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DUPLICATE DOCUMENT DETECTION AND PRESENTATION
FUNCTIONS

Related Applications
This application claims priority to U.S. Provisional Application
60/603,762 (Attorney Docket 4962.030PRV) which was filed on August 23,
2004, and to U.S. Provisional Application 60/623,975 (Attorney Docket
4962.030PV2), which was filed on November 1, 2004. Both these applications

are incorporated herein by reference.

Copyright Notice and Permission
A portion of this patent document contains material subject to copyright
protection. The copyright owner has no objection to the facsimile reproduction
by anyone of the patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent files or records, but otherwise reserves all
copyrights whatsoever. The following notice applies to this document:
Copyright © 2004, West Services, Inc.

Technical Field
Various embodiments of the present invention concern information-
retrieval systems, such as those that provide news documents or other related

content.

Background
Companies, such as Thomson Legal & Regulatory, Inc. of St. Paul,
Minnesota (doing business as Thomson West), collect and store a vast spectrum
of documents, including news, from all over the world, for online access in a
system of databases and research tools, known as the Westlaw™ system. The
Westlaw system empowers users to search over 100 million documents.
One problem recognized by the present inventors is that searches

conducted against news or other databases frequently provide results that include
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duplicate documents---that is, documents that are completely or substantially
identical to each other. The problem stems from news providers, such as
Associated Press (AP), selling their news stories for re-publication to multiple
publishers around the world. This in turn means that systems, such as the
Westlaw system, that provide users searchable access to collections of news
stories from a wide array of publishers typically present users with many
duplicate copies of news stories in their search results. Unfortunately, the
duplicate stories are mixed generally according to relevance with other distinct
stories, leaving users to manually manage the complexities of identifying and/or
filtering them.

Accordingly, the present inventors recognized a need to effectively
address how information-retrieval systems, such as the Westlaw system, handle
the existence of duplicate documents in their document collections, and more

importantly within the search results of their users.

Summary

To address this and other needs, the present inventors devised systems,
methods, and software that facilitate the identification and/or grouping of
duplicate documents in search results. One exemplary system includes three
major components: 1) a signature generation module which generates document
signatures based on length, temporal, and/or content components; 2) a duplicate
detection module which uses the document signatures to identify “exact” or
“fuzzy” duplicate documents; and 3) a user-interface (or presentation) module
which allows users to control how duplicate documents are presented in their
search results. For instance, users can select whether to exclude duplicates from
their search results or to group duplicates together in the results presentation. In
some embodiments, the identification and grouping ultimately streamline the
process of users interpreting and accessing search results that contain duplicate

documents.

Brief Description of Drawings
Figure 1 is a diagram of an exemplary information-retrieval system 100

corresponding to one or more embodiments of the invention;

2
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Figure 2 is a flowchart corresponding to one or more exemplary methods
of operating system 100 and one or more embodiments of the
invention;

Figure 3 is a diagram of an exemplary document signature and IDF table
corresponding to one or more embodiments of the invention;

Figure 4 is a facsimile of an exemplary query window 400 corresponding
to one or more embodiments of the invention;

Figure 5 is a facsimile of an exemplary user interface 500 corresponding to
one or more embodiments of the invention;

Figure 6 is a facsimile of an exemplary user interface 600 corresponding to
one or more embodiments of the invention,;

Figure 7 is a a facsimile of an exemplary HTML-formatted electronic
message corresponding to one or more embodiments of the
Invention;

Figure 8 1s a facsimile of an exemplary user interface 800 corresponding to
one or more embodiments of the invention; and

Figure 9 is a diagram of an exemplary binning scheme that corresponds to

one or more embodiments of the invention.

Detailed Description of Exemplary Embodiments
This description, which references and incorporates the above-identified
Figures, describes one or more specific embodiments of an invention. These
embodiments, offered not to limit but only to exemplify and teach the invention,
are shown and described in sufficient detail to enable those skilled in the art to
implement or practice the invention. Thus, where appropriate to avoid obscuring
the invention, the description may omit certain information known to those of

skill in the art.

Exemplary Definitions

The description includes many terms with meanings derived from their
usage in the art or from their use within the context of the description. However,

as a further aid, the following exemplary definitions are presented.
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The term “document” refers to any addressable arrangement of machine-
readable data, such as textual data.

The term “database” includes any logical arrangement of documents. In
some embodiments, one or more of the databases share content with one or more
other databases.

The term “duplicate” generally means any document having a substantial
amount of content in common with at least one other document. Temporal,
length, and/or content criteria are used to determine whether one document is a
duplicate of another. In terms of content criteria, some embodiments identify a
set of rarest terms or other features in each of a set of documents and deem those
documents that have the same set of rarest terms in similar relative positions as
“exact” duplicates. Other embodiments identify a set of rarest terms in each of
the documents and deem those documents that surpass a threshold level of

overlap among these sets of rarest terms as “fuzzy” duplicates.

Exemplary Information Retrieval System

Figure 1 shows an exemplary online information-retrieval system 100.
System 100 includes one or more databases 110, one or more servers 120, and
one or more access devices 130.

Databases 110 include representative databases 112, 114, and 116. In the
exemplary embodiment, database 112 includes news stories, for example,
business and finance information; database 114 includes science and technology
information; and database 116 includes intellectual property information, for
example U.S. and foreign patents. In some embodiments, one or more of the
databases are organized in terms of financial, scientific, or health-care data.

Databases 112, 114, and 116, which take the exemplary form of one or
more electronic, magnetic, or optical data-storage devices, include or are
otherwise associated with respective indices 112N, 114N, and 116N. Each of
the indices includes terms and phrases in association with corresponding
document addresses, identifiers, and other conventional information.

Databases 112, 114, and 116 are coupled or couplable via a wireless or
wireline communications network, such as a local-, wide-, private-, or virtual-

private network, to server 120.
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Server 120 is generally representative of one or more servers for serving
data in the form of webpages or other markup language forms with associated
applets, ActiveX controls, remote-invocation objects, or other related or
analogous software and data structures to service clients of various
“thicknesses.” More particularly, server 120 includes a processor module 121, a
memory module 122, a search module 123, a subscriber database 124, a
signature database 125, and a duplicate-processing module 126.

Processor module 121 includes one or more local or distributed
processors, controllers, or virtual machines. In the exemplary embodiment,
processor module 121 assumes any convenient or desirable form.

Memory module 122, which takes the exemplary form of one or more
electronic, magnetic, or optical data-storage devices, stores search module 123,
subscriber database 124, signature database 125, and duplicate-processing
module 126.

Search module 123 includes one or more search engines and related user-
interface components, for receiving and processing user queries against one or
more of databases 110. In the exemplary embodiment, one or more search
engines associated with search module 123 provide Boolean or natural-language
search capabilities. Subscription database 124 includes subscriber-related data
for controlling, administering, and managing pay-as-you-go or subscription-
based access to databases 110. In the exemplary embodiment, subscriber
database 124 includes one or more duplicate preference data structures, of which
data structure 1241 is representative. Data structure 1241 includes a customer or
user identifier portion 1241 A, which is logically associated with one or more
duplicate-processing preferences, such as preferences 1241B, 1241C, and
1241D. Preference 1241B includes a default value governing whether duplicate
detection is enabled or disabled when searching select databases. Preference
1241C includes a default value governing whether duplicates are included when
externally outputting search results, for example during printing, saving, or
emailing. Preference 1241D includes a default value governing which among
two or more duplicate document definitions and/or detection algorithms are used
during duplicate detection. In some embodiments, an additional preference is

stored to control one or more aspects of a duplicate detection or presentation
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function, for example, which of the longest, most recent, or most relevant of a
set of duplicate documents to list first.

Signature database 125 includes one or more document signature data
structures, such as a representative data structure 1251, for each document in one
or more of databases 110. In the exemplary embodiment, data structure 1251
includes a document identifier field or portion 1251A that is logically associated
with one or more length-related fields or portions 1251B, one or more time-
related fields or portions 1251C, and/or one or more content-related portions
1251D. (As used herein, time-related fields broadly encompass time and/or
date.) The structure and contents of these fields is defined by duplicate-
processing module 126.

Duplicate-processing module 126 includes a signature-generation module
1261, a duplicate-detection module 1262, and a duplicate-presentation module
1263. (In some embodiments, the software modules or components thereof are
distributed across multiple servers.) Signature-generation module 1261 includes
one or more inverse-document-frequency (idf) tables, of which idf table 1261 A
is generally representative. The exemplary embodiment uses a binary-encoded
idf table having approximately one million terms, with the terms selected from a
one-third sampling of a combined set of relevant document collections. In the
table, each 1df term is associated with a corresponding three-byte (24-bit)
representation of an ordinal number (or serial number), such that the idf term can
be uniquely represented by its corresponding ordinal or serial number rather than
actual text representations, thereby facilitating rapid processing and reducing
storage requirements for the idf table. (The constant number of bytes used to
represent each idf term is a function of the total terms in the table.) The
exemplary idf table excludes numeric tokens, alphanumeric tokens, tokens with
special characters, such as . , - \ & +; and tokens with less than three characters.
However, some embodiments may elect to include these tokens. (Further
description of the signature-generation, duplicate-detection, and duplicate-
presentation modules and their exemplary operation is provided below with the

aid of Figure 2.)
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Server 120 is communicatively coupled or couplable via a wireless or
wireline communications network, such as a local-, wide-, private-, or virtual-
private network, to one or more access devices, such as access device 130.

Access device 130 is generally representative of one or more access
devices. In the exemplary embodiment, access device 130 takes the form of a
personal computer, workstation, personal digital assistant, mobile telephone, or
any other device capable of providing an effective user interface with a server or
database. Specifically, access device 130 includes a processor module 131, a
memory 132, a display 133, a keyboard 134, and a graphical pointer or selector
(or mouse) 135.

Processor module 131 includes one or more processors, processing
circuits, or controllers. In the exemplary embodiment, processor module 131
takes any convenient or desirable form. Coupled to processor module 131 is
memory 132.

Memory 132 stores code (machine-readable or executable instructions)
for an operating system 136, a browser 137, and a graphical user interface
(GUID)138. In the exemplary embodiment, operating system 136 takes the form
of a version of the Microsoft Windows operating system, and browser 137 takes
the form of a version of Microsoft Internet Explorer. Operating system 136 and
browser 137 not only receive inputs from keyboard 134 and selector 135, but
also support rendering of GUI 138 on display 133. Upon rendering, GUI 138
presents data in association with one or more interactive control features (or
user-interface elements). (The exemplary embodiment defines one or more
portions of interface 138 using applets or other programmatic objects or
structures from server 120.)

More specifically, graphical user interface 138 defines or provides one or
more display regions, such as a query region 1381 and a search-results region
1382. Query region 1381 is defined in memory and upon rendering includes one
or more interactive control features (elements or widgets), such as a query input
region 1381A, a query submission button 1381B, and a duplicate processing
selection 1381C. Search-results region 1382 is also defined in memory and
upon rendering includes one or more interactive control features, such as

features 1382A, 1382B, 1382C, 1382D, and 1382E, for accessing or retrieving

7
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one or more corresponding documents from one or more of databases 110 via
server 120.

Each control feature includes a respective document identifier or label,
such as DOC X, DOC Y, DOC Z, DOC Z1 and DOC Z2, identifying a
corresponding document and associated with a corresponding link or whole or
partial uniform resource locator (URL). (Some embodiments use a URL format,
such as that taught in co-pending U.S. patent application 09/237,219 (Attorney
Docket 962.002US1), which was filed on January 25, 1999 and which is
incorporated herein by reference.) User selection of the control features results
in retrieval and display of at least a portion of the corresponding document
within a region of interface 138 (not shown in this figure.) Control features
1382D and 1382E are indented relative to control feature 1382C to indicate the
status of their corresponding documents DOC Z1 and DOC Z2 as duplicates of
DOC Z, the document corresponding to control feature 1362C. Control feature
1382C includes a label “2 duplicates” indicating existence of two duplicate
documents. In the exemplary embodiment, each of these control features takes
the form of a hyperlink or other browser-compatible command input, and
provides access to and control of query region 1381 and search-results region.
Although Figure 1 shows query region 1381 and results region 1382 as being

simultaneously displayed, some embodiments present them at separate times.

Exemplary Methods of Operation

Figure 2 shows a flow chart 200 of one or more exemplary methods of
operating a system, such as system 100. Flow chart 200 includes blocks 210-
270, which, like other blocks in this description, are arranged and described in a
serial sequence in the exemplary embodiment. However, some embodiments
execute two or more blocks in parallel using multiple processors or processor-
like devices or a single processor organized as two or more virtual machines or
sub processors. Some embodiments also alter the process sequence or provide
different functional partitions to achieve analogous results. For example, some
embodiments may alter the client-server allocation of functions, such that
functions shown and described on the server side are implemented in whole or in

part on the client side, and vice versa. Moreover, still other embodiments

8
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implement the blocks as two or more interconnected hardware modules with
related control and data signals communicated between and through the
modules. Thus, the exemplary process flow (in Figure 2 and elsewhere in this
description) applies to software, hardware, and firmware implementations.

At block 210, the exemplary method begins automated generation of
metadata (such as digital signatures) for one or more searchable documents of
the online information-retrieval system. In the exemplary embodiment, this
proceeds according to a batch process for documents in a select set of databases,
such as news databases. (In some embodiments, the process is executed on a
per-document, and/or real-time query-driven basis.) The batch process generally
entails generating and storing, for each document, a document signature data
structure. The exemplary embodiment uses one of two or more signature-
generation processes generally represented by flow charts 210A and 210B. (In
some embodiments, which may compute signatures in real-time, the choice of
process is governed via a user preference; however in other embodiments, both
processes are used to provide each document with two document signatures and
user preferences are used during detection to determine which signature or
detection method to use. In some embodiments, the choice of signature is an
administrative decision.) Flow chart 210A shows generation of signatures that
facilitate detection of duplicates according to a more exact duplicate standard,
whereas flow chart 210B shows generation of signatures that facilitate detection

of duplicates according to a less exact or “fuzzy” standard.

Exact Signature Generation

More particularly, flow chart 210A, which yields a signature having a
length scalar and a fingerprint (for example, a hash value), includes process
blocks 211A-216A. The process begins at block 211A which entails
determining one or more document length features or values. To this end, the
exemplary embodiment determines a length scalar, which is defined as the
document length in tokens, excluding newspaper, title, author and other header
information.

Next, block 212A entails determining or identifying and ranking one or

more semantic or lexical (more generally, content) values for the document. In

9



WO 2006/023941 PCT/US2005/030024

10

15

20

25

30

the exemplary embodiment, this entails determining a ‘fingerprint’ or term
vector which is defined to include the top X, for example six, unique highest-
ranking inverse-document-frequency (idf) terms for the document (excluding
title, author, and other header information or metadata.) The idf for a given term
is defined as the reciprocal of the document frequency of the term, that is, the
inverse of the number of documents in the collection under consideration that

contain the term. Some embodiments use a normalized IDF which is defined as

N+0.5
log( )

_ o
IDF = T 0eN+1.0) M

where n denotes the number of documents containing the given term; N denotes

the total number of documents in the collection; and the constants in the
numerator and denominator serve as scaling factors where there is sparse data.

In specifically defining the vector, the exemplary embodiment excludes
terms in the document title and other headings from consideration as a top idf
term, because these may vary significantly in duplicate newspaper articles.

Also, it excludes terms with an unusually high idf--for example terms having an
1df greater than or equal to 0.8--from the top X idf terms because these tend to be
textual aberrations, such as typos and misspellings. (Other embodiments may
use greater or fewer numbers of terms and/or greater or lesser idf-exclusion
criteria. Some embodiments may not use any idf-exclusion criteria. Some
embodiments may even use phrases or combinations of terms, such as word
pairs, rather than single terms or phrases in combination with single terms.)
Once the content features are identified and ranked, execution continues at block
213A.

Block 213 A entails determining relative positions of the idf terms within
the document. The positions can be defined as absolute or relative positions.
Absolute position is the position of a term relative to the first token in the
document. One sample vector includes the following:

prevarication[76],
hostage[0],

conspicuous[25],

10
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intransigence[121],
brutality[ 163},
theater[13]
wherein the terms are ranked and presented in descending order of idf value and
5  the position, shown in brackets, is measured in tokens relative to a first token in
the document.

Some embodiments measure position of each idf term relative to the
position of the preceding highest-ranked idf term. And, some embodiments,
which provide a relaxed or more tolerant definition of duplicate documents,

10 round the relative positional offsets into bins. For instance, one embodiment
rounds the positional offset for each corresponding top idf term into the closest
of a series of ten-token “bins,” with the number of bins determined by the size of
the document in tokens divided by ten. This positional binning is effective in
allowing this embodiment to handle cases where a document has been subjected

15 to insertions or short substitutions and would still generally be regarded as a
duplicate of another different, but otherwise identical document. The table
below shows a sample set of six idf terms presented in descending rank order
along with their original (or absolute) position within the document in the second
column, their relative positions in the third column, and their binned (or

20  rounded) relative positions in the fourth column.

idf term Original position relative “binned”
(descending document to preceding relative position
rank order) position ranked idf term
irate 11 11-0=11 20
flabbergasted 35 35-11=24 30
dishonorable 62 62-35=27 30
disgraceful 67 67-62=5 10
outrageous 80 80-67 =13 20
ignoble 120 120-80=40 40

Note that all rounding used in the positional binning is upward, and that
differences ending in 0 are left untouched (for example, see binned relative
position for ignoble in the table.) Also note that in this embodiment the terms

present in the title of the document (and in any of the accompanying headings

11
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and subheadings) do not participate (that is, are not counted in) the generation of

the offsets within the document. After defining the fingerprint, execution
advances to block 214A.

Block 214A entails determining a hash value (or other unique value)
based on the fingerprint. Specifically, the exemplary embodiment concatenates
the top idf-terms and positional information into a single string, such as
“irate20flabbergasted30dishonorable30disgraceful 1 Ooutrageous20ignoble40,”
and then hashes the resulting string according to the algorithm to determine the
hash value. In the exemplary embodiment, this entails hashing the vector into a
20-byte key using National Institute of Standards and Technology’s SHA1
hashing algorithm. Some embodiments may use other methods of determining a
hash value.

Block 215A entails forming or defining a document signature (that is,
data structure) based on one or more of the length values and the determined
fingerprint number (such as hash value based on content.) In the exemplary
embodiment, this entails aggregating the scalar length value and the fingerprint
number into a data structure that is logically associated with the corresponding
document, for example using a document identifier or pointer.

Block 216A entails storing the document signature data structure in a
memory device. To this end, the exemplary embodiment stores the data
structure in an index or metadata database, such as document signature database

125 in Figure 1.

Fuzzy Signature Generation

Flow chart 210B---which shows generation of a document signature data
structure (or characteristic feature set) based on document temporal, length, and
content components---includes process blocks 211B-215B.

Specifically, block 211B entails determining one or more temporal
components or values for the document. In the exemplary embodiment, this
determination entails extracting a publication date or time stamp from the
dateline of a document, and then converting the date or time stamp to a
simple integer representing the number of hours, days, weeks, or months

relative to a reference date, such as January 1, 1950. Other documents may

12
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use other dates associated with or contained in the document, such as a first or
last occurring date in the document or a portion of the first or last occurring
date. For example, some embodiments may extract and use the first
occurring year in the document as a basis for the temporal component. Still
others may determine a temporal component based on multiple dates within
the document, for example an average or aggregate of two or more dates.
Execution continues at block 212B.

Block 212B determines one or more length components or values for
the document. In the exemplary embodiment the length value is based on
length of the document, and is determined by extracting a document-length
indicator from a predefined word-count field associated with the document.
However, other embodiments independently determine a word count and use
this as the length value. Execution proceeds to block 213B.

Block 213B entails determining one or more content values or
features for the document. In the exemplary embodiment, this entails
identifying one or more lexical features for the document and forming a
‘fingerprint’ or term vector. The fingerprint generally includes the top Y, for
example 60, highest-ranking idf terms for the document (excluding title,
author, and other header information or metadata).

More specifically, the exemplary embodiment tokenizes and parses a
document into terms, and then sorts these terms by their associated idfs. Any
terms that are not in the idf table plus any terms included on a list of stop
words are excluded from the term (or feature) vector. If the number of idf
terms y in a document is less than 10, no signature is created for the
document. However, if y is between 10 and Y-1 inclusive, the exemplary
embodiment pads the term vector with additional terms to ensure inclusion of
Y terms.

Exemplary padding proceeds as follows. If the number of idf terms y
for a document falls between 30 and 59 inclusive, the exemplary embodiment
pads by adding up to 30 different alphanumeric terms to the vector, such as
‘padl’, ‘pad2’, ‘pad3’, ..., ‘padn’, where n =Y-y. If yis between 10 and 29
inclusive, the exemplary embodiment pads the term vector with some

combination of n predetermined non-idf terms and m randomly selected non-

13
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idf terms, such that y + n + m =Y. The n predetermined non-idf-tabled
terms, in some embodiments, are (as above) alphanumeric terms, such as
‘padl’, ‘pad2’, ..., ‘padn’, which have a common text portion and a
sequenced numeric portion. The m randomly generated non-idf-tabled terms,
in some embodiments, are alphanumeric terms, R1, R2, Rm, which represent
terms that are not matchable with existing idf terms. The table below

illustrates the padding scheme used in the exemplary embodiment.

# of idf terms, y # of non-random pad terms, n # of non-
matchable
terms, m

y >= 60 0 0

30<=y<=59 padl, pad2, ..., padn, n=Y-y 0

28 or 29 padl, pad2, ..., padn, n=Y-y-1 1

26 or 27 padl, pad2, ..., padn, n=Y-y-2 2

24 or 25 _padl, pad2, ..., padn, n=Y-y-3 3

22 or 23 padl, pad2, ..., padn, n=Y-y-4 4

20 or 21 padl, pad2, ..., padn, n=Y-y-5 5

18 or 19 padl, pad2, ..., padn, n=Y-y-6 6

16 0or17 padl, pad2, ..., padn, n=Y-y-7 7

14 or 15 padl, pad2, ..., padn, n=Y-y-8 8

12 or 13 padl, pad2, ..., padn, n=Y-y-9 9

10or1l padl, pad2, ..., padn, n=Y-y-10 10

1<=y<=9 no signature created no signature

Next, block 214B encodes the term vector. To this end, the exemplary
embodiment encodes each term separately, with the encoding based on position
of the term within the ranked idf table. Specifically, the exemplary embodiment
encodes each term vector token as a unique three-byte (24 bit) serial number or
index that not only uniquely corresponds with the token in the idf table (which
includes about one million entries), but also (in the exemplary embodiment)
indicates the rank of the term in the idf table. (The exemplary embodiment
organizes the terms in the vector from highest idf value to lowest to accelerate
mismatch count and thus reduce computation time.) After encoding the term
vector, execution advances to block 215B.

Block 215B entails storing the document signature data structure in a
memory device. To this end, the exemplary embodiment stores the signature
in a metadata database, such as signature database 125 (in Figure 1). (Some

embodiments append the document signature data to the document.)

14



WO 2006/023941 PCT/US2005/030024

10

15

20

25

30

Some embodiments address issues surrounding the maintenance of
collection statistics and idf table updates. For example, one embodiment, which
creates signatures according to flow chart 210A and/or 210B, recognizes the
sensitivity of these document signatures to updates of the idf table that typically
occur with addition, deletion, or correction of documents in a given collection or
database. This embodiment provides a pair of signatures for those documents
published close to an idf-table update date (for example, within a two-month
window centered on the update date.) One signature, a pre-update signature, is
based on the idf table prior to update, and the other, a post-update signature, is
based on the idf table after update. (In use, for example at block 250, if at least
one of the two signatures matches at least one of the signatures for another
document, the two documents are regarded as duplicates.)

Figure 3 shows how a document signature 300 is related to an idf table
340 via its content component 310. Specifically, document signature 300
includes a length component 310, a temporal component 320, and a content
component 330. Content component 330 takes the exemplary form of a 60-
term vector 330°, which includes terms TO-T59. As shown in Figure 3 one or
more of the terms, for example all of the terms, map to terms in idf table 340,
which has one million terms and corresponding idf values.

After generating and storing document signatures for all the documents
of the select databases according to one or both of the methods shown in flow
charts 210A and 210B, exemplary execution eventually proceeds to block 220.

Block 220 entails presenting a search interface to a user. In the
exemplary embodiment, this entails a user directing a browser in a client access
device to an internet-protocol (IP) address for an online information-retrieval
system, such as the Westlaw system, and then logging onto the system.
Successful login results in a web-based search interface, such as interface 138 in
Figure 1 or interface 300 in Figure 4 (or one or more portions thereof) being
output from server 120, stored in memory 132, and displayed by client access
device 130.

As Figure 4 shows, interface 400 includes a number of interactive control
features, including a query input region 410, a query field restriction region 420,

a duplicate directive region 430, and a query submit command 440. Query input
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region 410 receives textual input defining a query. Query targeting region 420
allows the user to target the query to a specific subsection of documents, the
headlines and lead paragraphs, in a fielded database. (Other embodiments may
have one or more other selectable subsections.) Duplicate-directive region 430
allows the user to specifically enable identification of duplicate documents
within search results for the query being defined. The initial state of this
directive region is determined by a default user preference value stored in a
subscriber database, such as database 124. Changing the state of the directive
region, in the exemplary embodiment, changes the directive for the current
query; the default preference value is unaffected unless changed at a higher
control level.

Using interface 138 or 400, the user can define or submit a query and
cause it to be output to a server, such as server 120. In other embodiments, a
query may have been defined or selected by a user to automatically execute on a
scheduled or event-driven basis. In these cases, the query may already reside in
the memory of a server for the information-retrieval system (such as done for
clipping services), and thus need not be communicated to the server repeatedly.
Execution then advances to block 230 (in Figure 2.)

Block 230 entails receiving a query. In the exemplary embodiment, the
query includes a query string and/or a set of target databases, which includes one
or more of the select databases. In some embodiments, the query string includes
a set of terms and/or connectors, and in other embodiment includes a natural-
language string. Also, in some embodiments, the set of target databases is
defined automatically or by default based on the form of the system or search
interface. Also in some embodiments, the received query may be accompanied
by other information, such as information defining whether to check for
duplicate documents as discussed above. In any case, execution continues at
block 240.

Block 240 entails identifying a set of documents or search results based
on or in response to the received query. In the exemplary embodiment, this
entails the server or components under server control or command, executing the
query against the targeted set of databases and identifying documents that satisfy

the query criteria. Execution proceeds to block 250.
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Block 250 entails identifying sets of duplicate documents in the search
results. (In some embodiments, execution of the duplicate identification block is
contingent on a default or selected user option that specifies whether to identify
duplicate documents. Some embodiments allow users or administrators to select
which of two or more duplicate-detection techniques or algorithms to use.) In
the exemplary embodiment, duplicate identification generally entails comparing
one or more aspects of one or more document signatures to corresponding
aspects of other document signatures and determining whether documents are
duplicates based on “exact” or “fuzzy” (less exact) standard of what constitutes a
duplicate document.

More specifically, the exemplary embodiment follows the method shown
in flow chart 250A, which includes process blocks 251A-254A for the exact or
more exact detection algorithm, or the method shown in flow chart 250B, which
includes process blocks 251B-255B for a “fuzzy” detection algorithm. Some
embodiments which use both types of signatures described above use both

corresponding methods.

Exact Duplicate Detection

In flow chart 250A, the exemplary method begins at block 251A, which
entails selecting two or more documents of the search results for comparison. In
the exemplary embodiment, this entails retrieving document signature data
structures for each document in the search results based on their document
identifiers and defining a number of document pairs for real-time duplicate
detection or comparison. Defining the document pairs entails selecting a
primary document and pairing the primary document (or more precisely its
document signature) with each of the other documents in the search results, then
selecting a second primary document and pairing it with all other documents
with which it has not already been paired. Similarly, each document can be
selected as a primary document and paired with all other documents with which
it has not already been paired, ultimately defining a complete set of unique
document pairings for comparison. (In some embodiments, the primary
documents are selected in order of their relevance ranking within the search

results. Also, some embodiments restrict application of the duplicate detection
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process to documents that exceed a certain relevance threshold or that have a
certain minimum ranking.) Execution then advances to block 252A.

Block 252A entails determining whether the length criteria for the set of
documents selected for comparison are satisfied. In the exemplary embodiment,
this entails determining whether the length scalars of a selected pair of document
signature data structures are within a predetermined range, such as +40 tokens or
+10% of each other. The fixed or relative range allows for potential differences
in documents that are near the header material, for example, Dateline:
Amsterdam. If the determination is that the length criteria (or condition(s)) are
not satisfied, execution returns to block 251A for selection of another set of
documents for comparison. However, if the length criteria are satisfied,
execution advances to block 253A.

Block 253 A determines whether content criteria for the selected
documents are satisfied. In the exemplary embodiment, this entails comparing
the document fingerprints of the selected documents to each other. If the two
fingerprints are not identical, execution returns to block 251 A for selection of
another set of documents for comparison. If the fingerprints are identical,
execution advances to block 254A.

Block 254A entails marking the selected documents as duplicates of each
other. In the exemplary embodiment, this marking entails storing the document
identifiers for the documents deemed to be duplicates in a duplicate-set buffer.
(In other embodiments, the marking includes adding the document identifiers for
the selected documents to a master duplicate document database or to the
respective document signature data structures for the selected documents, which
may be reused for special duplicate-document queries.)

Execution then returns to block 251A for the selection of the next set of
documents for comparison. In the exemplary embodiment, block 251 A includes
logic for terminating the comparison process after all selected sets of documents

are processed.

Fuzzy Duplicate Detection
Flow chart 250B depicts an alternative detection process, which

generally entails a real-time multilevel processing of the signature data structures
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for the documents identified in the search results. (Some embodiments may
perform duplicate detection prior to, rather than in response to a user query.)
Flow chart 250B includes process blocks 251B-255B.

At block 251B, the process ensues with retrieval of at least two document
signature data structures for documents identified in the search results. In the
exemplary embodiment, this entails retrieving signature data structures from
signature database 125 (shown in Figure 1) for each document in the search
results in a manner similar to that described for block 251A. Once the signatures
are retrieved, a set of two or more document signatures are selected for use in
determining whether their corresponding documents are duplicates. Execution
then continues at block 252B.

Block 252B determines whether the temporal criteria for components
associated with the two or more document signatures are within a certain time
period of each other. In the exemplary embodiment, this entails determining
whether the temporal components of the selected document signatures are within
30 days of each other. (Some embodiments use smaller or larger temporal
windows.) A negative determination results in the documents being deemed as
non-duplicates and execution returning to block 251B to get another set of
document signatures for comparison, whereas a positive determination extends
processing to block 253B.

Block 253B determines whether the length components of the signature
data structures for one or more corresponding documents are within some range
of each other. In the exemplary embodiment, this entails determining in real-
time whether the length components are within £20% of each other. If the
length determination is negative, the documents are considered as non-duplicates
and execution returns to block 251B to select another set of document signatures
for comparison. However, if the determination is positive, indicating that the
document lengths are sufficiently close, execution continues at block 254B.

Block 254B entails determining whether the set of document signatures
satisfy the fingerprint or content criteria for duplicate documents. In the
exemplary embodiment, this entails determining whether at least 80% of the
terms in the term vector for one document are contained within the term vector

for the other document. Some embodiments may use alternative thresholds, for
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example, 60, 65, 70, 75, 80, 85, 90, or 95%. Other embodiments may use
dynamic thresholds that vary based on type of documents or database; indeed
some embodiments allow users to select the threshold.

More particularly, in determining whether the content criteria are met,
the exemplary embodiment performs a real-time term-by-term comparison,
incrementing a mismatch counter for every term mismatch and a match counter
for every match. The term-by-term comparison is terminated when the
mismatch counter exceeds a non-duplicate threshold, such as 12, which indicates
that the content criteria cannot be satisfied (since, for example, more than 20%
of the terms have not matched). Alternatively, the 'term-by—term comparison
could terminate when the match counter meets a duplicate threshold, such as 49,
which indicates that more than 80% of the terms have matched. In any event, if
the content criteria are not satisfied, execution returns to block 251B. And, if the
content criteria is satisfied, execution proceeds to block 255B.

Block 255B entails marking the documents in the document sets as
duplicates. In the exemplary embodiment, this marking entails storing the
document identifiers for the documents deemed to be duplicates in a duplicate-
set buffer. After identifying duplicates within the search results, execution
proceeds to block 260.

Block 260 entails presenting search results to a user. In the exemplary
embodiment, this entails outputting the search results in the form of a ranked list
to a client access device, such as client access device 130 in Figure 1.
Specifically, the exemplary embodiment provides the list within the context of a
graphical user-interface, as exemplified by interface 138, specifically region
1382 in Figure 1 or alternatively by interface 500 in Figure 5.

Interface 500 shows a results list 510 of selectable document citations
or hyperlinks and window 520 for displaying text of at least one of the
documents in results list 510. Results list 510 includes one or more sets or
groupings of duplicate document identifiers or citations, of which a duplicate
set 512 is representative. In the exemplary embodiment, the position of set
512 within results list 510 is determined based on reverse chronological
listing, relevance rank, or score of the highest ranked document in or

associated with the set. For example, if the original set includes documents 3
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and 5 (in rank order) that are duplicates and document 5 is the primary |
document, the entire duplicate set is displayed in the number 3 position in the
cite list. Set 512 includes a primary document identifier 5121, duplicate
count indicator 5122, and a duplicate identifier 5123.

Primary document identifier 5121 identifies a primary document, which
in the exemplary embodiment is defined as the longest of the documents in the
duplicate set. If two or more duplicate documents are the same length (that is,
have the same word count), then the more recent document is listed as the
primary document. In some embodiments, the primary document identifier
corresponds to the document having the highest relevance score or the most
recent publication date.

Duplicate count indicator 5122 indicates the number of documents in the
search results that are considered to be duplicates of the primary document---that
is, to include substantial amounts of content that are duplicative of content of the
primary document. In the example shown, the primary document is indicated to
have one duplicate in the results list.

Duplicate listing 5123 lists one or more selectable document citations or
identifiers, such as document citation or identifier 5123 A, each associated with a
document (or document URL) deemed relevant to the search query and
considered to include a substantial amount of content that is duplicative of
content in the primary document. (In the exemplary embodiment, duplicates are
determined in accord with the techniques and principles presented herein;
however, other embodiments may use alternative techniques and/or principles.)
In the duplicate listing, the order of listing multiple duplicates can be determined
by length, publication date, document relevance, or access frequency. In some
embodiments, the labels for these links contain the date of the document,
publication, and word count.

Rather than presenting the duplicate listing in the results lists, some
embodiments display a container icon, such as a duplicates folder, in association
with the primary document identifier. The duplicates folder is a user-selectable
icon that when selected opens a window to display a liéting of the duplicate

documents (or corresponding URLs) along with bibliographic information.
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From presentation of search results at block 260, execution advances to
block 270, which entails outputting one or more select documents from the
search results. In the exemplary embodiment, this output entails printing,
emailing, or saving one or more of the identified documents to memory
associated with a client access device, such as access device 130, in response to
a user selection. To facilitate user control or direction of this output, the
exemplary embodiment presents the user a graphical user interface, such as
interface 600 in Figure 6, which is incorporated and accessible via interface 138
in Figure 1.

Interface 600 includes an output-destination region 610, a range-
definition region 620, a content-definition region 630, and a request-submission
region 640. Output-destination region 610 allows a user to specify printer,
email, or memory destinations for one or more portions of the search results.
(See Figure 7 and supporting text for sample email message.) Range-definition
region 620 allows a user to identify the documents within the search results that
are to be output to the destination(s) identified in region 610.

Content-definition region 630, which allows the user to identify specific
portions of documents selected in range-definition region 620 portion for output,
includes, among other things, a duplicate-output control feature 631. This
feature allows a user to indicate and control whether to include any documents
that are duplicates of the identified documents as part of the output. If the user
has not modified her corresponding preference, such as preference setting 1241D
in subscriber database 124 of Figure 1, the default is to exclude duplicate
documents from the output, meaning that the duplicate-output control region
initially indicates that duplicates are to be excluded from the output.

In the exemplary embodiment, selection or invocation of the include-
duplicates feature not only causes output of duplicate documents for all options
in the range definition region except for the selected documents or citations
option, but also affects displays within interface 600. The "all documents" range
option in region 620 includes a label indicating the number of primary
documents in the search result, with the set of primary documents being the
entire set of search results minus any duplicates. If the search results include 30

total documents and documents 1, S and 7 are duplicates, the label next to the
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"all documents" option in region 620 ordinarily would indicate "28 documents."
However, if the user invokes the duplicate-inclusion feature (manually or by
default) the label would indicate both primary and duplicate documents, or
pursuant to the example, "30 documents."

Figure 7 shows an exemplary HTML-formatted electronic message 700
which includes among other things a results list that identifies duplicate
documents. Specifically, message 700, which can also be sent in response to
automatic running of a query defined for repeated, periodic or event-driven
execution, includes a header 710, a query region 720, and a result listing region
730.

Header 710 includes from, sent, to, and subject regions, which
respectively identify the sender, time-sent, recipient, and subject of the email.
Query region 720 includes a database-identification field 722 and a query field
724. Database identification field 722 identifies the database(s) that were
searched, and query field 724 lists text of a query. In the exemplary
embodiment, the particular query takes the form of a Boolean or natural-
language query.

Results listing region 730 includes one or more document citations or
hyperlinks, such as identifiers 732 and 734, which are selectable to invoke
retrieval and display of all or a portion of each corresponding document. In
some embodiments, selection of one of the hyperlinks immediately causes
retrieval of the corresponding document in a browser window. In others the
selection results in display of a sign-on screen in the browser window,
prompting the user to enter appropriate login and/or client-matter-identification
data prior to document display.) Associated with document identifier 732 is a
set 7322 of one or more selectable duplicate-document identifiers or links. In
the exemplary embodiment, labels for these links contain respective publication

dates and word counts.

Exemplary Options-Control Interface
Figure 8 shows an exemplary options-control interface 800, which
functions as a portion of interface 138 in Figure 1 and allows users to set values

for preferences in subscriber database 123, such as those related to duplicate
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processing and/or presentation. In the exemplary embodiment, interface 800
includes an identify-duplicates control feature 810, duplicate-inclusion-or-
exclusion control features 820, primary-duplicate-selection features 830, and a
save-command feature 840.

Identify-duplicates control feature 810, a check box in this embodiment,
enables users to set the default for whether duplicate processing is performed on
eligible search results.

Duplicate-inclusion-or-exclusion control elements 820 include control
features 821 and 822. In this embodiment, features 821 and 822 take the form of
radio buttons and respectively allow users to select whether duplicates are to be
included in the displayed results list or excluded from the displayed results list.

Primary-duplicate-selection features 830 include features 831 and 832,
which also take the form of radio buttons and which allow users to specify which
document in a set of duplicate documents to display as a primary document in a
results list. In this embodiment, the user can select to have the longest document
or the most recent or most relevant document as the primary document. If
duplicates are to be excluded from the search results, this option governs which
document of a set of duplicates is displayed in the results list, whereas if
documents are to be included within the list, this option governs which
document is to be displayed first in the list.

Save command feature 840 enables a user to save changes made via
control features 810, 820, 830 to subscriber database 124 for use during the

remainder of a current search session and during future search sessions.

Use of Temporal and Length Bins

Some embodiments integrate the temporal and length comparison of
blocks 252B and 253B (in Figure 2) by defining sets or bins of potentially
duplicate documents. For example, some embodiments retrieve a set of
corresponding signature data structures as defined in flow chart 210B from
signature database 124 and sort them in reverse chronological order based on
their respective temporal components.

After this temporal sorting, these embodiments define one or more

temporal sets or bins, by “moving” a fixed-temporal window down the sorted
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document list. The first temporal bin includes the first sorted document and all
documents having a temporal value within a time period, such as 30 days, of the
first sorted document. The second temporal bin includes the second sorted
document and all documents having a temporal value within 30 days of the
temporal value for the second sorted document. Additional bins are defined
similarly, moving down the list of sorted documents. (Some embodiments
define mutually exclusive sets or bins of documents.)

Once these temporal sets or bins are defined, these embodiments define
one or more length-based bins or sets of signatures within each of the defined
temporal bins. This entails sorting the signatures in each of the temporal bins in
descending order of the length components in their corresponding signatures and
then “moving” a length window down the sorted list to define one or more
length bins or sets. The first length bin within the first temporal bin includes the
first signature in the length-ranked list in that bin (that is, the longest document
in the temporal bin) and all documents within the first temporal bin that are no
more than 20% shorter than the length of the longest document.

In other words, each subsequent signature has a length value at least 80%
of that of each other signature in the first length bin. The second length bin
includes the second longest document in the first temporal bin and all documents
that are no more than 20% shorter than it. Subsequent length bins are defined
similarly until all the documents in each temporal bin are assigned to a length
bin. Thus, two documents are members of the same length bin if their temporal
features (for example, publication dates) are within the same 30-day window and
the length of the shorter of the documents is no less than 80% the length of the
longer document. Further length bins for the first temporal bin and any other
temporal bin are defined similarly.

To illustrate this binning, Figure 9 shows a diagram 900. Diagram 900
includes a reverse chronologically sorted list 910 of document identifiers or
document signatures D1-D20, which has been organized as three temporal bins
or sets TB1, TB2, and TB3, with each bin identifying or corresponding to a set
of documents that are published within 30 days of each other. Temporal bin
TB1 includes document identifiers or document signatures D1-D7. Sorting the

contents of temporal bin TB1 based on the length components of its document
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length bins LB1 and LB2, with each bin identifying or corresponding to a set of
documents that are no more than 20% shorter than the length of the longest
document in the bin. Once all the length bins for each temporal bin are defined,
all unique pairs of documents in each length bin are compared pursuant to the
content-comparison process outlined for block 254B (in Figure 2.)

Some embodiments omit actual defining of the length bins, instead
comparing the length of each document to each other document in the current
temporal bin and performing the content comparison only for those pairs of
documents that have lengths within £20% of each other. In effect, these

embodiments define length bins in a virtual manner.

Conclusion

In furtherance of the art, the present inventors have not only recognized a
need to effectively address how information-retrieval systems handle the
existence of duplicate documents in their document collections, but also
presented herein systems, methods, and software that facilitate the identification
and/or grouping of duplicate documents in search results, in accordance with
user preferences. This identification and grouping ultimately streamline the
process of users accessing and reviewing search results that contain duplicate
documents.

The embodiments described above are intended only to illustrate and
teach one or more ways of making and using the present invention, not to restrict
its breadth or scope. The actual scope of the invention, which embraces all ways
of practicing or implementing the teachings of the invention, is defined only by

one or more issued patent claims and their equivalents.
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Claims

1. An information-retrieval system comprising:
one or more databases; and
5 one or more servers for facilitating client access to the databases over a
network, with each server including:
query-definition means for facilitating user submission of a query and
user selection of an option related to identification of search-
result documents that include content duplicative of one or more

10 other search-result documents; and

duplicate-determination means for determining whether one or more
of the search-result documents include content duplicative of
content in one or more other search-result documents, with
the duplicate-determination means including:

15 means for comparing first and second feature vectors for
respective first and second documents, with each
feature vector including a plurality of equal-length
binary representations of features selected from the
respective document, and with each binary

20 representation based on sequential position of a
corresponding one of the features within an inverse-
document-frequency (idf) table for one or more of the
databases; and

means for determining whether the first and second
25 documents are duplicates based on results of
comparing the first and second feature vectors;
means for controlling display of search-result documents based on the
selected option, with at least one of the displayed results indicated
as including content duplicative of content in one or more other

30 documents within the results.

2. The system of claim 1, wherein the server further comprises means for

comparing first and second lengths of the respective first and second
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documents, and the means for comparing first and second feature vectors
for respective first and second documents compares the feature vectors
only in response to the first and second lengths having a predetermined

relationship.

The system of claim 1, wherein each feature vector includes at least 30
terms selected from its respective document, and wherein the duplicate-
determination means determines that documents are duplicates when at

least 80 percent of the terms in the first and second feature vectors match.

The system of claim 1, wherein the idf table is sorted in descending order

of 1df value.

The system of claim 1, wherein each means comprises one or more sets

of machine-readable instructions.

A method of operating an information-retrieval system, comprising:

comparing first and second feature vectors for the respective first and
second documents, with each feature vector including a plurality
of binary representations of features selected from the respective
document, and with each binary representation based on
sequential position of a corresponding one of the features within
an inverse-document-frequency (idf) table; and

determining whether the first and second documents are duplicates based

on results of comparing the first and second feature vectors.

The method of claim 6, further comprising:

comparing first and second lengths of the respective first and second
documents identified in response to a user query;,

wherein the comparison of the first and second documents occurs in
response to the comparison of the first and second lengths
indicating that the first and second lengths have a predetermined

relationship.
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10.

11.

12.

13.

The method of claim 6, further comprising comparing first and second
temporal values associated respectively with the first and second

documents.

The method of claim 6, wherein the comparison of first and second
features vectors occurs in real-time response to a query submitted over

the Internet to the system.

The method of claim 7, wherein the determination of whether the first
and second documents are duplicates is affirmative if and only if the first
feature vector has at least a threshold number of features in common with

the second feature vector.

The method of claim 6, wherein the binary representations are of equal
length and each feature is selected from the respective document based

on relative magnitude its corresponding idf value in the idf table.

The method of claim 11, wherein the idf table is sorted in descending

order of idf value and excludes features having an idf value greater than
0.8.

A machine-readable medium comprising instructions for:

comparing first and second feature vectors for the respective first and
second documents, with each feature vector including a plurality
of equal-length binary representations of features selected from
the respective document, and with each binary representation
based on position of a corresponding one of the features within an
inverse-document-frequency (idf) table; and

determining whether the first and second documents are duplicates based

on results of comparing the first and second feature vectors.
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14.  The medium of claim 13, further comprising instructions for:
comparing first and second lengths of the respective first and second
documents identified in response to a user query;
wherein the comparison of the first and second documents occurs in
5 response to the comparison of the first and second lengths
indicating that the first and second lengths have a predetermined

relationship.
15.  The medium of claim 13, further comprising instructions for comparing

10 first and second temporal values associated respectively with the first and

second documents.
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