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BEHAVIORAL TARGETING FOR TRACKING, 
AGGREGATING, AND PREDICTING ONLINE 

BEHAVIOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of provisional 
patent application No. 61/057,809 ?led May 30, 2008, 
entitled “Behavioral Targeting System and Method for Track 
ing, Aggregating and Predicting User’s Online Behavior.” 
[0002] This application is related to the folloWing com 
monly assigned United States Patent Application ?led on 
May 7, 2009: 

[0003] Ser. No. 12/436,748, entitled “Discovering Rel 
evant Concept and Context for Content Node” (Attorney 
Docket No. 050759-007000). 

FIELD OF THE INVENTION 

[0004] The present invention relates to the ?eld of com 
puter science. More particularly, the present invention relates 
to behavioral targeting for tracking, aggregating, and predict 
ing online behavior. 

BACKGROUND 

[0005] Information retrieval systems are typically designed 
to retrieve relevant content from a data repository, based on 
inputs from users. The user input can be in any of the folloW 
ing example forms: (i) a set of keyWords, (ii) single or mul 
tiple lists of URLs and domains, and (iii) a set of documents 
(e.g., text ?les, HTML pages, or other types of markup lan 
guage content). A goal of such information retrieval systems 
is to pull the most relevant content (i.e., most relevant to the 
given input) from the underlying repository, Which might 
itself comprise a heterogeneous set of structured and unstruc 
tured content. An example of the aforementioned information 
retrieval system is a traditional search engine, Where a user 
provides a set of keyWords, and the search engine provides 
simple ranked lists of top relevant Web pages, and a separate 
list of top relevant paid listings or sponsored links. The set of 
Web pages matching user’s search queries and the advertise 
ment database containing sponsored advertising materials are 
currently tWo separate databases that are processed very dif 
ferently to pull the relevant pages and the sponsored links for 
the same user query. Thus, the conventional search engine 
described above provides an example of tWo distinct infor 
mation repositories being processed in response to the same 
query. 
[0006] Current systems ?nd important keyWords of a Web 
page then try to expand them using various resources. This 
expanded set of keyWords is compared With a user-provided 
set of keyWords. One problem With such an approach is that 
keyWords can have different meanings. For example, “Chi 
huahua” is a dog breed, but it is also a province in Mexico. In 
current systems, Chihuahua may expand to: 
[0007] Chihuahua Breeders, 
[0008] Travel to Chihuahua 
[0009] Travel to Mexico 
[0010] Chihuahua Puppy 
[0011] Dog Training 
[0012] Hotels in Chihuahua 
[0013] Teacup Chihuahua Puppies 
[0014] Cheap ?ights, 
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[0015] A person interested in a Chihuahua dog Would ?nd 
information about the Chihuahua province or travel to it less 
useful. And a person interested in the Chihuahua province 
Would ?nd information about dog training or a Chihuahua 
dog less useful. 
[0016] Furthermore, a person searching for a Chihuahua 
dog for the ?rst time Would ?nd information about Chihuahua 
breeders more useful. While a person searching for a Chihua 
hua dog several times over short time period may have already 
purchased a Chihuahua dog and Would thus ?nd information 
about dog training classes more useful. 
[0017] Without knoWing the context of the user-provided 
set of keyWords, current systems often present search results 
that are irrelevant to What the user is seeking. 

[0018] While the aforementioned systems alloW for limited 
targeting of advertisement and content, such systems fail to 
provide ef?cient targeted advertisement avenues. Accord 
ingly, a need exists for an improved solution for advertise 
ment targeting. 

SUMMARY 

[0019] The folloWing summary of the invention is provided 
in order to provide a basic understanding of some aspects and 
features of the invention. This summary is not an extensive 
overvieW of the invention, and as such it is not intended to 
particularly identify key or critical elements of the invention, 
or to delineate the scope of the invention. Its sole purpose is to 
present some concepts of the invention in a simpli?ed form as 
a prelude to the more detailed description that is presented 
beloW. 

[0020] A pre-computed concept map represents concepts, 
concept metadata, and relationships betWeen the plurality of 
concepts. Online user behavior may be predicted by correlat 
ing one or more online events of a user With one or more 

features of the concept map, aggregating a concept map his 
tory of the user to obtain online behavior over time, aggre 
gating online behavior of the user and one or more other users 
to obtain aggregated online user behavior, and predicting 
future online behavior of the user based at least in part on the 
online behavior of the user and the aggregated online user 
behavior. The predicted behavior may be used to target ads 
that the user is likely to ?nd relevant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying draWings, Which are incorpo 
rated into and constitute a part of this speci?cation, illustrate 
one or more embodiments of the present invention and, 
together With the detailed description, serve to explain the 
principles and implementations of the invention. 
[0022] In the draWings: 
[0023] FIG. 1 is a block diagram that illustrates a system for 
predicting online behavior in accordance With one embodi 
ment of the present invention. 
[0024] FIG. 1A is a block diagram that illustrates predicting 
online behavior in accordance With one embodiment of the 
present invention. 
[0025] FIG. 2 is a How diagram that illustrates a method for 
predicting online behavior in accordance With one embodi 
ment of the present invention. 

[0026] FIG. 3 is a block diagram that illustrates possible 
uses for a system for predicting online behavior using aggre 
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gate user behaviors on a concept map and history of similar 
users in accordance With one embodiment of the present 
invention. 
[0027] FIG. 4 is a How diagram that illustrates a method for 
correlating online event With a concept map in accordance 
With one embodiment of the present invention. 
[0028] FIG. 5 is a block diagram that illustrates a method 
for aggregating a user’s concept map history and updating a 
behavioral pro?le in accordance With one embodiment of the 
present invention. 
[0029] FIG. 6 is a block diagram that illustrates a method 
for inferring individual online user behavior based on aggre 
gated online user behavior in accordance With one embodi 
ment of the present invention. 
[0030] FIG. 7 is a block diagram that illustrates a method 
for aggregating a user’s detected behaviors to generate a 
behavioral concept map in accordance With one embodiment 
of the present invention. 
[0031] FIG. 8 is a block diagram that illustrates a concept 
map in accordance With one embodiment of the present 
invention. 
[0032] FIG. 9 is a block diagram that illustrates mapping 
online activities onto a concept map, and tracking behavior on 
the map in accordance With one embodiment of the present 
invention. 
[0033] FIG. 10 is a block diagram that illustrates mapping 
online activities onto a concept map, and tracking behavior on 
the map in accordance With one embodiment of the present 
invention. 
[0034] FIG. 11 is a block diagram that illustrates mapping 
online activities onto a concept map, and tracking behavior on 
the map in accordance With one embodiment of the present 
invention. 
[0035] FIG. 12 is a block diagram of a computer system 
suitable for implementing aspects of the present invention. 

DETAILED DESCRIPTION 

[0036] Embodiments of the present invention are described 
herein in the context of discovering relevant concepts and 
context for content nodes to determine a user’s intent, and 
using this information to provide targeted advertisement and 
content. Those of ordinary skill in the art Will realiZe that the 
folloWing detailed description of the present invention is 
illustrative only and is not intended to be in any Way limiting. 
Other embodiments of the present invention Will readily sug 
gest themselves to such skilled persons having the bene?t of 
this disclosure. Reference Will noW be made in detail to 
implementations of the present invention as illustrated in the 
accompanying draWings. The same reference indicators Will 
be used throughout the draWings and the folloWing detailed 
description to refer to the same or like parts. 
[0037] Embodiments of the present invention examine 
online activity of a group of users to determine What concepts 
are most closely associated With that online activity, and to 
determine a likelihood that one particular online activity Will 
be folloWed by another particular online activity. The online 
activity of an individual user is compared to the group infor 
mation to predict future online activity of the individual user. 
[0038] For example, suppose a user visits a Web page 
describing the “Chihuahua” dog breed, and the user has vis 
ited other similar Web pages several times recently. The “Chi 
huahua” may expand to: 
[0039] Chihuahua Breeders, 
[0040] Travel to Chihuahua 
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[0041] Travel to Mexico 
[0042] Chihuahua Puppy 
[0043] Dog Training 
[0044] Hotels in Chihuahua 
[0045] Teacup Chihuahua Puppies 
[0046] Cheap ?ights 
[0047] But the current context relates to the Chihuahua dog, 
not the Chihuahua province. Furthermore, the user has been 
searching for a Chihuahua dog several times over short time 
period and may ?nd have already purchased a Chihuahua dog. 
[0048] According to embodiments of the present invention, 
online activity of a group of users is examined to determine 
What concepts are most closely associated With that online 
activity. In this case, the concepts are: 
[0049] Chihuahua Breeders, 
[0050] Chihuahua Puppy 
[0051] Dog Training 
[0052] Teacup Chihuahua Puppies 
[0053] The online activity of the group of users further 
indicates that users searching for dogs several times over a 
short time period have likely purchase a dog, making “Dog 
Training” the concept most closely associated With the indi 
vidual user’s online activity. The user may be presented With 
content such as ads regarding dog training. NarroWly target 
ing speci?c ads to the user in this Way increases the likelihood 
that the user Will ?nd the ads interesting, thus increasing their 
effectiveness. 
[0054] In the context of the present invention, the term 
“content node” refers to one or more groupings of data. 
Example groupings of data include a Web page, a paid listing, 
a search query, and a text ?le. 

[0055] In the context of the present invention, the term 
“concept” refers to a unit of thought, expressed by a term, 
letter, or symbol. It may be the mental representation of 
beings or things, qualities, actions, locations, situations, or 
relations. A concept may also arise from a combination of 
other concepts. Example concepts include “diabetes,” “heart 
disease,” “socialism,” and “global Warming.” 
[0056] In the context of the present invention, the term 
“concept map” refers to a representation of concepts, concept 
metadata, and relationships betWeen the concepts. 
[0057] In the context of the present invention, the term 
“hub” refers to a node of a concept map that is connected to a 
relatively high number of edges. A hub represents a concept 
that is related to a relatively high number of other concepts. 
An example hub is “Greek God” 716 in FIG. 7. 
[0058] In the context of the present invention, the term 
“community” refers to a subgraph of a concept map. An 
example community is the “diabetes” community shoWn in 
FIG. 9. 
[0059] Embodiments of the present invention use a concept 
map Which comprises concepts and their relationships. A 
concept map may be depicted as a graph, Where each node of 
the graph represents a concept, and Where each bidirectional 
multi edge betWeen the nodes represents a relationship 
betWeen the respective concepts. These relationships may 
include, for example, page co occurrence (frequency of the 
concepts occurring on the same page) or functional relation 
ships as extracted from the World Wide Web, click through 
rates (CTRs) of advertisement, co occurrence in advertiser 
campaigns (frequency of the concepts occurring in the same 
advertiser campaign), co occurrence in advertisement cre 
atives (frequency of the concepts occurring in the same adver 
tisement creative), taxonomies and manually generated 
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maps, user behavior such as query log funnels (queries sub 
mitted Within a sequentially short period), and the like. An 
example of a concept map is shoWn in FIG. 8. 
[0060] According to embodiments of the present invention, 
both nodes and edges of a concept map can have different 
attributes, and edges (relationships) can be bidirectional. 
Examples of node attributes include frequency on the Web, 
frequency on a particular corpus of documents, structural 
rank calculated on the graph itself, and cost per click (CPC) 
and CTR information of corresponding advertisement list 
ings. Examples of different edge types and attributes include 
clickthrough rate of advertisement, user query reWrite rate 
(number of times a user requests the same information during 
a time period), and the like. 
[0061] A concept map can be characterized by different 
types of information and associated features. For each node in 
the graph, a path to high level categories can be constructed. 
According to one embodiment of the present invention, for 
each node the pagerank, (As de?ned by Larry page and Sergei 
Brin in The PageRank Citation Ranking: Bringing Order to 
the Web (1998)) in the concept map is calculated and for each 
node the system calculates a path Where next step of the path 
is the highest page rank node among ?rst neighbors of the 
current node. This path is called a categorization path. 
[0062] FIG. 1 is a block diagram that illustrates a system for 
predicting online behavior in accordance With one embodi 
ment of the present invention. A behavioral targeting engine 
110 may target an individual user of a search engine portal 
100 for speci?c ads from an ad network 105. The targeting is 
based at least in part on the user’s past online behavior and 
behavior of other users having similar past behavior. An ad 
matching engine 115 is con?gured to match information 
about the user’s online behavior, With ads from ad netWork 
105 to produce ads 120 that are likely to be relevant to the 
online user. 

[0063] FIG. 1A is a block diagram that illustrates predicting 
online behavior in accordance With one embodiment of the 
present invention. FIG. 1A shoWs a timeline beginning With a 
user revieWing blogs comparing cell phones (1A05). At 
1A10, the user searches for iPhone service providers. At 
1A15, the user purchases an iPhone. After the user purchases 
an iPhone, the user customiZes the iPhone by either searching 
for iPhone accessories (1A20) and then purchasing iPhone 
accessories (1A25), or by searching for iPhone applications 
(1A35) and then purchasing iPhone applications (1A40). 
[0064] According to one embodiment of the present inven 
tion, a behavioral targeting engine obtains the sequence of 
events illustrated in FIG. 1A from an analysis of aggregated 
online user behavior of multiple users 1A30. Thus, When user 
A 1A45 has recently performed a task similar to revieWing 
blogs comparing cell phones (1A05), the behavioral targeting 
engine predicts that user A’s future online events may include 
searching for iPhone service providers (1A10). If at a later 
time user A 1A45 has recently searched for iPhone service 
providers 1A10, a behavioral targeting engine predicts userA 
1A45 may subsequently search for iPhone accessories 
(1A20) and then purchase iPhone accessories (1A25). Addi 
tionally, user A 1A45 may subsequently search for iPhone 
applications (1A35) and then purchase iPhone applications 
(1A40). 
[0065] A behavioral targeting engine may target ads to user 
A 1A45 based upon user A’s 1A45 predicted behavior. For 
example, after user A 1A45 has revieWed blogs comparing 
cell phones (1A05), the behavioral targeting engine may 
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present ads from iPhone service providers, even before userA 
1A45 searches for iPhone service providers. Thereafter, When 
the user has likely purchased an iPhone, the behavioral tar 
geting engine may present ads related to iPhone accessories 
or iPhone applications. 

[0066] FIG. 2 is a How diagram that illustrates a method for 
predicting online behavior in accordance With one embodi 
ment of the present invention. At 200, one or more online 
events or activities are correlated With concept map features. 
Essentially, a user’s online event is correlated With the con 
cepts represented in the concept map. For example, a user 
search query concerning diabetes Would correlate With por 
tions of the concept map relating to diabetes. At 205, a user 
concept map history is aggregated to obtain a representation 
of the user’s online behavior over time. For example, the 
aggregated user concept map history may shoW a user 
researched the iPhone several days ago, and recently 
researched service providers featuring the iPhone. At 210, 
online behavior of multiple users is aggregated to obtain 
aggregated online user behavior information. At 215, future 
online behavior of the user is predicted based at least on the 
user’s past behavior and the behavior of one or more other 
users having similar past behavior. Examples of the aggrega 
tion processes are described beloW. 

[0067] FIG. 3 is a block diagram that illustrates possible 
uses for a system for predicting online behavior using aggre 
gate user behaviors on a concept map and history of similar 
users in accordance With one embodiment of the present 
invention. FIG. 3 shoWs hoW the online activities of an 
example user 300 are used to target ads that are likely to be of 
interest to the user. As shoWn in FIG. 3, on Monday (305), 
user 300 reads a neWs page on CNN concerning an iPhone 

release date. On Tuesday (310), user 300 searches the Website 
AOL.com for ATT phone deals. And on Wednesday (315), 
user 300 composes an email that discusses iPhones. The user 

300 activities on Monday (305), Tuesday (310), and Wednes 
day (315) are provided to behavioral targeting engine 320. 
[0068] Using a concept map containing aggregated infor 
mation regarding behavior of similar users, behavioral target 
ing engine 320 provides ads that are targeted to the user 300. 
The ads targeted to the user 300 may be based at least in part 
on the amount of time that has elapsed since one or more 
online events. Box 325 of FIG. 3 represents user 300 broWs 
ing a Webpage only one day after composing an email that 
discusses iPhones (315). And box 330 represents user 300 
broWsing a Webpage tWo months after composing an email 
that discusses iPhones (315). Based on the concept map con 
taining aggregated information regarding behavior of similar 
users, behavioral targeting engine 320 knoWs that ads related 
to iPhones, service plans featuring the iPhone, and cell phone 
promotions are highly relevant to a user that has shoWn inter 
est in but has probably not yet purchased an iPhone. Accord 
ingly, When the user at 325 is broWsing a Webpage only one 
day after one or more online events indicating the user has 
probably not yet purchased an iPhone, the user is presented 
With ads related to iPhones, service plans featuring the 
iPhone, cell phone promotions, and the like. 
[0069] Similarly, behavioral targeting engine 320 knoWs 
that ads related to iPhone applications, upgrades, and acces 
sories are highly relevant to a user that has probably pur 
chased an iPhone. Accordingly, When the user at 330 is 
broWsing a Webpage tWo months after online events indicat 
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ing pre-purchase interest in the iPhone, the user is presented 
With ads related to iPhone applications, upgrades, accesso 
ries, and the like. 
[0070] FIG. 4 is a How diagram that illustrates a method for 
correlating online event With a concept map in accordance 
With one embodiment of the present invention. FIG. 4 pro 
vides more detail for reference numeral 200 of FIG. 2. Ref 
erence numeral 400 represents online event from various 
sources. User online events can be any interaction With a 
portal, for example searching for a keyword, broWsing a 
Webpage, reading emails, shopping, and any other online 
transaction. There are various systems to track users and 
generate user events using session ID, cookies, logging into 
the system, and others. Embodiments of the present invention 
do not depend on the method of acquisition of user event 
information. 

[0071] At 405, the online event information is used to deter 
mine a list of features matching the input event. These fea 
tures may include one or more keyWords, one or more cat 

egories, and geographical information. The folloWing 
example illustrates matching features for a search event 
Where a user enters a query for “diabetes” at the Website 
search.com: 

[0072] Input: event: user 33242. Source: search.com, 
event: search, keyWord: diabetes, timestamp: 01/04/08, 
9:00 am, IP: 19216801, 

[0073] Output: user 33242. Source: search.com, event: 
search, keyWord: diabetes, timestamp: 01/04/08, 9:00 
am, IP: 192.168.0.1, geolocation: los angeles, ca, user: 
33242 source: search.com 

[0074] The folloWing example illustrates an example of 
matching features for a broWsing event Where a user broWses 
a Webpage regarding diabetes: 

[0075] Input: event: user 33242. Source: bbc.com, event: 
broWse, url: http ://WWW.bbc .co .uk/health/healthy_liv 
ing/nutrition/dietary_diabetes .shtml, timestamp: 01 / 04/ 
08, 9:00 am, IP: 19216801, 

[0076] Output: user 33242. Source: bbc.com, event: 
broWse, url: http ://WWW.bbc .co .uk/health/healthy_liv 
ing/nutrition/dietary_diabetes .shtml, timestamp: 01 / 04/ 
08, 9:00 am, IP: 192.168.0.1, keyWord list: diabetes, 
type 2 diabetes, blood sugar, diabetes mellitus, health, 
for diabetes, category: health, geolocation: los angeles, 
ca 

[0077] This mapping from events to initial feature list can 
be done using various methods. One such method for extract 
ing top keyWords for a page is described in commonly 
assigned US. patent application Ser. No. 12/436,748, entitled 
“Discovering Relevant Concept and Context for Content 
Node.” The aforesaid US. Patent Application is incorporated 
by reference herein in its entirety. The folloWing example 
illustrates an example of matching features for a transaction 
event Where the user is shopping for an iPhone at amaZon. 
com: 

[0078] Input: event: user 33242. Source: amaZon.com, 
event: shopping, product: iPhone cell phone, timestamp: 
01/04/08, 9:00 am, IP: 19216801, 

[0079] Output: event: user 33242. Source: amaZon.com, 
event: shopping, product: iPhone cell phone, timestamp: 
01/04/08, 9:00 am, IP: 192.168.0.1, geolocation: los 
angeles, CA, keyWord list: “iphone, cell phone, cell 
phone plan, 3G, buy a cell phone”, category: shopping/ 
electronics 
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[0080] Referring again to FIG. 4, at 410, the list of features 
is mapped to nodes and information on a concept map. 
According to one embodiment of the present invention, a 
mapping to a keyWord list is done by matching the content of 
a product or transaction description, or Webpage. These initial 
features such as keyWords and categories are thenused to map 
the event to a subset of concept map features, thereby con 
verting the event to a set of initial or seed concept nodes on a 
concept map event. 
[0081] The folloWing example illustrates the above map 
ping process. 

[0082] Concept map event: user 33242. Source: amaZon. 
com, event: shopping, concept nodes: iPhone, cell 
phone, cell phone plan, 3G, buy a cell phone, category: 
shopping/electronics. 

[0083] At 415, a feature list on the concept map is created. 
The feature list indicates a user, a source, and a timestamp for 
each item in the list. An item in the feature list may comprise 
concept map properties at various levels of granularity, 
including top communities, categorization path for the seed 
or initial concept nodes, hubs or important concepts, and the 
like. 

Aggregating a User’s Concept Map Features 

[0084] According to one embodiment of the present inven 
tion, a user’s concept map features are aggregated over time to 
identify important behavior patterns. According to one 
embodiment of the present invention, these features are 
aggregated to ?nd regions of interest in the graph, While 
keeping the timing sequence. FIGS. 9-11 illustrate examples 
of the aggregation process. As a result of aggregating the 
user’s concept map features over time, the user pro?le Will 
comprise aggregate features such as the folloWing: 

[0085] a. High level categories 
[0086] b. Aggregate category path for all the seed con 

cept nodes 
[0087] c. List of top communities 
[0088] d. Aggregate list of concept nodes. 

[0089] FIG. 5 is a block diagram that illustrates a method 
for aggregating a user’s concept map history and updating a 
behavioral pro?le in accordance With one embodiment of the 
present invention. FIG. 5 provides more detail for reference 
numeral 205 of FIG. 2. FIG. 5 shoWs three events (500, 505, 
510) and associated information representing a user’s online 
event. The associated information for each event comprises a 
feature list, a source, a user ID, and a timestamp. The user’s 
pro?le 515 is updated With aggregated information from the 
three events (500, 505, 510) to create an updated pro?le 520. 
[0090] According to one embodiment of the present inven 
tion, behavioral edges are added to a concept map by aggre 
gating each of multiple users’ concept map events. According 
to one embodiment of the present invention, this aggregating 
of the features is done by updating behavioral edges and 
behavioral category edges betWeen concepts as folloWs: 
[0091] The score of a behavioral directional edge betWeen 
concept A and concept B in the behavioral concept map is 
increased if all of the folloWing conditions are satis?ed: 

[0092] a. there is an edge betWeen conceptA and concept 
B in the original concept map; 

[0093] b. conceptA and concept B are seed nodes of tWo 
different concept map events of the same user; and 

[0094] c. The timestamp of the concept map event of 
concept B is after concept map event of concept A 
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[0095] The score of a categorical behavioral directional 
edge between concept A and concept B in the behavioral 
concept map is increased if all the following conditions are 
satis?ed: 

[0096] a. there is an edge betWeen conceptA and concept 
B in the original concept map; 

[0097] b. concept A and concept B are in the category 
path of tWo different concept map events of the same 
user; and 

[0098] c. the timestamp of the concept map event of 
concept B is after concept map event of concept A 

[0099] FIG. 6 shoWs an example of the seed concept aggre 
gate. FIG. 6 shoWs a ?rst event 600 With a seed concept of 
“buy iPhone,” and a later second event 605 With a concept of 
“iPhone applications.” There is already an edge 635 betWeen 
the “iPhone applications” concept 620 and the “buy iPhone” 
concept in the concept map 610. Since all the conditions for 
increasing the score of behavioral directional edge 655 
betWeen concept 640 and concept 620 are met, the score of the 
edge is increased. The increased score of the edge in this case 
indicates an online user associated With the “buy iPhone” 
concept 640 has an increased likelihood of being interested in 
the “iphone applications” concept 600 in the future. 
[0100] According to one embodiment of the present inven 
tion, the aggregating of the features is done as described 
above, except instead of the requirement that there be an edge 
betWeen concept A and concept B in the original concept 
map, concept A and concept B are required to belong to the 
same community. 
[0101] FIG. 7 is a block diagram that illustrates a method 
for aggregating a user’s detected behaviors to generate a 
behavioral concept map in accordance With one embodiment 
of the present invention. FIG. 7 provides more detail for 
reference numeral 210 of FIG. 2. FIG. 7 shoWs multiple 
concept map pro?les (700, 705, 710, 715) regarding particu 
lar users. The users’ detected behaviors represented by the 
concept map pro?les are aggregated to create an aggregate 
behavioral concept map 720. 
[0102] FIG. 8 is a block diagram that illustrates a concept 
map in accordance With one embodiment of the present 
invention. FIG. 8 is an example of a sub graph of a concept 
map centered around the concept “Greek God” 816. As 
shoWn by the arcs connecting With the concept “Greek God” 
816, the concept “Greek God” 816 is associated With the 
concepts “Perseus” 814, “Roman God” 804, “Percy” 802, 
“Ebe Moneter” 800, “Ancient Greek” 806, “Peloponnesian 
War” 808, “Ancient Olympic Games” 810, “Greek Culture” 
812, “History for Kids” 818, “Discover Greece” 828, “Greek 
Myths” 826, “Greek Goddess” 838, “Greek Mythology” 836, 
Trojan War,” 822, “Demeter” 834, “Olympian” 832, “Greek 
& Roman” 830, and “Zeus” 824. Each of the edges betWeen 
nodes in the subgraph represents a relationship betWeen the 
respective concepts as described above. 
[0103] FIGS. 9-11 are block diagrams that illustrate map 
ping online activities onto a concept map, and tracking behav 
ior on the map in accordance With one embodiment of the 
present invention. FIGS. 9-11 illustrate hoW three online 
activities having different seed concepts can be mapped to the 
same higher level categories. FIGS. 9-11 also illustrate hoW a 
user’s online activities may be aggregated over time. 
[0104] As shoWn in FIG. 9, community 23245 (910) repre 
sents a subgraph of a concept map relating to diabetes. The 
online event is a search query for “type 2 diabetes.” The seed 
concept is determined to be “type 2 diabetes” 945. Using the 
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categorization methodologies described above, the categori 
zation path is determined to be “type 2 diabetes” “diabetes” 
“health,” With the loWest level category being the seed con 
cept (type 2 diabetes), and the highest level category being the 
“health” concept 915. 
[0105] FIG. 10 shoWs the same subgraph of a concept map 
relating to diabetes as Was depicted in FIG. 9. The online 
event shoWn in FIG. 10 is a search for “insulin pump.” The 
seed concept is determined to be “insulin pump” 1040. Using 
the categorization methodologies described above, the cat 
egorization path is determined to be “insulin pump” “diabe 
tes” “health,” With the loWest level category being the seed 
concept (insulin pump), and the highest level category being 
the “health” concept 1015. Like the example illustrated in 
FIG. 9. The “health” concept 1015 is determined to be a high 
level category, and the “diabetes” concept 1025 is determined 
to be a medium level category. 
[0106] FIG. 11 shoWs the same subgraph of a concept map 
relating to diabetes as Was depicted in FIGS. 9 and 10. The 
online event is the user broWsing using the URL “http://WWW. 
bbc .co .uk/health/healthy_living/nutrition/dietary_diab etes. 
shtml.” The seed concept is determined to be “diabetes symp 
toms” 1120. Using the categorization methodologies 
described above, the categorization path is determined to be 
“diabetes symptoms” “diabetes” “health,” With the loWest 
level category being the seed concept (diabetes symptoms), 
and the highest level category being the “health” concept 
1115. Like the examples illustrated in FIGS. 9 and 10. The 
“health” concept 1115 is determined to be a high level cat 
egory, and the “diabetes” concept 1125 is determined to be a 
medium level category. 

Predicting Behavior 

[0107] According to one embodiment of the present inven 
tion, the behavioral edges are tagged With different intentions 
or action categories. For example, if a majority of users make 
a purchase on moving from Concept A to Concept B, then 
such an edge could be tagged accordingly as a potential for 
sales related events. In general, multiple intentions can be 
assigned to a single behavioral edge, Where there is a prob 
ability assigned to each suchpotential intention. According to 
one embodiment of the present invention, a next state and 
relevant concepts to a user are predicted based on a user 

aggregated pro?le and this concept map With behavioral 
edges. 
[0108] According to one embodiment of the present inven 
tion, the time difference betWeen a concept map event of 
concept B and a concept map event of conceptA is limited to 
less than a prede?ned threshold. For example, if the pre 
de?ned threshold betWeen concept map events is ten days and 
concept B is associated With an online event that occurred 
more than ten days after an online event associated With 
concept A, a behavioral edge betWeen concept A and concept 
B is unaffected. 
[0109] According to one embodiment of the present inven 
tion, top next relevant concepts are identi?ed using the fol 
loWing steps: 

[0110] a. Identify the most recent top categories and 
communities of interest for the user 

[0111] b. For the top K categories and communities, ?nd 
top concepts that exist in the user pro?le 

[0112] c. For these top concepts, identify the top next 
concepts by folloWing behavioral edges and behavioral 
category edges. 
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[0113] According to one embodiment of the present inven 
tion, the above method is augmented to use CPC and CTR 
information to choose the top communities and the top next 
concepts that have the highest CPC and CTR information. 
[0114] According to one embodiment of the present inven 
tion, a set of seed nodes on a concept map is used to identify 
a category and community of interest, and to ?nd a next 
concept of interest based on different types of edges including 
behavioral edges.As an example, When a user broWses a hotel 
Website and makes a hotel reservation, the user pro?le is 
updated and includes community and concepts including 
hotel reservation. When the user continues broWsing, the 
system suggests other concepts such as “air ticket,” “car 
rental,” that other users With the hotel reservation intention 
have done subsequent to making the hotel reservation. 

Filtering 
[0115] According to one embodiment of the present inven 
tion, the user is provided With ?ltering capabilities, alloWing 
the user to limit archiving and aggregation of user behavior 
based on category, source, time frame, communities, and 
concepts. For example, users may block the system from 
tracking their health concepts. As another example, users can 
indicate privacy-related concepts are not to be tracked. 
[0116] According to one of the embodiment of the present 
invention, a user’s events are tracked across communities, 
rather than at the concept level. In this embodiment, the 
accuracy of tracking the user’s intention at a high-level 
increases for those instances in Which the amount of behav 
ioral data previously collected is scarce. 
[0117] FIG. 12 is a block diagram of a computer system 
1200 suitable for implementing aspects of the present inven 
tion. The system 1200 includes a computer/server platform 
1201, peripheral devices 1202 and netWork resources 1203. 
[0118] The computer platform 1201 may include a data bus 
1204 or other communication mechanism for communicating 
information across and among various parts of the computer 
platform 1201, and a processor 1205 coupled With bus 1201 
for processing information and performing other computa 
tional and control tasks. Computer platform 1201 also 
includes a volatile storage 1206, such as a random access 
memory (RAM) or other dynamic storage device, coupled to 
bus 1204 for storing various information as Well as instruc 
tions to be executed by processor 1205. The volatile storage 
1206 also may be used for storing temporary variables or 
other intermediate information during execution of instruc 
tions by processor 1205. Computer platform 1201 may fur 
ther include a read only memory (ROM or EPROM) 1207 or 
other static storage device coupled to bus 1204 for storing 
static information and instructions for processor 1205, such 
as basic input-output system (BIOS), as Well as various sys 
tem con?guration parameters. A persistent storage device 
1208, such as a magnetic disk, optical disk, or solid-state ?ash 
memory device is provided and coupled to bus 901 for storing 
information and instructions. 
[0119] Computer platform 1201 may be coupled via bus 
1204 to a display 1209, such as a cathode ray tube (CRT), 
plasma display, or a liquid crystal display (LCD), for display 
ing information to a system administrator or user of the com 
puter platform 1201. An input device 1210, including alpha 
numeric and other keys, is coupled to bus 1201 for 
communicating information and command selections to pro 
cessor 1205. Another type of user input device is cursor 
control device 1211, such as a mouse, a trackball, or cursor 
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direction keys for communicating direction information and 
command selections to processor 1204 and for controlling 
cursor movement on display 1209. 

[0120] An external storage device 1212 may be connected 
to the computer platform 1201 via bus 1204 to provide an 
extra or removable storage capacity for the computer plat 
form 1201. In an embodiment of the computer system 1200, 
the external removable storage device 1212 may be used to 
facilitate exchange of data With other computer systems. 
[0121] Embodiments of the present invention are related to 
the use of computer system 1200 for implementing the tech 
niques described herein. In an embodiment, the inventive 
system may reside on a machine such as computer platform 
1201. According to one embodiment of the present invention, 
the techniques described herein are performed by computer 
system 1200 in response to processor 1205 executing one or 
more sequences of one or more instructions contained in the 

volatile memory 1206. Such instructions may be read into 
volatile memory 1206 from another computer-readable 
medium, such as persistent storage device 1208. Execution of 
the sequences of instructions contained in the volatile 
memory 1206 causes processor 1205 to perform the process 
steps described herein. In alternative embodiments, hard 
Wired circuitry may be used in place of or in combination With 
softWare instructions to implement embodiment of the 
present invention. Thus, embodiments of the present inven 
tion are not limited to any speci?c combination of hardWare 
circuitry and softWare. 
[0122] It should be noted that embodiments of the present 
invention are illustrated and discussed herein as having vari 
ous modules Which perform particular functions and interact 
With one another. It should be understood that these modules 
are merely segregated based on their function for the sake of 
description and represent computer hardWare and/ or execut 
able softWare code Which is stored on a computer-readable 
medium for execution on appropriate computing hardWare. 
The various functions of the different modules and units can 
be combined or segregated as hardWare and/ or softWare 
stored on a computer-readable medium as above as modules 
in any manner, and can be used separately or in combination. 

[0123] The term “computer-readable medium” as used 
herein refers to any medium that participates in providing 
instructions to processor 1205 for execution. The computer 
readable medium is just one example of a machine-readable 
medium, Which may carry instructions for implementing any 
of the methods and/or techniques described herein. Such a 
medium may take many forms, including but not limited to, 
non-volatile media, volatile media, and transmission media. 
Non-volatile media includes, for example, optical or mag 
netic disks, such as storage device 1208. Volatile media 
includes dynamic memory, such as volatile storage 1206. 
Transmission media includes coaxial cables, copper Wire and 
?ber optics, including the Wires that comprise data bus 1204. 
Transmission media can also take the form of acoustic or light 
Waves, such as those generated during radio-Wave and infra 
red data communications. 

[0124] Common forms of computer-readable media 
include, for example, a ?oppy disk, a ?exible disk, hard disk, 
magnetic tape, or any other magnetic medium, a CD-ROM, 
any other optical medium, punchcards, papertape, any other 
physical medium With patterns of holes, a RAM, a PROM, an 
EPROM, a FLASH-EPROM, a ?ash drive, a memory card, 








