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ON-DBEMAND IMAGE SPRITING

RELATED APPLICATION

[B061] This application clatms the priority benefit of U.S. Patent Application No.
1

3/651,811, filed March 18, 2011, which is incorporated hercin by reference in iis entirety.

TECHNICAL FIELD

{6862} The subject matier disclosed herein generally relates {o the processing of data,

Specifically, the present disclosure addresses systems and methods of on-demand image

>

spriting,
BACKGROUND
[B083] A document may fake the foror of an electronic document and may inchude one or

more images {e.g., digital images). Animage may be stored as a digital image ile that, when
rendered {e.g., on a display or a screen), presents visual information to a user. The visual
wnformation presented in an image may include graphics, text, or both. Examples of graphics
include shapes, designs, patlerns, textures, Hnes, logos, symbols, charts, graphs, photos, or any
suitable combination thereof. Examples of text include words, phrases, numerals, punctuation
marks, strings of one or more characters, or any suitable combination thereof. The document

may include its own text, apart from any text included 1o animage.

[B6004] A machine {e.g., a server machine) may facilitate storage, indexing, and retrieval of
one or more documents, {or example, using a database. A further machine (e.g., a user device)
may facilitate generation and transmission of a request for a document, as well as facilitate

reception and presentation of the document.
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BRIEF DESCRIPTION OF THE DRAWINGS

[BOG5] Some embodiments are illustrated by way of example and not linuitation in the

figures of the accompanying drawings i which:

RHEEY FIG. 1 is a conceptual diagram of a modified documend, an aggregation image, and
style information being generated based on a requested document, according to some example

embodiments:;

[B087] FIG. 2 18 a conceplual diagram of 3 modified document, moliiple aggregation
images, and style information being generated based on a requested document, according to

some exarnple embodiments;

[6068] FIG. 3 s a network diagram illostrating a network environment suitable for on-

demand image spriting, according o some example embodiments;

[B08Y] FIG. 4 18 a block diagram illustrating components of an image generation machine,

aceording to some example ernbodintents;

[B016¢] FIG. 5-7 are flowcharts illustrating operations in a method of on-demand image

spriting, according to some example embodiments; and

o2

(8011} FIG. 8 is a block diagram illustrating components of a machine, according to some
example embodiments, able to read instructions from a machine-readable medivm and perform

any one or more of the methodologies discussed herein.

DETAJLED DESCRIPTION

[6012] Exaraple methods and systens are directed to on-demand image spriting.

Examples merely typify possible variations. Unless explicitly stated otherwise, components and
functions are optional and may be combined or subdivided, and operations may vary in sequence
or be combined or subdivided. In the following description, {or purposes of explanation,
myrerons specific details are set forth to provide a thorough understanding of example
embodiments. It will be evident to one skilled in the art, however, that the present subject

matter may be practiced without these specific details,

[8¢13] Cn-demand image spriting mvolves a method that may be implemented in 2 system
{e.g., a conputer system programmnied to perform the method by special-purpose software stored
on a machine-readable medium). The system receives a page request for a requested document
{e.g.. from a user device), where the requested docunient specifies a set of first images as being

presentable within the requested document. In response (o the received page request, the system
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modifies the requested documient and generales a modified document. The modified document
specifies a second 1mage that is {0 be generated based on the set of first images. The system
generates the second tmage, based on the set of first images, and provides the modified

document and access to the second image (2.2, to the user device).

{814} In other words, the requested document specifies (e.g., by inclusion or by
reference) the set of first images, and the system modifies the requested document fo use the
second 1mage instead. Accordingly, the modified document specifies the second image {e.g., by
nclusion or by reference). The second image may include ose or more of the frst inages or
may include data that is renderable to approximate one or more of the first images {(e.g.,. an
wrage altered 0 size, color, or compressiont. Hence, the second inage may be thought of ag an
aggregation image generated from the set of first images, which are represented within the
second image as sprites to be rendered with the modified document. The madified document
may use these sprites in a manner analogous to the use of the first images by the requested
document. Specifically, the modified docoment may specify a set of regions within the second
image as being presentable within the modified document, where these regions correspond to the

first images,

[B015] The generation of the modified docoment, the second image, or both, may be
performed in response to the received page request for the requested document. Accordingly,
this generation of the modified document and its second image from the requested document and
s set of first images, in response to the page request, may be thought of as on-demand image
spriting. In generating the second image, the system may access the set of first images from an
wage database, and this accessing may be based on (2.g., according 10} the requested docuend,
(8016} As generated by the system, the modified document may be configured {o causs a
browser {e.g., executing at a user device) to communicate an image request for the second image
to the systen. I response, the system may receive the image request and provide the second
image to the browser. In some example embodiments, the generating of the second image isin

response to the received rmage request.

{8617} Style information (e.g., a cascading siyle sheet (C55)) may be used to specify
presentational characteristics of the sprites in the aggregation image (e.g., second image}. As
generated by the syster, the modified document may be configured to cause the browser {e.g
exccuting at the user device) to conmmmicate a style request for the style information to the
system. In response, the systent may recetve the style request and provide the style information
to the browser. I some example embodiments, the system may generate the style mformation,

for example, along with generating the second image.

L3
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[B018] According to certain example embodiments, the sct of first inages may be
subdivided mto one or more portions, On-demand image spriting may be performed separately
for these portions, resulting in vwltiple aggregation tmages (e.g., a second image and a third
image} that may be provided to the browser at different prionties, times, data rates, or any
suitable combination thereof. In other words, an aggregation image (e.g., second image) may be
downloaded at a high priority, immediately upon request, at a high data rate, or any suitable
combination thersof, while another aggregation image {e.g., third image} may be downloaded at
a lower prionty, after a time delay, at a reduced data rate, or any suitable combination thereof.
This technique may be thought of as a form of “lazy loading,” where, for example, those first
images that are positioned near the top of the requested document may be sent as sprifes in a
fast-loading aggregation image (¢.g., the second image), while those first images that are
positioned away from the top of the requested document may be sent as sprites in a slow-loading
aggregation irnage {e.g., the third image). This lazy loading technique may be applied to any

number of aggregation images (e.g., a fourth image, a fifth image, eic.).

(e
[B019] Oun-demand tmage sprifing may have the effect of reducing the number of requests
{(e.g., hypertext transfer protocol (HTTP} requests) involved it downloading images specified by
a document {2.g., a webpage). As aresult, the document may be loaded more quickly mio a
browser {¢.g., executing at a user device), and network performance may be improved due at

least in part {o the reduction in requests.

[B60206] FIG. 1 18 a concepiual diagram of 3 modified document 120, an aggregation image
130, and style information 140 being generated based on a requested document 110, according
{0 some example erabodiments. As shown, the requested docurnent 110 inciudes several frst
images 111-116. The firat images 111-116 are specified by the requested document 110 (e.g.,
by mchusion}. In some exavple embodiments, the requested document 110 specifies the first
images 111-116 by reference {e.g., by network address or uniform resource locator (URL)). In
other words, the requested document 110 may inclode one or more references to one or more of
the first images 111-116, instead of including the actual first tmages 111-116 themselves.
Additional mformation {e.g., graphics, text, or both) may be included in the requested document
116, As indicated by the three arrows in FIG. 1, the requested document 110 may be modified
o generate the modified document 120, the aggregation image 130, and the style miormation

140,

[8021] The modified document 120 is a version of the requested docuraent 110, The
modified document 120, however, does not specify the fivst images 111-116, but rather specifics
the aggregation traage 130 {e.g., second inwage). In other words, the first images 111-116 may

2
)
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be absent from the modified document 120. The modified document 120 may specify the
aggregation mage 130 by inclusion or by reference. Similarly, the modified document 128 may
specify the style information 140 by inclusion or by reference. In some example embodinents,
the modified document 120 specifies one or more regions within the aggregation tmage 130 as
being presentable within the modified document 120, Any additional information {(e.g.,
graphics, text, or both) mncluded in the requested document 110, though, may be similarly
included 10 the modified document 120, According to certain example embodiments, the
modified document 120 1s configured to cause a browser (o commuricate an image request for
the aggregation tmage 130, Similarly, in varous example embodiments, the modified document
126 1s configured to cause the browser to communicate a style request for the style information

140,

[B022] The aggregation image 130 (e.g., second tmage} is gencrated from the first images
111-116 and, as shown, includes the first images 111-116 as regions within the aggregation
mage 130, As shown, the first images 111-116, as regions within the aggregation image 130,
may be arranged differently within the aggregation image 130 compared to their original layout
within the requested document 110, The aggregation image 130 may contain additional data
beyond the first images 111-116, and 10 some example embodiments, may incorporaie the style

mformation 140,

8623 The style information 140 correlates {e.g., maps or indexes) the first images 111-
Y %3 £
116 with one or more regions within the aggregation image 130, In some exanple
.

embodiments, the style information 140 is a CSS or other document that indicates which region

withinn the aggregation image 130 corresponds to each of the first images 111-116.

[8024] FIG. 2 is a conceptual diagram of the modified document 120, aggregation images
230 and 240, and the style information 140 being generated based on the requested document
110, according to some example embodiments. As noted abave, the requested document 110
includes the first images 111-116, which are specified by the requested document 110 {e.g., by
melusion or by reference). As mdicated by the four arrows m FIG. 2, the requested document
110 may be modified to generate the aggregation images 230 and 240, along with the modifie
document 120 and the style information 140, In the example embodiments illustrated by FIG. 2,
the first images 111-116 are subdivided into two portions, each portion corresponding 1o one of
the aggregation images 230 and 240. One portion inecludes fivst images 111, 112, and 115, while

the other portion ncludes first images 113, 114, and 116,
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[B025] The aggregation image 230 (e.g., second iniage) is generated from one portion,
spectfically, Grst images 111, 112, and 115, which are included as regions within the

regation image 230. Similarly, the aggregation image 240 (e.g., third image) is generated
from the other portion, namely, first images 113, 114, and 116, which are mcluded as regions
withinn the aggregation image 240. As shown, the arrangement of the first images 11111610
their respective aggregation images 230 and 240 may be different from their original
arrangement withio the requested document 110, Hither or both of the aggregation images 230

and 240 may contain additional data, including some or all of the style information 140.

[8825] As shown in FIG, 2, the style information 140 correlates the first images 111-116
with one or more regions within the aggregation images 230 and 240, In certain example
embodiments, the style mformation 140 is 8 C33 or other document that indicates which region
within the aggregation wnage 230 corresponds to each of the first images 111, 112, and 115, and
which region within the aggregation image 240 corresponds to cach of the first images 113, 114,

and 6.

{60271 As noled above, the modified document 120 may specify one or more of the
regation images 230 and 240 by inclusion or by reference, and may specify the style
information 140 by inclusion or by reference. The modified documment 120 may speeify one or
more regions within either or both of the aggregation images 230 and 240 as being presentable
within the modified docurnent 120, Other characteristics of the modified document 120 are

described above with respect 1o FIG. 1.

[B028] FIG. 3 18 a network diagram illustrating a network environment 300 suitable for on-
demand image spriting, according o some example embodiments. The network environment
300 includes an image generation machine 310, a server machine 312, an image database 314,

and user devices 330 and 350, all conmmumicatively coupled to each other via a network 390,

[6029] The image generation machine 310 may perform on-demand 1mage spriting
according to one or more the methodologies described herein, As shown in FIG. 3, the image
generation machine 310 may communicate with multiple user devices 330 and 350, In some
example ernbodiments, the image generation machine 310 receives a page request via the
network 39¢ from the user device 330 and provides the modified document 120 to the user
device 338 in response to the page request, In certain example embodiments, the server machin
312 tunctions as an intermediary that receives the page request from the user deviee 330 and
cormrunicates the page request to the mage generation machine 310, which provides the
modified document 120 to the server machine 312 for subsequent communication to the user

device 330, According to various example embodiments, the server machine 312 and the image

6
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generation machine 310 function together as a single unit {e.g., a server with image generation
capabilities).

[6038] The image database 314 is configured to store one or more images (e.g., first
images 111-116). In support of on-demand image spriting, the image database 314 is accessible
by the image generation machine 310, by the server machine 312, or by both,

[B031] In some example embodiments, the image generation machine 310 s located {e.g.,

3
H
i

physically, architecturaily, logically, or any suitable combination thereof) close to the server
machine 312, to the image database 314, or to both, so that communication {e.g., via all or part
of the network 390} among one or more of therm may be performed at a high data rate, with low
latency, or any suitable combination thereof] in comparison to communication mvolving the user
devices 330 and 350, This may resuli m enhancing the performance and benefits of on-demand

Image spriting.

[8032] Also shown m FIG. 3 are users 332 and 352. One or both of the users 332 and 352
may be a human user {e.g., a human being), a machine user {(¢.g., software program to inderact
with a client device}, or any suitable combination thereof. The user 332 is not part of the
network environment 300, but is associated with the user device 330 and may be a user of the
user device 330, For example, the user device 330 may be a deskside computer, tablet
computer, or siart phone belonging to the user 332, Similarly, the user 352 18 not part of the
network environment 300, but 15 associated with the user device 350. As an example, the user

device 350 may be a laptop computer belonging to the user 352,

[8633] Any of the machines, databases, or devices shown in FIG, 3 may be implemented
i a general-purpose computer modified {e.g., configured or programmed) by software o be a
special-purpose computer to perform the functions described herein for that machine, For

. 1 . . . B o 5 5 . .
exaniple, a computer system able to implenent any one or more of the methodologies described

8¢ .3

heren is discussed below with respect to FIG. 8. As used herein, a “database” is a data storage
resource and may store data structured as a text file, a table, a spreadsheet, a relational database,
a triple store, or any suitable combination thereof. Moreover, any two or more of the machines
ithustrated in FIG. 3 may be combined into a single machine, and the functions described herein

for any single machine may be subdivided among multiple machines.

~-3
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{8034} The network 390 may be any network that enables communication between
machines {¢.g., image generation machine 310 and user device 330}, Accordingly, the network
390 may be a wired network, a wireless network, or any suitable combination thercof. The
network 396 may include one or more portions that constitute a private network, a public

network (e.g., the Intemet), or any suitable combination thereof.

[B035] FIG. 4 is a block diagram illustrating components of the image generation machine
310, according to some exaniple embodiments. The image generation machine 310 includes a
reception module 410, a document module 420, an image module 430, and a provision module
440, all configured to communicate with each other (e.g., via a bus, a shared memory, or a
witch}). Any one or more of these moduies mway be traplemented using hardware (2.2, a
processor of a machine) or a combmation of hardware and soffware. Moreover, any fwo or
more of these modules may be combined into a single module, and the functions described

herein for a single module may be subdivided among nwltiple modules.

[6036] The reception module 410 is configured to receive a page request for the requested
document 116, The page request may be received from the user device {e.g., user device 3301,
the server machine 312, or any suitable combination thereof. The requested document 110

specifies a set of first images 111-116 as being presentable within the requested document 110.

[B037] The document module 420 1s configured to generate the modified document 120 by
modifying the requested document 110 in response to the receiving of the page request by the

2
reception module 418, For example, the document module 420 may replace references o one or
more of the first images 111-116 with one or more references 1o a second image {e.g.,
aggregation tmage 130 or aggregation image 230} or one or more regions thereof. Accordingly,
the modified docurnent 120 pray specify at least the second tmage, which is to be generated

based on the set of first images 111-116.

[6038] The image module 430 is contigured to generate at least the second image (e.g.,
aggragation image 130 or aggregation image 230} fronuthe set of first images 111-116.
Generation of the second image may be based on a portion of the first images 111-116, in
certain example ermnbodiments. According to various example embodiments, the image module
430 1s further configured o generate a thivd 1mage {e.g., aggregation image 240} from the set of
first images 111-116 (e.g., a portion thereof). Additional functions of the various modules

within the image generation machine 310 are deseribed below with respect to FIG. 5-7.

o
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{6039} The provision nodule 440 is configured to provide the modified document 120 and

3.

o provide access to the second tmage {(e.g., aggregation image 130 or aggregation image 230
For example, the modified document 120 and the access to the second image may be provided
by the provision module 440 as all or part of a response to a page request {e.g., received by the
reception module 410). Tn some example embodiments, the provision maodule 440 is configured
to provide one or more images (e.g., aggregation image 130, aggregation image 230, or

device 330). In certain example embodiments, the provision module 440 is configured to

provide the style information 140 1o a user device.

[8048] FIG. §-7 are flowcharts illustrating operations in a method 560 of on-demand
Imnage spriting, according {0 some example embodiments. Operations in a method 500 may be
performed by the image generation machine 310, for example, using modules deseribed above

with respect to FIG. 4.

[8041] As shown in FIG. 5, some example embodiments of the method 500 mclude
operations 510-540, In operation 510, the reception module 410 of the irnage generation
machine 310 receives a page request for the requested document 110, As noted above, the
requested document 110 specifies a set of first images 111-116 as being presentable within the
requested document 110, The page request may include a URL of the requested document 110.
The image generation machine 310 may perform one or more of operations 528, 530, and 54¢

response to the received page request.

[0042] In operation 520, the document module 420 of the image generation machine 310
generates the modified document 120 by modifying the reguested document 110, Modification
of the requested document 110 may inciude replacing references to one or more of the first
images 111-116 with one or more references fo a second mage {e.g., aggregation image 130 or
aggragation image 230} or ong or more regions thereof. As noted above, the modified document
120 may specify at least the second Image. In some example embodiments, the requested
document 110 melades the fivst images 111-116, and modification of the requested document
110 melades replacing the first timages 111-116 with references to distinet regions of the second

image,
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[B043] In operation 530, the image module 430 of the image generation machine 310
generates the second image {e.g., aggregation image 130 or aggregation tmage 230} based on
{e.g., from) the set of tirst images 111-116. The second image may be generated as including
one or more of the first images 111-116. In some example embodiments, the one or more of the
first images 111-116 are arranged differently within the generated second tmage compared to

their original positions within the requested document 110,

[B044] In operation 540, the provision module 440 of the image generation machine 310
provides the modified document 129 and provides access 1o the second tmage (¢.g., aggregation
image 130 or aggregation Image 230) to the user device 330, to the server machine 312, or any
suitable combination thereof. Provision of the modified document 120, the access to the second

image, or both, may form all or part of a response to the page request received in operation 510.

{8045} As shown in FIG. 6, certain example embodiments of the method 580 include
operations 610-660. As shown, operation 610 and 620 may be performed after operation 520,
One or both of operations 610 and 620, however, may be performed after operation 5340, n
various example embodiments,

P

[8046] In operation 619, the reception module 410 of the image generation machine 310
receives an image request for the second image {e.g., aggregation image 130 or aggregation
image 230). The image request may be received as a result of the modified document 120 being

configured to cause a browser {e.g., executing at the user device 330} to communicate the image

request, The rmage request may be received from a user device (2.2, user device 330).

(80471 In operation 620, the reception module 410 of the image gencration machine 310
receives a style request for the style information 140. The style request may be received as a
resplt of the modified document 120 being configured to cause the browser {e.g., executing at

the user device 330} to comuumicate the style request. The style request may be received from a
user device {e.g., user device 330},

[8048] As shown, operation 630, operation 640, or both, may be included in operation 530
{e.g., executed as part of operation 530). According to certain exarple embodiments, one or
both of operation 630 and 640 may be executed prior to operation 530 {¢.g., a5 prerequisite

tasks).

10
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[B049] In operation 630, the image module 430 of the image generation machine 310
accesses the set of first images 111-116 from the mage database 314, For example, the
requested document 110 may specify the set of first images 111-116 by ncluding references
{e.g., addresses, pointers, or URLs} to the first images 111-116 as stored in the image database
314, The image module 430, in executing operation 630, may use the references o read or
retrieve the first images 111-116, thus accessing the first images 111-116 based on the requested
document 110, In some exaraple entbodiments, the image maodule 430 may also store the

generated second image in the image database 314,

[BOS6] In operation 640, the docament module 420 of the image generation machine 310
generates the style information 140, Generation of the sivle information 140 may be based on
the requested document 110, on the second tmage {e.g., aggregation image 130 or aggregation
image 230} generated by the image modude 430, or on both. For example, document module
420 may identify the positions of one or more of the first images 111-116 as arranged within the
requested document 110 and map those positions o ore or more regions of the second image, as
generated by the image module 430, As another example, the document module 420 may map
the positions prios (o generation of the second image by the image module 438 {e.g., with the
image module 430 using the generated style information 140 as a guide for generating the

second image).

[6051] In operation 650, the provision module 440 of the tmage generation machine 310
provides the second taage (e.g., aggregation tmage 130 or aggregation image 230). This may
be in response to the page request received in operation 510, to the image reguest received n
operation 610, or both. Tn some example embodiments, the page request, the image request, or
both, are received from the user device 330, and the provision module 440 provides the second
tmage to the user device 330 o response.  According o certain example embodiments, the page
request, the image request, or both, are received from the server machine 312 {e.g., acting as an
mtermediary between the image generation machine 310 and the user device 330}, and the
second image is provided to the server machine 312 (e.g., for subsequent communication to the
user device 330}, In sowe example embodiments, the provision module 440 may provide the

sacond image from the tmage database 314.

[B052] In operation 660, the provision reodule 440 of the iruage generation machine 310
provides the style mformation 1406, This may be 1n response to the page request received
operation 510, to the style request received in operation 620, or both, In some exanple
embodiments, the page request, the style request, or both are received from the user device 330,

and the provision module 440 provides the style information 148 {o the user device 330

it
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According to certain example embodiments, the page request, the style request, or both, are
received from the server machine 312, and the style information 140 is provided by the

provision module 440 to the server machine 312

[8033] As shown in FIG. 7, some example embodiments of the method 500 include
operations 710-750. With operations 710-750, the method 500 may mmplement “lazy loading”

of one or more aggregation images (e.g., aggregation image 240).

[8054] In operation 710, the reception module 410 of the image generation machine 310
receives an iimage request for a third image {(e.g., aggregation image 24031, This fimage request
for the third tmage may be thought of as a further inwage request that is distingt from the image
request for the second 1mage {e.g., aggregation image 230) received in operation 610. This
further image request for the third image may be received as a result of the modified document
120 being configured to cause the browser {e.g., executing at the user device 330} to

conwmunicate the further image request.

[B085] Operation 720 may be included in operation 530 and may be performed by the
image module 430 of the image generation machine 310. In operation 720, the generating of the
second image {¢.g., aggregation image 230} is jimited to using a portion of the set of {first images
111-116. Inother Words, the combination of operations 530 and 720 generates the second imag
rom a portion of the frst images 111-116 {e.g., first images 111, 112, and 115}, resoliing in the

second image being an aggregation of that portion.

[B056] In operation 730, the image module 430 of the image generation machine 310
generates the third image {(e.g., aggregation image 240) based on (e.g., from} another portion of
the set of first images 111-116 {e.g., first tmages 113, 114, and 116} that is distinct from the
portion of the first images 111116 used to create the second image. As a result, the third image
is an aggregation of that other portion. In other words, the generating of the third image may be
linited to using a further portion of the first set of images 111-116, where the further portion is
not the sare portion used in operation 720, In some example embodimends, the image module

430 may store the generated third image in the image database 314,

[BOST] In operation 740, the provision module 440 of the image generation machine 310
provides access o the third image (¢.g., aggregation image 248}, Provision of the access to the

third image, may form part of the response to the page request received in operation 510.
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[BOS8] In operation 750, the provision reodule 440 of the iroage generation machine 310
provides the third 1mage {(e.g., aggregation image 240). This may be in response to the page
request received in operation 510, to the further image request received 1n operation 710, or
both., In certain example embodiments, the page request, the further tmage request, or both, are
received from the user device 330, and the provision module 440 provides the third tmage {o the
user device 330. According to some example enbodiments, the page request, the further image
request, or both, are recetved from the server machine 312 (e.g., acting as an intermediary
between the image generation machine and the user device 330}, and the third image 18 provided
{o the server machine 312 {e.g., for subsequent cormmunication to the user device 338, In
certain example embodiments, the provision module 440 may provide the third image frov the

image database 314,

[B059] According (o various example embodiments, operation 750 may include operations
742, operation 744, or both. In some exaniple embodiments, one or both of operations 742 and

744 are implemented as part of operation 740.

[6068] In operation 742, the provision module 440 of the tmage generation machine 310
delays the providing of the third image, the providing of the access to the third image, or both.
This may have the effect of implementing “lazy loading™ for the third image. For example, the
provision module 440 may delay the providing of the third image, the providing of the access to
the third image, or both, based on a4 time period. The time period may be predetermined (e.g.. a
defauli valuey, specified i the reguested document 110, spacified in the modified document
120, or any suitable combination thereof. As another example, the provision module 440 may
410}, Examples of an event include a user input {e.g. mouseover or click), a completion of a
data dowrdoad (2.g., an advertisement, a widget, or a script), a change in network traffic or
capacity {¢.g., available to the user device 330), and generation of the third image (e.g., n
operation 730}, According to some exarnple embodiments, the delaying of the providing of the
third image, the providing of the access to the third 1mage, or bothy, is performed by a client (e.g.,
user device 330} of the image generation machine 330, For example, based on a time period, an
event, or both, a browser executing on the user device 330 may initiate a request to receive the

third image, the access to the third image, or both.
2 £C,
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[B061] In operation 744, the provision reodule 440 of the iroage generation machine 310
uses {e.g., selects) a reduced data rate for the providing of the third tmage, the providing of the
access to the third image, or both. This reduced data rate is reduced relative to another data rate
{e.g., a nominal, defanlt, or maximum rate) used by the provision module 440 for the second
image (e.g., aggregation tmage 230). This may have the effect of causing the third image to load

slower than the second image within a browser {e.g., executing on the user device 330}
[8062] According to various example embodiments, one or more of the methodologies
described herein may facilitate on-demand truage sprifing. In particuiar, one or more of the
methodologies described herein may constitute all or part of a business method (e.g., a business
mathod traplemented using a machioe) that provides improvernents in document loading Hime,
image loading time, or both, to one or more users of a network-based system {e.g., a network-
based publication system or a network-based comunerce system). Accordingly, one or more the
methodologies described herein may have the effect of increasing user attention {e.g., as
measured in page views or clickthroughs) on one or more documents, increasing sales of

products deseribed by the one or more documents, or both.

[B063] When these effects are considered in aggregate, one or more of the methodologies
described herein may obviate a need for certain efforts or resources that otherwise would be
mvolved in assisting users who are searching for information likely to be of interest. Efforts
expended by a user i 1dentifying such information may be reduced by one or more of the
wethodologies described herein. Computing resources used by one or more machines,
databases, or devices {e.g., within the network environment 300) may sinnlarly be reduced.

Exampies of such conmputing resources include processor cycles, network traffic, memory usage,

data storage capacity, power consumption, and cooling capacity.
[B064] FIG. 8 illustrates components of a machine 800, according to some example

embodiments, that is able to read mstructions from a machine-readable medium (2.2, a
machine-readable storage mediom} and perform any one or more of the methodologies
discussed herein. Specifically, FIG. 8 shows a diagraramatic representation of the machine 800
11 the example form of a computer system and within which nstractions 824 (e.g., software) for
causing the machine 800 {o perform any one or more of the methodologies discussed herein may
be executed. In alternative embodiments, the machine 800 operates as a standalone device or
may be connected {e.g., networked} to other machines. In a networked deployment, the machine
800 may operate in the capacity of 2 server maching or a cliend machine 1o a server-client
network environment, or as a peer machine in a peer-to-peer {or distributed) network

environment. The machine 800 may be a server computer, a client computer, a personal

14
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computer (PC), a tablet conputer, a laptop computer, a nethook, a set-top box (STB), a personal
digital assistant {PDA), a cellular telephone, a smartphone, a web apphance, a network router, a
network swiich, a network bridge, or any machine capable of executing the instructions 824
{sequentially or otherwise) that specify actions to be taken by that machine, Fuorther, while only

0
H
H

a gingle

1
H
H

machine is lustrated, the term “maching” shall also be taken o include a collection of

machines that individually or jomtly execute the msiractions 824 to perform any one or more of

1

the methodolozies discussed heretn.

o1
05

[B065] The machine 800 includes a processor 802 a central processing unit ({CPU), a

¢.8.
graphics processing unit {(GPU), a digital signal processor (D‘\P) an application specific
mtegrated circuit {(ASIC), a radio-frequency ntegrated circuit (RFIC), or any suitable
combination thereof), a main memory 804, and a static memory 806, which are configured to
communicate with each other via a bus 808. The machine 800 may further inchude a graplics
display 810 (¢.g., a plasma display panel (PDP), a liquid crystal display (LCDY), a projector, or a
cathode ray tube (CRT)). The machine 880 may also melude an alphanumeric mput device 812
(e.g., a keyboard), a cursor control device 814 {e.g., a mouse, a touchpad, a trackball, a joystick,
a motion sensor, or other pomnting strument), 3 storage vt 816, a signal generation device 818

{c.g., a speaker), and a network interface device 820.

[8066] The storage unit 816 inchides a machine-readable medium 822 on which is stored
the mstructions 824 {e.g., software} embodying any one or more of the methodologies or
functions deseribed herein. The instructions 824 may also reside, corapletely or at jeast

partiaily, within the main memory 804, within the processor 802 {e.g.

=2

within the processor’s
cache mermory}, ot both, during execution thereof by the machine 800, Accordingly, the main
iemory 504 and the processor 802 may be considered as machine-readable media. The

nstructions 824 may be transmitied or recetved over a network 826 (e.g., network 396} via the

network interface device 820.

[B867] As used herein, the term “memory” refers {0 a machine-readable medium able to
store data temporarily or permanently and may be taken to mnclude, but not be limited to,
randoni-access memory {RAM), read-only memory (ROM), buffer memory, flash memory, and
cache memory. While the machine-readable mediom 822 is shown in an example embodiment
1o be a single medium, the term “machine-readable medium” should be taken to include a single
mediom or multiple media {e.g., a contralized or distributed database, or associated caches and
servers} able o store instructions (e.g., instructions 824}, The term “machine-readable mediuny”
shall also be taken to include any medium that is capable of storing instructions {¢.g., software)

for execution by the machine, such that the instructions, when executed by one or more
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processors of the machine (e.g., processor 802), cause the machine to perforn any one or more
of the methodologies described herein. The term “machine-readable mediom” shall accordingly
be taken to include, but not be limited to, a data repository in the form of a solid-state memory,

an optical mediam, a magnetic mediom, or any suitable combination thereof.

[B068] Throughout this specification, plural mstances may implement components,
operations, or structures described as a single instance. Although individual operations of one or
more methods are ilhustrated and deseribed as separate operations, one or more of the individual
operations may be performed concurrently, and nothing requires that the operations be
performed m the order illustrated. Structures and functionality presented as separate
cornponents in example configurations may be implemented as a2 combined struciure or
component. Similarly, structures and functionality presented as a single component may be
implemented as separate components, These and other vanations, modifications, additions, and

improvements fall within the scope of the subject matter heremn.

[B069] Certain embodiments are described herein as including logic or a number of
components, modules, or mechanisms. Modules may constitute either software modules (e.g.,
code embodied on a machine-readable medium or in a transmission signal) or hardware
modules. A “hardware module” is a tangible vmt capable of performing certain operations and
may be configured or arranged in a certain physical manner. In various example embodiments,
one or more compuler systems {e.g., a standalone computer system, a client computer system, or
a server computer systera} or one or more hardware modules of a computer system (e.g., 2
processor of a group of processors) may be configured by software {e.g., an application or
application portion} as a hardware module that operates to parforoy certain operations as

described herem.

[8076] In some embodiments, a hardware module may be implemented mechanically,
electronically, or any suitabie combination thereof. For example, a hardware module may
mclude dedicated circuitry or logic that is permanently configured to perform certain operations.
For example, a hardware module may be a special-purpose processor, such as a field
programunable gate array (FPGA) or an ASIC. A hardware module may also include
programinable fogic or circuitry that is temporanly configured by software to perform certam
operations. For example, a hardware module may include software encompassed within a
general-purpose processor or other programmable processor, It will be appreciated that the

1

decision o implemend a hardware module mechanicaily, in dedicated and permanently

configured circuitry, or in temporarily configured circuitry (e.g., configured by software) may be

>

drivent by cost and time considerations.

16
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{8071} Accordingly, the term “hardware module” should be undersiood to encompass a
tangible entity, be that an entity that is physically constructed, permanently configared {(e.g.,
hardwired), or temporarily configured {e.g., programmed} to operate in a certain manner or to
perform certain operations deseribed herein. As used herein, “hardware-implemented module”
refers to a hardware module. Considering embodiments in which hardware modides are
temporarily configured (e.g., programmed}), each of the hardware modules need not be
configured or instantiated at any one instance in time. For example, where the hardware
modules comprise a general-purpose processor configured by software to become a special-
purpose processor, the general-purpose processor may be configured as respectively different
hardware modules at different times. Software may accordingly configure a processor, for
example, to constitule a particular hardware module at one instance of time and to constitute a

different hardware module at a different instance of time.

[8472] Hardware modules can provide information to, and receive information from, other

hardware modules, Accordingly, the deseribed hardware modules may be regarded as being

3
H
i

conmmmicatively coupled. Where multiple hardware modules exist contemporaneously,
communications may be achieved through signal fransmission {e.g., over appropriate ciregils
and buses) between or among two or more of the hardware moduies. In embodiments in which
multiple hardware modules are configured or instantiated at different times, communications
between such hardware modules may be achieved, for example, through the storage and retrieval
of information in memory structures to which the muldtiple hardware modules have access, For
example, one hardware module may perform an operation and store the output of that operation
i a memory device to which it is conurunicatively coupled. A further hardware module may
then, at a later time, access the memaory device {0 retrieve and process the stored output.
Hardware modules may also initiate coramunications with nput or output devices, and can

operate on a resource (e.g., a collection of information).
bl "/

[6073] The various operations of example methods described heretn may be performed, at

least partially, by one or more processors that are temporarily configured {e.g., by software} or

permanently configured o perform the relevant operations, Whether temporarily or

permanently configured, such processors may constifuie processor-implemented modules that

operaie 1o perform one or more operaﬁons or functions described herein. As used herein,

6 - - 1 . . .
processor-implemenied module” refers to a hardware module implemented using one or vore

Processors.

—
~%
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[B074] Similarly, the methods deseribed herein may be at least partially processor-
mnplemented, a processor being an example of hardware, For example, at least some of the
operations of a method may be performed by one or more processors or processor-implemented
modules. Moreover, the one or more processors may also operate to support performance of the
relevant operations in a “cloud computing” environment or as a “software as a service” {Saal}.
For example, at least some of the operations may be performed by a group of computers (as
examples of machines including processors), with these operations being accessibie via a
network {e.g., the Internet) and via one or more appropriate interfaces (e.g., an application

program interface {APD).

{8675} The perforrance of certain of the operations may be distributed among the one or
more processors, not only residng within a single machine, but deployed across a namber of
machines. In some example embodiments, the one or more processors or processor-
mplemented modules may be located in a single geographic location (e.g., within a home
environment, an office environment, or a server farm}. In other example erabodiments, the one
OF MOTe Processors or processor-iniplemented modules may be distributed across a number of

geographic locations.

[B076] Some portions of this specification are presented in terms of algorithms or
symbolic representations of operations on data stored as bits or binary digital signals within a
machine memory {e.g., a computer memory). These algorithms or symbolic representations are
examples of techniques usad by those of ordinary skill in the data processing aris {o convey the
substance of their work to others skilled in the art. As used herein, an “algorithm” is a seli-
consistent sequence of operations or similar processing leading to a desired result. In this
context, algorithms and operations involve physical manipulation of physical quantities.
Typically, but not necessarily, such guantities may take the form of electrical, magnetic, or
optical signals capable of being stored, accessed, transferred, combined, conpared, or otherwise
mampulated by a machine, It is convenient at times, principally for reasons of common usage,

bENTS

to refer to such signals using words such as “data,”

2 46

content,” “bits,” “values,” “elements,”

39 <6

“gymbols,” “characters,” “terms,” “nombers,” “numerals,” or the like. These words, however,

are merely convenient labels and are to be associated with appropriate physical quantities.

(8877} Unless specifically stated otherwise, discussions herein using words such as
“processing,” “computing,” “calculating,” “determining,” “presenting,” “displaymng,” or the like

ray refer to actions or processes of a machine {e.g., a conpuier) that manipulates or transforms

data represented as physical {e.g., electronic, magnetic, or optical) quantities within one or more

mamories {e.g., volatile memory, non-volatile memory, or any suitable combination thereof),

18
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registers, or other machine components that recetve, store, transmit, or display information.

66,5 [

Furthermore, unless specifically stated otherwise, the terms “a” or “an” are herein used, as is
conmmon n patent docurnents, 1o include one or more than one instance. Finally, as used herem,

the conpunction “or” refers to a non-exclusive “or,” unless specifically stated otherwise.

[BO78] The following enomerated descriptions define vartous example embodiments of

methods and systems {e.g., apparatus) discussed herein:
{6879} 1. A method comprising:

receiving a page request for a requested document, the requested document specifying a

phurality of first images as being presentable within the requested document;

generating a modified document by modifying the requested docurient in response to the
receiving of the page request, the modified document specifying 2 second image, the second

image to be generated based on the plurality of first images;

generating the second image from the plurality of first images, the generating of the second

image being performed using a processor of a machine; and

providing the modified document and access to the second image i response to the received

page request for the requested document.

[608] 2. The method of clazm 1 further comprising:

receiving an image request for the second image; and

providing the second Umage in response {0 the received image request.

8081} 3. The method of claim 2, wherein:

the generating of the second image 18 n respounse 1o the received image request.
[8082] 4, The method of claim 2 or ¢laim 3, wherein:

the modified document is configured to cause a user device 1o conununicate the image request

for the second irnage.
[8083] 5. The method of any of claims 1-4, wherein:

the modified docurnent specifies a plurality of regions within the second mmage as being
presentable within the modified document, the plurality of regions corresponding to the plurality

of first images,
[B084] 6. The method of any of claims 1-5, wherein:

the plurality of first images 1s absent from the modified document; and

134
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the second image is an aggregation of the plurality of first images.
[B085] 7. The method of any of claims 1-6 further comprising:

receiving a style reguest for style information that correlates the plurality of first images with a
phurality of vegions within the second image; and

providing the style information o response 1o the received style request.

[B086] 8. The method of claim 7, wherein:

the generating of the second mage includes generating the style inforgation,

{8087} 9. The method of claim 7 or ¢laim 8, wherein:

the modified document is configured to cause a user device fo conumunicate the style request for
the style information.

[B088] 10, The method of any of claims 1-9, wherein:

the generating of the second image is from a portion of the plurality of first images, the second
image being an aggregation of the portion of the plurality of first images, the portion being
distinct from the further portion of the plurality of first fimages;

the modified document specifies a third image, the third image to be generated from the further
portion of the plurality of first images; and the method further comprises:

generating the third tmage from the further portion of the plurality of first images, the third
mmage being an aggregation of the further portion of the plurality of frst images; and
providing access to the third 1mage i response to the received page request for the requested
docurpent.

[B089] i1. The method of claim 10 firrther comprising:

providing the second 1mage and the third 1mage in response to the received page request for the
requested document.

[B8056] 12. The method of claim 11, whereiu

the providing of the third image includes delaying the providing of the third image from the
providing of the second image, the delaying being based on at least one of a time period or an
mdication of an avent.

{8091} 13, The method of claim 11 or claim 12, wherein:

of the second

the providing of the third tmage uses a reduced data rate relative to the providin

P
t)

image.
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[8092] 14, The method of any of claims 11-13, wherein:

the modified document is configured to cause a user device 1o transmit an image request for the
third image: and

the providing of the third image is in response to the image request for the thind image.
{8093} 15, The method of any of claims 1-14, whereinw

the generating of the second mmage includes accessing the plurality of first images from an
image database.

[8094] 16, The method of claim 15, wherein:

the accessing of the plurality of first images is based on the requested document.

[8695] 17. The method of any of claims 1-16, whevein:

the requested document includes one or more of the plurality of first images.

{8096} 18, The method of any of claims 1-17, whevein:

the requesied document includes a reference o one or more of the plurality of first image

{8897} 19, A non-transitory machine-readable storage medivg: comprising instructions
that, when executed by one or more processors of 8 machine, cause the machine to perform

operations comprising

receiving a page request for a requested document, the requesied document specifving a
plurality of first images as being presentable within the requested document;

i

generating a modified document by modifying the requested document in response o the
receiving of the page requast, the modified document specifying a second image, the second
image to be generated based on the plurality of first images;

generating the second image from the plurality of first images; and

providing the modified document and access to the second 1mage in response to the received
page request for the requested docunent,

[B098] 20. A systern comprising:

a reception niodule configured to receive a page request for a requested docuraent, the requested
document specifying a plurality of first images as being presentable within the requested

documen
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a document module configured to generate a modified document by modifying the requested
document in response to the receiving of the page request, the modified document specifying a

second image, the second image to be generated based on the plurality of first images;

an image module implemented using a processor of a machine, the image module being

configured to generate the second image from the plurality of first images; and

a provision module configured to provide the modified docornent and access to the second
image in respounse to the received page request for the requested document.

[B099] 21. A systent comprising:

means for receiving a page request for a reguested document, the requested document specifying
a plurality of first images as being presentable within the requested documnent;

means for generating a modified document by modifying the requested document in response to
the receiving of the page request, the modified document specifying a second image, the second
image to be generated based on the plurality of first images;

means for generating the second image from the plurality of first images; and

weans for providing the modified document and access to the second tmage 1n response to the

received page request for the requested document.

03]
Lode
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CLAIMS

What 15 claimed 1is:

1. A method comprising:

receiving a page request for a requested document, the requested document specifying a
plurality of first images as being presentable within the requested documend;

generating a modified document by modifying the requested document 1 response to the
receiving of the page request,
the modified document specifying a second image, the second image to be

generated based on the plurality of first images;

generating the second image from the plurality of first images, the generating of the
second image being performed using a processor of a machine; and

providing the modified document and access to the second image in response to the

received page request for the requested document.

2. The method of claim 1 further comprising:
receiving an image request for the second image; and

o 4

providing the second image in response to the received image request.

3. The method of claim 2, wherein:

the generating of the second tmage 1s in response o the received image request.

4. The method of claim 2, wherein:
the modified document is configured to cause a user deviee to communicate the tmage

request for the second image.

]
[905]
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S. The method of any of ¢laimas 1-4, wherain:
the modified document specifies a plurahty of regions within the second image as being
presentable within the modified document,
the plurality of regions corresponding to the plurality of first images.
6. The method of any of claims 1-4, wherein:
the plurality of first images is absent from the modified document; and

the second tmage is an aggregation of the plurality of first images.

7. The method of any of claims 1-4 further comprising:
recetving a style request for style mformation that correlates the plurality of first images
with a plurality of regions within the second image; and

the style information in respouse 1o the recetved style request.

8. The method of claim 7, wherein:
the generating of the second image includes generating the style information.
9. The method of claim 7 or claim §, wherein:
the modified document is configured to cause a user device to communicate the style

equest for the style information.
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10. The method of any of claims 1-4, wherein:
the generating of the second image 18 from a portion of the phurality of first images,
the second image being an aggregation of the portion of the plurality of first
images,
the portion being distinct from the further portion of the plurality of first images;
the modified document specifies a third image, the third image to be generated from the
further portion of the plurality of first images; and the method further comprises:
generating the third image from the further portion of the plurality of first images,
the third 1mage being an aggregation of the further portion of the plurality of first
mages; and
providing access {o the third image in respouse to the received page request for the

requested document.

11. The method of claim 10 further comprising:
roviding the second tmage and the third toage in response to the received page request

for the requested doctament.

12. The method of claim 11, wherein:
the providing of the third inwage includes delaying the providing of the third 1mage from
the providing of the second image,
the delaying being based on at least one of a time period or an indication of an

avent,

13. The method of claim 11, wherein:
the providing of the third image uses a reduced data rate relative to the providing of the

second image,

2
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14. The method of claim 11, wherein:
the modified document is configured to cause a2 user device to transmit an image request
for the third 1mage; and

the providing of the third image 15 i response to the image request for the third image.

15. The method of any of claims 1-4, wheremn:
the generating of the second image includes aceessing the phirality of first images from

an inage database.

16. The method of claim 13, wherein:
the accessing of the phirality of first images is based on the requested document.
17. The method of any of ciaims 1-4, wherenu

the reguested document includes one or more of the plurality of fivst images.
18. The method of any of claims 1-4, wherein:
the requested document includes a reference to one or more of the plurality of first

Hnages.

26
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19. A non-transitory machine-readable storage medium comprising instructions that, when
executed by one or more processors of a machine, cause the machine to perform operations
corprising:
receiving a page request for a requested document, the requested document specifying a
plurality of first images as being presentable within the requested document;
generating a modified document by modifying the requested document n response to the
receiving of the page request,
the modified document specifying a second image, the second image to be
generated based on the plurality of first images;
generating the second image from the plurality of Grst images: and
providing the modified document and access to the second Image in response o the

received page request for the requested document.

20, A system comprising:

a reception module configured to receive a page request for a requested document, the
requested docurnent specifying a plurality of first inrages as being presendable
within the requested document;

a document module configured to generate a modified document by modifying the
requested document i response to the receiving of the page request,
the modified document specifying a second mmage, the second image to be

zenerated based on the plurality of fivst images;
an tmage module implemented vsing a processor of a machine, the image module being
configured fo generate the second image from the plurality of first images; and
a provision module configured to provide the modified document and access to the
second image 1n response to the received page request for the requested

document.
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21, A sysiem comprising:

means for receiving a page request for a requested document, the requested document
specifying a plurality of first tmages as being presentable within the requested
document;

means for generating a modified document by modifying the requested document in
response to the receiving of the page request,
the modified document specifving a second image, the second image o be

generated based on the plurality of first images;
means for generating the second image from the plurality of first images; and
means for providing the modified document and access to the second image in response

to the received page request for the requested document.
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