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Outline

@ Mapping
> Topical locality
> Content, link, and semantic fopologies in the Web
@ Modeling
> How the Web evolves and why content matters
> Consequences for navigation and crawling
@ Mining
> Topical Web crawlers
> Adaptive, intelligent crawling techniques
@ Mingling
> Social Web search & recommendation
> Distributed collaborative peer search



The Web as a text corpus

@ Pages close in
word vector space
tend to be related

@ Cluster hypothesis
(van Rijsbergen 1979)

@ The WebCrawler (Pinkerton 1994)
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@ The whole first generation of search engines




Enter the Web's
link structure
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Three network topologies
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The “link-cluster” conjecture

@ Connection between semantic ftopology (topicality
or relevance) and link topology (hyper’rex’rs)

® G = Pr(rel(p)] ~ fraction of relevant pages (generality)

@ R = Prrel(p) | rel(g) AND link(qg,p)]

@ Related nodes are “clustered” if R > G
(modularity)

@ Necessary ¢ o 2
and sufficient %)
condition for o 3
a random 9o
crawler to ’)
find pages ¢
related to
start points

ICML 1997



Link-cluster conjecture

- Stationary hit rate for a random crawler:
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Pr[rel(p)]
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® Preservation of ! " 2
i i le+@1
semantics (meaning)

@ AK.a. topic drift
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signif. diff. @ only (p<0.05)

signif. diff. a & b (p<0.05)




Discussion

Topic drift:
Myth or reality?



Mapping the relationship
between links, content,
and semantic topologies

+ Given any pair of pages, need 'similarity’ or
‘proximity’ metric for each topology:

- Conftent: textual/lexical (cosine) similarity

- Link: co-citation/bibliographic coupling

- Semantic: relatedness inferred from manual classification

* Data: Open Directory Project (dmoz.org)

- ~ 1 M pages after cleanup

- ~1.3*10!¢ page pairs!






Semantic similarity

[d][mi[o][z] open directory project

about dmoz | add URL | update URL | become an editor | help

fsearch ' | the entire kids and teens directory T\

-

Kids and Teens: People and Society: Holidays and Celebrations: Birthdays (11) Description

Billy Bear's Birthday Party [ Kids | - Offers printable projects, downloads, games, and an online cake baking contest.
Birthday Celebrations MNet [ Kids/Teens | - Features songs, traditions and recipes from around the world.

= Birthday Traditions From Around the World [ Kids/Teens | - Describes the origin of birthday celebrations and various
family and cultural traditions.
Cyber Grandma's Birthday Party [ Kids ] - Filled with online party games and songs.
DLTK's Birthday Crafts for Kids [ Kids ] - Free printable craft templates designed for younger kids.
Fun Facts about Happy Birthday to You [ Kids/Teens/Mature Teens | - Discover the history of this well-known ditty.
Happy Birthday from PrimaryGames.com [ Kids ] - Games, musical postcards, gift tags, and stationery.
Happy Birthday to You [ Kids/Teens | - Offers online games and puzzles, printable activities, coloring pages, free clip art,
screen savers, animated greeting cards, and downloads.

= Ivy's Birthday Greeting Cards to Print [ Kids/Teens | - Greeting cards to make, print, fold, and mail or give to friends.
Ways to Say Ha Birthday [ Kids/Teens/Mature Teens | - Learn over 150 ways to say Happy Birthday in different languages.
Webmonkey for Kids: Birthday Invitation [ Kids/Teens ] - A step-hy-step guide to creating an online party invitation.

-  Information-theoretic
2loePr|l

measure based on o (c,c,) = M

classification tree logPr[c,]+logPr|c,]

(Lin 1998)
» Classic path distance in special case of balanced tree
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| Retrieved & Relevant |

M Precision =
| Retrieved |

| Retrieved & Relevant |

Recall =
| Relevant |

Averaging
semantic
similarity

Summing
semantic
similarity



Business

log Recall Precision
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Precision
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All pairs
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Discussion: So what?
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Rank by combining content and link similarity
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What about the “hole"?

Precision




Edge Type

%T




Better semantic similarity measure

@ Work w/Ana Maguitman & al.

@ Include cross-links (symbolic) and see-also
links (related)

@ Transitive closure of topic graph

@ Compute entropy based on fuzzy membership
matrix
W=TTGeTT

2 - min (Wg1, Wgs) - log Prlt
os(t1,t9) = max min (Wyy, W) - log Prit|
k log(Pr(tq|ty] - Pr{ty]) 4 log(Pr(ta|ts.] - Prit;])



Differences

Semantic Similarity: Tree-Based vs. Graph-Based
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Web Page Relatedness

MuppetsOnline.com

The Eagle Speaks amazoncouk

Hello and welcome to MuppetsOnline.com. This is S5am the Eagle speaking. You can travel around this site

5|IIIII merely by clicking the buttons to your left. Home will take you back here. Each section is loocked after by a Amazon Recommends:
Muppet, so look around as there is lots to do. Visit the Muppet Shop and buy some of our work for yourself or

a loved one. It's patriotic and American.

mean stderr

tree 5.7% 0.8%

graph 84.7% 1.8%

"YOUR ONE SOURCE FOR QUALITY FAMILY ENTERTAINMENT"

THE LIVE CAST OF
SESAME STREET

The accolades have all been written many, many times.

Quite simply, there has never been or exists now
a television show like SESAME STREET.

SESAME STREET has educated
and entertained millions of children
all over the world for thirty years! Its name has
become synonymous with high quality. Much of the )

ALL Aeout - PHotos - UpcoMING EVENTS - show's success is due to an extremely talented cast of actors. v

Links = ContacT Us




Combining content & links
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Discussion: Is content
really so bad? Why?



Outline

v Mapping
> Topical locality
> Content, link, and semantic topologies in the Web
@ Modeling
> How the Web evolves and why content matters
> Consequences for navigation and crawling
@ Mining
> Topical Web crawlers
> Adaptive, intelligent crawling techniques
@ Mingling
> Social Web search & recommendation
> Distributed collaborative peer search



Preferential attachment

3"BA" model ,

(Barabasi & Albert 1999, " Pr(z) o< k(z)
de Solla Price 1976) ,

>At each step t : 'I 7%
£ |

add hew page p
>Create m new

links from p to i .I . ’j"\ \ I
(i<t) ( b

(]

@Rich-get-richer
k(1)

Pr(z) = v

— Pr(k) ~ k7




Other growth models

Web copying
(Kleinberg, Kumar & al 1999, 2000)

Pr(z) o< Pr(y) - Pr(y — 2)

|« 3
IA
@ same indegree distribution v | Ny
|
@ no heed to know degree '



Other growth models

Random mixture o glila 3

(Pennock & al. 2002, ‘ , _- P

Cooper & Frieze 2001, ' " S

Dorogovtsev & al 2000) /l
k() D ‘

Pr(i) oc 1 - +(1—¢) g

@ winners don't take all
@ general indegree distribution '

@ fits non-power-law cases



Other growth models

Mixture with

Euclidean distance

(HOT: Fabrikant, Koutsoupias
& Papadimitriou 2002)

1 — arg min(or;; + g;)

@ tradeoff between centrality
and geometric locality

@ fits power-law in certain
critical trade-off regimes



Discussion:
What about content?
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So, many models can predict
degree distributions...

® Which is “right” ?

@ Need an independent observation (other than
degree) to validate models

@ Distribution of content similarity across
linked pairs




'ODP &ata "
BA, Pennock & al., etc.
local content
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Back to the mixture model
k(z)

mt

Pr(z) oc e - (1—1)-

degree-uniform mixture

Bias choice by content similarity instead
of uniform distribution



1 10
lexical distance (r)
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Build it...

(MM)
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.degree-similarity mixture

~ ODP data -




' ODP data =
degree-uniform mixture
degree-similarity mixture
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Citation networks

15,785
articles
published
in PNAS
between
1997 and
2002
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Discussion

@ What questions remain open?

@ What other factors should we consider?



Open Questions

@ Understand distribution of content similarity
across all pairs of pages

@ Using TF: exponential Pr(c) ~ a P°
@ Using TF-IDF: power law Pr(o) ~ ac P

@ Growth model to explain co-evolution of both
link topology and content similarity

@ The role of search engines (keynote)



Efficient crawling algorithms?

Theory: since the Web is a small world network, or
has a scale free degree distribution, short paths exist

between any two pages:

~ log N (Barabasi & Albert 1999)
~ log N / log log N (Bollobas 2001)

Practice: can't find them!

Greedy algorithms based on location in geographical small
world networks: ~ poly(N) (Kleinberg 2000)

Greedy algorithms based on degree in power law
networks: ~ N (Adamic, Huberman & al. 2001)



O
Exception#1 o o
O
, O O
Geographical networks e

(Kleinberg 2000)

- Local links to all lattice neighbors

- Long-range link probability distribution:

power law Pr ~ r~%
r: lattice (Manhattan) distance

a: constant clustering exponent

-0 O

( 6l )

@ 0 050



1 10

lexical distance (r)



Cre

Exception # 2 7 bt
5600040 O

Hierarchical networks
(Kleinberg 2002, Watts & al. 2002)

- Nodes are classified at the leaves of tree
- Link probability distribution: exponential tail
Pr ~e-h

* h: tree distance (height of lowest common ancestor)
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Discussion: Does this
stuff really have any
applications?
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Crawler applications

Universal Crawlers

Search engines!

Topical crawlers

Live search
(e.g., myspiders.informatics.indiana.edu)

Topical search engines & portals
Business intelligence (find competitors/partners)

Distributed, collaborative search



Topical crawlers

- Seminal work

Cho & Garcia-Molina @ Stanford
Chakrabarti & al @ IBM Almaden / ITIT
Amento & al @ ATT Shannon

Ben-Shaul & al @ IBM Haifa

many others...



3 Miselanous Physics Websites
lopical i
P s Coaxial Cable Attenuation & Power Handling Calculator

1ev Spears guide to Semiconductor Physics:

C r'aw I er's semiconductor physics, Edge Emitting Lasers and VCSELs
Particle Data Book everything you ever wanted to know
about particles, and then some.

X-Ray Data Booklet everything you ever wanted to know
about x-rays, and then some.

A Bref History of Anglo-Saxon England’ -
Anglo-Saxon Military Organisation’ - Article.
Anglo-Saxon social Organisation’ - Article.

Arms and Armour - Part 3 Axes' - Article.

Armms and Armour - Part 7 Helmets' - Article.

Arms and Armour - Part 6 Mail Armour’ - Article.

Arms and Armour - Part 4 Missile Weapons' - Article.
Arms and Armour - Part 2 Scramseaxes’ - Article.

Arms and Armour - Part 8 Shields’ - Article.

Arms and Armour - Part 1 Spears’ - Article.

Arms and Armour - Part 5 Swords' - Article. i
A Nice Little Eamer - The slave trade in Anglo-Saxon
England.

A Spring Warmer' - An alternative recipe for jJugged hare!
The Battle of Hastings' - Article.

'‘Bone and Antler Working' - Article.

‘Braid Weaving' - Article.

‘Bronzeworking' - Article.

Charcoal Burning' - The results of an experiment in
charcoal burning.

‘Church Organisation’ - The organisation of the church in
Anglo-saxon England.




Evaluating topical crawlers

* Goal: build "better” crawlers to support applications
» Build an unbiased evaluation framework

- Define common tasks of measurable difficulty
- TIdentify topics, relevant targets
- Identify appropriate performance measures

- Effectiveness: quality of crawler pages, order, etc.

- Efficiency: separate CPU & memory of crawler algorithms from
bandwidth & common utilities

Information Retrieval 2005



Evaluating topical crawlers: Topics

: Baking and Confections: Cookies: Chocolate Chip |(s)

#
. #
- \?g

Rating

e Automate T Tl T gl o7 JINT T nsdeddnirrieds

A chocolate chip cookie recipe that usesfaro syrup in it.
A recipe using metric measurements?

L]
An i hat don' ?
eval ua.l- l 0 n A c,;ur:izll::; :_h‘i‘:} cggl:i:sr:;ggsthat you baRe in mini muffin pans

How does one avoid dry, 'cakey’ cookies? candied fruit or 8

®, =) A for Ch F Chip Coolie Pies?
using edited S el Ahier T VY G|
[ ] [ ]
directories

* % %k %

Marsha

ake chips -- made with sour cream.

CHOCOLATE CHIP COOKIES

RECIPE INDEX

 Different
sources of
In the kitchen of a Whitman Massachusetts country inn, the first chocolate chip MINT CHE

el ev nC e cookie emerged in 1937. Simple experiments led to a racipe combining bits of NEIMAM ! g ( DK IES
r' a chocalate candy with a kind of butter cookie cookie dough resulting in a OLD FASHIOMNED CHOX La TE CHIPPERS

delicious mixture that offered the crunchiness of a cookie with a taste of
chocolate candy in every bite. Obviously the cookies were a hit at the inn and

GSS ess m en'l's wherever glse the recipe spread. Chocolate chip cookies have remained an
American homemade treat.




Topics and Targets

depth 0
targets

"I-

depth 1

topic level ~ specificity
depth ~ generality



Evaluating topical crawlers: Tasks

Start from seeds, find targets
and/or pages similar fo target descriptions

—a :>_§
>- e .

/

|




Performance matrix

target
pages

target
descriptions

/

L

“"recall”

“precision”

Target
depth

d=2
~d=1




Discussion:
What assumption (targets)?




Evaluating topical crawlers: Architecture

Keywords
Seed URLs g \
Crawler 1 Crawler N Péi,xﬂ,é?u?eaéa
Logic o0 LOQIC (limited resource)

\ / Common
Data

Concurrent Fetch/Parse/Stem Modules Structures

t11

Web




Examples of crawling algorithms

Breadth-First
- Visit links in order encountered
Best-First

- Priority queue sorted by similarity
- Variants:

- explore top N at a time

- tag tree context

- hub scores

SharkSearch

- Priority queue sorted by combination of similarity,
anchor text, similarity of parent, etc.

InfoSpiders



InfoSpiders

adaptive distributed
algorithm using an
evolving population of
learning agents

local frontier
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InfpSpiders

FILIPPO MENCZER
RIK BELEW

University of California, San Diego

Easy query:
The population rapidly focuses
on the relevant areas of the
information space




InfpSpiders

FILIPPO MENCZER
RIK BELEW

University of California, San Diego

Impossible query:
The population goes extinct




InfpSpiders

FILIPPO MENCZER
RIK BELEW

University of California, San Diego

Ambiguous query:
A subpopulation eventually
locates the relevant pages




Mozilla Firefox [

%‘ ‘rj:? @ hup: /| myspiders.informatics.indiana.edu/myspidersz.btml * (0 |G !
Query: search censorship in france ( Start | Stop | Max. Pages: 100 2]
M s #a Crawler Name Pages Crawled: 100
y Pﬂ ers CInfoSpiders | Population: 0
Source URL Score Rece.. . Spider Hierarchy
Spider2  hop: [ Mvseosr. multilingud = Search.com /new=100l-shows-cens... 0.43 7 n ¥ .J Spiders
Seed http: f M technologynewsdaily.com fnode /2283 0.34 1 » spiderl
Seed  hmp:/ fwww.rpi.edu/~bulloj/search/CENSORSHIP. html 0.33 0 — el
Seed  http://en.wikipedia.org/wiki/Censorship_in_France 0.32 0.14 ¥ .0 Spiderd
Seed  http:/ /www.laboratorytalk.com/news /igd figd 109, html 0.3 0.33 _ Spiderl3
Saed hitp: f fweanainformatics.indiana.edu/mews fnews .asphid=313 027 7 = " Spider3
Seed hitp: / /blog.searchenginewatch.com/blogf050117-090638 0.12 0.02 Spidersd
; ¥ L0 Spiders
Jew tool shows censorship by search engine in China, France, Cermany and the US [ Multilingual Search ] = " Spiderll
B B _ B - Spiderl2 |
New tool shows censorship by search engine in China, France, - Spider a
Germany and the US " Snidar? b
Andy Atkins-Kriger Mar 19, 2006 | [en]
) O ) Spider Details |
. Details -
Spider Details
¥ [ Spider13 L
Pandia reports on a new censorship comparison tool developed by researchers at Indiana b | Stams i Details
University. The tool compares the preeminance of words featured in the top ten results of ¥ [} Energy Y Sif'derll
Yahoo or Google by displaying words graphically giving weight to those terms which are more 1.1394327 ® |0 Status
frequent - the end result is a graphic somewhat reminscent of Technorati tags. ¥ 0 Query » |} Energy
> | J Terml v 'QH_IEFEI'
» [ Term2 > L,f Terml
> | Term3 > | Term2
¥ ) Terma * L Term3
Called Censearchip - the team behind the tool have clearly chosen China, France and Germany ™ Hism_nr " engin
- compared with the US - because of the recent censorhip issues in China and the restrictions _ History

placed on search engines in terms of displaying nazi material - by Germany and France.

In addition to this "political’ censorhip - it would be useful o be able to compare results by
country where ‘busines’ censorhip has an impact - for instance the filtering of results which
takes place between the US and the UK,
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Q-learning

® Compare estimated relevance of visited
document with estimated relevance of
link followed from previous page

@ Teaching input: E(D) + u max p, A

E—
—

S ==




InfoSpiders —+—
BFS256 +———

BreadthFirst —s&—

10000 100000




Exploration vs. Exploitation
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InfoSpiders —e—
BreadthFirst ———-
BFS --o--

Shark - x




About Exelixis

Exelinis, Inc. is a leading genomics-based drug discovery company focused on product
development through its expertise in comparative genomics and model system genetics,
These technologies provide a rapid, efficient and cost effective way to move from DNA
sequence data to knowledge about the function of genes and the proteins they encode,
The company's technology is broadly applicable to all life sciences industries including
pharmaceutical, diagnostic, agricultural biotechnology and animal health, Exelizis has
partnerships with Aventis CropScience 5.4., Bayer Corporation, Bristal-Myers Squibb
Campany, Elan Pharmaceuticals, Inc., Pharmacia Corporation, Protein Design Labs, Inc,,
Scios Inc, and Dow AgroSciences LLC, and is building its internal development pragram in
the area of oncology. For more information, please visit the company's web site at

<P class=MsoMormal=

<STRONG=>About Exelixis</STRONG=><BR>Exelixis, Inc. is a leading genomics-based drug discovery
company focused on product development through its expertise in comparative genomics and model system
genetics. These technologies provide a rapid, efficient and cost effective way to move from DNA sequence
data to knowledge about the function of genes and the proteins they encode. The comipany’s technology is
bproadly applicable to all life sciences industries including pharmaceutical, disgnostic, agricultural
bictechnology and animal health. Exelixis has partnerships with Aventis CropScience S.A., Bayer Corporation,
Bristol-Myers Sguibb Company, Elan Pharmaceuticals, Inc., Fharmacia Corporation, Protein Design Labs,
Inc., Scios Inc. and Dow AgroSciences LLC, and is building its internal development program in the area of
oncology.<SPAM style="mso-spacerun: yes'=&nbsp, </SPAN=For more information, please visit the
company's web site at

<A href="http:/'www.exelixis.com/™>www. exelixis.com=</A> <o p></o:p>

<P
<h>
< strong =
<text=about exelinis</text=
< /straong >

<text=exelikis inc is a leading genomics based drug discovery company focused on
product development through its expertise in comparative genomics and maodel
system genetics these technologies provide a rapid efficient and cost effective
way to move from dna sequence data to knowledge about the function of genes
andthe proteins they encode the company s technology is broadly applicable to
all life sciences industries including pharmaceutical diagnostic agricultural
biotechnology and animal health exelixis has partnerships with aventis
cropscience s a bayer corporation bristol myers squibb company elan
pharmaceuticals inc pharmacia corporation protein design labs inc scios inc and
dow agrosciences llc and is building its internal development program in the area
of oncology</text=

<text>for more information please visit the company s web site at</text>

<a href="http:/ fwww.exelizis.com /"=
ctext=www exelixis com=/tets

<jfax=

=/p=

DOM context

Link score = linear
combination between
page-based and
context-based
similarity score
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Co-citation: hub scores

Back-links Link score, , = linear

combination between
link and hub score




average target recall@N (%)

Recall (159 ODP topics)

Breadth-First -
Naive Best-First &
DOM - --&--
Hub-Seeker «-*---

average target recall@N (%)

2000 4000 6000 8000
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Normative lessons about crawlers

Remember links from previous pages
Exploration is important
Adaptation can help

- to focus search

- Yo expand query

- to learn link estimates

Distributed algorithms

- boost efficiency

- but watch for premature exploitation
Improve link evaluation by looking at
- parent pages

- DOM context



Discussion: Which
crawler algorithm would
you use in your app?



Outline

v Mapping
> Topical locality
> Content, link, and semantic topologies in the Web
v Modeling
> How the Web evolves and why content matters
> Consequences for navigation and crawling
v Mining
> Topical Web crawlers
> Adaptive, intelligent crawling techniques
@ Mingling
> Social Web search & recommendation
> Distributed collaborative peer search
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Syin = 0.0025
Smin = 0.0055
Pr(k) ~ exp(-0.002*k)
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Discussion: Critical mass?



Peer distributed crawling and
collaborative searching

i

Crawl when idle

-~ Start from bookmarks

- Past queries or selected
documents as topics

Index locally

- User
is natural

- No centralized

coordination bottleneck
+ Unlike grub.org, local
hyperbee.com storage
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Setup|Search| Tools| About

SRR

1. Provide seed URLs ‘Document Collection

Cme e Select the directory that contains your document collection

3. Review setup

4. Launch crawler/indexer ( Selecta T Y

Bookmark File
Select your bookmark file

( Select aFile...

Seed URLs File
Select your seed URLs file

( Select aFile... )

( Next > ) ( Cancel )
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65earch (Peer to Peer Search System)
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~Crawling Progress
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Bookmark File:
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< Back Start Crawl Cancel
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... Data Mining Software ( index ) Data Mining Events ( index ) Data Mining General/Misc ( index ) People working ... OnLine Analytical Processing
(OLAP) , Data ...
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6S: peer distributed crawling
and collaborative searching
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Algorithm 1:
Random Known




Algorithm 2: Greedy




Algorithm &:
Reinforcement




Learning Peers

@ A focused profile W' of other peers for terms
In queries

@ An expanded profile We of other peers for
terms not in queries, but that co-occur with
query terms and with higher frequency

Sy i
wi plE 1) (5 a0 (TR (S]lo+1 7 1)

@ Query routing:

cpQ) =3 larw] +(1-a) wf
1€Q



Centralized Search Engine --------
Google -==-

Distributed vs Centralized

WTAS 2005
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Discussion:

Would you use 6S7?
Why or why not?



Thank you!
Questions?

informatics.indiana.edu/fil
homer.informatics.indiana.edu/~nan

= “a ',,\ Research supported by NSF

[ndiana University School of

informatics
Data and Search Institute

ComputerScience

Next peneration tools and ideas for searching and manipulating large volumes of data

www.dataandsearch.org



