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AUTOMATED MARKETE&?G OFFER DECISIONING.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priofity to U.S. Patent Application Serial No. 14/264,634

filed April 29, 2014, which is incoporated herein by reference.

TECHNICAL FIELD
‘The presént invention relates generally to deciding marketing messages having
offers to send to a pacticular customer (user) and, more particul ly, but not exclusively to
trainfug a tree with branch splits being identified based on maximizing an information gain for a.
raessage/user attribute, where cach node within the tree includes target and contro} distributions
for a feature measure, the trained tree then being traversed for multiple potential message/user
combinations, drawing randoraly from feature measure disiributions in the tree to determing

which user/message combinations to send.

BACKGROUND
The dynamics in today’s telecornmunications market are placing more pressare than
gver on nietworked services providers to find new ways to compete. With high penetration rates
and many services nearing commoditization, many companies have recognized that it is more
important than ever 1o find new ways to bring the full and unique vatue of the network to theis
customers. In particular, {hese comparies are segking new solutions to help them more
effectively up-sell and/or cross-sell their products, services, ¢ottent, and applications,

successfully launch new products, and create long-ferm value in new business models.

One traditional approach for marketing a particular-product or service 1o
telecommunications customers includes broadeasting a variety of generic offerings to customers
10, see which ones are popular. The:-popular offers may then be sent en mass-to-afl their

customers, However, providing these mass marketing product offerings t0 a customer may

significantly reduce the likelthood that the product will be parchased, It '.m'ay-__aiso resultin

marketing overload for a customer. Other traditional approaches include performing various
typés of analysis on their customer data to try to better understand & customer’s needs,
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However, many such analytical approaches tend to provide an offering to customers iong afler

the offering is no longer relevant.

Moreover, there is a desirs by many telecommunication providers to deepen their
engagement with their customers, and piovide an improved customer experience. They seekto
§  increase the value that their customers receive, and to extend their long term value. By doing so,
it is expected that such actions may increase customer loyalty, and thereby result i incredsed
revenug. Therefore many vendors continue to seek better approaches to marketing their
products to their customers that {nclude addressing the changing market. Thus, it is with respect

to these considerations and others that the present iaveuntion has been made.

14 BRIEF DESCRIPTION OF THE BRAWINGS
Non-limiting:and non- exhaustive embodimentsare described with reference to the
following drawings. In the-drawings, like referénce numerals refer to like parts throughout the

various figures unless otherwise specified.

For a better understanding, reference will be made to the following Detailed

:

1S  Description, which is to be read in associgtion with the accorapanying drawings, whergin:

FIGURE | is.a system diagram of osie émbodiment of an environment. in which the
techniques may be practiced;
FIGURE 2 shows one embodiment of a client device that miay be inchuded ina
system implementing the techniigues;
20 FIGURE 3 shows one embodiment of a network device that may be included in ¢
syster implementing the techniques;
FIGURE 4 shows.one embodiment of a contextual marketing architecture employing
automatic marketing offer decisioning;
FIGURE 5 shows one embodiment of a flow diagram of a process for
25 creating/train i_ng atree with feature weasure distributions on nodes;
FIGURE 6 shows one embodiment of a flow diagrany of'a ptocess usable for
creating the tree with feature measure distributions;
FIGURE 7 shows one embodiment of a flow-diagram of a process-for using the

trained tree of FIGURE 35 to perform automated marketing offer decisioning; and
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FIGURES 8-9 illustrate non-limiting, rion-cxhaustive examples of subseis of trees

with difterent feature measure distributions.

DETAILED DESCRIPTION

“The present techniques now will be described more fully hereinafier with reference:
to the accompanying drawings, which form a part hereof, and which show, by way of
ilfusiration, specific embodiments by which the invention may be practiced. This inyvention
may, however; be enibodied in many different forms and should not be construed as limited to
the embodiments set forth herein; rather, these embodiments are provided so that this disclosure
will be thiorough and complete, and will fully convey the scope of the investion to those skilled
Accordingly; the present invenition may take the form of an entirely hardware embodiment, an
entirely software embodiment or an embodiment combining soffware and hardware aspects. The

following detailed description is, therefore, not fo be taken in a lmiting seuse.

Throughot the specification 4and claims, the following terras take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The various
occurrences of the phrase “in one embodiroent” as used hereta do not necessarily refer to the
sare entbodiment, though they may. As nsed herein, the term “or” is an inclusive “or” operajor,
and 1s eq;ijivzih;n‘t to the term “and/or,” unless the context clearly dictates otherwise. The term
“based on” is not exclusive and atlows for being based on additional factors not described,
uniess the context clearly dictates otherwise. Inaddition, throughout the specification, the-
mﬂiaﬁi'ng of “a,” “an,” and “the” include plural references, The meaning of “in™ includes “in”

and “on.”

As used herein, the terms “customer,™ “user,” and “subscriber” may be used
interchangeably to refer to an entity that has or is predicted fo in the fiture make a procurement
of a product, service, content, and/or application from another entity. As such, customers
include not just an individual but also businesses, organizations, or the like. Further, as used

herein, the tepm “eintity™ refers to a customer; subscriber, user, or the like.

As used herein, the terms “networked sefvices provider”, “telecommunications”,
“telecom™, “provider”, “carrier”, and “operator” may be used interchanhgeably to referto a
s [ 3 j34Y . 3 14
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wrovider of any network-based telecommunivations media, product, sexvice, content, and/or
application, whether inclusive of or independent of the physical transport medium that may be
employed by the telecommunications media, products, services, content, and/or application, As
used herein, references to “products/services,” or the like, ate intended to include products,
setvices, contént, and/or-applications, and is not to be-consirued as being limited to merely

“sroducts and/or setvices.” Further, such reférences may also include seripts, or the like,

As used herein, the terms “optimized” and “optimal” refer to a solution that is
determined to provide a result that is considered closest to a defived criteria or boundary given
one or more constraints to the solution.. Thus, a solution is considered optimal if it provides the
most favorable or desirable fesult, under some restriction, compared to other determined
solutions. An optimal solution therefore, is a solution selected from a set of determined.

solutions.

As used herein the term “entropy” refers to a degree of randomness or fack of

predictability in an effect of an attribite being evaluated, or based on some other action.

As used herein, the terms “offer” and “offering” vefer to a networked services
provider’s product, service, content, and/or application for purchase E')y a customer. An offer or
offering may be presented to the customer (user) using any of a variety of mechanistns. Thus,
the offer or offering may be indépendent of the mechanism by which-the offer or offering is

presented.

or-offering. Typically, the offer or offering Is embedded within a message having a variety of
attributes. ‘The attributes may include how the message {s presented, when the message is

presented, orthe like. Thus, in some embaodiments, an attribute of a message having the offer
may include the mechanism in which the-offer is presented, For example, in some embodiments,
a message having the offer may be selected to be sent to a user/oustonier based on an atribute of

tHow the offer is presented (e.g., voice, IM, email, or the like), or when it is presented.

Moreover, because the offer may have various attributes, those offer attributes may

be grouped and collectively herein referred to as message attributes, as well. For example, the
4
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offer may include g discount atiribute, a tone of voloe attribute, an urgency attribute, or the like,

each of which may be collectively assigned as attributes of the message (which includes the

offer and its atiributes).

As us_éd_ herein, the term “tree” refors to anf undirected graph in which any two
vertices are connected by one simple path, Thus, for example, in one embodiment, a tree inay
be a bipary tree, a {ernary trée, or the like; however, other free structures may be used. Asused
hierein, the teim “node™ may also vefer to a leaf, where a leat is the special case of a node, having

a degree ofone:

As used here, the term “featurs measure” refers to an outcoinie of result of an action
{or non-actior) for which a marketer may wish to observe and/or otherwise influence based on
some input. For example, a marketer may wish 1o determine whether offering a discount on
some product resﬂu_ifts in an increase in purchases. Tu this non-éxhaustive, non-limiting example,
the feature measure would be purchases. However, marketers may also like to inflaence a
variety of other feature measurss, including, but not limited to Average Revenue Per User
(ARBU),cht’ch Base Perceatage (ABP), Average Revenue Per Paying User (ARPPU); average

margin per user (AMPU), or a variety of othet outcomes.

As-used herein, the terms “target,” and “target gronp,” refer to a composition of
users that are subjected to some action for which a resulting feature measure is to be obsesved.
The target group may sometimes be referred to as a Ytest group.”’ A “target distribution,” then
may be a gragh or representation of a feature measuie vesult for the target group. Similarly; the
terms “control,” and “control group,” refer to a composition of users do not receive the action
that the tacget group is subjected to. A “contro} distribution,” thes may bea grjap'h or other

tepresentation of the feature measure result for the control group.

The following briefly describes the embodiments in order to provide a basic
understanding of some aspects of the techniques, This Yirief description is not intended as an
extensive overview. It is not intended to identify key or eritical elements, or to delincate oF
otherwise narrow the scope. Its purpose is merely to present some concepts ira simplified form

as a prefude to the more detaited description that is presented later.
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Briefly stated, embodiments are disclosed herein that are directed towards
automatically training a iree usable to identify marketing offers to send to & particular customer.
Messages (that include offers) having a plurality of atributes are sent to a target user-group, and
feature measure results from the messages on the target user group are used together with feature
measure resulis for a retated control user group, to train the tree where branch splits inside the
tree arc identified based on maximizing an information gain from the feature measure résults for
a .messa_g_'e/ﬁﬁser astribute, and each node within the tree includes target and control distributions

for the featare measure for the dssoctated gitribute.

‘While messages used to train the trée may be created to include a variety.of

atiributes, it is noted that each user in both the target and control aser groups also has a varisty of

(e.g., the offer); an urgency of a message; a method in which the message Is cormmunicated to a
user, such as email, Instant Messaging (IM), voice mail (VM), or the like; a tone of the message;
a time.of day, week, mounth, and/or year, in which the message is sent ot for which an offer is
intended; or-any of a variety of otherattributes. User attributes, include, butare not limited to, ag
user’s age; a geographic location of the user; an income status of the user; a-usage plan; a plan
identifier (ID); a refresh rate for the plan; a user propensity (2.g., a propensity to perform an
action, or 5o forih] or the like. Attributes may also inchude or otherwise represent information
about user-clusters, including recharge {of a mobile device) time series clusters, usage histograny
clusters, cluster scoring, or the ltke. Thus, attributes may include a variety of information about
gsers and/or messages. In some embodiments, the attributes may have discrete values,.
continuous values, values constituting a category, ¢ycHcal values, or'the tike. ITn'sore
embodiments, a user .and/ormessagé may not include at least one attribute (missing attribute} for
which another user/message might include. Thus, as disclosed below, in training the tree, pre-
processing of at least some-of the attributes might be performed. The set of attributes from the
messages and user groups, atong with a feature measure may be used to create attribute vectors

with feature measure results, which may then be used 1o train the tree.

Aty of a variety of feature measures for which a marketer nray wish to optimize may
be selected for creating the tree, including, but not limited to an Average Revenue Per User
may be trained where each tree includes branches that are directed towards maximizing a
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respective, different, featare measwee. A weighted combination of the trees data may then be
used where a marketer has an inferést in optimizing marketing offer decisions over several
feature measures. Morcover, a sliding window in which messages are sent-and feature measure

results obtained, may be used so as {0 capture market changes in patterns of users over fime.
15 1 g _

During a ran-time process, the trained tree is then traversed for a given message/user
(attribute vector), drawing réfidomly fom the feature measure distributions at the appropriate

leaf in the tree 1o determine whether to send the given niessage to the given user. By drawing

randorly from the feature measure distributions, exploration and exploitation of various
messages may be performed to minimize ignoring of messages that may have an information

gain for particular customers.

1t is further noted that while a tree structire i described herein one embodiment of a
model useable to maximize an information gain for a message or user attribute, other models
may also be used. Thus, other embodiments of the innovations disclosed hietein may include
other models Including, but not fimited to logistic regression models, nevral networks, support
vector machine regression models, Gaussian Process models, General Bayesian model, and so

forth,

It is noted that while embodiments herein disclose applications to

teleconumnunications customers, where the customers are different from the ielecommunications

providers, other infermediale entities miay also benefit from the subject innovations disclosed

herein.. For example, banking industries, cable television industries, retailers, wholesalers, or
virtuaily any other indusiry in which that industry’s customets interact with the services.and/or

products offered by arn entity within that industry.

Hlustrative Operating Environinent

FIGURE 1 shows components of one embodiment of an enviroument in which the
invention may be practiced. Not all the components may be requited to practice the invention,
and variations in the arfangement and type of the components may be made without departing
frony the spirit or scope of the subject inniovations. As shown, systera 100 of FIGURE 1

includes local arca netwerks (“LANs™) / wide grea networks (“WANS?) - (network) 111,
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wireless nevwork 110, client devices 101-103, Marketing Offer Decisioning (MOD) device 106,

and provider services 107-108,

One embodiment of'a client device usable as one of client devices 101-105is
described in more detail below in cotfjimetion with FIGURE 2. Generally, however, client
5 devices 102-104 may include virtually any computing device capable of receiving and sendinga.

message over a network, such as wireless network 110, wired networks, satellite networks,
virtual networks, o the like. Such devices include wireless devices such as, cellular telephones,
smart phones, display pagerss; radio frequency (RF) devices, infrared (IR) devices, Personal
Digital Assistants (PDAs), handheld computers, laptop computers; wearable computers, tablet

10 computers, integrated devices combining one or more of the preceding devices, or the like.
Client device 101 may include virtually any computing device that typically connects ssing a
wired compunications mediam such as {'_e-.!é{pﬁ.ones_*_.’teievisi’ons, video recorders, cable boxes,
gaming consoles, personal computers, maltiprocessor systems, microprocessor-based or
programmable consumer electronics, network PCs, or the like. Further, as illustrated, client

15 device 103 represgnts-one embodiment of a client device operabie as # television device, h one
esnbodiment, client device 105 may also be portable. In one embodiment, one or mare of client

devices 101-103 may also be configured to operate over a wired and/or a wircless network.

Client devices 101-105 typically range widely in terms of capabilities and features.
For exaraple, a tell phone may have a numeric keypad and a few lines of monochrome LCD
20 display on which only text may be displayed. In another example, a web-enabled client device
may have a touch sensitive sereen, a styhus, and several lines of color display i1 which both text

and graphics inay be displayed.

A web-enabled client device may include a browser agpiication that is configured to
receive and to send .web pages, web-based messages, or the Jike. The browser application may

be configured to receive and display graphics, text, muiltimedia, or the like, employing virtually

N
WA

any web-based language, including a wireless application protocol messages (WAP), or the like.
In orie embodiment, the browser application {s enabled to employ Handheld Device Markup
Language (HDML), Wireless Markup Language (WML), WMLScript, § avaScript, Standard
Generalized Markup Language (SMGL), HyperText Markup Language (HTML), eXtensible

30 Markup Language (XML), or the like, to display and génd information.
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Client devices 101-105 also may include at least one other client-application that is
configured to receive information dud other datd from another computing device. The client
application may include a capability to-provide-and receive textual content, multimedia
information, audio information, or the tike. The client application may further provide
information that identifies itself, including a type, capability, name, or the like. In one
embodiment, client devices 101-105 miay uniquely identify themselves through any of a variety
of mechanisms, including a phone number, Mobile Identification Nuntber (MIN), an clectronic
serial --number'(ES_N_)_-,, mobile device identifier, network address, or other identifier. The

identifier may be provided in a message, of the like, sent to another computing device.

In one embodiment, clignt devices 161-105 may further provide information useable
to detect & location of the client device. Such information may be provided in a message, or sent

ds a separate message to another computing device.

Client devices 101-105 may also be configured to communjeate 2 message, such as
through email, Short Message Service (SMS), Multimedia Message Service (MMS), instant
messaging (IM), internet relay chat (IRC), Mardam-Bey’s IRC (mIRC), Jabber, or the like,
between another computing deviee. However, the present invention is not fimited to- these

message protocols, and virtuatly any other message protocol may be employed,

Client devices 101-105 may further be configured to include & clent application that
enables the user to log into a user account that may be managed by anothier computing device.
Information provided either as part of a user account generation, a purchase, or other activity
may result i providing various customer profile information. Such customer profile
information may include, but is not limited to purchase history, carrent telecommunication plans

about a customer, and/or behavioral information about a customer and/or a cistomer’s activities,

Wireless network 110 is configured to couple client devices 102-104 with astwork
111, Witeless network 110 may include any of'a variety of wireless sub-networks that may
finther overlay stand-alone ad-hoc networks, or the like, to provide an infrastructure-oriented
connection for client devices 102-104. Such sub-networks may include mesh networks,

Wireless LAN (WLAN) networks, celiular networks; or the like.
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Wireless network 110 roay further include an autonomous systent of terminals,
gateways, routers, or the Hke connected by wireless radio links, or the like. These connectors
may be configured to move freely and randomly and organize themselves arbitrarily, such that

the topology of wireless network 110.may change rapidly:

Wireless network 110 may further-employ a plurality of access techmnologies
including Znd (2G), 3rd (3G), 4th (4G) generation radio access for cellular systems, WLAN,
Wireless Router (WRY mesh, or the like. Access technologies such as 26, 2.5G, 3G, 4G, and
fuiture access networks may enable wide area coverage for client devices, such as clieit devices
102-104 with various.degrees of mobility. For example, witeless network 110 may enable a
radio connection through a radio network access such as Giobal System for Mobile
comsaunication (GSM), General Packet Radio Services (GPRS), Enhanced Data GSM
Environment (EDGE), Wideband Code Division Multiple Access {(WCDMA), Bluetooth, or the
like. Further, wireless network 110 may be configured to enable-use of a short message service
center (SMSC) as a network element in.a mobiie telephone network, within wireless network
110. Thus, wircless network 110 enables the storage, forwarding, conversion, and delivery.of
SMS messages, In essence, wireless network 110 may include virtually any wireless
communication mechanism by Which information raay travel between chient devices 102-104

and another computing device, network, of the like,

Network 111 couples MOD device 106, provider service devices 107-108, and client
devices 101 and 105 with other computing devices, and allows communications through wireless

network 110 to clignt devices 102-104, Network 111 is enabled to enploy any form of

computer readable media for communicating information from one electronic device to another,

A'ISQ, network 1171 can include the Internet in addition to local area networks (LANSs), wide area
networks (WANs), direct connections, such as through a universal serial bus (USB) port, other
forms of computer-readable media, or any combination thereof. On an interconnected set of
{.ANS, ihc’iuding those biased on ditfering architectures and protocols, a router may act as & link
between LANSs, enabling messages 1o be setit from one to avother, In addition, communication
links within LANSs typically include twisted wire pair or coaxial cable, while communication
links hetween networks may utilize analog telephone lines, full or fractional dedicated digital
fines including T4, T2, T3, and T4, Integrated Services Digital Networks (ISDNs), Digital
Subscriber Lénes-(f‘-ﬁ)SLs.), wireless links incloding sateilite links, or-other communications links

10
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known to those skilled in‘the art. Furthermore, remote compuiers and other related electronic
devices could beremotely convected to either LANs or WANS via a modem and temporary
telephone link. In essence, network 111 includes any communication method by which

information may travel between corputing devices.

e ersbadiment of an MOD device 106 is described in miore dstail below in
conjunction with FIGURE 3. Briefly, however, MOD device 106 includes virtually any network
computing device that is configured toproactively and contextually target offers to customers
based on use of tree with braiich splits being identified based on maximizing an lnformation gain
for a message/user attribute, and Wwhere each tode within the tree includes target and control
distributions for a feature measure as described in more detat{ below in conjunction with
FIGURES 5-6.

Devices that may operate as MOD device 106 include; but are not limited to personal
computers, desktop Computers, rhultiprocessor systems, microprocessor-based or programmable

consumner efectronics, network PCs, servers, network appliances, and the like.

Althongh MOD device 106 is itlustrated as a distinct network device, the invention
is ot so limited. For example, a plurality of network devices may be configured to perform the
operational aspects of MOD device 106. For example, data collection might be performed by
one or more set of network devices, while training of the tree-and use of the trained trée might be

provided by one or more other network devices.

Provider service devices 107-108 include virtuaily any network computing device
that is coufigured to provide to MOD device 106 information including networked services
provider infortation, customer information, and/or other contexy information for use in
generating and selectively presenting a customer with targeted customer offers based on use of
the tree and its associated feature measure distributions. In some embodiments, provider service
devices 1(7-108 may provide various interfaces; including, but not limited to those described in

more detail below in conjunction with FIGURE 4.

{ilustrative Clent Envivonment

FIGURE 2 shows.one embodiment of client device 200 that may be included ina

system implementing the invention, Client device 200 may include many more or fess
11
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components than those shown in FIGURE 2. However, the:components shown are sufficient to

disclose an iflustrative embodiment for practicing the present invention. Clientdevice 200 may

represent, for example, one of client devices 101-105 of FIGURE L

As shown in the figare, client device 200 includes a processing unit (CPU) 222 in
communication with a mass memory 230 via a bus 224. Client device 200 also includes a power
supply 226, one-or more network interfaces 250, an audio interface 252, video iterface 259, a
display 254, a keypad 256, an illuminator 258, an input/output interface 260, a haptic
interface 262, and an optional global positioning systems (GPS) receiver 264. Power supply 226
provides powet to client device 200. A rechargeabl¢ or non-rechargeable battery may be used to
provide power. Thepower may also be provided by an exiernal gower source, such as an AC

adapter-or a powered docking cradie that supplernents and/or recharges a battery.

Client device 200 may optionally communicate with a base station {not shown), or
directly with another computing device. Network interface 230 includes cireuitry for coupling
clent device 200 {o one or more networks, and is consiructed for tse with otie or more
sommunication protocols and technologies including, but not limited to, global system for
mobile communication (GSM), code division multiple access (CDMA), time division multiple
access {TDMA), user datagran protocol (UDP), tranamission contro] protocol/Internet protocol
(TCPAPY), SMS, general packet radio service (GPRS), WAP, ulira wide band (UWB), IERE
802.16 Worldwide Interoperability for Microwave Access (WiMax), SIP/RTP, Bluetooth'™,
infrared, Wi-Fi, Zighee, or any of a variety of other wireless communication protocofs. Network
interface 750 is somotinies kinown as a transceiver, transceiving device, or network interface

card (NIC}.

Audic interface 252 is arranged to produce and receive andio signals such as the
soind of @ human voice.. For example, audio interface 252 may be coupled to a speaker and
sicrophone (ot shown) to enable telecommunication with others and/or generate an audio
acknowledgement for some action. Display 254 méy be-a fiquid crystal display (1.CD), gas
ptasma, light emitting diode (LED), or any other type of display used with a computing device.
Display 254 may also include a touch sensitive screen arranged 1o receive input from an object

stich as a stylus ora digit frorn 4 human hand.
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Video interface 239 is arranged to capture video images, such as a still photo, a
video segment, an infrared video, or the like. For example, video interface 259 may be conpled
to a.digital video camera, a web-camera, ot the fike. Video interface 259 may comprise a fens,
an image sensor, and other electronics. Image sensors may inelude a comiplénentary metal-
oxide-semiconductor (CMOS) Intégrated circuit, eharge-coupled device (CCD), or any other

integrated circuit for sensing light. .

Keypad 256 may comprise any inpat device arranged to receive input from a user:
For example, keypad 256 may include a push button numeric dial, or & keyboard. Keypad 256
may also include command buttons that are associated with sefecting and sending images.
Hiuminator 258 may provide a status indication and/or provide light. Ifuminator 258 may
remain active for specific periods of time-or in response o events. For example, when

lluminator 258 is active, it may backlight the buttons o keypad 256 and stay on while the client

device is poweted. Also, itluminator 258 may backlight these buttons in various patterns when

particular actions are performed, such as dialing another client device. Hluminator 238 may also
cause light sources positioned within a transparent or transtucent case of the client device to

illuminate in response 1o actions.

Client device 200 also coraprises input/output interface 260 for communicating with
external devices, such as & headset, or other input or output devices not shown In FIGURE 2.
{nput/output interface 260 can uttlize one o mote cothmunication technologies, such as USB,
infrared, Bluctooth™, Wi-Fi, Zigbee, or the like, Hapiic imierface 262 is arranged to provide

tactile feedback to a user of the client device. For example, the haptic interface may be

employed to vibrate client device 200 in a particular way when another userof a cofiputing

device is calling.

Optional GPS transceiver 264 can determine the physical coordinates of client
device 200 on the surface of the Earth, which typically outputs a location as latitede aud
longitude values. GPS transceiver 264 can also employ other geo-positioning mecharisms,
inclading, but not Hmited to, trigngulation, assisted GPS (AGPS), E-OTD, Cl, SAL ETA, BSS

or-the like, to frther determine the physical location of client device 200 on the surface of the
& s v

Earth. It is understood that under different conditions, GPS transceiver 264 can determine 2

H
L3

physical location within millimeters for client device 200; and in other cases, the determined
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physical location may be less precise, such as within a meter or significantly greater distances.
In one embodiment, however, a client device miy thifough other components, provide other

information that may be employed to determine a physical location of the device, including for

exaraple, a MAC address, IP address, or the like.

Mass memory 230 includes a RAM 232, a ROM 234, and other storage means:
Mass memory 230 illustrates another example of computer readable storage media for storage of
information such ds computer readable instructions, data structures, program modules, or other
data. Computer readable storage media may-include volatile, nonvolatile, removable, and

non-removable media implemiented in any method or technology for storage of information,

such as computer readable instructions, data structures, program modules; or other data,

Exampis of computer storagemedia include RAM, ROM, EEPROM, flash memory or other
memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk. storage or other magnetic storage devices, or any other
medivm which.can be used to store the desired inforination and which can be accessed by a

computing device.

Mass mesnory 230 stores abasic input/output system ("BIOS*) 240 for controlling
low-level operation of client device 200. The mass memory also stores an operating system 241
for controlling the operation of client device 200. It will be appreciated that this component may
ificlude a general-purpose operating systemi such as a version of UNIX, or LINUX™, or a
specialized client operating system, for example, such as Windows Mobile™, PlayStation 3
System Software, ihe Symbian® operating system, Android, Blackberry, i08, or the like. The
operating system may include; or interface with a Java virtual machine module that enables
control of hardware components and/or operating system operations via Java application

programs.

Memory 230 further includes vne or inore data storage 248, which can be utilized by

ghent.device 20010 store, among other things, applications 242 and/ot other data. For example,

data storage 248 may also be employed to.store information that deseribes various capabilities of

client device 200, as-well as store an jdenitifier, The information, including the identifier, may

then be provided to another device based ait any of a varicty of events, lncluding being sent'as

part of a header during a communication, sent upon requést, or the Hke. In one embodiment, the
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identifier and/or other information about client device 200 might be provided automatically to
another networked device, independent of a directed action to do so by a user of client device
200. Thus, in one embodiment, the identifier might be provided over the network transparent to

the user.

Moreover, data storage 248 may also be employed to store personal information
including but sot limited to contact lists, personal preferences; purchase history information,
user defmographic information, behavioral information, or the like. Atleast.a portion of the
information may also be stored on a disk drive or other storage medium (not shown) within

client device 200,

Applications 242 may include computer executable instructions which, when
executed by client device 200, transmit, receive, and/or otherwise process messages (e.g., SMS,
MMS, TM, email, arid/or other messages), multimedia inforination, and enable:
telecommunication with another user of another client device. Other exanples of application
prograims include calendars, browsers, email clients, IM applications, SMS app‘lica.ti'ons-, VOIP
applications, contact managers, task maragers, transcoders, database programs, word processing
programs, security applications, spreadsheet progratis, gamies, search programs, and so forth.

Applications 242 may include, for example, messenger 243, aud browser 245,

Browser 245 may include virtually any client application configured to receive and
display graphics, text, multimedia, and the like, employing virtually any web based language. In
one embodiment, the browser application is enabled to enploy Handheld Device Markng
Language (HDML), Wireless Markup Language (WML), WML Script, JavaScript, Standard
Generalized Markup Language (SMGL), HyperText Markup Language (HTML), eXtensible
Markup Language (XML), and the like, to dispiay snd send amessage. However, any of 2

variety of other web-based languages may-also be empiloyed.

Messenger 243 may be configured to initiate and manage a messaging session using
any-of a variety of messaging communications including, but not limited to email, Short
Message Serviee (SMS), Instant Message (IM), Multimedia Message Service (MMS), interret
refay chat (IRC), miRC, and the like. For example, in one embadiment, messenger 243 may be
configured as an iM'iappE-icatioﬁ, such as AOL Instant Messenger, Yahioo! Messenger, NET
Messenger Server, JCQ, or'the fike. It one embodiment messenger 243 miay be configured to
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include a mail user agent (MUA) such as Elm, Pine, M, Outlook, Eudora, Mag Mail, Mozilla
Thunderbird, or the like. In another embodiment, messenger 243 may be a elent application that
is configured to integrate and employ a variety of ;neésaging protocols. Messenger 243, biowser
245, or other communication mechanisms that may be employed by a user of client device 200
to receive selectively targeted offers of a product/service based on a tree generated and used

based on one or more featiure measure distiibutions with a tree structure.

Iastrative Network Device Environnient

FIGURE 3 shows one embodiment of a network device, according to one
embodiment of the favention. Network device 360 may include many more components than
those shown, The components shown, however, are sufficient to disclose an illustrative
enbodiment for practicing the invention. Network device 300 may represent, for example,

MOD device 106 of FIGURE 1.

Network device 300 includes central processing unit (CPU) 312 (as shown, CPU 312
may include one or moxe processors), video display adapter 314, and 2. mass memory, all in
ROM 332, and one or more permanent (non-transitory) mass storage devices, such as hard disk
drive 328, tape drive, optical drive, and/or floppy disk drive. The mass memory siores operating
system 320 for contioliing the operation of network device 300. Any géneral-purpose operating
systers taay be employed. Basic input/output system ("BIOS™ 318 is also provided for
controlling the low-level operation of network device 300 As Hlustrated in FIGURE 3, network
device 300 also can communicate with the Internet, or some other communications network; via
network intefface wiit 310, which is constructed for use with vatious communication protacols
includiag the TCP/IP protocol. Network interface unit 310 is sometimes known as a transeeiver,

transceiving device, or network interface card (NIC).

The mass memory as:described above illustrates another type of computer-readable
device, nainely computer storage devices. Computet readable storage devices may include
volatile, nonvolatite, removable, and ron-removable media implemented in any method or
technology forsstorage of information, such as compuler readable instructions, data striuctures,
program modules, or other data. Examplesof computer storage media include RAM, ROM,
EEPROM, flash memory or other memory technology, CB-ROM, digita] versatile disks (DVD)

16
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or other optic_al storage, magrictic cassettes, rhagnetic fape, magnetic disk storage.or other
magnetic storage devices, or any other non-trassitory, physical devices which can be used to

store the desired information and which can be accessed by a computing device,

The roass smemory also stores program code and data. For example, mass- memory
might include data store 354. Data store 354 may be include virtually any mechanism usable for
store and managing data, including but not limited to a file, & folder; a docusent, oran
application, such as a database, spreadsheet, or the like. Data store 354 may manage information
that ight fnclude, but i$ not Hmited fo web pages, information about members to a social
networking activity, contact fists, identifiers, profile information, tags; Tabels; and any of a
variety of ativibutes associated with a user or message, as well as soripts, applications, applets,

and the like.

One or moreé applications. 350 may be loaded into mass memory and run o
operating system 320 using CPU 312. Examples of application programs may include
transcoders, schedulers, calendars, database prograims, word processing programs, HTTP
security programs, VPN programs, web servers, account management, games, media streaming
or multicasting, and so forth. Applications 350 may inchude web services 3356, Message Server
(MS) 358, and Contextual Marketing Platform (CMP) 357, As shown, CMP 357 includes Offer
Decisioning (OD) 360,

Web services 356 represent any of g varfety of services that are configured to
proyide content, including messages, over a network o another computing device. Thus, web
services 336 include for example, a web server, m"essagiﬁg server, a File Transfer Protocol (F1)
server, a database server, a content server, or the like. Web services 356 may provide the
content including messages overthe network using any of a variety of formats, including, but
not limited 16 WAP, HDML, WML, SMGL, HTML, XML, cHTML, xHTML, or the like, In
one embodiment, web services 356 might interact with CMP. 357 to enable a networked services
provider to track customer behavior, and/or provide contextual offerings based on feature

measure distributions within a tree of message/user atiributes.

Message server 358 may inclade virtually any computing component or-componenis
configured and arranged to forward imestages from message user agents, and/or other message
17
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servers, ot to deliver messages to a local message store, such as data store 354, or the like, Thus,
message server 358 may include a message transfer manager to communicate a message
employing any of a variety of email protocols, including, but not iimited, to Simple Mait
Transfer Protoco! (SMTP), Post Office Protocol (POP), Internet Message Access Protocot

(IMAP), NNTP, Session Initiation Protocol {SIP), or the like.

However, message server 358 is not constrained to email messages, and other
messaging protocols may.also be managed by oue or sore components of message server 358,

Thus, message server 358 ymay also be configured to manage Shoxt Message Service {S%MS)

messages, IM, MMS, TRC, mIRC, or any of a variety of other message types. Inone

embodiment, message server 358 may also be configured to interact with CMP 357 and/or web
services 356 16 provide various communication and/or other interfioes useable to receive

pravider, customer, and/or other information useable to determine and/or provide contextual

customer offers.

However, it should be no,tcd that messages imay be provided to a customer service
call center, where the messages may be outbound communicated to 4 customer, for cxample, by
a human, or be integrated into as inbound conversation between a customer and an agent. The
messages, may, for exainple, be a diSpan‘ advertising message shownona ser_\-'ice"pro'vider*s'
customer porial, orin a user’s browser on their client device. Moreover, messages may also be
sent usihg any of a variety of protocols to the client device, including, but not limited, for

example, via Unstructured Supplementary Service Data (USSD).

Orie embodiment of CMP 357 and OD 360 are described further below in

conjunction with FIGURE 4. However, briefly, CMP 357 is configured to receive various

historical data from networked services providers about their custostiers, including customer

profiles, billing records, usage data, purchase data, types of mobile devices, and the like, CMP'

357 may then perform analysis including offer decisioning, using OD 360. Tn one embodiment,
CMP 357 employs feature measure distributions within a tree of message/user atiributes to

identify a market offering to provide to a particular customer.

CMP 357 employs OD 360 to repeatedly train/re-train one ot more trees based on
sending of selective ingssages to a selected target group of users fo obtaln one or mote different
feature measure vesults, Vectors of message and user attributes, along with feature measure
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results, are employed by OD 360 to identify branch splits within thig trees that maximize an
information gain for the feature measure resulis. The sending of the selective messages may be
performed using a sliding fime window so 4s'to capture changes i market patierns over time:
The trained trees may then be used to randomly draw from featurs measure distributions within
the tree-to détermine an ordered list of messages for a given user, The ordered list of messages
may then be used by CMP 357 to determine which message(s) to send to a particular user. Itis

noted that because a given message may include attributes concerned with when andior how 2

message might be sent to a user, CMP 357 may furthér use such information to optimize a

presentation of the message to the user, CMP 357 and OD. 360 miay employ processes as

described in more detail below in conjunction with FIGURES 5-7.

Dustrative Architecture

FIGURE 4 shows one embodiment of an architecture uséable to perform marketing
of contextual offers to be delivered to a customer based on an ordered list of messages for a
given customer (user), the ordering being generated by random selections from feature measure
distributions within a trained tree of nicssage/Gser attributes that includes feature measure
distributions. Architecture 400 of FIGURE 4 may include many more compotients than those
shown. The components shown, However, are sufficiens to-disclose an illustrative embodiment
for ptﬁactiﬁcing the invention. Architecture 400 may be deployed across components of FIGURE
1, including; for example, MOD device 106, client devices 101-105, and/or provider services

107-108.

Architeeture 400 is configured to make selection decisions from trained frees haviig
feature measure distributions. An ordered message list is-identified for cach user based on the
randomly dravving from feature measure distributions from within the trained tree(s) for cach

message/user aliribute vector:

Not alf the components shown in FIGURE 4 mgy’ba-r_equ_ircd to practice the
invention and variations ih the arrangement and type of the components may be made without
departing from the spirit of scope of the subject innovation. As shown, however, architecture
400 includes a CMP 357, networked services provider (NSP) datd stores 402, communication

channel or communication channels 404, and client device 406,
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Chiesit device 406 represents a client device, such as client devices 101-105
described above in cdn}uncﬁoﬁ with FIGURES 1-2. NSP data stores 402 may be tmplemented
within one or more services 107-108 of FIGURE 1. As showi, NSP data stores 402 may include
a Billing/Customer Relationship Management (CRM) data stove, and a Network Hsage Records.
data store. However, the subject innovation is not limited io this information, and other types of
data from networked services providers may also be used. The Billing/CRM data may be
configured to provide such historicat data as 4 custonier’s profile; including their billing history,
customer service plan information, service subscriptions, feature information, content purchases,
cliest device characteristics, and the like. Usage Records may provide various historical data
including but not limited to netwark usage record information including voice, text, internet,
download information, media access, and the ke, NSP data stores 402 may also provide
information about a time when such communications oceur; as-well as a physical location for
which a customer might be connected to during a communication, and information about the
entity to which a custostiér is connecting. Such physical location information may be determined
using a variety of mechanisms, including for example, identifying a cellular station that a
customer is connected to during the communication. From such conheation location

information, an approximate geograplic or velative location of the.customier may be determinied,

CMP 357'is streamlined for occasion identification and presentation. Only a small
percentage of the massive amount of incoming data might beé processed immediately. The
remaining records may beprocessed from a buffer to take advantage of processing power
efficiently over a perfod of time. As the raw data is processed into vectors of attiibutes, trees,
distribution data, and othes supporting data, the raw data, and/or results of the processing on the

raw data may be stored for later use.

Communication channels 404 include one or mofe coniponeiits that dre configured to
cnable network devices to deliver and receive interactive cormmunications with a customer. In
one embodiment, conmunication channels 404-may be implemented withit one or more of
provider seivices 107-108, and/or client devices 101-105 of FIGURE 1, and/or within networks

110 and/or 111 of FIGURE 1.

CMP 357 is configured to recelve customer data from NSP data stores 402, CMP 357 may then
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employ Offer Decisioning (OD) 360 to conduct studies usable to train/re-train one or more trees
with branch splits being identified based on maxiraizing an information gain for a message/user
attribute, and each node within the tree includes target and controf distributions for a feature
measure. Thei, a plurality of tessages attribute vectors may be identified for each user that is
eligible for the plurality of messages. }f’he;generated message/user attribute vectors are then
used to traverse the one or more trees, and o use the feature measure distributions within the tres
to determine a sampled expected feature measure lift of sending that user a particular message.
A ordeted list.of the plurality of messages is generated based on the {iff, and is used to

deterraine which message(s) to send to the user,

Delivery Agent 460 may be used to send messages to-a one or miore users based on
the directions of OD 360, both during training of the tree(s), as well as'during run-time when the

tree(s) are employed to genevate the ordered list of messages for users,

Generatized Operation

The operation of certain additional general aspects of the subject novation will
now be described with respect fo FIGURES 5-9. FIGURE 5 shows one embodiment of a flow
diagram of & process for creating 4 tree with feature measure distributions on nodes that may be
used to perform automated marketing offer decisioning. Process 500 of Fig. 5 may be

performed using one or more processors within MOD device 106 of FIG. 1.

Process 500 may begin, after a start block, at block 502, where a fivst group of users
is selected in-which to tise as a target group for seniding training messages. A second group of
users is also selected s a control group of users. AS a general rule, m_emi‘)ersh_ip it 2 groap is
exclusive, in that-a user is not in both groups. Moreover, a user thatis selected as.a memberof a
target group for one experiment might remain in a target group for subsequent studies, at least
for a period of thime. Morgover, 50 as to minimize possible cross-experiment impacts, studies

minimize its affect on results of a subsequent experiment,

{n one embodiment, the initial size of each group of users is sefected to-avoid an
operstional difficulty that might arise when market offer campaigns are based on very narrow

segments of a user population. Thus, itis desirable that the groups are initially selected to be
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fatrly large. Generally, many telecorununications service providers may have millions, if not
to-create the tree based on initial sample sizes in the millions, and terminating a branch test, as.
discussed below, when.a subset sample sizé is less than 1000, or so. However, other sizes may
also be used; based for example, on 2 desired confidence level for hypothesis testing (e.g., Type

/Type Il errors), or the like,

Moving next to block 504, a set of initial training messages is selected. In one non-
{imiting, non-cxhaustive example, it might be desired to detetmine a value of sending market
different mechanisms to send the message such as IM, email, VM, or the like. Other message
attributes might also be of interest for raining the tree(s). Thus, the message set may be selected

by varying any of a variety of niessage atiributes that may be of initial interest to a marketer.

Moving to block 506, the selected messages may then be sent to the target user
group over 4 period of time, For example, because it might be desirable to see if a time of week
is relevant to a receptivity of a message, the message might be sent at different times of a week
to the target user group. Other criteria might also bé used to determine when and/or how-a.
message is sent to the target usergroup. It is noted that the control user group does not receive
the selected messages, [n this way, the effects of receiving the selected messages may be
compared to notreceiving the selected messages, all other parameters being known to be

consistent between the target and control user groups.

Flowing next to block 508, at least on¢ feature measure is sefected for recording of
both thetarget user group and the control user group as.a result of sending the selected messages
at block 506. For example, it might be desired to determine whether the message has an impact
on an ARPU feature measure, oran ABP feature measure, or a data consumption feature
mesasure of the fike. In some embodiments a plarality of feature measures may be of interest,
Thus, data is collected for the one or more fEafﬁxxre ‘meas’ure(s} of interest based on the sending (ot
not sending) of the message set. Again, such data may be collected over a sliding Ume window..
The width or duration of the window may be set based on characteristics of the offer, the featare

devices, a usage behavior, and/or a combination of these of other characteristics. Inone

22



10

ik
Lo

20

25

WO 2015/167534 PCT/US2014/036182

embodiment; the width/duration of the window might be one month, and the width/duration

slides by one week. However, other values may also be used.

From block 508, process 500 thea flows to block 510, which is described in more
detail below it conjunction with FIG. 6. Briefly, however, the data collected for the target and
control user groups and the feature measure results.are provided to block 510 for use in training
airee that has branch splits identified as maximizing an information gain for a message/user
attribute, cach node within the tree further including target and control distributions for a feature

measse.

Further, at block 508, 2 model definition for the tree along with its associated target
and controf distributions may then be stored i a2 modeling metadata store, such as within data
stores 354 of FIG. 3, for example. However, other data stores may also be used, including data

stores located elsewhere.

Processing then flows to decision block 512, where d determination is made whether
to re-irain the tree {or even to train a new tree on a different featuge measure). 1f one or more
trees are to be trained/re-trained, processing branches back to block 502; otherwise, processing

nray refuen to.a calling process.

As noted above, FIGURE 6 shows one embodiment of a flow diagrams of a process
usable for creating the tree with feature measure distributions usable at run-time. Process 600 of

FIG. 6 may represent one process usable within block 508 of FIG. 5.

Briefly, procass 600 of F1G. 6 employs an approach sometimes refetred to as A/B
testing, hypothesis testing, of split testing, in which randomized experiments with two variants,
A and B, are performed to determine an impact on some feature measure of a user’s behavior,
As messages and users bave a plurality of atiributes, a plurality of evaluations are performed
based on the sending of the messages to then create a tree of branch splits based on those

attributes (yuessag or user) that indicate & greatest information gain,

Brietly, an information gain G, at any node n of thetree may be defined-as a
difference between an overall entropy H{R) at the node and an entropy conditioned ona

candidate attribute A7 at that node H(Ri4), or:
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Gl A=HARY-H R4,

where #=0,1,2,...N~1; R is the feature measure 1ift random variabie of interest, such as ARPU.

A sifnilar formulation holds for the feature measure ABP Hift, as discussed later.

The information gain is dirécted towards measuring how much the overall entropy

L

decreases when it is known that atiribute 4; takes on a specific value Ar=ay;, or 8 limited toa
given range of values, 4,;<ay;. The information gain therefore measures gtitibute 4;'s contribistion
to the randomness of the data. 1f assigning a value or range to 4; decreases the overall entropy
the most, then attribute A4; and {8 split point value @y should be selected at a given node of the

free. Process 600 then may be employed to evaluate the information gain G, for each candidate

10 attributeto determine sphit-value candidates in creating the tree,

wver

Therefore, process 600 begins at block 602, after a start block, where the niessage
and user aftributes and feature measure resiilis of the sending of the messages are received. In
one embodiment, each user s uniquely identified, in addition to their user-attributes, as being in

gither the control group {and not receiving the messages), or in the fatget proup (and having
'+ : BH 53/ P A g

S received the messages)

Processing flows next to block 604, where pre-processing of at least some of the
attribute data for the messages and/or users may Bepe‘rf{jrme_d, 50 as to enable hinary testing and
computing of conditional entropies. Some attribufes might be described as categorical atiributes.

These attributes might take on discrete values, which can be strings or non-ordinal mumerical

20 values. That is, the attribute might take on different values based on being in some category.

Forexample, a plan. 1D attribute might be a non-ordinal numerical attribute, because, say, plan
101 is different from plan202. Howsver, there is no notion, in this example, where plan 202 is
greater than plan 101, Further, there might not be a single attribute category usable, absent pre-

processing, in A/B testing approaches. Similarly, balance time series cluster 1D 'is a non-ordisial

28 pumerical attribute, because cluster 3-and cluster 7 are different, but there is again no notion of a

sorted order for the cluster IDs. Therefore, pre-processing categorical attributes for possible
splits, may include the enumeration of the unigue values the attribute can take on. For example,
for atiribute A, the split evaluations may be based on {ay;, da; ...}, where aj represents values of

the attribute.4;.
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Then, later in process 600, the information gdin for cach given valué gy of a

candidate categorical atiribute 4; may be determined as:
Gulayy=H LR~ [wi H(Rid=agytwH (Rld#ap)].

where weights w; and w; assigned to the entropies are the praportions.of samples at node » for
which the condition 4=ay is true or false (or some other binary values) respectively, so that the
expression in the square brackets above is the weighted average entropy due to conditioning

attribute A4,

Pre-processing may also be performed for discrete, ordinal attributes that take on
discrete numerical values that carry a notion of order. For example, deciles:are ordered in that if
a subscriber (user) is.in a top 10% of SMS users, then the subscriber is definitely in the top20%
of 8MS users. Thus, split points may be determined below based on the natural discrete values
of the atiribute. However, there gie several chioices ot how to pre-process the aftribuie data to
condition the entropy to compute the information gain, One option might be to ignote ordering
and treat discrete, ordinal attributes as categorical atiributes. Another approach, shown herein,

considers.ordering, In this approach, the information gain may be determined as:

Gl gy E(RY~Tw Ho R iSasyrin I RAP a))

attributes. These-atiributes may be able 1o take on any numerical value, For these altributes the
challenge is to determine the split points such that the resuiting eatropy calculations retain
diseriminative power while being computationally feasible. Exhaustively iterating through ail

possible values of the atiribute may not be an option however.

Several strategies are available for optimal attribute splitting incloding a nou-
pasametric approach that uses quantiles. The range of possible values taken on by an aitribute is
divided into quantiles, and each quantile value is ther usable as a possible split point. The

attributes,

Further, 'a urnber of guantiles might'be determined using a varisty of mechanisms,

such as using deciles, semi-deciles, quartiles, or the tike. Td some jnstances, a characteristic of a
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given attribute might indicate a selection of an optimal quantization. In some embodiments, the
quantizatjons might be re-computed at each tree node fevel, However, in other instances, a fixed

quantization might be used based on unsplit attributes.

Upon eompletion of block 604, process 600 flows niext to block 606, where at least
some attributes may be filtered out, or otlisrwise prioritized based on the festing being
conducted, a characteristic of an attribute, or the like. For exainple, if the tree is being
constructed for a particular geographic location, then having an attribute based on other
geographic loeations, might be of little interest. Such atiribuie conld then be filtered out; thereby

reducing the filumber of attributes to be examined, Other characteristics or criteria might also be

Flowing next to block 608, the remaining atiributes and their related feature mcasure
values are used to ¢reate a plurality of atiribute vectors with associated feature measure results.
The veciors and associated feature measire results are then used at block 610 to initialize a tree

root node with mieasure distributions for the target user group and for the control user group.

In one emnbodiment, a target distribution of the featuie measure results i$ created
based on all of the users in the target user group without respect to-a given message or user
attribute (other than membership in the‘targét user group). The target distribution is then
genevated based on the percentage of users having a given feature measaré resuit, Inone
embodiment, the percentage of users might represent values along a vy~axis,whiic the feature
measure values are plotted along an x-axis. Similarly, a control distribution for the feature
measure results may be created based ou aif users in the control user group. Thus, the root node
for the tree has associated with it, two distributions for the feature measure results, one for the

target user group, the other for the control user group,

Processing next flows to a decision block 612, where a determination is made
‘whether a split criteria is satisfied. The intent of this evaluation is directed towards ensuring that
a'sufficient manber of samples are available in both the target user group and the control user
group to provide reasonable estimates of parameters usable in computing information gains, Jo
onc embodiment, it is desirable to have at least 1000 users in the target user group and af least
1000 users inthe contio} user group, However, other values may also be used. In any event, at
decision block 612, if it is detcimined that an insufficiént number of users are in the groups, then
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process 600 flows to block 614, where tree splitting for this branch is stopped, and the resulting:
node is deemed a leaf, Thus, in one embodiment, a node having less than the selected minirmm

sample size for both user groups will not split furthér witil enough users fall into that node’s

targeting container. Processing would thernt flow to decision block 624..

Otherwise, if it is defermined that a selected minimum 'sampieﬂsize't’"o'r both user
groups is satisfied, then processing continues to biock 616. At block 616, the information gains
of splits for available attributes are computed. As g initial step the estimates for parameters of

the feature measure distributions for the target and control user groups at the carrenit-node are

computed, so asto compute the related entropies, This is because such entropies may be

modeled as a function of distribution parameters for the feature measure.

For example; it is determined that for an ARPU feature measure, the distributions
may be modeled effectively ,by Garmma distributions, Gamma distributions wmay be modeled
using a shape pararveter k and a scale parameter 8. Any of'a variety of approaches may be used
to estivnate these parameters, inchuding, but not {imited to using ierative procedures to estimate

k, fit methods; the Choi-Weite method, or the like.

At each leaf node, for each candidate attribute in the message/user attribute vectors
and for each attribute split point, the parameters of the conditional Gamma distribution is
computed, where the conditional variable may be the candidate split, Furthermore,
computations are perfortmed for both the target user group and the control.user group, resulting
in a set of conditional parameters (k,8,k.0.a;), where subscript “” indicates parameters from

the target user group, and “c” indicates parameters from the control user group.

The contributionto the entropy of the feature measure it for controls and target user
groups is then the difference between the feature measure, such as ARPU, of the target and
control groups (R, and R,, respectivel y): Siice the feature megstire results {e.g. ARPY :resaijts)_ of
targets and controls are independent, the entropy of the 1t is the weighted sum of the entropies

of each group, o

£ ﬂ(@}z"}fn{&_&)ﬁwr} ?ﬁg(.‘RQ"#'\-t_? cf{;‘z(RbL

where the weights w, and w. indicate the farget/control user group allocation proportions. The

entropy of a Gamma random variables has an explicit form oft
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where I'(*):is the gamma function and w(-} is the digamma function 1nthe same way, (R for

the control group can be computed.

3 The respective conditional etxfropies:..H,,(Rg{a,;f} and (R oy} are-computed in the
same way, but-first the correspouding Gamma pafameters are computed from the conditional

populations in the candidate sub-nodes, from (k,8nke0cld=ay) and from (kyGnke,Biditay).

Moving siext to block 618, a determination is made at the current node # the attribute
split pair that maximizes the 'izlforsnation___ga'fin,. At a given node n, there will be a total of

10 &, =&, +N, +-u&, information gain values, one for each candidate attribute/split value,

where %, is the number of possible splits for attribute 4.
At block 618, the attribute/split combination that corresponds to the maximum gain

is then selected as:

&= n = argmex, Ga)

where the information gain in temis of its target and control components is-written as:

Golayy= Wil Ha Ry~ i Ridi=ayy v Hu(RiAct ]} +
W B (R)y-Tw 1 H, n(Rc‘AxrazJ)'{"W (R ciA iiaif)}}‘ s

and similarly for otdinal and cositioudus attributes. .If this maximum information gain is
20 negative however, then we don™t'split on any attribute at all, In that case, the node will become a

leaf in the-tree. Splits only occur for positive information gains.

While the above works well using a gamma distribution model for some feature
measures, such as the ARPU feature measure, this may not be the case for other feature
measures. For exaniple, ABP distributions 'm"i_"ght be better modeled using Bernoulii

2S  distributions, where the rate of actives may be of interest. Parameters for the Bemoulli
distributions include actual active base proportions at node # {or the target and control user
groups, Py, Pe,, wherer
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The binomial parameters conditioned on the attribute split ayare also similarly calculated.

Similarto the discussions above for ARPU Lift; with the same recognition about
independence of the target and control sample, the entropy for a Bemoulli distribution may be

determined as:
e A Y . ; R N X T I
H (BT} = pg logapr, + (1~ py Hogo {1~ pr )
For the control group, and for the conditional entropies, the expressions are identical,
and so is the expression for the information gain Glay), theréfore the attribute split that generates

the maximum information gain may be selected.

The identified attcibute split is then used at block 620 {o update the remaining

available attributes in the message/user ativibute veciots.

If the attribute spljt is on & categorical attribute, then that atteibute is removed from
furtherconsideration on the “true” branch. Alongthe false branch, it is still considered for
farther splits. Example: say we have a split on PlaniD=12. Then for the “true” branch (where

every veetor has PlaniD=12) there is no need to further consider splits on PlaniD there since all

vectors have the same value. On the false branch however (Where every vector has PlaniD#12),

vectors may Kave different values for PlaniD so this attribute is still considered for splits.

If the attribute splitis on a continuous aitributes, then it will still be considered further

iy both the “true’ and “false” branches. Example: say we have a split on Age<=40. On the true

branch we have only vectors with Age<=40 so a further split on Agé<=20 is possible. On the

false branch, we have only vectors with Age>40 so a further split.on Age <=60 is possiblé.

Moving to bloek 622, the tree is updated with the new node split along with the
related distributions for the target and control user groups. The branch is activated, for further

evaluations, and processing flows to decision block 624.

29



[

10

o]
<9

WO 2015/167534 PCT/US2014/036182

At decision block 624, a determination is made whether {o continue o train/re-train
the tree. For example, where no more atiributes are available to evaluate for possible branch
splitting, thent the tree may be considered to be completed. Other criteria might alse be included
lo terminate tree training. In any event, if the tree is considered to be completed, processing
retums to-a calling process; otherwise, processing might return to decision block 612, to-evaluate

another node for aothier possible brarich split,

At thisjuncture, the training of one or more trees may be complete: That is, a
different treemight be created for each of aplurality of different foature measures: For example,
one tree might be created (trained/re-trained) for the feature measure ARPU, while another tree
might be created (irairied/re-trained) for the feature measure ABP. Still other feature measures

might resalt in still other trees.

Moreover, the trees might be re-frained based ont any of a variety of criferis,
meluding, but not limited to sceking o include another atiribute for a:message and/or uset, of to-
take into-account changes over time in the response of the feature measure to the marketing

offers or the like.

At any time that a tree is completed, it.may be used during run-time process 700 of
FiG. 7 to determine which message or messages to send to a particular user. Thus, FIGURE 7
shows one embodiment of a flow diagram of 2 process for asing the trained tree of FIGURES §-

6 to perform automated marketing offer decisioninig.

Run-time process of process 700 begins at block 702, where a set of magketing’
messages are identified for which.cach user ina plurality of users is eligible. The phurality of
users may include at least some of the target/control users, although it need not, The plurality of

asers may be selected based on any of a variety of criteria, including based on sub-dividing a

a marketer may wish to send at least one message to every customer in their customer data base,
Thus, the plurality of users might incjude all customers of a particular telecommunications”

service provider, or the like.

In any event; not every user might be eligible for every marketing message in the set

of marketing messages that a-marketer may wish to- send. Forexample, a niessage in the set of
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arketing messages might be intended for users with a particular type of product or service.
Thus; users that have the particular type of product or service will be eligible to receive the
marketing message, while others would not be eligible, Otce each marketing message for which

a uger ts eligible fo recelve has been identified, processing flows to bloek 7044.
Tt & 2 A

At block 704, vectors for marketing roessages and user attributes are constructed, fn
one embodiment, the aftributes may be concatenated ina same order as that used for the training
vectors. Thus, if a user is eligible for 1000 possible marketing messages, a 1000 marketing:
message/user attribute vectors may be constracted for that user. Similarly, for each ather users,

a plucatity of niarketing message/user attribute veelors are constructed.

1t should be noted that for any of a variety of reasons, one or mote attributes might
be missing. This may arise, for example, where a new attribate is added to a marketing message,
‘where a new sef of users are included with new attributes, or the fike. In these imstances, then
some oither maﬁ_{e:tji_jng messages or tser might not have the new atiributes. Several approaches
are considered that address this situation, For example, for categorical attributes, a new category
of NULL might be treated as any other category. Fog ordinal attvibutes, evety time a split is

evaluated, tnstead of evaluating only one test, the following tests might be evaluated;
Ali’a,jOR /i;‘: NU LL VS. Aj,-‘»a,_-&
ASay vs: Ay OR 47 NULL, and
A NULL vs. 4#NULL

If thiere are S; candidate splits for atiribute 4;, then there are 2+5+1 information gain
calculations. While this approach mady require roore time to train take longer to train the tree
{missing attributes may arise during training of the tree as well as during russtinie), bat
conceptuaily nothing changes, and at-each node the split point that produces the maxifum

information gain.meay still be selected.

Continuing to block 706, then for each atiribute vector for each user, the tree with
the feature measure of Inferest is traversed to generate & rankiv_crc’iering of marketing messages for
the user. When the tree has been traversed to a node within the tree based on matching of

atiribute values in a user”s veclor with the {ree node values, At that node, a random drawing is
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performed from the target distribution and the control distributions to-obtain an expected lift as a
difference between the vandomly drawn values. This is performed for each marketing message
for the user, to generate a fisting of sampled expected lifts for each marketing message that the
user is eligible: The marketing messages may then be rank ordered based op the determined
sampled ift values for cach marketing méssage. This block is performed for each user; for each
message for that pser, to generate rank orderings of marketing inessages for each user. By
selecting randomly from the target and contro} distributions it may be possible 1o generate
different rank orderings of marketing messages and thereby enable an exploration and
exploitation’ approach to providing marketing messages, and thereby potentially improve upon

the results for the feature measure of interest.

it should be noted that the above can readily be adapted for situations where there is
a desire to biend decisions for sending messages that seek to benefit from several feature
measures. For example, using an ARPU generated tree, and an ABP generated tree, results of
the two may be combined.

In one embodiment, the ovtput from the ARPU sample vatues of the percent 1ift may

Fp

be normalized 10 the population percent rather than the control. That is:

ABP %Lift = (ABP_Target Treatment Sample—

ABP_Control_Treatment_Sawiple)/Population_ABP

T o)

ARPU%LIft = (ARPU_Target_Treatment_Sample—~
ARPU_Control. Treatment Sample)/Population ARPU

In another embodiment, both tiees may be walked to obtain sampled HEt percentages,
which may be added together in a weighied approach 1o gerierate the rank ordered list of

marketing messages. One approach for a combined it is:

This approdch can be extended to magy trees, with Zoq; = 4

[n any event; moving to block 708, the rauk ordered Hst of smarketing messages for

each user yoay then be used to selectively transmit zero or more marketing messages 16 a user,
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For example, a threshold value might be used where marketing messages having a determined

Tift is below that threshold might not be sent, T another ermbodiment, a first marketing message

on each list for each user might be sent to that user, indepenident of its associated lift,
Run-tifne process 700 then may return to a cailing process,

It will be undersiood {hat each block of the flowcharts, and combinations of blocks
in the flowcharts; can be implemented by computer program fnstructions. These prograny
instructions reay be provided to a processor to produce a machine, such that the instructions,
which execute o the processor, create means for implementing the actions specified in the block.
or biocks. The computer program instructions iay be executed by & processor to cause & series
of operational steps to be performed by the processor to produce a computer-implemented
pracéss such that the instruetions, which execute on the processor to provide steps for
implementing the actions specified in the block or blocks. The computer progtam iristructions
may also cause at least sorne of the operational steps shown in the blocks to be performed in
paraflel. Moreover, some of the steps may also be performied across more than ohie processor,
stich 4§ might arise in a multi-processor computer system. In addition, on¢ or more blocks or
combiiiations of blocks in the ilfustration may also be performed concurrently with other blocks

or combinations of blocks, or even in a different sequence than ilfustrated without departing
Jitedt ¢ : I

from the scope or spiritof the subject innovation.

Accordingly, blocks of the illustration support combinations of meaus for

performing the specified actions, combinations of steps for performing the specified actions and

o

program lnstruction means for performing the specified actions. Jt will also be understood that

each block of the iltustration, and combinations of blocks in the illustration, can be implemented
by special purpose hardware based systerns, which perform the specified actions or steps, or

combinations of special purpose hardware and computer instructions:

Hustrated Non-Limiting, Nog-Exhaustive Examples

The following provides non-limiting, non-exhaustive examples of how varicus.
embodiments might be employed to provide contextual offerings to a customer using tees

havisg feature measure distributions. FIGURES 8-9 illustrate non-limiting, non-exhaustive
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exam p_If:-s of subsets of trees with different feature measure distsibutions. Thus, for example,

FIG. 8 might Hlustrate nodes on a tree with ARPU feature measure distributions.

For example, tree 800 includes nodes 301, 802A, 8028B,.8034, and 803B. Eachriode
in tree 800 includes a target (tgt) distribution and a confrol {contr}) distribution (8017, 801C,
802AT, 802AC, 8023’:?,.802}3(3, 803AT, 803AC, 803BT, or 803BC). It should be noted that
tree 800 is.merely an example, and as such, other configuration are possible, and the subject

innovations are therefore not constrained by this example.

I any eveot, during training, as described above, in conjunction with FIG. 5, the
root node 861 may be identified with tgt and contrl distributions, 8017 and 801C, respectively.
As shown, the y~axis for the illustrated distributions may be pércentage of users, while the x-axis
may be an ARPU value, As discussed above, the distributionis are generated by taking each user
ifn the target user group and cach userin the control user group and mapping their ARPUs onto

the respective graphs.

Moving 1o the next nodes (802A and 802B), these nodes were identified based on
that attribute in the message/user attribute vectors that maximize the inforination gain. For
example, each attribute in the vector or message and user atteibutes is evaluated 1o compute &
respective fniformation gain, as discussed above in conjunction with FIG, 6. That attribute that
provides the maximize information gajnis then selected to be the attribute that generdtes nodes
(802A/B), aka, creates a branch split. Those users.in the target user group and controf user
group ave then used to generate the respective distributions for the binary values of the splitting
attribute (6.g., A1), See distributions 302AT, 802ZAC for one value of atiribute A1, and 80287

and 202BC for the othiet value of attribute Al.

Each node 802A and 802B may similarly be examined to determing whether a
message/user atiribute vector is available that provides a maximum information gain. For this
non-fimiting example, node 8028, it might be determined that none of the remaining attribufes
(having removed attribute A1 from the veetor under evaluation) provides a maximum
information gain. Similarly, it might be determined that for node 8028, the user groups have.

msufficient sample sizes, Thus, no further split evaluations are shown below node §028.
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However; for node 8024, atiribute A4 might have been determined to maximize the
information gain. Thus, nodes 803A and 803B might be created as splits for the atiribute A4
below node 802A. Similarly, distributions are agsociated with each of these new nodes,

Processing may then continue as discussed abave untif the tree is considered complete.

At run-time, a plurality of messages is used to generate a plarality of message/user
attribute vectors for cach user. Then, each vector is examined to traverse treg 808, Thus, for
example, the message/user attribute vector is examined to determine a path based on the value of
Al A4, and so forth. Assuming, for examp{c, that node 803A ends the tiaversal for a particular
message/user atiribute vector. Then, a value is randomly drawan. from target distribution 803AT
snd a value is randomly drawn from contro! distribution 803AC. The combination of these
values provides a lift value for this message for this particular user, Similarly, values may also
be obtained for other messages for this particular user. Theé vatues obtained for the list of
messages may then be rank ordered and the ordered {ist may subsequently be used to transmit

2Er0 OF MOTe messages to a user.

FIG. 9 illustrates a non-limiting, non-exhaustive example of tree 900 with a binary
feature measure distribution. In one emabodiment, trce 900 might represent a tree developed for
an ABP feature measure distribution. Tree 900 is shown having root node 901, and riodes 9024
and 902B, where each node is associated with a target feature measure disiribution and a control
featire measure distribution. See distributions, 91T, 901C, 902AT, S02AC, 50787, and.
902BC. As shown, the y-axis for the distributions represents a population percentage, and the x-
axis represents active or inactive base after 4 defined tirie period. Creation and usage of free

900 employs processes 500 and 60 as described above,

The above specification, cxamples, and data provide a complete description of the
manuficture aind use of the composition of the subject innovation. Since many embodiments of

the subject innovation can be made without departiiig from the spirit and scope of the subject



CLAIMS

1. A network device, comprising:
a transceiver to send and receive data over a network; and
one or more processors that are operative to perform actions, including:

creating and training, until it is complete, a tree for a first time that
has multiple branches and multiple nodes and that represents user responses
affecting a feature measure, wherein the creating and training includes sending a
plurality of training messages to a plurality of telecom subscriber users in a target
user group, and includes creating the branches to each maximize an information
gain for a message attribute or user attribute with respect to the feature measure
based on responses of the plurality of telecom subscriber users to the plurality of
training messages, wherein the plurality of training messages have attributes
corresponding to being sent at different times and with different types of
messages, and wherein each node within the tree is associated with a subset of
the plurality of telecom subscriber users and includes a target distribution for the
feature measure and for the telecom subscriber users in the associated subset
and includes a control distribution for the feature measure and for other telecom
subscriber users in a control user group;

using the tree for the first time to send, to multiple additional telecom
subscriber users that are distinct from the plurality of telecom subscriber users in
~ the target user group and that each has attributes based at least in part in prior
activities in using telecom services, a plurality of further messages by, for each of
the multiple additional telecom subscriber users, traversing the tree based at least
in part on the attributes of the additional telecom subscriber user, generating an
ordered ranking for the additional telecom subscriber user of the plurality of further
messages based on determining a feature measure lift by selecting values from
the target and control distributions in the tree, and using the ordered ranking to
select one or more of the plurality of further messages to send to the additional

telecom subscriber user;
36



repeatedly adapting the tree to changes over time by, for each of
multiple additional times after the first time and after the using of the tree to send
the plurality of further messages, retraining the tree for the additional time to
correspond to further user responses to additional interactions with respect to the
feature measure, wherein the adapting includes changing the branches and the
nodes of the tree; and

after each of one or more of the additional times, using the retrained
tree for the additional time to select and send additional messages to the plurality

of telecom subscriber users.

2. The network device of claim 1, wherein the feature measure includes at
least one of an Average Revenue Per User (ARPU), Active Base Percentage
(ABP), Average Revenue Per Paying User (ARPPU), or an average margin per
user (AMPU).

3. The network device of claim 1 wherein the adapting of the tree to the
changes over time is performed using a-sliding time window having a duration that
does not include all data used for the creating and the training of the tree for the
first time and that further includes additional data generated after the first time.

4, The network device of claim 1 wherein the information gain for each of the
branches is further determined for each node within the tree based on a difference
between an overall entropy at the node and an entropy conditioned on a

candidate attribute at the node.

5. The network device of claim 1 wherein the one or more processors are
further operative to perform pre-processing on at least one message attribute or
user attribute to enable binary testing to be performed using the attribute during

the creating and training of the tree.
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6. The network device of claim 1 wherein, for each of the nodes, at least one
of the target distribution or the control distribution for the node is modeled based

on a gamma distribution or a Bernoulli distribution.

7. The network device of claim 1 wherein the creating and training of the tree
includes creating a NULL category and performing testing based on the NULL
category using one or more of the sent plurality of further messages for which at

least one message attribute or user attribute is missing.

8. The network device of claim 1 wherein the creating and training of the tree
includes using at least one user attribute for each of the plurality of telecom
subscriber users that represents at least one of a recharge time series cluster or a

usage histogram cluster.

9. A non-transitory computer readable storage device, having computer-
executable instructions stored thereon, that in response to execution by a
processor unit, cause the processor unit to perform operations, comprising:

creating and training, until it is complete, a tree for a first time that has
multiple branches and multiple nodes and that represents user responses
affecting a feature measure, wherein the creating and training includes sending a
plurality of training messages having a plurality of attributes, to a plurality of users
in a target user group and includes creating the branches to each maximize an
information gain for a message attribute or user attribute -with respect to the
feature measure based on responses of the plurality of users to the plurality of
training messages, wherein each node within the tree is associated with a subset
of the plurality of users and includes a target distribution for the feature measure
and for the users in the associated subset and includes a control distribution for
the feature measure and for other users in a control user group;

using the tree created and trained for the first time to send a plurality of
further messages to multiple additional users distinct from the plurality of users in
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the target user group, the sending including, for each of the muitiple additional
users, traversing the tree based at least in part on attributes of the additional user,
generating an ordered ranking for the additional user of the plurality of further
messages based on determining a feature measure lift by performing a
comparison between randomly selected values from the target and control
distributions in the tree, and using the ordered ranking to select one or more of the
plurality of further messages to send to the additional user;

repeatedly adapting the tree to changes over time by, for each of multiple
additional times after the first time and after the using of the tree to send the
plurality of further messages, retraining the tree for the additional time to
correspond to further user responses to additional interactions with respect to the
feature measure, wherein the adapting includes changing the branches and the
nodes of the tree; and

after each of one or more of the multiple additional times, using the

retrained tree for the additional time to select and send additional messages.

10. The non-transitory computer-readable storage device of claim 9 wherein
the feature measure includes at least one of an Average Revenue Per User
(ARPU), Active Base Percentage (ABP), Average Revenue Per Paying User
(ARPPU), or an average margin per user (AMPU).

11.  The non-transitory computer-readable storage device of claim 9 wherein
the adapting of the tree to the changes over time is performed using a sliding time
window that includes at least some data distinct from data used for the creating

and the training of the tree for the first time.

12.  The non-transitory computer-readable storage device of claim 11 wherein a
duration of the sliding time window is adaptive based on a user behavior.
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13. The non-transitory computer-readable storage device of claim 9 wherein
the information gain for each of the branches is further determined for each node
within the tree based on a difference between an overall entropy at the node and
an entropy conditioned on a candidate attribute at the node.

14. The non-transitory computer-readable storage device of claim 9 wherein
the computer-executable instructions cause the processor unit to further perform
operations including performing pre-processing on at least one message attribute
or user attribute to enable binary testing to be performed using the attribute during

the creating and training of the tree.

15. The non-transitory computer-readable storage device of claim 9 wherein,
for each of the nodes, at least one of the target distribution or the control
distribution for the node is modeled based on a gamma distribution or a Bernoulii

distribution.

16. The non-transitory computer-readable storage device of claim 9 wherein
the creating and training of the tree includes creating a NULL category and
performing testing based on the NULL category for at least one message attribute

or user attribute that is missing.

17. A network device, comprising:

a transceiver to send and receive data over a network; and

one or more processors that are operative to perform actions, including:

creating and training, until it is complete, a model for a first time that

has multiple groups of users each having common user and message attributes,
wherein the creating and training includes sending a plurality of training messages
to a plurality of users in a target user group and includes separating the plurality of
users into the multiple groups of users to maximize an information gain for a
message attribute or user attribute with respect to a feature measure, wherein
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each group of users has an associated target distribution for the feature measure
and for the users in the group and includes a control distribution for the feature
measure and for other users in a control user group;

using the model created and trained for the first time to send a
plurality of further messages to muitiple additional users distinct from the plurality
of users in the target user group, the sending including, for each of the multiple
additional users, employing the model to generate an ordered ranking for the
additional user of the plurality of further messages based on determining a feature
measure lift, and using the ordered ranking to select one or more of the plurality of
further messages to send to the additional user;

repeatedly adapting the model to changes over time by, for each of
multiple additional times after the first time and after the using of the model to
send the plurality of further messages, retraining the model for the additional time
to correspond to further user responses to additional interactions with respect to
the feature measure, wherein the adapting includes modifying at least one of the
target distribution or the control distribution for each of one or more of the groups
of users of the model; and

after each of one or more of the multiple additional times, using the
retrained model for the additional time to select and send additional messages.

18.  The network device of claim 17 wherein the adapting of the model for at
least one of the additional times further includes adding at least one new group of

users to the model.

19.  The network device of claim 17 wherein at least one of the multiple groups

of users includes users having a common user attribute that represents a user

propensity.

20. The network device of claim 17 wherein the separating of the plurality of
users into the multiple groups of users to maximize the information gain is
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performed based on maximizing a difference between an overall entropy at a first
decision point and an entropy conditioned on a candidate attribute at the first

decision point.
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