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(57) ABSTRACT 

Systems and methods for analyzing HTML formatted web 
pages to automatically identify and extract desired informa 
tion. A computer algorithm identifies and extracts different 
pieces of information from different web pages automati 
cally after minimal manual Setup. The algorithm automati 
cally analyzes pages with different content if they have the 
Same, or Similar, formats. The algorithm is fast and efficient 
and performs the extraction process quickly in real-time. 
The systems and methods are useful to build databases from 
unstructured web information. The algorithm can be used as 
an agent that captures information about products, and 
compares prices or other characteristics. It can also be used 
to populate Structured databases that, given the different 
pieces of information, can analyze products and their char 
acteristics. And it can also be used for data mining appli 
cations looking for patterns useful for marketing analyses, or 
other uses. 
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SYSTEMS AND METHODS FOR IDENTIFYING 
AND EXTRACTING DATA FROM HTML PAGES 

COPYRIGHT NOTICE 

0001. A portion of the disclosure of this patent document 
contains material that is Subject to copyright protection. The 
copyright owner has no objection to the facsimile reproduc 
tion by anyone of the patent document or patent disclosure 
as it appears in the Patent and Trademark Office patent file 
or records, but otherwise reserves all copyright rights what 
SOCWC. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates generally to analyz 
ing and extracting information from web pages, and more 
particularly to automatically identifying and extracting 
desired information in web pages. 
0003) The World Wide Web (WWW) is now the premier 
outlet to publish information of all types and forms. Docu 
ments published on the web, commonly called web pages, 
are published using a language called HTML (or HyperText 
Markup Language), which sets standards for the formatting 
of documents. These Standards make it possible for people 
to read and understand documents no matter which program 
they use for that purpose. For the most part, documents are 
designed and written to be read by real perSons. But there is 
a growing need to have automatic programs extract certain 
parts of documents with minimal human intervention. For 
example, Suppose that a document D contains information 
about product P. D may contain a picture of P, its description, 
its price, its availability and Several characteristics of P. A 
different document D', published by a different company 
about the same product P, may have similar parts, but they 
will most likely be arranged and formatted in a completely 
different way. People reading D and D' can easily parse the 
information and understand its different pieces, but it is 
difficult for a computer program to So do without knowing 
in advance which pieces are included and how they are 
arranged. The same company that published the web page 
for product P may also publish pages on numerous other 
products. These pages may be similarly formatted, but Since 
they describe different products they contain entirely differ 
ent information. 

0004. As an example, a typical HTML document includes 
formatting commands or tags, and content which can be text, 
images, programs, and So on. HTML tags are enclosed in 
brackets < >. For example, the text 
0005) “Product P available in California ON SALE for 
S19.99' can be formatted as: 

0006) <table> 
0007) <tre 
0008 Product P 
0009 <img src=p.gif> 

0010 <i>available.</i> 
0011 in California 
0012 <font color=redd 
0013 ON SALE 
0014) </font> 
0015 for S19.99 
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0016) </tre 
0.017) </table> 

0018. This HTML code puts the line as a row in a table, 
adds an image, italicizes “available', and highlights “ON 
SALE’ in red. A typical commerce page may have hundreds 
of formatting tags. 
0019. A different product Q may appear as: 
0020) “Product Q in Oregon and Washington for S15.99” 
and be formatted as: 

0021 <table> 
0022 <tr> 
0023) Product Q 

0025) <i>available.</i> 
0026 in Oregon and Washington for S15.99 
0027) </tre 
0028) </table> 

0029. If one is interested in extracting only the price of 
the product, a typical rule-based extraction mechanism, 
using the first document for product P, may infer that the 
price appears after the ON SALE text, or after the red 
formatted text. However, this Same extraction mechanism, 
when analyzing the Second document for product Q, will 
miss the price of product Q, because neither the ON SALE 
text nor the red formatting is present. In general, the page 
may be much more complex and variable. 
0030. Accordingly, it is desirable to provide methods and 
Systems for analyzing the Structure of web pages and for 
automatically extracting pertinent information from the web 
pageS. 

SUMMARY OF THE INVENTION 

0031. The present invention provides systems and meth 
ods for analyzing web pages formatted using HTML or other 
markup language to automatically identify and extract 
desired information. In one embodiment, aspects of the 
invention are embodied in a computer algorithm that iden 
tifies and extracts different pieces of information from 
different web pages automatically after minimal manual 
Setup. The algorithm automatically analyzes pages with 
different content if they have the same, or similar, formats. 
The algorithm is robust, in the Sense that it operates Suc 
cessfully and correctly in the presence of Small changes to 
the formatting of documents. The algorithm is fast and 
efficient and performs the extraction process quickly in 
real-time. Many database and data mining applications 
require Structured data-they have to know the meanings of 
numbers and text, and not just their values, So they can infer 
relationships among them. Using the techniques of the 
present invention, it becomes possible to build databases 
from unstructured web information. The algorithm can be 
implemented in an agent that captures information about 
products, and compares prices or other characteristics. The 
algorithm can also be used to populate Structured databases 
that, given the different pieces of information, can analyze 
products and their characteristics. Additionally, the algo 
rithm can be used for data mining applications, e.g., looking 
for patterns useful for marketing analyses, for testing and 
quality assurance (QA) purposes, or other uses. 
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0032. According to an aspect of the invention, a method 
is provided for identifying and extracting content from 
HTML formatted web pages. The method typically com 
prises the Steps of Selecting a model page, wherein the model 
page includes a plurality of HTML tags, identifying an area 
of interest in the model page, and parsing the model page to 
determine a first String of Symbols associated with the 
plurality of HTML tags, wherein the first area of interest is 
identified by a first portion of the first string of symbols. The 
method also typically includes the Steps of retrieving a 
Second web page, parsing the Second web page to determine 
a second string of symbols associated with the HTML tags 
of the Second web page, comparing the first and Second 
Strings to determine whether the Second String includes a 
Second portion similar to the first portion of the first String, 
wherein the Second portion corresponds to a Second area of 
interest in the Second page, and thereafter extracting the 
Second area of interest from the Second page. In preferred 
aspects the Steps of Selecting the model page and identifying 
a first area of interest are performed manually, and the 
remaining Steps are performed automatically. 
0.033 According to another aspect of the present inven 
tion, a computer readable medium is provided containing 
instructions for controlling a computer System to automati 
cally identify and extract desired content from a retrieved 
HTML formatted web page. The medium includes instruc 
tions to control the computer System to automatically parse 
the HTML code of a manually selected model web page to 
determine a first String of Symbols associated with a first 
plurality of HTML tags. The medium also typically includes 
instructions to control the computer System to automatically 
retrieve a second web page, parse the HTML code of the 
Second web page to determine a Second String of Symbols 
asSociated with HTML tags of the Second page, compare the 
first and Second Strings to determine whether the Second 
page includes a Second plurality of HTML tags Substantially 
matching the first plurality of HTML tags, and extract a 
portion of the Second page corresponding to the Second 
plurality of HTML tags. 
0034. According to yet another aspect of the present 
invention, a computer System is provided for identifying and 
extracting content from HTML formatted web pages. The 
System typically comprises a means for retrieving web pages 
including HTML tags, wherein a model web page is 
retrieved, and a means for manually identifying a first area 
of interest in the model page, wherein the first area of 
interest corresponds to a first plurality of HTML tags. The 
System also typically comprises a processor including a 
means for parsing a page, wherein the parsing means parses 
the model page to determine a first String of Symbols 
associated with the first plurality of HTML tags, and wherein 
the parsing means thereafter parses an automatically 
retrieved Second web page to determine a Second String of 
symbols associated with the HTML tags of the second web 
page. The processor also typically includes a means for 
comparing the first and Second Strings to determine whether 
the Second String includes a Second portion Similar to the 
first portion of the first String, wherein the Second portion 
corresponds to a Second area of interest in the Second page, 
and a means for extracting the Second area of interest from 
the Second page. 
0035. According to a further aspect of the invention, a 
computer implemented method of identifying and extracting 
content from web pages formatted using a markup language 
is provided. The method typically includes the steps of 
Selecting a model page, wherein the model page includes a 
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plurality of tokens, identifying a first area of interest in the 
model page, and parsing the model page to determine a first 
String of Symbols associated with the plurality of tokens, 
wherein the first area of interest is identified by a first portion 
of the first string of symbols. The method also typically 
includes the Steps of retrieving a Second web page, parsing 
the Second web page to determine a Second String of Symbols 
asSociated with the tokens of the Second web page, com 
paring the first and Second Strings to determine whether the 
Second String includes a Second portion Similar to the first 
portion of the first String, wherein the Second portion cor 
responds to a Second area of interest in the Second page, and 
thereafter extracting the Second area of interest from the 
Second page. The present invention is applicable to any 
markup language, including any instance of SGML, Such as 
XML, WML, HTML, DHTML and HDML. 
0036 Reference to the remaining portions of the speci 
fication, including the drawings and claims, will realize 
other features and advantages of the present invention. 
Further features and advantages of the present invention, as 
well as the Structure and operation of various embodiments 
of the present invention, are described in detail below with 
respect to the accompanying drawings. In the drawings, like 
reference numbers indicate identical or functionally similar 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0037 FIG. 1 illustrates a general overview of an infor 
mation retrieval and communication System according to an 
embodiment of the present invention; and 
0038 FIG. 2 is a flow chart showing the process of 
identifying and extracting information from web pages 
according to an embodiment of the present invention. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0039 FIG. 1 illustrates a general overview of an infor 
mation retrieval and communication network 10 including a 
client device 20 according to an embodiment of the present 
invention. In computer network 10, client device 20 is 
coupled through the Internet 40, or other communication 
network, to servers 50 to 50. Client device 20 is also 
interconnected to server 30 either directly, over any LAN or 
WAN connection, or over the Internet 40. AS will be 
described herein, client device 20 is configured according to 
the present invention to access and retrieve web pages from 
any of servers 50 to 50, identify and extract desired 
information therefrom, and provide the information to Server 
30 to populate database 35. Although as described herein, 
acceSS and processing of web pages is performed using 
client device 20, it will be understood that server 30 can also 
be configured to access and process web pages according to 
the present invention described herein. 
0040 Several elements in the system shown in FIG. 1 are 
conventional, well-known elements that need not be 
explained in detail here. For example, client device 20 (and 
Server 30) could be a desktop personal computer, worksta 
tion, laptop, PDA, cell phone, or any WAP-enabled device 
or any other computing device capable of interfacing 
directly or indirectly to the Internet. Client device 20 typi 
cally runs a browsing program, Such as MicroSoft's Internet 
Explorer, Netscape Navigator or the like, allowing a user of 
client 20 to acceSS and browse pages available to it from 
servers 50 to 50 over Internet 40. Client 20 (and server 30) 
also typically includes one or more user interface devices 22, 
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Such as a keyboard, a mouse, touchscreen, pen or the like, 
for interacting with a graphical user interface (GUI) pro 
Vided by the browser in conjunction with pages and forms 
retrieved from servers 50 to 50 or other servers. The 
present invention is suitable for use with the Internet, which 
refers to a specific global Internetwork of networks. How 
ever, it should be understood that other networks can be used 
instead of the Internet, Such as an intranet, an extranet, a 
virtual private network (VPN), a non-TCP/IP based net 
work, or the like. 

0041 According to one embodiment, client device 20 or 
Server 30, and all of its components are operator config 
urable using an application including computer code run 
using a central processing unit Such as an Intel Pentium 
processor or the like. Computer code for operating and 
configuring client device 20 or server 30 as described herein 
is preferably Stored on a hard disk, but the entire program 
code, or portions thereof, may also be Stored in any other 
Volatile or non-volatile memory medium or device as is well 
known, such as a ROM or RAM, or provided on any media 
capable of Storing program code, Such as a compact disk 
medium, DVD, a floppy disk, or the like. Additionally, the 
entire program code, or portions thereof, may be down 
loaded from a software source to client device 20 or server 
30 over the Internet as is well known, or transmitted over 
any other conventional network connection as is well 
known, e.g., extranet, VPN, LAN, etc., using any commu 
nication medium and protocol as are well known. Appendix 
A includes an example of code for implementing the tech 
niques of the present invention. It will also be appreciated 
that computer code for implementing the present invention 
can be implemented in JavaScript, or any Scripting language 
Such as VBScript, that can be executed on a client device or 
server system. Although it is understood that server 30, or 
any other Server, can be configured using the code as above, 
the following will discuss the present invention imple 
mented in the context of client device 20. 

0042. In general, a user is able to access and query 
servers50, to 50 and other servers through client device 20 
to view and download content Such as news Stories, adver 
tising content, Search query results including links to various 
websites and So on. Such content can also include other 
media objects Such as Video and audio clips, URL links, 
graphic and text objects Such as icons and hyperlinks, and 
the like. AS described herein, the techniques of the present 
invention are particularly useful for identifying and extract 
ing information related to products from remote vendor 
Servers. Such information can be used, for example, to 
populate database 35 with comparative information for 
access by Subscribers or the general public, e.g., over the 
Internet. For example, the extracted information can be used 
to populate database 35 with comparative pricing informa 
tion for a particular product or Service or related products or 
Services. One example of Such an accessible Server/database 
for which the invention is useful is the Yahoo! Shopping 
website located at http://shopping.yahoo.com. It will of 
course be apparent that the present invention is useful for 
identifying and extracting any desired information in web 
pages retrieved from any website for use in any data mining 
application or other application. 

0.043 FIG. 2 is a flow chart showing the process of 
identifying and extracting information from web pages 
according to an embodiment of the present invention. In the 
following description, it is assumed that the web pages are 
formatted using HTML, although the present invention is 
equally applicable to processing web pages formatted using 
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any markup language including any instance of the Standard 
Generalized Markup Language (SGML), such as XML, 
WML, HDML (for hand-held devices), DHTML and others. 
0044 According to one embodiment, at step 100 an 
operator using client device 20 (or server 30) first selects a 
target page that is deemed a model page for a particular 
product type, company format, or any other type of docu 
ment. For example, the operator accesses a particular prod 
uct page for product P from one of servers 50 to 50, which 
corresponds to a particular remote vendor's website. At Step 
110, the HTML code for the selected page is parsed to 
determine a model pattern for the page. In one embodiment, 
a model pattern based on the Selected page is built by first 
dividing the web page into HTML tokens. In general, HTML 
tokens include tag elements and text elements. In one 
embodiment, the text is preferably initially ignored, and the 
tags that are primarily used for formatting purposes, e.g., 
<formal, rather than being a major part of the design of 
pages, are also preferably ignored (which tokens to ignore is 
an option set by the operator in one embodiment). The 
remainder is typically a Sequence of Start tags and closing 
tags. Each of the tokens is preferably translated into a unique 
number, represented for illustration purposes as a character. 
For example, the format for product P above can be repre 
sented as a sequence TRGIF/F/R/T, where T represents 
<table>, /T represents </table>(end table), R represents <tr>, 
and so on. In this representation scheme, the HTML code for 
product Q would be represented as a sequence TRGI/R/T. 

0045. In general HTML includes the name of the tag, e.g., 
<table>, and also Several possible attributes, e.g., <font 
color=redd. In preferred aspects, the present invention is 
configured to parse the HTML document using the tags and 
the attributes as will be discussed below in more detail: 

0046. At step 120, the operator identifies an area of 
interest in the Selected page. In one embodiment, a graphical 
user interface (GUI) is provided to the operator as part of a 
manual Selection and extraction tool. The operator is able to 
Select or highlight portions of the page that are of interest, 
e.g., the price of product P and/or the red-formatted ON 
SALE text. The operator preferably selects portions of the 
page (e.g., portions of the displayed web page or portions of 
the corresponding HTML code) using interface device 22, 
Such as a mouse or keyboard or other manual pointing and 
Selecting device. The operator can Select to ignore parts of 
the pattern Sequence. For example, the beginning of the 
document may include text not directly related to the desired 
information (e.g., ads). The operator can choose to ignore 
this information, for example, by not Selecting this portion 
with the selection tool. That which is selected (i.e., not 
ignored) is stored as the model pattern Sequence at Step 130. 
It will be apparent that steps 110 and 120 are interchangeable 
in that the operator can first Select the desired area in the 
Selected page and thereafter the application will parse the 
HTML code corresponding to the Selected area of the page. 
At step 130, the model pattern is stored in a memory for 
comparison with patterns representing portions of other 
pageS. 

0047. At step 140, another page (e.g., related document) 
is retrieved from the same vendor site or from a different 
site. Client 20 is preferably configured to automatically 
retrieve a Subsequent page for analysis from a website using 
the site's URL. For example, client 20 may be configured to 
retrieve a Subsequent page from the same Site from which 
the target page was retrieved, or from a list of one or more 
universal resource locators (URLS), either randomly or in a 



US 2005/0273706 A1 

Specific order. This Subsequent page is then parsed to 
produce a pattern Sequence for comparison with the Stored 
pattern of the target page to identify related information. In 
particular, at step 150, the HTML code of this subsequent 
document is parsed as in step 110. At step 160, the stored 
model pattern Sequence is compared against the pattern 
Sequence obtained from the Subsequent document to identify 
matching or similar pattern Segment(s). The two pattern 
Sequences may not match exactly. According to one embodi 
ment, an approximate String matching technique is used to 
solve this problem. Because the HTML code from both 
pages have been translated into Sequences of characters 
(e.g., numbers) in steps 110 and 150, it is possible to employ 
an approximate pattern matching technique to match with 
high confidence the parts of the patterns that correspond to 
the same type of information. Because HTML tokens can 
include attributes, it may not be Sufficient to Simply treat 
tokens as a character in the analysis. For example, the tags 
<table width =50> and <table width=100> represent two 
entirely different tables and should not be treated as the 
Same. Therefore, according to one embodiment of the 
present invention, the approximate String matching algo 
rithm is extended to include comparisons of the attribute 
values. In the above example, comparisons of the attribute 
values for the table width tags are compared to determine 
whether a match exists. An example of an approximate 
String matching algorithm for use with the present invention 
is included in Appendix A. At step 170, the results of the 
comparison are used to extract the desired information from 
the Subsequent page to be stored (e.g., in database 35) and/or 
displayed. Any number of Subsequent pages may be 
retrieved and analyzed with respect to the Stored pattern of 
the target page by repeating steps 140 to 170. 
0.048. According to another embodiment of the present 
invention, web pages are analyzed in a streaming fashion. 
There is no need to wait until the whole page is fetched for 
analysis. Whenever a part of the page is received it is 
analyzed immediately; that part of the page is parsed and 
compared with the Stored pattern in real-time. If a matching 
pattern is found, the rest of the page can be discarded. 
Because the delays associated with retrieving pages are 
usually more time consuming than the delays associated 
with executing the application program, a Streaming 
approach speeds the proceSS considerably. 
0049 Some web pages may have several alternative 
formats which are quite different and cannot be inferred 
from one to another. For example, results of a Search for a 
particular author may return a list of authors matching the 
name, or a list of books by the uniquely named author. 
According to one embodiment of the present invention, 
Several patterns are analyzed in parallel. In this embodiment, 
all the model patterns that correspond to formats associated 
with a Single Site are compared, approximately, to the 
incoming page from that Site. The first model pattern that 
leads to a good match is used, and the rest of the patterns 
may be ignored from then on. 
0050. Often a single page contains information about 
Several products. A pattern used in this case can include 
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Several Sub-patterns, each with a different use. One Sub 
pattern may identify the beginning of the list of items. 
Another may identify a pattern to ignore in the middle of the 
page. Yet another may identify a repeated item, for example, 
a list of books from the same authors, each with a description 
and a price. Accordingly it is understood that the general 
approximate matching techniques as described herein enable 
the matching of different patterns for different purposes, all 
within the same framework. 

0051) To add to the reliability of the result, standard 
regular expression matching techniques are also applied to 
the extracted information in one embodiment. For example, 
when looking for a price, the result should contain a dollar 
Sign (or other currency signs) and should be of a form that 
corresponds to a price. Such techniques are preferably used 
to help resolve cases where more then one piece matches the 
desired extracted information. 

0.052 While the invention has been described by way of 
example and in terms of the Specific embodiments, it is to be 
understood that the invention is not limited to the disclosed 
embodiments. To the contrary, it is intended to cover various 
modifications and Similar arrangements as would be appar 
ent to those skilled in the art. Therefore, the scope of the 
appended claims should be accorded the broadest interpre 
tation So as to encompass all Such modifications and Similar 
arrangements. 

1. A computer implemented method of identifying desired 
content in HTML formatted web pages, comprising the Steps 
of: 

Selecting a model page, wherein the model page includes 
content data and a plurality of HTML tags for format 
ting the content data; 

identifying a first area of interest in the model page; 
parsing the model page to generate a first String of 

symbols for the plurality of HTML tags, the generated 
symbols in the first string representing only HTML 
tags, wherein the first area of interest is identified by a 
first portion of the first string of symbols; 

retrieving a Second web page associated with a different 
URL than the model page, 

parsing the Second web page to generate a Second String 
of symbols for a plurality of HTML tags of the second 
web page, the generated Symbols in the Second String 
representing only HTML tags, and 

comparing the first and Second Symbol Strings to deter 
mine whether the Second String includes a Second 
portion similar to the first portion of the first String, 
wherein the Second portion corresponds to a Second 
area of interest in the Second page. 

2-28. (canceled) 


