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(57) ABSTRACT 

A visual method for enhancing search result navigation, com 
prising: obtaining a ?rst search result from a search engine; 
clustering the ?rst search result to get clustering information; 
calculating the correlations between the clustering informa 
tion and the ranked list of the ?rst search result, and perform 
ing visualization processing on the clustering information; 
and displaying the visual cluster hierarchy and the ranked list 
of the ?rst search result in a joint manner based on the corre 
lations. When a cluster is selected, further searching is per 
formed and the search result is clustered again. Using the 
present invention, through combining a traditional ranked list 
of search results and the visual cluster hierarchy of these 
search results to display them in a joint manner, a convenient 
Way is provided for the Web user to ?nd the potential corre 
lations between the visual cluster hierarchy and the ranked list 
of the search results. Besides, through dynamically searching 
and clustering more search results again, the Web user may 
get more detailed and more accurate search results easily. 
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VISUAL METHOD AND APPARATUS FOR 
ENHANCING SEARCH RESULT 

NAVIGATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/619,665 ?led Jan. 4, 2007, the complete 
disclosure of Which, in its entirety, is herein incorporated by 
reference. 

TECHNICAL FIELD 

[0002] The present invention relates to computer informa 
tion processing technology, speci?cally, to a visual method 
and apparatus for enhancing the navigation of search results 
returned by a search engine. 

TECHNICAL BACKGROUND 

[0003] With the Wide application of the Internet, people can 
get lots of information from the Web. HoWever, due to the 
rapid groWth of the Web contents, it becomes more and more 
dif?cult for Web users to ?nd required information rapidly 
and accurately. Currently, Web users mainly rely on search 
engines to ?nd required information. Generally, the process 
in Which a Web user uses a search engine to ?nd required 
information is as folloWs: the Web user submits a query, Which 
may be, for instance, a single keyWord or a combination of 
keyWords, to the search engine. Then, the search engine pro 
duces a ranked list of the search results based on the submitted 
query. The ranked list is returned and displayed on the 
broWser used by the Web user. The Web user obtains the part 
of the search results of interest to him through vieWing seg 
ments of the returned ranked list of the search results. 

[0004] However, such a method of using a search engine to 
?nd information commonly has a problem that the search 
engine alWays returns too many search results. In this situa 
tion, since the screen siZe of a computer display is limited, it 
is impossible to display all the search results simultaneously 
to the Web user. Thus, the Web user usually needs to broWse 
many Web pages to ?nd the required information, resulting in 
loW ef?ciency of the Web user getting information. On the 
other hand, according to an investigation of Web users, in 
most cases, a Web user only looks at the ?rst feW Web pages of 
the ranked list of search results. Thus, in fact, the search 
quality of a Web user searching information is also very loW. 

[0005] In order to improve search quality, some methods 
for improving the broWsability of search results have been 
proposed in recent years. Vivisimo Company proposed a 
solution in Which the search results returned by a search 
engine are clustered and the clustering results are visually 
displayed together With the ranked list of the search results. 
Although this solution may provide a convenient Way for Web 
users to knoW the clustering of the search results, it only 
displays the clustering results and the ranked list of search 
results simultaneously but independently, Without presenting 
their correlations clearly and visually to the Web users. 
Besides, the solution only clusters and displays part of the 
search results (for instance, the ?rst 210 search results); if the 
Web user selects a clustering item in the clustering results, the 
search results contained in the clustering item Will be dis 
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played, but no more relevant search results can be produced, 
so the Web user cannot get more information of interest. 

SUMMARY OF THE INVENTION 

[0006] The present invention is proposed just based on the 
above technical problems that exist in the prior art. The obj ec 
tive of the present invention is to provide a visual method and 
apparatus for enhancing search result navigation, Whereby 
the traditional ranked list of the search results and the visual 
cluster hierarchy of the search results may be displayed in a 
joint manner and more search results may be obtained 
dynamically, so as to help Web users to get required informa 
tion rapidly and accurately. 
[0007] According to an aspect of the present invention, 
there is provided a visual method for enhancing search result 
navigation, comprising the folloWing steps: 

[0008] obtaining a ?rst search result from a search 
engine; 

[0009] clustering the ?rst search result to get clustering 
information; 

[0010] calculating the correlations betWeen the cluster 
ing information and the ranked list of the ?rst search 
result, and performing visualiZation processing on the 
clustering information; and 

[0011] displaying the visual cluster hierarchy and the 
ranked list of the ?rst search result in a joint manner 
based on the correlations. 

[0012] Preferably, the ?rst search result contains a prede 
termined number of search result entries in the search results 
produced by the search engine based on a query. 
[0013] Preferably, displaying the visual cluster hierarchy 
and the ranked list of the ?rst search result in a joint manner 
comprises any one of the folloWing: 

[0014] a. When the pages of the ranked list of the ?rst 
search result are displayed, the cluster(s) in the visual 
cluster hierarchy that contains the most search result 
entries of the ?rst search result is highlighted; 

[0015] b. When the pages of the ranked list of the ?rst 
search result are displayed, the cluster(s) in the visual 
cluster hierarchy that contains most of the search results 
in the ?rst page of the ?rst search result is highlighted; 

[0016] c. When a search result entry in the ranked list of 
the ?rst search result is selected, the cluster(s) in the 
visual cluster hierarchy that contains the search result 
entry and the mo st search result entries of the ?rst search 
result is highlighted; 

[0017] d. When a search result entry in the ranked list of 
the ?rst search result is selected, the cluster(s) in the 
visual cluster hierarchy that contains the search result 
entry and the mo st search result entries of the ?rst search 
result in the ?rst page is highlighted; and 

[0018] e. When a cluster in the visual cluster hierarchy is 
selected, the ranked list of the search result entries in the 
?rst search result that are contained in the cluster is 
displayed. 

[0019] Preferably, the method according to the present 
invention further comprises the folloWing steps: 

[0020] selecting a cluster in the visual cluster hierarchy; 
[0021] generating neW query keyWords and submitting 
them to the search engine; 

[0022] generating a neW search result based on the neW 
query keyWords by the search engine; 
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[0023] selecting a predetermined number of search result 
entries in the new search result to produce a second 
search result; 

[0024] clustering the second search result to obtain sub 
clustering information; 
[0025] calculating the correlations between the sub 

clustering information and the ranked list of the sec 
ond search result, and performing visualiZation pro 
cessing on the sub-clustering information; 

[0026] displaying the visual sub-clustering informa 
tion and the ranked list of the second search result in 
a joint manner based on the correlations; and 

[0027] when a visual sub-clustering information item 
in the visual sub-clustering information is selected, 
repeating the above steps. 

[0028] Preferably, the step of generating new query key 
words comprises: combining the current query keywords 
with the name of the selected cluster to generate new query 
keywords. 

[0029] Preferably, the step of generating new query key 
words comprises: 

[0030] collecting relevant documents; 
[003 1] determining keywords in the relevant documents; 
and 

[0032] combining the keywords with the current query 
keywords to generate new query keywords. 

[0033] According to another aspect of the present inven 
tion, there is provided a visual apparatus for enhancing search 
result navigation, comprising: 

[0034] a dynamic cluster constructor con?gured to select 
search results coming from a search engine to get a ?rst 
search result and dynamically cluster the ?rst search 
result to generate clustering information; 

[0035] a correlation processor con?gured to calculate the 
correlations between the clustering information and the 
ranked list of the ?rst search result; and 

[0036] a visualiZation engine con?gured to perform 
visualiZation processing on the clustering information to 
produce visual cluster hierarchy, and display the visual 
cluster hierarchy and the ranked list of the ?rst search 
result on a browser in a joint manner based on the cor 

relations. 
[0037] Preferably, the dynamic cluster constructor com 

prises: 
[0038] a search result selecting unit con?gured to select 

a predetermined number of search result entries from the 
received search result to generate a ?rst search result and 
save the ?rst search result; and 
[0039] a clustering unit con?gured to cluster the ?rst 

search result to generate clustering information. 
[0040] Preferably, the visual apparatus for enhancing 
search result navigation further comprises: 

[0041] a keyword generator con?gured to generate new 
query keywords when a cluster in the visual cluster 
hierarchy is selected and send the keywords to the search 
engine through the dynamic cluster constructor; 

[0042] wherein, the search engine performs searching 
based on the new query keywords generated by the key 
word generator and returns a ranked list of the new 
search result; 

[0043] the search result selecting unit of the dynamic 
cluster constructor selects a predetermined number of 
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search result entries from the received ranked list of the 
new search result to generate a second search result and 
save it; 

[0044] the clustering unit of the dynamic cluster con 
structor clusters the second search result to generate 
sub-clustering information; 

[0045] the visualiZation engine visualiZes the clustering 
information and the sub-clustering information into a 
tree structure, wherein the clustering information items 
contained in the clustering information are taken as root 
nodes and the sub-clustering information items con 
tained in the sub-clustering information are taken as 
branch nodes, and the visualiZation engine also displays 
the visual cluster hierarchy and the ranked list of the 
second search result in a joint manner on the browser. 

[0046] Preferably, the keyword generator comprises: 
[0047] a document collector con?gured to collect rel 

evant documents; 
[0048] a weight calculator con?gured to calculate 

weights of all words except stopwords in each one of the 
relevant documents; and 

[0049] a keyword combiner con?gured to select the 
words with high weights and combine them with the 
current query keywords to generate new query key 
words. 

[0050] According to yet another aspect of the present 
invention, there is provided a browser that comprises the 
visual apparatus for enhancing search result navigation. 
[0051] According to still another aspect of the present 
invention, there is provided a search engine that comprises the 
visual apparatus for enhancing search result navigation. 
[0052] According to further another aspect of the present 
invention, there is provided a program product, comprises: 
program codes for implementing the method; and carrying 
media for carrying the program codes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0053] FIG. 1 is a ?owchart ofa visual method for enhanc 
ing search result navigation according to an embodiment of 
the present invention; 
[0054] FIG. 2 is a schematic diagram of the display of a 
browser after using the visual method for enhancing search 
result navigation of the embodiment shown in FIG. 1; 
[0055] FIG. 3 is a ?owchart of a visual method for enhanc 
ing search result navigation according to another embodi 
ment of the present invention; 
[0056] FIG. 4 is a ?owchart of a example of generating new 
query keywords in the embodiment shown in FIG. 3; 
[0057] FIG. 5 is a block diagram of a visual apparatus for 
enhancing search result navigation according to an embodi 
ment of the present invention; and 
[0058] FIG. 6 is a block diagram of the keyword generator 
in the embodiment shown in FIG. 5. 

DETAILED DESCRIPTION OF THE INVENTION 

[0059] It is believed that the above and other objectives, 
features and advantages of the present invention will become 
more apparent through the following detailed description of 
particular embodiments of the present invention taken in con 
junction with the drawings. 
[0060] FIG. 1 is a ?owchart of a visual method for enhanc 
ing search result navigation according to an embodiment of 
the present invention. 
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[0061] As shown in FIG. 1, ?rst in Step 101, a ?rst search 
result is obtained from a search engine. When the search 
engine receives a query submitted by a Web user, a search 
result may be generated based on the query. The search result 
includes a plurality of documents, each of Which constitutes a 
search result entry. Usually, a Web user submits a query 
through a broWser, Which may be, for instance, an IE broWser 
from Microsoft Company, a Netscape broWser from Netscape 
Company or the like, and the search engine may be a knoWn 
search engine such as Google or Yahoo! . As knoWn by those 
skilled in the art, a query is usually in the form of a single 
keyWord or a combination of keyWords, and conforms to the 
format as de?ned by the engine being used. 
[0062] After obtaining the ?rst search result, in Step 105, 
the ?rst search result is clustered so as to get the clustering 
information of the search result. The clustering operation is 
performed on the ?rst search result by using a clustering 
algorithm based on the similarities betWeen the segments of 
the documents in the search result. In this Way, the documents 
related to a subject may be collected into a cluster. In order to 
ensure that the search engine still Works in real time, the 
adopted clustering algorithm should not introduce a substan 
tial delay. The clustering algorithm takes document snippets 
as input and the generated clustering information has a read 
able description content that is convenient for a Web user to 
broWse quickly. 
[0063] Next, a detailed description Will be given to the 
process of clustering the ?rst search result using a clustering 
algorithm. In this embodiment, preferably, the Su?ix Tree 
Clustering (STC) algorithm is used as the clustering algo 
rithm. STC algorithm is a fast, incremental and linear time 
clustering algorithm for clustering Web search results. Its 
basic idea is to identify phrases that are common to a set of 
documents obtained as the search results. First, a base cluster 
is de?ned to be a set of documents that share a common 
phrase. Then each document in the search result is prepro 
cessed, that is, the string of text representing each document 
is transformed using a stemming algorithm, sentence bound 
aries are marked, and non-Word tokens, such as numbers, 
HTML tags and most punctuations, are stripped. After that, 
base clusters are identi?ed using a suf?x tree, Which step can 
be vieWed as creating an inverted index of phrases for the set 
of documents. Finally, these identi?ed base clusters are 
merged into clusters and the common phrases may be used as 
the names of the clusters. 

[0064] Here the STC algorithm is only taken as an example 
of clustering algorithms. Those skilled in the art may use any 
other suitable clustering algorithm to cluster the search 
results. 

[0065] To make the clustering process fast, preferably, the 
?rst search result contains only a predetermined number of 
search result entries in the search result produced by the 
search engine, for instance, in the example shoWn in FIG. 2, 
the ?rst search result contains the ?rst 206 documents in the 
ranked list of the search result. The number of documents in 
the ?rst search result may be set by the Web user through the 
user interface of the broWser, and may affect the time for 
performing the clustering operation. 
[0066] After getting the clustering information of the ?rst 
search result, in Step 110, the correlations betWeen the clus 
tering information and the ranked list of the ?rst search result 
are calculated. The correlations comprise, for instance, at 
least one of folloWing information: each clustering informa 
tion item in the clustering information contains Which of 
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search result entries of the ?rst search result, the numbers of 
the search result entries contained in each clustering informa 
tion item, in Which clustering information items each search 
result entry is contained, Which clustering information item 
contains the most search result entries, and Which clustering 
information item contains the most search result entries of the 
?rst page and so on. 

[0067] Of course, the above listed examples of the correla 
tions are only illustrative, and this embodiment is not limited 
thereto. Those skilled in the art can use any other suitable 
information representing the correlations. 
[0068] In Step 115, visualiZation processing is performed 
on the obtained clustering information, including represent 
ing the clustering information in a form visible to the Web 
user, preferably, by using a tree visualiZation technique to 
represent a clustering tree structure; and describing the 
attributes of various clustering information items in the clus 
tering information, such as, the name of each clustering infor 
mation item, the number of search result entries contained 
therein and the like. After the visualiZation processing, the 
clustering information becomes visual cluster hierarchy for 
displaying on the broWser to the Web user. 
[0069] Although in this embodiment Step 110 of calculat 
ing the correlations betWeen the clustering information and 
the ranked list of the ?rst search result is performed before 
Step 115 of performing visualiZation processing on the clus 
tering information, essentially, these tWo steps may be per 
formed in parallel Without strict order. As an alternative, Step 
115 of performing visualiZation processing on the clustering 
information may be performed ?rst, and then Step 110 of 
calculating the correlations betWeen the clustering informa 
tion and the ranked list of the ?rst search result may be 
performed. 
[0070] Then in Step 120, the visual cluster hierarchy gen 
erated in Step 115 and the ranked list of the ?rst search result 
are displayed in a joint manner, so as to help the Web user to 
locate search result entries of interest more easily and knoW 
the clustering of the search result entries in the ?rst search 
result as the Whole. 

[0071] Displaying the clustering information and the 
ranked list of the ?rst search result in a joint manner in Step 
120 comprises the folloWing cases: 

[0072] 1) When the pages of the ranked list of the ?rst 
search result are displayed on the broWser, the cluster in 
the visual cluster hierarchy that contains the mo st search 
result entries of the ?rst search result is highlighted, that 
is, the cluster that contains the most search result entries 
is highlighted. Thus, the Web user can easily knoW Which 
cluster contains the most search result entries. 

[0073] Preferably, in this case, in the visual cluster hierar 
chy the cluster that contains the most search result entries of 
the ?rst search result in the ?rst page may be highlighted. 
Because usually the search result entries displayed in the ?rst 
page have high correlation With the query submitted by the 
Web user, the Web user is more concerned With the clustering 
of the search result on this page, so highlighting such a cluster 
makes the Web user locate the content of interest more con 
veniently. 

[0074] 2) When a search result entry in the ranked list of 
the ?rst search result is selected, in the visual cluster 
hierarchy the cluster that contains the search result entry 
and the mo st search result entries of the ?rst search result 
is highlighted, that is, the cluster to Which the selected 
search result entry belongs and Which contains the most 
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search result entries of the ?rst search result is high 
lighted. Thus, the web user can get help to quickly know 
the cluster to which the selected search result entry 
belongs and which has the most search result entries. 

[0075] Preferably, in this case, the cluster in the visual 
cluster hierarchy that contains the selected search result entry 
and the most search result entries of the ?rst search result in 
the ?rst page can be highlighted. Thus, the web user can get 
help to quickly know the cluster to which the selected search 
result entry belongs and which has the most search result 
entries in the ?rst page. 

[0076] 3) When a cluster in the visual cluster hierarchy is 
selected, the ranked list of the search result entries in the 
?rst search result that are contained in the cluster is 
displayed, that is, the speci?c search result entries con 
tained in the selected cluster are displayed, enabling the 
web user to know the speci?c content of the selected 
cluster. 

[0077] From the above description it can be seen that, using 
the visual method for enhancing search result navigation 
according to this embodiment, through combining a tradi 
tional ranked list of search results and the visual cluster hier 
archy of these search results to be displayed in a joint manner, 
a convenient way is provided for the web user to ?nd the 
potential correlations between the visual cluster hierarchy 
and the ranked list of the search results, making the web user 
to locate the required content more easily. 

[0078] Referring to FIG. 2 that schematically shows a dis 
play of a browser after using the visual method for enhancing 
search result navigation of the embodiment as shown in FIG. 
1, a detailed description will be given to an example in which 
the visual method for enhancing search result navigation 
according to this embodiment is practically applied. 
[0079] As shown in FIG. 2, the example applies an IE 
browser, which is well known by those skilled in the art, and 
the query keywords submitted by the web user are “informa 
tion visualization”. Based on these query keywords, the 
search engine “Google” generates a search result including at 
least 2,355,000 search result entries, wherein the ?rst 206 
search result entries are selected to be the ?rst search result to 
be clustered and displayed. On the left of FIG. 2 the visual 
cluster hierarchy is displayed, wherein the clusters are dis 
played in the form of nodes and the name of each cluster and 
the number of search result entries contained therein are also 
displayed; on the right of FIG. 2, the ranked list of the ?rst 206 
search result entries in the ?rst page is displayed. According 
to the above description, in this case, it is needed to highlight 
the cluster that contains the most search result entries or the 
cluster that contains the most search result entries in the ?rst 
page. In FIG. 2, the cluster InfoVis is highlighted in the form 
of a dark node, and contains 18 search result entries. The way 
of the highlighting may be high brightness displaying, 
enlarged displaying or using a different color from that of the 
other clusters. From this it can be seen that, in the search result 
displayed in the ?rst page, the cluster InfoVis contains the 
most search result entries. Through such a kind of displaying, 
the web user can clearly know the clustering of the search 
results and the mo st important clustering information item in 
the clustering information. 
[0080] FIG. 3 is a ?owchart of a visual method for enhanc 
ing search result navigation according to another embodi 
ment of the present invention. Next, in conjunction with FIG. 
3, a description of this embodiment will be given, wherein for 
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the parts similar to those in the embodiment shown in FIG. 1 
the same notations will be used and their explanations will be 
omitted properly. 
[0081] This embodiment is characterized by further search 
ing for the search results related to the cluster selected by the 
web user and merging them into the cluster, and then perform 
ing clustering once more. 
[0082] As shown in FIG. 3, in Step 300, ifthe user selects a 
cluster in the visual cluster hierarchy, after this selection step 
300, in addition to displaying the ranked list of the search 
result entries in the ?rst search result that are contained in this 
cluster, the following operations may further be performed: in 
Step 301, generating new query keywords and submitting 
them to the search engine. In order to search for more search 
results related to the cluster, further quali?cations on the 
current query keyword is needed in order to generate new 
query keywords and submit them to the search engine. The 
new query keywords may be generated through combining 
the current query keywords with the name of the selected 
cluster, as in the example shown in FIG. 2, if the web user 
selects a cluster “Software”, the new query keyword would be 
“information visualization+software”. 
[0083] In Step 305, the search engine generates a new 
search result based on the new query keywords. Then in Step 
310, a predetermined number of search result entries, for 
instance, 300 search result entries, are selected from the new 
generated search result, so as to generate a second search 
result. Preferably, the second search result can be generated 
through merging these search result entries with the search 
result entries currently contained in the cluster, further facili 
tating the user to ?nd the required information quickly. 
[0084] Then, in Step 315, the second search result is clus 
tered to obtain sub-clustering information. This step applies a 
clustering method similar to that used in the embodiment 
shown in FIG. 1, and its description is omitted here. 
[0085] After obtaining the sub-clustering information, in 
Step 320, the correlations between the sub-clustering infor 
mation and the ranked list of the second search result is 
calculated, wherein the content of the correlation information 
has been described in the above embodiments and its descrip 
tion is omitted here. 
[0086] Then, in Step 325, visualization processing is per 
formed on the sub-clustering information. In this embodi 
ment, the visualization processing of the sub-clustering infor 
mation is also to represent the sub-clustering information in 
the form of nodes, and depict the name of the sub-clustering 
information and the number of the search result entries con 
tained. The sub-clustering information after the visualization 
processing becomes the visual sub-clustering information. 
[0087] Although in this embodiment Step 320 of calculat 
ing the correlations is performed before Step 325 of visual 
ization processing, essentially, these two steps may be per 
formed in parallel without strict order. As an alternative, the 
step of visualization may be performed ?rst, then the step of 
calculating the correlations may be performed. 
[0088] In Step 330, the visual sub-clustering information 
and the ranked list of the second search result are displayed on 
the browser in a joint manner. Displaying the visual sub 
clustering information and the ranked list of the second search 
result in a joint manner is similar to that in the embodiment 
shown in FIG. 1 and its description is omitted here. 
[0089] In this embodiment, the visual cluster hierarchy and 
the sub-clustering information are displayed using a tree 
structure, wherein the clustering information items contained 
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in the visual cluster hierarchy are root nodes and the visual 
sub-clustering information items contained in the visual sub 
clustering information are branch nodes. Using a tree struc 
ture to display visual cluster hierarchy and visual sub-clus 
tering information can make the Web user clearly understand 
their relations, allowing the Web user to drill up and doWn in 
different levels of the visual cluster hierarchy. 
[0090] Besides, if the Web user further selects a visual 
sub-clustering information item in the visual sub-clustering 
information (Step 335), Steps 301 to 330 Will be repeated. If 
the Web user continues to select a clustering information item 
in the next level clustering information of the visual cluster 
hierarchy, Steps 301 to 330 Will further be repeated. Through 
such a repeated performing of the operation of “generating 
neW query keyWordsisearching for a neW search resulti 
clustering”, more accurate search results can be provided to 
the Web user. 

[0091] From the above description it can be seen that, using 
the visual method for enhancing search result navigation 
according to this embodiment, it is possible to dynamically 
search for more search results on the basis of the original 
limited search result and to cluster the combination of the neW 
search results and the original search result, so as to form the 
clustering information at various levels together With the 
previous clustering information, making the Web user to get 
more detailed and more accurate search result easily. 

[0092] As to hoW to generate neW query keyWords, in addi 
tion to the above mentioned method of combining the previ 
ous query With the name of the selected cluster to generate 
neW query keyWords, a method for generating neW query 
keyWords as shoWn in FIG. 4 may also be used. Next, in 
conjunction With FIG. 4, a detailed description Will be given 
to the generation of neW query keyWords in the embodiment 
shoWn in FIG. 3. 
[0093] As shoWn in FIG. 4, in Step 401, the relevant docu 
ments are collected. There are tWo kinds of relevant docu 
ments, that is, the documents that have been read by the Web 
user or the documents that belong to the selected cluster. 

[0094] Then, keyWords in the collected relevant documents 
are determined. In this embodiment, the tf-idf method is used 
to determine keyWords. First in Step 405, Weights of all Words 
except stopWords in each document of the collected relevant 
documents are calculated, Wherein the “stopWord” refers to 
those Words having Zero semantic value, such as “of,” “the,” 
“to” and the like. Since this kind of Words appear in each 
document in high frequency but With no actual semantic 
meaning, the Weights of this kind of Words are not calculated. 
The formula for calculating the Weight of a Word With actual 
meaning is as folloWs: 

ValueZ-IZf-idf 

Where value represents the Weight of a Word, tf is the fre 
quency of the term in the relevant document set; idf:all_ 
documents/keyWord_documents, Where all_documents rep 
resents the number of all the relevant documents, keyWord_ 
documents represents the number of the relevant documents 
that contain this Word. The formula (1) results in larger 
Weights for terms that appear more frequently in the relevant 
documents, and larger Weights for more unusual terms. Then 
in Step 407, the Words With high Weights are determined as 
keyWords. 
[0095] After determining the keyWords, in Step 410, these 
keyWords are combined With the current query keyWord to 
generate neW query keyWords. 
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[0096] From the above description it can be seen that, using 
the method for generating neW query keyWords of this 
embodiment, it is possible to determine keyWords more accu 
rately based on the selection of and the documents read by the 
Web user, and use the keyWords to search for the content of 
interest to the Web user. 

[0097] Here, the method for generating neW query key 
Words as shoWn in FIG. 4 is only illustrative and not restric 
tive. Those skilled in the art can apply any other suitable 
method for generating keyWords. 
[0098] Under the same inventive concept, FIG. 5 is a block 
diagram of a visual apparatus 500 for enhancing search result 
navigation according to an embodiment of the present inven 
tion. Next, in conjunction With FIG. 5, a detailed description 
Will be given to this embodiment, in Which the visual appa 
ratus 500 for enhancing search result navigation is installed 
betWeen a search engine 506 and a broWser 505 as a separate 
apparatus. 
[0099] As shoWn in FIG. 5, the visual apparatus 500 for 
enhancing search result navigation comprises: a dynamic 
cluster constructor 501, coupled to the search engine 506, and 
con?gured to dynamically cluster the search result from the 
search engine 506 to generate clustering information; a cor 
relation processor 502 con?gured to calculate the correlations 
betWeen the clustering information and the ranked list of the 
search result; a visualiZation engine 503, coupled to the 
broWser 505, and con?gured to perform visualiZation pro 
cessing on the clustering information to produce visual clus 
ter hierarchy and display the visual cluster hierarchy and the 
ranked list of the search result on the broWser 505 in a joint 
manner based on the correlations. 

[0100] In this embodiment, the search engine 506 may be a 
knoWn search engine, such as Google, Yahoo! or the like, and 
the broWser 505 may be, such as, an IE broWser from 
Microsoft Company, a Netscape broWser from Netscape 
Company, or the like. 
[0101] Next, a detailed description Will be given to the 
speci?c operation process of the visual apparatus 500 for 
enhancing search result navigation. 
[0102] When a Web user submits a query through the 
broWser 505, the query is transmitted to the search engine 506 
through the visualiZation engine 503 of the visual apparatus 
500. The query usually takes the form of a single keyWord or 
a combination of keyWords and conforms to the format 
de?ned by the search engine 506. The search engine 506 
generates a search result based on the query. The search result 
contains a plurality of documents, each of Which constitutes a 
search result entry. Then the search engine 506 returns a 
ranked list of the search result to the dynamic cluster con 
structor 501 of the visual apparatus 500. 
[0103] Preferably, the dynamic cluster constructor 501 may 
further comprises: a search result selecting unit 5011 con?g 
ured to receive the ranked list of the search result returned by 
the search engine 506 and select a predetermined number of 
search result entries from the ranked list of the received search 
result to generate a ?rst search result and save the ?rst search 
result; a clustering unit 5012 con?gured to cluster the ?rst 
search result to generate clustering information and send the 
clustering information and the ranked list of the ?rst search 
result to the correlation processor 502. In this embodiment, 
the clustering unit 5012 applies the Suf?x Tree Clustering 
(STC) algorithm to perform the clustering, Which algorithm 
has been described in detail above and its explanation is 
omitted here. Here the STC algorithm is taken only as an 
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example of clustering algorithms, and those skilled in the art 
may use any other suitable clustering algorithm to cluster the 
search result. 

[0104] After receiving the generated clustering information 
and the ranked list of the ?rst search result from the dynamic 
cluster constructor 501, the correlation processor 502 calcu 
lates the correlations betWeen them, the content contained in 
the correlation information having been described in the pre 
vious embodiments and its explanation being omitted here. 
[0105] After calculating the correlations, the correlation 
processor 502 sends the clustering information, the ranked 
list of the ?rst search result and their correlations to the 
visualization engine 503, Which performs visualization pro 
cessing, including representing the clustering information in 
a form readable to Web user, depicting the attributes of the 
clustering information and the like. 
[0106] Then the visualization engine 503 displays the 
visual cluster hierarchy and the ranked list of the search result 
on the broWser 505 in a joint manner based on the correlations 
calculated by the correlation processor 502. The situations 
involved in the displaying in a joint manner have been 
described in the previous embodiments and their explanation 
is omitted here. 

[0107] The visual apparatus 500 for enhancing search 
result navigation according to this embodiment and its com 
ponents can be implemented in hardWare circuits, such as 
super large-scale integrated circuits or gate arrays, semicon 
ductors such as logic chips and transistors, or programmable 
hardWare devices such as ?eld programmable gate arrays and 
programmable logic devices, and also can be implemented in 
softWare executed by various kinds of processors, and further 
can be implemented in a combination of the above-mentioned 
hardWare circuits and softWare. 

[0108] From the above description it can be seen that, using 
the visual apparatus 500 for enhancing search result naviga 
tion according to this embodiment, through combining a tra 
ditional ranked list of search results and the visual cluster 
hierarchy of these search results to display them in a joint 
manner, a convenient Way is provided for the Web user to ?nd 
the potential correlations betWeen the visual cluster hierarchy 
and the ranked list of the search results, making the Web user 
to locate the required content more easily. 

[0109] Preferably, the visual apparatus 500 for enhancing 
search result navigation further comprises a keyWord genera 
tor 504 con?gured to generate neW query keyWords When a 
cluster in the visual cluster hierarchy is selected and send the 
keyWords to the search engine 506. In order to further help the 
Web user to obtain more search result With higher relevance, 
When the Web user uses the broWser 505 to select a cluster in 
the visual cluster hierarchy, in addition to displaying the 
ranked list of the search result entries contained in the cluster, 
the Web user’s selection is also sent to the keyWord generator 
504 through the visualization engine 503. The keyWord gen 
erator 504 generates neW query keyWords based on the selec 
tion. HoW to generate neW keyWords has been described in the 
previous embodiments and its explanation is omitted here. 
Preferably, the keyWord generator 504 may receive the cluster 
selected by the user on the broWser and transmitted by the 
visualization engine 503 to generate neW keyWords, and send 
the generated neW keyWords to the search engine 506 for 
further searching. The search engine 506 generates a ranked 
list of the neW search result based on the neW query keyWords 
and returns it to the dynamic cluster constructor 501. 
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[0110] After receiving the returned ranked list of the neW 
search result, the search result selecting unit 5011 of the 
dynamic cluster constructor 501 selects a predetermined 
number of search result entries, for instance, the ?rst 200 
search result entries, from the ranked list of the neW search 
result, to generate a second search result and save it. Prefer 
ably, the selected search result entries can also be merged With 
those search result entries in the currently saved ?rst search 
result that are contained in the selected cluster to form the 
second search result and the second search result is saved. 
Then, the clustering unit 5012 clusters the second search 
result to generate the sub-clustering information of the 
selected cluster. The sub-clustering information and the 
ranked list of the second search result are sent to the correla 
tion processor 502. 

[0111] Similarly, the correlation processor 502 calculates 
the correlations betWeen the sub-clustering information and 
the ranked list of the second search result, and the content of 
the correlation information has been described in the above 
embodiments and its description is omitted here. Then, the 
correlation processor 502 sends the sub-clustering informa 
tion, the ranked list of the second search result and their 
correlations to the visualization engine 503. 

[0112] In addition to performing visualization processing 
on the sub-clustering information, the visualization engine 
503 visualizes the clustering information and the sub-cluster 
ing information into a tree structure, Wherein the clustering 
information items contained in the clustering information are 
taken as root nodes and the sub-clustering information items 
contained in the sub-clustering information are taken as 
branch nodes. 

[0113] Then, based on the correlations betWeen the sub 
clustering information and the ranked list of the second search 
result, the visualization engine 503 directs displaying the 
sub-clustering information and the ranked list of the second 
search result in a joint manner on the broWser 505. 

[0114] If the Web user continues to select a sub-clustering 
information item, the visual apparatus 500 for enhancing 
search result navigation may continue to generate neW query 
keyWords for the selected sub-clustering information item 
through the keyWord generator 504, and search for a neW 
search result and perform clustering through the dynamic 
cluster constructor 501, so as to generate visual cluster hier 
archy at different levels to facilitate the Web user to ?nd the 
content of interest. 

[0115] Alternatively, the keyWord generator 504 can also 
be integrated into the visualization engine 503, and receive 
the selection of the Web user through the visualization engine 
503, generates neW keyWords based on the selection and 
sends them to the search engine 506 through the visualization 
engine 503. 
[0116] From the above description it can be seen that, the 
visual apparatus 500 for enhancing search result navigation 
incorporated With the keyWord generator 504 can dynami 
cally search for more search result on the basis of the original 
limited search result and cluster the combination of the neW 
search result and the original search result, so as to construct 
the clustering information at various levels together With the 
previous clustering information, making the Web user to get 
more detailed and more accurate search result easily. 

[0117] FIG. 6 is a block diagram of an example of the 
keyWord generator 504. Next, in conjunction With FIG. 6, a 
detailed description Will be given. 
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[0118] As shown in FIG. 6, the keyword generator 504 
comprises: a document collector 601 con?gured to collect 
relevant documents required for generating query keywords; 
a weight calculator 602 con?gured to calculate the weights of 
all the words except stopwords in each one of the relevant 
documents; and a keyword combiner 603 con?gured to select 
the words with high weights and combine them with the 
current query keywords to generate new query keywords. 
[0119] When the keyword generator 504 receives a selec 
tion of the web user, the document collector 601 collects 
relevant documents required for generating new query key 
words based on the selection, so as to determine new key 
words from these relevant documents. The relevant docu 
ments collected by the document collector 601 are sent to the 
weight calculator 602, which calculates the weights of all the 
words except stopwords in each document. The keyword 
combiner 603 selects the words with high weights as new 
keywords and combines them with the current query key 
words to generate new query keywords. How to collect the 
relevant documents and how to calculate the weights have 
been described in the previous embodiments and their expla 
nation is omitted here. 
[0120] The keyword generator 504 of this embodiment and 
its components can be implemented in hardware circuits, 
such as super-large scale integrated circuits or gate arrays, 
semiconductors such as logic chips and transistors, or pro 
grammable hardware devices such as ?eld programmable 
gate arrays and programmable logic devices, and also can be 
implemented in software executed by various kinds of pro 
cessors, and further can be implemented in a combination of 
the above-mentioned hardware circuits and software. 
[0121] From the above description it can be seen that, using 
the keyword generator 504 of this embodiment, it is possible 
to determine keywords more accurately based on the selec 
tion of and the documents read by the web user, and use the 
keywords to search for the content of interest to the web user. 

[0122] Besides, the above visual apparatus for enhancing 
search result navigation may be combined with an existing 
browser to form a new browser. The existing browser may be, 
for instance, an IE browser from Microsoft Company, a 
Netscape browser from Netscape Company or the like. 
[0123] On the other hand, above visual apparatus for 
enhancing search result navigation may be combined with an 
existing search engine to form a new search engine. An exist 
ing search engine may be a know search engine, such as 
Google, Yahoo! or the like. 
[0124] The present invention further provides a program 
product, comprising: program codes for implementing all the 
above methods and carrying media for carrying the program 
codes. 
[0125] Though a visual method and corresponding appara 
tus for enhancing search result navigation of the present 
invention has been described in detail in conjunction with 
embodiments, it should be understand that those skilled in the 
art can make various modi?cations to the above-mentioned 
embodiments without departing from the spirit and scope of 
the present invention. 

1. A visual method for enhancing search result navigation, 
comprising: 

obtaining a ?rst search result from a search engine; 
clustering the ?rst search result to get clustering informa 

tion; 
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calculating the correlations between the clustering infor 
mation and a ranked list of the ?rst search result, and 
performing visualiZation processing on the clustering 
information; and 

displaying the visual cluster hierarchy and the ranked list of 
the ?rst search result in a joint manner based on the 
correlations. 

2. The visual method for enhancing search result naviga 
tion according to claim 1, all the limitations of which are 
incorporated herein by reference, wherein the ?rst search 
result contains a predetermined number of search result 
entries in the search results produced by the search engine 
based on a query. 

3. The visual method for enhancing search result naviga 
tion according to claim 1, all the limitations of which are 
incorporated herein by reference, wherein displaying the 
visual cluster hierarchy and the ranked list of the ?rst search 
result in a joint manner comprises one of the following: 

a. when the pages of the ranked list of the ?rst search result 
are displayed, the cluster in the visual cluster hierarchy 
that contains the most search result entries of the ?rst 
search result is highlighted; 

b. when the pages of the ranked list of the ?rst search result 
are displayed, the cluster in the visual cluster hierarchy 
that contains the most search result entries of the ?rst 
search result in the ?rst page is highlighted; 

c. when a search result entry in the ranked list of the ?rst 
search result is selected, the cluster in the visual cluster 
hierarchy that contains the search result entry and the 
most search result entries of the ?rst search result is 
highlighted; 

d. when a search result entry in the ranked list of the ?rst 
search result is selected, the cluster in the visual cluster 
hierarchy that contains the search result entry and the 
most search result entries of the ?rst search result in the 
?rst page is highlighted; and 

e. when a cluster in the visual cluster hierarchy is selected, 
the ranked list of the search result entries in the ?rst 
search result that are contained in the cluster is dis 
played. 

4. The visual method for enhancing search result naviga 
tion according to claim 1, all the limitations of which are 
incorporated herein by reference, wherein the step of cluster 
ing the ?rst search result applies the Su?ix Tree Clustering 
algorithm. 

5. The visual method for enhancing search result naviga 
tion according to anyone of claim 1, all the limitations of 
which are incorporated herein by reference, further compris 
ing: 

selecting a cluster in the visual cluster hierarchy; 
generating new query keywords and submitting them to the 

search engine; 
producing a new search result based on the new query 

keywords by the search engine; 
selecting a predetermined number of search result entries 

in the new search result to produce a second search 

result; 
clustering the second search result to obtain sub-clustering 

information; 
calculating the correlations between the sub-clustering 

information and the ranked list of the second search 
result, and performing visualiZation processing on the 
sub-clustering information; 
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displaying the visual sub-clustering information and the 
ranked list of the second search result in a joint manner 
based on the correlations; and 

When a visual sub -clustering information item in the visual 
sub-clustering information is selected, repeating the 
above steps. 

6. The visual method for enhancing search result naviga 
tion according to claim 5, all the limitations of Which are 
incorporated herein by reference, Wherein the visual cluster 
hierarchy and the visual sub-clustering information form a 
tree structure, Wherein the clusters contained in the visual 
cluster hierarchy are taken as root nodes and the visual sub 
clustering information items contained in the visual sub-clus 
tering information are taken as branch nodes 

7. The visual method for enhancing search result naviga 
tion according to claim 5, all the limitations of Which are 
incorporated herein by reference, Wherein the step of gener 
ating neW query keyWords comprises: combining the current 
query keyWords With the name of the selected cluster to 
generate neW query keyWords. 

8. The visual method for enhancing search result naviga 
tion according to claim 5, all the limitations of Which are 
incorporated herein by reference, Wherein the step of gener 
ating neW query keyWords comprises: 

collecting relevant documents; 
determining keyWords in the relevant documents; and 
combining the keyWords With the current query to produce 

a neW query. 

9. The visual method for enhancing search result naviga 
tion according to claim 8, all the limitations of Which are 
incorporated herein by reference, Wherein the relevant docu 
ments are the documents that have been read by the Web user 
or the documents that belong to the selected cluster. 

10. The visual method for enhancing search result naviga 
tion according to claim 8, all the limitations of Which are 
incorporated herein by reference, Wherein the step of deter 
mining keyWords in the relevant documents comprises: 

calculating Weights of all Words except stopWords in each 
document of the relevant documents With the folloWing 
formula: 

Where value represents the Weight of a Word, tf represents 
the frequency at Which the Word appears in the relevant 
documents; 

idf:all_documents/keyWord_documents, Where all_docu 
ments represents the number of all the relevant docu 
ments, keyWord_documents represents the number of 
the relevant documents that contain this Word; and 
determining the Words With high Weights as keyWords. 

11. A visual apparatus for enhancing search result naviga 
tion, comprising: 

a dynamic cluster constructor con?gured to select search 
results coming from a search engine to get a ?rst search 
result and dynamically cluster the ?rst search result to 
generate clustering information; 

a correlation processor con?gured to calculate the correla 
tions betWeen the clustering information and the ranked 
list of the ?rst search result; and 

a visualiZation engine con?gured to perform visualiZation 
processing on the clustering information to produce 
visual cluster hierarchy, and display the visual cluster 
hierarchy and the ranked list of the ?rst search result on 
a broWser in a joint manner based on the correlations. 
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12. The visual apparatus for enhancing search result navi 
gation according to claim 11, all the limitations of Which are 
incorporated herein by reference, Wherein the dynamic clus 
ter constructor comprises: 

a search result selecting unit con?gured to select a prede 
termined number of search result entries from the 
received search result to generate a ?rst search result and 
save the ?rst search result; and 

a clustering unit con?gured to cluster the ?rst search result 
to generate the clustering information. 

13. The visual apparatus for enhancing search result navi 
gation according to claim 12, all the limitations of Which are 
incorporated herein by reference, Wherein the visualiZation 
engine displaying the visual cluster hierarchy and the ranked 
list of the ?rst search result on a broWser in a joint manner 
comprises any one of the folloWing cases: 

a. When the pages of the ranked list of the ?rst search result 
are displayed, the cluster in the visual cluster hierarchy 
that contains the most search result entries of the ?rst 
search result is highlighted; 

b. When the pages of the ranked list of the ?rst search result 
are displayed, the cluster in the visual cluster hierarchy 
that contains the most search result entries of the ?rst 
search result in the ?rst page is highlighted; 

c. When a search result entry in the ranked list of the ?rst 
search result is selected, the cluster in the visual cluster 
hierarchy that contains the search result entry and the 
most search result entries of the ?rst search result is 
highlighted; 

d. When a search result entry in the ranked list of the ?rst 
search result is selected, the cluster in the visual cluster 
hierarchy that contains the search result entry and the 
most search result entries of the ?rst search result in the 
?rst page is highlighted; and 

e. When a cluster in the visual cluster hierarchy is selected, 
the ranked list of the search result entries in the ?rst 
search result that are contained in the cluster is dis 
played. 

14. The visual apparatus for enhancing search result navi 
gation according to claim 12, all the limitations of Which are 
incorporated herein by reference, Wherein the clustering unit 
applies the Su?ix Tree Clustering algorithm. 

15. The visual apparatus for enhancing search result navi 
gation according to claim 12, all the limitations of Which are 
incorporated herein by reference, further comprising: 

a keyWord generator con?gured to generate neW query 
keyWords When selecting a cluster in the visual cluster 
hierarchy and send the keyWords to the search engine 
through the dynamic cluster constructor; 

Wherein, the search engine performs searching based on 
the neW query keyWords generated by the keyWord gen 
erator and returns a ranked list of the neW search result; 

the search result selecting unit of the dynamic cluster con 
structor selects a predetermined number of search result 
entries from the received ranked list of the neW search 
result to generate a second search result and save it; 

the clustering unit of the dynamic cluster constructor clus 
ters the second search result to generate sub-clustering 
information; 

the visualiZation engine visualiZes the clustering informa 
tion and the sub-clustering information into a tree struc 
ture, Wherein the clustering information items contained 
in the clustering information are taken as root nodes and 
the sub-clustering information items contained in the 
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sub-clustering information are taken as branch nodes, 
and the visualiZation engine also displays the visual 
cluster hierarchy and the ranked list of the second search 
result in a joint manner on the broWser. 

16. The visual apparatus for enhancing search result navi 
gation according to claim 15, all the limitations of Which are 
incorporated herein by reference, Wherein the keyword gen 
erator combines the current query keyWords With the name of 
the selected cluster to generate neW query keyWords. 

17. The visual apparatus for enhancing search result navi 
gation according to claim 15, all the limitations of Which are 
incorporated herein by reference, Wherein the keyWord gen 
erator comprises: 

a document collector con?gured to collect relevant docu 
ments; 

a Weight calculator con?gured to calculate Weights of all 
Words except stopWords in each one of the relevant 
documents; and 

a keyWord combiner con?gured to select the Words With 
high Weights and combine them With the current query 
keyWords to generate neW query keyWords. 

18. The visual apparatus for enhancing search result navi 
gation according to claim 17, all the limitations of Which are 
incorporated herein by reference, Wherein the relevant docu 
ments are the documents that have been read by the Web user 
or the documents that belong to the selected cluster. 

19. The visual apparatus for enhancing search result navi 
gation according to claim 17, all the limitations of Which are 
incorporated herein by reference, Wherein the Weight calcu 
lator applies the folloWing formula: 

valueflfid? 

Where value represents the Weight of a Word, tf represents 
the frequency at Which the Word appears in the relevant 
documents; 
I'd/gallidocuments/keywordidocurnents, 

Where all_documents represents the number of all the rel 
evant documents, keyWord_documents represents the num 
ber of the relevant documents that contain this Word. 

20. A broWser, comprising the visual apparatus for enhanc 
ing search result navigation comprising: 
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a dynamic cluster constructor con?gured to select search 
results coming from a search engine to get a ?rst search 
result and dynamically cluster the ?rst search result to 
generate clustering information; 

a correlation processor con?gured to calculate the correla 
tions betWeen the clustering information and the ranked 
list of the ?rst search result; and 

a visualiZation engine con?gured to perform visualiZation 
processing on the clustering information to produce 
visual cluster hierarchy, and display the visual cluster 
hierarchy and the ranked list of the ?rst search result on 
a broWser in a joint manner based on the correlations. 

21. A search engine, comprising the visual apparatus for 
enhancing search result navigation comprising: 

a dynamic cluster constructor con?gured to select search 
results coming from a search engine to get a ?rst search 
result and dynamically cluster the ?rst search result to 
generate clustering information; 

a correlation processor con?gured to calculate the correla 
tions betWeen the clustering information and the ranked 
list of the ?rst search result; and 

a visualiZation engine con?gured to perform visualiZation 
processing on the clustering information to produce 
visual cluster hierarchy, and display the visual cluster 
hierarchy and the ranked list of the ?rst search result on 
a broWser in a joint manner based on the correlations. 

22. A program product, comprising: 
program codes and carrying media for carrying said pro 

gram codes, for implementing a method comprising: 
obtaining a ?rst search result from a search engine; 
clustering the ?rst search result to get clustering informa 

tion; 
calculating the correlations betWeen the clustering infor 

mation and a ranked list of the ?rst search result, and 
performing visualiZation processing on the clustering 
information; and 

displaying the visual cluster hierarchy and the ranked list of 
the ?rst search result in a joint manner based on the 
correlations. 


