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METHODS AND APPARATUS FOR
RETRIEVING AND/OR PROCESSING
RETRIEVED INFORMATION AS A
FUNCTION OF A USER’S ESTIMATED
KNOWLEDGE

FIELD OF THE INVENTION

The present invention is directed to information retrieval
and, more particularly, to methods and apparatus for retriev-
ing information and/or processing retrieved information as a
function of a user’s estimated knowledge.

BACKGROUND OF THE INVENTION

Frequently people attempting to retrieve information
from, e.g., an information database, are confronted with the
problem of being provided more information than they need,
want and/or are capable of reviewing in a reasonable amount
of time. This problem is sometimes referred to as “informa-
tion overload”.

Examples of searches which can result in information
overload include, e.g., Internet searches for sites which may
include information about a particular topic of interest.
Database searches far television shows, songs, or movies
that a user might be interested in are additional examples of
searches that may result in an excess of information.

Information overload is the result of the ever increasing
size of modern databases and the difficulty associated with
searching and efficiently retrieving desired information from
a database. Desired information may include, e.g., the infor-
mation that will be the most useful, relevant and/or inter-
esting to a particular individual database user. Generally,
information that is already known to the user, although
potentially responsive to an information retrieval request, is
of little value because it presents the user with no informa-
tion that is new to the user. Accordingly, known information
that is included in a list of search results may be thought of
as unwanted “noise” which merely distracts the user from
more uselul material and/or wasles the user’s lime.

Various known information retrieval systems attempt to
avoid the problem of information overload by performing a
ranking, e.g., result prioritization, operation as part of an
information retrieval operation. In such systems retrieved
information is often ranked in some order which is intended
1o approximate how useful, interesting, and/or responsive
the information is likely to be to the system user.
Unfortunately, ranking of search results fails to address the
noise problem resulting from the inclusion of known infor-
mation in the search results.

In order to partially address the problem of including
known information in search results, some information
retrieval systems conduct searches in a manner that avoids
including information in the search results that the user has
already explicitly indicated are known to the user.
Unfortunately, this approach frequently has little impact on
the search results since it is difficult and often impractical for
a user Lo identily, prior to a search, all or most of the
database entries which are known to the user.

‘While the use of ranking of search results and the elimi-
nation of items which a user has explicitly indicated as being
known to the user has helped to avoid or reduce the problem
of information overload to some extent, people searching
databases for information continue to be confronted with
large amounts of data that can be time consuming to review.
Furthermore, as databases continue to grow in size, the
problem of a user being provided too much information to
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review in a reasonable amount of time is becoming an ever
increasing problem.

Accordingly, there is a need for methods and apparatus
which can be uscd to improve the results of ranking opcra-
tions performed by existing information retrieval systems. In
addition, there is a need for new systems which are more
effective at selecting and/or prioritizing information to be
presented to a user in response to an information retrieval
request, ¢.g., a database search request. Furthermore, it is
desirable that such methods and apparatus include features
for taking into consideration a particular user’s existing
knowledge to reduce the risk of providing, or assigning a
high ranking to, information which is already known to a
user and which is therefor of little value.

It is also desirable that such methods and apparatus be
capable of being used with a wide variety of existing
information retrieval systems and search engines without
requiring modifications thereto.

SUMMARY OF THE PRESENT INVENTION

The present invention is directed to methods and appa-
ratus for improving existing information retrieval systems as
well as to providing new improved information retrieval
systems.

In accordance with the present invention, estimates of the
probability that items being searched are already known to
a user or items listed in search results are known to a user,
are generated. The generated knowledge probability esti-
mates are then used for ranking or re-ranking search results.
Thus, various methods and apparatus ot the present inven-
tion are directed to adjusting, e.g., correcting, the results of
various search engines, such as collaborative filters. This is
done by factoring into the search results and ranking thereof,
a consideration of the probability that the user already
knows about certain data items.

Thus, in accordance with the present invention, knowl-
edge probability estimates are used to effectively discount
the value of an item to a user, e.g., as represented by the
items ranking in a set of search results, based on the
likelihood that the item is already known to the user.
Because knowledge probability estimates are used in accor-
dance with the present invention to adjust a list of search
results, the probability that a user will be presented with
information that the user is already aware of, e.g., near the
top of a list of search results, is reduced as compared to
known systems. In addition, when the number of search
results is limited (o a fixed number, the knowledge prob-
abilily estimates are considered when making decisions
regarding which itenss in the list of search results to discard
in an attempt to insure that the user is presented with
information that is both new and useful.

1n order to generate the knowledge probability estimates,
factors which may be considered include: the popularity of
the individual data items being searched, a user’s experience
in the area being searched, the overall salienice of an item,
the amouat of time the item has been accessible by the
public, e.g., on a server, demographic information about the
user as well as other factors, e.g., user controllable param-
eters.

The methods and apparatus of (he present invention can
be used in conjunction with a wide range of conventional
information retrieval systems, €.g., search engines, including
collaborative filters.

Collaborative filters generate, using historical information
on a large number of individuals preferences and informa-
tion on the attributes and preferences of a particular user, a
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list of recommendations sorted by their estimated value to
the user. The historical information relating to an item’s
popularity used to perform a collaborative filtering operation
may also be used to generate knowledge probability esti-
mates in accordance with the present invention. For this
reason, collaborative filters are particularly well suited for
use with the present invention.

The list of recommendations generated using a collabo-
rative filter can be, e.g., a list of televisions shows, songs,
World Wide Web sites, etc. that may be of interest to the
user. In accordance with the present invention, the value of
individual recommendations, in a list of recommendations,
is adjusted, e.g., corrected, based on the estimated probabil-
ity that a particular item being recommended to the user is
already known to the user. By performing a re-ranking
operation in this manner, the present invention achieves a
more meaningful ranking of recommendations than is
achieved using prior art approaches. Furthermore, the noise
problem and the risk of information overload associated
with including known items in the results of an information
retrieval request, such as a collaborative filtering operation,
is reduced.

The present invention can be used when making recom-
mendations to a user, e.g., in response to a user initiated
information request or, after monitoring a user’s actions for
a period of time. The monitored actions may involve, e.g.,
the user’s accessing of Internet sites. In either case, the
present invention provides an improved method of making
recommendations or suggestions to the user regarding other
Internet sites or data items which might be uoknown but
interesting lo the user.

Numerous additional features and aspects of the methods
and apparatus of the present invention are set forth in the
detailed description that follows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an information retrieval system imple-
mented in accordance with an exemplary embodiment of the
present invention.

IIG. 2A illustrates the data flow between various com-
poneats of the information retricval system of FIG. 1 when
the system of FIG. 1 is configured in accordance with a first
exemplary embodiment of the presenl invention.

FIGS. 2B and 2C, in combination, illustrate the steps
associated with a method used to implement an information
retrieval system in accordance with the first excmplary
embodiment of the present invention.

FIGS. 3A illustrates the data flow between various com-
ponents of the information retrieval system of FIG. 1 when
the system of FIG. 1 is configured in accordance with a
second exemplary embodiment of the present invention.

FIGS. 3B and 3C, in combination, illustrate the steps
associated with a method used to implement an information
retrieval system in accordance with the second exemplary
embodiment of the present invention.

FIG. 4A illustrates the data flow between various coin-
ponents of the information retrieval system of FIG. 1 when
the system of FIG. 1 is configured in accordance with a third
exemplary embodiment of the present invention.

FIGS. 4B and 4C, in combination, illustrate the sleps
associated with a method used to implement an inforrmation
retrieval system in accordance with the third exemplary
embodiment of the present invention.

FIG. 5 illustrates a user database implemented in accor-
dance with an exemplary embodiment of the present inven-
tion.

CONFIDENTIAL OUTSIDE COUNSEL ONLY

20

25

30

35

55

60

65

4

FIG. 6 illustrates an information database implemented in
accordance with an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

As discussed above, the present invention is directed to
improved information retrieval methods and apparatus
which take into consideration a user’s existing knowledge in
an attempt to eliminate or assigu lower importance Lo
information which is probably already known to the user.
Various apparatus and methods of the present invention are
capable of prioritizing search results and/or limiting the
amount of information included in a sct of scarch results
based on, c.g., an estimatc of a user’s knowledge. An
apparatus implemented in accordance with the present
invention will now be discussed with reference to FIG. 1.

Referring now to FIG. 1, there is illustrated a high-level
block diagram of a system 100 that can be used to nuplement
one or more different emnbodiments of the present invention.
As illustrated, the system includes a computer system 120
which itself comprises an input/output interface 122, a
processor 124, and a memory 126 all conventionally inter-
connected by bus 140. Memory 126, which generally
includes different modalitics, all of which are not specifi-
cally shown for simplicity, may be implemented using
random access memory (RAM), hard disk storage and/or
other removable media devices, such as CD-ROM drives,
which are capable of reading information stored on a
computer-readable medium such as a CD-ROM. In accor-
dance with the present invention the memory 126 stores an
operating system (O/S) 128 and a variety of application
programs 129. The application programs include an Internet
browser 131, a search engine 130, a knowledge probability
estimator module 132, and a retrieval result adjusting mod-
ule 134.

The search engine 130 may be any one of a plurality of
known database or information retrieval search engines. In
one embodiment, the search engine 130 is implemented as
a collaborative filter. One suitable collaborative filter is
described in pending U.S. patent application Ser. No.
08/602,238 titled “Collaborative Filtering Utilizing a Belief
Network™, filed Feb. 16, 1996, which is hereby expressly
incarparated hy reference. (/S 128 may illustratively con-
stitute the WINDOWS NT operating system presently avail-
able from the Microsoft Corporation of Redmond, Wash.
(WINDOWS NT is a registered trademark of the Microsoft
Corporation).

‘The computer system 120 is coupled to a plurality of data
sources via the input/output intertace 122 and a
bi-directional bus 110. The data sources include a user inpnt
device 170 such as a keyhoard and/or mouse, a plurality of
external databases 102, and a plurality of additional external
information sources. The additional information sources, of
which only a few are specifically shown, illustratively
include, e.g., an Internet connection and a broadcast receiver
such as a television or satellite receiver. Inasmuch as the
present invention will function with stored information, e.g.,
data, regardless of its source, the particular modality through
which such data is physically provided to the computer
system 120 is immaterial.

The external databases 102 include a user database 104
and an information database 106. The content of these
databases will be discussed in detail with regard to FIGS. §
and 6, respectively. While the user database 104 and the
information database 106 are fllustrated as being external to
the computer system 120, it is to be understood that these
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databases could be implemented as part of the memory 126
of the computer system 120. In one embodiment, the Inter-
net browser application stores information on Internet sites
visited by the user as well as information on the frequency
of visits to Internet sites, by one or more users, in the user
database 104.

In addition to coupling thc computer system 120 to a
plurality of external data sources, the input/output interface
122 electrically connects and interfaces the computer system
120 to a plurality of output devices 148. The output devices
include, e.g., a display 150, such as a conventional color
monitor, and printer 160, such as a conventional laser printer
or other well-known printer.

A user can invoke an application program or softwarc
module implementing the present invention through appro-
priatc commands cntered via device 170 and/or in response
to selecting a program icon appearing on display 150 that
represents the application.

The user database 104 and the information database 106
will now be described with reference to FIGS. 5 and 6. FIG.
5 illustrates an exemplary user database generally indicated
by the reference number 500. The user database 500 may be
used as the user database 104 of the FIG. 2A embodiment.
The uscr databasc compriscs scts of information cntrics 502,
504, 506, sometimes referred to as cases. Each set of
information entries includes a unique identifier, ¢.g., a name
507 or a randomly assigned unique number, and optionally,
information about the user’s attributes, ¢.g., age 508 and
gender 510. In addition, each case may include information
on the user’s actual knowledge, and information 522 about
previously conducted searches and/or previous user actions,
e.g., such as Internet site access operations in the case of an
Internet browser embodiment. The information on the user’s
actual knowledge may include questionnaire results, or other
data indicating whether the user knew about and liked or
disliked various items, e.g., television shows, included as
entries in the information database 106. Consider for
example, case 502 for the user having the name Jane. The
information in the user database 500 for case 502 indicates
that Jane is age 13, female and that she knows about and
likes the television shows Scinfeld, Sisters and Power
Rangers, knows about and dislikes the lelevision show Three
Stoges and does nol know aboul the (elevision show
Matlock.

While the contents of three cases 502, 504, 506 are
illustrated in FIG. 5, it is to be understood that the user
database may include information for any number of cases
wherein each case would correspond to a different individual
or other uniquely identified user.

Referring now to FIG. 6, there is illustrated an exemplary
information database 600 which may be used as the infor-
mation database 106. The information database 600 com-
prises a list 630 of database entries 612, 614, 616, 618, 620
which, in this example, are the names of TV shows. In
addition, for each of the listed database entries additional
information on, e.g., the general level of user awareness of
the show, the entries hisiorical popularity, and/or the tele-
vision shows information content is included in the database
600.

Columns 632 and 633 show the storage of information
relating to the general level of user awareness of the tele-
vision shows 630. For each of the television shows 612, 614,
616, 618, 620 information on the number of polled users
who voted on and indicated that they knew about and liked
the television show [s stored, e.g., in column 632, as is
information on the total number of polled people who voted
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on, 1.¢., indicated that they new about and liked or disliked,
the most popular television show listed in the database 600.

Column 634 shows the storage of information relating to
the historical popularity of the databasc cntrics. In this
exemplary embodiment, the information listed in column
634 represents the rank of the television shows 612, 614,
616, 618, 620, e.g., on a list of the top 100 television shows
with the number in column 634 indicating the shows ranking
out of 100 with the higher numbers indicating the more
popular television shows.

Column 636 includcs information on the content, c.g.,
subject matter, of the television shows listed in column 630.
For example, column $36 indicates that the television show
Seinfeld 612 is a situation comedy, that the television show
Matlock 614 1s a detective/attorney drama, that the televi-
sion show Three Stooges 616 is a physical comedy, that the
television show Sisters 618 is a situation comedy and that
the television show Power Rangers 620 is a children’s super
hero action show.

While all of the information stored in the information
database 600 may be used in a given embodiment, as will be
discussed further below, various embodiments of the present
invention often use only a portion of the information illus-
trated as part of the database 600. For example, in one
embodiment, the information indicative of the general pub-
lic awareness of a data item, e.g., the information illustrated
in columns 632, 633 is used but not the popularity rank or
information content information shown in columns 634,
636. In other embodiments, the popularity rank information
is used and not the information in columns 632 and 633. In
still other embodiments, the information content information
is used but not the popularity or general user knowledge
information. In embodiments where all the information
illustrated as part of the database 600 is not used, only the
portions which are used may be included in the database
600.

In still other embodiments, e.g., collaborative filter
embodiments, the popularity of an item and the probability
that a user knows about an item in the data base is derived
from the information stored in the user database 500 thereby
eliminating the need for the information database 600. For
example, popularity and knowledge probability estimates
may be generated based on how many users in the database
500 voted on, or indicated knowledge of, an item in the
database 500.

Various features of a first method of retrieving and
processing information, e.g., data included in the external
databases 102, will now be discussed with reference to
FIGS. 2A, 2B and 2C.

FI1G. 2A illustrates the flow of data that results between
various components of the system 100 illustrated in FIG. 1
when the system 100 is used to implement a database search
and information retrieval operation in accordance with a first
embodiment of the present invention. FIGS. 2B and 2C, in
combination, illustrate the steps associated with the method
used to implement the information retrieval system in accor-
dance with the first exemplary embodiment of the present
invention.

As will be discussed in detail below, the first embodiment
of the present invention involves the conducting of what
may be described as a conventional search operation using
the search engine 130 and then performing a novel search
result post-processing operation in accordance with the
present invention. The search result post processing opera-
tion is performed using the knowledge probability estimator
132 aud the retrieval result adjusting module 134 which are
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llustrated in FIG. 2A as part of the search result post-
processor 231. In the first embodiment the knowledge prob-
ability estimator 132 is used to first estimate the probability
that the user initiating the search being performed already
knows about the items included in the information database
being searched. This is done by, e.g., generating a knowl-
cdge probability cstimate pKnow, for cach item in the
database being searched. The generated knowledge prob-
ability estimates are then used by the retrieval result adjust-
ing module 134 to processes the results of the search
performed by the search engine 130. As will be discussed
further below in regard to a second embodiment, it is
possible to limit the generation of knowledge probability
estimates to data base entries which are included in a set of
search results thereby avoiding the need to calculate knowl-
edge probability estimates for all of the items included in the
information database being searched.

The search result processing operation performed by the
retrieval result adjusting module 134 will vary depending on
1) whether the search engine 130 performs a ranking opera-
tion or merely produces a list of unranked items as 2 search
result and 2) whether the number of items to be output to the
user as the search result are (o be limited to a fixed maximum
number. When the search engine 130 performs a ranking
operation, operation of the retrieval result adjusting module
134 may also vary depending on whether ranking values,
e.g., scores, generated by the search engine 130 are inter-
preted as an estimate of the ranked items’ relevance or an
estimate of the value to a user in reviewing a ranked item,
e.g., reviewing the item’s informational content.

If the search results have already been ranked by the
search engine, the retrieval result adjusting module 134 will
re-rank, e.g., re-score and/or re-order, the search resulls as a
function of the estimated probability that the user already
knows about cach of the iiems included in the search results.
In the illustrated embodiment, the higher the probability is,
that the user already knows of an item, the lower the adjusted
score and rank assigned (o that item will be. If the search
resulis output by the search engine have nol already been
ranked, they are ranked by the retrieval result adjusting
module 134 as a function of the estimated knowledge
probability estimates generated by the knowledge probabil-
ity estimator 134, e.g., with the items with the lowest
estimated knowledge probability receiving the highest rank-
ing.

In addition to ranking or re-ranking the search results, the
retrieval result adjusting module 134 may be used to limit
the number of search results to a fixed number of items, e.g.,
10, 20 or 100, if so desired. The number of entries may be
specified, e.g., by the user or it may be a pre-selected
maximum number. In accordance with the present invention,
the elimination of items from the search results output by the
search engine 130 is performed as a function of the esti-
mated probability that the user already knows about the item
heing considered for elimrination. Iterms which the estimate
indicates are probably already known to the user are favored
for elimination over items which are less likely to be known
to the user.

Referring now to FIGS. 2B and 2C, the method of
performing an information retrieval operation in accordance
with the first embodiment of the present invention will now
be described. As illustrated in FIG. 2B an information
retrieval operation begins in the start step 220 when the
search engine 130 and other application programs including
the knowledge probability estimator 132 and retrieval result
adjusting module 134 are initialized in response to, e.g., an

initialization signal from the user input device 170 or from

CONFIDENTIAL OUTSIDE COUNSEL ONLY

20

25

30

35

45

55

60

65

8

another application such as the Internet browser application
131. In accordance with the present invention, the Internet
browser application 131 can invoke the information retrieval
process of the present invention after monitoring a user’s
activities, e.g. Internet site access activities over a period of
time. By invoking the information retrieval process of the
present invention the Internet browser 131 can conduct a
search e.g., using collaborative filtering techniques. In such
an embodiment, the search results represent a list of recom-
mendations regarding additional Internet sites a user may
wish to visit. If the initialization signal is from the user, as
opposed to another application, it may indicate that a user of
the system 100 wants to perform an information retrieval
operation, e.g., database search.

After system initialization, operation progresses from step
220 to step 222. In step 222 input relating to, e.g., the search
to be performed, user attributes, user preferences and/or the
user’s existing knowledge about items included in the infor-
mation database to be searched, is oblained, e.g., via the user
input device 170, or from the Internet browser application
131. For example, the Internet browser application 131 may
provide information on which sites a user likes based on a
user’s frequent access of certain sites and information on a
user’s actual knowledge by keeping a list of sites previously
visited by the user. Once the input required (o conduct a
search is obtained in step 222, operation progresses o step
224.

In step 224, the user database 104 is accessed to obtain
therefrom stored information about the user’s attribules,
preferences, actual knowledge and/or previous searches.
This information is used to supplement the information
obtained in step 222. In addition to obtaining information
from the user database 104, the information in the user
database is updated in step 224 to reflect the most recent data
oblained in step 222. The Jow of data [rom, e.g., the user
input device 170 to the user database 104 as part of the
update operation performed in step 224 is represented in
FIG. 2A by line 103. Line 103 leads from the user input
device 170 (o the user database 104. As discussed above, the
information used to update the user database 104 is, in
various embodiments, obtained from the Inlemnet browser
131.

Alter information is obtained from the user database 104
aud the database 104 has becu updated with the latest user
provided information, operation progresses from step 224 to
step 226. In step 226, the information database 106 is
accessed and relevant information on the database entries to
be scarched is obtained therefrom.

As illustrated in FIG. 2A, the information database
includes a list of database entries, information 208 on the
general level of user awareness of each entry and/or the
entries historical popularity; and/or information 209 on cach
of the information database entries informational content.

Operation progresses from step 226 in which information
is obtained from the information database 106 to step 228.
In step 228, the information obtained from the user input
device 170, (he user dalabase 104 and the inflormaltion
database 106 is supplied to the search engine 130 and the
search result post-processor 231 as illustrated in FIG. 2A by
lines 105 and 107.

From step 228 operation progresses o steps 230 and 232
which, in the illustrated embodiment of FIG. 2C, are per-
formed in parallel. In step 230 the search engine is used to
perform a search on the information database entries using
the input obtained in step 222. The search engine produces
a set of search results, e.g., a list of ranked or unranked
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database entries, which are supplied to the search result
post-processor’s retrieval result adjusting module in step
231. The passing of the search results to the retrieval result
adjusting module is represented by line 131 of FIG. 2A.

As discussed above, the use of a search engine 130 which
ranks the search results and generates one or more ranked
lists, e.g., a list of database eatries with a rank indicator
associated with cach of the cntries is highly desirable to
facilitate a user’s review of retrieved information. A rank
indicator, sometimes referred to as a score may be, e.g., a
numerical value that is associated with each entry in the list
of search results. The score can correspond to the entry’s
estimated, e.g., calculated, probability of relevance to a
user’s information retrieval request. Alternatively, the score
may be an estimate of the value to the user of reviewing the
entry. The use of a rank list as opposed to an unranked list
is particularly useful when a user’s information retrieval
request is likely to result in a large number of database
entries being identified and included as part of the search
results.

As discussed above, one known type of search engine that
is particularly well suited tor use as the search engine 130 is
a collaborative filter. Collaborative filters automatically pri-
oritize information from one or more corpora of information,
such as the information database 106, in response to a search
request. Collaborative filters predict an individual user’s
interests via the analysis of a large corpus of data represent-
ing the historical behavior or interests of many different
individuals and input from the user, e.g., regarding the user’s
preferences and knowledge about data iterms which are the
same as, or similar to, those being searched. Collaborative
filters generate a list of search results which are often
recommendations regarding data items, e.g., television
shows, Internet sites, music or other items or other database
entries, that may be of interest to the user. The collaborative
filter not only generates a list of database entries but also
generates a score which is an estimate of the value to the user
of reviewing cach databasc entry and/or of an items rel-
evance to a search request. This score, associated with each
entry in the list of search results is often generated in the
form of a number that is used to rank the search results.
Normally, the database entries assigned the highest score
will be presented to the user at the top of the list of search
results.

‘When a callaborative filter or other type of search engine
which performs a rauking operation in addition to generating
a list of search results is used as the search engine 130, both
the list of database entries generated in response to an
information retrieval request, and the scores or numerical
values used by the search engine to rank the entries in the
database list are supplied to the retrieval result adjusting
module 134 in step 231.

In step 232 the knowledge probability estimator 132 is
used to estimate the probability that the user already knows
about the various entries, ¢.g., television shows, that are
being scarched. A different knowledge probability estimate
is generated for each of the information database entries.
However, knowledge probabilities could be generated for
groups of entrics as opposcd to single cntrics, if desired.

The knowledge probability estimates may be generated in
a variety of ways taking into consideration one or more of
a plurality of factors. Factors which may be used in gener-
ating the knowledge probability estimates for items being
scarched include, for example:

(1) the popularity of the item;

(2) a user’s experience in the subject area being searched,
e.g., as indicated by such variables as a user’s occupa-
tion or the amount of time a user has been on the
Internet;
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(3) the overall salience of an item; the salience of an item
can be entered by editorial staft or based on objective
measures, €.g., appearance on network news, the front
of a newspaper, etc. Consider, for example, that a user
is more likely to already have the content of informa-
tion contained in a description of a highly salient news
story about a major disaster than a less salicnt news
story about minor flooding of a single street;

(4) the amount of time an item has been accessible by the
public, or on a server, e.g., the age of a news story may
determine the likelihood that the information in a news
story has alrcady been scen on the server at hand or via
another source;

(5) demographic information about the user, ¢.g., the age
and sex of a user may have a bearing on the likelihood
that an item is alrcady known to a particular user with
similar demographic characteristics; and

(6) other factors.

There may be probabilistic dependencies among the vari-
ous factors used by the knowledge probability estimator
i32.

The knowledge probability estimator 132 can be imple-
mented in a plurality of ways. For example, given an
observed set of evidenced iters (E;, . . . , E,), which may
be the items or factors discussed above, the probability that
a user will know about data in items can be expressed as:
p(user knows information in item [E;, . . . E). This
probability can be calculated with explicit probabilistic
models such as Bayesian networks which can capture the
joint probability distribution over the states of one or more
of the relevant variables listed above and the probability that
a user has seen the information before. Such models can be
hand crafted, solely learned from data, or a combination. For
a discussion of ways to implement such models see U.S.
patent application Ser. No. 08/240,019 titled “Generating
Improved Belief Networks”, filed on May 9, 1994, which is
hereby expressly incorporated by reference.

Alternatively, parameterized functions that output an esti-
mate of the probability that a user will have already seen
information contained in an item, given values assigned to
one or more of the factors discussed above can be used Lo
implement the knowledge probability estimator 132. Such
parameterized functions include, e.g., the function f(k,
B, . . . B)=p(user knows information in item I| E;, E,)
where k is a set of one or more parameters that describes the
dctails of the function, c.g., the slope of a line, the half-life
of an exponential, or the parameters of a sigmoid. For
example, the function f(k, popularity of item 1)=p(user
knows item I) may be used and k varied to take into
consideration the effect of unmodeled variables such as the
user’s experience at a server, Such a parameter can also be
manipulated directly by evidence about a user’s experience
such as the number of times a user has accessed information
on a server or the duration of time since a user first accessed
information from a server.

Parameterized functions which are useful for generating
knowledge probability estimates include, e.g., linear func-
tions and combinations of linear functions, exponential
functions and sigmoidal functions to give a few examples.

A simple linear function that may be used can be
expressed as follows: p(user knows information in item
D=pKnow=f(popularity of item in database)=fPop=kx+b. As
discussed above, in the collaborative filtering embodiment
fPop can be derived from the information in the user
database 500. Note that b may be 0 and that by changing the
value of k, the slope of the line representing the function
may be altered.
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By allowing a user to control the value of k as a user-
controlled slider, the user can manipulate the details of the
function, e.g., the slope of the line used to model the
probability that the user knows about the items in the
database. The use of such a slider allows the weighting of
popularity to be incrementally changed by the user, e.g.,
changing the ordering of the information, ¢.g., items
included in a set of search results, gracefully.

Four specific exemplary methods of generating an esti-
mate of the probability that a user knows about an item,
expressed as a value, pKnow, are as follows:

Method 1 (Exponential Method):

P(user knows about item f) = pKnow(f) =1—-(1 - ﬂ’op)(l'i_a)

where:
a is either a preselected or user controtlable parameter that
ranges in value from 0.0 to 1.0 and fPop is the ratio:

# of users who vated cn item (7}

Max.# of users who voted on any item (/)

Method 2 (Logit or Sigmoid Method):

Krow = ——,
PRrOw =50

where:

{4
)

where ¢ and d are either preselected or user controllable
parameters that range from 0.0 to 1.0 and fPop is as
described above in regard to Method 1.

Method 3 (Twa-Piece Linear Method):

op =
pKnow = m,
x
if fPop<x and
0]
pKnow = m,
x

if fPop>=x where:

x and y are either preselected or user controllable pararu-
eters that range from 0.0 to 1.0 and fPop is as described
above in regard to Method 1.

Method 4 (Rank Difference):

pKnows=a*iPopRank
where:

iPopRank is the rank of the item in a general popularity

list; and

2 is an adjustable parameter.

Additional metbods of generating knowledge probability
estimates are also possible. For example, a knowledge
probability estimate for a data entry may be generated as a
function of the data entry’s information content assuming
that the user provides information on his or her relative
knowledge level in different subject areas, e.g., the user’s
familiarity with comedy as opposed to action shows.
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As discussed above, the parameters used in the above
knowledge probability estimation methods can provide the
user with an opportunity to influence the experience level,
e.g., knowledge, the user will be assumed to possess. For
example, by selecting a low value for a parameter the user
can indicate little experience or knowledge of the data being
searched while a higher value for the same parameter can be
selected to indicate an experienced user who is already
aware of, e.g., the relatively popular television shows or
Internet sites in the database 106 being searched.

As an alternative to the user setting the various
parameters, a preselected default value may be used or the
knowledge probability estimator can automatically adjust
the same parameters based on the type and number of

s previous searches conducted by the individual user initiating

the search.

Lo step 233, the knowledge probability estimates (pKnow)
generated for each of the data items by the knowledge
probability estimator 132 in step 232, are supplied to the
retrieval result adjusting module 134. Line 133 of I'IG. 2A
represents the passing of the probability cstimates to the
retrieval result adjusting module 134.

While the calculation of the knowledge probability esti-
mates is illustrated as being performed in parallel with the
operation of the search engine 130, it is to be understood that
the knowledge probability estimates could be calculated
prior to the performing of the database search or subsequent
thereto so long as both the search results and the knowledge
probability estimates are generated and supplied to the
retrieval result adjusting module 134 in time to be used
together.

Upon the completion of steps 231 and 233 the search
result post-processor’s retrieval result adjusting module 134
will have been supplied with both the search resulis output
by the search eugine 130 and the knowledge probability
estimates (pKnow) output by the knowledge probability
estimator 132. At this point operation progresses to step 234.

In step 234 the retrieval result adjusting module 134 is
used to modify, e.g., recompute, the score previously
assigned the search results by the search engine 130. This is
done as a function of the knowledge probability estimates
generated by the knowledge probability estimator 132. In
the event that the search results were not ranked by the
search engine 130, the retrieval result adjusting module 134
ranks the scarch results using the estimated knowledge
probability values, pKnow, so that the search results which
are least likely to be known to the user are located at the top
of the list of previously unranked search results.

The re-scoring is performed by weighting the previous
score using the probability that a user does not already know
about the information in the item being re-scored and may
be performed in a variety of ways depending on whether the
previous score is interpreted as an estimate or measure of
relevance or, instead, interpreted as an estimate or measure
of the value to the user of reviewing the ranked item.

In various embodiments of the present invention, the
retrieval result adjusting module 134 is used to re-score the
output of the search engine 130 by taking into consideration
the estimated knowledge of the user to compute as a new
score, the likelihood that information in the list of search
results is valuable to a user and that the information is not
already known to the user. In probabilistic terms, the new
scores can be computed as the product of a measure of the
value or relevance of the item to the user or the search
request, and a measure of the likelihood of the user not
knowing about the information iu the item conditioned on or
given that the iterus in the list of search results are relevaat.
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Assuming that the output of the search engine 130
includes a score representing the relevance of a listed item
to the user, e.g., score(T)=p(item I is relevant), the retrieval
result adjusting module 134 can take into account the user’s
estimated knowledge and compute a new score as follows:

NewScore{l) = p(ltem 1 relevant & - Knows f) Equation (1)
= p(Item { relevant)x

p(= Knows /| Item [ relevant)

where: ~ Knows means “user doesn’t know™.

Thus, in accordance with Equation (1), the new score is
computed as a function of the joint event of an item being
relevant and the user does not previously know about the
content of the item being re-scored.

The re-computing of the score can be simplified if it is
assumed that the likelihood of knowing about an item is
independent of the likelihood that the item is relevant.
Making this assumption, Equation 1 can be rewriiten as:

NewScore = p(ltem [ relevant & — Knows 1) Fquation (2)

= p(ltem 7 relevant) X p(— Knows I)

= p(Item 7 relevan) [1 ~ p(Kaows )]

As discussed above, the score computed by search engine
130, c.g., a collaborative filter, may be interpreted as an
estimate or measure of the value to the user of reviewing the
information included in the items included in the list of
scarch results.

In various embodiments, information on the user’s actual
knowledge is provided to the search engine 130. In some,
but not all embodiments, this information is used by the
search engine 130 to remove from the list of search results
items which are already known to the user before supplying
the list to the retrieval result adjusting module 134.

Assuming that the list of search results supplied to the
retrieval result adjusting module 134 is limited to items that
are not actually known to the user, a new score representing
an estimated or expected value to the user of reviewing each
item being re-scored may be calculated as follows:

NewScore = Value reviewingltem 1, - Knows /) x Equation (3)

p(= Knows )
= Value reviewingTtem {, - Knows D[l -

p{Knows )]

In using equation 3, it is assumed that the value of
reviewing an item that is already know to a user is just zero.
However, equation 3 can be extended and used by the
retrieval result adjusting module 134 to include the notion
that there is a cost to reviewing items that are already known,

NewScore = Equation (4)
Value reviewingtem /7, = Knows /i % {1 — p(knows Ij] —
Cost of reviewing(ltem /, Knows /. position [}

{(p(Knows ]

This re-scoring approach which provides an estimate of
value of reviewing an item (o the user, can further be

CONFIDENTIAL OUTSIDE COUNSEL ONLY

10

25

30

35

45

55

60

65

14
extended by considering the value and the cost of reviewing
items () to also be a function of the items” display position,
e.g., each item’s position on the list of items to be displayed.
That is, the score may be re-computed as follows:

NewScore = Equation (5)

Value reviewingftem {, - Knows J, position f)x
[1 - p(Kaows I}] - Cost of reviewinglem 7,

Knows /, pasition [} (p(Knows I3}

The search engine 130 may output one or more lists of
search results, the retrieval result adjusting module 134 can
compute an estimate of the value to a use or reviewing an
entire list by summing over the expected value of each item
in the list. Accordingly, an over all estimate of a lists value
to a user may be generated for each list output by the search
engine 130 as follows:

NewListScore =

n
Z Value reviewing (Item 1, ~ Knows I, positionf) X
itema=t
[1 — p(Knows /1] — Cost of reviewing ([tem £,
Krnows I, position D[p(Knows )]

The postion-dependency of the value and cost of Equa-
tions (5) and (6) can be formulated in terms of the likelihood
that an item will be noticed or examined given its position.
The following reformulation moves the position variable
outside of the utility function as follows:

NewScore = Value(ltem f, = Knows [y x Equation (7)

pi{Notices I| position(/), E({, L)) X
[1~ p(Knows I)] ~ Cost(Item [, Knows fyx

p(Notices [ | position(]), E{I, L)) [p(Knows )]

For a comprehensive score for a list the calculation would
be as follows:

L Equation (8)
NewlistScore = Z Vaiue(Ttern 7, - Knows 1) x
item=1
piNotices | position(!), E(f, L)) x
[1 - p(Knows N] — Cost(Ttem {, Knows )X

pNotices I | position(]}, E{I, L)) % [p(Knows f)]

Equation (8) can be modeled by only considering the
value of reviewing items and not the potential nuisance
modeled by the cost if we drop the cost terms and fold in
only the value components as follows:

1d Equation {9)
NewlListScore = Z Valueiltern 1, - Knows [)x

irems= 1

p(Notices /| position(l), E(/, L)) [l ~ p{Knows [}]

The modeling of the probability: p(Notices I|position(T),
E(I,L)) will now be discussed. The probability of noticing an
item can be a function of several factors, including the
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position the item has in a list and the probability that a user
will scan down to that position in the list via a process of
scrolling or paging. E(LL) is used to refer to a set of
position-dependent distinctions or evidence about a list L
that is being scored or rescored. Such evidence may be 5
modeled as functions on the position and on the perceived
value and costs associated with items already scanned from
the initial parts of a list that have been reviewed. That is:

p(Notices nlposition (n), E(n,L))=[position n, V(Item n~1) . . . 10

V(ltem n-1), C(ltem n~1) . . . C{ltem n-1)

where V(Item i) and C(Ttem i) are the value of item I as set

forth in Equation (7).

In addition to considering general lists of the cost and
value of items, it is possible to formulate useful higher-level 15
distinctions on which to condition p(Notice). More sophis-
ticated models can also be built by considering the details of
the interface and decomposing the probability into a chain of
conditional probabilities, e.g., to consider the probability of
a user paging down and scanning the next set of items as a 20
function of costs and benefits of the items on the previous
pages. In an alternative embodiment, simpler functions to
those already discussed are used to calculate the value or
cost of previous items, such functions may involve the use
of a threshold on the maximum value or minimum cost in the 25
x most recent items scanned on the list, given that the user
scanned down the last x items. As an example, the prob-
ability p(Notices n|position(n), E(n,L)) may be formulated

as:

flpesition n,max] V(Itrem n-13, . . . V{Item n~x~1)].

30

In such a case, the formulated probability considers only
the value components of the utility of the previous x items.
For purposes of further simplification, E(ILL) may be

dropped from consideration. In such a case, it is assumed

that p(Notice Ijposition(I)) is some function of the position,
¢.g., some monotonically decreasing function that decreases
as the depth in the list increases. Such a simplification

provides:

p(Notices nfposition(n),E(n,L))=f position n] where the

likely dependency of the probability of the length of the list

on the quality of the list is not considered.

Having discussed the re-scoring and probability calcula-
tions that may be performed by the retrieval result adjusting

module of the present invention, various particular embodi-

ments will now be discussed. In one particular embodiment,
when the retrieval result adjusting module is used with a
knowledge probability estimator 132 that performs any of
the first three particular exemplary knowledge estimation

techniques discussed above, ie., Method 1 , Method 2 | or

Method 3 , the ranking in the list of search results repre-

sented by a value, rOldScore, is adjusted as follows:

NewScore=rQldScore*{1-pKnow)

where:

55

rNewScore is the ranking value or score used to rank the
item in the list of search results that is being re-ranked;

* represents a multiply operation;

rOldScore is the ranking value or score generated and 6p
output by the search eugine 130 that is associated with
the itemn m the list of search results that is being

re-ranked; and

pKnow is the value generated by the knowledge prob-
ability estimator 132 which represents the likelihood 65
that the user is already aware of the item in the list of

search results that is being re-ranked.
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When the retrieval result adjusting module is used with a
knowledge probability estimator 132 that performs the
fourth knowledge estimation technique (Method 4) dis-
cussed above, in one particular embodiment, the ranking of
each individual item in the list of search results is adjusted
using the tollowing formula:

NewRank=1OldRank-iPopRank

where:
rNewRank represents the ranking value or score used to
rank the item in the list of search results that is being
re-ranked,
i0ldRank represents the rank valuc or score output by the
search engine 130 for the particular data item in the list
of search results that is being re-ranked; and

PopRank is the rank of the item in a general popularity

list.

By processing the search results in the above described
manner, the search results are adjusted to take into consid-
eration a user’s estimated knowledge and scarch results
which are probably already known to the user are much less
likely to be presented at the top of a list of search resulis. In
addition, when the search results are limited to a fixed
number of items which are probably already known to a
user, the elimination of items from the list of search results
which are probably already known to the user will be
favored over items which are less likely to be known to the
user. Accordingly, the methods and apparatus of the present
invention are less likely to burden a user with information
which is already known to the user then are known infor-
mation retrieval systems.

Once the retrieval result adjusting module 134 has com-
pleted the modification of the search results, e.g., to take into
account the user’s estimated knowledge, the adjusted results
are displayed in step 236 so that the user can review them.
In addition, the previous search information stored in the
user database is updated to reflect the user’s most recent
search. The previous search information may include infor-
mation on the entries which were presented 10 the user as a
result of the search. In some embodiments, it may be
assumed by the knowledge probability estimator 132 that the
user is aware of these entries, or at least the highest ranked
entries, in future searches. In I1G. 2A, the supplying of the
output of the retrieval result adjusting module 134, ¢.g., the
list of adjusted, ranked or re-ranked search results, to the
display device 150 and the user database in step 236 is
represented by line 149.

After the search results are displayed and the user data-
base 104 updated in step 236 operation halts in step 238
awaiting further user input, e.g., initiating another informa-
tion retrieval operation.

Alternative embodiments of the present invention will
now be discussed with reference to FIGS. 3A, 3B, 3C and
FIGS. 4A, 4B, 4C. Many of the steps and elements of these
alternative embodiments of the present invention are the
same as or similar to the previously described steps of FIGS.
2A, 2R and 2C. The same or similar steps and elements are
labeled in the various figures using the same references
numbers as used in FIGS. 2A, 2B and 2C to avoid confusion.
Previously described elements and steps of FIGS. 3A, 3B,
3C and 4A, 4B, 4C will not be described again in detail for
the purposes of brevity.

FIGS. 3A, 3B and 3C illustrate an embodiment of the
present invention wherein knowledge probability estimates
ate generated ouly for data items included in the list of
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search results generated by the search engine 130. That is,
knowledge probability estimates are not generated for
entries in the information database 106 that are not included
in the search results. This approach generally requires fewer
knowledge probability estimates to be made than the FIG.
2A embodiment.

In order to implement the embodiment illustrated in
FIGS. 3A, 3B and 3C, in step 331 of FIG. 3C the search
results are supplied to the knowledge prabability estimator
332 in addition to the retrieval resuit adjusting module 134.
This operation is represented in FIG. 3A by lines 333 and
131 in FIG. 3A. In addition, steps 331 and 332, illustrated in
FIG. 3C, replace steps 231 and 232 of the FIG. 2B embodi-
ment. Step 331 involves the supplying of the search results
to the knowledge probability estimator 332 in addition to the
retrieval result adjusting niodule 134. Meanwhile, step 332
involves the step of generating knowledge probability esti-
mates for the database entries included in the search results
as opposed to all the database entrics.

Because the TIGS. 3A, 3B, 3C ¢mbodiment involves
generating knowledge probability estimates only for the data
items included in the list of search resulls, the amount of
processing resources required to implement the knowledge
probability estimator 332 is generally less than that required
to implement the knowledge probability estimator 132 of the
FIG. 2A embodiment even though the knowledge probabil-
ity estimates may be generated using the same techniques in
both embodiments.

FIGS. 4A, 4B and 4C illustrate yet another embodiment
(the FIG. 4 embodiment) of the present invention. In the
F1G. 4 embodiment, a knowledge probability estimator 432
and an retrieval result adjusting module 434 are incorporated
into a search pre-processor 431. This is in contrast to the
embodiments of the earlier figures which incorporate similar
elements into a search result post-processor. In the FIG. 4
embodiment and as illustrated in FIG. 4C, the knowledge
probability estimates are generated prior to the scarch, e.g.,
in step 232 and then supplied in step 433 to the search engine
430. This operation is represented by line 423 of FI1G. 4A.
After the knowledge probability estimates are supplied to
the search engine 430 the search engine conducts a database
secarch and then generates a ranked list of search results as
a function of the supphed knowledge probability estimates.
Operation then progresses to step 236 and the search results
are displayed.

Thus, in accordance with the FIG. 4 embodiment, knowl-
edge estimation is performed prior to the search and the
generated estimates of user knowledge are used Ly the
search engine 430 to generate the search results.

In view of the above discussion it will clear that the
knowledge estimation methods of the present invention can
also be directly incorporated into a search engine thereby
avoiding the use of separate modules to perform the various
functions and operations described herein.

While the present invention has been described above
with regard to database searches relating to television shows
and Internet sites, it is to be appreciated that the methods and
apparatus of the present inveution can be applied to a wide
range of database information retrieval and recommendation
making applications. Such application may be based on
using a search engine such as, e.g., a collaborative filter, to
process data in a database. For example, the present inven-
tion can be used to select data from a database to be included
in a personalized electronic newspaper and it can be applied
to various Internet applications relating to information
retrieval as well as recommending Interoet sites to visit. In
addition the present invention can be used to make recom-
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mendations regarding graphical layouts, to find an email
alias or to make a suggestion for an email alias to use.
Features of the present invention can be applied to many
other areas as well including the retrieving of information
relating to music, movies, wines, restaurants and real estate.

Accordingly, it is to be understood that the present inven-
tion is not limited to the various embodiments sct forth
above for illustrative purposes, but also encompasses vari-
ous modifications which are rendered obvious by the present
disclosure.

What is claimed is:

1. A method of retrieving information for a user, the
method, comprising the steps of:

generating a set of search results including a plurality of

entrics, at least some of said entries not being known to
the user; and

arranging the sct of scarch results for presentation to the

user from top to bottom, using estimates of the prob-
ability that the entries are known to the user, the step of
arranging being performed so that entries having a
higher probability of being known to the user are less
likely to be placed at the top of the arranged set of
search results then entries which have a lower prob-
ability of being known to the user.

2. The method of claim 1, further comprising the step of:

generating, for each entry in the set of search results, an

estimate of the probability that the particular entry, for
which the estimate is being generated, is known to the
user.

3. The method of claim 2, wherein the step of generating
an estimate that the particular entry is known to the user is
performed as a function of a user controlled parameter
indicative of the knowledge level of the user.

4. The method of claim 2, wherein the step of generating
an estimate that the particular entry is known to the user is
performed as a function of popularity information relating
the particular eniry.

5. The method of claim 4, wherein the step of generatiug
an estimate that the particular entry is known to the user is
also performed as a function of a user controlled parameter
indicative of the knowledge level of the user.

6. The method of claim 2, wherein the step of generating
an cstimate that the particular cntry is known to the user is
performed as a function of the salience of information
associated with each particular entry.

7. The method of claim 2, wherein the step of generating
an estimate that the particular entry is known to the user is
performed as a function of user demographic information.

8. The method of claim 2, wherein the step of generating
an estimate that the particular entry is known to the user is
performed as a function of the amount of time an item has
been accessible to the public.

9. The method of claim 2, wherein the step of generating
an estimate that the particular entry is kuown to the user is
performed as a function of an information content associated
with each particular entry.

10. The method of claim 2, wherein the step of generating
an estimate that a particular entry is known to the user is
performed as a function of the particular enlry’s rank in a
popularity list,

11. The method of claim 1,

wherein the step of generating a set of search results

includes the step of:

ranking the entries included in the set of search results
by generating for, and associating with, each one of
the entries a rank indicator, pRank, having a numeri-
cal value indicating the entry’s raok in the set of
secarch results; and
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wherein the step of arranging the set of search results
includes the step of:
altering the value of a plurality of the rank indicators as
a function of the estimate that the entries in the set of
search results is known to the user.

12. The method of claim 11, wherein the step of estimat-
ing the probability that the entries in the set of search results
are known to the user includes the step of:

generating, for each entry in the set of search results, an

estimate represented as a value, pKnow, that the par-
ticular entry for which the estimate is being generated,
is known to the user.

13. The method of claim 1,

wherein the step of generating the set of search results

further includes the step of:

generating, for each individual entry in the set of search
results, a score indicative of the relevance of the
individual entry;

the method further comprising the steps of:

generating a knowledge probability estimate, corre-
sponding to each individual entry included in the sot
of search results, the knowledge probability estimate
representing an estimate of the probability that infor-
mation included in the corresponding entry is not
known to the user; and

ranking the entries, in the set of search results, as a
function of new scores generated for the entries in
the set of search results, a new score being generated
for each entry as the product of the entry’s previ-
ously generated knowledge probability estimate and
score.

14. The method of claim 13, wherein the knowledge
probability estiinate corresponding to each individual entry
is generated as a function of an estimate that the user knows
about the information included in the corresponding eniry.

15. The method of claim 1,

wherein the step of generating the set of search results

further includes the step of:

generating, for each individual entry in the set of search
results, a score indicative of the relevance of the
individual entry;

the method further comprising the steps of:

generating a knowledge probability estimate, corre-
sponding to each individual entry included in the set
of search results, the knowledge probability estimate
representing a measure of the likelihoad that infor-
mation including in the corresponding entry is not
known to the user; and

ranking the entries, in the set of search results, as a
function of new scores generated for the entries in
the set of search results, a new score being generated
for cach entry as the product of the entry’s previ-
ously generated knowledge probability estimate and
score.

16. The method of claim 15, wherein the knowledge
probability estimate corresponding to each individual entry
is generated as a function of an eslimate that the user knows
about the information included in the corresponding entry.

17. The method of claim 1, further comyprising the steps
of:

generatiug value estimates representing estimates of the

value to the user of reviewing individual items inclunded
in the set of search results;

generating knowledge probability estimates representing

estimates of the prabability that the user does not know
about individual items in the set of search results; and
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wherein the step of arranging the set of search results is
performed as a function of the generated value esti-
mates and generated knowledge probability estimates.

18. The method of claim 17, further comprising the step
of:

generating cost estimates representing estimates of the

cost to the user associated with reviewing an item in the
set of search results.

19. The method of claim 18, wherein the step of arranging
the set of search results is also performed as a function of the
generated cost estimates.

20. The method of claim 19, further comprising the step
of:

calculating a comprehensive value representing an esti-

mate of the value of reviewing an entire set of search
results as a function of the estimated value of reviewing
individual items included in the set of search results.

21. The method of claim 20, wherein the comprehensive
value is computed as a function of the sum of the estimated
value of reviewing individual items included in the set of
search results.

22. A computer-readable medivm having computer-
executable instructions for performing the steps recited in
claim 1.

23. The method of claim 1, wherein the step of arranging
the set of search results includes the step of:

assigning a lower rank to a first entry having a higher

probability of being known to the user than to a second
entry having a lawer probability of being known to the
user.

24. The method of claim 1, wherein the entries are not
known to have been reviewed by the user, the method further
comprising the step of:

eliminating from the set of search results the entry having

the highest estimated probability of being known to the
user.

25. The method of claim 1, wherein the step of arranging
the set of search results includes the step of gencrating
scores used for ranking the entries, the score being generated
as a product of a plurality of factors, one [aclor beiug a
function of the estimated probability of an eutry being
known to the user, said factor being smaller for entries
having a higher probability of being known to a user than for
entries having a lower probability of being known to a user.

26. An information retrieval system comprising:

a user input device [or receiving database search requests

from a user;

a database including a plurality of entries;

means for generating knowledge probability estimates

representing the probability that individual database
entries are known to the user; and

a search engine coupled to the user input device, the

database, and the means for generating knowledge
probability estimates, the search engine including
means for ranking the search results as a function of the
generated knowledge probability estimates, a database
entry included in the search results having a first
probability of being known to the user being weighted
in favor of receiving a higher ranking than database
enlrees having a probabilily of being known Lo the user
which is greater than the first probability;

eliminating from the set of search results the entry having

the highest estimated probability of being known to the
user.

27. A processing apparatus for processing ranked search
results, comprising:
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a knowledge probability estimator for estimating the
probability that one or more entries included in the
database being searched are known to the user; and

a search result adjuster coupled to the knowledge prob-
ability estimator for re-ordering the search resulis as a s
function of the estimated probability that one or more
cntrics included in the scarch results arc known to the
user, the search result adjuster including means for
re-ranking the search results to reflect a diminution in
the relative rank of search results which are estimated

to already be known to the user.

10

28. A method of retrieving information for a user, the

method, comprising the steps of:

generating a set of search results including a plurality of
entries, at least some of said entries not being known to

the user, the step of generating the set of search results

including the step of ranking the entries in the set of

search results; and

arranging the set of search results for presentation to the
user from top to bottom, using estimates ot the prob-
ability that the entries are known to the user, the step of 20
arranging the set of search results, including the step of:
adjusting the ranking of the entries in the set of search
results, the rank of each particular entry being
adjusted as a function of the ranking of the particular
entry and the estimated probability that the particular 25

cntry is known to the uscr.
29. The method of claim 28,

wherein the step of generating a set of search results

includes the step of:

performing a collaborative filtering operation using 30
stored historical information and information about

the preferences and attributes of the user.

30. The method of claim 29,

wherein the step of estimating the probability that the
entries in the set of search resnlts are known to the user 35
includes the use of at least a portion of the stored

historical information.

31. The method of claim 28, further comprising the step

of:

monitoring the user’s actions for a period of time; and 49

wherein the step of generating a set of search results
further includes the step of conduction a scarch as a

function of the user’s monitored actions.

32. The method of claim 28, wherein the step of gener-

ating a set of search results inchides:

45

the step of conducting a search of a database in response

to an information retrieval request from the user.

33. The method of claim 32, wherein the step of
generating, [or each enlry in the set of search resulls, an

estimate that the particular entry for which the estimate is

being generated is known to the user, is performed prior to
the step of generating the set of search results by generating
an estimate for each entry in the database being searched.
34. The method of claim 28, wherein the step of gener-
ating a set of search results further comprises the step of:

accessing a database including information on Internet

sites.

55

35. The method of claim 28, wherein the step of gener-
ating a sct of scarch results further compriscs the step of:
accessing a database inciuding information on teievision

shows.

60

36. The method of claim 28, wherein the step of gener-
ating a set of search results further comprises the step of:

accessing a database including information on music.

37. A processing apparatus for re-ordering a set of infor-
mation items ordered for presentation (o a user, the set of 65
information items including at least one information item

not known to the user, the apparatus comprising;:
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a knowledge probability estimator for estimating the
probability that one or more eniries included in the set
of information items are known to the user; and

an order adjusting device for re-ordering the search results
as a function of the estimated probability that one or
more entries included in the database being searched
arc known to the uscr to deercase the probability that
information items already known to the user will be
located at the top of the ordered set of information
items.

38. The processing apparatus of claim 37, wherein the
knowledge probability estimator includes means for receiv-
ing a plurality of factors used for estimating said probability.

39. The processing apparatus of claim 38, wherein one of
said plurality of factors 1s the age of entries included in the
search results and another of said plurality of factors is the
popularity of entries included in the search resulls.

40. An information retrieval system for searching a data-
basc including a plurality of centrics, the system comprising:

a search engine coupled to the database;

a knowledge probability estimator coupled to the search
engine for estimating the probability that eniries in the
database are known 10 a user of the information
retrieval system; and

a retrieval result adjusting module coupled to the search
engine for receiving therefrom search results including
database entries and for ranking the received search
results as a function of the estimated probability that
the entries included in the search results are known to
the user, the retrieval result adjusting module favoring
for a higher ranking for database entries which are less
likely to be known to the user than entries which are
more likely to be known Lo a user.

41. The apparatus of claim 40, further comprising:

means for presenting the ranked search results to the user.

42. The apparaius of claim 41, further comprising;

a user input device coupled to the knowledge probability
estimator for supplying thereto user input indicative of
the knowledge level ol the user.

43. The apparatus of claim 42,

wherein the search engine is a collaborarive filter;

wherein the database includes intormation on the popu-
larity of entries in the database; and

the apparatus further includes means for supplying the
popularity information included in the database to both
the knowledge probability estimator and the collabo-
rative [ilier.

44. The apparatus of claim 43, further comprising:

a user database coupled to the collaborative filter and to
the knowledge probability eslimaior, ihe user database
including information on user attributes and prefer-
ences.

45. The apparatus of claim 44, further comprising;

weans for coupling the database to the search engine via
the Internet.

46. The apparatus of claim 40,

wherein the search engine is of a type which ranks the
scarch results according to a first preselected ranking
scheme; and

wherein the ranking performed by the retrieval result
adjusting module results in modifications to the ranking
of the search results previously ranked according to the
first preselected ranking scheme.

47. The apparatus of claim 46, wherein the search engine

is a collaborative filter.
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