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1. The Web Motivation: Search Engines

�  One million pages per hour
�  500 million queries per day 
�  One third of user sessions



Motivation: Web Design Motivations
� Web as a growing object

� Web as a mirror of human collaborative work

� Web as a complex network

� Most distributions on the Web are Power Laws

�

�

� Signature of a scale-free network

� Zipf's law

� Pareto law, 80%-20%
� This bias makes things easier  � � �

x� �

Scale-Free networks

(a) Random network (b) Scale-free network

Scale-free Networks are Everywhere

�   Nature: macro & microscopic  

�   Biological networks: cell regulation, etc.

�   Social Networks: friends, collaborators, lovers, etc.

�   Human designed networks (electric, airlines, etc) 

�   Scientific productivity:
� 1 paper                      = 60%
� 2 papers (1/2)² * 60%= 15% 
� 3 papers (1/3)² * 60%=   7%
� 7 papers (1/7)² * 60%=   6%

� Very tolerant to random failures, not to targeted attacks



Chilean Case Collection

� From 250,000 site names under .CL

� Existent and not existent (found during previous 
crawls from year 2000)

� Recollected in 4 days during December 2004

� WIRE crawler http://www.cwr.cl/projects/WIRE/

� Limit by depth

� Up to 5 levels for dynamic pages

� Up to 15 levels for static pages
� Limit by site: maximum 5,000 pages per site

� Limit by page: maximum 200Kb of data per page

Number of Pages and Sites

� Pages: 3.2 million

� 61.7% static, 38.3% dynamic
� Sites: 53,528

� Average ~57 pages per site
� Domains: 47,469  

(more than 100,000 registered)

HTTP status code (6.3% broken links) 2. Pages: Size



Models for Page Size

� Power law for right tail

� Log-Normal for main body

� Very important for traffic and caching analysis

� Also important for search engines indexing

Power Law depends on Media

Page Depth

Number of pages is in practice unbounded

Technologies for dynamic pages



3. Content: Text

� Words inside text follow a Zipf law

� Good for ranking

� Unique words grow sublinearly: Heaps' law

� Good for indexing: vocabulary size

� Distribution of words over the text: Negative Binomial 

Word Distribution

Vocabulary vs. Queries Vocabulary vs. Queries



Vocabulary Model for Text Generation

Baeza-Yates & Navarro (1998)

English Text

�   Alphabet size equivalent to uniform distribution
�   TREC collection subset (200Mb)

Word Length



Formats for multimedia files Compressed files

Links to software and source code 4. Images & Faces

� More than one million images

� Face extraction (Ruiz-del-Solar, Verschae 2004)

� Towards a face search engine (Baeza-Yates et al, 2004)

� Prototype at  www.cwr.cl/webfaces/

� Study of more than 20 image features

� Largest scale known 



Images: Area Number of faces per image

Face Area vs. Position Face Positions



5. Sites: Pages per site Pages per site

Megabytes per site (HTML pages only) Sites per IP address



Largest providers per number of sites

� Tie              3.220

� Virtuabyte   3.165

� Entelchile   1.740

� TChile        1.634

� Lycos            745

� Tecnoera      705

� Puntoweb     636

� Netline          544

� Manquehue  544

6. Link Analysis

� In/Out links

� Page Quality  Measures

� InCount (1997)

� PageRank (1998)

� HITS (1998)

� Many variants (weighted, topical biased, etc)
� First larger study

� Broder et al (2000)

� 220 millions pages from Altavista

In-link Distribution (World) In-link Distribution (Chile)



Out-link Distribution (World) Out-link Distribution (Chile)

Top countries by number of links

� 1. Brazil

� 2. Argentina

� 3. Spain

� 4. United Kingdom

� 5. Germany

� 6. Mexico

� 7. Norway

� 8. Netherlands

� 9. Colombia

� 10. Venezuela

� 11. Japan

� 12. France

� 13. Italy

� ...

� USA is 1st considering
.com, .net, .edu, etc.

Exports vs Links



Top sites by number of referencing sites

� SII      715

� U Chile      687

� Tercera      649

� Mineduc      612

� Meteochile 569

� Tripod      502

� PUC      486

� Google      448

� BcoCentral     437

� UDEC     433

� Terra     433

� Corfo     422

� Conicyt     390

� GobiernoDeChile 383

� ...

Link Analysis for Page Quality

Page

�   In-degree=4
�  Out-degree=5
(self-links are not counted,
multiple links either)

PageRank

� Eigenvalue kind of analysis

� Iterative algorithm

� Normalized to sum 1

PR� p�	 q
T� �1� q� � i 
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q = Damping factor

T = Total number of    
  pages

PageRank (80%)



Hubs and authorities

Authorities

Hubs

Hubs and Authorities

Hubs (14%) Authorities (3%)



Correlations

No hub-authority
correlation

7. Graph Structure

� Is not exactly a 
scale-free network

� Many islands

� Connected 
components is also 
a power-law

Refined Structure (Chile) Connected Components (World)



Connected Components (Chile) 8. Dynamics

� Everything is dynamic

� Content

� Links

� Structure
� The Web grows but also dies

� Baeza-Yates & B. Poblete (2004)

Page Age: Exponential Decrease

Age: last modification date

Structure Evolution



Site Dynamics in the Structure Site Migration (all)

Site Migration (stable) 8. Summary

� 50,000 sites with 3.2 million pages

� ¼ of pages modified this year

� Most referenced countries USA, Brasil, Argentina, Spain

� 6% of broken links

� 10% of Web sites with 95% of HTML data

� Power-law distribution of link-related metrics



Discussion

� The Web is in a transient state

� Does make sense to model it?

� Small world + random chaos?

Comments? Questions?

Invitations: ACM SIGIR, Aug 2005 
                   Salvador, Brazil
                   LA-WEB, Oct 2005
                   Buenos Aires, Argentina


