli~gnavarra/publ (mare]
Pty et (Enter author homepages)
(Enter summary] Rate this article: 1 2 3 4 5 (hest)

Stru Ct U re O n |Vy Comrment on this aricle

Abstract: \We consider the recently proposed X0L language, which is designed to query =ML
docurnents by content and structure. Wwe show that an already existing model, namely "Proximal Modes", is the only one that addresses
all the complex guerying operations defined by XL and that suggests an efficient implementation for them. (Update)

Context of citations to this paper:  More

..N\a=ged metric, could be extended to handle these more complicated similarity metrics. ELIXIR could bene t from the Proximal ‘
No®gs model [1] to permit operations in which the fact that a node belongs to the nal result can be determined by the
iden®y and position of the node. .

Cited by: More

Integratmg Documen and Data Retrieval Based on ¥ML - Jan-Marco Bremer Dipl (2003)  [(Correct]

Jorn XML docurnents - Chinenyanga, Kushmerick (2001)  (Correct)

':-»u ilalMocuments {at the sentence level): CO n ten t an d St r u Ctu 're

CIL and Proximal Modes - Baeza-Yates, M il

5 Sroximal Modes: A Model to Query Documdit Databases by.. - Mavarro, Baeza-Yates (199?) Carrect

' -y Relevance, Slmllarlt
Active bibliography (related documents): More All y
0.5 Expressive Power of a Mew Model for Structured Text Databases - Navarro, Baeza-Yates (1995) (Correct]

. 0.4 A Model and a Visual Query Language for Structured Text - Baeza-Yates, Navarro (Carrect)
= s 0.3 “isualization of Large Answers in Text Databases - Baeza-Yates [Correct)

SC O re Similar documents based on text: More All

0.2 Searching in Metric Spaces - Chavez, Mavarro, Baeza-Yates.. (1999) [Correct)
——— 2 : 0.2 ML Query Languages: Experiences and Exemplars - Fem (1939)  (Correct] -
-I—O p k T 0.2 Block Addressing Indices for Approximate Text Retrieval - Baeza-Yates, Mavarra (1997) [Correct)

Related decuments from co-citation: More All
3 World Wide Web Consartium (context) - Berglund, Boag et al. - 2002
2 World Wide Web Consortiur (contexd) - Clark, DeRose et al. - 1999

BibTeX entry: {Update)




Proteomics Portal (courtesy T. Topaloglou, Protana)

[=) Li . .
—— . ist Name: Just some proteins
00 mds proteomics List Type: Protein (4

8IDA Sequence Entry KT Links Workspace my MDSP

Ot 20, 2003 10:20:50 PM - Thodores Tapalaglou

FProgram: |none <
Bugs Festures Logout

AIDA Find [@)(Z](¥][&] Literature Search Query LRGN
I Find | Standard Query
=] - All these words must be Some of these words must None of these words must be
found in the text (AND) be found in the text (OR) found in the text (NOT)
Protein List eEw&
7 1048325 [RIPK3)
" B93E62 [Ripk2]
€ 790595 [ripkz]
1103634 [RIPKZ] =l = [
 Gelect list
" selectnone —— Advanced Load/Save @ | Search |
- vanced Cluery oad/Save Guery Barc
‘:‘:l >>| Similarityl98 g SpeciesIA” Species ‘l
Summary
Hits Hits
(I K WETHBEIEE Medline InterPro
1 104825 cardiak, ripk2, card3, rip2, rick 1092 1
1048325 cardiak, ripk2, card3, rip2, rick
2 93662 cardiak, ripk2, card3, rip2, rick, cck TET1 4
G93662 cardiak, ripk2, card3, rip2, rick, cck
3 790595 ripk2, rick 1072 1
790595 ripk2, rick
4 1103634 cardiak, ripk2, card3, rip2, rick 1082 1
1103634 cardiak, ripk2, card3, rip2, rick
Literature Search Results CNENCAN

ggn;lDate =] Size:l20 | ghgw;lSummaryjﬂl

No Literature records to show!

sort|Date 7| size20 =] Show:lsummaf}fjﬂl




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 how-to determine relevance for results

and (weighted* gueries f l
* Access and combine the re|h?vance scores =>
- Limit answer to top-k = | 4

‘I

- 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

o Efficient and scalable query evaluation,
supported by

— Indexes (FT and structural)
— Optimizer (plans and operators)
* Rich functionality for presenting answers
— Visual interfaces |
— Highlight the FT terms in context
e Support querlet on mtegrated Views |
. Query heterogeneous structhre
- — Within a single collection *

>

r

— In data repository crawled from web sources

Qs ACI’OSS peer sources



Sample Use Cases

* Quick overview of the range of possible DB-IR
requirements

— ldentify search and return contexts
— Motivate relevance
— lllustrate composition

« Extension of u%e cases from Full-text X(ﬁ_uery = ]
(//wwvv.w3.org/TR/meque(y-fuIlste‘rt—use-cases)| ==

—

o

' -
L e ot : - | :




Finding Text Iin 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) |

- Find all book ti'jles for books with abstracﬁts l
mentioning software develqpers.(ihterpre,ted as .
_having broad terms “s_’of-twaré” near “developer”)

~ " — Proximity | =
-~ Thesaurus (developer, programmer)




Finding Text Iin Structure

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

— Structured search contexts
» book/chapter//section
* book/chapter
- book/ab 'tract [ ]
Do the above |gnor|ng footn?tes In chapters but
-~ hot |n abstracts . > i

e Modlfles the search contexts |
- __Match the contexts app_ro_xlmately




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 "usabillity”

« Rank on boeth-approximate structure and |
content matchi‘;ng the sections mentioninfg t
“task” in chapters on conduftlng usability &

- tests® with the book abstract not mentlonlng &
By software = | i !




Composing Queries

e For books with "usabllity” 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& with the 10 most relevant
books on “usability” that have titles mentioning l

=

_“software* and “developer” | e :

iy ‘
|




The (VLDB-only) DB-IR Saga
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4. Semistructured Data

 XQuery

o XQuery & Full-text

e Structured Text Models
— Proximal Nodes




XQuery History

{ SQL 0oL 1

Patterns

Quilt




XML Query Language Comparison

XML-QL Lorel
-expressivity | | | || + expressivity
XQL99 XSLT XQuery
Lorel XSLT XML-QL XQL 99 XQuery
Main Clueries of semi- Transformation of Data queries, (ueries within a (ueries on
functions structured data documents transformations, documentandquerieson | heterogeneous data
integration of XML data | collections of documents SOUMCes
from different sources
Data model Graph [ Trea Tree Graph Tree Orde red sequence of
(suchas XPath 1.0) (DOM of XML) nodes
(such as XPath 2.0)
Input source & XML Documents XML Dacument's XML Documents from XML Document's XML Document,
format + StyleShest different sources XML Fragments,
Collections of XML
documents
Qutput ML Document AML Document AML Document XML Document (XML AML Document,
information | (Ordered list of identifiers | (Transformed XML tree), (XML Fragments) Fragments, XML Fragment,
of the resulting Collections of XML List of resulting Collections of XML
elements) documents elements) documents
(xsldocument)




XML Query Language Comparison

links (semi-join)

Lorel XSLT XML-QL XQL 9% XQuery
Selection Pattern/ select <xskfor-each | WHERE pattein IN pattern FOR pattems
Operation Filter/ constructor select= pattem » S0trce, [filter] LET hindings
Constructor from pattern <xs|:if fiter WHERE filter
where filter match=filter> CONSTRUCT RETURN
<gopy-of /> constructor Gonstructor
</xsl:if>
</xsl:for-each>
Rﬁl&ﬁﬂl‘l&l 'U'Per-aiﬂm }5}=y {:- {=r =:- {}5 }:- :h::- {‘F:- .::.- =:- != :1:- }15 *:r {'::- =:- 'l= }.- }zy .r‘r ¢y '::. != }r }:!I ‘::- ":'::- =:- 'I:
== For nodes. ==, 1=
Boolean Operators and, or, not and, or No and, or AND, OR
Nesting queries Yes Yes Yes Yes Yes
Creation of new eflements Yes Yes Yes No Yes
Filtering of elements preserving hierarchy N Yes No Yes Yes
(using templates) (fiiter)
Reduction Na Yes Na Yes Mo
Restructuring Grouping of results Yes Ne Na Only by structure, Yes
operations (group by) not by value
Skolem Functions Yes No Yes No Yes
Sorting of results Yes Partial Yes Ng Yes
forder by) (xsl:s0rt?) (ORDER-BY) (SORTBY)
Inter-document links {join), Intra-documents | Join, Semi-join Semi-join Join, semi-join Semi-join, join Join, semi=join




XML Query Language Comparison

Lorel XSLT XML-QL XQL 99 XQuery
Use of tag variables Yes Yes Yes NO Yes
Path expressions Regular expression | XPath Expressions | Regularexpression Wild card: * XPath Expressions
operators: *, |, +, 9 ngerah::rs Path Operators:
Qualfiers: >, @ ot I
Dereferencing Yes Yes Yes Yes Yes
of IDREF(S) attributes (As a subelement using (id()) (By means of a join) f) (Dereference
the point notation) Cperator =>)
Set Functions min, max, count, sum, siim, coint min, max, couint, sum, count min, max, count
avy sum, avg sum, avg
Quantifiers Existential Yes Yes Yes Yes Yes
(exists) (implicit) (implicit) (implicit) (SOME)
Universal Yes No Mo Yes Yes
{for all) (all} (EVERY)
Handling of datatypes (XML Schema) Partial No Mo No Yes
(under study)
hsertion, dalele and update Yes Yes No No No




XML Query Language Comparison

Lorel XSLT XML-QL XQL 9% XQuery
Keywords Awordinside free | By means of path | By meansof path | By meansof path | By meansof 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 Yes
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 expressions 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 (preceding, comparison of (before, (BEFORE,
positional indexes | preceding-sibings, | positional indexes after) AFTER)
following,
following-siblings)
Assignation of weighting to the terms No No No No No
of the query
RDF support No No No No No
XLink and Xpointer support No No No Partial No
(In study)
Operations over sets Intersection, union, | Union, difierence | Intersection, union | Intersection, union | Intersection, union,
difference difference




XML Query Data Model

e Joint with XPath 2.0, XSL 2.0
— Last version of Feb 2004
e Ordered, labeled forest
 Based on XML Information Set, PSVI
* Has node identity
« DTDs (from SGML, IR style)
« XML Scheme !DB style)
— Provide data types: 'J




XQuery and the Data Model




XML Query Formal Semantics

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

e Static Semantics

— Type inferencerules
— Structural subsumpﬁtion ’

* Dynamic Semantics . | |
—Yalueﬁin’__ference rules | 15 gk L
sin

- _ Define tﬁ'e__ m'eaning of XQuery éxpressio
—_terms of the XML Query Data Model.

>~

r



XQuery Expressions

« Element constructors
« Path expressions
e Restructuring
— FLWOR expressions
— Conditional expressions
— Quantified-expressions
* Operators and functions _ f
e List constructors =

=
* Expressions that test or modif)l,\rdatT types




Path Expressions

<bib>
<book year="1994">
<title>TCP/ {-- XQuery uses the abbrewa_ted syntax
of XPath for path expressions -}
<author>
<last>Ste\ document(“bib.xml”)

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

</author= 4 /hib/book//*

<publisher= |
. //author[last="Stevens” and first="W."]
<price= 65.
,ﬁ/DOOk% ' document(“bib.xml”)//author

Y
9




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, ]

$book/author

¥ o4 . -
</book=> , = iR



SQL vs. XQuery

"Find item numbers of books"

« SQL:

SELECT itemno

FROM items AS |

WHERE description LIKE 'Book’
ORDER_BY itemno;

|
« XQuery: [ —— ’
FOR $i IN //item_tuple J =
-  WHERE contalns($|/descr|pt|33n, “Books")
RET}JRN $i/itemno ORDERBY(.)




Inner Join

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

SQL:

SELECT u.name, i.description

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

XQuery: = |

FOR $u IN //user tuple, $i IN /fitem, tuple

WHERE $u/userid = $i/offered by
RETURN ' 1 B "
<0qur|ng>{ : | -
$u/name,
$i/description '
} </offering> ORDERBY(name descrlptlon)




Text Search

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

- Supme. po_ Conditions on Text
<anesthesia>| |
</anesthesia> ~0Uality:
<prep> <actio //section[title="Procedure”]
bl agig Shis/ae Full-text:
and the abdx | | |
</prep> //section[contains(title, “Procedure”)]
<incision>A ¢
- <geography:
- </geo“grap|ff|y

—_and the subcUtaneous tissue was divicded
<instrument>using electrocautery.</instrument>
</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 4an be=b,
disabled = 1 = |
Problems: e J = . o
~ "Not clear how to rank without global me&sures

— Many/no answers problems

-~ Search then rank is not practlcal e
— How to integrate other SCORE functions?



Full-text Requirements - |l

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

l

!
e Search over e\lerythmg mrludlng
attrlbutes | < Tee >

PrOX|m|ty across markup e emlents
_» Extensible

r



XQuery Implementations

« Software AG's Tamino XML Query

* Microsoft, Oracle,

e Lucent Galax

« GMD-IPSN\item X-Hive

« XML Global

e SourceForge XQuench, Saxon, eXist, XQ ery Lite
e Fatdog [ : | ]
«  Qexo (GNU Kawa) - complles io Java byte code
Nk, CL-A n Lisp), Kweelt,...

. __Soqc_'_;\?;, D"‘“B4XI\/:ILJand ébout_lS___mofe




Why XQuery?

= EXpressive power

= Easy to learn (?)

= Easy to implement (?)

= Optimizable in many environments
= Related to concepts people already know
= Several current m{'plementatlons |
= The accepted W3C XML QueryJLanguage e

= : N
s e = '\-- : = | :




Structured Text Models

« Trade-off: expressiveness vs. efficiency
 Models (1989-1995)
— Hybrid model (flat fields)
— PAT expressions
— Overlapped lists
— Reference lists
— Proximal n 'ples f
- Reglon algebra m < -3 =
* Proposed as Algebra forX L-IR-DB Sandwich ~
S p Stglngs : il T
~ . Tree matching




Comparison - |

imal : P, i » Overlappe

L] - - » »

ximal - . L . lists

mam y - 4

Nodes f/ F’osm?nal | e 2 L
. / inclusion N ot L .
:r \J a” Overlapsin :
. Direct o structure ¢ :
. | 4* * c . -
p N vy Distances 3 Text s first- -
3 Il. .“ |H T -l E class object 1
I I ¢ T I
E ' l.- | : ®a | :
’ ', " Recursive I Set : A
L} L]
‘ v+, structures : manipulation & ‘11 Overlaps
] v Tl I _ : Compositional I} | » inresults
. o Tte., Inclusion »  janguage Fla s
1 - y I relations » - 1

o - . -
y . i.. - s ’
I . = e - *a - ':- 2% *
‘ Hierarchy S L « -7 * Combination
. on results T TTRAT *  of nodes
‘.........“...........“--........‘&..........“-..... ....
Tuples Semijoin
and join by contents
Tree .
. - = = PAT expressions
matching

Hybrid model
Lists of references



Query on

contents

Comparison - |l

Hybrid g 1 | E]\utldmud lists

model

......................

Proximal Nodes
e
Structuring
power /- Tree matching
Lists of references
° *
PAT '
expressions . @ - ... SRR .........

Querv on structure



Comparison - Il

Hybrid  Overlapped

R .

0 mode] lists

a

i |eo e e |

. Proximal Nodes
1 PAT

K expressions @

Lists of references

p-strings

Tree matching

Expressivity




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

* Hierarchical structure

e Set-oriented language

« Avoid traversing the whole database

e Bottom-up strategy

« Solve leaves v pth iIndexes [

» Operators work with near-by nodes
. Operators cannot use the text ponteﬁts

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 nod > segment of chlldren

Text view, to m dellze pattern matchlng
queries £ o J =

Query: result —.subset of ¢ some view




Proximal Nodes: Hierarchies

: chapter - ; chapter . . cha

Sosecty  sects S .osect. sect. sects™ Dlosect L%

wer -

page - . page - * o opage ©. it page ¢ Y opage ;% page ‘!

fascicle : : fascicle




Proximal Nodes: Operations

Castances
Composition
Operations

By including

el e ents

alfier, alerk)
betore, belore(K)

By meclnded e ements

Setmanipul ston

Drirect st ctoral

parenifk)
[5] chited

Clontent
Bazis

Opers colfapse, subiact..
on matches

e Simcture

Basis

Constucor




Proximal Nodes: Query Example

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

/\

book book book
chapter chapter chapter

title section  section itle  section Structure

/R litle title section

fitle  figure figure /\
T 1

ol jitle Cham)
' Ctitle title B
i/ L

! i 1 y TL'_::!{I




Proximal Nodes: Architecture

Query d} /P Visualization of results
Interface
Document layer
Query | | Setof
tree segments
~— - Constructor
e— " name
e
Structure Query
index ) Segment Text contents
- engine
T
Set of
e
nodes Textual List of
query segments
Search
—
Text Text index
engine Text contents
Results
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5. Industrial DB-IR Examples:
Oracle, Verity

DB View: Oracle

* IR View: Verity

* Provided by them!

e Thanks to
— Omar Alonso (Oracle)
— Prabakhar'ﬁaghavan (Verity) ’

|
| =3

' 15 G
i ol = =B gt - i - x




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 soli tion that requires no coding ’

— Can search across OCS compongrts websﬂes |
_databases, files, email, and Portal -

- Builton top of Oracle Text b | \
Included free wuth the standard system

>

r



=)

Crawr]
Index
W eh-Hearch

Oracle Ultra Search

Relational Data

Documents

a9

Mukimedia

" ™~
| wl
_JI.'-; Li-_‘— *P =
-

Email Messages

Oracle Text Search Architecture

==
Oither Datahases oo

Weh Dervers ‘E-r!
IMAF Servers H

Applications =

Ciracle S I:I L
Engine

Oracle Text
Full-Text Search

110
Fopular
Domunent
Formats
=
Eeyarond B earches
Fuzzy Seatches
Catalog Searches
Classification
Clasteting
Themes ad Chsts
Highlighting
Multi-lingnal queties
Theszaur
Taxonomy Managemert
Text hlinitg

.. and more




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

e Major sites must run specialized search engines
 Oracle Is expensive

« Oracleis cdrﬁﬁx' J _‘
* Oracle’s search technology WI|| not scale out 3 ]

* You can only search database- deS|dent content with
Oracle | o ‘




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 ...

XML support

Classification (FREC-10 win)

Statistical Text Processing: Clustering {
Integrated with JDev "Ioper Java IDE_ = |

Filters for 100+ document formats 'J = | E

Speualrzed Indexes for catalogs, classlflcapon XPath
Ssearches@y = | | |

Vlsuallzatlon

Integrated web-crawler and out-of- the box GUI with Ultra
Search

r



Quality

Link awareness

— Popular pages and hubs
— Website structure

— Page structure

Duplicate elimination
— Remove URLs with duplicate or near duplicate content

Spelling correction

— Component that uses a dictionary and data from Fuery Iogs
— Did you mean . F

KWIC (KeyWord In Context) J | - __ |

— Highlights relevant parts. of the document A
— No neebl to open the URL If it doesn t look relevant

|

- 3

—




Performance

e 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 Relaxatlon[| l
— Enables you to execute most restrictive query first
- Then relaxmg the search J 4

-~ 8 N
= - = .\__ ¢ . .

r



Ease of Use

« Users want a simple and easy to use search
Interface

* Hide all the complexity and expose simple
Interface

e Ultra Search

» Two search-modes

— Basic: simple Fearch box where search resulks are ]
sorted by relevance = - | =)

| o
— Advanced: interface with. moreJ opt|ons wher9 user
has more control over the collectlon‘




Personalization

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

e Search query log analysis
— Whlch__querles were made?

— Which queflps were successful?
— How many times was e_qch guery made?

' .
EiiegpmanEs ot : - | :

o




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
e Clustering
— Unsupervised-classification of patterns into grou% |

— The engine analyalles the document collection and outputs a
set of clusters with 'documents on it =3 '| |

— Very useful for dlscoverlng patternﬁs or nuggets |n collections

— Could be used as a starting pomt when }here is no taxonomy
= present (BRE \ |

e




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 through large data sets
— Discover relations ||ps and associations between items

— Focus + context tasks !

Number ofwsuallzatlons avallatJIe ‘ =

= Stretch\hewer = ‘ | el
— Interactlve Viewer (ThemeMap, .Cluster visualization)

r

— Integration with 3/ party vendors — =



StretchViewer

- Search Results - Microsoft Internet Explorer

File Edit  Wiew

Favorites  Tools  Help

|
| G Back = =5 @ [ =% '@Search [ElFavorites frMedia o | By S = w A

| | Links é;'](:ustomize Links .E]Free Hotmail

Yapa

Search for: |lung

Search I Advariced sezarch

EBrowse DEA 15

Browse = Cafegories

Heart Yahresi{4)

Myocardiumi40)

Papillary Muscle_..

Pericardium{18)

Arteries{52)

- +
+ P

Rotate

Congestiie Hear...

Shock: Pathoplwy...
High Blood Press...

Coronary Artery ...

Ischemic Heart D...

Cardiac Tumors:...

Contract/Edpand

Wenous thromboembaolism, which invobees venous thrombosis
and pulmonary embolism, is a leading cause of morbidity and
mortality in hospitalized patients (ref[1]) and is being seen with
increasing frequency in outpatients. This increased incidence of
wvenous thromboembaolism in outpatients may be attributable to
the trend toward early hospital discharge of postsurgical patients,
clinicians' heightened awareness of the importance of
thromboembolism in symptomatic outpatients, and the availability
of reliable nonimvasive diagnostic tests.

MWost patients with venous thromboembaolism have one or more
well-recognized clinical risk factors. The most comman risk
factors are recent surgery, trauma, and immobility, as well as
zerious illness, including caongestive heart failure, stroke,

Venous Thrombo... malignancy, and inflammatory bowel disease, (ref[2]) The
comman risk factors in outpatients include hospital admissian
within the past six months, (ref(1]) malignancy, presence of
antiphospholipid antibody, and familial thrormbophilia. Less
COMMmon associations are paroxysmal nocturnal hemoglobinuria,
nephrotic syndrome, and polycythemia vera.

(=L G AT TR T T Yenous Thromboembaoli

Categories Ischemic Heart D...

Microcirculation... o onary Edem...
Muscie, Smooth,...

Although wenous thrombosis can occur in any vein in the body, it
usually involves superficial or deep veins of the legs, Generally
bienign and sel-limiting, thrombosis in a superficial vein of the leg
can be serious if it extends from the'long saphenous vein into the
commaon femaral wein or if it is associated with deep wvein
thrombasis that is clinically silent. Superficial thrombophlehitis is
gasily recognized by the presence of a tender vein surrounded by
an area of ervtherma, heat, and edema. A thrambus can often he
palpated in the affected vein, Campviobacter fefus infection may
= play a causative role, especially if phlebitis occurs at the site of a
* puncture. (ref[2]) Superficial thrombophlebitis may be associated
with deep vein thrombaosis. (ref[d]) In most cases, superficial =]

[ [ [ tneernet 7

Veins(28)

Arriwthmia(23)

Endocarditis(15)

Pericarditis(2?)  punroachtothe ...

|13_3] Applet oracles. apps.iam, arm, skretchviewer. Stretchviewer started




ThemeMap

cardiac outputs e dicing

distributive  pulmonary obstrction

mcrease
result

rryo carcha dysfunclions

shocks

cardiogepiq, shoglar

canse decreases 1 "w"f:I'llt}'
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ThemeStar

<2} Yapa - Search Results - Microsoft Internet Explorer =10] =l
J File Edit ‘ew Favorites Tools  Help ﬁ
J &Back - = - @ oot | @ search  [EFavorites  HfMedia @| By S = 5 |JLinks 2%
J Address Iféj http:ffoalonso-lap,us, oracle, com: 7778/ pls/medvapa. contralPanel j @GD

Search for: Jheart

Yapa

search | Advanced search

Erowse DEA [0

List Categories Cluster

Document Highlight Themes Gist

Page 1 of 8 - Cracle found 117 results for heart- ©

100% Congestive Heart Failure: Pathophysiclogy
Categories: Endothelium - Atteries - Myacardium - Muscle, Smooth, Wascular Similar docs

100% Disturbances of Cardiac Rhythm and Conduction: Supraventricular

Arthythmias

Categories: Arteries - Myocardium - Arrhythmia =

lar docs

100% Disturbances of Cardiac Fhythm and Conduction: Yentricular

Arthythmias

Categories: Endocardiurm - hyocardiurn - Arrbethmia Similsr docs

100% Congestive Heart Failure: Therapy for Congestive Heart Failure
Categories: Weins =i

100% lschemic Heart Disease: Acute Myocardial Infarction: Medically
Treatahble Complications
Categories: Veins - Pericardium - Arteries - Pericarditis - Myocardium - Arrhythmia Similar

docs

100% Disturbances of Cardiac Rhythm and Conduction: Passive Arthythmias

- Atrioventricular and Fascicular Blocks
Categories: Veing - Arteries - Myocardium Similar docs

100% Cardiomyopathies: Dilated Cardiormyopathy

90% Congenital Heart Disease: General Problems in Management
Categories: Arteries - Myacardium - Endocarditis Similar docs

90w Congestive Heart Failure; Clinical Manifestations of Left-Sided
Congestive Heart Failure

" sinuses
therapy 4 drugs
/'( ventricular/ ™,
atrial fibrillation % /paraxysms
7/ A 3 I'I | SUPRAVENTRICULAR
N, I I / ~
arrhythmia N\ Ny \
A . ) [ f Ao Ysluwness
evaluation_, \
. L e __: ————> conversion
atriums™ ~ |
lllll . ‘ . digitales

tachycardia | /
PN I T

L\ N/
WETIAA

/o L%
\ ¥ ] | | causation
cardivascular SpsRem v -

doses
OCCUMTENCES .gaca

|@ Applet ThemeStar started

l_ l_ l_ (5 Local intranet v




Is Oracle’s Text Search Complex?

e 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 thej&/eb (URL) ’
- User-defined datastore e '|
* Easy to Deploy o J = P
« Easy to Maintain | - g {




Oracle Text API

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

e Extensions to SQL

— select trtle-from my table where
contains(texﬂk’Java’)>O; l

— select title from my categories where

__matches(myquery, mydoc) # Ol-- 3

r



Oracle Text API — Il

* 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: Ioj}ging
— CTX_THES: thesaurus features 7
~ CTX_CLS: training set ' J |
__—“CTX_ADM: administration i !

— CTX DDL: create/manages mdex preferences
__sections, stop lists 3

r



An IR Example: Verity
Structured data

* |ndexing databases

— Used to import data from ODBC databases into

Verity indexes (“collections”)

— Similar to Verity gateways to other backend

repositories e.g., Lotus Notes, Exchang
Documentum, Filenet, etc.

€,

o Parametricgelj;:tion for search ’

— Intersect full-text I_arch with range
queries/selection ; | lJ
— When a field is a taxonomy (€.9., @
~— “Continent/Country/City/Street), you hav
taxonomies = Cartesian product of taxo

|
E
é relational
nomies

r



Database indexing — 2 choices

* “Export” to XML or Bulk Insert File

« ODBC Gateway

 The common theme to either approach is to
preserve the dEtabase structure In the index,
such that you can que,ry/dis‘@lay/so.rt'_on fields P
- of integer, float, date,-st”riﬁg,'-;_fr‘atta(chmeﬂ‘t” data
= typesay = i | P e

3




“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, Siebel, Interwoven, Fatwire, Virage, many others

The general concLapt Is to temporarily- export the
database row/field structure in ? Verity compatlble
format.

o« A varlety of integration Ianguages hgve been used —
including, but not limited to ASP Java/JSP/JDBC,

Perl/ODBC, etc.

e 3




Verity Gateways

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

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

o K2 Enterprise enforces existing securlty
models

Includlng natl\)[;e security of appllcatlons acce#sed by :
Verity Gatewa -

— Ensures end-users can only w}ew the |nformat|on that
they are authorlzed to access . |

|




Verity Gateways

Pre-built Verity Gateways

* Avallable for the following repositories:
— Documentum
— File Systems (NFTS and UNIX)
— HTTP
— Lotus Notes
— Microsoft Exchange
— ODBC databases

Ny "J'
Verity Géteway Develop'merit Kit {
* Quickly and easily build secure custom
gateways to additional repositories




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’I the
desired mapping behavior.



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)

[ l

e Other databases such as Infomplx Sybase MySQL
and others are supported
— Gatewéy uses ODBC 3.5 API caIIs to insure compatibility




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 records| ’
=
Compound primary keys =L
Efficient spidering I J - ==
_ —+Event- drlven updates — use databése tﬂlggers
— Where clauses’ can be used for crawllng limit

r



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
flelds and document content for specific text
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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(jfwation they need _ ’

— Users can navigate to mformatlon }Jsmg two or

-more taxonomles atonce - >
. Dramatlcally improve the flndlng exderlence

_ for data with attributes




Verity K2 Enterprise Search -
Relational Taxonomies Example
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6. DB Approaches

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

— Algebrasﬁr['d Evaluation
|

|




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
DBXplorer

— Sanjay Agrawal, Surajit Chaudhuri, Gautam Das,
DBXplorer: A ystem for Keyword-Based SeFrch
over Relation IDatabases ICDE 2002

DISCOVER i | |

B e Vagells Hristidis, Yannls PapaLonstiantlnou
* 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 can_Bel scored based on: ’
— Distance of keywords W||th|n a tuple
. — Distance between keywonLds In # edges
& IRaster ranking | - il !
S e Random walk probablllty (PageRank style)
— Some combination of the above




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 NATIONKEY

12312 Brad Lou 01
10001 George Walters 01
10013 John Roberts 01

Smaller sizes usually
NATION denote tighter association

NATIONKEY REGIONKEY between keywords
01 N.America




6-2. IR on XML: Keywords

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

XSearch (—

S. Cohen, J. '|amou, Y. Kanza, Y. Sagiv, X%earch: a |

semantic search engine for XML, VLDB 2003

XRANK 0

L. Guo, F. Shao, C. Botev J. hanmugasunﬂaram
XRANK: Ranked keyword search o rer XML
documents, SIGMOD 2003

—

e 3



XSearch Example

<proceedings>

<tnproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying Logical Databases</title>
</i1nproceedings>

<iInproceedings>
<author>Victor Vianu</author>

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

</i1nproceedings>

</proceedings>




he Content-Only Approach

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

Search: Yianu logical databases J,::"

* Each documertt In the corpus is treated %s a
unit. |

o A document contalnlng seme of ﬁhe three query
terms IS conS|dered as a result




The document contains the three query terms.
Hence, It Is returned by a standard search engine. BUT

]
<proceedings>

<inproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying|Logical||Databases</title>
</i1nproceedings>
<inproceedings>
<author>Victor| Vianu</author>
<title>A Web Odyssey: From Codd to
XML</ti1tle>
</i1nproceedings>
</proceedings>




XQuery+FT Query Language

FOR $i IN document(“bib.xml”’)//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 does work, BUT |- == | E 1

» - Much mq)re compllcated query exprgssmrLthan search box &

~ = Extensive knowledge of the document structure is required to
write the query e

~«_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

e 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 [

!
 Search results sL’ouId be ranked =

. Search results should be retaned in “reasonable™
_-.-time : -




XSEarch Query Syntax

A queryis alist of query terms
e A guery term can be a

— Keyword, e.g., database

— Tag, e.g., inproceedings:

— Tag-keyword combination, e.g., author Vianu.
0 Optlonally_preched by a ‘+' | ’ |




The Example Revisited

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

logical +database Inproceedings: author:Vianu

must appear In the fragment the fragment,
| |ncrea:| Increases the rank of this fragment

The keyword database r)f Vianu under the L _‘
|_ n




XSEarch:| author:Vianu title: |

<proceedings>
<inproceedings>
<author>Moshe Y. Vardi</author>
<title>Querying Logical Databases</title>
</i1nproceedings>
<innroceedinas>
<author>Victor Vianu</author>

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

</amprucceurnygs>
</proceedings>

| Good Result!
title and author elements ARE semantically related




XSEarch:| author:Vianu title: |

<proceedings>
<inproceedings>
<author>Moshe Y. Vardi</author>
L<title>Querying Logical Databases</title>
</TNproceeadrngs>
<inproceedings>
<author>Victor Vianu</author>
<TITIESA Web UdysSSey: From Ccodd to XML</title>
</i1nproceedings>
</proceedings>

Bad Result!
title and author elements ARE NOT semantically related




Example (1)

Relationship
tree

L_owest common
ancestor of circled
nodes

proceedings
S
Inproceedings inproceedings

Moshe Y. “ _ —— ’
Vardi Querying 2 x!ctor A V\_/eb Odyss_ey: .| |
. Logical lanu FrdrT Codd to_XML 2

- ¢ Databases S @ ‘ o

i by =5 E - '\__




Example (2)

L_owest common
ancestor of circled
nodes

pro?edmgs Relationship
Inproceedings tree
author tjtle
/ o ez =3
Moshe Y. “ | ’ 3
vard] Querying " x!"tor A Web Odyssey: ) £
. Logical 'a”,U__ FrdT Codd t.o__XMLI 3
. | Databases | . ‘ b=

Circled nodes belong to the same inproceedings entity




Query Processing and Ranking

User &
Query’ 1
5 Irl
Processor Ranker g
+ ' a

Index Repository

indices e X/M\L El|e~\8 |
> ] | R/ /~/Z\E/
o : : ]

—

- Document fragments are extrapéd using
~ “indexes:

i Extractedfragments are returned ranked by
the estimated relevance




Result Ranking

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

« Weight of labels appearing in the result

o Characteristics of result tree

TF-ILF — |
_ Extension of 'IVF IDF, classical in IR f _ ]

— Term Frequency number QI occurrences ofa ~
query term in a fragment. = -

~-o—% Inverse Leaf Frequency numbe} of leaves
contalnlng a query term d|V|ded by number of
_leaves in the corpus ;




TF-ILF
* Term frequency of keyword k in a leaf node n,

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

tf(k,n;) =

* Inverse leaf frequency

o N |
1w i tog (14 L)

| il ol -2 52T - _ . ! | '

= |- TREeILPis the product between tfand ilf




6-2. IR on XML: TeXQuery

TeXQuery Expression
Convert a FullMatch to
a sequence of items

VRN

Evaluate to a XQuery
sequence of item: Expression

FTSelection
Expression

Evaluate to
a FullMatch

N~ VvV

Convert a sequence of
items to a FullMatch

| Zog

I = -
. _» Composability: coriv—ers_ibn 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 (Tusability" && '"'software')
]/title
« Score [I | ’ | ]
FTScoreExpr::= ContextExpr "ftscore” FTWeightedSelection
returns a sequence of scores (for ;rani(ing and top-k) >

- //book Ftscore ('usability” weight O.
_— ' &&-Si/topic weight 0.2)




TeXQuery Full-Text Model

FullMatch

1

. #simpleMatch

SimpleMatch

1 1
Jﬂtring[nflmle vT +stringkxclude

StringMatch

+quervstring: string
+quervPos: integer

1 +pos

5 e Position

+abs: integer

X +elem: Node
+paragraph: integer
s +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 hlghllghtlng

matches | ’ :
« TeXQuery * = | 2
-— IR sublanguage grammar exposEd and fully composable
. with XQuery 3 \

2 Implementatlon defmed posmons and scores




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

 Find documenl components in articles ttlat

— Are part of an article written 5)4 an author Wlth last
name “Doe” and are about “search engine”

- — Relevance to “internet” and “information retrieval” is
__desirable (but not necessary)

r



Example Scored Pattern

T: 51— Article

Author

Name="Doe’ = | 1

\ Article or any
| q > S mher="
Scoring: = _ __descendant

$4.score = ScorlngFun,ctlon(

L $l.score = $4.score

{ 'search engine"}, {" internet", " Informatlon retrleval "})




Scored Selection

Scored pattern

tree ( p)
Scored data o' (C) Scored data
trees C p treeS ~
article|0.8] al article[3.6] 7l article|.6] =al
author #al author #al author #a3
‘ p[0.8] 7al8 ‘ section|3.6] #al 6 ‘ article[5.6] #al
sname #as shame #as SHAme #a3

(a) (h) (c)




Scored Projection
Scored data Scored data
trees C E> H P PL(C) E> trees ~C

e

~ Ascored A projection |
~ pattern list (PL) ’
tree (p) > B  | 1
| J I Z g : '—\-".ﬂ
. Comblne multiple scores (from ultiple pattern
matches) by keeplng the maximum




[ |

Scored Joins

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

Scoring:
$6.score = T $1
ScoringFunction({"search engine"}, Article
{"internet", "Iinformation retrieval}) \
$7
$2.score = $6.score | Githor "
i
$joinScore = |_'j i §8
ScoreS|m($3 coritéent; $8. Content) )

= iR WS AFtche title | Article or
$1.score= S " - e any

“ScoreBar(SjoinScore, $6.score) - ! other

Name=‘Doe* 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

functions that can traverse the tree tol
remove redundant answers = |

.- Operatlons implemented usnlng stack-based

Y

“algorithms on regions |

—



Query Evaluation with Relevance

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

e Threshold Algorithm
— Given m sorted lists with object rankings

— Aggregate the rankings from each list for
each object

— Return the%oi?nk ranked objects

— Instance Optimal Solution: do sorted access
(and the corresponding random access) until
you know you have seen the toP k answers

IR Appllcatlon objects are document (fragments)
and each list has the relevance of each
document for a given keyword 5 i
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/. Hybrid & IR Approaches

e 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 S OL support ’
— Special indexes for atomic data types
XML Databases g Yl
e Atomlc data types as attrlbutes (metadeﬁta)

>

— Implementatlon on top of structured text models?

r



QUIQ (Kabra et al, 2003)

« Tuple: <tag-name, tag-type, tag-value>
e Query: match-filter-quality

— Result: AND of match & filter

— Match are approximate constraints

— Filter are exact constraints

— Relevance is-adjusted by quality
e Indexing: built on tpp of a RDBMS : f
— Non-text data Is mapped to pfeudo wordé
- Unn‘led index & common TF- IDF rpodel
— Deferred update operations

. Evaluation: 60% faster than a RDBMS text extensi@_



Retrieval Models

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

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

 Weighted Boolean Model: XQL, ... |
e Probabilistic-Madel: XIRQL, ELIXIR, JuruT<ML, |

U;




Indexing

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

e 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: ‘ |
— Structure + Value index (XML on top of R'DBs)
. Toxm Dataguides, T-indexes, ndex Fabric, etc.

= Integrated Full-text and Str_ucture.lndex.
«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

e Format translation of Axes

 Node + Text index
* Lazy evaluation

Query 1 IXPN Xind eXist Grep Saxon[ MS | Toxin
| -
{latat /pooresii/moont | 1.8)| | 205 | 88 | 34-[S48d |33 25
sareer 0.5 2.8 AP | o7 -[=338 | 1.3~
/tstmt/coverpg/coverpg g | J > -
[titlel] S 1.8 589 | 88 | 3.8 49" | 3.2 2.5
/tstmt [//chapter | 3 2 ;
'/tsE’rﬁt[;/chapt_'er]\"1 09 227 88 - 3!7 4.0 4.2 3
v[.=~""love” ] : 04 9.9 9.8 0.7 3.4 i SC T
| /tstmtl/coverpg/title i S e i
/following-silbling: I = i
pEtOLLEIE 0.5 2.6 9.8 0.7 o3 1.3 -




INEX

Initiative for the Evaluation of XML

Three types of tasks:

— Content only search

— Content & Structure Search

— Clustering

Started in 200

Cooperative relevance assesment:
_About 40 groups per year. 'J |

ot | Y |
s e ot : = | :




Ranking XML

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

e Content & structure:
— Query languages with uncertainty & vagueness
— Data type—§vviLh vague predicates ’ |

. | »
— Strict & fuzzy structural conditions: |

— Dynamic tf x idf ) B i = =

g

- ! - ‘-\r |
" e = .\__ ! : . :

r



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 Ioh:al & dynamic tf-idf - ’
* New node enumeratlon endq)dlng

. _‘__Path & term-index s \
— Other smaller indexes (in total less than 60%)

« More than 10 times faster than other XQuery
prototypes =

>

r
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8. Open Problems

 Heterogenous data

e Ranking tuples & XML

* New retrieval models

« DB issues for documents

e Simple/succinct vs. complex/verbose QL
— Define « '-iQuery core? ’

« Optimization and algebras

- Efficient algorithms - il

« .Indexing & searching :

> Quality evaluatlon (Web, XML) |

>~

r
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