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Scientific viewpoint
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Information Retrieval and Business Intelligence
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- Index construction

Exploitation - Querying

- Exploiting data repositories
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What'’s Information Retrieval

In the science of searching for information in heterogeneous
data sources such as:

- Documents
- Images

- Audio
-Video




What L.R. systems do!?

- Take documents in any format
- Break into words

- Create an index

- Search it very quickly

- Update index when collection changes

Information Retrieval and B.I.

Business Intelligence transforms data into valuable information
that can be accessed to help decision makers develop
strategic, tactical and operational planning initiatives.

Business Intelligences deals with data integration from
structured and unstructured data sources.




Enterprise Search

Enterprise search characteristics:

- Diversity of content sources and formats, and not
necessarily HT TP based

- Secure access

- Combined structured and unstructured search
- Dedicated search (e.g. email search)

- Intranet search

- Ranking and categorisation problem

- Social forces behind the creation of Internet and Intranet
content are quite different

- Deployment environments for these domains also differs

Enterprise Search comparison with Web search

Similarities Differences

- Crawling - Diverse repositories
- Indexing and ranking - Fewer documents

- User interface - Access control

- Diverse doc type
- Different user needs

- Less filtering




Data preparation and data source

Different document types requiered different access
methods. PDF, MS Word, HTML, Open formats, email, etc.

Good Formatted file

docno="lists-046-11826843"

name="Ron Whitney"

email="BEW@math.ams.org"

sent="Sat, 20 Apr 1996 17:44:20 -0400 (EDT)"
inreplyto="199604201303.6479@uvea.wolfram.com"
* Mail-System-Version:
id="830036660.25042.RFW@MATH.AMS.ORG"
subject="Re: conference call Mon 22 April"

To: w3c-math-erb@w3.org

| was unable to attend last week, but am available this
Monday. If the group plans to meet, I'll attend, but |
have no specificitems for the agenda now.

-Ron

Bad formatted file

name=""

email="mail137@163.com"

sent="Wed, 8 May 2002 14:39:51 -0400"
subject="0lAYOAM, f pf O a0 AS"

To: web-access@w3.org
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Parsing, tokenisation

Tokenisation is the process of splitting a stream of words into units or
“tokens”. Normally this process does not included the following symbols:

- period (.)

- comma (,)
semicolon (;)
quotation marks ()
- colon ()

- brackets [ ]

- braces { }

- parentheses ()

- mathematical operators + - / * = <>

- special characters | & ~
- the at sign @

- underscores and other rare characters

e.g

The “brown” fox jumps, quickly over the lazy dog*.

The brown fox jumps quickly over the lazy dog




Parsing, stop words removal

Stop Word is the name given to a word that will be filtered and
is not consider relevant by an information retrieval system. Some of
the more frequently used stop words for English include: “a”, “of ”,
“the”, "1", “it", “you”, and “and”. These are generally regarded as
functional words that do not carry meaning for the system.

Stop List is the list or set of stop words, there are as many stop
lists as there are languages. |.e. if a system processes text that
includes English, French, German and Spanish it also should be a
stop list for each of these languages.

Parsing, Stemming

Stemming is the process to obtain a word’s root
(also called normalisation) through eliminating
suffixes.

running run
ran ran connection
laughing laugh connections
laughs —  laugh connective > connect
laughed laugh connected
languished languish connecting
seals seal
Benefits of Stemming Known Limitations

- Takes care of morphological variants - Impact on advanced syntax and exact match

- Reduces index size - Accented characters are not supported

- Short words are not stemmed

more info see: the porter stemming algorithm, http:/tartarus.org/~martin/PorterStemmer, http://snowball.tartarus.org/




Parsing, entity detection

The problem here is to find various structured data within
unstructured documents, e.g.

- people’s names
- project’s names
- places

- amounts

Algorithms for entity detection normally are either rule or statistical
based.

see: Special Interest Group on Natural Language Learning on the Association for
Computational Linguistics (CoNLL). http://cnts.uia.ac.be/signll/conll.html

Parsing, part of speech

Part of speech is a categorisation process that take in consideration
phrase function. Each part of speech explains not what the word
is, but how the word is used. POS is very useful when dealing with
Natural Language Processing in IR.

Parts of speech: the verb, the noun, the pronoun, the adjective, the
adverb, the preposition, the conjunction, and the article.

e.g. . _
can |l think | can do it. verb
can |Don't open that can of beans. noun
only |This is my only pen. adjective
only |He was only joking. adverb
his | That book is his. pronoun
his | That is his book. adjective

English |Can you speak English? noun
English |l am reading an English novel. adjective




Data storage: indexing

- Tokenisation we can start the indexation
Af i - Stop words removal process, which consist in
ter parsing - Stemming storing the tokens in a DB,
- Entity detection usually in a vector space
- Part of speech fashion

Index design factors

- Merge factors

- Storage techniques

- Index size (compression)
- Lookup speed

- Maintenance

- Fault tolerance

- Scalability




Index construction, inverted index

T1: bab(y, ies,

Y’s)

T2: child(ren’s)

DI: Infant & Toddler First Aid
D2: Babies & Children’s Rooms (For Your Home)

13 gude D3: Child Safety at Home
T5; home D4: Your Baby’s Health and Safety: From Infant to Toddler
Té: infant D5: Baby Proofing Basics
T7: safety Dé: Your Guide to Easy Rust Proofing
T8: toddler D7: Beanie Babies Collector’s Guide
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Vector Space Model (VSM)
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etc. | .

20




Similarity

Similarity help to identifying the closeness between different
vectors or in our case documents (or between a query and
documents).

Similarity is based in a metric that defines distance

Euclidean distances in the classical example

21

Similarity
Vector Space geometrically explained (2 dimensions)
e A(x1, y1) Alx1, y1)
y-axis y-axis
® B(x2, y2) B(x2, y2)
0 C(x0,y0 axi
C(x0, y0) x-axis (0. ¥0) Koaxis
Dot product Pythagorean theorem
A*B =x1"x2 +y1*y2 E = - JET B

Euclidean distance a, b = dap = ((x1 - X0)2 + (y1 - y0)2)/2 = (x12 + y12)*/2
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Similarity, how far is A from B?

We normalise the dot product by the Euclidean
Alx1, y1) distance. This ratio defines the cosine.

Dot product

B(x2, y2) ™~

. _ . _ AeB - X1*x2 + y1'y2
Sim(A, B) = cosine b = AI[B|

y-axis

i +y212 (22 +y22)12

Cix0, y0) X-axis Distance

S ZWQJWLJ-
Similarity between a query and a Sim(Q.D; ) = ——

= =
document \/Z“ Q] \/Z“i,j
J 1
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System exploitation, querying

Phase 1 Types of Queries

Enter a Query to the
Search Engine

* Boolean: AND, OR, NOT

* Natural Language Queries: query is formulated as

Phase 2 a question or a statement
Search engines

transla:ei query into * Thesaurus Queries: the user select the term from
oKens . .
a previous term-set provided by the IR system

* Fuzzy Queries: threshold of relevance is
expanded to include additional documents

Phase 3

Tokes are used to .
search document * Term Searches: based in a few words or phrases

collection provided by the user

* Probabilistic Queries: IR systems based in a
computed probability to retrieve documents

24




An [R system overview

4 Parser Storage Engine I

Data
Source —1——| Read Directory
Store Token
Frequencies
Read File

Store Token

1 R

ead Token

\ j Query

Stop-List

Stemming

Entity
Detection

Part of
Speach

1]
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Sorting the query’s result

To present a query’s result to the user the output should be
sorted in a meaningful way.

For example we can use the cosine similarity measure to rank

result.

Also we can use clustering!

26




Ranking

For ranking we can use different mathematical functions based
in word frequencies to determine the importance of a query’s
result.

Then we can sort this result in ascent order.

27

Clustering

Given a set of data points, each having a set of attributes, and
a similarity measure among them, find clusters such that:

— Data points in one cluster are more similar to one another
— Data points in separate clusters are less similar to one
another

Unlike the classification problem here we do not know the
labels or data categories, for this reason this is also called
unsupervised learning.

28




Evaluation of |.R. systems

No. of relevant docs retrieved

Recall = ‘ -
Total relevant in the collection

No. of relevant docs retrieved

Precision =
Total retrieved in the collection

29

Demo |: text classification

NodeMap - /Users/pedro/temp/animal_ch.txt
File Edit View Help
PERERROENNRNEN . BEE
Here we have an ontology
animals
and we would like to assign
sharks .
= or classify documents on a
invertebrates fish given Categor‘)’
vertebrates bony fish
salmon
salamanders
birds amphibians
neognathae trout
mammals
! frogs
reptiles
paleognathae anaconda
toads
snakes
rattle snake
crocodilia  lizards
asp
gharial cobra
gecko
caimans croccdiIF‘s
chameleon

http://thames.cs.rhul.ac.uk/wstalk

30




Demo |: text classification

Edit View Tools Help

odeMap - /timp/ OntoNMUNOUTE . txt >

IEEILIEY

BN SEINC

Prasidn Ser humano Sexo
Crganismo Familia
Menopausia Persanas
Edad
Menor Bebé

Mayor

Adolg

<[2]=]

2 matches found for query adolescentes in spanish

1.- LactanciaMaterna txt

58 related terms : Mayaor, Mayor, Menopausia, Sangre, more ...
woting : (0.500079758458354894)

http: | friemann cs.rhul ac.uk 80 /nodemap fuploadfiles /Lact
anciaMaterna.tzt

2. - ElSueno txt

20 related terms : Pulmones, Personas, Alimentos, Tipo, more ...
woting : (0.4999202151045105)

http:/ friemann.cs.rhul ac.uk 80(nodemap fuploadfiles [ElSu

ero txt

Run time: 385

http://thames.cs.rhul.ac.uk/wstalk/prototype.html

Department of Computer Science. Royal Holloway, University of London
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Demo 2: email search

file:<keyword>
from: <name>
to: <email to>

cc: <email cc>

subject: <subject>

<keyword>

&

Search

@http:,f,flocalhost:BGSDfemai\ fSearch

@ B1Q~ Google

from: Bruce Smith

1.~ http://thames.cs.rhul ac. uk/email'datallists-046- 11807262

tocno ists-046-11807292 nameFrom Bruce Smith emalIFrom bruce@wolfram. com dateSent Sat
InReplyTo |d 199604201228, 63683 Hram.com

subject Tempiat

2.- hitprifthames.cs.rhul ac.uk/emaildatallists-046-11812317

tocno lists-046-11812317 nameFrom Bruce Smith emallFrom bruce@uoifram com dateSent Sat
InReplyTo Id 12365 64038 uvea. wolfram.com

subject Re: F on Parsing

3.- htprithames.cs.rhul ac.uk/emaildatallists-046-11616340

docno lists-046-11816340 nameFrom Bruce Smith emallFrom bruce@wolfram com dateSent Sat,

InReplyTo |d 169604201252, 8443@uvea. woitram.com
subject Parsing of n-ary operators

4.« hitp:i/thames.cs.rhul ac. uk/email'datallists-048- 11820182

docno lists-046-118201282 nameFrom Bruce Smith emallFrom bruce@wolfram.com dateSent Sat.
InReplyTo Id 199604201301

§5@uvea.wolfram.com

[ Search |

. 20 Apr 1908 12:28:45 0700

. 20 Apr 1996 12:36:32 0700

. IR

Department of Computer Science. Royal Holloway, University of London
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Search engines

Clusty Search » monie

a[r|(@ [a]A]l | @nuapcusty.com/searchiinpur-t es-0 |~ Q-

[ctuster computer

advanced
preforences

See more shopping resulls for *manie®

‘ [’ s
l 46700 000 Found results 1 - 15
Calibex.cof

e nAWodor |k a’ Doun To Monie In The Middie [Maxi
© Monis Love (30) = Earih . Sngie
‘ i clusierbuider.org oy P - oay
. © Haarmonie (1%) s251 # Lap S298 $5.99
=
© Frofile )
microsoft © Friend, Video () HSBC Bank Account
windows

2417 fee frae banking wih the HEBC Bank Accaunt. Apply now - v hebe.co.uk

GET Currency Trading
© Mind (5) VisualTrading. Compattiv Prizss. Award-Winning Softwars. Fres Dem! - w

© Web Design (5)

CFTukeom

shop

@ Class, Quality Onions (4} X
1. Monie Love - Wikipedia, the free encyclopedia B Q. &

© Biog (6) Simone Wison or Simone Gooden (bom July 2, 1970 , in London ) known by hor staga name Monie Love
S enair o e st
O o s 22 forale Engleh moper pd o
S Pt ey
g @ Books, Willis Monie (1) 2 Index B A &

Fist Class Qualty onons
weww.manie nl - [cache] - Live, Ask, Gigablast

3. Montgomery Niemever & Co. LLP B A &

more | all susters

i FALL e browser shoukd randar some flash contart, nol s
s morie.com - cacha] - Lie, Ask, Gigablast
4. MySpace.com - Monie Love - US - Hip Hop / Rap - www.myspace.com ... B X &
Fontszs: (2] [2] [A] [A MySpace music profile for Monie Love with lour dales, songs, videos, piotures, blogs, band information, <
downoads and more
= ——— — profse. myspace.comfindex chfusaaction=ussr.vews of e rendid=28692643 - fcschel « Lvs, Ask +
=1- I=[n E=Bel<ln B El— > nextmap )

Commercial Google Yarioo! allthewed

coo finditall 0=
WebCrawler’ £Y  Live search éy

The Wel's Top Search Engines Spun Together altavista: eeccccccccce

Open source ;
Sl wecrne. Terrié\}:ﬁy& Xapian F@i@i@l and so on...

Department of Computer Science. Royal Holloway, University of London 33

The web needs a lot of servers

Department of Computer Science. Royal Holloway, University of London 34




Enterprise search

Sun Cobalf

Department of Computer Science. Royal Holloway, University of London 35

Not just docs. Multimedia |.R.

Content is not just text-based, there is more than text, i.e.
- Images
-Video
- Audio

But there again there isn’t a perfect
technique... let’s see some examples

Department of Computer Science. Royal Holloway, University of London 36




Text based image retrieval

ferrari -

<[> (@[a]A][e] ey L ~(Q- Google

<r(@alAalle

Web Images Maps News Shopping Mail more ¥ Sanin

Yorool My Veresl bel Welcoms, Guest [Sn i)

o
YAHOO! SEARCH [
e

e.g. Using information from the web site to annotate images
- Neighbouring text
- Same paragraph text
- Tittle
- Heading
- etc.

Department of Computer Science. Royal Holloway, University of London 37

Colour histogram based image retrieval

Take an image, convert to histogram and used
to query image index

Department of Computer Science. Royal Holloway, University of London 38




Colour based image retrieval

000 The State Hermitage Museum: Digital Collection

4[> (@ [ A[A] & | @ nupy/monarch hermitage. rujfegi-bin/db2www/abicColor.mac/qbic?s Q- )

cmar e semvices  catswpar  Tickers  swor 3

SEARCH RESULTS

1) Portrait of Suzanne 2) Girl with
Duty, the Artist's Sister Tulips

QUICK SEARCH QBIC COLOUR SEARCH

Dufy, Raoul 1904 Matisse, Henri

|

BROWSE «
QBIC SEARCHES +

COLOUR SEARCH -

LAYOUT SEARCH -

Click the arrow bution fo add the
colour to the buckst. 4) Pink
Statuette and
Jug on a Red
Chest of
Drawers

3) Flower Study
3. Slide the triangular handles on
the bucket to adjust the percantage
of this colour.

ADVANCED SEARCH « Shaykh 1777

You may repeat this procass
until the bucket i full. When you
ara raady, click Saarch Matisse, Henri
You may also use the Colaur Mixer 1910
o adiuat RGB (rad, green, blus)

1o use in your search,

6) Vase of
Irises

5) Bouguet (Vase with
Two Handles

Matisse, Henri 1907

Click Daleta 1 egove a colour
from the bucket. ClieRlgar All to
empty the bucket.

Matisse, Henri
1912

Applet ColorSearch started 4

http://www.hermitagemuseum.org/

Department of Computer Science. Royal Holloway, University of London 39

Features based image retrieval

Query Image Query Image
AT NG Y

http://amazon.ece.utexas.edu/~qasim/cires.htm

Department of Computer Science. Royal Holloway, University of London 40




Questions
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