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(57) ABSTRACT 

A received query is processed So as to generate an initial 
group of ranked documents corresponding to the received 
query. Each document in all or a portion of the documents 
in the initial group of ranked documents is associated with 
a respective Set of ranked candidate terms Such that each 
candidate term in the respective set of ranked candidate 
terms is embedded within the document. Each respective Set 
of ranked candidate terms is identified at a time prior to the 
processing of the received query. In accordance with a 
Selection function, a Subset of the candidate terms in one or 
more of the respective Sets of candidate terms is Selected. In 
response to the received query, the initial group of ranked 
documents and the Subset of candidate terms are presented. 
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SYSTEMS AND METHODS FOR INTERACTIVE 
SEARCH QUERY REFINEMENT 

0001. This application claims priority to U.S. Patent 
Application Ser. No. 60/456,905 entitled “Systems and 
Methods For Interactive Search Query Refinement” filed 
Mar. 21, 2003, attorney docket number 101.30-044-888, 
which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates to the field of search 
engines, Such as Search engines for locating documents in a 
database or documents Stored on Servers coupled to the 
Internet or in an intranet, and in particular the present 
invention relates to Systems and methods for assisting Search 
engine users in refining their Search queries So as to locate 
documents of interest to the users. 

BACKGROUND OF THE INVENTION 

0003) Developing search expressions that both convey a 
user's information need and match the way that need is 
expressed within the Vocabulary of target documents has 
long been recognized as a difficult cognitive task for users of 
text Search engines. A large majority of Search engine users 
begin their Search for a document with a query having only 
one or two words, and are then disappointed when they do 
not find the document or documents they want within the 
first ten or so results produced by the search engine. While 
user Satisfaction can be improved, at least for Some Searches, 
by improving the manner in which results are ranked, very 
broad Search queries cannot satisfy the more specific infor 
mation desires of many different Search engine users. One 
way to help a user refine a query expression is to offer term 
Suggestions, just as a librarian might do So in a face-to-face 
interaction with an information Seeker. Doing this automati 
cally, however, is quite different, Since the System must 
"guess' which terms, out of hundreds that may be concep 
tually related to a query, as most likely to be relevant to users 
conducting a Search. Common approaches for choosing 
related terms include consulting an online thesaurus or a 
database of prior logged queries (that can be searched to find 
previous queries that contain one or more words in the 
current query). A weakness of Such approaches is that there 
is no guarantee that the related terms So generated actually 
reflect the Subject matter or vocabulary used within the 
corpus of documents itself. For this reason, alternative 
approaches that attempt to glean related terms dynamically 
from the actual results of a query have received much 
interest. 

0004 Some prior approaches that use a search result set 
to generate refinement Suggestions include term relevance 
feedback (e.g. Vélez et al., Fast and Effective Query Refine 
ment, in Proceedings of SIGIR'97, pp. 6-15), Hyperindex 
(Bruza and Dennis, Query Reformulation on the Internet: 
Empirical Data and the Hyperindex Search Engine, in Pro 
ceedings of RIAO'97, pp. 500-509), Paraphrase (Anick and 
Tipimeni, The Paraphrase Search ASSistant: Terminological 
Feedback for Iterative Information Seeking, in Proceedings 
of SIGIR'99, pp. 153-159) and clustering (Zamir and Etzi 
oni, Web Document Clustering: A Feasibility Demonstra 
tion, in Proceedings of SIGIR'98, pp. 46-54). Most rel 
evance feedback methods have been designed for partial 
match Search engines and typically involve broadening a 
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query expression by the addition of multiple weighted terms 
derived from computations over a Subset of retrieved docu 
ments explicitly tagged as relevant or non-relevant by a user. 
HyperindeX runs a Syntactic analyzer over Snippets returned 
by a Search engine to extract noun phrases that contain the 
query term. Paraphrase extracts noun phrases from result Set 
documents and chooses feedback terms to display based on 
lexical dispersion. Clustering approaches attempt to cluster 
result Set Snippets and derive representative query terms 
from the terms appearing within the respective clusters. 
While many of these approaches are functional, they are 
Somewhat unsatisfactory for very large Web Search engines, 
either for reasons of runtime performance or relevance of 
feedback terms generated. There remains a need in the art for 
effective methods for assisting a user in identifying relevant 
Search terms to improve a Search. 
0005 To better understand the limitations of the prior art, 
a closer review of Vélez et al., Fast and Effective Query 
Refinement, in Proceedings of SIGIR97, pp. 6-15, is war 
ranted. Vélez et al. provides a System and method for query 
refinement in which terms from automated Suggestions are 
added to an initial query in order to refine the initial query. 
In Vélez et al., the authors build upon the generic query 
refinement program DM. As put forth in Vélez et al., DM has 
the following Steps: 

0006 Let 
0007) 
O008) 
0009) 
0010) 

0011) Then, 
0012 1. Compute the set of documents D(q)eC that 
match the query q. 

C=document corpus 
q=user query 

r=number of matching documents to consider 
W(S)=algorithm specific weight term set S 

0013 2. Select a subset D,(q) of top r matching 
documents 

0014) 3. Compute the set of terms T(q) from the 
documents D.(q) such that T(q)={tdd eD.(q): ted 
where d is a document and t is a term. 

0015 4. Compute the Subset S of n terms from T(q) 
with the highest weight W(S). 

0016 5. Present S to the user as the set of term 
Suggestions. 

AS noted in Vélez et al., this approach is unsatisfactory 
because it is an expensive run time technique. In 
other words, it will take an unsatisfactory amount of 
time to compute the Set of term Suggestions S using 
DM in cases where the document database (corpus) 
is large. 

0017 Vélez et al. seeks to improve on the speed of DM 
by precomputing a Substantial amount of the work that is 
done dynamically by DM. In this precomputation phase, 
Vélez et al. generates a data Structure that maps each 
Single-word term t in the corpus to a respective Set of terms 
m that the DM algorithm would Suggest given the Single 
term query t. Then, at run-time, an arbitrary query is 
received from the user. The query typically comprises a Set 
of terms. In response to the query, Vélez et al. collects the 
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respective Sets of terms m corresponding to each of the terms 
in the query and merges each of these Sets into a single Set 
that is then returned to the user as Suggestions for an 
improved Search. For example, consider the case in which 
the user enters the query “space Shuttle'. In this instance 
Vélez et al. could obtain the set of terms m that have been 
precomputed for the word "space' and the Set of terms m 
that have been precomputed for the word “shuttle” and will 
merge them together in order to derive a set of Suggested 
terms for the query “space shuttle'. 
0.018 While this approach improves runtime perfor 
mance by precomputing a Subset of term relationships 
off-line, the Vélez et al. approach has drawbacks. First, there 
is a context problem. The Vélez et al. approach relies on the 
assumption that the Set of terms m relevant to a given term 
t is the same regardless of whether the term t appears by 
itself or as part of a multi-term query. However, this is 
assumption is not always true. A term appearing within a 
multi-term phrase can in Some instances express a com 
pletely different meaning relative to the term appearing by 
itself. Because of the underlying assumption in Vélez et al., 
the approach can potentially lead to inappropriate Search 
term Suggestions in Some instances or else miss other 
Suggestions that would be more relevant within the context 
of the entire query. Second, when the corpus (document 
database) changes, the Vélez et al. approach requires that 
Sets of terms m respectively associated with terms t in the 
corpus be recomputed because each Set of terms m depends 
on the contents of a plurality of files in the corpus including, 
possibly, files that have recently been added to the corpus. 

0019 Xu and Croft, SIGIR'97, pp. 4-11 describe another 
approach in which Sets of terms that are related to a given 
concept are precomputed before a Search query, which may 
include Several concepts (search terms), is received. Like the 
Vélez et al. approach, the Xu and Croft methods relies on the 
construction of Static croSS document data Structures and 
Statistics that necessitate extensive recomputation of terms 
asSociated with concepts as the corpus changes over time. 
Accordingly, the computational demands of Xu and Croft 
are unsatisfactory for very large, dynamic document data 
bases. 

0020 Given the above background, it would be desirable 
to provide assistance to users in refining their Search queries 
into more narrowly defined queries, So as to produce Search 
results more to their liking. 

SUMMARY OF THE INVENTION 

0021. The present invention provides an improved 
method for refining a Search query that is designed to 
retrieve documents from a document index. The present 
invention is advantageous because it does not rely on croSS 
document data structures or global Statistics that must be 
recomputed each time the corpus is updated. Further, the 
present invention requires Significantly leSS I/O resources at 
query time (run time) because fewer results need to be 
fetched at run time than in known methods to produce a 
Short list of relevant Suggestions that includes a mix of 
phrases, single word terms, and specializations (phrases 
including a query term). In the present invention, each 
document in the document indeX is processed at Some time 
prior to the query, for example during the generation of the 
document index. In this processing, each document in the 
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document indeX is examined to determine if the document 
includes any terms Suitable for inclusion in a set of ranked 
candidate terms for the document. When the document 
includes Such terms, the document indeX entry for the 
document is configured to include a set of terms associated 
with the document. This set of terms is called a set of ranked 
candidate terms. 

0022. When a query is received, an initial group of 
documents are retrieved from the document index. The 
initial group of documents is ranked by relevance to the 
query. The “initial group' of documents can be a Subset of 
the full set of documents identified as being potentially 
relevant to the query. In one embodiment, the number of 
documents in the initial group is the lesser of all the 
documents identified as being potentially relevant to the 
query and a parameter value, typically between 20 and 200 
(e.g., 50). Next, a weighting function is applied to each 
candidate term that appears in any Set of ranked candidate 
terms that is associated with a document in the initial group 
of ranked documents. Top Scoring candidate terms are 
presented, in response to the query, along with the initial 
group of ranked documents. User Selection of one of the 
presented candidate terms results in the addition of the term 
to the original Search query. 
0023. One aspect of the invention provides a method of 
refining a received query. The received query is processed So 
as to generate an initial group of ranked documents corre 
sponding to the received query. Each document in all or a 
portion of the documents in the initial group of ranked 
documents is associated with a respective Set of ranked 
candidate terms. Each candidate term in the various respec 
tive Sets of candidate terms is embedded within a document 
in the initial group of ranked documents. Each candidate 
term can be a word or a phrase. Furthermore, in a preferred 
embodiment, the various respective Sets of candidate terms 
are constructed at a time prior to processing the received 
query. The method continues with the Selection of a Subset 
of candidate terms that are in one or more of the various 
respective Sets of ranked candidate terms. A Selection func 
tion is used to Select this Subset of candidate terms. Then, in 
response to the received query, the initial group of ranked 
documents and the Subset of candidate terms are presented. 
In Some embodiments, the processing, Selecting, and pre 
Senting is repeated using a revised query that includes the 
original received query and a candidate term from the Subset 
of candidate terms. 

0024. In some embodiments, a set of candidate terms 
asSociated with a document is constructed by comparing a 
term in the document to a master list of candidate terms. 
When the term is in the master list of candidate terms, the 
term is added to the Set of candidate terms associated with 
the document as a candidate term. In Some embodiments, the 
master list of candidate terms includes more than 10,000,000 
candidate terms. This comparing is repeated until a maxi 
mum number of terms in the document has been considered 
or a threshold number of unique terms has been considered. 
Then a weighting and/or Selection function is applied to the 
Set of candidate terms to produce a Set of ranked candidate 
terms. Typically, this weighting and/or Selection function 
ranks the candidate terms and then applies a cutoff in which 
only high ranked terms are retained. In Some embodiments, 
the master list of candidate terms is optimized for a specific 
language (e.g., English, Spanish, French, German, Portu 
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guese, Italian, Russian, Chinese, or Japanese). In Some 
embodiments, each document in all or a portion of the 
documents in the initial group of ranked documents is in the 
Same language for which the master list of candidate terms 
has been optimized. 
0.025 In some embodiments, each document in a docu 
ment indeX is classified at a time prior to the query proceSS 
(e.g., during initial document indexing). In Some embodi 
ments, there are two possible classes, a first family friendly 
class and a Second non-family friendly class. A designation 
of the classification of the document is included in the 
document indeX. 

0026. In some embodiments a single-word candidate 
term in a set of ranked candidate terms that is in fact a Subset 
(Substring) of a more complex term in the set of ranked 
candidate terms is discarded. Further, the more complex 
term is given credit for the number of instances the Simpler 
term appeared in all or the upper portion of the document 
asSociated with the Set of ranked candidate terms. This 
discarding and crediting is repeated until there is no single 
word candidate term that is a Subset of a more complex 
candidate term in the Set of ranked candidate terms. Fur 
thermore the same procedure may be applied to multi-word 
candidate terms that are Subsets of more complex terms. 
0027. In some embodiments a candidate term in a set of 
ranked candidate terms that is an orthographic or inflectional 
variant of a Second term in the Set of ranked candidate terms 
is discarded. Further, the Second term is given credit for the 
number of instances the orthographic or inflectional variant 
term appeared in all or the upper portion of the document 
asSociated with the Set of ranked candidate terms. This 
discarding and crediting is repeated until there is no term 
that is an Orthographic or inflectional variant of another term 
in the Set of ranked candidate terms. In Some instances, the 
Second term is rewritten in the candidate Set as a combined 
term that includes both (e.g., multiple) orthographic or 
inflectional variants, with the variant that appeared most in 
all or an upper portion of the associated document appearing 
first in the combined term. In some embodiments, when the 
combined term is selected for inclusion in the Subset of 
candidate terms presented, only the first portion of the 
combined term is presented to the user. 
0028. Some embodiments of the present invention pro 
vide various Selection functions that are used to Select the 
Subset of candidate terms to be presented in response to a 
query. In Some embodiments, this Selection function takes 
advantage of the information that is found in the Sets of 
candidate terms associated with top-ranked documents in the 
initial group of ranked documents. This information 
includes two forms of ranking. First, the documents are 
ranked. Second, each candidate term in each Set of ranked 
candidate terms associated with a document in the initial 
group of ranked documents is ranked. 
0029. In one embodiment, the selection function com 
prises: (i) applying a weighting function to each candidate 
term in each respective Set of ranked candidate terms that is 
asSociated with a top-ranked document in the initial group of 
ranked documents. AS used herein, each top-ranked docu 
ment in the initial group of ranked documents is a document 
that has a rank that is numerically less than Some threshold 
ranking (e.g. 50, that is, the top-ranked document is in the 
top 50 documents in the initial group of ranked documents 

Jan. 12, 2006 

returned for the query). For example, consider the case in 
which the initial group of ranked documents includes 100 
documents and the threshold ranking is fifty. Then, the first 
fifty documents will be considered top-ranked documents. 
Those candidate terms receiving a highest weight are 
included in the Subset of candidate terms that are presented 
along with the query results. In Some embodiments, the 
weight that is applied to a candidate term by the weighting 
function is determined in accordance with a number of Sets 
of candidate terms associated with top-ranked documents 
that the candidate term appears in, the average position of 
the candidate term in each Such set of ranked candidate 
terms, by whether a term in the received query is in the 
candidate term, by a number of characters in the candidate 
term, or by the average rank position of the top-ranked 
documents that include the term in an associated Set of 
candidate terms. In Some embodiments, the weight that is 
applied to a candidate term by the weighting function is 
determined in accordance with any combination or any 
weighted Subset of TermCount, Term Position, ResultPosi 
tion, TermLength, and QueryInclusion, where 

0030 TermCount is the number of sets of ranked 
candidate terms that both (i) include the candidate term 
and (ii) are respectively associated with a top-ranked 
document, 

0031) TermPosition is a function (e.g., an average) of 
the position of the candidate term in those Sets of 
ranked candidate terms that both (i) include the candi 
date term and (ii) are respectively associated with a 
top-ranked document, 

0032 ResultPosition is a function (e.g., an average) of 
the rank of those top-ranked documents that are asso 
ciated with a set of ranked candidate terms that includes 
the candidate term, 

0033 TermLength is a number of characters in the 
candidate term (candidate term complexity), and 

0034 QueryInclusion is a value that indicates whether 
a term in the received query is in the candidate term. 

In Some embodiments, the weight that is applied to a 
candidate term by the weighting function is determined 
in accordance with the formula: 

TermCount-Termposition+Resultposition-Term 
Length--QueryInclusion. 

0035) In some embodiments, TermCount, Term Position, 
ResultPosition, TermLength, and QueryInclusion are each 
independently weighted. In Some embodiments, the weight 
that is applied to a candidate term by the weighting function 
is determined in accordance with the formula: 

(TermCount w)+(TermPosition (w- 
(RefinementDepth w')))+(ResultPosition*ws)+ 
(TermLength (w-(RefinementDepth w')))+ 
(QueryInclusion (ws+(RefinementDepth ws"))) 

where W1, W2, Wis, W., Ws, W2, W, and Ws' are independent 
weights and RefinementIDepth is a number of times Said 
processing has been performed for Said received query. 
0036). In some embodiments, the selection function com 
prises determining, for each document in the initial group of 
ranked documents, the classification of the document. Then, 
when a threshold percentage of the Set of documents belong 
to a first classification (e.g., a family friendly category), all 
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Sets of ranked candidate terms that belong to documents that 
are members of a Second classification (e.g., a non family 
friendly category) are not used to form the Subset of candi 
date terms. 

0037 Another aspect of the invention provides a com 
puter program product for use in conjunction with a com 
puter System. The computer program product comprises a 
computer readable Storage medium and a computer program 
mechanism embedded therein. The computer program 
mechanism comprises a query refinement Suggestion engine 
for refining a received query. The engine comprises instruc 
tions for processing the received query So as to generate an 
initial group of ranked documents corresponding to the 
received query. Each document in all or a portion of the 
documents in the initial group of ranked documents is 
asSociated with a respective Set of ranked candidate terms 
Such that each candidate term in the respective set of ranked 
candidate terms is embedded within the document. Each 
respective Set of ranked candidate terms is identified at a 
time prior to the processing of the received query. The 
engine further comprises instructions for Selecting, in accor 
dance with a Selection function, a Subset of candidate terms 
that are in one or more of the respective Sets of candidate 
terms. Further, the engine comprises instructions for pre 
Senting, in response to the received query, the initial group 
of ranked documents and the Subset of candidate terms. 

0.038 Still another aspect of the present invention pro 
vides a document indeX data structure comprising a plurality 
of uniform resource locators (URLs). Each URL designates 
a respective document. Each document in all or a portion of 
the respective documents designated by the plurality of 
URLS is associated with a respective Set of ranked candidate 
terms. Each candidate term in a respective set of ranked 
candidate terms comprises candidate terms that are embed 
ded in the document associated with the Set of ranked 
candidate terms. Furthermore, these candidate terms are 
ranked by a weighting function. In Some embodiments, a 
respective Set of ranked candidate terms is created by 

0039 (A) comparing a term in the document associ 
ated with the respective Set of ranked candidate terms 
to a master list of candidate terms, wherein, when the 
term is in the master list of candidate terms, the term is 
added to the respective Set of ranked candidate terms as 
a candidate term; 

0040 (B) repeating the comparing until a maximum 
number of terms in the document has been considered; 

0041) (C) ranking the candidate terms in accordance 
with a weighting function thereby forming the ranked 
candidate terms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0042. The aforementioned features and advantages of the 
invention as well as additional features and advantages 
thereof will be more clearly understood hereinafter as a 
result of a detailed description of preferred embodiments of 
the invention when taken in conjunction with the drawings. 
0.043 FIG. 1 illustrates a client computer Submitting a 
query to a Search engine. 
0044 FIG. 2 illustrates a search results page, including 
query refinement Suggestions, produced in accordance with 
an embodiment of the present invention. 
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004.5 FIG. 3 is a block diagram of a search engine server. 
0046) 
0047 FIG. 5 is a flow chart of a document indexing 
method. 

0048 FIG. 6 is a flow chart of a procedure for processing 
a query Submitted by a user. 

FIG. 4 is a block diagram of a Search engine index. 

0049. Like reference numerals refer to corresponding 
parts throughout the Several views of the drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0050. In a typical embodiment, the present invention 
generates, in an efficient manner, a Small set (10-20) of query 
refinement Suggestions (Subset of candidate terms) that are 
potentially highly relevant to a user's query and reflect the 
Vocabulary of target documents. 
0051. As shown in FIG. 1, a search query is submitted by 
a client computer 100 to a search engine server 110. Upon 
receiving the Search query, Search engine Server 110 iden 
tifies documents in document index 120 that are relevant to 
the Search query. Further, Search engine Server 110 ranks the 
relevant documents by, for example, their relevance to the 
Search query among other ranking factors. A description of 
this group of ranked documents (search results) is then 
returned to client computer 100 as a group of ranked 
documents. In the present invention, additional information, 
in the form of a Subset of candidate terms (Search refinement 
Suggestions), is returned to the client computer along with 
the initial group of ranked documents. 
0052 Before turning to details on how server 110 gen 
erates the Subset of candidate terms, a Screen shot of Search 
results and Search refinement Suggestions returned by an 
embodiment of search engine server 110 is provided as FIG. 
2 So that the advantages of the present invention can be 
better understood. In FIG. 2, a user provides an initial query 
(a received query) 132. When find button 134 is pressed, 
query 132 is sent from client computer 100 to search engine 
Server 110. Upon receiving query 132, Search engine Server 
110 processes received query 132 and sends Search results 
and Search refinement Suggestions back to client computer 
100 in the form of an initial group of ranked documents and 
a Subset of candidate terms. The Subset of candidate terms is 
displayed in panel 140 of interface 180. Specifically each 
term 136 in the Subset of candidate terms is displayed in 
region 140 along with a tag 138. Concurrently, a listing of 
Search results (top-ranked documents in an initial list of 
ranked documents) is displayed in panel 142. The Systems 
and methods of the present invention are directed towards 
identifying terms 136 that can narrow, change or improve 
the original query 132. When the user presses a tag 138, the 
term 136 that corresponds to the tag 138 is added to initial 
query 132 and the whole process repeats with the new query. 
When the user presses another tag 139, the term 136 that 
corresponds to the tag 138 replaces the initial query 132 and 
the Search engine Server processes that term 136 as a new 
query. In embodiments not shown, one or more additional 
tags corresponding to each term 136 can be added to the 
panel 140. In one example, there is a tag that is used to add 
the corresponding term 136 to an exception list. To illustrate, 
when the original query is “A” and the user presses the 
exclusion tag for the term “B”, the new query becomes “A” 
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and not “B”. In addition to the subset of terms displayed in 
panel 140, the initial group of ranked documents is displayed 
in panel 140. To save bandwidth between computer 100 and 
Server 110, in typical embodiments, the initial group of 
ranked documents typically only includes an indicia of each 
document in the initial group of ranked documents So that 
the user can determine the nature of each of the documents 
in the initial ranked documents. Such indicia is still referred 
to herein as an initial group of ranked documents. 
0.053 An overview of the systems and methods of the 
present invention has been disclosed. From this overview, 
the many advantages and features of the present invention 
are apparent. The novel algorithms of the present invention 
automatically provide a user with a list of Suggested terms 
136 that can be used to improve an initial query. For 
example, in FIG. 2, the initial query 132 is “space shuttle'. 
In response to this initial query, an embodiment of the 
present invention provides a Subset of candidate terms that 
includes terms 136 Such as “Challenger Disaster'. Addition 
of the term “Challenger Disaster” to the initial query or 
replacement of the initial query with the term “Challenger 
Disaster' provides the user with a query that quite possibly 
more closely matches the interests of the user. By using the 
novel Subset of candidate terms, a user can build an 
improved query without analyzing documents (or indicia 
thereof) within the initial group of ranked documents. Thus, 
using the present invention, there is no longer a need to 
determine why an initial query produced too many (or too 
few) results or results that are not directly related to the 
informational needs of the user. 

0054) Now that an overview of the invention and advan 
tages of the present invention have been presented, a more 
detailed description of the Systems and methods of the 
present invention will be disclosed. To this end, FIG. 3 
illustrates a Search engine Server 110 in accordance with one 
embodiment of the present invention. In a preferred embodi 
ment, the Search engine Server 110 is implemented using one 
or more computer systems 300, as schematically shown in 
FIG. 3. It will be appreciated by those of skill in the art, that 
Search engines designed to process large Volumes of queries 
may use more complicated computer architectures than the 
one shown in FIG. 3. For instance, front end set of servers 
may be used to receive and distribute queries among a Set of 
back end Servers that actually process the queries. In Such a 
system, the system 300 shown in FIG. 3 would be one of the 
back end Servers. 

0055. The computer system 300, will typically have a 
user interface 304 (including a display 306 and a keyboard 
308), one or more processing units (CPUs) 302, a network 
or other communications interface 310, memory 314, and 
one or more communication buSSes 312 for interconnecting 
these components. Memory 314 can include high Speed 
random acceSS memory and can also include non-volatile 
memory, Such as one or more magnetic disk Storage devices 
(not shown). Memory 314 can include mass storage that is 
remotely located from the central processing unit(s) 302. 
The memory 314 preferably stores: 

0056 an operating system 316 that includes proce 
dures for handling various basic System Services and 
for performing hardware dependent tasks, 

0057 a network communication module 318 that is 
used for connecting the system 300 to various client 
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computers 100 (FIG. 1) and possibly to other servers or 
computers via one or more communication networks, 
Such as, the Internet, other wide area networks, local 
area networks (e.g., a local wireless network can con 
nect the client computers 1100 to computer 300), 
metropolitan area networks, and So on; 

0058 a query handler 320 for receiving a query from 
a client computer 100; 

0059 a search engine 322 for searching a document 
index 352 for documents related to a query and for 
forming an initial group of ranked documents that are 
related to the query, and 

0060 a query refinement suggestion engine 324, for 
implementing many aspects of the present invention. 

0061 Query refinement suggestion engine 324 can 
include executable procedures, Sub-modules, tables and 
other data Structures. In one embodiment, refinement Sug 
gestion engine 324 includes: 

0062) a selection function 326 for identifying a subset 
of candidate terms for presentation in conjunction with 
an initial group of ranked documents, and 

0063 a results formatting module 328 for formatting 
the Subset of candidate terms and the initial group of 
ranked documents for presentation. 

0064. The methods of the present invention begin before 
a query 132 is received by query handler 320 with the 
actions of document indexer 344. Document indexer 344 
builds a document index 352 using web crawling and 
indexing technology. However, in addition to this conven 
tional functionality, document indexer 344 includes novel 
program modules that further process documents in docu 
ment index 352. For instance, document indexer 344 
includes a “set of candidate terms constructor'346. In a 
preferred embodiment, constructor 346 examines each docu 
ment in document index 352. In other embodiments, only 
documents meeting predefined criteria (e.g., documents con 
taining text in one of a predefined set of languages) are 
examined by the constructor 346. 
0065 For each document examined, constructor 346 
determines whether the document includes any candidate 
terms embedded in the document. There are many different 
ways in which constructor 346 can accomplish this task and 
all Such methods are included within the Scope of the present 
invention. In one embodiment, the task is accomplished by 
matching terms from the document with master list of 
candidate terms 342. Master list of candidate terms 342 
includes all possible candidate terms. In Some embodiments 
list 342 is a Unix style text file with a list of valid candidate 
terms. A representative format for list 342 is one candidate 
term per line, each candidate term in list 342 unique, UTF-8 
encoded, with all commas, tabs, line ends, and (G) Symbols 
Stripped. In Some embodiments, the master list is restricted 
to nouns and noun phrases (the kinds of terms most likely to 
be useful as query terms), with any noun phrases of limited 
query refinement value explicitly removed. 
0066. In typical embodiments only a first portion of each 
document in document index 352 is examined for candidate 
terms. For example, in some instances only the first 100,000 
bytes of each document in document index 352 is examined 
by constructor 346. In some embodiments, constructor 346 
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examines a document in document indeX 352 until a maxi 
mum number of terms (e.g., 100, 1000, 5000, etc.) in the 
document have been considered. In Some embodiments, the 
Search for candidate terms in a document is terminated when 
a threshold number of unique terms in the document have 
been found to occur within master list342 (e.g., 1000 terms). 
0067. Some embodiments of the present invention pro 
vide more than one master list of candidate terms 342. Each 
master list 342 is optimized for a different language. For 
example, a first list 342 is optimized for English and a 
second list 342 is optimized for Spanish. Thus, the English 
list 342 will include informative terms that are found in 
English documents whereas the Spanish list 342 will include 
informative terms that are found in Spanish documents. 
Similarly, Some embodiments of the present invention 
include lists that are optimized for French, German, Portu 
guese, Italian, Russian, Chinese, or Japanese. In Some 
embodiments of the present invention, lists 342 are opti 
mized for other types of categories. For example, in Some 
embodiments, a list 342 is optimized to include scientific 
terms, fashion terms, engineering terms, or travel terms. 
However, in a preferred embodiment, each master list 342 is 
as inclusive as possible of informative terms. In fact, a 
master list342 can include more than 10,000,000 terms, and 
typically includes significantly more than 1,000,000 terms. 
Each of these terms can be a word or a phrase. For clarity, 
a representative phrase is “Challenger Disaster.” 

0068 Methods for determining the predominant lan 
guage used in a document are well known in the art. Thus, 
in Some embodiments of the present invention, constructor 
346 uses Such methods to (i) determine the language of the 
document being examined, and then (ii) use the master list 
342 that is optimized for the same language as the document. 

0069. In the case where one or more candidate terms that 
are in master list 342 are embedded in an upper portion (e.g., 
in the first 100 kilobytes) of a document in index 352, the net 
result of the examination of the document by constructor 
346 is the identification of Such terms. When Such terms are 
identified by constructor 346, they are added to a data 
Structure associated with the document in a ranked form. 
This data Structure is referred to as a Set of candidate terms. 
After index 352 has been examined by constructor 346, each 
document in index 352 that has embedded candidate terms 
in their upper portions will be associated with a respective 
Set of candidate terms that includes Such terms. Thus, for 
example, if there are two documents, A and B, in index 352 
that include candidate terms, a first Set of candidate terms 
will be associated with document A and a Second Set of 
candidate terms will be associated with document B. The 
first Set of candidate terms will include each candidate term 
that is embedded in an upper portion of document A and the 
Second Set of ranked candidate terms will include each term 
that is embedded in an upper portion of document B. In 
practice, each Set of candidate terms is internally ranked to 
form a respective ranked set of candidate terms as disclosed 
in further detail below. 

0070 FIG. 4 illustrates how examination of documents 
402 in a document index 352 by constructor 346 results in 
a modification of document index 352. Before constructor 
346 examined documents in index 352, each document 402 
in index 352 includes the uniform resource location (URL) 
406 of the document 402 as well as a set of feature values 
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408. The feature values 408 include metadata associated 
with the document, and include values that assist the Search 
engine when ranking documents identified as being poten 
tially relevant to a query. The feature values can include an 
indication of the file format of the document, the length of 
the document, the number of known inbound links (from 
other documents) to the document, the title of the document 
(e.g., for displaying when the document is selected as being 
responsive to a query), and So on. After a document 402 has 
been examined by the constructor 346 (FIG. 3), a set of 
candidate terms 410 is associated with the document 402. 

0071. In some embodiments of the present invention, the 
method by which a term in a document is matched with a 
candidate term in list 342 is done in Such a manner that 
ensures that the term is matched with the most complex 
candidate term possible in list342. To illustrate, consider the 
case where the term "A B' is embedded in a document in 
index 352, where A and B are each words. Further, assume 
that list 342 includes “A”, “B”, and “AB”. When this arises, 
the term “AB in the document will be matched with "AB 
in list 342 and not “A” or “B”. There are a number of ways 
in which Such matching can be accomplished and all Such 
matching Schemes are within the Scope of the present 
invention. One Such matching approach uses a “greedy left 
to right algorithm' having the following logic: 

0072 for each sentence of the form A B C D ... in the 
document examined: 

0073) 
0.074 Yes: Is A B a prefix for a candidate term in p 

list 3422 

0075 Yes: Is A B C a prefix for a candidate term 
in list 3422 

is A a prefix for a candidate term in list 3422 

0076 Yes ->continue drilling through the sen 
tence in like manner 

0.077 No: add ' A B to the set of candidate 
terms 410 associated with the document and 
move to C and consider C D E F. . . . 

0078 a No: add A to the set of candidate terms 
410 associated with the document and move to B 
and consider 'B C D E . . . . 

0079 No: move to B and begin consider B C DE 

An algorithm Such as this, where a “sentence' is Some 
arbitrary amount of the document, Such as a line, or 
the portion of document between two phrase bound 
aries or other break points, and A B C D . . . are 
each words in a term, ensures that the most complex 
term in list342 is matched to a term in the document. 
In related approaches, constructor 346 discards a first 
candidate term in the set of candidate terms 410 
when the first candidate term is a Subset of a Second 
candidate term in the Set of candidate terms. 

0080. In some embodiments of the present invention, the 
number of times each candidate term in a Set of ranked terms 
410 appears in all or an upper portion (e.g., the first 100 
kilobytes) of the document associated with the set 410 is 
tracked. For example, if the candidate term “A” in set 410 
appears 12 times in the an upper portion of the document 
associated with set 410, then an indication that term “A” 
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appears twelve times in the document in noted and used in 
a weighting Scheme designed to determine which candidate 
terms will remain in the final Set of ranked candidate terms. 

0081. In some embodiments, the indication of the number 
of times a term appears in the associated document is 
upweighted in each instance where the term appears within 
a first threshold number of words of the document. For 
instance, consider the case where the value of the first 
threshold is fifteen words. Further, in this exemplary case, 
the candidate term “A” appears exactly twice. The first 
appearance of phrase “A” is before the fifteen word limit and 
the second appearance of “A” is after the fifteen word limit. 
In the weighting Scheme used in this exemplary case, words 
appearing within the first fifteen words receive twice as 
much weight. Thus, in the set of candidate terms 402 
associated with the document, the candidate term “A” will 
be listed along with an indication that the term appears 
(21+1), or 3 times in an upper portion of the document. 
Those of skill in the art will appreciate that more complex 
forms of the first threshold are possible. For example, the 
weight applied to the candidate term count can be a function 
of the position of the candidate term in the document. For 
example, it could be a linear function (or a non-linear 
function, or a piecewise linear function) having a maximum 
at the beginning of the document and a minimum at the end 
of the document. Alternatively, the weight could be applied 
in baskets, where there is a large weight at the beginning of 
the document (first basket), a lower weight in a second 
portion of the document (second basket), an even lower 
weight in a third portion of the document (third basket), and 
So forth. 

0082 In embodiments where both (i) an indication of the 
number of times a candidate term appears in the associated 
document and (ii) constructor 346 discards a first candidate 
term in the set of ranked candidate terms 410 when the first 
candidate term is a Subset of a Second candidate term in the 
Set of ranked candidate terms, the Second candidate term is 
credited with the number of time the first candidate term was 
identified in the document by constructor 346. 
0083) In addition to constructor 346, indexer 344 
includes redundancy filter 348. Filter 348 is designed to 
remove orthographic or inflectional variants that can end up 
in the Set of candidate terms. An orthographic variant of a 
term has an alternative, correct spelling for the term. An 
inflectional variant of a term has an alternative Suffix, or 
accented form of the term. In Some embodiments, ortho 
graphic and/or inflectional variants are Stored in variants list 
360 (FIG. 3). The job of redundancy filter 348, then, is to 
ensure that no pair of candidate terms in the Set of candidate 
terms 410 is in variants list 360. When a pair of candidate 
terms in the set of candidate terms 410 is in variants list360, 
one term from the pair is discarded from set 410 by filter 
348. In some embodiments, the first term in the pair will be 
effectively discarded from set 410 and a second term in the 
pair will be preserved. However, in some embodiments, the 
Second term will be modified Such that it is combined with 
the discarded first term. For example, if the terms A and B 
are inflectional or Orthographic variants, one of the terms, 
Say A, will be discarded and the other term, B, preserved. 
Further the term B will be rewritten as A.B. This feature is 
advantageous because it preserves useful information about 
the underlying document that can be used by higher level 
modules of the present invention Such as the query refine 
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ment Suggestion engine 324. Typically engine 324 will only 
present the first (nondiscarded) term in the case where Such 
merged orthographic or inflectional variant candidate terms 
appear. For example, in the case of the rewritten term A,B, 
only the term “A” is included in the subset of candidate 
terms presented in panel 140. Typically the term that is 
discarded in a pair of terms appearing in list 360 is the term 
that appears less often in the associated document. In Some 
embodiments, candidate terms that only differ by the 
absence or presence of certain noise words (e.g., a, the, who, 
what, where, etc.) are folded in the same manner as candi 
date terms that include orthographic or inflectional variants 
are folded together. Likewise, in Some embodiments, in 
instances where the only differences between two terms in a 
given Set of candidate terms is the presence or absence of 
punctuation, the two terms are folded together in the same 
manner that candidate terms that include orthographic or 
inflectional variants are folded together. In Some embodi 
ments, each phrase in the Set of candidate terms is converted 
to the same case (e.g., lowercase). An exception to this rule 
is that those terms that are single words of Six or fewer upper 
case characters are not converted to lower case because it is 
likely that Such a term is an acronym. 

0084. In embodiments where both (i) an indication of the 
number of times a candidate term appears in the associated 
document and (ii) filter 348 discards a first candidate term in 
the Set of candidate terms because it is an Orthographic or 
inflectional variant of a Second candidate term in the Set, the 
second candidate term is credited with the number of time 
the first candidate term was identified in the document by 
constructor 346. In other words, when the only difference 
between two candidate terms is that one of the candidate 
terms includes a word that is an inflectional or orthographic 
variant of the corresponding word in the other candidate 
term, one of the candidate terms is discarded. An example of 
this arises in the case of the candidate terms “tow truck' and 
“tow trucks'. In this example, the only difference between 
the two candidate terms is the recitation of “truck' in the first 
term and the recitation of “trucks' in the second term. 

0085 Many details about the document indexer 344 have 
been disclosed. At this stage it is instructive to review the 
flow diagram of FIG. 5, which discloses steps taken by some 
embodiments of indexer 344. After all or a portion of its 
other indexing duties (e.g., conventional indexing of the 
words in the documents found by a web crawler), indexer 
344 passes control to constructor 346, which selects a 
document that has been indexed (FIG. 5, step 502). 
0086. In step 504, a term in the document is compared to 
a master list 342 of candidate terms. If the term is in the 
master list 342 (506 Yes), the term is added to the set of 
candidate terms 402 that is associated with the document 
(510). Note, that step 504 can involve more complex match 
ing Schemes Such as the greedy left to right algorithm 
described above. 

0087. In some embodiments, the document to be com 
pared is a web page. Therefore, Some decisions must be 
made as to what constitutes a valid word Suitable for 
comparison to master list 342. In one approach, a document 
that is, in fact, a web page is parsed to find text for phrase 
extraction. In one embodiment, phrase matching is per 
formed in step 504 using all visible text plus meta page 
descriptions, and Such phrases do not include HTML code, 
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java-Script, etc. In order to derive valid phrases, phrase 
boundaries (e.g., table tags) within the web page are pre 
Served Such that an expression extracted from the document 
for comparison to list 342 does not span a phrase boundary. 
Additional examples of phrase boundaries that are used in 
Some embodiments of the present invention include, but are 
not limited to punctuation like . , 2, empty lines, etc. 
0088. In some embodiments of the present invention 
master list 342 is a very large Set of terms that are gathered 
from several disparate sources. Therefore, in step 504 addi 
tional filtering can be performed to make Sure that only 
informative candidate terms are Selected for inclusion in a 
Set of candidate terms. In Some embodiments, the term in the 
document that is compared to terms in master list 342 is 
processed prior to the comparison. For example, in Some 
embodiments, punctuation marks are removed from a term 
prior to comparison to list 342. In Some embodiments, 
punctuation characters are replaced with a Space prior to 
comparison to list 342. In Some embodiments a list of noise 
terms 354 is stored in memory 314. Representative noise 
terms include, but are not limited to, words Such as “a”, 
“the”, “who’, “what', and “where.” Thus, in embodiments 
in which a list of noise terms 354 is stored in memory 314, 
comparing step 504 will first determine whether a term to be 
compared with master list 342 is in the list of noise terms 
354. If it is, then the term is ignored and it is not compared 
with list 342. In some embodiments, only those terms that 
contain at least a certain minimum threshold of characters is 
compared in Step 504. For example, in Some embodiments, 
only those terms that contain at least four characters are 
compared in step 504. 
0089 Regardless of the outcome of decision 506, a 
determination 508 is made as to whether any other terms in 
the document should be compared to master list 342 by 
constructor 346. Many different conditions that can be used 
to determine the outcome of decision 508 have been dis 
closed (e.g., maximum number of term cutoff, maximum 
number of unique term cutoff, maximum number of candi 
date terms already in set 410, etc.). 
0090 What follows in the flow chart in FIG. 5 are 
optional Steps. In optional Step 512, redundant terms are 
folded in the Set of candidate terms associated with a 
document. In optional step 514, the document in index 352 
are classified (e.g., into a first and Second classes). 
0091. There are a number of different ways in which 
classification Step 514 can be effected and all Such ways are 
included within the scope of the present invention. For 
instance, in Some embodiments, each document 402 is 
classified into a first or Second class. In a preferred embodi 
ment the first class is a family friendly class and the Second 
class is a nonfamily friendly class. The document 402 will 
be classified into the Second class when it includes Sexually 
explicit, offensive, or violent language. Otherwise, it will be 
classified into the first class. In Some embodiments, classifier 
module 350 (FIG.3) is used to perform such a classification. 
Typically, classifier module 350 works by determining 
whether a document is intended to be sexually explicit, 
offensive, or to include Violence. If So, the document is 
designated nonfamily friendly. This designation is Stored in 
the feature values 408 (FIG. 4) that corresponds to the 
document that is associated with the classified set 410. 

0092 At this stage there are typically a large number of 
candidate terms in the Set of candidate terms. For example, 
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in embodiments where as many as 1000 candidate terms can 
be added to a set of candidate terms, the Set of candidate 
terms can include 1000 terms at this stage. Regardless of the 
number of candidate terms in each candidate term Set, they 
have not been ranked. Thus, in step 516 the candidate terms 
are ranked and then the N highest number of ranked candi 
date terms are allowed to remain in the candidate Set and all 
other candidate terms are removed So as to keep only the N 
(e.g., 20) most representative terms in the ranked Set (516). 
Thus, the net effect of step 516 is to produce a set of ranked 
candidate terms from the Set of candidate terms. Further, in 
Step 516, only top-ranked terms (e.g., the top 20) are allowed 
to remain in the Set of ranked candidate terms. 

0093 Criteria or parameters used by the ranking function 
can include one or more of the following: the number of 
times each term appears in the document, whether the term 
appears in a predefined early portion of the document, the 
first position of the term in the document, and the number of 
characters in the term. Based on these parameters, a rank is 
assigned to each candidate term, and then only the N terms 
having the highest rank are retained in the Set of ranked 
candidate terms. The other terms are deleted from the set. 
Limiting the number of candidate terms associated with each 
document helps keep the document indeX from growing 
excessively large and reduces the quantity of terms that need 
to be considered at query-time, when Speed of processing is 
paramount. The Set of ranked candidate terms for a docu 
ment can be associated with a document by Storing in the 
document's index entry (see 410, FIG. 4) a set of strings 
(optionally compressed) or indices representing the candi 
date terms, where each index value points to the term in the 
master list of candidate terms 342. Related values can be 
stored in the document index 352 entry for a document, 
along with each candidate term (or a pointer to a candidate 
term) associated with the document, Such as the term score 
used in the ranking proceSS appears in the document and/or 
a first position of the term in the document. However, in a 
preferred embodiment, Such additional values are not stored 
in document index 352. 

0094. The process by which sets of ranked candidate 
terms 410 are associated with documents in document index 
352 has been described. Attention now turns to FIG. 6 which 
describes a way in which such sets 410 are used to construct 
a Subset of candidate terms for presentation, in accordance 
with one embodiment of the invention. In step 602, a query 
is received by query handler 320. In step 604, the query is 
processed thereby retrieving an initial group of ranked 
documents from document index 352. It will be appreciated 
that, in Some embodiments, the initial group of ranked 
documents can only contain indicia of the documents rather 
than the documents themselves. However, this indicia will 
include the uniform resource locator (URL) for each docu 
ment in the initial Set of documents. Therefore, each docu 
ment can be retrieved from the Internet (or some other form 
of network) if Subsequently requested by the user. In Some 
embodiments, the initial Set of documents is Stored as Search 
results 340 in memory 314 of server 300 (FIG.3). Referring 
again to FIG. 6, a list of Suggested query refinements (Subset 
of candidate terms) is created (606) using search results 340. 
0095 The way in which a list of suggested query refine 
ments (Subset of candidate terms) is created will depend 
upon whether the query is a family friendly Search. In 
optional Step 608, a determination, for each top-ranked 
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document (e.g., in the first fifty documents) in Search results 
340 (the initial group of ranked documents) is made of the 
classification of the document. When a threshold percentage 
of the top-ranked documents in search results 340 belong to 
a first classification (family friendly classification), all sets 
410 of candidate terms associated with a top-ranked docu 
ment that do not belong to the first classification are not used 
in any Subsequent Steps in FIG. 6. In Some embodiments, 
classifications other than family friendly are used to classify 
documents during indexing (FIG. 5). In such embodiments, 
such classifications can be used in step 608 to determine 
which sets of ranked candidate terms will be used to 
construct the Subset of candidate terms. In an exemplary 
embodiment, the classification of only the M top-ranked 
documents (e.g., the ten top ranked documents from the 
search results 340) is used to make the determination in step 
608. For example, if at least eight of the ten top ranked 
documents is classified as being family friendly, then can 
didate terms from non-family friendly documents are 
excluded from the Sets of ranked candidate terms used to 
create the list of Suggested query refinements. 

0096. In step 610, a subset of candidate terms that are in 
one or more of the respective Sets of ranked candidate terms 
that are associated with documents in Search results 340 are 
Selected. In one embodiment, this Selection function com 
prises applying a weighting function to each candidate term 
in each respective set of ranked candidate terms 410 that is 
asSociated with a top-ranked document in the initial group of 
ranked documents (search results 340). Each top-ranked 
document in the initial group of ranked documents has a 
ranking that is numerically less than a threshold ranking. In 
Some embodiments, the top-ranked documents are the T top 
ranked documents, where T is a predefined number Such as 
50 (and is preferably in the range of 5 to 200, and is most 
preferably in the range of 20 to 100). Only top-ranked 
documents are considered in Step 610 in order to maximize 
the chances of collecting relevant terms into the Subset of 
candidate terms that is presented to the user. In various 
embodiments, only the top 5, 10, 15, 20, 50, or 100 docu 
ments are considered. Those candidate terms that receive the 
highest weight are included in the Subset of candidate terms. 
In Some embodiments, the number of terms in the Subset of 
candidate terms is limited to a number less than 25. 

0097. In some embodiments, the subset of candidate 
terms is not built and no Subset of candidate terms is 
presented to the user when there is fewer than a cutoff 
number of documents in the initial group of Search results 
340. For example, in one embodiment, the Subset of candi 
date terms is not built if there are fewer than thirty-five 
documents in the initial group of search results 340. 
0098. The present invention provides a number of differ 
ent weighting functions for Scoring the candidate terms in 
each of the sets 410 associated with top-ranked documents 
in search results 340. These different weighting functions are 
used in various embodiments of selection function 324 of 
engine 322 (FIG. 3). 
0099. In some embodiments, the weight that is applied to 
a candidate term by function 324 (the weighting function) is 
determined in accordance with the number of Sets of ranked 
candidate terms that both (i) include the candidate term and 
(ii) are respectively associated with a top-ranked document. 
For example, consider the case in which there are fifty 
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top-ranked documents and the candidate term "Space 
Shuttle” appears in the three of the sets of ranked candidate 
terms respectively associated with a top-ranked document. 
In this case, a weight of three will be applied to the candidate 
term “Space Shuttle”. 

0100. In some embodiments, the weight that is applied to 
a candidate term by selection function 326 is determined in 
accordance with a function (e.g., the average) of the candi 
date term in those Sets of ranked candidate terms that both 
(i) include the candidate term and (ii) are respectively 
asSociated with a top-ranked document. Some embodiments 
consider both the sets that include the term and the sets that 
do not. The Sets that do not include the term are assigned a 
numerical value for averaging that indicates that the term is 
not in the Set. Such a weighing factor takes advantage of the 
fact that each Set of ranked candidate terms is in fact a 
ranked order list. Thus, if the candidate term “Space Shuttle” 
appears at the top of the ranked list in many Sets of candidate 
terms respectively associated with a top-ranked document, 
then it will receive a relatively high weight in this weighting 
scheme. Conversely, if the term “Space Shuttle” is among 
the last terms in each Set of ranked candidate terms in which 
it appears, the term will receive a relatively low weight in 
this weighting Scheme. 

0101. In some embodiments, the weight that is applied to 
a candidate term by function 324 is determined in accor 
dance with whether a term in the received query is in the 
candidate term. For example, if the query term was "shuttle' 
and the candidate term is “space shuttle', the candidate term 
is given full weight, otherwise it is given no weight. 

0102) In some embodiments, the weight that is applied to 
a candidate term by function 324 (the weighting function) is 
determined in accordance with a number of characters in the 
candidate term. For example, the candidate term "Space 
Shuttle” will receive more weight than the candidate term 
“Dogs”. 

0103) In some embodiments, the weight that is applied to 
a candidate term by function 324 is determined in accor 
dance with a function (e.g., average) of the rank of those 
top-ranked documents that are associated with a set of 
ranked candidate terms that includes the candidate term. 
Such a weighting Scheme exploits the ranking that has 
already been applied to the initial Set of Search results by 
Search engine 322. In Such weighting Schemes, candidate 
terms from sets 410 associated with higher ranked docu 
ments are given precedence over candidate terms associated 
with lower ranked documents. For example, consider the 
case in which the candidate term "Space Shuttle' appears in 
the respective Sets of ranked candidate terms associated with 
documents 2, 4, and 6 in the top-ranked documents in the 
initial group of ranked documents. Thus, in this weighting 
scheme, the term “Space Shuttle' will receive a weight that 
is a function of the value 4. Now suppose that the term 
"Space Shuttle' appears in the respective Sets of ranked 
candidate terms associated with documents 10, 20, and 30 in 
the top-ranked documents in the initial group of ranked 
documents. Thus, in this weighting Scheme, the term "Space 
Shuttle” will receive a weight that is a function of the value 
20. Under this weighting scheme, the value 4 will produce 
a better weight (will up-weight the candidate term) relative 
to the weight produced with a value of 20. In some embodi 
ments, the Sets that do not include the candidate term are 
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considered by this weighting function. They are assigned a 
numerical value for averaging. 
0104. In some embodiments the rank of the document in 
which the word first occurs as a candidate term is used in the 
weighting function. 
0105 Specific weighting factors that are used by various 
embodiments of selection function 326 have been outlined 
in order to introduce Such factors. However, in preferred 
embodiments, Several Such factors are combined in order to 
produce desirable results. What follows are some preferred 
embodiments of selection function 326. 

0106. In some embodiments, the weight that is applied to 
a candidate term by function 324 is determined in accor 
dance with any combination (or any weighted combination) 
of TermCount, Term Position, ResultPosition, TermLength, 
and QueryInclusion, where 

0107 TermCount is the number of sets of ranked 
candidate terms that both (i) include the candidate term 
and (ii) are respectively associated with a top-ranked 
document, 

0108 TermPosition is a function (e.g., average) of the 
position of the candidate term in those Sets of ranked 
candidate terms that both (i) include the candidate term 
and (ii) are respectively associated with a top-ranked 
document, 

0109 ResultPosition is a function (e.g., average) of the 
rank of those top-ranked documents that are associated 
with a set of ranked candidate terms that includes the 
candidate term, 

0110 TermLength is a number of characters in the 
candidate term (candidate term complexity), and 

0111 QueryInclusion is a value that indicates whether 
a term in the received query is in the candidate term. 

0112 AS used herein, application of QueryInclusion 
(e.g., when QueryInclusion is a non-zero value Such as 1), 
means that the candidate term is upweighted when a term in 
the received query is in the candidate term. Further, nonap 
plication of QueryInclusion (e.g., when QueryInclusion is 
Set equal to Zero) means that the candidate term is not 
upweighted when a term in the received query is not in the 
candidate term. In Some embodiments a candidate term is 
not credited for noise terms (e.g., a, the, who, what, where, 
etc.). Thus if the query includes the noise word “for” and the 
candidate term includes the word “for”, credit is not given 
to the candidate term and QueryInclusion is not upweighted. 
0113. In some embodiments, the weight that is applied to 
a candidate term by function 324 is determined in accor 
dance with the formula: 

TermCount-Termposition+Resultposition-Term 
Length--QueryInclusion. 

where the weights, TermCount, Term Position, ResultPosi 
tion, TermLength, and QueryInclusion are as defined above. 
In some embodiments, TermCount, Term Position, Result 
Position, TermLength, and QueryInclusion are each inde 
pendently weighted. 

0114. In some embodiments, the weight that is applied to 
a candidate term by function 324 is determined in accor 
dance with the formula: 
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(TermCount w)+(TermPosition (w- 
(RefinementDepth w')))+(ResultPosition*w)+ 
(TermLength (w-(RefinementDepth w')))+ 
(QueryInclusion (ws+(RefinementDepth ws"))) 

where W1, W2, Wis, W., Ws, W2, W, and Ws' are independent 
weights. Further, Refinement Depth is a number of times the 
processing has been performed for the received query. In 
other words, RefinementDepth is the number of times steps 
602 through 612 have been repeated by operation of execu 
tion of optional step 614 in which a user add a term from the 
Subset of candidate terms to the original Search query. In one 
embodiment 

w=100 

w=15 
w=15 
Ws=1 

w=0 

ws=100, and 

ws'=50. 

0.115. In some embodiments of the present selection 
function 610 will remove certain candidate terms in sets of 
ranked candidate terms. For example, in Some embodiments, 
candidate terms in the Set of ranked candidate terms that 
only differ by a certain prefix or suffix are folded together. 
For example, in Some embodiments, a list of prefixes and a 
list of Suffixes are stored in memory 314. If the only 
difference between two candidate terms is that one of the 
candidate terms includes a word that differs by a prefix at the 
start of a word or a Suffix at the end of the word relative to 
the corresponding word in the other candidate term, the two 
candidate terms are folded together. In Some embodiments, 
there are three classes of prefixes (and three analogous 
classes of Suffixes). If a candidate term includes a prefix 
belonging to the first class, the word is discarded. If a 
candidate term includes a prefix that belongs to the Second 
class, the prefix is removed. If a candidate term includes a 
prefix that belongs to a third class, an evaluation is per 
formed. In this evaluation, each of the Sets of ranked 
candidate terms associated with a top-ranked document is 
Searched for an instance of the same term that does not 
include the prefix. If no Such instance is found, then the 
prefix is not Stripped. If Such an instance is found then the 
prefix is stripped. This type of prefix (and Suffix) processing 
is useful in many instances. For example, consider the case 
in which a candidate term is “the cars”. Ordinarily, the prefix 
“the' is considered a prefix that should be stripped. How 
ever, is could be that the candidate term is referring to a 
famous musical group that is typically referenced by the 
name “the cars”. Thus, a Search ensues to See if the term 
“cars” without the prefix “the' is found in any of the other 
Sets of ranked candidate terms associated with a top-ranked 
document. If no Such instance appears, then the prefix is not 
Stripped. In this example, it is noted that, as used here, a 
prefix can be a preceding affix (e.g., un-, non-, etc.) or a 
preceding Word or phrase (e.g., the, of, to go, etc.). 
0116. In step 612, the Subset of candidate terms is pre 
Sented to the user. In Step 614, the user optionally Selects a 
term 136 (FIG. 2) in the Subset of candidate terms and the 
processing (step 604), Selecting (step 606) and presenting 
(step 612) are repeated with a revised query that includes the 
original (received) query and the Selected candidate term 
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136 from the subset of candidate terms that was displayed in 
panel 140 (FIG. 2). As explained above, in some embodi 
ments the user may select a term 136 for addition to the 
previously Submitted query, for replacement of the previ 
ously Submitted query, or for use as an exclusionary term in 
conjunction with the previously Submitted query. 
0117 All references cited herein are incorporated herein 
by reference in their entirety and for all purposes to the same 
extent as if each individual publication or patent or patent 
application was specifically and individually indicated to be 
incorporated by reference in its entirety for all purposes. 
0118. The present invention can be implemented as a 
computer program product that comprises a computer pro 
gram mechanism embedded in a computer readable Storage 
medium. For instance, the computer program product could 
contain the program modules shown in FIG. 3. These 
program modules can be Stored on a CD-ROM, magnetic 
disk Storage product, or any other computer readable data or 
program Storage product. The Software modules in the 
computer program product may also be distributed electroni 
cally, via the Internet or otherwise, by transmission of a 
computer data Signal (in which the Software modules are 
embedded) on a carrier wave. 
0119 Many modifications and variations of this inven 
tion can be made without departing from its Spirit and Scope, 
as will be apparent to those skilled in the art. The Specific 
embodiments described herein are offered by way of 
example only. The embodiments were chosen and described 
in order to best explain the principles of the invention and its 
practical applications, to thereby enable otherS Skilled in the 
art to best utilize the invention and various embodiments 
with various modifications as are Suited to the particular use 
contemplated. The invention is to be limited only by the 
terms of the appended claims, along with the full Scope of 
equivalents to which Such claims are entitled. 

1. A method of refining a received query, comprising: 
processing Said received query So as to generate an initial 

group of ranked documents corresponding to the 
received query, wherein 
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each document in all or a portion of the documents in 
Said initial group of ranked documents is associated 
with a respective Set of precomputed ranked candi 
date terms Such that each candidate term in Said 
respective Set of ranked candidate terms is embedded 
within Said document; 

Selecting, in accordance with a Selection function, a Subset 
of candidate terms that are in one or more of Said 
respective Sets of ranked candidate terms, and 

presenting, in response to the received query, the initial 
group of ranked documents and Said Subset of candi 
date terms. 

2. The method of claim 1 wherein, for all or a portion of 
the top-ranked documents in Said initial group of ranked 
documents, the respective Set of ranked candidate terms 
asSociated with Said document is identified by: 

(A) comparing a term in Said document to a master list of 
candidate terms, wherein, when said term is in Said 
master list of candidate terms, said term is added to a 
Set of candidate terms, 

(B) repeating said comparing a number of times; and 
(C) ranking Said candidate terms in said set of candidate 

terms, thereby forming Said respective Set of ranked 
candidate terms. 

3. The method of claim 2 wherein, for all or a portion of 
the respective top-ranked documents in Said initial group of 
ranked documents, a classification of the document is 
included with Said respective Set of ranked candidate terms 
asSociated with Said document, wherein Said classification 
comprises a first classification or a Second classification. 

4. The method of claim 2 wherein, for all or a portion of 
the top-ranked document in Said initial group of ranked 
documents, a number of times a candidate term is identified 
by an instance of Said comparing (A) is used by said ranking 
(C) to rank said candidate term in said set of ranked 
candidate terms. 


