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INTERACTIONS AMONG ONLINE DIGITAL
IDENTITIES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
application Ser. No. 12/491,451, filed Jun. 25, 2009, which
claims the benefit of U.S. Provisional Application 61/133,
384, filed Jun. 26, 2008, entitled, “Interactions among online
digital identities,” which is assigned to the assignee of the
present application and is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates generally to online
services, and specifically to community-based online ser-
vices.

BACKGROUND OF THE INVENTION

[0003] Internet search engines have become fundamental
tools for nearly all users seeking information and sites on the
World Wide Web (WWW). Users can find vast amounts of
data and select the data that appears to best match specific
search criteria. Free-text searches are generally performed by
providing a search phrase including one or more keywords,
and optionally Boolean operators. The most widely used free-
text search engines currently are provided by Google, Inc. and
Yahoo, Inc. Most large websites offer site-specific search
tools for finding content on the webpages of the website.
[0004] Based on the search phrase provided by a user, a
search engine generally returns a list of documents from
which the user selects those that appear most relevant. The list
typically includes a snippet from each of documents that
includes one or more of the keywords, and the URL of the
document. Typically, the search engine presents the list of
documents in descending order according to general, static
criteria established by the search engine provider. Numerous
techniques have been developed for ranking the listin order to
provide the results most likely to be relevant to a typical user.
Some of these techniques take into account the order of the
keywords provided by the user.

[0005] Such static ranking systems often present high-
ranking results that do not match the interests or skills of the
searcher, or that do not provide results that correctly reflect
the intended meaning of keywords having more than one
meaning. For example, a software engineer looking for Java
(i.e., software) and a traveler looking for Java (i.e., the island)
receive the same results for a query that includes the same
keywords, even though their searches had different intended
meanings.

[0006] Some search engines, such as the one provided by
AOQOL, Inc., attempt to overcome this drawback by using user
profiles that specify certain static characteristics of each user.
Such characteristics may include information such as the
searcher’s age, location, job, and education. Each user must
provide this information and keep it updated as the user’s
interests change over time. Such information often does not
accurately reflect the user’s skill levels in various interest
areas. Such profiles also generally fail to adequately reflect
the full diversity of the user’s interests.

[0007] Some search engines are configured to rank results
of multi-keyword searches using merge algorithms. For
example, the search engine may use criteria to separately rank
the results for each of the keywords searched separately, and
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merge the separate rankings to produce a list of search results
containing all of the keywords. Some search engines use
collaborative filtering based on social networks, forums,
communities, or other types of groups, in an attempt to supply
more relevant search results.

[0008] Internetadvertisements are often targeted to website
visitors. Some search engines use search queries to target
advertisements to search engine users on the search results
pages. For example, Google’s AdWord program performs
such targeting.

[0009] Internet advertisements are often presented on a
webpage in the form of banner ads that comprise rectangular
boxes including graphical components. When a visitor to a
website selects one of these banner ads by clicking on it,
embedded hypertext links typically direct the viewer to the
advertiser’s website. This selection process is referred to as
“click-through.” The “click-through rate” of an ad is the ratio
of'the number of click-throughs to the number of impressions
of the ad, i.e., the number of times an ad is viewed.

[0010] Internet advertisements are increasingly presented
on or via a webpage in the form of widgets, which comprise
portable pieces of code that can be installed and executed
within a webpage or otherwise on a user’s personal computer.
Widget ads are often interactive, and present dynamic content
provided by the advertiser. For example, Google’s AdSense
uses widgets (referred to as “gadgets”) as one vehicle for
distributing advertisements.

[0011] International Publication WO 07/124430 to Isma-
lon, which is assigned to the assignee of the present applica-
tion and is incorporated herein by reference, describes a
method including presenting to a user a range of levels of
personalization of search results, including a personalized
level, a global level that is not personalized, and a community
level between the personalized level and the global level. An
indication of a desired one of the levels, and a search query
consisting of one or more query terms, are received from the
user. Responsively to the search query, a search result listing
is generated. At least a portion of the search result listing is
ranked at least in part responsively to the indication, and at
least a portion of the ranked search result listing is presented
to the user.

[0012] U.S. Pat. No. 4,839,853 to Deerwester et al., which
is incorporated herein by reference, describes a methodology
for retrieving textual data objects. The information is treated
in the statistical domain by presuming that there is an under-
lying, latent semantic structure in the usage of words in the
data objects. Estimates to this latent structure are utilized to
represent and retrieve objects. A user query is recouched in
the new statistical domain and then processed in the computer
system to extract the underlying meaning to respond to the
query.

[0013] U.S. Pat. No. 5,754,938 to Herz et al., which is
incorporated herein by reference, describes the customized
electronic identification of desirable objects, such as news
articles, in an electronic media environment. A system auto-
matically constructs both a “target profile” for each target
object in the electronic media based, for example, on the
frequency with which each word appears in an article relative
to its overall frequency of use in all articles, as well as a
“target profile interest summary” for each user, which target
profile interest summary describes the user’s interest level in
various types of target objects. The system then evaluates the
target profiles against the users’ target profile interest sum-
maries to generate a user-customized rank ordered listing of
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target objects most likely to be of interest to each user so that
the user can select from among these potentially relevant
target objects, which were automatically selected by this sys-
tem from the plethora of target objects that are profiled on the
electronic media. Users’ target profile interest summaries are
used to efficiently organize the distribution of information in
a large scale system consisting of many users interconnected
by means of a communication network. Additionally, a cryp-
tographically-based pseudonym proxy server is provided to
ensure the privacy of a user’s target profile interest summary,
by giving the user control over the ability of third parties to
access this summary and to identify or contact the user.
[0014] U.S. Pat. No. 7,313,556 to Gallivan et al., which is
incorporated herein by reference, describes techniques for
dynamically evaluating latent concepts in unstructured docu-
ments is disclosed. A multiplicity of concepts are extracted
from a set of unstructured documents into a lexicon. The
lexicon uniquely identifies each concept and a frequency of
occurrence. A frequency of occurrence representation is cre-
ated for the documents set. The frequency representation
provides an ordered corpus of the frequencies of occurrence
of each concept. A subset of concepts is selected from the
frequency of occurrence representation filtered against a pre-
defined threshold. A group of weighted clusters of concepts
selected from the concepts subset is generated. A matrix of
best fit approximations is determined for each document
weighted against each group of weighted clusters of concepts.
[0015] U.S. Pat. No. 7,152,065 to Behrens et al., which is
incorporated herein by reference, describes adapting latent
semantic indexing (LSI) for information retrieval and text
mining operations to work on large heterogeneous data sets
by first partitioning the data set into a number of smaller
partitions having similar concept domains. A similarity graph
network is generated in order to expose links between concept
domains which are then exploited in determining which
domains to query as well as in expanding the query vector.
LSI is performed on those partitioned data sets most likely to
contain information related to the user query or text mining
operation. In this manner LSI can be applied to datasets that
heretofore presented scalability problems. Additionally, the
computation of the singular value decomposition of the term-
by-document matrix can be accomplished at various distrib-
uted computers increasing the robustness of the retrieval and
text mining system while decreasing search times.

[0016] U.S.Pat.No. 6,137,911 to Zhilyaev, which is incor-
porated herein by reference, describes a method for classify-
ing documents into one or more clusters corresponding to
predefined classification categories by building a knowledge
base comprising matrices of vectors which indicate the sig-
nificance of terms within a corpus of text formed by the
documents and classified in the knowledge base to each clus-
ter. The significance of terms is determined assuming a stan-
dard normal probability distribution, and terms are deter-
mined to be significant to a cluster if their probability of
occurrence being due to chance is low. For each cluster,
statistical signatures comprising sums of weighted products
and intersections of cluster terms to corpus terms are gener-
ated and used as discriminators for classifying documents.
The knowledge base is built using prefix and suffix lexical
rules which are context-sensitive and applied selectively to
improve the accuracy and precision of classification.

[0017] US Patent Application Publication 20040220850 to
Ferrer et al., which is incorporated herein by reference,
describes a method for facilitating viral marketing, in which a
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plurality of computer users communicate via a set of inter-
connected terminals and share online experiences under the
direction of a single user. A plurality of terminals, each having
a user interface, connect to a server or network through a
portal rather than directly to the server. Oneterminal serves as
a leader terminal. Each terminal connects to the portal so that
it can send and receive data and commands between each of
the plurality of terminals and the portal through the portal.
The portal then connects to a server using a telecommunica-
tions connection. The server has the informational content
resident thereon desired by the user and presents marketing
messages (or other messages) to each of the users. The reac-
tions of the users are recorded, with the recorded information
used to identify when a leader of a group is also leading
purchasing behavior for the group.
[0018] US Patent Application Publication 2004/0059708 to
Dean et al., which is incorporated herein by reference,
describes techniques for improving the relevance of adver-
tisements to a user’s interests. In one implementation, the
content of a web page is analyzed to determine a list of one or
more topics associated with that web page. An advertisement
is considered to be relevant to that web page if it is associated
with keywords belonging to the list of one or more topics. One
or more of these relevant advertisements may be provided for
rendering in conjunction with the web page or related web
pages.
[0019] US Patent Application Publication 2005/0091111 to
Green et al., which is incorporated herein by reference,
describes a method of interactive advertising for the Internet,
in which a commercial link for an ad space is embedded in the
text of a Web page. The contextual targeting for the page is
determined by analyzing the overall content of the page or
determining the presence of individual keywords within the
text content of the page. A keyword that is visually distin-
guished from the surrounding page content triggers an ad
space to display a message, which may include a product
related to the text. In some embodiments, the ad space allows
auser to make a purchase transaction or view an inventory of
goods and services, with descriptions, all without leaving the
Web page. The web page is analyzed to determine appropriate
keywords within the text to associate with the ad space. Upon
user interaction with the keyword, an ad space according to
the invention provides a customized message that is contex-
tually targeted to the user.
[0020] Gawronski P et al., in “The Heider balance and
social distance,” Acta Physica Polonica B 36(8):2549-2558
(2005), which is incorporated herein by reference, explore the
Heider balance, which is a state of a group of people with
established mutual relations between them. These relations,
friendly or hostile, can be measured in the Bogardus scale of
social distance. The authors examine the influence of allowed
ranges for these relations on system dynamics.
[0021] Axelrod R, in “The dissemination of culture: a
model with local convergence and global polarization,” J
Conflict Res 41(2):203-226 (1997), which is incorporated
herein by reference, describes an agent-based adaptive model
of social influence that reveals the effects of a mechanism of
convergent social influence. The model is described as illus-
trating how local convergence can generate global polariza-
tion.
[0022] The following references, all of which are incorpo-
rated herein by reference, may be of interest:
[0023] US Patent Application Publication 2005/0033641 to
Jha et al.
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PCT Publication WO 06/103616 to Pitchers

[0025] U.S. Pat. No. 5,987,457 to Ballard

[0026] US Patent Application Publication 2005/0076003 to
DuBose et al.

[0027] U.S. Pat. No. 6,732,088 to Glance

[0028] U.S. Pat. No. 6,772,150 to Whitman et al.

[0029] US Patent Application Publication 2003/0123443 to
Anwar

[0030] U.S. Pat. No. 6,636,848 to Aridor et al.

[0031] U.S. Pat. No. 4,823,306 to Barbic et al.

[0032] U.S. Pat. No. 6,513,036 to Fruensgaard et al.

[0033] US Patent Application Publication 2002/0133483 to
Klenk et al.

[0034] U.S. Pat. No. 5,926,812 to Hilsenrath et al.

[0035] U.S. Pat. No. 6,289,353 to Hazlehurst et al.

[0036] US Patent Application Publication 2005/0055341 to
Haahr et al.

[0037] U.S. Pat. No. 6,363,379 to Jacobson et al.

[0038] U.S. Pat. No. 6,347,313 to Ma et al.

[0039] U.S. Pat. No. 6,321,226 to Garber et al.

[0040] U.S. Pat. No. 6,189,002 to Roitblat

[0041] U.S. Pat. No. 6,167,397 to Jacobson et al.

[0042] U.S. Pat. No. 5,864,845 to Voorhees et al.

[0043] U.S. Pat. No. 5,825,943 to DeVito et al.

[0044] US Patent Application Publication 2005/0144158 to
Capper et al.

[0045] US Patent Application Publication 2005/0114324 to
Mayer

[0046] US Patent Application Publication 2005/0055341 to
Haahr et al.

[0047] U.S. Pat. No. 5,857,179 to Vaithyanathan et al.

[0048] U.S. Pat. No. 7,139,755 to Hammond

[0049] U.S. Pat. No. 7,152,061 to Curtis et al.

[0050] U.S. Pat. No. 6,904,588 to Reddy et al.

[0051] U.S. Pat. No. 6,842,906 to Bowman-Amuha

[0052] U.S. Pat. No. 6,539,396 to Bowman-Amuha

[0053] US Patent Application Publication 2004/0249809 to
Ramani et al.

[0054] US Patent Application Publication 2003/0058277 to
Bowman-Amuha

[0055] U.S. Pat. No. 6,925,460 to Kummamuru et al.

[0056] U.S. Pat. No. 6,920,448 to Kincaid et al.

[0057] US Patent Application Publication 2006/0074883 to
Teevan et al.

[0058] US Patent Application Publication 2006/0059134 to
Palmon et al.

[0059] US Patent Application Publication 2006/0047643 to
Chaman

[0060] US Patent Application Publication 2005/0216434 to
Haveliwala et al.

[0061] US Patent Application Publication 2003/0061206 to
Qian

[0062] US Patent Application Publication 2002/0073088 to
Beckmann et al.

[0063] US Patent Application Publication 2005/0086283 to
Marshall

[0064] U.S. Pat. No. 7,249,053 to Wohlers et al.

[0065] US Patent Application Publication 2007/0265922 to
Dumond et al.

[0066] International Application WO 00/62171 to Glazer

[0067] International Application WO 01/29727 to Green et
al.

[0068] U.S. Pat. Nos. 6,615,238, 6,917,961, and 7,233,973
to Melet et al.

[0024]
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[0069]
Leal

[0070] US Patent Application Publication 2006/0218036 to
King et al.

[0071] A whitepaper entitled, “Searchable Banners: The
Next Wave for Online Databases” (Borrell Associates Inc.,
November 2005)

[0072] Berkowitz, David, “Banner Ads: The New Search
Engine,” SearchINSIDER (Dec. 6, 2005)

[0073] Hofmann T, “Probabilistic latent semantic index-
ing,” Proceedings of the Twenty-Second Annual Interna-
tional SIGIR Conference (1999)

[0074] Blei D et al., “Latent Dirichlet allocation,” Journal
of Machine Learning Research 3 (2003)

[0075] Griffiths T et al., “Finding Scientific Topics,” Pro-
ceedings of the National Academy of Sciences 101 (suppl.
1):5228-5235 (2004)

[0076] Steyvers M et al., “Probabilistic topic models.” In
Landauer T et al. (eds), Latent Semantic Analysis: A Road
to Meaning (2007)

[0077] DhillonIetal., “A Unified View of Kernel k-means,
Spectral Clustering and Graph Cuts,” UTCS Technical
Report #TR-04-25 (Feb. 18, 2005)

[0078] Grady L etal., “Isoperimetric Graph Partitioning for
Data Clustering and Image Segmentation,” IEEE Transac-
tions On Pattern Analysis And Machine Intelligence
(2004)

US Patent Application Publication 2007/0226082 to

SUMMARY OF THE INVENTION

[0079] Embodiments of the present invention provide tech-
niques for modeling interactions of online digital identities of
users in order to increase the relevancy of content delivered to
the users. A system projects online profiles of the users onto
an N-dimensional vector space as respective vectors. The
system models informational interactions between pairs of
the vectors in proximity to one another, and modifies the
associated user profiles based on the interactions, thereby
discovering and importing interests from potentially like-
minded users nearby in the vector space. The modification of
the user profiles increases the relevancy of content subse-
quently delivered to the users responsively to their profiles.
[0080] In some embodiments of the present invention, in
order to project the user profiles onto the vector space, the
system identifies a set of topics that characterize one or more
of'the user profiles. The system uses the topics as coordinates
of'the vector space when projecting the user profiles onto the
space. Each of the vectors represents the strength of the user’s
interests in the topics. The vectors of users having similar
interests are thus projected onto the vector space in proximity
to one another, and are more likely to interact with one
another than the vectors of users having less similar interests.
Such interactions enable the propagation of user profiles in
the vector space, leading to the grouping of similar users and
the divergence of differing users.

[0081] In some embodiments of the present invention, the
user profiles are represented as personal association graphs
(PAGs) including terms as vertices.

[0082] There is therefore provided, in accordance with an
embodiment of the present invention, a computer-imple-
mented method including:

[0083] constructing first and second user profiles for
respective first and second users, by observing respective
online behaviors of the first and second users;
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[0084] projecting the first and second user profiles onto an
N-dimensional vector space as respective first and second
vectors;

[0085] modeling an interaction between the first and sec-
ond vectors in the vector space;

[0086] responsively to the modeled interaction, modifying
at least one entity selected from the group consisting of: the
first user profile, and the first vector; and

[0087] presenting content to the first user responsively to
the modified entity.

[0088] Inanembodiment, modifying the at least one entity
includes modifying the first user profile, and presenting the
content includes presenting the content responsively to the
modified first user profile. For some applications, moditying
the first user profile includes transferring information from
the second user profile to the first user profile. For some
applications, modifying includes modifying both the first
user profile and the second user profile responsively to the
modeled interaction.

[0089] Inanembodiment, modifying the at least one entity
includes moditfying the first vector, and presenting the content
includes presenting the content responsively to the modified
first vector. For some applications, modifying the first vector
includes moving the first vector closer to the second vector in
the vector space. For some applications, modifying includes
modifying both the first vector and the second vector respon-
sively to the modeled interaction.

[0090] In an embodiment, projecting includes identifying
one or more topics, and using the topics as coordinates of the
vector space, and the first and second vectors represent
respective strengths of interest of the first and second users in
the topics. For some applications, the one or more topics are
represented as respective topic association graphs (TAGs),
each of which includes a plurality of vertices, each of which
vertices is linked to one or more other vertices by respective
edges.

[0091] For some applications, modeling the interaction
includes defining a sphere of influence for the second user,
and moditying includes moditying the at least one entity only
upon finding that the first user falls within the sphere of
influence of the second user.

[0092] For some applications, modeling the interaction
includes probabilistically modeling the interaction between
the first and second vectors.

[0093] In an embodiment, presenting the content includes
presenting search results to the first user responsively to the
modified entity and a search query received from the first user.
Alternatively or additionally, presenting the content includes
presenting an online advertisement to the first user respon-
sively to the modified entity.

[0094] For some applications, the first and second user
profiles are represented as respective personal association
graphs (PAGs), each of which includes a plurality of vertices,
each of which vertices is linked to one or more of the other
vertices by respective edges.

[0095] There is further provided, in accordance with an
embodiment of the present invention, apparatus including:
[0096] an interface; and

[0097] aprocessor, configured to construct first and second
user profiles for respective first and second users, by observ-
ing, via the interface, respective online behaviors of the first
and second users, to project the first and second user profiles
onto an N-dimensional vector space as respective first and
second vectors, to model an interaction between the first and
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second vectors in the vector space, to modify, responsively to
the modeled interaction, at least one entity selected from the
group consisting of: the first user profile, and the first vector,
and to present, via the interface, content to the first user
responsively to the modified entity.

[0098] Thereis still further provided, in accordance with an
embodiment of the present invention, a computer software
product, including a tangible computer-readable medium in
which program instructions are stored, which instructions,
when read by a computer, cause the computer to construct
first and second user profiles for respective first and second
users, by observing respective online behaviors of the first
and second users, to project the first and second user profiles
onto an N-dimensional vector space as respective first and
second vectors, to model an interaction between the first and
second vectors in the vector space, to modify, responsively to
the modeled interaction, at least one entity selected from the
group consisting of: the first user profile, and the first vector,
and to present content to the first user responsively to the
modified entity.

[0099] The present invention will be more fully understood
from the following detailed description of embodiments
thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0100] FIG. 1 is a schematic, pictorial illustration of a sys-
tem for modeling interactions of online digital identities, in
accordance with an embodiment of the present invention;
[0101] FIG. 2 is a flowchart schematically illustrating a
method for modeling interactions of online digital identities
of'users in order to increase the relevancy of content delivered
to the users, in accordance with an embodiment of the present
invention;

[0102] FIG. 3 is a schematic illustration of two exemplary
association graphs of two respective users, in accordance with
an embodiment of the present invention;

[0103] FIG. 4 is a flowchart schematically illustrating a
method for identifying topics, in accordance with an embodi-
ment of the present invention;

[0104] FIGS. 5A-B show an exemplary topic index, in
accordance with an embodiment of the present invention;
[0105] FIG. 6 is a schematic illustration of an exemplary
two-dimensional vector space, in accordance with an
embodiment of the present invention;

[0106] FIG. 7 is a schematic illustration of normalized vec-
tors in the vector space of FIG. 6, in accordance with an
embodiment of the present invention;

[0107] FIG. 8isaschematicillustration of the interaction of
the normalized vectors of FIG. 7 in the vector space of FIG. 6,
in accordance with an embodiment of the present invention;
[0108] FIG. 9 is a schematic illustration of the exemplary
association graphs of FIG. 3, after modification using the
method of FIG. 2, in accordance with an embodiment of the
present invention; and

[0109] FIG. 10 is a schematic illustration of the interaction
of'two vector clusters in a vector space, in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0110] FIG. 1 is a schematic, pictorial illustration of a sys-
tem 10 for modeling interactions of online digital identities,
in accordance with an embodiment of the present invention.
System 10 comprises a processor 18, an interface 20, and a
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memory 24. Typically, system 10 comprises one or more
standard computer servers with appropriate memory, com-
munication interfaces and software for carrying out the func-
tions prescribed by the present invention. This software may
be downloaded to the system in electronic form over a net-
work, for example, or it may alternatively be supplied on
tangible media, such as CD-ROM. Memory 24 comprises a
non-volatile memory, such as one or more hard disk drives,
and/or a volatile memory, such as random-access memory
(RAM).

[0111] A plurality of users 30 use respective workstations
32, such as a personal computers, to remotely access system
10 via a wide-area network (WAN) 34, such as the Internet.
Alternatively, one or more of users 30 access system 10 via a
local area network (LAN), or both a LAN and WAN 34.
Typically, a web browser 36 running on each workstation 32
communicates with a web server 22 that is coupled to inter-
face 20 of system 10. Each of workstations 32 comprises a
central processing unit (CPU), system memory, a non-vola-
tile memory such as a hard disk drive, a display, input and
output means such as a keyboard and a mouse, and a network
interface card (NIC). Alternatively, instead of workstations,
the users use other devices, such as portable and/or wireless
devices, to access the servers.

[0112] For some applications, system 10 uses techniques
described in International Patent Application PCT/US07/
67103, which published as PCT Publication WO 07/124430,
and/or U.S. patent application Ser. No. 12/253,087, filed Oct.
16,2008, which published as US Patent Application Publica-
tion 2009/0119261, which are assigned to the assignee of the
present application and are incorporated herein by reference,
and/or in the other applications incorporated by reference
hereinbelow.

[0113] Reference is made to FIG. 2, which is a flowchart
schematically illustrating a method 50 for modeling interac-
tions of online digital identities of users in order to increase
the relevancy of content delivered to the users, in accordance
with an embodiment of the present invention. At a user profile
construction step of method 50, system 10 constructs respec-
tive user profiles for users 30, by observing respective online
behaviors of the users, such as using the techniques described
in above-mentioned PCT Publication WO 07/124430, U.S.
patent application Ser. No. 12/253,087, and/or in the other
applications incorporated by reference hereinbelow.

[0114] The respective online behaviors of the users may
include interactions of the users with online content. For
example, such interactions may include the selection of a
search result document from a set of search results presented
to the user in response to a search query, such as described
hereinbelow. Alternatively or additionally, such interactions
may include viewing the content (e.g., reading textual con-
tent, viewing video content, or listening to audio content). To
construct a profile by observing online behavior, information
associated with the content may be transferred to the profile.
For example, such information may include words or terms
associated with the content, such as words or terms that
characterize the content (e.g., determined using latent seman-
tic indexing (I.SI), a latent Dirichlet allocation (LDA), and/or
a bag of words), or words or terms of topics that characterize
the content, for example determined using topic identification
techniques described hereinbelow with reference to topic
identification step 54 of method 50. Further alternatively or
additionally, such interactions of the users with online content
may include the user’s selecting content or a webpage by
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clicking on a hyperlink. For some applications, the content
includes an advertisement, which, optionally, includes an
advertisement profile, information of which is transferred to
the user’s profile (e.g., using techniques described in U.S.
patent application Ser. No. 12/023,564, filed Jan. 31, 2008,
entitled, “Searchable interactive internet advertisements,”
which is incorporated herein by reference, and which pub-
lished as US Patent Application Publication 2008/0215416).
[0115] Atatopicidentification step 54, system 10 identifies
a set of topics that characterize one or more of the user
profiles. Typically, each topic comprises a set of one or more
words. For some applications, each topic comprises an asso-
ciation graph, such as a merged association graph of one or
more topic association graphs (TAGs) included in the topic,
as described hereinbelow with reference to FIGS. 4 and
5A-B. For other applications, each topic comprises a simple
list, a list of probability-distributed terms, or another data
structure.

[0116] System 10 uses these topics as coordinates of an
N-dimensional vector space, and projects the user profiles
onto the space as respective vectors, at a projection step 56.
For some applications in which the user profiles comprise
personal association graphs (PAGs), as described hereinbe-
low, the system performs this projection by using the vertices
of the PAG of each of the users as respective terms for the
projection. For other applications, the system uses the edges
of the PAG as the respective terms (i.e., each edge is the
combination of two vertices and the edge score, representing
an association).

[0117] Each of the vectors thus represents a distribution of
the respective user over the topics, or, in other words, the
strength of the user’s interests in the topics. The vectors of
users having similar interests are thus projected onto the
vector space in proximity to one another, while the vectors of
users who do not share common interests are projected onto
the space further from one another.

[0118] At an interaction step 58, the system models inter-
actions between pairs of the vectors that are in proximity to
one another. Typically, the system models the interactions
probabilistically rather than deterministically, such that vec-
tors of users having similar interests are more likely to inter-
act with one another than the vectors of users having less
similar interests. For example, the system may determine the
distance-dependent probability of interaction using a normal
distribution, an exponential distribution, or a linear distribu-
tion. Alternatively, the system models the interactions deter-
ministically. Based on the interactions, the system modifies
the associated user profiles, at a profile modification step 60.
[0119] At a content delivery step 62, the system delivers
content to at least one of the users using the user’s modified
profile. For some applications, the content delivered to the
user comprises search results generated responsively to a
search query and the user’s profile, e.g., a personal associa-
tion graph (PAG), as described hereinbelow with reference to
FIG. 3. For example, the system may generate the search
results using techniques described in above-mentioned PCT
Publication WO 07/124430 and/or U.S. patent application
Ser. No. 12/253,087 (such as regarding internal search pro-
cessor 62), in order to rank and order the results based on
characteristics of the particular user, one or more communi-
ties to which the user belongs, and/or global characteristics of
all of the users of the particular deployment of system 10,
and/or in the other patent applications incorporated by refer-
ence hereinbelow.
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[0120] For some applications, a search system of system 10
provides personalized search results responsively to associa-
tions between search terms and documents returned to a user
during previous searches. These associations are represented
by the user’s profile, e.g., PAG. The use of a PAG enables the
search system to return search results to the user ranked at
least in part based on search terms not included in a current
search query, but which are associated in the user’s PAG with
search terms included in the current query. Furthermore, the
search system extracts relevant terms from documents
selected by the user, and adds these to the user’s PAG in
association with relevant search terms, thereby providing
information that helps the system focus future search results.
[0121] Alternatively or additionally, the search system pro-
vides search results responsively to characteristics of com-
munities to which the user implicitly belongs, as determined
by the contribution of the user’s PAG to topic profiles of these
communities, which typically comprise respective topic asso-
ciation groups (TAGs). Each TAG represents the interactions
of a plurality of searches conducted by a plurality of users
within a single topic.

[0122] For some applications, the users select a desired
preference regarding which of these characteristics should be
used for ranking, such as by using a sliding pointer, or other
means that will be evident to those skilled in the art who have
read the present application. Such preferences typically
include one or more of a personal-based preference, a com-
munity-based preference, and a global-based preference,
such as described in the international application.

[0123] Alternatively or additionally, the content includes
advertisements. For example, the system may use techniques
for targeting advertisements described in U.S. application
Ser. No. 12/023,564, filed Jan. 13, 2008, which is assigned to
the assignee of the present application and is incorporated
herein by reference, such as with reference to FIGS. 7A-C
thereof. For some applications, system 10 makes a decision
regarding which interactive advertisement to present to a user
responsively to a comparison of (a) a profile of an internet
advertisement and (b) an association graph associated with
the user or one or more communities to which the user
belongs, such as a PAG, a session association graph, and/or
one or more TAGs, and/or one or more hotspots of the PAG,
session association graph, or TAGs, derived, for example,
using techniques described in above-mentioned PCT Publi-
cation WO 07/124430 and/or U.S. patent application Ser. No.
12/253,087, with reference to FIGS. 10-11 thereof. For some
applications, the advertisement profile comprises an adver-
tisement association graph (AAG), as described in the *564
application.

[0124] Reference is made to FIG. 3, which is a schematic
illustration of two exemplary personal association graphs
(PAGs) 100 and 102 of two respective users, in accordance
with an embodiment of the present invention. In this embodi-
ment, the user profiles are represented as PAGs. Although
exemplary PAGs 100 and 102 include only limited degrees of
association, system 10 often develop larger and more com-
plex association graphs, which may include degrees of asso-
ciation greater than two. In general, each PAG represents the
interactions of a plurality documents with a single user, such
as during one or more searches conducted during one or more
search sessions, or during other online interactions of the
user.

[0125] Each association graph comprises one or more ver-
tices 110, each of which is linked to one or more other vertices
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by respective edges 112. Furthermore, a vertex may be linked
to itself by a self-referential edge 114 in some instances, as
described above-mentioned PCT Publication WO 07/124430
and/or U.S. patent application Ser. No. 12/253,087. In the art,
and in the applications assigned to the assignee of the present
application that are incorporated hereinbelow by reference,
“vertices” are sometimes referred to as “nodes,” and “edges”
are sometimes referred to as “arcs” or “links.” For clarity of
presentation, in the present application, including in the
claims, a vertex of an association graph including a term is
sometimes referred to simply as the term itself. For example,
it may be stated that a first term of an association graph is
linked to a second term of the association graph, rather than
more verbosely stating that a first vertex of an association
graph containing a first term is linked to a second vertex of the
association graph containing a second term. In FIG. 3, the
vertices 110 are labeled with their respective vertex scores,
which may be calculated, for example, as a normalized sum of
the edge scores of the vertex and any self-referential scores.
The use of these vertex scores is described hereinbelow with
reference to FIG. 6.

[0126] An association graph can be represented visually as
a plurality of vertices linked (i.e., connected) by lines repre-
senting edges, as shown in FIG. 3, or as an adjacency matrix,
as described with reference to FIG. 4 in above-mentioned
PCT Publication WO 07/124430 and/or U.S. patent applica-
tion Ser. No. 12/253,087. System 10 stores association graphs
using one or more data structures. The phrase “association
graph,” as used herein, including in the claims, includes any
data structure that conceptually includes vertices linked by
edges, regardless of the nomenclature used to describe the
data structure, or how it may be represented, stored, struc-
tured, and/or manipulated in memory and/or another storage
medium. For some applications, more than one edge links
some pairs of vertices. For some applications, the association
graph comprises a hypergraph, i.e., a single edge connects
more than two vertices. For some applications, the associa-
tion graph is not directed, i.e., the edges do not include a
direction, while for other applications, the association graph
is at least partly directed, i.e., at least a portion of the edges
include a direction. For some applications, by linking a plu-
rality of directed edges, the search system develops multi-
vertex paths of connectivity among vertices.

[0127] Each vertex of an associate graph includes a single
term, which comprises one or more keywords. Typically,
when a term includes a plurality of keywords, the keywords
are order-sensitive. Each edge has a score that represents the
strength of the association of the vertices linked by the edge.
As mentioned above, a vertex may be linked to itself, in which
case it has a self-referential score. Association scores are
typically, but not necessarily, symmetric, i.e., are not directed.

[0128] The PAGs are typically created at user profile con-
struction step 52 of method 50 of FIG. 2 using techniques
described in above-mentioned PCT Publication WO
07/124430 and/or U.S. patent application Ser. No. 12/253,
087 with reference to FIGS. 7-9 thereof. For some applica-
tions, a feedback processor of system 10 receives an interac-
tion event each time one of users 30 selects a document (often
associated with a URL) presented by a search system of
system 10 in response to a search query entered by the user. A
single interaction event thus represents a single interaction
between a single query of a single user 30 and a single
selected document. Typically, each document is represented
by a snippet that includes one or more of the keywords of the
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query, and the URL of the document. A search query consists
of one or more keywords, and, optionally, operators, such as
Boolean operators and quotation marks.

[0129] The feedback processor updates the user’s PAG
with the search terms of the query and a query score, as
described hereinbelow. Any search terms not already
included to the PAG are added thereto as vertices. The edge
scores between the vertices holding the search terms of the
query (whether the vertices were already included in the PAG,
or newly added) are incremented by an increment value cal-
culated based on the query score.

[0130] For some applications, the query score of a given
query is dependent upon one or more of the following
attributes:

[0131] query-specific attributes, such as a measure of the
number of keywords in the query, such as the number
itself, or the number after subtracting the number of stop
words in the query;

[0132] user-query-interaction attributes, such as the
association score of the query within the user’s PAG, or
a level of focus of the user regarding the query; and

[0133] user-result-interaction attributes, such as a rela-
tive position of a selected document in the search results
for the query, or an amount of time spent by the user after
selecting a document before returning to the same search
results to select a subsequent document from the search
results.

It is noted that the collection of these attributes by the feed-
back processor generally does not require any active user
participation in generating the query score.

[0134] Query-specific attributes characterize aspects of the
query that are often positively correlated with the quality of
the interaction between the query and the results. These
attributes include, but are not limited to:

[0135] the number of keywords in the query. In general,
more specific queries include a greater number of key-
words, and thus are more indicative of a higher quality of
interaction between the query and the results; and

[0136] the number of stop words in the query (i.e., key-
words that are so commonly used that they cannot con-
tribute to relevancy of the query, such as conjunctions,
prepositions, and articles). In general, the inclusion of
stop words in a query is indicative a low level of user
expertise in the topic of the query. Typically, the number
of keywords in the number-of-keyword attribute men-
tioned above is counted after removing stop words.

[0137] User-query-interaction  attributes  characterize
aspects of the user’s interaction with the query that are often
positively correlated with the quality of the interaction
between the query and the results. These attributes include,
but are not limited to:

[0138] the association score of the query within the
user’s PAG. A higher association score generally corre-
lates with a higher level of user expertise in the topic of
the search. The association score is calculated as
described hereinbelow and/or using techniques
described in above-mentioned PCT Publication WO
07/124430 and/or U.S. patent application Ser. No.
12/253,087, with reference to FIG. 6 thereof.

[0139] alevel of focus of the user regarding the query. A
focused search within a specific topic is more indicative
of'ahigh-quality interaction than a quick search in which
the user is just browsing the topic. The level of focus is
typically represented by a focal grade, such as described
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in above-mentioned PCT Publication WO 07/124430

and/or U.S. patent application Ser. No. 12/253,087.
[0140] For some applications, the feedback processor uses
the following equation for determining the query score:

query score = (Equation 1)

log(1 + clicked URL position)
(1 + stop words/2)

(real keyword no.)-
g[ -(1 +focal grade) + 1| -

(PAGscore(query) + 1)

[0141] For some applications, to store association graph
100 in memory 24, system 10 uses the exemplary data struc-
ture described with reference to FIG. 5 of above-mentioned
PCT Publication WO 07/124430 and/or U.S. patent applica-
tion Ser. No. 12/253,087.

[0142] Reference is made to FIG. 4, which is a flowchart
schematically illustrating a method 150 for identifying top-
ics, in accordance with an embodiment of the present inven-
tion. In this embodiment, system 10 uses method 150 to
perform topic identification step 54 of method 50, described
hereinabove with reference to FIG. 2. As described in detail
immediately below, the system identifies hypertopics by
combining topic association graphs (TAGs), and these hyper-
topics serve as the topics identified at topic identification step
54 of method 50. At a hotspot extraction step 152, system 10
extracts one or more hotspots association graphs (generally
referred herein simply as a “hotspots”) from each of the
PAGs, as described in above-mentioned PCT Publication WO
07/124430 and/or U.S. patent application Ser. No. 12/253,
087, with reference to FIGS. 10-11 thereof. A hotspot com-
prises a portion of a PAG that represents an area of particular
importance to the user of the PAG.

[0143] Reference is made to FIGS. 5A-B, which show an
exemplary topic index 160, in accordance with an embodi-
ment of the present invention. At a topic index construction
step 154, system 10 constructs topic index 160 by analyzing
hotspots of a plurality of users, as described with reference to
FIGS. 7, 8, 12A-B, and 13 of above-mentioned PCT Publi-
cation WO 07/124430. System 10 analyzes the hotspots of a
plurality of users 30, such as all users 30 of a particular
deployment of system 10, to build topic index 160.

[0144] As shown in FIG. 5A, each row of topic index 160
holds (a) a primary index and, optionally, a secondary index,
the terms of which are extracted from the hotspots; (b) the
user identification code of the user 30 associated with the
hotspot; (c¢) the association score between the vertices of the
hotspot holding the terms of the primary and secondary indi-
ces; and (d) a list one the IDs of the one or more search results
documents that contributed to the entry. The topic index thus
serves to cluster related documents via their IDs.

[0145] The primary index consists of one more terms, each
of which consists of one or more keywords. For example,
using data generated from a user 30 having an ID “001” who
interacted with documents having the IDs 24,26, and 123, the
first row of topic index 160 indicates that, for user 001, the
primary index includes the term “physics,” which is linked to
the term “engine” of the secondary index by an edge having a
score of 70, and the primary and secondary terms have one
degree of separation. The second row of topic index 160
indicates that, for a second user having 1D “002” who inter-
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acted with documents having IDs 25,27, and 123, the primary
index has a term “physics” that is linked to the term “engine”
of the secondary index by an edge having a score of 80, and
the primary and secondary terms have one degree of separa-
tion.

[0146] When a term (which may include one or more than
one keyword) is first added to the topic index, the term is
added as anew primary index. If the term is added without any
associated terms, the association score is simply the self-
referential score of the term. When a term associated with the
term(s) of a primary index in the topic index is added to the
topic index from a hotspot (or hotspot difference graph), the
new term is added as a secondary index.

[0147] For some applications, when a number of entries
(each representing a different user) in the topic index contain-
ing the same primary and secondary indices crosses a thresh-
old value, the term of the secondary index is combined with
the term(s) of the primary index in order to create a multi-term
primary index. The association score of the entry is equal to
the association score of the terms of the primary index. The
secondary index of the term is cleared. FIG. 5B shows the
addition of the term “engine” to “physics” in the primary
index, because the number of users (including user IDs 001,
002, and 004) reached the threshold value of three. For some
applications, system 10 sets the threshold number of users
separately for each primary index.

[0148] Thecleared secondary index is later populated when
aterm is added to the topic index that is associated with all of
the terms of the primary index. Such an additional term is also
moved to the primary index when a threshold number ofusers
having the same multi-term primary index also have the same
secondary index. A topic index thus generally includes a mix
of terms having different degrees of separation. For some
applications, system 10 adds tertiary indices to provide sec-
ond-degree associations even before the respective secondary
terms have been promoted to be added to their respective
primary indices.

[0149] TItwill be appreciated that the structure of topic index
160 is exemplary only, and that system 10 may use numerous
data structures to store, organize, and retrieve the information
stored in topic index 160, as will be evident to those skilled in
the art who have read the present application.

[0150] Reference is again made to FIG. 4. At a TAG cre-
ation step 162 of method 150, system 10 analyzes topic index
160 to create and/or update one or more topic association
graphs (TAGs). The TAGs represent respective topics in
which a plurality of users have expressed, and, for some
applications, continue to express, a strong interest. For each
primary index of topic index 160 the association score of
which crosses a threshold value (for single-term threshold
values), or receives multiple terms, as described above with
reference to FIG. 5B, the system: (a) creates a topic ID, which
consists of the terms of the primary index, (b) adds the topic
ID to a topic dictionary, and (c) creates a new TAG for the
topic ID. As mentioned above, primary indices sometimes
contain a single term (which may include a plurality of key-
words), and sometimes contain a plurality of terms (each of
which may include a plurality of keywords). System 10 uses
the topic dictionary to efficiently access and track topic 1Ds,
without having to extract this information from individual
TAGs or the topic index. For some applications, the threshold
number of users is set according to a frequency of utilization
of the term in searches, e.g., is inversely related to the fre-
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quency of utilization. The threshold is thus lower for uncom-
monly used search terms than commonly used search terms.

[0151] In an embodiment of the present invention, each
TAG is a summation of all of the hotpots that contributed the
topic of the TAG. Alternatively, in another embodiment, each
TAG is a summation of all associations within one degree of
the topic ID of the TAG within all PAGs that contributed to the
topic of the TAG.

[0152] System 10 creates a symmetric topic-to-topic
weighted adjacency matrix, at a topic-to-topic matrix creation
step 164. The system sets the values of the entries of the
matrix equal to respective measures of similarity between the
respective pairs of TAGs (with values of 1 on the main diago-
nal). For some applications, the system calculates the mea-
sures of similarity by clustering each of the TAGs using a
partitioning algorithm, such as a spectral or isoparametric
partitioning algorithm, as is known in the art. Each of the
clusters represents a sub-topic of the TAG. The system per-
forms respective comparisons of each of the TAGs with all of
the other TAGs. To perform each of these comparisons, the
system compares each ofthe clusters of a first one of the TAGs
with each of the clusters of a second one of the TAGs. For
some applications, the system performs the comparison of the
two clusters by finding how much of a first of the two clusters
is preserved in the second of the two clusters, i.e., how spread
out the terms of the first cluster are in the second cluster.
Optionally, the system ranks the clusters within each TAG,
and takes this ranking into account when comparing the clus-
ters. Alternatively, the system may perform the comparison of
the two clusters by performing a bag-of-words comparison
that generates a score for each of the cluster-to-cluster com-
parisons. The system sums these scores to arrive at a similar-
ity score between the two TAGs. The system uses the simi-
larity scores of all of the TAG-to-TAG comparisons to
populate the topic-to-topic matrix.

[0153] At an association graph generation step 166, the
system represents the topic-to-topic matrix generated at step
164 as an association graph. In the graph, the vertices com-
prise respective TAGs, and the edge scores are set to the
associated TAG-to-TAG scores reflected in the entries of the
matrix. At a partitioning step 168, the system finds clusters of
TAGs within this association graph by applying a partitioning
algorithm to the association graph, such as a spectral or iso-
parametric partitioning algorithm, as is known in the art (for
example, using techniques described in the above-mentioned
articles by Dhillon et al. and/or Grady et al.). At a cluster
merge step 170, the system merges the TAGs of each of these
clusters into respective hypertopic graphs, which serve as the
topics identified at topic identification step 54 of method 50.

[0154] In an embodiment of the present invention, each
topic identified at topic identification step 54 of method 50
comprises exactly one TAG (either a list of all of the words
included in the TAG, or the TAG itself, preserving its graph
structure). In this embodiment, steps 164 through 170 of
method 150 are omitted.

[0155] Reference is again made to FIG. 2. As mentioned
above, at topic identification step 54 of method 50, system 10
identifies a set of topics that characterize one or more of the
user profiles. In accordance with a second technique for iden-
tifying topics, system 10 performs latent semantic indexing
(LSI) on documents with which users 30 have interacted, e.g.,
viewed, or another large corpus of relevant documents, using
techniques known to those skilled in the art. For example, the
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system may use techniques described in above-referenced
U.S. Pat. No. 7,152,065 to Behrens et al.

[0156] Inaccordance with a third technique for identifying
topics, system 10 uses a latent Dirichlet allocation (LDA)
model on documents with which users 30 have interacted,
e.g., viewed, or another large corpus of relevant documents,
using techniques known to those skilled in the art. For
example, the system may create a set of tokens, each of which
comprises an identifier of a single document, a single term
(e.g., keyword), and a score of the term within the document.
The system applies the LDA model on the tokens to find a set
of topics (a distribution over the terms). The system charac-
terizes each of the documents as a distribution over the topics.
It is noted that the words which any given topic comprises do
not necessarily appear in the all of the documents character-
ized by the topic. For some applications, each topic comprises
abag of words identified using the LDA model. For example,
LDA analysis techniques may be used that are described in
one or more of the above-mentioned articles by Hofmann T,
Blei D et al., Griffiths T et al., and/or Steyvers M et al.
[0157] Continuing the example of FIG. 3, assume that the
topics identified at topic identification step 54 of method 50
include “medicine” and “finance.” Further assume that the
that the topic “medicine” includes the terms and associated
scores shown in the following table (the scores are normal-
ized to have a total of 1; for the sake of brevity, only a portion
of the terms are shown):

TABLE 1
Term Score
medicine 0.4
disease 0.2
heart 0.1
cancer 0.05
cardiology 0.05
operation 0.05
diagnostic 0.03
antibiotic 0.03
infection 0.03
surgery 0.02
research 0.02
TOTAL 1

[0158] Also assume that the topic “finance” includes the
terms and associated scores shown in the following table:

TABLE 2
Term Score
finance 0.3
money 0.2
research 0.1
stock 0.1
stock market 0.1
business 0.05
funds 0.05
commerce 0.02
dollar 0.02
TOTAL 1

[0159] Reference is made to FIG. 6, which is a schematic
illustration of an exemplary two-dimensional vector space
200, in accordance with an embodiment of the present inven-
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tion. Although this example uses only two dimensions, its
principles apply equally well to vector spaces having more
than two dimensions. Vector spaces in embodiments of the
present invention typically have many dimensions. Exem-
plary vector space 200 uses the two topics mentioned above,
“medicine” and “finance,” as its coordinates. As described
above, at projection step 56 of method 50, system 10 projects
the user profiles onto the space as respective vectors. For
example, the user profile represented as PAG 100 in FIG. 3
reflects strong interests in medicine and finance, while the
user profile represented as PAG 102 reflects a strong interest
in medicine, and a weak interest in finance. It is noted that
even though the words “medicine” and “finance” do not
appear in PAG 102, these topics nevertheless characterize this
PAG.

[0160] In an embodiment of the present invention, to con-
vert the PAG into a vector, the system sets the value of each of
the coordinates (which represent topics) equal to the summa-
tion of the products of the vertex scores of the terms of the
PAG, as described hereinabove with reference to FIG. 3, and
the corresponding values of the terms in the topic. For
example, the value of the “finance” coordinate of PAG 100
may be calculated as:

2,(0.3-0.01)+(0.2:04)+ . . . +(0.02:0.01) (Equation 2)

wherein the first product, for example, is of (a) the value of the
term “finance” in the “finance” topic, as shown in Table 2
hereinabove, and (b) the vertex score of the term “finance” in
PAG 100 shown in FIG. 3 hereinabove.

[0161] In another embodiment of the present invention, to
convert the PAG into a vector, the system compares each PAG
with the respective topic graphs of the coordinates, generated
at step 170 of method 150, described hereinabove with refer-
ence to FIG. 4. For example, the system may use one of the
two techniques described hereinabove for comparing TAGs at
step 164 of method 150, with appropriate modifications for
comparing each of the PAGs with the topic graphs. Each
comparison yields a scalar, which represents the value of the
respective coordinate of the vector in the vector space.
[0162] The users’ respective interests in medicine and
finance are represented by vectors 202 and 204, which are
shown in vector space 200 of FIG. 6. The vectors of users
having similar interests are thus projected onto the vector
space in proximity to one another, while the vectors of users
who do not share common interests are projected onto the
space further from one another.

[0163] Reference is made to FIG. 7, which is a schematic
illustration of normalized vectors in vector space 200, in
accordance with an embodiment ofthe present invention. The
distribution of the vectors within vector space 200, rather than
the magnitudes of the vectors, defines the distance between
user profiles. Therefore, in this embodiment, at interaction
step 58 of method 50, in order to find which vectors are in
proximity to one another, system 10 normalizes vectors 202
and 204 of FIG. 6, resulting in normalized vectors 206 and
208, respectively. For some applications, the system performs
such normalization by mapping the vectors onto an N-dimen-
sional sphere, which, in the two-dimensional example of FIG.
7, comprises a two-dimensional circle 210. The angle
between any two vectors thus defines the distance between
the corresponding user profiles.

[0164] Inan embodiment of the present invention, the sys-
tem defines a sphere of influence for each user (which may be
represented as spheres of influence for the users’ respective
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vectors). The user is able to interact only with other users that
fall within the sphere of influence. The spheres of influence
are not necessarily symmetric. In other words, if a first user
falls within the sphere of influence of a second user, the
second user does not necessarily fall within the sphere of
influence of the first user. As a result, the first user may be
influenced by the second user, but the second user is not
necessarily influenced by the first user. Users outside this
sphere are too distant to interact. Mathematically, this con-
straint on interaction is expressed as the rule that users can
interact only with other users within a certain angle. For some
applications, the system sets the sizes of the spheres of influ-
ence in relation to the magnitudes of the respective vectors
prior to normalization. This approach mimics real life, in
which knowledgeable people (those with high magnitudes in
certain areas) tend to influence more people than do less
knowledgeable people. Alternatively, each user is assigned
the same size sphere of influence.

[0165] The probability of two users interacting increases
the closer the users’ vectors are to one another. In each itera-
tion of the model, each user, via his vector, interacts with one
ot his nearest neighbors within his sphere of influence. Alter-
natively, for some applications, a user interacts with more
than one other user during an iteration. For some applications,
during each iteration of the model, system 10 orders the
interactions according to the pre-normalized magnitudes of
the vectors, reflecting the greater likelihood of users having
the larger vectors to influence rather than be influenced. Each
iteration of the model includes an interaction of each of the
users with at least one of his neighbors, typically exactly one
of his neighbors. The system typically performs numerous
iterations of the model, resulting in dynamic learning and
sharing of information among users in proximity to one
another.

[0166] Reference is made to FIG. 8, which is a schematic
illustration of the interaction of normalized vectors 206 and
208 in vector space 200, in accordance with an embodiment
of'the present invention. During each interaction between two
users, one or both of the users move closer to each other (such
as on a geodesic in N-dimensional space 200). This move-
ment reflects the exchange of influence between the users. In
the example shown in FIG. 8, assume that the user repre-
sented by PAG 102 and normalized vector 208 falls within a
sphere of influence 216 of the user represented by PAG 100
and normalized vector 206. These two users thus interact,
causing vector 206 to move closer to vector 208, as symboli-
cally indicated by an arrow 212. For some applications, the
distance that each vector moves is inversely related (such as
inversely proportional) to its pre-normalized magnitude, i.e.,
the greater the magnitude of the vector (corresponding to the
more influential user), the more the vector pulls the other
vector (corresponding to the more influenced user). In this
example, normalized vector 208 does not move closer to
normalized vector 206, because vector 208 does not fall
within a sphere of influence 218 of vector 206 and PAG 100.

[0167] FIG.9isaschematic illustration of exemplary asso-
ciation graph 100 of FIG. 3, after modification at profile
modification step 60 of method 50, described hereinabove
with reference to FIG. 2, in accordance with an embodiment
of the present invention. For some applications, the relative
movement of vector 206 described hereinabove with refer-
ence to FIG. 8 translates into a transfer of information from
PAG 102 to PAG 100, by transferring a hotspot 210 of PAG
102 (the hotspot is shown in FIG. 3) to PAG 100, typically
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with the scores of the hotspot damped. (In the example shown
in FIG. 9, PAG 100 gains no information from PAG 102,
because normalized vector 208 of PAG 102 does not fall
within sphere of influence 218 of normalized vector 206 of
PAG 100.) Such transfer of information includes both adding
new terms to the graphs (such as “CT,” “donations, and
“funds”), and influencing edge scores of existing terms (not
shown in this example). Typically, if the information to be
transferred includes a term already present in the PAG, the
score of the vertex and/or edge scores of the term in the PAG
are increased. Links among terms in the information to be
added are typically preserved as the terms are transferred to
the PAG.

[0168] For some applications, the system does not perform
profile modification step 60 of method 50, described herein-
above with reference to FIG. 2. Instead, the relative move-
ments of the vectors described hereinabove with reference to
FIG. 8 directly affect future online interactions of the users,
such as the ranking of search results. For example, the vector
movement, which reflects a change in distribution of a user’s
interests in the topics that define the vector space, may cause
the user to have a different distribution function over LDA
topics.

[0169] Inan embodiment of the present invention, the sys-
tem provides a low, but non-zero, probability of interaction
between any two users, even if they are outside one another’s
spheres of influence (e.g., completely dissimilar). Such inter-
actions add noise and uncertainty to the model, similarly to
everyday social interactions in which in certain cases even
unlike-minded people find common ground to communicate
and exchange knowledge.

[0170] Reference is made to FIG. 10, which is a schematic
illustration of the interaction of vector clusters 240 and 242 in
vector space 200, in accordance with an embodiment of the
present invention. In general, individual local interactions of
each user within his sphere of influence results in the forma-
tion of clusters of users (communities). Communities of like-
minded users tend to polarize if their interests are very dif-
ferent (if they are far from one another in the vector space), or
converge if the interests are relatively similar. For example, as
shown in FIG. 10, the vectors representing users’ profiles may
converge into first vector cluster 240 and second vector clus-
ter 242.

[0171] Inthis embodiment of the present invention, system
10 treats each vector cluster as a single entity, which interacts
as a unit with other vector clusters and/or individual vectors.
In order to treat each vector cluster as a single entity, the
system typically represents the vector cluster by its centroid,
identified, for example, using the k-means algorithm, as is
known in the art. When, during an interaction, as described
hereinabove with reference to FIG. 8, a cluster moves with
respect to another cluster or vector, the system moves along
the component vectors of the cluster, maintaining their rela-
tionship with the centroid. For some applications, the move-
ment of users in the vector space is translated to a change in
the users’ respective personal profiles, as described herein-
above with reference to FIG. 9. For example, one or more
hotspots of the influencing users may be merged and the
scores thereof damped, and the merged hotspots with damped
scores added to the PAGs of the influenced users. Alterna-
tively, the relative movements of the vectors directly affect
future online interactions of the users, such as the ranking of
search results, as described above with reference to FIG. 9 for
individual vector movements. This clustering approach tends
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to add greater complexity to the model, and to drive the model
away from equilibrium. This movement of clusters occurs
along with the iterative movement of individual users within
their local surroundings, as described hereinabove.

[0172] Insomeembodiments of the present invention, sys-
tem 10 uses profiles that do not comprise association graphs,
such as lists (e.g., ranked lists), vectors, sets of sets, and a
non-associative multi-dimensional matrix (e.g., three or more
dimensions). For example, the system may use personal pro-
files that do not comprise PAGs or session association graphs,
and/or topic profiles that do not comprise TAGs.

[0173] The word “document,” as used in the present appli-
cation, including the claims, is to be understood broadly as
referring to any digital unit of information, including, but not
limited to, files (e.g., containing text, media, or hyperlinks),
Web pages, newsgroup postings, and e-mails, which can be
stored electronically on a computer or a network.

[0174] Techniques of embodiments ofthe present invention
may improve the efficiency of searching, and conserve the use
of computer resources.

[0175] Embodiments of the present invention described
herein can take the form of an entirely hardware embodiment,
an entirely software embodiment or an embodiment includ-
ing both hardware and software elements. In an embodiment,
the invention is implemented in software, which includes but
is not limited to firmware, resident software, microcode, etc.
[0176] Furthermore, the embodiments of the invention can
take the form of a computer program product accessible from
a computer-usable or computer-readable medium providing
program code for use by or in connection with a computer or
any instruction execution system. For the purposes of this
description, a computer-usable or computer readable medium
can be any apparatus that can comprise, store, communicate,
propagate, or transport the program for use by or in connec-
tion with the instruction execution system, apparatus, or
device. The medium can be an electronic, magnetic, optical,
electromagnetic, infrared, or semiconductor system (or appa-
ratus or device) or a propagation medium.

[0177] Examples ofa computer-readable medium include a
semiconductor or solid state memory, magnetic tape, a
removable computer diskette, a random access memory
(RAM), a read-only memory (ROM), a rigid magnetic disk
and an optical disk. Current examples of optical disks include
compact disk-read only memory (CD-ROM), compact disk-
read/write (CD-R/W) and DVD.

[0178] Typically, the operations described herein that are
performed by system 10 transform the physical state of
memory 24, whichis a real physical article, to have a different
magnetic polarity, electrical charge, or the like depending on
the technology of the memory that is used.

[0179] A data processing system suitable for storing and/or
executing program code will include at least one processor
coupled directly or indirectly to memory elements through a
system bus. The memory elements can include local memory
employed during actual execution of the program code, bulk
storage, and cache memories which provide temporary stor-
age of at least some program code in order to reduce the
number of times code must be retrieved from bulk storage
during execution. The system can read the inventive instruc-
tions on the program storage devices and follow these instruc-
tions to execute the methodology of the embodiments of the
invention.

[0180] Input/output (I/O)devices (including but not limited
to keyboards, displays, pointing devices, etc.) can be coupled
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to the system either directly or through intervening 1/O con-
trollers. Network adapters may also be coupled to the system
to enable the data processing system to become coupled to
other data processing systems or remote printers or storage
devices through intervening private or public networks.
Modems, cable modem and Ethernet cards are just a few of
the currently available types of network adapters.

[0181] Computer program code for carrying out operations
of'the present invention may be written in any combination of
one or more programming languages, including an object
oriented programming language such as Java, Smalltalk, C++
or the like and conventional procedural programming lan-
guages, such as the C programming language or similar pro-
gramming languages.

[0182] It will be understood that each block of the flow-
charts shown in FIGS. 2 and 4, and combinations of blocks in
the flowchart, can be implemented by computer program
instructions. These computer program instructions may be
provided to a processor of a general purpose computer, spe-
cial purpose computer, or other programmable data process-
ing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
blocks. These computer program instructions may also be
stored in a computer-readable medium that can direct a com-
puter or other programmable data processing apparatus to
function in a particular manner, such that the instructions
stored in the computer-readable medium produce an article of
manufacture including instruction means which implement
the function/act specified in the flowchart blocks. The com-
puter program instructions may also be loaded onto a com-
puter or other programmable data processing apparatus to
cause a series of operational steps to be performed on the
computer or other programmable apparatus to produce a
computer implemented process such that the instructions
which execute on the computer or other programmable appa-
ratus provide processes for implementing the functions/acts
specified in the flowchart blocks.

[0183] The scope of the present invention includes embodi-
ments described in the following applications, which are
assigned to the assignee of the present application and are
incorporated herein by reference. In an embodiment, tech-
niques and apparatus described in one or more of the follow-
ing applications are combined with techniques and apparatus
described herein:

[0184] International Patent Application PCT/US07/
67103, filed Apr. 20, 2007, entitled, “Search techniques
using association graphs,” which published as Interna-
tional Publication WO 07/124430 to Ismalon;

[0185] U.S. patent application Ser. No. 11/633,461, filed
Dec. 5, 2006, entitled, “A multi-directional and auto-
adaptive relevance and search system and methods
thereof,” which published as US Patent Application Pub-
lication 2007/0250500;

[0186] U.S. Provisional Patent Application 60/793,253,
filed Apr. 20, 2006, entitled, “Methods for using asso-
ciation graphs in search engines”;

[0187] U.S. Provisional Patent Application 60/796,188,
filed May 1, 2006, entitled, “Apparatus and methods
thereof for search engine personalization”;

[0188] U.S. Provisional Patent Application 60/829,136,
filed Oct. 11, 2006, entitled, “Apparatus and methods
thereof for search phrase refinement”;
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[0189] U.S. Provisional Patent Application 60/829,135,
filed Oct. 11, 2006, entitled, “Apparatus and methods
thereof for using explicit query refinements to tune
search results ranking factors”;

[0190] U.S. Provisional Patent Application 60/829,132,
filed Oct. 11, 2006, entitled, “Apparatus and methods
thereof for adaptive ranking mechanism using associa-
tion graphs and contextual analysis”;

[0191] U.S. Provisional Patent Application 60/886,193,
filed Jan. 23, 2007, entitled, “Multi-directional and auto-
adaptive relevance and search system and methods
thereof™;

[0192] U.S. Provisional Patent Application 60/887,580,
filed Jan. 31, 2007, entitled, “Searchable banner display
and apparatus that enables exploring destination content
prior to reaching it”;

[0193] U.S. Provisional Patent Application 60/741,902,
filed in January 2006, entitled, “A multi-directional and
auto-adaptive relevance and search system and methods
thereof”;

[0194] U.S. patent application Ser. No. 11/846,213, filed
Aug. 28, 2007, entitled, “Search phrase refinement by
search term replacement,” which issued as U.S. Pat. No.
7,756,855;

[0195] U.S. patent application Ser. No. 11/870,999, filed
Oct. 11, 2007, entitled, “Negative associations for
search results ranking and refinement,” which published
as US Patent Application Publication 2008/0140643;

[0196] U.S. patent application Ser. No. 12/023,564, filed
Jan. 31, 2008, entitled, “Searchable interactive internet
advertisements,” which published as US Patent Appli-
cation Publication 2008/0215416;

[0197] U.S. patent application Ser. No. 12/397,510, filed
Mar. 4, 2009, entitled, “Optimization of social distribu-
tion networks”, which published as US Patent Applica-
tion Publication 2009/0228296; and

[0198] U.S. patent application Ser. No. 12/253,087, filed
Oct. 16, 2008, entitled, “Techniques for ranking search
results,” which published as US Patent Application Pub-
lication 2009/0119261.

[0199] It will be appreciated by persons skilled in the art
that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather, the
scope of the present invention includes both combinations
and subcombinations of the various features described here-
inabove, as well as variations and modifications thereof that
are not in the prior art, which would occur to persons skilled
in the art upon reading the foregoing description.

1-31. (canceled)

32. A computer-implemented method comprising:

constructing, by a computer system, first and second user
profiles for respective first and second users, by observ-
ing respective online behaviors of the first and second
users, respectively;

identifying, by the computer system, that the first and sec-
ond users have similar interests;

responsively to the identifying, modifying, by the com-
puter system, the first user profile by transferring infor-
mation from the second user profile to the first user
profile; and

presenting content to the first user responsively to the
modified first user profile.
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33. The method according to claim 32, further comprising:

responsively to the identifying, modifying, by the com-
puter system, the second user profile by transferring
information from the first user profile to the second user
profile; and

presenting content to the second user responsively to the

modified second user profile.

34. The method according to claim 32, wherein identifying
that the first and second users have the similar interests com-
prises identifying one or more topics and the respective
strengths of interest of the first and second users in the topics.

35. The method according to claim 32, wherein modifying
the first user profile comprises defining a sphere of influence
for the second user, and modifying the first user profile by
transferring the information from the second user profile to
the first user profile only upon finding that the first user falls
within the sphere of influence of the second user.

36. The method according to claim 32, wherein presenting
the content comprises presenting search results to the first
user responsively to the modified first user profile and to a
search query received from the first user.

37. The method according to claim 32, wherein presenting
the content comprises presenting an online advertisement to
the first user responsively to the modified first user profile.

38. The method according to claim 32, wherein presenting
the content to the first user comprises presenting the content
to a portable wireless device used by the first user.

39. Apparatus comprising:

an interface; and

a processor, configured to construct first and second user

profiles for respective first and second users, by observ-
ing, via the interface, respective online behaviors of the
first and second users; to identify that the first and second
users have similar interests; responsively to the identi-
fying, to modify the first user profile by transferring
information from the second user profile to the first user
profile; and to present, via the interface, content to the
first user responsively to the modified first user profile.

40. The apparatus according to claim 39, wherein the pro-
cessor is further configured to, responsively to identifying
that the first and second users have similar interests, modify
the second user profile by transferring information from the
first user profile to the second user profile; and to present
content to the second user responsively to the modified sec-
ond user profile.

41. The apparatus according to claim 39, wherein the pro-
cessor is configured to identify that the first and second users
have the similar interests by identifying one or more topics
and the respective strengths of interest of the first and second
users in the topics.

42. The apparatus according to claim 39, wherein the pro-
cessor is configured to define a sphere of influence for the
second user, and to modify the first user profile by transferring
the information from the second user profile to the first user
profile only upon finding that the first user falls within the
sphere of influence of the second user.

43. The apparatus according to claim 39, wherein the con-
tent includes search results, and wherein the processor is
configured to present the search results to the first user
responsively to the modified first user profile and to a search
query received from the first user.

44. The apparatus according to claim 39, wherein the con-
tent includes an online advertisement, and wherein the pro-
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cessor is configured to present the online advertisement to the
first user responsively to the modified first user profile.

45. The apparatus according to claim 39, wherein the pro-
cessor is configured to present the content to a portable wire-
less device used by the first user.

46. A computer software product, comprising a tangible
non-transitory computer-readable medium in which program
instructions are stored, which instructions, when read by a
computer, cause the computer to construct first and second
user profiles for respective first and second users, by observ-
ing respective online behaviors of the first and second users;
to identify that the first and second users have similar inter-
ests; responsively to the identifying, to modity the first user
profile by transferring information from the second user pro-
file to the first user profile; and to present content to the first
user responsively to the modified first user profile.

47. The product according to claim 46, wherein the instruc-
tions cause the computer to, responsively to identifying that
the first and second users have similar interests, modify the
second user profile by transferring information from the first
user profile to the second user profile; and to present content
to the second user responsively to the modified second user
profile.
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48. The productaccording to claim 46, wherein the instruc-
tions cause the computer to identify that the first and second
users have the similar interests by identifying one or more
topics and the respective strengths of interest of the first and
second users in the topics.

49. The productaccording to claim 46, wherein the instruc-
tions cause the computer to define a sphere of influence for the
second user, and to modify the first user profile by transferring
the information from the second user profile to the first user
profile only upon finding that the first user falls within the
sphere of influence of the second user

50. The product according to claim 46, wherein the content
includes search results, and wherein the instructions cause the
computer to present the search results to the first user respon-
sively to the modified first user profile and to a search query
received from the first user.

51. The product according to claim 46, wherein the content
includes an online advertisement, and wherein the instruc-
tions cause the computer to present the online advertisement
to the first user responsively to the modified first user profile.

52. The productaccording to claim 46, wherein the instruc-
tions cause the computer to present the content to a portable
wireless device used by the first user.
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