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週次 日期 內容（Subject/Topics）
1    101/09/12    Introduction to Web Mining (網路探勘導論)
2    101/09/19    Association Rules and Sequential Patterns 

(關聯規則和序列模式)
3    101/09/26    Supervised Learning (監督式學習)
4    101/10/03    Unsupervised Learning (非監督式學習)
5    101/10/10    國慶紀念日(放假一天)
6    101/10/17    Paper Reading and Discussion (論文研讀與討論)
7    101/10/24    Partially Supervised Learning (部分監督式學習)
8    101/10/31    Information Retrieval and Web Search 

(資訊檢索與網路搜尋)
9    101/11/07    Social Network Analysis (社會網路分析)

課程大綱 (Syllabus)
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週次 日期 內容（Subject/Topics）
10    101/11/14    Midterm Presentation (期中報告)
11    101/11/21    Web Crawling (網路爬行)
12    101/11/28    Structured Data Extraction (結構化資料擷取)
13    101/12/05    Information Integration (資訊整合)
14    101/12/12    Opinion Mining and Sentiment Analysis 

(意見探勘與情感分析)
15    101/12/19    Paper Reading and Discussion (論文研讀與討論)
16    101/12/26    Web Usage Mining (網路使用挖掘)
17    102/01/02    Project Presentation 1 (期末報告1)
18    102/01/09    Project Presentation 2 (期末報告2)

課程大綱 (Syllabus)
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Web Mining
• Web mining (or Web data mining) is the process of 

discovering intrinsic relationships from Web data 
(textual, linkage, or usage)

 
Web Mining

Web Structure Mining
Source: the unified 

resource locator (URL) 
links contained in the 

Web pages 

Web Content Mining
Source: unstructured 
textual content of the 
Web pages (usually in 

HTML format)

Web Usage Mining
Source: the detailed 
description of a Web 

site’s visits (sequence 
of clicks by sessions) 

Source:  Turban et al. (2011), Decision Support and Business Intelligence Systems 4



Web Content/Structure Mining
• Mining of the textual content on the Web
• Data collection via Web crawlers

• Web pages include hyperlinks
– Authoritative pages
– Hubs 
– hyperlink-induced topic search (HITS) alg

Source:  Turban et al. (2011), Decision Support and Business Intelligence Systems 5



Web Usage Mining
• Extraction of information from data generated 

through Web page visits and transactions…
– data stored in server access logs, referrer logs, agent 

logs, and client-side cookies
– user characteristics and usage profiles
– metadata, such as page attributes, content attributes, 

and usage data

• Clickstream data 
• Clickstream analysis

Source:  Turban et al. (2011), Decision Support and Business Intelligence Systems 6



Web Usage Mining
• Web usage mining applications

– Determine the lifetime value of clients
– Design cross-marketing strategies across products.
– Evaluate promotional campaigns
– Target electronic ads and coupons at user groups based 

on user access patterns
– Predict user behavior based on previously learned rules 

and users' profiles
– Present dynamic information to users based on their 

interests and profiles…

Source:  Turban et al. (2011), Decision Support and Business Intelligence Systems 7



Web Usage Mining
(clickstream analysis)

 

Weblogs

Website Pre-Process Data
   Collecting
   Merging
   Cleaning
   Structuring
      - Identify users
      - Identify sessions
      - Identify page views
      - Identify visits

Extract Knowledge
   Usage patterns
   User profiles
   Page profiles
   Visit profiles
   Customer value

How to better the data

How to improve the Web site

How to increase the customer value

User /
Customer

Source:  Turban et al. (2011), Decision Support and Business Intelligence Systems 8



Web Mining Success Stories
• Amazon.com, Ask.com, Scholastic.com, …
• Website Optimization Ecosystem

Web 
Analytics 

Voice of 
Customer 

Customer Experience 
Management 

Customer Interaction    
on the Web

Analysis of Interactions Knowledge about the Holistic 
View of the Customer

Source:  Turban et al. (2011), Decision Support and Business Intelligence Systems 9



Chapter 12:
Web Usage Mining

Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, 
Contents, and Usage Data,” 2nd Edition, Springer.

http://www.cs.uic.edu/~liub/WebMiningBook.html

10Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,

http://www.cs.uic.edu/~liub/WebMiningBook.html�


Introduction
• Web usage mining: automatic discovery of 

patterns in clickstreams and associated data 
collected or generated as a result of user 
interactions with one or more Web sites.

• Goal: analyze the behavioral patterns and 
profiles of users interacting with a Web site. 

• The discovered patterns are usually 
represented as collections of pages, objects, 
or resources that are frequently accessed by 
groups of users with common interests. 

11Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Introduction
• Data in Web Usage Mining:

– Web server logs
– Site contents
– Data about the visitors, gathered from external channels
– Further application data

• Not all these data are always available.
• When they are, they must be integrated.
• A large part of Web usage mining is about processing 

usage/ clickstream data. 
– After that various data mining algorithm can be applied. 

12Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Web server logs
1 2006-02-01 00:08:43 1.2.3.4 - GET /classes/cs589/papers.html - 200 9221 

HTTP/1.1 maya.cs.depaul.edu 
Mozilla/4.0+(compatible;+MSIE+6.0;+Windows+NT+5.1;+SV1;+.NET+CLR+2.0.50727) 
http://dataminingresources.blogspot.com/

2 2006-02-01 00:08:46 1.2.3.4 - GET /classes/cs589/papers/cms-tai.pdf - 200 4096 
HTTP/1.1 maya.cs.depaul.edu 
Mozilla/4.0+(compatible;+MSIE+6.0;+Windows+NT+5.1;+SV1;+.NET+CLR+2.0.50727) 
http://maya.cs.depaul.edu/~classes/cs589/papers.html

3 2006-02-01 08:01:28 2.3.4.5 - GET /classes/ds575/papers/hyperlink.pdf - 200 
318814 HTTP/1.1 maya.cs.depaul.edu 
Mozilla/4.0+(compatible;+MSIE+6.0;+Windows+NT+5.1) 
http://www.google.com/search?hl=en&lr=&q=hyperlink+analysis+for+the+web+survey

4 2006-02-02 19:34:45 3.4.5.6 - GET /classes/cs480/announce.html - 200 3794 
HTTP/1.1 maya.cs.depaul.edu 
Mozilla/4.0+(compatible;+MSIE+6.0;+Windows+NT+5.1;+SV1) 
http://maya.cs.depaul.edu/~classes/cs480/

5 2006-02-02 19:34:45 3.4.5.6 - GET /classes/cs480/styles2.css - 200 1636 
HTTP/1.1 maya.cs.depaul.edu 
Mozilla/4.0+(compatible;+MSIE+6.0;+Windows+NT+5.1;+SV1) 
http://maya.cs.depaul.edu/~classes/cs480/announce.html

6 2006-02-02 19:34:45 3.4.5.6 - GET /classes/cs480/header.gif - 200 6027 
HTTP/1.1 maya.cs.depaul.edu 
Mozilla/4.0+(compatible;+MSIE+6.0;+Windows+NT+5.1;+SV1) 
http://maya.cs.depaul.edu/~classes/cs480/announce.html

13Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Web usage mining process

14Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Data preparation

15Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Pre-processing of web usage data

16Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Data cleaning

• Data cleaning
– remove irrelevant references and fields in server 

logs
– remove references due to spider navigation
– remove erroneous references
– add missing references due to caching (done after 

sessionization)

17Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Identify sessions (sessionization)

• In Web usage analysis, these data are the 
sessions of the site visitors: the activities 
performed by a user from the moment she 
enters the site until the moment she leaves it.

• Difficult to obtain reliable usage data due to 
proxy servers and anonymizers, dynamic IP 
addresses, missing references due to caching, 
and the inability of servers to distinguish 
among different visits.

18Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Sessionization strategies

19Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Sessionization heuristics

20Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Sessionization example

21Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



User identification

22Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



User identification: an example

23Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Pageview

• A pageview is an aggregate representation of 
a collection of Web objects contributing to the 
display on a user’s browser resulting from a 
single user action (such as a click-through). 

• Conceptually, each pageview can be viewed as 
a collection of Web objects or resources 
representing a specific “user event,” e.g., 
reading an article, viewing a product page, or 
adding a product to the shopping cart.

24Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Path completion
• Client- or proxy-side caching can often result 

in missing access references to those pages or 
objects that have been cached. 

• For instance, 
– if a user returns to a page A during the same 

session, the second access to A will likely result in 
viewing the previously downloaded version of A 
that was cached on the client-side, and therefore, 
no request is made to the server. 

– This results in the second reference to A not being 
recorded on the server logs.

25Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Missing references due to caching

26Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Path completion
• The problem of inferring missing user 

references due to caching.
• Effective path completion requires extensive 

knowledge of the link structure within the site
• Referrer information in server logs can also be 

used in disambiguating the inferred paths.
• Problem gets much more complicated in 

frame-based sites.

27Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Integrating with 
e-commerce events

• Either product oriented or visit oriented
• Used to track and analyze conversion of 

browsers to buyers.
– Major difficulty for E-commerce events is defining 

and implementing the events for a site, however, 
in contrast to clickstream data, getting reliable 
preprocessed data is not a problem.

• Another major challenge is the successful 
integration with clickstream data

28Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Product-Oriented Events

• Product View
– Occurs every time a product is displayed on a page 

view
– Typical Types: Image, Link, Text

• Product Click-through
– Occurs every time a user “clicks” on a product to 

get more information

29Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Product-Oriented Events

• Shopping Cart Changes
– Shopping Cart Add or Remove
– Shopping Cart Change - quantity or other feature 

(e.g. size) is changed

• Product Buy or Bid
– Separate buy event occurs for each product in the 

shopping cart
– Auction sites can track bid events in addition to 

the product purchases

30Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Web usage mining process

31Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Integration with page content 

32Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Integration with link structure

33Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



E-commerce data analysis

34Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Session analysis

• Simplest form of analysis: examine individual 
or groups of server sessions and e-commerce 
data.

• Advantages:
– Gain insight into typical customer behaviors.
– Trace specific problems with the site.

• Drawbacks:
– LOTS of data.
– Difficult to generalize.

35Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Session analysis: 
aggregate reports

36Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



OLAP

37Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Data mining

38Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Data mining (cont.)

39Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Some usage mining applications

40Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Personalization application

41Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Standard approaches

42Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,



Summary
• Web usage mining has emerged as the essential tool 

for realizing more personalized, user-friendly and 
business-optimal Web services.

• The key is to use the user-clickstream data for many 
mining purposes. 

• Traditionally, Web usage mining is used by 
e-commerce sites to organize their sites and to 
increase profits. 

• It is now also used by search engines to improve 
search quality and to evaluate search results, etc, and 
by many other applications.

43Source: Bing Liu (2011) , “Web Data Mining: Exploring Hyperlinks, Contents, and Usage Data,” Springer, 2nd Edition,
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