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ABSTRACT
ument may be segmented based on a visual model of the

document. The visual model is determined according to an
amount of visual white space or gaps that are in the document.
In one implementation, the visual model is used to identify a
hierarchical structure of the document, which may then be
used to segment the document.
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DOCUMENT SEGMENTATION BASED ON

VISUAL GAPS
BACKGROUND
[0001] A. Field of the Invention
[0002] Concepts described herein relate to search engines

and, more particularly, to segmenting documents for indexing
by a search engine.

[0003] B. Description of Related Art

[0004] The World Wide Web (“web”) contains a vast
amount of information. Locating a desired portion of the
information, however can be challenging. This problem is
compounded because the amount of information on the web
and the number of new users inexperienced at web searching
are growing rapidly.

[0005] Search engines attempt to return hyperlinks to web
pages in which a user is interested. Generally, search engines
base their determination of the user’s interest on search terms
(called a search query) entered by the user. The goal of the
search engine is to provide links to high quality, relevant
results (e.g., web pages) to the user based on the search query.
Typically, the search engine accomplishes this by matching
the terms in the search query to a corpus of pre-stored web
pages. Web pages that contain the user’s search terms are
“hits” and are returned to the user as links.

[0006] Inanattempt to increase the relevancy and quality of
the web pages returned to the user, a search engine may
attempt to sort the list of hits so that the most relevant and/or
highest quality pages are at the top of the list of hits returned
to the user. For example, the search engine may assign a rank
or score to each hit, where the score is designed to correspond
to the relevance and/or importance of the web page.

[0007] Local search engines may attempt to return relevant
web pages within a specific geographic region. One type of
document that is particularly useful for local search engines
are business listings, such as a business listing found in a
yellow pages directory. When indexing a business listing, it
may be desirable to associate other information with the
business listing, such as discussions or reviews of the busi-
ness that are found in other web pages. For example, a web
page may include a list of restaurants in a particular neigh-
borhood and a short synopsis or review of each restaurant. It
is desirable for the local search engine to accurately associate
the text corresponding to each restaurant with the restaurant.
Doing so can, for example, increase the search engine’s
knowledge of the business and thus allow it to potentially
provide more relevant results to the user.

SUMMARY

[0008] One aspect is directed to a method for segmenting a
document. The method includes generating a visual model of
the document, identifying a hierarchical structure of the docu-
ment based on the visual model, and segmenting the docu-
ment based on the hierarchical structure and on the visual
model of the document.

[0009] Another aspect is directed to a method of indexing a
document. The method includes identifying geographic sig-
nals in the document and segmenting the document into sec-
tions that correspond to different ones of the identified geo-
graphic signals based on a visual layout of the document. The
method further includes indexing text in the sections of the
document as corresponding to business listings associated
with the geographic signals.
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[0010] Yet another aspect is directed to a device that
includes a processor and a computer-readable memory. The
memory includes programming instructions that when
executed by the processor cause it to obtain a document that
includes geographic signals, segment the document into sec-
tions that correspond to different ones of the identified geo-
graphic signals based on a visual layout of the document, and
index text in the sections of the document as corresponding to
business listings associated with the geographic signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate an
embodiment of the invention and, together with the descrip-
tion, explain the invention. In the drawings,

[0012] FIG.1is adiagram of an exemplary document illus-
trating aspects consistent with the invention;

[0013] FIG. 2 is an exemplary diagram of a network in
which systems and methods consistent with the principles of
the invention may be implemented;

[0014] FIG. 3 is an exemplary diagram of a client or server
of FIG. 2 according to an implementation consistent with the
principles of the invention;

[0015] FIG. 4 is a flow chart illustrating exemplary opera-
tions consistent with aspects of the invention for segmenting
documents having local relevance;

[0016] FIG.5is adiagram illustrating a portion of an exem-
plary document;

[0017] FIG. 6 is a diagram conceptually illustrating a visual
model of a document;

[0018] FIG. 7 is an exemplary diagram of a visual model
illustrating a hierarchical structure for document; and
[0019] FIGS. 8 and 9 are exemplary diagrams of user inter-
faces that may be presented to a user according to an imple-
mentation consistent with the principles of the invention.

DETAILED DESCRIPTION

[0020] The following detailed description of the invention
refers to the accompanying drawings. The detailed descrip-
tion does not limit the invention.

Overview

[0021] A local search engine is described that returns local
documents, such as web documents and business listings, in
response to a local search query. When indexing and/or cat-
egorizing a document, the search engine may use information
from other documents to help describe the document. For
example, a third party restaurant review may be used to aug-
ment the search engine’s ability to retrieve relevant restau-
rants or return the relevant restaurants in response to a search
query relating to restaurants.

[0022] Some documents, such as some web documents,
may contain descriptive information for a number of different
business listings. FIG. 1 is a diagram of an exemplary docu-
ment containing descriptive information for three different
restaurants, “Café Borrone,” “Carpaccio,” and “Left Bank.”
The descriptions of the restaurants are each in the paragraph
following the restaurant name. From the point of view of the
reader, the document’s visual structure, such as its use of
white space, clearly distinguishes which description corre-
sponds to which restaurant. Conventional automated tech-
niques for analyzing a document, such as that in FIG. 1, can
have difficulty distinguishing the appropriate text that corre-
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sponds to each restaurant. These conventional techniques
may rely on the underlying document structure, such as, for a
hyper-text markup language (HTML) document, the docu-
ment object model (DOM), to attempt to determine a hierar-
chical structure of the document. The underlying document
structure, however, does not always correspond to the dis-
played visual structure of the document. Accordingly, such
techniques can be inadequate.

[0023] Consistent with aspects of the invention, a segmen-
tation component may automatically segment documents
based on the visual layout of the document.

Exemplary Network Overview

[0024] FIG. 2 is an exemplary diagram of a network 200 in
which systems and methods consistent with the principles of
the invention may be implemented. Network 200 may include
clients 210 connected to a server 220 via a network 240.
Network 240 may include a local area network (LAN), a wide
area network (WAN), a telephone network, such as the Public
Switched Telephone Network (PSTN), an intranet, the Inter-
net, or a combination of networks. Two clients 210 and one
server 220 have been illustrated as connected to network 240
for simplicity. In practice, there may be more clients and/or
servers. Clients 210 and server 220 may connect to network
240 via wired, wireless, or optical connections.

[0025] A client 210 may include a device, such as a wireless
telephone, a personal computer, a personal digital assistant
(PDA), a lap top, or another type of computation or commu-
nication device, a thread or process running on one of these
devices, and/or an object executable by one of these devices.
Server 220 may include a server device that processes,
searches, and/or maintains documents. Clients 210 and server
220 may connect to network 240 via wired, wireless, or
optical connections.

[0026] Server 220 may include a search engine 225 usable
by clients 210. Search engine 225 may be a local search
engine designed to return documents having local relevance
to the users. Server 220 may include segmentation compo-
nent 230. Segmentation component 230 may assist search
engine 225 in indexing or classifying documents by automati-
cally segmenting documents having local relevance into sec-
tions that correspond to different local regions or addresses.

[0027] The local documents processed by search engine
225 may be indexed and stored in a data structure, such as
database 235. The documents in database 235 may be local in
the sense that they are associated with a particular geographic
area—though not necessarily the same geographic area. A
document that relates to a business listing, for example, can
be considered a local document because it is associated with
the particular address of the business.

[0028] A document, as the term is used herein, is to be
broadly interpreted to include any machine-readable and
machine-storable work product. A document may be an
e-mail, a business listing, a file, a combination of files, one or
more files with embedded links to other files, a news group
posting, etc. In the context of the Internet, a common docu-
ment is a web page. Web pages often include content and may
include embedded information (such as meta information,
hyperlinks, etc.) and/or embedded instructions (such as Java-
script, etc.).
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Exemplary Client/Server Architecture

[0029] FIG. 3 is an exemplary diagram of a client 210 or
server 220, referred to as computing device 300, according to
animplementation consistent with the principles of the inven-
tion. Computing device 300 may include a bus 310, a proces-
sor 320, a main memory 330, a read only memory (ROM)
340, a storage device 350, an input device 360, an output
device 370, and a communication interface 380. Bus 310 may
include a path that permits communication among the com-
ponents of computing device 300.

[0030] Processor 320 may include any type of conventional
processor, microprocessor, or processing logic that may inter-
pret and execute instructions. Main memory 330 may include
arandom access memory (RAM) or another type of dynamic
storage device that stores information and instructions for
execution by processor 320. ROM 340 may include a con-
ventional ROM device or another type of static storage device
that stores static information and instructions for use by pro-
cessor 320. Storage device 350 may include a magnetic and/
or optical recording medium and its corresponding drive.
[0031] Input device 360 may include a conventional
mechanism that permits a user to input information to com-
puting device 300, such as a keyboard, a mouse, a pen, voice
recognition and/or biometric mechanisms, etc. Output device
370 may include a conventional mechanism that outputs
information to the user, including a display, a printer, a
speaker, etc. Communication interface 380 may include any
transceiver-like mechanism that enables computing device
300 to communicate with other devices and/or systems. For
example, communication interface 380 may include mecha-
nisms for communicating with another device or system via a
network, such as network 240.

[0032] Server 220, consistent with the principles of the
invention, performs certain searching or document retrieval
related operations through search engine 225 and/or segmen-
tation component 230. Search engine 225 and/or segmenta-
tion component 230 may be stored in a computer-readable
medium, such as memory 330. A computer-readable medium
may be defined as one or more physical or logical memory
devices and/or carrier waves.

[0033] The software instructions defining search engine
225 and/or segmentation component 230 may be read into
memory 330 from another computer-readable medium, such
as data storage device 350, or from another device via com-
munication interface 380. The software instructions con-
tained in memory 330 cause processor 320 to perform pro-
cesses that will be described later. Alternatively, hardwired
circuitry may be used in place of or in combination with
software instructions to implement processes consistent with
the present invention. Thus, implementations consistent with
the principles of the invention are not limited to any specific
combination of hardware circuitry and software.

Segmentation Component Processing

[0034] FIG. 4 is a flow chart illustrating exemplary opera-
tions consistent with aspects of the invention for segmenting
documents having local relevance. In general, segmentation
component 230 may segment a document based on the visual
layout of a document.

[0035] Segmentation component 230 may identify a candi-
date document for segmentation (act 401). A candidate docu-
ment may be one that is identified to have one or more geo-
graphic signals relating to business listings. The geographic
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signals may include information associated with a location,
such as a full or partial address of the location, a full or partial
telephone number, and/or a full or partial name of a business
associated with the location. The locations of the geographic
signals within a document may be stored in database 235 by,
for example, storing a word or character count that indicates
where in the document each of the geographic signals is
located.

[0036] The business listings in the document may be iden-
tified (act 402) based on the geographic signals. For instance,
a business listing may be identified when a geographic signal
can be determined to define a complete address and a business
name. In some implementations, yellow page data or other
pre-generated lists of businesses can be used to verify the
identified business names/addresses.

[0037] FIG.5isadiagram illustrating a portion of an exem-
plary document 500. Exemplary document 500 is a HTML
web document reviewing a number of restaurants. As shown,
document 500 may include a document header 510, category
labels 520-1 and 520-2, and individual restaurant reviews
530-1 through 530-4. As can be seen, document 500 includes
four business listings, one of which is associated with each of
reviews 530-1 through 530-4. When indexing this document,
it would be desirable to associate each of the reviews with its
corresponding business listing and not with any of the other
business listings in document 500. Additionally, header infor-
mation, such as document header 510 and category labels 520
can include useful descriptive information that may benefi-
cially be associated with the business listings.

[0038] In situations in which document 500 is a web page,
document 500 may be generated using a markup language,
such as HTML. The particular HTML elements and style
used to layout different web pages varies greatly. Although
HTML is based on a hierarchical document object model
(DOM), the hierarchy of the DOM is not necessarily indica-
tive of the visual layout or visual segmentation of the docu-
ment.

[0039] Segmentation component 230 may generate a visual
model of the candidate document (act 403). The visual model
may be particularly based on visual gaps or separators, such
as white space, in the document. In the context of HTML, for
instance, different HTML elements may be assigned various
weights (numerical values) that attempt to quantify the mag-
nitude of the visual gap introduced into the rendered docu-
ment. In one implementation, larger weights may indicate
larger visual gaps. The weights may be determined in a num-
ber of ways. The weights may, for instance, be determined by
subjective analysis of a number of HTML documents for
HTML elements that tend to visually separate the documents.
Based on this subjective analysis weights may be initially
assigned and then modified (“tweaked”) until documents are
acceptably segmented. Other techniques for generating
appropriate weights may also be used, such as based on
examination of the behavior or source code of Web browser
software or using a labeled corpus of hand-segmented web
pages to automatically set weights through a machine learn-
ing process.

[0040] As an example of assigned weights, consider the
HTML element <hr> (horizontal rule). The <hr> element
may introduce a weight of 20 before and after the element. As
another example, the HTML elements <h1> through <h6> are
used to start new headings in which <h1> is the most promi-
nent and <hé> is the least prominent. The corresponding
elements </h1> through </h6> are used to end the headings.
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The various headings may, for example, be assigned weights
such as, for <h2>, a weight of 50 before and 30 after the
element (i.e., <h2> may be assigned a weight of 50 and </h2>
a weight of 30. This reflects the concept that heading text is
more likely to be associated with what comes after it than
what comes before it.

[0041] FIG. 6 is a diagram conceptually illustrating a visual
model of document 500. Visual model 600 includes a number
oftextual elements 610-1 through 610-7, which correspond to
the textual elements (document header 510, category label
520-1, reviews 530-1 and 530-2, category label 520-2; and
reviews 530-3 and 530-4, respectively) shown in FIG. 5.
Weights 620-1 through 620-6 are assigned between textual
elements 620-1 through 620-6. The circles shown in textual
elements 610-3, 610-4, 610-6, and 610-7 represent the corre-
sponding business listing shown in FIG. 5.

[0042] For the exemplary visual model 600, assume that
text 610-2 and 610-5 are implemented as <h2> HTML ele-
ments, which correspond to weight values of 30 for weights
620-2 and 620-5, and the weight value of 60 (50 from text
610-5 and 10 from text 610-4) for weight 620-4. Weight
620-1, having a value of 90, may be calculated as the sum of
the weight associated with text 610-2 (50) and the weight
associated with the document header in text 610-1. Document
header text 610-1 may be implemented using, for example, a
number of HTML <br> (break) elements or as an HTML
header element that contribute(s), for example, a weight value
ot 40 to the total value of weight 620-1. Weights 620-3 and
620-6 may be based on, for example, <br> elements after each
of the document reviews 530 (i.e., text 610-3, 610-4, 610-6,
and 610-7).

[0043] Returning to FIG. 4, the hierarchical structure of the
document may be determined based on the visual model (act
404). In one implementation, different weights may define
different hierarchical levels, in which larger weights define
higher levels. The lowest level may be determined as a mini-
mum weight that divides the textual elements containing geo-
graphic signals.

[0044] FIG. 7 is a diagram of visual model 600 illustrating
a hierarchical structure for document 500. Brackets are used
to indicate hierarchical regions. In this example, weight 620-1
is the largest weight and is near the top of the document, and
may thus indicate that text 610-1 is the document title or
header (hierarchical level 710). At the next hierarchical level
(hierarchical level 720), weights 620-1 and 620-4 define two
divisions of three text sections each. Within this hierarchical
level (hierarchical level 730), weights 620-2 and 620-5 sepa-
rate the sections. Finally, weights 620-3 and 620-6 separate
text sections 610-3 and 610-4, and text sections 610-6 and
610-7 (hierarchical level 740). These text sections include the
geographic signals.

[0045] Based on the hierarchical levels determined in act
404, portions of the document may be associated with the
business listings in the document (act 405). In one implemen-
tation, the text associated with the smallest hierarchical level
surrounding a business listing may be associated with that
business listing. Additionally, text at higher levels that is not
associated with a different business listing may be associated
with the business listing. In the example of FIGS. 5 and 6, for
instance, text 530-2/610-4 may be associated with the busi-
ness listing for the restaurant “Noodles & Co.,” as well as with
the text “Chinese” and the title “Top Restaurants in Fairfax,
Va”
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[0046] The content determined for each of the business
listings may be associated with the appropriate business list-
ing in database 235 (act 406). The business listing and its
associated content may be indexed as a single combined
document. In alternate implementations, the business listing
and its corresponding content may be indexed separately but
associated with one another via a special field in the index. In
the examples of FIGS. 5-7, for instance, the business listing
for “Hunan Eatery, 4008 University Drive, Fairfax, Va.,” may
be associated with review text 530-1, category label 520-1,
and header 510.

[0047] Although the segmentation process described with
reference to FIGS. 4-7 was described as segmenting a docu-
ment based on geographic signals that correspond to business
listings, the general hierarchical segmentation technique
could more generally be applied to any type of signal in a
document. For example, instead of using geographic signals
that correspond to business listings, images in a document
may be used (image signals). The segmentation process may
then be applied to help determine what text is relevant to what
image. Alternatively, the segmentation process described
with reference to acts 403 and 404 may be performed on a
document without partitioning the document based on a sig-
nal. The identified hierarchical segments may then be used to
guide classifiers that identify portions of documents which
are more or less relevant to the document (e.g., navigational
boilerplate is usually less relevant than the central content of

a page).
Example Search

[0048] FIGS. 8 and 9 are exemplary diagrams of user inter-
faces that may be presented to a user according to an imple-
mentation consistent with the principles of the invention.
Assume that the user has accessed an interface associated
with a local search engine, such as search engine 225 (FIG. 2).
As shown in FIG. 8, the user may enter one or more search
terms of a search query via a search field 810. The user may
additionally enter a geographical region of interest in search
field 820. In this example, the user has entered the search
query “Chinese restaurants whole wheat noodles” and has
indicated that the search should be performed in the geo-
graphic region corresponding to “Fairfax, Va.”

[0049] Search engine 225 may implement the search over
the pre-indexed document corpus stored in database 235. The
index may have been generated using the techniques dis-
cussed above, such that business listings for Chinese restau-
rants may have also been associated with additional informa-
tion that helps to more fully categorize and/or describe the
business listings. In this case, search engine 225 may be able
to locate a Chinese Restaurant in Fairfax, Va. that serves
whole wheat noodles.

[0050] As shown in FIG. 9, search engine 225, via a user
interface, may present local search results 910. For each of
search results 910 (or some subset of the search results), the
user interface may provide address information for the busi-
ness associated with or mentioning the search result, a tele-
phone number for the business, a snippet from a document
associated with the business, a link to more information asso-
ciated with the business, a link to directions to the business,
and/or a link to one or more documents that refer to the
business. The user interface may also provide a map of the
area covered by the search. As shown, the first search result
910 includes business name and telephone information 915,
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address information 920, a snippet 930 from a document that
describes the business (where the document may or may not
be associated with the business), a link 940 to the document
associated with snippet 930, and a link 950 for additional
documents that refer to the business.

CONCLUSION

[0051] Systems and methods consistent with the principles
of the invention may segment a document based on a visual
model of the document. The segmented document may be
used to associate different portions of the document with
different items, such as different geographic signals/business
listings.
[0052] The foregoing description of preferred embodi-
ments of the present invention provides illustration and
description, but is not intended to be exhaustive or to limit the
invention to the precise form disclosed. Modifications and
variations are possible in light of the above teachings or may
be acquired from practice of the invention.
[0053] For example, while a series of acts has been
described with regard to FIG. 4, the order of the acts may be
modified in other implementations consistent with the prin-
ciples of the invention. Further, non-dependent acts may be
performed in parallel.
[0054] Also, exemplary user interfaces have been
described with respect to FIGS. 8 and 9. In other implemen-
tations consistent with the principles of the invention, the user
interfaces may include more, fewer, or different pieces of
information.
[0055] Further, certain portions of the invention have been
described as an “engine” that performs one or more functions.
An engine may include hardware, such as an application
specific integrated circuit or a field programmable gate array,
software, or a combination of hardware and software.
[0056] It will be apparent to one of ordinary skill in the art
that aspects of the invention, as described above, may be
implemented in many different forms of software, firmware,
and hardware in the implementations illustrated in the figures.
The actual software code or specialized control hardware
used to implement aspects consistent with the principles of
the invention is not limiting of the invention. Thus, the opera-
tion and behavior of the aspects were described without ref-
erence to the specific software code—it being understood that
one of ordinary skill in the art would be able to design soft-
ware and control hardware to implement the aspects based on
the description herein.
[0057] No element, act, or instruction used in the present
application should be construed as critical or essential to the
invention unless explicitly described as such. Also, as used
herein, the article “a” is intended to include one or more
items. Where only one item is intended, the term “one” or
similar language is used. Further, the phrase “based on” is
intended to mean “based, at least in part, on” unless explicitly
stated otherwise.

1. A method for segmenting a document comprising:

generating a visual model of the document;

identifying a hierarchical structure of the document based

on the visual model; and
segmenting the document based on the hierarchical struc-
ture and the visual model of the document.
2-26. (canceled)



