SYSTEMS, METHODS, AND INTERFACES FOR PROVIDING
PERSONALIZED SEARCH AND INFORMATION ACCESS

TECHNICAL FIELD
[0001] The present invention relates generally to computer systems and more
particularly, the present invention relates to automatically refining and focusing search

queries and/or results in accordance with a personalized user model.

BACKGROUND OF THE INVENTION
[0002] Given the vast popularity of the World Wide Web and the Internet, users
can acquire information relating to almost any topic from a large quantity of information
sources. In order to find information, users generally apply various search engines to the
task of information retrieval. Search engines allow users to find Web pages containing
information or other material on the Internet that contain specific words or phrases. For
instance, if they want to find information about George Washington, the first president of
the United States, they can type in “George Washington first president”, click on a search
button, and the search engine will return a list of Web pages that contain information
about this famous president. If a more generalized search were conducted however, such
as merely typing in the term “Washington,” many more results would be returned such as
relating to geographic regions or institutions associated with the same name.
[0003] There are many search engines on the Web. For instance, AllITheWeb,
AskJeeves, Google, HotBot, Lycos, MSN Search, Teoma, Yahoo are just a few of many
examples. Most of these engines provide at least two modes of searching for information
such as via their own catalog of sites that are organized by topic for users to browse
through, or by performing a keyword search that is entered via a user interface portal at
the browser. In general, a keyword search will find, to the best of a computer's ability, all
the Web sites that have any information in them related to any key words and phrases that
are specified. A search engine site will have a box for users to enter keywords into and a

button to press to start the search. Many search engines have tips about how to use



keywords to search effectively. The tips are usually provided to help users more
narrowly define search terms in order that extraneous or unrelated information is not
returned to clutter the information retrieval process. Thus, manual narrowing of terms
saves users a lot of time by helping to mitigate receiving several thousand sites to sort
through when looking for specific information.

[0004] One problem with all searching techniques is the requirement of manual
focusing or narrowing of search terms in order to generate desired results in a short
amount of time. Another problem is that search engines operate the same for all users
regardless of different user needs and circumstances. Thus, if two users enter the same
search query they get the same results, regardless of their interests, previous search
history, computing context, or environmental context (e.g., location, machine being used,
time of day, day of week). Unfortunately, modern searching processes are designed for
receiving explicit commands with respect to searches rather than considering these other
personalized factors that could offer insight into the user’s actual or desired information

retrieval goals.

SUMMARY OF THE INVENTION
[0005] The following presents a simplified summary of the invention in order to
provide a basic understanding of some aspects of the invention. This summary is not an
extensive overview of the invention. It is not intended to identify key/critical elements of
the invention or to delineate the scope of the invention. Its sole purpose is to present
some concepts of the invention in a simplified form as a prelude to the more detailed
description that is presented later.
[0006] The present invention relates to systems and methods that enhance
information retrieval methods by employing user models that facilitate personalizing
information searches to a user’s characteristics by considering how the information
pertains or is most relevant to respective users. The models can be combined with
traditional search algorithms to modify search queries and/or modify search results in

order to automatically focus information retrieval methods to items or results that are



more likely to be relevant to the user in view of the user’s personal characteristics.
Various techniques are provided for personalizing searches via the model by considering
such aspects as the user’s content (e.g., information stored on the user’s computer),
interests, expertise, and the specific context in which their information need (e.g., search
query, computing events) arises to improve the user’s search experience. This
improvement can be observed by providing users with more focused or filtered searches
for items of interest, removing unrelated items, and/or re-ranking returned search results
in terms of personalized preferences of the user.

[0007] The user models can be derived from a plurality of sources including rich
indexes that consider past user events, previous client interactions, search or history logs,
user profiles, demographic data, and/or based upon similarities to other users (e.g.,
collaborative filtering). Also, other techniques such as machine learning can be applied
to monitor user behavior over time to determine and/or refine the user models. The
models can be combined with offline or online search methods (or combinations thereof)
to modify search results to produce information retrieval outcomes that are most likely to
be of interest to the respective user. Thus, the user models are employed to differentiate
personalized searches from generalized searches in an automatic and efficient manner.
[0008] In one specific example, a generalized search may include the term
“weather.” Since the model can determine that the user is from a particular city (e.g.,
from an e-mail account, saved documents listing the user’s address, or by explicit or
implicit specification of location), a personalized search can be automatically created
(e.g., via automatic query and/or results modification) that returns weather related
information relating to the user’s current city. In a mobile situation, the context for the
search may be different and thus the query and or results can be modified accordingly
(e.g., search conducted from user’s mobile computer with current context detected as
being out of town from recent airline reservation or from a recent Instant Message with a
friend). User interfaces can be provided that return personalized results and enable
tuning of the personalized search algorithms from more generalized searching across a

spectrum toward more personalized searching.



[0009] To the accomplishment of the foregoing and related ends, certain
illustrative aspects of the invention are described herein in connection with the following
description and the annexed drawings. These aspects are indicative of various ways in
which the invention may be practiced, all of which are intended to be covered by the
present invention. Other advantages and novel features of the invention may become
apparent from the following detailed description of the invention when considered in

conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Fig. 1 is a schematic block diagram illustrating an information retrieval
architecture in accordance with an aspect of the present invention.
[0011] Fig. 2 is a block diagram illustrating a user model in accordance with an
aspect of the present invention.
[0012] Fig. 3 is a flow diagram illustrating an information retrieval process in
accordance with an aspect of the present invention.
[0013] Fig. 4-9 illustrate example user interfaces in accordance with an aspect of
the present invention.
[0014] Figs. 10-13 illustrate an example personalization algorithm in accordance
with an aspect of the present invention.
[0015] Fig. 14 is a schematic block diagram illustrating a suitable operating
environment in accordance with an aspect of the present invention.
[0016] Fig. 15 is a schematic block diagram of a sample-computing environment

with which the present invention can interact.

DETAILED DESCRIPTION OF THE INVENTION
[0017] The present invention relates to systems and methods that employ user
models to personalize generalized queries and/or search results according to information
that is relevant to a respective user. In one aspect, a system is provided that facilitates

generating personalized searches of information. The system includes a user model to



determine characteristics of a user. A personalization component automatically modifies
queries and/or search results in view of the user model in order to personalize information
searches for the user. A user interface component receives the queries and displays the
search results from one or more local and/or remote search engines, wherein the interface
can be adjusted in a range from more personalized searches to more generalized searches.
[0018] As used in this application, the terms “component,” “service,” “model,”
and “system” are intended to refer to a computer-related entity, either hardware, a
combination of hardware and software, software, or software in execution. For example,
a component may be, but is not limited to being, a process running on a processor, a
processor, an object, an executable, a thread of execution, a program, and/or a computer.
By way of illustration, both an application running on a server and the server can be a
component. One or more components may reside within a process and/or thread of
execution and a component may be localized on one computer and/or distributed between
two or more computers. As used herein, the term “inference” refers generally to the
process of reasoning about or inferring states of the system, environment, and/or user
from a set of observations as captured via events and/or data. Inference can be employed
to identify a specific context or action, or can generate a probability distribution over
states, for example.

[0019] Referring initially to Fig. 1, a system 100 illustrates an information
retrieval architecture in accordance with an aspect of the present invention. The system
100 depicts a general diagram for personalizing search results. A personalization
component 110 includes a user model 120 as well as processing components (e.g.,
retrieval algorithms modified in accordance with the user model) for using the model to
influence search results by modifying a query 130 and/or modifying results 140 returned
from a search. A user interface 150 generates the query 130 and receives modified or
personalized results 140 based upon a query modification 170 and/or results modification
160 provided by the personalization component 110. As utilized herein, the term “query
modification” refers to both an alteration with respect to terms in the query 130 and

alterations in an algorithm that matches the query 130 to documents in order to obtain the



personalized results 140. Modified queries 130 and/or results 140 are returned from one
or more local and/or remote search engines 180. A global database 190 of user statistics
may be maintained to facilitate updates to the user model 120.

[0020] Generally, there are at least two approaches to adapting search results
based on the user model 120. In one aspect, query modification processes an initial input
query and modifies or regenerates the query (via user model) to yield personalized
results. Relevance feedback described below is a two-cycle variation of this process,
wherein a query generates results that leads to a modified query (using explicit or implicit
judgments about the initial results set) which yields personalized results that are
personalized to a short-term model based on the query and result set. Longer-term user
models can also be used in the context of relevance feedback. Further, as discussed
above, query modifications also refer to alterations made in algorithm(s) employed to
match the query to documents. In another aspect, results modification take a user’s input
as-is to generate a query to yield results which are then modified (via user model) to
generate personalized results. It is noted that modification of results usually includes
some form of re-ranking and/or selection from a larger set of alternatives. Modification
of results can also include various types of agglomeration and summarization of all or a
subset of results.

[0021] Methods for modifying results include statistical similarity match (in
which users’ interests and content are represented as vectors and matched to items), and
category matching (in which the users’ interests and content are represented and matched
to items using a smaller set of descriptors). The above processes of query modification or
results modification can be combined, either independently, or in an integrated process
where dependencies are introduced among the two processes and leveraged. To illustrate
personalized searching, the following examples are provided.

[0022] In one example, a searcher is located in Seattle. A search for traffic
information returns information regarding Seattle traffic, rather than traffic in general.
Or, a search for pizza returns only pizza restaurants in the appropriate zip codes relating

to the user.



[0023] In another example, a searcher has previously searched for the term
Porsche. A search for Jaguar returns results related to the car meaning of Jaguar as
opposed to an animal or computer game or watch; other results may also be returned but
preference is given to those relating to the car meaning.

[0024] In another case, a searcher looks for “Bush” and most results are about the
president. However, this person has previously read papers by Vannevar Bush and
corresponded by email with Susan Bush, thus results matching those items are given
higher priority. As can be appreciated, searches can be modified in a plurality of
different manners given data stored and processed by the user model 120 which is
described in more detail below with respect to Fig. 2.

[0025] Referring to Fig. 2, a user model 200 is illustrated in accordance with an
aspect of the present invention. The user model 200 is employed to differentiate
personalized searches from generalized searches. One aspect in successful
personalization is to build a model of the user that accurately reflects their interests and is
easy to maintain and adapt to changes regarding long-term and short-term interests. The
user model can be obtained from a variety of sources, including but not limited to:

1) From a rich history of computing context at 210 which can be obtained from
local, mobile, or remote sources (e.g., applications open, content of those applications,
and detailed history of such interactions including locations).

2) From a rich index of content previously encountered at 220 (e.g., documents,
web pages, email, Instant Messages, notes, calendar appointments, and so forth).

3) From monitoring client interactions at 230 including recent or frequent
contacts, topics of interest derived from keywords, relationships in an organizational
chart, appointments, and so forth.

4) From a history or log of previous web pages or local/remote data sites visited
including a history of previous search queries at 240.

5) From profile of user interests at 250 which can be specified explicitly or

implicitly derived via background monitoring.



6) From demographic information at 260 (e.g., location, gender, age, background,
job category, and so forth).
[0026] From the above examples, it can be appreciated that the user model 200
can be based on many different sources of information. For instance, the model 200 can
be sourced from a history or log of locations visited by a user over time, as monitored by
devices such as the Global Positioning System (GPS). When monitoring with a GPS, raw
spatial information can be converted into textual city names, and zip codes. The raw
spatial information can be converted into textual city names, and zip codes for positions a
user has paused or dwelled or incurred a loss of GPS signal, for example. The locations
that the user has paused or dwelled or incurred a loss of GPS signal can be identified and
converted via a database of businesses and points of interest into textual labels. Other
factors include logging the time of day or day of week to determine locations and points
of interest.
[0027] In other aspects of the subject invention, components can be provided to
manipulate parameters for controlling how a user’s corpus of information, appointments,
views of documents or files, activities, or locations can be grouped into subsets or
weighted differentially in matching procedures for personalization based on type, age, or
other combinations. For example, a retrieval algorithm could be limited to those aspects
of the user’s corpus that pertain to the query (e.g., documents that contain the query
term). Similarly, email may be analyzed from the previous 1 month, whereas web
accesses from the previous 3 days, and the user’s content created within the last year. It
may be desirable that GPS location information is used from only today or other time
period. The parameters can be manipulated automatically to create subsets (e.g., via an
optimization process that varies parameters and tests response from user or system) or
users can vary one or more of these parameters via a user interface, wherein such settings
can be a function of the nature of the query, the time of day, day of week, or other
contextual or activity-based observations.
[0028] Models can be derived for individuals or groups of individuals at 270 such

as via collaborative filtering (described below) techniques that develop profiles by the



analysis of similarities among individuals or groups of individuals. Similarity
computations can be based on the content and/or usage of items. It is noted that
modeling infrastructure and associated processing can reside on client, multiple clients,
one or more servers, or combinations of servers and clients.

[0029] At 280, machine learning techniques can be applied to learn user
characteristics and interests over time. The learning models can include substantially any
type of system such as statistical/mathematical models and processes for modeling users
and determining preferences and interests including the use of Bayesian learning, which
can generate Bayesian dependency models, such as Bayesian networks, naive Bayesian
classifiers, and/or other statistical classification methodology, including Support Vector
Machines (SVMs), for example. Other types of models or systems can include neural
networks and Hidden Markov Models, for example. Although elaborate reasoning
models can be employed in accordance with the present invention, it is to be appreciated
that other approaches can also utilized. For example, rather than a more thorough
probabilistic approach, deterministic assumptions can also be employed (e.g., no recent
searching for X amount of time of a particular web site may imply by rule that user is no
longer interested in the respective information). Thus, in addition to reasoning under
uncertainty, logical decisions can also be made regarding the status, location, context,
interests, focus, and so forth of the users.

[0030] The learning models can be trained from a user event data store (not
shown) that collects or aggregates data from a plurality of different data sources. Such
sources can include various data acquisition components that record or log user event
data (e.g., cell phone, acoustical activity recorded by microphone, Global Positioning
System (GPS), electronic calendar, vision monitoring equipment, desktop activity, web
site interaction and so forth). It is noted that the system 100 can be implemented in
substantially any manner that supports personalized query and results processing. For
example, the system could be implemented as a server, a server farm, within client

application(s), or more generalized to include a web service(s) or other automated



application(s) that interact with search functions such as the user interface 150 and search
engines 180.

[0031] Before proceeding, collaborative filter techniques applied at 270 of the
user model 200 are described in more detail. These techniques can include employment
of collaborative filters to analyze data and determine profiles for the user. Collaborative
filtering systems generally use a centralized database about user preferences to predict
additional topics users may desire. In accordance with the present invention,
collaborative filtering is applied with the user model 200 to process previous user
activities from a group of users that may indicate preferences for a given user that predict
likely or possible profiles for new users of a system. Several algorithms including
techniques based on correlation coefficients, vector-based similarity calculations, and
statistical Bayesian methods can be employed.

[0032] Fig. 3 illustrates an information retrieval methodology 300 in accordance
the present invention. While, for purposes of simplicity of explanation, the methodology
is shown and described as a series of acts, it is to be understood and appreciated that the
present invention is not limited by the order of acts, as some acts may, in accordance with
the present invention, occur in different orders and/or concurrently with other acts from
that shown and described herein. For example, those skilled in the art will understand
and appreciate that a methodology could alternatively be represented as a series of
interrelated states or events, such as in a state diagram. Moreover, not all illustrated acts
may be required to implement a methodology in accordance with the present invention.
[0033] Explicit or implicitly harvested information about a user’s interests can be
employed in a variety of ways, and in a query-specific manner, wherein numerous classes
of algorithms can be applied. Many of the algorithms consider a user’s personal content
and/or activities and/or query and/or results returned from a search engine, at hand and
consider measures or proxies for measures of the statistical relationships between the
such content and global content.

[0034] The methodology 300 depicts two basic paths that can be taken, however,

as noted above a combination of query-based modifications or results-based
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modifications can be applied for personalizing retrieved information. At 310, one or
more user models are determined as previously described above with respect to Fig. 2.
At 320, a user query is modified in view of the model determined at 310. This can
include automatically refining or narrowing the query to terms that are related to interests
of the user as determined by the model. At 330, a search is performed by the modified
query by submitting the modified query to one or more search engines, wherein results
from the modified query are returned at 340.

[0035] In the other branch of the process 300, a search is performed by submitting
a user’s query to one or more search engines at 350. The returned results are then
modified at 360 in view of the user model. This can include filtering or reordering results
based upon the likelihood that some results are more in line with the user’s preferences
for desired search information. At 370, the modified results are presented to the user via
a user interface display.

[0036] The following discussion describes one particular example of a
Personalized Search system that has been prototyped. The user model can include an
index of all the items a user has previously seen, including email, documents, web pages,
calendar appointments, notes, calendar appointments, instant messages, blogs, and so
forth. Items are tagged with metadata (e.g., time of access/creation/modification, type
of item, author of item, etc.), which can be used to selectively include/exclude items for
developing the user model. In this case, the user model resides on a client machine,
wherein the user model is accessed from data storage within the client machine upon
utilization of a search engine.

[0037] Since the user model typically runs on the client’s machine, unless the
client machine has a local index of the corpora being searched over, corpus-wide term
statistics for re-ranking can be difficult or slow to compute. For this reason, in the
following example, the corpus statistics are approximated by using the result set.

[0038] A Query is directed to a Search Engine (internet or intranet) and Results
are returned. The results are modified via the User Model. Modification also occurs on

client machine. For each result, compute the similarity of the item with the user’s index
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to identify results that are of more interest to the user. There are several ways to perform
such matching such as:

Personalized similarity equation psim = Z(tft [ dfy) - pdfi

teterms _of _interest
[0039] Personalized similarity is summed over all terms of interest. For each
term, the similarity of the result is related to how often the term appears in the result (tf;),
inversely related to the number of documents in the corpora being searched in which the
term appears (df;), and related to how many documents the term occurs in the user’s
index (pdfy). Terms of interest can include, terms in the title of the result, terms in the
result summary, terms in an extended result summary, terms in the full web page, or
some subset of these terms. The number of documents in the corpora in which the term
occurs can be approximated using the number of documents in the result set in which the
term occurs, where documents are represented by the full text of the document or the
result set snippet describing the document.
[0040] One implementation identifies terms within a window of two words from
each query term in the title or result summary. Generally, all items in the index
regardless of type or time are used to compute a personalized similarity measure for each
result. The standard similarity of each item is then combined with the personalized
similarity for each item. One implementation employs a linear combination of the rank
of the item in the original results list with a normalized version of the psim score of each
item. Other implementations include combining ranks from the original and personalized
lists, or scores from the original and personalized lists.
[0041] Referring now to Figs. 4-9, example user interfaces for personalized
searches are illustrated in accordance with an aspect of the present invention. It is noted
that the respective interfaces depicted can be provided in various other different settings
and context. As an example, the applications and/or models discussed herein can be
associated with a desktop development tool, mail application, calendar application,
and/or web browser, for example although other type applications can be utilized. These

applications can be associated with a Graphical User Interface (GUI), wherein the GUI
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provides a display having one or more display objects (not shown) including such aspects
as configurable icons, buttons, sliders, input boxes, selection options, menus, tabs and so
forth having multiple configurable dimensions, shapes, colors, text, data and sounds to
facilitate operations with the applications and/or models. In addition, the GUI and/or
models can also include a plurality of other inputs or controls for adjusting and
configuring one or more aspects of the present invention and as will be described in more
detail below. This can include receiving user commands from a mouse, keyboard, speech
input, web site, remote web service, and/or other device such as a camera or video input
to affect or modify operations of the GUI and/or models described herein.

[0042] Fig. 4 illustrates an interface 400 for presenting personalized results. In
this example, the query is “Bush.” Standard search results are shown on the left side at
410, and the personalized results shown on the right side at 400. A slider 430 is used to
control a function that combines the standard and personal results, ranging from no
personalization to full personalization.

[0043] Fig. 5 shows an interface 500 in which results of personal interest are
further highlighted by increasing their point size in proportion to their psim score; color
or other presentation cues could be used as well. Further, terms that contribute
substantial weight to the psim score could be highlighted within the individual result
summaries. The left at 510 shows standard results ordering with size augmentation. The
interface at 500 shows a personalized combination again augmented with increased font
size for items of personal interest.

[0044] Fig. 6 illustrates the process of providing personalized queries at an
interface 600. In this case, the top N results are considered that have been returned from
a query at 610. Similarity is computed at 620 in accordance with the user model and the
returned results. At 630, personalized and standard results are combined and these results
are reordered at 640 where they are displayed as personalized results at 600.

[0045] Figs. 7-9 illustrate the effects of the personalization control described
above. With respect to Fig. 7, an interface 700 is tuned via a personalization control 710

where the search term “Eton” is employed. A top result for Eton College is ranked as
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1/100 at 720. The personalization control 710 is moved to the right and some
personalized results appear in the list. The result which appears in position 32 in the
standard results list is now shown in position 4. At Fig. 8, a personalization control 810
is moved slightly to the right indicating more personalization for the search. In this case,
a top ranking relating to Eton School is generated, wherein Eton School is associated
with a personal relative of the user. In this case, the previous rank from Fig. 7 was 32 out
of 100. At Fig. 9, the personalization slider is moved to the far right at 910 providing a
more personalized ranking of results relating to an Eaton School Uniform posting on the

current date.

[0046] Figs. 10-13 illustrate an example process that can be employed to
personalize queries and/or results in accordance with an aspect of the present invention.
Fig. 10 shows axes at reference numerals 1000, 1010, and 1020 that depict standard
information retrieval dimensions involving a query, a user generating the query, and
documents received from such query. In accordance with the present invention, a fourth
or personalized dimension 1030 is considered which is based upon a user model to
additionally refine, focus, or modify queries and/or results according to personal
characteristics or interests of the user.

[0047] Such personalized information can be sampled from metadata relating to a
plurality of personal information that may be available to a user such as how recently a
document has been created, viewed or modified, time stamp information, information that
has been stored or previously seen, applications used, logs of web site activities (e.g.,
sites or topics of interest), context information such as location information or recent
activity, e-mail activity, calendar activity, personal interactions such as through electronic
communications, demographic information, profile information, similarly situated user
information and so forth. These characteristics can be sampled and derived from the user
models previously described.

[0048] Proceeding to Fig. 11, a Venn diagram 1100 illustrates intersections of
search items that are derived from a standard relevance feedback model. An outer circle

1110 depicts N which represents the total number of documents that can be searched. An
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inner circle n; represents the number of documents having the terms of a given search.
An inner circle R represents documents that are related to relevance feedback
determinations, wherein the subsection or overlap between n; and R represent documents
ri having characteristics of the desired search and are considered relevant by the
algorithm. Generally, R is determined from users providing judgments of varying
degrees of relevance (e.g., user assigning scores). According to the present invention, R
is determined automatically by analyzing the user model previously described to
determine relevant areas of interest to the user. Instead of representing the entire
document space, both N and R can also represent a subset of the document space (e.g., the
subset of documents that are relevant to the query, as indicated by the presence of the
query terms). Additionally, the corpus statistics, N and n;, can be approximated using the
result set, with N being the number of documents in the result set, and n; being the
number of documents having the terms of a given search, with documents represented by
the full text of the document or the result set snippet describing the document.
[0049] The following equations illustrate a Scoring function that assigns a score
to a given document based upon the sum of some subset of the document’s terms, where
term i’s frequency (tf;) in the document is multiplied by a determined weight (w;)
indicating the term’s rarity. The scoring function can then be employed to personalize
results. In this case, a BM25 relevance feedback model was employed but it is to be
appreciated that substantially any information retrieval algorithm can be adapted for
personalized queries and/or results modifications in accordance with the present
invention.
Score = 2 tf * w,
(ri+0.5)(N-n-R+r,+0.5)

(n;-r;i+0.5)(R-r+0.5)
[0050] Proceeding to Fig. 12, personalized relevant document information (R) is

w; = log

shown as separate from the collection information (N) in the Venn diagram 1200. In this
case, terms N’ and n;” are introduced to facilitate the separation, wherein N’ = N + R and

ny’=n; + r;’” and w; is computed as:
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(r+0.5)(N’-n/-R+r;+0.5)
(n/-r+0.5)(R-r+0.5)

w; = log

[0051] Fig. 13 shows the personalized cluster of data separated at 1300, wherein
both personalized items and items matching the search topic are illustrated at 1310. For
instance, the circle 1300 could include all documents existing on the web, the documents
represented at 1320 could include documents relating to personal data (e.g., documents
related to a derived interest in automobiles from the user model), and items at 1310 are
those personal documents relating to the search term. As can be appreciated, queries and
results can be modified with a plurality of terms or conditions depending on the model
and the query of interest.

[0052] With reference to Fig.14, an exemplary environment 1410 for
implementing various aspects of the invention includes a computer 1412. The computer
1412 includes a processing unit 1414, a system memory 1416, and a system bus 1418.
The system bus 1418 couples system components including, but not limited to, the
system memory 1416 to the processing unit 1414. The processing unit 1414 can be any
of various available processors. Dual microprocessors and other multiprocessor
architectures also can be employed as the processing unit 1414.

[0053] The system bus 1418 can be any of several types of bus structure(s)
including the memory bus or memory controller, a peripheral bus or external bus, and/or
a local bus using any variety of available bus architectures including, but not limited to,
11-bit bus, Industrial Standard Architecture (ISA), Micro-Channel Architecture (MSA),
Extended ISA (EISA), Intelligent Drive Electronics (IDE), VESA Local Bus (VLB),
Peripheral Component Interconnect (PCI), Universal Serial Bus (USB), Advanced
Graphics Port (AGP), Personal Computer Memory Card International Association bus
(PCMCIA), and Small Computer Systems Interface (SCSI).

[0054] The system memory 1416 includes volatile memory 1420 and nonvolatile
memory 1422. The basic input/output system (BIOS), containing the basic routines to
transfer information between elements within the computer 1412, such as during start-up,
is stored in nonvolatile memory 1422. By way of illustration, and not limitation,
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nonvolatile memory 1422 can include read only memory (ROM), programmable ROM
(PROM), electrically programmable ROM (EPROM), electrically erasable ROM
(EEPROM), or flash memory. Volatile memory 1420 includes random access memory
(RAM), which acts as external cache memory. By way of illustration and not limitation,
RAM is available in many forms such as synchronous RAM (SRAM), dynamic RAM
(DRAM), synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM),
enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and direct Rambus
RAM (DRRAM).

[0055] Computer 1412 also includes removable/non-removable, volatile/non-
volatile computer storage media. Fig. 14 illustrates, for example a disk storage 1424,
Disk storage 1424 includes, but is not limited to, devices like a magnetic disk drive,
floppy disk drive, tape drive, Jaz drive, Zip drive, LS-100 drive, flash memory card, or
memory stick. In addition, disk storage 1424 can include storage media separately or in
combination with other storage media including, but not limited to, an optical disk drive
such as a compact disk ROM device (CD-ROM), CD recordable drive (CD-R Drive), CD
rewritable drive (CD-RW Drive) or a digital versatile disk ROM drive (DVD-ROM). To
facilitate connection of the disk storage devices 1424 to the system bus 1418, a
removable or non-removable interface is typically used such as interface 1426.

[0056] It is to be appreciated that Fig 14 describes software that acts as an
intermediary between users and the basic computer resources described in suitable
operating environment 1410. Such software includes an operating system 1428.
Operating system 1428, which can be stored on disk storage 1424, acts to control and
allocate resources of the computer system 1412. System applications 1430 take
advantage of the management of resources by operating system 1428 through program
modules 1432 and program data 1434 stored either in system memory 1416 or on disk
storage 1424. It is to be appreciated that the present invention can be implemented with
various operating systems or combinations of operating systems.

[0057] A user enters commands or information into the computer 1412 through

input device(s) 1436. Input devices 1436 include, but are not limited to, a pointing
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device such as a mouse, trackball, stylus, touch pad, keyboard, microphone, joystick,
game pad, satellite dish, scanner, TV tuner card, digital camera, digital video camera,
web camera, and the like. These and other input devices connect to the processing unit
1414 through the system bus 1418 via interface port(s) 1438. Interface port(s) 1438
include, for example, a serial port, a parallel port, a game port, and a universal serial bus
(USB). Output device(s) 1440 use some of the same type of ports as input device(s)
1436. Thus, for example, a USB port may be used to provide input to computer 1412,
and to output information from computer 1412 to an output device 1440. Output adapter
1442 is provided to illustrate that there are some output devices 1440 like monitors,
speakers, and printers, among other output devices 1440, that require special adapters.
The output adapters 1442 include, by way of illustration and not limitation, video and
sound cards that provide a means of connection between the output device 1440 and the
system bus 1418. It should be noted that other devices and/or systems of devices provide
both input and output capabilities such as remote computer(s) 1444.

[0058] Computer 1412 can operate in a networked environment using logical
connections to one or more remote computers, such as remote computer(s) 1444. The
remote computer(s) 1444 can be a personal computer, a server, a router, a network PC, a
workstation, a microprocessor based appliance, a peer device or other common network
node and the like, and typically includes many or all of the elements described relative to
computer 1412. For purposes of brevity, only a memory storage device 1446 is
illustrated with remote computer(s) 1444. Remote computer(s) 1444 is logically
connected to computer 1412 through a network interface 1448 and then physically
connected via communication connection 1450. Network interface 1448 encompasses
communication networks such as local-area networks (LAN) and wide-area networks
(WAN). LAN technologies include Fiber Distributed Data Interface (FDDI), Copper
Distributed Data Interface (CDDI), Ethernet/IEEE 802.3, Token Ring/IEEE 802.5 and the
like. WAN technologies include, but are not limited to, point-to-point links, circuit
switching networks like Integrated Services Digital Networks (ISDN) and variations

thereon, packet switching networks, and Digital Subscriber Lines (DSL).
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[0059] Communication connection(s) 1450 refers to the hardware/software
employed to connect the network interface 1448 to the bus 1418. While communication
connection 1450 is shown for illustrative clarity inside computer 1412, it can also be
external to computer 1412. The hardware/software necessary for connection to the
network interface 1448 includes, for exemplary purposes only, internal and external
technologies such as, modems including regular telephone grade modems, cable modems
and DSL modems, ISDN adapters, and Ethernet cards.

[0060] Fig. 15 is a schematic block diagram of a sample-computing environment
1500 with which the present invention can interact. The system 1500 includes one or
more client(s) 1510. The client(s) 1510 can be hardware and/or software (e.g., threads,
processes, computing devices). The system 1500 also includes one or more server(s)
1530. The server(s) 1530 can also be hardware and/or software (e.g., threads, processes,
computing devices). The servers 1530 can house threads to perform transformations by
employing the present invention, for example. One possible communication between a
client 1510 and a server 1530 may be in the form of a data packet adapted to be
transmitted between two or more computer processes. The system 1500 includes a
communication framework 1550 that can be employed to facilitate communications
between the client(s) 1510 and the server(s) 1530. The client(s) 1510 are operably
connected to one or more client data store(s) 1560 that can be employed to store
information local to the client(s) 1510. Similarly, the server(s) 1530 are operably
connected to one or more server data store(s) 1540 that can be employed to store
information local to the servers 1530.

[0061] What has been described above includes examples of the present
invention. It is, of course, not possible to describe every conceivable combination of
components or methodologies for purposes of describing the present invention, but one of
ordinary skill in the art may recognize that many further combinations and permutations
of the present invention are possible. Accordingly, the present invention is intended to
embrace all such alterations, modifications and variations that fall within the spirit and

scope of the appended claims. Furthermore, to the extent that the term “includes” is used
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in either the detailed description or the claims, such term is intended to be inclusive in a
manner similar to the term “comprising” as “comprising” is interpreted when employed

as a transitional word in a claim.
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What is claimed is:

1. A system that facilitates generating personalized searches of
information, comprising:

a user model to determine characteristics of a user;

a personalization component to automatically modify at least one query
component or at least one search result in view of the user model; an
interface component to receive the query and display the search result; and

a personalization control that provides for the user to selectively tune a
level of modification of the queries or the results in terms of a range from

standardised results to personalized results as a function of the user model.

2. The system of claim 1, further comprising one or more search engines

to receive the query and return the result.

3. The system of claim 1, further comprising a global database of user

statistics to facilitate updates to the user model.

4. The system of claim 1, wherein the personalization component
employs a query modification process for an initial input query, modifies or
regenerates the query via the user model to yield personalized results from a

search engine.

5. The system of claim 4, wherein the personalization component
employs relevance feedback, wherein a query generates results that leads to
a modified query via explicit or implicit judgments about an initial result set to

yield personalized results.

6. The system of claim 1, wherein the personalization component
employs results modification utilizing a user's input as-is to generate a query
to yield results which are then modified via the user model to generate

personalized results.
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7. The system of claim 6, wherein the modification of results usually

includes re-ranking or selection from a larger set of results alternatives.

8. The system of claim 6, wherein the modification of results includes an

agglomeration or summarization of all or a subset of results.

9. The system of claim 1, wherein the personalization component
employs a statistical similarity match in which users interests and content are

represented as vectors and matched for results modification.

10. The system of claim 9, wherein the personalization component
employs category matching in which a user's interests and content are

represented using a smaller set of descriptors.

11. The system of claim 1, wherein the personalization component
combines query modification or results modification, wherein dependencies

are introduced among the two modifications and leveraged.

12. The system of claim 1, wherein the user model is based in part on a
history of computing context which can be obtained from local, mobile, or

remote sources.

13. The system of claim 12, wherein the computing context includes at
least one of applications open, content of the applications or a detailed history

of interactions with the applications.

14. The system of claim 1, wherein the user model is based in part on an
index of content previously encountered including at least one of documents,

web pages, email, Instant Messages, notes or calendar appointments.

15. The system of claim 1, wherein the user model is based at least in part
on client interactions including at least one of recent or frequent contacts,
topics of interest derived from keywords, relationships in an organizational

chart or appointments.
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16. The system of claim 1, wherein the user model is based at least in part
on a history or log of previous web pages or local/remote data sites visited

including a history of previous search queries.

17. The system of claim 1, wherein the user model is based at least in part
on a history or log of locations visited by a user over time and monitored by

devices that determine information regarding the user's location.

18. The system of claim 17, wherein the devices include a Global
Positioning System (GPS) or an electronic calendar to determine the user's

location.

19. The system of claim 18, wherein the devices generate spatial

information that is converted into textual city names, and zip codes.

20. The system of claim 19, wherein the spatial information is converted
into textual city names, and zip codes for locations where a user has paused

or dwelled or incurred a loss of GPS signal.

21. The system of claim 20, where the locations that the user has paused
or dwelled or incurred a loss of GPS signal are identified and converted via a

database of businesses and points of interest into textual labels.

22. The system of claim 21, wherein the locations are determined from the

time of day or the day of the week.

23.  The system of claim 1, wherein the user model is based at least in part

on a profile of user interests which can be specified explicitly or implicitly
24. The system of claim 1, wherein the user model is based at least in part

on demographic information including at least one of location, gender, age,

background or job category.
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25. The system of claim 1, wherein the user model is based at least in part

on at least one of a collaborative filtering or a machine learning algorithm.

26. The system of claim 25, wherein the machine learning algorithm
includes at least one of a Bayesian network, a naive Bayesian classifier, a

Support Vector Machine, a neural network or a Hidden Markov Model.

27. A computer readable medium having computer readable instructions

stored thereon for implementing the components of claim 1.

28. A client component comprising the system of claim 1.

29. An information retrieval system, comprising:

means for modeling characteristics of a user;

means for querying and displaying results from a search by the user;

means for modifying the search results based at least in part on the
characteristics of the user;and

means for selectively refining the queries or the search results based
on a range from standardized searches to personalized searches as a

function of modelled user characteristics.

30. The system of claim 29, further comprising means for interacting with

at least one search engine.

31. A method that facilitates information searching at a user interface,
comprising:

defining at least one user model that automatically determines
parameters of interest for a user;

automatically refining a query or a result from a query based at least in
part on the user model;

automatically adjusting the query or the result based at least in part on
a range from more personalized searches to more generalized searches in

view of the user model; and
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automatically formatting the query or the result in view of the user

model before displaying modified results to the user.

32. The method of claim 31, wherein the user model includes an index of
items a user has previously seen, including at least one of email, documents,

web pages, calendar appointments, notes, instant messages or blogs.

33. The method of claim 32, further comprising tagging the items with
metadata that includes at least one of a time of access or creation or
modification, a type of the item or an author of the item which can be

employed to selectively include or exclude the items for comparison.

34. The method of claim 32, further comprising computing a similarity of
the result with a user's index to identify results that are of more interest to the

user.

35. The method of claim 34, further comprising the following equation to
determine similarity:

Personalized similarity psim=SIGMA(scorey)

wherein personalized similarity is summed over all terms of interest, for
each term, a similarity of a result is related to a value placed on a term

occurrence (scorey).

36. The method of claim 35, where (score;) = (tf; / df)*pdf;, is related to
frequency the term appears in the result (tf;), inversely related to a number of
results in which the term appears (df;), and related to how many items the

term occurs in a user's index (pdfy).

37. The method of claim 35, wherein the terms of interest include at least
one of terms in a title of a result, terms in a result summary, terms in an

extended result summary, terms in a full web page or a subset of the terms.

38. The method of claim 37, further comprising identifying terms within a

window of words from each query term in a title or result summary.
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39. The method of claim 34, further comprising combining a standard

similarity of items with a personalized similarity of the items.

40. The method of claim 39, further comprising employing a linear
combination of a rank of the items in an original results list with a normalized

version of a personalized similarity score of each item.

41. The method of claim 35, further comprising employing a relevance

feedback algorithm to determine similarity (scorey).

42. The method of claim 41, wherein the relevance feedback algorithm is a
BM25 algorithm.

43. A graphical user interface to perform information retrieval, comprising:
an input component to receive queries;

a display component to show results from queries; a personalization
component to automatically modify the queries or the results in view of a user
model that determines preferences of the user; and

a control to refine the queries or the results in terms of a range from

standardized results to personalized results in view of the user model.

44, The graphical user interface of claim 43, further comprising a control to
refine the queries or the results in terms of a range from standardized

searches to personalized searches.

45. The graphical user interface of claim 44, wherein the personalized

searches are associated with a display having text or color augmentation.

46. A system that facilitates generating personalized searches of
information, comprising:
a user interface to receive search queries and display search results;

a user model to determine characteristics of a user;
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a personalization component associated with the user model; an
interface control to provide adjustment to control personalization of the results
or the queries of the user model; and

a parameter component to control a corpus of data for the user model.

47. The system of claim 46, wherein the corpus of data is related to user

appointments, user views of documents, user activities or user locations.

48. The system of claim 46, wherein the parameter component determines
subsets for the corpus of data or determines weighted differentials in
matching procedures for data personalization based at least in part on type or

age.

49. The system of claim 46, wherein the parameter components varies one
or more parameters via an optimization process or through instructions

provided by a user interface.
50. The system of claim 49, wherein the parameters are a function of the

nature of a query, a time of day, a day of week, contextual-based

observations or activity-based observations.
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