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(57) Abrege(suite)/Abstract(continued):

a multi-modal information need vector is determined for each significant user path. Multi-modal vectors for each document in the
significant path, content, uniform resource locators, inlink and outlink mult-modal vectors are determined and combined based on
path position and access frequency. Multi-modal clustering Is performed based on a multi-modal similarity function and a specified
measure of similarity using a type of multi-modal clustering such as K-means or wavefront clustering. The identified clusters may be
further analyzed based on changes to the weighting of the corresponding content, url, inlinks and outlinks mult-modal feature
vectors.
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ABSTRACT OF THE DISCLOSURE

Techniques for detenmining user types based on multi-modal clustering are
provided. The topology, content and usage of a document collection or web site is
determined. The user paths are identified using longest repeating subsequence
techmques and a multi-modal information need vector is determined for each
significant user path. Multi-maodal vectors for each document in the significant path,
content, uniform resource locators, inlink and outlink multi-modal vectors are
determined and combined based on path position and access frequency, Multi-modal
clustering is performed based on a multi-modal similanity function and a specified
measure of similarity using a type of multi-modal clustering such as K-means or
wavefront clustering. The identified clusters may be further analyzed based on
changes to the 'weighting of the corresponding content, url, inlinks and outlinks multi-

modal feature vectors.
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SYSTEMS AND METHODS FOR IDENTIFYING USER TYPES USING
MULTI-MODAL CLUSTERING AND INFORMATION SCENT

BACKGROUND OF THE INVENTION
1. Field of Invention

[0001] This invention relates to computer assisted search and retrieval
systems and systems and methods for determining the types of users visiting a

document collection or web site.

2. Description of Related Art

[0002] The ability to manage information is increasingly important in the
modern information economy. As the reach of corporate information systems is
extended to suppliers and customers, timely access to corporate information
repositories becomes critical. Therefore, web site designers and information
architects need to 1dentify the types of users traversing their document collections or
web sites. This information is then used to tailor the delivery of information based on
the user's needs and the tasks the user must perform.. A user's access patterns of a
document collection and/or web site may be determined using conventional access
information and/or special instrumentation of client access software. For example,
Alexa Internet's Toolbar 5.0 system provides for a customized toolbar that is added to
the client browser. Using the Toolbar 5.0 product, Alexa Internet is able to compile
information regarding a user's path and makes suggestions of a next connection based
on the similarity of the current path to accumulated historical browsing information.
Similarly IBM's SurfAid product uses On-Line Analytical Processing methods to
provide a user with counts of users following traversal paths. The system then attempts
to assign each user path to a user path category. However, none of these conventional
products provide for integration of the user's information needs as well as other modes
of information. Also, none of these conventional systems employ multi-modal
clustering to 1dentify user types based on the multiple modes of information available.

[0003] Instead, IBM's SurfAid Alexa Internet's product merely analyze the
user paths directly.

[0004] Conventional software packages such as Accrue Corporation's
Insight product and NetGenesis™ Corporation's NetGenesis™ 5 product provides

tools for analyzing product purchases and click-through rates. However, these
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conventional software packages fail to identify user's tasks and user types and fail to

integrate information from the various sources.
THE ON

SUMMARY
[0005] Thercfore, the ability to integrate vanous modes or types of

information sources such as the information content of & document collection or web
site, the words contained within each document or web page, the inward connections
or inlinks, the outward connections or outlinks as well as the URL connections into
the analysis of the type of user as well as usage and topology information to provide
information about the type of user and/or user task would be useful.

[0006] This invention provides systems and methods for determining user
types and/or user tasks for document collections, electronic libraries, web sites and
any other collection of documents and/or web pages containing connections or links to
other docwments and/or web pages.

[0007] In accordance with an aspect of the present application, there 1s
provided a method for identifying user types in a collection of connected content
portions, coraprising:

determining at least one significant user path of connected content poruons,
said connected content portions being content portions connected to or linked to other
content portions and reachable via a threshold number of traversals from an initai

content portion,;
determining a multi-modal user path user information need for each at least

one significant user path;, |
for each content portion comprised in each of the at least one significant user

path, |

determining a multi-modal content portion feature informavion including at
least Two of a content feature information, connection feature information, inward
conmeetion feature information and outward connection feature information, which for
a selected content portion the multi-modal connection feature indicates a connection
that appears on the selected content portion, the multi-modal inward connegtion '
feature indicates a connection that refers to the selected content portion mn the
collection of connected content portions, and the multi-modal outward connection

faature indicates a connection that is referred to by the selected content portion in the

collection of connected content portion;
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combining each multi-modal content portion feature information for the user
path with the multi-modal user path user information need into a multi-modal user
path information;

determining a similarity function and a of similarity for the multi-modal user
path information;

determining a multi-modal clustering type;

clustering the multi-modal user path information based on the multi-modal
clustering type, the similarity function and the measure of similarity; and
determining user types based on the clustered multi-modal user path information.

[0008] In accordance with another aspect of the present application, there is
provided a system for identifying user types in a collection of connected content
portions comprising:

a controller circuit, a memory circuit, an input/output circuit;

a user path determining circuit adapted to determine at least one significant
user path of connected content portions, said connected content portions being content
portions connected to or linked to other content portions and reachable via a threshold
number of traversals from an initial content portion;

a multi-modal user path user information need determining circuit adapted to
determine a multi-modal user path user information need for each significant user
path;

multi-modal content, multi-modal connection, multi-modal inward connection
and multi-modal outward connection feature information determining circuits adapted
to determine multi-modal content, multi-modal connection, multi-modal inward
connection and multi-modal outward connection feature information for each content
portion comprised in a user path, which for a selected content portion the multi-modal
connection feature indicates a connection that appears on the selected content portion,
the multi-modal inward connection feature indicates a connection that refers to the
selected content portion in the collection of connected content portions, and the multi-
modal outward connection feature indicates a connection that is referred to by the

selected content portion in the collection of connected content portion;
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wherein the controller is adapted to combine each content portion multi-modal
content, multi-modal conn ection, multi-modal inward connection and multu-modal
outward connection feature information for the user path with the multi-modal user
path user information need into a multi-modal user path information;

a stmilarity measure deterrmning circuit for determining 8 measure of
similarity for the multi-modal user path information;

a multi-modal clustenng circuit that clusters the multi-modal user path
mformation based on the multi-modal clustering type, the similarity function and a
specified measure of similanty; and

a cluster analyzm g circuit for determining user types based on the clustered
multi-modal user path mnformation.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exemplary flowchart of an exemplary method for identifying user types
using multi-modal clustering and information scent according to this invention;
Fig. 2 is an exemplary flowchart of a method for inferrmg user information need from
a user path according to this invention,;
Fig, 3 is an exemplary embodiment of a system for identifying user types using muiti-
modal clustering and information scent according to this invention,;

Fig. 4 shows exemplary longest repeating sub-sequences;
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Fig. 5 shows an exemplary clustering of user types for a document collection or web
site according to an embodiment of this invention.

Fig. 6 shows an exemplary graph showing the connecting links between an exemplary
set of documents or web pages.

Fig. 7 shows an exemplary embodiment of a topology matrix data structure showing

the connecting links between an exemplary set of documents or web pages according

to this invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0009] Fig. 1 shows a flowchart of an exemplary embodiment of a method
for 1dentifying user types using multi-modal clustering and information scent
according to this mvention.

[0010] The process starts at steps S10 and continues immediately to step S20
where the topology of the document collection or web site 95 is determined. The
topology may be determined by traversing the site and identifying connections or links
between content portions, documents or web pages. For example, starting at a first
document or web page, the documents or web pages connected to, or linked to, the
first document or web page are determined. Information indicating an association
between the first document or web page and the reachable documents or web pages is
stored 1n a topology data structure. It will be apparent that a topology data structure
may include a topology matrix, a topology adjacency list or any other known or later
developed technique of storing topology information about the documents or web
pages in the document collection or web site.

[0011] Each of the connected to or linked to documents or web pages are
then selected. The connections or links on each of the connected to or linked to
documents or web pages are then identified and the information indicating the
association between the connected to, or linked to documents or web pages is stored
in the topology matrix. Continual looping may be avoided by maintaining a list of
documents or web pages already visited. The process repeats for all connected to or
linked to documents or web pages reachable via a threshold number of traversals from
the mitial document or web page. In this way the exemplary topology matrix data
structure may be developed automatically. In various alternative embodiments of this
invention, the information for the topology matrix data structure may be supplied by

any other tool or utility such a web crawler or the information may be provided by the
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web site designer. The topology matrix represents the documents or web pages that
can be reached from an mitial starting document or page. After determining the
topology matrix, control continues to step S30.

[0012] The content of each of the content portions, documents or web pages
making up the document collection are determined 1n step S30. The words on each
content portions, document or web page are added to a word / document frequency
matrix. The weights of the words are determined and a weighted word document
frequency matrix 1s created. The weighting may use term frequency/inverse document
frequency, log of the term frequency, 1+ (log;o of the term frequency) or any other
known or later developed technique of weighting. Control then continues to step S40.

[0013] In step S40 the usage of the web site 1s determined by for example,
analyzing the document server or web server access imnformation. The document
server or web server access information indicates the connected to or linked to
document or web page which a user used to traverse 1nto the site, the connected to or
linked to document or web page, the date and time as well as machine address
information. Information about the type and/or version of the user's browser may also
be recorded.

[0014] The machine address information can be used to provide an
indication of the path of users between the documents or web pages 1dentified in the
document server, or web server access information. The user path information may be
further analyzed using the techniques described 1n Pitkow et al., "Mining Longest
Repeating Sub-sequences To Predict World Wide Web Surfing" in Proceedings of
USITS' 99: The 2" USENIX Symposium on Internet Technolo gies and Systems,
USENIX Association, 1999; and Pirolli et al. "Daistributions of Surfers' Paths Through
the World Wide Web: Empirical Characterization”, World Wide Web 2(1-2):29-45.
Control then continues to step S50 where the significant usage information including
user path information 1s determined using the longest repeating sequence techniques.

[0015] In step S50, a longest repeating sub-sequence of documents or web
pages 1s a sequence of consecutive documents or web pages accessed by a user and
where each document or web page appears at least some number of times greater that

1s than a threshold level, and where the sequence appears at least twice.
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[0016] Once the significant user paths have been determined using the
longest repeating sequence techniques, control 1s transferred to step S60 where the
first of the determined user paths is selected. Control then continues to step S70.

[0017] In step S70, the information need associated with the selected user
path 1s determined. It will be apparent that the information need may be determined
using any known or later developed technique of determining user information need.
The determination of information need 1s further discussed with respect to Fig. 3. The
determination of information need accepts a user path and indicates the user
information need for the path by returning a weighted group of keywords describing
the user information need. The weighted group of keywords reflecting the
information need is stored as a multi-modal information need feature vector for the
user path. Control then continues to step S80.

[0018] The multi-modal feature vectors for each document in the user
path are determined in step S80. The multi-modal feature vectors of the exemplary
embodiment comprise for example, a multi-modal content feature vector reflecting the
content of the words contained by each document or web page in the path. In one of
the various exemplary embodiments according to this invention, a multi-modal URL
feature vector retlecting words within the URLs contained by each document or web
page 1s also provided. The “/” and “.” contained within URLSs are used to define word
boundaries. In this way, the word content of the URLs may be determined and a
multi-modal feature vector determined.

[0019] An inlinks multi-modal feature vector that indicates the inward
connections or inlinks into each of the documents or web pages along the selected
user path 1s also determined. The inward connections or inlinks are easily determined
by, for example, examining the topology data structure of the document collection or
web site and 1dentifying which documents or web pages have entries indicating a link
into the selected document or web page along the selected user path. Similarly, an
outlinks multi-modal feature vector indicating outward connections or outlinks for
each document or web page along the selected user path is also determined. It will be
apparent that any other set of known or later identified features of a document or web
page may be used to determine a multi-modal vector without departing from the spirit

or scope of this invention.
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[0020] The document path position weighting 1s then determined. The path
position weighting may for example adjust the weighting to provide a greater
weighting for document information appearing later in the path under the assumption
that information accessed farther along a path more closely reflects the user’s
information needs. Alternatively, a mathematical function assigning asymptotically
greater weight to information appearing later along the path or any other known or
later developed technique may be used to provide path position weighting abcording
to this invention.

[0021] The document access weighting is also determined. For example, the
document access weighting may be determined by analyzing usage information such
as a document server, electronic library log file or web server access information to
determine how many times each document or web page has been accessed. A
weighting function is then developed based on this information. For example, a
document weighting function might lower the weighting associated with a document
or web page that 1s accessed by every user path under the assumption that the
document or page is a splash screen or entry document or web page that every user of
the site must visit to start the user path traversal. After document access weighting has
been determined, control continues to step S90.

[0022] In step S90, a user profile vector is determined based on the path
position weighting and document access weighting. Control 1s then transferred to step
S5100. In step S100 a determination 1s made whether additional user paths remain to
be processed. If a determination 1s made that additional user paths remain to be
processed, control continues to step S110. In step S110 the next user path 1s selected
and control jumps to step S70 where the process repeats. When step S100 determines
that no additional user paths remain to be processed, control continues to step S120
where a multi-modal similarity function is determined.

[0023] Since each of the modes of the multi-modal vector define a
unique dimensional space, consecutive multi-modal vectors may be transformed to
occupy a new dimensional space having a number of dimensions equal to the sum of
the number of dimensions of each multi-modal vector. In this way, dissimilar
information may be aggregated and compared using vectors. Accordingly, a similarity
function may be defined to be the cosine of the angle between any two multi-modal

vectors 1n this new dimensional space. However, it will be apparent that any known
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or later developed method of determining the similarity between vectors may be used

to determine a multi-modal similarity function according to this invention. Control
then continues to step S130.

[0024] In step S130 the weighting of the multi-modal features 1s determined.
For example, in some situations it may be desirable to assign a greater weighting to
the content features than to the URL features. Similarly, at other times, 1t be desirable
to assign a greater weighting to the inlink and outlink features. Once the weighting of
the multi-modal features i1s determined control continues to step S140 where the type
of clustering to perform is determined.

[0025] In the exemplary embodiment according to this invention, a choice
between K-Means clustering and Wavefront clustering 1s determined. Multi-Modal
Clustering 1s further discussed in “SYSTEM AND METHOD FOR IDENTIFYING
SIMILARITIES AMONG DOCUMENTS IN A COLLECTION” (U.S. Patent No.
6,941,321); and “SYSTEM AND METHOD FOR CLUSTERING DATA OBJECTS
IN A COLLECTION” (U.S. Patent No. 6,598,054). However, 1t will be apparent that
any type of clustering, such as Hierarchical Clustering, known or later developed may
be used according to this invention.

[0026] If the determination 1s made at step S140 that Wavefront clustering is
to be used, then control continues to step S150. In step S150, a global centroid cluster
1s determined. Control then continues to step S160. '

[0027] In step S160, some N random vectors are selected and control
continues to step S170. N can be user specified. In step S170 cluster centers are
selected between each random vector and the global centroid and control continues to
step S180 where a measure of similarity between the vectors is selected.

[0028] The measure of similarity may be user selected using a drop down
dialog box, pop-up dialog box or any other known or later developed technique for
entry of the measure of similarity value. In various alternate embodiments of this
invention, the similarity value may be a default value changeable by the user. After
selection of the measure of similarity value, control continues to step S190.

[0029] In step S190 the multi-modal feature vectors having the selected
measure of similarity with the cluster center vectors based on the multi-modal feature
vector similarity function are averaged. Control then continues to step S230 where

the cluster centers vectors are analyzed to determine user profile types.
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[0030] The analysis may include for example, mathematical processing such
as the application of smoothing functions using Gaussian or Log-Normal
distributions. Control is then transferred to step S240 and the process ends.

[0031] However, if it is determined in step S140 that K-Means clustering
should be used, control continues to step S200 where random vectors are selected as
cluster centers. Control then continues to step S210.

[0032] In step S210 a measure of similarity is selected. As discussed above,
the measure of similarity may be selected using any known or later developed method
of determining user input such as pop-up dialog box and field entry. The measure of
similarity may be a default value that may be overridden be a user. Once the measure
of similarity is selected control continues to step S220 where the average of all vectors
having the selected measure of similarity with each of the cluster centers, based on the
multi-modal vector similarity function 1s determined.

[0033] The average may be performed by summing each individual vector
and then dividing the sum by the number of total number of vectors or any other
known or later developed methods. Control then continues to step S230.

[0034] In step S230, the user profile types are determined by analyzing the
cluster center vectors. Thus, an information architect or web site designer 1s provided
an indication of the types of user profiles using the document collection or web site.

[0035] Fig. 2 shows a flowchart of an exemplary method of inferring user
information. The process starts at step S300 and continues to step S310.

. [0036] In step S310, a user path E is selected. In the exemplary
embodiment, the user path 1s determined using the longest repeating sequence
techniques as described above in regard to step S50 of Fig. 1. Control then continues
to step S312 where the content information for the document collection or web site is
determined.

[0037] In the exemplary embodiment according to this invention, the content
information 1s obtained from the stored content information determined in step S30 of
Fig. 1. However, 1t will be apparent that any method of obtaining the content
information may be used such as providing the content information as a parameter to
the process of inferring user information need or by re-determining the content
information as required. Control then continues to step S314 where the topology of

the document collection or web site, 1s determined.
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[0038] As discussed above it will be apparent that any method of obtaining
the topology information may be used such as providing the topology information as a
parameter to the process of inferring user information need, re-determining the
topology information as required and/or retrieving the topology information stored in
memory by step S20 of Fig. 1. Control then continues to step S 320 where the path
position weighting and document access weighting are determined for the documents
in the selected user path. Control then continues to step S340.

[0039] In step S340, a weighted content data store 1s determined. The
weighted content data structure may be a word x document matrix, a word x document
adjacency list or any other known or later developed technique for storing the content
information about the document collection or web site page. Control then continues
to step S350.

[0040] In step S350 spreading activation according to the following
formulas (1-2) 1s applied to generate initial document vector A.

A(1) = ALPHA * Topology Matrix * E (1)
A(t) = ALPHA * Topology Matrix * A(t—i) +E (2)

[0041] The formula is applied t number of times where the topology matrix
reflects the weighted content matrix and vector E reflects the user path. The value
ALPHA reflects the probability a user will click through to a document or web page
and therefore ranges between 0 and 1. Control then continues to step S360.

[0042] In step S360, the document vector A 1s multiplied by the weighted
content matrix to determine the user's information need based on the user path to
create an information need keyword vector. The most relevant keyword information
1s then indicated by higher number entries in the information keyword vector position.
Control then continues to step S370 where the process ends and control 1s returned to
the calling step S70 of Fig. 1. '

[0043] Fig. 3 shows an exemplary embodiment of a system for 1dentifying
user types using multi-modal clustering and information scent 100 comprising a
controller circuit 10; an mput/output circuit 12 for connecting to communications link
110; a memory circuit 14; a topology determining circuit 16; a content determining
circuit 18; a usage determining circuit 20; a user path longest repeating sub-sequence
determining circuit 22; a user path multi-modal information need feature vector

determining circuit 24; a multi-modal content feature vector determining circuit 26; a
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multi-modal untform resource locator feature vector determining circuit 28; a multi-
modal inlink feature vector determining circuit 30; a multi-modal outlink feature
vector determining circuit 32; a path position weighting circuit 34; a document access
weighting circuit 36; a multi-modal feature weighting circuit 38; a multi-modal vector
similarity determining circuit 40; a multi-modal cluster type and similarity measure
determining circuit 42; a wavefront clustering circuit 44; a k-means clustering circuit
46 and a cluster analyzing circuit 48. The system for identifying user types using
multi-modal clustering and information scent 100 is connected via communications
link 110 to document collection server or web server 90. The document collection or

web server 90 provides access to documents or web pages in the document collection

or web site 95.

[0044] The controller 10 activates the topology determining circuit 16 to
retrieve each document or web page of the document collection or web site 95 through
document server or web server 90 over communications link 110 and input/output
circuit 12. The retrieved documents or web pages are analyzed to determine the
connections or links between each document or web page of the document collection
or web site. The topology information is then stored in an exemplary topology storage
data structure in memory 14. It will be apparent that the topology data structure may
be a matrix structure, adjacency list or any other known or later developed technique
for storing mmformation about the connection or link information between documents
or web pages.

[0045] The content determining circuit 18 is also activated to determine the
content of each of the retrieved documents or web pages. For example, in one
exemplary embodiment of the system for identifying user types using multi-modal
clustering and information scent 100 according to this invention, the words in each
document or web page and their frequency of occurrence is determined by document
or web page. It will be apparent that the content determining circuit may be activated
as each document or web page is retrieved by the topology determining circuit 16 or
may be activated after the topology of the document collection or web site has already
been determined without departing from the spirit or scope of this invention.

[0046] Usage determining circuit 20 is then activated to determine the user
path traversals of the document collection or web site 95, from the document server or

web server 90 access log information. The document server or web server 90 access
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information contains information about each machine that has accessed the document
collection or web site 95 through document server or web server 90.

[0047] The user paths are then transferred to the user path longest repeating
sub-sequence determining circuit 22. As discussed above, the longest repeating sub-
sequence 1s the longest user traversal of a set of connected documents or web pages,
such that the threshold number of users have traversed the same sub-sequence. The
determination of longest repeating sub-sequence filters out less relevant or less
important information to facilitate the identification of significant user paths from the
user path information.

[0048] For example, when a user views a document or web page of the
document collection or web site 95 through the document or web server 90, the user's
machine 1dentification information, referred by document, referred to document,
browser type and date and time are saved in the document server or web server access
information. As a user traverses the site from an initial entry page, a user path is
generated 1n the access information. The path is 1dentified by the machine
identification information and indicates the previous document or web page and
current document or web page in the referred by document field and the referred to
document field of the document server or web server 90 access information . The user
path longest repeating sub-sequence circuit determining circuit 22 1dentifies user paths
that exceed the threshold level and which are the longest sub-sequences. These
1dentified paths are then stored in memory circuit 14. -

[0049] The user path multi-modal information need feature vector
determining circuit 24 is then activated. The user path multi-modal information need
teature vector determining circuit 24 identifies the information need keywords
associated with a user path. The user path multi-modal information need feature
vector determining circuit 24 stores the information need keyword information in
memory 14 indicating the most relevant keywords for the user path. In the exemplary
embodiment of the system according to this invention, the value of a given position in
the information need keyword vector indicates how relevant the associated keyword is
to the user path. For the exemplary vector B having the following six entries, [1 2 5
99 1 350], the vector positions 4 and 6 represent the two most relevant keywords.

These vector positions might, for example, represent "chocolate”" and "souflee".



10

15

20

25

30

CA 02378765 2005-10-14

13

[0050] The controller circuit 10 then activates the multi-modal content
feature vector determining circuit 26 to break each retrieved document or web page of
the document collection or web site 95 into constituent words. The words may then
be weighted according to any known or later developed technique for weighting. For
example, term frequency or inverse document frequency weighting may be used. The
content information is then represented in the form of a multi-modal content feature
vector as further described in “SYSTEM AND METHOD FOR QUANTITATIVELY
REPRESENTING DATA OBJECTS IN VECTOR SPACE”, (U.S. Patent No.
6,922,699). A multi-modal vector allows different types of information representing
the document collection to be combined and operated upon using a unified
representation.

[0051] The multi-modal uniform resource locator feature vector determining
circuit 28 1s then activated. The multi-modal uniform resource locator feature vector
determining circuit 28 determnes features of the uniform resource locators that appear
in each document or web page. The uniform resource locators are broken into
constituent words and the words are weighted according to frequency. For example, a
uniform resource locator such as "http:www.xerox.com/index.html" would be broken
up into the words "http", "www", "xerox", "com", "index" and "html". A vector
descnbing the weighted presence of the words appearing 1n the uniform resource
locators 1s determined.

[0052] The multi-modal inlink vector determining circuit 30 is then
activated. The multi-modal inlink feature vector determining circuit 30 determines
the inlinks or inward uniform resource locators that refer to the current document or
web page 1n the document collection or web site 95. For example, the topology
matrix of the document collection or web site 95 may be examined to determine
which documents or web pages contain connections or links to the current document
or web page. Since uniform resource locators may refer to a specific paragraph within
a document or web page, each of the referring documents or web pages is analyzed to
determine the uniform resource locator including any paragraph information. Also,
since the inlink may reference a relative uniform resource locator instead of a full
path, the multi-modal inlink feature vector determining circuit 30 determines the full
path of the uniform resource locator so that a fully normalized weighting of the

uniform resource locator may be determined. The multi-modal inlink vector
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determining circuit 30 then determines a multi-modal inlink feature vector from the
relevant weighting of uniform resource locators. '

[0053] Similarly the multi-modal outlink vector determining circuit 32 1is
activated to determine the outlinks or outward uniform resource locators that are
referred to by the current document or web page 1n the document collection or web
site 95. It will be apparent that the multi-modal outlink feature vector determining
circuit 32 may be activated before, after or at the same time as the multi-modal
content feature vector determining circuit 26 1s activated.

[0054] The path position weighting circuit 34 is then activated to determine
the relative weighting to associate with each document or web page 1n the user path.
For example, in one of the various exemplary embodiments of the system for

[0055] identifying user types using multi-modal clustering and information
scent, the path position weighting circuit 34 assigns a weighting multiple to the
document or web page that increases from the first document or web page accessed to
the last document or web page accessed. This type of weighting provides a higher
weighting to the most recently accessed information on the user path. However, 1t
will be apparent that any type of path position weighting may be used in the practice
of this invention.

[0056] The document access weighting circuit 36 is then activated to
determine how frequently the user path document or web page has been accessed
based on the determined usage information stored in memory 14. It will be apparent
that any type of access weighting may be used without departing from the spirit or
scope of the invention. The multi-modal content feature vector, multi-modal uniform
resource locator feature vector, multi-modal inlink feature vector and the multi-modal
outlink feature vector and the multi-modal information need feature vector for each
document or web page on the user path are then combined using the document or web
page path position and document access weighting. The combined multi-modal
vector represents all of the features of the user path in a unified representation.

[0057] The multi-modal feature weighting circuit 38 allows the user to select
a weighting for the multi-modal content feature vector, multi-modal uniform resource
locator feature vector, multi-modal inlink feature vector, the multi-modal outlink
feature vector and the user path multi-modal information need feature vector. Any

method of selecting a weighting may be used, including but not limited to a drop
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down dialog box to select an entry, a text entry box or any other known or later
developed technique for selecting and/or entering multi-modal feature weighting
information.

[0058] The multi-modal vector similarity determining circuit 40 1s then
activated to select the similarity function that will be used to define similarity between
any of the multi-modal vectors. In one of the various exemplary embodiments of the
system for 1dentifying user types using multi-modal clustering and information scent
100, the similarity function is a combination of the similarity functions for the multi-
modal content feature vector, multi-modal uniform resource locator feature vector,
multi-modal inlink feature vector, the multi-modal outlink feature vector and the
multi-modal information need feature vector after the modal feature weights have
been applied. In this way, the user may change the similarity function constraints for
the multi-modal content feature vector while leaving the similarity function
constraints for the multi-modal inlink feature vector at the initial setting. It will be
apparent that any or all of bases for determining similarity between the multi-modal
content feature vector, multi-modal uniform resource locator feature vector, multi-
modal 1nlink feature vector, the multi-modal outlink feature vector and the multi-
modal information need feature vector may be changed. As discussed above, any
technique for selecting a similarity function may be used, including but not limited to,
drop down dialog boxes, text entry pop-up boxes or any other known or later
developed technique.

[0059] The multi-modal cluster type determining circuit 42 is activated to
determine what type of multi-modal clustering has been selected and to determine the
required measure of similarity between the multi-modal vectors. The multi-modal
cluster determining circuit 42 allows the user of the system for identifying user types
using multi-modal clustering and information scent 100 to over-ride the default or pre-
set multi-modal clustering setting. The multi-modal cluster determining circuit 42
also provides the user the ability to set the required measure of similarity. For
example, Wavefront multi-modal clustering with a measure of similarity of 0.7 may
be the default. The similarity measure of 0.7 reflects the measure of similarity that
must be determined between two vectors for the vectors to be clustered together. If
required, the user may override the Wavefront cluster type to select K-Means multi-
modal clustering instead. Differing measures of similarity may also be selected. The

selection may be via a pop-up dialog box, text entry or any other known or later
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developed technique. It will also be apparent that any type of multi-modal clustering
known or later developed may be used in the practice of this invention.

[0060] If multi-modal wavefront clustering is selected the wavefront
clustering circuit 44 is activated. Wavefront clustering then begins with the
accumulated determined user paths represenfed by the weighted multi-modal vectors.
The wavefront clustering circuit 44 determines a global centroid vector. Random
vectors are then determined. Cluster centers are selected between the global centroid
and the random vectors. The average of vectors having the selected measure of
similarity with the cluster centers based on the selected multi-modal similanity
function 1s determined and stored in memory 14.

[0061] If the K-Means clustering is selected, the k-means clustering circuit
46 1s activated and K-Means clustering begins with the accumulated user paths
represented by the weighted multi-modal vectors. Random vectors are selected as
cluster centers. The average of vectors having the selected measure of similarity with
the cluster centers based on the selected multi-modal similarity function 1s determined
and stored 1n memory 14.

[0062] The cluster analyzing circuit 48 1s then activated. The cluster
analyzing circuit 48 then determines user types based on the clustered multi-modal
user path information. For example, based on the average multi-modal clustering
information, a set of information need keywords may be identified from the averaged
multi-modal information cluster vector. These information need keywords describe
the user types accessing the document collection or web site.

[0063] Fig. 4 shows exemplary longest repeating sub-sequences.

[0064] For example, in a document collection containing 4 documents A-D
and topological connections between A-B, B-C and B-D in the document collection.
[f one user traversal 1s represented by the path A-B-C and another user traversal by the
péth A-B-D, then only the sub-sequence A-B reflects the traversal of more than one
user. Therefore the path A-B is the longest repeating sub-sequence.

[00635] In asecond example, if a third user path A-B-D is added to the paths
discussed above, the longest repeating sub-sequences are A-B-D and A-B. The path
A-B-D reflects the second traversal over the path which therefore exceeds the

requirement of at least two repetitions. The previously identified common sequence
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A-B is also further increased over the at least two repetitions and is theretfore also a
longest repeating sub-sequence.

[0066] In a third example, if a fourth user path A-B-C 1s added to the paths
discussed above, the longest repeating sub-sequences would be A-B, A-B-C and A-B-
D. In a fourth example, if two user paths exist over A-B and 2 user paths exits over
A-B-D, then A-B is not a longest repeating sub-sequence since the path A-B-D 1s
longest. Using these techniques significant user paths from the document server or
web server access information can be determined.

[0067] Fig. 5 shows an exemplary clustering of user types for a document
collection or web site according to a first embodiment of this invention. The user
types are clustered showing that 9% of user paths indicated an interest in Finance, 8%
an interest in the HomeCentre product, 1% in Downloading Software, 13% 1n
scanners, 15% in the TextBridge product, 0% in Development Tools, 10% 1n
Company News information, 2% in the TextBridge Demo, 6% 1n the Pagis product,
10% 1n copiers and 26% in miscellaneous browsing.

[0068] Fig. 6 shows an exemplary graph showing the connecting links
between an exemplary set of documents or web pages.

[0069] Fig. 7 shows an exemplary topology matrix T according to this
invention. The topology matrix stores information about the connections between the
documents or web pages. Non-zero entries in the topology matrix indicate links for
which proximal and distal scent matrix entries will be calculated.

[0070] In the various exemplary embodiments outlined above, the system for
predicting the usage of the a web site 100 can be implemented using a programmed
general purpose computer. However, the system for predicting the usage of the a web
site 100 can also be implemented using a special purpose computer, a programmed
microprocessor or microcontroller and peripheral integrated circuit elements, an ASIC
or other integrated circuit, a digital signal processor, a hardwired electronic or logic
circuit such as a discrete element circuit, a programmable logic device such as a PLD,
PLA, FPGA or PAL, or the like. In general, any device, capable of implementing a
finite state machine that 1s in turn capable of implementing the flowcharts shown in

Figs. 2-5 can be used to implement the system for predicting the usage of the a web site

100.
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[0071] Each of the circuits 10-48 of the system for identifying user types
using multi-modal clustering and information scent 100 outlined above can be
implemented as portions of a suitably programmed general purpose cdmputer.
Alternatively, circuits 10-48 of the system for identifying user types using multi-
modal clustering and information scent 100 outlined above can be implemented as
physically distinct hardware circuits within an ASIC, or using a FPGA, a PDL, a PLA
or a PAL, or using discrete logic elements or discrete circuit elements. The particular
form each of the circuits 10-48 of the system for identifying user types using multi-
modal clustering and information scent 100 outlined above will take is a design choice
and will be obvious and predicable to those skilled in the art.

[0072] Moreover, the system for identifying user types using multi-modal
clustering and information scent 100 and/or each of the various circuits discussed
above can each be implemented as software routines, managers or objects executing
on a programmed general purpose computer, a special purpose computer, a
microprocessor or the like. In this case, the system for identifying user types using
multi-modal clustering and information scent 100 and/or each of the various circuits
discussed above can each be implemented as one or more routines embedded in the
communications network, as a resource residing on a server, or the like. The system
for 1dentifying user types using multi-modal clustering and information scent 100 and
the various circuits discussed above can also be implemented by physically
incorporating the system for identifying user types using multi-modal clustering and
information scent 100 into a software and/or hardware system, such as the hardware
and software systems of a document server, web server or electronic library server.

[0073] As shown in Fig. 3, the memory circuit 14, can be implemented using
any appropriate combination of alterable, volatile or non-volatile memory or non-
alterable, or fixed, memory. The alterable memory, whether volatile or non-volatile, can
be implemented using any one or more of static or dynamic RAM, a floppy disk and
disk drive, a write-able or rewrite-able optical disk and disk drive, a hard drive, flash
memory or the like. Similarly, the non-alterable or fixed memory can be implemented
using any one or more of ROM, PROM, EPROM, EEPROM, an optical ROM disk,
such as a CD-ROM or DVD-ROM disk, and disk drive or the like.

[0074] The communication links 110 shown in Fig. 3 can each be any

known or later developed device or system for connecting a communication device to
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the system for identifying user types using multi-modal clustering and information
scent 100, including a direct cable connection, a connection over a wide area network
or a local area network, a connection over an intranet, a connection over the Internet,
or a connection over any other distributed processing network or system. In general,
the communication link 110 can be any known or later developed connection system
or structure usable to connect devices and facilitate communication

[0075] Further, it should be appreciated that the communication link 110 can
be a wired or wireless link to a network. The network can be a local area network, a
wide area network, an intranet, the Internet, or any other distributed processing and
storage network.

[0076] While this invention has been described in conjunction with the
exemplary embodiments outlines above, it 1s evident that many alternatives ,
modifications and variations will be apparent to those skilled in the art. Accordingly,
the exemplary embodiments of the invention, as set forth above, are intended to be
1llustrative, not limiting. Various changes may be made without departing from the

spirit and scope of the invention.
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WHAT IS CLATMED IS:
1. A method for idenafying user types in a collection of connected

content portions, comprising:

determining at least one significant user path of connected content portions,
said connected content portions being content portions connected to or linked to other
content portions and reachable via a threshold number of traversals from an tnitial -
content portion;

determining a multi-modal user path user information need for each at least
one significant user path;

for each content portion comprised in each of the at least one significant user
path,

determining a multi-modal content portion feature information including at
least two of a content feature information, connection feature information, inward
connection feature information and outward connection feature information, which for
a selected content portion the multi-modal connection feature indicates a connection
that appears on the selected content portion, the muiti-modal inward connection
feature indicates a connection that refers to the selected content portion in the
collection of connected content portions, and the multi-modal outward connection

feamire indicates a connection thar is referred to by the selected content portion in the

collection of connected content portion;
combining each multi-modal content portion feature information for the user

path with the multi-modal user path user information need into a multi-modal user
path information;
determining a similarity function and a measure of similarity for the multi-

modal user path information;

determining a multi-modal clustering type; .
clustering the multi-moda) user path information based on the multi -modal

clustering type, the similarity function and the measure of similerity; and
determining user types based on the clustered multi-modal user path

information.
2. The method of claim 1, wherein the multi-modal user path user

i formation need is a multi-modal user path information need vector and the mulii-
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modal content portion feature information 1s a multi-modal content portion feature
vector.

3. The method of claim 2, wherein determining significant user paths uses
longest repeating sub-sequences.

4, The method of claim 2, wherein determining content feature
information 1s based on weighted word frequency of each content portion.

5. The method of claim 2, wherein determining the connection feature
information comprises breaking the connection feature into constituent words using
"/" and "." as word boundaries.

6. The method of claim 2, wherein determining the inward connection
feature information and the outward connection feature information further comprises
normalizing the inward connection feature information and the outward connection
feature information.

7. The method of claim 2, wherein the similarity function is based on
determining a cosine value between two multi-modal vectors.

8. The method of claim 2, wherein the multi-modal clustering type is at
least one of K-means clustering, wavefront clustering.

9. The method of claim 2, wherein each content portion in the user path is
welghted using at least one of a content portion access frequency weighting, a
weighting of the content portion based on content portion position in the user path.

10.  The method of claim 2, wherein each multi-modal feature vector may
be independently weighted.

11. A system for identifying user types in a collection of connected content
portions comprising:

a controller circuit, a memory circuit, an input/output circuit;

a user path determining circuit adapted to determine at least one significant
user path of connected content portions, said connected content portions being content
portions connected to or linked to other content portions and reachable via a threshold

number of traversals from an initial content portion;
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a multi-modal user path user information need determining circuit adapted to
determine a multi-modal user path user information need for each significant user

path;

multi-modal content, multi-modal connection, multi-modal inward connection

and multi-modal outward connection feature information determining circuits adapted

to determine multi-modal content, multi-modal connection, multi-modal inward

connection and multi-modal outward connection feature information for each content

portion comprised 1n a user path, which for a selected content portion the multi-modal

connection feature indicates a connection that appears on the selected content portion,

the multi-modal inward connection feature indicates a connection that refers to the

selected content portion in the collection of connected content portions, and the multi-

modal outward connection feature indicates a connection that is referred to by the

selected content portion in the collection of connected content portion;

wherein the controller is adapted to combine each content portion multi-modal

content, multi-modal connection, multi-modal inward connection and multi-modal
outward connection feature information for the user path with the multi-modal user
path user information need into a multi-modal user path information;

a similarity measure determining circuit for determining a measure of
similarity for the multi-modal user path information;

a multi-modal clustering circuit that clusters the multi-modal user path
information based on the multi-modal clustering type, the similarity function and a
specified measure of similarity; and

a cluster analyzing circuit for determining user types based on the clustered
multi-modal user path information.

12. The system of claim 11, wherein the multi-modal user path user
Information need 1s a multi-modal user path information need vector and the multi-
modal content portion feature information is a multi-modal content portion feature
vector.

13. The system of claim 12, wherein the user path determining circuit

determines significant user paths using longest repeating sub-sequences.
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14.  The system of claim 12, wherein the multi-modal content feature
information determining circuit determines words based on weighted word frequency
of each content portion.

15.  The system of claim 12, wherein the multi-modal connection feature
information determining circuit determines connection features by breaking the
connection feature portion or link into constituent words using "/" and "." as word
boundaries.

16.  The system of claim 12, wherein the multi-modal inward connection
feature determining circuit and the multi-modal outward connection feature
determining circuit normalize the inward connection feature information and the
outward connection feature information.

17.  The system of claim 12, wherein the similarity function determining
circuit determines similanty based on a cosine value between two multi-modal
vectors.

18.  The system of claim 12, wherein the multi-modal clustering type 1s at
least one of K-means clustering, wavefront clustering.

19.  The system of claim 12, wherein each content portion in the user path
1s weighted by at least one of a content portion access frequency weighting circuit that
weights the content portion based on access frequency, a path position weighting
circuit that determines a weighting based on the position of the content portion within
the user path.

20.  The system of claim 12, further comprising a multi-modal feature

welghting circuit that weights each multi-modal feature vector independently.
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