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Techniques for automatically checking the relevance and
variety of search results are provided. A query is submitted
to a search engine, which uses a search algorithm to obtain
search results based on the query. A set of the top n related
terms for the query is identified. For each related term in the
set of terms, its relative frequency in relation to all terms in
the set of terms is determined. If the term does not occur in
any of the results, then a loss in variety proportional to the
relative term frequency for the term has occurred. Other-
wise, the relevance of the search results is calculated by
comparing the proportion of results containing the term with
the relative term frequency for a term. This process is
repeated for all terms in the set of related terms to produce
a total variety and relevance for the results.
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FIG. 2A

B & @ YAI-IOO B W ®

Mail My Yahoo! Messenger

Finance i Music i~ Autos ?‘

5 W
Ad Programs

Web | Images | Video | Audio | Directory | Local | News | Shopping | More »

YAHOO! SEARCH [Amezon e

y Web  Answers BETA Search S
Search Results . o Results 1 . 10 of about 281,000,000 fo

Also try: amazon books, amazon music, amazon uk, www amazon store books,
amazon coupons, amazon rainforest, amazon river, amazon coupon code Show All. ..

Yr News Results for Amazen
U.S. to Reposition Sateliite Over Amazon - AP via Yahoo! News - Apr 17 11:51 AM
Amazon.com and the culture wars - The Cunent Onlina - Apr 17 6:16 PM
Biotech patents run into criticism from the Amazon - Bizdournals - Apr 16 9:21 Ph
Yahoo! Shortcut - About

1. Amazon.com = (Nasdag: AMZN)
Online retailer of books, CDs, videos, DVDs, toys and games, electronics, kitchenware, computers, and more.
Quick Links: Books - Music - DVD
wiww, amazon.com - More fram this site - Save

2. Amazon.co.uk®™
Online retailer of books, CDs, videos, DYDs, toys and games, elecironics, kitchenware, computers, and more.
Category; United Kinadomn > Bookstores
www.amazon.co.uk - More from this site - Sava

3. Amazon River - Wikipedia ®=
Indepth article covering the Amazon River, one of the two longest rivers on Earth. [
Category: Amazon River and Raind '
en.wikipedia orgiwiki’Amazon_River - B1k - Cached - More from thus site - Save !

55t

4. Amazon Watch &
Works with indigenous and environmental organizations in the Amazon Rainforest Basin to defend the environment
and advance indigerous peoples’ rights.
Category: Indigencus Peoples > Emiranmental Oiganizations
wwes amazoanwatech nrn - 23k - Cached - Mara frnm thie site « Save




US 2008/0010269 A1

Jan. 10,2008 Sheet 3 of 6

Patent Application Publication

06G/S S ysy
0s/8 8 SETYN
06/21L 4" jsalojuiel
0S/5¢ 114 $400q
(wisy n_v
ADN3INDIYS [STONIHHENDO0-00| WHEL
ALY 13
01z
uozewy
A
1474
-- ysy Jaau uozewly 9
- sjueInge)sal ezzid A0 SUOA MBN g
-- -- Gojq ssauly 14
-- -- S400q uozewy ¢
-- ezzd ysip doap obeaiyn Z
- -- 1saIojulel uozewyy L
LINN 1INN L1INN 1INN al A93N0O
1A%4
g¢ 'Ol

)

907 AY3NO
174




Patent Application Publication  Jan. 10, 2008 Sheet 4 of 6 US 2008/0010269 A1

FIG 3
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AUTOMATIC RELEVANCE AND VARIETY
CHECKING FOR WEB AND VERTICAL
SEARCH ENGINES

FIELD OF THE INVENTION

[0001] The present invention relates to search engines and,
more specifically, to a technique for automatically checking
the relevance and variety of search results.

BACKGROUND

[0002] The approaches described in this section are
approaches that could be pursued, but not necessarily
approaches that have been previously conceived or pursued.
Therefore, unless otherwise indicated, it should not be
assumed that any of the approaches described in this section
qualify as prior art merely by virtue of their inclusion in this
section.

[0003] With the advent of the Internet and the World Wide
Web (“Web”) a wide array of information is instantly
accessible to individuals. However, because the Web is
expanding at a rapid pace, the ability to find desired Web
content is becoming increasingly difficult. Thus, search
engines have been developed to assist individuals in finding
the Web content they desire. Such search engines are nor-
mally accessible via search Web portals, such as the Yahoo!
Inc. Web portal.

[0004] In order to search for Web content, users typically
visit a web portal page. On a web portal page, users submit
search queries as phrases representing the scope of the
content they would like to view. Based on the search query,
the web portal page invokes the search engine to find
relevant Web pages containing the Web content and displays
the results to the user.

[0005] A constant goal of search engines and Web portals
is to ensure that the results shown to the user are relevant to
the user’s query. One approach for determining the rel-
evancy of search results is by manually screening search
results for each query. Typically, this requires that a devel-
oper or programmer run the search query on the search
engine and manually check each of the results for relevance.
The results are then ranked in terms of relevance and the
most relevant results are displayed first to a user on a Web
portal page. This approach, however, is very cumbersome
and is prone to error. Further, because the Web is growing at
a rapid pace, the amount of results that may potentially
satisfy a search query heavily outweigh the manpower
required to rank the relevance of each of the results.
[0006] Another approach is to track which results have
been frequently “clicked” on by users of the Web portal. A
Web portal user clicks on a result if the user wishes to visit
or select the result for viewing. By clicking the result, the
user is redirected from the Web portal to the desired Web
page containing Web content. Web portals normally have a
way of tracking the amount of clicks a particular result or
link has received. Therefore, Web portals may determine
which results are relevant by tracking which results have
been clicked on the most by Web portal users. However, this
approach is also prone to error. For example, although a user
may have clicked on a result, it does not necessarily mean
that the result is relevant. Specifically, search results dis-
played to a user are usually in the form of a title and an
abstract. Many times, however, the title and abstract are not
accurate indications of the actual content of a search result.
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Thus, although a user may have clicked on a particular
result, the result may have no relevance to the search query.
[0007] Yet another drawback to the above approaches is
the lack of variety checking. Although the relevance of
search results is considered, there is no way for ensuring that
an adequate variety of results are displayed to the user. For
instance, some search queries may request Web content
relating to a general topic. The general topic might contain
many sub-topics that are also relevant to the search query.
However, the above approaches do not attempt to ensure that
enough results relating to sub-topics are displayed to the
user when a query for the general topic is received.

[0008] Therefore, what is desired is an improved mecha-
nism for automatically checking the relevance and variety of
search results that does not suffer from the drawbacks of
prior approaches.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is illustrated by way of
example, and not by way of limitation, in the figures of the
accompanying drawings and in which like reference numer-
als refer to similar elements and in which:

[0010] FIG. 1is a diagram depicting a general overview of
a communication system for automatic relevance and variety
checking according to one embodiment of the invention;
[0011] FIG. 2A is a block diagram depicting a query log
and a set of related terms according to one embodiment of
the invention;

[0012] FIG. 2B is a screenshot depicting the graphical user
interface of a search portal according to one embodiment of
the invention;

[0013] FIG. 3 is a flow diagram depicting one approach for
automatically checking the relevance of search results
according to one embodiment of the invention;

[0014] FIG. 4 is a flow diagram depicting one approach for
automatically checking the variety of search results accord-
ing to one embodiment of the invention;

[0015] FIG. 5 is a block diagram of a computer system
upon which embodiments of the invention may be imple-
mented.

DETAILED DESCRIPTION

[0016] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of the present inven-
tion. It will be apparent, however, that the present invention
may be practiced without these specific details. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscur-
ing the present invention.

Overview

[0017] An automatic relevance and variety checking sys-
tem includes a search engine and search algorithm. The
search engine utilizes the search algorithm to identify con-
tent related to a query which is submitted by a user. The user
typically submits the query through a graphical user inter-
face such as a web search portal page. The search engine
uses the query to identify results within a data source that
satisfy the query criteria. When the search engine identifies
the results, the search engine causes a GUI screen to be
presented to the user displaying a number of the search
results. Typically, these results are ranked in some order as
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determined by the search algorithm. In order to ensure that
results produced by the search engine have enough variety
and are also relevant, the system also includes a testing
interface. The testing interface allows search algorithm and
search engine developers to test the variety and relevance of
search results according to the process as further described
herein.

[0018] Referring now to FIG. 1, a system for automati-
cally checking the relevance and variety of search results is
shown. The system includes a Search Interface 102, which
provides a graphic user interface (GUI) environment for
users to submit search queries and receive search results.
According to one embodiment, Search Interface 102 is
provided as a web application which may be accessed via the
Internet or World Wide Web (“Web”).

[0019] Using Search Interface 102, a user may submit
queries to be performed against Search Database 105 using
Search Engine 104. Search Database 105 contains data
identifying web content, such as web pages and other
documents that a user would like to search. In other embodi-
ments, Search Database 105 may contain any type of docu-
ment such as text documents, audio files, videos and pic-
tures. For example, Search Database 105 may include title
and abstract data for a multitude of web pages. Using a web
crawler or web robot, a search portal can collect web page
data from around the Internet in order to compile a single
corpus of web content. The web crawler might retrieve only
the title and abstract of web pages or even the full text of
web pages for storage in Search Database 105. In some
embodiments, Search Database 105 may be any type of data
repository, such as a hard disk drive or non-volatile memory
containing documents and other data. Such is the case, for
example, in an enterprise setting where a user may wish to
explore local documents on an enterprise server.

[0020] Thus, Search Database 105 may contain a mass
amount of data representing many types of content. There-
fore, in order to efficiently search for and retrieve data from
Search Database 105, a Search Engine 104 is provided.
Search Engine 104 utilizes a search algorithm to find content
within Search Database 105. In one embodiment, the search
algorithm is a series of instructions, which, when executed,
cause Search Engine 104 to perform operations against
Search Database 105. Typical operations include the selec-
tion and retrieval of data from Search Database 105. Accord-
ing to one embodiment, the instructions are in the form of
Structured Query Language (SQL) instructions. Further,
when a user submits a search query, the search algorithm
uses the search query to construct a set of instructions for
specifically retrieving data related to the search query. More
specifically, the search query is passed as a parameter for an
operation to retrieve data from the Search Database 105.
[0021] When developing search algorithms for Search
Engine 104, developers may find it useful to first test the
algorithm in order to ensure that it is producing satisfactory
results. Testing Interface 106 may be specifically used for
testing search algorithms against Search Database 105 and
for editing or manipulating Search Engine 104. Further,
Testing Interface 106 may be used for other functions also,
such as search engine optimization and debugging. Accord-
ing to one embodiment, Testing Interface 106 provides data
indicating whether search results are relevant or contain
enough variety. Thus, Testing Interface 106 can be used to
check the relevance and variety of search results, and
produce test results for developers. Developers may, in turn,
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use the test results to tweak the search algorithm or other
functions of Search Engine 104 as they please.

Related Terms

[0022] According to one embodiment, in order to deter-
mine the relevance and variety of search results, the method
features identifying a set of terms related to a primary search
query. A primary query is a phrase or term submitted by a
user of a search engine or search portal page. The primary
query identifies the content that the user wishes to find.
Related terms, on the other hand, are those terms that are not
part of a primary query, but which nonetheless have
occurred in queries containing similar terms.

[0023] For example, referring now to FIG. 2A, a graphical
user interface screen representing a search portal is shown in
accordance with one embodiment. On screen 202, a user
may submit a primary query identifying content the user
wishes to find. According to this embodiment, the primary
query is “Amazon.” When the query is submitted, the search
engine retrieves results related to the query and presents
screen 204 to the user. Screen 204 shows a number of
results, each result showing at least a title and an abstract to
help the user identify the contents of each result. For
example, the first listed result on screen 204 identifies the
title of the result as “Amazon.com,” and the abstract further
describes the content as . . . online retailer of books, CDs
... ” Using this information, a user may select the result.
When the user selects the result, the user is presented with
the actual web content or re-directed to a web address for
accessing the web content.

[0024] Note that in many circumstances, a single primary
query may consist of' a number of sub-topics. For example,
if a user submitted a primary query of “Amazon,” it would
be difficult to automatically determine what concept the user
is trying to find. For example, the user might be looking for
content relating to “Amazon.com” or content relating to the
“Amazon river.” However, without actually receiving this
exact input from a user, there is no easy way to determine,
automatically, that the user is specifying one sub-concept
over another. Instead, an embodiment of the invention
features examining data sets, including query logs and
session based search data to determine the most relevant
sub-concepts for any query.

[0025] Sub-topics may be initially displayed to a user in
order to suggest that the user may use another query to
narrow the results. Thus, Screen 204 also contains an “Also
Try” area, which suggests alternate search queries for the
user. The “Also Try” area identifies combinations of phrases
or terms which may help the user narrow his/her search for
content. According to one embodiment, a search engine may
identify such terms by examining search data such as a
Query Log 103 or other session based search data. Similarly,
the same data may be used to identify sets of related terms
for a primary query.

[0026] Many search portal sites have the ability to keep
track of the phrase and terms submitted by many users over
long periods of time. According to one embodiment, one
way of keeping track of search queries and phrases is
through the use of a Query Log 103. Query Log 103 is used
to track the queries performed by a search engine. Further,
query log 103 can keep track of the times at which queries
are submitted to the Search Engine 104. In this manner,
Query Log 103 can be used both to sequentially track and
identify time-sensitive queries. This feature is useful
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because in many circumstances, queries relating to a par-
ticular topic may increase or decrease in number depending
on the occurrence of a particular event. In order to identify
a relevant set of related terms, a search engine may retrieve
only recent data from a query log in order to ensure that the
term relevance is up to date. For example, instead of
examining queries for an entire year, queries from only the
last week may be examined in order to determine which
related terms are most relevant at the time the primary query
is being submitted.

[0027] According to one embodiment, a set of related
terms are identified by examining a selected portion of
Query Log 103. Query Log 103 may be examined as a
whole. Alternatively, in order to provide time-sensitive
results, only a portion of the query log might be examined.
For example, terms related to a primary query may be
identified from examining queries performed within the last
week. In another embodiment, however, that Query Log 103
may be considered when identifying related terms for a
query.

[0028] Referring now to FIG. 2B, a block diagram depict-
ing a Query Log 210 is shown in accordance with one
embodiment. Query Log 210 is shown as containing data
represented in tables 212, 214 and 216.

[0029] Table 212 contains a log of queries where each row
represents a separately submitted query and each column
identifies the “units” of each query. According to one
embodiment, when queries are submitted, a search engine
parses through the query in order to identify “units” of the
query. Each “unit” may correspond to a distinct phrase, term
or concept recognized by the search engine. For example,
the query “Amazon rainforest” is shown as being two
distinct units “Amazon” and “rainforest”, because the units
both identify distinct terms and concepts. Therefore, when
submitted by a user, queries are parsed and stored as one or
more units within Query Log 210. Additional details of the
above feature are described in U.S. patent application. Ser.
No. 10/713,576, entitled “Systems and Methods for Gener-
ating Concept Units from Search Queries,” owned by the
Applicant and fully incorporated herein by reference.
[0030] Query Log 210 may store data for any number of
queries. However, for the purpose of identifying a set of
related terms, Search Engine 104 may select queries from a
limited time frame as described above. For example, in order
to remain time-sensitive, queries from only the last week or
month may be selected from Query Log 210. As such, terms
that may have been relevant to a query more than a month
ago may not be relevant to the same query in the future. For
instance, if an earthquake took place in the Amazon rain-
forest a month ago, then, when the event occurred, queries
for “Amazon earthquake” might have heavily outweighed
any other query related to “Amazon.” However, a couple
months later, the same query might not be as relevant.
Therefore, in one embodiment, in order to produce relevant
sets of related terms, only a portion of Query Log 210 might
be selected. According to this particular embodiment, table
212 includes part of the selected portion of Query Log 210.
[0031] Once the appropriate portion of Query Log 210 is
selected, Search Engine 104 may retrieve all previous que-
ries containing primary query 214 (“Amazon”) for inspec-
tion. When these previous queries are retrieved, the Search
Engine 104 identifies, within table 212, units that were not
part of the primary query 214 but were nonetheless submit-
ted along with the primary query. Thus, if any unit appears
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on the same row as “Amazon,” that unit is considered to be
a related term. When all related terms have been identified,
a set of related terms is constructed as represented by table
216.

[0032] Further, when the related terms are identified,
Search Engine 104 can search through the selected portion
of Query Log 103 to determine how many times each unit
“co-occurred” with the primary query “Amazon.” A unit
co-occurs with a primary query when that unit is contained
on the same row and separate column of Query Log 103,
thus indicating that the term was used to qualify a query
further. If a particular term is submitted frequently with
“Amazon,” then that term is likely more relevant than other
terms. Therefore, counting the co-occurrences of particular
terms with a primary query is useful. Search Engine 104 thus
creates a set of related terms by searching a portion of Query
Log 103 and further counts the co-occurrences of each
related term within the portion of Query Log 103. The set of
related terms identified by Search Engine 104 is represented
in table 216. Table 216 shows a listing of related terms,
including the number of co-occurrences of each term with
the primary query “Amazon” within the selected portion of
Query Log 210, represented by table 212.

[0033] In another embodiment, a set of related terms may
be identified by examining session based search data. A
search session can be defined as multiple search query
submissions within a related timeline. For example, a user
may initiate a search using a first search query. The user may
be presented with results. In many cases, the user may not
be satisfied with the original search results and decide to use
a second query to search for the same content. The second
query may contain terms different from the first query.
Therefore, using search interface 102, a user can submit a
new query to get more accurate results. Session-based search
terms are helpful because users typically search for the same
content within a specified time period or session. Therefore,
session based search terms are another source for identifying
a set of related terms.

Relative Term Frequency

[0034] According to one embodiment, once a set of related
terms is identified, the relative frequency of each related
term is calculated. For each related term, its relative fre-
quency corresponds to the amount of times the term co-
occurs with the primary term within the selected portion of
the query log. The co-occurrences of a particular term is
compared to the total amount of co-occurrences for all terms
within the set. According to one embodiment, the relative
term frequency F,, ... of a particular term x is a ratio of its
frequency F,,,,, to the total frequency of all terms F,_,,;,
within the set of terms, or:

F relaﬁvJ:F termx/F total

[0035] For example, referring to table 216, the F, ,,, of the
term “books” is 25, meaning that “books” co-occurred with
“Amazon” 25 times within the selected portion of Query
Log 210, represented by table 212. Further, the F,,; is 50,
corresponding to the total number of co-occurrences for all
terms within the set of table 216. Therefore, a determination
can be made that the F, .., of the term “books” is %0 or
50%. Table 216 further contains the relative term frequen-
cies of all the other terms within the set of related terms.
Specifically, the term frequency of “rainforest” is 250, or
24%, of “river” is 840, or 16%; and of “fish” is 350, or 10%.
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The relative term frequency of each related term in the set
is used to determine both the relevance and variety of search
results for a primary query as further described herein.
[0036] Using the relative term frequencies, the following
approaches may be used to determine the relevance and/or
variety of search results produced by a search engine using
the primary query, in this instance, “Amazon.”

Relevance Checking

[0037] One approach for checking the relevance of search
results includes determining whether the correct ratio of the
top n related terms occurs within the top m results. If the
ratios are sufficiently similar, then the relevance of the
results is good, and vice versa. Referring now to FIG. 3A, a
flowchart depicting one approach for checking the relevance
of search results is shown in accordance with one embodi-
ment. As discussed earlier, when a user would like to
perform a search for content, the user submits a query
containing terms or phrases for identifying the content. At
step 302, the query is processed by a search engine and
search results are obtained for the query. According to one
embodiment, the top m search results are obtained and listed
in any order, as deemed appropriate by the search engine. As
shown previously in FIG. 2A, the search engine displays the
title and abstract of each result to the user.

[0038] Next, at step 304, a set of related terms is identified
according to the process described above in reference to
FIG. 2B. The terms are related to the search query, and as
shown, each term is a “unit” associated with the primary
query. These terms are grouped together into a set of terms
as depicted in table 216. According to one embodiment, only
a particular number of terms are selected for the set, and in
this embodiment, four terms are included. Hence, the set of
terms in table 216 consist of the top four related terms. In
other embodiments, any number of related terms may be
selected for inclusion in the set of terms.

[0039] At step 306, a particular term is selected from the
set in table 216. Next, at step 308, each search result is
scanned to determine if any of the results contain the
selected term. According to one embodiment, search engine
104 determines whether a result contains the selected term
by scanning the title and abstract of each result. If either the
title or abstract contains the term, then the result is counted.
Alternatively, Search Engine 104 can examine the actual
web content associated with the result. The web content may
be a collection of documents or web pages containing text
and images. If the term is found within a result’s actual
content, then Search Engine 104 will count the result as
containing the selected term.

[0040] Search Engine 104 keeps track of the number of
search results in which the term was found at least once. This
number is compared to the total number of search results
searched. As a result, the proportion of search results con-
taining the particular term is determined. Thus, if F_ is the
quantity of results in which a term x has been found in, and
m is the total number of results searched, then the proportion
of results containing the term x is:

F/m

[0041] For instance, if the top ten results were obtained for
a search query of “Amazon,” and if a set of related terms
included the term “river,” and if only one of the top ten
results also contained the term “river,” then the proportion of
search results containing the term “river” would be Ylo.
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Therefore, at step 306, a determination would be made that
the value for the proportion is 10%.

[0042] Further, the relative frequency of the particular
term in relation to all terms in the set is determined at step
310. The relative term frequency is determined by counting
the number of co-occurrences within Query Log 210 for
comparison to the co-occurrences of all terms in the set of
related terms within query log 210. For example, referring
again to FIG. 2B, table 216 shows a set of related terms
associated with the query “Amazon.” According to this
embodiment, the term “river,” for example, occurred eight
times within the selected portion of the Query Log 210. In
relation to all terms in the related term set, the frequency of
co-occurrences for “river” is %50, or 16%. This relative
frequency is used in part to calculate the relevance of the
term within the search results, hereby referred to as the Term
Relevance. The Term Relevance R,,,,, is a ratio representing
the relevance of a particular term x. The Total Relevance
R of all search results is a sum of the Term Relevance

rotal

R for each term x . . . x+n within the set of related terms.

[0043] At step 312, the Term Relevance is calculated by
taking the product of both (1) the proportion of results
containing the particular term from step 306 and (2) the
relative term frequency from step 308. For any term x in the
set of related terms, F_ is the frequency of x within m search
results, while F is the relative term frequency:

relative
= #
R =F /M i X

[0044] This Term Relevance is then added to the Total
Relevance R,,,,; in step 314. Depending on the number of
terms within the set of related terms, as shown in step 316,
the process may continue to step 317 where the next term is
selected. The Term Relevance R,,,,, for the next term is
calculated and added to the Total Relevance R,,,,;. Hence,
assuming x+n number of terms, the Total Relevance R,,,,;
for search results may be calculated with the following
formula, where R, ,,; is the Total Relevance and R is
Term Relevance:

term

R total :Rterrr?H'R term®t I+...+R term¥HH

[0045] At step 318, the value of R,,,,; is reported. The
value may be reported in any appropriate manner. For
example, the value may be displayed. In essence, the value
ofR,,,,; indicates the relevance of the search results. Accord-
ing to one embodiment, the Total Relevance R, ,,; of any
search results will be a value between 0 and 1. This is
because if all terms occurred in all results with the correct
frequency, the R, ,,; add up to 1. If the value is 1, then the
search results are completely relevant, while if the value is
0, then the search results are not relevant at all. For example,
a reported value of 0 will indicate that none of the related
terms occurred within the search results. Because none of
the terms occurred, the search results are not relevant.
According to one embodiment, the value of R,,,,; may be
reported to a search engine developer utilizing the Testing
Interface 106 to test a search algorithm. Using the reported
value, the developer may decide to change the search
algorithm to produce more relevant results. Alternatively,
the value of R, ,; may be reported to any other component
of the system, such as Search Engine 104, which may
respond automatically by analyzing the value of R, ,,;
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determining if the value has passed some threshold, and
causing the search algorithm to change.

Variety Checking

[0046] Another use for the set of related terms includes
checking the variety of search results. Adequate variety
within search results may be calculated by determining the
loss in variety that occurs when a particular term is not found
within any of the top n results. Put differently, the variety of
search results are analyzed by determining how many terms
in the set of related terms appear within the top m search
results.

[0047] Referring now to FIG. 4, a flow diagram depicting
one approach for automatically checking the variety of
search results is shown. As is done in relevance checking, at
steps 402, 404, and 406, a number of search results are
obtained for the primary query, a set of related terms is
identified, and a particular term is selected from the set. In
the instance of variety checking, the number of search
results obtained may be expanded in order to test the variety
of those results more accurately.

[0048] At step 408, it is determined whether the particular
term has occurred within any of the results. If any of the
results contain the term, then it a determination may be made
that there is no loss in variety in the search results for that
particular term. More specifically, if a term occurs in at least
one of the search results, then the results have enough
variety in relation to that term.

[0049] However, in order to check the variety of results
automatically, the loss in variety that occurs due to an
absence of a related term within a set of results is deter-
mined. Therefore, if a particular term is found within the
results, then this fact is ignored, and at step 409A, a
determination is made as to whether any other terms remain
in the set of related terms. If so, then the next term is selected
at step 409B and the process is repeated.

[0050] If a particular term is not found within any of the
results, then at step 410, the relative term frequency F,_;,;...
of the term is calculated. The relative term frequency is
calculated in an identical manner as done during relevance
checking. Specifically, the relative term frequency is deter-
mined by comparing the number of co-occurrences for that
term within Query Log 210 to the co-occurrences of all
terms in the set of related terms. Again, referring to FIG. 2B,
each term within the set of related terms in table 216 has a
relative term frequency.

[0051] If one of the terms is not in the search results, then
a determination may be made that a loss in variety for the
term L, has occurred corresponding to the relative term
frequency F,.,, ... of the term within the set of related terms.
Therefore, the loss in variety for a term X is:

L 1orn=F retarive®

[0052] For example, the term “rainforest” has a relative
term frequency of 1350, or 24%. If the term “rainforest” did
not appear within any of the results, then a determination
may be made that the L,,,,, for “rainforest” is 250, or 24%.
[0053] Hence, if, using a particular search engine, a query
of “Amazon” did not produce any results containing the
term “books,” then the relative term frequency of “books”
would be 2550, or 50%. This number is used as the relative
term frequency of step 412.

[0054] This process is repeated for each term. If a par-
ticular term does occur within the results, an L of 0 for

term
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the term is reported. At step 412, the Total Loss in Variety,
L,,.r» 18 calculated as a sum of each term’s x . . . x+n loss
in variety, L., where x+n is the total number of related
terms in the set, and each L, is proportional to the relative
term frequency:

term

Ltotal:Lterrr?H'Lterrr?H'l"' R +Lterrrfc+n

[0055] If a particular related term does occur within the
search results, then that term’s L, ,,, will be 0. Steps 402
through 412 are repeated for each term within the set of
terms listed in table 216. At step 414, if no more terms are
to be accounted for, then the Total Loss in Variety, L,,,,;, is
reported. Again, according to one embodiment, the value of
L,,..; may be reported to a search engine developer utilizing
Testing Interface 106 to test a search algorithm. Using the
reported value, the developer may decide to change the
search algorithm to produce results with more variety.
Alternatively, the value of L, ,,; may be reported to any other
component of the system, such as Search Engine 104, which
may respond automatically by analyzing the value of L,_,,,
determining if the value has passed some threshold, and
causing the search algorithm to change.

[0056] Inone embodiment, at most, the value of L, will
be a value equal to 1. In such an embodiment, the only way
for this to occur would be if none of the related terms were
found in the search results. This is because the relative term
frequencies for all related terms within the set, when added
together, will come out to 1. In the case of table 214, the
L__ would be:

L, ppa="Y50+1%50+%50+%50=>Y50=1

[0057] Alternatively, if all terms showed up at least once
within the search results, then the total loss in variety, L,
would be a value of 0. Therefore, a L,,,,; of 0 would mean
there was complete variety within the search results for the
set of related terms.

[0058] Using the techniques described above, both the
relevance and variety of search results may be determined.
However, the relevance and variety of search results might
not be related. For instance, some search results may be
completely relevant but also completely lack variety. This
would be the case if a primary query did not contain many
sub-topics. For instance, if the relative term frequency of
“books” were 90%, or 4350, in table 216, then 90% of the
search results obtained might possibly refer to books, while
the rest of the search results might be distributed evenly
among the rest of the related terms within the set. Because
the ratios are similar, the search results are relevant. How-
ever, the loss in variety may also take into account the
relevancy of each term as determined by the relative term
frequency. Hence, if the relative term frequency of a par-
ticular term is high, meaning that the particular term is a
more relevant term, its absence from the search results will
cause a higher loss in variety. Similarly, if particular term’s
relative term frequency is low, meaning that the particular
term is not a relevant term, the particular term’s absence
from search results will not have a great impact on the
variety of the results. Thus, the loss in variety for search
results may also take into account the relevance of the terms
which were not found within the results.

Hardware Overview

[0059] FIG. 4 is a block diagram that illustrates a com-
puter system 500 upon which an embodiment of the inven-
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tion may be implemented. Computer system 500 includes a
bus 502 or other communication mechanism for communi-
cating information, and a processor 504 coupled with bus
502 for processing information. Computer system 500 also
includes a main memory 506, such as a random access
memory (RAM) or other dynamic storage device, coupled to
bus 502 for storing information and instructions to be
executed by processor 504. Main memory 506 also may be
used for storing temporary variables or other intermediate
information during execution of instructions to be executed
by processor 504. Computer system 500 further includes a
read only memory (ROM) 508 or other static storage device
coupled to bus 502 for storing static information and instruc-
tions for processor 504. A storage device 510, such as a
magnetic disk or optical disk, is provided and coupled to bus
502 for storing information and instructions.

[0060] Computer system 500 may be coupled via bus 502
to a display 512, such as a cathode ray tube (CRT), for
displaying information to a computer user. An input device
514, including alphanumeric and other keys, is coupled to
bus 502 for communicating information and command
selections to processor 504. Another type of user input
device is cursor control 516, such as a mouse, a trackball, or
cursor direction keys for communicating direction informa-
tion and command selections to processor 504 and for
controlling cursor movement on display 512. This input
device typically has two degrees of freedom in two axes, a
first axis (e.g., X) and a second axis (e.g., y), that allows the
device to specify positions in a plane.

[0061] The invention is related to the use of computer
system 500 for implementing the techniques described
herein. According to one embodiment of the invention, those
techniques are performed by computer system 500 in
response to processor 504 executing one or more sequences
of one or more instructions contained in main memory 506.
Such instructions may be read into main memory 506 from
another machine-readable medium, such as storage device
510. Execution of the sequences of instructions contained in
main memory 506 causes processor 504 to perform the
process steps described herein. In alternative embodiments,
hard-wired circuitry may be used in place of or in combi-
nation with software instructions to implement the inven-
tion. Thus, embodiments of the invention are not limited to
any specific combination of hardware circuitry and software.
[0062] The term “machine-readable medium” as used
herein refers to any medium that participates in providing
data that causes a machine to operate in a specific fashion.
In an embodiment implemented using computer system 500,
various machine-readable media are involved, for example,
in providing instructions to processor 504 for execution.
Such a medium may take many forms, including but not
limited to, non-volatile media, volatile media, and transmis-
sion media. Non-volatile media includes, for example, opti-
cal or magnetic disks, such as storage device 510. Volatile
media includes dynamic memory, such as main memory
506. Transmission media includes coaxial cables, copper
wire and fiber optics, including the wires that comprise bus
502. Transmission media can also take the form of acoustic
or light waves, such as those generated during radio-wave
and infra-red data communications.

[0063] Common forms of machine-readable media
include, for example, a floppy disk, a flexible disk, hard disk,
magnetic tape, or any other magnetic medium, a CD-ROM,
any other optical medium, punchcards, papertape, any other

Jan. 10, 2008

physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, any other memory chip or
cartridge, a carrier wave as described hereinafter, or any
other medium from which a computer can read.

[0064] Various forms of machine-readable media may be
involved in carrying one or more sequences of one or more
instructions to processor 504 for execution. For example, the
instructions may initially be carried on a magnetic disk of a
remote computer. The remote computer can load the instruc-
tions into its dynamic memory and send the instructions over
a telephone line using a modem. A modem local to computer
system 500 can receive the data on the telephone line and
use an infra-red transmitter to convert the data to an infra-red
signal. An infra-red detector can receive the data carried in
the infra-red signal and appropriate circuitry can place the
data on bus 502. Bus 502 carries the data to main memory
506, from which processor 504 retrieves and executes the
instructions. The instructions received by main memory 506
may optionally be stored on storage device 510 either before
or after execution by processor 504.

[0065] Computer system 500 also includes a communica-
tion interface 518 coupled to bus 502. Communication
interface 518 provides a two-way data communication cou-
pling to a network link 520 that is connected to a local
network 522. For example, communication interface 518
may be an integrated services digital network (ISDN) card
or a modem to provide a data communication connection to
a corresponding type of telephone line. As another example,
communication interface 518 may be a local area network
(LAN) card to provide a data communication connection to
a compatible LAN. Wireless links may also be implemented.
In any such implementation, communication interface 518
sends and receives electrical, electromagnetic or optical
signals that carry digital data streams representing various
types of information.

[0066] Network link 520 typically provides data commu-
nication through one or more networks to other data devices.
For example, network link 520 may provide a connection
through local network 522 to a host computer 524 or to data
equipment operated by an Internet Service Provider (ISP)
526. ISP 526 in turn provides data communication services
through the world wide packet data communication network
now commonly referred to as the “Internet” 528. Local
network 522 and Internet 528 both use electrical, electro-
magnetic or optical signals that carry digital data streams.
The signals through the various networks and the signals on
network link 520 and through communication interface 518,
which carry the digital data to and from computer system
500, are exemplary forms of carrier waves transporting the
information.

[0067] Computer system 500 can send messages and
receive data, including program code, through the network
(s), network link 520 and communication interface 518. In
the Internet example, a server 530 might transmit a
requested code for an application program through Internet
528, ISP 526, local network 522 and communication inter-
face 518.

[0068] The received code may be executed by processor
504 as it is received, and/or stored in storage device 510, or
other non-volatile storage for later execution. In this manner,
computer system 500 may obtain application code in the
form of a carrier wave.

[0069] In the foregoing specification, embodiments of the
invention have been described with reference to numerous
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specific details that may vary from implementation to imple-
mentation. Thus, the sole and exclusive indicator of what is
the invention, and is intended by the applicants to be the
invention, is the set of claims that issue from this applica-
tion, in the specific form in which such claims issue,
including any subsequent correction. Any definitions
expressly set forth herein for terms contained in such claims
shall govern the meaning of such terms as used in the claims.
Hence, no limitation, element, property, feature, advantage
or attribute that is not expressly recited in a claim should
limit the scope of such claim in any way. The specification
and drawings are, accordingly, to be regarded in an illus-
trative rather than a restrictive sense.

What is claimed is:

1. A method comprising performing a machine-executed
operation involving instructions, wherein the machine-ex-
ecuted operation is at least one of:

A) sending said instructions over transmission media;

B) receiving said instructions over transmission media;

C) storing said instructions onto a machine-readable stor-

age medium; and

D) executing the instructions;
wherein said instructions are instructions which, when
executed by one or more processors,

cause the one or more processors to perform the steps of:

identifying a set of one or more terms related to a specific

search query;

determining the frequency of a particular term in relation

to all terms in the set of terms;

obtaining one or more results for the specific search

query;

determining a proportion of the results that contain the

particular term; and

determining a relevance of the one or more results, based

at least in part on:

(1) the proportion of results containing the particular
term; and

(2) the frequency of the particular term in relation to all
terms in the set of terms.

2. The method of claim 1, wherein identifying the set of
one or more terms includes examining a query log contain-
ing a plurality of queries.

3. The method of claim 2, wherein the query is a collec-
tion of one or more terms submitted by a user for identifying
content for which the user wishes to search.

4. The method of claim 2, wherein examining the query
log further comprises:

selecting one or more queries from the query log; and

determining that the one or more queries further contain

the specific search query.

5. The method of claim 2, wherein each query within the
query log includes data specifying the time period at which
the query was originally submitted, and wherein selecting
one or more queries from the query log includes selecting
one or more queries submitted only within a specified time
period.

6. The method of claim 1, wherein identifying a set of one
or more terms includes examining session based search data.

7. The method of claim 6, wherein the session based
search data includes only queries submitted by a single user
during a specified period of time.
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8. The method of claim 1, wherein determining the
frequency of the particular term includes determining the
number of queries that include both the specific search query
and the particular term.

9. The method of claim 1, wherein obtaining the one or
more results for the specific search query further comprises:

performing operations against a data repository, wherein

the data repository contains an index of content; and
in response to the operations’ performance, receiving data
representing the search results.

10. The method of claim 1, wherein each result contains
a title and an abstract, and wherein determining the propor-
tion of the results that contain the particular term includes
examining the title and abstract of each result to determine
whether the particular term is present.

11. The method of claim 9, wherein each result is asso-
ciated with web content, and wherein determining the pro-
portion of the results that contain the particular term
includes examining the web content associated with each
result to determine whether the particular term is contained
within the content.

12. The method of claim 1, wherein the steps further
comprise:

generating a value representing the relevance of the one or

more results.

13. The method of claim 1, wherein determining the
relevance of the one or more results includes:

determining the relevance of the search results based on

each term in the set of terms;

generating a total relevance for the search results based on

all the terms in the set of terms; and

reporting the total relevance for the search results.

14. The method of claim 1, further comprising:

determining that none of the results contain a particular

term from the set of terms; and

determining, based at least in part on the frequency of the

particular term in relation to all terms in the set of
terms, a loss in variety for the one or more results.

15. A method comprising performing a machine-executed
operation involving instructions, wherein the machine-ex-
ecuted operation is at least one of:

A) sending said instructions over transmission media;

B) receiving said instructions over transmission media;

C) storing said instructions onto a machine-readable stor-

age medium; and

D) executing the instructions;
wherein said instructions are instructions which, when
executed by one or more processors,

cause the one or more processors to perform the steps of:

identifying a set of one or more terms related to a search

query;

determining a frequency of a particular term in relation to

all terms in the set of terms;

obtaining one or more results for the search query;

determining that none of the results contain a particular

term from the set of terms; and

determining a loss in variety for the one or more results,

based at least in part on the frequency of the particular
term in relation to all terms in the set of terms.

16. The method of claim 15, wherein identifying the set
of one or more terms includes examining a query log,
wherein the query log contains a plurality of search queries.
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17. The method of claim 16, wherein the query is a
collection of one or more terms submitted by a user for
identifying content for which the user wishes to search.

18. The method of claim 16, wherein examining the query
log further comprises:

selecting one or more queries from the query log; and

determining that the one or more search queries further

contain the specific search query.

19. The method of claim 16, wherein each query within
the query log includes data specifying the time period at
which the query was originally submitted, and wherein
selecting one or more queries from the query log includes
selecting one or more queries submitted only within a
specified time period.

20. The method of claim 15, wherein identifying a set of
one or more terms includes examining session based search
data.

21. The method of claim 20, wherein the session based
search data includes only queries submitted by a single user
during a specified period of time.

22. The method of claim 15, wherein determining the
frequency of the particular term includes determining the
number of queries that include both the search specific
search query and the particular term.

23. The method of claim 15, wherein obtaining the one or
more results for the specific search query further comprises:

performing operations against a data repository, wherein

the data repository contains an index of content; and
in response to the operations’ performance, receiving data
representing the search results.

24. The method of claim 15, wherein each result contains
a title and an abstract, and wherein determining that none of
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the results contain the particular term includes examining
the title and abstract of each result to determine that the
particular term is not present
25. The method of claim 23, wherein each result is
associated with a content page, and wherein determining
that none of the results contain the particular term includes
examining the content page associated with each result to
determine that the particular term is not contained within the
content.
26. The method of claim 15, wherein the steps further
comprise:
generating a value representing the loss in variety for the
one or more results.
27. The method of claim 15, wherein determining the loss
in variety of the one or more results includes:
determining the loss in variety of the search results based
on each term in the set of terms;
generating a total loss in variety of the one or more results
based on all the terms in the set of terms; and
reporting the total loss in variety of the one or more
results.
28. The method of claim 15, further comprising:
determining that a proportion of the one or more results
contain the particular term; and
determining, based at least in part on (1) the proportion of
results containing the particular term, and (2) the fre-
quency of the particular term in relation to all terms in
the set of terms, a relevance of the one or more results.





