
Lecture 18:
CS 5306 / INFO 5306:
Crowdsourcing and

Human Computation



Web Link Analysis
(Wisdom of the Crowds)



(Not Discussing)

• Information retrieval
(term weighting, vector space representation, inverted 
indexing, etc.)

• Efficient web crawling

• Efficient real-time retrieval



Web Search: Prehistory

• Crawl the Web, generate an index of all pages
– Which pages?

– What content of each page?

– (Not discussing this)

• Rank documents:
– Based on the text content of a page

• How many times does query appear?

• How high up in page?

– Based on display characteristics of the query

• For example, is it in a heading, italicized, etc.



Link Analysis: Prehistory
• L. Katz. "A new status index derived from sociometric analysis“, Psychometrika

18(1), 39-43, March 1953.
• Charles H. Hubbell. "An Input-Output Approach to Clique Identification“, 

Sociolmetry, 28, 377-399, 1965.
• Eugene Garfield. Citation analysis as a tool in journal evaluation. Science 178, 1972.
• G. Pinski and Francis Narin. "Citation influence for journal aggregates of scientific 

publications: Theory, with application to the literature of physics“, Information 
Processing and Management. 12, 1976.

• Mark, D. M., "Network models in geomorphology," Modeling in Geomorphologic 
Systems, 1988

• T. Bray, “Measuring the Web”. Proceedings of the 5th Intl. WWW Conference, 1996.
• Massimo Marchiori, “The quest for correct information on the Web: hyper search 

engines”, Computer Networks and ISDN Systems, 29: 8-13, September 1997, Pages 
1225-1235.



Hubs and Authorities

• J. Kleinberg. “Authoritative sources in a hyperlinked 
environment”. Journal of the ACM 46 (5): 604–632, 1999.

(Previously Proc. 9th ACM-SIAM Symposium on Discrete 
Algorithms, 1998, IBM technical report 1997.)



Hubs and Authorities

• For each web page v in a set of pages of interest (think: pages 
that contain your query): 

– a(v) - the authority of v

– h(v) - the hubness of v

• a(v): higher for “authorities” that are linked to  by other pages

• h(v): higher for “hubs” that link to other pages



a(v)    Σ          h(w)

h(v)    Σ        a(w)

w Є in[v]

w Є out[v]

Recursive, start with a(v) = h(v) = 1 for all v
Normalize values after each step

a(v) and h(v) converge (!)

Formulate as a linear algebra problem

Hubs and Authorities



A: Adjacency matrix
Aii = link from I to j

h(v)    Aˑa(v)
a(v)    Aˑh(v)

Boils down to computing the eigenvectors of AAT and ATA

Known as the HITS  algorithm (Hyperlink-Induced Topic Search)

Hubs and Authorities



PageRank

• S. Brin and L. Page, "The anatomy of a large-scale hypertextual
Web search engine“, Computer Networks and ISDN Systems 
30: 107–117, 1998



PageRank

• Random Surfer model:

– Users conduct a random walk of the Web graph, selecting a link at 
random from every page

– S(V): Proportional to probability of landing at V
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• Problem:

– Sinks get all the weight

• Solution:

– Random walk with a probability of teleporting to another node at 
random
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d – damping factor [0,1] (usually 0.8-0.9)

PageRank



PageRank

• Recursive

• S(V) converges

• Formulate as linear algebra



Google Search Today

• Over 200 Factors
– Previous searches

– Previous page

– Search history

– Session history

– Click history

– Location

– Time of  day

– Personal profile
• Gmail

• Social network

– Images?

– OS

– Bandwidth of my connection

– Bandwidth of website

– Length of domain ownership

– Trendiness (in news?)

– Recency

– Top-level domain (.edu, .gov, etc)

– Trusted certificates

– Lots of websites with unimportant 
content

– Hosts of free websites

– Legality (?) 



Google Search Today

• Over 200 Factors

– Frequency of query words in the page

– Proximity of matching words to one another

– Location of terms within the page

– Location of terms within tags e.g. <title>, <h1>, link text,  etc.

– Word format characteristics (boldface, capitalized, etc)

– Anchor text on pages pointing to this one

– Frequency of terms on the page and in general

– Click-through analysis: how often the page is clicked on

– How “fresh” is the page



Google Search Today

• Over 200 Factors

– Is page hosted by a provider with a high percentage of spam pages?

– Is page hosted by a site with few pages?

– Is page hosted by a free provider?

– Distinctive link patterns

– Are the links in content from “open” resources, like blog comments, guestbooks, etc.?

– Are pages with links duplicates of others?

– Does page have little original content?

– Speed of server

– Your search history

– Your Google profile



Google Search Today

• How to weight factors?

• Machine learning to the rescue!

• Experimental infrastructure

– “Practical Guide to Controlled Experiments on the Web: Listen to 
Your Customers not to the HiPPO”, Ron Kohavi and Randal M. Henne, 
KDD 2007



How Google Chooses Algorithm Updates





Search  Engine Optimization (SEO)





Search Engine Optimization (SEO)

• “White hat” SEO: Focus on “allowable” optimizations that are 
intended to steer sites to user-centered designs / that adhere 
to search engines’ rules

• “Black hat” SEO: Focus on search engine algorithm

– Repeating keywords many many times

– Invisible text

– Non-genuine web pages with links to desired page



Google Bombing



Google Bombing



Google Bombing



Google Bombing



Google Bombing

• “more evil than Satan himself“: microsoft.com (1999)
• “French military victories”: page with “Did you mean French military defeats?” 

(2003)
• “weapons of mass destruction” (2003)
• “miserable failure”: George Bush (2003)
• “waffles”: Al Gore (2004)
• “Jew”: Wikipedia article for “Jew” (2004)
• Amway Quixtar (2006)
• “liar”: Tony Blair (2005)
• “worst band in the world”: Creed (2006)
• “dangerous cult”: Scientology
• “murder”: Wikipedia article for abortion


