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SYSTEMS AND METHODS FOR EMAIL TRANSMISSION
MANAGEMENT

RELATED APPLICATION

{8001} This international application is a continuation of and clairas the
benefit of priority noder to U.S. Patent Application Senal No. 14/168,703, filed on

January 3@, 2014, which is incorporated by reference herein in its entirety.

TECHNICAL FIELD

{3002] The present application relates generally to data processing systems
and, in one specific exarople, to techniques for reanaging the transmission of emails

in response to the prediction of a user response to e~mail content.

BACKGRUUND

{6003] Social network services such as LinkedIn® reach out to many merabers
via eroail. These emails may countain tnformation about news articles, wnfluencer

posts, connection updates, group discussions, marketing content, cte.

BRIEF DESCRIPTION OF THE DRAWINGS
{6004} Soroe erobodivoents are tlustrated by way of example and not

{imitation in the figures of the accompanying drawings in which:

{6005] FIG. 1 is a block diagrarm showing the functional components of a
social networking service, consistent with some embodiments of the invention;
[8006] FIG. 2 is a block disgram of an example system, according to various
embodiments;

{3007] FIG. 3 illustrates an exemplary digest email, according to various
embodiments;

{8008] FI(3. 4 is a flowchart illustrating an example method, according to

various embodiments;

{3009} FIG. 5 illustrates an exemplary data flow, according to various
ergbodiments;
1000148] FIG. 6 tllustrates an example of ematl content data and a feature vector

containing email content data, according to various embodiments;

{60011 FIG. 7 illustrates an example of member email interaction data and a
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feature vector containing member email interaction data, according to various
embodiments;

{60012} FI1G. € illustrates an example of member site interaction data and a
feature vector containing member site interaction data, according to various
embodiments;

{B0613] FIG. 9 illustrates an example of member profile data and a feature
vector containing member profile data, according to various embodiments;
{60014} FIG. 19 is a flowchart illustrating an example method, according to
various embodiments;

{00015] FIG. 11 is a flowchart tllustrating an example method, according to
various embodiments;

{60016 FIG. 12 tllustrates an exeraplary user intertace for adjusting cmail
preferences, according to various embodiments;

{80617} FIG. 13 illustrates an exemplary portion of a user interface, according
{0 vartous embodiments;

{30018} FIG. 14 is a flowchart illustrating an example method, according to
various erabodiments;

{80319} FI(3. 15 is a flowchart illustrating an example method, according to

various embodiments;

{80026 FIG. 16 illustrates an exemplary e-mail message, according to various
ermbodiments;
1606211 FIG. 17 illustrates various aspects of a segmented model approach,

according to various embodiments; and

{00022} FIG. 18 is a diagramroatic representation of a machioe in the example
form of a computer system within which a set of instructions, for causing the
machine to perform any one or wore of the methodologies discussed herein, ray be

executed.

DETAILED DESCRIPTION

{00623} Example methods and systerns for managing emails in response to the
prediction of a user response to e-mail content are described. In the following
description, for purposes of cxplanation, mumercus specific details are set forth in

order to provide a thorough understanding of example emmbodiments. It will be
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evident, however, to one skilled in the art that the present invention may be
practiced without these specific details.

{60024 According to various excraplary cmbodiraents described herein, an
email management system is configured to predict the likelibood of a user
performing a user action on a particular email content item and manage the
transmission of emails accordingly. For example, the email management system
may predict the ikelihood that a particular member of an online social network
service (e.g., LinkedIn®} will click on a particular itern in a digest email. As another
example, the e-mail management system may predict the likelihood that a particular
member of the online social network service will access, open, or view any mail.
Accordingly, the email management system described herein is configured to
determine or predict what cmails (or what content within cmails) a member of an
online social network service is likely to interact with and manage the transmission
of emails accordingly. The prediction information may be used by the cmail
management system to, for example, dowunshift/filter out certain emails to ragmbers
if the prediction determines that there's a low likelihood of a click on that email,
which may reduce the transmission of unwanted emails and hence network traffic,
as well as reduce costs and member annoyance, while dramatically improving click
through rate (CTR). Hence, the email management system can control the
transmission of ematls based on the result of the prediction.

{0025] The email management system may include various types of
component modules including a source module that encodes raw data from external
data sources into feature vectors, and assembles the feature vectors to generate an
asserabled feature vector. In some emnbodiments, the assembled feature vector output
by the source modulie may include various features describing a member of a social
networking webstte, a particular email content item, a voember’s email activities, a
member’s other activities on the social networking website, activities of similar
members, activities of a member’s connections, and so on. The assembled feature
vector way theo be passed to a prediction wodule for predicting whether the
particular member will click on the particular craatl content itern.

{60626} The prediction module may use any one of various known prediction
modeling techniques to perform the prediction modeling. For example, the
prediction module may apply s statistics-based machine learning model suchas a

logistic regression model to the features in the assembled feature vector. For
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example, the email management system 200 roay usc an L2-regularized logistic

regression, Le.,
1 T -~ Z @t X
Ew -a)+(,-210g(1+e 3,

in which the function is minimized as a function of ®.

{60627} Thus, to tmprove the user experience and reduce vnwanted emails, for
a given member and ematl type or content, an email management system predicts
the response probability (where the response can be a click, registration or any other
activity}. With such a probability, a nurnber of actions can be faken, mcluding
deciding not to send the email, recommending an un-subscription, personalizing the
evoail by re-ordering the contents, portfolio optimization processes (where the e-mail
management system adjusts various aspects of e-mail distribution to conform to
members interests holistically), and so on

{0028} FIG. 1 is a block diagram illusirating various components or functional
modules of a social network service such as the social network systerm 20, consistent
with some embodiments. As shown in FIG. 1, the front end consists of a user
interface module {e.g., a web server) 22, which receives requests from various
client~computing devices and communicates appropriate responses to the requesting
client devices. For example, the user interface module(s} 22 may receive requests in
the form of Hypertext Transport Protocol (HTTP) requests, or other web-based,
application programming interface (API) requests. The application logic layer
ncludes various application server modules 14, which, in conjunction with the user
interface module(s} 22, generate various user interfaces {e.g., web pages) with data
retrieved from various data sources n the data layer. With some embodiments,
jndividual application server modules 24 are used to ivoplement the functionality
associated with various services and features of the social network service. For
instance, the ability of an organization to establish a presence in the social graph of
the social network service, including the ability to establish a customized web page
on behalf of an organization, and to publish messages or status updates on behalf of
an organization, may be services impiemented in independent application server
modules 24. Similarly, a varicty of other applications or services that are made
available to members of the social network service will be embodied in their own

application server modules 24.
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{060029] As shown in FIG. 1, the data layer includes several databases, such as a
databasc 28 for storing profile data, inchuding both member profile data as well as
profile data for various organizations. Consistent with some embodiments, when a
person initially registers to become a member of the social network service, the
person will be prompted to provide some personal information, such as his or her
name, age {¢.g., birthdate), gender, interests, contact information, home town,
address, the names of the member’s spouse and/or family members, educational
background {e.g., schools, majors, matriculation and/or graduation dates, ete.),
employment history, skills, professional organizations, and so on. This information
is stored, for example, in the database with reference number 28, Similarly, when a
representative of an organization initially registers the organization with the social
network service, the representative may be prorapted to provide certain information
about the organization. This information may be stored, for exaruple, in the
database with reference mumber 28, or another databasce (not shown). With some
embodiments, the profile data may be processed (e.g., in the background or offline)
to generate various derived profile data. For example, if a member has provided
information about various job titles the member has held with the same company or
different companies, and for how long, this information can be used to infer or
derive a member profile attribute indicating the member’s overall seniority level, or
seniority level within a particular comapany. With some embodiments, importing or
otherwise accessing data from one or more cxternally hosted data sources may
enhance profile data for both members and organizations. For instance, with
companies in particular, financial data may be imported from one or more external
data sources and made part of a company’s profile.

{80036 Unce registered, a member may invite other members, or be invited by
other members, {0 connect via the social network service. A “connection” may
require a bilateral agreement by the members, such that both members acknowledge
the cstablishment of the connection. Similarly, with some embodiments, a member
may elect to “follow” another meraber. In contrast to establishing a connection, the
concept of “following” another member typically is a unilateral operation and, at
least with some embodiments, does not require acknowledgement or approval by the
member that is being followed. When one member foliows another, the member
who s following may receive status updates or other messages published by the

member being followed, or relating to various activities undertaken by the member
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being followed. Similarly, when a member follows an organization, the member
becomes eligible to receive messages or status updates published on behaif of the
organization. For instance, messages or status updates published on behalf ofan
organization that a member is following will appear in the member’s personalized
data feed or content stream. In any case, the various associations and relationships
that the members establish with other members, or with other entities and objects,
are stored and maintained within the social graph, shown in FIG. 1 with reference
number 30.

1606311 The social network service may provide a broad range of other
applications and services that allow roembers the opportunity to share and receive
information, often customized to the interests of the member. For example, with
some embodiments, the social network service may include a photo sharing
application that allows merabers to upload and share photos with other merabers.
With some embodiments, merabers may be able to self-organize into groups, or
interest groups, organtzed around a subject matter or topic of interest. With some
embodiments, the social network service may host various job listings providing
details of job openings with various organizations.

160032} As members interact with the various applications, services and content
made available via the social network service, the members’ behaviour (e.g., content
viewed, links or member-interest buttons selected, etc.y may be monitored and
information concerning the member’s activities and behaviour may be stored, for
example, as indicated in FIG. 1 by the database with reference number 32, This
information may be used to classify the member as being in various categories. For
example, if the meraber performs frequent searches of job Hstings, thereby
exhibiting behaviour indicating that the member is a likely job seeker, this
jnformation cau be used to classify the mewber as a job seeker. This classification
can then be used as a member profile attribute for purposes of enabling others to
target the member for receiving messages or status updates. Accordingly, a
company that has available job openings can publish a message that 1s specifically
directed to certain raembers of the social network service who are job seekers, and
thus, more likely to be receptive to recruiting efforts. With some embodiments, the
social network system 20 includes what is generally referred to herein an email
management system 200, The email management system 200 is deseribed in more

detail below in conjunction with FIG. 2.
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1000633] Although not shown, with some crabodiments, the social network
system 20 provides an application programming interface (AP module via which
third-party applications can access various services and data provided by the social
network service. For example, using an AP, a third-party application may provide a
user interface and logic that enables an authorized representative of an organization
to publish messages from a third-party application to a content hosting platform of
the social network service that facilitates presentation of activity or content streams
maintained and presented by the social network service. Such third-party
applications may be browser-based applications, or may be operating system-
specific. to particular, some third-party applications may reside aund execute on one
or more mobtle devices {(e.g., phone, or tablet computing devices) having a mobile
operating syster.
[600634] Turning now to FIG. 2, an ervail manageroent system 200 includes a
source module 202, a prediction moduale 204, an email management module 206,
and a database 208. The modules of the ervail manageroent system 200 way be
implemented on or executed by a single device such as a response prediction device,
or on separate devices imterconnected via g network. The aforementioned response
prediction device may be, for example, a client machine or application server.
{000635] Briefly, the source module 202 is configured to access various data,
including email content data describing a particular email content item and member
email interaction data describing a particular member's interactions with various
ernail content. The source module 202 also encodes the data accessed from the
external data sources into one or more feature vectors, and assembles the one or
more feature vectors to thereby generate an assembled feature vector (see FIG. 5},
Thereafier, the prediction module 204 performs a prediction modeling process based
on the assembled feature vector and a prediction model to predict a likelihood of a
particular member performing a particular user action on a particular ematil content
itera {e.g., the email content item described by the raw email content data). The
prediction module 204 may use any one of vartous known prediction modeling
echnigues to perform the prediction modeling. For example, the prediction module
204 yoay apply a statistics-based machioe learning model such as a logistic
regression model to the assembled feature vector.
1000636] FIG. 5 illustrates a schomatic view of g data flow with regards to

portions of the ematl management system 200. As illustrated in FIG. 5, the source
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module 202 may extract or fetch more features or raw data located at external data
source(s) 50a-50c. In some embodiments, the external data sources 50a-50¢ may
correspond to remote data storage facilities, data repositories, Web servers, etc., that
are accessible by the source modules 202 via a network {(¢.g., the Internet).
According to various embodiments, the raw features may be any type of information
that may be used to predict the likelihood that a particular member will performa
particular user action on a particular ematl content item. For example, the source
modules 202 way access email content data describiog a particular email content
item and member email interaction data describing a particular member's
interactions with various erail conteunt, as described 1n more detail below.

{00371 In some embodiments, the term “email content item” refers to an email
of a particular type, such as a network connection update e-mail, a news update ¢-
mail, a jobs update e~mail, an influencer post update e~mail, a company updaie e~
mail, a group update e-mail, and a university update e-mail. In some embodiments,
the email type is a digest e-mail associated with an online social network service
{see FIG. 3), the digest e-mail including at least onc of network connection update
information, news update information, jobs update information, influencer post
update information, company update information, group update information,
untversity update information. In some embodiments, the term “email content itern”
refers to content included within an email (e.g., a digest email}, such as network
update information, Influencer update information, jobs update information, groups
update information, universities update information, companies update information,
cte. In some embodiments, the enail content item may be an advertisoment, offer,
promotion, coupon, special, deal, an article, a news item, a blog post, and so on,
included in an ematl or another notification {e.g., text message, instant message, chat
ressage, etc. ).

{00038 In some embodiments, the nser action may be a click response, a non-~
click response, a hover response {¢.g., the user causes a mouse cursor to hover over
the email content item for a predetermined period of time), an unsubscribe respouse,
a conversion response {¢.g., the user selects an advertisement or offer in the email
and completes a transaction based on the advertisement), a like response {¢.g., the
member likes the item), a comment response {€.2., the member comments on the
itcra}, a share response {(e.g., the member shares the item}), a follow response {e.g.,

the member follows the items}), a rating response (e.g., the member rates the email

o0
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content itern, based on 4 range of rating options displayed in conjunction with the
ernail content ttem), and so on.

{60038 In some embodiments, the email content data accessed by the source
module 202 specifies an email type, email format, email title, email keywords, and
email image, email content item rendering information {e.g., various rendering
characteristics of an email content item with respect to the appearance of the email
content item, such as email format, email size/shape, email image characteristics,
ernail color characteristics, email border/frame characteristics, email title font size,
email title font type, email keyword font size, email keyword font type, etc.), and so
on. The external data source from which such raw ermail content data may be
accessed may be a database, data repository, storage facility, Web server, ¢tc.,
associated with the social network service such as LinkedIn® or Facebook®, For
example, FIG. 6 illustrates an example of e-roal content data 600 that may be
accessed by the source module 202 and encoded into a feature vector. In particular,
the email content data 600 identifies email type, ervail format, email title, email
keywords, and email image, ctc., for a given email. Thus, the source module 202
may encode the aforementioned email content data 600 into one or more feature
vectors 501, which may be then be included in the final assembled feature vector
510 that is passed to the prediction module 204 {¢.g., see FIG. §).

{80046 According to various exemplary embodiment, the supervised-learning
model performed by the prediction module 204 may take into account features
related to the member’s email activities (how many emails were sent out for each
type and how many clicks were received, or if the member has unsubscribed from
any types of emails, etc.). For exarople, the source module 202 roay access, from a
data source {¢.g., data sources 50a-50¢ in FIG. 5}, member e~matl interaction data
describing a history of the wember’s interaction with various e-matl content iterus
for various types of emails (network connection update e~mail, a news update e-
mail, cte.}. In some embodiments, the member email interaction data may indicate a
quantity of various emai types transmitted to the particular mewber (e.g., overa
given timne intervaly, a quantity of clicks submitted by the particular mermber in
conjunction with the various email types {e.g., over a given time interval), a quantity
of email unsubscribe requests submitted by the particular member in conjunction
with the various email types (e.g., over a given time interval). For example, FIG. 7

iliustrates an example of member e-mail interaction data 700 that may be accessed
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by the source module 202 and encoded into a feature vector 502, In particular, the
member e-mail interaction data 700 identifies how many of a first type of e-mail and
the user has received {e.g., over a given tirne period), how many of the first type of
e-mail to the user has clicked on {e.g., over a given time interval), whether or not the
user has unsubscribed from the first type of e-mail {e.g., during a given time
interval}, and so on for other types of e-mails. Thus, the source module 202 may
encode the aforementioned member e-mail interaction data 700 into one or more
featare vectors 502, which may be then included in the final assembied feature
vector 510 that is passed to the prediction module 204 (e.g., see FIG. 5).

{00041 ] According to various exemplary embodiments, the supervised learning
model performed by the prediction module 204 may take into account features
related to the mermber’s other activitics on the site {(page views, likes, the volume
and type of the content consumed, the searches conducted on the stte, ete.). For
example, the source module 202 may access, from a data source {e.g., data sources
50a-50c¢ in FIG. 3), member site interaction data describing the particular roember's
interaction with various features or content of an online social network service. In
some embodiments, the member site interaction data may indicate a quantity of
various user actions (¢.g., vicws, impressions, likes, comments, shares, follows,
posts, etc.} performed by the particular member in association with the various
features, products, or content, associated with an online social network service (e.g.,
a content feed, a people vou may know user interface, a search user interface, a jobs
page, a member profile page, a company’s page, a8 groups page, an Influencers page,
a university page, etc., on LinkedIn). For example, FIG. ¥ illustrates an example of
member site toteraction data 800 that voay be accessed by the source roodule 202
and encoded into a feature vector 503. In particular, the member e~-mail interaction
data 800 identifies how many tiroes the user has perforroed a particular user action
(e.g., views, impressions, tikes, comments, shares, follows, posts, et¢.} in
conjunction with the particular product feature (e.g., during a given time interval),
Thus, the source module 202 may encode the aforeroentioned member site
interaction data 800 into one or raore feature vectors 503, which may be then
jncluded 1u the final assernbled feature vector 510 that is passed to the prediction
module 204 (¢.g., see FIG. 5).

[60042] The member ematl interaction data and member site interaction data

may be stored in a server or similar storage facility {e.g., database, data repository,

10
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ete.}, and may correspond to meraber interaction history or behaviour history
associated with an account of the member on a social network service such as
LinkedIn® or Facebook®. For example, the member ermail interaction data and
member site interaction data may correspond to the profile data, social graph data,
and/or member activity and behaviour data stored in the databases 28, 30 and 32 of
social network system 20 illustrated 1n FIG. 1. Accordingly, the external data source
from which such raw member data may be accessed may be a database, data
repository, storage facility, Web server, etc., associated with a social network
service such as Linkedin® or Facebook®.

{00043} According to various exemplary embodiments, the member email
interaction data and/or member site interaction data may include context data or
context features describing a potential or actual context in which a particular
member may interact with a particular evoadl content iter or site product. Examples
of raw context data include time, date, hour of day, day of week, hour of week,
Toternet Protocol (IP) address, current user geo-location information, whether the
crnail is accessed via a mobile device {e.g., smartphone or tablet) or a non-mobile
device (e.g., desktop), the channel through which the email content item is displayed
(c.g., cmail application, web-accessible enatl, SMS or MMS text message, instant
chat message, In-mail service on Linkedin®, Messenger service on Facebook®,
etc.), browser data describing a browser utilized to render email content {e.g.,
browser model, browser brand, browser capabilitics, browser version, ¢tc.}, and so
on.

8003441 According to various exemplary embodiments, the supervised learning
model pertormoed by the prediction module 204 may take into account roember
profile data related to the member (e.g., member profile attributes). For example, the
source module 202 may access, from a data source {e.g., data sources 50a-50¢ in
FIG. 5), member profile data describing a particular member, inchiding gender, age,
current location, previous locations, industry, education, alma mater, current job,
current employer, previous jobs, previous eraployers, experience, skills, number of
connections, endorsements, seniority level, company size, identity of commections,
networks, groups, interests, preferences, hobbies, purchase history, browsing
history, cthnicity, sexual orientation, and so on. For example, FIG. O illustrates an
example of member profile data 900 that may be accessed by the source module 202

and encoded into a feature vector 504, which may be then included in the final
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assernbled feature vector 510 that is passed to the prediction module 204 {¢.g., see
F1G. 5. The raw member profile data may be stored in a server or stmilar storage
facility (e.g., database, data repository, ¢tc.), and may correspond to member profile
data or member attributes associated with an account of the member on a social
network service such as Linkedin® or Facebook®. For example, the raw member
profile data may correspond to the profile data, social graph data, and/or member
activity and behaviour data stored in the databases 28, 30 and 32 of social network
system 20 illustrated in FIG. 1. Accordingly, the external data source from which
such raw member data may be accessed may be a database, data repository, storage
facility, Web server, ete., associated with a social network service such as
LinkedIn® or Facebook®,

{30045} According to various exemplary embodiments, the supervised learning
model performed by the prediction module 204 mway take into account various
features related to the member connections of the particular member on the online
social network service. For example, the source module 202 may exiract various
types of data described above (¢.g., member profile data, member e-mail interaction
data, member site interaction data, ¢te.) that are associated with the member’s
connections. In some embodiments, the source module 202 may access such
information associated with one or more member connections having a certain
degree of connectedness with the particular member {e.g., first-degree only, or first
and second degree connections only, etc.). In some embodiments, the source module
202 may access information associated with one or more member connections that
have interacted with the particular member to a certain extent degree {¢.g.,
exchanged a threshold mumber of messages, posts, recoromendations, endorsements,
ete., with the particular member), and so on. Thus, the source modale 202 may
encode the aforementioned data into one or more feature vectors 505, which may be
then included in the final assembled feature vector 514 that is passed to the
prediction module 204 (e.g., see FIG. 5). In a casc where features for a single
member connection are utilized, the source module 202 roay generate a feature
vector for the data (e.g., the member site interaction data) for a single member
connection for tnsertion into the assembled feature vector. Ina case where features
from nultiple member connections are utilized, the source module 202 may generate
a separate feature vector for the data {(e.g., the member site interaction data) of each

member connection for insertion into the assembled feature vector, or the source
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module 202 may generate a single feature vector for the data (c.g., the member site
interaction data} of all the member connections {(¢.g., based on average, median,
mean, cte,, values) for insertion into the assembled feature vector, In some
embodiments, the activity of the member connections may be weighted by the
strength of the connection. For example, if the source module 202 determines that a
given member connected to the particular member has a strong relationship with the
particular member {¢.g., based on the exchange of a threshold number of messages,
posts, recommendations, endorseracnts, etc., with the particular mersber), then the
source module 202 may weigh the data associated with this member connection
more than the data associated with another member connection.

{80046 According to various exemplary embodiments, the supervised learning
model performed by the prediction module 204 may take into account various
features related to merobers of the ounline social network service that are stmiar to
the particular meraber. For exaraple, the source module 202 may extract various
types of data described above (e.g., roeraber profie data, wember e-mail interaction
data, member site interaction data, cte.) that are associated with similar members,
The source module 202 may determine similar members based on similarities in the
member profile data of various members {¢.g. meombers that have the same/similar
titles, seniority levels, ete., or work in the same industry, function arca, ¢tc.), as well
as similarities based on other member activities {¢.g., member site interaction data,
member ¢-mail interaction data, etc.), or based on similarities in the connections of
the members, and so on. Thus, the source module 202 may encode the features of
similar members mto one or more feature vectors 506, which may be then included
in the final assembied feature vector 510 that s passed to the prediction rvodule 204
{e.g., see FIG. 5). In a case where features for a single similar member are utilized,
the source module 202 may generate a feature vector for the data {e.g., the member
site interaction data) for a single similar member for insertion into the assembled
feature vector. In a case where features from multiple similar members are utilized,
the source module 202 may generate a separate feature vector for the data {e.g., the
mcrmber site interaction data) of cach similar member for insertion into the
assembled feature vector, or the source roodule 202 may generate a single feature
vector for the data (¢.g., the member site interaction data) of all the similar members
(c.g.. based on average, median, mean, ¢tc., values) for insertion into the assembled

feature vector. In some embodiments, the activity of the member connections may
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be weighted by how similar the member is to the particular member. For example, if
the source module 202 determines that a similar member is very similar to a
particular member (¢.¢., based on a close match between the member profile
atiributes of the similar member and the particular member), then the source module
202 may weight the data associated with this similar member more than the data
associated with another member that is not as similar to the particular member.
{00047 In some embodiments, the features associated with one or more similar
merabers or merober connections of the particular mermber (consistent with various
embodiments described above) may replace the features associated with the
particular mewober of themselves. For example, the features associated with simodar
members or member connections may be inserted into the feature vectors 502-304.
{60048] As described above, the source module 202 encodes the data accessed
from the external data sources tnto one or more feature vectors 301-506, and
assernbles the one or more feature vectors to thereby generate an assembled feature
vector 516 (see FI1G. §5). As understood by those skilled in pattern recognition and
machine learning, a feature vector is an n-dimensional vector of numerical features
that represent sorne object. According to various exemplary embodiments, the
source module 202 may access a configuration file {e.z., in database 208&) specifying
raw data encoding rules that describe how the rotator is to be encoded into the
feature vectors. An example of a raw data encoding rule is: a particular member
feature F located at storage location L of the external data source S is to be inserted
into position X of a member feature vector M. Accordingly, with reference to FIGS.
5-9, the configuration file may specity how the source module 202 is to encode
member e~-mail interaction features into a member e-mail 1oteraction feature vector
502, member site interaction features into a member site tnteraction feature vector
503, member profile features into a member profile feature vector 504, and so on.
{00049] As described above, the prediction module 204 performs a prediction
modeling process based on the assembled feature vector 510 and a prediction model
to predict a likelihood (e.g., the probability) of the particular roember performing a
particular user action (e.g., chick) on the particular email content item {e.g,, a
particular type of e-mail).

[80056] The prediction module may use any onc of various known prediction
modcling techniques to perform the prediction modelling process. For example,

according to various exemplary embodiments, the prediction module may perform
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the prediction modeling process based on a statistics-based machine learning model
such as a logistic regression model.

{00651 Asunderstood by those skilled in the art, logistic regression is an
example of a statistics-based machine learning technique that uses a logistic
tunction. The logistic function is based on a variable, referred to as a logit. The logit
is defined in terms of a set of regression coetficients of corresponding independent
predictor variables. Logistic regression can be used to predict the probability of
occurrence of an event given a set of independent/predictor variables. A highly
simplified example machine learning model using logistic regression may be
Infp/(I-p)l=a+ BX + ¢, or [pAl-p)] = expla + BX + ¢), where In 18 the natural
logarithm, 10gc, where exp=2.71828.. ., p is the probability that the event Y occurs,
mY=1), p/(1-p) is the "odds ratio”, Infp/(1-p}] is the log odds ratio, or "logit", a is
the coefficient on the constant term, B is the regression coefficient(s) on the
independent/predictor variable(s), X is the independent/predictor variable(s), and ¢
is the error term.

{30052 The independent/predictor variables of the logistic regression model
arc the attributes represented by the assernbled feature vectors deseribed throughout.
The regression coefficients may be estimated using maximum likelihood or learned
through a supervised learning technique from data collected in logs or calculated
from log data, as described in more detail below. Accordingly, once the appropriate
regression coefficients {e.z., B) are determined, the features included in the
assembled feature vector may be plugged in to the logistic regression model in order
to predict the probability that the event Y occurs {where the event Y may be, for
example, whether the particular mevober clicks on the particular email content item
in the particular context}. In other words, provided an assembled feature vector
jncloding various features associated with a particular merober, a particular email
conteni item, a member’s email activities, a member’s other activitics on an online
social network service website, and so on, the assernbled feature vector may be
applied to a logistic regression model to determine the probability that the particular
meraber will respond to the particular email content item in a particular way {e.g.,
click}. Logistic regression ts well ynderstood by those skilled 1o the art, and will not
be described in further detail herein, in order to avoid occluding various aspects of

this disclosure.
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{80053 The prediction module may use various other prediction modeling
echnigues understood by those skilled in the art to predict whether a particular
mermber will ¢lick on a particular email content item. For example, other prediction
modeling techniques may include other machine learning models such as a Naive
Bayes model, a support vector machines {SVM} model, a decision trees model, and
a neural network model, all of which are understood by those skilled in the art.
{80054 According to various exemplary embodiments, the email management
system roay be used for the purposes of both off-line tratoing (for generating,
tratning, and refining a prediction model) and online inferences (for predicting
whether a particular member will click on a particular email content item, based on a
prediction model).
{60055 For exaraple, if the prediction maodule 204 is utilizing a logistic
regression model (as described above), then the regression coefficienis of the
logistic regression model raay be learned through a supervised learning technique
trovo data collected in logs or calculated from log data. Accordingly, in one
embodiment, the email management system 200 may operate in an off-line training
mode by assembling log data into assembled feature vectors. For example, whenever
a member of a social network service performs a particular user action on a
particular eroail content itern, various information describing aspects of this
interaction (e.g., information describing the member, information describing the
email content item, etc.} may be stored as entries in an interaction log. Over time,
the log data may include millions or even billions of entries, representing
interactions between different members and different email content items.
Accordingly, the evoail manageroent system may access, for exarople, all the log
entries in the past 30 days where various members performed various user actions
{e.g., a click or a non-click} on various email content ttems, and the ematl
management system may convert each of these log entries into an assembled feature
vector, based on the various erabodiments described hercin. For the purposes of
trainiog the system 200, the systern 200 generally needs both positive training
examples of where users performed an action {e.g., click), as well as negative
tratning examples of where users did vot perform the action (e.g., non-chick). The
assembled feature vectors {¢.g., the assembled feature vector 510 illustrated in FIG.
5) may then be passed to the prediction module, in order to refine regression

cocfficients for the logistic regression model. For exampie, statistical learning based
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on the Alternating Direction Method of Multipliers technique may be utilized for
this task.

{60036 Thereafter, once the regression coetficients are determined, the crail
management system 200 may operate to perform online inferences based on the
trained model (including the trained model cocfficients) on a single assembled
feature vector. For example, according to various exemplary embodiments described
herein, the email management system 200 is configured to predict the likelihood that
a particular voember will perform a particular user action for various email content
items, in order to determine which of the various email content items shouid be
displayed to the particular mewmber in the particular context. For exaraple, suppose
an online social network service is attempting to determine what type of email {or
content within an email) should be sent to a user John Smith. The email
management systern 200 may predict the likelihood that the particular member John
Staith will click on various email content items, such as email content item E1, E2,
E3, ete., given the particalar context. Thereafter, the email wnanagement system 200
may rank the email content items E1, E2, B3, ctc,, based on how likely it is that the
user will perform the user action {e.g., click) on each of the email content items
given the particular context. For example, if the likelihood that the member will
click on E1 and E3 is low, but the likelihood that the member will click on E2 is
high, then email content iterms B2 may be ranked higher than E1 and E3.
Accordingly, the email management system 200 may determine that E2 should be
displayed to the member instead of El or E3, or that E2 should be displayed higher
{or more prominently} than E1 or E3, since the prediction module 204 has
determined that the mevober is more bikely to click on E2 than Bl or E3.
Accordingly, this online inference process may be performed whenever an email is
to be transmuited to a merber and a determotnation is to be made as to what content
should be displayed in the email.

[B0057] FIG. 4 is a flowchart tllustrating an example method 400, according to
various exemplary embodiments. The method 400 may be performed at Jeast in part
by, for exaraple, the cmail management system 200 illustrated in FIG. 2 (or an
apparatus having similar modules). Operations 401404 1o the method 400 will now
be described briefly. In operation 401, the source module 202 accesses email content
data describing a particular email content item and member email interaction data

describing a particular member's interactions with various email content. In
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operation 402, the source module 202 encodes the data accessed from the external
data sources into onc or more featurc vectors. In operation 403, the source module
204 assembles the one or more feature vectors to thereby gencrate an assembled
feature vector (see F1G. §). Finally, in operation 404, the prediction modale 204
performs a prediction modeling process based on the assembled feature veoctor and a
prediction model to predict a hikelihood of a particular member (e.g., the member
described in the raw member data) performing a particular user action on a
particular email content ttem {e.g., the erail conitent item described by the raw ematl
content data). The prediction module 204 may use any one of various known
prediction modeling techniques to perform the prediction modeling. For example,
the prediction module 204 may apply a statistics-based machine learning model such
as a logistic regression model to the assembled feature vector. Each of the
aforemaentioned operations 401-404, and cach of the aforementioned modules of the
email management system 200, will now be deseribed in greater detail.

[B0058] FIG. 10 is a flowchart tllustrating an example method 1000, consistent
with various embodiments described above. The method 1000 may be performed at
lcast in part by, for cxample, the email management systera 200 itlustrated in FIG. 2
{(or an apparatus having similar modules, such as client machines 110 and 112 or
application server 118 illustrated in FIG. 1), In operation 1001, the source module
2072 identifies similar members of the online social network service that are similar
to the particular member. In some embodiments, the similar members may be
identified by: accessing member profile data associated with the particular member;
and determining a match between member profile data associated with the similar
members and the accessed mernber profile data associated with the particular
member. In other embodiments, the similar members may be identified by
similarities based on other member activities {e.g., member site interaction data,
member e-mail interaction data, ¢tc.}, or based on similarities in the connections of
the members, and so on, In operation 1002, the source module 202 accesses at least
one of member profile data, member email interaction data, and member site
interaction data associated with the one or more similar members. In operation 1003,
the source module 202 inserts at least one of the voember profile data, the voember
email interaction data, and the member site interaction data associated with the one

or more sirnilar members into the assernbled feature vector. It is contemplated that

18



WO 2015/116726 PCT/US2015/013362

the operations of method 1000 may incorporate any of the other features disclosed
herein.

[G0059] FI1G. 11 1s g flowchart illustrating an example method 1100, consistent
with various embodiments described above. The method 1100 may be performed at
least in part by, for example, the email management system 200 illustrated in FIG. 2
{or an apparatus having simtlar modules, such as client machines 110 and 112 or
application server 118 illustrated in FIG. 1}. In operation 1101, the source module
202 identifics member connections that are connected to the particular member via
the online social network service. In operation 1102, the source module 202 accesses
at least one of rnember profile data, member email interaction data, and member site
interaction data associated with the one or more member connections. In operation
1103, the source module 202 inserts at least one of the member profile data, the
merber email interaction data, and the member site interaction data associated with
the one or more member connections into the asserabled feature vector. It is
conterapiated that the operations of method 1100 may wcorporate any of the other
features disclosed hereim.

{60060 In some embodiments, after the prediction module 204 determines the
likelihood that a particular member performs a particular user action {e.g., clicks,
opens, views, ¢t¢.) on an ¢-mail content item (e.g., a particular type of ¢-mail such as
a network update c-mail, jobs update c-matl, a news update e-mail, ctc ), the email
management module 206 of the email management system 200 may compare the
likelihood with various predetermined thresholds, 1n order to adjust, downshift, or
refine the quantity, frequency, and type of e-mails being transmitted to the particular
member.

{00061 in some embodiments, if the predicted likelihood is lower thana
predetermined threshold (e.g., indicating that the particular voember s not hikely to
click on that e~mail content item}, then the email management module 206 may
reduce the distribution of that type of e-mail content itern to the particular member.
For example, 1o sorue embodiments, the ervail wanagerent module 206 may adjust
e-roail preference settings associated with the particular member (e.g., see FIG. 12)
to cause the reduction in the distribution of that particular type of e~mail content
item to the particular member. For example, in some embodiments, the email
management module 206 may reduce the frequency of that particular type of e-mail

from being transmitted to the member (e.g., from daily to weekly or monthly, etc.}.
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In some embodiments, the email management module 206 may temporarily prevent
that e-mail type from being transmitted to the member {e.g., the email management
module 206 may prevent the next X ¢-mails of that type from being transmitted to
the member, or the email management module 206 may prevent that e~mail type
trom being transmitted to the member for a given time period, such as the next
week, or month, or six months, ¢tc.). In some embodiments, the emat! management
module 206 may automatically unsubscribe the user from that type of e-mail. In
some embodiments, the email management module 206 may reduce a quantity of
that e-mail content item within an ¢-mail message {e.g., only 2 news items per e-
mail fnstead of 10 news items per e-roail). The 206 may reduce this quantity of e-
mail content type either temporarily or indefinitely (e.g., until the user changes the
appropriate settings in their e-mail preference settings).

{60662} fnthe case of a digest e-mail {which may include network updates,
news updates, influcncer posts, group updates, etc.}, if the prediction module 204
determines that the likelithood that the particular member will perform the user
action on that e-mail content item is lower than a specific threshold, then the email
management module 206 may reduce the distribution of that particular e-mail
content item in the digest e-mails. For example, the email management module 206
may reraove the e~-mail content type from the digest e-mail indefinitely (e.g., until
the user changes the appropriate settings in their e~-mail preference settings). As
another example, the email management module 206 may remove the c-mail content
type from the digest e-mail temporarily {e.g., for the next X digest e-mails, or for a
given time period, such as the next week, or month, or six months, eic.}). As another
example, the email managersent module 206 may reduce a quantity of that e-wail
content item within the digest e-mail message {e.g., only two news items per digest
e-roail instead of 10 news iteros per digest e-toail). As another example, the email
management module 206 may reorder the contents of the digest email, placing email
content itern lower or less prominently in the digest email.

[60063] In some embodiments, i the likelihood 1s higher than a predetermined
threshold (c.g., indicating that the particular meraber is likely to click on that ¢-mail
content item}, then the email management wodule 206 yoay matotain or increase the
distribution of that type of e-mail content item to the particular member. For
example, in some crabodiments, the email management module 206 may adjust ¢-

mail preference settings associated with the particular member {e.g., see FIG. 12} to

20



WO 2015/116726 PCT/US2015/013362

cause the increase in the distribution of that particular type of e-mail content item to
the particular member. For example, in some embodiments, the email management
module 206 may maintain or increase the frequency of that particular type of e-mail
from being transmitted to the member {e.g., from monthly to weekly or daily, etc.}.
In some embodiments, the email management module 206 may automatically
subscribe the user for distribution of that type of e~-mail {e.g., if the user was not
already subscribed to that type of e-mail}. In some embodiments, the email
mapagement module 206 may increase a quantity of that e-mail content tero within
an e-mail message (e.g., from 2 news items per e-mail tnstead to 10 news items per
e~-mail). The 206 way increase this quantity of e~-mail content type either teraporarily
or indefinitely {e.g., until the user changes the appropriate settings in their e-mail
prefercnce settings).

[000664] fnthe case of a digest e-mail {(which may include network updates,
news updates, influcncer posts, group updates, etc.). In such cases, if the prediction
module 204 determines that the likelibood that the particular meruber will perform
the user action on that e-matl content item is higher than a specific threshold, then
the email management module 206 may maintain or increase the distribution of that
particular e-mail content item in the digest e-maiis. For example, the email
management module 206 may include that email content item type in the digest
emails to the member (e.g., if this was not already the case). As another example, the
email management module 206 may increase a quantity of that e-mail content item
within the digest e-mail message {e.g., from two news items per digest e-mail to 10
news items per digest e-mail). As another example, the email management module
206 may reorder the contents of the digest ematl, placing email coutent ttern higher
or more prominently in the digest email.

[000665] In some ermbodiments, the email management systern may be utilized
for portfolic optimization processes {e.g., where the e-mail management system
adjusts various aspects of e-mail distribution to conform to mernbers interests
holistically). For example, the prediction module 204 may utilize the calculated
likelihoods for the purposes of ¢-nail portfolio optimization by placing more or less
restrictions on the amounts, type, characteristics, and 8o on, e~matils sent to one or
more members of an online social network. For example, the prediction module 204
may limit the total number of e~-mails per mermber, and/or maintain g global click

through rate {{TR) across all e-matls or e-nmails of a particular type, and/or limit a
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number of ¢-mails sent to members per c-mail type {c.g., job-related c-mails}), and so
on. Thus, the email management system may adjust the frequency of email
distribution via thresholds {as described clsewhere herein) or via a more holistic
approach where a number of parameters can be optimized simultaneously, or a
number of different constraints can be enforced simultaneously. In particular, in
some embodiments, the e-mail management system may generate and maintain e-
mail portfolio optimization information per member. For example, based on
particular member’s interests and inferced intent, the system 200 roay choose a set of
e-mails every week to send to a member. As another example, the system 200 may
make sure that the particular merober does not receive more than five e-mails per
week (and based on this constraint, the system 200 may either upshift or downshift
the number of emails sent to the member, but will make sure they receive the most
relevant e~-mails). Avother example of a constraint is that whowever receives email
type 1 doesn't get c-mail type 2, and so on. Thus, it is understood that the system 200
may utilize a more holistic approach where different types of constraints may be
enforced simultancousty.

[60066] In some embodiments, when the email management module 206
adjusts the e-mail settings of a member {e.g., reducing or preventing the distribution
of certain e-maail type to a member), the email management module 206 may display
a prompt informing the user that the e-mail settings have been changed (e.g., see
F1G. 13) and allowing the user to reject the change. {n other embodiments, the email
management module 206 may automatically adjust e-mail settings of the member
{consistent with various embodiments described herein), without displaying the
aforementioned prompt or the user. In some embodiments, the email manageroent
module 206 may request user authorization to adjust the e-mail settings of the
mewmber {e.g., via a query provapt displayed i the user interface), before proceeding
to adjust e-mail settings of the member.

[80067] According to various exemplary embodiments, the email management
systermn 200 may display the user interface allowing a member to adjust their e~-mail
prefercncey/settings. For example, the ematl management module 206 may display
the user interface 1200 illustrated in FIG. 12, As tlustrated in FIG. 12, the email
management module 206 may display a prompt indicating that the email
management module 206 has autornatically adjusted the e~-mail preferences of the

user, consistent with various embodiments described herein.
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{00068 FIG. 14 is a flowchart ilustrating an example method 1400, consistent
with various embodiments described above. The method 1400 may be performed at
least in part by, for example, the email management systera 200 illustrated 1o FIG. 2
{or an apparatys having similar modules, such as client wachines 110 and 112 or
application server 118 illustrated in FI{. 1). In operation 1401, the email
management module 206 determines that the likelihood of the particular member
performing the particular user action on the particular email content item is lower
than a predetermined threshold. o operation 1402, the email management modale
206 reduces a distribution of the particular email content item to the particular
member. In some embodiments, the email management module 206 way update
email preference settings associated with the particular member, the updated email
preference settings specifying a reduced quantity or frequency of the particular
evoail content item for distribution to the particular member. For exarople, the email
management module 206 may reduce a quantity of the particular email content item
ncluded in an e~mail for distribution to the particular meruber. As another example,
the email management module 206 may reduce a frequency of the particular email
content item for distribution to the particular racmber. As another example, the
email management module 206 may temporarily prevent the particuiar email content
itern from being distributed to the particular member. As another exaraple, the cmail
management module 206 may unsubseribe the particular member from a distribution
of the particular email content item. Each of the aforementioned results may be
associated with a different predetermined threshold {e.g., if the likelihood is less
than a first higher threshold, then temporarily prevent the member for receiving that
e-mail content item, resident likelihood is less than a second lower threshold, then
automatically unsubscribed the particular member from distribution of that
particular e~-mail content itemy. It is conteraplated that the operations of method
1400 may incorporate any of the other features disclosed herein.

{80069 FIG. 15 is a flowchart tlustrating an example method 1500, consistent
with various embodiroents described above. The method 1500 may be performed at
least in part by, for example, the email management systera 200 illustrated 1o FIG. 2
{or ap apparatus having stmilar modales, such as client wachines 110 and 112 or
application server 1& illustrated in FI{. 1). In operation 1501, the source module
202 deterraines that the likelihood of the particular member performing the

particular user action on the particular cmail content item is greater than a
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predetermmined threshold. In operation 1502, the source module 202 increases a
distribution of the particular email content item to the particular member. For
example, in some embodiments, the email management module 206 may increase a
quantity of the particular ematl content item included in an e~mail for distribution to
the particular member. As another example, the email management module 206 may
increase a frequency of the particular email content item for distribution to the
particular member. Each of the aforementioned results may be associated with a
different predetermined threshold (e.g., tf'the hikelihood is greater than a first lower
threshold, then increase the quantity of the e-mail content iten in a digest e~mails,
and if the likelthood is greater than a second higher threshold, then increase the
frequency of the particular e~-mail content item for distribution to the particular
mermber}. It is contemplated that the operations of method 1560 may incorporate any
of the other features disclosed herein.

[80070] In some embodiments, the system 200 may take into account a
relevance of the ewail content, cousidering the member’s profile (skills, past
expericnce, seniority level, function arca etc.). In some ecmbodiments, for the
representation of the features, the system 200 use a number of techniques, including
computing confidence intervals based on historical actions (depending on their
distribution, ¢.g., binomial distribution, ¢tc.} and use the boundary values as
features.

(600711 As described in various embodiments above, some ¢-mails {such as
personalized digest e-mails) may inclade various types of content therein. In some
embodiments, a particular e-mail (such as a digest e-mail} may include a specific
portion of countent {e.g., at the bottom of the e~-mail) that may be referred to as
“promotion content” or “sample content” that displays information about a particular
prodact or service, such as a product or service associated with an online social
network service (e.g., a "people vou may know", “a network update stream” product
on the Linkedin social network service). Thus, the promotion content may be similar
to an advertisernent and may be configured to provoote (or provide a user with a
sample of) different types of products and services of the online social network
service. For exaraple, FIG. 16 illustrates an exemplary e-mail 1600 {e.g., digest e-
mail}, where the e-mail 1600 inchudes a2 main portion 1601 with one or more pieces
of content, as well as a lower portion 1602 that includes promotion comtent 1603.

Such promotion content may be included in any type of e-mail, such as network
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update e-mails, content to digest e-mails, group digest e-mails, and so on, in order to
encourage users to become engaged with various products on Linkedin or another
webstte or service. |t is understood that an ernail may include multiple instances of
promotion content anywhere in the email {and not necessarily at the bottom of the
email}.

{80672 Accordingly, the framework and techniques described in various
embodiments herein may be utilized to find what piece of promotion content makes
more sense for each e~mail and/or for cach user. More specifically, the e-mail
management system may be utilized to determine the particular type and form of
prowotion content 1603 that is wost appropriate to woclude o a particular e-mail
having other types of content, consistent with various embodiments described
herein. For example, the e-mail management system may predict that, if the member
is more Jikely to be engaged with this type of product, the system 200 roay
determine that promotion content related to that type of product should be included
in the e-mail. As another exawple, if the email managerent system determunes that
users viewing emails already including content types A, B, and C are more likely to
be interested in content related to D, but not content related to E, the system 200
may choose promotion content related to ¥ as appropriate. More specifically, for a
given slot/position in given e-mail type, the ¢-mail managernent system 18
contfigured to rank n number of external sources of content  that were not originally
part of that e-mail) and to choose one or more of the external sources of content to
be displayed as the promotion content 1603, as illustrated in FIG. 16, And
depending on the type of e-mail or the content inchuded in the email, this ranked list
will change. For example, sometitaes a particular piece of promotion content will
not make sense a given type of e-mail {e.g., if other more detailed content related to
the same product is already tocluded 1u the email). Thus, it is understood that
various embodiments described here may be applied to selecting promotion content
to include in an e-mail.

{66673 As described above, various features, such as email activities, other
activities on site {e.g., page views, searches, ¢te.), social network activities, context
{(hour of day, mobile, geo, etc.), member profile data, member conuections, similar
members features, and so on, may be tied into and defined in feature vectors. In
alterpative embodiments, the system 200 may not necessarily use all of the features

as part of a vector, and instead may utilize them in a slightly different manner, such

3
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as to train different modcels in a segmented model approach. This may be
advantageous because it is possible that there are some features that change the
model behavior dramatically. For example, suppose the behavior of jobseekers may
be dramatically different from that of other users on Linkedin®. Accordingly, ifthe
system 200 trains a2 model using examples only from job seckers, the model
behavior may be highly specialized because the behavior of jobseekers is, in this
example, dramatically different from that of other members. But if the system 200
jnclades both job seckers and non~job seekers together, the overall model
performance may not be as successful at predicting the responses of job-seekers and
nou-job-seckers with their own specialized models. Thas, the ervad wanagement
system 200 may utilize a segmented model approach, where data is split based on
some criteria {¢.g., featurcs of job-scekers vs. features of non-jobseckers), and
separate models are trained for different data sets {¢.g., features of job-seekers vs.
features of non-jobseckers).

{00074} FIG. 17 illostrates exaraples of an inclusive vector approach 1 and a
segmented model approach 2. In approach 1, a model M may be trained based on a
feature vector 1700 including a feature F {c¢.g., job secker status), which may have
cither a value V1 {e.g., user is a job secker} and a value V2 {c.g., user is not a job
secker), as well as other features in addition to Feature F. Thus, in approach 1, all
the features of both job-seekers and non-job seekers (as well as an feature F
indicating whether @ member is a job-seeker or not) are included in a vector 1700, In
contrast, tn approach 2, the data for job-seckers is separated and included in the
vector 1701 associated with Model M1, whereas the data for non-job seekers is
separated and included in the vector 1702 for Model M2, and each model M1 and
M2 is trained separately. Thus, in approach 2, all the data examples for job-seekers
are included in a first model M1 and all the data examples for nou-job-seekers are
included in a second model M2, and cach model is trained separately. In some cases,
the overall performance may be better with this approach, particularly if the
behavior of job-seekers and non-job seekers is draratically different. For example,
when a new member joins a network, the systern 200 may determine if the member
is a job seeker and, if so, the systern 200 may utilize model M1 to predict that new
member’s behavior, {whereas the system 200 may utilize model M2 ifthat new
member is not a job secker). The exaraple of job-seckers described here is merely

exemplary, and it is understood that such a segmented model approach may be
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utilized for any other feature (¢.g., members viewing from a mobile device versus
members viewing from a PC, members with a regular subscription versus members
with a premiur subscription, cte.}. Thus, it is understood that while the system 200
may include all features or a subset of all features in vectors, such information does
not necessartly have to be used as features in a vector but can also beused ina
different manner {e.g., a segmented model approach).

{80075} Various technigues and embodiments described herein may be applied
in the context of a Delivery Time Optinnzation (IDTO) process or campaign. For
example, the email management system 200 may identify when would be the best
tivae to deliver/send email{s) to members in accordance with DTO, in order to
improve the response rate {clicks, conversions, etc.} to the email(s) by sending the
ernail(s) at the most appropriate time. For example, the email managerment system
200 roay predict a personalized delivery time {which could be in the form of day-of-
week and/or hour-of-day value, ete.) for a given member and email pair. The ematl
management system 200 roay utilize member's profile data (context information,
geolocation information, access time information, etc), as well as member's
historical activities on cmails and on the site, and any other features as described
herein, in order to predict the aforementioned personalized delivery time. In a case
where there are multiple erails to send in a given timne window {¢.g., emails
selected in connection with an email portfolio optimization process, as described in
various cmbodiments herein), the email management system 200 may predict when

exactly to send such emails.

MODULES, COMPONENTS AND LOGIC

{B0076] Certain embodiments are described herein as including logic or a
number of components, wodules, or roechanisms. Modules way constitute either
software modules {¢.g., code embodied (1) on a non-transitory maching-readable
medium or (2} in a transmission signal) or hardwarc-implemented modules. A
hardware-implemented module is a tangible unit capable of performing certain
operations and may be configured or arranged in a certain manner. In exarople
evobodiments, one or more computer systems {e.g., a standalone, client or server
computer systeni) or one or more processors may be configured by software (e.g., an
application or application portion) as 4 hardware-implemented module that operates

to perform certain operations as described herein.
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{80677} In various embodiments, a hardwarc-implerented module may be
implemented mechanically or clectronically. For example, a hardware-implemented
module may comprise dedicated circuitry or logic that is permanently configured
{(c.g., as a special-purpose processor, such as a field programmable gate array
(FPGA} or an application-specific integrated circuit {ASIC)) to perform certain
operations. A hardware-implemented module may also comprise programmable
logic or circuitry {¢.¢., as encompassed within a general-purpose processor or other
programmable processor) that is tevoporanily configured by software to perform
certain operations. [t will be appreciated that the decision to implement a hardware-
implemented module mechanically, in dedicated and perranently configured
circuitry, or in temporarily configured circuitry (e.g., configured by software) may
be driven by cost and time considerations.

[60078] Accordingly, the term "hardware-implemented module”™ should be
understood to encompass a tangible entity, be that an entity that is physically
constructed, permanently configured (e.g., hardwired) or temporarily or transitorily
configured (c.g., programimed) to operate in a certain manner and/or to perform
certain operations described herein. Counsidering embodiments in which hardware-
implemented modules are temporarily configured {e.g., programmaed), each of the
hardware-implemented modules need not be configured or instantiated at any one
instance in time. For example, where the hardware-implemented modules comprise
a general-purposce processor configured using software, the general-purpose
processor may be configured as respective different hardware-implemented modules
at different times. Software may accordingly configure a processor, for example, to
constitute a particular hardware-implemented module at one tostance of tiroe and to
constitute a different bardware-implemented module at a different instance of time.
[60G79] Hardware~-implemented mwodules can provide information o, and
receive information from, other hardware-implemented modiules. Accordingly, the
described hardware-implemented modules may be regarded as being
communicatively coupled. Where multiple of such hardware-umpleroented roodules
exist conteraporancously, communications may be achieved through signal
transmission {e.g., over appropriate circuits and buses) that connect the hardware-
implemented modules. In embodiments in which multiple hardware-implemented
modules are configured or instantiated at different times, communications between

such hardware-implemented modules may be achieved, for example, through the
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storage and retrieval of information 1o memory structures to which the multiple
hardware-implemented modules have access. For example, one hardware-
irnplemented module may perform an operation, and store the output of that
operation in a memory device to which it is communicatively coupled. A further
hardware-impiemented module may then, at a later time, access the memory device
to retrieve and process the stored output. Hardware-tmplemented modules may also
initiate communications with input or output devices, and can operate on a resource
{e.g., a collection of information).

1600806] The various operations of exampie methods described herein may be
performoed, at least partially, by one or voore processors that are tevoporarly
contfigured (e.g., by software} or permanently configured to perform the relevant
operations. Whether teraporarily or permanently configured, such processors may
constitute processor-tmplemented modules that operate to perform one or more
operations or functions. The modules referred to herein may, in some exaruple
embodiments, comprise processor-tmplermented rodules.

{0081 Similarly, the methods described herein may be at least partially
processor-iraplemented. For example, at least some of the operations of a method
may be performed by one or processors or processor-implemented modules. The
performance of certain of the operations may be distributed among the one or more
processors, not only residing within a single machine, but deployed across a number
of machines. In some example embodiments, the processor or processors may be
located in a single location {e.g., within a2 home environment, an office environment
or as a server farm), while in other embodiments the processors may be distributed
across a mumber of locations.

{30082} The one or more processors may also operate to support performance
of the relevant operations in a "cloud coroputing” environroent or as a "software as a
service” (SaaS). For example, at least some of the operations may be performed by a
group of computers {as cxamples of machines including processors), these
operations being accessible via a network {e.g., the Internet) and via one or more

appropriate interfaces {e.g., Application Prograrm Interfaces (APIs).)
ELECTRONIC APPARATUS AND SYSTEM
[BOGR3] Example embodiraents may be implemented in digital electronic

circuitry, or in computer hardware, firmware, software, or in combinations of then.
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Example embodiments may be implemented using a corputer program product,
¢.g., a computer program tangibly embodied in an information carrier, €.g., ina
machine-readable medinm for exccution by, or to control the operation of, data
processing apparatus, €.g., a programmable processor, a computer, or multiple
computers.

{30084} A computer program can be written in any form of programming
language, including compiled or interpreted languages, and it can be deployed in any
form, mcludiog as a stand-alone program or as a module, subroutine, or other unit
suitable for use in a computing environment. A computer program can be deployed
to be executed on one computer or on multiple computers at one site or distributed
across multiple sites and interconnected by a communication network.

{60085 in example embodiments, operations may be performed by one or more
programmable processors executing a coraputer program to perform functions by
operating on input data and generating output. Method operations can also be
performued by, and apparatus of example embodiments voay be implernented as,
special purpose logic circuitry, ¢.g., a field programmable gate array (FPGA) or an
application-specific integrated circuit {ASICH.

{00086] The computing system can include clients and servers. A client and
server are generally remote from each other and typically interact through a
communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-server
relationship to each other. In embodiments deploying a programmable computing
system, it will be appreciated that that both hardware and software architectures
require consideration. Specifically, it will be appreciated that the choice of whether
to implement certain functionality in permanently configured hardware {e.g., an
ASICH, in temporarily configured hardware (e.g., a combination of software and a
programmable processor}, or a combination of permanently and temporarily
contigured hardware may be a design choice. Below are set out hardware (¢.g.,
machine) and software architectures that may be deployed, in various example

emnbodirents,
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EXAMPLE MACHINE ARCHITECTURE AND MACHINE-READABLE
MEDIUM

{H00887] Fig. 18 is a block diagram of machine in the example form of a
computer systemy 180G within which instructions, for causing the machine to
perform any one or more of the methodologies discussed herein, may be executed.
In alternative embodiments, the machine operates as a standalone device or may be
connected {¢.g., networked) to other machines. In a networked deployment, the
machine way operate jo the capacity of a server or a client machine in server-client
network environment, or as a peer machine in a peer-to-peer (or distributed) network
environment. The machine voay be a personal computer (P, a tablet PC, a set-top
box {STB}, a Personal Dhigital Assistant (PIDDA), a cellular telephone, 2 web
appliance, a network router, switch or bridge, or any machine capable of exceouting
justructions {sequential or otherwise) that specify actions to be taken by that
machine. Further, while only a single roachine is ilustrated, the term “machine”
shall also be taken to include any collection of machines that individually or jointly
execute a set {or multiple sets) of instructions to perform any one or more of the
mcthodologies discussed herein.

{BOG8S] The example computer system 1800 includes a processor 1802 {c.g., a
central processing unit (CPU), a graphics processing unit (GPU} or both), a main
memory 1804 and a static memory 1806, which communicate with each other via a
bus 1808, The computer system 1830 may further include a video display unit 1810
{(e.g., a liquid crystal display (LCD} or a cathode ray tube (CRT)). The computer
system 1800 also includes an alphanumeric input device 1812 {e.g., a keyboard or a
touch-seusitive display screen), a user interface (U1} vavigation device 1814 (e.g.. a
mouse}, a disk drive unit 1816, a signal generation device 1818 (e.g., a speaker) and

a network interface device 1820,

MACHINE-READABLE MEDIUM

{60088 The disk drive unit 1816 includes a machine-readable medivm 1822 on
which is stored one or more sets of instructions and data structures {e.g., software)
1824 evobodying or utilized by any one or more of the methodologtes or functions
described herein. The instructions 1824 may also reside, completely or at least

partially, within the main mernory 1804 and/or within the processor 1802 during
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execution thereof by the computer system 1800, the main memory 1804 and the
processor 1802 also constituting machine-readable media.

{60096] While the machine-readable raedium 1822 is shown in an example
embodiment to be a single medium, the term "machine-readable medium” may
include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more
instructions or data structures. The term "machine-readable medium" shall also be
taken to include any tangible wedium that is capable of storing, encoding or carrving
jnstructions for execution by the machine and that cause the machine to perform any
one or more of the methodologies of the present invention, or that is capable of
storing, encoding or carrying data structures utilized by or associated with such
instructions. The term “machine-readable medium” shall accordingly be taken to
inclade, but not be limited to, solid-state memories, and optical and magnetic media,
Specific examples of machine-readable media include non-volatile memory,
ncluding by way of example semiconductor mevoory devices, e.g., Erasable
Programmable Read-Only Memory (EPROM), Electrically Erasable Programmable
Read-Only Memory (EEPROM), and flash raemory devices; magnetic disks such as
internal hard disks and removable disks; magneto-optical disks; and CD-ROM and

DVD-ROM disks.

TRANSMISSION MEDIUM

1006091 The instructions 1824 may further be transmitted or reccived over a
comnwmnications network 1826 using a transmission medinm. The instructions 1824
may be trausmutted using the network interface device 1820 and any one of a
number of well-known transfer protocols (e.g., HT'TP). Examples of communication
networks include a local area network ("LAN™), a wide arca network ("WAN”), the
Internet, mobile telephone networks, Plain Old Telephone (POTS) networks, and
wircless data networks (e.g., WiFi, LTE, and WiMAX networks). The term
"trapsmission mediuro” shall be taken to jnclade any infangible machine-readable
medinm that is capable of storing, encoding or carrying instructions for execution by
the machine, and includes digital or analog corormunications signals or other
intangible media to facilitate communication of such software.

[060092] Although an crabodiment has been described with reference to specific

example embodiments, it will be evident that various modifications and changes

)
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may be made to these embodiments without departing from the broader scope of the
invention. Accordingly, the specification and drawings are to be regarded in an
iHustrative rather than a restrictive sense. The accorapanying drawings that form a
part hereof, show by way of illustration, and not of limitation, specific embodiments
in which the subject matter may be practiced. The embodiments illustrated are
desecribed 1o sufficient detail to enable those skilied in the art to practice the
teachings disclosed herein. Other embodiments may be utilized and derived
therefrom, such that structural and logical substitutions and changes may be made
without departing from the scope of this disclosare. This Detailed Description,
therefore, is not to be taken in a himiting sense, and the scope of various
embodiments is defined only by the appended clairs, along with the full range of
equivalents to which such claims are entitled.

{60093 Such erabodiments of the inventive subject matter may be referred to
herein, individually and/or collectively, by the term “invention” merely for
convenience and without intending to voluntanily limit the scope of this application
to any single invention or inventive concept if more than one is in fact disclosed.
Thus, although specific embodiments have been illustrated and described herein, it
should be appreciated that any arrangement calculated to achieve the same purpose
may be substituted for the specific ernbodiments shown. This disclosure is intended
to cover any and all adaptations or variations of various embodiments.
Combinations of the above embodiments, and other embodiments not specifically
described herein, will be apparent to those of skill in the art upon reviewing the

above description.

[S]
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CLAIMS

i. A computer-implemented method to control email transmission, the
method comprising:

accessing data including email content data describing a particular email
content itermn and member email interaction data describing a particular member's
interactions with varicus emaii content;

encoding the data accessed from the external data sources into one or more
feature vectors, and assembling the one or more feature vectors to thereby gencrate
an assembled feature vector;

performing prediction wodeling based on the assembled feature vectorand a
trained prediction model, to predict a likelihood of the particular member
performing a particular user action on the particular emai] content item; and

controlling the transmission of the email content item to the particular

member in dependence upon the prediction.

2. The method of claim 1, wherein the email content data specifies an
evoail type, and wherein the email type is at least one of a network connection
update e-mail, a news update ¢-mail, a jobs update e-mail, an influencer post update
e~mail, a corapany update ¢-mail, a2 group update e-mail, a university update e-mail,
and a digest e-mail.

3. The method of ¢laim 1, wherein the member ematl interaction data
indicates a quantity of various email types transmitted to the particular member, a
quantity of clicks submitted by the particular member in conjunction with the
various ematl types, and a quantity of email unsubscribe requests submitted by the

particular member in cowjunction with the various email types.

4, The method of clatm 1, wherein the user action is any one of a click

response, a non-~click response, a hover response, and a conversion response.
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5. The method of claim 1, further comprising:

accessing, via one or more data sources, member site interaction data
describing the particular member's interaction with various features or content of an
online social network service; and

encoding the momber site interaction data into the assembled feature vector.

. The method of claim 5, wherein the member site interaction data
jndicates a quantity of various user actions performed by the particular merber in

association with the various features or content of the online social network service.

7. The method of claim 1, further comprising:
accessing, via one or more data sources, member profile data describing the
particular member; and

encoding the member profile data into the assembled feature vector.

. The method of claim 7, wherein the member profile data includes at
least one of age, location, industry, current job, employer, experience, skills,
education, school, endorsements, seniority level, company size, and connections are

associated with the particular merber.

9. The method of claim 1, wherein the prediction model is any one of a
logistic regression model, a Najve Bayes model, a support vector machines (SVM)

model, a decision trees model, and a neural network model.

10, The method of claim 1, wherein the prediction module performs a
training operation to refine coctficients of a logistic regression model, based on

training set data comprising the assembled feature vector,

1L The method of clair 1, further comprising:

identitying similar members of the online social network service that are
stnilar to the particular member;

accessing at ieast one of member profile data, member email interaction data,
and member site interaction data associated with the one or more similar members;

and

ad
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mnserting at least one of the mernber profile data, the member email
interaction data, and the member site interaction data associated with the one or

more stmilar members into the assembled feature vector.

12. The method of claim 11, wherein the similar members are identified
by:

accessing member profile data associated with the particular member; and

determining a match between member profile data associated with the
similar members and the accessed member profile data associated with the particular

member.

13, The method of claim 1, further comprising:

identifying mevober connections that are connected to the particular wmember
via the online social network service;

accessing at least one of member profile data, member email interaction data,
and member site interaction data associated with the one or more member
connections; and

inserting at least one of the member profile data, the member email
interaction data, and the member site 1nteraction data associated with the one or

more member connections into the assembled feature vector.

14. The method of clair 1, further comprising:

determining that the likelihood of the particular member performing the
particular user action on the particular erail content itern is lower than a
predetermined threshold; and

reducing a distribution of the particular email content ttem to the particular

member.

15, The wethod of claims 14, wherein the reducing further comprises:
updating email preference settings associated with the particular member, the
updated cmail preference settings specifying a reduced quantity or frequency of the

particular email content item for distribution to the particular member.
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16.  The method of claim 14, wherein the reducing further comprises at
least one of!

reducing a quantity of the particular email content itern included in an e-mail
for distribution to the particular member;

reducing a frequency of the particular email content item for distribution to
the particular member;

temporarily preventing the particular ematil content item from being
distributed to the particular member; and

unsubscribing the particular member from a distribution of the particular

email content ttem.

17, The method of claim 1, further comprising:

deterroining that the likelihood of the particular member performing the
particular user action on the particular email content item is greater than a
predetermined threshold; and

increasing a distribution of the particular email content item to the particular

member.

18, The method of claim 17, wherein the increasing further comprises at
least one off

increasing a quantity of the particular email content item included in an e-
mail for distribution to the particular roewber; and

increasing a frequency of the particular email content item for distribution to

the particular meraber,

19. A system comprising:
a source module configured to:
access data including member email interaction data associated with a
particular member and email content data describing a particular email content item;
and
encode the data accessed from the external data sources wnto one or more
feature vectors, and assembling the one or more feature vectors to thereby gencrate

an assembled feature vector;
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a prediction module configured to perform prediction modceling based on the
assembled feature vector and a trained prediction model, to predict a likelithood of
the particular mmember performing a particular user action on the particular email
content item; and

an cmail management module to control the transmission of the email

content item to the particular member in dependence upon the prediction.

20. A non-~transttory machine-readable storage medium comprising
instructions that, when executed by one or more processors of a machine, cause the
machine to perform operations comprising:

accessing data tncluding voember email interaction data associated with a
particular member and email content data describing a particular email content iern;

encoding the data accessed from the external data sources into ove or more
feature vectors, and assembling the one or more feature vectors to thereby generate
an assembled feature vector;

performing prediction modeling based on the assembled feature vector and a
trained prediction model, to predict a likelihood of the particular mermber
performing a particular user action on the particular ematl content ttem; and

controlling the transruission of the email content itew fo the particular

member in dependence upon the prediction.

21 A machine-readable storage mediurn encoding tnstructions that,
when executed by one or more processors of a machine, cause the machine to carry

out the method of any one of clatms 1 to 18,
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