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USER-CENTERED TASK SCHEDULING FOR MULTI-SCREEN VIEWING IN
CLOUD COMPUTING ENVIRONMENT

TECHNICAL FIELD

The present invention generally relates to multi-screen viewing, and more particularly,
to a priority-based task scheduling method that takes into account the characteristics of the

multi-screen viewing environment.

BACKGROUND

Multi-screen viewing has become increasingly popular, with each user often having
multiple screens such as television (TV), personal computer (PC), laptop, tablet, mobile, and
so on. The device chosen by a user is often driven by context, such as where the user is,
what the user wants to accomplish and the amount of time needed. For example, computers
keep users productive and informed, mobiles keep users connected, tablets keep users
entertained, and portable screens allow user to move casily from one device to another.
When multiple devices are used simultancously, a user’s attention is split between distinct
activities on cach device.

Task scheduling is an important aspect of providing good user experience for multi-
screen viewing in a cloud computing environment. Although there are various task
scheduling schemes for cloud computing, few are specifically designed for multi-screen
viewing. Multi-screen task scheduling is particularly challenging because of its special
application environment.

Accordingly, there is a need for improved task scheduling schemes for multi-screen

viewing in a cloud computing environment.

SUMMARY OF THE INVENTION

One aspect of the present invention provides a method that comprises receiving, via a
device, a plurality of requests from users, wherein each user has a plurality of associated
viewing screens; determining, via the device, a priority score for cach one of the requests
based on at least one factor related to the plurality of associated viewing screens; and

processing one of the requests based on the priority score.
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Another aspect of the present invention provides a device, such as a server, which
comprises a module for receiving a plurality of requests from users, wherein each user has a
plurality of associated viewing screens; and a module for determining a priority score for
cach one of the requests based on at least one factor related to the plurality of associated
viewing screens.

Yet another aspect of the present invention provides an electronic apparatus, such as
one or more servers. The electronic apparatus comprises computer hardware operative to
execute computer software, which when executed, enables: (i) receipt of a plurality of
requests from users, wherein each user has a plurality of associated viewing screens, and
further enables (ii) generation of a priority score for cach one of the requests based on at least
one factor related to the plurality of associated viewing screens.

This summary of exemplary embodiments of the present invention is merely
illustrative of the inventive concepts presented herein, and is not intended to limit the scope

of the present invention in any manner.

BRIEF DESCRIPTION OF THE DRAWINGS

The teachings of the present principles can be readily understood by considering the
following detailed description in conjunction with the accompanying drawings, in which:

FIG. 1 shows a block diagram of a multi-screen viewing system in a cloud computing
environment according to exemplary embodiments of the present invention;

FIG. 2 shows a flowchart representing a general framework of task scheduling for a
multi-screen viewing system in a cloud computing environment according to exemplary
embodiments of the present invention; and

FIG. 3 shows a flowchart representing an example of task scheduling for a multi-
screen viewing system in a cloud computing environment according to exemplary
embodiments of the present invention.

The examples illustrate preferred embodiments according to the present invention,
and such examples are not to be construed as limiting the scope of the invention in any

manncr.
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DETAILED DESCRIPTION

This invention provides a method of task scheduling for multi-screen viewing in a
cloud computing environment. The task scheduling is multi-screen user oriented, and takes
into account some factors that are specific to multi-screen viewing, which affect users’
quality of experience. These factors include users’ split attention among devices, users’
preference for certain devices and content, users’ latency tolerance on different devices and
content, and so on. The objectives of the associated scheduling algorithm include improving
user experience and keeping fair and efficient access to cloud computing resources among
users.

For multi-screen viewing, each user often has multiple screens, such as TV, PC or
laptop, tablet, mobile, and so on. The multiple screens also mean multiple user devices, and
the term “screen” and “user device” may be used interchangeably. The multiple screens
belonging to one user are called the user’s associated screens. Each user uses these screens
at different frequencies, and the screen that is used most frequently is called the dominant
screen. Each user also has different latency tolerance on different types of content, and
different latency tolerance on different devices. User latency tolerance is the elapsed time (or
time duration) between sending a request and receiving a response, which a user can tolerate.
A user will typically give up waiting for a response if the response is not received within the
user's latency tolerance. In the context of this invention, “user latency tolerance” is a time
duration based on various factors such as types of content or device, among others. For
example, a user's latency tolerance can be 500ms for text, and 2s for video. The latency
tolerance is complicated in the multi-screen environment, and in some cases, is also an
important factor in determining the scheduling priority.

The associated screen status, the dominant screen and the latency tolerance are three
factors being considered in task scheduling according to the present principles. This
invention gives a scheduling framework which includes two modules, latency tolerance
determination and scheduling priority determination.

It is to be understood that the present invention may be implemented in various forms
of hardware, software, firmware, special purpose processors, or a combination thercof.
Special purpose processors may include application specific integrated circuits (ASICs),

reduced instruction set computers (RISCs) and/or field programmable gate arrays (FPGAs).
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Preferably, the present invention is implemented as a combination of hardware and software.
Moreover, the software is preferably implemented as an application program tangibly
embodied on a program storage device. The application program may be uploaded to, and
executed by, a machine comprising any suitable architecture. Preferably, the machine is
implemented on a computer platform having hardware such as one or more central
processing units (CPU), a random access memory (RAM), and input/output (I/O) interface(s).
The computer platform also includes an operating system and microinstruction code. The
various processes and functions described herein may cither be part of the microinstruction
code or part of the application program (or a combination thereof), which is executed via the
operating system. In addition, various other peripheral devices may be connected to the
computer platform such as an additional data storage device and a printing device.

Furthermore, since some of the constituent system components and method steps
depicted in the accompanying figures are preferably implemented in software, the actual
connections between the system components (or the process steps) may differ depending
upon the manner in which the present invention is programmed. Given the teachings herein,
one of ordinary skill in the related art will be able to contemplate these and similar
implementations or configurations of the present invention.

FIG. 1 shows a block diagram of a multi-screen viewing system 100 with an
exemplary architecture for task scheduling in a cloud computing environment according to
embodiments of the present invention. System 100 includes cloud environment 10 and a
plurality of users 20; to 20,. Cloud environment 10 comprises several hardware and software
modules, including requests receiving module 12, latency tolerance determination module 14,
scheduling priority determination module 16 and user profile module 18. Cloud environment
10 may also include one or more general purpose computing clements, such as one or more
processors and/or controllers (not shown), and may be generally embodied using one or more
devices such as servers and/or other electronic apparatus, among others.

Advantageously, scheduling algorithms used by scheduling priority determination
module 16 of FIG. 1 provide efficient access to computing resources of cloud 10 among
users while taking into account factors specific to multi-screen viewing applications. For
multi-screen viewing, cach user 20; to 20, often has multiple screens, such as TV, PC, tablet,

mobile device, etc.
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During operation of system 100 in FIG. 1, users 20; to 20, make requests to cloud 10
via module 12, and cloud 10 receives and processes the requests. According to exemplary
embodiments, cach user 20; to 20, logs onto cloud environment 10 using his or her user
name and password. A user profile is a collection of personal data associated with a specific
user. User profile module 18 is operative to track, store and provide different types of data,
including, for example, demographic and psychographic data such as age, gender, device list,
interest graph metrics, and viewing patterns of behaviour for every user 20; to 20, within
system 100. According to exemplary embodiments, user profile module 18 tracks, stores and
provides data that enables, among other things, latency tolerance determination module 14 to
determine user latency tolerance, and scheduling priority determination module 16 to
determine priority among requests, as described below.

Task scheduling according to principles of the present invention exploits the
characteristics of multi-screen viewing, such as associated screens and dominant screen. The
dominant screen of one user may be changed according to one or more factors, such as time
of day, user location, among others.

FIG. 2 shows a flowchart 200 representing the gencral framework of task scheduling
for a multi-screen viewing system in a cloud computing environment according to exemplary
embodiments of the present invention. For purposes of example and explanation only, the
steps of flowchart 200 may be described with specific reference to elements of FIG. 1, and
are not intended to limit the scope of the present invention.

Flowchart 200 starts at step 210 and proceeds to step 220 where requests (e.g., for
specific content, etc.) from users 20, to 20, are received at the cloud environment 10. If
computing resources of cloud environment 10 are available, the request is processed
immediately. However, if computing resources of cloud environment 10 are not available,
the request is sent to a queue.

At step 230, for every request from a user 20, to 20,, the user latency tolerance is
determined based on, for example, the requested content, the user's device, and so on. At
step 240, the request is added to the queue and necessary information is retrieved from the
applicable user profile, including whether the device sending the request is a dominant device

or not.
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At step 250, a priority score is calculated for each request based on factors including
arrival time, latency tolerance, dominant screen and associated screen status. At step 260,
when computing resources of cloud 10 are available, the specific user request with the
highest priority score is processed. Thereafter, at step 270, the processed request is removed
from the queue and process flow loops back to step 250 where the priority score is
recalculated for cach of the pending requests. In this manner, requests are sequentially
processed in an order according to their priority scores.

According to exemplary embodiments, the user latency tolerance is determined at
step 230 by latency tolerance determination module 14 according to one or more factors,
such as the type of content requested, the type of requesting device, the request time of day,
and/or the user identity (i.e., based on at least one of these factors, and combinations thereof).
Users may have different latency tolerances to different types of content, the same user may
have different latency tolerances when the request is initiated from different devices, and
different users may have different latency tolerances to the same type of content.

The latency tolerance data can be configured by users and/or be determined and
modified through collecting and analyzing users’ behaviour data. The user latency tolerance
data can be represented as a function of content, device, time of day, and/or other parameters
in any suitable combination. Data related to user latency tolerance is stored and updated in
user profile module 18 of FIG. 1.

In some cases, the latency tolerance determined at step 230 can be an important factor
(c.g., potentially dispositive in some embodiments) for determining the scheduling priority at
step 250. In other embodiments, the requesting time (i.c., time at which a request is sent)
plus the applicable latency tolerance, the combination of which may be referred to as a
“deadline”, can be used as another factor for priority determination.

The priority (i.e., which user request will be served first or next by the computing
resources of cloud 10), which can be represented by a priority score, is determined based on
consideration of at least one factor, including the “deadline”, the dominant screen, the
associated screens’ status, and/or any combination thereof. In some embodiments, after the
latency tolerance is determined, the requests are sorted (e.g., in an increasing order) based on
the deadline, i.c., request time plus latency tolerance.

According to exemplary embodiments, the general rules for determining the
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scheduling priority at step 250 of FIG. 2 are as follows:

1. The priority will be given to the request which has the carliest deadline.

2. The priority will be given to the request from the dominant screen.

3. The priority will be given to the request whose associated screens are not active (e.g., not
currently turned on or otherwise operating).

These rules may be considered individually, or in any suitable combination with cach
other and/or other rules. In this manner, the priority calculated at step 250 of FIG. 2 may be
represented for example as a function of the deadline, dominant screen, associated screens
status and/or other rules in any suitable combination.

FIG. 3 shows a flowchart 300 representing an example of task scheduling for a multi-
screen viewing system in a cloud computing environment according to exemplary
embodiments of the present invention. For purposes of example and explanation only, the
steps of flowchart 300 may be described with specific reference to elements or steps of
FIGS. 1 and 2, and are not intended to limit the scope of the present invention.

Flowchart 300 of FIG. 3 starts at step 305 and proceeds to step 310 where module 12
of cloud environment 10 receives requests (e.g., for specific content, etc.) from users 20; to
20,. Also at step 310, the user latency tolerance (as previously described) is determined, for
example, by user latency tolerance determination module 14 according to one or more factors,
such as the type of content requested, the type of requesting device, the request time of day
and/or other factors.

At step 315, each received request is placed in a queue in cloud environment 10 and
the received requests are sorted in a predetermined manner, ¢.g., in an increasing order based
on the deadline discussed above.

When computing resources of cloud environment 10 are available, process flow
advances from step 315 to step 320, where one or more functions or tasks may be performed.
These tasks include, for example, initializing an index “m” (¢.g., set to zero); determining a
threshold value that represents a number of requests to be sclected as candidates for possible
immediate processing (can be less than or equal to the total number of requests in the queue);
picking up or retrieving the first request from the queue (i.c., the request having the shortest

deadline); and removing the request from the queue if its latency tolerance has been violated.
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Different criteria or rules can be used to determine whether latency tolerance for a
request has been violated or exceeded. In one example, latency tolerance is considered
violated if the current time is greater than the deadline minus one way transmission delay
minus processing delay. The one way transmission delay is given by the arrival time of the
request at the server minus requesting time (i.e., time at which request is sent by user). The
processing delay can be estimated based on the available CPU of the cloud environment and
the request task.

At step 320, if the latency tolerance of the first request has not been violated, then the
request will be performed, in which case, process flow advances to the algorithm or method
steps represented in steps 325 to 355, where computing resources of cloud environment 10
perform various steps to sequentially and iteratively process active user requests in the queue
of cloud environment 10. Specifically, steps 325 to 355 are performed to determine the
priority of the request, ¢.g., based on the dominant screen or active associated screen status,
and when to perform the request. If the request has a higher priority than the deadline (e.g.,
dominant screen or has no active associated screen), it will be processed immediately upon
being picked up from the queue. Otherwise the next request in the queue will be picked up to
perform steps 325 to 355 again. If the number of the request being picked up exceeds the
threshold, then the first request (if it has not yet been performed) in the queue has the first
priority, so the first request in the queue will be processed. This exemplary algorithm is
discussed below.

At step 325, a determination is made as to whether a current request (e.g., for
particular content, etc.) from the queue is sent from a dominant screen (i.c., the screen which
is used most often by the user). If the determination at step 325 is positive or "yes", process
flow advances to step 330 where the request is performed and removed from the queue.
From step 330, process flow loops back to step 320.

Alternatively, if the determination at step 325 is negative or "no" (i.c., request is not
sent from a dominant screen), process flow advances to step 335 where a determination is
made as to whether the request or requesting user has no active associated screens (¢.g., none
of the applicable user devices associated with the request are turned on or operating, etc.). If
the determination at step 335 is positive, process flow advances to step 330 where the request

is performed and removed from the queue, and process flow loops back to step 320.
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If the determination at step 335 is negative (i.c., there is at least one active associated
screen for the user of the current request), process flow advances to step 340 where the index
“m” is incremented by one (i.c., m=m+1). Process flow then advances to step 345 where a
determination is made as to whether the current value of the index “m” is less than or equal
to the predetermined threshold value (e.g., determined from step 320).

If the determination at step 345 is negative, process flow advances to step 350 where
the first request is performed and removed from the queue, and process flow loops back to
step 320.

However, if the determination at step 345 is positive, process flow advances to step
355, where computing resources of cloud environment 10 retrieve and process the next
request from the queue, and process flow loops back to step 325, and subsequent steps may
be repeated as previously described.

According to the example depicted in FIG. 3, the priority determination is explained
as follows. For those requests whose deadlines are less than or equal to a predetermined
deadline threshold, priority will be given to the request by considering the following factors
in sequence (i.c., decreasing priority): 1) from the dominant screen; 2) no active associated
screens; 3) shortest deadline.

Table 1 below shows the priority results for cach of the aforementioned factors in
combination (with V indicating "yes", and - indicating" no"). The request that is from the
dominant screen, with no active associated screens and has the shortest deadline will be
given the highest priority. The request that is not from the dominant screen, with some (i.c.,
at least one) active associated screens and does not have the shortest deadline, will be given
the lowest priority. In general, however, if there are several requests that are not from
dominant screen and they also do not have any active associated screens, then the request

with the longest deadline will be given the lowest priority.
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Table 1
Priority From the dominant No active associated G
SCrec SCreens
i v v v
2 N N -
3 N - N
4 N - -
5 - N N
6 - N -
7 - - N
8 - - -

The threshold used in FIG. 3 can be represented in various ways. For example, the
threshold can be set to a predetermined number (e.g., 2, 3, 4, etc.), which means an exact
number of requests in the queue will be picked up or retrieved as candidates for immediate
processing, i.c., processed with the first priority. In one example, the priority scores are
calculated for the selected candidates, and only the request that has the first priority will be
immediately processed.

The threshold can also be determined based on all of the deadlines of the requests in
the queue. For example, the threshold may be set to be no more than 1.1 times the minimum
deadline in the queue, or the threshold may be set to be no more than the median deadline in
the queue. Other ways of setting the threshold may also be used. Although the threshold can
be represented in different manners, these various threshold representations can still be
mapped to a value that refers to an exact number of requests in the queue.

As described above, the present invention provides a priority-based task scheduling
method that takes into account the characteristics of a multi-screen viewing environment,
which is user-centered and provides users with good quality of experience.

While the forgoing is directed to various embodiments according to the present
principles, other embodiments may be devised without departing from the basic scope
thereof. Thus, the appropriate scope of the invention is to be determined according to the

claims that follow.

10
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CLAIMS

WHAT IS CLAIMED IS:

1. A method (200), comprising:

receiving, via a device, a plurality of requests from users, wherein cach user has a
plurality of associated viewing screens (220);

determining, via said device, a priority score for each one of said requests based on at
least one factor related to said plurality of associated viewing screens (250); and

processing one of said requests based on said priority score (260).

2. The method (200) of claim 1, wherein each of said plurality of associated viewing
screens corresponds to a separate user device selected from a group including a television, a

computer and a mobile device.

3. The method (200) of claim 1, wherein said device comprises a server in a cloud

computing environment.

4. The method (200) of claim 1, wherein said at least one factor related to said plurality
of associated viewing screens includes at least one of: (i) whether said request is from a user
device associated with a dominant screen that is most frequently used by said user, and (ii)

whether none of said plurality of associated viewing screens for said user is active.

5. The method (200) of claim 1, wherein said priority score is further based on a

deadline associated with said request.

6. The method (200) of claim 5, wherein said deadline is based on an arrival time of said

request and a user latency tolerance associated with said request.

7. The method (200) of claim 6, wherein said user latency tolerance varies based on at

least one of requested content and an applicable user device.

11
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8. A device (10), comprising:

a module (12) for receiving a plurality of requests from users (20; to 20,), wherein
cach said user has a plurality of associated viewing screens; and

a module (16) for determining a priority score for cach one of said requests based on

at least one factor related to said plurality of associated viewing screens.

9. The device (10) of claim &, wherein each of said plurality of associated viewing
screens corresponds to a separate user device selected from a group including a television, a

computer and a mobile device.

10.  The device (10) of claim 8, wherein one of said requests is processed based on said

priority score and said device comprises a server in a cloud computing environment.

11.  The device (10) of claim 8, wherein said at least one factor related to said plurality of
associated viewing screens includes at least one of: (i) whether said request is from a user
device associated with a dominant screen that is most frequently used by said user, and (ii)

whether none of said plurality of associated viewing screens for said user is active.

12.  The device (10) of claim 8, wherein said priority score is further based on a deadline

associated with said request.

13. The device (10) of claim 12, wherein said deadline is based on an arrival time of said

request and a user latency tolerance associated with said request.

14. The device (10) of claim 13, wherein said user latency tolerance varies based on at

least one of requested content and an applicable user device making said request.

15. Electronic apparatus (10), comprising:
computer hardware (12-18) operative to execute computer software, which when
executed, enables receipt of a plurality of requests from users (20, to 20,), wherein each said

user has a plurality of associated viewing screens, and further enables generation of a priority

12
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score for cach one of said requests based on at least one factor related to said plurality of

associated viewing screens.

16. The electronic apparatus (10) of claim 15, wherein each of said plurality of associated
viewing screens corresponds to a separate user device selected from a group including a

television, a computer and a mobile device.

17.  The electronic apparatus (10) of claim 15, wherein one of said requests is processed
based on said priority score and said device comprises a server in a cloud computing

environment.

18. The clectronic apparatus (10) of claim 15, wherein said at least one factor related to

said plurality of associated viewing screens includes at least one of: (i) whether said request
is from a user device associated with a dominant screen that is most frequently used by said
user, and (ii) whether none of said plurality of associated viewing screens for said user is

active.

19.  The electronic apparatus (10) of claim 15, wherein said priority score is further based

on a deadline associated with said request.

20. The electronic apparatus (10) of claim 19, wherein said deadline is based on an

arrival time of said request and a user latency tolerance associated with said request.

21. The celectronic apparatus (10) of claim 20, wherein said user latency tolerance varies

based on at least one of requested content and an applicable user device making said request.

13
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