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CHAINING CONTEXT-SENSITIVE SEARCH 
RESULTS 

PRIORITY CLAIM 

This application claims the bene?t of US. Provisional 
Patent Application No. 60/764,041, ?led Jan. 31, 2006 
entitled “Methods and Apparatus For Ranking, Organizing, 
and Presenting Search Results.” 

TECHNICAL FIELD 

The present disclosure relates in general to searching com 
puterized information repositories, and, in particular, to 
methods and apparatus for assessing, ranking, organizing, 
and presenting search results associated With a user’s current 
Work context. 

BACKGROUND 

Many people use a variety of different computer-based 
information sources such as search engines (e.g., GoogleTM, 
MSN®, Yahoo!®, etc.) to ?nd information they are seeking. 
Typically, users are looking for information relevant to a Work 
task in Which they are currently engaged. For example, a user 
may be interested in information related to a topic already 
displayed be a Web broWser, or a user may be interested in 
information related to a Word processing document they are 
currently Working on (e.g., a Word processing document). 
Typically, the user enters a query into an input box, and the 
search engine examines data associated With thousands of 
documents. The search engine then sends the user list of 
search results. In an effort to help users ?nd relevant infor 
mation quickly, most information sources rank search results 
for presentation to the user, thereby reducing the user’s need 
to Wade through a long list of search results. For example, 
documents that a search engine determines to be most rel 
evant to the user’s query are typically placed ?rst in a list of 
search results. 

Typically, search engines use some form of term fre 
quencyiinverse document frequency (TF/IDF) ranking 
algorithm or some similar method to determine this presen 
tation order or other organization scheme. TF/IDF scores 
documents in direct proportion to the number of query terms 
present in the document and in inverse proportion to some 
function of the number of times the query terms appear in the 
information repository as a Whole. In other Words, documents 
With many occurrences of rare query terms are ranked highly. 
In addition, other factors may be used to rank the documents, 
such as the number of times other documents reference that 
document. Search engines might also display the documents 
retrieved based on data associated With the retrieved docu 
ments. For example, documents labeled With the same subject 
area might be presented in the same folder. 
One problem With this method of ranking, organizing and 

presenting retrieved documents When seeking information 
related to a user’ s current Work context is that the query terms 
alone are used to assess the relevance of the search results in 
the course of retrieval. HoWever, most search engines place 
limitations on the length of the query and/or limitations on 
other aspects of the manner in Which the search may be 
speci?ed (e. g., the types of constraints that may be speci?ed 
on desired results). For example, a search engine may limit 
the number of terms in a query to ?ve, or the search engine 
may not contain a method for specifying a date range. In 
general, hoWever, the user’s current context is typically too 
complex to be represented in such a compressed and simpli 
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2 
?ed form. For example, if the document the user is currently 
Working onian important aspect of the user’s contextihas 
more than ?ve relevant terms, but a search engine only 
accepts queries that are ?ve Words long, the query alone is not 
necessarily the best representation of the user’ s current Work 
context With Which to assess relevance, since the user’s cur 
rent document (e.g., Web page or Word processing document) 
contains information bene?cial to assessing the relevance of 
a search result that is not easily communicated to the search 
engine in the form of a query. Other properties of the user’s 
current Work context, for example, their task (e.g., drafting a 
legal document), stage in that task, their role in an organiza 
tion (e. g., laWyer), the nature of that organization (e.g., a laW 
?rm), speci?ed areas of interest (e.g., patents), the application 
in Which they are Working (e.g., a Word processor), the docu 
ment genre or type (e.g., legal brief, or resume) or their past 
behavior, might also be important aspects of assessing the 
relevance of a given search result. Therefore, assessing, rank 
ing, organizing, and presenting search results associated With 
the user’s context simply using a query acceptable to a given 
search engine may not produce the best results. 

Moreover, as described above, the user’s current document 
by itself typically does not constitute the entire user context in 
terms of Which relevance of information should be assessed. 
Other factors, including, but not limited to, the user’ s task, the 
state of that task, the organization for Which the Work is being 
performed, the user’s role in that organization, explicit user 
indications, the application in Which the user is Working on 
the document, the document genre, etc., may also important 
in determining a ranking, organization, and presentation of 
search results that truly re?ects the user’ s information needs. 

Consider, for example, the task of Writing a scienti?c 
research paper. Presentations to others may be given before 
the Work is more broadly published. Therefore, at the begin 
ning of the Writing task, it may be useful to assemble infor 
mation by the author that very closely matches the ?rst drafts 
of the paper, so that those prior Writings may be reused. Later 
in the process, When the author is assembling related Work, it 
may be desirable to relax those constraints so as to provide a 
broader, more complete set of search results. In this example, 
the stage and type of task in?uence the character of the search 
results desired. HoWever it may not be possible to specify this 
directly to a typical search engine. 

In addition, the best strategy for presenting information 
should be determined. For example, While composing an 
electronic mail message, prior messages sent to and/or 
received from the recipients of the current message may be 
retrieved. These messages may be presented next to the email 
editor WindoW organized in headers labeled by the name of 
the recipient. Messages in each header may also be organized 
in a ranked list, Where items on the top of the list are ordered 
from most to least similar to the contents of the body of the 
message being composed. The system may also draW icons 
next to each email recipient indicating the presence of the 
additional information. When the user moves his/her mouse 

over those icons, the system may present the best matching 
email, so as to give the user a previeW of the available infor 
mation. In contrast, While shopping online and vieWing a 
product, information might be displayed in a WindoW next to 
the user’s Web broWser, organized in categories. RevieWs of 
that product may be organized in one category, accessories in 
another category, and prices under yet another category. An 
improved search system should be able to determine hoW to 
present information to the user using a strategy that Works 
better for the Work context in Which the user is currently 
engaged. 
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Another problem With relying solely on the rankings or 
organization schemes provided by search engines themselves 
occurs When querying multiple information sources. Differ 
ent information sources typically do not use the same scoring 
algorithm in determining What to return and What order to 
return it in or in determining hoW to organiZe and present 
these results. As a result, ranking and/or organiZing scores 
associated With results from different search engines (if 
returned to the requester of the search at all) typically cannot 
reliably be used to combine multiple result lists into com 
bined results lists. This is typically acceptable only if infor 
mation from different information sources is presented under 
different headings (e.g., one heading for each information 
source). If, hoWever, headings are de?ned functionally or by 
content rather than just by information source, then a com 
mon assessment, ranking, organization, and presentation sys 
tem may be needed in order to determine Which results Would 
be most useful to the user, Which results should be presented 
to the user, and hoW the results should be organiZed and 
presented to the user (e.g., in What order). Similarly, if a 
uni?ed vieW of information from a variety of information 
sources is desired, a common assessment, ranking, organiZa 
tion, and presentation system may be needed. 

SUMMARY 

The system described herein solves these problems by 
automatically generating search queries based on the user’s 
current Work context. For example, a user’ s Work context may 
include different aspects such as text associated With a Web 
site or a Word processing document as Well as a task associ 
ated With the user such as the task of “budgeting.” The user’ s 
current Work context may include the document the user is 
currently Working on (e. g., a Web page or a Word processing 
document) as Well as other variables as described herein. The 
system disclosed herein then automatically searches, 
assesses, ranks, organiZes, and presents the search results 
based on a rich model of the user’s current Work context 
instead of simply relying on the user entered search queries 
and the search engine’s assessments, rankings, etc., because 
the search engine assessments, rankings, etc., are based on the 
much more limited search query provided to the information 
source. In certain embodiments, the system described herein 
accomplishes this by comparing statistical and heuristic mod 
els of the search results to a statistical and heuristic model of 
the user’s current Work context, including the document cur 
rently being manipulated by the user. As described in detail 
beloW, this is an improvement over existing search engines 
(e.g., GoogleTM, MSN®, Yahoo!®, etc.). 
The ?rst problem is solved because search queries are 

automatically generated each time the user’s current context 
changes (and/or periodically), and the limitations each search 
engine places on the query or results format and expressive 
ness, are not also limitations on algorithms that may be used 
to assess, rank, organiZe and present search results. For 
example, such algorithms may represent the user’s current 
Work context using more than ?ve terms, or using features of 
the user’s Work context other than just terms of the sort usable 
in search queries. For example, the search results may be 
ranked With the bene?t of other Words in the user’s current 
document that may not have been included in the search 
query. For example, a search engine query may be limited to 
the terms “dog” and “cat,” but a particular search result and 
the user’s current document may also contain the Word 
“mouse,” making one search result potentially more relevant 
than another search result that contains the Words “dog” and 
“cat” but does not contain the Word “mouse.” Other features, 
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4 
such as the task the user is currently performing in a desktop 
application, may be used to inform the ranking and presenta 
tion of search results. For example, if the user is vieWing a 
contact in a personal information management application 
such as Microsoft Outlook®, home pages for the contact 
person might be ranked more highly than other retrieved 
documents, and could be presented in a separate folder in the 
list of search results retrieved. 
The second problem is solved because search results from 

multiple search engines can be analyZed and organiZed 
together by the same algorithm, based on the same informa 
tion about the user’s current Work context. For example, bold 
face Words in a current Word processing document may be 
given additional raking Weight, and search results from dif 
ferent search engines can be usefully compared With each 
other in terms of potential relevance to the user’ s current Work 
context, and so, for example, meaningfully combined into a 
single ranked list or other uni?ed presentation scheme, Which 
may itself be determined by the user’s current Work context. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a high level block diagram of an example com 
munications system. 

FIG. 2 is a more detailed block diagram shoWing one 
example of a client device. 

FIG. 3 is a more detailed block diagram shoWing one 
example of a context based search system. 

FIG. 4 is a message diagram shoWing an example commu 
nications exchange betWeen a client device, a context based 
search system, and a plurality of information sources. 

FIG. 5 is a ?owchart of an example process for obtaining 
and ranking search results. 

FIG. 6 is a screen shot shoWing an example user document 
and an example search results side bar With ranked search 
results. 

FIG. 7 is a screen shot shoWing an example search results 
Web page from one information source. 

FIG. 8 is a screen shot shoWing an example search results 
Web page from another information source. 

FIG. 9 is a screen shot shoWing an example search results 
side bar in accordance With an embodiment of the present 
system. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The present system is most readily realiZed in a netWork 
communications system. A high level block diagram of an 
exemplary netWork communications system 100 is illustrated 
in FIG. 1. The illustrated system 100 includes one or more 
client devices 102, one or more routers 106, a plurality of 
different information sources 108 including database servers 
110 and/ or databases 112, and one or more context based 
search systems 114. Each of these devices may communicate 
With each other via a connection to one or more communica 
tions channels 116 such as the Internet and/or some other data 
netWork, including, but not limited to, any suitable Wide area 
netWork or local area netWork. It Will be appreciated that any 
of the devices described in the examples herein may be 
directly connected to each other instead of over a netWork. In 
addition, any combination of devices described in the 
examples herein may be embodied in a single device. 
The information sources 108 store a plurality of ?les, pro 

grams, and/ or Web pages in one or more databases 112 for use 
by the client devices 102. For example, a database server 110 
may be associated With a publicly available search engine 
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such as GoogleTM, MSN®, or Yahoo!®. In addition, a data 
base server 110 may include commercial databases such as 
Lexis® and Westlaw®. Still further, a database server 110 
may be a local database server such as a corporate intranet 
server. The databases 112 may be connected directly to the 
database servers 110 and/or via one or more network connec 

tions. 
Data from the information sources 108, which is relevant to 

content in documents displayed on the client devices 102, is 
sent to the client devices 102 via the communications channel 
116. For example, a user of a client device 102 may be 
viewing a web page related to an automobile, and the client 
device 102 may receive a list of hyperlinks to other web pages 
related to that automobile. In one embodiment, the informa 
tion sources 108 communicate directly with each client 
device 102. In other embodiments, the information sources 
108 communicate with the client devices 102 via a search 
system 114. 
One information source 108 and/or one search system 114 

may interact with a large number of other devices. Accord 
ingly, each information source 108 and/or search system 114 
is typically a high end computer with a large storage capacity, 
one or more fast microprocessors, and one or more high speed 
network connections. Conversely, relative to a typical server 
110 (or in some embodiments system 114), each client device 
102 typically includes less storage capacity, a single micro 
processor, and a single network connection. 
A more detailed block diagram of the electrical systems of 

an example client device 102 is illustrated in FIG. 2.Although 
the electrical systems of different client devices 102 may be 
similar, the structural differences between these devices are 
well known. For example, a typical handheld client device 
102 is small and lightweight compared to a typical personal 
computer 102. 

The example client device 102 includes a main unit 202 
which preferably includes one or more processors 204 elec 
trically coupled by an address/data bus 206 to one or more 
memory devices 208, other computer circuitry 210, and one 
or more interface circuits 212. The processor 204 may be any 
suitable processor, such as a microprocessor from the INTEL 
PENTIUM® family of microprocessors. The memory 208 
preferably includes volatile memory and non-volatile 
memory. Preferably, the memory 208 stores a software pro 
gram that interacts with the other devices in the system 100 as 
described below. This program may be executed by the pro 
cessor 204 in any suitable manner. 

In this example, the memory 208 includes a context gen 
eration module 224, a query generation module 226, a result 
modeling module 228, an assessment, organiZation, and rank 
ing module 230, and a search result display module 232. The 
context generation module 224 examines documents (e.g., 
web pages, e-mails, word processing documents, slide pre 
sentations, spread sheets, etc.) and other variables (e.g., user 
task and task state, application type, document genre, user 
role, etc.) to create context models as described below. The 
query generation module 226 forms multiple information 
queries targeted to multiple information sources 108 as 
described in detail below. The result modeling module 228 
examines search results (e.g., summaries, web pages, docu 
ments, etc.) to create search result models as described in 
detail below. The assessment, and organiZation, and ranking 
module 230 compares search results models to original con 
text models to assess, rank, and organiZe search results from 
single or, more usually, multiple information sources 108 as 
described in detail below. The search result display module 
232 displays ranked and organiZed search results received 
from the search system 114 to the user (e. g., in a sidebar to the 
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6 
associated document) as described below. The memory 208 
may also store other information such as digital data indica 
tive of documents, ?les, programs, web pages, etc. retrieved 
from another computing device and/or loaded via an input 
device 214. 
The interface circuit 212 may be implemented using any 

suitable interface standard, such as an Ethernet interface and/ 
or a Universal Serial Bus (USB) interface. One or more input 
devices 214 may be connected to the interface circuit 212 for 
entering data and commands into the main unit 202. For 
example, the input device 214 may be a keyboard, mouse, 
touch screen, track pad, track ball, isopoint, and/or a voice 
recognition system. 
One or more displays, printers, speakers, and/ or other out 

put devices 216 may also be connected to the main unit 202 
via the interface circuit 212. The display 216 may be a cath 
ode ray tube (CRTs), liquid crystal displays (LCDs), a plasma 
device, or any other type of display. The display 216 generates 
visual displays of data generated during operation of the 
client device 102. For example, the display 216 may be used 
to display search results received from the search system 114 
including data from multiple information sources 108. The 
visual displays may include prompts for human input, run 
time statistics, calculated values, data, etc. 
One or more storage devices 218 may also be connected to 

the main unit 202 via the interface circuit 212. For example, 
a hard drive, CD drive, DVD drive, a ?ash device, and/ or other 
storage devices may be connected to the main unit 202. The 
storage devices 218 may store any suitable type of data. The 
client device 102 may also exchange data with other network 
devices 220 via a wireless transceiver 222 and/or a connection 
to the network 116. The network connection may be any 
suitable type of network connection, such as an Ethernet 
connection, digital subscriber line (DSL), telephone line, 
coaxial cable, etc. 

In some embodiments, a context based search system 114 
is used. A more detailed block diagram of a context based 
search system 114 is illustrated in FIG. 3. A main unit 302 in 
the search system 114 preferably includes a processor 304 
electrically coupled by an address/ data bus 306 to a memory 
device 308 and a network interface circuit 310. The network 
interface circuit 310 may be implemented using any suitable 
data transceiver, such as an Ethernet transceiver. The proces 
sor 304 may be any suitable type of well known processor, 
and the memory device 308 preferably includes volatile 
memory and non-volatile memory. Preferably, the memory 
device 308 stores a software program that implements all or 
part of the method described below. 

In particular, the memory preferably stores a query genera 
tion module 312, a result modeling module 314, and an 
assessment, ranking, and organization module 316. The 
query generation module 312 forms multiple search queries 
targeted to multiple information sources 108 as described in 
detail below. The result modeling module 314 examines 
search results (e.g., summaries, web pages, documents, etc.) 
to create search result models as described in detail below. 
The assessment, ranking, and organization module 316 com 
pares search results models to original context models to rank 
and organiZe search results from multiple information 
sources 108 as described in detail below. These software 
modules 312, 314, 316 may be executed by the processor 304 
in a well known manner. However, some of the steps 
described in the method below may be performed manually 
and/or without the use of the search system 114. The memory 
device 308 and/or a separate database 318 also store ?les, 
programs, web pages, etc. for use by other servers 110 and/or 
client devices 102. 
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Users of the system 100 may be required to register With 
the search system 114. In such an instance, each user may 
choose a user identi?er (e. g., e-mail address) and a password 
Which may be required for the activation of services. The user 
identi?er and passWord may be passed across the netWork 1 1 6 
using encryption built into the user’s Web broWser. Alterna 
tively, the user identi?er and/ or pas sWord may be assigned by 
the search system 114. 
A message diagram shoWing an example communications 

exchange betWeen a client device 102 and a plurality of infor 
mation sources 108 is illustrated in FIG. 4. In this example, 
the communications exchange is initiated by a client device 
102 displaying a document to a user (block 402). For 
example, the client device 102 may be displaying a Web page, 
an e-mail message, a Word processing document, a slide 
presentation, a map, and/or any other suitable document. 

Each time the user context on the client device 102 
changes, for example, if the content of the document dis 
played by the client device 102 changes, the client device 102 
may automatically generate a context model message 404. 
For example, When the user stops typing into a Word process 
ing document (e.g., no activity for more than ?ve seconds), 
the client device 102 may generate a context model message 
404 representing the current state of the user’s context, 
including the current Word processing document, as dis 
cussed earlier. Alternatively, or in addition, the client device 
102 may generate the context model message 404 in response 
to other events. For example, the client device 102 may gen 
erate the context model message 404 periodically and/or 
When the focus of the document changes. In other embodi 
ments, the user may initiate this sequence themselves, e.g., by 
pressing a button. 

The context model message 404 includes a context model. 
The context model is a representation of a user’s current 
context based on the user’s current document and/or other 
factors such as the application type associated With the docu 
ment, the genre of the document (e.g., legal brief, patent 
application, resume, etc.), the user’s task and the state of that 
task, explicit indication by the user (e.g., pressing a button, or 
highlighting some Words), the organiZation in Which the user 
is currently Working, and/or the user’s role in that organiZa 
tion, etc. Preferably, the context model is generated by the 
context generation module 224 of the associated client device 
102. The context model is a statistical and heuristic model of 
the user’s context. For example, a user context including a 
user text document including occurrences of the Words dog, 
cat, mouse, and book might be described in part by a context 
model like “dog: 10; cat:6; mousez3; bookzl” Where the num 
bers represent Weights associated With the words. In this 
example, the context model indicates that the associated 
document is more about dogs than it is about cats. The 
Weights may be assigned by any suitable algorithm. For 
example, the Weighting algorithm may take into account the 
number of occurrences of each Word, the location of each 
Word (e.g., in the title of the document versus in the body), the 
style of the Words (e.g., bold text versus plain text), etc. A 
detailed discussion of various methods of determining a con 
text model is included in Us. Patent Publication 2005/ 
0027704, the entirety of Which is incorporated herein by 
reference. 

The context model Would in many cases also include rep 
resentations of such factors as the user’ s current task and task 
state, the application in Which the user is currently Working, 
the document type or genre, the organization in Which the user 
is Working, the user’s role in this organization, explicit user 
indications, etc. 
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8 
In some cases, aspects of the user context may be directly 

available from the task a user is accessing. For example, 
aspects of the user context may come from explicit user 
indication, such as selecting a task from a menu, or using a 
certain document template (letter, resume, etc.) or other fea 
tures of the user’ s application. Other aspects of a task may be 
directly available through application programming inter 
faces or by observing communication betWeen the applica 
tion and other softWare, such as the operating system, or 
hardWare, such as a netWork device. In other cases, aspects of 
the user context may be based on, computed from, or derived 
from one or more of these directly available aspects. For 
example, text in the document a user is reading or Writing may 
be directly available through an application programming 
interface, and then that text could be further processed to 
classify the user’ s document into one or more categories (e. g., 
legal brief, letter, outline, science paper), based on Words that 
are present and/or absent in the document. This classi?cation 
could then become one aspect of the context model. Other 
aspects of the user context may also be inferred from directly 
observable aspects of the user context other than the text of a 
document the user may be accessing. For instance, the stage 
in a task may be inferred from a step in a business process 
management system, or the status of an account as repre 
sented by a customer relationship management system. 

It is preferable for the context model to contain all of the 
information useful for retrieving relevant documents from 
search engines, determining the relevance of those retrieved 
documents, and further determining hoW they are relevant. 
Moreover, the portion of the context model derived from the 
document itself can in turn be the result of an analysis process 
that is itself sensitive to all these sorts of features. For 
example, suppose the text of the user’s document is analyZed 
in order to classify the document into one or more categories 
based on Words that are present or ab sent in the document, and 
the current document is classi?ed as a legal brief. As a result 
of classifying the document as a legal brief, the text may 
further be analyZed in order to extract the case citations 
present in the legal brief and to identify the jurisdiction under 
Which the present case is being argued. These aspects (juris 
diction and case citations) may then be added to the context 
model separately from the original text. In addition, other 
aspects, such the user’s role, may be added to the context 
model. For example, if the document is a legal brief, and the 
user is Writing the document, the role of legal brief drafter 
may cause the system to determine that legal opinions from 
the same judge are relevant. HoWever, if the user is just 
reading the legal brief, the role of legal brief revieWer may 
cause the system to determine that other legal documents With 
similar content are relevant. 
The context model may also include the text of the user’s 

document, its classi?cation as a legal brief, and Words and 
phrases that describe the key themes in the dispute. The Words 
and phrases that describe the key themes in the dispute may be 
based on the text of the original document. For example, 
Words and phrases may be assigned Weights and those Words 
With the highest Weights may be included in the list of Words 
and phrases that describe the key themes of the dispute. In 
determining the Words that describe the main themes, those 
terms that occur more frequently may be assigned a higher 
weight. It is preferable that those terms that occur in more 
important sections of the document be assigned a higher 
Weight. For example, Words that occur in the summary of 
argument section of a legal brief could be assigned a higher 
Weight than Words that only occur in the table of citations 
section. More speci?cally, each time a Word occurs in a docu 
ment, one could be added to its Weight, Whereas if a Word 
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occurs in an important section, a number W Would be added 
to its Weight, Where W is a tunable parameter greater than one. 
If a Word appears in bold or all caps and in an important 
section a number X could be added to its overall Weight, 
Where X is a tunable parameter greater than W. 

Furthermore, a list of Words could be excluded from 
appearing in the present list of Words that describe the key 
themes of the document. This list of Words to exclude may be 
selected based on the type of document being vieWed. For 
example, Words like “a, an, the, but, or” may be excluded from 
all documents, Whereas Words like “jury, testi?ed, defense, 
court, evidence, trial, alleged,” or names of those party to the 
case, may be excluded speci?cally from legal briefs. The 
terms excluded may be based in part on other aspects of the 
context model. The Words or phrases excluded may also be 
added to the context model, for the purposes of later using 
them to assess, ?lter, rank and organiZe search results. The 
Words or phrases With the biggest N Weights could then be 
collected and assigned to the major themes of the document. 

Moreover, the context model may contain more than one 
list of Words and phrases, each list representing separate 
aspects of the text of the overall document. For example, in a 
legal brief, one list of Words and phrases could represent the 
statement of jurisdiction. Another list of Words and phrases 
could represent the statement of the case, etc. In another 
example, if the user is broWsing the Web and vieWing a Web 
page on a neWs site on Which more than one neWs story is 

presented, the context representation may include a list of 
Words and phrases describing each story presented. Each list 
of Words and phrases associated With each aspect may be 
computed using methods described herein. The beginning 
and end of each neWs article may be determined ?rst by 
determining the Web page is being served by a neWs site and 
second by looking for features that occur betWeen articles, 
such as article titles and hyperlinks to the full article. The 
context model may be represented as a list or collection of 
aspects. In general, one aspect of the context model may be 
based on one or more other aspects of the context model. 

As part of generating the context model, the context gen 
eration module 224 makes a determination if a search is likely 
to return useful results. For example, the user may be vieWing 
the front page of an electronic neWspaper covering multiple 
unrelated topics. By analyZing application and/ or genre-spe 
ci?c document features, such as segmentation (e.g., columns 
in MS Word, frames in HTML, etc.), and/ or other properties 
of the user’s context, the query generation module 226 or 312 
may determine that a search is unlikely to return useful 
results, or that certain sources of information may be more 
likely to contain useful information than other sources of 
information. 

For example, if the user’s document contains feWer than N 
Words, Where N is a tunable parameter, the query generation 
module 226 or 312 may determine that a search is not likely 
to return useful or interesting results. In another example, the 
average length of a paragraph of text is computed. If the 
average length of a paragraph of text is beloW a tunable 
parameter L, then the query generation module 226 or 312 
may determine a search is not likely to return useful or inter 
esting results. The tunable parameter L may be related to 
other aspects of the user context, such as the type of document 
or application being accessed. For example, if the user is 
accessing a contact record in Microsoft Outlook, it is prefer 
able that the paragraph length requirement not apply because 
contact records are typically very short. If the user is access 
ing a PoWerPoint presentation, it is preferable that the para 
graph length requirement be shortened, as PoWerPoint pre 
sentations typically contain short paragraphs, less than a 
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10 
sentence long. If the user is Writing a document in Microsoft 
Word, hoWever, it is preferable to Work With full paragraphs 
of text. 

In cases Where a user is broWsing the Web, query generation 
module 226 or 312 scans the user’s document and counts the 
number of Words in hyperlinks and the number of Words not 
in hyperlinks. If the ratio of hyperlinked to non-hyperlinked 
Words is beloW a tunable threshold T, then the query genera 
tion module 226 or 312 may determine that a search is not 
likely to return useful or interesting results. In another 
example, the user may indicate an area of interest, and that 
area of interest may be represented by terms. If Words occur 
ring in areas of interest are not present in the user context, the 
query generation module 226 or 312 may determine that a 
search is not likely to yield interesting results. Similarly, areas 
of disinterest may be represented as lists of terms. If Words on 
that list appear in the user context, the query generation mod 
ule 226 or 312 may determine that a search is not likely to 
yield interesting results. 

In addition, the query generation module 226 or 312 may 
analyZe the text of the current user document to measure a 
degree of term overlap. For example, the user’s document 
may be broken up into sections of length W Words long. For 
example by starting at Word one, and storing until Word W, 
and then starting at Word W/O and then storing until Word 
W+W/O, Where W is a tunable parameter and O is a tunable 
parameter. If a certain threshold degree of commonality exists 
betWeen document segments (e.g., all of the document seg 
ments are relevant to the Olympics), the query generation 
module 226 or 312 may determine that a search is likely to 
return useful results. For example if a term occurs in both 
segment one and in segment tWo then one may be added to the 
overlap score of segment one and segment tWo. If the overlap 
score of tWo segments is greater than a threshold that is some 
function of the length of the text WindoW W, then the tWo text 
segments may be called coherent. If a certain portion of 
sub sequent text segments have coherence, then the document 
as a Whole may be called coherent and therefore a search may 
be alloWed to proceed. Otherwise, the query generation mod 
ule 226 or 312 may determine that a search is not likely to 
return useful results. In addition, if a certain threshold for 
density of links on a page is exceeded, the query generation 
module 312 may determine that the page does not have suf 
?ciently rich content to search. The query generation module 
312 may also determine the results of a search may be irrel 
evant or unnecessary to a user based on the broader, non 
document speci?c components of the context model such as 
current task, user role, etc. 
The query generation module 312 may also use non-docu 

ment speci?c context information to override and initiate 
searching related to a document that does not otherWise meet 
certain searching criteria (e. g., link density, term overlap). For 
example, if the user is broWsing the Web and the document 
they are vieWing is being transmitted over a secure channel, 
the URL or location of the document may start With the string 
“httpsz”. It may not be desirable to search automatically based 
on such pages, because the data Within them is often sensitive. 

Through such methods, the system prevents retrieval and 
presentation to the user of information based on user contexts 
and documents for Which the returned items are likely to be 
ranked loW or otherWise prove irrelevant. Conversely, such 
methods ensure the most relevant information is sought from 
the information sources 108 most likely to produce it. Pref 
erably, the user Would be given an option to override this 
determination. For example, if the user selects one document 
segment over others, the query generation module 226 or 312 
could focus its analysis on that segment. 
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If the query generation module 226 or 312 determines that 
a search is likely to return useful results, the query generation 
module 226 or 312 forms multiple search queries targeted to 
multiple information sources 108 (block 406). For example, 
one information source 108 may alloW Boolean operators, 
and another information source 108 may not alloW Boolean 
operators. Similarly, one information source 108 may alloW 
up to four search terms, and another information source 108 
may only alloW tWo search terms. An information source 108 
that alloWs four search terms preferably receives a query 
including the top four terms in the context model (e.g., dog, 
cat, mouse, and book), and an information source 108 that 
only alloWs tWo search terms preferably receives a query 
including the top tWo terms in the context model (e.g., dog, 
and cat). Any suitable method of selecting information 
sources 108 and generating queries may be used. A detailed 
discussion of various methods of generating queries is 
included in Us. Patent Publication 2005/0028156, the 
entirety of Which is incorporated herein by reference. 
One or more query messages 408 are then sent to one or 

more information sources 108. In response to receiving a 
query message 408, each information source 108 searches 
one or more information repositories and generates a set of 
search results (block 410). For example, a search engine such 
as GoogleTM may generate a plurality of summaries, Wherein 
each summary includes a portion of an associated document 
(e. g., a Web page). Typically, these summaries are intended to 
provide a human user With some notion of the associated 
document’s contents so that the user may assess the relevance 
of the document to the user’s needs. Each information 
source’s search results are then transmitted to the search 
system 114 and/or the client device 102 in a separate search 
results message 412. 

Other information systems 108 may provide other data 
about the search results, such as the subject area, industry 
classi?cation, date of publication, or author. This data may 
also be used as a feature of the result model, included in the 
search results message 412. In addition, the result model may 
include the query used to generate those results as a feature, 
included in the search results message 412. For example, if 
the query created by the query generation module 226 or 312 
is directed at a neWs database, the result modeling module 
may treat neWs items With preference, depending on the origi 
nal context model. Many information sources alloW users to 
enter additional constraints that signi?cantly change the char 
acter, subject area, or other properties of the search results 
retrieved. For example, users may be able to specify the type 
of item retrieved, e.g., neWs, patents, journal articles, or 
WWW home pages. Other properties, such as the date the 
document Was published, or the WWW location in Which the 
document Was published are also often available as con 
straints on the search query to information sources. These 
constraints alloW the query generation module 226 to specify 
at a suitable level of speci?city What information should be 
retrieved. The query generation module 226 may only gener 
ate queries directed at certain information sources or With 
certain constraints in response to certain properties of the user 
context. Any property of the information repository being 
searched, the search results as a group, or individual results on 
their oWn, may be used for the purposes of assessing, ranking, 
organizing, and presenting search results. 

The result modeling module 228 or 314 uses the search 
result messages 412 to create search result models and com 
pares the search result models to the original context model 
(block 414). The search result models may be compared to the 
original context model using any suitable scoring and/ or com 
parison algorithm. For example, the client device 102 or the 
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12 
search system 114 may generate a score for each search result 
model by multiplying the Weights of terms that are common 
to both the search result model and the original context model 
and then summing those products. 
A search result model is a representation of a search result 

from an information source 108. Each search result model is 
a statistical and heuristic model of the search result that may 
include lexical (Words or phrases) or symbolic (logical) data. 
For example, a summary from a neWs article including occur 
rences of the Words dog and cat might be described by a 
search result model as “dog:4; cat:3; IsNeWsArticle” Where 
the numbers represent Weights associated With the Words, and 
IsNeWsArticle indicates the type of document. In this 
example, the search result model indicates that the associated 
document is more about dogs than it is about cats. The 
Weights may be assigned by any suitable algorithm. For 
example, the Weighting algorithm may take into account the 
number of occurrences of each Word, the location of each 
Word (e.g., in the title of the summary versus in the body), the 
style of the Words (e.g., bold text versus plain text), etc. In 
addition, the result modeling module 228 or 314 may use an 
information source-speci?c stop list When constructing the 
search result model in order to prevent the inclusion of certain 
terms. For example, “court” may be on the stop list for Lexis® 
but not on the stop list for GoogleTM. 

A search result model may include a summary of a search 
result returned by the information source 108 in response to a 
query, and/ or the search result model may be derived from 
that summary through statistical and heuristic methods. The 
summaries returned by information sources 108, Whether 
Written by humans or automatically generated, are generally 
intended to enable human users to assess the relevance of the 
search results. Thus, these summaries are not necessarily 
optimal as, or for constructing, search result models for the 
purpose discussed here (i.e., for comparison With a context 
model to assess relevance of the search result to the user’s 
current context). In certain embodiments, the information 
source 108 may return a fuller or more representative sum 

mary of the search result derived statistically and/or heuris 
tically, speci?cally for the purpose of enabling ranking, orga 
niZing, and/ or presenting information, as described here. 
More generally, the information source 108 may return meta 
data about the search result and/or properties of the informa 
tion source 108 itself. This meta-data may or may not be 
speci?cally designed for the purpose of enabling ranking, 
organizing, and/or presenting information. 

In certain embodiments, an information source 108 may 
return the entire document associated With each search result, 
rich meta-data associated With each search result, or a model 
of each such document (as opposed to a summary of each 
document) that may include lexical and symbolic represen 
tations. For example, the search result model for a result 
returned by the information source may contain a list of Words 
occurring in the document along With the frequency With 
Which each Word occurs in that document. The information 
source 108 may also return data concerning the information 
source 108 as a Whole. For example, statistical information 
about the entire set of documents, such as the number of 
documents in Which a term occurs, or other data elements the 
document contains. The search result model returned by the 
information source for a result may be based in part on this 
statistical information. For example, the Weights associated 
With the terms in a list comprising an aspect of such a model 
may be modulated by this information. The search result 
model may also be based in part on a stop list to exclude 
certain terms from inclusion. 
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This search result model may also take into account the 
location of a term or terms in the document. For example, a 
term Which is located in a heading in the document may be 
Weighted more highly in the list of terms comprising an aspect 
of the search result model returned by the information source. 
The model may also take into account stylistic aspects of the 
document. For example, a Word Which is in bold face, or in a 
larger font siZe than the rest of the document, may be 
Weighted more highly in the list of terms. Conversely, a term 
Which is in a smaller type font may have its Weight reduced. 
The search result model may also take into account the order 
of terms in the document. For example, if tWo terms occur 
together in a given order, this order may be re?ected in the 
search result model as Well. 
The search result model may also be based on the genre or 

type of the document. Examples of this include an archived 
email, a resume, a patent application, a legal brief, etc. The 
genre or type information may be used, for example, to deter 
mine a specialiZed stop list of terms to be excluded from the 
model. In addition, the genre or type information may be used 
to identify key terms of particular interest or to alter the 
Weighting of terms in the model. For example, the terms 
folloWing the label “Subject” in an archived email might be 
Weighted more highly than other terms. Similarly, the result 
model may be based on the application used to create the 
document. 

Furthermore, the search result model may contain aspects 
of the user context in Which the document Was originally 
produced, such as the task that resulted in that document. In 
one example, the present system may submit the context 
model to a search engine along With the user’s document, 
When the document is being saved. The search engine could 
then return the stored context model along With the search 
results. Alternatively, the stored context model may be incor 
porated into the search result model returned for that docu 
ment, or the search result model may be based on this stored 
context model. For example, other aspects of the search result 
model, such as the Weights of terms, may be changed on the 
basis of this context model. 

In this manner, improved assessment, ranking, organiZa 
tion and presentation may be performed based on a more 
detailed and accurate search result model. Alternatively, sum 
mary style search results typically include a pointer to the full 
document associated With the summary, Which may be used 
to retrieve the full document. For example, most Internet 
search engines return a hyperlink to the associated Web page. 
In any case, the client device 102 or the search system 114 
may use a search result model created from some or all of the 
full document (as opposed to just the search result summary), 
in addition to other data about each search result. For 
example, the hyperlink itself may contain additional data that 
is helpful for ranking, organizing, or presenting search results 
for a given context model. In one example, search results are 
organiZed by the intemet domain under Which each search 
result occurs. 

The assessment, organiZation, and ranking module 230 or 
316 uses the comparison of the search result models to the 
original context model to assess, organiZe and rank the search 
results (block 416). In one example, the assessment, organi 
Zation, and ranking module 230 or 316 compares all of the 
terms occurring in a search result model to terms occurring in 
the user’s document. Consider a user Working on a document 
about ecology and global Warming. The context model might 
include terms like “ecology:5; ‘global Warming’:10; emis 
sions:9; co2:5; ‘greenhouse gas’ :4.” Further consider a search 
engine that only accepts one term. Given the context model 
above, the search term “global Warming” might be selected as 
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14 
a query. The result of executing a search based on that term 
may result in several search results, With search result models 
as folloWs. Search Result 1 :“‘ global Warming’:2; developing: 
1; country: 1; china: 1 .” Search Result 2: “‘ global Warming’ :2; 
‘greenhouse gas’ :2”. According to the search engine, Search 
Result 1 is more relevant than Search Result 2. But the search 
engine does not have all of the information included in the 
context model. Therefore, the assessment, organiZation, and 
ranking module 230 or 316, may further compare the context 
model With these search results models to arrive at a score, for 
example, by multiplying the Weights of terms occurring in the 
search result model With the Weights of terms occurring in the 
context model and dividing by the number of unique terms in 
the search result model. If a term is not present in the context 
model, it may be given a Weight of Zero. In the example above, 
then, Search Result 1 Would be given a score of 5, Whereas 
Search Result 2 Would be given a score of 14. The assessment, 
organiZation, and ranking module 230 or 316 may thereby 
determine Search Result 2 is more relevant to the user context 
than Search Result 1 and thereby rank Search Result 2 ahead 
of Search Result 1, even though the search engine originally 
ranked them in the opposite order. Similarly, When querying 
multiple search engines, the present method may be applied 
to search results from all search engines queried in order to 
rank search results into a single ordered list. 

In addition to ranking and organiZing, in some embodi 
ments, the assessment, organiZation, and ranking module 230 
or 316 may simply eliminate certain search results rather than 
presenting them to the user. Search engines sometimes return 
irrelevant results. This may be because the search engine 
lacks information about the user’s context. The present 
example may eliminate search results With a Weight of Zero, 
alloWing the system to only present search results that have at 
least one Word in common With the user’s context. Further 
more, search results that rank beloW a certain threshold, either 
absolute or relative to other results, may be eliminated. 

For example, in one embodiment, the system is connected 
to one or more search engines such as one or more World 

Wide Web (WWW) search engines. In a WWW search, there 
are typically no editorial controls on What information is 
contributed to the databases. As a result, these search engines 
may contain “junk” data. In some cases, data may be speci? 
cally generated by a malicious publisher to “game” the search 
engine so as to gain more referral tra?ic from the search 
engine, While providing no valuable information to the user. 
In the industry, this is called “search SPAM.” In order to avoid 
presenting this irrelevant information to the user, the present 
system compares the query model With the search result 
model in order to determine the longest uninterrupted 
sequence of search terms occurring in the search result model 
returned by the search engine that occur in the same order as 
in the search query that originally generated that search result. 
In other Words, the present system computes the longest 
matching sub sequence of the search query that appears in the 
search result model. Search results that contain a sequence of 
search terms of length greater than or equal to a tunable 
parameter T in their descriptions, are considered search 
SPAM and preferably eliminated from the search results pre 
sented to the user. SPAM removal can be turned on and off on 
a per-information source basis so as to avoid false positives. 

Furthermore, some of the search engines the system is 
connected to may provide search results that contain none of 
the Words mentioned in the search query, so as to provide a list 
of search results to the user even When there are no exact 
matches. Typically, these documents are irrelevant. There 
fore, the present system is preferably con?gured to eliminate 



US 7,657,518 B2 
15 

search results for Which there are no terms in common 
betWeen the search result model and the context model. 

The system may be connected to multiple WWW search 
engines, in addition to other databases that contain content 
that is less broadly applicable (e.g., Lexis-Nexis). Given the 
system is connected With so many different sources, many 
duplicate search results may be retrieved. Near-duplicates 
may be eliminated using methods described in USPTO Pub 
lication 2005/0028156. However, the resulting list may still 
contain similarities, and especially in light of the methods of 
ranking search results described herein, provide the user With 
too many documents that are related to the user’s context in 
the same Way. Therefore, if a search result is related to the 
user’s context in the same or similar Way as another search 
result, one of the tWo search results is preferably eliminated 
before the search results are presented to the user. This pro 
vides a more interesting list of search results. More speci? 
cally, given a context model C, consisting of terms C1, 
C2, . . . CN, a search result model R, consisting of terms R1, 
R2, . . . , RN, and another search result model R', consisting of 

terms R'1, R'2, . . . , R'N, then let I(C,R) be the intersection of 
C and R, and I(C,R') be the intersection of C and R'. If the siZe 
of the intersection of I(C,R) and I(C,R') is greater than a 
tunable parameter T, then R' is eliminated before the search 
results are presented to the user. In addition, term stems, 
multiple-Word phrases, or any aspect of the context model or 
search result model may be substituted for terms; the function 
I may be substituted for any method of computing hoW a 
search result relates to a context; and the siZe of intersection 
may be replaced With a Weighted comparison metric that may 
not be transitive (e.g., dot product, cosine, etc.) or any other 
suitable method for comparing relatedness. 
The system might also use the results of comparing the 

search result models With the context model to organiZe the 
search results in some appropriate Way, for example, by seg 
menting them based on categories that are selected based on 
the user’s current task, or properties of the search results 
themselves. The ranked and organiZed search results are a 
combination of the search results from multiple information 
sources 108 in an order that is not necessarily the same as the 
order of the individual search results received from the infor 
mation sources 108. For example, one information source 108 
may return a summary of documents A, B, and C ranked in 
that order, and another information source 108 may return a 
summary of documents C, D, and F ranked in that order. 
HoWever, the assessment, organiZation, and ranking module 
230 or 316 may rank the combined results as B, C, D, A, F. 

The assessment, organiZation, and ranking module 230 or 
316 uses the comparison of the search result models to the 
original context model to organiZe and present the search 
results (block 416). In other Words, relevancy is a matter of 
degree (position in a list) and/or type (Which group to be 
included in). An example of search results organiZed into 
different categories is illustrated in FIG. 6 (e.g., Top Results, 
Web, NeWs, Blogs, Shopping, Desktop, etc.). 

The original context model is used by the assessment, 
organiZation, and ranking module 230 or 316 to determine 
Which organiZation scheme to use and Which presentation 
strategy to pursue. When the user’s context changes, the 
organiZation scheme and presentation strategy may also 
change to best support and re?ect the user’s current task, 
properties of the user’s document, document genre, applica 
tion, etc. 

In one embodiment, search results are organiZed by the 
assessment, organiZation, and ranking module 230 or 316 
based on combinations of rules activated by the original con 
text model that combine a plurality of features of the search 
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result model to produce a categorized list. Similar rules may 
be used to select a presentation strategy, e.g., a pop up display, 
banner, ticker‘tape, embedded links in the user’s active docu 
ment, etc. 

For example, When a user is composing an email message, 
information associated With the email recipient may be 
placed next to the email recipient, and information associated 
With the body of the email may be placed next to the body, 
Whereas additional information on the topics discussed in 
each neWs article on a Web site may be presented When the 
user moves her mouse over the text in the article. When the 
user is accessing an email application and composing an 
email in that application, the above presentation scheme may 
be selected by comparing aspects of the user context With a 
list of rules. For example, While Writing an email, the user 
context could include representations of the application 
name, the application type, the active task, stage in the task, 
sender and recipient name, the location of the recipient in 
screen coordinates, and body of the email. More speci?cally, 
the context model might include: 
“ApplicationNameI‘Micro soft Outlook’; 
ApplicationType:‘Email’; Task:‘ ComposeEmail’; 
StageI‘beginning’; Sender:‘John Doe’; RecipientI‘Jane 
Doe’; RecipientLocation:‘10,10’ BodyI‘Hi Jane,”’. The 
system may further include rules of the form of antecedent 
consequent pairs, Where antecedents include features of the 
context model and consequents include features of result 
models (so a subset of the results may be selected) and 
instructions on hoW to display the results. For example, con 
sider a set of search results gathered from multiple search 
enginesiWWW search engines, desktop search engines that 
contain email and ?les, and other databases, based on an 
email a user is composing. In order to display information 
about an email recipient next to the recipient’s name, a rule 
may be expressed as folloWs to select search results that are 
email messages sent by the recipient and display those search 
results next to the location of the recipient on the screen: “IF 
Task:‘ComposeEmail’ And ApplicationName:‘Microsoft 
Outlook’ THEN SELECT DocumentType:‘Email’ 
EmailSender:%Recipient% DISPLAYAT %RecipientLoca 
tion%”. By binding variables previously accessible in the 
user context model With variables in the rule, the rule could 
then be rewritten as folloWs: “IF Task:‘ComposeEmail’ And 
ApplicationName:‘Microsoft Outlook’ THEN SELECT 
DocumentType:‘Email’:‘Jane Doe’ DISPLAY AT ‘10,10’. 
A number of other organiZation schemes may be activated 
based on different user contexts by listing similar rules. 

Search results may be categorized based on any attribute of 
the search result model, including the query that generated the 
search results. For example, the original context model may 
have speci?ed the user as a laWyer, the user is vieWing a 
contact in Microsoft Outlook and that the search results 
should be grouped by type, including, for example, neWs 
stories about the contact person’ s company, the home page of 
the contact person, email recently exchanged With that con 
tact person, and any recent litigation ?led by the contact 
person’s company, among others. The query generation mod 
ule 226 or 312 may then respond by dispatching several 
queries. For example, (1) a query to Lexis®, specifying that 
only neWs articles should be retrieved and specifying the 
contact person’ s company name, (2) another query to Yahoo! 
News@ specifying the contact person’s company name, (3) 
another to MSN® With the name and company name of the 
contact person, (4) another With the contact person’s name to 
desktop search softWare, specifying recent email, and (5) yet 
another to Lexis®, specifying that only litigation in Which the 
contact person’ s company name is named shouldbe retrieved. 










