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(57) ABSTRACT 

A method and apparatus is provided for visually coding or 
sorting search results based on the similarity of the search 
results to one or more concepts. A search query containing 
search terms is used to conduct a Web search and obtain 
search results comprising a number of document surrogates 
describing the located Web pages. Concepts are obtained 
using the search terms and the similarities between the 
obtained concepts and the search results are evaluated. The 
search results are then displayed in a manner that indicates 
the relative similarity of search results to one or more of the 
determined concepts, such as by sorting the search results 
based on the level of similarity of the search results to one 
or more concepts or by providing an accordance indicator 
With each displayed search result the accordance indicators 
indicating the similarity of the corresponding search result 
With one ore more of the concepts. 
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METHOD AND APPARATUS FOR 
CONCEPT-BASED VISUAL 

RELATED APPLICATION 

[0001] The present application claims the bene?t of Cana 
dian Patent Application Serial No. 2,549,536 ?led Jun. 6, 
2006, Which is incorporated herein in its entirety by refer 
ence. 

BACKGROUND 

[0002] The World Wide Web has given computer users on 
the Internet access to vast amounts of information in the 
form of billions of Web pages. Each of these pages can be 
accessed directly by a user typing the URL (universal 
resource locator) of a Web page into a Web broWser on the 
user’s computer, but often, a person is more likely to access 
a Website by ?nding it With the use of search engine. A 
search engine alloWs a user to input a search query made up 
of Words or terms that a user thinks Will be used in the Web 
pages containing the information he or she is looking for. 
The search engine Will attempt to match Web pages to the 
terms in the search query and Will then return the located 
Web pages to the user. 

[0003] The search results generated from a user’s query 
typically consist of a collection of document surrogates, 
each of Which contains summary information, attributes, and 
other meta-data about the matched documents. These docu 
ments surrogates are often presented in a simple list-based 
format, displaying the title of the document, a snippet 
containing. 
[0004] the query terms in context, and the uniform 
resource locator (the URL). A user can then select one of the 
returned entries to vieW the corresponding Web page. 
[0005] With the continued groWth of Web pages available 
on the Internet making the task of search engines more and 
more dif?cult, Web search engines have greatly increased the 
siZe of their indexes and made signi?cant advances in the 
algorithms used to match a user’s query to these indexes. 
HoWever, While it is clear that signi?cant effort has gone into 
creating Web search engines that can index billion of docu 
ments and return the search results in a fraction of a second, 
this has resulted in the creation of the problem of search 
queries returning numerous results. 
[0006] While relevant documents might be present in the 
search results returned from a search engine, often the 
returned search results consist of tens or hundreds of indi 
vidual documents making it hard for a user to determine 
Which of the search results may or may not be relevant to the 
information the user is looking for. 
[0007] While information retrieval techniques used by 
Web search engines have improved substantially over the 
years, the search results are still typically represented in a 
simple list-based format. Although this list-based represen 
tation makes it easy to evaluate a single document, it does 
not support the users in the broader tasks of manipulating the 
search results, comparing documents, or ?nding a set of 
relevant documents. Even though this simple list-based 
representation provides the search results in a clear and 
effective manner for determining the relevance of individual 
document surrogates, it requires that each document surro 
gate be evaluated in turn, and to some degree, in the order 
provided. If hundreds of documents are returned it is inef 
?cient if not completely impractical to have a user revieW 
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hundreds of results to determine the most relevant document 
located in the search. Requiring users to evaluate each 
document surrogate individually, often With only ten docu 
ments per page, leads to a common user search trait of 
evaluating only a feW pages of search results before either 
re-formulating their query or giving up. 
[0008] One solution that can be used to address these 
numerous search results is for the user to reformulate his or 
her search query to narroW the search With the result that 
feWer document are located mating the search query, hoW 
ever, in many cases there may be high quality relevant 
documents buried in the search results set that Were missed 
because the users did not look at enough search result pages. 
[0009] Another method Mat has also been used is to 
cluster the search results such that documents that are 
similar to one another are grouped together. In such a 
system, a user navigates the clusters in order to narroW doWn 
the search results and avoid clusters of relevant documents. 
Ideally, the user Will select the relevant clusters and vieW 
lists of the returned documents in Which a large portion are 
relevant to the requirements of the user. 
[0010] One of the problems With these systems is that 
determining What the clusters should be centered around and 
determining an adequate description of the cluster. If the 
information does not correctly describe the document con 
tained in the cluster, a user may either choose clusters that 
are not relevant or entirely miss clusters that may contain 
relevant documents. 

SUMMARY OF THE INVENTION 

[0011] It is an object of the present invention to provide a 
system and method that overcomes problems in the prior art. 
[0012] In a ?rst aspect of the invention, a method is 
provided for visually coding search results based on at least 
one concept. The method comprises: using a search query 
containing a plurality of search terms to conduct a search of 
a plurality of computer readable documents and obtain the 
search results, the search results comprising at least one 
returned documents; obtaining the at least one concept by 
matching the plurality of search terms to the at least one 
concept; evaluating the similarity betWeen the at least one 
returned document and the at least one concept; and dis 
playing the at least one returned document With an accor 
dance indicator. The accordance indicator indicates tee simi 
larity betWeen the at least one returned document and the at 
least one concept. 

[0013] In a second aspect of the invention, a data process 
ing system for visually coding search results based on at 
least one concept. The data processing system comprises: at 
least one processor, a memory operatively coupled to the at 
least one processor; a display device operative to display 
data; and a program module stored in the memory and 
operative for providing instructions to the at least one 
processor. The at least one processor is responsive to the 
instructions of the program module. The program module 
operative is for: using a search very containing at least one 
search term to conduct a seal of a plurality of computer 
readable documents and obtain search results comprising a 
plurality of returned documents; obtaining the least one 
concept by matching the at least one search term to the at 
least one concept; evaluating the similarity betWeen a 
returned document and the at least one concept; and dis 
playing on the display device the returned document With an 
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accordance indicator. The accordance indicator indicates the 
similarity between the returned document and the at least 
one concept. 
[0014] In a third aspect of the invention, a method of 
visually sorting search results based on at least one concept 
is provided. The method comprises: using a search query 
containing a plurality of search terms to conduct a search of 
a plurality of computer readable documents and obtain the 
search results, the search results comprising a ?rst returned 
document and a second returned document; obtaining the 
least one concept by matching the plurality of search terms 
to the at least one concept; determining a ?rst accordance 
value by evaluating the similarity between the ?rst returned 
document and the at least one concept and a second accor 
dance value by evaluating the similarity between the second 
returned document and the at least one concept; and dis 
playing the ?rst returned document and second returned 
document sorted in an order based on the ?st accordance 
value and the second accordance value. 
[0015] In a fourth aspect of the invention, a data process 
ing system for visually sorting search results based on at 
feast one concept. The data processing system comprises: at 
least one processor, a memory operatively coupled to the at 
least one processor, a display device operative to display 
data; and a program module stored in the memory and 
operative for providing instructions to the at least one 
processor. The at least one processor is responsive to the 
instructions of the program module. The program module 
operative is for: using a search query containing a plurality 
of search terms to conduct a search of a plurality of 
computer readable documents and obtain the search results, 
the search results comprising a ?rst returned document and 
a second returned document; obtaining the least one concept 
by matching the plurality of search terms to the at least one 
concept; determining a ?rst accordance value by evaluating 
the similarity between the ?rst returned document and the at 
least one concept and a second accordance value by evalu 
ating the similarity between the second returned document 
and the at least one concept; and displaying the ?rst returned 
document and second returned document sorted in an order 
based on the ?rst accordance value and the second accor 
dance value. 
[0016] In a further aspect of the invention, a computer 
readable memory having recorded thereon statements and 
instructions for execution by a computer to carry out the 
above methods is provided. 

DESCRIPTION OF THE DRAWINGS 

[0017] While the invention is claimed in the concluding 
portions hereof, preferred embodiments are provided in the 
accompanying detailed description which may be best 
understood in conjunction with the accompanying diagrams 
where like parts in each of the several diagrams are labeled 
with like numbers, and where: 
[0018] FIG. 1 is a schematic illustration of a data process 
ing system suitable for supporting the operation of methods 
in accordance with the present invention; 
[0019] FIG. 2A is a schematic illustration of a network 
con?guration suitable for supporting the operation of meth 
ods in accordance with the present invention wherein the 
data processing system is connected over a network to a 
plurality of servers operating as a search engine; 
[0020] FIG. 2B is a schematic illustration of a network 
con?guration suitable for supporting the operation of meth 
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ods in accordance with the present invention wherein the 
data processing system is con?gured as a server and a 
remote device is used to access the data processing system; 
[0021] FIG. 3 is an architectural schematic of a data 
structure for a concept knowledge base in accordance with 
an aspect of the present invention; 
[0022] FIG. 4 illustrates a ?owchart of a method of 
automatically creating a data structure containing a concept 
knowledge base in accordance with the present invention; 
[0023] FIG. 5 is a schematic diagram of an overview of a 
software system in accordance with an aspect of the present 
invention; 
[0024] FIG. 6 illustrates a ?owchart of a method for 
generating a set of concepts based on the search terms in the 
search query in accordance with an aspect of a present 
invention; 
[0025] FIG. 7 is a typical document surrogate data object, 
which is commonly provided as a returned document by a 
search engine as one of a set of search results; 
[0026] FIG. 8 is a ?owchart of a method of determining 
accordance values for each returned document in a set of 
search results; 
[0027] FIG. 9 is an embodiment of a graphical interface 
displaying a number of returned documents with accordance 
indicators; 
[0028] FIG. 10 is another embodiment of a graphical 
interface displaying a number of returned documents with 
accordance indicators and sorted by accordance values; and 
[0029] FIG. 11 is an embodiment of a graphical interface 
displaying a number of returned documents with a plurality 
of accordance indicators for each displayed returned docu 
ment. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENTS 

[0030] Data Processing System 
[0031] FIG. 1 illustrates a data processing system 1 suit 
able for supporting the operation of methods in accordance 
with the present invention. The data processing system 1 
could be a personal computer, server, mobile computing 
device, cell phone, etc. The data processing system 1 typi 
cally comprises: at least one processing unit 3; a memory 
storage device 4; at least one input device 5; a display device 
6 and a program module 8. 
[0032] The processing unit 3 can be any processor that is 
typically known in the art with the capacity to run the 
program and is operatively coupled to the memory storage 
device 4 through a system bus. In some circumstances the 
data processing system 1 may contain more than one pro 
cessing unit 3. 
[0033] The memory storage device 4 is operative to store 
data and can be any storage device that is known in the art, 
such as a local hard-disk, etc. and can include local memory 
employed during actual execution of the program code, bulk 
storage, and cache memories for providing temporary stor 
age. Additionally, the memory storage device 4 can be a 
database that is external to the data processing system 1 but 
operatively coupled to the data processing system 1. 
[0034] The input device 5 can be any suitable device 
suitable for inputting data into the data processing system 1, 
such as a keyboard, mouse or data port, such as a network 

connection, and is operatively coupled to the processing unit 
3 and allowing the processing unit 3 to receive information 
from the input device 5. 
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[0035] The display device 6 is a CRT, LCD monitor, etc. 
operatively coupled to the data processing system 1 and 
operative to display information. The display device 6 could 
be a stand-alone screen or if the data processing system 1 is 
a mobile device, the display device 6 could be integrated 
into a casing containing the processing unit 3 and the 
memory storage device 4. 

[0036] The program module 8 is stored in the memory 
storage device 4 and operative to provide instructions to 
processing unit 3 and the processing unit 3 is responsive to 
the instructions from the program module 8. 

[0037] Although other internal components of the data 
processing system 1 are not illustrated, it will be understood 
by those of ordinary skill in the art that only the components 
of the data processing system 1 necessary for an understand 
ing of the present invention are illustrated and that many 
more components and interconnections between them are 
well known and can be used. 

[0038] FIG. 2A illustrates a network con?guration 
wherein the data processing system 1 is connected over a 
network 55 to a plurality of servers 50 operating as a search 
engine. FIG. 2B illustrates a network con?guration wherein 
the data processing system 1 is con?gured as a server and a 
remote device 60, such as another computer, a PDA, cell 
phone or other mobile device connected to the Internet, is 
used to access the data processing system 1. The data 
processing system 1 runs the majority of the software and 
methods, in accordance with the present invention, and 
accesses a plurality of servers 50 operating as a search 
engine to conduct a web search. By having the data pro 
cessing system 1 con?gured as a server, the remote device 
60 does not need to have the capacity necessary to contain 
all the necessary data structures and run all the methods. 

[0039] Furthermore, the invention can take the form of a 
computer readable medium having recorded thereon state 
ments and instructions for execution by a data processing 
system 1. For the purposes of this description, a computer 
readable medium can be any apparatus that can contain, 
store, communicate, propagate, or transport the program for 
use by or in connection with the instruction execution 
system, apparatus, or device. The medium can be an elec 
tronic, magnetic, optical, electromagnetic, infrared or semi 
conductor system (or apparatus or device) or a propagation 
medium. Examples of a computer-readable medium include 
a semiconductor or solid state memory, magnetic tape, a 
removable computer diskette, a random access memory 
(RAM), a read-only memory (ROM), a rigid magnetic disk 
and an optical disk. Current examples of optical disks 
include compact diskiread only memory (CD-ROM), com 
pact diskiread/write (CD-R/W) and DVD. 

[0040] 
[0041] FIG. 3 illustrates an architectural schematic of a 
data structure for a concept knowledge base 10, in accor 
dance with an aspect of the present invention. The data 
structure is stored on a memory and is accessible by an 
application program being executed by a data processing 
system, such as the data processing system 1 illustrated in 
FIG. 1. The data structure contains information that is 
accessible by the application program. 
[0042] The concept knowledge base 10 contains informa 
tion relating to a ?eld of knowledge. For example, the 
concept knowledge base 10 could contain information 
related to the ?eld of science. The concept knowledge base 

Concept Knowledge Base 
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10 contains a number of concept data objects 12, a number 
of term data objects 14 and a number of edge data objects 16. 
[0043] Each concept data object 12 contains a concept 
?eld 13 containing a concept that is related to a speci?c 
concept falling within the ?eld of knowledge of the concept 
knowledge base 10. The concept ?eld 13 typically contains 
a text string identifying the concept. For example, if the 
concept knowledge base 10 is for computer science, there 
may be concept data objects 12 with the concept ?eld 13 
containing the text string of “computer graphics”, another 
concept data object 12 with the concept ?eld 13 containing 
the text string of “distributed computing”, another concept 
data object 12 with the concept ?eld 13 containing the text 
string “arti?cial intelligence”, etc. 
[0044] Each term data object 14 contains a term ?eld 15 
containing a text string. The text string contains a word or 
phrase that describes a concept of one of the concept data 
objects 12. 
[0045] Each concept data object 12 is associated with one 
or more term data objects 14 and each term data object 14 
is associated with one ore more concept data objects 12. The 
association of a concept data object 12 and a term data object 
14 is de?ned by an edge data object 16 which contains a 
weight ?eld 18. Aterm data object 14 that is associated with 
a concept data object 12 contains a term in the term ?eld 15 
that describes the concept contained in the concept ?eld 13 
of the concept data object 12. The relevancy of the term in 
the term ?eld 15 of the term data object 14 to the concept in 
the concept ?eld 13 of an associated concept data object 12 
is represented by a weight in the weight ?eld 18 of the edge 
data object 16. 
[0046] While it is possible to manually construct the data 
structure containing the concept knowledge base 10, FIG. 4 
illustrates a ?owchart of a method of automatically creating 
a data structure containing a concept knowledge base in 
accordance with the present invention. 
[0047] Method 100 comprises the steps of: determining a 
concept 110; selecting a document describing the concept 
120; determining terms in the document to be analyZed 130; 
determining the frequency of the selected terms 140; check 
ing if there are any remaining documents describing a 
concept 150; calling a preliminary weight 160; checking if 
there are any more concepts 170; and normaliZing all of the 
weights 180. 
[0048] The method takes a number of documents and/or 
descriptions in computer readable form that describe a 
number of different concepts in a knowledge area and uses 
the documents to automatically generate a data structure of 
a concept knowledge base 10, as shown in FIG. 3. 
[0049] The method 100 begins with step 110. A concept 
falling within the concept knowledge base is determined and 
a concept data object is created with information identifying 
the concept contained in the concept ?eld. 
[0050] Each concept will be described by one or more 
document or descriptions in computer readable format. Once 
a concept has been determined at step 110, one or more 
documents describing the concept are identi?ed and at step 
120 one of these documents is selected to be analyZed. 
[0051] At step 130, the method 100 determines the terms 
to be analyZed in the document. For each term to be 
analyZed, method 100 creates a term data object for each 
selected term with the term ?eld containing the term, if a 
term data object containing the term does not already exist. 
An edge data object indicating the association of the term 
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data object and the concept data object is also created and 
after the method 100 is completed Will contain a Weight 
indicating the relation of the term data object With the 
associated concept data object containing the concept 
described by the document being analyzed. 
[0052] The terms that are analyzed can include all of the 
Words used in the document or only speci?c Words in the 
documents. For example, common Words that are basically 
non-descriptive, such as “the”, “a”, “this”, etc. may be 
excluded from the selected terms that are selected for 
analysis at step 130. 

[0053] At step 140 the frequency of each of the selected 
terms in the selected document is determined. The occur 
rence of each selected term in the document is determined. 
The occurrence of a selected term tj in the document being 
analyzed can easily be determined, via text matching, and is 
de?ned by the function: 

f(dik>ti) 

[0054] Each of the terms appearing in the document are 
then averaged based on the number of occurrences of all of 
the terms in the document. For example, the averaging could 
be done using the folloWing equation: 

f(dik, 1]) 

f(dik, lnik) IMs 
Where dlk is the document bet analyzed for the set of terms 
tl-k:(tZ,l-k, . . . , tW-k) With m being the number of terms in 

document dik. This equation simply divides the frequency or 
tally of a term being analyzed by the total number of terms 
being analyzed in document dik. By conducting this aver 
aging, the eventual Weight determined for each association 
betWeen a term node and a concept node takes into account 
the number of occurrences of a term in the document and 
provides a potentially more relevant indicator of the relation 
betWeen the term data object to the concept data object 
because Words or terms that appear often relative to the total 
number of terms Will be given more Weight. This prelimi 
nary averaging is used to try to prevent a single large 
document describing a concept from providing term Weights 
that overshadoW the Weights provided by a number of 
smaller documents. 

[0055] Next, at step 150, the method 100 checks to see if 
there are any more documents related to the concept that 
have not been analyzed. If there are more documents to be 
analyzed related to the concept, the method 100 returns to 
step 120, selects the next unanalyzed document and repeats 
steps 130, 140 and 150. As long as more documents related 
to the concept exist, step 150, causes the method 100 to 
analyze all of the documents. When there are no more 
documents related to the concept to be analyzed, the method 
100 continues on to step 160. 

[0056] At step 160 the method 100 calculates a prelimi 
nary Weight for each of the terms used in the documents 
related to a single concept. For each term an interim Weight 
Wlj* is calculated taking into account the average term 
frequency of the documents related to the concept. 
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[0057] 
[0058] 

Wherein there are l . . . n documents. 

This equation, in its entirety, is as folloWs: 

[0059] This calculation is used to prevent concepts With a 
large numbers of documents from producing term Weights 
that overshadoW term Weights from concepts With feWer 
documents describing the concept. 
[0060] At step 170, the method 100 checks to see if there 
are any more concepts left to be evaluated. If there are 
concepts remaining that have not been analyzed, the method 
100 returns to step 110 and the next concept is selected to be 
analyzed. The method 100 then repeats steps 120, 130, 140, 
150 and 160 determining a preliminary Weight for each of 
the terms appearing in the documents describing the selected 
document. The method 100 continues to analyze each con 
cept repeating steps 110, 120, 130, 140, 150, 160 and 170 
until all of the concepts have been analyzed, at Which point, 
the method 100 continues on to step 180. 

[0061] At step 180 the method 100 determines a normal 
ized Weight for each of the terms associated With the 
concepts. The preliminary Weight W1]- * previously deter 
mined for each association betWeen a term ti and a concept 
is divided by the sum of all of the Weights determined for the 
term ti connected to r concepts. This equation is shoWn as 
folloWs: 

. 

Wij 

[0062] Wherein the index f(k) is given by f(x), x:l . . . r, 
representing the r concepts to Which term i is connected to 
in the concept knowledge base. 
[0063] The normalization of the Weights is used to prevent 
common terms that are included in many of the documents 
for many concepts from having higher Weight values than 
other less common terms. These terms are often of little 

value in describing a concept. By using normalization, the 
Weights of common terms are signi?cantly reduced. Without 
this normalization step, common terms that are included in 
many documents for many different concepts Would have a 
very high Weight, even though these terms are of little value 
in describing the concept. With this normalization step, the 
Weights of these common terms are signi?cantly reduce. 

[0064] Additionally, rather than using the terms exactly as 
they appear in the documents or descriptions, in a further 
aspect of the invention, the stems of the roots of the terms 
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are used to construct the knowledge base allowing terms to 
be matched based on their stems or roots rather than being 
based on exact text matches. 

[0065] Additionally, in some circumstances it may not be 
necessary to analyze every term in a document. In a further 
aspect, the method 100 will focus on only speci?c terms in 
a document that are highlighted in a particular way, i.e. in an 
abstract. Alternatively, there could be a list of terms that are 
not analyZed, such as common terms that are not descriptive 
of a concept, for example terms such as the, and, etc. may 
be excluded from being selected. 
[0066] At the conclusion of the method 100 a concept 
knowledge base as illustrated in FIG. 3 will have been 
automatically constructed by the method 100. 
[0067] Overview of System 
[0068] FIG. 5 illustrates a software system in accordance 
with the present invention. The software system 200 con 
tains: a search query module 210; a concept generator 
module 220; a concept knowledge database 230; a search 
module 240; a search engine module 250; a concept accor 
dance module 260; and a visualiZation interface module 270. 
[0069] A search query is input to the system 200 at the 
search query module 210. The search query contains one or 
more search terms and usually at least two or three search 
terms. From the search query module 210 this search query 
containing one or more search terms is passed to the concept 
generator module 220, which uses the concept knowledge 
database 230 to select a set of concepts and generate a 
concept vector for each selected concept. 
[0070] The search terms and the concept vectors are 
passed from the concept generator module 220 to the search 
module 240 where the search module 240 requests a search 
from the search engine 250 using the search query and 
receives search results. Typically, the results returned by the 
search engine module 250 are a list of returned documents, 
where each returned document is typically a document 
surrogate that describes the actual documents located by the 
search engine module 250. 
[0071] As the search results are received from the search 
engine module 250, the search engine module 250 passes the 
returned document to the concept accordance module 260 
where a document vector is determined for each of the 
returned document and an accordance value indicating the 
similarity of the returned document to each of the concepts 
in the concept set is formulated. A fuZZy membership score 
is typically determined for the returned document relative to 
each of the concepts in the concept set and is used for the 
accordance value. 
[0072] The search module 240 can wait until all the search 
results are returned from the search engine module 250 
before passing the search results all together to the concept 
accordance module 260, however, in one embodiment, the 
search module 240 passes each returned document of the 
search results to the concept accordance module 260 as the 
search module 250 receives the returned document to 
decrease the time required by the system 200 to display the 
search results. 
[0073] Finally, the concept set and the search results 
(comprising a plurality of returned document), with each 
returned document having an accordance value indicating 
the similarity of the returned document to each of the 
concepts in the concept set, are passed to the visualiZation 
interface module 270 wherein the visualiZation interface 
module 270 displays the search results to a user. 
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[0074] The software system 200 can be implemented 
wholly on a data processing system, such as the data 
processing system 1 shown in FIG. 2A, with only the search 
engine module 250 resident on a server 50 connected to the 
data processing system 1 over the network 55. Alternatively, 
various components of the software system 100, such as the 
search query module 210 could be resident on a mobile 
device 60 operably connected to a data processing system 1 
which contains other components of the software system 
200, (such as the concept generator 220, search module 240, 
etc.) as shown in FIG. 2B. 
[0075] Obtaining the Concepts 
[0076] The software system 200 begins with an initial 
search query being input to the search query module 210 
which passes the search query to the concept generator 
module 220. The concept generator module 220 accesses the 
concept knowledge database 230 and uses the information in 
the concept knowledge database 230 to generate a concept 
set and a respective set of concept vectors using the search 
query. 
[0077] FIG. 6 illustrates a ?owchart of a method 400 for 
generating a set of concepts based on the search terms in the 
search query. Method 400 is implemented by the concept 
generator module 220 in FIG. 4, using the concept knowl 
edge database 230. When a search query is passed to the 
concept generator module 220, the method 400 uses the 
concept knowledge database 230 to generate a list of con 
cepts using relationships between the search terms and 
concepts. 
[0078] Method 400 comprises the steps of: matching terms 
in the search query to term data objects in the concept 
knowledge base to obtain a ?rst term set 410; obtaining a 
concept set of concept data objects associated with the ?rst 
term set 420; obtaining a second term set of term data 
objects associated with the concepts objects in the concept 
set 430; and formulating a set of concept vectors 440. 
[0079] The method 400 begins with step 410 and matching 
the terms in the search query to term data objects in the 
concept knowledge database 230. The concept knowledge 
database 230 is accessed and the terms making up the search 
query are matched with any term data objects that have a 
term in the term ?eld matching the term in the search query. 
A ?st term set containing these selected term data objects is 
obtained. After step 410 is completed, all of the term data 
objects in the concept knowledge database 230 that have a 
term in the term ?eld that corresponds to one of the terms in 
the search query are identi?ed and these term data objects 
have been added to a ?rst term set. 

[0080] At step 420, the ?rst term set is used to obtain a 
concept set containing concept data objects from the concept 
knowledge database 230 associated with one or more term 
data objects in the ?rst term set. The term data objects 
making up the ?rst term set are used to obtain a number of 
concept data objects from the concept knowledge database 
230. Concept data objects associated with one or more term 
data objects in the ?rst term set are selected to form the 
concept set. 
[0081] Concept data objects that are not strongly associ 
ated with term data objects in the ?rst term set can be 
excluded from the concept set using a ?rst weight threshold 
and a term ratio threshold. The ?rst weight threshold is used 
to exclude concept data objects that are not strongly asso 
ciated with one of the term data objects in the ?rst term set 
by comparing the weight assigned to an association between 
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a concept data object and a term data object and excluding 
the concept data object from the concept set if the Weight 
determined for the association is less than the ?rst Weight 
threshold. By using this ?rst Weight threshold, the concept 
set is limited to only the more relevant concepts. Addition 
ally, a term ratio threshold is used to further exclude concept 
data objects from the concept set. If a concept data object is 
associated With one of the term data objects in the ?rst term 
set With a Weight greater than the ?rst Weight threshold, the 
concept data object is evaluated to determine the ratio of all 
of the term data objects in the ?rst term set to Which the 
concept data object is associated With a Weight greater than 
the ?rst Weight threshold. If this ratio is less than the term 
ratio threshold, the concept data object is excluded from the 
concept set. 

[0082] Through experiments, the ?rst Weight threshold, 
term ratio threshold and second Weight threshold can be 
determined. For example, some initial studies found that a 
?rst Weight threshold of 0.05, a term ratio threshold of 0.26 
and a second Weight threshold of 0.10 provided satisfactory 
results. 

[0083] At step 430 a second term set is obtained for each 
of the concept data objects in the concept set. Each of the 
concept data objects in the concept set are evaluated to 
determine term data objects, in the concept knowledge 
database 230, associated With each of these concept data 
objects. Term data objects associated With the concept data 
objects selected for the concept set are added to the second 
term set. A second Weight threshold may be used to exclude 
term data objects from the second term set if they are 
associated With concept data objects in the concept sets by 
a Weight that is less than the second Weight threshold. 

[0084] At step 440, the concept set is used to formulate a 
set of concept vectors. For each concept represented by a 
concept data object in the concept set, a concept vector is 
created using the ?rst term set and second term set obtained 
for the concept data object at step 430. Each term data object 
in the ?rst term set and second term set for a concept data 
object is de?ned as a dimension of the concept vector and 
the Weight of the association betWeen the term data object 
and the concept data object is used to set the magnitude of 
the concept vector in that assigned dimension. 
[0085] At this point, the method 400 ends and a set of 
concepts and their corresponding concept vectors C:{c1, c2, 

. . , cm)have been determined. 

[0086] Referring again to FIG. 5, from the concept accor 
dance module 260, the concept set and the respective 
concept vectors are passed to the search module 240 to 
request a search using the search query. 

[0087] Search Module 
[0088] When the search module 240 receives the search 
query, the concept set and the set of concept vectors, the sear 
module 240 requests the search engine module 250 to 
conduct a search using the search query. The search module 
240 is typically resident on the data processing system 1 and 
the search engine module 250 is typically a Web search 
engine, such as the Web search engine running on servers 50 
in FIGS. 2A and 2B, With the search being conducted on a 
number of computer readable documents, such as searching 
for Web pages on the World Wide Web. HoWever, the search 
engine module 240 could be used in any computeriZed 
document storage system capable of searching a large num 
ber of computer readable documents. 
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[0089] The search engine module 240, could return the 
results of the search in the form of a list of complete 
documents located in the search, hoWever, due to the like 
lihood that a relatively large number of documents can be 
located With the search and to save overhead on the data 
processing system, the search results are typically returned 
in the form of list of document surrogates, With a document 
surrogate returned for each document located in the search. 
[0090] FIG. 7 illustrates a typical document surrogate data 
object 160 Which is commonly provided as a returned 
document by a search engine as one of a set of search results. 
Rather than a search engine returning each complete docu 
ment that is located in a search, search engines typically 
provide a set of document surrogates 160 in place of 
supplying the completed documents. Document surrogates 
160 are the primary data objects in the list-based represen 
tation used by search engines. Each document surrogate 160 
provides information describing the corresponding complete 
document Which commonly consists of: a title 162; a URL 
164; a summary 166; and any other additional other assorted 
information. The title 162 provides the tile of the corre 
sponding complete document described by the document 
surrogate 160, the URL 164 provides the address of the 
complete document and the summary 166 contains a short 
description or snippet of the complete document and usually 
provides he query terms of the search term in context. 
[0091] Referring again to FIG. 5, the search results 
obtained by the search module 240 are passed to the concept 
accordance module 260 Where accordance values for each 
return document indicating the degree of similarity betWeen 
the returned document and the concepts in die concept set 
are formulated. 

[0092] Concept Accordance 
[0093] FIG. 8 illustrates a method 500 of determining 
accordance values for each returned document of the search 
results. Each returned document has an accordance value 
determined for each concept in the concept set and indicat 
ing the degree of similarity betWeen the returned document 
and the concept. The accordance value is typically based on 
a fuZZy membership score With each concept in the concept 
set treated as a centroid to determine the clustering of the 
returned documents around the concepts. A returned docu 
ment might have a higher fuZZy membership score in 
relation to one concept as compared to another concept, 
indicating that the ?rst concept has a higher degree of 
similarity to the returned document than the second concept. 
[0094] Method 500 comprises the steps of: selecting a ?rst 
returned document 510; analyZing the returned document 
520; generating a document vector 530 for the selected 
returned document; selecting a ?rst concept 540; determin 
ing an accordance value for the selected returned document 
in relation to a selected concept 550; checking if more 
concepts remain in the concept set to be analyZed 560 in 
relation to the selected returned document and selecting the 
next concept 570, if more concepts remain in the concept 
set; once the selected returned document has been analyZed 
in relation to all the concepts in the concept set, checking if 
more returned documents are present 580 and selecting the 
next returned document 590, if there are more returned 
documents; and ending When all the returned documents 
have an accordance indicator determined for each of the 
concepts in the concept set. 
[0095] The method 500 begins With the selection of a ?rst 
returned document at step 510. As the search results are 
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returned, the method 500 selects one of the returned docu 
ments returned as the search results. 
[0096] Next at step 520, the returned document is ana 
lyZed to determine a frequency of each unique Word or term 
in the returned document. If the returned document is the 
entire document, the occurrence of each unique term in the 
entire document is determined. If the returned document is 
a document surrogate the occurrence of each unique term 
can be determined based on the summary of the complete 
document and optionally in the title. 
[0097] In some cases it may be preferable to use the roots 
of the Words rather than the Words themselves, such as using 
Porter’s stemming algorithm, so Words With various pre?xes 
and suf?xes are not counted as separate terms. Each unique 
term in a returned document Will be based on the root or 
stem of the term so that the frequencies determined are not 
reduced by the use of terms that use different su?ixes, 
pre?xes, etc. Match based on the stems or roots of the search 
terms can be more effective than exact Word matches, since 
it takes into account different variations of the same root 
Word. 
[0098] The frequencies determined for the unique terms in 
the selected returned document are then used to generate a 
document vector at step 530. The document vector repre 
sents the frequency of unique terms in the returned docu 
ment in a multidimensional vector form. Each unique term 
is used to de?ne a dimension of the document vector and the 
magnitude of the document vector in that dimension is then 
set as the frequency of the term in the returned document. 
[0099] A ?rst one of the concepts in the concept set is 
selected at step 540 and an accordance value indicating the 
degree of similarity betWeen the returned document and the 
selected concept is determined at step 550. The accordance 
value is assigned by determining a fuZZy membership score 
of the returned document relative to the selected concept. 
Given the concept set, the corresponding concept vector set, 
C:{cl, c2, . . . , cm}, and the document vector d1, determined 
for the returned document determined at step 530, the fuZZy 
membership score, ui], of the returned document can be 
determined With respect to a concept cj by the folloWing 
equation: 

1 
1m = 

[0100] Where sim(d,-cj) or the similarity betWeen a docu 
ment vector and a concept vector is given by the Euclidean 
distance metric: 

Where xi is the document vector and x]. is the concept vector. 
[0101] Although a speci?c clustering algorithm is pro 
vided a person skilled in the art Will appreciate that other 
clustering algorithms could also be used. 
[0102] The method 500 then checks, at step 560, to see if 
more concepts remain in the concept set and if more 
concepts remain, the next concept in the concept set is 
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selected at step 570 and an accordance value consisting of a 
fuZZy membership score for the neWly selected concept is 
determined at step 550. The method 500 Will continue to 
repeat steps 550, 560 and 570 until all the concepts in the 
concept set of been selected and an accordance value deter 
mined for each of the returned document has been estab 
lished for each of the concepts in the concept set. 
[0103] At step 580, if more returned documents are 
remaining, the next unit returned document is selected at 
step 590 and steps 520, 530, 540, 550, 560, 570, 580 and 590 
are repeated until all of the repeated documents have been 
returned. 
[0104] In this manner, the method 500 determines a docu 
ment vector for each of the returned documents and uses the 
document vector to determine a fuZZy membership score for 
the returned document and each concept in the concept set, 
Which is used then to assign an accordance value indicating 
the similarity betWeen the returned document and each of 
the concepts in the concept set. 
[0105] In one embodiment of the present invention, each 
returned document in a set of search results is evaluated as 
the returned document is returned from the search engine 
module 250 to decrease the amount of time the system 
requires before displaying the search results to a user. 
[0106] At the end of the method 500 each of the returned 
documents Will have an accordance value determined in 
relation to each of the concepts in the concept set. 
[0107] From the concept accordance module 260, the 
search results comprising the plurality of returned docu 
ments and the formulated accordance values are passed to 
the visualiZation interface module 270. 
[0108] ViZualiZation Interface 
[0109] The visualiZation interface module 270 displays 
the search results in a manner that alloWs a user to quickly 
determine the degree of similarity betWeen one or more 
concepts in a concept set and a returned document. Addi 
tionally, the search results are displayed in such a Way that 
a user can determine Whether a ?rst returned document is 

more or less similar to one or more selected concepts than 

a second returned document. Referring to FIG. 5, the search 
results in the form of a list of returned documents (With the 
accordance values determined for each returned document) 
and the concept set are passed, from the concept accordance 
module 260, to the visualiZation interface module 270 Where 
the search results are displayed to a user. 

[0110] FIG. 9 illustrates a screen shot of an embodiment of 
a graphical interface 600 that may be generated by the visual 
interface module 270 shoWn in FIG. 5, for displaying the 
search results. A compressed level of detail provides the user 
With a large overvieW of a large number of the search results 
and a more detailed level of vieW provides more detailed 
information about a smaller number of the search results. 
[0111] A ?rst portion 610 of the list of returned documents 
is shoWn in the graphical interface 600. Typically, each 
returned document shoWn in the ?rst portion 610 comprises 
an accordance indicator 614 and a title 636. The title 636 
provides readable text shoWing the title of the returned 
document and is typically a hyperlink to the actual located 
document, such as the Webpage located in a Web search or 
the document in an information retrieval system. 
[0112] Each returned document in the ?rst portion 610 can 
be displayed With the summary of the returned document. 
Alternatively, each returned document in the ?rst portion 
610 can display the summary of the returned document only 










