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Techniques for analyzing a social graph of a social network
service to 1dentity and then present connection paths connect-
ing various entities are described. With some embodiments,
subsequent to a user selecting or otherwise identifying two
entities represented as nodes 1n a social graph, the social
graph 1s analyzed to 1dentily connection paths connecting the
nodes representing the two entities. The social graph 1s imple-
mented with a graph data structure having nodes and edges
representing entities and associations between entities,
respectively. With some embodiments, the nodes represent
people, companies, educational institutions (e.g., schools,
unmiversities, etc.), and groups. Alter identiiying the connec-
tion paths, the connection path or paths having the highest
path scores, as dertved by aggregating edge scores assigned to
the edges, may be presented.
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TECHNIQUES FOR IDENTIFYING AND
PRESENTING CONNECTION PATHS

RELATED APPLICATIONS

[0001] This patent application 1s a continuation of U.S.
patent application Ser. No. 13/430,284, filed on Mar. 26,
2012, which 1s hereby incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to data pro-
cessing systems. More specifically, the present disclosure
relates to methods, systems and computer program products
that leverage a social graph, defined and maintained by a
social network service, to identily and then present contextual
information concermng connection paths that exist between
two entities (e.g., persons, companies, groups, educational
institutions, or other organizations) represented within the
social graph.

BACKGROUND

[0003] Online social network services provide users with a
mechanism for defining, and memorializing 1n a digital for-
mat, their relationships with other people. This digital repre-
sentation of real-world relationships 1s frequently referred to
as a social graph. Many social network services utilize a
social graph to facilitate electronic communications and the
sharing of information between its users or members. For
instance, the relationship between two members of a social
network service, as defined in the social graph of the social
network service, may determine the access and sharing privi-
leges that exist between the two members. As such, the social
graph 1n use by a social network service may determine the
manner 1n which two members of the social network service
can mteract with one another via the various communication
and sharing mechanisms supported by the social network
service.

[0004] Some social network services aim to enable friends
and family to communicate and share with one another, while
others are specifically directed to business users with a goal of
facilitating the establishment of professional networks and
the sharing of business information. For purposes of the
present disclosure, the terms “social network™ and “social
network service” are used 1n a broad sense and are meant to
encompass services aimed at connecting friends and family
(often referred to simply as ““social networks™), as well as
services that are specifically directed to enabling business
people to connect and share business information (also com-
monly referred to as “social networks” but sometimes
referred to as “business networks” or “proiessional net-
works”).

[0005] With many social network services, members are
prompted to provide a variety of personal information, which
may be displayed in a member’s personal web page. Such
information 1s commonly referred to as “personal profile
information”, or simply “profile information”, and when
shown collectively, 1t 1s commonly referred to as a member’s
profile. For example, with some of the many social network
services 1n use today, the personal information that 1s com-
monly requested and displayed as part of a member’s profile
includes a member’s age (e.g., birth date), gender, contact
information, home town, address, the name of the member’s
spouse and/or family members, a photograph of the member,
interests, and so forth. With certain social network services,
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such as some business network services, a member’s personal
information may include imformation commonly mncluded 1n
a proiessional resume or cuniculum vitae, such as informa-
tion about a person’s education, employment history, job
skills, professional organizations, and so forth. With some
social network services, a member’s profile may be viewable
to the public by default, or alternatively, the member may
specily that only some portion of the profile 1s to be public by
default. As such, many social network services serve as a sort
of directory of people to be searched and browsed.

[0006] Because social network services are a rich source of
information about people, social network services are an
extremely useful tool when performing certain tasks. For
example, many people use social network services to search
for, and/or browse, member profiles that exhibit various
desired characteristics. For instance, a job recruiter may
search for persons who have profiles indicating the posses-
sion of certain technical skills, and educational and profes-
sional experiences and backgrounds. Similarly, when some-
one needs to hire a person employed in a particular profession
(e.g., a general contractor, a doctor, a lawyer, a landscaper, a
plumber, an investment banker, and so forth), that person may
turn to a social network service to 1dentily persons who pos-
sess the requisite skills and qualifications. In another sce-
nario, a person may desire to contact someone for the purpose
of exploring or proposing the possibility of a particular busi-
ness arrangement or relationship. Accordingly, the person
may use a social network service to identily the appropnate
persons to contact.

DESCRIPTION OF THE DRAWINGS

[0007] Some embodiments are illustrated by way of
example and not limitation 1n the FIG.s of the accompanying,
drawings, in which:

[0008] FIG. 1 1s a block diagram 1llustrating various func-
tional components of a social network system with a path-
finder module, consistent with some embodiments of the
invention, for use with a wide variety of applications, and
specifically for identifying and then presenting connection
paths 1n a social graph connecting a user with a target member
of the social network service;

[0009] FIG. 21s a block diagram 1illustrating an example of
a portion of a graph data structure for modelling a social
graph, according to some embodiments of the invention;
[0010] FIG. 3 1s a table showing examples of the many
different types of associations that may be represented with
an edge connecting two nodes 1 a graph data structure,
consistent with some embodiments of the invention;

[0011] FIG. 415 a block diagram 1llustrating an example of
a generalized social graph containing nodes of several entity
types including members, companies, and schools, consistent
with some embodiments of the invention;

[0012] FIG. 5 1s a block diagram illustrating some
examples of connection paths 1n a social graph connecting a
user with a target member, consistent with embodiments of
the invention;

[0013] FIGS. 6 through 8 are examples of some user 1nter-
face elements that convey a visual representation ol connec-
tion paths 1n a social graph connecting a user with a target
member, consistent with embodiments of the invention;
[0014] FIG. 9 1s a flow diagram illustrating method steps
involved 1n a method for presenting to a message sender a
connection path or paths to a message recipient, consistent
with some embodiments of the invention;
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[0015] FIGS. 10 through 13 are examples of user interfaces
for use with a messaging application that implements a

method (such as that described in connection with FIG. 9),
consistent with some embodiments of the invention;

[0016] FIG. 14 1s atlow diagram 1llustrating method opera-
tions ivolved in a method of presenting to a user one or more
connection paths connecting the user with a target member of
a social network 1n conjunction with an application for
searching for and/or browsing member profiles, according to
some embodiments of the invention;

[0017] FIG.151sanexample of a user intertace for use with
a member profile browsing application that implements a
method (such as that described 1n connection with FIG. 14),

consistent with some embodiments of the invention;

[0018] FIG.161sanexample of a user interface for use with
a standalone pathiinder application or service, which may be
invoked from a wide variety of other applications, consistent
with some embodiments of the invention; and

[0019] FIG. 17 1s a block diagram of a machine in the form
of a computing device within which a set of instructions, for
causing the machine to perform any one or more of the meth-
odologies discussed herein, may be executed.

DETAILED DESCRIPTION

[0020] The present disclosure describes methods, systems
and computer program products for leveraging a social graph
of a social network service to 1dentily and convey information
about various connection paths, as defined 1n the social graph,
connecting entities represented in the social graph. In the
tollowing description, for purposes of explanation, numerous
specific details are set forth 1n order to provide a thorough
understanding of the various aspects of different embodi-
ments of the present invention. It will be evident, however, to
one skilled 1n the art, that the present invention may be prac-
ticed without all of the specific details and/or with variations
permutations and combinations of the various features and
clements described herein.

[0021] Consistent with embodiments of the invention,
some of the many tasks people commonly use a social net-
work service to perform are improved by conveying to a user
of the service specific information concerning the associa-
tions (e.g., relationships and affiliations) that a user, or an
entity on whose behalf the user 1s acting (e.g., a company,
group or other orgamzation with which the user i1s associ-
ated), might share 1n common with another member of the
social network service, while the user 1s performing a par-
ticular task. Specifically, the mventive concepts described
herein ivolve techniques for analyzing a social graph to
identily connection paths connecting a user (or, some other
entity) with another member of the social network service,
and then to present a visual representation of those connec-
tion paths that are determined to be the strongest, or best
suited for a particular purpose. While social graphs used by
many conventional social network services model only the
relationships that exist between people, embodiments of the
present mvention use a social graph that includes not only
people, but other types of entities as well. For example, a
social graph consistent with some embodiments of the inven-
tion may include entity types such as, companies, educational
institutions, groups, and so forth. As such, a connection path
in the social graph that connects two members may be based
on a wide variety of associations between the various entities,
including personal relationships between members, a com-
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mon employment relationship with a particular company,
common membership 1n a group, and so forth.

[0022] The algorithmic processes used to identily and
present the connection paths connecting a user with a target
member are 1implemented with a combination of hardware
(e.g., computer processors and memory) and software (e.g.,
executable instructions) that 1s generally referred to herein as
a pathfinder module. Furthermore, the inventive concepts that
are presented herein are generally applicable to awide variety
and nature of applications and tasks. However, for brevity, the
examples of the mventive concepts described herein are pri-
marily presented in the context of two specific types of appli-
cations 1ncluding applications involving electronic or digital
messaging or communication systems and techmques, and
applications for facilitating browsing and searching of mem-
ber profiles.

[0023] Consistent with some embodiments of the mven-
tion, a social network service maintains a social graph, imple-
mented as a graph data structure having nodes and edges,
where the nodes represent different entities and the edges
represent various associations or relationships between enti-
ties. For example, with some embodiments, the entity types
may 1nclude people, companies, educational institutions
(e.g., schools and universities), and groups (e.g., online
groups, or prolessional organizations), among others.
Accordingly, the edges that connect any two nodes (entities)
represent types of associations between the entities, and wall
therefore depend 1n part on the entities involved. For example,
an edge connecting two nodes that represent people may be
representative ol a specific type of relationship between the
two people, including a direct, bilateral connection between
the two people. An edge connecting a first node, representing
a person, with a second node, representing a company, may be
representative of an employment relationship (current or pre-
vious) between the person and the company. In addition to the
edges having a particular type, representative of the nature of
the relationship between two entities, each edge connecting
two entities 1s assigned an edge score to retlect the strength, or
relevance, of the particular association.

[0024] Consistent with some embodiments, when a user 1s
performing a particular task, the social network service (e.g.,
specifically, the pathfinder module) will perform an algorith-
mic process to analyze the social graph and to identity the
connection paths that connect a user (e.g., the person per-
forming the task) or some entity specified by the user and on
whose behalf the user may be acting, with another member of
the social network service. The connection path or paths that
are determined to be strongest, or most relevant, with respect
to the particular task being performed, are then visually pre-
sented to the user, providing the user with important contex-
tual mmformation for completing the task. For purposes of the
present disclosure, to distinguish the person involved in the
performance of a task with those persons who may be subjects
of a task, the term “user’ 1s used herein to 1dentily the person
who 1s performing a task, while the terms “target” and/or
“target member” are used to i1dentily a subject of the task.
Similarly, 1n the specific context of a digital messaging appli-
cation, the terms “message sender” and “message recipient”
are used herein. While a message recipient 1s the member to
whom a message 1s addressed, a message sender 1s the user
performing the task of preparing and sending a message on
his or her own behalf, or on behalf of an entity, such as a
company, group or other organization.
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[0025] Consistent with some embodiments of the mven-
tion, for each connection path connecting a user to a target
member, a path score 1s derved to reflect the overall connec-
tion strength (or relevance) of the path connecting the user
with the target. For example, with some embodiments, the
path score 1s derived by simply aggregating (e.g., summing,
or otherwise combining with an algorithm or formula) the
individual edge scores that correspond with the edges con-
necting the nodes that ultimately connect the user with the
target member. As described in greater detail below, a variety
of algorithms may be used to derive the individual edge scores
for a particular edge and/or edge type connecting any two
nodes in the social graph. Similarly, a variety of algorithms
may be used to derive the path scores for the connection paths
connecting a user with a target. For example, with some
embodiments, various weighting factors may be applied to
influence (e.g., increase or decrease) the edge score for a
particular edge type (e.g., the type of association existing,
between two nodes 1n the social graph), based on the particu-
lar task for which the connection paths are being 1dentified
and presented. In any case, once the various connection paths
connecting a user or some user-specified entity to a target
member have been 1dentified and ordered or ranked by path
score, a visual representation of the connection path having
the highest path score 1s presented to the user. With some
embodiments, a visual representation of several independent
connection paths may be presented.

[0026] In the context of a messaging application, and par-
ticularly a web-based messaging application, consistent with
some embodiments of the invention, when a message sender
has addressed a message to another member of the social
network service (e.g., a message recipient), the message
sender 1s presented with a visual representation of the best
connection path or paths connecting the message sender to
the message recipient, as determined by analysis of the social
graph maintained by the social network service. With some
embodiments, the algorithm used to derive the path scores for
the various connection paths connecting the message sender
to the message recipient may be selected based on an inferred
type of communication, or an explicitly selected type of com-
munication. For instance, with some embodiments, the social
network service may use machine learming techniques and/or
various algorithms to infer the type of communication (e.g.,
the purpose or reason the message sender 1s communicating,
with the message recipient), and then based on this informa-
tion, a particular algorithm for deriving the path scores may
be selected. With some embodiments, the message sender
may explicitly select or otherwise specity the type of com-
munication, such that the selected communication type will
influence the algorithm used to derive the path scores for the
connection paths connecting the message sender with the
message recipient. By tailoring the algorithm that 1s used to
derive the path scores to a specific task (e.g., sending a mes-
sage) and/or a specific context for a task (e.g., a type of
communication for the task of sending a message), the most
relevant connection path(s) can be presented to the user, based
on the task and context in which the task 1s being performed.

[0027] With some embodiments, the visual representation
ol the best connection path or paths (e.g., the connection path
or paths with the highest path scores) may be automatically
embedded or otherwise included in the content of a message
being prepared by the message sender. Consequently, when
the message recipient receives the message, the message
recipient can view a visual representation of the best connec-
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tion path or paths connecting the message sender with the
message recipient. Alternatively, the connection path or paths
may be presented 1n a manner that allows the message sender
to simply reference the relevant information when the mes-
sage sender 1s composing the message. For instance, with
some embodiments, the visual representation of the connec-
tion path may be presented as a separate element of a graphi-
cal user interface displayed when the message sender 1s com-
posing the message. Similarly, the visual representation of the
connection path or paths may be presented to a message
recipient, not as part of a recerved electronic message, but
instead as part of a separate user interface element that 1s
presented when the message recipient 1s accessing and view-
ing the electronic message. In either case, by identifying and
then presenting information indicating how the message
sender and message recipient are associated or related (e.g.,
connected via the social graph), the message recipient 1s more
likely to be receptive to recerving, reading, and replying to the
message. This 1s particularly advantageous 1n an environment
where people are frequently overloaded with information and
are recerving hundreds of messages per day.

[0028] With some embodiments, and specifically in the
context of an application that enables users to search for or
otherwise browse member profiles, the strongest or most
relevant connection path or paths connecting the user with a
target member will be presented when the user 1s viewing the
profile of the target member. For example, a user may perform
a search of member profiles by specilying various desirable
member attributes or characteristics. For instance, a job
recruiter may perform a search by specilying one or more
member profile characteristics, including: a company at
which one 1s employed, a job title, a college or umversity
attended, and one or more possessed skills. In response to the
j0b recruiter’s query, the social network service may present
to the job recruiter a list of members having member profile
attributes or characteristics that match (partially or fully) the
characteristics specified 1n the query. When the job recruiter
selects a particular member from the list, the job recruiter will
be presented with the selected member’s profile information.
In addition, the social network service may present a visual
representation of a connection path connecting the job
recruiter to the selected member, where the connection path
has been selected for having the highest path score of all
connection paths connecting the recruiter with the target
member. Alternatively, a visual representation of several indi-
vidual connection paths may be presented. With some
embodiments, the connection path or paths may be presented
automatically with the profile information of the selected
member. Alternatively, with some embodiments, a graphical
user interface element (e.g., a button or link) may be provided
with the selected member profile, such that when the job
recruiter selects or otherwise interacts with the graphical user
interface element, the social network service will invoke the
algorithmic process for identifying and presenting the con-
nection path having the highest path score.

[0029] Withsomeembodiments, the user that 1s performing
a search ol member profiles, or otherwise browsing member
profiles, may specily as a sort of proxy an alternative entity
(e.g., person, company or other orgamization) to serve as the
starting or beginming node for purposes of identifying the
connection paths to an identified target member. For instance,
if an independent job recruiter has been tasked waith filling a
j0b opening for a particular company, the job recruiter may
specily that the company be used as the starting node 1n the
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social graph of any connection paths to a particular target
member. As such, the pathfinder module of the social network
service will attempt to 1dentily and present connection paths
connecting the specified company with the 1dentified target
member. In such a scenario, the nodes forming the connection
paths between the company and the target member may
include entities of various types, including but not limited to
members who are current or past employees of the specified
company, other companies that are associated with the speci-
fied company, and schools whose graduates are employed by
the specified company.

[0030] Referring again to a messaging application, consis-
tent with some embodiments a message sender may compose
a message mtended for multiple message recipients. For
instance, a job recruiter may use the social network service to
compile a list of target members to contact as potential can-
didates for ajob opening. The job recruiter may then compose
a single generic message to be sent to all the target members
on the list, without manually personalizing or customizing the
content of the message for each individual member specified
as a message recipient. In general, the connection paths from
the message sender (the recruiter or the company on whose
behalf the recruiter 1s acting) to each message recipient will
be different. In this scenario, the pathfinder module of the
social network service 1s automatically invoked once for each
individual message recipient. With each invocation, the path-
finder module will attempt to 1dentily connection paths con-
necting the message sender with an individual message
recipient. Upon successiully identifying one or more connec-
tion paths, the message content to be communicated to a
particular message recipient will automatically be modified
to include a description or graphical visualization of one or
more of the strongest, or most relevant, connection paths. In
this way, the messaging application can perform a mass cus-
tomization operation to customize or personalize an other-
wise general or generic message so that that a customized or
personalized istance of the message 1s communicated to
cach message recipient. In particular, the customized or per-
sonalized message may include a visual representation of a
connection path between the message recipient and the mes-
sage sender, or the message recipient and some entity on
behalf of which the message 1s being communicated. Alter-
natively, the message may include information identifying,
one or more entities 1n the connection path with an indication
of how the message sender or the entity on whose behalf the
message 1s being sent and the message recipient are associ-
ated. The personalization of the message to provide some
social context will increase the relevance of the message to
the particular message recipient.

[0031] With some embodiments, in addition to presenting
the user with a visual representation of the connection path
with the highest path score, the actual path score may be
presented to the user. The path score may be normalized in
some manner for easy comparison with other path scores,
thereby giving the user a sense of which connection paths
may be best for a particular task. The path score may be
conveyed on some arbitrary scale (e.g., a scale of one to five,
with one being a low score, and five being a high score), or
simply as a raw number. Additionally, the visual representa-
tion of the connection path connecting the user with the target
member may be presented 1n an interactive manner, such that
additional information about various entities and associations
(e.g., relationships and/or affiliations) may be easily obtained
by the user, for example, by manipulating a cursor control
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device or interacting with a touch sensitive display to select or
hover over various user interface elements included in the
visual representation of the connection path.

[0032] With some embodiments, various user interface
controls may be presented with the visual representation of
the connection path, thereby allowing the user to very quickly
navigate or cycle through the many connection paths connect-
ing the user with the target member, or filter and/or sort the
connection paths based on various connection path param-
cters. For example, by selecting a particular button or link
associated with a navigation control, the view of the visual
representation of the connection path with the highest path
score may be replaced with a view of a visual representation
of the connection path with the second highest path score.
With some embodiments, user interface controls may be pre-
sented to enable the user to filter and/or sort connection paths
based on certain entities, entity types, edge types and/or any
combinations thereof. For instance, a filtering mechanism
may allow the user to select for presentation only those con-
nection paths that include a particular type of entity (e.g., a
person, a company, a school or university, or a group), or even
a particular enftity (e.g., all connection paths including a spe-
cific entity, such as the person, John Smith, or a specific
educational istitution, such as Stanford University). Simi-
larly, the filtering mechanism may enable the user to identity
a particular enftity to be excluded from all connection paths,
such that only those connection paths that do not include the
selected entity will be presented to the user. With some
embodiments, the filtering mechanism may enable the user to
specily various requirements concerning the number of nodes
in a connection path, such as a maximum, mimmuim, or exact
number ol nodes separating the user with the target member.
For instance, the user may desire to view a visual represen-
tation of all connection paths between the user and a target
member, where the number of nodes between the user and the
target member 1s two or less. Accordingly, the pathfinder
module will select for presentation only those connection
paths satistying the specified requirements, and will gener-
ally present the selected connection paths 1n an order with the
connection path having the highest path score presented first.
Additionally, with some embodiments, various controls may
allow the user to explicitly select other connection path
parameters that influence the algorithm used to derive the
path scores for the connection paths. Various embodiments of
the mventive subject matter presented herein provide the
alorementioned features and advantages, as well as other
advantages, which will be readily apparent from the follow-
ing description of the various figures.

[0033] FIG. 1 1s a block diagram illustrating various func-
tional components of a social network system 10 with a
pathfinder module 16 for use with a wide variety of applica-
tions and specifically for identifying, and then presenting,
connection paths connecting a user or user-specified entity
with a target member of the social network service, consistent
with some embodiments of the invention. As shown in FIG. 1,
the social network system 10 1s generally based on a three-
tiered architecture, consisting of a front-end layer, application
logic layer, and data layer. As 1s understood by skilled artisans
in the relevant computer and Internet-related arts, each mod-
ule or engine shown 1n FIG. 1 represents a set of executable
soltware instructions and the corresponding hardware (e.g.,
memory and processor) for executing the instructions. To
avold obscuring the mventive subject matter with unneces-
sary detail, various functional modules and engines that are
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not germane to conveying an understanding of the inventive
subject matter have been omitted from FIG. 1. However, a
skilled artisan will readily recognize that various additional
functional modules and engines may be used with a social
network system, such as that i1llustrated in FIG. 1, to facilitate
additional functionality that 1s not specifically described
herein. Furthermore, the various functional modules and
engines depicted 1n FIG. 1 may reside on a single server
computer, or may be distributed across several server com-
puters 1n various arrangements. Moreover, although depicted
in FIG. 1 as a three-tiered architecture, the inventive subject
matter 1s by no means limited to such architecture.

[0034] As shown in FIG. 1, the front end consists of a user
interface module (e.g., a web server) 12, which receives
requests from various client-computing devices, and commu-
nicates appropriate responses to the requesting client devices.
For example, the user interface module(s) 12 may receive
requests 1n the form of Hypertext Transport Protocol (HTTP)
requests, or other web-based, application programming inter-
tace (API) requests. The client devices (not shown) may be
executing conventional web browser applications, or appli-
cations that have been developed for a specific platiorm to
include any of a wide variety of mobile devices and operating
systems.

[0035] As shown in FIG. 1, the data layer includes several
databases, including databases 18 for storing data for various
entities of the social graph, including member profiles 18,
company profiles 20, educational institution profiles 22, as
well as mnformation concerning various online or offline
groups 24. In addition, the graph data structure 1s 1mple-
mented with a graph database 26, which 1s a particular type of
database that uses graph structures with nodes, edges, and
properties to represent and store data. Of course, with various
alternative embodiments, any number of other entities might
be included 1n the social graph, and as such, various other
databases may be used to store data corresponding with other
entities.

[0036] Consistent with some embodiments, when a person
initially registers to become a member of the social network
service, the person will be prompted to provide some personal
information, such as his or her name, age (e.g., birth date),
gender, 1nterests, contact information, home town, address,
the names of the member’s spouse and/or family members,
educational background (e.g., schools, majors, etc.), current
10b title, job description, industry, employment history, skills,
proiessional organizations, and so on. This information 1s

stored, for example, in the database with reference number
18.

[0037] Once registered, a member may 1nvite other mem-
bers, or be invited by other members, to connect via the social
network service. A “connection” may require a bi-lateral
agreement by the members, such that both members acknowl-
edge the establishment of the connection. Similarly, with
some embodiments, a member may elect to “follow” another
member. In contrast to establishing a “connection”, the con-
cept of “following” another member typically 1s a umilateral
operation, and at least with some embodiments, does not
require acknowledgement or approval by the member that 1s
being followed. When one member follows another, the
member who 1s following may receive automatic notifica-
tions about various activities undertaken by the member
being followed. In addition to following another member, a
user may elect to follow a company, a topic, a conversation, or
some other entity, which may or may not be included 1n the
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social graph. Various other types of relationships that may
ex1st between different entities, and represented 1n the social
graph data 26, are described 1n connection with FIG. 3.

[0038] The social network service may provide a broad
range of other applications and services that allow members
the opportunity to share and receive mformation, often cus-
tomized to the interests of the member. For example, with
some embodiments, the social network service may include a
photo sharing application that allows members to upload and
share photos with other members. As such, at least with some
embodiments, a photograph may be a property or entity
included within a social graph. With some embodiments,
members of a social network service may be able to seli-
organize mto groups, or iterest groups, organized around a
subject matter or topic of interest. Accordingly, the data for a
group may be stored 1n database 24. When a member joins a
group, his or her membership in the group will be reflected 1n
the social graph data stored in the database with reference
number 26. With some embodiments, members may sub-
scribe to or join groups alliliated with one or more companies.
For instance, with some embodiments, members of the social
network service may indicate an atfiliation with a company at
which they are employed, such that news and events pertain-
ing to the company are automatically communicated to the
members. With some embodiments, members may be
allowed to subscribe to receive mnformation concerning coms-
panies other than the company with which they are employed.
Here again, membership 1n a group, a subscription or follow-
ing relationship with a company or group, as well as an
employment relationship with a company, are all examples of
the different types of relationships that may exist between
different entities, as defined by the social graph and modelled
with the social graph data of the database with reference
number 26.

[0039] The application logic layer includes various appli-
cation server modules 14, which, 1n conjunction with the user
interface module(s) 12, generates various user interfaces
(e.g., web pages) with data retrieved from various data
sources 1n the data layer. With some embodiments, individual
application server modules 14 are used to implement the
functionality associated with various applications, services
and features of the social network service. For instance, a
messaging application, such as an email application, an
instant messaging application, or some hybrid or variation of
the two, may be implemented with one or more application
server modules 14. Similarly, a search engine enabling users
to search for and browse member profiles may be 1mple-
mented with one or more application server modules 14. Of
course, other applications or services that utilize the path-
finder module 16 may be separately embodied in their own
application server modules 14.

[0040] In addition to the various application server mod-
ules 14, the application logic layer includes the pathfinder
module 16. As 1llustrated in FIG. 1, with some embodiments
the pathfinder module 16 1s implemented as a service that
operates 1n conjunction with various application server mod-
ules 14. For instance, any number of individual application
server modules 14 can invoke the functionality of the path-
finder module 16, to mclude an application server module
associated with amessaging application and/or an application
server module associated with an application to facilitate the
viewing ol member profiles. However, with various alterna-
tive embodiments, the pathfinder module may be i1mple-
mented as its own application server module such that 1t
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operates as a stand-alone application. With some embodi-
ments, the pathfinder module may include or have an associ-
ated publicly available application programming interface
(API) that enables third-party applications to invoke the func-
tionality of the pathfinder module.

[0041] Generally, the pathiinder module 16 takes as mput
parameters that, at a minimum, 1dentily two different nodes
corresponding with two entities (e.g., two persons, or a person
and a company, etc.) 1 a social graph that 1s implemented
with a graph data structure (e.g., social graph data 26). Using,
the input parameters, the pathfinder module 16 analyzes the
social graph data 26 to identity the connection paths in the
social graph that connect the two enfities, 1f any exist. With
some embodiments, additional input parameters may be pro-
vided to the pathfinder module 16 and used to refine the
connection paths selected for potential presentation to the
user. These parameters include, for example, filtering crite-
rion to include or exclude connection paths having particular
entities, or particular entity types, or specific edge types.
Once the set of connection paths satisiying the mput param-
cters has been 1dentified, the pathfinder module 16 derives a
path score for each connection path, for example, by aggre-
gating the individual edge scores for the edges that connect
the different nodes included 1n the connection paths. Finally,
the pathfinder module provides the information correspond-
ing with the connection paths to the application that invoked
the pathfinder module so that a visual representation of one or
more connection paths can be presented to the user.

[0042] The pathfinder module 16 can be invoked from a
wide variety of applications. In the context of a messaging,
application (e.g., email application, instant messaging appli-
cation, or some similar application), the pathfinder module 16
may be mvoked to provide a message sender with a visual
representation of a connection path between the message
sender and a person to whom the message sender has
addressed a message (e.g., the message recipient). Similarly,
the pathfinder module 16 may be imvoked to provide a mes-
sage sender with a visual representation of a connection path
connecting an entity on whose behalf the message sender 1s
acting (e.g., company, group, or other organization) with a
message recipient. An example of such an embodiment of the
invention 1s illustrated and described in connection with
FIGS. 9 through 13. In the context of an application that
allows one to browse member profiles, the pathfinder module
16 may be invoked to present to the viewing user a connection
path from the user to a target member whose profile 1s being,
viewed by the user. An example of such an embodiment of the
invention 1s illustrated and described 1n connection with

FIGS. 14 through 16.

[0043] FIG. 2 1s a block diagram 1illustrating an example of
a portion ol a graph data structure 30 for implementing a
social graph, according to some embodiments of the mven-
tion. As 1illustrated in FIG. 2, the graph data structure 30
consists of nodes connected by edges. For instance, the node
with reference number 32 1s connected to the node with
reference number 36 by means of the edge with reference
number 34. Each node 1n the graph data structure represents
an entity in the social graph. With some embodiments, any
number of entity types may be included in the social graph.
For example, as illustrated 1n FIG. 2, the entity types that exist
in one implementation of a social graph that 1s consistent with
an embodiment of the invention are: a person, a company, an
educational institution (e.g., college, school or university),
and a group (e.g., an online group, hosted by the social net-
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work service, or some other third party server system, or, a
real-world organization, such as a proiessional organization.)
The edges that connect any two nodes can represent a wide
variety of different associations. For example, 1n general, an
edge may represent a relationship, an atfiliation, an activity or
event, or some other aff]

inity shared in common between two
entities. Although not exhaustive, the various associations
presented 1n the table of FIG. 3 represent some of the many
associations that may be mapped to the edges of a social graph
data structure to indicate the association between entities 1n a
social graph of a social network service, consistent with some
embodiments of the mnvention.

[0044] Referring to FI1G. 3, the table with reference number
38 1llustrates a non-exhaustive list of associations that may be
attributed to an edge connecting two nodes, representing enti-
ties, 1n the social graph data structure. Various edge types or
associations may be applicable to all combinations of entity
types, while others may be applicable to only a certain subset
of combinations of entity types. For example, an edge type
representing a “following” relationship may connect two
nodes, where each node represents a person, and the edge
connecting the two nodes 1indicates that one person 1s follow-
ing the other. Stmilarly, an edge representing a “following™
relationship may connect a first node, representing a person,
with a second node, representing a company, to indicate that
the person 1s following the company. Accordingly, the edge
type for a “following” relationship applies to the entity type,
person, as well as company. Some other associations are only
meaningiul when applied to an edge connecting certain types
ol entities.

[0045] Some of the various associations or edge types
shown 1n FIG. 3 indicate a particular relationship that exists
between two entities represented by nodes 1n the graph data
structure. For instance, two members of the social network
service may be directly connected, one member may be fol-
lowing another, one member may be 1n an address book or
contacts list of another, two members may be co-managing a
group or co-inventors on a patent, and so forth. In each of
these examples, the association or edge type 1s assigned to the
edge connecting the two nodes representing the two entities
(e.g., person, company, educational institution, group, etc.)

[0046] Some of the various associations or edge types
shown 1n FI1G. 3 indicate an activity that 1s shared in common
between two entities, or an activity that involves two entities.
For example, a first member may have communicated a mes-
sage to a second member. A first member may have
re-tweeted or forwarded some content item (e.g., a tweet) that
was originally generated by a second member. A first member
may share an item of content with a second member, or,
comment on an 1tem of content posted by a second member,
and so forth.

[0047] A third category of associations generally involves
what may be thought of as affiliations. For mstance, a first
member may be atfiliated with a second member based on
membership 1n the same group. Similarly, two members may
be, or, have been, employed with the same company at dif-
ferent times, or simultaneously. Two members may be aifili-
ated based on having attended the same school or university,
and so on.

[0048] Another general category of associations or edge
types ivolves what are referred to herein as affinities. For
instance, two members may be associated based on an aflinity
or similarity of profile attributes, such as, the same general
geographic location, skills shared in common, employment in
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the same industry, common degrees or majors, etc. The vari-
ous associations or edge types that may be assigned to an edge
connecting two nodes 1n a graph data structure presented 1n
FIG. 3 are simply some of the many examples. In various
alternative embodiments of the invention, different associa-
tions (not shown in FIG. 3) may also be used, particularly
with embodiments of the mnvention that have additional entity
types other than the specific examples presented herein (e.g.,
person, company, educational institution, group).

[0049] FIG. 4 15 a diagram illustrating an example of a
generalized social graph 40 containing nodes representing
several different entities, having varying entity types includ-
ing members, companies, and schools. Member nodes
include John Doe 42 and Jane Smith 44. Company nodes
include ACME Products Inc. 46, Widget Corp. 48, and XY Z
Inc. 50. There 1s one school node, State University, with
reference number 52. The graph contains edges connecting,
nodes representing entities of either the same or different
types. For example, there 1s an edge 54 connecting John Doe
with Jane Smith, reflecting the fact that John and Jane are
directly connected to each other. This edge 54 may be
assigned an edge score or weight indicating the strength of the
connection between John and Jane. For example, with some
embodiments, the weight can be computed using a measure of
the overlap between the member connections in John’s net-
work and Jane’s network. That 1s, for two members M1 and
M2, W(M1, M2)=Conn(M1, M2)/SQRT[Conn(M1)*Conn
(M2)] where W(M1, M2) denotes the weight of the edge
connecting M1 and M2, Conn(M1, M2) denotes the number
of direct member connections that M1 and M2 have in com-
mon, Conn(M1) denotes the total number of direct member
connections 1 M1’s network, and Conn(M2) denotes the
total number of direct member connections 1n M2’s network.
Alternatively, the weight for this edge 54 can be determined
based on a statistical estimate of the probabaility that John and

Jane know each other, or by other algorithms or techniques or
combinations thereof.

[0050] Referring again to FIG. 4, there 1s an edge 56 con-
necting Jane Smith to ACME Products Inc., which represents
Jane’s affiliation with ACME Products Inc., as the executive
chairman and founder of the company. The score or weight
assigned to this edge 56 indicates the strength of this atfilia-
tion. For example, with some embodiments, the weight can be
computed based on the overlap between Jane’s network and
the network of ACME Products Inc., where the node 1n the
social graph representing ACME Products Inc. 1s connected
to each member who 1s a current or former employee of the
company. That 1s, for a member M1 and a company C1,
W(M1, C1)=Conn(M1, C1)/SQRT[(Conn(M1)*Conn(C1)]
where W(M1, C1) denotes the weight of the edge connecting,
M1 and C1, Conn(M1, C1) denotes the number of members
M1 1s connected to who are also current or past employees of
C1, Conn(M1) denotes the total number of connections 1n
M1’s network, and Conn(C1) denotes the total number of
members who are current or past employees of C1. Similarly,
there 1s an edge 58 connecting Jane Smith to State University
52, which represents Jane’s afliliation with State University
as an alumnus of the university. The weight of this edge
indicates the strength of this affiliation. For example, the
weilght of an edge connecting a member M1 and a school S1
could be computed as W(M1, S1)=Conn(M1, S1)/Conn(M1),

where Conn(M1, S1) denotes the number of members M1 1s
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connected to who are also students or alumni of S1, and
Conn(M1) denotes the total number of member connections
in M1’s network.

[0051] There 1s an edge 60 connecting ACME Products
Inc., with Widget Corp., which represents the association
between the two companies. An association between two
companies can exist for a variety of reasons, for example, 1f
they share a common founder, if some members of the social
network service have been employed at both companies, 1
one company 1s a subsidiary of the other, or 1f the two com-
panies are business partners. In this particular example,
ACME Products Inc. and Widget Corp. are connected
because a large number of former Widget Corp. employees
are currently employed with ACME Products Inc. The weight
of the edge denotes the strength of the association. For
example, the weight of an edge connecting two companies C1

and C2 could be computed as W(C1, C2)=Conn(C1, C2)/
SQRT[Conn(C1)*Conn(C2)], where Conn(C1, C2) denotes
the number of members who have worked at both C1 and C2,
and Conn(C1) and Conn(C2) denote the number of members
who have worked at C1 and C2 respectively. Similarly, there
1s an edge 62 connecting ACME Products Inc. with State
University, which represents the association between the
company and the school. This association can exist for a
variety of reasons, for example, 1f graduates of the school or
students at the school are employed by the company. Again,
the weight assigned to the edge 62 indicates the strength of the
association. For example, the weight of an edge connecting a
company C1 with a school S1 could be computed as W(C1,
S1)=Conn(C1, S1)/SQRT[(Conn(C1)*Conn(S1)], where
Conn(C1, S1) denotes the number of members employed by
company C1 who attend or have attended school S1. Conn
(C1) denotes the number of members employed by C1, and
Conn(S1) denotes the total number of members who attend or
have attended S1.

[0052] FIG. 5 1s a block diagram illustrating some
examples of connection paths 1n a social graph connecting a
user with a target member, consistent with embodiments of
the invention. As the term 1s used herein, a “connection path”™
1s simply a nodal path through a graph data structure that
connects two specific nodes (entities 1n a social graph). Refer-
ring to FIG. 5, 1n the example connection path with reference
number 70, the user, who 1s represented by the node with
reference number 72, 1s directly connected to the member,
Mary Smith, represented by the node with reference number
74. In turn, Mary Smith 1s directly connected to the target
member, John Doe, represented by the node with reference
number 76. In this relatively straightforward and simple
example, only a single node 74 separates the user 72 and the
target member 76, and only one edge type (i1.e., a direct
connection) 1s mvolved.

[0053] Inthe example connection path with reference num-
ber 80, the user, represented by the node with reference num-
ber 82, 1s directly connected to the member. Fred Jones,
represented by the node with reference number 84. In turn,
Fred Jones 1s an employee of the same company (e.g., ACME
Products Inc., represented by the node with reference number
86) at which the target member, John Doe (node with refer-
ence number 88), 1s employed. Accordingly, this example
connection path 80 involves two diflerent node types (e.g. a
person and a company), and two different edge types (e.g., a
direct connection and an employment relationship).

[0054] Given the various associations that may exist
between entities, for example, as set forth in the table of FIG.
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3, 1t 1s readily apparent that 1n many instances, there may be
a significant number of connection paths connecting two
persons, or an entity (e.g., acompany ) with a person, such that
one or more of the connection paths may not be obvious or
immediately apparent to the user. Furthermore, as these two
different example connection paths 70 and 80 make apparent,
the entity and edge types or associations involved 1n a par-
ticular connection path will often make one connection path
more relevant with respect to a particular task or objective
than another connection path. Accordingly, with some
embodiments of the imnvention, after identifying a set of con-
nection paths connecting a user with a target member, or, a
user-specified entity with a target member, the pathfinder
module will generate a path score for each connection path
identified. With some embodiments, the path score for each
individual connection path will be dependent upon the indi-
vidual edge scores assigned to the edges connecting the nodes
in the connection path. With some embodiments of the mnven-
tion, different algorithms may be automatically used to derive
path scores for different applications or tasks. The particular
algorithm used to derive the path score may be automatically
and dynamically selected, for example, based on a determi-
nation of what the user 1s attempting to achieve. Alternatively,
with some embodiments, the user may make an explicit selec-
tion (e.g., by specitying a type or category of message, or, a
purpose for contacting someone), which will then influence
the algorithm used to derive the path scores. Consequently,
the edge scores or weights for different edge types may be
derived differently, for example, to increase or decrease the
influence of edge scores of certain types of edges on the path
score, depending upon the particular application that has
invoked the pathfinder module, or a particular task or process
being undertaken or performed.

[0055] With some embodiments, the application invoking
the pathiinder module may filter the connection paths output
by the pathfinder module, or modify the scores or ordering of
the connection paths, by using additional methods or algo-
rithms that customize the output of the pathfinder module for
the needs of the particular application. For example, an appli-
cation that identifies imntermediate members 1n a social net-
work who may be able to introduce the user to a target mem-
ber could adjust the scores of the intermediate members based
on data concerning the historical or past activities undertaken
by those members within the context of the social network
service.

[0056] The presentation of the visual representation of the
connection path or paths can vary sigmficantly from one
application to the next, and from one embodiment of the
invention to the next. Without any intent to limit the scope of
what 1s claimed, FIGS. 6 through 8 present various examples
of user iterfaces that convey a visual representation of con-
nection paths 1n a social graph connecting a user with a target
member, consistent with some embodiments of the invention.
These example user interfaces represent user interface ele-
ments that might be used 1n any type of application to present
contextual information concerming a connection path
between a user and another member of a social network
service.

[0057] As illustrated in FIG. 6, the example user interface
90 shows a visual representation of three different connection
paths having an equal number of nodes (e.g., entities) and the
same type of edges (e.g., association). Specifically, 1n this
example, the user represented by “YOU™ has seven direct
connections (e.g., person-to-person relationships established
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via the social network service) that are also directly connected
to the target member 98. Of those seven connections, three are
visually presented i1n the user interface element while the
other four are accessible to the user via the button or link 100
corresponding with the text, “SEE 4 MORE.” With some
embodiments, when multiple connection paths exist with the
same number of nodes and the same edge types, all or a
specific subset of the connection paths may be presented 1n
parallel, as shown in FIG. 6. Generally, the order in which the
connection paths are presented will be dependent upon the
connection strength, as indicated by the path score derived for
the various connection paths. For instance, 1n the example of
FIG. 6, the connection path including the node with reference
number 92 1s presumed to be a stronger, or more relevant,
connection path than the connection path including the node
with reference number 94.

[0058] While the connection paths associated with the user
interface element of FIG. 6 involve a direct connection as an
edge type, the visual representation of the connection paths
corresponding with FIG. 7 involve an employment relation-
ship with a company. Specifically, the user interface element
102 shown 1n FIG. 7 indicates that the user (represented by the
point with reference number 104) has three people 1n his
broader network (e.g., within the social graph) who are con-
nected to the target member and who were at one time or
another employed with the same company at which the user
and the target member (e.g., Peter Quick, with reference
number 106) were at one time employed. In this example, the
company (e.g., Support-Sofit.) 1s represented by the user inter-
face element with reference number 108, while the individual
members, and thus the separate connection paths, are repre-
sented by the user interface elements with reference numbers
110, 112 and 114. In this particular example, as indicated by
the textual descriptions positioned next to each user interface
clement that corresponds with a node from the social graph,
the members forming the connection path to the target mem-
ber 106 are second level, or second degree, connections of the
user 104. With some embodiments, the user may interact with
the individual user interface elements 110, 112, 114, for
example, by manipulating a cursor control device or interact-
ing with a touch sensitive display, to select or hover over a
user interface element, causing additional information to be
presented. The additional information may include informa-
tion concerning the various first level, or first degree, connec-
tions, who the user 104 shares 1n common with the members
represented by the user interface elements with reference
numbers 110, 112, and 114, forming the connection paths
with the target member 106, as shown in FIG. 7.

[0059] FIG. 8 illustrates a third example of a user interface
116 that includes a visual representation of a connection path,
consistent with some embodiments of the invention. As 1llus-
trated 1n FIG. 8, the connection path from the user 118 to the
target member 120 1mvolves a current colleague of the user
122, who 1s directly connected to the target member 120. For
example, the user 1s represented 1n the connection path by the
circle with reference number 118. Both the user and Jane Doe,
represented by the user interface element with reference num-
ber 122, are currently employed at the company, ACME Prod-
ucts, Inc. 108, and Jane Doe 1s a direct connection of the target
member, Peter Quick 120.

[0060] The particular user interfaces shown 1 FIGS. 6, 7
and 8 are simply examples of how a connection path may be
conveyed in accordance with some embodiments of the
invention. The particular examples might be used as a portion
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ol a user interface for any number of different applications.
Other embodiments of the invention may use visual represen-
tations of the connection path that differ {from those shown in
FIGS. 6, 7 and 8. Specifically, with some embodiments, a
visual representation of a connection path may not include
any parallel paths. But instead, each individual connection
path may be shown as a series of nodes representing different
entities. With some embodiments, only a subset of the nodes
in a particular connection path may be visually represented.
Alternatively, with some embodiments, each and every node
in a connection path 1s included 1n the visual representation.

[0061] FIG.9 1s a flow diagram illustrating method opera-
tions mvolved 1n an example of a method 130 for presenting,
to a message sender a connection path to a message recipient,
consistent with some embodiments of the invention. Consis-
tent with some embodiments, the pathfinder module operates
in conjunction with a messaging application to identify, and
then present to a message sender, various connection paths
connecting the message sender to a person to whom the
message sender has addressed a message (e.g., the message
recipient). As such, the message sender can leverage the con-
textual information concerning the connection path or paths
by referencing in his or her message select information about
an entity (e.g., a person, company, educational institution,
group, etc.) that1s shared 1n common with the message recipi-
ent.

[0062] The inventive subject matter 1s independent of any
specific type ol messaging application. For example, the path-
finder module may be used with an email application, an
instant messaging (IM) application, a text or SMS (short
message service) text messaging application, or even certain
telephone or voice communication systems to include any of
a variety ol voice over IP (VoIP) based services. Similarly, the
inventive subject matter can be implemented for use with
applications that use any of a variety of network or computing
models, to include web-based applications, client-server
applications, or even peer-to-peer applications. With some
embodiments, the messaging application may be a service
that 1s itegrated with the social network service, and thus
hosted by the same entity that operates the social network
service and the pathfinder service. Alternatively, the path-
finder service may be accessible (e.g., via an application
programming interface, or API) to third-party applications
that are hosted by entities other than the entity that operates
the social network service.

[0063] Consistent with some embodiments, the method
begins at method operation 132, when the message sender
addresses a message to a message recipient, and thus, the
messaging application receives information identifying the
message recipient to whom the electronic message 1s to be
communicated. With some embodiments, upon receiving the
information i1dentitying the message recipient, the message
application will invoke the pathfinder module by communi-
cating a request to the pathfinder module. Generally, this
request will include information identifying the message
sender and the message recipient. However, 1n some sce-
narios, particularly when the message sender 1s acting on
behalf of some other entity (e.g., such as when a recruiter 1s
acting on behalf of a company), the pathfinder module may
receive an enfity associated with the message sender (e.g., a
company ), and a target member to whom the electronic mes-
sage 1s being communicated. In such scenarios, the associated
entity may either be manually selected by the user or auto-
matically selected by the application. For example, if a third
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party recruiter 1s acting on behalf of a company, the recruiter
may select the appropriate company from a list of companies
the recruiter 1s working with. Alternatively, i a recruiter 1s
working exclusively for a specific company, the application
may automatically select that company as the associated
entity.

[0064] Next, at method operation 134, the pathfinder mod-
ule will analyze the social graph 1in use by the social network
service to 1dentily one or more connection paths connecting,
the message sender, or the entity on whose behalf the message
sender 1s acting, with the message recipient. With some
embodiments, the social graph 1s implemented with a graph
data structure having nodes and edges, where the nodes rep-
resent various entities, and the edges connecting two nodes
represent the association between the entities. Moreover, with
some embodiments, each edge connecting two nodes or enti-
ties 1n a particular connection path is assigned an edge score
representing a measure of the strength of connection, or a
measure of relevance, between the two nodes or entities.

[0065] At method operation 136, the pathfinder module
derives a path score for each of the one or more connection
paths connecting the message sender, or the entity on whose
behalf the message sender 1s acting, with the message recipi-
ent. With some embodiments, derniving the path score
involves first identifying or determining an appropriate algo-
rithm or process for use in deriving the path scores. For
example, with some embodiments, the specific algorithm or
process used to dertve a path score for a connection path wall
be dependent upon various factors, such as the specific appli-
cation that has invoked the pathfinder module, or, the particu-
lar task being performed by the user of the application that has
invoked the pathfinder module. In any case, after the proper
algorithm or process has been selected, a path score for each
connection path connecting the message recipient to the mes-
sage sender or associated entity 1s dertved. Generally, deriv-
ing the path score for a particular connection path mvolves
aggregating or combining in some manner the individual
edge scores assigned to the individual edges that form the
connection path. The selected algorithm or process may apply
various weighting factors to different edge types to influence
(e.g., increase, or decrease) the impact that a particular edge
type has on a path score.

[0066] Next, at method operation 138, a visual representa-
tion of at least one connection path connecting the message
sender, or associated entity, to the message recipient 1s pre-
sented. In some mstances, the connection path with the high-
est path score 1s presented. Alternatively, multiple connection
paths may be presented. For example, 1n some instances, the
visual representation may show multiple connection paths
having the same edge types in parallel with one another, such
as the examples illustrated 1n FIGS. 6 and 7. With some
embodiments, the visual representation of the connection
path may be automatically embedded within the content of
the electronic message. Alternatively, and as shown at method
operation 140, a portion of automatically generated text may
be embedded or otherwise included within a text box where
the message sender composes the message to be sent to the
message recipient. Accordingly, the message sender can eas-
1ly edit the automatically embedded text, as desired, prior to
communicating the message to the message recipient.

[0067] With some embodiments, the messaging applica-
tion can customize or personalize a generic message for com-
munication to multiple message recipients. For example, a
message sender may prepare a generic message, or select a
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particular template or pre-drafted message from a set of such
pre-drafted messages. Next, the message sender may address
the electronic message to two or more members of the social
network service. Once the message recipients are 1dentified,
the pathfinder module 1s invoked to identity connection paths
from the message sender, or an entity associated with the
message sender, to each of the message recipients. Finally, the
generic message 1s then modified by including 1n each par-
ticular instance of a message some contextual information
generated by the pathfinder module and showing how the
message sender or entity and the particular message recipient
are associated. As such, each instance of the message 1s cus-
tomized or personalized for the intended message recipient.

[0068] FIGS. 10 through 12 are examples of user intertaces
for use with a messaging application that implements a
method (such as that described in connection with FIG. 9),
consistent with some embodiments of the invention. In the
example user interface of FIG. 10, the window pane with
reference number 142 includes a text input box 144 for speci-
tying the 1dentity (e.g., name, email address, phone number,
etc.) of a person to whom a message 1s to be communicated.
In addition, various other user interface elements for input-
ting or providing information are presented. Specifically, the
drop down box with reference number 146 enables the mes-
sage sender to specily a category of message that 1s to be
communicated to the message recipient. With some embodi-
ments, the category of message selected by the message
sender will influence the algorithm used to derive path scores
for the different connection paths that connect the message
sender to the message recipient. Upon specitying the identity
of the message recipient, and optionally the category of mes-
sage, the messaging application presents information about
the message recipient, for example, as shown 1n the window
pane with reference number 148. In addition, the pathfinder
module 1dentifies the strongest connection paths between the
message sender and the message recipient, and presents a
visual representation of the strongest connection paths. For
example, the window pane with reference number 150
includes a visual representation of the strongest connection
paths—that 1s, the connection paths with the highest path
scores—connecting the message sender, Ashley Hall 152,
with the message recipient, John Wallace 154, via two mutual
connections, Jane Doe and Kevin Smith.

[0069] With some embodiments, the selection of the mes-
sage category (e.g., via the drop down box with reference
number 146) determines the particular algorithm, formula or
process that 1s used to dertve the path score for the various
connection paths connecting the message sender to the mes-
sage recipient. For example, if the message sender indicates
that the message category 1s related to a career opportunity,
some connection paths may be determined to be more impor-
tant than others. For instance, those connection paths that
include current colleagues of the message recipient may not
be as relevant 1f the message sender 1s attempting to recruit the
message recipient and persuade the message recipient to
leave his current place of employment.

[0070] With some embodiments, the visual representation
of the connection path 1s presented 1n an iteractive manner,
such that, when the message sender interacts with various
user interface elements (e.g., by manipulating a cursor control
device, or interacting with a touch sensitive display), addi-
tional information may be presented to the message sender. In
particular, with some embodiments, additional information
about a particular entity 1n the connection path may be pre-
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sented. In the example user interface of FIG. 11, the content
box with reference number 156 1s presented in response to the
message sender interacting with the user interface element
with reference number 158, which represents an entity (e.g.,
a person) that 1s a direct connection of the message sender.

[0071] Referring again to FIG. 10, 1n addition to showing
the strongest connection paths in the windows pane with
reference number 150, a button or link with the text “SEE
MORE PATHS TO JOHN 160 1s shown. With some embodi-
ments, when this button or link 160 1s selected, an additional
connection path 1s presented 1n the window pane with refer-
ence number 150. For instance, with some embodiments,
selection of the button or link with reference number 160 will
cause the connection path with the next highest path score to
be presented, thereby allowing the message recipient to cycle
through the various connection paths connecting the message
sender with the message recipient in order of their respective
path scores.

[0072] With some embodiments, a button or link 162 may
be selected to mmvoke a separate pathfinder application or
service, which enables the message sender to view difierent
connection paths connecting the message sender to the mes-
sage recipient, and to filter the connection paths by entity,
entity type, edge type, or any combinations thereof. For
instance, with some embodiments, selecting the button or link
with reference number 162 may cause a separate user inter-
face to be presented in an overlay, allowing the message
recipient to more fully explore and interact with the path-
finder module by selecting various filtering criteria, and so

forth. One example of a user interface of this type 1s shown 1n
FIG. 16.

[0073] Referring again to FIG. 10, with some embodi-
ments, 1n addition to the visual representation of the stron-
gest, or most relevant, connection paths, the window pane
with reference number 150 includes a button or link 164,
which, when selected, will cause additional information con-
cerning other associations or aifiliations shared in common
between the message sender and message recipient to be
presented. For example, with some embodiments, when the
user selects the button or link with reference number 164 (in
FIG. 10), the content presented in the window pane with
reference number 150 1s changed to show the strongest asso-
ciations in common—which could include various entities
that the message sender and message recipient are both asso-
ciated with, as well as various attributes that the message
sender shares 1 common with the message recipient—as
illustrated 1n the window pane with reference number 166 1n
the example user interface of FIG. 12. With some other
embodiments, a visual representation of the strongest asso-
cilations 1n common may be automatically presented for the
use of the message sender 1n composing the message, instead
ol the visual representation of the strongest connection paths.
A Web-based messaging application may also present either
visual representation, or both representations, to the message
recipient when an electronic message 1s receiwved. Either
visual representation, or both representations, may also be
included 1n the content of an electronic message communi-
cated to the message recipient. With some embodiments, a
visual representation of the strongest associations shared in
common between an entity on whose behall the message
sender 1s acting and the message recipient may be presented
to the message sender and/or the message recipient.

[0074] Referring now to FIG. 12, the window pane with
reterence 148 includes various items of information from the
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message recipient’s profile. Specifically, with some embodi-
ments, members of the social network service may specily
various interests, specifically, with respect to meeting and
connecting with other members of the social network set-
vice. For example, a member may specily that he or she 1s
interested 1n meeting others for the purpose of learning about
new jobs or career opportunities, new consulting arrange-
ments, new business ventures, and so forth. Accordingly,
when the message sender selects a particular area of interest
from the window pane with reference number 148 (as 1llus-
trated 1n FIG. 12), an automatically generated portion of text
1s presented, as shown in the example content box 168. Spe-
cifically, a template or sample message 1s presented, allowing
the message sender to use the template as a draft message,
which the message sender can then edit and revise as desired.
Accordingly, with some embodiments, the message may be
tailored to the specific interest that has been selected by the
message sender, and/or to the message category selected by
the message sender. With some embodiments, the draft mes-
sage will include information indicating how the message
sender and the message recipient are connected, as deter-
mined by the pathfinder module analyzing the social graph of
the social network service.

[0075] With some embodiments, the message sender may
be acting on behalf of another entity. For instance, the mes-
sage sender may be a recruiter who 1s recruiting candidates
for a job opening at a particular company. Accordingly, with
some embodiments, the message sender may select an entity
on whose behall a message 1s being commumicated. The
pathfinder module will then 1dentify connection paths con-
necting the user-selected entity with the message recipient.
FIG. 13 1s an example of a user interface for a messaging

application with a window pane 170 showing several connec-
tion paths connecting a user-selected entity (e.g., the com-
pany, ACME PRODUCTS) with the message recipient (e.g.,
John Wallace). In this example, the message sender has
selected or otherwise provided the name of the enftity on
whose behalf the message sender 1s acting—in this case, by
selecting ACME Products from the selection box with refer-
ence number 172. Accordingly, the pathfinder module has
identified various connection paths connecting the user-se-
lected company with the message recipient and presented a
visual representation of those connection paths 1n the window
pane with reference number 170.

[0076] FIG. 14 1s a flow diagram illustrating the method
operations 1nvolved 1n an example method 180 of presenting
to a user one or more connection paths connecting the user
with a target member of a social network service, 1n conjunc-
tion with an application for searching for and/or browsing
member profiles, according to some embodiments of the
invention. As illustrated in FIG. 14, the method begins at
method operation 182 when a user submits a search query to
a social network service, and the social network service pro-
cesses the search query to 1dentity a set of member profiles
with member attributes and characteristics satistying the
search parameters set forth 1n the search query. For example,
il a job recruiter 1s attempting to identity potential candidates
for a job opening, the job recruiter may specily a geographical
area where the job opening 1s located, a particular skill or set
of skills, a level of education, or even a specific academic
institution, and so forth. In response to receiving the search
query, the social network service processes the query to 1den-
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tify those member profiles having the wvarious profile
attributes that satisty some or all of the search parameters
specified in the search query.

[0077] Next, at method operation 184, the social network
service presents a set of member listings. As used herein, a
member listing 1s a short or summary version of a member’s
proflle showing, for example, the member’s name, and per-
haps some other relevant information such as the member’s
geographical location, job title, or the industry in which the
member 1s employed. At method operation 186, the social
network service detects selection of a member listing 1n the
search results. For example, the viewing user may select, with
a cursor control device or by interacting with a touch screen
display, a particular member listing from the search results.
Selection of the member listing mmvokes a request for the
corresponding member profile.

[0078] Accordingly, at method operation 188, the social
network service (specifically, the pathfinder module) ana-
lyzes a social graph maintained by the social network service
to 1dentily one or more connection paths connecting the
requesting user with the member whose member profile has
been selected. Finally, at method operation 190, the social
network service presents to the user a member profile page for
the selected member listing. The member profile page
includes a visual representation of a connection path connect-
ing the user with the member whose profile 1s presented. With
some embodiments, the particular connection path or paths
that are presented are those with the highest path scores.

[0079] FIG. 15 illustrates an example of a user interface for
use with a member profile browsing application that imple-
ments a method (such as that described in connection with
FIG. 14), consistent with some embodiments of the invention.
In this example, a member’s profile page 1s presented. Along
with the various profile attributes shown 1n the window pane
with reference number 192, a separate window pane 194
shows a visual representation of the strongest connection
paths connecting the viewing user with the member whose
profile 1s being presented.

[0080] FIG. 16 1llustrates an example of a user interface for
use with a standalone pathfinder service, according to some
embodiments of the invention. With some embodiments,
while a user 1s viewing member profiles, or composing a
message 1n a messaging application, the user may select a
button or link to mnvoke an interactive pathfinder service that
enables the user to explore various connection paths connect-
ing the user to different members of the social network ser-
vice. As such, the interactive pathiinder application or service
may be invoked from within a wide variety of applications, or
may be invoked as a standalone application, independent of
any other application. By way of example, the buttons or links
with reference number 162 (in FIG. 10) and with reference
number 196 (in FIG. 15), are just two examples of buttons or
links that may invoke the pathfinder application or service
from within another application.

[0081] With some embodiments, the pathfinder service
may enable a user to specily or select a first entity and a
second entity. For instance, in the example user interface of
FIG. 16, a user has selected the person (entity) “Ashley Hall”
as a beginning point or node, and the person, “Joe Hansen”, as
the ending point or node. In addition, with some embodi-
ments, the pathfinder service will enable the user to specily
additional path finding parameters. For example, a user may
select a particular entity type (e.g., a person, a company, a
group, etc.) that either should be included 1n a connection
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path, or should not be included 1n a connection path. Simi-
larly, a user may select or otherwise specily a particular type
of association (e.g., an edge type) that should, or should not,
be included in a connection path. Accordingly, when the
pathfinder module 1s 1dentifying connection paths, the user-
specified parameters will be taken into consideration in 1den-
tifying the relevant connection paths. In the example user
interface of FIG. 16, the user has selected to identily only
those connection paths that include “1¥ Connections” as indi-
cated 1n the text box with reference number 196.

[0082] The various operations of the example methods
described herein may be performed, at least partially, by one
or more processors that are temporarily configured (e.g., by
soltware 1nstructions) or permanently configured to perform
the relevant operations. Whether temporarily or permanently
configured, such processors may constitute processor-imple-
mented modules or objects that operate to perform one or
more operations or functions. The modules and objects
referred to herein may, 1n some example embodiments, com-
prise processor-implemented modules and/or objects.

[0083] Similarly, the methods described herein may be at
least partially processor-implemented. For example, at least
some of the operations of a method may be performed by one
Or more processors or processor-implemented modules. The
performance of certain operations may be distributed among,
the one or more processors, not only residing within a single
machine or computer, but deployed across a number of
machines or computers. In some example embodiments, the
processor or processors may be located 1n a single location
(e.g., within a home environment, an oifice environment or at
a server farm), while 1n other embodiments the processors
may be distributed across a number of locations.

[0084] The one or more processors may also operate to
support performance of the relevant operations 1 a “cloud
computing”’ environment or within the context of “software
as a service” (SaaS). For example, at least some of the opera-
tions may be performed by a group of computers (as examples
of machines including processors), these operations being
accessible via a network (e.g., the Internet) and via one or

more appropriate interfaces (e.g., Application Program Inter-
faces (APIs)).

[0085] FIG. 17 1s a block diagram of a machine in the form
of a computer system within which a set of mstructions, for
causing the machine to perform any one or more of the meth-
odologies discussed herein, may be executed. In alternative
embodiments, the machine operates as a standalone device or
may be connected (e.g., networked) to other machines. In a
networked deployment, the machine may operate in the
capacity of a server or a client machine 1n a client-server
network environment, or as a peer machine in peer-to-peer (or
distributed) network environment. In a preferred embodi-
ment, the machine will be a server computer, however, in
alternative embodiments, the machine may be a personal
computer (PC), a tablet PC, a set-top box (STB), a Personal
Digital Assistant (PDA), a mobile telephone, a web appli-
ance, a network router, switch or bridge, or any machine
capable of executing instructions (sequential or otherwise)
that specily actions to be taken by that machine. Further,
while only a single machine 1s 1llustrated, the term “machine”
shall also be taken to include any collection of machines that
individually or jointly execute a set (or multiple sets) of
instructions to perform any one or more of the methodologies
discussed herein.
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[0086] The example computer system 13500 includes a pro-
cessor 1502 (e.g., a central processing unit (CPU), a graphics
processing unit (GPU) or both), a main memory 1501 and a
static memory 1506, which communicate with each other via
a bus 1508. The computer system 1500 may further include a
display unit 1510, an alphanumeric imnput device 1517 (e.g., a
keyboard), and a user interface (UI) navigation device 1511
(e.g., amouse). In one embodiment, the display, input device
and cursor control device are a touch screen display. The
computer system 1500 may additionally include a storage
device 1516 (e.g., drive unit), a signal generation device 1518
(e.g., a speaker), a network interface device 1520, and one or
more sensors 1521, such as a global positioning system sen-
sor, compass, accelerometer, or other sensor.

[0087] The drive unit 1516 includes a machine-readable
medium 1522 on which 1s stored one or more sets of mnstruc-
tions and data structures (e.g., software 1523) embodying or
utilized by any one or more of the methodologies or functions
described herein. The software 1523 may also reside, com-
pletely or at least partially, within the main memory 1501
and/or within the processor 1502 during execution thereof by
the computer system 1500, the main memory 1501 and the
processor 1502 also constituting machine-readable media.

[0088] While the machine-readable medium 1522 1s 1llus-
trated 1n an example embodiment to be a single medium, the
term “machine-readable medium” may include a single
medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the
one or more instructions. The term “machine-readable
medium™ shall also be taken to include any tangible medium
that 1s capable of storing, encoding or carrying instructions
for execution by the machine and that cause the machine to
perform any one or more of the methodologies of the present
invention, or that 1s capable of storing, encoding or carrying
data structures utilized by or associated with such instruc-
tions. The term “machine-readable medium” shall accord-
ingly be taken to include, but not be limited to, solid-state
memories, and optical and magnetic media. Specific
examples of machine-readable media include non-volatile
memory, including by way of example semiconductor
memory devices, e.g., EPROM, EEPROM, and flash memory
devices; magnetic disks such as internal hard disks and
removable disks; magneto-optical disks; and CD-ROM and

DVD-ROM disks.

[0089] The software 1523 may further be transmitted or
received over a communications network 1526 using a trans-
mission medium via the network interface device 1520 uti-
lizing any one of a number of well-known transter protocols
(e.g., HT'TP). Examples of communication networks include
a local areanetwork (“LAN”), a wide area network (“WAN”),
the Internet, mobile telephone networks, Plain Old Telephone
(POTS) networks, and wireless data networks (e.g., Wi-Fi®
and WiMax® networks). The term “transmission medium”™
shall be taken to include any intangible medium that 1s
capable of storing, encoding or carrying instructions for
execution by the machine, and includes digital or analog
communications signals or other intangible medium to facili-
tate communication of such software.

[0090] Although embodiments have been described with
reference to specific examples, it will be evident that various
modifications and changes may be made to these embodi-
ments without departing from the broader spirit and scope of
the invention. Accordingly, the specification and drawings are
to be regarded 1n an illustrative rather than a restrictive sense.
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The accompanying drawings that form a part hereotf, show by
way ol illustration, and not of limitation, specific embodi-
ments 1 which the subject matter may be practiced. The
embodiments illustrated are described in suilicient detail to
enable those skilled 1n the art to practice the teachings dis-
closed herein. Other embodiments may be utilized and
derived therefrom, such that structural and logical substitu-
tions and changes may be made without departing from the
scope of this disclosure. This Detailed Description, therefore,
1s not to be taken 1n a limiting sense, and the scope of various
embodiments 1s defined only by the appended claims, along
with the full range of equivalents to which such claims are
entitled.

What 1s claimed 1s:
1. A method comprising:

receiving a request for content including member profile
information of a first member of a social network ser-
vice, the request mnitiated by a second member of the
social network service;

responsive to recerving the request, analyzing a social
graph to 1dentify one or more connection paths connect-
ing a node representing the first member with a node
representing the second member, the social graph rep-
resented by a graph data structure having nodes repre-
senting various entities and edges representing associa-
tions between entities, each edge connecting two nodes
included 1 a connection path assigned an edge score
representing an estimated strength of association
between two entities represented by the two nodes;

deriving a path score for each of the one or more connection
paths connecting the node representing the first member
with the node representing the second member by aggre-
gating edge scores of the edges 1n each individual con-
nection path;

generating a visual representation of at least one of the one
or more connection paths connecting the node represent-
ing the first member with the node representing the
second member; and

presenting the visual representation of the one or more
connection paths along with the member profile 1nfor-
mation of the first member.

2. The method of claim 1, further comprising;

prior to presenting the visual representation of the one or
more connection paths, selecting for presentation a pre-
determined number of connection paths with the highest
path scores that exceed some predetermined threshold
level.

3. The method of claim 1, further comprising:

prior to presenting the visual representation of the one or
more connection paths, selecting for presentation one
connection path having the highest path score.

4. The method of claim 1, wherein the various entities
represented by nodes of the graph data structure have varying
types, to include: a person, a company, an educational 1nsti-
tution, and a group.

5. The method of claim 1, wherein the associations repre-
sented by edges of the graph data structure have varying
types, to include: a bilateral connection between two entities;
a unilateral following relationship between two entities; cur-
rent or previous employment, by a person at a company;
matriculation, attendance or graduation, by a person at an
educational 1nstitution; membership 1 a group, by a person;
and, recommendation of an entity, by a person; an interaction
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between two entities within the social network; and, a shared
allinity or an attribute common to two entities.

6. The method of claim 1, wherein an edge score assigned
to an edge connecting two nodes 1n a connection path 1s
dependent upon the type of association represented by the
edge.

7. The method of claim 1, wherein the visual representation
of the one or more connection paths connecting the node
representing the first member with the node representing the
second member 1s presented as a linear sequence of two or
more entities and indicating the association type between any
two entities 1n the connection path.

8. The method of claim 1, wherein the request 1nitiated by
the second member of the social network service is received
as a result of the second member of the social network service
selecting a member listing from a list of members presented in
a search results page, subsequent to the second member per-
forming a member search via the social network service.

9. The method of claim 8, further comprising;

presenting with the one connection path having the highest
path score one or more graphical user interface elements
that enable the second member to cycle through connec-
tion paths 1n order of their respective path scores.

10. A system comprising:
at least one processor for executing instructions;

a memory device 1n communication with the at least one
processor and storing instructions, which, when
executed by the at least one processor, cause the system
to:

recerve a request for content including member profile
information of a first member of a social network ser-
vice, the request mnitiated by a second member of the
social network service;

responsive to receiving the request, analyze a social graph
to 1dentily one or more connection paths connecting a
node representing the first member with a node repre-
senting the second member, the social graph represented
by a graph data structure having nodes representing
various entities and edges representing associations
between entities, each edge connecting two nodes
included 1n a connection path assigned an edge score
representing an estimated strength of association
between two entities represented by the two nodes;

derive a path score for each of the one or more connection
paths connecting the node representing the first member
with the node representing the second member by aggre-
gating edge scores of the edges 1n each idividual con-
nection path;

generate a visual representation of at least one of the one or
more connection paths connecting the node representing
the first member with the node representing the second
member; and

present the visual representation of the one or more con-
nection paths along with the member profile information
of the first member.

11. A method comprising:

receving with a content request information 1dentifying
first and second entities that are represented by nodes 1n
a social graph data structure representing a social graph
maintained by a social network service, the social graph
data structure consisting of nodes representing various
entities and edges representing associations between
entities, each edge connecting two nodes assigned an
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edge score representing an estimated strength of asso-
ciation between two entities represented by the two
nodes; and

processing the content request by 1) analyzing the social

graph data structure to 1dentily a set of connection paths
connecting nodes representing the first and second enti-
ties 1identified 1n the content request, 11) deriving a path
score for each connection path 1n the set by aggregating
edge scores of the edges forming each individual con-
nection path, and 111) presenting a visual representation
of one or more connection paths having the highest path
SCOres.

12. The method of claim 11, wherein the various entities
represented by nodes of the graph data structure have varying
types, to include: a person, a company, an educational 1nsti-
tution, and a group

13. The method of claim 11, wherein the associations rep-
resented by edges of the graph data structure have varying
types, to include: a bilateral connection between two entities;
a unilateral following relationship between two entities; cur-
rent or previous employment, by a person at a company;
matriculation, attendance or graduation, by a person at an
educational 1nstitution; membership 1 a group, by a person;
and, recommendation of an entity, by a person; an interaction
between two entities within the social network:; and, a shared
ailinity or an attribute common to two entities.

14. The method of claim 11, wherein an edge score
assigned to an edge connecting two nodes 1 a connection
path 1s dependent upon the type of association represented by
the edge.

15. The method of claim 11, further comprising;:

receiving with the content request a parameter identifying

at least one specific entity represented as a node 1n the
social graph data structure and indicating that any con-
nection path presented 1n response to the content request
1s to exclude the node representing the specific entity;
and

processing the content request by analyzing the social

graph data structure to identily a set of connection paths
connecting nodes representing the first and second enti-
ties 1dentified in the content request, but excluding the
node representing the specific entity.

16. The method of claim 11, further comprising:

receiving with the content request a parameter 1dentifying
at least one specific entity represented as a node in the
social graph data structure and indicating that any con-
nection path presented 1n response to the content request
1s to 1nclude the node representing the specific entity;
and

processing the content request by analyzing the social
graph data structure to identily a set of connection paths
connecting nodes representing the first and second enti-
ties 1dentified 1in the content request, and including the
node representing the specific entity.

17. The method of claim 11, further comprising:

receiving with the content request a parameter 1identiiying
an entity type for an entity represented as a node 1n the
social graph data structure and 1ndicating that any con-
nection path presented in response to the content request
1s to exclude all nodes representing entities of the entity
type; and

processing the content request by analyzing the social
graph data structure to 1dentily a set of connection paths
connecting nodes representing the first and second enti-
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ties 1dentified 1n the content request, but excluding any
node representing an entity having the entity type iden-
tified by the parameter.

18. The method of claim 11, further comprising:

recerving with the content request a parameter 1dentifying
an entity type for an entity represented as a node 1n the
social graph data structure and indicating that any con-
nection path presented 1n response to the content request
1s to 1include at least one node representing an entity of
the entity type; and

processing the content request by analyzing the social
graph data structure to identify a set of connection paths
connecting nodes representing the first and second enti-
ties 1dentified 1n the content request, and including at
least one node representing an entity having the enfity
type 1dentified by the parameter.

19. The method of claim 11, further comprising:

recerving with the content request a parameter identifying
an edge type for an edge connecting two nodes repre-
senting two entities 1n the social graph data structure and
indicating that any connection path presented 1n
response to the content request 1s to exclude all edges of
the edge type; and

processing the content request by analyzing the social
graph data structure to identily a set of connection paths

connecting nodes representing the first and second enti-
ties 1identified 1n the content request, but excluding any

edges of the edge type.
20. The method of claim 11, further comprising:

recerving with the content request a parameter identifying
an edge type for an edge connecting two nodes repre-
senting two entities 1n the social graph data structure and
indicating that any connection path presented 1n
response to the content request 1s to include at least one
edge of the edge type; and

processing the content request by analyzing the social
graph data structure to identily a set of connection paths
connecting nodes representing the first and second enti-
ties 1dentified 1n the content request, and including at
least one edge of the edge type.

21. The method of claim 11, further comprising:

presenting with a visual representation of a connection
path a graphical user interface element indicating a mea-
sure of association strength for the connection path.

22. The method of claim 11, wherein a visual representa-
tion of a connection path 1s presented as a linear sequence of
two or more entities and indicating the association type
between any two entities 1n the connection path.

23. The method of claim 11, further comprising:

in association with a node representing a person in a visual
representation of a connection path, presenting at least
one selectable user interface element that, when
selected, facilitates a social action enabling a user to
engage with the person represented by the node.

24. The method of claim 23, wherein the at least one
selectable user interface element facilitates a social action
enabling a user to communicate a message to the person
represented by the node.

25. A system comprising:
at least one processor for executing instructions;

a memory device 1n communication with the at least one
processor and storing instructions, which, when
executed by the at least one processor 1s to:
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receive with a content request information 1identifying first
and second entities that are represented by nodes 1n a
social graph data structure representing a social graph
maintained by a social network service, the social graph
data structure consisting of nodes representing various
entities and edges representing associations between
entities, each edge connecting two nodes assigned an
edge score representing an estimated strength of asso-
ciation between two entities represented by the two
nodes;

process the content request by 1) analyzing the social graph
data structure to identily a set of connection paths con-
necting nodes representing the first and second entities
identified 1n the content request, 11) deriving a path score
for each connection path 1n the set by aggregating edge
scores of the edges forming each individual connection
path, and 111) presenting a visual representation of one or
more connection paths having the highest path scores.
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