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In one embodiment, a computing device receives a request for content in a first portion of a content layout in a displayable region of
a screen assoclated with the computing device. The device may pre-inflate at least one selected element of a display object for a
second portion of the content layout, and then store the element in an application-tailored recycler. Selection of the at least one
selected element may be based on dimensions of the displayable region, available memory of the computing device, or application-
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element from the application- taillored recycler, update other elements of the display object as needed for the second portion of the
content layout, and return the display object.
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assoclated with the computing device. The device may pre-intlate at least one
selected element of a display object for a second portion of the content layout,
and then store the element in an application-tailored recycler. Selection of the
at least one selected element may be based on dimensions of the displayable
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recycler, update other elements of the display object as needed for the second
portion of the content layout, and return the display object.
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APPLICATION-TAILORED OBJECT PRE-INFILLATION

TECHNICAL FIELD

[1] This disclosure generally relates to object lifecycle management.

BACKGROUND

[2] Creating display objects and inflating them may constitute a significant cause of
latency for content-intensive applications, particularly content layouts with variable and/or
lengthy sections of content, such as a hist or grid. When rendering a content layout for a
particular display screen where the content extends beyond the displayable region (requiring the
user to scroll the content layout to bring content into view), display objects, nested display
objects, and other content elements may be created and inflated as they come into view and
recycled as they disappear from view. Request-driven real-time inflation of display objects may

prove insufficient for the requirements of such a content-intensive application.

SUMMARY OF PARTICULAR EMBODIMENTS

[3] In order to facilitate pre-inflation of display objects in an application-tailored
manner, an application may apply application-specific policies to determine how to selectively
pre-inflate only those display objects and/or elements of a display object that are most costly to
inflate.

{4] Prior to receiving a request for a particular section of a content layout fo be
displayed, the application may select elements of the particular section of the content layout to
pre-inflate, intlate those selected elements, and store the pre-inflated elements in a recycler.
When the same content element is requested again, the application retrieves the display object
from the recycler, encloses it in a wrapper object, and returns the wrapped display object. The
embodiments described herein may also be performed with elements of a display object, some of

which may comprise nested display objects.
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BRIEF DESCRIPTION OF THE DRAWINGS

|5] FIG. 1A is a wireframe of a content layout rendered using display objects.
[6] FIG. 1B is a wireframe illustrating a detailed section of FIG. 1 A.
[7] FIG. 2 illustrates an example method for application-tatlored object pre-inflation.

[8] FIG. 3 illustrates an example network environment associated with a social-

networking system.
[9] FIG. 4 illustrates an example social graph.

[10] FIG. § illustrates an example computer system.

DESCRIPTION OF EXAMPLE EMBODIMENTS

111 In order to facilitate pre-inflation of display objects in an application-tailored
manner, an application may apply application-specific policies to determine how to selectively
pre-inflate only those display objects and/or elements of a display object that are most costly to
inflate.

[12] Prior to receiving a request for a particular section of a content layout to be
displayed, the application may select elements of the particular section of the content layout to
pre-inflate, inflate those selected elements, and store the pre-inflated elements in a recycler.
When that content section is requested, the application retrieves the display object from the
recycler, encloses it in a wrapper object, and returns the wrapped display object. The
embodiments described herein may also be performed with elements of a display object, some of
which may comprise nested display objects.

[13] In connection with methods of implementing a recycler, particular embodiments
may utilize one or more systems, components, elements, functions, methods, operations, or steps
disclosed in U.S. Patent Application No. 13/861,250, filed 11 April 2013 and entitled
“Application-Tailored Object Recycling”.

[14] FIG. 1A is a wireframe illustrating an example wireframe of a content layout 100
a newsfeed page for a user of a social-networking system that is rendered for display on a tablet
device based on a number of display objects. The displayable region of content layout 100
(indicated by the dashed line) includes the portion of content layout 100 that will fit within the

screen dimensions of the tablet device (above the fold).
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[15] Content layout 100 includes a header region 110, a menu bar 120, a left-hand
sidebar 130, a right-hand sidebar 140, and a main body area 150. Each region is associated with
its own display object, each of which may include a number of elements such as, by way of
example and not limitation: image(s), video, text, links, forms, and interactive elements. Each of
these elements may be represented by one or more nested display objects.

{16] The display object associated with header region 110 includes an interactive
profile photo 112 of the social-network user, text block 114, a background image 116, and theme
music selected by the social-network user. Interactive profile photo 112 1s rendered based on a
display object that may include an image, text, a link, and Javascript code to render a pop-up
window displaying a summary of a profile of the social-network user that appears when a
pointing device, such as a mouse, hovers over the profile photo.

[17] The display object associated with menu bar 120 includes five menu options
125A-F, each of which comprises an image, text, and a link.

[18] The display object associated with left-hand sidebar 130 includes content for a
mix of recommendations (including sponsored stories) (only 135A-E are shown, but there may
be many more recommendations), each of which is rendered based on a display object. FEach
display object for a recommendation may include an interactive image, a title, text for the
recommendation, and a link to obtain further information related to the recommendation. Each
display object for a newsteed item may also include one or more 1mages or a video

[19] The display object associated with right-hand stdebar 140 includes content for one
or more advertisements 145, each of which 1s rendered based on a display object. As tllustrated
in the example shown mn FIG. [ A, advertisement [45A appears above the fold, whereas 145B 1s
not vet in view. The content of the advertisement may be determined at least in part by a third-
party advertiser.

|20] The display object associated with main body area 150 includes a number of
newsfeed items (only 155A-E are shown, but there may be many more newsfeed items), each of
which is rendered based on a display object associated with an activity related to friend (i.e.,

social-graph connection) of the user.

[21] FIG. 1B 1s a wireframe illustrating a detailed section of FIG. 1A: newsfeed items
I55B-E in the main body area 150 of content layout 100. As indicated in FIG. 1A, the
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displayable region of content layout 100 (indicated by the dashed lin¢) includes the portion of

content layout 100 that will fit onto the screen of the tablet device.

[22] Each display object for a newsfeed item 155 may include an interactive profile
photo of the friend 160, a name of the friend 163, text for the newsfeed item 170, time-sensitive
information 175 (e.g., a constantly-updating count of the number of people who have
viewed/commented on/’Liked” the listing, a short listing of the most recent one or two people
who viewed/commented on/”’Liked” the listing, etc.), a link to “Like” the newsfeed item 180, a
link to comment on the newsfeed item 185, and a link to “Share” the newsfeed item 190. Each
display object for a newsfeed item may also include one or more tmages 195 or a video.

23] Each interactive profile photo 160 1s rendered based on a display object that may
include an image, text, a link, and Javascript code to render a pop-up window displaying a
summary of a profile of the social-network user that appears when a pointing device, such as a
mouse, hovers over the profile photo.

[24] KIG. 2 illustrates an example method for application-controlled pre-intlation ot
display objects. In step 210, the application may determine dimensions of a displayable region--
this information may factor into the process of selecting elements of the display object to pre-
inflate, as described in step 250 below. The displayable region comprises an area in which a
content layout (or a portion thereof) is to be rendered using content associated with a display
object. The displayable region may be determined based on any relevant information, such as,
by way of example and not limitation: dimensions of a screen, an aspect ratio of the screen, a
type of the content to be rendered, application-specific factors (e.g., differing content layouts
based on whether the user is a paid subscriber to whom advertisements need not be served), user-
configured settings (e.g., re-sizing a window), user preferences (e.g., preventing pop-up

windows), etc.

125] In step 220, the application may determine the available memory on the device--
this information may factor into the process of selecting elements of the display object to pre-
inflate, as described in step 250 below.

[26] In step 230, the application may determine create a display object for a specified
content layout. For example, if the user requests their social-networking information-based

newsteed, the application may create a display object for the newsfeed content layout.
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[27] In step 240, the application may receive a request for particular content (e.g., the
content included in the displayable region indicated in FI1G. 1A, which includes header region
110, menu bar 120, the portion of left-hand sidebar 130 that includes recommendation 1354, the
portion of right-hand sidebar 140 that includes advertisement [45A, and the portion of main
body area 150 that includes newsfeed item 155A), to which it may respond with a display object
containing the requested content. As described above, the display object may contain a number
of elements, which may themselves be display objects. For example, newsfeed item 155C
includes an interactive profile photo 160 that may be rendered by a display object

28] In step 250, the application may select elements of the display object to pre-
inflate, based on the dimensions of the displayable region, the available memory, and
application-specific rules. In particular embodiments, the application-specific rules may
prioritize selection of elements of the display object that are more costly to inflate. The cost of
inflating an element may be determined on any applicable basis, €.g., size of the element,
complexity of the element (e.g., 1s the element a nested display object?), how frequently the
clement must be updated, capabilities and contiguration of the plattform (e.g., does the device
lack support for or prohibit execution of client-side scripts, which necessitates substitution with
alternate, simpler content?), etc.

[29] In particular embodiments, particularly with respect to list-based or grid-based
content layouts the application-specific rules may set an increment by which to pre-intlate
elements, wherein the increment 1s a multiple of units defined by the number of list or grid rtems
that will fit into the dimensions of the displayabie region. For example, as shown in FIG. 1B,
four newsfeed i1tems may inflate a vertical dimension of the displayable region, where the
content layout may extend in the vertical dimension (but not the horizontal dimension). In this
example, the application-specific rules determine that the unit comprises four newsfeed items
(since that 1s what will inflate out the displayable region), and set the multiple for the increment
to three, so that when the application responds to a request to display newsteed items 155B-E, 1t
also pre-inflates selected elements tor the next twelve newsfeed items.

[30] In particular embodiments, the multiple may be based on user-specific usage
patterns. For example, if a user typically scrolls through the newsfeed fairly slowly, then the
multiple may be a smaller number. Conversely, if the user typically scrolls through the newsfeed

tairly quickly, then the multiple may be a larger number.
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[31] In particular embodiments, the multiple may be based on attributes of the content
for the list or grid elements. For example, if the content s of a type that 1s very rich and may
likely take the user longer to browse through (e.g., thumbnails of videos that play as the user
mouses over each one), then the multiple may be reduced.

[32] In particular embodiments, the application-specific rules may prioritize selection
of elements of the display object based on available memory. For example, if there 1s not much
available memory, the application may choose to pre-inflate only the most costly elements,
whereas if there was more available memory, it might pre-inflate additional (somewhat less
costly elements). In another example, if there is not much available memory, the application
may choose to pre-inflate those elements that are likely to be re-used very often, e.g., if the next
ten newsfeed items are all related to people who have posted the same complex link (which
includes an image, text, a link, and other information) to a popular online article, the element
representing the complex link may receive priority above other clements.

[33] In step 260, the application may pre-inflate the selected elements of the display
object. As part of pre-inflating a selected element (which may itself be a display object),
particular embodiments may perform steps 250-290 within the context of the selected element.

[34] In step 270, the application may store the pre-inflated elements of the display
object in an application-tailored recycler. These stored elements may be retained in the recycler
until the relevant portions of the content layout are requested tor the displayable region.

|35] In step 280, the application may retrieve any pre-inflated elements of the display
object that can be used for the content to be rendered for the displayable region in the
application-tailored recycler. However, since the recycler may contain previously-used display
objects and elements thereof as well as pre-inflated display objects and elements thereof,
particular embodiments may apply application-tailored recycling policies to 1dentity which
display objects and elements thereof in the recycler are suitable for re-use, which may include
those that were pre-inflated.

[36] In particular embodiments, a display object in the recycler may be suitable for re-
use if it was inflated using the same class hierarchy as the display object that is currently being
requested. In particular embodiments, a display object in the recycler may be suitable for re-use
if 1t was inflated using the same XML specification as the display object that is currently being

requested.
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[37] A display object in the recycler may be suitable for recycling 1f 1t 1s the same type
of object but is inflated with different content. In this case, the application may inflate the
display object from scratch (which should not be necessary for any pre-inflated display objects or
elements thereof), thereby overwriting most if not all of the existing content in the display object.

[38] The determination of which display objects and elements are suitable for re-use,
recycling, or neither may be dependent upon application-specific, device-specific, and/or user-
specific pre-inflation policies. In particular embodiments, an application may set pre-inflation
nolicies in accordance with application requirements, content types, device attributes (e.g.,
available memory and/or dimensions of a display screen.), content statistics, usage patterns and
preferences, or any other appropriate factor(s). Such policies may govern how many objects to
retain in the recycler, what types of objects to store in the recycler, how to determine whether a
display object is suitable for re-use and/or re-cycling, when to re-use versus recycle a display
object, etc.

[39] If the recycler returns a null, the application creates a new display object of an
appropriate type to display the requested content, and then inflates the display object. This is the
mast expensive path, since both creating the new display object and inflating the display object
are costly operations. Therefore, an application may need to balance conflicting priorities when
determining when to prohibit recycling of otherwise suitable display objects stored in the
recycler.

[40] In step 290, the application may return the display object in response to the
request.

[41] Embodiments disclosed herein are described as being performed with respect to
elements of a display object—however, in particular embodiments, the techniques described
herein may be applied in a recursive fashion to certain elements of a display object (which may
themselves be display objects) in order to pre-inflate a portion or all of those elements.

[42] Embodiments disclosed herein are described as being performed by an
application; however, as one of skill in the art would be aware, many of the steps in example
method 200 and other embodiments disclosed herein may be performed by one or more pieces of
software operating at one or more layers of abstraction. For example, the steps of the example
method described above may be performed by software that executes separately from the

application and interfaces with the application and the recycler.
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[43] Particular embodiments may repeat one or more steps of the method of FIG. 2,
where appropriate. Although this disclosure describes and illustrates particular steps of the
method of FIG. 2 as occurring in a particular order, this disclosure contemplates any suitable
steps of the method of FIG. 2 occurring in any suitable order. Moreover, although this disclosure
describes and illustrates particular components, devices, or systems carrying out particular steps
of the method of FIG. 2, this disclosure contemplates any suitable combination of any suitable
components, devices, or systems carrying out any suitable steps of the method of FIG. 2.

(44] FIG. 3 illustrates an example network environment 300 associated with a social-
networking system. Network environment 300 includes a user 301, a client system 330, a social-
networking system 360, and a third-party system 370 connected to each other by a network 310.
Although FIG. 3 illustrates a particular arrangement of user 301, client system 330, social-
networking system 360, third-party system 370, and network 310, this disclosure contemplates
any suitable arrangement of user 301, client system 330, social-networking system 360, third-
party system 370, and network 310. As an example and not by way of limitation, two or more of
client system 330, social-networking system 360, and third-party system 370 may be connected
to each other directly, bypassing network 310. As another example, two or more of client system
330, socral-networking system 360, and third-party system 370 may be physically or logically
co-located with each other in whole or in part. Moreover, although FIG. 3 illustrates a particular
number of users 301, client systems 330, social-networking systems 360, third-party systems
370, and networks 310, this disclosure contemplates any suitable number of users 301, client
systems 330, social-networking systems 360, third-party systems 370, and networks 310. As an
example and not by way of limitation, network environment 300 may include multiple users 301,
chient system 330, social-networking systems 360, third-party systems 370, and networks 310.

[45)  In particular embodiments, user 301 may be an individual (human user), an entity
(e.g2., an enterprise, business, or third-party application), or a group (e.g., of individuals or
entities) that interacts or communicates with or over social-networking system 360. In particular
embodiménts, social-networking system 360 may be a network-addressable computing system
hosting an online social network. Social-networking system 360 may generate, store, receive,
and send social-networking data, such as, for example, user-profile data, concept-profile data,

soclal-graph information, or other suitable data related to the online social network. Social-

networking system 360 may be accessed by the other components of network environment 300
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either directly or via network 310. In particular embodiments, social-networking system 360 may
include an authorization server (or other suitable component(s)) that allows users 301 to opt 1n to
or opt out of having their actions logged by social-networking system 360 or shared with other
systems (e.g., third-party systems 370), for example, by setting appropriate privacy settings. A
privacy sectting of a user may determine what information associated with the user may be
logged, how information associated with the user may be logged, when information associated
with the user may be logged, who may log information associated with the user, whom
information associated with the user may be shared with, and for what purposes information
associated with the user may be logged or shared. Authorization servers may be used to enforce
one or more privacy settings of the users of social-networking system 30 through blocking, data
hashing, anonymization, or other suitable techniques as appropriate. Third-party system 370 may
be accessed by the other components of network environment 300 either directly or via network
310. In particular embodiments, one or more users 301 may use one or more client systems 330
to access, send data to, and receive data from social-networking system 360 or third-party system
370. Client system 330 may access social-networking system 360 or third-party system 370
directly, via network 310, or via a third-party system. As an example and not by way of
limitation, client system 330 may access third-party system 370 via social-networking system
360. Client system 330 may be any suitable computing device, such as, for example, a personal
computer, a laptop computer, a cellular telephone, a smartphone, or a tablet computer.

{46] This disclosure contemplates any suitable network 310. As an example and not by
way of limitation, one or more portions of network 310 may include an ad hoc network, an
intranet, an extranet, a virtual private network (VPN), a local area network (LAN), a wireless
LAN (WLAN), a wide area network (WAN), a wireless WAN (WWAN), a metropolitan area
network (MAN), a portion of the Internet, a portion of the Public Switched Telephone Network
(PSTN), a cellular telephone network, or a combination of two or more of these. Network 310
may include one or more networks 310.

{47] Links 350 may connect client system 330, social-networking system 360, and

third-party system 370 to communication network 310 or to each other. This disclosure

contemplates any suitable links 350. In particular embodiments, one or more links 350 include

one or more wireline (such as for example Digital Subscriber Line (DSL) or Data Over Cable

Service Interface Specification (DOCSIS)), wireless (such as for example Wi-Fi or Worldwide
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Interoperability for Microwave Access (W1IMAX)), or optical (such as for example Synchronous
Optical Network (SONET) or Synchronous Digital Hierarchy (SDH)) links. In particular
embodiments, one or more links 350 each include an ad hoc network, an intranct, an extranet, a
VPN, a LAN, a WLAN, a WAN, a WWAN, a MAN, a portion of the Internet, a portion of the
PSTN, a cellular technology-based network, a satellite communications technology-based
network, another link 350, or a combination of two or more such links 350. Links 350 need not
necessarily be the same throughout network environment 300. One or more first links 350 may
differ 1n one or more respects from one or more second links 350.

[48] FIG. 4 illustrates example social graph 400. In particular embodiments, social-
networking system 360 may store one or more social graphs 400 in one or more data stores. In
particular embodiments, social graph 400 may include multiple nodes—which may include
multiple user nodes 402 or multiple concept nodes 404—and multiple edges 406 connecting the
nodes. Example social graph 400 1llustrated in F1G. 4 1s shown, for didactic purposes, in a two-
dimensional visual map representation. In particular embodiments, a social-networking system
360, client system 330, or third-party system 370 may access social graph 400 and related social-
graph information for suitable applications. The nodes and edges of soctal graph 400 may be
stored as data objects, for example, in a data store (such as a social-graph database). Such a data
store may include one or more searchable or queryable indexes of nodes or edges of social graph
400.

[49] In particular embodiments, a user node 402 may correspond to a user ot social-
networking system 360. As an example and not by way of limitation, 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) that interacts or communicates with or over social-networking system
360. In particular embodiments, when a user registers for an account with social-networking

system 360, social-networking system 360 may create a user node 402 corresponding to the user,

and store the user node 402 in one or more data stores. Users and user nodes 402 described
herein may, where appropriate, refer to registered users and user nodes 402 associated with
registered users. In addition or as an alternative, users and user nodes 402 described herein may;,
where appropnate, refer to users that have not registered with social-networking system 360. In

particular embodiments, a user node 402 may be associated with information provided by a user

or information gathered by various systems, including social-networking system 360. As an
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example and not by way of limitation, a user may provide his or her name, profile picture,
contact informatton, birth date, sex, marital status, family status, employment, education
background, preferences, interests, or other demographic intormation. In particular
embodiments, a user node 402 may be associated with one or more data objects corresponding to
information associated with a user. In particular embodiments, a user node 402 may correspond
to one or more webpages.

[50] In particular embodiments, a concept node 404 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 360 or a third-party website associated with a
web-application server); an entity (such as, for example, a person, business, group, sports team,
or celebrity); a resource (such as, for example, an audio file, video file, digital photo, text file,
structured document, or application) which may be located within social-networking system 360
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 404 may be associated with information of a concept provided by a user or
information gathered by various systems, including social-networking system 360. As an
example and not by way of limitation, information of a concept may include a name or a title;
one or more 1mages (e.g., an image of 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

combination of such information. In particular embodiments, a concept node 404 may be
associated with one or more data objects corresponding to information associated with concept
node 404. In particular embodiments, a concept node 404 may correspond to one or more
webpages.

[S1]  In particular embodiments, a node in social graph 400 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 360. Profile pages may also be hosted on

third-party websites associated with a third-party server 370. As an example and not by way of

limitation, a profile page corresponding to a particular external webpage may be the particular
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external webpage and the profile page may correspond to a particular concept node 404. 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 402 may have a corresponding 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 404 may have a corresponding
concept-profile page in which one or more users may add conteﬁt, make declarations, or express
themselves, particularly 1n relation to the concept corresponding to concept node 404.

[92] In particular embodiments, a concept node 404 may represent a third-party
webpage or resource hosted by a third-party system 370. The third-party webpage or resource
may include, among other elements, content, a selectable or other icon, or other inter-actable
object (which may be implemented, for example, in 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 n,” *“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 330 to send to social-
networking system 360 a message indicating the user’s action. In response to the message,
social-networking system 360 may create an edge (e.g., an “eat” edge) between a user node 402
corresponding to the user and a concept node 404 corresponding to the third-party webpage or
resource and store edge 406 in one or more data stores.

[53] In particular embodiments, a pair of nodes in social graph 400 may be connected
to each other by one or more edges 406. An edge 406 connecting a pair of nodes may represent a
relationship between the pair of nodes. In particular embodiments, an edge 406 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 indicate that a second user
1s a “friend” of the first user. In response to this indication, social-networking system 360 may
send a “friend request” to the second user. If the second user confirms the “friend request,”
social-networking system 360 may create an edge 406 connecting the first user’s user node 402
to the second user’s user node 402 in social graph 400 and store edge 406 as social-graph
nformation mn one or more of data stores 364. In the example of FIG. 4, social graph 400

Includes an edge 406 indicating a friend relation between user nodes 402 of user “A” and user

“B” and an edge indicating a friend relation between user nodes 402 of user “C” and user “B.”
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Although this disclosure describes or illustrates particular edges 406 with particular attributes
connecting particular user nodes 402, this disclosure contemplates any suitable edges 406 with
any suitable attributes connecting user nodes 402. As an example and not by way of limitation,
an edge 406 may represent a friendship, family rclationship, business or employment
relationship, fan relationship, follower relationship, visitor relationship, subscriber relationship,
superior/subordinate relationship, reciprocal relationship, non-reciprocal 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 corresponding to those users or concepts being connected
in social graph 400 by one or more edges 406.

|54] In particular embodiments, an edge 406 between a user node 402 and a concept
node 404 may represent a particular action or activity performed by a user associated with user
node 402 toward a concept associated with a concept node 404. As an example and not by way
of limitation, as illustrated in F1G. 4, 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 404 may include, for exampile,
a selectable “check in” icon (such as, for example, a clickable “check in” icon) or a selectable
“add to favorites” icon. Similarly, after a user clicks these icons, social-networking system 360
may create a “favorite” edge or a “check in” edge in 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 360 may create a “listened”
edge 406 and a “used” edge (as illustrated in FIG. 4) between user nodes 402 corresponding to
the user and concept nodes 404 corresponding to the song and application to indicate that the
user listened to the song and used the application. Moreover, soclal-networking system 360 may
create a “played” edge 406 (as illustrated in FIG. 4) between concept nodes 404 corresponding to
the song and the application to indicate that the particular song was played by the particular

application. In this case, “played” edge 406 corresponds to an action performed by an external

application (SPOTIFY) on an external audio file (the song “Imagine’). Although this disclosure

describes particular edges 406 with particular attributes connecting user nodes 402 and concept
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nodes 404, this disclosure contemplates any suitable edges 406 with any suitable attributes
connecting user nodes 402 and concept nodes 404. Moreover, although this disclosure describes
edges between a user node 402 and a concept node 404 representing a single relationship, this
disclosure contemplates edges between a user node 402 and a concept node 404 representing one
or more felationships. As an example and not by way of limitation, an edge 406 may represent
both that a user likes and has used at a particular concept. Alternatively, another edge 406 may
represent cach type of relationship (or multiples of a single relationship) between a user node
402 and a concept node 404 (as illustrated in F1G. 4 between user node 402 for user “E” and
concept node 404 for “SPOTIFY™).

S5} In particular embodiments, social-networking system 360 may create an edge 406
between a user node 402 and a concept node 404 in social graph 400. 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 330) may indicate
that he or she likes the concept represented by the concept node 404 by clicking or selecting a
“Like” icon, which may cause the user’s client system 330 to send to social-networking system
360 a message indicating the user’s liking of the concept associated with the concept-profile
page. In response to the message, social-networking system 360 may create an edge 406 between
user node 402 associated with the user and concept node 404, as illustrated by “like” edge 406
between the user and concept node 404. In particular embodiments, social-networking system
360 may store an edge 406 in one or more data stores. In particular embodiments, an edge 406
may be automatically tformed by social-networking system 360 in response to a particular user
action. As an example and not by way of limitation, if a first user uploads a picture, watches a
movie, or listens to a song, an edge 406 may be formed between user node 402 corresponding (o
the first user and concept nodes 404 corresponding to those concepts. Although this disclosure
describes forming particular edges 406 in particular manners, this disclosure contemplates
forming any suitable edges 406 in any suitable manner.

[56] In particular embodiments, an advertisement may be text (which may be HTML-
linked), one or more images (which may be HTML-linked), one or more videos, audio, one or
more ADOBE FLASH files, a suitable combination of these, or any other suitable advertisement
in any suitable digital format presented on one or more webpages, in one or more e-mails, or in

connection with search results requested by a user. In addition or as an alternative, an
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advertisement may be one or more sponsored stories (e.g., a news-feed or ticker item on social-
networking system 360). A sponsored story may be a social action by a user (such as “hiking” 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 in 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 of limitation,
advertisements may be included among the search results of a search-results page, where
sponsored content 1s promoted over non-sponsored content.

[S7] In particular embodiments, an advertisement may be requested for display within
soclal-networking-system webpages, third-party webpages, or other pages. An advertisement
may be displayed in a dedicated portion of a page, such as in a banner area at the top of the page,
in a column at the side of the page, in a GUI of the page, in a pop-up window, in 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 advertissment may be displayed within an
application. An advertisement may be displayed within dedicated pages, requiring the user 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.

58] FIG. 5 illustrates an example computer system 500. In particular embodiments,
one or more computer systems 500 perform one or more steps of one or more methods described
or illustrated herein. In particular embodiments, one or more computer systems 500 provide
functionality described or illustrated herein. In particular embodiments, software running on one
or more computer systems 500 performs one or more steps of one or more methods described or
1lustrated herein or provides functionality described or illustrated herein. Particular
embodiments include one or more portions of one or more computer systems 500. Herein,
reference to a computer system may encompass a computing device, and vice versa, whete
appropriate. Moreover, reference to a computer system may encompass one or more computer

systems, where appropriate.
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[59] This disclosure contemplates any suitable number of computer systems 500. This
disclosure contemplates computer system 500 taking any suitable physical form. As example and
not by way of limitation, computer system 500 may be an embedded computer system, a system-
on-chip (SOC), a single-board computer system (SBC) (such as, for example, a computer-on-
module (COM) or system-on-module (SOM)), a desktop computer system, a laptop or notebook
computer system, an interactive kiosk, a mainframe, a mesh of computer systems, a mobile
telephone, a personal digital assistant (PDA), a server, a tablet computer system, or a
combination of two or more of these. Where appropriate, computer system 500 may include one
or more computer systems 500; be unifary or distributed; span multiple locations; span multiple
machines; span multiple data centers; or reside in a cloud, which may include one or more cloud
components in one or more networks. Where appropriate, one or more computer systems 500
may perform without substantial spatial or temporal limitation one or more steps ot one or more
methods described or illustrated herein. As an example and not by way of limitation, one or more
computer systems 500 may perform in real time or in batch mode one or more steps of one or
more methods described or illustrated herein. One or more computer systems 300 may pertorm
at different times or at different locations one or more steps of one or more method's described or
tlustrated herein, where appropriate.

[60] In particular embodiments, computer system 500 includes a processor 502,
memory 504, storage 506, an input/output (I/O) interface 508, a communication interface 5190,
and a bus 512. Although this disclosure describes and illustrates a particular computer system
having a particular number of particular components in a particular arrangement, this disclosure

contemplates any suitable computer system having any suitable number of any suitable

components in any suitable arrangement.

[61] In particular embodiments, processor 502 includes hardware for executing
instructions, such as those making up a computer program. As an example and not by way of
limitation, to execute instructions, processor 502 may retrieve (or fetch) the instructions from an
internal register, an internal cache, memory 504, or storage 506; decode and execute them; and
then write one or more results to an internal register, an internal cache, memory 504, or storage
506. In particular embodiments, processor 502 may include '01.16 or more internal caches for data,
instructions, or addresses. This disclosure contemplates processor 502 including any suitable

number of any suitable internal caches, where appropriate. As an example and not by way of
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limitation, processor 502 may include one or more instruction caches, one or more data caches,
and one or more translation lookaside buffers (TLBs). Instructions in the instruction caches may
be copies of instructions in memory 504 or storage 506, and the instruction caches may speed up
retrieval of those instructions by processor 502. Data in the data caches may be copies of data in
memory 504 or storage 506 for instructions executing at processor 502 to operate on; the results
of previous instructions executed at processor 502 for access by subsequent instructions
executing at processor 502 or for writing to memory 504 or storage 506; or other suitable data.
The data caches may speed up read or write operations by processor 502. The TLBs may speed
up virtual-address translation for processor 502. In particular embodiments, processor 502 may
include one or more internal registers for data, instructions, or addresses. This disclosure
contemplates processor 502 including any suitable number of any suitable internal registers,
where appropriate. Where appropriate, processor 502 may include one or more arithmetic logic
units (ALUs); be a multi-core processor; or include one or more processors 502. Although this
disclosure describes and illustrates a particular processor, this disclosure contemplates any
suitable processor.

[62] In particular embodiments, memory 504 includes main memory for storing
instructions for processor 502 to execute or data for processor 502 to operate on. As an example
and not by way of limitation, computer system 500 may load instructions from storage 506 or
another source (such as, for example, another computer system 500) to memory 504. Processor
502 may then load the nstructions from memory 504 to an internal register or internal cache. To
execute the instructions, processor 502 may retrieve the instructions from the internal register or
internal cache and decode them. During or after execution of the instructions, processor 502 may
write one or more results (which may be intermediate or final results) to the internal register or
internal cache. Processor 502 may then write one or more of those results to memory 504. In
particular embodiments, processor 502 executes only instructions in one or more internal
registers or internal caches or in memory 504 (as opposed to storage 506 or elsewhere) and
operates only on data in one or more Internal registers or internal caches or in memory 504 (as
opposed to storage 506 or elsewhere). One or more memory buses (which may each include an
address bus and a data bus) may couple processor 502 to memory 504. Bus 512 may include one

or more memory buses, as described below. In particular embodiments, one or more memory

management units (MMUs) reside between processor 502 and memory 504 and facilitate
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accesses to memory 504 requested by processor 502. In particular embodiments, memory 504
includes random access memory (RAM). This RAM may be volatile memory, where appropriate
Where appropriate, this RAM may be dynamic RAM (DRAM) or static RAM (SRAM).
Moreover, where appropriate, this RAM may be single-ported or multi-ported RAM. This
disclosure contemplates any suitable RAM. Memory 504 may include one or more memories
504, where appropriate. Although this disclosure describes and illustrates particular memory, this
disclosure contemplates any suitable memory.

|63] In particular embodiments, storage 506 includes mass storage for data or
instructions. As an example and not by way of limitation, storage 506 may include a hard disk
drive (HDD), a floppy disk drive, flash memory, an optical disc, a magneto-optical disc,
magnetic tape, or a Universal Serial Bus (USB) drive or a combination of two or more of these.
Storage 506 may include removable or non-removable (or fixed) media, where appropriate.
Storage 506 may be internal or external to computer system 500, where appropriate. In particular
embodiments, storage 506 is non-volatile, solid-state memory. In particular embodiments,
storage 506 includes read-only memory (ROM). Where appropriate, this ROM may be mask-
programmed ROM, programmable ROM (PROM), erasable PROM (EPROM), electrically
erasable PROM (EEPROM), electrically alterable ROM (EAROM), or flash memory or a
combination of two or more of these. This disclosure contemplates mass storage 506 taking any
suitable physical form. Storage 506 may include one or more storage control units facilitating
communication between processor 502 and storage 506, where appropriate. Where appropriate,
storage 506 may include one or more storages 506. Although this disclosure describes and
Iustrates particular storage, this disclosure contemplates any suitable storage.

[64] In particular embodiments, I/0 interface 508 includes hardware, software, or both,
providing one or more Interfaces for communication between computer system 500 and one or
more 1/O devices. Computer system 500 may include one or more of these /O devices, where
appropriate. One or more of these I/O devices may enable communication between a person and
computer system 500. As an example and not by way of limitation, an 1/O device may include a
keyboard, keypad, microphone, monitor, mouse, printer, scanner, speaker, still camera, stylus,
tablet, touch screen, trackball, video camera, another suitable I/O device or a combination of two

or more of these. An 1/O device may include one or more sensors. This disclosure contemplates

any suitable 1/O devices and any suitable 1/O interfaces 508 for them. Where appropriate, [/0
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interface 508 may include one or more device or software drivers enabling processor 502 to

drive one or more ot these [/O devices. I/O interface 508 may include one or more 1/O interfaces
508, where approprnate. Although this disclosure describes and illustrates a particular 1/O
intertace, this disclosure contemplates any suitable I/O nterface.

[65] In particular embodiments, communication interface 510 includes hardware,
software, or both providing one or more interfaces for communication (such as, for example,
packet-based communication) between computer system 500 and one or more other computer
systems '500 or one or more networks. As an example and not by way of limitation,
communication interface 510 may include a network interface controller (NIC) 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]
network. This disclosure contemplates any suitable network and any suitable communication
interface 510 for it. As an example and not by way of limitation, computer system 500 may
communicate with an ad hoc network, a personal area network (PAN), a local area network
(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, computer system 500 may
communicate with a wireless PAN (WPAN) (such as, for example, a BLUETOOTH WPAN), a
WI-Fl network, a WI-MAX network, a cellular telephone netwérk (such as, for example, a
(1lobal System for Mobile Communications (GSM) network), or other suitable wireless network
or a combination of two or more of these. Computer system 500 may include any suitable
communication interface 310 for any of these networks, where appropriate. Communication
interface 510 may include one or more communication interfaces 510, where appropriate.
Although this disclosure describes and illustrates a particular communication interface, this
disclosure contemplates any suitable communication interface.

[66] In particular embodiments, bus 512 includes hardware, software, or both coupling
components of computer system 500 to each other. As an example and not by way of limitation,
bus 512 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

CA 2909075 2019-04-25



20

Peripheral Component Interconnect (PCI) bus, a PCI-Express (PCle) bus, a serial advanced
technology attachment (SATA) bus, a Video Electronics Standards Association local (VL.B) bus,
or anot<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>