57091825 A2 | IV Y0 A0 00T

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

6 October 2005 (06.10.2005)

(10) International Publication Number

WO 2005/091825 A2

(51) International Patent Classification: Not classified

(21) International Application Number:
PCT/US2005/004891

(22) International Filing Date: 16 February 2005 (16.02.2005)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/794,006 4 March 2004 (04.03.2004) US

(71) Applicant (for all designated States except US): YAHOO!
INC. [US/US]; 701 First Avenue, Sunnyvale, CA 94089
(Us).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MUKHERJEE,
Shouvick [IN/IN]; 46, 8 A Main Road, 4C Block, Ko-
ramangla, Bangalore (IN). BHAYANI, Jayesh, Vrajial
[IN/US]; 20700 4th Street, Apartment 8, Saratoga, CA
95070 (US). CHAND, Jagdish [IN/US]; 2200 Monroe
Street #1802, Santa Clara, CA 95050 (US). RAJ, Ravi
Narasimhan [US/US]; 1839 Fallen Leaf Lane, Los Altos,
CA 94024 (US).

(74) Agents: DURANT, Stephen, C. et al.; Morrison & Fo-
erster LLP, 425 Market Street, San Francisco, CA 94105-

2482 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA,
ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: KEYWORD RECOMMENDATION FOR INTERNET SEARCH ENGINES

& (57) Abstract: A computer implemented method of generating keyword recommendations is provided, which includes providing
& keyword frequency data in computer readable media that indicate frequency counts of keywords used in past internet searches; pro-
viding keyword affinity data in computer readable media that indicate affinities between pairs of keywords used in past user internet
searches; identifying keywords from the keyword frequency data that include the selected keyword; identifying keywords from the
keyword affinity data that have an affinity to the selected keyword; and prioritizing the identified keywords based upon the keyword

frequency.



WO 2005/091825 PCT/US2005/004891

KEYWORD RECOMMENDATION FOR INTERNET SEARCH ENGINES

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION

[0001] The present invention relates in general to search query optimization, and

more particularly, to use of prior search data to recommend alternate search queries or

keywords or key word phrases to modify or to replace a search query.

2. DESCRIPTION OF THE RELATED ART

[0002] Today’s computer networks allow interconnection of large numbers of
information processing systems, storage devices and file servers so that databases can be
shared across systems. As a result, users now have immediate access to enormous
amounts of information. The interet is a prime example of such a computer network. In
order to take advantage of the vast amount of information made available by
technological advances, users must be able to identify, locate and retrieve desired
information in a timely manner. To do this, information retrieval systems have been
developed that allow users to quickly identify, locate and retrieve the best and most

relevant information associated with a user request.

[0003] In an internet environment, an internet search engine serves as the

information retrieval system. A typical internet search engine comprises a program that
searches internet accessible documents, such as web pages, for specified keywords or
keyword phrases and returns a list of the documents that include the one or more of the
keywords or keyword phrases. A search engine generally works by sending out a spider
to fetch as many documents as possible. The spider ordinarily includes a program, called
an indexer that reads these documents and creates an index based on the words contained
in each document. Each search engine uses different proprietary algorithms to create
indices such that, ideally, only meaningful search results are returned in response to a
user’s submission of a keyword-based query. For example, in response to a user’s
keyword-based search query, a search engine might provide a list of URLs for web pages

that contain one or more of the keywords in a user’s search query. A Universal Resource
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Locator (URL) is an address which can uniquely specify a resource accessible via the

internet (e.g. http — for web pages, ftp - for file transfers, mailto — for email, etc.).

[0004] Selection of optimal keywords or keyword phrases is a central challenge

of keyword-based searching for content available on a computer network such as the
internet. A keyword is a word used in a search engine query. A keyword phrase is a
phrase used in a search engine query. A search engine query comprises a term, or more
often, a group of terms or a phrase used by a search engine to find web pages or sites with

content and information identified through such query.

[0005] For example, computer network users frequently search for information on
topics about which they know very little. As a consequence, they often do not know the
optimal keywords to use to search for content on a particular topic of interest. A poorly
crafted search query may be too incomplete or inaccurate to efficientl y locate the
information the user really wants. For instance, a search engine may identify hundreds or
even thousands of items in response to a broadly worded search query. If a user is
performing a search to locate a particular item or set of items, then a search result with

hundreds or thousands of items is far from an optimal.

[0006] There are numerous prior solutions to the search query formulation
problem. For example a prior system has been disclosed to automatically expand a user-
provided query string to include terms that do not appear in the query, but which may
correspond to or be associated with user-provided query terms. A shortcoming of such

automatic query expansion system is that it allows too little opportunity for a user to

participate in the query development process.

[0007] A prior alternative system that allows user-participation in a search query
expansion process takes a user-provided query and uses it to locate a list of matched
phrases from a corpus of documents. A user can elect to take words from returned
phrases that are not included in the original query to refine the query. This process can

be repeated to retrieve documents that are increasingly focused on a desired topic.
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[0008] A prior alternative system that allows user-participation in a search query

refinement process presents takes a query term from a user-provided search query and
uses query term correlation data to identify additional query terms that are deemed to be
related to the query term. The additional query terms are presented to the user for
selection to allow the user to refine the search query. The query term correlation data is
developed over time from user search queries and reflects frequencies with which query

terms appear together within the same search query.

[0009] Unfortunately, emphasis upon identification of related query terms risks

missing keyword phrases (comprising more than one term) that may improve upon a
search query. For instance, a search query, “new york restaurants” might be improved
upon by substituting the search query, “new york city restaurants”. Both of these search
queries contain the keyword “restaurants”, but the latter keyword phrase may improve the

search query if the search is directed to finding restaurants in the City of New York.

[0010] While earlier query expansion and query completion systems of the

general type described above generally have been successful, there have been
shortcomings with their use. Specifically, these systems generally infer a relationship
between query terms based upon their shared presence or the frequency of their shared
presence within a single document or web page or search query. These systemns tend to

encourage a user to pursue the development or refinement of an initial search query.

[0011] As explained above, however, computer network users often search on

topics about which they know very little. As a result, an initial search query may be far

from optimal and require significant development. Thus, an initial search query may be

so poorly formulated to be readily optimized.

[0012] Significantly, mere search query refinement is unlikely to correlate

alternative search keywords that do not typically occur together, even if it is likely that
others interested in the same topic would have searched for it using one or the other of
such alternative terms. For example, a person seeking a place to eat while out of town on
a trip might enter a search query containing the keyword, “restaurant”. That person

might not think to enter the keyword, “maps”, even though that may be the best way to
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find a restaurant, since a map’s web site might link to local restaurant home pages. The

prior search query refinement systems described above are unlikely to make such a

restaurant-to-maps keyword correlation.

[0013] Thus, there exists a need for an improved system and method for optimal

search query selection. The present invention meets this need.

SUMMARY OF THE INVENTION

[0014] One aspect of the invention provides a computer implemented method of

generating keyword recommendations. Keyword frequency data are provided in
computer readable media. The keyword frequency data indicate frequency counts of
keywords used in previous internet searches. Keyword affinity data are provided in
computer readable media. The keyword affinity data indicate affinities between pairs of”
keywords used in past user internet searches. The keyword frequency data are searched
to identify keywords from the keyword frequency data that include the selected keyword.
The keyword affinity data are searched to identify keywords from the keyword affinity

data that have an affinity to the selected keyword. The keyword frequency data are used
to prioritize the identified keywords.

[0015] Another aspect of the invention provides an article of manufacture

including computer readable medium encoded with computer readable code. Keyword
frequency data indicate frequency counts of keywords used in past internet searches.
Keyword affinity data indicate affinities between pairs of keywords used in past user
internet searches. Computer code identifies keywords from the keyword frequency data
that include a selected keyword. Computer code identifies keywords from the keyword
affinity data that have an affinity to the selected keyword. Computer code prioritizes the
1dentified keywords based upon the keyword frequency data.

[0016] Yet another aspect of the invention provides a system for enhancing

internet searches. An internet search engine can retrieve one or more web pages in
response to a user search request that includes a user-indicated keyword. Keyword

frequency data in computer readable media indicates frequency counts of keywords used
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in past internet searches. Keyword affinity data in computer readable media indicates
affinities between pairs of keywords used in past user internet searches. A server can
search the keyword frequency data to identify keywords from that include the user-
indicated keyword. The server can search the keyword affinity data to identify keywords
that have an affinity to the user-indicated keyword. The server can prioritize the
identified keywords from the frequency data and from the affinity data according to

frequency counts indicted by the frequency data.

[0017] An embodiment of the invention advantageously provides alternative
keyword recommendations based upon a combination of frequency data and affinity data.
The frequency data are used to idehtify possible alternative keywords based upon usage
of a selected keyword in prior search requests by others. The affinity data are used to
identify possible alternative keywords based upon keywords determined to have an
affinity to the selected keyword. The identified keywords from the frequency data and
the identified keywords from the affinity data are merged and prioritized based upon the

frequency data in order to present them to a user in a convenient useable form.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is an illustrative drawing of a web site through which users can
obtain information via the Internet and which illustrates the basic components used to

implement a keyword recommendation engine in accordance with an embodiment of the

invention.

[0019] Figure 2 is an illustrative drawing showing the operation of the keyword

recommendation process of Figure 1.

[0020] Figures 3A-3C is an illustrative drawing of a first table of Figure 2,

which contains example frequency data for the example search term “restaurant”.

(0021} Figure 4 is an illustrative drawing of the second table of Figure 2, which

contains example affinity data for the example search term “restaurant”.
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[0022] Figures SA-5C is an illustrative drawing of the third table of Figure 2,

which contains example recommended alternative keywords for the example search term

“restaurant”.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0023] The following description is presented to enable any person skilled in the

art to make and use the novel computer implemented keyword recommendation tool of
the present invention, and is provided in the context of particular applications and their
requirements. Various modifications to the preferred embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein may be
applied to other embodiments and applications without departing from the spirit and
scope of the invention. Moreover, in the following description, numerous details are set
forth for the purpose of explanation. However, one of ordinary skill in the art will realize
that the invention might be practiced without the use of these specific details. In other
instances, well-known structures and devices are shown in block diagram form in order
not to obscure the description of the invention with unnecessary detail. Thus, the present
invention is not intended to be limited to the embodiments shown, but is to be accorded

the widest scope consistent with the principles and features disclosed herein.

[0024] An affinity-based search term correlation process produces affinity data

that correlates keywords based upon paired associations of search terms with search
objects. A keyword is a search term that may consist of a word or a combination of
words provided by a user to a search engine to direct an internet-based search. A search
object comprises an image on a computer display that can be actuated to access
information over a network such as the internet. For example, a search object may be a
word, picture, icon or other image, which is associated with a selectable link such as a
hypertext link, which in turn, associates the search object with another word, picture, icon
or information object, such as a web page. In a multimedia environment such as the
World Wide Web, such search objects can be associated with links to sound and motion
video sequences. One common form of link is a highlighted word or picture that can be

selected by a user (with a mouse or in some other fashion), resulting in the immediate
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delivery and view of another file. The highlighted object is referred to as an anchor. The

anchor reference and the object referred to constitute a hypertext link.

[0025] Figure 1 is an illustrative drawing of a web site 102 through which users
can access information via the Internet 104 and which illustrates the basic components
used to implement a keyword recommendation engine in accordance with an embodiment
of the invention. A web site is a location on the World Wide Web. Each web site
typically contains a home page, which is the first document users see when they enter the
site. The site might also contain additional documents and files. Each site ordinarily is
owned and managed by an individual, company or organization. A portal is a web site or
service that offers a broad array of resources and services, such as e-mail, browsing,
forums, search engines, and on-line shopping malls. Originally, web portals were online
services that provided access to the web, but more recently, even traditional search
engines have transformed themselves into web portals to attract and keep a larger
audience. The web site 102 of Figure 1 may include ample components, such as a search

engine capability, to qualify it as a web portal.

[0026] The web site 102 includes a web server 106, which is a computer program

based process that delivers web pages. A web server is associated with an IP address and
possibly a domain name. For example, if user enters the URL,
http://www.nameco.com/index.html in a browser, this sends a request to the web server
whose domain name is nameco.com. The web server at that domain name then fetches
the page named index.html and sends it to the user’s browser. Any computer can

implement a web server by installing appropriate server software and connecting the

machine to the Internet.

[0027] The web server 106 communicates with a multiplicity of internet-
connected user computer devices over the internet 104, although only four user devices
108, 110, 112 and 114 are shown. The computer devices 108-114, for example, may be
any user devices used to login to the computer and accessing information over the
internet from web server 104. Users of internet-connected computers (108-114) visit web

site 102 site to access various information and services, e.g. search, email finance etc.
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Data collected by web site 102 over the course of a multitude of user visits to the site are

used to develop keyword recommendations for Internet searches, as described below.

[0028] The web server 106 communicates with an Internet search engine 116,
which is a computer program that searches documents for specified keywords and returns
a list of web-accessible documents where the keywords were found. The search engine
116 may be accessible over a computer network, for example. Typically, a search engine
works by using a type of program called a spider to retrieve as many documents as
possible over the web. Another type of program, referred to as an indexer, then parses
these documents and creates an index based on the words contained in each document.
Each different search engine uses its own algorithm to create its indices such that, ideally,

only meaningful results are returned for any given search request.

[0029] User search requests received by the web server 104 are processed by a
keyword recommendation server 118 in the course of their being passed on to the search
engine 116. It will be appreciated that the web server 104 and the keyword
recommendation server 118 are software based processes that may run on the same or
different computers. The keyword recommendation server 118 suggests alternative
keywords in response to a user search request. More particularly, a user of computer 110,
for example, may formulate a search query consisting of a collection of words. The user
search query is transmitted over the Internet 104 to the web server 106, which passes the
search query to the search engine 116 and to the keyword recommendation server 118.
The search engine 116 returns to the web server 106 a list of web pages that satisfy the
user search query. The keyword recommendation server 118 returns to the web server
106 a collection of alternative keywords as a suggestion to the user of alternative search
strategies. The web server 106 delivers to computer 110 via the Internet 104 both the
search list of web pages returned by the search engine 116 and the keyword
recommendations returned by the keyword recommendation server 118. The user of
computer 110 can decide whether or not the search results are adequate and whether to

adopt any of the recommended keywords in a follow-up search query.
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{0030} A log file 140 is used to record activity on the web site 102. For example,
the log file may record attributes of user search requests such as user information, URL
and IP address, for example. As explained below, with reference to Figure 2,

information in the log file 140 is used to produce a search term frequency database 124

and a search term affinity database 130.

[0031] Figure 2 is an illustrative drawing showing the operation of the keyword

recommendation server, 118 shown within dashed lines. It will be appreciated that the
server is implemented as computer software running on one or more computers. The
functions of the keyword recommendation server 118 shall be explained in the context of
an example user search request cohsisting of the keyword “restaurant”. It is assumed that
one of a multitude of user computers represented by computers 108-114 has issued a
search query over the Internet 104 directed at the web server 106, which passed the query
both to the search engine 116 and to the recommendation server 118. The following
description primarily addresses the operation of the recommendation server 118. Persons

skilled in the art will readily comprehend the operation of the search engine 116, which

need not be explained herein.

[0032] The recommendation server 118 includes several constituent processes.
Upon receipt of the search term “restaurant”, a control process 120 initiates a frequency-
based search term matching sub-process 122 that searches a frequency database 124 to
retrieve to a first table 126 a list of previous keywords that contain the search term
“restaurant”. The frequency database is created as explained below through monitoring
of user search requests over a period of time and keeping track of the frequency with

which keywords are used to query the search engine 116.

{0033] Figures 3A-3C is an illustrative drawing of the first table 126 of Figure 2,
which contains example frequency data for the search term “restaurant”. The frequency
data concerning the keyword “restaurant” is gathered from a frequency database 124 by
the frequency-based search term matching sub-process 122. The keyword “restaurant” is
the index to the first table 126. Each search request in the first table 126 is associated

with a frequency indicating the number of times the search request was received over a
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prescribed period of time, such as over the past 30 days, by web server 106. More
specifically, the column in the first table 126 labeled “keyword” indicates the search
terms identified as containing the search term, “restaurant”. The column labeled
“frequency” indicates the number of times corresponding search terms were used by prior
users over the prescribed time period. For example, “restaurant guide” (the last item in
the table) was received 5409 times. Alternatively, rather than store the actual frequency
count in the first table 126, the first table 126 could instead have a reference to a

frequency count for the keyword stored in the frequency database 124.

[0034] The control process 120 also initiates an affinity-based search term
correlation sub-process 128 that searches an affinity database 130 to retrieve to a second
table 132 a list of previous keywords that have been identified as having an affinity to the
search term “restaurant”. The second table 132 contains affinity data gathered from the
affinity database 130 by sub-process 128. In a present embodiment of the invention the
affinity database is created using an affinity analysis process 134 described in U.S. patent
application Serial Number 10/417,709, filed April 16, 2003, invented by Jagdish Chand,
entitled, Affinity Analysis Method and Article of Manufacture, which is expressly

incorporated herein by this reference.

[0035] Figure 4 is an illustrative drawing of the second table 132 of Figure 2,
which contains example affinity data for the search term “restaurant”. The keyword
“restaurant” is the index to the second table 132. Each keyword in the second table 132
is associated with a frequency indicating the number of times the keyword was received
by web server 106 over a prescribed period of time. The column labeled “keyword”
indicates the search terms identified as having an affinity to “restaurant”. The column
labeled “frequency” indicates the number of times corresponding keywords were used by
other users in the past. For example, the keyword “maps” was received 1,326,684 times
during the prescribed period of time. Alternatively, rather than store the actual frequency
count in the second table 132, the second table 132 could instead have a reference to a

frequency count for the keyword stored in a log file 140.

10



WO 2005/091825 PCT/US2005/004891

[0036] The control process 118 also initiates a merge sub-process 136 that

searches the first and second tables 126, 132 and retrieves to a third table 138 an ordered
list of recommended keywords as possible alternatives to the keyword “restaurant.” The
merge sub-process 138 merges and sorts the contents of the first and second tables 126,

138 based upon the frequency information. In a present embodiment, search terms with

higher frequency counts are prioritized ahead of search terms with lower frequency

counts.

[0037] In an alternative embodiment search terms may be sorted based upon

weighted frequency values. For instance, in one alternative, the affinity frequencies may

be doubled to give affinity data a higher ranking position than the frequency data in the
sorted recommendation data.

[0038] Figures SA-5C is an illustrative drawing of the third table 138 of Figure

2, which contains example recommended alternative keywords for the search term
“restaurant”. The keyword “restaurant” is the index to the third table 138. The third
table 138 contains the merged data from the first and second tables 122, 128 in prioritized
order based upon frequency. Thus, for example the search term, “japanese restaurant™
with a frequency 2765, taken from the example first table 126, the keyword affinity table,
is prioritized ahead of search term, “florida restaurant” with frequency 623, taken from
the example second table 132, the keyword frequency table. Alternatively, rather than
store the actual frequency count in the third table 138, the third table 138 could instead

have a reference to a frequency count for the keyword stored in the log file 140.

{0039] The control process 120 delivers to the web server 106, the keyword
recommendations of the third table 138, the keyword recommendation table, for
presentation to the user who submitted the “restaurant” search query as alternative
keywords. For example, the recommendation data for the search term “restaurant” may
be delivered to the user’s computer automatically over the Internet. The user then may

elect to try some or all of the recommended alternative keywords, for example.

[0040] In a present embodiment, the frequency database 124 and the affinity

database 130 are populated and maintained through off-line prbcesses. Search queries

11
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comprising search terms are stored in the log file 140, which is periodically analyzed,
once a day for example, by a frequency analysis process 142 and the affinity process 134.
The frequency analysis process 142 accesses the log file 140 to determine the frequency
with which search terms occur. In one embodiment, the frequency analysis process 142
dissects search queries to evaluate them in their entirety and in their constituent parts.
For example, the frequency analysis proceés 142 would dissect the search query,
“restaurant guide” into three constituent keywords, “restaurant”, “guide” and “restaurant

guide”, and would increment the counts for each of the three keywords in the frequency
database 124.

[0041} The affinity procesé 134 periodically analyzes the log file 140 to evaluate
affinities among search terms. The affinity process 134 accesses the frequency database
124 to determine search term frequencies. In one embodiment, affinity is analyzed for
keyword search queries as a whole, not their constituent parts. For example, for two
search queries, “restaurant” and “michigan dining”, an affinity is assessed as between the
entire keyword “restaurant” and the entire keyword “michigan dining”. In one
embodiment, a measure of affinity between the keyword must surpass some prescribed
minimum threshold level, to qualify for inclusion in the affinity database 130. In one
embodiment, the affinity process 134 stores affinity data in the affinity database 130
according to the teachings of aforementioned U.S. patent application serial number
10/417,709, in order to facilitate fast access to a list of possible alternative keywords with

an affinity to a keyword defined by a user search query such as, “restaurant”.

[0042] The following description addresses aspects of the affinity-based analysis

in accordance with an embodiment of the invention. The affinity analysis process 134
may identify a paired association of two keywords with a search object when a first user,
of computer 110 for example, provides a first search query with a first keyword to a
search engine 116; a second user, of computer 112 for example, provides a second search
query with a second keyword to the search engine 116; and both the first and second
users select the same given search object. For instance, the search engine 116 returns to
the first user’s computer 110, in response to the first user’s query request, a first web

page containing one or more search objects including the given search object. The search

12
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engine 116 returns to the second user’s computer 112, in response to the second user’s
query request, a second web page containing one or more search objects including the
given search object. The first user selects the given search object appearing on the first
web page returned to computer 110. The second user selects the given search object
appearing on the second web page returned to computer 112. The first and second

keywords have a paired association because each lead to the selection of the same search

object.

[0043] More specifically, for example, a paired association can be produced as

follows. Assume that a first user enters into a web browser keyword search field on
computer 108 the search term, “outdoor adventure”, and an associated search engine 116
returns a web first page plurality of URLs including a URL for XYZ Sports Stores. It
will be appreciated that each different URL is a different search object in this example.
Further, assume that a second user enters into a web browser keyword search field on
computer 114 the search term, “camping”, and an associated search engine returns a
second web page with a plurality of URLs including the URL for XYZ Sports Stores.
Finally, assume that both the first and the second users select the URL for XYZ Sports

Stores. These user actions produce a paired association between the pair of search terms,

“outdoor adventure” and “camping”.

[0044] The affinity based correlation process identifies paired associations by

keeping track of relationships between user search terms and user search object
selections. Continuing with the above example, the process stores search data indicating
that the first user followed an entry of the search term “outdoor adventure” by selection
of a search object representing the XYZ Sports Stores URL from the search results
presented by the search engine. The process also stores search data indicating that the
second user followed an entry of the search term “camping” by selection of a search
object representing the XYZ Sports Stores URL from the search resuits presented by the
search engine. In storing the search data, the affinity-based process 134 filters out
portions of a search term commonplace terms such as “the”, “a” and “an”. The process

evaluates the stored data concerning the actions of the first and second users in order to

identify the common search object or the common URL for XYZ Sports Stores for the

13
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search terms “outdoor adventures” and the search term “camping”. The process further

generates and stores an indication of a correlation between the two terms.

[0045] A paired association indicates a possible affinity between the two items.
An affinity is a measure of the strength of association between different items. In the
context of keywords, an affinity is a measure of the likelihood that a user who selects one
keyword is likely to also select another keyword. Generally, an affinity is used as a
predictor of user behavior or wants. A strong affinity between two iterhs is a predictor
that a user who wants one item is likely to want the other item as well. Likewise, a
strong affinity between two keywords is a predictor that a user who uses one of the
keywords is likely to be interested in using the other keyword as well. Specifically, in the
context of the present invention, for example, an affinity between first and second
keywords may be used to predict the likelihood that a person who enters the first

keyword into an Internet search engine query field will be interested in entering the

second keyword as an alternative search term.

[0046] Determining an affinity between two search terms may involve a
computation based upon the number of occurrences of the search terms and the number
of occurrences of paired associations of the search terms. For example, according to one

approach, the affinity for keyword t1 with keyword t2 may employ information
concerning:

N(t1): number of times that keyword t1 is used in a search engine request,
N(t2): number of times that keyword t2 is used in a search engine request,
N(t1, t2): number of paired associations of keywords t1 and t2.

[0047] The affinity for keyword t1 for keyword t2 may be computed as,
N(t1,t2)/N(t1).

[0048] Conversely, the affinity for keyword t2 for keyword t1 may be computed

as,

14
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N(t1E2)/N(t2).

[0049] In a present embodiment of the invention, a novel method of organizing
search requests is employed which makes it easier to rapidly perform affinity analyses for
large numbers of keywords. In accordance with the method, a unique integer item codes
are assigned to individual keywords. Paired associations of keywords are identified. The
paired associations are ordered based upon the unique item codes assigned to constituent
search terms of the pairs. As a result, each keyword pair is assigned a unique order
position relative to the other keyword pairs. A pair order information structure is

provided in computer readable medium so as to store associations between keyword pairs

and their unique order positions.

{0050} The affinity based correlation process employs a threshold frequency

count to select keywords to be assigned item codes. For instance, a keyword threshold
condition may be imposed that requires that a keyword be present in at least some
prescribed minimum threshold number of search engine requests in order to qualify for
assignment of an item code. Such keyword threshold frequency count is an optional
optimization that seeks to ensure that an item codes are assigned only for keywords that

have at least a prescribed minimum level of usage.

[0051] The use of integer item codes to represent keywords in conjunction with

the use of integer pair codes to represent paired associations of search terms makes
possible improvements in organization of information relevant to analysis of relationships
among keywords. More specifically, item code information structures and pair code
information structures are especially useful in the orgénization of large amounts of
information relevant to relationships between pairs of keywords. The computation of
integer pair codes from integer item codes speeds processing involved with evaluating
associations among pairs of keywords. This method of organizing search requests for
affinity analysis is described in detail in aforementioned co-pending commonly assigned

patent application Serial Number 10/417,709.

[0052] Two search terms need not be associated through the same search object to

contribute to the measure of affinity. For instance, continuing with the above example, a
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third user may enter “outdoor adventure” into a search engine; receive from the search
engine a third web page with a plurality of URLs; and choose from that third web page a
search object representing a URL for ABC National Park. A fourth user may enter,
“camping” into a search engine; receive from the search engine a fourth web page with a
plurality of URLs; and select from that fourth web page the search object representing a
URL for ABC National Park. The affinity analysis process 134 would identify another
instance of a pair-wise association between “outdoor adventure” and “camping”, this time

through the search objects or the URL associated with ABC National Park.

{0053] The affinity analysis process 134 also keeps track of the frequency with
which each keyword is used in a search engine request. This frequency is compared with
the prescribed frequency count threshold to determine which search terms qualify for
affinity analysis. Also, as explained below, the frequency also is used in the sorting of

recommended search terms to be presented to a user.

[0054] It will be understood that the foregoing description and drawings of
preferred embodiments in accordance with the present invention are merely illustrative of
the principles of the invention. Various modifications can be made by those skilled in the

art without departing from the spirit and scope of the invention.
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CLAIMS

1. A computer implemented method of generating keyword

recommendations comprising:

providing keyword frequency data in computer readable media that

indicate frequency counts of keywords used in past internet searches;

providing keyword affinity data in computer readable media that indicate

affinities between pairs of keywords used in past user internet searches;

identifying keywords from the keyword frequency data that include the

selected keyword;

identifying keywords from the keyword affinity data that have an affinity

to the selected keyword; and

prioritizing the identified keywords based upon the keyword frequency.

2. The method of claim 1,

wherein identifying keywords from the keyword frequency data that
include the selected keyword includes searching the keyword frequency data for

keywords that include the selected keyword; and

wherein identifying keywords from the keyword affinity data that have an
affinity to the selected keyword includes searching the keyword affinity data for

keywords that include the selected keyword.

3. The method of claim 1,
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wherein identifying keywords from the keyword frequency data include
the selected keyword includes producing a first table that includes a list of

keywords that include the selected keyword; and

wherein identifying keywords from the keyword affinity data that have an
affinity to the selected keyword includes producing a second table that includes a

list of keywords that have an affinity with the selected keyword.
4. The method of claim 1,
wherein identifying keywords from the keyword frequency data that

include the selected keyword includes producing a first table that includes a list of

keywords that include the selected keyword;

wherein identifying keywords from the keyword affinity data that have an
affinity to the selected keyword includes producing a second table that includes a

list of keywords that have an affinity with the selected keyword;

wherein prioritizing the identified keywords includes associating

frequency counts from the frequency data with keywords in the first table; and

wherein prioritizing the identified keywords includes associating

frequency counts from the frequency data with keywords in the second table.

5. The method of claim 1,

wherein prioritizing the identified keywords includes ordering the
keywords identified from the keyword frequency data according to the frequency

counts indicted by the frequency data; and
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wherein prioritizing the identified keywords includes ordering the
keywords identified from the keyword affinity data as having an affinity to the

selected keyword according to the frequency counts indicted by the frequency

data.
6. The method of claim 1,

wherein prioritizing the identified keywords includes producing a data
structure in which identified keywords from the frequency data and from the

affinity data are ordered according to the frequency counts indicted by the

frequency data.
7. The method of claim 1,

wherein identifying keywords from the keyword frequency data include
the selected keyword includes producing a first list that includes a list of

keywords that include the selected keyword;

wherein identifying keywords from the keyword affinity data that have an
affinity to the selected keyword includes producing a second list that includes a

list of keywords that have an affinity with the selected keyword; and

wherein prioritizing identified keywords includes producing a third list in
which identified keywords from the first list and from the second list are merged

together and ordered according to the frequency counts indicted by the frequency

data.

8. The method of claim 1,
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receiving a user-provided search request that includes the selected

keyword; and

providing the prioritized identified keywords to the user who provided the

search request.
9. The method of claim 1,

wherein prioritizing the identified keywords includes producing a table in
which identified keywords from the frequency data and from the affinity data are

merged together and ordered according to the frequency counts indicted by the

frequency data; and
further including the steps of:

receiving a user-provided search request that includes the selected

keyword; and

providing the identified keywords, as ordered in the table, to the user who

provided the search request.
10.  The method of claim 1,

wherein receiving a user-provided search request involves receiving a

request communicated by the user over the internet; and

wherein providing the identified keywords involves communicating the

request to the user over the internet.

11. A computer implemented method of generating keyword

recommendations comprising:
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receiving a user-provided search request that includes a user indicated

keyword;

providing keyword frequency data that indicate frequency counts of

keywords used in past internet searches;

providing keyword affinity data that indicate affinities between pairs of

keywords used in past user internet searches;

searching the keyword frequency data to identify keywords from that

include the user indicated keyword;

searching the keyword affinity data to identify keywords that have an

affinity to the user indicated keyword; and

producing a data structure in which identified keywords from the
frequency data and from the affinity data are ordered according to frequency

counts indicted by the frequency data; and
providing the ordered identified keywords to the user.

12. An article of manufacture including computer readable medium encoded

with computer readable code comprising;:

keyword frequency data that indicate frequency counts of keywords used

in past internet searches;

keyword affinity data that indicate affinities between pairs of keywords

used in past user internet searches;

computer code means for using a selected keyword to identify keywords

from the keyword frequency data that include the selected keyword;
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computer code means for using the selected keyword to identify keywords

from the keyword affinity data that have an affinity to the selected keyword; and

computer code means for using the keyword frequency data to prioritize

the 1dentified keywords.

13.  The article of manufacture of claim 12 further including:

computer code means for receiving a user-provided search request that

includes the user selected keyword; and

computer code means for providing the ordered identified keywords to the

user.

14.  An article of manufacture including computer readable medium encoded

with computer readable code comprising:

keyword frequency data media that indicate frequency counts of keywords

used in past internet searches;

keyword affinity data that indicate affinities between pairs of keywords

used in past user internet searches;

computer code means for searching the keyword frequency data to identify
keywords that include a selected keyword and for producing a first list that

includes a list of keywords that include a selected keyword; -

computer code means for searching the keyword affinity data to identify
keywords that have an affinity to the selected keyword and for producing a

second list that includes a list of keywords that have an affinity with the selected

keyword; and
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computer code means for producing a third list in which identified
keywords from the first list and from the second list are merged together and

ordered according to the frequency counts indicted by the frequency data.
15. The article of manufacture of claim 14 further including:

computer code means for receiving a user-provided search request that

includes the user selected keyword; and

computer code means for providing the ordered identified keywords to the

user.

16. A computer implemented internet search method comprising:
receiving a user-provided search request that includes a user indicated

keyword;

providing keyword frequency data in computer readable media that

indicate frequency counts of keywords used in past internet searches;

providing keyword affinity data in computer readable media that indicate

affinities between pairs of keywords used in past user internet searches;

searching the keyword frequency data to identify keywords from that

include the user indicated keyword;

searching the keyword affinity data to identify keywords that have an

affinity to the user indicated keyword; and
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producing a data structure in which identified keywords from the
frequency data and from the affinity data are ordered according to frequency

counts indicted by the frequency data;

providing to the user a list of one or more web pages that satisfy the user-

provided search request; and
providing to the user the ordered identified keywords.
17. A system for enhancing internet searches comprising:

a web server that retrieves one or more web pages in response to a user

search request that includes a user-indicated keyword;

keyword frequency data in computer readable media that indicate

frequency counts of keywords used in past internet searches;

keyword affinity data in computer readable media that indicate affinities

between pairs of keywords used in past user internet searches;

a keyword recommendation server that is coupled to communicate with

the web server and that,

searches the keyword frequency data to identify keywords from that

include the user-indicated keyword,

searches the keyword affinity data to identify keywords that have an

affinity to the user-indicated keyword, and

prioritizes the identified keywords from the frequency data and from the

affinity data according to frequency counts indicted by the frequency data.
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18. The system of claim 17,

wherein the server produces a first table that includes a list of keywords

from the keyword frequency data that include the user-indicated keyword; and

wherein the server produces a second table that includes a list of keywords

from the affinity data that have an affinity with the selected keyword.

19. The system of claim 17,

wherein the server produces a list of identified keywords from the

keyword frequency data that include the user-indicated keyword;

wherein the server produces a list of identified keywords from the affinity

data that have an affinity with the selected keyword;

wherein the server prioritizes identified keywords from the keyword

frequency data by associating frequency counts from the frequency data with

keywords in the first list; and

wherein the server prioritizes identified keywords from the affinity data by

associating frequency counts from the frequency data with keywords in the

second list.
20.  The system of claim 17,

wherein the server produces a list of identified keywords from the

keyword frequency data that include the user-indicated keyword;

wherein the server produces a list of identified keywords from the affinity

data that have an affinity with the selected keyword; and
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wherein the server prioritizes identified keywords by producing a third list
in which identified keywords from the frequency data and from the affinity data

are merged together and ordered according to the frequency counts indicted by the

frequency data.

21. The system of claim 17 further including:

an internet search engine coupled to communicate with the web server.
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