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(57) ABSTRACT 

Techniques for clustering user sessions using multi-modal 
information including proximal cue information are pro 
vided. The topology, content and usage of a document 
collection or web site are determined. User paths are then 
identified using longest repeating Subsequence techniques. 
An information need feature vector is determined for each 
significant user path. Further, other feature vectors and 
proximal cue vectors for each document or web page in the 
significant path are determined. The other feature vectors 
include a content feature vector, a uniform resource locator 
feature vector, an inlink feature vector and an outlink feature 
vector, among others. The feature vectors and the proximal 
cue vectors are combined into a multi-modal vector that 
represents a user profile for each significant user path. The 
multi-modal vectors are clustered using a type of multi 
modal clustering Such as K-Means or Wavefront clustering. 

18 Claims, 11 Drawing Sheets 
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1. 

SYSTEMIS AND METHODS FOR 
CLUSTERING USER SESSIONS USING 

MULT-MODAL INFORMATION INCLUDING 
PROXMAL CUE INFORMATION 

GOVERNMENT LICENSE PROVISION 

The U.S. Government has a paid-up license in this inven 
tion and the right in limited circumstances to require the 
patent owner to license others on reasonable terms as 
provided for by the terms of Contract No. N00014-96-C- 
0097 awarded by the Office of Naval Research. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

This invention relates to systems and methods for navi 
gating through and searching for sites on a distributed 
network. 

2. Description of Related Art 
Increasingly, the World Wide Web has become the infor 

mation repository of choice for both corporations and indi 
vidual users. The ubiquity of World WideWeb browsers and 
the push by many corporations to adapt commercial off-the 
shelf (COTS) technology have all helped the World Wide 
Web become the delivery option for most information sys 
temS. 

To this effect, web site designers and information archi 
tects have endeavored to identify the types of users travers 
ing 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 performs. A user's access 
patterns of a document collection and/or one or more web 
sites may be determined using conventional access infor 
mation and/or special instrumentation added to client access 
software. 

For example, the ToolbarTM 5.0 system from Alexa Inter 
netTM provides a customized toolbar that is added to the 
client browser. Using the ToolbarTM 5.0 product, a user of 
this system is able to compile information regarding a site 
visitor's path and make Suggestions of a next connection 
based on the similarity of the current path to accumulated 
historical browsing information. Similarly, the Surf AidTM 
product from IBM(R) uses on-line analytical processing 
methods to provide a user of this product with counts of 
users following traversal paths. This system then attempts to 
assign each user path to a user path category. 

SUMMARY OF THE INVENTION 

However, none of these products identify user types based 
on the multiple modes of information that are available. 
Accordingly, systems and methods for clustering user ses 
sions using multi-modal information including proximal cue 
information would be advantageous. 

This invention provides, devices, systems and methods 
for clustering user sessions using multi-modal information 
and proximal information. 

In various exemplary embodiments, a plurality of user 
paths are selected in a collection of content portions. In 
various exemplary embodiments, for each path, the multi 
modal information for content portions associated with the 
user path is determined. In various exemplary embodiments, 
the proximal information for content portions associated 
with the user path is determined. In various exemplary 
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2 
embodiments, the multi-modal information for content por 
tions and the proximal information for content portions 
associated with the user path are combined to form a user 
profile. In various exemplary embodiments, the multi-modal 
information and proximal information of user profiles are 
clustered based on similarity. 

In various exemplary embodiments, determining proxi 
mal information includes analyzing portions of a text asso 
ciated with a link between content portions along the user 
path. In various exemplary embodiments, determining 
proximal information includes analyzing portions of a text 
associated with an image link between content portions 
along the user path. 

In various exemplary embodiments, the longest repeating 
Subsequence is used to select the plurality of user paths. In 
various exemplary embodiments vectors are used to repre 
sent multi-modal information and proximal information. In 
various exemplary embodiments, the vectors representing 
multi-modal information are weighted. In various exemplary 
embodiments, the vectors representing the proximal infor 
mation are weighted. In various exemplary embodiments, 
the content portion in the user path is weighted based on 
content portion access frequency. In various exemplary 
embodiments, the content portion in the user path is 
weighted based on content portion position in the user path. 

In various exemplary embodiments, the multi-modal 
information and the proximal information are clustered 
using at least one of K-Means clustering and Wavefront 
clustering. 

These and other features and advantages of this invention 
are described in, or are apparent from, the following detailed 
description of various exemplary embodiments of the sys 
tems and methods according to this invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various exemplary embodiments of this invention will be 
described in detail, with references to the following figures, 
wherein: 

FIG. 1 illustrates a plurality of content portions connected 
by connections in a collection of content portions; 

FIG. 2 illustrates a link and the proximal terms in a typical 
document or web page; 

FIG. 3 is a flowchart of one exemplary embodiment of a 
method for clustering user sessions using multi-modal infor 
mation including proximal information according to this 
invention; 

FIGS. 4 and 5 are a flowchart of one exemplary embodi 
ment of a method for determining user profiles of content 
portions of user paths according to this invention; 

FIG. 6 is a flowchart of one exemplary embodiment of a 
method for clustering user sessions according to this inven 
tion; 

FIG. 7 is an exemplary embodiment of a system for 
clustering user sessions using multi-modal information 
including proximal information according to this invention; 

FIG. 8 is an exemplary embodiment of a user profile 
determining circuit according to this invention; 

FIG. 9 is an exemplary embodiment of a user sessions 
determining circuit according to this invention; 

FIG. 10 is an exemplary embodiment of a document/web 
page determining circuit according to this invention; and 

FIG. 11 is an exemplary embodiment of a profiles clus 
tering circuit according to this invention. 
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DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

FIG. 1 illustrates a collection 100 of content portions 110, 
120 and 130 connected together by connections 150 and 
160. The content portions may be documents, web pages and 
so forth. For the purposes of illustration, only three content 
portions are shown, however the number of content portions 
may vary dependent on the collection 100 in which the 
various embodiments of this invention are being imple 
mented. It should be appreciated that the connections 150 
and 160 can be wired or wireless connections to a network 
(not shown). The network can be a local area network, a 
wide area network, an intranet, an extranet, or any distrib 
uted processing and storage network. For the purposes of 
illustration, in this case, the network is the Internet. 

In FIG. 1, the content portions 110, 120 and 130 may be 
web pages in the Internet. Each content portion 110, 120 and 
130 contains one or more contents that may be of interest to 
a user of the content portion. For example, the content 
portion 110 may contain an interesting text 112. Further, the 
content portion 110 may contain a link 114 which when 
"clicked' may connect the user to another content portion, 
for example, to content portion 120 having related contents. 
The content portion 120 may further contain a text 122 and 
an image 124. The image 124 may be a pictorial represen 
tative of one or more contents in another content portion, for 
example, the content portion 130. If the user clicks the image 
124, the user is provided with the content portion 130 
having, for example, the image 132, which was represented 
by the image 124, and perhaps an explanatory text 134 and 
another related link 136. The links 114 and 136, the repre 
sentative image 124 typically contain a uniform resource 
locator (URL) which provides the “address’ of the content 
portion to be connected to via the Internet. From the 
reference of a content portion, a link that sends the user to 
another content portion is defined as an “outlink' and a link 
that brings the user to the content portion is defined as an 
“inlink. 

FIG. 2 illustrates various exemplary links and proximal 
terms in a typical content portion 200. Proximal terms 
represent information cues that convey information to the 
simulated user. For example, a text 202 associated with a 
link 204 may provide proximal cues as to the nature of the 
linked information. The proximal cue words may include 
portions of the text 202 surrounding the link 204. So, for 
example, if the text 202 says “Buy a gift certificate', then the 
words “buy”, “a”, “gift, and “certificate” are used as words 
that describe the proximal cues. If the link 204, in addition, 
have words 206 near it that says "click here to purchase gift 
certificates that are discounted’, then these words 206 are 
also used to describe the proximal cues. If the link 204 is in 
typical Uniform Resource Locator (URL) form, the punc 
tuation and “7” characters associated with the URL are used 
to define word boundaries. For example, if the link 204 such 
as, for example, "http://www.Xerox.com/products/support/ 
index.html is processed, the words http, WWW, Xerox, com, 
products, Support and index are considered as proximal cue 
words for the relevant link 204. In various alternative 
embodiments, additional weighting factors may be added to 
the proximal cue word information, such as the location of 
the link within the document or web page. For example, 
weighting factors may accord higher importance to proximal 
cue words that appear higher up in the structure of a content 
portion. It will be apparent that the proximal cue words can 
be weighted using any known or later developed technique 
for weighting in the practice of the invention. 
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4 
If the content portion 200 has an image link 208 such as 

a GIF, JPEG, PNG, BMP or any other image file type, the 
number of proximal cue words derivable from the link may 
be limited or non-existent. In addition, determining proximal 
cue words for image links is a challenge. If the image is 
analyzed, a large increase in processing time and required 
resources will result. Also, determining the meaning or 
semantics of an image based on image analysis may be an 
extremely complicated and error prone process. However, 
for example, as web site developers attempt to improve the 
navigability of their web sites, the use of image links is 
increased. Accordingly, it is desirable to include image links 
when determining the proximal cues to which a simulated or 
objective user responds. 

FIG. 2 illustrates various exemplary links and proximal 
terms in a typical content portion 200. Proximal terms 
represent information cues that convey information to the 
simulated user. For example, a text 202 associated with a 
link 204 may provide proximal cues as to the nature of the 
linked information. The proximal cue words may include 
portions of the text 202 surrounding the link 204. So, for 
example, if the text 202 says “Buy a gift certificate', then the 
words “buy”, “a”, “gift, and “certificate” are used as words 
that describe the proximal cues. If the link 204, in addition, 
have words 206 near it that says "click here to purchase gift 
certificates that are discounted’, then these words 206 are 
also used to describe the proximal cues. If the link 204 is in 
typical Uniform Resource Locator (URL) form, the punc 
tuation and “7” characters associated with the URL are used 
to define word boundaries. For example, if the link 204 is 
processed, typical words Such as http, WWW, Xerox, com, 
products, support and index are considered as proximal cue 
words for the relevant link 204. In various alternative 
embodiments, additional weighting factors may be added to 
the proximal cue word information, such as the location of 
the link within the document or web page. For example, 
weighting factors may accord higher importance to proximal 
cue words that appear higher up in the structure of a content 
portion. It will be apparent that the proximal cue words can 
be weighted using any known or later developed technique 
for weighting in the practice of the invention. 

In various exemplary embodiments, the linked to or distal 
information used may include the distal content portion title 
and the content portion text, either alone or in combination 
with proximal cue information Such as the cue words from 
the text Surrounding the image link. 

FIG.3 shows a flowchart of an exemplary embodiment of 
a method for clustering user sessions using multi-modal 
information including proximal cue information according 
to this invention. The process starts at step S100 and 
continues immediately to step S105 where user path infor 
mation is determined, for example, by using longest repeat 
ing Subsequence techniques. Once significant user paths 
have been identified, which is represented by the integer N. 
the process continues to step S110 where a counter M is set 
to one and the process continues to step S115 where the first 
user path is selected. 

In step S120, the number of content portions, which is 
represented by an integer X, for the user path is determined. 
In step S125, a second counter Y is set at one and the process 
continues to step S130 where a first content portion is 
selected. 

In step S135, the feature vectors (multi-modal informa 
tion) for the selected content portion are determined. In 
various exemplary embodiments, the feature vectors include 
the content feature vector, the uniform resource locator 
feature vector, the inlink feature vector and the outlink 
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feature vector for the content portion. The process continues 
to step S140 where the proximal cue vectors associated with 
the content portion are determined. In step S145, the feature 
vectors and the proximal cue vectors are concatenated to 
form a single multi-modal vector that represents the content 
portion. 
The process continues to step S150 where a determination 

is made as to whether the counter Y has reached the 
maximum number content portions in the user path. If the 
counter Y has not reached the maximum number, then the 
process continues to step S155 where the counter Y is 
incremented and the process returns to step S130 to repeat 
the steps S130 to S150. Otherwise if the counter Y has 
reached the maximum number, the process continues to step 
S160. 

In step S160, a determination is made as to whether the 
counter M has reached the maximum number of user paths 
identified in step S105. If the counter M has not reached the 
maximum number, then the process continues to step S165 
where the counter M is incremented and the process returns 
to step S120 to repeat the steps S120 to S160. Otherwise if 
the counter M has reached the maximum number, the 
process continues to step S170. 

In step S170, statistical analysis is performed on the 
multi-modal vectors generated during the steps S105 to 
S165 and the multi-modal vectors are clustered based on 
similarity. The process then continues to step S175 when the 
process terminates. 

In various exemplary embodiments, when a user views a 
content portion, Such as a document or web page, of the 
content portion collection, such as a document collection or 
web site, through a document or web server, the user's 
machine identification information, “referred by document'. 
“referred to document’, browser type and date and time are 
saved in the document server or web server access infor 
mation. As the user traverses the site from an initial entry 
page, a user path is generated in the access information. The 
path is identified 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 access information. 

In various exemplary embodiments, 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 
2 599 150, the vector positions 4 and 6 represent the two 
most relevant keywords. These vector positions might, for 
example, represent "chocolate” and “souflee'. 

In various exemplary embodiments, the constituent words 
may be weighted according to any known or later developed 
technique for weighting. For example, Term Frequency by 
Inverse Document Frequency (TFIDF) weighting may be 
used. TFIDF is an information retrieval technique that 
calculates term importance of a word by weighting the word 
based on how frequently it occurs in the document collection 
or web site. Further information on TFIDF is found in 
Schuetz, H. et al., “Foundations of Statistical Natural Lan 
guage Processing.” Cambridge, MA: MIT Press, 1999. The 
content information is then represented in the form of a 
content feature vector. 

In various exemplary embodiments, the URLs are broken 
into constituent words and the words are weighted according 
to frequency. For example, a URL such as "http:www.x- 
erox.com/index.html is broken up into the words “http'. 
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6 
“www”, “xerox”, “com', “index' and “html. A vector 
describing the weighted presence of the words appearing in 
the URLs is determined. 

In various exemplary embodiments, the proximal cue 
feature vector, the content feature vector, the URL feature 
vector, the inlink feature vector, the outlink feature vector 
and the information need feature vector for each document 
or web page on the user path are combined using the 
document or web page path position and document access 
weighting. The combined multi-modal vector represents a 
user profile and can be represented as: 

W 

User Profile= X. SiPad 
d=1 

where Si are the Sessions Weights and Pd the feature vectors 
including proximal cue vectors. The multi-modal vector 
allows different types of information representing the docu 
ment collection to be combined and operated upon using a 
unified representation. 

FIGS. 4-5 show a flowchart of an exemplary embodiment 
of a method for determining user profiles of content portions 
of user paths according to the invention. The process starts 
at step S200 and continues immediately to step S205 where 
a topology of the content collection is determined. The 
topology may be determined by traversing the collection and 
identifying connections or links between content portions. 
For example, starting at a first content portion, the content 
portions connected to, or linked to the first content portion 
are determined. 

In step S210, information indicating an association 
between the first content portion and the reachable content 
portions is stored in 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 content portions in the content col 
lection. In step S215, a connected to, or linked to content 
portions are then selected. The connection or link of the 
connected to, or linked to content portions is then identified 
and the information indicating the association between the 
connected to, or linked to content portions is stored in the 
topology matrix. Continual looping may be avoided by 
maintaining a list of content portions already visited. 

In step S220, a determination is made as to whether all 
connected to or linked to content portions reachable via a 
threshold number of traversals from the initial content 
portion have been identified. If not, then in step S220 the 
next connected to or linked to is selected and the process 
returns to step S215 to repeat the steps S215 to S220. 
Otherwise, if in step S220, it is determined that all connected 
to, or linked to have been identified, the process continues to 
step S225. 

In step S225, the contents of each of the content portions, 
making up the content collection are determined. The words 
on each content portions are added to a word/document 
frequency matrix. The weights of the words are determined 
and a weighted word document frequency matrix is created. 
The weighting may use TFIDF, log of the term frequency, 
1+(logo of the term frequency) or any other known or later 
developed technique of weighting. The process then contin 
ues to step S230. 

In step S230, connections or links identified in steps S205 
to S220 are analyzed for proximal cue words. In step S235, 
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the proximal cue words are added as proximal cue feature 
vectors to a proximal cue feature vector matrix. The proxi 
mal cue feature vector matrix stores information about 
which proximal cue feature vectors are associated with 
which links. The vectors in the proximal cue feature vector 
matrix may be weighted, for example, using TFIDF, log of 
the term frequency, 1+(logo of the term frequency) or any 
other known or later developed technique of weighting. The 
process then continues to step S240. 

In step S240, the usage of the content portions collection 
is determined by, for example, analyzing the document 
server or web server access information. The document 
server or web server access information indicates the con 
nected to, or linked to content portion which a user used to 
traverse into the collection, the connected to, or linked to 
content portion, 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. The process then 
continues to step S245. 

In step S245, significant usage information including user 
path information is determined using the longest repeating 
Subsequence techniques. As an example, a longest repeating 
Sub-sequence of content portions can be a sequence of 
consecutive content portions accessed by a user and where 
each content portion appears at least Some number of times 
greater that is than a threshold level, and/or the sequence 
appears at least twice. Once the significant user paths have 
been determined using the longest repeating sequence tech 
niques, the process continues to step S250 where the first of 
the determined user paths is selected. The process then 
continues to step S255. 

In step S255, the information need associated with the 
selected user path is determined. The information need may 
be determined using co-pending application Ser. No. 09/540. 
063, which is incorporated herein by reference in its entirety. 
It will be apparent that the information need may be deter 
mined using any known or later developed technique of 
determining user information need. 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 an information need feature vector for the user 
path. The process then continues to step S260. 

In step S260, the feature vectors for each content portion 
in the user path are determined. The feature vectors may 
include content feature vectors, URL feature vectors, inlinks 
feature vectors, outlinks feature vectors and so forth. 

In step S265, a content portion path position weighting is 
determined. The path position weighting may for example 
adjust the weighting to provide a greater weighting for 
content portion information appearing later in the path under 
the assumption that information accessed farther along a 
path more closely reflects the user's information needs. 

In step S255, the information need associated with the 
selected user path is determined. The information need may 
be determined using co-pending application Ser. No. 09/540. 
063, filed Mar. 31, 2000, which is incorporated herein by 
reference in its entirety. It will be apparent that the infor 
mation need may be determined using any known or later 
developed technique of determining user information need. 
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 reflect 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
ing the information need is stored as an information need 
feature vector for the user path. The process then continues 
to step S260. 

In step S275, the proximal cue feature vector, the content 
feature vector, the URL feature vector, the inlink feature 
vector, the outlink feature vector and the information need 
feature vector for each content portion on the user path are 
combined using the content portion path position and con 
tent portion access weighting. The combined multi-modal 
vector represents all of the features of the user path in a 
unified representation. The process then continues to step 
S28O. 

In step S280, a determination is made whether additional 
user paths remain to be processed. 

If a determination is made that additional user paths 
remain to be processed, the process continues to step S285 
where the next user path is selected and the process returns 
to step S255 where the process repeats. Otherwise, if at step 
S280, it is determined that no additional user paths remain 
to be processed, the process continues to step S290 where 
the process terminates. 

In various exemplary embodiments, the topology matrix 
data structure may be developed automatically. In various 
exemplary embodiments, 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 web site designer. The topology matrix 
represents the content portions that can be reached from an 
initial starting document or page. 

In various exemplary embodiments, proximal cue words 
include for example, the text of the link structure. For links 
including characters such as / and ... the characters may be 
used as word boundary markers and each portion of the text 
added to the list of proximal cue words. Text surrounding the 
link structure, the title of the proximal page as well as 
features such as where the link is found within the document 
may also be analyzed for proximal cue words. It will be 
apparent that any feature of the proximal document or web 
page may be used to provide proximal cue words in the 
practice of this invention. If the link structure is an image, 
proximal cue words Surrounding a link frequently provide 
Some cue words. In various exemplary embodiments, proxi 
mal cue words for the image is determined from text 
Surrounding the link, the title of the document containing the 
image, image filename and the like. 

In various exemplary embodiments, the machine address 
information can be used to provide an indication of the path 
of users between the documents or web pages identified in 
the document server, or web server access information. The 
user path information may be further analyzed using the 
techniques described in Pitkow et al., “Mining Longest 
Repeating Sub-sequences To Predict World Wide Web Surf 
ing in Proceedings of USITS 99: The 2" USENIX Sym 
posium on Internet Technologies and Systems, USENIX 
Association, 1999; and Pirolli et al. “Distributions of Surf 
ers’ Paths. Through the World Wide Web: Empirical Char 
acterization”, World Wide Web 201–2):29-45 each incorpo 
rated herein by reference in its entirety. 

In various exemplary embodiments, a content feature 
vector reflects the content of the words contained by each 
document or web page in the path. In various exemplary 
embodiments, a URL feature vector reflecting words within 
the URLs contained by each document or web page. The 
"/and '.' contained within URLs are used to define word 
boundaries. In this way, the word content of the URLs may 
be determined. 
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In various exemplary embodiments, an inlinks multi 
modal feature vector indicates the inward connections or 
inlinks into each of the documents or web pages along the 
selected user path. The inward connections or inlinks are 
determined by, for example, examining the topology data 
structure of the document collection or web site and iden 
tifying which documents or web pages have entries indicat 
ing a link into the selected document or web page along the 
selected user path. Similarly, an outlinks feature vector 
indicates outward connections or outlinks for each document 
or web page along the selected user path. 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 feature 
VectOrS. 

In various exemplary embodiments, a mathematical func 
tion 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 according to this invention. 

In various exemplary embodiments, a document weight 
ing function might lower the weighting associated with a 
document or web page that is 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. 

FIG. 6 shows a flowchart of an exemplary embodiment of 
a method for clustering user sessions according to the 
invention. The process starts at step S300 and continues 
immediately to step S305 where a similarity function is 
performed. Since each of the feature vectors and the proxi 
mal cue vectors define a unique dimensional space, con 
secutive feature vectors and proximal cue 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 feature vector and proximal cue vector. 
In this way, dissimilar information may be aggregated and 
compared using the vectors. Accordingly, a similarity func 
tion may be defined to be the cosine of the angle between 
any two feature vectors and any two proximal cue vectors in 
this new dimensional space. However, it will be apparent 
that any known or later developed method of determining 
the similarity between vectors may be used according to this 
invention. 

In step S310, the weighting of the feature vectors and the 
proximal cue vectors is 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, it be desirable to 
assign a greater weighting to the inlink and outlink features. 
Once the weighting of the feature vectors and proximal cue 
vectors is determined the process continues to step S315 
where the type of clustering to be performed is determined. 

In the exemplary embodiment according to this invention, 
a choice between K-Means clustering and Wavefront clus 
tering is determined. Multi-Modal Clustering is further 
discussed in application Ser. No. 09/820,988 incorporated 
herein by reference in its entirety. However, it will be 
apparent that any known or later-developed type of cluster 
ing, Such as hierarchical clustering, may be used according 
to this invention. 

If the determination is made at step S315 that wavefront 
clustering is to be used, then the process continues to step 
S320. In step S320, a global centroid cluster is determined. 
The process then continues to step S325. 

In step S325, some N random vectors are selected. N can 
be user specified. The process then continues to step S330 
where cluster centers are selected between each random 
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10 
vector and the global centroid. The process then continues to 
step S335 where a measure of similarity between the vectors 
is selected. 

In step S335, 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 embodi 
ments of this invention, the similarity value may be a default 
value changeable by the user. After selection of the measure 
of similarity value, the process continues to step S340. 

In step S340 the feature vectors and the proximal cue 
vectors having the selected measure of similarity with the 
cluster center vectors based on the feature vector and the 
proximal cue vector similarity function are averaged. The 
process then continues to step S345 where the cluster centers 
vectors are analyzed to determine user profile types. 

In the exemplary embodiment according to this invention, 
a choice between K-Means clustering and Wavefront clus 
tering is determined. Multi-Modal Clustering is further 
discussed in application Ser. No. 09/820,988, filed Mar. 30, 
2001, incorporated herein by reference in its entirety. How 
ever, it will be apparent that any known or later-developed 
type of clustering. Such as hierarchical clustering, may be 
used according to this invention. 

However, if it is determined in step S315 that K-Means 
clustering should be used, the process continues to step S355 
where random vectors are selected as cluster centers. The 
process then continues to step S360. 

In step S360 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 the process continues to step S365 where the 
average of all vectors having the selected measure of simi 
larity with each of the cluster centers, based on the multi 
modal vector and proximal cue vector similarity function is 
determined. 
The average may be performed by Summing each indi 

vidual vector and then dividing the sum by the number of 
total number of vectors or any other known or later devel 
oped methods. The process then continues to step S350 
where the user profile types are determined by analyzing the 
cluster center vectors. 

FIG. 7 shows an exemplary embodiment of a system 300 
that clusters user sessions using multi-modal information 
including proximal cue information. As shown in FIG. 7, the 
system 300 includes a controller circuit 310, an input/output 
circuit 320, a memory circuit 330, a proximal cue analyzing 
circuit 340, a user profile determining circuit 350 and a 
profiles clustering circuit 360. In the illustrative embodi 
ment, the system 300 is connected via communications link 
410 to a document collection server or web server 400. The 
document collection or web server 400 provides access to 
documents or web pages in the document collection or web 
site 420. 
The system 300 may store in the memory circuit 330 the 

connections or links between each document or web page of 
the document collection or web site 420 as well as the 
contents of each of the retrieved documents or web pages. 
Alternatively, the system 300 includes a topology determin 
ing circuit 370 and a content determining circuit 380. The 
controller circuit 310 activates the topology determining 
circuit 370 to retrieve each document or web page of the 
document collection or web site 320 through the document 
server or web server 400 over the communications link 410 
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and the input/output circuit 320. 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 420. The topology information is then 
stored in a topology storage data structure in the memory 
circuit 330. 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 infor 
mation about the connection or link information between 
documents or web pages. 
The content determining circuit 380 determines the con 

tents of each of the retrieved documents or web pages. For 
example, in one exemplary embodiment, the words in each 
document or web page and their frequency of occurrence is 
determined by the content determining circuit 380. It will be 
apparent that the content determining circuit 380 may be 
activated as each document or web page is retrieved by the 
topology determining circuit 370 or may be activated after 
the topology of the document collection or web site has 
already been determined. 
The proximal cue analyzing circuit 340 analyzes each link 

or connection on a document or web page including their 
contents for proximal cues that convey information to a user. 
The user profile determining circuit 350 determines infor 
mation obtained from user sessions and documents or web 
pages, and further receives and determines the proximal cues 
related to the documents or web pages from the proximal cue 
analyzing circuit 340 to generate one or more user profiles. 
The profiles clustering circuit 360 analyzes the user profiles 
for shared similarity and cluster information based on the 
shared similarity. It will be apparent that the proximal cue 
analyzing circuit 340 may be activated as each document or 
web page is retrieved by the topology determining circuit 
370 or may be activated after the topology of the document 
collection or web site has already been determined. The 
proximal cue analyzing circuit 340 breaks the link or con 
nection down into constituent words. Entries reflecting the 
presence of the proximal cues are then stored in a proximal 
cue word matrix in the memory circuit 330. 

FIG. 8 shows in greater detail one exemplary embodiment 
of the user profile determining circuit 350 according to the 
invention. The user profile determining circuit 350 includes 
a user sessions determining circuit 3510 and a document/ 
web page determining circuit 3520. 

FIG.9 shows in greater detail one exemplary embodiment 
of the user sessions determining circuit 3510 according to 
this invention. The user sessions determining circuit 3510 
includes a usage determining circuit 3512, a user path 
longest repeating Subsequence determining circuit 3514 and 
a user path information need feature vector determining 
circuit 3516. 
The usage determining circuit 3512 determines the user 

path traversals of the document collection or web site 420, 
from the document server or web server 400 access log 
information. The document server or web server 400 access 
information contains information about each machine that 
has accessed the document collection or web site 420 
through document server or web server 400. 

The user paths are transferred to the user path longest 
repeating Subsequence determining circuit 3514. The long 
est repeating Subsequence is the longest user traversal of a 
set of connected documents or web pages. The determina 
tion of longest repeating Subsequence filters out less relevant 
or less important information to facilitate the identification 
of significant user paths from the user path information. 
The user path longest repeating Subsequence circuit deter 

mining circuit 3514 identifies user paths that exceed the 
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12 
threshold level and which are the longest Subsequences. 
These identified paths are then stored in memory circuit 330 
as determined usage information. 
The user path information need feature vector determin 

ing circuit 3516 is activated to identify the information need 
keywords associated with a user path using the techniques 
described in co-pending U.S. patent application Ser. No. 
09/540,063, which is incorporated herein by reference in its 
entirety. The user path information need feature vector 
determining circuit 3516 stores the information need key 
word information in the memory circuit 330 indicating the 
most relevant keywords for the user path. 

FIG. 10 shows in greater detail one exemplary embodi 
ment of the document/web page determining circuit 3520 
according to this invention. The document/web page deter 
mining circuit 3520 includes a content feature vector deter 
mining circuit 3521, a uniform resource locator (URL) 
feature vector determining circuit 3322, an inlink vector 
determining circuit 3523, an outlink vector determining 
circuit 3524, a path position weighing circuit 3525, a docu 
ment access weighting circuit 3526, a feature weighting 
circuit 3527 and a vector similarity determining circuit 
3528. 

The content feature vector determining circuit 3521 
breaks each retrieved document or web page of the docu 
ment collection or web site 420 into constituent words. The 
URL feature vector determining circuit 3522 determines the 
features of the uniform resource locators that appear in each 
document or web page. 
The inlink vector determining circuit 3523 determines the 

inlinks or inward URLs that refer to the current document or 
web page in the document collection or web site 420. For 
example, the topology matrix of the document collection or 
web site 420 may be examined to determine which docu 
ments or web pages contain connections or links to the 
current document or web page. Since URLs may refer to a 
specific paragraph within a document or web page, each of 
the referring documents or web pages is analyzed to deter 
mine the URL including any paragraph information. Also, 
since the inlink may reference a relative URL instead of a 
full path, the inlink feature vector determining circuit 3523 
determines the full path of the URL so that a fully normal 
ized weighting of the URL may be determined. The inlink 
vector determining circuit 3523 then determines an inlink 
feature vector from the relevant weighting of the URLs. 
The outlink vector determining circuit 3524 determines 

the outlinks or outward URLs that are referred to by the 
current document or web page in the document collection or 
web site 420. It will be apparent that the outlink feature 
vector determining circuit 3524 may be activated before, 
after or at the same time as the content feature vector 
determining circuit 3521 is activated. 
The user path information need feature vector determin 

ing circuit 3516 is activated to identify the information need 
keywords associated with a user path using the techniques 
described in co-pending U.S. patent application Ser. No. 
09/540,063, filed Mar. 31, 2000, which is incorporated 
herein by reference in its entirety. The user path information 
need feature vector determining circuit 3516 stores the 
information need keyword information in the memory cir 
cuit 330 indicating the most relevant keywords for the user 
path. 
The document access weighting circuit 3526 determines 

how frequently the user path document or web page has been 
accessed based on the determined usage information stored 
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in the memory circuit 330. It will be apparent that any type 
of access weighting may be used in accordance with this 
invention. 
The feature weighting circuit 3527 allows the user to 

select a weighting for the proximal cue feature vector, the 
content feature vector, the URL feature vector, the inlink 
feature vector, the outlink feature vector and the user path 
information need feature vector. Any method of selecting a 
weighting may be used, including but not limited to a drop 
down dialog box to select an entry, a text entry box or any 
other known or later developed technique for making selec 
tions. 

The vector similarity determining circuit 3528 selects the 
similarity function that is used to define similarity between 
any of the vectors. In various exemplary embodiments, the 
similarity function is a combination of the similarity func 
tions for the proximal cue feature vector, the content feature 
vector, the URL feature vector, the inlink feature vector, the 
outlink feature vector and the information need feature 
vector after the feature weights have been applied. In various 
embodiments, any or all of bases for determining similarity 
between the proximal cue feature vector, the content feature 
vector, the uniform resource locator feature vector, the inlink 
feature vector, the outlink feature vector and the 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 devel 
oped technique. 
Once the user sessions determining circuit 3510 deter 

mines user activity in the document collection or web site 
and the document/web page determining circuit 3520 deter 
mines the document collection or web site content, the user 
profile determining circuit 350 builds a user profile for each 
user session. 

FIG. 11 shows one exemplary embodiment of a profiles 
clustering circuit 360 according to the invention. The pro 
files clustering circuit 360 includes a cluster type and 
similarity measure determining circuit 362, a multi-modal 
Wavefront clustering circuit 364 and/or a K-Means cluster 
ing circuit 366 and a cluster analyzing circuit 368. 
The cluster type and similarity measure determining cir 

cuit 362 determines what type of multi-modal clustering has 
been selected and determines the required measure of simi 
larity between vectors. The cluster type and similarity mea 
sure determining circuit 362 allows the user to identify user 
types using multi-modal clustering to over-ride the default 
or pre-set multi-modal clustering setting. The cluster type 
and similarity measure determining circuit 362 also provides 
the user the ability to set the required measure of similarity. 
For example, Wavefront multi-modal clustering with a mea 
sure 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 clus 
tering 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 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. 

If multi-modal Wavefront clustering is selected the wave 
front clustering circuit 364 is activated. Wavefront clustering 
begins with the accumulated determined user paths repre 
sented by the weighted vectors. The Wavefront clustering 
circuit 364 determines a global centroid vector. Random 
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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 
similarity function is determined and stored in the memory 
circuit 330. 

If the K-Means clustering is selected, the K-Means clus 
tering circuit 366 is activated and K-Means clustering begins 
with the accumulated user paths represented by the weighted 
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 is determined and stored in the memory 
circuit 330. 
The cluster analyzing circuit 368 is activated to determine 

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 informa 
tion cluster vector. These information need keywords 
describe the user types accessing the document collection or 
web site. 

In the various exemplary embodiments outlined above, 
the system 300 for clustering user sessions using multi 
modal information and proximal information can be imple 
mented using a programmed general purpose computer. 
However, the system 300 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 proces 
Sor, 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 is in turn 
capable of implementing the flowchart shown in FIGS. 3-6 
can be used to implement an embodiment of the invention. 

Each of the circuits 310–380 of the system 300 can be 
implemented as portions of a suitably programmed general 
purpose computer. Alternatively, circuits 310-380 of the 
system 300 outlined above can be implemented as physi 
cally 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 310–380 of the system 300 outlined 
above will take is a design choice and will be apparent to 
those skilled in the art. 

Moreover, the system 300 and/or each of the various 
circuits discussed above can each be implemented as Soft 
ware routines, managers or objects executing on a pro 
grammed general purpose computer, a special purpose com 
puter, a microprocessor or the like. In this case, the system 
300 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 300 and the various circuits 
discussed above can also be implemented by physically 
incorporating the system 300 into a software and/or hard 
ware system, such as the hardware and Software systems of 
a document server, web server or electronic library server. 
As shown in FIG. 3, the memory circuit 330 can be 

implemented using any appropriate combination of alter 
able, 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 
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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. 

The communication links 410 can each be any known or 
later developed device or system for connecting a commu 
nication device to the system 300, 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 communica 
tion link 410 can be any known or later developed connec 
tion system or structure usable to connect devices and 
facilitate communication. 

Further, it should be appreciated that the communication 
link 410 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. 

While this invention has been described in conjunction 
with the exemplary embodiments outlines above, it is evi 
dent 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 illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope of 
the invention. 
What is claimed is: 
1. A computer implemented method for clustering user 

sessions using multi-modal information and proximal infor 
mation, comprising: 

Selecting a plurality of user paths in a collection of content 
portions, and for each user path: 

determining multi-modal information for content portions 
associated with the user path; 

determining proximal information for content portions 
associated with the user path; 

combining the multi-modal information for content por 
tions and the proximal information for content portions 
associated with the user path to form a user profile 
having a unified representation; and 

clustering multi-modal information and proximal infor 
mation of user profiles based on similarity. 

2. The method of claim 1, wherein determining proximal 
information includes: 

analyzing portions of a text associated with a link between 
content portions along the user path. 

3. The method of claim 1, wherein determining proximal 
information includes: 

analyzing portions of a text associated with an image link 
between content portions along the user path. 

4. The method of claim 1, further comprising: 
using longest repeating Subsequence to select the plurality 

of user paths. 
5. The method of claim 1, further comprising: 
using vectors to represent multi-modal information and 

proximal information. 
6. The method of claim 5, further comprising: 
weighting the vectors representing multi-modal informa 

tion; and 
weighting the vectors representing the proximal informa 

tion. 
7. The method of claim 1, further comprising: 
weighting content portion in the user path based on access 

frequency of the content portion. 
8. The method of claim 1, further comprising: 
weighting content portion in the user path based on a 

position of the content portion in the user path. 
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9. The method of claim 1, wherein clustering the multi 

modal information and the proximal information is per 
formed using at least one of K-Means clustering and Wave 
front clustering. 

10. A computer system to cluster user sessions using 
multi-modal information and proximal information, com 
prising: 

a user path determining circuit that selects a plurality of 
user paths in a collection of content portions; 

a multi-modal information determining circuit that deter 
mines multi-modal information for content portions 
associated with the user path; 

a proximal information determining circuit that deter 
mines proximal information for content portions asso 
ciated with the user path; 

a similarity determining circuit that combines the multi 
modal information for content portions and the proxi 
mal information for content portions associated with 
the user path to form a user profile having a unified 
representation; and 

a cluster and similarity measure determining circuit that 
clusters multi-modal information and proximal infor 
mation of user profiles based on similarity. 

11. The system of claim 10, wherein the proximal infor 
mation determining circuit analyzes portions of a text asso 
ciated with a link between content portions along the user 
path. 

12. The system of claim 10, wherein the proximal infor 
mation determining circuit analyzes portions of a text asso 
ciated with an image link between content portions along the 
user path. 

13. The system of claim 10, wherein the user path 
determining circuit selects user paths using the longest 
repeating Subsequences. 

14. The system of claim 10, wherein the multi-modal 
information determining circuit includes at least one of 

a content feature determining circuit that determines 
contents of content portions associated with the user 
path; 

a uniform resource locator feature determining circuit that 
determines uniform resource locators of content por 
tions associated with the user path; 

an inlink feature determining circuit that determines 
inlinks of content portions associated with the user 
path; and 

an outlink feature determining circuit that determines 
outlinks of content portions associated with the user 
path. 

15. The system of claim 10, further comprising: 
an information weighting circuit that weights the multi 

modal information and the proximal information. 
16. The system of claim 10, further comprising: 
a content portion access frequency weighting circuit that 

weights at least one content portion associated with the 
user path based on access frequency. 

17. The system of claim 10, further comprising: 
a path position weighting circuit that weights at least one 

content portion associated with the user path based on 
the position of the content portion within the user path. 

18. The system of claim 10, where the cluster and 
similarity measure determining circuit clusters multi-modal 
information and proximal information using at least one of 
K-Means clustering and Wavefront clustering. 
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