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57 ABSTRACT

Information presented to a user via an information access
system is ranked according to a prediction of the likely
degree of relevance to the user’s interests. A profile of
interests is stored for each user having access to the system.
Items of information to be presented to a user are ranked
according to their likely degree of relevance to that user and
displayed in order of ranking. The prediction of relevance is
carried out by combining data pertaining to the content of
each item of information with other data regarding correla-
tions of interests between users. A value indicative of the
content of a document can be added to another value which
defines user correlation, to produce a ranking score for a
document. Alternatively, multiple regression analysis or
evolutionary programming can be carried out with respect to
various factors pertaining to document content and user
correlation, to generate a prediction of relevance. The user
correlation data is obtained from feedback information pro-
vided by users when they retrieve items of information.
Preferably, the user provides an indication of interest in each
document which he or she retrieves from the system.

30 Claims, 4 Drawing Sheets
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28 Your Messages from "Standard”
Score Date Author Title
(BB (Fri 06/25.. |~ B
30-|&&8 1Thu 09/30...|—————1 Winter Olympics Update B
BR |Thu 08/05..————| T
BR 1Thu 06/24..| ———| 32
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Your Messages from "Movie Recommendation”

Score Title

B 1|Jagged Edge
B 1|Sea of Love

B 1|D.0A

C_— B "1|The Eye of the Needle
B 1|Dave

B 1|Sleepless in Seattle
L ® J|Lost in America
C—®/ 1|Mephisto

C_—"® 1 |Melvin and Howard
C—®1|Heat and Dust
T ® 1|0One Against the Wind
C_——® 1|Flashdance

C——® 1{Duel

C_—T \|/n the Line of Fire
T |Boxing Helena
C—— T |/ndecent Proposal
" 1|A River Runs Through It
C—® 1 |Clifthanger

C__ B J|{Joe Versus the Volcano
C— K1 |Not Without My Daughter
C—® " 1|Fat Man and Little Boy
8 1|Runaway Train
C_—® 1|0Ordeal by Innocence
B ___1|Cujo

C— B 1|THX 1138

C_ B 1|{The River

C B 1|Black Rain

[ >
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SYSTEM FOR RANKING THE RELEVANCE
OF INFORMATION OBJECTS ACCESSED BY
COMPUTER USERS

FIELD OF THE INVENTION

The present invention is directed to information access in
multiuser computer systems, and more particularly to a
system for ranking the relevance of information that is
accessed via a computer.

2

carried out on the basis of objective criteria specified by the
user. Any messages not meeting the filtering criteria would
be blocked. There is always the danger in such an objective
approach that potentially relevant items of information can
be missed. It is desirable, therefore, to employ a system for
predicting the likely relevance of items of information to a
particular user, so that the items of interest can be ranked and
the need to deal with large amounts of irrelevant information
can be avoided.

Some types of relevance predictors have already been

10
proposed. For example, the contents of a document can be
BACKGROUND OF THE INVENTION examined to make a determination as to whether a user
The use of computers to obtain and/or exchange infor- might find that document to be of interest, based on user-
mation is becoming quite widespread. Currently, there are supphed.l.nformatlon. Whﬂ? approaches of this type have
three prevalent types of systems that can be employed to . Some utility, they are limited because the prediction of
distribute information via computers. One of these systems relevance is made only on the basis of one attribute, ¢.g.,
comprises electronic mail, also known as ¢-mail, in whicha ~ Word content. It is desirable to improve upon existing
user receives messages, such as documents, that have been relevapce predicting techmques, aqd provide a system which
specifically sent to his or her electronic mailbox. Typically, takes into account a variety of attributes that are relevant to
to receive the documents, no explicit action is required on auser’s hkely Interest in a partlcqlar item of 1nfprmat19n. In
the user’s part, except to access the mailbox itself. In most 20 this regard, it is particularly desirable to provide an infor-
systems, the user is informed whenever new messages have mation relevance predicting technique which utilizes com-
been sent to his or her mailbox, enabling them to be read in ~ munity feedback as one of the factors in the prediction.
a timely fashion. SUMMARY OF THE INVENTION
Another medium that is used to distribute information is . . L .
an electronic bulletin board system. In such a system, users 2° In accordance with thf.: present mvention, information to
can post documents or files to directories corresponding to E:nﬁzzsegsgr(ti?na %Zerawiezrl.lci?(fgnélfat:ﬁ: ﬁ(fgiss Sgsizren (1;
specific topics, where they can be viewed by other users who & 4P v ccs .
need not be explicitly designated. In order to view the relevance to the user’s interests. A profile of interests is
documents, the other users must actively select and open the strc;rgi fii?;g&iigﬁi\;?ogni?ﬁzs trcéstgcl tZﬁsttgrtnﬁelljlssglrg;hls
directories containing topics of interest. Articles and other 30 P i P > &8

items of information posted to bulletin board systems typi-

cally expire after some time period, and are then deleted.
The third form of information exchange is by means of

text retrieval from static data bases, which are typically

messages in an electronic mail network or documents within
a particular bulletin board category, are ranked according to
their likely degree of relevance and displayed with an
indication of their relative ranking. For example, they can be
displayed in order of rank.

accessed through dial-up services. A group of users, or a 35y prediction of relevance is carried out by combining
service bureau,.can place docurpents of common interest on data pertaining to one or more attributes of each item of
a file server. Using a text §earch1ng t.OOI’ 1nle1dua1 users can information with other data regarding correlations of inter-
locat.e documeqts matching a specific topical query. Some ests between users. For example, a value indicative of the
services of this type enable users to scarch personal content of a document can be added to another value which
databascs, as well as databases of other users. 40 defines user correlation, to produce a ranking score for a

As the use of these types of systems becomes ever more  document. Other information evaluation techniques, such as
common, the amount of information presented to users can multiple regression analysis or evolutionary programming,
reach the point of becoming unmanageable. For example, can alternatively be employed to evaluate various factors
users of e.lectronic mai.l services are increasingly finding that pertaining to document content and user correlation, and
they receive more mail than they can usefully handle. Part 45 ‘thereby generate a prediction of relevance.
of this problem is due to the fact that junk mail of no The user correlation data is obtained through feedback
particular interest is rpgularly sent in .bulk to lists of user information provided by users when they retrieve items of
accounts. In order to view messages of interest, the usermay  jnrormation. Preferably, the user provides an indication of
be required to sift through a large volume of undesirable interest in each document which he or she retrieves from the
mall o system.

Similarly, in bulletin board systems, the number of docu- The relevance predicting technique of the present inven-
ments 10 a pe}rtlcular topical category at any glven time can tion is applicable to all different types of information access
be quite significant. The user must try to identify documents  gystems. For example, it can be employed to filter messages
of Interest on the basis of cryptic titles. AS a result, an provided to a user in an electronic mail system and search
opportunity to view documents that are crl.tlcally rf;levant s results obtained through an on-line text retrieval service.
may be missed if the user cannot take the time to view all >> gimilarly, it can be employed to route relevant documents to
documents in the category. users in a bulletin board system.

Along similar lines, in a text retrieval system, a broadly The foregoing features of the invention, as well as the
framed query can result in the identification of a large advantages offered thereby, are explained in greater detail
number of documents for the user to view. In an effort to hereinafter with reference to exemplary implementations
reduce the number of documents, the user may modify the 9 jljygtrated in the accompanying drawings.
query to narrow its scope. In doing so, however, documents
of interest may be eliminated because they do not exactly BRIEF DESCRIPTION OF THE DRAWINGS
match the modified query. FIG. 1 is a general diagram of the hardware architecture

In the past, some information access systems, particularly of one type of information access system in which the
e-mail systems, have provided the user with the ability to 65 present invention can be implemented,;

have incoming information filtered, so that only items of
interest would be presented to the user. The filtering was

FIG. 2 is a block diagram of an exemplary software
architecture for a server program;
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FIG. 3 is an example of an interface window for present-
ing a sorted list of messages to a user;

FIG. 4 is an example of an interface window for present-
ing the contents of a message to a user;

FIG. 5A is a graph of content vectors for two documents
in a two-term space;

FIG. 5B is a graph of user profile vectors in a two-term
space;

FIG. 6 illustrates the generation of a correlation chart; and

FIG. 7 is an example of an interface window for a movie
recommendation database.

DETAILED DESCRIPTION

To facilitate an understanding of the principles of the
present invention, they are described hereinafter with refer-
ence to the implementation of the invention in a system
having multiple personal computers that are connected via a
network. It will be appreciated, however, that the practical
applications of the invention are not limited to this particular
environment. Rather, the invention can find utility in any
situation which provides for computer access to information.
For example, it is equally applicable to other types of
multiuser computer systems, such as mainframe and mini-
computer systems in which many users can have simulta-
neous access to the same computer.

The present invention can be employed in various kinds
of information access systems, such as electronic mail,
bulletin board, text search and others. Depending upon the
type of system, a variety of different types of information
might be available for access by users. In addition to more
conventional types of information that are immediately
interpretable by a person, such as text, graphics and sound,
for example, the accessible information might also include
data and/or software objects, such as scripts, rules, data
objects in an object-oriented programming environment, and
the like. For ease of understanding, in the following
description, the term “message” is employed in a generic
manner to refer to each item of information that is provided
by and accessible to users, whether or not its contents can be
readily comprehended by the person receiving it. A message,
therefore, can be a memorandum or note that is addressed
from one user of an electronic mail system to another, a
textual and/or graphical document, or a video clip. A mes-
sage can also be a data structure or any other type of
accessible information.
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word or the like, by means of which the user is identified to
the server machine. Once the user has been identified as
having authorized access to the system, the client and server
machines exchange information through suitable communi-
cation protocols.

One particular type of information access system in which
the present can be utilized is described in detail hereinafter.
It will be appreciated that this description is for exemplary
purposes only, and that the practical applications of the
invention are not limited to this particular embodiment.

The general architecture of a server program for an
information access system is illustrated in block diagram
form in FIG. 2. Referring thereto, at the highest level the
server program contains a message server 16. The message
server carries out communications with each of the clients,
for example over a network, and retrieves information from
two databases, a user database 18 and a message database
20. The user database 18 contains a profile for each of the
system’s users, as described in greater detail hereinafter. The
message database contains stored messages 22 supplied by
and to users of the database. In addition, the message
database has associated therewith an index 24, which pro-
vides a representation of each of the stored messages 22, for
example its title. The index can contain other information
pertinent to the stored messages as well.

In the operation of the system, when a user desires to
retrieve messages, the user accesses the system through the
client program on one of the client machines 12, 14. As part
of the access procedure, the user may be required to log into
the system. Through the use of a password or other appro-
priate form of identification, the user’s identity is provided
to the server 10, which acknowledges the user’s right to
access the system or disconnects the client machine if the
user has not been authorized. When the access procedure is
successful, the message server 16 on the server machine
retrieves the user’s profile from the user database 18. This
profile is used to rank the messages stored within the system.
The particular information within the user’s profile is based
upon a ranking technique that is described in detail herein-
after. Once the user’s profile is retrieved, all of the messages
to be provided to the user are ranked on the basis of a
predicted degree of relevance to the user. For example, in an
e-mail system, all of the messages addressed to that user are
ranked. Those messages which are particularly pertinent to
the user’s interests are highly ranked, whereas junk mail
messages are given a low ranking.

One example of a hardware architecture for an informa- 45 A list of the ranked messages is provided to the client
tion access system implementing the present invention is program, which displays some number of them through a
illustrated in FIG. 1. The specific hardware arrangement suitable interface. Preferably, the messages are sorted and
does not form part of the invention itself. Rather, it is displayed in order from the highest to the lowest ranking.
described herein to facilitate an understanding of the manner One example of such an interface is illustrated in FIG. 3.
in which the features of the invention interact with the other 53 Referring thereto, the interface comprises a window 26
components of an information access system. The illustrated containing a number of columns of information. The left
architecture comprises a client-server arrangement, in which hand column 28 indicates the relative ranking score of each
a database of information is stored at a server computer 10, message, for example in the form of a horizontal
and is accessible through various client computers 12, 14. thermometer-type bar 30. The remaining columns can con-
The server 10 can be any suitable micro, mini or mainframe <5 tain other types of information that may assist the user in
computer having sufficient storage capacity to accommodate determining whether to retrieve a particular message, such
all of the items of information to be presented to users. The as the date on which the message was posted to the system,
client computers can be suitable desktop computers 12 or the message’s author, and the title of the message. The
portable computers 14, e.g., notebook computers, having the information that is displayed within the window can be
ability to access the server computer 10. Such access might stored as part of the index 24. If the number of messages is
be provided, for example, via a local area network or over 9 greater than that which can be displayed in a single window,
a wide area through the use of modems, telephone lines, the window can be provided with a scroll bar 32 to enable
and/or wireless communications. the user to scroll through and view all of the message titles.

Each client computer is associated with one or more users Other display techniques can be employed in addition to,
of the information access system. It includes a suitable or in lieu of, sorting the messages in order of rank. For
communication program that enables the user to access 65 example, the color, size and/or intensity of each displayed

messages stored at the server machine. More particularly,
the client program may request the user to provide a pass-

message can be varied in accordance with its predicted
relevance.
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When the user desires to view any particular message, the
desired message is selected within the window, using any
suitable technique for doing so. Once a message has been
selected by the user, the client program informs the server 10
of the selected message. In response thereto, the server
retrieves the complete text of the message from the stored
file 22, and forwards it to the client, where it is displayed.

An example of an interface for the display of a message
is illustrated in FIG. 4. Referring thereto, the message can be
displayed in an appropriate window 34. The contents of the
message, e.g., its text, is displayed in the main portion of the
window. Located above this main portion is header 36 which
contains certain information regarding the message. For
example, the header can contain the same information as
provided in the columns shown in the interface of FIG. 3,
ie., author, date and title. Located to the right of this
information are two icons which permit the user to indicate
his or her interest in that particular message. If the user
found the message to be of interest, a “thumbs-up” icon 38
can be selected. Alternatively, if the message was of little of

10

15

6

types of information, for example, to provide a clearer
indication that the viewer will probably dislike certain
movies. The values that are used for the ranking display can
be within any arbitrarily chosen range.

Traditionally, the ranking of messages was based only on
the content of the messages. In accordance with the present
invention, however, the ranking of messages is carried out
by combining data based upon an attribute of the message,
for example its content, with other data relating to correla-
tions of indications provided by users who have retrieved the
message. To derive the content-based data, certain elements
of the message, e.g., each word in a document, can be
assigned a weight, based on its statistical importance. Thus,
for example, words which frequently occur in a particular
language are given a low weight value, while those which
are rarely used have a high weight value. The weight value
for each term is multiplied by the number of times that term
occurs in the document. Referring to FIG. 5A, the results of
this procedure is a vector of weights, which represents the
content of the document.

A b v b e ot o et e of oo, ot i
SUILLALE 3 g 4 can be based upon other attributes that are relevant to a
1nd1cat1.0r.1 provided thereby is forwarded to the server 10, user’s interest in that information. For example, in the movie
Wherehlt 18 usedl to ?pdate ‘:hehuser profile. dod with onl database, the content vector might take into account the type
In the example of FIG. 4, the user is provided with only of movie, such as action or drama, the actors, its viewer
two possible selections for indicating interest, i.c., “thumbs- 25 category rating, and the like.
up” or ‘,‘ thl}mb.s-dowr.l”, resulting m very coarse grar}ularity The example of FIG. 5A illustrates a two-dimensional
for the indication of interest. If desired, finer resolution can vector for each of two documents. In practice, of course, the
be obteime&il by prc;yldmg adtiiltlonal.é)pdtltons fotr)lthfhuser. F?r vectors for information content would likely have hundreds
example, three options can be provided 1o enable the user 1o or thousands of dimensions, depending upon the number of
mdlcafte hi)glh 1ptere(sit, medlct))crf? mtelr.eitl, or r;nmma.l mtetr)est. 30 terms that are monitored. For further informe}tion regarding
Pﬁe cra Y>t m O(rzl er tﬁlo tamhre 14 t; m ormatloqda out the computation of vector models for indexing text, refer-
cach usecr, 1t 1s desirable 10 have (he user provide an ence is made to Introduction To Modern Information
indication of degree of interest for each message which has Retrieval by Gerald Salton and Michael J].” McGill
bfen retrieved. To tﬁls gnq, thg mtetrlfaﬁe P?Vld?ddby t;lz (McGraw-Hill 1983), which is incorporated herein by ref-
client program can be designed such that the window 35 erence.
containing the content of the message, as illustrated in FIG. .
. . Each user profile also comprises a vector, based upon the
4, cannot be closed unless one of the options is selected. st e . o . :
. . : . user’s indications as to his or her relative interest in previ-
More particularly, the window illustrated in FIG. 4 does not 1 ieved d Each ti d
include a conventional button or the like for enabling the ously retricved documents. Each lime a user provides a new
window to be closed. To accomplish this function, the user response (o a retrleveq message, the profile vector 1s modi-
s required to seloct .one of the two icons 38 or "‘0 which 40 fied in accordance with the results of the indication. For
indic%tes his or her degree of interest in the message. When exarr.lplf;, if the user .mdlcates nterest 10 a dog:umf;nt, all of
. ; . . : the significant terms in that document can be given increased
one of the icons is selected, the window is closed and the weieht in the user’s profile
message disappears from the screen. With this approach, & . P T
each time a message is retrieved, feedback information Each user in the system will have at.least one Proﬁle,
regarding the user’s degree of interest is obtained, to thereby 45 based upon the feedback information received each time the
maintain an up-to-date profile for the user. Eser accesses the sgsg:m. It dez{ablﬁ, ads.glgle userkmlght
Depending upon the particular information access system tavte t\go or morel titerent prof ii t(l) r different ta?ﬂ cc%n-
that is being used, the type of information presented to the cx i 10 rt g).(a;np e,t.a use(ri mig . ave fﬁnef proliie tor
user may vary. In the embodiment illustrated in FIGS. 1 and Woi rela et 11n orma 10;11 ?lnbte)l.separa ¢ proliic for messages
2, all items of information available to users can be stored sp pertamning to leisure and hoboies.

in a single database 22. If desired, multiple databases
directed to specific categories of information can be pro-
vided. For example, a separately accessible database of
movie descriptions can be provided, to make movie recom-
mendations to users. Each separate database can have its

One factor in the prediction of a user’s likely interest in
a particular piece of information can be based on the
similarity between the document’s vector and the user’s
profile vector. For example, as shown in FIG. 5B, a score of
a document’s relevance can be indicated by the cosine of the

own profile for users who access that database. Thus, each 5 angle between the document’s vector and the user’s profile
time a user sees a movie, he or she can record his or her vector. A document having a vector which is close to that of
reaction to it, e.g., like or dislike. This information is used the user’s profile Wﬂl be highly ranked, whereas thpse which
to update the user’s profile for the movie database, as well are significantly different will have a lower ranking.

as provide information to rank that movie for viewing by A second factor in the prediction of a user’s interest in
other users whose interests in movies are similar or opposed. ® information is based upon a correlation with the indications
An example of a user interface for presenting this informa- provided by other users. Referring to FIG. 6, each time a
tion is shown in FIG. 7. Referring thereto, it can be seen that user retrieves a document and subsequently provides an
the title of each movie is accompanied by a recommendation indication of interest, the result can be stored in a table 42.
score 46. This particular example also illustrates a different From this table, a correlation matrix R can be generated,
technique for quantifying the relevance ranking of each 65 whose entries indicate the degree of correlation between the

item. Specifically, the scores 46 are negative as well as
positive. This approach may be more desirable for certain

various users’ interests in commonly retrieved messages.
More precisely, element R; contains a measure of correla-
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tion between the i-th user and the j-th user. One example of
such a matrix is the correlation matrix illustrated at 44 in
FIG. 6. In this example, only the relevant entries are shown.
That is, the correlation matrix is symmetric, and the diagonal
elements do not provide any additional information for
ranking purposes.

Subsequently, when a user accesses the system, the feed-
back table 42 and the correlation matrix 44 are used as
another factor in the prediction of the likelihood that the user
will be interested in any given document. As one example of
an algorithm that can be used for this purpose, a prediction
score, P,; for the i-th user regarding the j-th document, can
be computed as:

10

8

algorithms can be employed. This technique differs from
genetic programming by virtue of the fact that pre-defined
parameters pertaining to the items of information are
employed, rather than more general programming state-
ments. For example, the particular attributes of a message
which are to be utilized to define the prediction formula can
be established ahead of time, and employed in the algo-
rithms. For further information regarding this technique,
reference is made to Goldberg, David E., Genetic Algo-
rithms in Search, Optimization and Machine Learning,
Addison-Wesley 1989.

In addition to content and correlation scores, other
attributes can be employed. For example, event times can be
used in the ranking equation, where older items might get
lower scores. If a message is a call for submitting papers to

Py = Z_R"k Vi 15 a conference, its score might rise as the deadline

kg approached, then fall when it had passed. These various

types of data can be combined using any of the data analysis

where Ry, is the correlation of users i and k, the V, is the techniques des.cribed previously, as well as any other well-
weight indicating the feedback of user k on document j. known analysis techp Lque.

20  From the foregoing, it can be seen that the present

Thus, for the corresponding data in FIG. 6, the prediction
score for User C regarding Document 1 is as follows:

(0.00%1)+(=0.33*1)+(~1.00*-1)=0.67

In this formula, each parenthetical product pertains to one of
the other users, i.e., A, B and D, respectively. Within each
product, the first value represents the degree of correlation
between the other user and the current user in question, as
indicated by the matrix 44. The second value indicates
whether the other user voted favorably (+1) or negatively
(-1) after reading the document, as indicated in the table 42.
The values of +1 and -1 are merely exemplary. Any suitable
range of values can be employed to indicate various users’
interests in retrieved items of information.

In accordance with the invention, a combination of
attribute-based and correlation-based prediction is employed
to rank the relevance of each item of information. For
example, a weighted sum of scores that are obtained from
each of the content and correlation predictors can be used,
to determine a final ranking score. Other approaches which

25

30
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invention provides a system for ranking information which
is not based on only one factor, namely content. Rather, a
determination is made on the basis of a combination of
factors. In a preferred implementation, the present invention
provides for social interaction within the community of
users, since each individual can benefit from the experiences
of others. A user who has written about a particular topic is
more likely to have other messages relating to that same
topic presented to him or her, without awareness of the
authors of these other items of information.

The invention takes advantage of the fact that a commu-
nity of users is participating in the presentation of informa-
tion to users. In current systems, if a large number of readers
each believe a message is significant, any given user is no
more likely to see it than any other message. Conversely, the
originator of a relatively uninteresting idea can easily broad-
cast it to a large number of people, even though they may
have no desire to see it. In the system of the present
invention, however, the relevance score of a particular
message takes into account not only on the user’s own

. - . > 40 Interests, but also feedback from the community.
take into account both the attribute-based information and To facilitate an understanding of the invention, its prin-
user .correlatlon %nformatlo.n can be em.p.loyed. For ex.ample, ciples have been explained with reference to specific
multlple regression an.a1y51s can be utlhzeq to combine the embodiments thereof. It will be appreciated, however, that
various faCtOF& II% this approaf:h, regression methods are the practical applications of the invention are not limited to
employed to identify the most important attributes that are 45 these particular embodiments. The scope of the invention is

used as predictors, e.g., salient terms in a document and
users having similar feedback responses, and how much
each one should be weighted. Alternatively, principal com-
ponents analysis can be used to identify underlying aspects
of content-based and correlation-based data that predict a
score.

As another example, evolutionary programming tech-
niques can be employed to analyze the available data
regarding content of messages and user correlations. One
type of evolutionary programming that is suitable in this
regard is known as genetic programming. In this type of
programming, data pertaining to the attributes of messages
and user correlation are provided as a set of primitives. The
various types of data are combined in different manners and
evaluated, until the combination which best fits known
results is found. The result of this combination is a program
that describes the data which can best be used to predict a
given user’s likely degree of interest in a message. For
further information regarding genetic programming, refer-
ence is made to Koza, John R., Genetic Programming: On
The Programming of Computers By Means of Natural
Selection, MIT Press 1992.

In a more specific implementation of evolutionary
programming, the analysis technique known as genetic

50
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set forth in the following claims, rather than the foregoing
description, and all equivalents which are consistent with the
meaning of the claims are intended to be embraced therein.

What is claimed:

1. In a computerized information access system, a method
for presenting items of information to users, comprising the
steps of:

a) storing user profiles for users having access to the
system, where each user profile is based, at least in part,
on the attributes of information the user finds to be of
interest;

b) determining an attribute-based relevance factor for an
item of information which is indicative of the degree to
which an attribute of that item of information matches
the profile for a particular user;

¢) determining a measure of correlation between the
particular user’s interests and those of other users who
have accessed said item of information;

d) combining said relevance factor and said degree of
correlation to produce a ranking score for said item of
information;

e) repeating steps b, ¢ and d for each item of information
to be presented to said particular user; and
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f) displaying the items of information to the user in

accordance with their ranking scores.

2. The method of claim 1, wherein said combining step
comprises a regression analysis of attribute-based and
correlation-based factors for each item of information.

3. The method of claim 1 wherein said combining step
comprises forming a weighted sum of said relevance factor
and said degree of correlation.

4. The method of claim 1, wherein said ranking score is
also related to a date associated with each item of informa-

10

17. The information access system of claim 14 further
including a second database containing at least one profile of
interests for each of a number of users of said system, and
wherein said prediction is based on a combination of (i) the
relationship of said attribute to the profile for said given user
and (ii) the correlation between indications provided by the
given user and other users who have had access to said item
of information.

18. The information access system of claim 17 wherein

ton 10 each user profile comprises a vector and said attribute
5.The method of claim 1 wherein said step of determining defines a vector for the item of information, and wherein
said degree of correlation includes the steps of obtaining sal.d.relatlonshlp is determined in a(.:cordanc.e with the simt-
feedback information from users regarding each user’s inter- larities between the vector for the item of information and
est in particular items of information when each such item the user profile vector. . .
is accessed by a user, and recording said feedback informa- 15 19. The information access system of claim 14 wherein

tion.

6. The method of claim 5 further including the step of
generating a correlation matrix which indicates the degree of
correlation between respective users based upon commonly

said prediction is based on a regression analysis of data
related to said attribute and stored correlation information
pertaining to said given user.

20. The information access system of claim 14 wherein
said prediction is determined by means of evolutionary

accessed items of information. 20 ¢ ¢
7. The method of claim 1 wherein said attribute is the programming techm.ques. ) )
contents of the item of information. 21. The information access system of claim 20 wherein
8. The method of claim 1 wherein said items of informa- the evolgtlonary programming tef:hmques .produce a for-
tion are displayed in order of their relative rankings to mula which establishes a combination of attribute-based and
thereby provide said indication. ’s correlation-based factors that determine said prediction.

9. The method of claim 1 wherein said relevance factor
and said degree of correlation are combined by means of
evolutionary programming techniques to generate a formula
that is used to produce a ranking score for an item of
information.

10. The method of claim 9 wherein said evolutionary
programming technique comprises genetic programming.

11. The method of claim 9 wherein said evolutionary
programming technique comprises genetic algorithms.

12. The method of claim 1 wherein said information
access system is an electronic mail system, and said method
is employed to filter messages provided to subscribers of
said system.

13. The method of claim 1 wherein said information
access system is an electronic bulletin board system, and
said method is employed to rank items of information in a
topic category selected by a user.

14. A computer-based information access system, com-
prising:

a first database containing items of information to be

provided to users of said system;

means for enabling users to indicate their degree of
interest in particular items of information stored in said
first database;

means for determining the correlation between the indi-
cated interests of respective users and for storing infor-
mation related thereto; and

means for predicting a given user’s likely degree of
interest in a particular item of information on the basis
of said information relating to the determined correla-
tion and at least one attribute of the item of information.
15. The information access system of claim 14 further
including a user interface for displaying plural items of
information with an indication of their relative predictions
regarding likely degree of interest for a given user.
16. The information access system of claim 14 wherein
said attribute is the contents of the item of information.
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22. The information access system of claim 20 wherein
said evolutionary programming techniques comprise genetic
programming.

23. The information access system of claim 20 wherein
said evolutionary programming techniques comprise genetic
algorithms.

24. The system of claim 14, wherein said information
access system comprises an electronic mail system.

25. The system of claim 14, wherein said information
access system comprises an electronic bulletin board sys-
tem.

26. The system of claim 14, wherein said information
access system comprises an electronic search and retrieval
system.

27. The method of claim 1 wherein the items of informa-
tion are displayed with an indication of their ranking scores.

28. A method for displaying items of information to users,
comprising the steps of:

determining a relevance factor for an item of information,

based upon an attribute of the item of information;
defining a relationship between the interests of a given
user and those of other users;
determining a correlation factor for the item of
information, based upon said defined relationship;

combining said relevance factor and said correlation
factor to produce a ranking score for the item of
information; and

displaying the item of information to the given user in

accordance with its ranking score.

29. The method of claim 28 further including the steps of
determining a ranking score for multiple items of
information, and displaying the items of information in
accordance with their ranking scores.

30. The method of claim 28 wherein the item of infor-
mation is displayed with an indication of its ranking score.

#* #* #* #* #*
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