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DISTRIBUTED SCALABLE INCREMENTALLY UPDATED MODELS
IN DECISIONING SYSTEMS

RELATED APPLICATIONS

This application claims priority from Attorney Docket No. CAUSP002P, Provisional
Application No. 61/509,201, entitled “DISTRIBUTED SCALABLE INCREMENTALLY
UPDATED MODELS IN DECISIONING SYSTEMS,” by Newnham et al, filed on July 19,

2011, which is incorporated herein by reference for all purposes.

BACKGROUND OF THE INVENTION

Machine learning may be applied to automatically generate an algorithm that is
improved through experience. Applications of machine learning range from data mining
programs that discover general rules in large data sets, to information filtering systems that
automatically learn users’ interests. The algorithm that is automatically generated and

updated is often referred to as a model.

Typically, a machine learning system collects data over a period of time. In order to
preserve resources for online services, the system generates or updates the model offline
based upon the collected data. The model may then be applied to generate decisions in

various scenarios.

SUMMARY OF THE INVENTION

The disclosed embodiments support the updating of a model across multiple
components of a Learning Decisioning System. This may be accomplished, at least in part,
through the communication of data pertaining to the model between or among the
components. In this manner, the process of updating a model may be distributed among the

components.

In accordance with one aspect, a model may be defined by a set of one or more
equations that include a set of one or more parameters. Each of the parameters of each of the
set of equations may have a corresponding weight associated therewith. Thus, a set of
weights associated with the model may include a weight for each parameter in the set of

parameters of the model.
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In accordance with one aspect, a Learning Decisioning System includes two or more
components. More particularly, the components may include two or more decisioning
components. Each of the decisioning components may be statically or dynamically
configured with the same model, and therefore a local copy of the same set of weights. More
particularly, the set of weights may be an initial set of weights or may be an “updated” set of
weights corresponding to an updated model. In addition, each of the decisioning components
may implement a machine learning model to independently and incrementally update its local
model by updating its local set of weights based, at least in part, upon data received or

otherwise obtained by the decisioning component.

In accordance with another aspect, it is possible to determine the changes between the
set of weights most recently applied by all of the decisioning components and a decisioning
component’s local copy of the set of weights. The weight changes may be represented as a
set of delta values, where the set of delta values includes a delta value for each weight in the

set of weights.

In accordance with yet another aspect, each of the decisioning components may
obtain or otherwise maintain weight information that pertains to the model and is applicable
to thedecisioning component. Each decisioning component may be configured to generate at
least a portion of the weight information based, at least in part, upon data received or
otherwise obtained by the decisioning component. The weight information may include the
set of weights most recently implemented by all of the decisioning components. The weight
information may also indicate the set of delta values. More particularly, the weight
information may include the set of delta values generated by the decisioning component
and/or may include a current local set of weights maintained at the decisioning component
from which the set of delta values may be ascertained. Moreover, the weight information
may further include a number of times the decisioning component has modified each

corresponding weight in the set of weights (e.g., since a prior combine operation).

In accordance with yet another aspect, weight information maintained by each of the
decisioning components may be “shared” among the decisioning components to enable an
updated model to be generated. More particularly, the weight information may be shared
directly among the decisioning components. Alternatively, the sharing of weight information

among the decisioning components may be facilitated via a combiner.
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In accordance with yet another aspect, the decisioning components and/or a combiner
may be configured for generating a combined set of weights such that the set of weights is
replaced with the combined set of weights. More particularly, the combined set of weights
may be generated based, at least in part, upon weight information generated, obtained,
transmitted, or otherwise provided by each of the decisioning components, as well as the
prior set of weights (which may correspond to a prior combination operation). A revised
model implementing the “updated” set of weights may then be applied by various

components of the Decisioning System, such as the decisioning components and/or combiner.

In accordance with yet another aspect, the decisioning components and/or combiner
may be configured for generating a combined set of delta values for use in generating a
combined set of weights. More particularly, the combined set of delta values may be
generated based, at least in part, upon the weight information (e.g., set of delta values)
corresponding to each of the decisioning components. Various mechanisms may be applied
for generation of the combined set of delta values. These mechanisms may be applied
individually or in combination with one another to generate a combined set of delta values
based, at least in part, upon the set of delta values pertaining to each of the decisioning

components.

In accordance with yet another aspect, where a combiner participates in the generation
of combined weight information such as a combined set of delta values or a combined set of
weights, the combiner may provide the combined weight information to the decisioning
components. Where the combined weight information includes a combined set of weights,
cach of the decisioning components may then replace its local set of weights with the
combined set of weights, thereby updating the model applied by the decisioning components.
Alternatively, where the combined weight information includes a combined set of delta
values, each of the decisioning components may generate the combined set of weights from
the combined set of delta values received from the combiner and replace its local set of

weights with the combined set of weights.

In accordance with yet another aspect, the decisioning components and/or a combiner
may communicate or share weight information corresponding to the decisioning components
and/or combined weight information between or among one another. This may be
accomplished via the transmission of messages. Moreover, the decisioning components
and/or combiner may share or communicate weight information and/or combined weight

information via one or more data stores. Such data stores may be directly accessible by the
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decisioning components and/or combiner, or a third party component may access the data
stores for purposes of providing local or combined weight information to the decisioning
components and/or combiner. Therefore, information may be provided between or among
two or more components of a Learning Decisioning System through the use of messaging
and/or one or more data store(s). Accordingly, weight information and/or combined weight
information may be obtained by the decisioning components and/or combiner of a Learning

Decisioning System through the use of messaging and/or one or more data store(s).

In accordance with yet another aspect, a network device implementing a decisioning
component or combiner may obtain first weight information indicating a first set of delta
values, where the first set of delta values includes a first delta value for each weight in a set
of weights, the set of weights including a weight for each of a set of one or more parameters
of amodel. In addition, second weight information indicating a second set of delta values
may be obtained, where the second set of delta values includes a second delta value for each
weight in the set of weights. Combined weight information including a combined set of delta
values or a combined set of weights may be generated based, at least in part, upon the first

weight information and the second weight information.

In accordance with yet another aspect, a network device implementing a decisioning
component may generate first weight information indicating a first set of delta values, where
the first set of delta values includes a first delta value for each weight in a set of weights, the
set of weights including a weight for each of a set of one or more parameters of a model. The
network device may provide (e.g., transmit) the first weight information (e.g., to another
decisioning module or to a combiner). The network device may receive or generate
combined weight information including a combined set of delta values or a combined set of
weights based, where the combined weight information is generated based, at least in part,

upon the first weight information and second weight information.

In accordance with yet another aspect, a network device such as a decisioning
component or combiner may obtain weight information indicating two or more sets of delta
values. More particularly, each set of delta values may include a delta value for each weight
in a set of weights, where the set of weights includes a weight for each of a set of one or more
parameters of a model. The network device may generate a combined set of delta values
based, at least in part, upon each of the two or more sets of delta values. The network device
may generate a combined set of weights or provide the combined set of delta values for use in

generating the combined set of weights. The combined set of weights may be generated
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based, at least in part, upon the set of weights and the combined set of delta values. The
combined set of weights may then be applied by the network device (e.g., in the form of a

revised set of weights) or provided for use by a decisioning component.

Various network devices may be configured or adapted for generating, modifying,
transmitting, intercepting, and/or processing data or messages to implement the disclosed
functionality. These network devices may include, but are not limited to, servers, routers,
and switches. Moreover, the functionality for the disclosed processes may be implemented in

software as well as hardware.

Yet another aspect of the invention pertains to computer program products including
machine-readable media on which are provided program instructions for implementing the
methods and techniques disclosed herein, in whole or in part. Any of the methods of this
invention may be represented, in whole or in part, as program instructions that can be
provided on such machine-readable media. In addition, the invention pertains to various
combinations and arrangements of messages, components and/or processes as described
herein. For example, instructions for generating, modifying, transmitting, intercepting,

and/or processing messages described herein may be provided on appropriate media.

These and other features of the present invention will be described in more detail

below in the detailed description and in conjunction with the following figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an example network in which embodiments of

the invention may be implemented.

FIG. 2 is a block diagram illustrating an example system in which embodiments of the

invention may be implemented.

FIG. 3 is a block diagram illustrating an example Learning Decisioning System in

accordance with one embodiment.

FIG. 4 is a block diagram illustrating an example Learning Decisioning System in

accordance with another embodiment.

FIG. 5 is a process flow diagram illustrating an example method of incrementally
updating a model by a network device implementing a decisioning module or combiner in

accordance with various embodiments.
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FIG. 6 is a process flow diagram illustrating an example method of incrementally
updating a model by a network device implementing a decisioning module in accordance

with various embodiments.

FIG. 7 is a process flow diagram illustrating an example method of combining two or
more sets of delta values by a network device implementing a decisioning module or

combiner in accordance with various embodiments.

FIG. 8 is a diagram illustrating an example system in which various embodiments

may be implemented.

FIG. 9 illustrates an example computer system via which various embodiments may

be implemented.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Applications of systems and methods according to one or more embodiments are
described in this section. These examples are being provided solely to add context and aid in
the understanding of the present disclosure. It will thus be apparent to one skilled in the art
that the techniques described herein may be practiced without some or all of these specific
details. In other instances, well known process steps have not been described in detail in
order to avoid unnecessarily obscuring the present disclosure. Other applications are
possible, such that the following examples should not be taken as definitive or limiting either

in scope or setting.

In the following detailed description, references are made to the accompanying
drawings, which form a part of the description and in which are shown, by way of
illustration, specific embodiments. Although these embodiments are described in sufficient
detail to enable one skilled in the art to practice the disclosure, it is understood that these
examples are not limiting, such that other embodiments may be used and changes may be

made without departing from the spirit and scope of the disclosure.

The disclosed embodiments relate to the generation and updating of models by
machine learning systems. Automated decision making may be made on data such as
customer data based, at least in part, upon the model. Such decisions may include, but are

not limited to, the serving of targeted content via a website or other mechanism.
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A machine learning system may generate and/or update a model for use in a variety of
systems. FIG. 1 is a diagram illustrating an example network in which embodiments of the
invention may be implemented. As shown in FIG. 1, the system may include one or more
servers 102 associated with a website. Each of the servers 102 may include one or more
processors. The servers 102 may support the generation and/or updating of one or more

models, as will be described in further detail below.

The server(s) 102 may enable the website to provide a variety of services to its users.
For example, users of the website may purchase products via the website and/or perform
searches via the website. In this example, the server(s) 102 may obtain or otherwise receive
data (e.g., customer profile data) and/or requests (e.g., secarch requests or purchase requests)
via the Internet 104 from one or more computers 106, 108, 110 in association with
corresponding entities 112, 114, 116, respectively. For example, each of the entities 112,

114, 116 may be an individual that is a user (e.g., customer) of the website.

[0001] The server(s) 102 may enable the users 112, 114, 116 to submit search queries via
the website (c.g., to identify products that the user wishes to purchase) and/or purchase
products via the website. In addition, the server(s) may enable the users 112, 114, 116 to
generate and/or modify a customer profile pertaining to the user. The customer profile may
define various features of the user. For example, the customer profile may include personal
information such as residence address, zip code, gender, and/or age. In addition, the
customer profile may include information pertaining to the user’s website activities, such as
search activities or purchase activities. Thus, the customer profile may include information
pertaining to the user’s previous purchases, credit card information, etc. The customer profile
may also include information indicating the user’s responses to customer decisions such as
content serving decisions made by the server(s) 102. For example, the customer profile may
store information indicating whether the user responded to a particular content serving
decision by clicking on content (e.g., product information or offer(s)) provided to the user by
the server(s) 102 or by purchasing a product represented by the content presented to the user

by the server(s) 102.

[0002] Data such as customer profile information may be retained in one or more data
stores 118, which may correspond to multiple distributed devices and data stores. The data
may be used for a variety of purposes including, but not limited to, generating and/or
updating a model for use in automated decision making. More particularly, a model may be

used together with customer profile information for a particular user (or set of users) to make
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a customer decision for that particular user (or set of users). The data stores 118 may also
store data pertaining to model(s), as well as data pertaining to the generation and/or update

of the model(s).

A customer decision may include one or more actions to be taken with respect to a
user. A customer decision may be selected from a set of permissible actions that can be taken
with respect to the particular user. For example, each of the set of permissible actions may be
associated with a different category of user. As another example, a plurality of sets of
permissible actions may be stored, where each set of permissible actions is associated with a
different category of user. In this manner, it is possible to appeal to different segments of the

population.

In accordance with various embodiments, a model may be applied to customer data to
categorize a particular user or otherwise identify an appropriate customer decision. Thus, an
action to be taken with respect to a user may be selected from a set of permissible actions
based, at least in part, upon a result of applying the model to customer profile data of the
user. As one example, a customer decision may include selection of targeted content such as
one or more product suggestions or special offers to be served via the website or another

mechanism such as electronic mail or Short Message Service (SMS) messages.

In accordance with various embodiments, a customer decision may be triggered via a
trigger event. As one example, a trigger event may include the arrival of the user at a
particular web page of the website. As another example, a trigger event may include the
purchase of a particular product, the clicking on information pertaining to a particular
product, or the saving of information pertaining to a particular product in the user’s shopping

cart.

In accordance with various embodiments, the generation or updating of a model may
be performed via a Learning Decisioning System including multiple components. More
particularly, the Learning Decisioning System may include two or more decisioning
components, where each of the decisioning components implements an automated machine
learning system. Since the Learning Decisioning System may include any number of
decisioning components, the Learning Decisioning System is scalable for use in any type of

network environment.

Machine learning systems may periodically rebuild an off-line model using a current

set of data, then apply this model for decision making until the next rebuild. Alternatively,
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machine learning systems may incrementally update a model as customer decisions are made
and responses to those customer decisions are known. Through the use of a model,
predictions as to likely responses of users to system-generated customer decisions may be
produced. Accordingly, a model may be applied to customer data to select a customer

decision that is appropriate for a particular user.

In accordance with various embodiments, the Learning Decisioning System may
incrementally update one or more models based, at least in part, upon data in the data stores
118 (e.g., customer data). The data may indicate user features across website user events.
Example website user events include, but are not limited to, the visiting of the customer
website by a user, clicking on targeted content by a user, providing an offer to a user, and a

purchase by a user of one or more products offered for sale via the website.

The user features may include features of users interacting with the website via
website user events. More particularly, features of the users may be personal to the user and
independent from the website user events. For example, such features may include age,
gender, zip code, etc. Moreover, the user features may include features of the website user
events during which the users interact with the website. More particularly, the features of
website user events may be independent from the features of the users. Example features of
website user events include, but are not limited to, the day of the week of a website visit by a
user, number of times the user visited the website, acceptance or rejection of an offer
provided to the user, the number of products purchased by the user via the website, and/or the
value of a purchase by the user of one or more products offered for sale via the website.
Therefore, each time a user visits the customer website, user features such as personal
features of the user and/or features of the website user events may be obtained and stored in
the data stores 118. Therefore, the data stores 118 may store data associated with a plurality

of users.

Each of the decisioning components may be statically and/or dynamically configured
with the same model. However, each of the decisioning components may periodically and
incrementally update its own local copy of the model using a different set of data. Since each
of the decisioning components may process a different set of data, each of these models may
differ. Through the disclosed embodiments, these models may be “combined” to generate a

single model.
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FIG. 2 is a diagram illustrating an example system in which embodiments of the
invention may be implemented. As shown in FIG. 2, a user 200 may connect via a computer
202 via the Internet to a website such as a Company Website 204. More particularly, the user
200 may connect via a web browser of the computer 202, which submits a web page request
206 to the Company Website 204. Web pages are typically requested and served from web
servers using Hypertext Transfer Protocol (HTTP).

Upon receiving the page request 206, the Company Website 204 may identify content
that is appropriate to provide to the user 200. In this example, the Company Website 204
may send a request for content 208 to a Content Management System 210 that manages
content that may be provided to users. More particularly, the Content Management System
210 may store content information for each of a plurality of content options, which may each
be identified by a corresponding content identifier (ID). For example, content options may

pertain to content such as products and/or special offers.

In accordance with various embodiments, each of a plurality of content options may
pertain to a different one of a plurality of products offered for sale via the Company Website
204. Thus, the Content Management System 210 may store product information pertaining to
cach of the plurality of products that may be purchased via the website. For example, the
product information for a particular product may include a product title, product description,

price, and/or one or more photographs illustrating the particular product.

Furthermore, each of the plurality of content options may pertain to a different one of
a plurality of offers that may be provided to users. Thus, the Content Management System
210 may store offer information pertaining to each of the plurality of offers that may be
provided via the website. For example, an offer may pertain to a particular product. As
another example, an offer may provide a general benefit such as free shipping or a coupon

worth a particular dollar amount or percentage.

In order to identify one or more content options to provide to the user 200, the
Content Management System 210 may send a request for targeted content 212 to a Learning
Decisioning System 214 including two or more decisioning components. Each of the
decisioning components may implement a machine learning system via a machine learning
technique (e.g., algorithm). For example, the decisioning components of the Learning
Decisioning System 214 may implement a machine learning technique such as

Reinforcement Learning. Since the page request 206 may include information identifying the

10
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user, the information identifying the user may be further provided via the requests for content
208, 212. For example, the information identifying the user may include a Customer 1D,
which may be a cookie ID or some other unique customer identifier. The Learning
Decisioning System 214 may use the Customer ID 216 to access the customer profile for the
user in the customer profiles 218. Once customer profile information has been obtained from
the customer profile, the Learning Decisioning System 214 may make a customer decision
such as select appropriate targeted content for the user 200 based, at least in part, upon the
customer profile information and a model, which may be generated and/or updated, as will be
described in further detail below. Upon identifying the appropriate targeted content for the
user, the Learning Decisioning System 214 may send a content ID 220 identifying targeted
content to the Content Management System 210. The Content Management System 210 may
retrieve and send targeted content 222 identified by the content ID 220 via the Company
Website 204, which provides a web page including the targeted content 224 via the computer
202 to the user 200.

In accordance with various embodiments, the Learning Decisioning System 214 may
make a customer decision such as select appropriate targeted content for the user by applying
a model to customer profile information retrieved from the user’s customer profile. For
example, through the use of a model, the Learning Decisioning System 214 may generate a
score using customer profile information retrieved from the user’s customer profile. A model
may be implemented in many ways. For example, a model may be implemented via a set of
mathematical equations including a plurality of variables. Each of the variables may
represent a different user feature. For example, a variable may represent a user feature such

as age or gender of users across various website user events.

Each equation may correspond to a possible action that may be taken with respect to a
user. A value for each of the variables representing user features may be retrieved for a
particular user from the customer profile information for that user. In the mathematical
equation, a set of weights may include a weight associated with each corresponding variable
(i.e., parameter) of one or more of the plurality of variables. For example, a model may be
represented by a mathematical equation such as AiX + B;Y + CiZ = R;, where X represents
feature 1 (e.g., age<=20), Y represents feature 2 (e.g., gender=F), and Z represents feature 3
(e.g., number of times the user has visited the website>=15 and <20), A; is a weight (i.e.,
multiplying factor) associated with variable X to score action 7, B; is a weight associated with

variable Y to score action 7, C; is a weight associated with variable Z to score action 7, and R;

11
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represents the numerical result determining the score of an action to be taken with respect to
the user. Some mechanism may then be applied to determine which action to take from the
various values of R;,. One possible method is simply to select the action R; with the largest

SCorc.

In accordance with various embodiments, model generation and/or updating may be
performed using data associated with variable(s) of various types. For example, models may
be generated and/or updated for variables including ordinal, continuous, discrete, nominal,
and/or binary variables. Non-numerical data values for various variables may be represented
via numerical or binary values. For example, a nominal variable may have each of a finite
number of its possible values mapped to a binary value of 1 with any other value mapped to a

binary value of 0.

The generation of a model and corresponding weights may be determined through the
use of customer profile information collected for a plurality of customers over time. More
particularly, a data model may be generated or updated based, at least in part, upon data

values collected for one or more parameters of the model.

In accordance with various embodiments, the model may be generated and updated
through the Learning Decisioning System 214. More particularly, each of the decisioning
components may generate or update its own local set of weights, which may represent the
local model being implemented by that decisioning component. Through the use of the
separate local sets of weights (or corresponding information), the Learning Decisioning
System 214 may “combine” the different local sets of weights to generate and/or update a set
of weights of the model, which may be referred to as a combined set of weights. The
combined set of weights may then be applied by each of the decisioning components.
Various mechanisms of combining the different sets of weights (or models) will be described

in further detail below.

Once a customer decision for the user and an outcome of that decision has been
identified, the customer decision and outcome may be recorded in the form of an update 226
to the customer profile for the user. For example, the outcome may include the user clicking
on the targeted content, ignoring the targeted content, purchasing the product identified in the
targeted content, or applying a special offer provided in the targeted content. Therefore,
recently obtained or updated raw customer profile data 228 from the user’s customer profile

may be stored in the Customer Profiles 218. In addition, profile data 228 may retrieved from

12
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the Customer Profiles 218 for use by the Learning Decisioning System 214. More
particularly, data such as numerical values corresponding to each of a plurality of user

features (and corresponding variables) may be stored.

The Learning Decisioning System 214 may access customer profile data for each of
one or more variables to generate customer decisions for users. More particularly, the
Learning Decisioning System 214 may periodically generate or update the model based, at
least in part, upon the customer profile data. Since the customer profile data may indicate
user responses to customer decisions, the Learning Decisioning System 214 may learn the
best targeting content options to provide to various categories of users. Furthermore, through
the generation of a model, the Learning Decisioning System 214 may generalize and predict

user responses based upon previously stored data.

In accordance with various embodiments, a model may be generated or updated off-
line. Alternatively, in order to build models that reflect current data, a model may be
generated or updated on-line incrementally as data is received, obtained, and/or processed.
Through the generation and/or updating of models in real-time, the models may be

dynamically modified in a real-time data environment.

The functional blocks shown and described above with reference to FIG. 2 may be
implemented via one or more servers. In addition, it is important to note that the functional
blocks are merely illustrative. Therefore, the disclosed embodiments may be implemented in

other contexts or systems.

FIG. 3 is a block diagram illustrating an example Learning Decisioning System in
accordance with one embodiment. As shown in this example, the Learning Decisioning
System 214 may include a traffic routing component such as a Load Balancer 302 that is
configured to obtain data pertaining to one or more users (e.g., where the data pertains to one
or more website user events) and distribute the data among a set of two or more decisioning
components, shown as Decisioning Component 1 304a, Decisioning Component 2 304b, and
Decisioning Component n 304n. For example, the Load Balancer 302 may route traffic in
real-time as users interact with the website. As another example, the Load Balancer 302 may
access one or more data stores and provide data from the data stores to the Decisioning
Components 304a-304n. More particularly, the Load Balancer 302 may obtain a set of
customer data pertaining to a set of one or more customers from the data stores and provide

the set of customer data to a particular one of the Decisioning Components 304a-304n.
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Each of the decisioning components may be implemented via one or more
corresponding processors or network devices. Moreover, each of the decisioning components
may be implemented by a separate set of one or more processors or network devices, thereby
distributing the incremental update process among multiple processors and/or network
devices. Periodically, a combine operation may be performed to ensure that the decisioning
components may each update their local model in accordance with the models maintained by
the other decisioning components. In order to implement a combine operation, the set of
decisioning components 304a-304n may communicate with one another to enable updates to
the respective local models to be shared. More particularly, each of the decisioning
components 304a-304n may generate and/or maintain weight information that it may
communicate with the remaining decisioning components. This weight information may
include a current local set of weights maintained by the decisioning component, a set of delta
values indicating updates (e.g., changes) to a set of weights that was established previously
(e.g., via a prior combine operation) as reflected by the local set of weights, and/or a set of
counts indicating the number of times the local set of weights has been updated (e.g., since
the prior combine operation). More particularly, the set counts may include a count for each
weight in the set of weights. The count for a particular weight (and corresponding parameter)
may indicate a number of times the local copy of the weight has been modified (e.g., since

the prior combine operation) by the decisioning component.

In accordance with various embodiments, each delta value of a set of delta values
corresponds to a different one of the set of weights (and corresponding parameter) and
indicates a positive or negative change from the previously established weight to the local
weight. A positive change may include any amount of change including zero change. A set
of delta values may be obtained by subtracting the prior set of weights from the current local
set of weights. More particularly, the delta value for a particular weight may be obtained by
subtracting the prior value for that weight from the current local value for that weight. In this

manner, a delta value may be generated for each separate weight in the set of weights.

In accordance with various embodiments, each of the set of decisioning components
304a-304n may transmit one or more message(s) that includes weight information
corresponding to the local model implemented via the decisioning component to the other
decisioning components. In other words, the decisioning components 304a-304n may
communicate information directly with one another, rather than via a third party component.

For example, the decisioning components 304a-304n may communicate with one another by
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sending a broadcast message directed to a group address associated with the decisioning
components 304a-304. Through the transmission of these messages, each of the set of
decisioning components 304a-304n may collect the weight information from each of the
other decisioning components. Alternatively, the decisioning components 304a-304n may
communicate with one another by storing information to one or more shared data stores or
otherwise transmitting information for storage to one or more shared data stores. Each of the
decisioning components 304a-304n may separately combine the weight information received
or otherwise obtained from each of the other decisioning components with its own weight
information to generate combined weight information such as a combined set of delta values

and/or a combined (e.g., revised) set of weights.

A combined set of delta values may include a combined delta value for each weight in
the set of weights. A combined set of delta values may be generated through the application
of one or more combination mechanisms. Mechanisms for generating a combined set of delta

values will be described in further detail below.

A combined set of weights may include a combined weight for each weight in the set
of weights. More particularly, a combined set of weights may be generated by adding the
combined set of delta values to the set of weights corresponding to the prior model. Stated
another way, a new weight for a particular parameter may be obtained by summing a
combined delta value for that parameter and the prior weight for that parameter value (as

determined from the set of weights).

Each of the decisioning components 304a-304n may replace its current local set of
weights with the combined set of weights, thereby updating the model. However, the
decisioning components 304a-304n may also continue to maintain the prior set of weights for

generation of delta values for the subsequent combine operation.

FIG. 4 is a block diagram illustrating an example Learning Decisioning System in
accordance with another embodiment. As shown in this example, the Learning Decisioning
System 214 may include a Load Balancer 302 that distributes traffic among a set of two or
more decisioning components, shown as Decisioning Component 1 402a, Decisioning
Component 2 402b, and Decisioning Component n 402n. Each of the decisioning
components may be implemented via separate processors or network devices. Periodically, a
combine operation may be performed to ensure that the decisioning components may each

update their local model in accordance with the local model maintained by the other
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decisioning components. In order to implement a combine operation, the set of decisioning
components 402a-402n may communicate with a central combiner 404 to enable updates to
the respective local models to be shared. More particularly, each of the decisioning
components 402a-402n may generate and/or maintain weight information that it may
communicate with the combiner 404. As set forth above, this weight information may
include a prior set of weights (e.g., applied by all decisioning components), a local set of
weights maintained by the decisioning component, delta values indicating updates to a set of
weights that was established previously (e.g., via a prior combine operation) as reflected by
the local set of weights, and/or a set of counts indicating the number of times each of the
local set of weights has been modified by the decisioning component (e.g., since the prior

combine operation).

Each delta value of a set of delta values may correspond to a different one of the set of
weights (and corresponding parameter) and indicates a positive (including zero) or negative
change from the previously established weight in the set of weights and the local weight. A
set of delta values may be obtained by subtracting the prior set of weights from the local set
of weights. In this manner, a delta value may be generated for each separate weight in the set

of weights.

In accordance with various embodiments, each of the set of decisioning components
402a-402n may transmit a message that includes weight information corresponding to the
local model implemented via the decisioning component to the combiner 404. Thus, through
the transmission of these messages, the combiner 404 may collect the weight information
from ecach of the decisioning components 402a-402n. Alternatively, the decisioning
components 304a-304n may communicate with the combiner by storing information to one or
more data stores accessible by the combiner or otherwise transmitting information for storage

to one or more data stores accessible by the combiner.

The combiner 404 may combine the weight information received or otherwise
obtained from each of the other decisioning components to generate combined weight
information such as a combined set of delta values and/or a combined (e.g., revised) set of
weights. The combiner 404 may then provide this combined weight information to the
decisioning components 402a-402n. More particularly, the combiner 404 may transmit the
combined weight information to the decisioning components 402a-402n (e.g., via a group
address) and/or store the combined weight information to one or more data stores. As set

forth above, a combined set of delta values may include a combined delta value for each
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weight in the set of weights. Mechanisms for generating a combined set of delta values will
be described in further detail below. A combined set of weights may include a combined
weight for each weight in the set of weights. Where the combined weight information
provided to the decisioning components 402a-402n includes a combined set of delta values,
cach of the decisioning components 402a-402n may separately generate the combined set of
weights from the combined set of delta values. Each of the decisioning components 402a-
402n may replace its local set of weights with the combined set of weights, thereby updating
the model. However, the decisioning components 402a-402n may also continue to maintain
the prior set of weights for generation of delta values during the subsequent combine

operation.

Various methods of periodically and incrementally updating a model within a
distributed system such as that described above with reference to FIGs. 3-4 will be described
below with reference to FIGs. 5-7. Although these methods are illustrated as a single process
flow, it is important to note that these methods are iterative processes. Iterations of these
processes may be performed periodically. For example, the processes may be performed
after a pre-determined period of time has lapsed, or in response to the occurrence of a

particular event (e.g., after the receipt of a pre-defined number of data values).

The decisioning components may operate independently from one another. As a
result, the decisioning components may operate in parallel to perform model update processes
such as those described herein. Thus, the generation of a local set of weights and/or
corresponding set of delta values may be performed simultaneously by the decisioning
components. Since the various operations performed to generate or update a model may be
distributed among multiple components, the generation or updating of a model may be

performed in an efficient manner in real-time.

FIG. 5 is a process flow diagram illustrating an example method of incrementally
updating a model by a network device (e.g., a processor) implementing a decisioning module
or combiner in accordance with various embodiments. A network device (e.g., decisioning
module or combiner) may obtain first weight information indicating a first set of delta values
at 502. More particularly, the first weight information may be generated by a first
decisioning component. Thus, the first weight information may be received or otherwise
obtained from the first decisioning component by other decisioning component(s) or a
combiner via a message sent by the first decisioning component. Such a message may be

sent unsolicited, or may be sent in response to the sending of a request for the first weight
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information to the first decisioning component. The network device may obtain second
weight information indicating a second set of delta values at 504. More particularly, the
second weight information may be generated by a second decisioning component. Thus, the
second weight information may be received or otherwise obtained from the second
decisioning component by other decisioning component(s) or a combiner (e.g., via a message
sent by the second decisioning component or via a shared data store). A message including
the second weight information that is sent by the second decisioning component may be
unsolicited, or may be sent in response to the sending of a request for the second weight

information to the second decisioning component.

The first set of delta values may include a first delta value for each weight in a set of
weights, where the set of weights includes a weight for each parameter of a set of one or
more parameters of a model. The first set of delta values may represent changes to the set of
weights based upon a first set of data received or otherwise obtained by a first one of the two
or more decisioning components. Similarly, the second set of delta values may include a
second delta value for each weight in the set of weights. The second set of delta values may
represent changes to the set of weights based upon a second set of data received or otherwise

obtained by a second one of the two or more decisioning components.

The first weight information may include the first set of delta values or, alternatively,
may include a first set of weights indicating the first set of delta values. In other words, the
difference between the (prior) set of weights and the first set of weights generated by the first
decisioning component may be represented by the first set of delta values. Similarly, the
second weight information may include a second set of delta values or, alternatively, may
include a second set of weights indicating the second set of delta values. Stated another way,
the difference between the (prior) set of weights and the second set of weights generated by
the second decisioning component may be represented by the second set of delta values. The
first weight information and second weight information may also include the prior set of
weights (e.g., applied by all decisioning components) and/or a set of counts including a count
for each weight in the set of weights, where a count indicates the number of times a
corresponding one of the set of weights has been updated (e.g., since the prior combine

operation) by the corresponding decisioning component.

The network device may generate combined weight information at 506 including a
combined set of delta values and/or a combined set of weights based, at least in part, upon the

first weight information and the second weight information. For example, a combined set of
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weights may be generated based, at least in part, upon the set of weights, the first weight
information, and the second weight information. More particularly, the network device may
generate a combined set of delta values through the application of one or more mechanisms,
as will be described in further detail below. The combined set of weights may be generated
by adding the combined set of delta values to the set of weights corresponding to the prior

model, resulting in a combined set of weights.

Where the process shown and described with reference to FIG. 5 is implemented by a
third component such as a combiner, the combiner may provide the combined weight
information to each of the decisioning components (e.g., the decisioning components from
which the first and second weight information have been obtained). Wherein the combined
weight information generated by or provided to the decisioning components includes a
combined set of delta values, the decisioning components may each generate the combined
set of weights based, at least in part, upon the set of weights and the combined set of delta
values. Alternatively, the process may be performed entirely by each separate decisioning

component.

Once a combined, revised set of weights is generated, the set of weights may be
replaced by the combined set of weights such that the model is updated. After the set of
weights has been replaced with the combined set of weights, the model may be applied. For
example, the model may be applied to generate a customer decision based, at least in part,
upon data pertaining to a user accessing a web site. The prior set of weights may also be
maintained, enabling a set of delta values to be generated for a subsequent combine

operation.

The examples described herein generally illustrate the disclosed embodiments in
which two decisioning modules are implemented. However, it is important to note that these
examples are merely illustrative. Therefore, the disclosed embodiments may also be

implemented by a greater number of decisioning modules.

FIG. 6 is a process flow diagram illustrating an example method of incrementally
updating a model by a network device implementing a decisioning component in accordance
with various embodiments. The network device may generate first weight information
indicating a first set of delta values at 602. More particularly, the first weight information
may include the first set of delta values or a first set of weights indicating the first set of delta

values. The first set of delta values may include a first delta value for each weight in a set of
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weights, where the set of weights include a weight for each of a set of one or more
parameters of a model. The first weight information may also include a prior set of weights
(e.g., applied by all decisioning components and/or combiner) and/or a set of counts
indicating the number of times each of the set of weights has been modified (e.g., since the

prior combine operation) by the decisioning component.

The network device may provide the first weight information at 604 to a combiner.
More particularly, the first weight information may be provided via the transmission of one
or more messages and/or through the storing of the first weight information to one or more
shared data stores. The network device may obtain (e.g., from a combiner) or generate
combined weight information including a combined set of delta values or a combined set of
weights at 606, where the combined information is generated based, at least in part, upon the
first weight information and second weight information. More particularly, the combined
weight information may be obtained from a combiner via the receipt of one or more messages
from the combiner and/or through obtaining the combined weight information from one or
more data stores. The second weight information may include a second set of delta values or
a second set of weights indicating the second set of delta values, where the second set of delta
values includes a second delta value for each weight in the set of weights. A combined set of
delta values may be generated through the application of one or more mechanisms, as will be

described in further detail below.

Where the combined weight information received or otherwise obtained from the
combiner includes a combined set of delta values, the network device may generate a
combined set of weights based, at least in part, upon the combined set of delta values and the
set of weights. More particularly, the network device may add the combined set of delta
values to the set of weights corresponding to the prior model, resulting in a combined set of

weights.

Where the Decisioning System does not include a combiner, the decisioning
components may communicate directly with one another. Therefore, the decisioning
component may receive or otherwise obtain weight information indicating a corresponding
set of delta values from one or more other decisioning components. The decisioning
component may generate the combined weight information from the first weight information
and the weight information received or otherwise obtained from the other decisioning

component(s).
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Once the combined set of weights is generated, received, or otherwise obtained, the
network device may replace its local set of weights with the combined set of weights such
that the local model is updated. In addition, the network device may store the set of weights
as the prior set of weights, enabling the network device to subsequently generate a set of delta

values and/or corresponding local set of weights.

In accordance with various embodiments, a combined set of weights may be
generated based, at least in part, upon two or more sets of delta values. FIG. 7 is a process
flow diagram illustrating an example method of combining two or more sets of delta values
by a network device such as a decisioning module or combiner in accordance with various
embodiments. A network device may obtain weight information indicating two or more sets
of delta values at 702, where each set of delta values includes a delta value for each weight in
a set of weights, and where the set of weights includes a weight for each of a set of one or
more parameters of a model. More particularly, the weight information may include two or
more sets of delta values (e.g., where each set of delta values is generated by a different
decisioning module). Alternatively, the weight information may include two or more local
sets of weights (e.g., where each local set of weights is generated by a different decisioning

module).

Each of the two or more sets of delta values may be ascertained from two or more
local sets of weights, where each of the sets of delta values indicates positive and/or negative
change(s) from the set of weights to the respective one of the two or more local sets of
weights. Stated another way, one of the two or more sets of delta values may be obtained by
subtracting the prior set of weights from a particular one of the two or more local sets of
weights. More particularly, for each parameter of the model, a delta value may be obtained
by subtracting the prior weight for that parameter (as identified in the set of weights) from the
weight for that parameter as identified in the particular local set of weights. In this manner, a

delta value may be generated for each weight in the set of weights.

The network device may generate a combined set of delta values at 704 based, at least
in part, upon each of the two or more sets of delta values. Various mechanisms for

combining two or more sets of delta values will be described in further detail below.

In some embodiments, the weight information obtained at 702 may also include a
prior set of weights (e.g., applied by all decisioning components) and/or two or more sets of

counts, where each set of counts may indicate the number of times each weight in the set of
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weights has been updated (e.g., since the prior combine operation) by the corresponding
decisioning component (as reflected by the local set of weights). Thus, the combined set of
delta values may be generated at 704 based, at least in part, upon the two or more sets of delta

values and the two or more sets of counts.

The network device may generate a combined set of weights, or may provide the
combined set of delta values for use in generating the combined set of weights at 706, where
the combined set of weights is generated based, at least in part, upon the set of weights and
the combined set of delta values. More particularly, where the process is performed by a
decisioning module, the decisioning module may save the prior set of weights, and generate
and apply the combined set of weights as an updated model. However, where the process is
performed by a combiner, the combiner may provide the combined set of delta values (or a

combined set of weights) for use by the decisioning modules.

Once the combined set of delta values is obtained, the combined set of weights may
be generated and applied in the form of an updated model (e.g., by replacing the prior set of
weights with the combined set of weights). More particularly, a combined set of weights
may include a combined weight for each weight in the set of weights. A combined set of
weights may be generated by adding the combined set of delta values to the set of weights
corresponding to the prior model. Stated another way, a new weight for a particular
parameter may be obtained by summing a combined delta value for that parameter and the

prior weight for that parameter value (as determined from the set of weights).

A decisioning component may update its local set of weights and/or delta values
periodically. For example, each decisioning component may update its local set of weights
and/or its set of delta values in response to a particular event, such as after pre-determined
number of data values have been received or otherwise obtained by the decisioning module.
As another example, such updates may be performed periodically after a predetermined
period of time has elapsed (e.g., 1 second) independent of the number of data values have

been received or otherwise obtained.

Combination of two or more sets of delta values

Weight information indicating two or more sets of delta values may be “combined”
using one or more combination techniques such as those described below. More particularly,

for each of one or more weights in a set of weights, the delta value for that weight may be
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obtained from each of the two or more sets of delta values such that two or more delta values
for the weight are obtained. In this manner, the delta value indicating the weight change
perceived by each of the decisioning components for the particular weight may be obtained
and grouped together. The two or more delta values that have been obtained for the weight

may be combined to generate a single combined delta value for that weight.

The following example techniques are described with reference to the combination of
two or more delta values for a single weight in the set of weights. However, it is important to
note that the techniques may also be applied to multiple weights in the set of weights. More
particularly, one or more of the combination techniques may be applied to each of the

weights in the set of weights.

In order to simplify the description, various combination techniques will be described
separately. However, it is important to note that techniques such as the eight example
techniques described below may be applied separately or in combination with one another to

combine two or more delta values for a particular weight.

Technique 1: Extreme Value Technique

For a given weight, the positive delta values corresponding to positive changes to the
weight may be grouped together. Similarly, the negative delta values corresponding to
negative changes to the weight may be grouped together. Accordingly, the positive delta

values may be processed separately from the negative delta values.

The largest positive value in the two or more delta values for the weight may be
identified. If there is no positive value, zero may be used as the largest positive value. The
largest negative value in the two or more delta values for the weight may be identified. If
there is no negative value, zero may be used. The combined delta value for the weight may

be set to the sum of the largest positive value and the largest negative value.

Technique 2: ntt Percentile Technique

In some implementations, the n™ percentile technique may be similar in some respects
to the extreme value technique described above. More particularly, for a given weight, the
positive delta values corresponding to positive changes to the weight may be grouped

together. Similarly, the negative delta values corresponding to negative changes to the

23



10

15

20

25

30

WO 2013/012898 PCT/US2012/047147

weight may be grouped together. Accordingly, the positive delta values may be processed

separately from the negative delta values.

In addition, the n™ percentile technique may take account the distributions of positive
and negative changes to a given weight, and may avoid acting on statistical outliers. Any
statistical distribution may be used. For example, the distribution may be normal, log-
normal, exponential, etc. The distribution may be selected according to the expected

characteristics of the data.

In accordance with various embodiments, the mean and variance of the positive delta
values may be calculated. If the delta values for the weight do not include a positive value,
the mean and/or variance of the positive delta values may be set to zero. Similarly, the mean
and variance of the negative delta values may be calculated. If the delta values for the weight
do not include a negative value, the mean and/or variance of the negative delta values may be
set to zero. The nth percentile of the positive delta values for the weight may be calculated
using the mean and variance of the positive deltas values. Similarly, the nth percentile of the
negative delta values for the weight may be calculated using the mean and variance of the
negative delta values. The combined delta value for the weight may be the sum of the nth
percentile of the positive delta values and the nth percentile of the negative delta values. The
value of N may be strategically selected based upon factors such as the desired or optimum
degree of sensitivity to outliers. For example, the value of N may selected to be any value
between 0 and 100. As another example, the value of N may be selected to be any value

between 75 and 95.

Technique 3: Traffic Weighted nt Percentile

In some implementations, the traffic weighted n™ percentile technique may be similar
in some respects to the extreme value technique and/or the n® percentile technique. More
particularly, for a given weight, the traffic weighted n™ percentile technique may take into
account the distributions of positive and negative delta values and may include a weighting
for the amount of traffic corresponding to each of the delta values for the weight. Therefore,
the weighted n™ percentile technique may implement, for each decisioning module (or set of
delta values), a count of the number of times the weight has been changed since the last

update (e.g., during a period of time since the last combination operation).
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For a given weight, the positive delta values corresponding to positive changes to the
weight may be grouped together. Similarly, the negative delta values corresponding to
negative changes to the weight may be grouped together. Accordingly, the positive delta

values may be processed separately from the negative delta values.

The traffic weighted n™ percentile technique may take account the distributions of
positive and negative changes to a given weight, and may avoid acting on statistical outliers.
Any statistical distribution may be used. For example, the distribution may be normal, log-
normal, exponential, etc. The distribution may be selected according to the expected

characteristics of the data.

In accordance with various embodiments, the traffic weighted mean and traffic
weighted variance of the positive delta values may be calculated. If the delta values for the
weight do not include a positive value, the traffic weighted mean and/or traffic weighted
variance of the positive delta values may be set to zero. For example, if the delta values for
the weight (obtained from different sets of delta values or decisioning components) include
three positive values {0.1, 0.2, 0.15} with corresponding traffics {2, 2, 3}, then the mean and
variance of {0.1, 0.1, 0.2, 0.2, 0.15, 0.15, 0.15} may be calculated. Similarly, the traffic
weighted mean and traffic weighted variance of the negative delta values may be calculated.
If the delta values for the weight do not include a negative value, the traffic weighted mean
and/or traffic weighted variance of the negative delta values may be set to zero. The nth
percentile of the positive delta values for the weight may be calculated using the traffic
weighted mean and traffic weighted variance of the positive deltas values. Similarly, the nth
percentile of the negative delta values for the weight may be calculated using the traffic

weighted mean and traffic weighted variance of the negative delta values.

The combined delta value for the weight may be the sum of the nth percentile of the
positive delta values and the nth percentile of the negative delta values. The value of N may
be strategically selected based upon factors such as the desired or optimum degree of
sensitivity to outliers. For example, the value of N may selected to be any value between 0
and 100. As another example, the value of N may be selected to be any value between 75

and 95.

25



10

15

20

25

30

WO 2013/012898 PCT/US2012/047147

Technique 4: Mean Delta Value

In some implementations, for a particular weight, the mean change to the weight since
the previous combination operation across the decisioning modules may be calculated. More
particularly, the number of changes made to the weight may be tracked by each decisioning
module, and the total number of changes to the weight across the decisioning modules may
be obtained by summing the number of changes made to the weight by each separate
decisioning module. The mean change per update (combination operation) may be calculated
by determining a sum of the two or more delta values for the weight divided by the total
number of changes to the weight across the decisioning modules. Therefore, the combined

delta value for the weight be set to the mean delta value.

Technique 5: Delta Value with Greatest Number of Changes

In other implementations, the delta value with the most changes (by a particular
decisioning module) may be selected. This may be determined by comparing the counts
maintained by the decisioning modules in association with the weight, where the count
indicates the number of times the weight has been changed by the decisioning module since
the last update. The selected delta value may represent the greatest number of changes to
make to the weight and the maximum weight change that is “safe.” Therefore, the combined

delta value for the weight may be set to the selected delta value.

Technique 6: Voting

In some implementations, a voting mechanism may be used to establish a
combination strategy for using one or more combination techniques for generating a
combined delta value for a given weight (or a combined set of delta values for the set of
weights). For example, if all or most of the two or more delta values for the given weight are
in the same direction (e.g., either positive or negative), then the system may use the largest
positive or negative delta value in the two or more delta values. In other words, the system
may update the weight according to the speed of the fastest weight change. As another
example, if the number of positive changes and the number of negative weight changes are
equal or substantially similar, then an averaging strategy may be selected (e.g., a traffic
weighted mean). As yet another example, for situations in which the weight changes are

neither entirely positive or negative, and the weight changes are not equally positive and
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negative in number, a proportion of two or more combination strategies may be selected.
Therefore, a voting mechanism may be employed to determine a relative contribution of two
different combination strategies for generating a combined delta value for the given weight

(or the combined set of delta values corresponding to the set of weights).

In some implementations, when a voting mechanism is used for a given weight, the
positive delta values corresponding to positive changes to the weight may be grouped
together. Similarly, the negative delta values corresponding to negative changes to the
weight may be grouped together. Accordingly, the positive delta values may be processed

separately from the negative delta values.

Example scenario

In order to illustrate an example application of a voting technique, an example
scenario corresponding to four different decisioning modules will be described. Assume
delta values indicating weight changes corresponding to the four decisioning components is
{0.1, 0.2, 0.15, -0.15} and traffics corresponding to the four decisioning components is {2, 2,
3,3}.

The largest positive delta value for the weight (e.g., 0.2) and the largest negative value
for the weight (e.g., -0.15) may be determined. If all or most of the delta values for the given
weight are in the same direction (e.g., either positive or negative), then the system may use
the largest positive or negative delta value (e.g., 0.2) as the combined delta value for the
weight. However, in this example, since all or most of the delta values for the weight are not
in the same direction (e.g., either positive or negative), then the speed of the fastest weight

change may not be applied.

In addition, the traffic weighted mean may be calculated for the weight based upon
the weight changes and traffics for the weight. In this example, the traffic weight mean =
(0.1%2+0.2*2+0.15*3-0.15*3)/10=0.06. As set forth above, the traffic weighted mean may
be selected as the combined delta value for the weight if the number of positive changes and
the number of negative weight changes are equal or substantially similar. However, since the
number of number of positive changes, 3, and the number of negative changes, 1, are not
equal or substantially similar, then an averaging strategy such as the traffic weight mean may

not be applied.

If the number of positive delta values for the weight exceeds the number of negative

values for the weight, then the combined delta value indicating the combined change for the
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weight may be determined as follows. The number of excess positive values is equal to
(number of positive values) — (number of negative values), which in this example is 3-1=2.
The number of delta values for the weight is 4 (e.g., corresponding to the number of
decisioning components). The number of delta values for the weight — number of excess
positive values = 4 — 2 = 2. Thus, the combined delta value for the weight may be equal to
((largest positive delta value * number excess positives) + (traffic weighted mean * (number
of delta values - number excess positives)) / number of delta values for the weight = (0.2*%2 +

0.06%(4-2))/4 = 0.13.

If instead the number of negative delta values for the weight exceeds the number of
positive delta values for the weight, then the combined delta value indicating the combined
change for the weight may be determined as a weighted sum of the largest negative value and
the traffic weighted mean, for instance, weighted according to the number of excess negative
values. Thus, the combined delta value for the weight may be equal to ((largest negative
delta value * number excess negatives) + (traffic weighted mean * number excess negatives))

/ number of delta values for the weight.

Technique 7: Momentum Term

In some implementations, a momentum term technique may be used. More
particularly, a momentum term technique may speed-up weight convergence among the
decisioning components for a particular weight. To implement a momentum term technique,
a combined delta value for the particular weight may be ascertained based, at least in part,
upon a momentum term. For example, the momentum term may represent a constant
multiplied by the previous combined delta value for that weight (e.g., determined at a prior
combination operation). The value of the constant may be strategically determined based
upon the specific features of the learning system and the goals of a user such as a system

administrator.

The combined delta value for the weight may be ascertained solely using the
momentum term technique, or in combination with one or more other combination techniques
described herein. More particularly, the momentum term may be added to a combined delta
value that has been calculated to generate a new combined delta value for the weight. For
example, the combined delta value for the weight that is applied may be the previous

combined delta value for that weight (e.g., where the combined delta value has been
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calculated at a prior combination operation). As another example, the combined delta value
for the weight that is applied may be calculated using one or more combination techniques

such as those described herein (e.g., traffic weighted mean).

The momentum term that is applied for a particular weight (and corresponding
parameter) may be the same as the momentum term that is applied for another weight.
Alternatively, the momentum that is applied for a particular weight may be different from the
momentum term that is applied for another weight. Accordingly, a combined set of delta
values for a set of weights may be ascertained through the application of one or more

momentum terms to a previously generated combined set of delta values.

Technigue 8: Traffic Routing

In some implementations, a traffic routing technique may be used to route traffic
among two or more decisioning components. A traffic routing technique may be used to
facilitate the combination process. When applying a traffic routing technique, traffic may be
routed to one or more decisioning components based, at least in part, on the value of one or
more of a set of variables, which may correspond to user features such as those described
herein. Values of user features for any given user may be ascertained from a corresponding
user profile. In other embodiments, adaptive binning may be performed such that the same or

approximately the same amount of traffic is routed to each of the decisioning components.

A traffic routing technique may be applied to increase or maximize the difference
between the user feature values observable by each decisioning component. As this
difference increases, the combination process increasingly becomes one of addition of the
constituent parts rather than aggregation. Alternatively, a traffic routing technique may be
applied to decrease or minimize the difference between the user feature values observable by

each decisioning component.

In some implementations, traffic routing may be achieved using a technique such as
clustering. When using a clustering technique, a sample of the user profiles may periodically
be used to create a set of cluster centers. More particularly, a cluster center may correspond
to a range of values of one or more variables (e.g., features). For example, a first cluster
center may correspond to an age range of 30-39 and a gender of female, while a second
cluster center may correspond to an age range of 30-39 and a gender of male. A cluster

center may therefore correspond to specific user profiles. The cluster centers may be mapped
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(e.g., one-to-one) to the set of decisioning components. Traffic may be routed to the
decisioning component that has the “shortest distance” between a user profile and its
corresponding cluster center. Stated another way, traffic may be routed to the cluster center
for which the corresponding value range(s) of the variable(s) most closely match the user

features in the user profile.

The disclosed embodiments may be applied separately or in combination to ensure
optimal performance in a distributed learning system. The disclosed embodiments may be
applied in various scenarios to ensure that information that is learned by each of the
decisioning components is “distributed” among the remaining decisioning components. This
is particularly advantageous in a variety of situations, such as where a decisioning component
detects a large delta in one or more weights as a result of a large perturbation in customer
behavior or where a decisioning component generates weights based upon customer behavior
that occurs infrequently. Accordingly, through the application of the disclosed embodiments,
the revised weights of the updated model that are applied by each of the decisioning
components may more accurately and precisely reflect the customer behavior detected (and

data received or otherwise obtained) across all of the decisioning modules.

Once generated or updated, a model may be applied to generate customer decisions
for users who are customers of a particular website. For example, the model may be applied
to identify content to serve the users. Upon applying customer decisions to users, customer
profiles may be updated immediately to record the customer decisions. Similarly, customer
profiles may be updated with customer responses as the responses are detected. Since the
model may be incrementally updated in real-time, customer decisions generated via the
model may be made based upon the most recent data available. Accordingly, real-time
adaptive model generation or updating may be advantageously implemented in a distributed

system to increase click-through rates or otherwise optimize a website or other channel.

Embodiments of the present invention may be employed in any of a wide variety of
computing contexts. For example, as illustrated in FIG. 8, implementations are contemplated
in which the relevant population of users interact with a diverse network environment via any
type of computer (e.g., desktop, laptop, tablet, etc.) 1002, media computing platforms 1003
(c.g., cable and satellite set top boxes and digital video recorders), handheld computing
devices (e.g., PDAs) 1004, cell phones 1006, or any other type of computing or

communication platform.
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The updating of a model may be performed according to the invention in a distributed
manner. One or more components of a Learning Decisioning System, such as a combiner
and/or one or more decisioning components, may be represented in FIG. 8 by server 1008
coupled to data store 1010 which, as will be understood, may correspond to multiple
distributed devices and data stores. However, it is important to note that while a single server
1008 is shown in this example, the components of a Learning Decisioning System may be

implemented via multiple servers.

The disclosed embodiments may also be practiced in a wide variety of network
environments (represented by network 1012) including, for example, TCP/IP-based networks,
telecommunications networks, wireless networks, etc. In addition, the computer program
instructions with which embodiments of the invention are implemented may be stored in any
type of computer-readable media, and may be executed according to a variety of computing
models including a client/server model, a peer-to-peer model, on a stand-alone computing
device, or according to a distributed computing model in which various of the functionalities

described herein may be effected or employed at different locations.

The disclosed techniques of the present invention may be implemented in any suitable
combination of software and/or hardware system, such as a web-based server or desktop
computer system. The apparatus of this invention may be specially constructed for the
required purposes, or it may be a general-purpose computer selectively activated or
reconfigured by a computer program and/or data structure stored in the computer. The
processes presented herein are not inherently related to any particular computer or other
apparatus. In particular, various general-purpose machines may be used with programs
written in accordance with the teachings herein, or it may be more convenient to construct a

more specialized apparatus to perform the required method steps.

Regardless of the system's configuration, it may employ one or more memories or
memory modules configured to store data, program instructions for the general-purpose
processing operations and/or the inventive techniques described herein. The program
instructions may control the operation of an operating system and/or one or more
applications, for example. The program instructions may be implemented in an object-
oriented language such as C++ or Java. The memory or memories may also be configured to
store one or more sets of bins, data values, customer profiles, product information, computer-

readable instructions for performing the disclosed methods as described herein, etc.
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Because such information and program instructions may be employed to implement
the systems/methods described herein, the present invention relates to machine readable
media that include program instructions, state information, etc. for performing various
operations described herein. Examples of machine-readable media include, but are not
limited to, magnetic media such as hard disks, floppy disks, and magnetic tape; optical media
such as CD-ROM disks; magneto-optical media; and hardware devices that are specially
configured to store and perform program instructions, such as read-only memory devices
(ROM) and random access memory (RAM). Examples of program instructions include both
machine code, such as produced by a compiler, and files containing higher level code that

may be executed by the computer using an interpreter.

FIG. 9 illustrates a typical computer system that, when appropriately configured or
designed, can serve as a system of this invention. The computer system 1100 includes any
number of processors 1102 (also referred to as central processing units, or CPUs) that are
coupled to storage devices including primary storage 1106 (typically a random access
memory, or RAM), primary storage 1104 (typically a read only memory, or ROM). CPU
1102 may be of various types including microcontrollers and microprocessors such as
programmable devices (e.g., CPLDs and FPGAs) and unprogrammable devices such as gate
array ASICs or general purpose microprocessors. As is well known in the art, primary
storage 1104 acts to transfer data and instructions uni-directionally to the CPU and primary
storage 1106 is used typically to transfer data and instructions in a bi-directional manner.
Both of these primary storage devices may include any suitable computer-readable media
such as those described above. A mass storage device 1108 is also coupled bi-directionally to
CPU 1102 and provides additional data storage capacity and may include any of the
computer-readable media described above. Mass storage device 1108 may be used to store
programs, data and the like and is typically a secondary storage medium such as a hard disk.
It will be appreciated that the information retained within the mass storage device 1108, may,
in appropriate cases, be incorporated in standard fashion as part of primary storage 1106 as
virtual memory. A specific mass storage device such as a CD-ROM 1114 may also pass data

uni-directionally to the CPU.

CPU 1102 may also be coupled to one or more interfaces 1110 that connect to one or
more input/output devices such as such as video monitors, track balls, mice, keyboards,
microphones, touch-sensitive displays, transducer card readers, magnetic or paper tape

readers, tablets, styluses, voice or handwriting recognizers, speakers, or other well-known
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input devices such as, of course, other computers. Finally, CPU 1102 optionally may be
coupled to an external device such as a database or a computer or telecommunications
network using an external connection as shown generally at 1112. With such a connection, it
is contemplated that the CPU might receive a user request or information from the network,
or might output information to the network in the course of performing the method steps

described herein.

Any of the above embodiments may be used alone or together with one another in any
combination. Although various embodiments may have been motivated by various
deficiencies with the prior art, which may be discussed or alluded to in one or more places in
the specification, the embodiments do not necessarily address any of these deficiencies. In
other words, different embodiments may address different deficiencies that may be discussed
in the specification. Some embodiments may only partially address some deficiencies or just
one deficiency that may be discussed in the specification, and some embodiments may not

address any of these deficiencies.

Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. Therefore, the present embodiments are
to be considered as illustrative and not restrictive and the invention is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended

claims.
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WHAT IS CLAIMED IS:

1. A computer-implemented method, comprising:

obtaining first weight information indicating a first set of delta values, the first set of
delta values including a first delta value for each weight in a set of weights, the set of weights

including a weight for each of a set of one or more parameters of a model;

obtaining second weight information indicating a second set of delta values, the
second set of delta values including a second delta value for each weight in the set of

weights; and

generating combined weight information including a combined set of delta values or a
combined set of weights based, at least in part, upon the first weight information and the

second weight information.

2. The computer-implemented method as recited in claim 1, further comprising:

updating the model such that the set of weights is replaced with the combined set of

weights;
applying the model to generate a decision for one or more users; and

applying the decision to the one or more users.

3. The computer-implemented method as recited in claim 1, further comprising:

updating the model such that the set of weights is replaced with the combined set of

weights;
applying the model to identify content to serve to one or more users; and

providing the content to the one or more users.

4. The computer-implemented method as recited in claim 1, wherein each of the set of

one or more parameters corresponds to a different one of a set of user features.

34



10

15

20

25

WO 2013/012898 PCT/US2012/047147

5. The computer-implemented method as recited in claim 1, wherein the first set of delta
values represent changes in the set of weights based upon a first set of data received by a first
one of two or more decisioning components and wherein the second set of delta values
represent changes in the set of weights based upon a second set of data received by a second

one of two or more decisioning components.

6. The computer-implemented method as recited in claim 5, wherein the first decisioning
component comprises a first processor or first network device, and wherein the second

decisioning component comprises a second processor or second network device.

7. The computer-implemented method as recited in claim 5, wherein obtaining the first
weight information, obtaining the second weight information, and generating the combined

weight information is performed by a third component, the method further comprising:

providing the combined weight information to the first decisioning component and the

second decisioning component.

8. The computer-implemented method as recited in claim 5, wherein obtaining the first
weight information, obtaining the second weight information, and generating the combined
weight information are performed by the first decisioning component, the method further

comprising:

transmitting the first weight information to the second decisioning component;
wherein obtaining the second weight information comprises receiving the second

weight information from the second decisioning component.

9. The computer-implemented method as recited in claim 5, further comprising:

sending a request to the first decisioning component and the second decisioning

component for the first weight information and the second weight information.
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10. The computer-implemented method as recited in claim 5, wherein the first weight
information is obtained from the first decisioning component, wherein the second weight

information is obtained from the second decisioning component.

11. The computer-implemented method as recited in claim 5, wherein the first weight
information is generated by the first decisioning component and wherein the second weight

information is generated by the second decisioning component.

12. The computer-implemented method as recited in claim 1, wherein the first weight
information comprises a first set of weights indicating the first set of delta values, the second
weight information comprises a second set of weights indicating the second set of delta

values.

13. The computer-implemented method as recited in claim 12, wherein the first set of
delta values represents a difference between the set of weights and the first set of weights
generated by a first decisioning component, and wherein the second set of delta values
represents a difference between the set of weights and the second set of weights generated by

a second decisioning component.

14. The computer-implemented method as recited in claim 1, wherein the first weight
information comprises the first set of delta values, and wherein the second weight

information comprises the second set of delta values.

15. The computer-implemented method as recited in claim 14, wherein the first set of
delta values represents a difference between the set of weights and a first set of weights
generated by a first decisioning component, and wherein the second set of delta values
represents a difference between the set of weights and a second set of weights generated by a

second decisioning component.
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16.  The computer-implemented method as recited in claim 1, wherein generating

combined weight information comprises:

generating the combined set of weights based, at least in part, upon the set of weights,

the first weight information, and the second weight information.

17.  The computer-implemented method as recited in claim 16, further comprising:

replacing the set of weights with the combined set of weights; and after replacing the
set of weights with the combined set of weights, applying the model to generate a customer

decision based, at least in part, upon data pertaining to a user accessing a web site.

18.  An apparatus, comprising:
a processor; and
a memory, at least one of the processor or the memory being adapted for:

obtaining first weight information indicating a first set of delta values, the first set of
delta values including a first delta value for each weight in a set of weights, the set of weights

including a weight for each of a set of one or more parameters of a model;

obtaining second weight information indicating a second set of delta values, the
second set of delta values including a second delta value for each weight in the set of

weights; and

generating combined weight information including a combined set of delta values or a
combined set of weights based, at least in part, upon the first weight information and the

second weight information.

19.  The apparatus as recited in claim 18, wherein the first set of delta values represent
changes in the set of weights based upon a first set of data received by a first one of two or
more decisioning components and wherein the second set of delta values represent changes in
the set of weights based upon a second set of data received by a second one of two or more

decisioning components.
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20.  The apparatus as recited in claim 19, wherein the first decisioning component
comprises a first processor or first network device, and wherein the second decisioning

component comprises a second processor or second network device.

21.  The apparatus as recited in claim 19, at least one of the processor or the memory

being adapted for performing steps, further comprising:

providing the combined weight information to the first decisioning component and the

second decisioning component.

22.  The apparatus as recited in claim 19, at least one of the processor or the memory

being adapted for performing steps, further comprising:

sending a request to the first decisioning component and the second decisioning

component for the first weight information and the second weight information.

23.  The apparatus as recited in claim 19, wherein the first weight information is obtained
from the first decisioning component, wherein the second weight information is obtained

from the second decisioning component.

24.  The apparatus as recited in claim 19, wherein the first weight information is generated
by the first decisioning component and wherein the second weight information is generated

by the second decisioning component.

25.  The apparatus as recited in claim 18, wherein the first weight information comprises a
first set of weights indicating the first set of delta values, the second weight information

comprises a second set of weights indicating the second set of delta values.

26.  The apparatus as recited in claim 25, wherein the first set of delta values represents a
difference between the set of weights and the first set of weights generated by a first

decisioning component, and wherein the second set of delta values represents a difference

38



10

15

20

25

WO 2013/012898 PCT/US2012/047147

between the set of weights and the second set of weights generated by a second decisioning

component.

27.  The apparatus as recited in claim 18, wherein the first weight information comprises

the first set of delta values, and wherein the second weight information comprises the second
set of delta values, wherein the first set of delta values represents a difference between the set
of weights and a first set of weights generated by a first decisioning component, and wherein
the second set of delta values represents a difference between the set of weights and a second

set of weights generated by a second decisioning component.

28.  The apparatus as recited in claim 18, wherein generating combined weight

information comprises:

generating the combined set of weights based, at least in part, upon the set of weights,

the first weight information, and the second weight information.

29. A computer-implemented method, comprising:

generating first weight information indicating a first set of delta values, the first set of
delta values including a first delta value for each weight in a set of weights, the set of weights

including a weight for each of a set of one or more parameters of a model;
providing the first weight information;

obtaining or generating combined weight information including a combined set of
delta values or a combined set of weights based, the combined weight information being
generated based, at least in part, upon the first weight information and second weight

information.

30.  The computer-implemented method as recited in claim 29, the second weight
information indicating a second set of delta values, the second set of delta values including a

second delta value for each weight in the set of weights.
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31.  The computer-implemented method as recited in claim 29, further comprising:

updating the model such that the set of weights is replaced with the combined set of

weights;
applying the model to generate a customer decision for one or more customers; and

applying the customer decision to the one or more customers.

32.  The computer-implemented method as recited in claim 29, further comprising:

updating the model such that the set of weights is replaced with the combined set of

weights;
applying the model to identify content to serve to one or more customers; and

providing the content to the one or more customers.

33.  The computer-implemented method as recited in claim 29, wherein each of the set of

one or more parameters corresponds to a different one of a set of user features.

34, The computer-implemented method as recited in claim 29, wherein receiving

combined weight information comprises:
obtaining a combined set of delta values;

generating a combined set of weights based, at least in part, upon the combined set of

delta values and the set of weights; and

replacing the set of weights with the combined set of weights such that the model is

updated.

35.  The computer-implemented method as recited in claim 29, wherein receiving

combined weight information comprises:
obtaining a combined set of weights; and

replacing the set of weights with the combined set of weights such that the model is

updated.
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36.  The computer-implemented method as recited in claim 29, further comprising:
obtaining the second weight information;

wherein obtaining or generating combined weight information comprises generating
the combined weight information based, at least in part, upon the first weight information and

the second weight information.

37. At least one non-transitory computer-readable medium storing thereon computer-

readable instructions for performing a method, comprising:

obtaining weight information indicating two or more sets of delta values, each set of
delta values including a delta value for each weight in a set of weights, the set of weights

including a weight for each of a set of one or more parameters of a model;

generating a combined set of delta values based, at least in part, upon each of the two

or more sets of delta values; and

generating a combined set of weights or providing the combined set of delta values
for use in generating the combined set of weights, the combined set of weights being

generated based, at least in part, upon the set of weights and the combined set of delta values.

38. The non-transitory computer-readable medium as recited in claim 37, wherein the
obtained weight information further comprises two or more sets of counts, where each of the
two or more sets of counts includes a count for each weight in the set of weights, wherein the
count indicates a number of times the weight has been changed by a corresponding

decisioning module during a period of time;

wherein the combined set of delta values is generated based, at least in part, upon

each of the two or more sets of delta values and the two or more sets of counts.

39. The non-transitory computer-readable medium as recited in claim 37, wherein

generating the combined set of delta values comprises:

for each of one or more weights in the set of weights:
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obtaining the delta value for the weight from each of the two or more sets of

delta values such that two or more delta values for the weight are obtained;

identifying a largest positive value in the two or more delta values for the

weight; and

identifying a largest negative value in the the two or more delta values for the
weight.
40.  The non-transitory computer-readable medium as recited in claim 37, wherein

generating the combined set of delta values comprises:
for each of one or more weights in the set of weights:

obtaining the delta value for the weight from each of the two or more sets of

delta values such that two or more delta values for the weight are obtained;

determining an nth percentile of positive delta values in the two or more delta

values for the weight,; and

determining an nth percentile of negative delta values in the two or more delta

values for the weight.

41 The non-transitory computer-readable medium as recited in claim 37, wherein each of
the two or more sets of delta values is generated by a different one of two or more

decisioning components, wherein generating the combined set of delta values comprises:
for each of one or more weights in the set of weights:

obtaining the delta value for the weight from each of the two or more sets of

delta values such that two or more delta values for the weight are obtained;

determining, a mean delta value across the two or more decisioning

components based, at least in part, the two or more delta values for the weight.

42.  The non-transitory computer-readable medium as recited in claim 37, wherein each of
the two or more sets of delta values is generated by a different one of two or more

decisioning components, wherein generating the combined set of delta values comprises:
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for each of the two or more decisioning components:

determining, for each of one or more weights in the set of weights, a total

number of times the weight has been updated during a period of time.

43. The non-transitory computer-readable medium as recited in claim 37, further

comprising:

employing a voting mechanism to determine a relative contribution of two different

strategies for generating the combined set of delta values.

44.  The non-transitory computer-readable medium as recited in claim 37, wherein

wherein generating the combined set of delta values comprises:

applying one or more momentum terms to a previously generated combined set of

delta values.

45. The non-transitory computer-readable medium as recited in claim 37, wherein each of
the two or more sets of delta values is generated by a different one of two or more

decisioning components, further comprising:

applying a traffic routing mechanism to distribute traffic among the two or more

decisioning components.

46. A system, comprising:
a first decisioning component;
a second decisioning component;

wherein the first decisioning component is configured to obtain first weight
information based, at least in part, upon a first set of data obtained by the first decisioning
component, the first weight information indicating a first set of delta values including a first
delta value for each weight in a set of weights, wherein the first decisioning component is

configured to generate at least a portion of the first weight information; and
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wherein the second decisioning component is configured to obtain second weight
information based, at least in part, upon a second set of data obtained by the second
decisioning component, the second weight information indicating a second set of delta values
including a second delta value for each weight in the set of weights, wherein the second
decisioning component is configured to generate at least a portion of the second weight

information;

wherein the set of weights includes a weight for each of a set of one or more

parameters of a model;

wherein the first decisioning component, the second decisioning component and/or a
combiner are configured to generate a combined set of weights based, at least in part, upon
the set of weights, the first weight information and the second weight information such that

the set of weights is replaced with the combined set of weights.

47.  The system as recited in claim 46, wherein the first decisioning component and the

second decisioning component operate in parallel.

48.  The system as recited in claim 46, wherein the first decisioning component comprises
a first processor or first network device, and the second decisioning component comprises a

second processor or second network device.

49.  The system as recited in claim 46, further comprising:

a traffic routing component configured to obtain data corresponding to a plurality of
users and distribute the data among a set of decisioning components including the first

decisioning component and the second decisioning component.

50.  The system as recited in claim 46, wherein the set of weights corresponds to a

previous combination operation.

51.  The system as recited in claim 46, wherein the first decisioning component and the

second decisioning component communicate directly with one another.
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52.  The system as recited in claim 46, wherein the first decisioning component is further
configured to transmit the first weight information to the second decisioning component, and
wherein the second decisioning component is configured to transmit the second weight
information to the first decisioning component, wherein the first decisioning component is
configured to generate combined weight information based, at least in part, upon the weight
information and the second weight information, and wherein the second decisioning
component is configured to generate combined weight information based, at least in part,

upon the first weight information and the second weight information.

53.  The system as recited in claim 46, further comprising:
a combiner;

wherein the first decisioning component is further configured to transmit the first
weight information to the combiner, and wherein the second decisioning component is
configured to transmit the second weight information to the combiner, wherein the central
combiner is configured to generate combined weight information based, at least in part, upon

the first weight information and the second weight information;

wherein the combiner is configured to provide the combined weight information to

the first decisioning component and the second decisioning component.

54, A system, comprising:

means for obtaining first weight information indicating a first set of delta values, the
first set of delta values including a first delta value for each weight in a set of weights, the set

of weights including a weight for each of a set of one or more parameters of a model;

means for obtaining second weight information indicating a second set of delta
values, the second set of delta values including a second delta value for each weight in the set

of weights; and

means for generating combined weight information including a combined set of delta
values or a combined set of weights based, at least in part, upon the first weight information

and the second weight information.
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