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Layout Structure

• Compared to plain text, a web page is like a 2D image
– Visual effects created by rich term types, formats, separators, 

blank areas, and pictures
– Different parts of a web page are not equally important

Title: CNN.com International

H1: IAEA: Iran had secret nuke agenda

H3: EXPLOSIONS ROCK BAGHDAD

…

TEXT BODY (with position and font 
type): The International Atomic Energy 
Agency has concluded that Iran has 
secretly produced small amounts of 
nuclear materials including low enriched 
uranium and plutonium that could be used 
to develop nuclear weapons according to a 
confidential report obtained by CNN…

Hyperlink:
• URL: http://www.cnn.com/...

• Anchor Text: AI oaeda…
Image:

•URL: http://www.cnn.com/image/...

•Alt & Caption: Iran nuclear …

Anchor Text: CNN Homepage News …
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Web Page Block – Better Information Unit

Page Segmentation

• Vision based approach

Block Importance Modeling

• Statistical learning

Importance = Med

Importance = Low

Importance = High

Web Page Blocks
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Block-level Link Analysis
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Improving PageRank using Layout Structure

• Z: block-to-page matrix (link structure)

• X: page-to-block matrix (layout structure)

• Block-level PageRank:
– Compute PageRank on the page-to-page graph

• BlockRank:
– Compute PageRank on the block-to-block graph
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Using Block-level PageRank to Improve Search
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Block-level PageRank achieves 15-25% improvement over PageRank (SIGIR’04)

PageRank

Block-level 
PageRank

Search = α ∗ IR_Score + (1- α) ∗ PageRank

α
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Page Layout and Link Analysis for Web Images 
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Image Graph Model & Spectral Analysis

• Block-to-block graph:

• Block-to-image matrix (container relation): Y

• Image-to-image graph:

• ImageRank
– Compute PageRank on the image graph

• Image clustering
– Graphical partitioning on the image graph
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ImageRank

• Relevance Ranking • Importance Ranking • Combined Ranking
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Image Clustering (ICME’04)

1710 JPG images in 1287 pages are crawled within the website 
http://www.yahooligans.com/content/animals/

Six Categories

Fish

Bird

Mammal
Reptile

Amphibian Insect



Wei-Ying Ma, Microsoft Research Asia 

2-D Embedding of Web Images (ICME’04)
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Searching the Deep Web

Traditional Search Engines Deep Web Search

Surface Web

Database

Interface

Database

Interface

Database

InterfaceDeep Web

(Hidden, 
invisible)

Hyperlinks
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Deep Web Search – Technical Challenges

• How to crawl the data?
– Data are only accessible by querying the search interfaces

• How to structure the data from a deep web site?
– Structure information is lost in generated HTML page

• How to consolidate the data from multiple deep web sites?
– Data integration & indexing

Template-generated result page

Harry Potter

Query

Search interface
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Crawling & Mining the Deep Web (VLDB’04)

Crawling

Semantic 
Understanding

Data integration 
& Indexing Tables

Seeds

Result Pages

…

AAA

AAA

AAA

Site PriceTypeBrand

2793200Nikon

………

99A50Canon

420P8Sony

CDW

CDW

Site PriceTypeBrand

155A60Canon

420P10Sony

…

AAA

AAA

AAA

CDW

CDW

Site

420P10Sony

155A60Canon

PriceTypeBrand

2793200Nikon

………

99A50Canon

420P8Sony

Global Table
(Seeds)
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Semantic Understanding of a Deep Web Site

• 3-Layer Schemas
– Global Schema (GS)

• Manually defined OR 
automatically generated

– Interface Schema (IS)
• Extracted through form 

analysis

– Result Schema (RS)
• Extracted by wrappers

• Schema Matching

Any Format

GO !

Writer :

Title :

Keyword :

Search 
Interface

Book < Title, Author, Publisher, ISBN >

Global Schema

Result 
Schema

Rowling
Julia ...

Harry potter 
A Guide to ...

Avon Ltd ...

... ... ...
...
...

Scholastic
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Structured Data Extraction

Multimedia & Graphical FilesDigital ExhibitsItems for Sale

Dictionary DefinitionsPeople FindersPhone Books
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Existing Approaches

• Basic Idea
– Convert HTML into a sequence of tokens or a tag tree
– Discover pattern

• Representative Methods
– Wrapper generation

• Manually write a wrapper
• Induct a wrapper [Liu 2000], [Kushmerick 1997]

– Extract structured data from Web pages that shared a common template
• Equivalence classes [Arasu 2003]
• RoadRunner [Crescenzi 2001]

– Extract data record within a Web page
• OMINI: record-boundary discovery
• IEPAD: pattern discovery on PAT tree
• MDR: repeated nodes discovery

– Extract data from tables in a Web page
• Classify tables into genuine table or non-genuine table [Wang 2002]
• Extract data from data tables [Chen 2002], [Lerman 2001]
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Problems with Existing Approaches

• Information from HTML token sequence or tag tree is 
not reliable
– Error-prone
– Same tag trees could present totally different objects

• Visual cues are much more reliable but not used
– Records are put into several grids and aligned 
– Attributes are displayed in regular styles and aligned
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Object Block & Object Element
Object Block

E
lem

ent
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Schema Matching

• Instance-based probing
– Content overlap is bigger 

between the same or similar 
attributes

• Method
– Input:

• A global schema for the domain
• Some seed sample instances

– Probing
• Exhaustively submit all attribute 

values of the sample records to 
each input element of the search 
interface

• Count the reappearance of each 
query value in the result pages

– Matching
Result 
Schema

Rowling
Julia ...

Harry potter 
A Guide to ...

Avon Ltd ...

... ... ...
...

Any Format

GO !

Writer :

Title :

Keyword :

Interface 
Schema

Book < Title, Author, Publisher, ISBN >

Global Schema

...
Scholastic

………………......

1-324439-2Avon Ltd.J.K. 
Rowling

Harry 
Potter

i = 1, …, I

j = 1, …, J

k = 1, …, K
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Schema Matching (Cont)

• Schema Cube

• Project the Schema Cube to 3 matrices to identify 
the mapping between a pair of schemas

Interface 
Schema (IS)

Result Schema (RS)

Global 
Schema (GS)

The total number of re-
appeared query values in a 
result column after the 
exhaustive probing

I

J

K
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226      409 381       0

44       427 434       0

45           8 413       0

373 236 218       0

T         A          P        I

Keyword

Author

Publisher

Title

0          0 0          0 

0 1          0          0

0          0 1          0

1 0 0          0

Mapping 
Result =

0.012      0.020      -0.026         0

-0.019      0.042       0.004         0         

-0.010     -0.008       0.086         0

0.060     -0.005      -0.031         0    

Mappings in the Matrices

• Mutual Information:
)Pr()Pr(

)Pr(log)Pr(),(
BA

BABABAI
×
∧

×∧=

Global Schema

Interface Schema
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Global Schema

Data Integration & Indexing

Brand

Result Schema

Attribute Names

Attribute Aliases

Site 1 Site 2 Site N……

• Query: Canon A70 digital camera with price less than $300
• Automatic slot filling

– Site 1: http://www.abtelectronics.com/search.php3?Brand=canon&Type=A70&MaxPrince=300
– …

Type Price

2793200Nikon

………

299A70Canon

155A60Canon

99A50Canon

420P10Sony

CX6330239Kodak

………

A70299Canon

A60139Canon

A5079.99Canon

269Sony DSCP72

……

399Sony P10

299Sony P8

599Sony F717

229.95Nikon 2500

Nikon

…

Canon

Sony

……311 312

Indexing

…………

A5079.99CanonSite 2

A60139CanonSite 2

A70299CanonSite 2

CX6330239KodakSite 2

…………

229.95Nikon 2500Site 3

599Sony F717Site 3

299Sony P8Site 3

399Sony P10Site 3

269Sony DSCP72Site 3

…

Site 1

Site 1

Site 1

Site 1

Site 1

2793200Nikon

………

299A70Canon

155A60Canon

99A50Canon

420P10Sony
Global Table
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Structure of the Web – the Big Picture
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Application: Research Community Search

• People, papers, conferences, & interest groups
– Each treated as a web object
– Extract & integrate information from multiple sources

• Advanced search functions
– Object-level link analysis

• Importance ranking
• Relationship mining

– Trend analysis
– Structured query
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Summary

• Mining web structure is the key to develop the 
next-generation search engine
– Layout structure
– Deep structure
– Category structure 
– Community structure
– …
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Towards Next Generation Web Search

• From Pages to Blocks
– Analyze the Web at finer granularity

• From Surface Web to Deep Web
– Unleash the huge asset of high-value information

• From Unstructure to Structure
– Provide well organized search results

• From Relevance to Intelligence
– Combine knowledge discovery with search

• From Desktop Search to Mobile Search
– Bridge physical world search to digital world search
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