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(57) Abstract: Technology is disclosed for feeding source
images from image stores of client systems into an image pro-
cessing system using image feeding servers ("the
technology”). The technology includes multiple image feed-
ing servers that can feed a source image to the image pro-
cessing system, using which the image processing system can
generate processed images to be served to end users. The im-
age feeding servers can be installed at various locations, e.g.,
geographically spread, and more proximate to where the
source images are stored. An image feeding server obtains the
source image from the image store in original size, downsizes
the source image, and transmits the downsized source image
to the image processing system. The technology selects an
image feeding server based on a score of the image feeding
server. The score can be determined as a function of one or
more image feeding server parameters, e.g., latency, work-
load, or computing resource.
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IMAGE FEEDING SERVER NETWORK

TECHNICAL FIELD

[G001] Several of the disclosed embodimenis relate to image processing, and more
particularly, to feeding an image from a source o an image processing system for just-in-

time image processing of the image.

BACKGROUND

[0002] Chnline publishers publish various content including text, image, video and
audio. An online publisher may want 1o publish a particular image in various color schemaes,
patterns, layouts, etc. For example, an online art marchant may want to publish a sculplure
image captured using a camera online. However, the merchant may want 1o enhance the
image in a particular way before the image is published oniine o demand a buyers
attention. The merchant may wanti to generale mulliple images showing specific portions of

the sculpture.

[G00G3] Current publishing tschniques typically require the merchant to generate a
version of the particular image for each of the different ways the merchant wishes to publish
the image. For example, if the merchant wishes {o highlight only the portion of the image
having the scuipture, the surrounding portions of the sculptura in the image may have o be
blurred. In another example, if the merchant wishes to show how the scuipture looks in a
particular decor, the surrounding portions of the sculpture in the image may also have 1o be
shown. This requires the merchant {0 have different version of the images which serves
different purposes. This can bg a time consuming process since all versions have to be

generated beforg they ars published.

[0004] Certain service providers provide image processing services fo the online
publishers. The image processing services typically obtain a source image from the online
publisher and perform processing the source image o generate various versions of the
image. The source images are typicaily large files, e.g., ranging from tens of megabyles to
hundreds of megabyies. To ifransport such large image files from the online publisher
systems to systems of the image processing services consume significant computing

resources, e.g., network bandwidth, and can result in increased network consumption costs.



WO 2016/011202 PCT/US2015/040650

The problem increases by many folds if the images published by the online publishers are
changing often as the image processing system has o obtain the source images often.
Further, in many cases such large scurce image files may not be necessary 1o generate the
required processad images. For example, if the processed images are typically presented
on smaller screen mobile devices, then oblaining the source image, which is a high
resolution image and is of hundreds of megabyles may not be necessary and is not an

efficient use of the computing resources of the image processing system.
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BRIEF DESCRIPTION OF THE DRAWINGS

{00057 FiG. 1 illustrates an environment where an image processing system can be

implemeniad.

[B006] FIG. 2 illustrales a block diagram of a sysiem for oblaining downsized source
images using image feeding servers, consistent with various embodiments of the disclosed

technology.

00071 FiG. 3 is a block diagram of an image processing system of FIG. 1, consistent

with various embodiments.

[0008] FIG. 4 is a Tlow diagram of a process for processing an image, consistent with

various embodimenis.

00097 FiG. 5 is g flow diagram of g process for selecting an image feeding server t©

obtain the downsized source image, consistent with various embodiments.

{00107 FIG. 8 is a flow diggram of a process for Teeding a downsized source image 1o

an image processing sysiem, consistent with varicus embodiments.

16011} FiIG. 7 is a flow diagram of a process for determining a score of an image

fesding server, consistent with various embodiments.

[06012] FIG. 8 illustrates a block diagram of an image processing system implemented

as a multi-tier architecturs, consistent with various embodimenis.

[06013] FIG. 9 is a block diagram of a computer system as may be used {o implement

fealures of some embodiments of the disclosed technology.
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DETAILED DESCRIPTION

(60143 Technology is disclosed for feeding an image 1o an image processing system
for justin-time processing of the image (“the technology”). Various embodiments of the
technology include an image processing system for providing image processing services for
clients who publish content, including a number of images, 1o users. In some embodiments,
the image processing syslem processes the images upon recelving a request for retrisving
the images associaied with the content. That is, the image processing system processes
the images just-in-time. For example, when the user accesses a website or an application
{"app)’ of a client system for viewing the onling content, the client system requests the image
processing system o obtain the images associated with the conlent. The image processing
system processes the images and returmns the processed images to the client system, which

further serves them 1o the reguesting user device,

00157 in some embodiments, processing an image includes execuling a set of
instructions {also referred 10 as a “recipe”) on one or more original source images to render a
processad image on the user device. Typically, the image processing system obtains the

source image from the client sysiem and uses it o generate one or more processed images.

[B016] Various embodiments of the technology include mulliple image feeding servers
that can feed a scurce image to the image processing system, using which the imags
processing system can generate the processed images. The image feeding servers can be
installed at various locations, e.g., geographically spread, and more proximate 1o the client
systems where the source images arg siored. An image Tesding server obtains the source
image from the client system in original size, downsizes the source image, e.g., decreaseas
the file size of the source image by decreasing a resciution of the source image, and
transmils the downsized source image o the image processing system.  The image
processing system uses the downsized source image to generale one or more processed
images, which can be served to end users accassing content published by the client system.
in some embodiments, downsizing an image means reducing a file size of the image. The
file size can be reduced in a number of ways, e.¢., reducing the resolution, that is, the
number of pixels of the image, changing a file format of the image file, compressing the

image using various compression technigues, or reducing the number of colors in the image.

10017} In some embodiments, in fetching a source image from a client system, the

image processing system can choose an image feeding server that is most efficient, e.g,,

A
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consumes the least amount of computing resources, to felch the source image, downsize
the source imags to the specified file size and transmit the downsized image 1o the image
processing system.  For example, the image processing system can choose an imags
feeding server which is closest to the client system, that is, an image feeding server that has
a least latency to the client system among all the image feeding servers. In another
example, the image processing system can choosg an image feeding server that has the
most work capacity or the least work Ibad among all the image Teeding servers. In vel
ancther example, the image processing system can choose an image feeding server based

or the lalency of the image feeding server and the work load of the image feeding server.

16018] After a particular image fesding server is chosen, the image fesding server
obtains the source image from the client system, downsizes the image and sends the
downsized image to the image processing system over a high speed network. The latency
of the high spesd network is significantly lower than that of the latency of a network between
the image processing system and an image store of the dlient system (where the dlient
system stores the source images) in the absence of the image feeding servers. The iatency
belween the parlicular image feading server and the image store of the client system is also
significantly lesser compared to the latency of a network between the image processing

system and the client system in the absence of the image feeding servers,

{00191 Further, the combined latency between the image storg of the client system
and the particutar imags feeding server and betwesen the particular image fesding server and
the image processing system is still lesser than the latency of the network between the
image processing sysiem and the image siore of the client system in the absence of the
image feeding servers. Accordingly, the computing rescurces, e.g., network bandwidth,
time, consumed in feiching the downsized source image o the image processing system is
significantly less compared {o oblaining the original source image in the absence of the

image feeding servers.

100207 The image processing system can further process the downsized image (o
generate one or more processed images as per client system’s requirement and/or end user
device's aitributes.  In some embodiments, the downsized image is large enough o
generate any of the one or more processed images that may be presenied to the end user
device and small enough to be transmitted from the image store of the client system to the
image processing sysiem without significant consumption of computing resources. The
image processing system can specify a target file size to which the source image has 1o be

B
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downsized to in the request sent {o the image feeding server. In some embodiments, the
farget file size is a lowest possible file size of the source image using which a downsized
image, which can be used to generate the above one or more processsd images, can be

generated.

(60217 In some smbodiments, the image processing system processes the downsized
image based on a recipe {o render a processed image on the end user device. The recipe
enables the processed images o be rendered on the end user device as per the preferences
of a client system using the image processing system. For example, the recipe can specify
that the processed images be rendered in a particular size, color scheme, layout, resolution,
etc. The recipe can also specify that a portion of the processed image be highlighied,
cropped, a particular color be enhanced, etc.  In some embodiments, the recipe may be
provided, at least in part, by the client system. The recipe may also be generated, at least in
part, by the image processing system. The image processing system enables the client
system to obtain various processed images for a given single original source image. In
some embodiments, more than one source image may be used to render the processed

image.

10022} In some embodiments, the images are also processed based on a context of
the request. The context of the request can include data regarding atlribules of the end user
device, e.g., a rgsolution of display, a size of the display, a type of the end user device - a
smariphone, tablet, laptop, deskiop, sic., an operating system on the end user device,
ambient lighting, & network bandwidth avaiiable {0 the end user device etc. The image
processing sysiem renders the processed images based on the atiributes of the device. For
gxample, the images can be rendered in a parlicular resolution based on the resolution of
the display of the display of the end user device. In another example, the brighiness of the
processed image may be adjusted based on the ambient lighting on the end user device. In
some embodiments, the context of the request for obtaining the image is included in the

request and/or provided by the client system.

[0023] In some embodiments, the image processing system can be implemenied as a
multi-tier architecture having various liers of servers performing specific funclions of the
image processing system. Each of the tiers can have one or more servers. The image
processing system can include a content delivery network having one or more tiers o
receive a request for oblaining an image o be displayed at the end user device from a client

systern.  The servers in the conient delivery nelwork can be spread across various

e



10

15

20

25

3G

WO 2016/011202 PCT/US2015/040650

geographical locations. The content delivery neltwork receives the request from client
systems in various geographical locations passes the request 1o a load balancing server tier

if the processed images are not available at the content dalivery network.

{00241 The load balancing server tier manages image processing requests from the
client system by inserting them info a queue. The load balancing server lier receives the
request from the content delivery network and inserts the request info the gqueus. An image
processing server tier oblaing an image processing request from the gueue and generales a
processed image. The processing includes retrisving one or more original source images
and processing them based on the recipe and the context of the request i gensrals the
processed image. The processed image is returned to the client system through the content
delivery network and the client system further serves the processed image to the end user

davice.

[B025] in some embodiments, the image processing system also includes a source
image server tier that is configured to oblain the original source images, e.g., downsized
source images, from a source location using the image feeding servers, and siore them at a
source image cache associated with the source image server lier. In some embodiments,
the image processing system generates a log file containing data related to the processing
of the one or more requesied images. The image processing sysiem also inciudes a
prediction server that can predict the different processed images that may be reguested by
the end user devices in the future. In some embodiments, the prediction server can use
various prediction technigues, including stalistical analysis, 1o determine a seat of processed

images thal may be requestad in the fulure based, at least in part, on the data in the log file.

{0026} in some emboediments, the image processing system provides an image editing
tool (hereinafter referred to as a “visor”) that generales a recipe for on-demand processing of
images. The visor includes a graphical user interface (GUL) that provides various editing
contrals for performing various editing operations on an image. The client system can use
the visor to edit the image. The visor generates a set of image processing instructions
corresponding to the editing operations performed by the client system and transmils the sel
of image processing insiructions, which form a recipe Tor generating a processad imags, (o
the image processing system. The image processing system processes the image bassd on
the recipe and transmits the processed image 1o the dlient system which further serves the

processed image to the end users accessing the image.
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(00271 In some embodiments, the image can be part of the content published by the
client system. For exampleg, the image can be part of content published via a webpage. In
some embodiments, the image processing system generates the visor on the same
webpage as the content having the image. By generating the visor on the same webpage as
the content, the client system can edil the image on the webpage and view the resulting
image as it will be seen by an end user accessing the content. This can help the client
system in obtaining a perspective on whether the edited image may be pleasing o the end

users’ eyes and in determining whether or not to publish the ediled imags.

ENVIRBONMENT

{00281 FIG. 1 illustraies an environment where an image processing system can be
implemented. The environment 100 includes a client system 115 that publishes content,
including images, which can be accessed by end users using end user devices such as end
user devices 108a-¢ via a communication network 110. The end user devices can be a
smariphone, a laplop, & deskiop, g tablet PC, or any other suitable device for viewing
cortent published by client system 115, The environment 100 also includes an imags
processing system 125 that receives a request from the client system 115 {e.g., on behalf of
an end user device such as end user device 105a) for oblaining a processed image (of a
source image) which is served {0 the end user device 1083 with the content. The image
processing sysiem 125 oblainsg the source image and processes the source image fo
generate a processed image (also referred o as “rendered image”). The processed image
is then returned o the client system 115 which further serves the processed image o the

end user device 105a.

(00297 The source image most often provides the base image dala used in producing
a processed image. in some embodiments, one or more source images may be used in
generating the processed image. In some embodiments, the image processing system 125
obtains the source image from a location such as an image store 120 specified by the client
system 115 or from a cache assoclaled with the image processing system 125 (not
iustrated). The image store 120 can be any type of storage system including a database,
file storage and/or any other convenient or known storage technigues. Further, the image
store 120 can be part of the client system 115 or provided by any third parly storage
services, such as cloud storage from Box, Dropbox, Amazon, Google, etc., where the client

system 115 stores the source images.



10

15

20

25

3G

WO 2016/011202 PCT/US2015/040650

(00307 in some embodiments, the image processing system 125 obtains a downsized
version of the source image and processes the downsized source image fo generaie the
processed image. The imags processing system 125 obtains the downsized version of the
source image using one of the image feeding servers 150. One of the image feeding
servers 150 oblains the source image in original file size from the image store 120,
downsizes the source image 1o a target file size specified by the image processing sysiem
125 and transmiis the downsized source image to the image processing system 128
Additional detalls with respect 1o oblaining a downsized source image using the image

fesding servers are described at least with reference o FIGS. 2-7,

(6031} The image processing system 125 processes the downsized scurce image
based on a recipe for the particular image andfor a context of the request.  The recipe
includes a set of insiructions 1o be executed on the source image to generate the processed
image. The recipe can include insiructions regarding at least ons of (a) a target size of the
image to be rendered, (b) a largest resclution of the image o be rendered, (¢} a targst color
pattern of the image o be rendered, {d) a target layout of the image with respect o other
content with which the image is served, (e) g fargel brightness value, {f) a target contrast
value, {g) a target saturation value, (h) a target portion of the image to be highlighted, or (i) a

target area of the image o be cropped efc.

(00327 in some embodimenis, the recipe c¢an be provided by the client system 115.
For sxample, the client system 115 can provide a recipe which instructs the image
processing system 125 1o crop an image o include only a portion of the image having faces
of certain subjects. In another example, the recipe can instruct the image processing system
125 to crop a specific portion of the image if the image is renderad on a smariphong, but
include a larger portion of the image when it is rendered on a iaptop.  In another example,
the recipe can instruct the image processing system 126 o change a color paltern of the
image in order to match with a webpage with which the image is displayed or o

highlight/enhance a particular color of the image o grab attention from the end user.

[0033] in some embodiments, the recipe can also be generaled by the image
processing svstem 125, For example, the image processing system 125 can determine
based on historical data, which of the colors when enhanced in the image received more
attention from the users (determined based on, e.g., a number of clicks) and enhance the
color of the image and/or other images in the webpage accordingly. The recipe can be

stored in a storage system such as a recipe store 130, in some embodiments, the recipe

L
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store 130 can be implemented as various storage systems including a dalabase, a file

system and/or any other convenient or known storage fechnigues.

(00341 In some embodiments, the recipe can also take into consideration a contexi of
the request. The context of the reguest can include an atiribute of the end user device 1053,
such as {3) a type of the end user deviceg 1053, (b} a size of a display of the end user device
1053, (¢} a resolution of the display of the end user device 105a, (d) an operaling system of
the end user device 105a, {e) ambient lighting of the end user device 1053 elc. For
aexample, if the end user device 105a has a display with resolution higher than a predsfined
resolution, then the recipe can instruct the image to be rendered in a resolution higher than a
predefined resolution. in some embodiments, the image processing system 125 can have a
predefined range of resolutions at which the processed image can be rendered. In ancther
gxample, if the end user device 105z has a display with resolution lower than a predefined
resolution, then the recipe can instruct the image to be renderad in low resciution. In
another example, the brightness of the image can be changed based on the ambient lighting

condition on the end user device 105a.

{66351 Further, in some embodiments, the context of the request can also include
network bandwidih availability between the end user device 105a and the client system 115.
For example, if the network bandwidth is below a predefined threshold, the recipe can
instruct the image processing system 125 to render a low resolution image. The context of
the request can be included in the reguest andior provided by the client system 115

independent of the reguest.

[0836] in some embodiments, variocus recipes can bs used o generate various
processed images for a particular image. The dlient system 115 may provide access to at
least one source image to the image processing system 125 and request the image
processing system 125 1o return one or more processed images for the source image. For
gxample, for a given image by the client system 118, various processed images such as a
high resolution image, a low resolution image, an image with a particuiar color enhanced, an
image with a particular color scheme, brightness, saturation or hue elc. can be generated
using the comresponding recipe. In some embodiments, a given recipe can be reused for
processing various images. For example, a default recipe can process one of more imagss.
The defaull recipe can be for enhancing the colors, brighiness, saturation, etc. of the one or

more images.

“A0-
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(00371 The image processing sysiem 125 enables the client system 115 {o oblain
various processed images for a given single image. This minimizes the resources reguired
for mainiaining various versions of the images by the client system 115, However, in some
embodiments, more than one source image may be used o render a processed image, for
example, a derivative image. A derivative image is a kind of rendered image that depends
on one or more original source images. For example, an image of a logo may be
superimposad onto ancther image {0 obtain the derivative image. In embodiments where
the image processing sysiem 125 renders a derivative image, the image processing

system 125 may retrieve the necessary original source images from the image store 120.

(00381 The content published by the client system 115 can include texi, video, audio,
or any other multi-media content. The content ¢can be published in many ways, including
websitas, applications {also known as “apps”). The content can be accessed by the end
users in a number of ways, e.g., via web browsars, or apps which when executed on an end

user device display the content.

[6039] in some embodiments, the image processing system 125 can be implemented
as a muiti-tier architecture having variocus tiers of servers performing specific functions of the
image processing system 125. One such example mulli-tier implementation of the image

processing system 125 is lllustrated in FIG. 8.

{0040] FIG. 2 illustrales a block diagram of a system 200 for oblaining downsized
source images using image feeding servers, consistent with various embodiments. The
system 200 may be implemented in the environment 100 of FIG. 1. The svysterm 200
includes mulliple image feeding servers, a.g., image feeding servers 150a-f {referred 1o as
image feeding servers 150}, that can fesd downsized source images o the image
processing system 125, The image processing systermn 125 generales a job request for
obtaining a source image, &.g., source image 215, advertises it 1o the image feeding servers
150, and assigns it 1o one of the image feeding servers 150, e.g., image feeding server
150a. The image feeding server obtains the source image from the particular image store,
a.¢., image store 120, in original size, downsizes the source image, and transmits the
downsized source image, &.g., downsized source image 220, io the image procegssing
system. By way of example, a source image can be 200 MB and the corresponding
downsized image can be 100 KB. In some embodiments, the image processing system 125

generates the job request for oblaining the source image 215, when the source image 215

-11-
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{or the corresponding downsized image 220) for generaling a processed image in response

0 a reguest from the client sysiem is not stored at the image processing sysiem 125,

16041} in some embodiments, the image feeding servers 150 are geographicaily
spread and can be localed near image storage systems, @.g., image siores 120, 214, and
220, of one or more clients. To assign the job reguest to an image feeding server, the image
processing system 125 selects a partlicular image feeding server based on ong or more
factors, e.q., proximity (or connection time or latency) to a particular image store from the
which the source image has ¢ be fetched. For example, o felch the source image 215 from
the image store 120, the imags processing system 1285 can select the image Tesding server
160a that is in proximity/has lowest connection time to the image store 120. After obtaining
the source image from the image store 120, the image feeding server 150a downsizes the
source image and transmils the downsized source image 220 to the image processing
systern 125, The following paragraphs describe additional details with respect o the
process of selecting a particular image feeding server 1o oblain a source image from a

particular image siore.

(60421 The image processing system 125 selects an image feeding server based on a
server score of the image Teeding sarver. The server score is indicative of a mailch of the
image feaeding server (o perform the job advertised. The server score can be determined as
a function of one or more image feeding server parameters, e.q., latency, workload,
computing resource, of an image feeding server. In some embodiments, the server score is
determined as a funclion of lalency belween a particular image fesding server and a
particular image store from which the source image is o be obtained. Lalency is a time
interval between the sltimulation and response, or a time taken for a data packst {0 iravel
from source o destination and back. In some embodiments, the lower the latency, the

higher the server score.

[0043] For example, for obtaining a source imags from image store 120, the image
feeding server 150a can be the most proximate image feeding server (o the image store 120
and therefore, can have a least latency to the image store 120 among the image feeding
servers 150 and consequently, the highest score. Accordingly, the image processing sysiem
125 can select the image feeding server 1580a o obtain the source image from the image
store 120. In another example, with respect fo image store 210, the image feeding server
180e may have a least lalency {0 the image store 210 among the image feeding servers
160, Accordingly, the image processing system 125 can sslect the image feeding
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server 150e to oblain the source imags from the image store 210, In some embodiments,
the server score of an image feeding server can be different for different image slores as the
image feeding server can have different latencies with different image siores, e.g., as the

image stores may be in different regions.

[0044] In some embodiments, the server score is determined as a function of the
workload (or available capacity) of the image feeding server. In some embodiments, the
lesser the workl load (that is, higher the available capacity) of the image feeding server, the
higher the server score. The work [oad of the imags feeding server can be determined as a
function of number of tasks, e.g., downsizing tasks, the image feeding server is performing
and a file size of the source image being downsized In each of the downsizing tasks. For
example, if two image feeding servers have subsianiially same latencies to a particular
image slore, the image processing system 125 can select one of the two image feeding

servers that has a lesser work load, or in other words, has a higher capacity.

[0045] In some embodiments, the server score is delermined as a function of the
computing resources of an image fesding server, e.g., processor spaed, available memory.
In some embodiments, the lesser the computing resources of an image feeding server, the

iesser the server score of the image feeding server.

[0046] Various combinations of the above factors can be considerad in determining
the server score of the image feeding server. Further, each of the above factors can be
weighted, that is, different faclors can have different weights in delermining the score. Afler
the scores of all the image feeding servers areg delermined, the image processing sysiem
125 selects an image feeding server whose server score is the highest or excesds a
predefined threshold and instructs the selecled image feeding server o oblain the source
image from the image slore, downsize the source image and transmit the downsized source

image to the image processing system.

(00477 The image processing system 125 can implement various methods for
selecting an image feeding server using the score. In a first method, the image processing
system 125 generates a job request for oblaining a source imags from a particular image
store, e.g., image store 120, The image processing sysiem 125 broadcasts a request for
response reguesting the image fesding servers 1o respond with their scores for the job
request. Each of the image feeding servers 150 determine their image feading server

parameter values for the job reguest, e.g., latency with the image store 120, workioad and
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computing resources, calculate their scores ags a function of the image feeding server
parameters, and transmit thelr scores o the image processing system 125, In some
gmbodiments, the image feeding servers may fransmit the image feeding server parametsr
values instead of the scores {0 the image processing system 125, and the image processing
system 125 may delermine the scores using the image feeding server parameter values,
The image processing system 125 identifies an image feeding server, e.g., image feeding
server 1850a, that has the highest server score or a server score which exceeds the
predefined threshold, and instrucis the identified image feeding server to transmit the

downsized source image to the image processing system 125.

(00483 in a second method, the image feeding servers 150 may advertise their scores
or the image feeding server parameter values o the image processing system 125 on a
periodic basis or based on a trigger. The irigger can be occurrence of an event, such as
expiry of an interval since the last transmission of the score, receiving a reguest for the
server score from the image processing system 125, the work inad of the image feeding
server dropping below a predefined threshold, eic. In some embodiments, since the latency
of an image feaeding server can vary for different image stores, the server score of the image
feeding server can also vary. Accordingly, an imags feeding server can determineg its server
score {or image feeding server parameter values) for each of the image stores in the sysiem
200, generate a set of scores {or image Teeding server parameter values) and transmit the
set of scores o the image processing system 125, Each of the image feeding servers can
fransmit their corresponding set of scores o the image processing sysiem 125, When the
image processing system 125 generates a job request for obtaining a source image from a
particular image store, the image processing system 125 checks the scores stored atl the
image processing sysiem 125 and identifies an image feeding server that has the highest
server score or a server score which exceeds the predefined threshold for the particular
image store. The image processing system 125 then instructs the identified image feeding
server oblain the source image from the particular image store, downsize the source image

and transmii the downsized source image to the image processing system 1258,

(03497 in some embodiments, the job request can aiso include a target file size of the
downsized source image, that is, the file size to which the scurce image has to be
downsized. The image processing system 125 determines the target file size such that the
downsized source image of the target file size can be used {0 generate a number of

processed images that may be served o the end user. In some embodiments, the target file
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size is determined such that the downsized image is large enough 1o be used for generaling
a combination of processed images that may be requested by the client system for serving
o the end user and small enough to be transmitted from the image store o the image

processing system 125 without consuming significant computing resources.

[B050] The image processing system 125 communicates with the image feeding
servers 150 over a first communication network 230 and the image feeding servers 150
communicate with image stores over communication networks 235a-¢ {referred o as second
communication network 235). Both the communication networks have low lalencigs. in
some embodiments, the first communication network 230 is a high speed network and
therefore, the latency between with the image processing system 125 and the image feeding
servers 150 is relatively low. Also, in some embodiments, since an image feeding server
that is in proximity to a particular image store is chosen {0 obtain the source imags from the
particular image store, the latency between the image feeding server and the particular
image store can be significantly less compared o the latency of the network between the
image processing system 125 and the image stores in the absence of the image feeding

servers 150.

10051} Further, the combined latencies of both the communication networks is still less
compared (o the latency between the image processing system 125 and the image stores in
the absence of the image Teeding servers 150. Accordingly, the compuling resources
consumed in having ong of the image feeding servers 1580 obtain the source image from the
image slore, downsize the source image and transmit the downsized source image o the
image processing system 125 can be significantly less compared to that consumed in having
the image processing system 125 obtain the source image in original file size from the image

store without the image feeding servers 150.

{60582} Fi. 3 is a block diagram of an image processing sysiem of the FiG. 1. The
image processing sysiem 125 includes a request dispaich module 305, a server
determination module 310, an image receiving module 315, an image processing module
320, a server score determination module 325 and a request receiving module 330. In some
embodiments, the image processing system 125 is implemented as a distributed computing

sysiem.

[0053] The request receiving module 330 receives g request from a client system,

e.g., client system 115, to serve a processed image to an end user davice accessing the
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content containing the processed image. The image processing module 320 dstermines
whather a source image required for generating the processed image is stored at the imags
processing system 125, Hf the source image is stored at the image processing system 125,
the image processing module 320 processes the source image 10 generale the processed
image and serves the processed image {0 the end user device. If the source image is not
stored at the image processing system 125, the request dispatch module 305 generates a

ioh request for obtaining a downsized source image.

[0054] The job request can include location information of the image store of a client
system from which an image fesding server has to obtain the source image. In some
ambodiments, the location information can include 1P {Internet Protocol) address of an
image store such as image store 120. The job request can also include a target file size to
which the source image obtained from the image has o be downsized 1o beforg being
fransmitted 1o the image processing sysiem 125, The request dispaich module 305
dispatches the job request to mulliple image feeding servers, e.g., image feeding servers

150, seeking their response o the job request.

{0055] The server determination module 310 determines an image feeding server to
which the job request has o be assigned based on the responses received from the image
feeding servers. The server determination module 310 selects an image feeding server
based on a server score of the image feeding server. The server determination module 310
selects an image Tesding server having a server score that is highest among the scores of all

the image feeding servers or that exceeds a predefined threshold.

[B056] The response from the image Tesding servers can include scores of the image
feeding servers or image Teeding server parameters that is used to determine the scores. in
some embodiments, the responses include scores of the image feeding servers. The server
determination module 310 retrieves the scores from the responses and identifies the image
feeding server with the highest server score or a server score that exceeds a predefined
threshold. In some embodiments, the responses include image feeding server parameters,
e.g., a latency of the image feading server to the particular image feeding server, a workload
of the image feeding server or a compuiing resource of the image Tesding server. The
server determination module 310 retrieves the image feeding server parameter values and
requesis a server score determination module 325 to dstermine a server score of sach of

the servers as a function of the image feeding server parameter values.  After determining
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the scores, the server determination module 310 identifies the image feeding server with the

highest server score or a server scorg that exceeds a predefined threshold.

[00s7T] Referring back to the server score determination module 325, the server score
determination module 325 sends a message o sach of the image feeding servers 150 fo
determine a server score and report back the server score {0 the image processing system
125. In some embodiments, the server score determination moduie 325 requests the image
feeding servers {0 delermine a server score of the corrgsponding image feeding server
based on latency between the corresponding server and the image storage of the client
system. In some embodiments, the server score determination module 325 reguests the
image feeding servers to determing a server score of the corresponding server based on a
number of downsizing jobs being performed by the corresponding server and 2 file size of a

specified source image which is being downsized in each of the downsizing jobs.

{0058} After the server determination module 310 identifies the image fesding server,
the request dispatch module 305 assigns the request o the identified image Teeding server.
The image feeding server oblfains the source image from the parlicular image store,
downsizes the source image and transmits the source image o the image processing
systermn 125. The image receiving module 315 receives the downsized source image from
the image feeding server and stores the downsized source image at a slorage device

associated with the image processing system 125,

10059] After recelving the downsized source image, the image processing module 320
processes the downsized source image 1o generate a processed image based on the client
system, which requested the processed image, and/or a context of the reguest from the end

user device accessing the content containing the processed image.

[0060] FIG. 4 is a flow diagram of a process for processing an imags, consistent with
varicus embodiments. In some smbodiments, the process 400 may be implemenied in an
gnvironment such as environment 100 of FIG. 1. At step 405, a request recelving module
330 of an image processing sysiem 125 receives a request from a client system, such as
client system 1185, for obtaining a processed image for a particular image.  In some
embodiments, the request can be originated from an end user device, such as end user
device 108a accessing conient published by the dient system 115, For example, the
request can be generated when the end user device 105a accesses a URL of a websile of

the clieni system 115 having the processed image.
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[0061] At determination step 410, the image processing module 320 determines if a
source image reguired for generating the processed image is stored at the image processing
system 125. Responsive to a determination that the source image is not stored at the image
processing system 125, at step 415, the request dispaich module 305 sends a request o an
image feeding server to oblain the source image from the image store where the client
sysiem siores the original source images, and the process 400 proceeds to step 420, In
some embodiments, the image feeding server downsizes the source image oblained from
the image store before fransmiiting it to the image processing system 125, Responsive to a
determination thal the source image is stored al the image processing system 125, at siep
420, the image processing module 320 identifies a recipe for generating the processed
image and processes the downsized source image based on the recipe o generate the

processed image.

16062} In some embodiments, processing the image includes rendering the image
based on {a) a target size, (b) a target resciution, (¢} a target color pattern, (d) a target layout
of the image with respect to other content with which the image is served, {e) a targst
brightness value, (f) a larget contrast value, or (g) a target saturation value. The processing
can aiso include highlighting a target portion of the image or cropping a target area of the
image, recognizing a face in the image, performing predefined image editing operations on

the recognized face elc.

[6063] Further, the above processing can aiso be dependent on a context of the
request from the end user, e.g., an atlribule of the end user device 105z such as {a) a type
of the end user device 1053, (b) a size of a display of the end user device 105a, {¢) a
resolution of the display of the end user device 108a, (d) an operating sysiem of the end
usgr device 1058z, (e) ambient lighling of the end user device 1052 etc. For sxample, if the
end user device 105a has a display with a resclution higher than a predefined resolution,
then the recipe can include instructions o render the image in high resolution. In another
example, if the end user device 105a has a display with resolution lower than a predsfined
resolution, then the recipe can include instructions to render the image in low resolution. In
ancther example, the brighiness of the image can be changed based on the ambient lighling

condition on the end user device 105a.

[0064] Al step 425, the image processing module 320 transmits the procsssed image

o the client system 115, which serves the processed image to the end user device 105a.
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For example, the processed image is served with the content in response o the end user

device 105a accessing the URL of the website of the client system 115,

{00657 FIG. 5 is g flow diagram of g process for selecting an image feeding server to
obtain the downsized source image, consistent with various embodiments. In soms
gembodiments, the process 500 may be implemented in the environment 100 of FIG. 1. At
step 505, the request dispatch module 305 of an image processing system 125 generales a
iob request for oblaining the downsized source image. In some embodiments, the request
dispatch module 3085 generates the job request at step 415 of process 400, when the image
processing module 320 determines that a source image required for generating the

processed image is not stored at the image processing system 125,

[0066] The job request can include location information of the image store of a client
system, such as image store 120 associated with client system 118, from which an image
feeding server has {o obtain the scurce image. in some embodiments, the location
information can include 1P address of the image store. The job request can also include a
target file size to which the source image obtained from the image has o be downsized {o
before bheing transmitied o the image processing system 128, The request dispatch moduls
305 dispaiches the job request to mulliple image fesding servers, e.g., image feeding

servers 150, seeking their response (o the job request.

(0067 At step 510, the server delermination module 310 receives responses from the
image fesding servaers. The response from the image feeding servers can include scores of
the image feading servers or image feeding server parameters that is used to determine the
scores. The server score is indicative of a maich of the image feeding server to perform the
job advertised. The server score can be delermined as a funclion of one or more image
feeding server parameters, e.g., latency, workload, computing resource, of an image feeding
sarver, which is further described al least with reference 1o process 700 of FIG. 7 below. In
some embodiments, the responses include scores of the image Teeding servers. In some
embodiments, the responses include image feeding server parameters, e.g., a latency of the
image feeding server to the particular image feeding server, g workload of the image feeding
server or a computing resource of the image feeding server. The server determination
module 310 retrieves the image Tesding server parameler valuss and requests a server
score determination module 325 to determine a server score of each of the servers as a

function of the image feeding server parameter values.
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[D0G8] After the scores are retrisved from the responses or delermined based on the
image server parameter values in the responses, at step 515, the server determination
maodule 310 identifiss the image feeding server with the highest server score or a server

score that exceeds a predefined threshold.

[3063] At step 520, the request dispatch module 305 assigns the request {¢ the
identified image feeding server. The image feeding server obtains the source image from
the particular image siore, downsizes the source image and transmiis the source image o
the image processing system 125. Al step 525, the imags receiving module 315 receives
the downsized source image from the image feeding server and stores the downsized

source image at a slorage device associated with the image processing system 125.

[0073] FIG. 6 is a flow diagram of a process 600 for feeding a downsized source
irmage to an image processing system, consistent with various embodiments of the disclosed
technology. The process 800 can be execuled in an environment 100 of FIG. 1. Al step
605, sach of the image Tesding servers, e.g., image feeding servers 150, receive a job
reguest dispaiched from the request dispaich module 305, As describad with reference to
step 605 of process 600, the job reguest can include location information of the source
image, location information of the image store of a client system, e.g., IP address of the
image store, from which an image feeding server has {0 obtain the source image. The job
request can also include a target file size to which the source image obtained from the image

store has to be downsized to before being transmitted to the image processing system 128,

(00711 At step 610, sach of the image feeding servers determine a server score or
image feeding server paramsiers used o generate the server score for servicing the job
request. The server score can be determined as a function of one or more image feeding
server paramsiers, e.q., latency, workload, computing resource, of an image feeding server,
which is Turther described at least with reference 10 process 700 of FIG. 7 below. At siep
815, the image feeding servers send their scores or image feeding server parameters (o the

image processing sysiem 125,

166721 The image processing system 128 determinss the image feeding server with
the highest server score or a server score that exceeds a predefined threshold and the
image processing system 125 assigns the job request to the identified image feeding server.
At step 620, the image feeding server oblains a confirmation from the image processing

system for servicing the job request. Al step 825, the imagse feeding server oblains the
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source image from the image store. At slep 630, the image feeding server downsizes the
source image fo the target file size and at slep 835, fransmils the downsized source image

o the image processing sysiem 125,

[6073] Fi. 7 is a flow diagram of a process 700 for determining a server score of an
image feeding server, consistent with various embodiments of the disclosed technology.
The process 700 can be executed in an environment 100 of FIG. 1. A server score of the
image feeding server is indicative of a malch of the image feeding server to perform the job

advertised by the image processing system.

[0074] The server score can be determined as a funchion of one or more image
feeding server parameters. At siep 705, the one or more image feeding server paramesters
are determined. In some embodiments, the image feeding server parameters can include
latency, workload, or computing rescurce of an image feeding server. Delermining the
server paramelers can include delermining a latency between a particular image feeding
server and a particular image store from which the source image is o be obtained (step
706), determining a workload {or available capacity) of the image Tesding server (step 707)
and determining computing rescurces of the image feeding server, e.g., processor spesd,
available memory (step 708). It should be noted that the image feeding server parameters
discussed in steps 706-708 are examples, and that other image feeding server parameters
or job based parameters, e.g., file size of the source image 1o be fetched, can be considered

for determining the server score of the image Teeding server.

[0075] After the image Teeding server parameters are determined, atl step 710, the
server score of the image feeding server is determined as a function of the image feeding
server parameters. Each of the image Tesding server paramelers can be weighted, that is,
different image fesding server paramelers can have different weighis in determining the

SCore.

[00786] Referring back to determining the latency of an image feeding server, latency is
a time interval between the stimulation and response, or a time taken for a data packet {o
fravel from source o destination and back. in some embodiments, the lower the latency the
higher the score. For example, for oblaining a source image from image store 120, the
image feading server 150a can be the most proximate image feeding server {0 the image
store 120 and therefore, can have a least iatency o the image store 120 among the image

feeding servers 150 and consequently, the highest score. In some embodiments, the server
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score of an image feeding server can be different for different image slores as the image

feeding server can have different iatencies for different image slores.

00771 Referring back to determining the workload of an image feeding server, the
work load of the image feeding server can be determined as a function of number of {asks,
8.g., downsizing tasks, the image Tesding server is performing and a file size of the source
image being downsized in each of the downsizing tasks. For example, if two image feeding
servers have substantially same latencies to a particular image store, the image processing
system 125 can sglect one of the two image Teeding servers that has a lesser work load, or
in other words, has a higher capacity to perform the current job request. The lesser the work

ioad of the image feeding server, the higher the server score of the image feeding server.

[B078] Referring back o determining the computing resources of an image feeding
server, the lesser the available computing resources at an image feeding server, the lesser
the server score of the image feeding server. For example, in determining a server score for
two image feeding servers, one with a faster processor and/or more memory than the other

is likely 1o have a higher server score than the other.

(00791 Note that the determination of server score can be performed by either each of
the image feeding servers or the image processing system 125, If the image feeding sarvers
are determining their scores, steps 705-710 may be performed by each of the image feeding
servers. If the image processing system is determining the score, each of the image feeding
servers may determine thelr corresponding image feeding server parameters, e.4g., as
described in steps 705-708, and transmit them o the image processing sysiem, which

determines the scorss based on the image Tesding server parameters.

(00801 FIG. 8 lllustrates a block diagram of an image processing system 800
implemented as a mulli-tier architecture, consisient with various embodiments. The image
processing system 800 includes various server tiers such as edge server tier 805, a shield
server tier 820, load balancing server tier 835, an image processing server lier 850 and a
source image server tier 865, In some embodiments, the image processing system 125 of
FIG. 1 can be implemenied as the image processing system 3800, and in the environment
100.

{00817 Each of the tiers can have one or more servers. A server can be sither a

physical computer in a data center, or a virtual instance of a computer in cloud infrastructure.

o
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A server typically receives requesis for work, performs or distributes the work, and then
refurns a response. The edge server lier 805 can rgceive reguests from a client system
such as client system 115 {(e.g., on behalf of an end user} for obtaining processed images.
For example, when the end user accesses the content published by the client system 115,
which includes the processed image, the edge server tier 805 receives the request from the
clignt system 115 to obtain the processed image. The edge server tier 805 includes mulliple
servers, such as edge server 810, and one or more associated caches, such as edge
cache 815. In some embodiments, each of the edge servers in the edge server tier 805 has
an associated edge cache as iliustrated in FIG. 8. However, in some embodiments, the

edge cache 815 may be associaled with more than one edge server.

[6082] In some embodiments, the edge servers in the edge server tier 805 may be
located in various geographical locations. The edge servers may be configured o serve
requests from predefined geographical locations. When a reguest arrives at the edge server
tier 805 from a client system, the request is routed 1o an edge server that is configured o
serve the geographical location in which the particular client system is lccated. For exampie,
while edge server 810 may be configured to serve requesis from geographical locations A, B
and C, another edge server may be configured o serve reguests from geographical
locations X, Y, and ancther edge server may be configured to serve requests from
geographical location Z. That is, the edge servers in the edge server lier 805 act as a

closest point of contact of the image processing system 800 for the client systems.

(00831 When a request is received at the sdge server tier 805 from the client sysiem
115 al @ geographical location A, the edge server 810 checks whether the edge cache 815
has the processed image. 1T the edge cache 815 has the processed image, the edge server
810 serves the processed image to the clisnt system 115, which further serves the
processed image 10 the end user's device, such as end user device 105a. H the edge cache
315 does not coniain the processed image, the edge server tier 805 passes the request o

the shield server tier 820.

[0084] The shield server tier 820 includes multiple servers, such as shield server 825,
and associated shield cache 830, In some embodiments, the shieid servers in the shisld
server Her 820 can be distributed across various geographical regions.  In some
embodiments, a gecgraphical region includes a number of geographical locations. The
shield servers can be configured {o receive requesis from a group of edge servers in a

particular geographical region. In some embodiments, the shield server tier 820 can have a
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w, 0

shield server for every “X” number of edge servers, where "X is a number configurable by a
user, such as an administrator of the image processing system 800. The shield cache 830
can be associated with one or more shigld servers, and the shield server tisr 820 can have

one or more shield caches.

[06085] When a shield server, such as shisld server 825, receives the raequsst from an
edge server, such as edge server 810, the shield server 825 determines whether the shisld
cache 830 conlains the processed image. If the shield cache can contains the processed
image, the shield server 825 oblains the processed image from the shield cache 830 and
returns the image o the edge server 816 which further serves the processed image to the
client systemn 115, If the shield cache 830 does not contain the processed image, the shield

server 825 passes the request to the load balancing server tier 835,

[0086] in some embodiments, the edge server tier 805 can bypass the shield server
tier 820 and pass the request 1o the lcad balancing server tier 835 directly if the processed
image is not available at the edge cache 815, Howsver, typically, the edge server tier 805
determines whether the processed image is available at the shigld server tier 820 before the
request is passed to the load balancing server tler 835, In some embodiments, the time
consumed for the determination, by the edge server, of whether a shisld server contains the
processed image is not significant because the edge server and the shield server can share

the same communicalion networl,

{00877 The load balancing server tier 835 receives the image processing requesis 845
from the edge server tier 805 and/or shigld server tier 820 and inserts them inlo a queue
840. An image processing server of the image procsssing server tier 850 fetches a3 requsst
from the queus 840 and processes the reguest 10 generale a processed image. In some
embodimenis, the load balancing server tier 835 balances a load of the image processing
systern 800 by inserting the requests into the gueus 840 and not assigning them directly fo
the image processing servers in the image processing server tier 850 upon receipt of a
request at the icad balancing server lier 835. The image processing server can pick up a
request from the queue 840 when the image processing server is available 1o process a

request.

[0088] In some embodiments, the load balancing server tier 835 delermines whether a
particular request is a valid request for an image before inserting the request into the qusue

840. In some embodiments, the validity of the reguest can beg determined by determining
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whether a signature of an image for which the request is received maiches with the any of
the signatures mainiained at the image processing system 800. f the particular request is

valid, the load balancing server tier 835 inserts it into the queue 840.

[6089] The image processing server tier 850 oblains an image processing request
(also referred to as "a task™} for a particular image from the gueus 840 and processss the
particular image based on a recipe for the particular image and the context of the request.
The image processing server tier 850 delermines whether the particular image, that is, an
original source image provided by the dlient system 115 is available at the image processing
server cache 860. If the original source image is available at the image processing server
cache 860, the image processing server tier 850 obtains the image from the image
processing server cache 860 and processes the original source image 1o generate the
processed image. W the original source image is not available at the image processing
sarver cache 860, the image processing server cache 880 requests the source image server
tier 865 to obiain the original source image. The source image server tier 865 obiainsg the
original source image and returns it {0 the image processing server tler 850 for processing
the original source image. The image processing server tier 850 may store the received

original source image at the image processing server cache 860,

[0090] In some embodiments, the source image server tier 865 obtains the original
source image from a location specified by the client systam 115, for example, at storage
such as the image store 120. The source image server tler 865 oblaing the original source
image from the image store 120 via image feeding servers, 8.¢., image fesding servers 150,
and returns the original scurce image to the image processing server lier 850, In some
embodiments, the source image server tier 885 iiself can be the image feeding servers 150.
In some embodiments, the scurce image server tier 865 obtains a downsized version of the
source image. The source image server tier 865 can also siore the retrieved original source
image at the source image cache 870, In some embodiments, oblaining the original source
image from the image store 120 can consume significant amount of computing resources,
especially in cases where the image store 120 is implemented as cloud slorage service, for
a number of reasons including performing authentication operations, performing read
operations from a slow storage medium such as a hard drive etc. Accordingly, in order to
minimize the consumption of computing resources, the original source image retrieved by

the source image server tier 865 may be siored at the source image cache 870.
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(0091} Also, in some embodiments, the source image server tier 865 may, regardiess
of whether a request is recsived for oblaining a particular original source image, pre-fetch
the original images from the image store 120 and store the original source images in the
source image cache 870. The pre-fetching may be performed based on a predefined
condition, for example, at a particular time of the day, day of the week, eic., or when the load
on the image processing sysiem 800 is below a predefined threshold.  in some
embodiments, the pre-feiching may help the scurce image server tier 865 to minimize the
delay caused due o obtaining a particular source image from the image store 120, in serving
a request for the particular original source image from the image processing server tier 850.
The source image server lier 865 may refresh the source image cache 870, that is, add or
delete original source images from the source image cache 870 based on predefined cache

management policies.

[6092] Refarring back o the image processing server tier 850, after obtaining the
original source image, either from the image processing server cache 880 or from the source
image server tier 865, the image processing server tier 850 identifies a recipe for the original
source image and processes the original source image using the recipe and a context of the
image processing request {0 generale a processed image. The recipe can be identified
using various data including information regarding the client, the content being published
{e.g., based on URL of a webpage of the content), information regarding atfributes of an end
user device from which the reguest is initiated elc.  Any necessary information for
determining the recipe for processing the original source image is provided to the image
processing system 800, for example, via the request. In some embodiments, the information
for determiining the recipe may be provided by the client system 115 to the image processing

system 800 independent of the requesi.

[6093] The recipe can be provided by the client and/or generated by the image
processing systemn 800. The recipes can be stored at a slorage system such as recipe
storage system 885. In some embodimenis, the recipe storage system 855 can be
implemented as various storage systems, for example, a database, a file system and/or any

other convenient or known storage technigques.

{60241 The recipe inciudes a set of instructions 1o be executed on the original source
image to render a processed image. The recipe can include instructions regarding at least
ong of {a) a larget size of the image 1o be rendered, (b) a target resolution of the image to be

rendered, (¢} a target color patlern of the image to be rendered, (d) 3 target layout of the
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image with respect o other content with which the image is served, (&) a target brighiness
vaiue of the image o be rendered, {f} a target contrast value of the image to be rendered, {g}
a target saturation valus of the image 1o be rendered, (h) a target portion of the image to be

highlighted, or (i) a farget area of the image {0 be cropped elc.

[06035] In some smbodiments, the recipe can also be based on a context of the
request. The conlext of the request can include an attribute of the end user device 105a.
The attribute of the end user device 105a can include at least one of {a) a typs of the end
user device 105a, (b) a size of a display of the end user device 105a, {¢) a resolution of the
display of the end user device 108a, (d) an opserating system of the end user device 105a, or
{2) ambient lighting of the end user device 105a efc. In some embodiments, the recipe can
be delermined based on the contexi of the request. For exampie, if the end user device
105a has a display with a resolution higher than a predefined resolution, then the recips can
include instructions to render the image in high resolution. In another example, if the end
user device 105a has a display with resolution lower than a predefined resolution, then the
recipe can include instructions to render the image in low resolution.  In another example,
the brightness of the image can be changed based on the ambient lighting condition on the

end user device 105a.

[00986] Further, in some embodiments, the conlext of the request can also include
network bandwidth availability between the end user device 105a and the client system 115,
For example, if the network bandwidih is below a predefined threshold, the recipe can

include instructions to render a low resolution image.

[B0971 After the original image Is processed based on the recipe and the context of the
request, the processed image is returnad {o the client system 115 which further serves the

processad image to the end user device 105a.

160881 in some embodiments, when the image processing server tier 850 returns the
processed image to the client system 115, the processed image is transmitied fo the client
systern 115 though ong or more tiers, e.g., load balancing server tier 835, shigld server tier
820 and edgs server tier 805, above the image processing server tier 850. The one or more
tiers may alsc store the received processed image in a cache associated with the

corresponding server ter.
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(00997 In some embodiments, the Image processing server lier 850 can include
different servers for performing different parts of processing the image. For example, tasks
such as face recognition can be performed by a set of servers, changing a color scheme of a
specific portion can be performed by ancther setl of servers, cropping can be performed by
another set of servers elc. The image processing server tier 850 can have logic, either in
software, hardware, firmware or a combination, 1o assign a particular image processing

operation to a particular server in the image processing server tier 850.

(60100} Further, in somg embodiments, a particular image processing request can be

L)

sphit into a number of sub-tasks. For example, If a particular request requires face
recognition and cropping, the face recognition operation and the cropping operation can be
spiit into two tasks and added to the queue 840 as two sub-tasks. The face recognition task
can be assigned 1o a server thai performs face recognition task and the cropping task can be
assigned 10 a server that performs the cropping operation. The final processed image can
be rendered by combining the resulls of the sub-tasks or having each successive task work

on the image resulting from the previcus sub-task until all the sub-fasks are compieted.

60101} In some embodiments, ong or more tiers of the image processing system 800
generate log 880 containing information at least regarding image processing requests and
the image processing opsrations performed on the images. The log 880 can include
information such as whether a parlicular processed image was available in a cache
associated with a particular tier or was retrieved from a cache associated with a tier below
the particular tier; performance melrics on rendering the processed image, e.g., time taken
to render the processed image, memaory consumed, a size of the original source image, how
many source images were used to generale the processed image, time taken o load, wait or
convert a particular image, a total response lime in serving the processed image to the client
systemn 115, response time of each tier, average lime a particular task was in the queus 840,
a number of lasks walling in the queue at g given point of time, a point in time when the

maximum queue size was reached, a time when evicting queug items were started elc.

(60102} in some smbodiments, each of the one or more tiers can generatle the log 880
separately. In some embodiments, the one or more tiers can generale information into a
single log file 880. The log 880 includes information to identify which of the tiers generated
particular information in the log 880. In some embodiments, the image processing sysiem
800 may use a logging system (not illustrated), e.g., real-lime logging systems, o generate

the log 880. The logging system can be provided by a third party.
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{00103} in some embodiments, the information in the log 880 can be analyzed and
used to enhance the performance of the image processing system 800, In some
embodiments, the information in the log 880 can be used to predict image processing
requests that may be received in the fulure and pre-render the processed images in
advance. The pre-rendered images may be stored at a cache, such as edge server cache
315. When a predicted request is actually received at the edge server lier 805, the edge
server 810 may obtain the processed image from the edgse server cache 815 and refurn the
processed image to the client system 115, By predicling the requests, processing the
predicted request {0 rendered the processed image and storing the processed image al the
cachg in advance of receiving the aciual request, the time consumed in obiaining the
processed image when the actual request is received is minimized significantly.  This
enhances the user experience of the end user since the end user experiences minimum o

near zero delay in the processed image being rendered on the end user device 105a.

(60104} In some embodiments, the image processing system 800 includes prediction
servers 885 that generate predictions 890 having information regarding fulure image
processing requests. The predictions 880 are input o the image processing system 800 via
the edge server tier 805 (similar to the image processing requests from client system 115}
which renders the processed images based on the predictions 880. In some embodiments,
the image processing system 800 may schedule rendering of the processed images for the
predictions 890 basad on a predefined criterion. For example, image processing svstem 800
may decide 1o render the processed images for the predictions 880 when a load on the
image processing system 800 is below a predefined threshold, at a particular time of the
day, a particular time of the week, when a predefined number of requesis have been

received from a particular client system, etc.

[001G5] The prediction servers 885 can generale the predictions 890 based on the
information in the log 880 using variocus known prediclion techniques. For example, the
predictions 880 can be generaled based on a statistical analysis of the information in the log
880. In ancther example, the prediction servers 885 can employ an expert system or a rule
engine that can help in generating the predictions 890 based on the information in the log
880.

[G0168] In some embodiments, one or more liers of the image processing system 800
can be owned or operated by different entities. That is, the image processing system 800

can be a combination of various infrastructure provided by different entities.
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(60107} FIG. 9 is a block diagram of a computer system as may be used o implement
features of some embodiments of the disclosed technology. The computing system 900
may be used to implement any of the entities, components or services depicted in the
examples of Figures 1-8 {and any other componenis described in this specification). The
computing system 900 may include one or more central processing uniis ("processors”) 905,
memory 810, inputioutput devices 825 (e.g., keyboard and pointing devices, display
devices), storage devices 8920 (e.q., disk drives), and network adapters 830 {a.g., nelwork
interfaces) that are connected to an inferconnect 815, The interconnect 915 is illustrated as
an agbstraction that represents any ong or more separate physical buses, point (o point
connections, or both connecled by appropriate bridges, adaplers, or conirollers.  The
interconnect 918, therefore, may include, for example, a system bus, a Peripheral
Component Interconnect (PG bus or PCi-BExpress bus, a HyperTransport or industry
standard architecture (ISA) bus, a small computer system interface (SCSI} bus, a universal
serial bus (USB), HC 42C) bus, or an institute of Electrical and Electronics Engineers (IEEE)

standard 1394 bus, also called “Firewirg”,

(60108} The memory 910 and storage devices 920 are computer-readable storage
media thal may store instructions that implement at least portions of the described
technology. In addition, the data structures and message structures may be stored or
fransmilted via a data transmission medium, such as a signal on a communications link.
Various communications links may be used, such as the internetl, a local area network, a
wide area network, or a poini-to-point diak-up connection. Thus, computer-readable media
can include computer-readable siorage media {e.g., "non-transitory” media) and computer-

readable transmission media.

(60108} The instructions siored in memory 910 can be implemented as software and/or
firmware {0 program the processor{s) 8905 to carry oul actions described above. in some
embodiments, such software or firmware may be initially provided to the processing sysiem
G800 by downloading it from a remote system through the computing system 800 {e.g., via

network adapter 830}

[G0110] The iechnology introduced herein can be implemented by, for example,
programmable circuilry {&.g., one or more microprocessors) programmed with software
and/or firmware, or entirely in special-purpose hardwired {non-programmable)
circuitry, or in a combination of such forms. Special-purpose hardwired circuitry may be in

the form of, for exampie, one or more ASICs, PLDs, FPGAs, elc.

230~
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Ramarks

00111} The above description and drawings are illusirative and are not to be construsd
as Hmiting. Numerous specific details are described to provide a thorough understanding of
the disclosure. However, in centain instances, well-known details are not described in order
io avoid obscuring the description.  Further, various modifications may be made without
deviating from the scope of the embodiments. Accordingly, the embodiments are not limiled

except as by the appended claims.

1601123 Reference in this spedification to "one embodiment” or "an embodiment”
means that g particular Tealure, struciure, or characleristic describad in conneclion with the
ambodiment is included in at lsast one embodiment of the disclosure. The appearances of
the phrase "in one embodiment” in various places in the specification are not necessarily all
referring o the same embodiment, nor are separate or alternative embodiments mutually
exclusive of other embodiments. Morsover, varicus fealures are described which may be
exhibited by some embodiments and not by others.  Similarly, various requirements are
described which may be requirements for some embodiments bul not for other

ambodiments.

{60113} The terms used in this specification generally have their ordinary meanings in
the art, within the context of the disclosure, and in the specific context where each term is
used. Cerlain terms that are used o describe the disciosure are discussed below, or
elsewhere in the specification, o provide additional guidance o the practitioner regarding
the description of the disclosure. For convenience, certain terms may be highlighted, for
example using italics and/or quotation marks. The use of highlighting has no influence on
the scope and meaning of a term; the scope and meaning of a lerm is the same, in the same
context, whether or not it is highlighled. It will be appreciated that the same thing can be
said in more than one way. One will recognize that "memory” is one form of a “storage” and

that the terms may on occasion be used interchangeably.

(60114} Conseguently, alternative language and synonyms may be used for any ong or
maore of the terms discussed herein, nor is any special significance o be placed upon
whether or not a term is elaboraled or discussed herein. Synonyms for certain terms are
provided. A recital of ong or more synonyms does not exclude the use of other synonyms.
The use of examples anywhere in this specification including examples of any term

discussed herein ig illustrative only, and is not intended to further limit the scope and

-3
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meaning of the disclosure or of any exemplified term. Likewise, the disclosure is not limited

o various embodiments given in this specification.

(60115} Those skilled in the art will appreciate that the logic illustrated in each of the
flow diagrams discussed above, may be altered in various ways. For example, the order of
the logic may be rearranged, substeps may be performed in parailel, llustrated logic may be

omitted; other logic may be included, stc.

(60118} Without intent to further limit the scope of the disclosure, examples of
instruments, apparatus, methods and their related resulls acoording to the embodiments of
the present disclosure are given below. Note thal titles or subtities may be used in the
examples for convenience of a reader, which in no way should limit the scope of the
disclosure. Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure pertains. in the case of conflict, the present document, including definitions will

control,
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CLAIMS

{We claim:

1. A method comprising:

transmitting, by an image processing system, a request for response to a plurality of
servers, the reguest for performing a task on a source image stored at an image storg of a
client system {0 generale a first image, the first image served as a processed image (o a
user device accessing conlent associated with the client system, the content including the
processead image;

receiving, by the image processing system and from at least a subset of the servers,
a response from each server of the subset of the servers, the response including a
corresponding score indicative of a malch of the corresponding server {0 perform the task on
the source image;

sending, by the image processing sysiem, a massage 1o a first server of the subset
of the servers to perform the task, the first server having a first score that exceeds a
predefined threshold or is highest among the scores; and

receiving, at the image processing sysiem, the first image from the first server, the

first image generated by the first server by performing the task on the source imags.

2. The method of claim 1, wherein sending the message o perform the task
includes:

sending a first message to obtain the source image from the image store at the first
server in an original size of the source image, the original size being a file size of the source
image, and

sending a second message to the first sarver to downsize the source image to the
first image having a first size, the first size being a file size of the first image, the first size

being smaller than the original size.

3. The method of claim 2, wherein downsizing the scurce image 1o generale the

first image includes decreasing a resoiution of the source image.

4, The method of claim 1, wherein the score of each of the servers is

determined as a function of latency between the corresponding server and the image store.

-33-
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5, The msthod of ¢claim 1, whersin the score of each of the servers is

determined as a function of a load of the corresponding server.

6. The method of claim 5, wherein the load of the corresponding server is
determined as a function of a number of tasks being performed by the corresponding server
and a size of the source image on which the corresponding task is being performed by the

corresponding server.

7. The method of claim 1, wherein the first server has a first latency with the
image store and a second latency with the image processing system, the first latency being

fower than the second latency.

8. The method of claim 1, wherein the image processing system has a first
lalency with the first server and a second latency with the image store, the first latency being

lower than the second latency.

8. The methaod of claim 1, wherein the first server is geographically more

proximaie 1o the image store than the image procassing system is (o the image slore.

10. The method of claim 1, wherein the first image is of g target size and the
source image is of an original size, the target size being a file size of the first image, the
original size being a file size of the source image, the target size being smalier than the

original size.

11 The method of claim 10, wherein the request for response includes the target

size.

12 The method of claim 10 further comprising:

processing, by the image processing sysiem, the first image (o generate a plurality of
images based on a sel of image processing insiructions, the plurality of images being part of
the conlent associated with the dient sysiem, the plurality of images associated with a
corresponding image processing instruction of the setf, the piurality of images including the

processed image.

13. The method of claim 12 further comprising:
serving, by the image processing system, the processed image to the user device

accessing the content,

34
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14, The method claim 12, wherein the first image of the target size is an image of

a lowest size of the source image using which the pluraiity of images is generatad.

15. The method of claim 1 further comprising:

receiving, at the image processing system and from the client system, a second
reguest for a second image, the second request originating from the user device accessing
content associated with the client system;

processing, by the image processing system, the first image o generale the second
image based on a set of image processing insiructions associated with the second imags;
and

presenting the second image o the user device 10 be displayed with the content.

16. A method comprising:

receiving, at a first server of a plurality of servers and from an image processing
system, a request {0 send a downsized image of a source image stored at an image store of
a client system 1o the image processing system;

determining, by the first server, a score of the first server, the score indicative of a
match of the first server 1o service the request;

sending, by the first server, the score {0 the image processing system;

receiving, at the first server and based on the score, a confirmation for servicing the
request;

obtaining, by the first server and in response o receiving the confirmation, the source
image from the image store in an original size of the source image stored at the image store,
the original size being a file size of the source image;

processing, by the first server, the source image to generate the downsized image,
the downsized image being of a first size, the first size being a file size of the first image, the
first size being smaller than the original size; and

transmitling the downsized image o the image processing sysiem.

17. The method of claim 18, wherein determining the score includes determining
the score as a functlion of {a) a lalency between the first server and the image store and (b} a

load of the first server.

18. The method of claim 18, wherein delermining the score includes determining

the score as a funchion of computing resource required 1o servics the request.
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19. The method of claim 16, wherein the first server obtains the source image
from the image store over a first communication link and transmits the downsized image

over a second communication link.

20. The method of claim 18, wherein the first communication link has a first
latency and the second communication link has a second lalency, the first latency being

iesser than the second latency.

21 The method of claim 18, wherein the first server includes a list of image
stores, and wherein the first server determines a latency between the first server and sach

image store of the list {0 generate a sel of lalencies for the first server.

22. The method of claim 21, wherein the first server delermines a set of scores
hased on the set of latencies, and whearein the first server transmils the set of scores to the

image processing system.

23. The method of claim 18, wherein each of a subset of the servers adverlises

their corresponding score 1o the image processing system based on a irigger.

24 The methad of claim 23, wherein the score of the first server is highest among

seoras of the subset of the servers.

25. An apparatus comprising:

8 processorn;

a request dispatch module that works in cooperation with the processor tc send a
plurality of job requests for performing a job on a source image slored at an image store of a
client system to a plurality of servers;

a server determination module that works in cooperation with the processor 1o
determine a first server of the servers for performing the job on the source image based on a
plurality of responses received from the servers for the job requests, the first server
determined based on 3 first score of the first server, the first score satistying a criterion for
performing the job,

wherein the request dispaich module is configured 1o send a message 1o the first
server {0 perform the job; and

an image receiving module that works in cooperation with the processor to receive a
first image from the first server, where in the first image is a downsized version of the source

image.
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26. The apparalus of claim 25, wherein the server delermination module is
configured to:

retrieve a plurality of scores of the servers from the responses, the scores indicative
of a match of the servers o perform the job advertised, each of the scores delermined by the
corresponding server based on a latency of the corresponding server with the image store,
and

identify a specified score of the scores that exceeds a predefined threshold as the

first score.

27. The apparatus of claim 25, wherein the server determination moduls is
configured to:

retrieve a latency of each of the servers with the image store from the responses,

determing a score of each of the servers as a function of the latency of the
corasponding server to generale a pluralily of scores, the scores indicative of a maich of the
servers to perform the job adverlised, and

identify a specified score of the scores that exceeds a predefined threshold as the

first score.

28. The apparatus of claim 25 further comprising:

an image processing moduie (0 generate a plurality of processed images 1o serve
one or more of the processed images {0 an end user accessing content associated with the
client sysiem, the generating including processing the first image based on an a sei of image

processing instructions associated with the first image.

28. The apparatus of claim 25 further comprising:

a score determination module to send a first message {o each of the servers for
determining a score of the corresponding server based on (@) a latency belween the
corresponding server and the image store, (b} a load of the corresponding server, and {C)

computing resources of the corresponding server.

30. The apparatus of claim 25 further comprising:

a score determination module to send a first message o gach of the servers for
determining a score of the corresponding server based on a number of downsizing jobs
heing performed by the corresponding server and a size of a specified source image which

is being downsized in each of the downsizing jobs.
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< Processing an image >

Raceive, at an image processing system and from a client system, a request for serving an ¢ 405
image, the request originating from a user device accessing the client system

Is a sourcs
image associated with ths image
stored at the image processing
systam?

Yes

Obtain the source image using one of 41
multiple image feeding servers froman ¢~ 3
image store of 3 client system

¥

Process the source image based on the image processing instructions associated with the 470
image to generate the image 4B

Servs the processed image to the end user device o 425

< Return )

FiIG. 4
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C Discovering an Image Feeding Server )

Transmit a request for response 1o a plurality of image feeding sarvers for oblaining a
downsized imags of a source image storad at an image store of 3 client system

o~ B05

Feceaive responses including a score {or parameters usad to datermine the score) indicative
of a match of the servers for obtaining the downsized image

o~ 510

Identify a first image feading server whose score exceeds a predefined thrashold

L~ 515

Send a message 1o the first image Teeding server to oblain the downsized image

Receive the downsized image from the first image feeding server

( Return >

FIG. 5
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Feeding an image {0 an image processing
sysiem

Receive, at sach of multiple image feading servars and from an imags processing system, 605
a request to send a downsized version of a source image of a client system {o the image
processing systaim, the source imags stored at an image store of the client system
Determine a score {or image feeding server parameters used to generate a score) .
indicative of a match of each the image feeding servers to service the requast -~ 610
Send the scores {or feeding server parameters used to generate a score) to the image 615
processing system T
Receive a confirmation at a first image feading server for servicing the request o 6520
Obtain the source image from the image store in an original file size e 625
Procass the source image o generale the downsized image, the downsized image being of
a smaller file size than the original file size - 630
Transmil the downsized image to the image processing system o B35
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e 700
Determining a score
of an image feeding server
Determine image feeding server parameters -
P 705

oo
; Determine a latency between the image feeding server and | 706
i an image store of a client system W
D s
g T T
! . . . I i
i Determine a load of the image feeding server i
}
}

{

} a4
Determine computing resources of the image feeding server gw o8

i

{

Determine the score of the image feeding server as a function of at least one of the latency,
worldoad or computing resources of the image feading server

L 740
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