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Course Plan

• Class 1: Query log analysis.

• Class 2: Query-log based techniques  for optimizing WSE effectiveness.

• Class 3: Query-log based techniques  for optimizing WSE efficiency.

• Class 4: Hands-on session.

• Class 5: Future Research Issues and the Web of Data.
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Course Plan

• Class 1: Query log analysis.

• Class 2: Query-log based techniques  for optimizing WSE effectiveness.

• Class 3: Query-log based techniques  for optimizing WSE efficiency.

• Class 4: Hands-on session.

• Class 5: Recent results on the previous topics.



Query log analysis
(Fabrizio Silvestri)

• The first lecture shows the nature of queries submitted by users.

• In particular, it shows how interactions with search engines are done 
by users in the form of search sessions.



Query-log based techniques  for 
optimizing WSE effectiveness

(Salvatore Orlando)

• query expansion.

• query suggestion.

• results personalization.

• learning to rank.



Query-log based techniques  for 
optimizing WSE efficiency

(Raffaele Perego)

• caching in search engines.

• collection partitioning and selection.



Hands-on session



Recent results on Query Log 
Mining

• We show some novel results and open problems in the field of query 
log mining

• possible interesting research directions involve the integration of 
query log mining and semantic web data analysis research.



• Most of the material is covered by this 
Book:

• Fabrizio Silvestri: Mining Query Logs: Turning 
Search Usage Data into Knowledge. 
Foundations and Trends in Information Retrieval 
4(1-2): 1-174 (2010).

• Other relevant papers will be 
distributed during classes.



Some slides might have 
been changed/added/
removed w.r.t. the ones 
you have in your 
handouts!



Questions?



Fasten Your Seat Belts!!!
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Web Mining
• Content:

• text & multimedia mining

• Structure:

• link analysis, graph mining

• Usage:

• log analysis, query mining

• Relate all of the above

• Web characterization 

• Particular applications Dy
nam

ic



Log (Usage) Mining Apps

From:
Daxin Jiang, Jian Pei, Hang Li.

Web Search/Browse Log 
Mining: Challenges, Methods, 

and Applications.
WWW'10 (Full-Day Tutorial).



History in Search Engines

History Teaches 
Everything... Even the 

Future!



What is History?

• Past Queries

• Query Sessions

• Clickthrough Data



What’s in Query Logs?

The 250 most frequent queried terms in the “famous” 
AOL query log!

Thanks to http://www.wordle.net for the tagcloud generator

• TRIVIA: What’s the most frequent query in query logs?



Some Examples!

• AOL’s user 2708:

• revenge tactics

• the woman’s book of revenge

• dirty tricks for chicks

• ...

• locatecell.com

• what can i do to an old lover for revenge

• mean revenge tactics

• death records in hampstead new hampshire



Some Examples
• AOL User 23187425 typed the following queries within a 10 minutes time-

span:
• you come forward 2006-05-07 03:05:19

• start to stay off 2006-05-07 03:06:04

• i have had trouble 2006-05-07 03:06:41

• time to move on 2006-05-07 03:07:16

• all over with 2006-05-07 03:07:59

• joe stop that 2006-05-07 03:08:36

• i can move on 2006-05-07 03:09:32

• give you my time in person 2006-05-07 03:10:07

• never find a gain 2006-05-07 03:10:47

• i want change 2006-05-07 03:11:15

• know who iam 2006-05-07 03:11:55

• curse have been broken 2006-05-07 03:12:30

• told shawn lawn mow burn up 2006-05-07 03:13:50

• burn up 2006-05-07 03:14:14

• was his i deal 2006-05-07 03:15:13

• i would have told him 2006-05-07 03:15:46

• to kill him too 2006-05-07 03:16:18



I Love Alaska!

• http://www.minimovies.org/documentaires/view/ilovealaska

• “I love Alaska tells the story of one of those AOL users. We get to know a religious middle-aged woman from Houston, Texas, who spends 
her days at home behind her TV and computer. Her unique style of phrasing combined with her putting her ideas, convictions and obsessions 
into AOL's search engine,  turn her personal story into a disconcerting novel of sorts.

Over a period of three months, a portrait of a woman emerges who is diligently searching for likeminded souls. The list of her search queries 
read aloud by a voice-over reads like a revealing character study of a somewhat obese middle-aged lady in her menopause, who is looking for 
a way to rejuvenate her sex life. In the end, when she cheats on her husband with a man she met online, her life seems to crumble around 
her. She regrets her deceit, admits to her Internet addiction and dreams of a new life in Alaska.”



I Love Alaska!



Query Logs Analyzed in the 
Literature



Some Popular Terms: Excite and 
Altavista

Fabrizio Silvestri: Mining Query Logs: Turning Search Usage Data into Knowledge.
Foundations and Trends in Information Retrieval.      (To Appear).



Topic Distribution: Excite and AOL

A. Spink, B. J. Jansen, D. Wolfram, and T. Saracevic, “From e-sex to e-commerce: Web search changes,” 
Computer, vol. 35, no. 3, pp. 107–109, 2002.

S. M. Beitzel, E. C. Jensen, A. Chowdhury, O. Frieder, and D. Grossman, “Temporal analysis of a very large 
topically categorized web query log,” J. Am. Soc. Inf. Sci. Technol., vol. 58, no. 2, pp. 166–178, 2007.



Long Tail Distribution

Queries ordered by popularity
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Long Tail Distribution

Terms ordered by popularity
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Long Tail Distribution

URLs ordered by number of clicks

N
um

be
r 

of
 c

lic
ks



Power-Laws

• “When the frequency of an event varies as a power of some attribute 
of that event (e.g. its size), the frequency is said to follow a power law.”

• Wikipedia’s Definition of Power Law

• In practice a D.R.V. X follows a power law if the distribution of X is 
given by:

• P({X=x}) ~ x-a

• Exponent “a” is the power-law parameter



Power-Law In Query Popularity: 
Altavista

T. Fagni, R. Perego, F. Silvestri, and S. Orlando, “Boosting the performance of web search engines: Caching and 
prefetching query results by exploiting historical usage data,” ACM Trans. Inf. Syst., vol. 24, no. 1, pp. 51–78, 2006.



Power-Law In Query Popularity: 
Excite

T. Fagni, R. Perego, F. Silvestri, and S. Orlando, “Boosting the performance of web search engines: Caching and 
prefetching query results by exploiting historical usage data,” ACM Trans. Inf. Syst., vol. 24, no. 1, pp. 51–78, 2006.



Power-Law In Query Popularity: 
Yahoo!

R. Baeza-Yates, A. Gionis, F. P. Junqueira, V. Murdock, V. Plachouras, and F. Silvestri, “Design trade-offs for search engine caching,” ACM Trans. Web, vol. 2, no. 4, pp. 1–28, 2008.



Query Resubmission

T. Fagni, R. Perego, F. Silvestri, and S. Orlando, “Boosting the performance of web search engines: Caching and 
prefetching query results by exploiting historical usage data,” ACM Trans. Inf. Syst., vol. 24, no. 1, pp. 51–78, 2006.



Frequency of Query Submission

S. M. Beitzel, E. C. Jensen, A. Chowdhury, O. Frieder, and D. Grossman, “Temporal analysis of a very large 
topically categorized web query log,” J. Am. Soc. Inf. Sci. Technol., vol. 58, no. 2, pp. 166–178, 2007.



Query Statistics: Excite

Characteristic 1997 1999 2001

Mean terms per query 2.4 2.4 2.6

Terms per queryTerms per queryTerms per queryTerms per query

1 term 26.3% 29.8% 26.9%

2 terms 31.5% 33.8% 30.5%

3+ terms 43.1% 36.4% 42.6%

Mean queries per user 2.5 1.9 2.3

A. Spink, B. J. Jansen, D. Wolfram, and T. Saracevic, “From e-sex to e-commerce: Web search changes,” 
Computer, vol. 35, no. 3, pp. 107–109, 2002.

In 2008: 2.5 terms per query.

R. Baeza-Yates, A. Gionis, F. P. Junqueira, V. Murdock, V. Plachouras, and F. Silvestri, 
“Design trade-offs for search engine caching,” ACM Trans. Web, vol. 2, 

no. 4, pp. 1–28, 2008.



Hourly Topic Distribution

S. M. Beitzel, E. C. Jensen, A. Chowdhury, O. Frieder, and D. Grossman, “Temporal analysis of a very large 
topically categorized web query log,” J. Am. Soc. Inf. Sci. Technol., vol. 58, no. 2, pp. 166–178, 2007.



Surprising Topics

• KL-Divergence between the probability distribution of observing a query topic u.a.r. and 
the actual topic observed.

S. M. Beitzel, E. C. Jensen, A. Chowdhury, O. Frieder, and D. Grossman, “Temporal analysis of a very large 
topically categorized web query log,” J. Am. Soc. Inf. Sci. Technol., vol. 58, no. 2, pp. 166–178, 2007.



Summary of Query Statistics

• Web Search is different from traditional IR

Traditional IR Web Search
Query Length 6-9 (terms) 2-3 (terms)

Query Frequency Zipf distribution Zipf + skewed head 
and tail

# of SERPs viewed about 10 1-2
Session Length 7-16 queries 1-2

Topics Focused (Highly) Diverse



Taxonomy of Web Search

• Navigational

• Looking for a particular Web Site

• Informational

• Willing to satisfy an information need

• Transactional

• Willing to do some transactions through Web
A. Z. Broder, “A taxonomy of web search,” SIGIR Forum, vol. 36, no. 2, pp. 3–10, 2002.



Navigational Queries

• American Airlines

• AA

• Google

• Yahoo

• CNN

They account for the 20 ~ 25% of the total queries.



Informational Queries

• High Dynamic Resolution 
Photos

• Escher

• Transfinite Numbers

They account for the 40 ~ 45% of the total queries.



Transactional Queries

• MP3

• Hotels Saint Petersburg

• Tickets for the Hermitage

They account for the 30 ~ 35% of the total queries.



Query Classification

• In the original Broder’s paper they surveyed a group of volunteering 
Altavista users.

• Some algorithmic classification has been done as well.

• More recent papers focused on automatic classification.



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Transactional



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource
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A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Willing to satisfy an 
information need

Looking for obtaining a 
resource (not information) 

available on the Web



Looking for obtaining a 
resource (not information) 

available on the Web

Looking for a particular web 
site.

A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate

Closed

List

Open



Looking for a particular web 
site.

Looking for obtaining a 
resource (not information) 

available on the Web

A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate List

Closed Open

A query for topic X can be 
interpreted as “tell me about X”.

E.g. color blindness, jfk jr



Looking for a particular web 
site.

Looking for obtaining a 
resource (not information) 

available on the Web

A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate List

Closed Open

Willing to learn something on a 
particular topic.



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate List

Closed Open

The topic has one meaning. 
Willing to receive a single 

answer.
E.g. what’s a pencil



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate List

Closed Open

The topic has multiple meanings. 
The user will decide what’s the 

best result.
E.g. why are metals shiny



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate List

Closed Open

Willing to get advices, hints, etc.

E.g. help quitting smoking



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

DirectedUndirected Advice Locate List

Closed Open

Find out where some real world 
service or product can be 

obtained

E.g. phone card



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Looking for obtaining a 
resource (not information) 

available on the Web

DirectedUndirected Advice Locate List

Closed Open

Willing to get a list of website of 
potential interest.

E.g. amsterdam universities



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Willing to satisfy an 
information need

EntertainmentDownload Interact Obtain



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Willing to satisfy an 
information need

EntertainmentDownload Interact Obtain

Download a resource that I need 
for some reason

E.g. kazaa lite; mame roms



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Willing to satisfy an 
information need

EntertainmentDownload Interact Obtain

My goal is to be entertained by 
viewing items available on the 

result page
E.g. live camera



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Willing to satisfy an 
information need

EntertainmentDownload Interact Obtain

Interact with the resource 
through a result web page.

E.g. measure converter



A Refined Taxonomy

Rose, D. E. and Levinson, D. 2004. Understanding user goals in web search.
In Proceedings of WWW 2004 (New York, NY, USA, May 17 - 20, 2004). ACM, New York, NY, 13-19.

Navigational Informational Resource

Looking for a particular web 
site.

Willing to satisfy an 
information need

EntertainmentDownload Interact Obtain

Obtain a (sort of) non electronic 
resource.

E.g. RuSSIR Course Schedule



User Sessions

• A sequence of queries submitted by the same user is a user session.

• Usually a user is looking forward to satisfying a goal.



Typical Sessions

• Two queries of

• two words, looking at

• two answers page, doing

• two clicks per page

• Again: What is the goal?



Single Query Sessions

B. J. Jansen and A. Spink, “How are we searching the world wide web? a comparison of nine search engine transaction logs,” Inf. Process. 
Manage., vol. 42, no. 1, pp. 248–263, 2006.



Multiple Query Sessions

T. Fagni, R. Perego, F. Silvestri, and S. Orlando, “Boosting the performance of web search engines: Caching and 
prefetching query results by exploiting historical usage data,” ACM Trans. Inf. Syst., vol. 24, no. 1, pp. 51–78, 2006.



Query Refinement

• New

• Generalization

• Specialization

• Reformulation

• Interruption

• Request for Additional Results

• Blank queries
T. Lau and E. Horvitz, “Patterns of search: analyzing and modeling web query refinement,” in UM ’99: Proceedings of the seventh international 

conference on User modeling, (Secaucus, NJ, USA), pp. 119–128, Springer-Verlag New York, Inc., 1999.



Query Refinement

T. Lau and E. Horvitz, “Patterns of search: analyzing and modeling web query refinement,” in UM ’99: Proceedings of the seventh international 
conference on User modeling, (Secaucus, NJ, USA), pp. 119–128, Springer-Verlag New York, Inc., 1999.



Query Resubmission

J. Teevan, E. Adar, R. Jones, and M. A. S. Potts, “Information re-retrieval: repeat queries in yahoo’s logs,” in SIGIR ‘07: Proceedings of the 30th 
annual international ACM SIGIR conference on Research and development in information retrieval, (New York, NY, USA), pp. 151–158, ACM, 2007.



Demographics of Web Search

• Ingmar Weber, Carlos Castillo: The demographics of web search. SIGIR 
2010: 523-530

• How does the web search behavior of ``rich'' and ``poor'' people 
differ?

• Do men and women tend to click on different results for the same 
query?

• What are some queries almost exclusively issued by African 
Americans? 



Some Examples



Where Data Comes From?

• A subset of the query log data for US search traffic of the Yahoo! web 
search engine.

• Profile information (birth year, gender and ZIP code) provided by 
registered users.

• Publicly accessible demographic information for US ZIP codes, 
obtained in the 2000 census, and joined with the other data sources 
on the ZIP code (explicitly provided by users).



News Reported the Study

• Amongst others:

• Slashdot

• Newscientist



Yahoo! Clues



Questions?


