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[57] ABSTRACT

Weights are assigned to features of data objects and the
weights are utilized to determine whether data objects are
substantially identical or not. One application of such
weights is to assign weights to terms in web page docu-
ments. The weights assigned to the terms may then be
utilized to determine whether web page documents are
substantially identical. A set of identicals may be generated
for each web page that is indexed by the system and utilized
to repair broken hyperlinks. Specifically, when a uniform
resource locator (URL) associated with the hyperlink cannot
be resolved or cannot be resolved in a timely fashion, one of
the identicals of the desired web page documents may be
returned to provide a requesting party with the desired
content.
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METHOD FOR PROVIDING A SUBSTITUTE
FOR A REQUESTED INACCESSIBLE
OBJECT BY IDENTIFYING
SUBSTANTIALLY SIMILAR OBJECTS
USING WEIGHTS CORRESPONDING TO
OBJECT FEATURES

TECHNICAL FIELD

The present invention relates generally to data processing
systems, and more particularly, to the identification of
substantially identical data objects by comparing scoring of
features.

BACKGROUND OF THE INVENTION

Internet usage has increased dramatically in the past few
years and as a result, the usage of hypertext documents that
contain hypermedia links has also increased dramatically.
Hypermedia links provide an address path to access media
content that is related to or associated with text, graphics,
video or audio. Typically, a user utilizes a hypermedia link
by selecting the link with a mouse. Specifically, the user
positions a mouse cursor over the link (which is highlighted
or displayed in a color that indicates that it is a link) and
clicks the mouse to retrieve media content accessible
through the link. Upon the user selection of the link, a web
browser program accesses the address path of the media
content that is encoded in the link, retrieves the media
content and renders the media content to the user. For most
wet pages, this entails displaying video information on a
video display for a web page. Nevertheless, audio informa-
tion may also be retrieved and output.

FIG. 1A is a block diagram that illustrates the basic
scheme that is employed in retrieving such media content
with a conventional web browser 10. The web browser 10 is
run on a client computer system 12. The web browser 10 is
used to generate a request 14 for the media content from a
server computer system 16. Typically, this request 14 is a
GET request that complies with the hypertext transfer pro-
tocol (HTTP). The server computer 16 receives the request
14, accesses the media content 18 stored therein and returns
a copy of the media content 20 to the client computer system
12. The web browser 10 includes code for rendering the
media content 20 so that the content is output to the user.
Typically, for a web page, the copy of the media content 20
is forwarded as a hypertext markup language (HTML)
document. The HTML document may contain a number of
hyperlinks that enable the user to gain access to other web
sites.

One difficulty encountered with hypertext documents is
that the hypermedia links embedded within the documents
may be unresolvable (i.e., not resolved to a web set). One of
the causes for such unresolvable links is that the storage
location of the media 18 may be changed without updating
the links contained within the Hypertext document. In such
cases, the web browser 10 returns an error message because
the media content is no longer located at the address path
specified by the link. As a result, the user is unable to access
the media content associated with the link.

Similar difficulties may be encountered in different envi-
ronments. Other references to objects or files may also be
subject to change that makes them unresolvable. For
example, links and path names that refer to other files or
objects may change. These references may also be, for
example, object identifiers (object IDs) or other types of
signatures that uniquely identify a file or object holding text
or other media, such as audio data or video data. FIG. 1B
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shows the case where an operating system (OS) or network
operating system (NOS) 11 at a client 12 seeks access to a
resource 13 stored on a server 16. The server 16 may be
connected to the client 12 via a local area network (LAN) or
wide area network (WAN). The OS/NOS 11 may use an
object identifier, path name or other resource identifier to
access the resource 13. Unfortunately, such an object
identifier, path name or resource identifier may not be
current. As a result, access to the resource may not be
possible.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention,
weights for features of a first data object and a second data
object are provided. These weights may, for example, be
provided for terms of a web page document. Each weight
specifies a measure of how greatly the feature distinguishes
the data object within a collection of data objects. A first
weight for a feature in the first data object is compared with
a second weight for the same feature in the second data
object to determine whether the first data object and the
second data object are substantially identical. Where the first
weight and second weight are substantially similar, it may be
determined that the first object and the second object are
substantially identical. Similarly, where the first weight and
the second weight are not substantially similar, it may, in
some instances, be determined that the first object and the
second object are not substantially identical. Additional
weights for additional terms may be compared to more
conclusively determine whether the first data object and the
second data object are substantially identical.

In accordance with another aspect of the present
invention, a hypertext document is provided that has a
hyperlink to a selected web site that holds media content. A
party selects the hyperlink and in response, an attempt is
made to access the selected web site. When the attempt to
access the selected web site is not successful, another web
site is identified that holds substantially identical media
content as the selected web site. The web site that holds the
substantially identical media content is accessed, and the
media content held therein is returned to the requesting
party.

In accordance with a further aspect of the present
invention, a word weight is calculated for a term within a
first document, and a second word weight is calculated for
the same term within a second document. For each
document, the word weight is calculated by first calculating
a collection frequency component that identifies how often
the term appears within documents that are part of collection
documents. For each of the documents, a term frequency
component is calculated to be equal to how many times the
term appears within the respective document. The word
weight is determined by calculating a product of the collec-
tion frequency component and the term frequency compo-
nent for the respective documents and normalizing the
product. The word weight for the term in the first document
is compared with the word weight for the term in the second
document and is utilized to determine whether the docu-
ments are substantially identical. Where the word weight for
the term in the first document and the word weight for the
term in the second document are substantially identical, it
may, in some instances, be concluded that the first document
and the second document are substantially identical.

It should be appreciated that the present invention may
also be applied to finding and accessing resources in a LAN
or WAN. The resources may be, for example, stored on a
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server that a client wishes to access. The techniques of the
present invention that are applied to hyperlinks are equally
applicable to object identifiers, path names and other
resource identifiers. The present invention is not limited to
accessing objects in an object-oriented environment; rather
it may be applied more generally to a broader category of
resources, such as files, printers and machines, that have
associated information for accessing the resources.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplary embodiment of the present invention will
be described below relative to the following figures.

FIG. 1A is a block diagram of a conventional system that
is used to access media content on the Internet.

FIG. 1B is a block diagram of a conventional system
wherein a client seeks access to a resource on a server.

FIG. 2 is a block diagram depicting a computing envi-
ronment that is suitable for practicing the exemplary
embodiment to the present invention.

FIG. 3 is a flowchart that provides an overview of the
steps performed by the exemplary embodiment of the
present invention.

FIG. 4 is a block diagram that illustrates components of
the index.

FIG. § is a diagram that depicts an example of a portion
of the dictionary of FIG. 4.

FIG. 6 is a diagram that illustrates the format of a word
occurrence list entry that is part of a word occurrence list.

FIG. 7 depicts an example of entries within the catalog of
FIG. 4.

FIG. 8 is a flowchart illustrating the steps that are per-
formed to build the index.

FIG. 9 is a flowchart illustrating the steps that are per-
formed to calculate a word weight for a term.

FIG. 10 is a flowchart illustrating the steps that are
performed to generate a set of identical web pages for a
given web page.

FIG. 11 is a flowchart illustrating the steps that are
performed to determine whether data objects are substan-
tially identical or not.

FIG. 12 is a flowchart illustrating the steps that are
performed to repair a hyperlink in the exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The exemplary embodiment of the present invention
described below provides an approach to comparing data
objects to quickly and easily determine whether the data
objects are substantially identical. This approach compares
the weighting of features of the data objects to determine
whether the data objects are substantially identical. Features
having the most distinguishing characteristic (as reflected in
the weights) are compared first so as to minimize the
required number of comparisons of features and to quickly
be able to determine whether data objects are substantially
identical or not. As will be described in more detail below,
the weighting of the features of the data objects is such that
it is highly unlikely that two documents that are not sub-
stantially identical will have similar weights for the most
distinguishing features within the data objects. Thus, sub-
stantially identical data objects may be identified with a high
degree of certainty without requiring large computational
overhead.
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The approach to identifying substantially identical data
objects adopted by the preferred embodiment of the present
invention may be applied to help resolve broken links in
hypertext documents. In particular, the approach may be
employed to identify media content that is substantially
identical to the media content addressed by the broken link.
When the broken link is detected, one of the substantially
identical objects that holds media content is returned rather
than displaying an error message. The exemplary embodi-
ment of the present invention described herein builds a
database containing sets of substantially identical data
objects, such as web pages. When the broken link is
detected, the system accesses the database to locate a
substantially identical data object to return to the user. This
repairing of broken links may be performed transparently
relative to the user and does not require user input.

The present invention may also be applied to resolve and
repair other references to objects, files and network
resources that are not hyperlinks. For example, Microsoft®
OLE links make reference to documents or objects embed-
ded in other files. These files or objects may have moved
from one machine to another in a distributed environment.
As such, the references associated with links may change.
The present invention may be applied to identify a proper
reference to repair the broken link. Similarly, the same
strategy may be applied to other references to files or
objects, including path names and object identifiers, such as
CORBA or OLE object IDs (“OIDs”). Thus, the present
invention is not limited in scope to objects that are identified
by URLs and an Internet or intranet environment. Instead,
the present invention applies more broadly to different types
of data objects that have various reference mechanisms.
These data objects may include network resources located
on a local or wide area network.

It should also be appreciated that the present invention
may be applied to objects and files that hold non-textual
features. For example, the present invention may be applied
to files or objects that hold images and/or audio data.
Component features of image files may be tokenized and
serve as a signature for uniquely identifying the image files.
Each such signature may be utilized to identify substantially
identical image files and, thus, may be used to help resolve
broken references to an image file. A suitable strategy for
identifying component features of image files is described in
copending application entitled “ An Image Classification and
Retrieval System Using a Query-By-Example Paradigm,”
application Ser. No. 08/732,615, which was filed on Oct. 16,
1996 and is copending with the present application. Token-
izers are available for audio files to digitize spoken language
into phonemes that uniquely identify the content of the audio
files. Such tokenized audio data may be utilized to uniquely
identify an audio file and help repair a broken reference to
an audio file by adopting an approach like that described in
more detail below.

For purposes of the discussion below, the exemplary
embodiment will be described relative to an implementation
that identifies substantially identical web pages. These web
pages include text and it is the terms within the text that
serve as the features that are compared to identify substan-
tially identical web pages. Each term in a web page docu-
ment is assigned a weight that identifies the distinguishing
weight of the term relative to other documents. Those skilled
in the art will appreciate that the present invention may more
generally be applied to the comparison of features within
data objects. For example, files containing only graphical
content may be compared on a block-by-block basis to
determine whether the files are substantially identical or not.



























