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METHODS AND SYSTEMS FOR DETERMINING USE AND CONTENT
OF PYMK BASED ON VALUE MODEL

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Patent Application No.
13/659,695 filed 24 October 2012, which is hereby incorporated by reference in its

entirety.

[0002] This application claims priority to European Patent Application No.
13189685.4 filed 22 October 2013, which is hereby incorporated by reference in its

entirety.

FIELD

[0003] This invention relates generally to social networking systems,

and more particularly to providing suggestions to users regarding poten-
tial connections within a social networking system, in particular to a

computer-implemented method and a system.

BACKGROUND
[0004] Users of social networking services may form connections, as-

sociations, or other relationships with other users based on real-life in-
teractions, online interactions, or a wide variety of other bases. For ex-
ample, users may choose to connect with others who are in the same
geographic location, who have a common circle of friends, who have at-
tended the same college or university, etc. Social networking systems
value user connections because better-connected users tend to increase
their use of the social networking system, thus increasing user-
engagement and corresponding increase in, for example, advertising op-
portunities. Accordingly, it is generally desirable that users have oppor-
tunities to increase the strength and numbers of their connections within
the social networking system.

[0005] Without doing a specific search for a user, itis a common chal-

lenge for users to locate other users with whom they may wish to form a
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connection. Existing social networking systems provide limited mecha-
nisms for finding such connections. In some instances, for example, so-
cial networking systems provide individuals with access to an introduc-
tion mechanism. The introduction mechanism may be as simple as
showing the profiles of matched individuals through listings or social
network visualizations, or through context-aware match alerts and intro-
duction management tools that aim to encourage interpersonal contact.
Examples of social matching applications include SocialNet® (which
matches users based on location and also looks for mutual acquaintanc-
es for introduction) and Facebook's "People you may know" (PYMK) fea-

ture (which uses social-tie data to recommend people to each other).

SUMMARY

[0006] The techniques presented herein allow for a user to make
meaningful and efficient connections with new contacts. In some embod-
iments, for example, new connections are suggested based on the value
of the connection to the social networking platform. In various embodi-
ments, suggestions of new connections are provided to a user in a cer-
tain portion of an interface, such as a portion of a web page that contains
other content. Alternatively, the suggestions may be provided in re-
sponse to an action by the user. For example, suggestions may be pro-
vided in response to submission of a search query, accepting or sending
a connection request, liking or commenting on an item, posting or an-
swering a question on a social network, etc.

[0007] Embodiments according to the invention are in particular dis-
closed in the attached claims directed to a method and a system, where-
in any feature mentioned in one claim category, e.g. method, can be
claimed in another claim category, e.g. system, as well.

[0008] In one embodiment, the social networking system suggests a
connection to a user based on the relevancy of providing the user infor-
mation regarding a candidate user. In one example, such a connection
methodology includes computing a friendship value between the user

and the candidate user. The friendship value between the user and the
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candidate user may be determined, for example, based on a computed
value of the friendship to the user, a value of the friendship to the candi-
date user, and a probability that a friendship or connection would be es-
tablished between the user and the candidate user. In some embodi-
ments, such a connection methodology can include computing a potential
change in engagement of the user with the social network based on a
successful friendship with the candidate user. Such a change in en-
gagement may be determined based on the computed friendship value
between the user and the candidate user.
[0009] In a further embodiment, which can be claimed as such also
independently of the present claims, a computer-implemented method
comprises: determining a friendship value between a user and a candi-
date user in or of a social networking system (or: social network), the
friendship value computed as a function of one or more of: a value of a
friendship to the user, a value of the friendship to the candidate user, or
a probability of the friendship resulting between the user and the candi-
date user; and determining a potential change in engagement of the user
with the social network that would be caused based on a successful
friendship between the user and the candidate user, the change in the
engagement determined at least in part based on the computed friend-
ship value.
[0010] In a preferred embodiment the friendship value to the useris
based at least in part on a group value of a user group the user belongs
to.
The user group the user belongs to is preferably determined based

on one or more of:

a number of times the user logs into the social networking sys-

tem in a specified timeframe;

a duration of the day during which the user logs into the social

networking system; or

a type of computing device that the user primarily uses for log-

ging into the social networking system.

The group value of the user group is advantageously determined

as a function of one or more of:
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an average change in engagement of one or more users of the
user group, the average change in engagement based on
providing the one or more users information regarding one or
more second candidate users, and
a change in number of friends associated with the one or more
users of the user group, the change in number of friends based
on providing the one or more users information regarding the
one or more second candidate users.
[0011] The probability of the friendship resulting between the user and
the candidate user is determined based on:
determining a number of friendship requests sent by one or
more users of the user group to one or more users of a second
user group corresponding to the candidate user, and
determining a number of friendship requests accepted by the
one or more users of the second user group.
[0012] The engagement of the user with the social networking system
is preferably measured by an amount of time spent by the user accessing
content within the social networking system.
[0013] Further comprising determining the relevancy of providing the
user with social network information associated with the candidate user
based at least in part on the computed potential change in engagement.
[0014] In a further embodiment it is determined, based on the relevan-
cy, whether to show the social network information associated with the
candidate user to the user and preferably whether to show an advertising
unit to the user instead of the social network information associated with
the candidate user, wherein preferably determining whether to show the
user advertising unit instead of the social network information associat-
ed with the candidate user is based at least in part on the potential
change in engagement being greater than an advertising value.
[0015] The social network information associated with the candidate
user includes preferably one or more of: a picture of the candidate user;
an email address of the candidate user; or a social network link to the

candidate user.
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[0016] The candidate user may be selected from a target list of one or
more candidate users, the one or more candidate users chosen based on
a potential strength of connection of each of the one or more candidate
users to the user, and the potential strength computed as a function of
one or more commonalities between the user and a particular candidate
user.
[0017] In a further embodiment a sending score is determined for a
user, the sending score based on: the user-group the user belongs to,
wherein determination of the user group of the user is based at least in
part on a number of friends of the user and a number of years the user
utilized the social networking system; and
a group-sending-score associated with the user group, wherein the
group-sending-score is a function of a change in a number of users of
the user group who utilize the social networking system for at least a
specified number of times within a given period of time; and
a relevancy is determined of providing the user with information regard-
ing a first candidate user based at least in part on the sending score for
the user.
[0018] Preferably, based on the relevancy, it is determined whether to
show an advertising unit to the user or the social network information as-
sociated with the first candidate user
[0019] The change in the number of users is in particular determined
based on:
providing the one or more users of the user group information
regarding one or more second candidate users over a first peri-
od of time; and
not providing the one or more users of the user group as candi-
date users to users of one or more other user groups during the
first period of time.
[0020] The group-sending-score of the user group may further be de-
termined as a function of an average number of friendship requests sent
and received by one or more users of the user group, the average num-

ber of friendship requests sent and received based on: providing the one
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or more users of the user group information regarding the one or more
second candidate users during a first period of time; and
not providing the one or more users of the user group as candidate
users to users of the one or more other user groups during the first peri-
od of time.
[0021] The information regarding the first candidate user includes typ-
ically one or more of: a picture of the first candidate user;
an email address of the first candidate user; or
a social network link to the first candidate user.
[0022] The first candidate user is in particular selected from a target
list of one or more candidate users, the one or more candidate users
chosen based on a potential strength of connection of each of the one or
more candidate users to the user, the potential strength computed as a
function of one or more commonalities between the user and a particular
candidate user.
[0023] A further embodiment comprises
determining a receiving score for a first user, the receiving
score based on:
a user group the first user belongs to, wherein determination of
the user group of the first user is based at least in part on a
number of friends of the first user and a number of years the
first user utilized a social network;
a group-receiving score associated with the user group, the
group-receiving-score determined as a function of a change in
a number of users of the user group who utilize the social net-
work for a specified number of times within a given period of
time; and
determining a relevancy of providing the first user as a candi-
date user to the second user of the social network based at
least in part on the receiving score for the first user.
[0100] An embodiment further comprises determining, based on the
relevancy, whether to show the first user or an advertising unit to the
second user, wherein preferably determining whether to show the first

user or the advertising unit to the first user is based at least in part on
6
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the receiving score for the user being greater than a given threshold val-

ue.
[0101]

The group receiving score of the user group is preferably a

function of the change in the number of users based on:

[0024]

[0025]

providing the one or more users of the user group as candidate
users to users of one or more other user groups during a first
period of time, and

not providing the one or more users of the user group content
regarding one or more candidate users during the first period of
time

and/or the group-receiving-score of the user group is further
preferably determined as a function of an average number of
friendship requests sent and received by one or more users of
the user group, the average number of friendship requests sent
and received based on:

providing the one or more users of the user group content re-
garding the one or more second candidate users during a first
period of time, or

not providing the one or more users of the particular user group
as candidate users to one or more users of one or more other
user groups during the first period of time.

In a further embodiment a system is provided comprising

a processor;

a memory configured to store a set of instructions, which when
executed by the processor cause the system to perform a
method according to the invention.

This Summary is provided to introduce a selection of concepts

in a simplified form that are further described in the Detailed Description

and drawings. This Summary is not intended to identify essential fea-

tures of the claimed subject matter or to limit the scope of the claimed

subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
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The techniques introduced here may be better understood by

referring to the following Detailed Description in conjunction with the ac-

companying drawings, in which like reference numerals indicate identical

or functionally similar elements:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

illustrates a system for ranking users based on the value of a
connection between two users within the social networking sys-
tem to the social networking system, in accordance with an
embodiment of the invention;

is a high level block diagram of a system, in accordance with
an embodiment of the invention;

is a flow chart of a process for computing a value of a friend-
ship to a given user of a social networking system, in accord-
ance with an embodiment of the invention;

is a flow chart of a process for computing a sending and receiv-
ing score of a given user of a social networking system, in ac-
cordance with an embodiment of the invention;

illustrates the sending and receiving scores for one or more
user groups of a social networking system, in accordance with
an embodiment of the invention;

is a flow chart of a process for computing the relevancy of
providing contact information of a candidate user to a given us-
er of a social networking system, in accordance with an embod-
iment of the invention; and

is a high-level block diagram showing an example of the archi-

tecture for a computer system.
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DETAILED DESCRIPTION

Configuration Overview

[0027] Social networking systems typically offer users the ability to
communicate and interact with other users of the social networking sys-
tem. The users of social networking systems may form connections, as-
sociations, or other relationships with other users based on real-life in-
teractions, online interactions, or a wide variety of other bases. Mecha-
nisms for suggesting connections are often provided by the social net-
working systems. However, these traditional mechanisms often have
shortcomings that need to be addressed. For example, the traditional
mechanisms do not estimate or determine a value of the resulting con-
nections to the social networking system.

[0028] One example of a traditional mechanism for suggesting con-
nections within social networking systems includes determining a number
of common connections between two users and making an introduction to
the two users when the number reaches a threshold. One drawback with
such an approach is that the system will likely be skewed toward making
more suggestions to users who already have many connections than for
users with few connections within the social networking system. This
leads to a sub-optimal result for the social networking system since an
additional friend for a user with many friends is less valuable than an ad-
ditional friend for a user with relatively few friends. Other traditional
mechanisms for suggesting connections focus on simply adding connec-
tions among users without regard to the result of the suggested connec-
tions. Accordingly, existing mechanisms that suggest new connections
to a user based merely on indicators of a likely connection fail to address
the value of the resulting connections to the social networking system.
[0029] In contrast, various embodiments of the present invention pro-
vide for systems and methods for the social networking system to sug-
gest a connection to a user based on the relevancy of providing the user
information regarding a candidate user (i.e., potential contacts or poten-
tial friends). These techniques can include computing a friendship value

between the user and the candidate user. The friendship value between
9
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the user and the candidate user may be determined, for example, based
on a computed value of the friendship to the user, a value of the friend-
ship to the candidate user, and a probability that a friendship or connec-
tion would be established between the user and the candidate user. In
some embodiments, such a connection methodology can include compu-
ting a potential change in engagement of the user with the social network
based on a successful friendship with the candidate user. Such a
change in engagement may be determined based on the computed
friendship value between the user and the candidate user.

[0030] As used herein, a "user" can be an individual or an entity (such
as a business or third party application). The term "connection” refers
individuals and entities with which a user of the social networking service
may form a connection, association, or other relationship. In use, users
join the social networking system and then connect with other users, in-
dividuals, and entities with whom they desire to be connected. Addition-
ally, social networking systems provide various communication channels
for users to interact with each other within the system. Thus, users of a
social networking system may interact with each other by "posting” con-
tent items of various types of media through the communication chan-
nels. As users increase their interactions with each other within the so-
cial networking system, they engage with the social networking system
on a more frequent basis. One method to increase user engagement
with the social networking system is to facilitate an increase in user con-
nections within a social networking system such that additional connec-
tions are valuable to the social networking system.

[0031] Figure 1 illustrates a system for ranking candidate users for a
user of a social network based on the value of each friendship (i.e., con-
nection) between the user and the candidate users to the social network-
ing system. The ranking can then be used to determine whether to show
any of the candidate users to the user, an advertising unit to the user, a
design graphic to increase aesthetics, profiles of connections of the user
to encourage engagement, or something else to the user that will provide

the more value to the social network. In some embodiments, the ranking

10
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can also be used to determine which, if any, of the candidate users will
be shown to the user.

[0032] As illustrated in Figure 1, the system can include a user’s so-
cial networking system data 100, a candidate set generator 110, a
friendship value computation engine 130, a conversion prediction engine
150, a scoring engine 170, a value computation engine 190, and a data-
base of expected value rankings 195 assigned to each candidate user
associated with the user. A list of candidate users not associated with
the user is generated by the candidate set generator 110 by accessing
data within the social networking system data 100. The friendship value
computation engine 130 generates friendship values for various user
groups within the social networking system by accessing data within the
social networking system data 100. In accordance with various embodi-
ments, the user groups are subsets of the users within the social net-
working system that have similar properties or characteristics (e.g., the
number of times the users have utilized the social network within a given
time frame).

[0033] The conversion prediction engine 150 receives the list of can-
didate users from the candidate set generator 110 and determines a
probability of a connection resulting between the user and the candidate
users. The scoring engine 170 generates sending and receiving scores
for the various user groups within the social networking system by ac-
cessing data within the social networking system data 100. The sending
and receiving scores for the various user groups generated by the scor-
ing engine 170 can then be applied to the user (e.g., by determining
which user group the user most closely matches).

[0034] The value computation engine 190 receives the list of candi-
dates, the friendship values, and scores of the various user groups and
determines the value to the social networking system for each connec-
tion between the user and each candidate user. In accordance with
some embodiments, the value to the social networking system for each
connection is provided in the form of a friendship value, a sending score,
and a receiving score. The friendship value reflects the potential in-

crease in overall engagement of the user with the social networking sys-
11
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tem due to a given connection. On the other hand, the sending and re-
ceiving scores reflect the potential increase in the user's continued ac-
tive utilization of the social networking system due to a given connection.
Each candidate user is subsequently ranked in a database 195 based on
each contact's friendship value, their sending score, their receiving
score, or any combination of scores.

[0035] In one embodiment, the system may provide the user with sug-
gested connection information only when there is at least one candidate
user with a friendship value greater than a specific threshold friendship
value. In some embodiments, only candidate users with a friendship val-
ue greater than the specific threshold friendship value are ranked. The
candidate users with the highest ranks can then be displayed to the user
as suggested connections the user may know, either within or outside
the social network.

[0036] In one embodiment, a user’s social networking system data 100
comprises the user’s friend network 102, friend request data 104, friend
suggestion data 106, and the user’s contact files 108. A friend network
102 can include the names and associated information of all the users
who have formed a connection with the user. For example, if a user has
accepted the first user’s friend request, the two users have formed a
connection or a friendship within the social networking system. Each us-
er's name would appear on the other’s friend network. The friend re-
quest data 104 can include the names and associated information of us-
ers who have requested that the user add the users to the first user’s
friend network 102.

[0037] The friend suggestion data 106 can include name and associ-
ated information of users who are suggested as friends by other friends
of the user, mutual friends of the users, or by the social networking sys-
tem. The user’s contact files 108 can include the name and associated
information of all the users within the social networking system that the
user has communicated with, either through email, instant messaging,
text messaging, or wall posts within the social network. These are just a

few examples of the interactions that a user can engage in within the so-
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cial networking system. Many others are possible, and described in
greater detail below.

[0038] In one embodiment, a user’s social networking system data 100
further comprises historical social networking system usage data as ac-
tion logs 115 and user profile data 125 of all the users of the social net-
working system. In accordance with various embodiments of the present
invention, a social network system action log 115 can include usage in-
formation associated with each of the users of the social network system.
For example, action log 115 associated with a given user could include
information such as the number of times a user has utilized the social
network within a given time frame, number of connection (i.e., friendship)
requests sent/received by a user, number of connection requests of a
user accepted by other users, etc. that were captured over various time
points. A user profile data 125 comprises information regarding a user's
account. For example, user profile data 125 could include information
such as number of connections (i.e., friends) a user had within a given
time frame, number of content posts a given user has within the given
time frame, etc.

[0039] In some embodiments, the candidate set generator 110 gener-
ates a list of candidate users by accessing the data stored within the so-
cial networking system data 100. In one embodiment, the candidate set
generator 110 generates a list of other users within the social networking
system who have not yet formed a connection with the user but who may
be associated in some way to the user. For example, the candidate set
generator 110 may populate a set of users who may interact with a first
user outside the social networking system but are not connected to the
first user within the social networking system. In one embodiment, the
candidate set generator 110 populates a first list comprising of the user’s
friends, users who sent a friend request to the user, users suggested as
friends by other users of the social networking system, and users import-
ed from the user’s email contacts, if available. Additionally, the candi-
date set generator 110 may populate a set of users who are connected to
the users in the first list. The candidate set generator 110 removes the

names of all users from the list who are already connected to the user.
13
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Thus, the candidate list generator creates a candidate list of friends of
the user’s friends who are not connected to the user within the social
networking system.

[0040] In other embodiments, the candidate set generator 110 gener-
ates a list of candidate users comprising friends of the user’s friends who
also share certain similar characteristics with the user. A list of similar
characteristics may include, but is not limited to: sharing a social net-
work, similar college or high school graduation year, checking into the
social network from the same location at about the same time, etc. In
another embodiment, the candidate set generator 110 generates a can-
didate list of users by selecting a portion of the friends of the user’s
friends not connected to the user by using a heuristics to narrow the field
or linear-time rank algorithm to find a cutoff point to exclude the friends
of the user’s friends.

[0041] In one embodiment, the friendship value computation engine
130 generates a set of friendship values for various user groups within
the social networking system by accessing the action log 115 and user
profile data 125 within the social networking system data 100. The
friendship value computation engine 130 computes a set of friendship
values for various user groups within the social networking system by
accessing the action log 115 and user profile store 125 within the social
networking system data 100. The friendship value computation engine
130 then generates a friendship value for each of these user groups,
where the value of a friendship to an individual user of a given user
group is based on the friendship value of the user's user group.

[0042] In some embodiments, the friendship value computation engine
130 groups the users of the social network into one or more user groups
based on each user's level of engagement with the social network at a
given point of time. In one instance, a user's level of engagement with
the social network can be measured by the number of days the user ac-
cessed the social network within a given time period. The friendship val-
ue computation engine 130 then generates a friendship value for each of
these user groups, where the value of a friendship to a user of a given

user group is based on the friendship value of the user's user group.
14
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Various embodiments for determining the friendship value for the user
groups are described in greater detail in reference to Figure 3.

[0043] The conversion prediction engine 150 receives the list of can-
didate users generated by the candidate set generator 110 and deter-
mines the probability associated with each candidate user forming a
connection with the user within the social networking system. In one
embodiment, the conversion prediction engine 150 uses historic demo-
graphic and behavioral data associated with all user connections within
the social networking system to determine a probability of a connection.
[0044] In one embodiment, the scoring engine 170 generates a set of
sending and receiving scores for various user groups within the social
networking system by accessing the action log 115 and user profile data
125 within the social networking system data 100. These scores may be
determined based on the potential increase in the user's continued active
utilization of the social networking system. For example, if the user is
able to connect with old friends or someone with similar interests, the
social networking system would likely see a potential increase in user
activity. In one embodiment, the scoring engine 170 groups the users of
the social network into one or more user groups based on whether the
users were shown candidate users to enable further connections be-
tween the users and the candidate users within a given period of time.
The scoring engine 170 then generates a sending and receiving score for
each of these user groups, where the sending and receiving score of a
user of a given user group is based on the sending and receiving score
of the user's user group. Various embodiments for determining the send-
ing and receiving scores for the user groups are described in greater de-
tail in reference to Figure 4.

[0045] The value computation engine 190 receives the list of candi-
date users, the friendship values, the sending and receiving scores of
the various user groups, and/or the probabilities of the user and candi-
date users making a connection. Using this information, value computa-
tion engine 190 can determine the value to the social networking system
for each connection between the user and each candidate user. In ac-

cordance with various embodiments, the value to the social networking
15



WO 2014/066555 PCT/US2013/066462

10

15

20

25

30

system for each connection may include three parts: 1) a friendship val-
ue, 2) a sending score, and 3) a receiving score.

[0046] The friendship value is the expected increase in overall en-
gagement of the user with the social networking system that would result
from the connection between the user and the candidate user. The
overall engagement is a measure of the involvement or commitment of
the user. This can include activities both on and off of the social net-
working system. For example, any activity that can be tied to social
plugins, connecting, involvement, and the like can be used as indicators
of the user’'s engagement. Engagement may be measured based on ac-
tivities performed by the user on the social network, such as logins, page
views, posts, comments, etc.

[0047] The sending score is the value to the user in sending a connec-
tion request to the candidate user. The value can be any perceived ben-
efit or importance of the connection between the user and candidate user
being generated. As such, when the candidate user has a high sending
score, a connection between the user and the candidate user may in-
crease both the user and candidate user's continued active utilization of
the social networking system. The receiving score is the value to the
candidate user in receiving a connection request from a user. As such,
when the candidate user has a high receiving score, a connection be-
tween the user and the candidate user may increase both the user and
candidate user's engagement with the social networking system and with
other users or entities associated with the social networking system.
[0048] The value computation engine 190 outputs a list of candidate
users ranked by their friendship value score, sending score, receiving
score, or any combination of scores. The rankings can be stored in can-
didate ranking database 195 and used by the social networking system
to provide numerous suggestions to the user. Embodiments of the sug-
gestions are described in greater detail below in reference to Figure 6.
As described above, the candidate set generator 110, the friendship val-
ue computation engine 130, the conversion prediction engine 150, the
scoring engine 170 and the value computation engine 190 are described

in greater detail below in reference to Figures 2, 3, 4 and 5.
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System Architecture

[0049] Figure 2 illustrates a block diagram of a social networking sys-
tem 200 having a computation subsystem 210 that incorporates a PYMK
value model, in accordance with an embodiment of the invention. The
computation subsystem 210 can be used for determining the ranking of
candidate users and utilizing the rankings to determine whether to show
any of the candidate users to the user. As illustrated in Figure 2, the
computation subsystem 210, within the social networking system 200,
can include a user’s social networking data 100, a candidate set genera-
tor 110, a friendship value computation engine 130, a conversion predic-
tion engine 150, a scoring engine 170, a value computation engine 190
and a database of expected value rankings 195 assigned to each candi-
date user associated with a given user. While not shown in Figure 2, so-
cial networking system 200 can also include or communicate with user
devices, a financial account provider system, and/or additional compo-
nents.

[0050] In some embodiments, the social networking system 200 can
include one or more computing devices storing user profiles associated
with users and/or other objects as well as connections between users
and other users and/or objects. In use, users join the social networking
system 200 and then add connections to other users or objects of the
social networking system to which they desire to be connected. Users of
the social networking system 200 may be individuals or entities such as
businesses, organizations, universities, manufacturers. The social net-
working system 200 allows its users to interact with each other as well as
with other objects maintained by the social networking system 200. In
some embodiments, the social networking system 200 allows users to
interact with third-party websites and financial account providers.

[0051] Based on stored data about users, objects and connections be-
tween users and/or objects, the social networking system 200 generates
and maintains a “social graph” comprising a plurality of nodes intercon-

nected by a plurality of edges. Each node in the social graph represents
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an object or user that can act on another node and/or that can be acted
on by another node. An edge between two nodes in the social graph
represents a particular kind of connection between the two nodes, which
may result from an action that was performed by one of the nodes on the
other node. For example, when a user identifies an additional user as a
friend, an edge in the social graph is generated connecting a node rep-
resenting the first user and an additional node representing the addition-
al user. The generated edge has a connection type indicating that the
users are friends. As various nodes interact with each other, the social
networking system 200 modifies edges connecting the various nodes to
reflect the interactions.

[0052] User devices that interact with social networking system 200
can be any type of computing device capable of receiving user input as
well as transmitting and/or receiving data via a network. For example,
the user devices can include conventional computer systems, such as a
desktop or laptop computer. As another example, the user devices may
include a device having computer functionality, such as a personal digital
assistant (PDA), mobile telephone, smart-phone or similar device. The
user devices are configured to communicate with the social networking
system 200, and/or the financial account providers via a network. In one
embodiment, a user device may execute an application allowing a user of
the user device to interact with the social networking system 200. For
example, the user device may execute a browser application to enable
interaction between the user device and the social networking system
200 via a network. In another embodiment, a user device can interacts
with the social networking system 200 through an application program-
ming interface (API) that runs on the native operating system of the user
device, such as IOS® or ANDROID™.,

[0053] The user devices are configured to communicate via a network,
which may comprise any combination of local area and/or wide area net-
works, using both wired and wireless communication systems. |n one
embodiment, the network uses standard communications technologies
and/or protocols. Thus, the network may include links using technolo-

gies such as Ethernet, 802.11, worldwide interoperability for microwave
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access (WiMAX), 3G, 4G, CDMA, digital subscriber line (DSL), etc.
Similarly, the networking protocols used on the network may include mul-
tiprotocol label switching (MPLS), transmission control protocol/Internet
protocol (TCP/IP), User Datagram Protocol (UDP), hypertext transport
protocol (HTTP), simple mail transfer protocol (SMTP) and file transfer
protocol (FTP). Data exchanged over the network may be represented
using technologies and/or formats including hypertext markup language
(HTML) or extensible markup language (XML). In addition, all or some of
links can be encrypted using conventional encryption technologies such
as secure sockets layer (SSL), transport layer security (TLS), and Inter-
net Protocol security (IPsec).

[0054] The embodiments of the social networking system 200 shown
in Figure 2 also include an application programming interface (API) re-
guest server 220, a web server 230, a message server 240, a user pro-
file data store 125, an action logger 260, an action log 115, a connection
store 270. In other embodiments, the social networking system 200 may
include additional, fewer, or different modules for various applications.
Conventional components such as network interfaces, security mecha-
nisms, load balancers, failover servers, management and network opera-
tions consoles, and the like are not shown so as to not obscure the de-
tails of the system.

[0055] In some embodiments, the system 200 is not a social network-
ing system but communicates with a social networking system to obtain
the necessary social network information. As a result, the system 200
may communicate with the social networking system, for example, using
APls provided by the social networking system. In these embodiments,
some modules shown in Figure 2 may run in the system 200, whereas
other modules may run in the remote social networking system. For ex-
ample, the candidate set generator 110, the friendship value computation
engine 130, the value computation engine 190, and others may run in the
system 200 while the API request server 220, user profile data store 125,
connection store 270, and the action log 115 may exist in a separate so-

cial networking system.
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[0056] The social networking system 200 allows users to communicate
or otherwise interact with each other and access content, as described
herein. The social networking system 200 stores user profiles in the us-
er profile data store 125. A user profile includes declarative information
about the user that was explicitly shared by the user, and may also in-
clude profile information inferred by the social networking system 200.

In one embodiment, a user profile includes multiple data fields, each da-
ta field describing one or more attributes of the corresponding user of the
social networking system 200. The user profile information stored in us-
er profile data store 125 describes the users of the social networking
system 200, including biographic, demographic, and other types of de-
scriptive information, such as work experience, educational history, gen-
der, sexual preferences, hobbies, location, other preferences, and the
like. The user profile may also store information provided by the user.
For example, images or videos provided by the user may also be stored
within the user profile. In certain embodiments, images of users may be
tagged with identification information of the appropriate users whose im-
ages are displayed. A user profile in the user profile data store 125 may
also maintain references to actions by the corresponding user performed
on content items in a content store and stored in an edge store.

[0057] A user profile may be associated with one or more financial ac-
counts, allowing the user profile to include data retrieved from or derived
from a financial account. A user may specify one or more privacy set-
tings, which are stored in the user profile, that limit information from a
financial account that the social networking system 200 is permitted to
access. For example, a privacy setting limits the social networking sys-
tem 200 to accessing the transaction history of the financial account and
not the current account balance. As another example, a privacy setting
limits the social networking system 200 to a subset of the transaction
history of the financial account, allowing the social networking system
200 to access transactions within a specified time range, transactions
involving less than a threshold transaction amounts, transactions associ-
ated with specified vendor identifiers, transactions associated with ven-

dor identifiers other than specified vendor identifiers or any suitable cri-
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teria limiting information from a financial account identified by a user that
is accessible by the social networking system 200. In one embodiment,
information from the financial account is stored in the user profile data
store 125. In other embodiments, it may be stored in the financial ac-
count store.

[0058] The social networking system 200 further stores data describ-
ing one or more connections between different users in the connection
store 270. The data describing one or more connections can include a
list of connections, a date each connection (i.e., friendship) was made,
etc. The connections may be further defined by users, allowing users to
specify their relationships with other users. For example, the connec-
tions allow users to generate relationships with other users that parallel
the users’ real-life relationships, such as friends, co-workers, partners,
and so forth. In one embodiment, the connection specifies a connection
type based on the type of relationship. Examples of the type of relation-
ship include family, friend, colleague, etc. Users may select from prede-
fined types of connections, or define their own connection types as
needed.

[0059] The web server 230 links the social networking system 200 via
a network to one or more client devices; the web server 230 serves web
pages, as well as other web-related content, such as Java, Flash, XML,
and so forth. The web server 230 may communicate with the message
server 240 that provides the functionality of receiving and routing mes-
sages between the social networking system 200 and client devices.
The messages processed by the message server 240 can be instant
messages, queued messages (e.g., email), text and SMS (short message
service) messages, or any other suitable messaging technique. In some
embodiments, a message sent by a user to another can be viewed by
other users of the social networking system 200, for example, by the
connections of the user receiving the message. An example of a type of
message that can be viewed by other users of the social networking sys-
tem besides the recipient of the message is a wall post. In some embod-
iments, a user can send a private message to another user that can only

be retrieved by the other user.
21



WO 2014/066555 PCT/US2013/066462

10

15

20

25

30

[0060] When a user takes an action on the social networking system
200, the action can be recorded in an action log 115 subject to any pri-
vacy settings and restrictions. In one embodiment, the social networking
system 200 maintains the action log 115 as a database of entries. When
an action is taken on the social networking system 200, the social net-
working system 200 can add an entry for that action to the log 115. In
accordance with various embodiments, the action logger 260 is capable
of receiving communications from the web server 230 about user actions
on and/or off the social networking system 200. The action logger 260
populates the action log 115 with information about user actions to track
them. This information may be subject to privacy settings associated
with the user. Any action that a particular user takes with respect to an-
other user is associated with each user’s profile, through information
maintained in a database or other data repository, such as the action log
115. Such actions may include, for example, adding a connection to the
other user, sending a message to the other user, reading a message
from the other user, viewing content associated with the other user, at-
tending an event posted by another user, being tagged in photos with
another user, liking an entity, etc. In some embodiments, the action log-
ger 260 receives, subject to one or more privacy settings, transaction
information from a financial account associated with a user and identifies
user actions from the transaction information. For example, the action
logger 260 retrieves vendor identifiers from the financial account’s trans-
action history and identifies an object, such as a page, in the social net-
working system associated with the vendor identifier. This allows the
action logger 260 to identify a user’s purchases of products or services
that are associated with a page, or another object, in the content store
275. In addition, a number of actions described in connection with other
objects are directed at particular users, so these actions are associated
with those users as well. These actions are stored in the action log 115.
[0061] The action log 115 may be used by the social networking sys-
tem 200 to track user actions on the social networking system 200, as
well as external website that communicate information to the social net-

working system 200. Users may interact with various objects on the so-
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cial networking system 200, including commenting on posts, sharing
links, and checking-in to physical locations via a mobile device, access-
ing content items in a sequence or other interactions. Information de-
scribing these actions is stored in the action log 115. Additional exam-
ples of interactions with objects on the social networking system 204 in-
cluded in the action log 115 include commenting on a photo album,
communications between users, becoming a fan of a musician, adding an
event to a calendar, joining a groups, becoming a fan of a brand page,
creating an event, authorizing an application, using an application and
engaging in a transaction. Additionally, the action log 115 records a us-
er’'s interactions with advertisements on the social networking system
200 as well as other applications operating on the social networking sys-
tem 200. In some embodiments, data from the action log 115 is used to
infer interests or preferences of the user, augmenting the interests in-
cluded in the user profile and allowing a more complete understanding of
user preferences.

[0062] The action log 115 may also store user actions taken on exter-
nal websites and/or determined from a financial account associated with
the user. For example, an e-commerce website that primarily sells sport-
ing equipment at bargain prices may recognize a user of a social net-
working system 200 through social plug-ins that enable the e-commerce
website to identify the user of the social networking system 200. Be-
cause users of the social networking system 200 are uniquely identifia-
ble, e-commerce websites, such as this sporting equipment retailer, may
use the information about these users as they visit their websites. The
action log 115 records data about these users, including webpage view-
ing histories, advertisements that were engaged, purchases made, and
other patterns from shopping and buying. Actions identified by the action
logger 115 from the transaction history of a financial account associated
with the user allow the action log 115 to record further information about
additional types of user actions.

[0063] Further, user actions that happened in particular context, such
as when the user was shown or was seen accessing particular content

on the social networking system 200, are captured along with the particu-
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lar context and logged. For example, a particular user could be
shown/not-shown information regarding candidate users every time the
particular user accessed the social networking system 200 for a fixed
period of time. Any actions taken by the user during this period of time
are logged along with the context information (i.e., candidate users were
provided/not provided to the particular user) and are recorded in the ac-
tion log 115. In addition, a number of actions described below in con-
nection with other objects are directed at particular users, so these ac-
tions are associated with those users as well.

[0064] The API request server 220 allows external systems to access
information from the social networking system 200 by calling APIls. The
information provided by the social network may include user profile in-
formation or the connection information of users as determined by their
individual privacy settings. For example, a system interested in predict-
ing the probability of users forming a connection within a social network-
ing system may send an API request to the social networking system 200
via a network. The API request is received at the social networking sys-
tem 200 by the API request server 220. The API request server 220 pro-
cesses the request by determining the appropriate response, which is
then communicated back to the requesting system via a network.

[0065] The content store 275 stores content items associated with a
user profile, such as images, videos or audio files. Content items from
the content store 275 may be displayed when a user profile is viewed or
when other content associated with the user profile is viewed. For ex-
ample, displayed content items may show images or video associated
with a user profile or show text describing a user’s status. Additionally,
other content items may facilitate user engagement by encouraging a
user to expand his connections to other users, to invite new users to the
system or to increase interaction with the social network system by dis-
playing content related to users, objects, activities, or functionalities of
the social networking system 200. Examples of social networking con-
tent items include suggested connections or suggestions to perform oth-
er actions, media provided to, or maintained by, the social networking

system 200 (e.g., pictures or videos), status messages or links posted by
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users to the social networking system, events, groups, pages (e.g., rep-
resenting an organization or commercial entity), and any other content
provided by, or accessible via, the social networking system.

[0066] The content store 275 also includes one or more pages associ-
ated with entities having user profiles in the user profile data store 125.
An entity is a non-individual user of the social networking system 200,
such as a business, a vendor, an organization or a university. A page
includes content associated with an entity and instructions for presenting
the content to a social networking system user. For example, a page
identifies content associated with the entity’s user profile as well as in-
formation describing how to present the content to users viewing the
brand page. Vendors may be associated with pages in the content store
275, allowing social networking system users to more easily interact with
the vendor via the social networking system 200. A vendor identifier is
associated with a vendor’s page, allowing the social networking system
200 to identify the vendor and/or to retrieve additional information about
the vendor from the user profile data store 125, the action log 115 or
from any other suitable source using the vendor identifier. In some em-
bodiments, the content store 275 may also store one or more targeting
criteria associated with stored objects and identifying one or more char-
acteristics of a user to which the object is eligible to be presented.
[0067] In one embodiment, an edge store 280 stores the information
describing connections between users and other objects on the social
networking system 200 in edge objects. Some edges may be defined by
users, allowing users to specify their relationships with other users. For
example, users may generate edges with other users that parallel the
users’ real-life relationships, such as friends, co-workers, partners, and
so forth. Other edges are generated when users interact with objects in
the social networking system 200, such as expressing interest in a page
on the social networking system, sharing a link with other users of the
social networking system, and commenting on posts made by other users
of the social networking system. The edge store 280 stores edge objects
that include information about the edge, such as affinity scores for ob-

jects, interests, and other users. Affinity scores may be computed by the
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social networking system 200 over time to approximate a user’s affinity
for an object, interest, and other users in the social networking system
200 based on the actions performed by the user. Multiple interactions
between a user and a specific object may be stored in one edge object in
the edge store 280, in one embodiment. In some embodiments, connec-
tions between users may be stored in the user profile data store 125, or
the user profile data store 125 may access the edge store 280 to deter-
mine connections between users.

[0068] Figure 3 describes one method of computing a friendship score
utilized by the friendship value computation engine 130 for determining
the friendship value for one or more user groups. In some embodiments,
a statistical analysis of a subset of the users of the social networking
system is performed in order to determine the friendship value of similar
users. As illustrated in step 302 of Figure 3, the friendship value compu-
tation engine 130 utilizes the information in the action log 115 and user
profile store 125 to divide a subset of users of the social network into two
primary groups: (1) control group and (2) deprivation group. The users
may be selected for the statistical analysis and/or divided into the two
primary groups at random or selected based on characteristics to ensure
an appropriate sampling of the user population (e.g., number of interac-
tions within a certain period, number of friends, etc.).

[0069] In accordance with some embodiments, the users of the control
group can be provided information regarding candidate users through a
PYMK interface (or unit) suggesting new connections and may show up
as a candidate user in PYMK units shown to other users. The control
group may be shown the PYMK interface and presented as a candidate
user for others for a predefined time period (e.g., 60 days) during their
utilization of the social network. In contrast to the control group, there
are three possible types of deprivation groups in which the users are de-
prived of PYMK units and/or being presented as a candidate user in
PYMK units that are shown to other users for the predefined time period
during their utilization of the social network. More specifically, a total
deprivation group has users which are not provided information regarding

candidate users (i.e., are not shown any PYMK units) and these users
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are not being presented as a candidate user in PYMK units that are
shown to other users. In the second type of deprivation group, a no
show deprivation group, the users are not shown PYMK units but can be
presented as a candidate user in PYMK units that are shown to other us-
ers. Finally, in the third type of deprivation group, a no view deprivation
group, the users are presented PYMK units but the users cannot be pre-
sented as a candidate user in any PYMK units that are shown to others
users. Ultimately, the information collected from the control group and
the deprivation groups can be utilized to assign values to individual us-
ers of the social networking system by the friendship value computation
engine.

[0070] In step 304, for the control group and the deprivation group, the
friendship value computation engine 130 further subdivides the users in-
to one or more user groups. The division into the user groups may be
based on each user's level of engagement with the social networking
system 200 in some embodiments of the present invention. In one in-
stance, the level of engagement with the social networking system 200 is
measured based on number of times the user has logged into the social
networking system 200 in the last X number of days (e.g., last 30 days,
last 60 days, etc.). In another instance, a user's level of engagement
with the social networking system 200 can be measured by the average
number of hours per day the user accessed content available through the
social network over a given time period.

[0071] In some embodiments, the friendship value computation engine
130 subdivides the users of each primary group into one or more user
groups based on the same criteria. The criteria could indicate ranges
(e.g., age ranges, usage ranges, profile types, etc.). By dividing the con-
trol group and the deprivation group into the user groups with the same
characteristics, a statistical comparison can be generated in order to as-
sign a statistically significant value of recommending connections
through the PYMK interface. In at least one embodiment, the user
groups may be based on not only each user's level of engagement with
the social networking system 200 but also based on other social network-

ing system 200 usage and user profile information.
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[0072] For example, the user groups could be based on the level of
engagement of the user with the social networking system 200, their cur-
rent number of connections (i.e., friends), number of hours the user has
utilized the social networking system 200 in the last X number of days
(e.g., last 30 days), etc. In some embodiments, the users could be
grouped into groups such as L1_5, L6_10, L11_15, L16_20, L21_25,

L26 29, L30,L1 5 FC_50 99, etc., where L1_5 identifies users who
have accessed the social networking system 200 between one to five
times in the last X days and L1_5_FC_50_99 identifies users who have
not only accessed the social networking system 200 between once to five
times in the last X days but also have between 50 to 99 connections (i.e.,
friends).

[0073] Before beginning the experiment to determine the statistical
value of recommending connections through the PYMK unit, a set of ini-
tial conditions for various analytics (e.g., average initial connections, av-
erage initial engagement, etc.) in each of the user groups can be deter-
mined. In step 306, for each of the user groups in the control group, the
friendship value computation engine 130 determines the average number
of initial connections (i.e., friends) per user that a given user group had
prior to the exposure to PYMK units. Further, for each of the user
groups in the deprivation group, the friendship value computation engine
130 determines the average number of initial connections per user that a
given user group had prior to the non-exposure to PYMK units. For ex-
ample, users of the user group L1_5 of the control group could on aver-
age have 15 initial friends while users of the user group L1_5 of the dep-
rivation group could also have on average about 15 initial friends.

[0074] In step 308, for each of the user groups in the control group,
the friendship value computation engine 130 determines the average
level of initial engagement per user that a given user group had prior to
the exposure to PYMK units. Further, for each of the user groups in the
deprivation group, the friendship value computation engine 130 deter-
mines the average level of initial engagement per user that the given us-
er group had prior to the non-exposure to PYMK units. For example, in

some embodiments, the friendship value computation engine 130 deter-
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mines the initial engagement level of each user by determining the aver-
age number of days users at least accessed the social networking sys-
tem 200 once in the last thirty days prior to the exposure/non-exposure
to the PYMK units. So, for example, users of the user group L1_5 of the
control group could on average have about 2.5 day-logins as their initial
engagement level while users of the user group L1_5 of the deprivation
group could also similarly have on average about 2.5 day-logins as their
initial engagement level.

[0075] After the completion of the experiment to collect data for de-
termining the statistical value of recommending connections through the
PYMK unit, a set of final conditions for the various analytics (e.g., aver-
age initial connections, average initial engagement, etc.) in each of the
user groups can be determined. In step 310, for example, the friendship
value computation engine 130 determines, for each user group in the
control group, the average number of final connections per user of a giv-
en user group had after the exposure to PYMK units for the X number of
days. Further, for each of the user groups in the deprivation group, the
friendship value computation engine 130 determines the average number
of final connections per user that a given user group had after the non-
exposure to PYMK units for the X number of days. For example, users of
the user group L1_5 of the control group could on average have about
thirty-five final friends while users of the user group L1_5 of the depriva-
tion group could on average have about twenty-six final friends.

[0076] In addition to collecting the initial and final analytics, some em-
bodiments determine a level of final engagement for both the control
group and the deprivation group. For example, in step 312 the friendship
value computation engine 130 determines the average level of final en-
gagement of each user of a given user group had after the exposure to
PYMK units for the X number of days. Further, for each of the user
groups in the deprivation group, the friendship value computation engine
130 determines the average level of final engagement of each user of a
given user group had after the non-exposure to PYMK units for the X
number of days. The friendship value computation engine 130 can also

determine the final engagement level of each user by determining the
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average number of days each user at least accessed the social network-
ing system 200 once in the thirty day period after the exposure/non-
exposure to the PYMK units. So, for example, users of the user group
L1_5 of the control group could on average have about five day-logins as
their final engagement level while users of the user group L1_5 of the
deprivation group could have on average about four day-logins as their
initial engagement level.

[0077] Now that the initial and final data has been collected, in step
314 the friendship value computation engine 130 determines the average
change in the number of friends each user of a given user group had, the
change being the difference between the average number of initial
friends and final friends each user of the given user group had. For ex-
ample, users of the user group L1_5 of the control group on average ex-
perienced a change of about twenty friends while users of the user group
L1_5 of the deprivation group on average experienced a change of about
eleven friends.

[0078] In step 316, for each of the user groups in the two primary
groups, the friendship value computation engine 130 determines the av-
erage change in the level of engagement of each user of a given user
group, the change being the difference between the average level of ini-
tial engagement and final engagement of each user of the given user
group. For example, users of the user group L1_5 of the control group
on average experienced a change of about 2.5 day-logins while users of
the user group L1_5 of the deprivation group on average experienced a
change of about 1.5 day-logins.

[0079] With the changes between the initial values and the final values
computed, a comparison can be made between the control group and the
deprivation group as illustrated in step 318 and step 320. In step 318,
for each user group under the deprivation group, the friendship value
computation engine 130 identifies the respective user group under the
control group that had the same level of initial user engagement and de-
termines the difference between their respective average change in the
number of friends each user of the group had. For example, users of the

user group L1_5 of the control group on average experienced a change
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of about twenty friends while users of the user group L1_5 of the depri-
vation group on average experienced a change of about eleven friends.
Therefore, the difference between average change in the number of
friends of the user group L1_5 of the control group and the user group
L1_5 of the deprivation group is nine friends (i.e., 20 - 11 = 9 friends).
[0080] In step 320, for each user group under the deprivation group,
the friendship value computation engine 130 identifies the respective us-
er group under the control group that had the same level of initial user
engagement and determines the difference between their respective av-
erage level of engagement of each user of the user group. For example,
users of the user group L1_5 of the control group on average experi-
enced a change of about 2.5 day-logins while users of the user group
L1_5 of the deprivation group on average experienced a change of about
1.5 day-logins. Therefore, the difference between average change in the
level of engagement of the user group L1_5 of the control group and the
user group L1_5 of the deprivation group is 1 day-login (i.e., 2.5 -1.5 =1
day-login).

[0081] Based on the comparison of the data, in step 322, for each us-
er group under the deprivation group, the friendship value computation
engine 130 calculates a value of friendship to a user of the user group.
The value of friendship can be computed in some embodiments as the
determined difference in average level of engagement of each user of
the user group had over the determined difference in average change in
number of friends each user of the user group had. For example, the
value of friendship to a user of the user group L1_5 of the deprivation
group is equal to 1 day-login/9 friends = 0.11 (i.e., user group L1_5 has
a friendship value of 0.11 login increase per PYMK connection added).
[0082] The conversion prediction engine 150 predicts whether a user
will act on the connection suggestion. In one embodiment, the conver-
sion prediction engine 150 is a machine-learning model trained using a
set of historical data. Historical data includes, but is not limited to, de-
mographic data, behavioral data, and communications data of a user
within the social networking system. For example, the conversion pre-

diction engine 150 can use data associated with the user and each can-
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didate user, such as the number of friends in common, the length of time
two users have been friends, ratio of mutual friends to total friends, age,
gender, country, total friends, time spent on the social networking sys-
tem, the length of time the users have been associated with the social
networking system, etc., to predict the likelihood of a connection be-
tween the user. In one embodiment, a training set is generated using
historical data of users to whom previous suggestions were made, data
about the users who were the subject of the suggestion, and whether the
user acted on the suggestion.

[0083] In one embodiment, the conversion prediction engine 150 is
trained using the training set data. Subsequently, the user and candi-
date user data is input to the conversion prediction engine 150. The
conversion prediction engine 150 outputs the probability that a connec-
tion will result between each of the candidate users provided by the can-
didate set generator 110 and the user. In some embodiments, the con-
version prediction engine 150 estimates the probability that a connection
will result between a given candidate user and the user based on the re-
spective user group the given candidate user and the user belong to. In
one instance, the user groups could be defined similar to the user groups
defined by the friendship value computation engine 130. The conversion
prediction engine 150 subdivides the users into one or more user groups
based on each user's level of engagement with the social networking
system 200. In one instance, the level of engagement with the social
networking system 200 is measured based on number of times the user
has logged into the social networking system 200 in the last X number of
days (e.g., last thirty days). In another instance, a user's level of en-
gagement with the social networking system 200 can be measured by the
average number of hours per day the user accessed content available
through the social network over a given time period.

[0084] The conversion prediction engine 150 determines the respec-
tive user group the user and the given candidate user belong to. Based
on their user groups, the conversion prediction engine 150 queries the
action log 115 and retrieves the number of connection requests sent by

the users of the user group the user belongs to the users of the user
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group the candidate user belongs. The conversion prediction engine 150
further queries the action log 115 and retrieves the number of those con-
nection requests that were accepted by the users who belong to the can-
didate user's user group. In one instance, the retrieved information
could be confined to a specific time frame.

[0085] The conversion prediction engine 150 determines the probabil-
ity that a connection will result between the user and the given candidate
user as the number of connection requests accepted by the users of the
candidate user's user group over the number of connection requests sent
from the user' user group to the candidate user's user group. For exam-
ple, let user "A" have an engagement level of five day-logins for a 30 day
period and let candidate user "B" have an engagement level of seven-
teen day-logins for a 30 day period. Based on the user groups identified
by the friendship value computation engine 130, the user and the candi-
date user could be grouped into user group L1_5 and user group L16_20,
where L1_5 identifies users who have accessed the social networking
system 200 between once to five times in the last 30 days and L16_20
identifies users who have accessed the social networking system 200
between sixteen to twenty times in the last thirty days. The conversion
prediction engine 150 queries the action log 115 and retrieves the social
networking system 200 usage information such as the number of connec-
tion requests sent from users of user group L1_5 to users of user group
L16_20 in a specific thirty day period (say 20,000 requests), the number
of those connection requests accepted by users of the user group
L16_20 within thirty days of receiving the request (say 1,500 requests
were accepted), etc. Therefore, the probability that a connection will re-
sult between the user and the candidate user is 1,500/20,000 = 0.075 or
7.5% chance.

[0086] The scoring engine 170 generates a set of sending and receiv-
ing scores for various user groups within the social networking system by
accessing the user profile store 125 and action log 115 within the social
networking system data 100. In one embodiment, the scoring engine 170
groups the users of the social network into one or more user groups

based on whether the users were shown candidate users to enable fur-
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ther connections between the users and the candidate users within a
given period of time. The scoring engine 170 then generates a sending
and receiving score for each of these user groups, where the sending
and receiving score of a user of a given user group is based on the send-
ing and receiving score of the user's user group.

[0087] Figure 4 describes one method used by the scoring engine 170
for determining the sending and receiving value for each of the user
groups. As illustrated in step 402, the scoring engine 170 divides a sub-
set of the users of the social network into primary groups. The primary
groups can include a control group, a no show group, a no view group,
and/or a total deprivation group. Data can be collected for these groups
over a period of time. The data collected can then be compared and
used to generate sending and receiving scores for other users in the us-
er population. For example, in some cases scoring engine 170 may only
divide the users into a control group, a no show group, and a no view
group for generating scores.

[0088] The users of the control group are shown PYMK units. Addi-
tionally, the users of the control group can be viewed as candidate users
in PYMK units that are shown to other users. On the other hand, the us-
ers of the no show group are not shown any PYMK units. However, the
users in the no show group can be viewed as candidate users in PYMK
units that are shown to other users. Further, users of the no view group
are shown PYMK units but cannot be viewed as candidate users in
PYMK units that are shown to other users. Finally, users in the total
deprivation group are not shown PYMK units and cannot be viewed as
candidate users in PYMK units show to other users.

[0089] In step 404, for each of the above primary groups being uti-
lized, the scoring engine 170 further subdivides the users into two user
groups based on each user's level of engagement with the social net-
work. In one instance, a user's level of engagement is measured based
on the user's number of initial connections and the total duration (i.e.,
tenure) the user has utilized the social network prior to the expo-
sure/non-exposure in/to the PYMK units. For example, the users of the

control group are divided into two groups L1_10_T0_2 and L11_T2,
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where user group L1_10_TO0_2 includes all users who have one to ten
connections or have been using the social networking system 200 for
less than two years while user group L11_T3 represents the rest of the
users who have at least eleven connections or have been using the so-
cial networking system 200 for at least two years. The users of the no
view and no show are similarly divided into two user groups each based
on each user's level of engagement.

[0090] With the primary groups being utilized divided into user groups,
the scoring engine 170 determines the average percentage change in
users of the user group who were active periodically after the expo-
sure/non-exposure to PYMK units in step 406. In one instance, a user is
identified as active monthly (i.e., month being the period of reference) if
the user accesses the social network at least once within a 30-day peri-
od. For example, the scoring engine 170 accesses the action log 115
and retrieves usage information pertaining to the users of the two users
groups L1_10_TO0_2 and L11_T2 of the control group. The retrieved in-
formation includes the number of users of the user groups who were ac-
tive monthly before and after the exposure/non-exposure in/to PYMK
units.

[0091] For example, suppose that that user group L1_10_T0_2 had
eight logins before the exposure/non-exposure in/to PYMK units and
twelve logins after exposure/non-exposure in/to PYMK units. In addition,
suppose the L11_T2 had fourteen logins before the exposure/non-
exposure in/to PYMK units and nineteen logins after exposure/non-
exposure in/to PYMK units. The percentage change in users of the user
group L1_10_TO0_2 who were active periodically after the exposure/non-
exposure to PYMK units is 50% (i.e., (12-8)/8 * 100 = 50%). The per-
centage change in users of the user group L11_T2 who were active peri-
odically after the exposure/non-exposure to PYMK units is 36% (i.e.,
(19-14)/14 * 100 = 36%).

[0092] In addition to determining the percent change in users, in step
408, the scoring engine 170 determines the average number of connec-
tion requests sent and received by users of the user group during the

exposure/non-exposure in/to PYMK units. For example, the scoring en-
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gine 170 accesses the action log 115 and retrieves usage information
pertaining to the users of the two users groups L1_10_TO0_2 and L11_T2
of the control group. The retrieved information includes the number of
connection requests sent and received by users of the user group during
the exposure/non-exposure in/to PYMK units.

[0093] For example, suppose that user group L1_10_T0_2 had 1,000
connection requests sent and received for 100 users. As a result, the
average number of connection requests sent and received per user of
the L1_10_TO_2 user group would be ten. Similarly, if user group
L11_T2 had 1,200 connection requests sent and received for 150 users,
the average number of connection requests sent and received per user
of the L11_T2 user group would be eight.

[0094] With the change in user and the average number of connection
requests computed, a comparison between the primary groups can be
performed in steps 410 and 412. In step 410, for each user group under
the no show group, the scoring engine 170 identifies the respective user
group under the control group that has the same level of user engage-
ment and determines the difference between their respective average
percentage change in users of the user group who were active monthly
after the exposure/non-exposure in/to PYMK units. For example, sup-
pose that the scoring engine 170 computed that the user group
L1_10_TO_2 of the control group had a 50% change in users who were
active monthly after the exposure/non-exposure in/to PYMK units. Fur-
ther, suppose that the scoring engine 170 computes that the user group
L1_10_TO_2 of the no show group had a 25% change in users who were
active monthly after the exposure/non-exposure in/to PYMK units.
Therefore, the difference between their respective average percentage
change is 25% (i.e., 50% - 25% = 25%). Similar difference value is com-
puted for the other user group L11_T2 of the no show group.

[0095] In step 412, for each user group under the no show group, the
scoring engine 170 identifies the respective user group under the control
group that has the same level of user engagement and determines the
difference between their respective total number of connection requests

sent and received by users of the user group during the exposure/non-
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exposure in/to PYMK units. For example, suppose the scoring engine
170 computed that the user group L1_10_T0_2 of the control group had
an average number of connection requests sent and received per user of
ten. In addition, suppose the scoring engine 170 computed that the user
group L1_10_TO0_2 of the no show group had an average number of con-
nection requests sent and received per user of eight. Therefore, the dif-
ference between their respective average number of connection is two
(i.e., 10 - 8 = 2). Similar difference value is computed for the other user
group L11_T2 of the no show group.

[0096] In step 414, for each user group under the no show group, the
scoring engine 170 calculates a sending score to a user of the user
group. In accordance with various embodiments, the value of sending
score can be computed as the determined difference in average percent-
age change in users of the user group who were active monthly over the
determined difference between the total number of connection requests
sent and received for each user of the group. For example, suppose the
scoring engine 170 computed that the user group L1_10_TO0_2 of the no
show group and the control group showed a difference of about two in
average number of connection requests sent and received per user of
the L1_10_TO0_2 user group and a difference of about 25% in percentage
change in users who were active monthly. Therefore, the sending score
for user group L1_10_TO0_2is 12.5 (i.e., 25/2 = 12.5). Similar sending
score is computed for the other user group L11_T2 of the no show group
is computed as fifteen.

[0097] In step 416, for the no show group, the scoring engine 170 re-
peats steps 404-414 with different values for defining the two user
groups based on each user's level of engagement with the social network
until the difference between the sending score of the two user groups of
the no show group are at their maximum. For example, the initial user
groups of the no show group are L1_10_TO0_2 and L11_T2 with a sending
score of 12.5 and 15 respectively. Therefore, the difference between
their sending scores is 2.5. The scoring engine 170 then divides the us-
ers of the control group and no show group into two new groups

L1 20 TO 3 and L21_T3 each and repeats the steps 404-416 till the dif-
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ference between the sending scores of the two groups of no show group
has reached a maximum (relative to all other combinations of user con-
nection and user tenure classification). Here, user group L1_20_T0_3
includes all users who have one to twenty connections or have been us-
ing the social networking system 200 for less than three years while user
group L11_T3 represents the rest of the users who have at least twenty-
one connections or have been on using the social networking system 200
for at least three years.

[0098] Scoring engine 170 repeats steps 404-416 with the no view us-
er group (instead of the no show user group) and the control user group
to determine the receiving score for the user groups of social networking
system 200 in steps 418 and 420. Similarly, in some cases, scoring en-
gine 170 repeats steps 404-416 with the total deprivation group and the
control group to determine a total score indicating the impact of both
showing the user as a candidate user in PYMK units to other users and
the user being shown PYMK units.

[0099] Figure 5 illustrates a list of sending and receiving scores that
were derived by the scoring engine 170 for various user groups (e.g.,
classified based on user's number of connections and tenure) of the so-
cial networking system 200. In the data illustrated in Figure 5, the users
of the user group who have less than or equal to six connections (i.e.,
friendship connections ("fc")) have a sending score of forty-four while
users of the user group who have a tenure of less than or equal to one
year and have at least thirty connections have a sending score of 1.7.
Similarly, users of the user group with less than or equal to three con-
nections have a receiving score of forty-nine while users of the user
group with less than or equal to sixty connections but greater than twenty
three connections have a receiving score of twelve. The scoring engine
170 provides the value computation engine 190 with the sending and re-
ceiving scores of the various user groups of the social networking system
200.

[00100] The value computation engine 190 receives the list of candi-
date users, connection probabilities between the user and the various

candidate users, the set of friendship values, sending scores, and receiv-
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ing scores of the various user groups and outputs ranking of the candi-
date users based on any friendship values, sending scores, receiving
scores, or any combination of scores of the candidate users. The output
of the value computation engine 190 is stored in a candidate ranking da-
tabase 195, where the candidate users provided to a user are ranked ac-
cording to either their friendship value score (with reference to their
friendship with the user), their sending score, their receiving score, or
any combination of scores.

[00101] In accordance with one embodiment, the value computation
engine 190 utilizes the method described in Figure 6 to determine the
friendship value between the user and a candidate user. In step 602, the
value computation engine 190 determines the value of a friendship to the
user by utilizing the friendship values of the various user groups. The
value computation engine 190 determines, or matches the user to, the
user group based on the user's level of engagement (similar to step 304)
with the social networking system. Here, as in step 304, the level of en-
gagement with the social networking system 200 can be measured based
on number of times the user has logged into the social networking sys-
tem 200 in the last X number of days (e.g., last 30 days).

[00102] Based on the user group which has an engagement level simi-
lar to that of the user, the value computation engine 190 determines the
value of friendship associated with the user group and assigns the user
group's value of friendship as the value of the connection to the user.
For example, the users could be grouped into groups such as L1_5,
L6_10, L11_15, L16_20, L21_25, L26_29, L30, L1_5_FC_50_99, etc.,
where L1_5 identifies users who have accessed the social networking
system 200 between once to five times in the last X days and

L1_5 FC_50_99 identifies users who have not only accessed the social
networking system 200 between once to five times in the last X days but
also have between fifty and ninety-nine connections (i.e., friendships).
So, if the user was identified to belong to user group L1_5 and the group
L1_5 has a value of friendship score of 0.05, then the user is assigned a

value of friendship score of 0.05.
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[00103] In step 604, similar to step 602, the value computation engine
190 determines the value of a friendship to a candidate user by utilizing
the friendship values of the various user groups. In step 606, the value
computation engine 190 determines the probability of friendship between
the user and the candidate user from the list of probabilities (between
the user and the various candidate users) received from the conversion
prediction engine 150. In some embodiments, the steps 602-606 may be
performed in parallel or in a different order than shown in Figure 6.
[00104] In step 608, the value computation engine 190 can determine
the friendship value between the user and a candidate user based on the

following equation:

Value of friendship be- (Value of friendship to A + Value of friend-
tween user A and user B ship to B) * probability of friendship happen-
= ing between A and B (1)

For example, if the value of friendship score to the user was 0.05, the
value of friendship score to the candidate user was 0.02, and the proba-
bility of friendship between the user and the candidate user was 7.5%,
then the value of a friendship between the user and the candidate user
would be 0.00525 (i.e., (0.05 + 0.02) * 0.075 = 0.00525).

[00105] In step 610, the value computation engine 190 utilizes the de-
termined friendship value to determine the potential change in engage-
ment of the user with the social networking system 200 that would result
from a successful friendship between the user and the candidate user.

In one embodiment, engagement of the user with the social networking
system 200 is measured based on the number of times the user logs into
the social network system in a specified timeframe. For example, en-
gagement of the user with the social network system is based on the
number of days the user logs into the social networking system at least
once within a thirty day time period. To determine the potential change
in engagement of the user, the value computation engine 190 determines
the present engagement of the user to whom the candidate user is pre-
sented. The value computation engine 190 also determines the en-
gagement of the user based on assumption of a successful connection

between the user and the candidate user.
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[00106] In one instance, the value computation engine 190 utilizes the
friendship value to determine a future engagement value of the user with
the social networking system 200 from a successful connection with the
candidate user. In some embodiments, the future engagement level of
the user can be determined based on the friendship value. For instance,
the future engagement level of the user corresponding to a given friend-
ship value can be based on a function f(x) (where x is the friendship val-
ue), where the function is determined based on user data, such as en-
gagement level of users from various user groups before and after a
connection with other users of the social networking system 200, from
the action log 115.

[00107] For example, f(x) could be a simple linear function which maps
a given friendship value to a corresponding user engagement level with
the social networking system 200. The value computation engine 190
determines the change in engagement of the user with the social net-
working system 200 that would result from a successful friendship be-
tween the user and the candidate user as the difference between the us-
er's present engagement value and the future engagement value. For
example, the user's present engagement value could be 5 day-logins (in
a thirty day period), while the friendship value of 10 (between the user
and the candidate user) corresponds to a future engagement value of 8
day-logins (in a 30 day period). The potential change in engagement of
the user is, therefore, 3 day-logins (i.e., 8 - 5 = 3 day-logins) from a suc-
cessful connection with the candidate user.

[00108] In step 612, the value computation engine 190 utilizes the po-
tential change in engagement level of the user to determine the relevan-
cy of providing the user with contact information associated with the
candidate user. In one instance, the value computation engine 190 de-
termines that the relevancy of providing the user with the contact infor-
mation associated with the candidate user based at least in part on the
potential change in engagement being greater than a certain threshold
value. For example, the threshold value could be set at two day-logins.
So, the candidate user with whom the user experiences a potential

change in engagement of three day-logins from a successful connection
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is provided as a candidate user to the user. In one instance, the value
computation engine 190 outputs a ranking for one or more candidate us-
er to be provided to the user based on each candidate user's change in
engagement value. In another instance, the value computation engine
190 outputs the ranking for one or more candidate user to be provided to
the user based on each candidate user's friendship value.

[00109] In step 614, a determination can be made as whether to show
social networking information (e.g., profile picture, e-mail address, link to
an online profile, etc.) to the user or to show an advertising unit to the
user. This determination can be based on, for example, the relevancy,
friendship score, sending score, receiving score or some combination of
the scores as determined by value computation engine 190. In some in-
stances, the advertising unit can have an assigned value and only when
the relevancy or potential change in engagement is above the assigned
value is the social networking information associated with the candidate
user shown to the user instead of the advertising unit.

[00110] In one embodiment, the value computation engine 190 deter-
mines the sending and receiving score of each provided candidate user
based on the sending and receiving scores of the various user groups
received from the scoring engine 170. Figure 5 illustrates a list of send-
ing and receiving score that were derived by the scoring engine 170 for
various user groups (classified based on user's number of connections
and tenure) of the social networking system 200. In one instance, the
value computation engine 190 determines the sending and receiving
score of each provided candidate user based on their number of connec-
tions and tenure at the social networking system 200. Of course, other
user associated parameters, such as hobbies, interests, educational
background, etc. can be used to classify users under user groups and
identify their sending and receiving scores using a related sending and
receiving user group scores.

[00111] For example, in Figure 5, users of the user group who have
less than or equal to six connections (i.e. friendship connections ("fc"))
have a sending score of 44 while users of the user group who have a

tenure of less than or equal to one year and have at least 30 connections
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have a sending score of 1.7. Similarly, users of the user group with less
than or equal to three connections have a receiving score of 49 while us-
ers of the user group with less than or equal to sixty connections but
greater than twenty three connections have a receiving score of 12. The
value computation engine 190 determines the sending and receiving
score of each provided candidate user based on the sending and receiv-
ing scores of the various user groups.

[00112] Here, the receiving score of the candidate user reflects the val-
ue to the candidate user in receiving a connection request from a user,
where connections formed between candidate users with high receiving
scores potentially increases both the user's and candidate user's contin-
ued active utilization of the social networking system. Similarly, the
sending score of the user reflects the value to the user in sending a con-
nection request to the candidate users, where connections formed by a
user with high sending scores potentially increases both the user's and
the candidate users' continued active utilization of the social networking
system.

[00113] In one embodiment, the value computation engine 190 gener-
ates a ranking for one or more candidate users that can be provided to
the user based on each candidate user's receiving score. The receiving
score associated with each candidate user shows the relative importance
(to each candidate user) of receiving a connection request from the user.
For example, in Figure 5, a candidate user with a receiving score of for-
ty-five is fifteen times more likely to benefit from a potential connection
(stemming from a connection request) than a candidate user with a re-
ceiving score of three (i.e., 45/3 = 15). The value computation engine
190 outputs a ranking for one or more candidate users to be provided to
the user according to each candidate user's relative ranking based on
their receiving score.

[00114] In another instance, the value computation engine 190 outputs
a ranking based on each candidate user's absolute receiving score.
Similarly, in another instance, the value computation engine 190 outputs
a ranking for one or more candidate users to be provided to the user ac-

cording to each candidate user's relative ranking based on their sending
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score. In another instance, the value computation engine 190 outputs a
ranking based on each candidate user's absolute sending score, where
the sending score captures the importance of a candidate user sending a
connection request (and potentially forming a connection from one of

these connection requests).

Summary
[00115] The foregoing description of the embodiments of the invention

has been presented for the purpose of illustration; it is not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Per-
sons skilled in the relevant art can appreciate that many modifications
and variations are possible in light of the above disclosure.

[00116] Some portions of this description describe the embodiments of
the invention in terms of algorithms and symbolic representations of op-
erations on information. These algorithmic descriptions and representa-
tions are commonly used by those skilled in the data processing arts to
convey the substance of their work effectively to others skilled in the art.
These operations, while described functionally, computationally, or logi-
cally, are understood to be implemented by computer programs or equiv-
alent electrical circuits, microcode, or the like. Furthermore, it has also
proven convenient at times to refer to these arrangements of operations
as modules, without loss of generality. The described operations and
their associated modules may be embodied in software, firmware, hard-
ware, or any combinations thereof.

[00117] Any of the steps, operations, or processes described herein
may be performed or implemented with one or more hardware or soft-
ware modules, alone or in combination with other devices. In one em-
bodiment, a software module is implemented with a computer program
product comprising a computer-readable medium containing computer
program code, which can be executed by a computer processor for per-
forming any or all of the steps, operations, or processes described.
[00118] Embodiments of the invention may also relate to an apparatus

for performing the operations herein. This apparatus may be specially
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constructed for the required purposes, and/or it may comprise a general-
purpose computing device selectively activated or reconfigured by a
computer program stored in the computer. Such a computer program
may be stored in a tangible computer readable storage medium or any
type of media suitable for storing electronic instructions, and coupled to
a computer system bus. Furthermore, any computing systems referred
to in the specification may include a single processor or may be architec-
tures employing multiple processor designs for increased computing ca-
pability.

[00119] Embodiments of the invention may also relate to a computer
data signal embodied in a carrier wave, where the computer data signal
includes any embodiment of a computer program product or other data
combination described herein. The computer data signal is a product
that is presented in a tangible medium or carrier wave and modulated or
otherwise encoded in the carrier wave, which is tangible, and transmitted
according to any suitable transmission method.

[00120] Finally, the language used in the specification has been princi-
pally selected for readability and instructional purposes, and it may not
have been selected to delineate or circumscribe the inventive subject
matter. It is therefore intended that the scope of the invention be limited
not by this detailed description, but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the embodi-
ments of the invention is intended to be illustrative, but not limiting, of
the scope of the invention, which is set forth in the following claims.
[00121] Figure 7 is a high-level block diagram showing an example of
the architecture for a computer system 700 that can be utilized to imple-
ment a social networking system (e.g., 200 from Figure. 2), a web server
(e.g., 230 from Figure. 2), etc. In Figure 7, the computer system 700 in-
cludes one or more processors 705 and memory 710 connected via an
interconnect 725. The interconnect 725 is an abstraction that represents
any one or more separate physical buses, point to point connections, or
both connected by appropriate bridges, adapters, or controllers. The in-
terconnect 725, therefore, may include, for example, a system bus, a Pe-

ripheral Component Interconnect (PCI) bus, a HyperTransport or industry
45



WO 2014/066555 PCT/US2013/066462

10

15

20

25

30

standard architecture (ISA) bus, a small computer system interface
(SCSI) bus, a universal serial bus (USB), I1IC (12C) bus, or an Institute of
Electrical and Electronics Engineers (IEEE) standard 674 bus, some-
times referred to as “Firewire”.

[00122] The processor(s) 705 may include central processing units
(CPUs) to control the overall operation of, for example, the host comput-
er. In certain embodiments, the processor(s) 705 accomplish this by ex-
ecuting software or firmware stored in memory 710. The processor(s)
705 may be, or may include, one or more programmable general-purpose
or special-purpose microprocessors, digital signal processors (DSPs),
programmable controllers, application specific integrated circuits
(ASICs), programmable logic devices (PLDs), or the like, or a combina-
tion of such devices.

[00123] The memory 710 is or includes the main memory of the com-
puter system. The memory 710 represents any form of random access
memory (RAM), read-only memory (ROM), flash memory (as discussed
above), or the like, or a combination of such devices. In use, the
memory 710 may contain, among other things, a set of machine instruc-
tions which, when executed by processor 705, causes the processor 705
to perform operations to implement embodiments of the present inven-
tion.

[00124] Also connected to the processor(s) 705 through the intercon-
nect 725 is a network adapter 715. The network adapter 715 provides
the computer system 700 with the ability to communicate with remote de-
vices, such as the storage clients, and/or other storage servers, and may
be, for example, an Ethernet adapter or Fiber Channel adapter.

[00125] Unless the context clearly requires otherwise, throughout the

description and the claims, the words "comprise," "comprising,"” and the
like are to be construed in an inclusive sense (i.e., to say, in the sense of
"including, but not limited to"), as opposed to an exclusive or exhaustive
sense. As used herein, the terms "connected,” "coupled,” or any variant
thereof means any connection or coupling, either direct or indirect, be-
tween two or more elements. Such a coupling or connection between the

elements can be physical, logical, or a combination thereof. Additionally,
46



WO 2014/066555 PCT/US2013/066462

10

15

20

25

30

the words "herein," "above," "below," and words of similar import, when
used in this application, refer to this application as a whole and not to
any particular portions of this application. Where the context permits,
words in the above Detailed Description using the singular or plural
number may also include the plural or singular number respectively. The
word "or," in reference to a list of two or more items, covers all of the fol-
lowing interpretations of the word: any of the items in the list, all of the
items in the list, and any combination of the items in the list.

[00126] The above Detailed Description of examples of the invention is
not intended to be exhaustive or to limit the invention to the precise form
disclosed above. While specific examples for the invention are de-
scribed above for illustrative purposes, various equivalent modifications
are possible within the scope of the invention, as those skilled in the rel-
evant art will recognize. While processes or blocks are presented in a
given order in this application, alternative implementations may perform
routines having steps performed in a different order, or employ systems
having blocks in a different order. Some processes or blocks may be
deleted, moved, added, subdivided, combined, and/or modified to pro-
vide alternative or sub-combinations. Also, while processes or blocks
are at times shown as being performed in series, these processes or
blocks may instead be performed or implemented in parallel, or may be
performed at different times. Further any specific numbers noted herein
are only examples. It is understood that alternative implementations may
employ differing values or ranges.

[00127] The various illustrations and teachings provided herein can al-
so be applied to systems other than the system described above. The
elements and acts of the various examples described above can be com-
bined to provide further implementations of the invention.

[00128] Any patents and applications and other references noted
above, including any that may be listed in accompanying filing papers,
are incorporated herein by reference. Aspects of the invention can be
modified, if necessary, to employ the systems, functions, and concepts
included in such references to provide further implementations of the in-

vention.
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[00129] These and other changes can be made to the invention in light
of the above Detailed Description. While the above description de-
scribes certain examples of the invention, and describes the best mode
contemplated, no matter how detailed the above appears in text, the in-
vention can be practiced in many ways. Details of the system may vary
considerably in its specific implementation, while still being encom-
passed by the invention disclosed herein. As noted above, particular
terminology used when describing certain features or aspects of the in-
vention should not be taken to imply that the terminology is being rede-
fined herein to be restricted to any specific characteristics, features, or
aspects of the invention with which that terminology is associated. In
general, the terms used in the following claims should not be construed
to limit the invention to the specific examples disclosed in the specifica-
tion, unless the above Detailed Description section explicitly defines
such terms. Accordingly, the actual scope of the invention encompasses
not only the disclosed examples, but also all equivalent ways of practic-

ing or implementing the invention under the claims.
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CLAIMS

A computer-implemented method comprising:
determining a friendship value between a user and a candidate
user in a social networking system, the friendship value computed
as a function of one or more of: a value of a friendship to the user,
a value of the friendship to the candidate user, or a probability of
the friendship resulting between the user and the candidate user;
and
determining a potential change in engagement of the user with
the social network that would be caused based on a successful
friendship between the user and the candidate user, the change in
the engagement determined at least in part based on the computed
friendship value,
wherein the friendship value to the user is based at least in part
on a group value of a user group the user belongs to,
wherein the user group the user belongs to is determined
based on one or more of:
a number of times the user logs into the social networking
system in a specified timeframe;
a duration of the day during which the user logs into the
social networking system; or
a type of computing device that the user primarily uses
for logging into the social networking system,
wherein the group value of the user group is determined
as a function of one or more of:
an average change in engagement of one or more users of the
user group,
the average change in engagement based on providing the one
or more users information regarding one or more second candidate
users, and
a change in number of friends associated with the one or more

users of the user group, the change in number of friends based on
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providing the one or more users information regarding the one or
more second candidate users,

wherein the probability of the friendship resulting between the
user and the candidate user is determined based on:

determining a number of friendship requests sent by one or
more users of the user group to one or more users of a second us-
er group corresponding to the candidate user, and

determining a number of friendship requests accepted by the
one or more users of the second user group,

wherein the engagement of the user with the social networking
system is measured by an amount of time spent by the user ac-

cessing content within the social networking system.

The method of claim 1, further comprising determining the relevan-
cy of providing the user with social network information associated
with the candidate user based at least in part on the computed po-

tential change in engagement.

The method of claim 2, further comprising determining, based on
the relevancy, whether to show the social network information as-

sociated with the candidate user to the user.

The method of claim 2 or claim 3, further comprising determining,
based on the relevancy, whether to show an advertising unit to the
user instead of the social network information associated with the
candidate user, wherein preferably determining whether to show
the user advertising unit instead of the social network information
associated with the candidate user is based at least in part on the
potential change in engagement being greater than an advertising

value.

The method of any of claims 2 to 4, wherein the social network in-
formation associated with the candidate user includes one or more

of:
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a picture of the candidate user;
an email address of the candidate user; or

a social network link to the candidate user.

The method of any of claims 1 to 5, wherein the candidate user is
selected from a target list of one or more candidate users, the one
or more candidate users chosen based on a potential strength of
connection of each of the one or more candidate users to the user,
and the potential strength computed as a function of one or more

commonalities between the user and a particular candidate user.

A method according to any of claims 1 to 6 comprising:
determining a sending score for a user, the sending score based
on:

the user-group the user belongs to, wherein determination of the
user group of the user is based at least in part on a number of
friends of the user and a number of years the user utilized the so-
cial networking system; and

a group-sending-score associated with the user group, wherein the
group-sending-score is a function of a change in a number of users
of the user group who utilize the social networking system for at
least a specified number of times within a given period of time; and
determining a relevancy of providing the user with information re-
garding a first candidate user based at least in part on the sending

score for the user.
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10.

The method of claim 7, further comprising determining, based on
the relevancy, whether to show an advertising unit to the user or
the social network information associated with the first candidate

user

The method of claim 7 or claim 8, wherein the change in the num-
ber of users is determined based on:

providing the one or more users of the user group information re-
garding one or more second candidate users over a first period of
time; and

not providing the one or more users of the user group as candidate
users to users of one or more other user groups during the first pe-
riod of time

and/or

wherein the group-sending-score of the user group is further de-
termined as a function of an average number of friendship requests
sent and received by one or more users of the user group, the av-
erage number of friendship requests sent and received based on:
providing the one or more users of the user group information re-
garding the one or more second candidate users during a first pe-
riod of time; and

not providing the one or more users of the user group as candidate
users to users of the one or more other user groups during the first

period of time.

The method of any of claims 7 to 9, wherein the information re-
garding the first candidate user includes one or more of:

a picture of the first candidate user;

an email address of the first candidate user; or

a social network link to the first candidate user
and/or

wherein the first candidate user is selected from a target list
of one or more candidate users, the one or more candidate users

chosen based on a potential strength of connection of each of the
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12.

one or more candidate users to the user, the potential strength
computed as a function of one or more commonalities between the

user and a particular candidate user.

A method of any of the preceding claims comprising:

determining a receiving score for a first user, the receiving score
based on:

a user group the first user belongs to, wherein determination of the
user group of the first user is based at least in part on a number of
friends of the first user and a number of years the first user utilized
a social network;

a group-receiving score associated with the user group, the group-
receiving-score determined as a function of a change in a number
of users of the user group who utilize the social network for a
specified number of times within a given period of time; and
determining a relevancy of providing the first user as a candidate
user to the second user of the social network based at least in part

on the receiving score for the first user.

The method of claim 11, further comprising determining, based on
the relevancy, whether to show the first user or an advertising unit
to the second user, wherein preferably determining whether to
show the first user or the advertising unit to the first user is based
at least in part on the receiving score for the user being greater

than a given threshold value.
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13.

14.

15.

The computer-implemented method of claim 11 or 12, wherein the
group receiving score of the user group is a function of the change
in the number of users based on:

providing the one or more users of the user group as candidate
users to users of one or more other user groups during a first peri-
od of time, and

not providing the one or more users of the user group content re-
garding one or more candidate users during the first period of time
and/or

wherein the group-receiving-score of the user group is further de-
termined as a function of an average number of friendship requests
sent and received by one or more users of the user group, the av-
erage number of friendship requests sent and received based on:
providing the one or more users of the user group content regard-
ing the one or more second candidate users during a first period of
time, or

not providing the one or more users of the particular user group as
candidate users to one or more users of one or more other user

groups during the first period of time.

A system comprising:

a processor;

a memory configured to store a set of instructions, which when ex-
ecuted by the processor cause the system to perform a method ac-

cording to any of claims 1 to 13.

A computer-implemented method comprising:

determining a friendship value between a user and a candidate user, the

friendship value computed as a function of one or more of: a value of a friendship

to the user, a value of the friendship to the candidate user, or a probability of the

friendship resulting between the user and the candidate user; and

determining a potential change in engagement of the user with the social

network that would be caused based on a successful friendship between the user
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and the candidate user, the change in the engagement determined at least in part

based on the computed friendship value.

16. The method of claim 15, further comprising determining the relevancy of
providing the user with social network information associated with the candidate

user based at least in part on the computed potential change in engagement.

17.  The method of claim 16, further comprising determining, based on the rele-
vancy, whether to show the social network information associated with the candi-

date user to the user.

18.  The method of claim 16, further comprising determining, based on the rele-
vancy, whether to show an advertising unit to the user instead of the social net-

work information associated with the candidate user.

19.  The method of claim 18, wherein determining whether to show the user
advertising unit instead of the social network information associated with the can-
didate user is based at least in part on the potential change in engagement being

greater than an advertising value.

20. The method of claim 16, wherein the social network information associated
with the candidate user includes one or more of:

a picture of the candidate user;

an email address of the candidate user; or

a social network link to the candidate user.

21.  The method of claim 15, wherein the friendship value to the user is based at

least in part on a group value of a user group the user belongs to.
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22. The method of claim 21, wherein the user group the user belongs to is de-
termined based on one or more of:

a number of times the user logs into the social network in a specified
timeframe;

a duration of the day during which the user logs into the social network; or

a type of computing device that the user primarily uses for logging into the

social network.

23.  The method of claim 21, wherein the group value of the user group is de-
termined as a function of one or more of:

an average change in engagement of one or more users of the user group,
the average change in engagement based on providing the one or more users in-
formation regarding one or more second candidate users, and

a change in number of friends associated with the one or more users of the
user group, the change in number of friends based on providing the one or more

users information regarding the one or more second candidate users.

24. The method of claim 15, wherein the probability of the friendship resulting
between the user and the candidate user is determined based on:

determining a number of friendship requests sent by one or more users of
the user group to one or more users of a second user group corresponding to the
candidate user, and

determining a number of friendship requests accepted by the one or more

users of the second user group.

25. The method of claim 15, wherein the engagement of the user with the social
network is measured by an amount of time spent by the user accessing content

within the social network.
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26. The method of claim 15, wherein the candidate user is selected from a tar-
get list of one or more candidate users, the one or more candidate users chosen
based on a potential strength of connection of each of the one or more candidate
users to the user, and the potential strength computed as a function of one or

more commonalities between the user and a particular candidate user.

27. A computer-implemented method comprising:
determining a sending score for a user, the sending score based on:

a user-group the user belongs to, wherein determination of the user
group of the user is based at least in part on a number of friends of the user
and a number of years the user utilized a social network; and

a group-sending-score associated with the user group, wherein the
group-sending-score is a function of a change in a number of users of the
user group who utilize the social network for at least a specified number of
times within a given period of time; and
determining a relevancy of providing the user with information regarding a

first candidate user based at least in part on the sending score for the user.

28.  The method of claim 27, further comprising determining, based on the rele-
vancy, whether to show an advertising unit to the user or the social network infor-

mation associated with the first candidate user

29. The method of claim 27, wherein the change in the number of users is de-
termined based on:

providing the one or more users of the user group information regarding
one or more second candidate users over a first period of time; and

not providing the one or more users of the user group as candidate users to

users of one or more other user groups during the first period of time.
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30. The method of claim 27, wherein the group-sending-score of the user group
is further determined as a function of an average number of friendship requests
sent and received by one or more users of the user group, the average number of
friendship requests sent and received based on:

providing the one or more users of the user group information regarding the
one or more second candidate users during a first period of time; and

not providing the one or more users of the user group as candidate users to

users of the one or more other user groups during the first period of time.

31.  The method of claim 27, wherein the information regarding the first candi-
date user includes one or more of:

a picture of the first candidate user;

an email address of the first candidate user; or

a social network link to the first candidate user.

32. The method of claim 27, wherein the first candidate user is selected from a
target list of one or more candidate users, the one or more candidate users cho-
sen based on a potential strength of connection of each of the one or more candi-
date users to the user, the potential strength computed as a function of one or

more commonalities between the user and a particular candidate user.

33. A computer-implemented method comprising:
determining a receiving score for a first user, the receiving score based on:
a user group the first user belongs to, wherein determination of the
user group of the first user is based at least in part on a number of friends
of the first user and a number of years the first user utilized a social net-
work;
a group-receiving score associated with the user group, the group-

receiving-score determined as a function of a change in a number of users
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of the user group who utilize the social network for a specified number of

times within a given period of time; and

determining a relevancy of providing the first user as a candidate user to
the second user of the social network based at least in part on the receiving score

for the first user.

34. The computer-implemented method of claim 33, further comprising deter-
mining, based on the relevancy, whether to show the first user or an advertising

unit to the second user.

35. The computer-implemented method of claim 34, wherein determining
whether to show the first user or the advertising unit to the first user is based at
least in part on the receiving score for the user being greater than a given thresh-

old value.

36. The computer-implemented method of claim 33, wherein the group receiv-
ing score of the user group is, the change in the number of users based on:
providing the one or more users of the user group as candidate users to
users of one or more other user groups during a first period of time, and
not providing the one or more users of the user group content regarding

one or more candidate users during the first period of time.

37. The computer-implemented method of claim 33, wherein the group-
receiving-score of the user group is further determined as a function of an average
number of friendship requests sent and received by one or more users of the user
group, the average number of friendship requests sent and received based on:
providing the one or more users of the user group content regarding the

one or more second candidate users during a first period of time, or
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not providing the one or more users of the particular user group as candi-
date users to one or more users of one or more other user groups during the first

period of time.

38. A system comprising:

a processor;

a memory configured to store a set of instructions, which when executed by
the processor cause the system to perform a method, the method including:

determining a friendship value between the user and the candidate
user, the first value of the friendship computed as a function of one or more
of: a value of the friendship to the user, a value of the friendship to the
candidate user, or a probability of the friendship resulting between the user
and the candidate user; and

determining a potential change in engagement of the user with the
social network that would be caused based on a successful friendship be-
tween the user and the candidate user, the change in the engagement de-

termined at least in part based on the computed friendship value.

39. The system of claim 38, wherein the system further comprises determining
the relevancy of providing the user with the social network information associated
with the candidate user based at least in part on the computed potential change in

engagement.

40. The system of claim 38, wherein the system further comprises determining,
based on the potential change in engagement being greater than a given threshold
value, whether present to the user an advertising unit or to present to the user the

social network information associated with the candidate user.

41.  The system of claim 38, wherein the friendship value to the user is based at

least in part on a group value of a user group the user belongs to.
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42.  The system of claim 41, wherein the user group the user belongs to is de-
termined based on one or more of:

a number of times the user logs into the social network in a specified
timeframe;

a duration of the day during which the user logs into the social network; or

a type of computing device that the user primarily uses for logging into the

social network.

43. The system of claim 41, wherein the group value of the user group is de-
termined as a function of one or more of:

an average change in engagement of one or more users of the user group,
the average change in engagement based on providing the one or more users in-
formation regarding one or more second candidate users, and

a change in number of friends associated with the one or more users of the
user group, the change in number of friends based on providing the one or more

users information regarding the one or more second candidate users.

44. The system of claim 38, wherein the probability of the friendship resulting
between the user and the candidate user is determined based on:

determining a number of friendship requests sent by one or more users of
the user group to one or more users of a second user group corresponding to the
candidate user, and

determining a number of friendship requests accepted by the one or more

users of the second user group.

45. The system of claim 38, wherein the engagement of the user with the social
network is measured by an amount of time spent by the user accessing content

within the social network.
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Divide the users of the social network into two primary groups:
control group and deprivation group 402

v

Further subdivide the users of the two primary groups into one or
more user groups based on each user's level of engagement with
the social network 204

v

Detarmine the average number of initial connections each user
of a given user group had prior to the exposure/non-exposure
to PYMK units 308

v

Distermine the average lavel of initial engagement of each user of a3
given user group had prior to the exposure/non-exposure to PYMK
units 308

v

Detlermine the average number of final friends each user of a given
user group had after the exposure/non-exposure o PYMK units

310
v

Determine the average lsvel of final engagement of sach userof a
given user group had after the exposura/non-exposure to PYMK
units 312

v

Determine the average change in the number of friends sach user
of a given user group had
g group 314

v

Determine the average change in the level of engagement of each
user of a given user group o

316

For each user group under the deprivation group, determine the

difference in average change in the number of friends each user of
the group had 318

v

For each user group under the deprivation group, determine the
difference in change in the average level of engagement of each
user of the group 320

For each user group under the deprivation group, caiculate a value

of friendship to a user of the user group 497
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Divide the users of the social network into primary groups: control group, no show
group, no view group, and/or total deprivation group 102

v

Subdivide the users of each primary group being utilized info two user groups
based on each user's leval of engagement with the social netwaork

v

Determine the average percentage change in users of the user group who were
active periodically after the exposure/non-exposure infto PYMK units 406

v

Determine the average number of connection requests sent and received by users
of the user group during the exposure/non-exposure infto PYMK units 408

v

For each user group under the no show group, determine the difference in average
percentage change in users of the user group who were active pericdically after the
exposure/non-exposure info PYMK units 140
4

v

For each users group under the no show group, determine the difference in
average number of cannection requests sent and recaived by users of ths user
group during the exposure/non-exposure inflo PYMK uniis 419
v
For each user group under the no show group, calculate a sending scors to a user
of the user group
414

v

For the no show group, repeat steps 404-414 with radefined user groups based on
each user’s level of engagement with the social network until the difference
betwesn the sending scove of the two user groups of the no show group have

reached a maximum 418

v

For each user group under the no view group, calculate a recaiving score {0 a user
of the user group
418

413
For the no view group, repeat steps 404-416 with no view and control group until

the difference bebtween the receiving score of the two user groups of the no view
group have reached a maximum 420

404
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Compute a value of the friendship to the user

(e

2

h 4

Determine a value of the friendship o the candidate

user
604

\ 4

Determine a probability of the friendship resulting
between the user and the candidate user

-

8

\ 4

Determine a friendship value between the user and the
candidate user based on: value of the friendship to the
user, the value of the friendship to the candidate user,
and the probability of the friendship resulting between
the user and the candidate user 808

A 4

Based on the determined friendship value, determing a
potential change in engagement of the user with the
social network that would be caused based on a
successiul friendship between the user and the

potential coniact 51

h 4

Based at least in part on the computed potential change
in engagement, determine the relevancy of providing
the user with the social network information associated

with the candidate user 512

\ 4

Determine {e.g., based on the relevancy) whether o
present a set of social networking information about the
candidate user to the user or to present an advertising

unit to the user instead 614
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