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(57) ABSTRACT

The present disclosure 1s directed towards systems and
methods for efliciently identifying periodic trends of user-
defined annotations among users of a social networking
system. For example, systems and methods described herein
involve grouping a set of digital content 1tems into subsets
of digital content items and performing one or more itera-
tions of a clustering algorithm on the grouped set of digital
content 1tems to 1dentify one or more temporal clusters of the
user-defined annotation. Additionally, the systems and meth-
ods described herein involve performing one or more addi-
tional 1terations of the clustering algorithm on one or more
reduced sets of digital content 1tems to 1dentify one or more
additional temporal clusters of the user-defined annotation.
Further, the systems and methods involve determining that
the user-defined annotation 1s periodic based on a time
period between 1dentified temporal clusters.
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TEMPORAL CLUSTERING OF SOCIAL
NETWORKING CONTENT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. §
120 as a Continuation of application Ser. No. 15/070,946,
filed Mar. 15, 2016. The entire contents of which 1s hereby
incorporated by reference as 11 fully set forth herein. Appli-
cant hereby rescinds any disclaimer of claim scope 1n the
parent application(s) or the prosecution history thereof and
advise the USPTO that the claims in this application may be
broader than any claim in the parent application(s).

BACKGROUND

1. Technical Field

[0002] One or more embodiments described herein relate
generally to distinguishing between novel and non-novel
social networking trends. More specifically, one or more
embodiments relate to 1dentifying periodic trends of social
networking content over a period of time.

2. Background and Relevant Art

[0003] Advancements in computing devices and commu-
nication technology provide users with the ability to share
user-generated content with other users via one or more
communication systems. As such, users are increasingly
capturing and sharing content using various computing
devices. To illustrate, modern mobile devices enable users to
capture digital content, such as pictures, videos, audio,
and/or text to create user-generated content. A user can then
share user-generated content with another user or with a
group of users via a variety of communication systems (e.g.,
IM, text, or social networks).

[0004] Additionally, when sharing content with other
users, users and/or the communication system system often
include tags, markers, classifiers, or other annotations with
the shared content. For example, conventional communica-
tion systems often include various annotations such as, for
example, hashtags, headers, subjects, timestamps, various
metadata, or other characteristics that facilitate indexing
shared content, 1dentifying the shared content via searches,
and/or pushing the shared content to a particular audience.
Further, many conventional communication systems often
identily trending content based on the tags, markers, or other
annotations included with shared content (e.g., hashtags).
Identiftying and presenting trending content to users allows
users to more conveniently view and share media content
related to a topic that 1s trending among the user base of a
communication system.

[0005] While identifying social networking trends enables
users of as a social networking system to more conveniently
view what content 1s trending at a particular time, there are
a number of complications that interfere with accurate
identification of novel content that 1s trending among users
ol a social networking system. As an example, widespread
adoption of particular hashtags and/or other user-defined
annotations often results 1n 1dentifying non-novel and/or less
interesting content as trending content. For example, shared
content may include generic hashtags such as #throwback-
thursday (e.g., #1BT) or #caturday that are frequently shared
on weekly basis on a particular day of the week. These
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periodic and (in many cases) non-novel hashtags that trend
on recurring intervals of time often 1nterfere with bona-fide
novel trends that would be more interesting to users of a
communication system.

[0006] In addition to identifying non-novel content as
trending, the process of identifying trending content for
many conventional communications systems 1s an expensive
process (e.g., due to the amount computing resources and
time needed). In particular, the enormous amount of data
that must be analyzed 1n order to 1dentily a novel trending
topic creates a substantial technical barrier. For example, the
sheer volume of periodic hashtags, modified versions of the
periodic hashtags, and the volume of new potentially trend-
ing hashtags present a substantial technical challenge to
identify novel trending content within the large amount of
non-trending and/or non-novel content. Therefore, 1dentify-
ing novel trending topics becomes an expensive and diflicult
process for conventional communications systems, which
results 1 delayed presentation of trending topics, or the
presentation ol non-novel trending content.

[0007] Further, due to the exponential growth 1n the user
base of many communication systems, 1dentifying a periodic
hashtags 1s also a significant challenge. For instance, the
number of recent hashtags often dwarls the number of
similar hashtags from prior months or years. As such,
identifving the periodic nature of different hashtags becomes
particularly challenging when usage of a particular hashtag
by a previous user base only represents a fraction of usage
of the particular hashtag by a current user base. As an
illustrative example, #NYE may be included 1in over one
hundred million mstances of shared content 1n a current year,
while the previous year #NYE was only included 1n one
million instances, where a large contributing factor to the
difference 1s accredited to the growth of the user base. Thus,
identifying the periodic nature of the #NYE based on these
two years becomes diflicult because compared to the one
hundred million i1nstance, the one million instances 1s too
insignificant for conventional communication systems to
identify the period nature of #NYE. As a result, conventional
communication systems experience difliculty identifying
new emerging periodic hashtags.

[0008] Thus, there are a number of considerations to be
made 1n accurately 1dentifying novel trends of shared digital
content over a period of time.

SUMMARY

[0009] One or more embodiments described herein pro-
vide benefits and/or solve one or more of the foregoing and
other problems 1n the art with systems and methods for
identifying and distinguishing periodic trends of shared
digital content within a communication system (e.g., a social
networking system). In particular, one or more embodiments
include systems and methods that analyze, using a cluster-
based approach, a set of digital content items having a
particular user-defined annotation. Based on the analysis, the
systems and methods 1dentify one or more temporal clusters
of the particular user-defined annotation. The systems and
methods further perform multiple 1terations of the cluster-
based analysis to identify multiple temporal clusters of the
user-defined annotation. Using the identified temporal clus-
ters ol the user-defined annotation, the systems and methods
determine whether the user-defined annotation 1s a periodic
annotation (e.g., a user-based annotation that trends periodi-
cally over time).
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[0010] Accordingly, the systems and methods can remove
the particular user-defined annotation from the list of novel
trending annotations when a particular user-defined annota-
tion 1s a periodic annotation. For example, in one or more
embodiments the systems and methods facilitate identifica-
tion of novel annotations that are trending among users of a
social networking system while minimizing interference
from one or more non-novel annotations that the system has
identified as a periodic annotation. For example, one or more
embodiments described herein include systems and methods
of 1dentifying multiple temporal clusters of a user-defined
annotation and determining a periodic score that represents
the likelihood that the user-defined annotation 1s a periodic
annotation. Using the periodic score, the systems and meth-
ods can more eihiciently distinguish between novel annota-
tions and non-novel periodic annotations when identifying,
trending annotations within the social networking system.
[0011] Additionally, in one or more embodiments, the
systems and methods enable identifying of social network-
ing trends over various periods of time while accounting for
a rapidly growing user base of the social networking system.
For example, one or more embodiments described herein
involve performing a first iteration of a clustering analysis to
identily one or more temporal clusters of user-defined anno-
tation for a set of digital content i1tems that span over
multiple months or years. Additionally, one or more embodi-
ments mvolve performing one or more additional 1terations
of the clustering analysis to 1dentily one or more temporal
clusters of user-defined annotations for one or more reduced
sets of digital content i1tems. Performing the additional
iterations on the reduced sets of digital content 1tems enables
the systems and methods to account for the growing user
base of the social networking system and/or increased use of
various annotations over time.

[0012] Additional features and advantages will be set forth
in the description which follows, and 1n part will be obvious
from the description, or may be learned by the practice of
such exemplary embodiments. The features and advantages
of such embodiments may be realized and obtained by
means ol the mnstruments and combinations particularly
pointed out 1n the appended claims. These and other mar-
keting features will become more fully apparent from the
following description and appended claims, or may be
learned by the practice of such exemplary embodiments as
set forth heremafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order to describe the manner 1n which the above
recited and other advantages and marketing features, a more
particular description will be rendered by reference to spe-
cific embodiments thereof that are illustrated i the
appended drawings. It should be noted that the figures are
not drawn to scale, and that elements of similar structure or
function are generally represented by like reference numer-
als for illustrative purposes throughout the figures. Under-
standing that these drawings depict only typical embodi-
ments and are not therefore to be considered to be limiting,
of its scope, various embodiments will be described and
explained with additional specificity and detail through the
use of the accompanying drawings 1n which:

[0014] FIG. 1 illustrates a block diagram of an environ-
ment 1n which the methods and systems disclosed herein
may be implemented in accordance with one or more
embodiments;
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[0015] FIG. 2 illustrates a schematic diagram of the server
device of FIG. 1 1n accordance with one or more embodi-
ments;

[0016] FIGS. 3A-3C illustrate example graphical repre-
sentations showing subsets of instances of digital content
items having a user-defined annotation;

[0017] FIGS. 4A-4B 1illustrate example graphical repre-
sentations showing identified clusters of the instances of
digital content 1tems having the user-defined annotation;
[0018] FIGS. 5A-5C illustrate example graphical repre-
sentation showing reduced subsets of instances of digital
content items having the user-defined annotation;

[0019] FIGS. 6A-6B illustrate example graphical repre-
sentations showing identified additional clusters of the
istances of digital content items having the user-defined
annotation;

[0020] FIG. 7 illustrates an example graphical represen-
tation showing 1dentified clusters of the mstances of digital
content items having the user-defined annotation;

[0021] FIGS. 8A-8B illustrates example graphical repre-
sentations showing identified instances and clusters of user-
defined annotations:

[0022] FIG. 9 illustrates a flow diagram of a method for
identifving one or more periodic annotations associated with
a collection of digital content 1tems;

[0023] FIG. 10 1llustrates a block diagram of an exemplary
computing device 1n accordance with one or more embodi-
ments;

[0024] FIG. 11 1illustrates a network environment of a
social networking system according to one or more embodi-
ments; and

[0025] FIG. 12 illustrates an example social graph of a
social networking system in accordance with one or more
embodiments.

DETAILED DESCRIPTION

[0026] One or more embodiments described herein
include a social networking system that identifies periodic
trends of digital content shared by users of the social
networking system. In one or more embodiments, the social
networking system groups a set of digital content items
associated with timestamps having a user-defined annotation
into randomized subsets of digital content 1tems having the
user-defined annotation. Further, the social networking sys-
tem can perform a first iteration of a clustering algorithm to
identily one or more temporal clusters of user-defined anno-
tations for the set of digital content items (e.g., for each of
the randomized subsets of digital content 1items). The social
networking system can further group a reduced set of digital
content items having the user-defined annotation into
reduced subsets of digital content 1tems having the user-
defined annotation, where the reduced set of digital content
items does not include the one or more temporal clusters
identified in the first iteration. The social networking system
can further perform one or more additional 1terations of the
clustering algorithm to identily one or more additional
temporal clusters of the user-defined annotation for the
reduced set of digital content items. Upon 1dentifying mul-
tiple temporal clusters, the social networking system can
determine a periodicity for the user-defined annotation based
on a time period between the temporal clusters.

[0027] Using the periodicity for user-defined annotations,
the social networking system can efliciently identify novel
annotations that are trending among users of the social
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networking system by identifying user-defined annotations
that periodically trend over diflerent periods of time (e.g.,
days, weeks, months, years). In particular, the social net-
working system can identily periodic trends of user-defined
annotations that tend to be uninteresting (e.g., non-novel
annotations) and distinguish trending bona-fide novel user-
defined annotations from the periodic user-defined annota-
tions. For example, upon identitying that a user-defined
annotation 1s periodic or otherwise regularly recurring, the
social networking system can place the user-defined anno-
tation and/or related tags on a blacklist of annotations to not
consider when 1dentifying trending annotations among users
of the social networking system. As such, the social net-
working system can identily trending user-defined annota-
tions and other digital content item characteristics while
discarding thousands or even millions of digital content
items having periodic annotations that are on the blacklist.

[0028] Further, in 1dentifying periodic trends, the social
networking system can account for changes in the amount of
users 1n the user base (e.g., user base growth) and/or
increased use frequency of a particular annotation over time.
For example, in one or more embodiments, the social
networking system uses an 1terative process to identify a first
temporal cluster within a set of digital content 1tems. Then,
after identitying the first temporal cluster, the instances of
digital content items within the first temporal cluster are
removed from the set of digital content items to create a
reduced set of digital content 1tems. The social networking
system can then perform a second iteration to identify a
second temporal cluster. Accordingly, the social networking
system can perform a third iteration on a further reduced set
of digital content 1tems that does not include the digital
content 1tems 1dentified 1n the first and second temporal
clusters. The 1terative process can continue until no further
temporal clusters are 1dentified.

[0029] Due to the 1terative process that includes removing
the digital content items that are within multiple temporal
clusters, the social networking system eflectively can
account for varying user base size and/or varying popularity
of annotations over time. For example, the first temporal
cluster discussed in the preceding paragraph can include X
number of digital content 1tems, while the second temporal
cluster includes a fraction of X. Depending on the value of
X (e.g., 100 million), 11 the digital content 1tems in the first
temporal cluster are not removed to perform a second
iteration, the second temporal cluster would likely be 1ndis-
tinguishable (e.g., would appear as noise) compared to the
spike of the first temporal cluster. Therefore, by performing
the clustering analysis using an 1terative process on sequen-
tially reduced sets of the digital content items, the social
networking system can identily one or more additional

temporal clusters that most conventional systems would {fail
to 1dentily.

[0030] Additionally, the social networking system can
elliciently utilize resources of the social networking system
by grouping a set of digital content items having a user-
defined annotation into groups of a predefined number of
timestamps corresponding to the digital content items and
performing the clustering algorithm on the groups of time-
stamps. In this way, the social networking system can
perform the clustering algorithm on manageable portions of
the digital content 1tems to 1dentify clusters of user-defined
annotations for the set of digital content 1items. Moreover,
and as will be described in greater detail below, upon
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identifying a cluster of user-defined annotations, the social
networking system can exclude portions of the set of digital
content 1tems corresponding to the i1dentified cluster, group
the reduced portions of the set of digital content 1tems 1nto
reduced subsets of digital content 1tems, and perform one or
more additional iterations of the clustering algorithm with-
out considering the digital content 1tems of the previously
identified cluster. In this way, the social networking system
can efliciently utilize resources by i1dentifying one or more
additional clusters without considering or otherwise analyz-
ing previously identified clusters of user-defined annota-

t1ons.

[0031] As used herein, the term “digital content item™ or
“digital content” refers to any digital media of any kind. For
example, a digital content 1tem can include, but 1s not limited
to, any audio, video, 1mage, or other digital data (in 1solation
or in combination) that may be shared or otherwise trans-
mitted. In one or more embodiments, for example, a digital
content item includes a digital photo that a user captures
using a camera on a computing device and shares with other
users of a social networking system. As another example, a
digital content 1tem can include an audio file that a user
captures using a microphone on a computing device. A
digital content 1tem can originate from any source. For
instance, a user can capture a digital content item with a
computing device, receive a copy of a digital content item
from a second device, or simply download a digital content
item from the Internet. Moreover, a digital content 1tem can
include one or more user-identified annotations or other
content item characteristics.

[0032] As used herein, a “user-defined annotation” refers
to an annotation, classifier, or other characteristic that a user
associates with one or more digital content items. For
example, a user-defined annotation may include, but 1s not
limited to, a hashtag, a title, a link, a subject line, a topic, a
string of text, a photo tag, file characteristic, metadata, or
other characteristic associated with one or more digital
content items that i1s defined by the user. In one or more
embodiments, the user-defined annotation refers to a hash-
tag, subject line, string of text, link, or other annotation that
1s composed or otherwise included by a user within or
together with an associated digital content item and which 1s
visible to other users of the social networking system that
access the associated digital content 1tem. Alternatively, 1n
one or more embodiments, the user-defined annotation
refers to metadata or other characteristic that i1s included
within the digital content 1tem, but not necessarily visible to
other users of the social networking system that access the
associated digital content item. Moreover, 1n one or more
embodiments, the user-defined annotation can refer to a
particular combination of user-defined annotations associ-
ated with one or a combination of digital content items.

[0033] FIG. 1 illustrates a schematic diagram of a system
100 within which one or more systems and methods
described herein can be implemented. As illustrated 1in FIG.
1, the system 100 includes a server device 102 that imple-
ments a social networking system 104, a client device 106,
and a corresponding user 108 of the client device 106.
Further, the server device 102 and client device 106 can
communicate over a network 110. Although the system 100
of FIG. 1 illustrates a particular arrangement of the server
device 102, social networking system 104, client device 106,
user 108, and network 110, the system can include alterna-
tive configurations. For example, the system 100 can include
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any number of server devices that implement the social
networking system 104. Additionally, the system 100 can
include any number of client devices 106 and a correspond-
ing number of users 108. Further, in one or more embodi-
ments, the server device 102 communicates directly with the
client device 106 or social networking system 104 by
passing the network 110.

[0034] The client device 106, the network 110, and the
server device 102 can communicate using any communica-
tion platforms and technologies suitable for transporting
and/or otherwise communicating signals and data, including
any known communication technologies, devices, media,
and protocols supporting of remote data communications,
examples ol which will be described in more detail below
with respect to FIGS. 10-11. In addition, the network 110
may represent a network or collection of networks (such as
the Internet, corporate intranet, virtual private network
(VPN), local area network (LAN), wireless local network
(WLAN), cellular network, wide area network (WAN),
metropolitan area network (MAN), or a combination of
multiple networks). Thus, the network 110 can include any
suitable network over which the client device 106 can access
the server device 102 or visa versa. Additional details and

examples of networks are described below in connection
with FIGS. 10-11.

[0035] Additionally, as will be described 1n greater detail
below with regard to FIGS. 11-12, the user 108 may repre-
sent one or more users of a social networking system 104.
For example, the user 108 may refer to a single user or
multiple users associated with a particular entity that com-
municates with one or more other users over a platform
supported by the social networking system 104. The user
108 can receive and/or access digital content shared by other
users of the social networking system 104. Likewise, the
user 108 can share digital content with other users of the
social networking system 104. For example, the user 108
can cause the client device 106 to capture, create, or other-
wise obtain one or more digital content 1tems. Likewise, the
user 108 can cause the client device 106 to share the digital
content 1item(s) with other users of the social networking
system 104.

[0036] In addition to sharing digital content with other
users, the user 108 and/or other users of the social network-
ing system 104 can associate one or more user-defined
annotations with one or more digital content items. As an
example, the user 108 can include a hashtag with a digital
content 1tem that 1s shared with other users of the social
networking system 104. In one or more embodiments, the
user 108 includes the hashtag within a content portion of a
digital content item. For example, the user 108 can include
one or more hashtags including a “#” sign and a string of text
within a text portion of a shared post within the social
networking system 104.

[0037] Moreover, while one or more embodiments
described herein relate specifically to associating user-de-
fined hashtags with one or more digital content 1tems, 1t 1s
appreciated that the user 108 can associate one or more
additional or alternative types of user-defined annotations
with digital content 1tems that are shared with users of the
social networking system 104. As such, one or more
embodiments that are described 1n connection with associ-
ated hashtags and digital content 1tems can similarly apply
to digital content items and other types of user-defined
annotations. For example, the user 108 can similarly asso-

Dec. 7, 2023

ciate a topic, subject line, tags of people (e.g., photo tags),
location tags, user-defined metadata, or other characteristics
of a digital content 1tem that 1s defined by the user 108 and
provided to the social networking system 104 with the
associated digital content item. In one or more embodi-
ments, the social networking system can automatically gen-
crate and associate an annotation with a shared digital
content 1tem based on one or more characteristics of the
digital content item and/or based on user preferences.

[0038] In addition to enabling a user 108 to associate a
user-defined annotation with a digital content item, the
system 100 can further enable the social networking system
104 to 1identily one or more user-defined annotations that are
trending among users of the social networking system 104.
For example, 1f the user 108 and many other users each
associate a particular hashtag with shared digital content
items over a period of time, the social networking system
104 can 1dentity the hashtag as a trending user-defined
annotation and promote the associated digital content 1tems
to other users of the social networking system 104. Addi-
tionally, or alternatively, the social networking system 104
can push the digital content items associated with trending
user-defined annotation to a particular group of users that
have an interest in the hashtag or related hashtags that the
user 108 and other users include with the digital content
item.

[0039] Furthermore, as will be described 1n more detail
below, the system 100 can facilitate identification of one or
more periodic user-defined annotations that would otherwise
interfere with identification of bona-fide novel user-defined
annotations. For example, the social networking system 104
can perform a clustering algorithm on a collection of digital
content having a common hashtag to identify one or more
clusters of hashtags over a period of time for the collection
of digital content 1tems. Additionally, the social networking
system 104 can determine a periodicity of the hashtag by
determining whether the 1dentified clusters occur at periodic
intervals. Further, the social networking system 104 can
identify that the hashtag 1s a periodic or recurring hashtag
based on the time between the periodic intervals. Upon
determining that the hashtag 1s a periodic hashtag, the social
networking system 104 can determine or receive mstructions
(e.g., from the user 108 or other entity) to discard the hashtag,
in calculating other trending hashtags among users of the
social networking system 104. Alternatively, the social net-
working system 104 can determine or receive instructions to
include the periodic hashtag in calculating or predicting
trending hashtags among users ol the social networking
system 104.

[0040] FIG. 2 illustrates an example embodiment of a
server device 102 and social networking system 104 1n
accordance with one or more embodiments of the system
100. As shown 1 FIG. 2 the social networking system 104
includes a content grouping manager 202, cluster identifier
204, 1teration manager 206, periodic identifier 208, list
manager 210, and data storage 212. Further, as shown in
FIG. 2, the data storage 212 includes digital content 214
having content characteristics 216 and time data 218. Addi-
tionally, the data storage 212 includes one or more annota-
tion lists 220 that enable the social networking system 104
to distinguish and apply diflerent rules to digital content
items having different content characteristics 216 (e.g.,
user-defined annotations).
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[0041] Although the server device 102 illustrated 1n FIG.
2 shows the components 202-212 to be separate, any of the
components 202-212 may be combined into fewer compo-
nents, such as 1nto a single facility module, or divided into
more components as may serve one or more embodiments.
In addition, the components 202-212 may be located on, or
implemented by, one or more servers or other computing
devices, such as those described below 1n relation to FIG.
10. For example, as shown 1n FIG. 2, the social networking
system 104 may be implemented on a server device 102.

[0042] The components 202-212 can comprise software,
hardware, or both. For example, the components 202-212
can comprise one or more instructions stored on a computer
readable storage medium and executable by a processor of
one or more computer devices. When executed by the one or
more processors, the computer-executable instructions of
the social networking system 104 can cause a computing,
device(s) to perform the methods described herein. Alterna-
tively, the components 202-212 can comprise hardware,
such as a special-purpose processing device to perform a
certain function. Additionally or alternatively, the compo-
nents 202-212 can comprise a combination ol computer-
executable instructions and hardware.

[0043] As mentioned above, the social networking system
104 (heremaiter “system 104”) can perform various tasks
and Tunctions that provide tools and services for reliably and
ciiciently identifying user-defined annotations that are
trending among users of the system 104. For example, the
server device 102 can receive any number of digital content
items having associated user-defined annotations and time-
stamps {rom various users of the system 104. The system
104 can 1dentily trends of user-defined annotations that are
included within or otherwise associated with the shared
digital content 1items. Further, as will be described in greater
detail below, the system 104 can identily periodic trends of
user-defined annotations included with (or within) shared
digital content items and identify various trends of user-
defined annotations among users of the system 104.

[0044] In realizing features and functionality related to
identifving trends of user-defined annotations over time, the
system 104 includes a content grouping manager 202 that
accesses a set of digital content 1tems having an associated
user-defined annotation. In one or more embodiments, the
set of digital content items 1ncludes a collection of all digital
content 1tems having the user-defined annotation and time-
stamps that span over a defined period of time. Alternatively,
the set of digital content 1tems can include a predefined
sample size of digital content items having the user-defined
annotation over the defined period of time. In one or more
embodiments, the set of digital content 1tems includes digital
content 1tems having an 1dentical user-defined annotation for
cach of the digital content items. Alternatively, the set of
digital content items can include a collection of digital
content items having one or more user-defined annotations
that the system 104 has identified as similar or related.

[0045] Upon accessing, receiving, or otherwise obtaining
a set of digital content 1tems having a user-defined annota-
tion, the content grouping manager 202 can group the set of
digital content 1items 1nto subsets of the digital content 1tems
that include the user-defined annotation. In one or more
embodiments, the content grouping manager 202 groups the
set of digital content 1tems into subsets of a predefined
number of instances of user-defined annotations for the set
of digital content items. For example, 1n one or more
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embodiments, the content grouping manager 202 groups the
set of digital content 1tems 1nto subsets by generating groups
of 10,000 instances of the user-defined annotation. The
content grouping manager 202 can generate a predefined
number of groups (e.g., 10, 100) or assign the instances of
the user-defined annotation for the set of digital content
items 1nto as many groups of 10,000 1nstances (or any other
predefined number) as the set of digital content items
permits. For example, the content grouping manager 202 can
generate as many subsets of 10,000 instances of the user-
defined annotation until all instances of the user-defined
annotation from the set of digital content items are assigned
into similarly sized groups.

[0046] In assigning digital content items to subsets, the
content grouping manager 202 can use a randomized group-
ing process. For example, the content grouping manager 202
can assign the digital content i1tems into subsets across
random timestamps over any predefined period of time. In
one or more embodiments, the content grouping manager
202 groups the digital content 1tems using random time-
stamps that span over the entire duration of time to which the
set digital content i1tems corresponds. Alternatively, the
content grouping manager 202 can group the digital content
items using random timestamps that span over a limited
period of time (e.g., ten weeks, one year, three years).

[0047] In one or more embodiments, the content grouping
manager 202 groups the digital content 1tems according to a
periodic interval that the system 104 1s attempting to identify
or confirm. For example, 1f the system 104 1s attempting to
identify a periodic interval of a year, the content grouping
manager 202 can group the digital content items using
random timestamps that span over the previous three years.
Alternatively, 1f the system 104 1s attempting to identify a
periodic interval of a month, the content grouping manager
202 can group the digital content items using random
timestamps that span over the past year. As an additional
example, 11 the system 104 1s attempting to i1dentify a
periodic interval of a week, the content grouping manager
202 can group the digital content 1item using random time-
stamps that span over the previous ten weeks.

[0048] Upon grouping the set of digital content items into
subsets ol digital content 1tems having the user-defined
annotation, the cluster i1dentifier 204 can identily one or
more clusters of the user-defined annotation for each of the
subsets of digital content 1tems. For example, the cluster
identifier 204 can perform a clustering algorithm on each of
the subsets of digital content items to identily one or more
temporal clusters within each of the grouped subsets of
digital content 1tems. Thus, where the set of digital content
items 1s assigned into randomized subsets, the cluster 1den-
tifier 204 can perform the clustering algorithm on each of the
randomized subsets to i1dentily one or more clusters of
digital content items at one or more periods of time asso-
ciated with the randomized subsets (e.g., using a timestamp
associated with each digital content item).

[0049] In one or more embodiments, the cluster 1dentifier
204 uses a density-based spatial clustering of applications
with noise (DBSCAN) algorithm to analyze and identify
clusters of user-defined annotations around one or more
timestamps. For example, the cluster identifier 204 can
perform the DBSCAN algorithm on a subset of 10,000
instances of the user-defined annotation to 1dentily a thresh-
old number of user-defined annotations within the subset
that fall within one or more neighborhoods of timestamps.
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While one or more embodiments described herein relate
specifically to performing a DBSCAN algorithm to identily
one or more temporal clusters, it 1s appreciated the cluster
identifier 204 can use various models and algorithms to
identify clusters of data. For example, the cluster identifier
204 can use various connectivity models, centroid models,
distribution models, density models, subspace models,
group models, graph-based models, or other clustering algo-
rithm model that can be used to identify one or more
temporal clusters of a user-defined annotation across a
predefined range of timestamps corresponding to the set or
subset of digital content 1tems being analyzed.

[0050] As mentioned above, the cluster identifier 204 can
perform a DBSCAN algorithm on a subset of istances of
the user-defined annotation to identify one or more temporal
clusters of the user-defined annotation across a range of
time. In performing the DBSCAN algorithm, the cluster
identifier 204 can determine, receive, or otherwise access an
epsilon value (¢) that defines a distance (of time) between
timestamps associated with each digital content item. Addi-
tionally, the cluster identifier 204 can determine, receive, or
otherwise access a threshold value of instances of user-
defined annotations that, i1f contained within a range of
timestamps, define a temporal cluster of the user-defined
annotation. Using the € and threshold values, the cluster
identifier 204 can visit specific timestamps, ranges of time-
stamps, and/or imdividual digital content 1tems having par-
ticular timestamps to i1dentily a cluster of the user-defined
annotation that includes a number of instances of the user-
defined annotation that 1s greater than or equal to the
threshold number of instances of the user-defined annotation
whose timestamps are individually or collectively separated
by less than the € value.

[0051] For example, the cluster identifier 204 can analyze
a subset of instances of user-defined annotations for the set
of digital content 1tems and 1dentify a group of user-defined
annotations including more instances than the threshold
number of 1nstances of the user-defined annotation whose
timestamps are each separated by less than €. As another
example, the cluster identifier 204 can analyze the subset of
instances of the user-defined annotation and 1dentily a group
of instances of the user-defined annotation that includes
more than the threshold number of istances of the user-

defined annotation that all fall within a range of timestamps
defined by .

[0052] Using the DBSCAN algorithm, the cluster identi-
fier 204 can classily each instance of the user-defined
annotation within the subset as either part of a cluster or
noise. In particular, the cluster identifier 204 classifies those
digital content items that fall within the range of timestamps
defined by € and the threshold value as clustered user-
defined annotations. Additionally, the cluster identifier 204
can classily any digital content items that fall outside the
range of timestamps 1n the 1dentified clusters as noise.

[0053] Upon identifying clusters and classitying digital
content items as clusters or noise, the cluster 1dentifier 204
can combine the results of the clustering algorithm (e.g.,
DBSCAN) for each of the subsets of digital content 1tems
and generate a representation of the set of digital content
items that includes all 1dentified clusters and noise. In one or
more embodiments, the cluster identifier 204 combines all of
the clusters and 1gnores the noise. In this way, the cluster
identifier 204 can identily one or more clusters of a user-
defined annotation based on the consolidated results of the
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clustering algorithm performed on the various subsets. The
cluster 1dentifier 204 can determine whether identified clus-
ters represent false positives (e.g., a cluster 1s only 1dentified
for one subset, but not for all or most of the subsets) while
confirming clusters that have been consistently identified

across a greater portion (e.g., a threshold portion) or all of
the subsets representative of the set of digital content 1tems.

[0054] In addition to combining the results of the cluster-
ing algorithms on the randomized subsets, the cluster 1den-
tifier 204 can compare the results of the 1dentified clusters
and 1dentily a time around which the one or more identified
clusters 1s centered. For example, the cluster identifier 204
can identily a timestamp or range of timestamps that rep-
resents the center of mass, midpoint, or other imnformation
about the idenftified cluster as a whole. Additionally, the
cluster identifier 204 can analyze the distribution of the
identified cluster(s) and determine characteristics of the
cluster(s) such as midpoint, average, quartile ranges, etc. As
will be explammed in greater detail below, the periodic
identifier 208 can use the time around which the one or more
identified clusters are centered to determine a periodicity of
a user-defined annotation.

[0055] In addition to the cluster i1dentifier 204, and as
shown 1n FIG. 2, the system 104 also includes an 1teration
manager 206 that manages performance of one or more
iterations of the clustering algorithm on the set of digital
content 1tems to i1dentily temporal clusters. For example, as
described above, the content grouping manager 202 and
cluster i1dentifier 204 can perform a first iteration of a
clustering algorithm on a set of digital content items by
grouping the set of digital content items into subsets of
digital content 1tems and performing the clustering algo-
rithm on each of the subsets of digital content items.
Additionally, as described above, the content grouping man-
ager 202 and cluster identifier 204 can i1dentily one or more
temporal clusters within the set of digital content items.
Further, upon performing the first iteration of the clustering
algorithm and 1dentifying one or more temporal clusters, the
iteration manager 206 can cause the content grouping man-
ager 202 and cluster 1dentifier 204 to perform one or more
additional 1terations to identily any number of additional
temporal clusters of user-defined annotations from the set of
digital content 1tems.

[0056] For example, upon performing the first iteration of
the clustering algorithm, the iteration manager 206 can
identify a new set of digital content items from the noise
identified from the first iteration of the clustering algorithm.
Additionally, the iteration manager 206 can cause the con-
tent grouping manager 202 and cluster identifier 204 to
perform a second iteration of the clustering algorithm on the
new set of digital content i1tems. In particular, as will be
described 1n greater detail below, the 1teration manager 206
can generate, create, or otherwise identily a reduced set of
the digital content items representative of a reduced portion
of the original set of digital content items having the
user-defined annotation (e.g., the oniginal set of digital
content items less the digital content 1tems 1dentified within
a temporal cluster). Upon 1dentifying the reduced portion of
the digital content items, the iteration manager 206 can
ecnable the content grouping manager 202 and cluster 1den-
tifier 204 to group the reduced portion of the digital content
items 1nto subsets (e.g., reduced subsets) of digital content
items and perform the clustering algorithm on the subsets of
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the digital content items similar to the process described
above 1n connection with the first iteration.

[0057] As will be described in greater detail below, the
iteration manager 206 can cause the content grouping man-
ager 202 and the cluster identifier 204 to perform any
number of iterations of the clustering algorithm to identify
any number of temporal clusters across a period of time. In
one or more embodiments, the iteration manager 206 causes
the system 104 to perform a predefined number of iterations
to 1dentily multiple temporal clusters. For example, the
iteration manager 206 can cause the content grouping man-
ager 202 and cluster 1dentifier to perform five iterations of
the clustering algorithm on gradually reduced sets of digital
content 1items to 1dentily any number of temporal clusters.
Alternatively, 1n one or more embodiments, the iteration
manager 206 causes the system 104 to perform any number
of iterations until a threshold number of temporal clusters
have been 1dentified or until an 1teration of the clustering
algorithm on the subsets of digital content items fails to
identify a temporal cluster. In one or more embodiments, the
iteration manager 206 identifies a threshold number of
temporal clusters based on a period of time (e.g., days,
weeks, months, vears) between one or more identified
clusters.

[0058] As shown in FIG. 2, the system 104 further
includes a periodic identifier 208 that 1dentifies a periodicity
ol one or more user-defined annotations based on a distance
between 1dentified temporal clusters. In particular, periodic
identifier 208 identifies a periodicity by calculating or oth-
erwise 1dentifying a distance between the identified clusters
to determine 1f the i1dentified clusters recur at regular time
intervals. Further, 11 the identified clusters recur at regular
intervals, the periodic identifier 208 can determine the
periodicity by determining whether the intervals correspond
to a period of time that would correspond to a periodic
interval. For example, the periodic 1identifier 208 can deter-
mine that the identified clusters of the user-defined annota-
tion regularly recurs every week, month, or year, and accord-
ingly 1dentify a periodic interval corresponding to the
distance between each of the recurring intervals.

[0059] It 1s appreciated that the periodic 1dentifier 208 can
identily periodic itervals of various types. For example, the
periodic 1dentifier 208 can 1dentily common time 1ntervals
including hours, days, weeks, months, or years that depend
strictly on a difference between timestamps of temporal
clusters. Additionally, the periodic identifier 208 can 1dentily
other intervals such as, for example, lunar intervals or
intervals corresponding to various calendars. For example,
the periodic 1dentifier 208 can receive, access, or otherwise
obtain information from diflerent geographic regions and
identify if clusters are occurring at regular intervals in
accordance with particular holidays for a particular geo-
graphic region. In one or more embodiments, the periodic
identifier 208 can consider geolocation mformation (e.g.,
geolocation metadata) associated with clustered digital con-
tent 1tems to 1dentify one or more intervals that would be
applicable to various regions. Thus, the period 1dentifier 208
can consider information 1n addition to the difference in
timestamps between identified clusters 1 determining the
periodicity for a user-defined annotation.

[0060] As shown imn FIG. 2, the system 104 further

includes a list manager 210 that manages one or more lists
of annotations that may be associated with one or more
digital content items. For example, the list manager 210 can
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manage a blacklist of annotations including one or more
user-defined annotations that the system 104 can 1gnore or
disregard when analyzing shared digital content and 1dent-
tying trending hashtags, topics, or other user-defined anno-
tations among various users of the system 104. As such, the
system 104 can identify trending user-defined annotations
(e.g., hashtags) while 1gnoring digital content items having
blacklisted annotations and thus preserve processing power
to more efliciently analyze trending user-defined annotations
and perform other functionality of the system 104. Further,
the list manager 210 can prevent certain periodic annotations
from dominating trending topics and preventing the system
104 from 1dentifying more unique or bona-fide novel user-
defined annotations.

[0061] Additionally or alternatively, in one or more
embodiments, the list manager 210 manages a whitelist of
annotations including one or more user-defined annotations
that the system 104 can positively identily as trending
among users ol the system 104. In particular, the list
manager 210 can facilitate anticipating or predicting that a
user-defined annotation will be trending at a particular time
among users of the system 104 and pre-emptively identity
the user-defined annotation as trending at particular times. In
one or more embodiments, the list manager 210 utilizes the
whitelist to more accurately measure models and correla-
tions between trending topics and related product purchases
or ensure that particular topics are trending at various times
among social networking users.

[0062] In one or more embodiments, the list manager 210
maintains or otherwise manages different blacklists and/or
whitelists that vary among different users of the system 104.
For example, the list manager 210 can maintain region-
specific blacklists and/or whitelists specific to different
timestamps and/or geolocation information. For example,
where a region-specific holiday results in a user-defined
annotation to trend among users of a particular region, the
list manager 210 can either prevent or push that trend to
users of that region while doing the opposite for users of
another region. For 1nstance, the hashtag #fourthofjuly may
trend among users within the United States every July fourth
and have a particular interest to users 1n the United States
without carrying the same level of interest among users
outside the United States. Thus, the list manager 210 may
either whatelist or blacklist #1ourthofjuly (and related hash-
tags) among users 1n the United States while doing some-
thing different for users outside the United States.

[0063] Additionally, the list manager 210 can selectively
blacklist or whitelist (e.g., maintain separate blacklists or
whitelists) at different times across different regions. For
example, where #NYE or #newyearseve may trend around
midnight 1n one time zone, the same hashtag (or related
hashtags) may prematurely trend or trend for too long in
different time zones. Thus, the list manager 210 can maintain
a blacklist that prevents particular topics from trending too
carly for some time zones while preventing the same topics
from trending too late for other time zones. Alternatively, the
list manager 210 can maintain a whitelist that anticipates
trending topics at different times across diflerent time zones.

[0064] Moreover, the list manager 210 can add and/or
remove user-defined annotations 1n a variety of ways. For
example, 1n one or more embodiments, the list manager 210
adds a user-defined annotation to the blacklist in response to
determining that the user-defined annotation 1s a periodic
annotation. Additionally, the list manager 210 can add one or
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more related annotations (to the periodic annotation) to the
blacklist 1n response to detecting that the user-defined anno-
tation trends periodically among users of the system 104. In
one or more embodiments, the list manager 210 provision-
ally adds a user-defined annotation to a list of periodic
annotations for the user 108, the system 104, or other user
(e.g., administrator) to review and i1dentity (e.g., manually

via a user iput) the user-defined annotation as an annotation
to add to the blacklist, whitelist, or to not add to any list.

[0065] Further, as mentioned above, and as 1illustrated 1n
FIG. 2, the system 104 includes a data storage 212 including
digital content 214 having content characteristics 216 and
associated time data 218. In particular, the digital content
214 can include any number of digital content items shared
by users of the social networking system 104. The digital
content 214 can further include any digital content items
accessible to the system 104 on the server device 102 and/or
accessible to the server device 102 via one or more client
devices or other computing devices. Further, as shown 1n
FIG. 2, the digital content 214 can include content charac-
teristics 216 including information about individual digital
content 1tems. For example, the content characteristics 216
can include one or more user-defined annotations or other
annotations associated with respective digital content 1tems.
Further, the digital content 214 can include time data 218
associated with respective digital content items. The time
data can 1nclude timestamps or other information associated
with when digital content 1s created, shared, or otherwise
communicated from a client device or the server device 102.
Moreover, 1n one or more embodiments, the digital content
214 turther includes geolocation information and other data
associated with respective digital content 1tems.

[0066] Additionally, as shown 1n FIG. 2, the data storage
212 can include one or more annotation lists 220. For
example, the data storage 212 can include one or more
blacklists or whitelists, each including one or more one or
more annotations (e.g., user-defined annotations) associated
with applicable rules. For example, the annotation lists 220
include one or more blacklists that the system 104 1gnores
when determining trends among users of the system 104. For
example, a black list can include a list of hashtags that the
system 104 discards or otherwise 1gnores when 1dentiiying
trending or popular hashtags. Conversely, the annotation
lists 220 can include one or more whitelists that include one
or more annotations (e.g., user-defined annotations) that the
system 104 anticipates, promotes, or positively identifies as
trending at particular times. For example, a whitelist can
include a list of hashtags that the system 104 identifies as
trending 1n anticipation of a periodic trend or anticipated
cvent that will cause one or more hashtags to trend among
users of the social networking system 104.

[0067] As described above, the system 104 can group a set
of digital content items having a user-defined annotation into
subsets of digital content 1tems. For example, FIGS. 3A-3C
illustrate randomized subsets of instances of digital content
items having a new years eve hashtag (#NYE) over a period
of time spanning between 2012 and 2013. In particular, FIG.
3A shows a first subset 302a 1ncluding instances of digital
content 1tems having the #NYE hashtag over a predefined
number (e.g., 10,000) of random timestamps spanning a
time period between 2012 and 2015. Similarly, FIG. 3B
shows a second subset 30256 including instances of digital
content items having the #NYE hashtag over the predefined
number of random timestamps spanning between 2012 and
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2013. Further, FIG. 3C shows a third subset 302¢ including
instances of digital content items having the #NYE hashtag
over the predefined number of random timestamps spanning
between 2012 and 2015. It 1s appreciated that the random
timestamps are random for each individual subset. Further,
it 1s appreciated that the system 104 can generate any
number of subsets based on, for example, a number of
instances of digital content items including the hashtag.

[0068] As described above, the system 104 can perform a
first iteration of a clustering algorithm on the subsets of
digital content 1tems by performing, for example, a
DBSCAN algorithm on the subsets of hashtags (or time-
stamps associated with instances of the hashtag) to identily
temporal clusters of the hashtag within each subset. For
example, as shown 1n FIG. 3A-3C, the system can perform
a DBSCAN algorithm on each of the first subset 302aq,
second subset 3025, and third subset 302¢ to generate a
corresponding cluster graph 304a-c for each of the indi-
vidual subsets 302a-c. In particular the DBSCAN algorithm
can 1dentily one or more temporal clusters that include a
threshold number of 1nstances of the hashtag (or timestamps
of the instances of the hashtag) included within a predefined
range ol timestamps. In one or more embodiments, the
DBSCAN algorithm 1dentifies clusters based on a number of
digital content items that are separated by less than an €
value exceeding a minimum threshold number of hashtags.

[0069] As shown in FIG. 3A, the DBSCAN algorithm can
generate a cluster representation 3044 including one or more
identified clusters. Additionally, as shown 1in FIG. 3B, the
DBSCAN algorithm can generate a cluster representation
3045 including one or more identified clusters. Further, as
shown 1n FIG. 3C, the DBSCAN algorithm can generate a
cluster representation 304¢ including one or more 1dentified
clusters. Additionally, as shown 1n FIG. 4A, the system 104
can combine the cluster representations 304a-c and generate
a combined cluster graph 402 including a combination of
identified clusters 406, 408a-b from each of the cluster
representations 304a-c.

[0070] As shown in FIG. 4A, the combined cluster graph
402 includes a primary cluster 406 idenfified by the
DBSCAN algorithm performed on each of the subsets
302a-c. For example, the system 104 can identify the
primary cluster 406 based on an 1dentification of a corre-
sponding cluster 1n all of the randomized subsets 302a-c.
Additionally, the system 104 can identily the identified
cluster as a primary cluster 406 based on the number of
timestamps icluded within the identified cluster as com-
pared with one or more additional clusters identified in each
of the randomized subsets 302a-c.

[0071] Additionally, as shown in FIG. 4A, the combined
cluster graph 402 includes one or more secondary clusters
408a-b that represent temporal clusters that the system 104
identified for each of the randomized subsets 302a-c. For
example, a first secondary cluster 408¢ may represent a
temporal cluster that the system 104 identified 1n the third
subset 302¢ without 1dentifying a similar cluster 1n the first
and second subsets 302q-5. Additionally, the second sec-
ondary cluster 4085 may represent a combination of tem-
poral clusters that the system 104 1dentifies in the first subset
3024 and third subset 302¢ without i1dentifying a similar
cluster in the second subset 3025. For example, the second
secondary cluster 4086 may represent an echo cluster of
instances of digital content items caused by various users
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sharing digital content items having the #NYE hashtag over
one or more days after the primary cluster 406a.

[0072] In one or more embodiments, the system 104
distinguishes between the primary cluster 406 and the sec-
ondary clusters 408a-b based on a number of timestamps
included within each identified cluster. In particular, the
system 104 can consider a total number of timestamps
identified 1n clusters for the combination of each of the
randomized subsets 302aq-c. For example, the system 104
can distinguish the primary cluster 406 from the secondary
clusters 408a-b6 because the system 104 i1dentifies a much
larger number timestamps within the identified clusters from
DBSCAN algorithm performed on each of the randomized
subsets 302a-c. Additionally or alternatively, the system 104
can distinguish between the primary cluster 406 and the
secondary clusters 408a-b based on the system 104 consis-
tently identifying clusters in each of the randomized subsets
302a-c. For example, the system 104 can distinguish the
primary cluster 406 from the secondary clusters 408a-b
because the system 104 1dentified a corresponding cluster to
the primary cluster 406 1n all three of the randomized subsets
302a-c while only 1dentitying corresponding clusters to the
secondary clusters 408a-b6 in some (but not all) of the
randomized subsets 302a-c.

[0073] FIG. 4B illustrates a resulting first iteration graph
404a that includes a first primary temporal cluster 406a (or
simply “primary cluster 406a”") representing the combina-
tion of 1dentified temporal clusters from the subsets 302a-c
of #NYE i1nstances described above in connection with
FIGS. 3A-3C. In particular, as shown 1n FIG. 4B, the first
iteration graph 404aq includes the primary cluster 406a
without including one or more of the secondary clusters
408a-b shown 1n the combined cluster graph 402 of FIG. 4A.
As shown in FIG. 4B, the first iteration graph 404q includes
a single primary cluster 406a representative of a trend of
#NYE hashtags occurring around the end of 2014 and the
beginning of 2013.

[0074] Further, as shown in FIG. 4B, the primary cluster
406a includes a range 410q and center point 412b. In
particular, the range 410a can represent a range of time-
stamps across which the system 104 identifies a trend of
users using the #NYE hashtag. In one or more embodiments,
the range 410aq 1s defined by a range of timestamps between
the 25th percentile and the 75th percentile of the primary
cluster 406a (or any other percentile range). In one or more
embodiments, the range 410a can include a range of time-
stamps that includes all timestamps within the primary
cluster 406a. Additionally, 1n one or more embodiments, the
range 410q can include other timestamps before or after the
primary cluster 406a.

[0075] Further, as shown in FIG. 4B, the primary cluster
406a can include a center point 412qa. In one or more
embodiments, the center point 4124 can refer to a midpoint
of the primary cluster 406a. Alternatively, the center point
412a can refer to a center of mass for the timestamps
representing the digital content items within the primary
cluster 4064. In one or more embodiments, the center point
412a can represent a peak number of instances associated
with a timestamp (or limited range ol timestamps) repre-
sentative ol a time when the #NYE hashtag 1s most fre-
quently used among users of the system 104.

[0076] Additionally, due to the growth of a user base of the
system 104, the first iteration graph 404a shows a single
primary cluster 406a of #NYE 1nstances centered around the

Dec. 7, 2023

end of 2014 and the beginning of 20135 (1.e., new years eve).
In particular, because of the number of instances of #NYE
around the beginning of 2015 as compared to any other
period between 2012 and 2015 as a result of an exponen-
tially growing user base, the first iteration of the DBSCAN
algorithm may only 1dentity a single cluster without 1den-
tifying any other trends or clusters around other years, as
would be expected 1n the present case (e.g., #NYE hashtag).
As such, the system 104 may classily the range 410a of
timestamps as a clustered portion of the first iteration graph
and any remaining timestamps outside the range 410a as
noise.

[0077] Upon classitying each of the timestamps as either
a cluster (e.g., primary cluster 406a) or noise, the system 104
can determine a range of time (e.g., timestamps) to exclude
from future iterations of the DBSCAN algorithm. In par-
ticular, as shown 1n FIG. 4B, the system 104 can i1dentify a
cutofl point 414 corresponding to a time or timestamp belore
the primary cluster 406qa or, alternatively, at a point corre-
sponding to the beginning of the range 410a of the primary
cluster 406a. Thus, the system 104 can identity all time-
stamps after the cutofl point as digital content items or
timestamps of digital content items to exclude from one or
more additional 1terations of the DBSCAN algorithm. Alter-
natively, rather than excluding all points after the cutoil
point 414, one or more embodiments of the system 104 can
exclude only those timestamps within the range 4104 of the
identified cluster 406a while still considering timestamps
before and after the range 410q of the primary cluster 406a.

[0078] After i1dentifying the range of timestamps to
exclude from future iterations, the system 104 can perform
one or more additional 1terations of the DBSCAN algorithm
on the digital content 1tems excluding the portion of digital
content 1tems corresponding to the excluded range of time-
stamps. In particular, 1n one or more embodiments, the
system 104 re-clusters the portion of digital content items
classified as noise and performs a second iteration on a
reduced set of digital content 1tems classified as noise from
the first iteration of the DBSCAN algorithm. In one or more
embodiments, the system 104 performs the second 1teration
on all digital content 1tems from the original set of digital
content 1tems having timestamps before the 1dentified cutoil
point 414. Additionally, as mentioned above, 1n one or more
embodiments, the system 104 performs the second 1teration
on all digital content 1tems from the original set of digital
content items having timestamps before or atter the 1denti-
fied range 410a, including instances from before the cutoil
point 414 as well as instances after the 1dentified range 410a
of the primary cluster 406a.

[0079] In one or more embodiments, the system 104
excludes all points after the cutofl point 414 and generates
new subsets of a predefined number of 1nstances of digital
content 1tems or associated user-defined annotations (or
timestamps corresponding to digital content items). For
example, as shown 1 FIGS. 5A-5C, the system 104 gener-
ates a first subset 502a of a reduced set of digital content
items including 10,000 instances of digital content 1tems
having the #NYE hashtag over a period time corresponding
to random timestamps prior to the cutoil point 414 (e.g.,
digital content items that do not correspond to a previously
identified temporal cluster). Similarly, the system 104 can
generate a second subset 5025 and a third subset 502¢ of the
reduced set of digital content items including 10,000
instances of digital content items or timestamps that pre-date
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the cutoll point 414. In one or more embodiments, the
system 104 may generate fewer subsets of the predefined
number of timestamps as a result of fewer digital content
items included within the reduced set of digital content
items. Alternatively, each iteration can include a similar
number of subsets on which the system 104 performs the

DBSCAN algorithm.

[0080] As shown in FIGS. SA-5C, the system 104 can
perform the DBSCAN algorithm on each of the subsets
502a-c to identily one or more additional clusters within
cach of the subsets 502a-c. In particular, the system 104 can
perform the DBSCAN algorithm and generate a cluster
graph 504a-c for each of the subsets 502a-c. As shown 1n
FIGS. 5A-5C, the cluster graphs 504a-¢ can include one or
more additional clusters across the range of time between
2012 and 2014 and excluding timestamps near or after 2015
(or timestamps included within the first primary cluster

406a).

[0081] In one or more embodiments, the system 104
performs the DBSCAN using similar threshold and & values
as were used 1 performing the DBSCAN algorithm as
described above in connection with performing the first
iteration of the DBSCAN algorithm on the subsets 302a-¢ of
FIG. 3. Alternatively, in one or more embodiments the
system 104 modifies one or both of the threshold value and
the € value 1n performing each iteration of the DBSCAN
algorithm on the different groupings of the digital content
items. For example, the system 104 can decrease the thresh-
old number of instances of the user-defined annotations to
classily a group of instances as a cluster. The system 104 can
also increase the € value (or minimum distance between
timestamps) 1 1dentifying the temporal clusters using the
DBSCAN algorithm to improve the chances of 1dentifying
one or more additional clusters.

[0082] FIG. 6A illustrates a resulting second iteration
graph 4045 that includes a second primary temporal cluster
40656 (or simply “primary cluster 4065”’) and a third primary
temporal cluster 406¢ (or simply “primary cluster 406¢”)
representing temporal clusters identified by the system 104
upon performing the second iteration of the DBSCAN
algorithm. Similar to the first iteration, the second iteration
graph 4045 can include an 1dentification of primary clusters
406b-c after disregarding one or more secondary clusters
that the system 104 has determined should not be 1included
as primary clusters 406b-c on the second iteration graph
404b. More specifically, as shown i FIG. 6A, the second
iteration graph 4045 includes a second primary cluster 40656
having a range 4106 and center point 4125 around the end
of 2013 and the beginning of 2014. Additionally, the second
iteration graph 4045 includes a third identified primary
cluster 406¢ having a range 410¢ and a center point 412c¢
around the end of 2012 and the beginning of 2013. Further,
due to the increasing size of the user base (and more frequent
use of the #NYE hashtag) between 2013 and 2014, the
second primary cluster 4065 can be larger than the third
primary cluster 406c.

[0083] As described above, the system 104 can perform
any number of iterations of the DBSCAN algorithm to
identily any number of primary clusters. In the example of
identifying clusters of the #NYE hashtag, the system 104
can perform a third iteration to 1dentily one or more addi-
tional primary clusters. For example, as shown in FIG. 6 A,
the system 104 can determine a second cutoil point 414 and
remove digital content items or timestamps corresponding to
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the second cluster 4066 and the third cluster 406¢ 1n per-
forming a third iteration of the DBSCAN algorithm. In one
or more embodiments, the system 104 can perform a third
iteration on a further reduced set of digital content 1tems
including timestamps of digital content items prior to the
second cutoil point 414 while discarding all digital content

items having timestamps later than the second cutofl point
414.

[0084] FIG. 6B illustrates a third iteration graph 404c¢ 1n
which a fourth temporal cluster 4064 has been 1dentified by
performing a third iteration of the DBSCAN algorithm on
one or more subsets of the further reduced set of digital
content 1tems. In particular, similar to other iterations
described above, the system 104 can group the further
reduced set of digital content items including digital content
items having timestamps before the second cutofl point 414
to generate one or more subsets upon which the system 104
performs the DBSCAN algorithm. As shown 1n FIG. 6B, the
system 104 can perform the DBSCAN algorithm on one or
more subsets to identity a fourth primary cluster 4064
having a range 4104 and a center point 4124 around the end

of 2011 and the beginning of 2012.

[0085] Upon performing any number of iterations of the
DBSCAN algorithm on the set of digital content items, the
system 104 can combine the iteration graphs into a com-
bined graph that includes all the primary clusters 406a-d.
For example, FIG. 7 shows a combined iteration graph 702
including each of the four 1identified primary clusters 406a-d
from the three iterations of the DBSCAN algorithm posi-
tioned across the range of timestamps. As shown 1 FIG. 7,
the combined iteration graph 702 includes four primary
clusters 406a-d having center points 412a-d positioned
about one year apart from each other.

[0086] As described above, the system 104 can further
determine whether the user-defined annotation 1s periodic.
In particular, the system 104 can determine whether the
user-defined annotation i1s periodic based on a time period
between 1dentified temporal clusters (e.g., primary clusters).
For example, as shown i FIG. 7, the system 104 can
determine a first time period 704a (e.g., a number of
seconds) between the first primary cluster 406a and the
second primary cluster 4065. In one or more embodiments,
the system 104 determines a time period between clusters by
calculating a time period between the first center point 412a
of the first primary cluster 4064 and the second center point
4125 of the second primary cluster 4065. Additionally, using
a similar process as determining the first time period 704aq,
the system 104 can determine a second time period 70456
between the second primary cluster 4065 and the third
primary cluster 406¢c. Similarly, the system 104 can deter-
mine a third time period 704¢ between the third primary
cluster 406¢ and the fourth primary cluster 4064d.

[0087] Additionally, in one or more embodiments, the
system 104 determines whether the user-defined annotation
1s periodic by comparing time periods 704a-c¢ between
primary clusters 406a-d to one or more standard or known
lengths of time. For example, the system can compare a
number of seconds for each time period 704a-c to a number
of seconds in a standard period of time (e.g., hour, day,
week, month, year). In one or more embodiments, the
system 104 determines that the user-defined annotation 1s
periodic 1 the average of the time periods 704a-¢ between
primary clusters 406a-d 1s within a threshold margin of error
of a standard period of time. Alternatively, the system 104
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can determine that the user-defined annotation 1s periodic 1f
none of the identified time periods 704a-c between primary
clusters 406a-d varies from the standard period of time by a
threshold margin of error.

[0088] In addition to determining whether the user-defined
annotations are periodic, the system 104 can turther deter-
mine a period-type of the periodic annotation. For example,
the system 104 can identify the standard period of time that
most closely matches the 1dentified time periods 704a-c and
determine the period type. Additionally, as mentioned
above, the system 104 can further compare the time periods
704a-c to known time periods other than standard periods of
time (e.g., lunar intervals, calendar specific intervals) and
determine period types other than standard period types
having relatively uniform time periods. Additionally, 1n one
or more embodiments, the system 104 accounts for other
variations that may contribute to time intervals 704a-d
having slight variances (e.g., leap-year, different months).
For example, the system 104 can include slight variances
within a threshold margin of error when comparing the
calculated time intervals 704a-c with known time intervals.

[0089] Inaddition to comparing the time periods 704a-¢ to
standard (or otherwise known) periods of time, the system
104 can further determine whether the user-defined annota-
tion 1s periodic based on a number of i1dentified primary
clusters 406a-d. For example, the system 104 can compare
a number of primary clusters 406a-d with a threshold
number of clusters required to 1dentily a user-defined anno-
tation as periodic. I both the time periods 704a-¢ fall within
a threshold margin of error and the number of primary
clusters 406a-d exceeds a threshold number of clusters, the
system 104 can identily the user-defined annotation as
periodic.

[0090] In one or more embodiments, the system 104 can
determine a threshold number of clusters based on a period
type. In particular, a shorter period type may have a thresh-
old number of clusters higher than a longer period type. For
example, a weekly period type may have a minimum thresh-
old of ten primary clusters in order to identily a user-
annotation as periodic. As another example, a yearly period
type may have a minimum threshold of three primary
clusters in order to i1dentily a user-annotation as periodic.
The system 104 can include different rules related to margin
of error and mimmum number of clusters depending on
period type and/or number of 1terations.

[0091] FIGS. 8A-8B illustrates another example set of
digital content items having a user-defined annotation. In
particular, as shown 1n FIG. 8A, a set of digital content 1tems
can include a plurality of digital content items across a
defined range of timestamps having a #IBT (throw back
thursday) hashtag. Consistent with one or more embodi-
ments described herein, the system 104 can perform one or
more iterations of a clustering algorithm on the set of digital
content items having the #TBT hashtag.

[0092] For example, as shown i FIG. 8A, the system 104
can divide the set of digital content 1tems 1nto one or more
subsets 802 of timestamps that span across a defined range
of time. In particular, the subset 802 of timestamps shows
instances ol the #1BT hashtag across a time period of
approximately ten weeks. Additionally, similar to one or
more embodiments described above and as shown in FIG.
8A, the system 104 performs a clustering algorithm (e.g.,
DBSCAN algorithm) on the subset 802 of timestamps to

identify clusters and generate a cluster graph 804 of the
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subset 802. While FIGS. 8A-8B illustrate one subset 802,
the system 104 can perform the clustering algorithm on any

number of subsets including any number of 1instances of the
#1BT hashtag.

[0093] Consistent with one or more embodiments
described herein, the system 104 can combine one or more
cluster graphs 804 and perform any number of iterations to
generate a combined graph 806 that includes any number of
identified primary clusters 808 of the digital content 1tem
having the #1' BT hashtag. In one or more embodiments, the
system 104 1dentifies a threshold number of primary clusters
808 using a single iteration. Alternatively, the system 104
can perform multiple iterations on the set of digital content
items and reduced sets of the digital content items to 1dentity
a threshold number of primary clusters 808. In the example
shown 1n FIGS. 8A-8B, the system 104 can identily at least
10 primary clusters 808 using one or more 1terations of the
clustering algorithm.

[0094] Additionally, as shown in FIG. 8B, the system 104
can 1dentily whether the #1BT hashtag 1s periodic. For
example, the system 104 can compare time periods 810
between 1dentified clusters 808 to one or more known
lengths of time. As shown in FIG. 8B, each of the time
periods 810 correspond to week-long periods of time. As
such, the system 104 can i1dentity that the #IBT 1s a weekly
period-type. Further, the system 104 can determine if the
number of identified clusters 808 exceeds a threshold num-
ber of clusters for the identified period-type. For example,
because the system 104 has identified ten or more clusters
808 where a threshold number of clusters for a weekly
period-type 1s ten, the system 104 can identify the #IBT
hashtag as periodic and having a weekly period-type.

[0095] Moreover, as described above, where the system
104 1dentified one or more user-defined annotations as
periodic, the system 104 can add one or more periodic
annotations to a blacklist or whitelist. For instance, in the
example described above 1in connection with FIGS. 3A-7,
the system 104 can add #NYE to a blacklist or whitelist
based on a determination that the #NYE hashtag 1s yearly-
trending periodic hashtag. Additionally, in the example
described above 1n connection with FIG. 8 A-8B, the system
104 can add #IBT to a blacklist or whitelist based on a
determination that the #1BT hashtag 1s a weekly-tending
periodic hashtag.

[0096] FIGS. 1-8B, the corresponding text, and the
examples, provide a number of different systems and devices
that enable a social networking system 104 to identify
periodic trends of user-defined annotations among users of
the social networking system 104. In addition to the fore-
going, one or more embodiments can also be described 1n
terms of tlowcharts comprising acts and steps 1n a method
for accomplishing a particular result. For example, FIG. 8
illustrates a flowchart of an exemplary method 1n accordance
with one or more embodiments. The method described in
relation to FIG. 9 may be performed with less or more
steps/acts or the steps/acts may be performed 1n differing
orders. Additionally, the steps/acts described herein may be
repeated or performed in parallel with one another or in
parallel with diflerent instances of the same or similar
steps/acts.

[0097] FIG. 9 illustrates a flowchart of a series of acts 1n
a method 900 of analyzing a set of digital content 1tems
having a user-defined annotation and identifying one or
more periodic trends associated with the user-defined anno-
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tation over a defined period of time. In one or more
embodiments, the method 900 i1s performed 1 a digital
medium environment that includes the social networking
system 104. The method 900 1s intended to be illustrative of
one or more methods 1n accordance with the present disclo-
sure, and 1s not intended to limit potential embodiments.
Alternative embodiments can include additional, fewer, or
different steps than those articulated in FIG. 9.

[0098] FIG. 9 1llustrates a flowchart of an example method
900 of determining whether a user-defined annotation peri-
odically trends among users of a social networking system
104. The method includes an act 902 of grouping a set of
digital content 1items having a user-defined annotation nto
randomized subsets of digital content i1tems having the
user-defined annotation. For example, in one or more
embodiments, the act 902 involves grouping a set of digital
content 1tems associated with timestamps and having a
user-defined annotation mnto randomized subsets of digital
content 1items having the user-defined annotation. Further, 1n
one or more embodiments, grouping the set of digital
content 1tems into randomized subsets of digital content
items 1involves generating groups of randomized 1nstances of
the user-defined annotation. The randomized instances can
include random timestamps associated with the set of digital
content 1tems over a defined period of time. For example,
grouping the set of digital content items into randomized
subsets can involve generating one or more subsets of
instances of digital content items having random timestamps
across a defined range of timestamps.

[0099] Additionally, as described above, the set of digital
content items can include a collection of digital content
shared by users of a social networking system 104. For
example, the set of digital content 1tems can include a
collection of posts shared with one or more users of the
social networking system 104. Each of the posts can include
timestamps that span over a defined period of time. Further,
as described above, 1n one or more embodiments, the
user-defined annotation includes a hashtag included within
or otherwise associated with a respective digital content 1tem
(e.g., post). It 1s appreciated that the set of digital content
items can include any number of digital content items.
Further, the randomized subsets of digital content 1items can
include any number of instances of digital content 1tems. For
example, 1n one or more embodiments, the randomized
subsets of digital content 1tems include randomized subsets
ol instances of digital content items having a user-defined
annotation (e.g., hashtag).

[0100] As shown in FIG. 9, the method 900 further
includes an act 904 of performing a first iteration of a
clustering algorithm to identify one or more temporal clus-
ters of the user-defined annotation. For example, in one or
more embodiments, the act 904 involves performing, by at
least one processor and for each of the randomized subsets
of digital content items, a first iteration of a clustering
algorithm to i1dentily one or more temporal clusters of the
user-defined annotation for the set of digital content i1tems.
Further, 1n one or more embodiments, performing the first
iteration mvolves performing a density-based spatial clus-
tering of applications with noise (DBSCAN) algorithm on
cach of the randomized subsets of digital content 1tems to
identify one or more temporal clusters for each of the
randomized subsets of digital content 1tems. For example,
performing the first iteration can involve performing the
DBSCAN algorithm on each subset of mnstances of digital
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content 1tems to identily one or more temporal clusters of
user-defined annotations across a range of timestamps. Fur-
ther, performing the {irst iteration can mvolve combiming the
results of performing the DBSCAN algorithm on multiple
subsets of 1stances of digital content items to 1dentily one
or more primary temporal clusters and distinguishing the
primary temporal clusters from one or more secondary
temporal clusters identified 1n some or all of the subsets.

[0101] As shown in FIG. 9, the method 900 further
includes an act 906 of grouping a reduced set of digital
content 1tems having the user-defined annotation into
reduced subsets of digital content 1tems having the user-
defined annotation. For example, in one or more embodi-
ments, the act 906 involves grouping a reduced set of digital
content 1tems associated with timestamps having the user-
defined annotation into reduced subsets of digital content
items having the user-defined annotation. For example,
grouping the reduced set of digital content 1items can involve
generating a reduced set of digital content items that
excludes a portion of the digital content items from the set
of digital content items. In particular, grouping the reduced
set of digital content 1tems can involve generating a reduced
set of digital content i1tems by removing a plurality of
instances of the user-defined annotation from the set of
digital content 1items. Specifically, generating the reduced set
of digital content 1tems can involve removing a plurality of
instances corresponding to instances of the user-defined
annotation within the 1dentified one or more temporal clus-
ters. In one or more embodiments, generating the reduced
set of digital content items 1nvolves generating a reduced set
of digital content items that includes any instances of
content items having the user-defined annotation classified
as noise in the first iteration of the clustering algorithm. As
such, generating the reduced set of digital content 1tems can
involve i1dentitying and grouping the instances of content
items having the user-defined annotation that were classified
as noise while excluding those instances of content items
having the user-defined annotation that were identified as
part of one or more temporal clusters.

[0102] Generating the reduced set of digital content 1tems
can involve removing instances of user-defined annotations
from those user-defined annotations contained within the
identified cluster(s). For example, generating the reduced set
of digital content items can imvolve removing each instance
of the set of digital content 1items having a timestamp that
falls within a range of timestamps corresponding to the
identified one or more temporal clusters. Alternatively, gen-
erating the reduced set of digital content items can mvolve
removing instances ol user-defined annotations contained
within an i1dentified cluster and any instances of the user-
defined annotation having timestamps after the identified
cluster. For example, generating the reduced set of digital
content items can mvolve identilying a cutofl point at some
timestamp prior to or towards the beginming of an 1dentified
cluster and removing all instances of the set of digital
content 1items having a later timestamp than the cutofl point.
Thus, the reduced set of digital content 1tem can 1nclude all
instances of the digital content 1tems from the set of digital
content 1tems that have timestamps prior to a cutofl point (or
cutofl timestamp).

[0103] As shown in FIG. 9, the method 900 further

includes an act 908 of performing a second 1teration of the
clustering algorithm to identily one or more additional
temporal clusters of the user defined annotation. For
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example 1 one or more embodiments, the act 908 involves
performing, by the at least one processor and for each of the
reduced subsets of digital content 1tems, a second 1teration
of the clustering algorithm to 1dentily one or more additional
temporal clusters of the user defined annotation for the
reduced set of digital content items. In particular, the act 908
involves performing the second iteration of the clustering
algorithm on content items that do not correspond to any
previously identified temporal cluster. Performing the sec-
ond 1teration of the clustering algorithm may include similar
features as performing the first iteration. For example,
performing the second iteration may involve performing a
DBSCAN algorithm on each of the reduced subsets of
digital content items having the user-defined annotation.
Additionally, performing the second iteration may ivolve
combining the results of performing the DBSCAN algorithm
on each of the reduced subsets of digital content 1tems and
identifying one or more primary temporal clusters of user-
defined annotations for the reduced set of digital content
items.

[0104] In one or more embodiments, the method 900 can
include performing any number of iterations of the cluster-
ing algorithm on the set of digital content items and reduced
sets of the digital content items. Additionally, 1n one or more
embodiments, performing multiple iterations can volve
performing 1iterations of the clustering algorithm on gradu-
ally reduced sets of the digital content i1tems for each
iteration. For example, performing the first iteration of the
clustering algorithm can involve further classifying a group
of the digital content 1tems outside a range of the one or
more temporal clusters as noise. In particular, the instances
of the digital content 1tems within the one or more temporal
clusters can be identified as clustered instances of user-
defined annotations. Additionally, the instances of the digital
content items outside the one or more temporal clusters can
be 1dentified as noise. Further, in one or more embodiments,
performing the second iteration of the clustering algorithm
can involve performing the clustering algorithm on the
group ol digital content i1tems that are i1dentified as noise
without considering any instances of the set of digital
content 1tems within the range of the one or more temporal
clusters. Thus, one or more embodiments of the reduced set
of digital content 1tems can refer to any digital content 1tems
of the set of digital content items that have timestamps
outside the range of timestamps within the identified tem-
poral cluster(s) from performing the first iteration of the
clustering algorithm.

[0105] As shown in FIG. 9, the method 900 further
includes act 910 of determining that the user-defined anno-
tation 1s periodic based on a time period between the
identified temporal clusters. For example, in one or more
embodiments, act 910 involves determining that the user-
defined annotation 1s periodic based on a time period
between the one or more temporal clusters and the one or
more additional temporal clusters. In one or more embodi-
ments, determining that the user-defined annotation 1s peri-
odic mvolves calculating time periods between each of the
one or more temporal clusters and the one or more additional
temporal clusters. Further, determining that the user-defined
annotation 1s periodic can mvolve comparing the calculated
time periods to one or more known time periods (e.g., days,
weeks, months, years). Determining that the user-defined
annotation 1s period can further involve 1dentifying a period-
type based on comparing the time periods to the one or more
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known time periods. Examples of period-types include daily,
weekly, monthly, or yearly intervals. Further, in one or more
embodiments, determiming that the user-defined annotation
1s periodic 1nvolves determining that a number of the one or
more temporal clusters and the one or more additional
temporal clusters exceeds a threshold number of clusters
specific to the 1dentified period-type. For example, the daily,
weekly, monthly, and/or yearly intervals may have diflerent
threshold numbers of clusters to 1dentily in order to 1dentify
a user-defined annotation as periodic.

[0106] Moreover, In one or more embodiments, the
method 900 further include an act of adding the user-defined
characteristic to a blacklist of annotation based on deter-
mining that the user-defined annotation 1s periodic. For
example, the method 900 can include adding the user-
defined characteristic to a blacklist 1n response to determin-
ing that the user-defined annotation 1s periodic. Further, 1n
one or more embodiments, the method 900 can involve
identifying one or more additional user-defined characteris-
tics related to the user-defined characteristic and adding the
one or more additional user-defined characteristics to the
blacklist of characteristics.

[0107] FIG. 10 1illustrates, in block diagram form, an
exemplary computing device 1000 that may be configured to
perform one or more of the processes described above. One
will appreciate that system 100, computing devices 102,
104, sever 108, system 200, client device 202 and server
device 204 each comprise one or more computing devices 1n
accordance with implementations of computing device
1000. As shown by FIG. 10, the computing device can
comprise a processor 1002, a memory 1004, a storage device
1006, an I/O intertface 1008, and a communication interface
1010, which may be communicatively coupled by way of
communication inirastructure 1012. While an exemplary
computing device 1000 1s shown 1n FIG. 10, the components
illustrated 1n FIG. 10 are not intended to be limiting.
Additional or alternative components may be used in other
embodiments. Furthermore, in certain embodiments, a com-
puting device 1000 can include fewer components than
those shown 1n FIG. 10. Components of computing device
1000 shown 1n FIG. 10 will now be described in additional
detail.

[0108] In particular embodiments, processor 1002
includes hardware for executing instructions, such as those
making up a computer program. As an example and not by
way ol limitation, to execute instructions, processor 1002
may retrieve (or fetch) the instructions from an internal
register, an internal cache, memory 1004, or storage device
1006 and decode and execute them. In particular embodi-
ments, processor 1002 may include one or more internal
caches for data, instructions, or addresses. As an example
and not by way of limitation, processor 1002 may include
one or more 1struction caches, one or more data caches, and
one or more translation lookaside buflers (TLBs). Instruc-
tions 1n the instruction caches may be copies of nstructions
in memory 1004 or storage 1006.

[0109] Memory 1004 may be used for storing data, meta-
data, and programs for execution by the processor(s).
Memory 1004 may include one or more of volatile and
non-volatile memories, such as Random Access Memory

(“RAM”), Read Only Memory (“ROM?”), a solid state disk
(“SSD”), Flash, Phase Change Memory (“PCM™), or other
types of data storage. Memory 1004 may be internal or
distributed memory.
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[0110] Storage device 1006 includes storage for storing
data or instructions. As an example and not by way of
limitation, storage device 1006 can comprise a non-transi-
tory storage medium described above. Storage device 1006
may include a hard disk drive (HDD), a floppy disk drive,
flash memory, an optical disc, a magneto-optical disc, mag-
netic tape, or a Universal Serial Bus (USB) dnive or a
combination of two or more of these. Storage device 1006
may include removable or non-removable (or fixed) media,
where appropriate. Storage device 1006 may be internal or
external to the computing device 1000. In particular embodi-
ments, storage device 1006 1s non-volatile, solid-state
memory. In other embodiments, Storage device 1006
includes read-only memory (ROM). Where appropniate, this

ROM may be mask programmed ROM, programmable
ROM (PROM), erasable PROM (EPROM), eclectrically

crasable PROM (EEPROM), clectrically alterable ROM
(EAROM), or flash memory or a combination of two or
more of these.

[0111] I/O interface 1008 allows a user to provide mput to,
receive output from, and otherwise transier data to and
receive data from computing device 1000. I/O interface
1008 may 1nclude a mouse, a keypad or a keyboard, a touch
screen, a camera, an optical scanner, network interface,
modem, other known I/O devices or a combination of such
I/0O 1nterfaces. I/O interface 1008 may include one or more
devices for presenting output to a user, including, but not
limited to, a graphics engine, a display (e.g., a display
screen), one or more output drivers (e.g., display drivers),
one or more audio speakers, and one or more audio drivers.
In certain embodiments, I/O interface 1008 is configured to
provide graphical data to a display for presentation to a user.
The graphical data may be representative of one or more
graphical user interfaces and/or any other graphical content
as may serve a particular implementation.

[0112] Communication interface 1010 can include hard-
ware, soltware, or both. In any event, communication inter-
tace 1010 can provide one or more interfaces for commu-
nication (such as, for example, packet-based
communication) between computing device 1000 and one or
more other computing devices or networks. As an example
and not by way of limitation, communication interface 1010
may include a network interface controller (INIC) or network
adapter for communicating with an Ethernet or other wire-
based network or a wireless NIC (WNIC) or wireless

adapter for communicating with a wireless network, such as
a WI-FI.

[0113] Additionally or alternatively, communication inter-
face 1010 may facilitate communications with an ad hoc
network, a personal area network (PAN), a local area net-
work (LAN), a wide area network (WAN), a metropolitan
area network (MAN), or one or more portions of the Internet
or a combination of two or more of these. One or more
portions of one or more of these networks may be wired or
wireless. As an example, communication interface 1010 may
facilitate communications with a wireless PAN (WPAN)
(such as, for example, a BLUETOOTH WPAN), a WI-FI
network, a WI-MAX network, a cellular telephone network
(such as, for example, a Global System for Mobile Com-
munications (GSM) network), or other suitable wireless
network or a combination thereof.

[0114] Communication infrastructure 1012 may include
hardware, software, or both that couples components of
computing device 1000 to each other. As an example and not
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by way of limitation, communication inirastructure 1012
may include an Accelerated Graphics Port (AGP) or other
graphics bus, an Enhanced Industry Standard Architecture
(EISA) bus, a front-side bus (FSB), a HYPERTRANSPORT
(HT) interconnect, an Industry Standard Architecture (ISA)
bus, an INFINIBAND interconnect, a low-pin-count (LPC)
bus, a memory bus, a Micro Channel Architecture (MCA)
bus, a Peripheral Component Interconnect (PCI) bus, a
PCI-Express (PCle) bus, a serial advanced technology
attachment (SATA) bus, a Video Electronics Standards
Association local (VLB) bus, or another suitable bus or a
combination thereof.

[0115] As mentioned above, system 100 may be linked to
and/or implemented within a social-networking system. A
social-networking system may enable 1ts users (such as
persons or organizations) to interact with the system and
with each other. The social-networking system may, with
input from a user, create and store in the social-networking
system a user profile associated with the user. The user
profile may include demographic information, communica-
tion-channel information, and information on personal inter-
ests of the user. The social-networking system may also,
with input from a user, create and store a record of relation-
ships of the user with other users of the social-networking
system, as well as provide services (e.g. wall posts, photo-
sharing, event organization, messaging, games, or advertise-
ments) to facilitate social interaction between or among
users.

[0116] The social-networking system may store records of
users and relationships between users 1n a social graph
comprising a plurality of nodes and a plurality of edges
connecting the nodes. The nodes may comprise a plurality of
user nodes and a plurality of concept nodes. A user node of
the social graph may correspond to a user of the social-
networking system. A user may be an individual (human
user), an entity (e.g., an enterprise, business, or third party
application), or a group (e.g., of individuals or entities). A
user node corresponding to a user may comprise information
provided by the user and information gathered by various
systems, including the social-networking system.

[0117] For example, the user may provide his or her name,
profile picture, city of residence, contact information, birth
date, gender, marital status, family status, employment,
educational background, preferences, interests, and other
demographic mformation to be included in the user node.
Each user node of the social graph may have a correspond-
ing web page (typically known as a profile page). In
response to a request including a user name, the social-
networking system can access a user node corresponding to
the user name, and construct a profile page including the
name, a profile picture, and other imformation associated
with the user. A profile page of a first user may display to a
second user all or a portion of the first user’s iformation
based on one or more privacy settings by the first user and
the relationship between the first user and the second user.

[0118] A concept node may correspond to a concept of the
social-networking system. For example, a concept can rep-
resent a real-world entity, such as a movie, a song, a sports
team, a celebrity, a group, a restaurant, or a place or a
location. An administrative user ol a concept node corre-
sponding to a concept may create or update the concept node
by providing imformation of the concept (e.g., by filling out
an online form), causing the social-networking system to
associate the information with the concept node. For
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example and without limitation, information associated with
a concept can include a name or a title, one or more 1mages
(e.g., an 1mage of cover page of a book), a web site (e.g., an
URL address) or contact information (e.g., a phone number,
an email address). Each concept node of the social graph
may correspond to a web page. For example, 1n response to
a request including a name, the social-networking system
can access a concept node corresponding to the name, and
construct a web page including the name and other infor-
mation associated with the concept.

[0119] An edge between a pair of nodes may represent a
relationship between the pair of nodes. For example, an edge
between two user nodes can represent a friendship between
two users. For another example, the social-networking sys-
tem may construct a web page (or a structured document) of
a concept node (e.g., a restaurant, a celebrity), incorporating
one or more selectable buttons (e.g., “like”, “check 1n”) 1n
the web page. A user can access the page using a web
browser hosted by the user’s client device and select a
selectable button, causing the client device to transmit to the
social-networking system a request to create an edge
between a user node of the user and a concept node of the
concept, mndicating a relationship between the user and the
concept (e.g., the user checks in to a restaurant, or the user

“likes™ a celebrity).

[0120] As an example, a user may provide (or change) his
or her city of residence, causing the social-networking
system to create an edge between a user node corresponding
to the user and a concept node corresponding to the city
declared by the user as his or her city of residence. In
addition, the degree of separation between any two nodes 1s
defined as the minimum number of hops required to traverse
the social graph from one node to the other. A degree of
separation between two nodes can be considered a measure
of relatedness between the users or the concepts represented
by the two nodes 1n the social graph. For example, two users
having user nodes that are directly connected by an edge
(1.e., are first-degree nodes) may be described as “connected
users” or “Iriends.” Similarly, two users having user nodes
that are connected only through another user node (1.¢., are
second-degree nodes) may be described as “Iriends of
friends.”

[0121] A social-networking system may support a variety
of applications, such as photo sharing, on-line calendars and
events, gaming, instant messaging, and advertising. For
example, the social-networking system may also include
media sharing capabilities. Also, the social-networking sys-
tem may allow users to post photographs and other multi-
media files to a user’s profile page (typically known as “wall
posts” or “timeline posts”) or 1 a photo album, both of
which may be accessible to other users of the social-
networking system depending upon the user’s configured
privacy settings. The social-networking system may also
allow users to configure events. For example, a first user
may configure an event with attributes including time and
date of the event, location of the event and other users
invited to the event. The mvited users may receive invita-
tions to the event and respond (such as by accepting the
invitation or declining 1t). Furthermore, the social-network-
ing system may allow users to maintain a personal calendar.
Similarly to events, the calendar entries may include times,
dates, locations and identities of other users.

[0122] FIG. 11 illustrates an example network environ-
ment 1100 of a social-networking system. In particular
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embodiments, a social-networking system 1102 may com-
prise one or more data stores. In particular embodiments, the
social-networking system 1102 may store a social graph
comprising user nodes, concept nodes, and edges between
nodes as described earlier. Each user node may comprise one
or more data objects corresponding to mnformation associ-
ated with or describing a user. Each concept node may
comprise one or more data objects corresponding to infor-
mation associated with a concept. Each edge between a pair
of nodes may comprise one or more data objects correspond-
ing to mformation associated with a relationship between
users (or between a user and a concept, or between concepts)
corresponding to the pair of nodes.

[0123] In particular embodiments, the social-networking
system 1102 may comprise one or more computing devices
(e.g., servers) hosting functionality directed to operation of
the social-networking system 1102. A user of the social-
networking system 1102 may access the social-networking
system 1102 using a client device such as client device 1106.
In particular embodiments, the client device 1106 can inter-
act with the social-networking system 1102 through a net-

work 1104.

[0124] The client device 1106 may be a desktop computer,
a laptop computer, a tablet computer, a personal digital
assistant (PDA), an in- or out-of-car navigation system, a
smart phone or other cellular or mobile phone, or a mobile
gaming device, other mobile device, or other suitable com-
puting devices. Client device 1106 may execute one or more
client applications, such as a web browser (e.g., Microsofit
Windows Internet Explorer, Mozilla Firefox, Apple Satfar,
Google Chrome, Opera, etc.) or a native or special-purpose
client application (e.g., Facebook for 1Phone or 1Pad, Face-

book for Android, etc.), to access and view content over
network 1104.

[0125] Network 1104 may represent a network or collec-
tion of networks (such as the Internet, a corporate intranet,
a virtual private network (VPN), a local area network
(LAN), a wireless local area network (WLAN), a cellular
network, a wide area network (WAN), a metropolitan area
network (MAN), or a combination of two or more such
networks) over which client devices 1106 may access the
social-networking system 1102.

[0126] While these methods, systems, and user interfaces
utilize both publicly available information as well as infor-
mation provided by users of the social-networking system,
all use of such information 1s to be explicitly subject to all
privacy settings of the involved users and the privacy policy
of the social-networking system as a whole.

[0127] FIG. 12 illustrates example social graph 1200. In
particular embodiments, social networking system 1102 may
store one or more social graphs 1200 in one or more data
stores. In particular embodiments, social graph 1200 may
include multiple nodes—which may include multiple user
nodes 1202 or multiple concept nodes 1204—and multiple
edges 1206 connecting the nodes. Example social graph
1200 illustrated i FIG. 12 1s shown, for didactic purposes,
in a two-dimensional visual map representation. In particu-
lar embodiments, a social networking system 1102, client
system 1106, or third-party system 1108 may access social
graph 1200 and related social-graph information for suitable
applications. The nodes and edges of social graph 1200 may
be stored as data objects, for example, 1n a data store (such
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as a social-graph database). Such a data store may include
one or more searchable or query able indexes of nodes or
edges of social graph 1200.

[0128] In particular embodiments, a user node 1202 may
correspond to a user of social networking system 1102. As
an example and not by way of limitation, a user may be an
individual (human user), an entity (e.g., an enterprise, busi-
ness, or third-party application), or a group (e.g., of 1ndi-
viduals or enfities) that interacts or communicates with or
over social networking system 1102. In particular embodi-
ments, when a user registers for an account with social
networking system 1102, social networking system 1102
may create a user node 1202 corresponding to the user, and
store the user node 1202 1n one or more data stores. Users
and user nodes 1202 described herein may, where appropri-
ate, refer to registered users and user nodes 1202 associated
with registered users. In addition or as an alternative, users
and user nodes 1202 described herein may, where appropri-
ate, refer to users that have not registered with social
networking system 1102. In particular embodiments, a user
node 1202 may be associated with information provided by
a user or information gathered by various systems, including
social networking system 1102. As an example and not by
way ol limitation, a user may provide his or her name,
profile picture, contact information, birth date, sex, marital
status, Tamily status, employment, education background,
preferences, interests, or other demographic information.
Each user node of the social graph may have a correspond-
ing web page (typically known as a profile page). In
response to a request including a user name, the social
networking system can access a user node corresponding to
the user name, and construct a profile page including the
name, a profile picture, and other information associated
with the user. A profile page of a first user may display to a
second user all or a portion of the first user’s mformation
based on one or more privacy settings by the first user and
the relationship between the first user and the second user.

[0129] In particular embodiments, a concept node 1204
may correspond to a concept. As an example and not by way
of limitation, a concept may correspond to a place (such as,
for example, a movie theater, restaurant, landmark, or city);
a website (such as, for example, a website associated with
social-network system 1102 or a third-party website asso-
ciated with a web-application server); an entity (such as, for
example, a person, business, group, sports team, or celeb-
rity); a resource (such as, for example, an audio file, video
file, digital photo, text file, structured document, or appli-
cation) which may be located within social networking
system 1102 or on an external server, such as a web-
application server; real or intellectual property (such as, for
example, a sculpture, painting, movie, game, song, idea,
photograph, or written work); a game; an activity; an 1dea or
theory; another suitable concept; or two or more such
concepts. A concept node 1204 may be associated with
information of a concept provided by a user or information
gathered by various systems, including social networking
system 1102. As an example and not by way of limitation,
information of a concept may include a name or a title; one
or more 1images (e.g., an image ol the cover page of a book);
a location (e.g., an address or a geographical location); a
website (which may be associated with a URL); contact
information (e.g., a phone number or an email address);
other suitable concept information; or any suitable combi-
nation of such information. In particular embodiments, a
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concept node 1204 may be associated with one or more data
objects corresponding to mnformation associated with con-
cept node 1204. In particular embodiments, a concept node
1204 may correspond to one or more webpages.

[0130] In particular embodiments, a node in social graph
1200 may represent or be represented by a webpage (which
may be referred to as a “profile page”). Profile pages may be
hosted by or accessible to social networking system 1102.
Profile pages may also be hosted on third-party websites
associated with a third-party server 1108. As an example and
not by way of limitation, a profile page corresponding to a
particular external webpage may be the particular external
webpage and the profile page may correspond to a particular
concept node 1204. Profile pages may be viewable by all or
a selected subset of other users. As an example and not by
way of limitation, a user node 1202 may have a correspond-
ing user-profile page in which the corresponding user may
add content, make declarations, or otherwise express himself
or herself. As another example and not by way of limitation,
a concept node 1204 may have a corresponding concept-
profile page 1n which one or more users may add content,
make declarations, or express themselves, particularly in
relation to the concept corresponding to concept node 1204.

[0131] In particular embodiments, a concept node 1204
may represent a third-party webpage or resource hosted by
a third-party system 1108. The third-party webpage or
resource may include, among other elements, content, a
selectable or other 1con, or other inter-actable object (which
may be implemented, for example, 1n JavaScript, AJAX, or
PHP codes) representing an action or activity. As an example
and not by way of limitation, a third-party webpage may
include a selectable icon such as “like,” “check 1n,” “eat,
“recommend,” or another suitable action or activity. A user
viewing the third-party webpage may perform an action by
selecting one of the icons (e.g., “eat”), causing a client
system 1106 to send to social networking system 1102 a
message 1ndicating the user’s action. In response to the
message, social networking system 1102 may create an edge
(e.g., an “eat” edge) between a user node 1202 correspond-
ing to the user and a concept node 1204 corresponding to the
third-party webpage or resource and store edge 1206 1n one
or more data stores.

[0132] In particular embodiments, a pair of nodes in social
graph 1200 may be connected to each other by one or more
edges 1206. An edge 1206 connecting a pair of nodes may
represent a relationship between the pair of nodes. In par-
ticular embodiments, an edge 1206 may include or represent
one or more data objects or attributes corresponding to the
relationship between a pair of nodes. As an example and not
by way of limitation, a first user may 1ndicate that a second
user 1s a “Iriend” of the first user. In response to this
indication, social networking system 1102 may send a
“Inend request” to the second user. If the second user
confirms the “Irnend request,” social networking system
1102 may create an edge 1206 connecting the first user’s
user node 1202 to the second user’s user node 1202 1n social
graph 1200 and store edge 1206 as social-graph information
in one or more of data stores. In the example of FIG. 12,
social graph 1200 includes an edge 1206 indicating a friend
relation between user nodes 1202 of user “A” and user “B”
and an edge 1indicating a friend relation between user nodes
1202 of user “C” and user “B.” Although this disclosure
describes or illustrates particular edges 1206 with particular
attributes connecting particular user nodes 1202, this dis-

2L 22
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closure contemplates any suitable edges 1206 with any
suitable attributes connecting user nodes 1202. As an
example and not by way of limitation, an edge 1206 may
represent a Irnendship, family relationship, business or
employment relationship, fan relationship, follower relation-
ship, visitor relationship, subscriber relationship, superior/
subordinate relationship, reciprocal relationship, non-recip-
rocal relationship, another suitable type of relationship, or
two or more such relationships. Moreover, although this
disclosure generally describes nodes as being connected,
this disclosure also describes users or concepts as being
connected. Herein, references to users or concepts being
connected may, where appropriate, refer to the nodes cor-
responding to those users or concepts being connected in
social graph 1200 by one or more edges 1206.

[0133] In particular embodiments, an edge 1206 between
a user node 1202 and a concept node 1204 may represent a
particular action or activity performed by a user associated
with user node 1202 toward a concept associated with a
concept node 1204. As an example and not by way of
limitation, as illustrated 1n FIG. 12, a user may “like,”
“attended,” “played,” “listened,” “cooked,” “worked at,” or
“watched” a concept, each of which may correspond to a
edge type or subtype. A concept-profile page corresponding
to a concept node 1204 may include, for example, a select-
able “check 1™ 1con (such as, for example, a clickable
“check 1n” 1con) or a selectable “add to favorites” icon.
Similarly, after a user clicks these icons, social networking
system 1102 may create a “favorite” edge or a “check n”
edge 1n response to a user’s action corresponding to a
respective action. As another example and not by way of
limitation, a user (user “C”’) may listen to a particular song
(“Ramble On™) using a particular application (SPOTIFY,
which 1s an online music application). In this case, social
networking system 1102 may create a “listened” edge 1206
and a “used” edge (as illustrated 1n FIG. 12) between user
nodes 1202 corresponding to the user and concept nodes
1204 corresponding to the song and application to indicate
that the user listened to the song and used the application.
Moreover, social networking system 1102 may create a
“played” edge 1206 (as illustrated in FIG. 12) between
concept nodes 1204 corresponding to the song and the
application to indicate that the particular song was played by
the particular application. In this case, “played” edge 1206
corresponds to an action performed by an external applica-
tion (SPOTIFY) on an external audio file (the song “Imag-
ine”’). Although this disclosure describes particular edges
1206 with particular attributes connecting user nodes 1202
and concept nodes 1204, this disclosure contemplates any
suitable edges 1206 with any suitable attributes connecting
user nodes 1202 and concept nodes 1204. Moreover,
although this disclosure describes edges between a user node
1202 and a concept node 1204 representing a single rela-
tionship, this disclosure contemplates edges between a user
node 1202 and a concept node 1204 representing one or
more relationships. As an example and not by way of
limitation, an edge 1206 may represent both that a user likes
and has used at a particular concept. Alternatively, another
edge 1206 may represent each type of relationship (or
multiples of a single relationship) between a user node 1202
and a concept node 1204 (as illustrated 1n FIG. 12 between

user node 1202 for user “E” and concept node 1204 for
“SPOTIFY™).
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[0134] In particular embodiments, social networking sys-
tem 1102 may create an edge 1206 between a user node 1202
and a concept node 1204 in social graph 1200. As an
example and not by way of limitation, a user viewing a
concept-profile page (such as, for example, by using a web
browser or a special-purpose application hosted by the
user’s client system 1106) may indicate that he or she likes
the concept represented by the concept node 1204 by
clicking or selecting a “Like” 1con, which may cause the
user’s client system 1106 to send to social networking
system 1102 a message indicating the user’s liking of the
concept associated with the concept-profile page. In
response to the message, social networking system 1102
may create an edge 1206 between user node 1202 associated
with the user and concept node 1204, as 1llustrated by “like”
edge 1206 between the user and concept node 1204. In
particular embodiments, social networking system 1102 may
store an edge 1206 1n one or more data stores. In particular
embodiments, an edge 1206 may be automatically formed
by social networking system 1102 1n response to a particular
user action. As an example and not by way of limitation, 11
a {irst user uploads a picture, watches a movie, or listens to
a song, an edge 1206 may be formed between user node
1202 corresponding to the first user and concept nodes 1204
corresponding to those concepts. Although this disclosure
describes forming particular edges 1206 in particular man-
ners, this disclosure contemplates forming any suitable
edges 1206 1n any suitable manner

[0135] In particular embodiments, an advertisement may
be text (which may be HI'ML-linked), one or more 1mages
(which may be HTML-linked), one or more videos, audio,
one or more ADOBE FLLASH files, a suitable combination
of these, or any other suitable advertisement in any suitable
digital format presented on one or more webpages, 1n one or
more e-mails, or 1n connection with search results requested
by a user. In addition or as an alternative, an advertisement
may be one or more sponsored stories (e.g., a news-feed or
ticker item on social networking system 1102). A sponsored
story may be a social action by a user (such as “liking” a
page, “liking” or commenting on a post on a page, RSVPing
to an event associated with a page, voting on a question
posted on a page, checking 1n to a place, using an application
or playing a game, or “liking” or sharing a website) that an
advertiser promotes, for example, by having the social
action presented within a pre-determined area of a profile
page of a user or other page, presented with additional
information associated with the advertiser, bumped up or
otherwise highlighted within news feeds or tickers of other
users, or otherwise promoted. The advertiser may pay to
have the social action promoted. As an example and not by
way ol limitation, advertisements may be included among
the search results of a search-results page, where sponsored
content 1s promoted over non-sponsored content.

[0136] In particular embodiments, an advertisement may
be requested for display within social-networking-system
webpages, third-party webpages, or other pages. An adver-
tisement may be displayed 1n a dedicated portion of a page,
such as 1n a banner area at the top of the page, in a column
at the side of the page, 1n a GUI of the page, in a pop-up
window, 1n a drop-down menu, 1n an input field of the page,
over the top of content of the page, or elsewhere with respect
to the page. In addition or as an alternative, an advertisement
may be displayed within an application. An advertisement
may be displayed within dedicated pages, requiring the user
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to interact with or watch the advertisement before the user
may access a page or utilize an application. The user may,
for example view the advertisement through a web browser.

[0137] A user may interact with an advertisement 1n any
suitable manner The user may click or otherwise select the
advertisement. By selecting the advertisement, the user may
be directed to (or a browser or other application being used
by the user) a page associated with the advertisement. At the
page associated with the advertisement, the user may take
additional actions, such as purchasing a product or service
associated with the advertisement, receiving information
associated with the advertisement, or subscribing to a news-
letter associated with the advertisement. An advertisement
with audio or video may be played by selecting a component
of the advertisement (like a “play button™). Alternatively, by
selecting the advertisement, social networking system 1102
may execute or modily a particular action of the user.

[0138] An advertisement may also include social-net-
working-system functionality that a user may interact with.
As an example and not by way of limitation, an advertise-
ment may enable a user to “like” or otherwise endorse the
advertisement by selecting an 1con or link associated with
endorsement. As another example and not by way of limi-
tation, an advertisement may enable a user to search (e.g., by
executing a query) for content related to the advertiser.
Similarly, a user may share the advertisement with another
user (e.g., through social networking system 1102) or RSVP
(e.g., through social networking system 1102) to an event
associated with the advertisement. In addition or as an
alternative, an advertisement may include social-network-
ing-system context directed to the user. As an example and
not by way of limitation, an advertisement may display
information about a friend of the user within social network-
ing system 1102 who has taken an action associated with the
subject matter of the advertisement.

[0139] In particular embodiments, social networking sys-
tem 1102 may determine the social-graph aflinity (which
may be referred to herein as “afhinity”) of various social-
graph entities for each other. Afhimity may represent the
strength of a relationship or level of interest between par-
ticular objects associated with the online social network,
such as users, concepts, content, actions, advertisements,
other objects associated with the online social network, or
any suitable combination thereof. Aflinity may also be
determined with respect to objects associated with third-
party systems 1108 or other suitable systems. An overall
allinity for a social-graph entity for each user, subject matter,
or type of content may be established. The overall aflinity
may change based on continued monitoring of the actions or
relationships associated with the social-graph entity.
Although this disclosure describes determining particular
aflinities 1n a particular manner, this disclosure contemplates
determining any suitable atlinities 1n any suitable manner

[0140] In particular embodiments, social networking sys-
tem 1102 may measure or quantily social-graph atlinity
using an afhinity coeflicient (which may be referred to herein
as “coeflicient”). The coellicient may represent or quantily
the strength of a relationship between particular objects
associated with the online social network. The coellicient
may also represent a probability or function that measures a
predicted probability that a user will perform a particular
action based on the user’s interest in the action. In this way,
a user’s future actions may be predicted based on the user’s
prior actions, where the coeflicient may be calculated at least
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in part a the history of the user’s actions. Coellicients may
be used to predict any number of actions, which may be
within or outside of the online social network. As an
example and not by way of limitation, these actions may
include various types ol communications, such as sending
messages, posting content, or commenting on content; vari-
ous types ol a observation actions, such as accessing or
viewing profile pages, media, or other suitable content;
various types of coincidence information about two or more
social-graph entities, such as being in the same group,
tagged in the same photograph, checked-in at the same
location, or attending the same event; or other suitable
actions. Although this disclosure describes measuring aflin-
ity 1n a particular manner, this disclosure contemplates
measuring athinity 1 any suitable manner

[0141] In particular embodiments, social networking sys-
tem 1102 may use a variety of factors to calculate a
coellicient. These factors may include, for example, user
actions, types of relationships between objects, location
information, other sutable factors, or any combination
thereof. In particular embodiments, different factors may be
weighted differently when calculating the coethicient. The
weights for each factor may be static or the weights may
change according to, for example, the user, the type of
relationship, the type of action, the user’s location, and so
forth. Ratings for the factors may be combined according to
their weights to determine an overall coeflicient for the user.
As an example and not by way of limitation, particular user
actions may be assigned both a rating and a weight while a
relationship associated with the particular user action 1s
assigned a rating and a correlating weight (e.g., so the
weilghts total 250%). To calculate the coeflicient of a user
towards a particular object, the rating assigned to the user’s
actions may comprise, for example, 60% of the overall
coellicient, while the relationship between the user and the
object may comprise 40% of the overall coeflicient. In
particular embodiments, the social networking system 1102
may consider a variety ol variables when determining
weights for various factors used to calculate a coeflicient,
such as, for example, the time since information was
accessed, decay factors, frequency of access, relationship to
information or relationship to the object about which infor-
mation was accessed, relationship to social-graph entities
connected to the object, short- or long-term averages of user
actions, user Ifeedback, other suitable variables, or any
combination thereof. As an example and not by way of
limitation, a coetlicient may include a decay factor that
causes the strength of the signal provided by particular
actions to decay with time, such that more recent actions are
more relevant when calculating the coeflicient. The ratings
and weights may be continuously updated based on contin-
ued tracking of the actions upon which the coeflicient 1s
based. Any type of process or algorithm may be employed
for assigning, combining, averaging, and so forth the ratings
for each factor and the weights assigned to the factors. In
particular embodiments, social networking system 1102 may
determine coeflicients using machine-learming algorithms
trained on historical actions and past user responses, or data
farmed from users by exposing them to various options and
measuring responses. Although this disclosure describes
calculating coeflicients 1n a particular manner, this disclo-
sure contemplates calculating coeflicients in any suitable
manner
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[0142] In particular embodiments, social networking sys-
tem 1102 may calculate a coeflicient based on a user’s
actions. Social networking system 1102 may monitor such
actions on the online social network, on a third-party system
1108, on other suitable systems, or any combination thereof.
Any suitable type of user actions may be tracked or moni-
tored. Typical user actions include viewing profile pages,
creating or posting content, interacting with content, joining
groups, listing and confirming attendance at events, check-
ing-in at locations, liking particular pages, creating pages,
and performing other tasks that facilitate social action. In
particular embodiments, social networking system 1102 may
calculate a coellicient based on the user’s actions with
particular types of content. The content may be associated
with the online social network, a third-party system 1108, or
another suitable system. The content may include users,
profile pages, posts, news stories, headlines, instant mes-
sages, chat room conversations, emails, advertisements,
pictures, video, music, other suitable objects, or any com-
bination thereof. Social networking system 1102 may ana-
lyze a user’s actions to determine whether one or more of the
actions indicate an athnity for subject matter, content, other
users, and so forth. As an example and not by way of
limitation, 1 a user may make frequently posts content
related to “coflee” or vanants thereof, social networking
system 1102 may determine the user has a high coeflicient
with respect to the concept “coflee.” Particular actions or
types of actions may be assigned a higher weight and/or
rating than other actions, which may aflfect the overall
calculated coeflicient. As an example and not by way of
limitation, 1f a first user emails a second user, the weight or
the rating for the action may be higher than 1f the first user
simply views the user-profile page for the second user.

[0143] In particular embodiments, social networking sys-
tem 1102 may calculate a coeflicient based on the type of
relationship between particular objects. Referencing the
social graph 1200, social networking system 1102 may
analyze the number and/or type of edges 1206 connecting
particular user nodes 1202 and concept nodes 1204 when
calculating a coetlicient. As an example and not by way of
limitation, user nodes 1202 that are connected by a spouse-
type edge (representing that the two users are married) may
be assigned a higher coeflicient than a user nodes 1202 that
are connected by a fnend-type edge. In other words, depend-
ing upon the weights assigned to the actions and relation-
ships for the particular user, the overall aflinity may be
determined to be higher for content about the user’s spouse
than for content about the user’s iriend. In particular
embodiments, the relationships a user has with another
object may aflect the weights and/or the ratings of the user’s
actions with respect to calculating the coeflicient for that
object. As an example and not by way of limitation, 1f a user
1s tagged 1n first photo, but merely likes a second photo,
social networking system 1102 may determine that the user
has a higher coetlicient with respect to the first photo than
the second photo because having a tagged-in-type relation-
ship with content may be assigned a higher weight and/or
rating than having a like-type relationship with content. In
particular embodiments, social networking system 1102 may
calculate a coetlicient for a first user based on the relation-
ship one or more second users have with a particular object.
In other words, the connections and coeflicients other users
have with an object may aflect the first user’s coeflicient for
the object. As an example and not by way of limitation, 1f a

e
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first user 1s connected to or has a high coeflicient for one or
more second users, and those second users are connected to
or have a high coeflicient for a particular object, social
networking system 1102 may determine that the first user
should also have a relatively high coeflicient for the par-
ticular object. In particular embodiments, the coeflicient
may be based on the degree of separation between particular
objects. Degree of separation between any two nodes 1s
defined as the minimum number of hops required to traverse
the social graph from one node to the other. A degree of
separation between two nodes can be considered a measure
of relatedness between the users or the concepts represented
by the two nodes 1n the social graph. For example, two users
having user nodes that are directly connected by an edge
(1.., are first-degree nodes) may be described as “connected
users” or “Iriends.” Similarly, two users having user nodes
that are connected only through another user node (1.e., are
second-degree nodes) may be described as “Iriends of
friends.” The lower coellicient may represent the decreasing
likelihood that the first user will share an interest 1n content
objects of the user that 1s indirectly connected to the first
user 1n the social graph 1200. As an example and not by way
of limitation, social-graph entities that are closer in the
social graph 1200 (1.e., fewer degrees of separation) may
have a higher coeflicient than entities that are further apart
in the social graph 1200.

[0144] In particular embodiments, social networking sys-
tem 1102 may calculate a coeflicient based on location
information. Objects that are geographically closer to each
other may be considered to be more related, or of more
interest, to each other than more distant objects. In particular
embodiments, the coetlicient of a user towards a particular
object may be based on the proximity of the object’s location
to a current location associated with the user (or the location
of a client system 1106 of the user). A first user may be more
interested 1n other users or concepts that are closer to the first
user. As an example and not by way of limitation, 1f a user
1s one mile from an airport and two miles from a gas station,
social networking system 1102 may determine that the user
has a higher coetlicient for the airport than the gas station
based on the proximity of the airport to the user.

[0145] In particular embodiments, social networking sys-
tem 1102 may perform particular actions with respect to a
user based on coeflicient information. Coellicients may be
used to predict whether a user will perform a particular
action based on the user’s interest in the action. A coeflicient
may be used when generating or presenting any type of
objects to a user, such as advertisements, search results,
news stories, media, messages, notifications, or other suit-
able objects. The coellicient may also be utilized to rank and
order such objects, as appropriate. In this way, social net-
working system 1102 may provide information that 1s rel-
evant to user’s interests and current circumstances, 1ncreas-
ing the likelihood that they will find such information of
interest. In particular embodiments, social networking sys-
tem 1102 may generate content based on coeflicient infor-
mation. Content objects may be provided or selected based
on coellicients specific to a user. As an example and not by
way ol limitation, the coeflicient may be used to generate
media for the user, where the user may be presented with
media for which the user has a high overall coeflicient with
respect to the media object. As another example and not by
way of limitation, the coeflicient may be used to generate
advertisements for the user, where the user may be presented




US 2023/0394068 Al

with advertisements for which the user has a high overall
coellicient with respect to the advertised object. In particular
embodiments, social networking system 1102 may generate
search results based on coeflicient information. Search
results for a particular user may be scored or ranked based
on the coellicient associated with the search results with
respect to the querying user. As an example and not by way
of limitation, search results corresponding to objects with
higher coetlicients may be ranked higher on a search-results
page than results corresponding to objects having lower
coellicients.

[0146] In particular embodiments, social networking sys-
tem 1102 may calculate a coellicient in response to a request
for a coellicient from a particular system or process. To
predict the likely actions a user may take (or may be the
subject of) 1n a given situation, any process may request a
calculated coetlicient for a user. The request may also
include a set of weights to use for various factors used to
calculate the coeflicient. This request may come from a
process running on the online social network, from a third-
party system 1108 (e.g., via an API or other communication
channel), or from another suitable system. In response to the
request, social networking system 1102 may calculate the
coellicient (or access the coetlicient information 1 1t has
previously been calculated and stored). In particular
embodiments, social networking system 1102 may measure
an afhnity with respect to a particular process. Ditlerent
processes (both internal and external to the online social
network) may request a coellicient for a particular object or
set of objects. Social networking system 1102 may provide
a measure of athnity that 1s relevant to the particular process
that requested the measure of afhnity. In this way, each
process receives a measure of aflinity that 1s tailored for the

different context in which the process will use the measure
of afhinity.

[0147] In connection with social-graph athinity and aflinity
coellicients, particular embodiments may utilize one or more
systems, components, elements, functions, methods, opera-
tions, or steps disclosed in U.S. patent application Ser. No.
11/503093, filed Aug. 8, 2006, U.S. patent application Ser.
No. 12/977027, filed Dec. 22, 2010, U.S. patent application
Ser. No. 12/9782635, filed De. 23, 2010, and U.S. patent
application Ser. No. 13/632869, field Oct. 1, 2012, each of

which 1s incorporated by reference 1n their entirety.

[0148] In particular embodiments, one or more of the
content objects of the online social network may be asso-
ciated with a privacy setting. The privacy settings (or
“access settings™) for an object may be stored 1n any suitable
manner, such as, for example, 1n association with the object,
in an index on an authorization server, 1in another suitable
manner, or any combination thereof. A privacy setting of an
object may specity how the object (or particular information
associated with an object) can be accessed (e.g., viewed or
shared) using the online social network. Where the privacy
settings for an object allow a particular user to access that
object, the object may be described as being “visible” with
respect to that user. As an example and not by way of
limitation, a user of the online social network may specity
privacy settings for a user-profile page identify a set of users
that may access the work experience information on the
user-profile page, thus excluding other users from accessing,
the information. In particular embodiments, the privacy

settings may specily a “blocked list” of users that should not
be allowed to access certain information associated with the
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object. In other words, the blocked list may specily one or
more users or entities for which an object 1s not visible. As
an example and not by way of limitation, a user may specity
a set of users that may not access photos albums associated
with the user, thus excluding those users from accessing the
photo albums (while also possibly allowing certain users not
within the set of users to access the photo albums). In
particular embodiments, privacy settings may be associated
with particular social-graph elements. Privacy settings of a
social-graph element, such as a node or an edge, may specily
how the social-graph element, information associated with
the social-graph element, or content objects associated with
the social-graph element can be accessed using the online
social network. As an example and not by way of limitation,
a particular concept node 1204 corresponding to a particular
photo may have a privacy setting specifying that the photo
may only be accessed by users tagged 1n the photo and their
friends. In particular embodiments, privacy settings may
allow users to opt 1n or opt out of having their actions logged
by social networking system 1102 or shared with other
systems (e.g., third-party system 1108). In particular
embodiments, the privacy settings associated with an object
may specily any suitable granularity of permitted access or
denial of access. As an example and not by way of limita-
tion, access or denmial of access may be specified for par-
ticular users (e.g., only me, my roommates, and my boss),
users within a particular degrees-of-separation (e.g., friends,
or Iriends-oi-friends), user groups (e.g., the gaming club, my
family), user networks (e.g., employees of particular
employers, students or alumni of particular university), all
users (“public”), no users (“private”), users of third-party
systems 1108, particular applications (e.g., third-party appli-
cations, external websites), other suitable users or entities, or
any combination thereof. Although this disclosure describes
using particular privacy settings 1n a particular manner, this
disclosure contemplates using any suitable privacy settings
in any suitable manner.

[0149] In particular embodiments, one or more servers
may be authorization/privacy servers for enforcing privacy
settings. In response to a request from a user (or other entity)
for a particular object stored 1n a data store, social network-
ing system 1102 may send a request to the data store for the
object. The request may 1dentily the user associated with the
request and may only be sent to the user (or a client system
1106 of the user) 1f the authorization server determines that
the user 1s authorized to access the object based on the
privacy settings associated with the object. It the requesting
user 1s not authorized to access the object, the authorization
server may prevent the requested object from being retrieved
from the data store, or may prevent the requested object
from be sent to the user. In the search query context, an
object may only be generated as a search result if the
querying user 1s authorized to access the object. In other
words, the object must have a visibility that 1s visible to the
querying user. If the object has a visibility that 1s not visible
to the user, the object may be excluded from the search
results. Although this disclosure describes enforcing privacy
settings 1n a particular manner, this disclosure contemplates
enforcing privacy settings 1n any suitable manner

[0150] In the foregoing specification, the invention has
been described with reference to specific exemplary embodi-
ments thereof. Various embodiments and aspects of the
invention(s) are described with reference to details discussed
herein, and the accompanying drawings illustrate the various
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embodiments. The description above and drawings are 1llus-
trative of the invention and are not to be construed as
limiting the invention. Numerous specific details are
described to provide a thorough understanding of various
embodiments of the present invention.

[0151] The present invention may be embodied 1n other
specific forms without departing from 1ts spirit or essential
characteristics. The described embodiments are to be con-
sidered 1n all respects only as 1llustrative and not restrictive.
For example, the methods described herein may be per-
formed with less or more steps/acts or the steps/acts may be
performed in differing orders. Additionally, the steps/acts
described herein may be repeated or performed 1n parallel
with one another or 1n parallel with different instances of the
same or similar steps/acts. The scope of the invention 1s,
therefore, indicated by the appended claims rather than by
the foregoing description. All changes that come within the
meaning and range of equivalency of the claims are to be
embraced within their scope.

1. A method, comprising:

receiving, by a messaging server, a plurality of posts by
users that are shared with other users of a social
networking system:;

selecting one or more annotations from a plurality of
annotations, the plurality of annotations excluding
annotations that have been determined to be regularly
occurring;

correlating, by the messaging server, a subset of the

plurality of posts that are associated with the one or
more annotations;

calculating, by the messaging server, whether occurrences
of a particular annotation among the one or more
annotations are below a periodic threshold during a first
time period;

based on a calculation that the occurrences of the par-
ticular annotation are below the periodic threshold:

calculating, by the messaging server, that a number of
the occurrences of the particular annotation occur
within a second time period, wherein the second time
period 1s less than the first time period and at least a
portion of the second time period 1s included 1n the
first time period;

selecting a set of users of the social networking system
that the particular annotation 1s of interest to;

based on the number of the occurrences reaching a
trending threshold amount, sending, by the messag-
Ing server, a message indication over a network to
one or more client devices of the set of users that the
particular annotation 1s trending.

2. The method as recited 1n claim 1, further comprising:

predicting, by the messaging server, that an annotation
will be trending at a particular time period among users
of the social networking system.

3. The method as recited 1n claim 1, further comprising:

pre-emptively i1dentifying, by the messaging server, one
or more annotations as trending at particular time
periods across diflerent time zones.

4. The method as recited 1in claim 1, further comprising:

maintaiming, by the messaging server, a blacklist of anno-
tations that 1s used to prevent one or more annotations
from trending too early for one or more time zones.
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5. The method as recited 1n claim 1, further comprising:

maintaining, by the messaging server, a blacklist of anno-
tations that 1s used to prevent one or more annotations
from trending too late for one or more time zones.

6. The method as recited 1in claim 1, further comprising:

maintaining, by the messaging server, a whitelist of
annotations that 1s used to select one or more annota-
tions as trending to users 1 one or more time zones.

7. The method as recited 1n claim 1, further comprising:

maintaining, by the messaging server, a whitelist of

annotations that 1s used to select one or more annota-
tions as trending to users in certain regions according to

geolocation information.

8. The method as recited 1n claim 1, wherein the particular
annotation includes a hashtag.

9. One or more non-transitory computer-readable storage
media, storing one or more sequences ol istructions, which
when executed by one or more processors cause perifor-
mance of:

receiving, by a messaging server, a plurality of posts by

users that are shared with other users of a social
networking system;

selecting one or more annotations from a plurality of

annotations, the plurality of annotations excluding
annotations that have been determined to be regularly
occurring;

correlating, by the messaging server, a subset of the

plurality of posts that are associated with the one or
more annotations;

calculating, by the messaging server, whether occurrences
of a particular annotation among the one or more
annotations are below a periodic threshold during a first

time period;
based on a calculation that the occurrences of the par-
ticular annotation are below the periodic threshold:

calculating, by the messaging server, that a number of
the occurrences of the particular annotation occur
within a second time period, wherein the second time
period 1s less than the first time period and at least a
portion of the second time period 1s included 1n the
first time period;

selecting a set of users of the social networking system
that the particular annotation 1s of interest to;

based on the number of the occurrences reaching a
trending threshold amount, sending, by the messag-
ing server, a message indication over a network to
one or more client devices of the set of users that the
particular annotation 1s trending.

10. The one or more non-transitory computer-readable
storage media as recited in claim 9, further comprising:

predicting, by the messaging server, that an annotation
will be trending at a particular time period among users
of the social networking system.

11. The one or more non-transitory computer-readable
storage media as recited in claim 9, further comprising:
pre-emptively identifying, by the messaging server, one
or more annotations as trending at particular time
periods across different time zones.

12. The one or more non-transitory computer-readable
storage media as recited in claim 9, further comprising:

maintaining, by the messaging server, a blacklist of anno-
tations that 1s used to prevent one or more annotations
from trending too early for one or more time zones.
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13. The one or more non-transitory computer-readable
storage media as recited in claim 9, further comprising:

maintaiming, by the messaging server, a blacklist of anno-

tations that 1s used to prevent one or more annotations
from trending too late for one or more time Zones.

14. The one or more non-transitory computer-readable
storage media as recited in claim 9, further comprising:

maintaiming, by the messaging server, a whitelist of

annotations that 1s used to select one or more annota-
tions as trending to users in one or more time zones.

15. The one or more non-transitory computer-readable
storage media as recited 1n claim 9, further comprising:

maintaiming, by the messaging server, a whitelist of

annotations that is used to select one or more annota-
tions as trending to users in certain regions according to
geolocation mnformation.

16. The one or more non-transitory computer-readable
storage media as recited 1n claim 9, wherein the particular
annotation includes a hashtag.

17. An apparatus, comprising;

one or more hardware processors; and

a memory storing instructions, which when executed by

the one or more processors, cause the one or more

processors to:

receive a plurality of posts by users that are shared with
other users of a social networking system;

select one or more annotations from a plurality of
annotations, the plurality of annotations excluding
annotations that have been determined to be regu-
larly occurring;

correlate a subset of the plurality of posts that are
associated with the one or more annotations:

calculate whether occurrences of a particular annota-
tion among the one or more annotations are below a
periodic threshold during a first time period;
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based on a calculation that the occurrences of the
particular annotation are below the periodic thresh-

old:

calculate that a number of the occurrences of the
particular annotation occur within a second time
period, wherein the second time period 1s less than
the first time period and at least a portion of the
second time period 1s included in the first time
period;

select a set of users of the social networking system
that the particular annotation 1s of interest to;

based on the number of the occurrences reaching a
trending threshold amount, send a message indi-
cation over a network to one or more client
devices of the set of users that the particular
annotation 1s trending.

18. The apparatus as recited 1n claim 17, wherein the
instructions, which when executed by the one or more
processors, further cause the one or more processors to:

predict that an annotation will be trending at a particular

time period among users of the social networking
system.

19. The apparatus as recited imn claim 17, wherein the
instructions, which when executed by the one or more
processors, further cause the one or more processors to:

pre-emptively identily one or more annotations as trend-

ing at particular time periods across different time
ZONes.

20. The apparatus as recited 1n claim 17, wherein the
instructions, which when executed by the one or more
processors, further cause the one or more processors to:

maintain a whitelist of annotations that 1s used to select

one or more annotations as trending to users 1n certain
regions according to geolocation information.
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