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ABSTRACT - There is a massive improVem?nt in the

computer technology which leads to infinite number of

resources in all over the world stored in the computer.
Computing devices have several uses and are necessary for

businesses, scientists, governments, engineers. These have’

to generate data that comes from anywhere. Sensors
gathering climate data, a person posting to a social media
site, or a cell phone. Furthermore, the data itself may be
too large to store on a single machine. In order to reduce
the time it takes to process the data, and to have the
storage space to store the data, we introduce a technique
called map reduce programming model. In - this
programming method, it has to divide the workload
among computers in a network. As a result, the
performance of Map Reduce strongly depends on how
evenly it distributes this workload among the computer. In
Map' Reduce, workload distribution dépends on the
algorithm that partitions the data. To avoid the problems
of uneven distribution of data we use data sampling. By
using the partitioning mechanism, the partitioned
distributes ‘the data depends om how large and
representative the sample is and on how well the samples
are analyzed. Due to this improves load balancing and
memory consumption of the computers. In addition to that
we use micro-partitioning methods to divide the workload
into small tasks that are dynamically scheduled at
runtime. This approach is only effective in systems with
high-throughput, low-latency task schedulers and efficient
data materialization. To enhance the accuracy in
scheduling we propose an innovative method called Map
Reduce Task Scheduling algorithm for . Deadline
constraints. This method allows user specify a job's
deadline and tries to make the job be finished before the
deadline. Through measuring the node's computing
capacity, a node classification algorithm is proposed in
MTSD. This algorithm classifies the nodes into several
levels in heterogeneous clusters. Under this algorithm, we
firstly illuminate a novel data distribution model which
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Cloud Multimedia Services (MCMS), Clearly, when all the
multimedia services. move to the cloud, MCMS becomes
larger and' more complicated, thus it is necessary to design an
efficient scheduling scheme that' dynamically allocates
appropriate user service requests ta available multimedia
servers without the help of a ceniralized controller [1-5].

Basically. since various service requests usual-ly
come from different users and the scheduling policics’ for
MCMS are typically delay-sensitive. intuitively. the users arce
allocated .to ‘the servers with less 'service time to reduce
transmission and waiting delays. ‘However. in- this case. the
faster servers naturally become busy since they possess less
free time than the slower ones, and hence. this leads to
significantly raise the energy consumption [6]. More recently.
green multimedia services attracted so much attention and

-became an irreversible trend. As a result. it is necessary 1o

distributes data according to the node's capacity level

respectively.
Keywords: MTSD, Map Reduce,MCMS.

INTRODUCTION

Currently, a large number of mobile cloud platforms have .

been proposed to provide a pervasive computing environment
[1, 2.5, 8). In mostof them, cach mobile device is linked with
a sys-tem-level service in the cloud infrastructure. Moreover,
with the rapid development of wire-less communication
technologies. users are expected to use more multimedia
services in the mobile cloud to avoid the installation of the
soft-ware in mobile devices. Informally, it is called Mobile
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enable all the servers to have the same (or similar) free tine
when assigning heterogencous services. This encourages us to
design an exquisite scheduling. policy .for MCMS with the
following goals: minimizing the delay of the ser-vice. and
achicving impartiul free time among the scrvers: regardless of
their service time. ‘

Although substantial scheduling schemes have Jointly
taken into account the delay and energy in various cloud
environments, a key point assumed in most existing warks is
that average service time and request rate. are known. fur the
system operator: Obviously. this is helpful for simplitying the
underlying scheduling problemn and cdnslructing casy. service
models [6]. Nevertheless. this assumption cannot be alway s
satisfied in practical MCMS. It should. be noted that cven
though the operator utilizes a powerful prediction technology
with a sufficient former data, the above (wo parameters. in
particular for the mobile ¢loud. arc unknown as well, As a
result, it'is meaningful to study the scheduling problem when
the important paramelers are: unavailable.tspcciﬁcull_\. we
informally define this case as blind scheduling. Further-more.
since the ‘multimedia services sometimes are real-time. the
scheduling policies should be implemented online for practical
uses. . :

-Essentially,
difTiculties: :
* Designing the user routing according 1o the availability and

ability of the servers ;
. Dele.rmining the server assignment without knowing the
service request and time ’
. lmple{nenling the scheduling in a distributed way lor online
operation '
These three problems are interacted with each other. and
hence they should he resolved jointly rather than separately.
Our objective in this work is 10 jointly consider the above

blind online scheduling results in some critical
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three prablems by designing a: total blind online seheduling
algorithm' for the peneral MCMS, Specitically, we consider
that new users are routed to the server whose [ree time is the

largest for achieving the energy eficiency. Then, the availoble

servers are assigned based on a separated method w get the
delay as small as possible. Morcover. the allocation can be set
casily for the online implementation.

The rest of this article is vrganized -as follows. First -

overview  the related works  on scheduling. in  cloud

cavironments. | then provide the sys-tem' model and formulate

the problem. 1 design aflerwards a blind online scheduling

‘scheme and: show it main. characteristics. and apply. the:
proposed - schéduling  scheme  to” a cloud-based . program - -

recammendation system. Subsequently. we conduct numerical

simulations (0 demonstrate the efficiency of the - proposed

scheme. Finally. conclude the article with a summary.

RELATED WORK

To improve the resource utilization: of the" mobile -cloud,

various scheduling mechanisms have been developed in recent

vears, In general, they can be broadly divided. into. two

categories: R i e

+ Implementing 'the - scheduling with predictable cloud
parameters ' G :

» Considering scheduling with unknown user request rate and.
server service rate.

Specifically. for the first one. the mdioril);' of the current

literature is based on- approximations of user request by
_ complete trial and error or by manual settings. In particular,
some studies use the servers. approximation technique to
achieve the near optimal solution [1-3]: [4-5] focus. on
heterogeneous multimedia services with different QoS
requests by separating the user request and service ability. [n
addition. variable approximate techniques are applied to the
scheduling scheme with multiple goal functions:{o achieve the
radeofl  between  various  performance - metrics,  €.8..
ransmission delay. power consumption. elc., Recently. optimal
scheduling in heavy tralfic regimes has received considerable
atiention. Interestingly. the correlation among, the request rate,
the Service time, and. the energy consumption is'so small and
even ignorable in this casc.-As a result, these metrics can be
wreated independently, and the joint algorithm can be designed
individually |6]. 2 i i

In fuct. the -uncertaintics o the request rate and’

ervice rate- further complicate - the scheduling  problem.
Specifically. [7] first derives the, relationship between the

service request rate and the user waiting time. Subsequently a,

vast volume of papers. concentrated- on: the performance
analysis with suboptimal performance on the ser-vice'time or
the energy. consumption. Note that the majority. of existing
hlind scheduling schemes ".are based .on the stochastic
optimization,  which . typically  undergoes tremendous
computation complexity . Therelore, these scheduling schemes
can_ hardly be implemented online [6]. Most recently, (8]
wtilizes a stochastic model to predict the service request rate.
l1ui its complexity is high for the online operation. The study
ol heterogeneous users with different QoS requirements-and

In this section,

unknown request rates Iy conducted in a sequence of papers
19-11], in which the

underlying relutionship between the
above’ two parameters ure clearly formulated and how the
purameters impact the performance is well investigated, In this
work, we will further extend these works by proposing a
simple blind scheduling scheme for online operation, and at
the same time, we inherit the properties of the previous work
6l. ' '

[t is important to note that although the cur-rent work
is derived from [6], there are two distinguished differences:

_* The 'scheduling algorithm - in_ this -work is much simpler,

which facilitates the online operation in the mobile cloud,
and Hae i »

« The condition to achieve the asymptotical optimality is more
critical inthis work, but it can also be held in the heavy
traffic regime. Details of this will be discussed later.

MOBILE CLOUD MULTIMEDIA SERVICE
ARCHITECTURE

we describe a general MCMS -architecture
based on a pervasive mullimedia service framework.:Inspired
by -the concept of the separated function, MCMS s
represented. by four parts which are-shown in Fig. 1. Specifi-
cally, mobile users request heterogeneous multimedia services’
to. the mobile clouds via base stations, e.g... access. point,
transceiver station, etc., which  construct’ the user interfaces

. between the mobile cloud and the-users. Mobile users” state .

information. e.g., ID and location are also sent to the process:

unit to decide whether to agree or.decline the request: [7]. Note
that in the architecture of MCMS, each multimedia service is
encoded independently  with . the utility - computing,.
visualization, and service-oriented link: (e.g., heterogeneous . -
multi-media applications, database servers. - etc.). Basically,
the process unit plays the role of accessing control, and it
usually - consists of eight elements: access mode, = service
provider informatjon, - user request . information, unified:
interface. energy consumption, flow scheduler, resource
allocation, and user state information. In particular, the energy
cansumption, flow scheduler; and resource allocation strategy
can be integrated into a general scheduling middle-ware which

~can be embedded into the process unit. In this work,.we will

concentrate on - this part by. designing a simplé  scheduling
scheme' for online operation. After, that, the service requests
are delivered to virtual machines which act as the bridge
between  the s;:rvicc requests. and - available: resource. In
particular, the virtual machines first find appropriate servers
which can’ provide' the corresponding multimedia ser-vices,
then ‘assign the available server'with'a specific goal function

l'(e.g'., the minimum energy cost, the minimum waiting time.

etc.). o
Based on the above analysis, the architecture of MCMS is a
classical large-scale distributed: system. From the function
perspective, the architecture of MCMS can also be divided
into four layers: N

Server Maintain (SM) Layer: This: layer providcé
the hardware facility and infrastructure, in which multiple



: ; 2014 Sixth International Conference on Advanced Computing (ICoAC)

iervers are connected with hybrid networks 1o provide
nultimedia services. Typically, these servers are placed in
deal locations with plentiful of power supply and low venture
)fbrg:&!gdoxynl ‘ 2oy .
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~ Data Mapping (DM) Layer: The mechanism of data
napping is built on top of the SM layer. DM acts as the
sonnection between the physical server and QoS requests, and
it. involves the pro-vision of servers. content update, and
networking components. The users should pay for the ser-vice
tim  \d service. quality, and the DM layer can considerably
reduce .the waiting time among the huge number of servers.
Thus, users can save cost as the payment strongly depends on
how much thc server has been utilized. In particular, in the
DM layer, the mapping fashion can be expanded or reduced
dynamically according to the practical need [1, 5].

Virtual Machine (VM) Layer: VM performs as a
service platform  which offers an advanced intcgrated
environment for building. testing, and deploying user services.
Currently. the VM techniques are quite mature, and almost all
the clouds cmploy it to improve the QoS [2].

' Access Control (AC) Layer: In this layer. users can
request multimedia services and access the mobile cloud via
the different kinds of net-works, and they should pay for this
access. For example, Microsoft's Live Mesh also allows shar-
ing multimedia services across numerous mobile devices
simultaneously.

. Furthermore, combing the architecture of MCMS
with the above four function layers, it is obvious that the
MCMS is an open and integrated service platform, 'whic'h
pr-ides different: interfaces for different ) mulmfu':dla
ap, .cations. In particular, MCMS has thc. following addition-
al advantages compared L0 traditional mobilc clouds:

Dynamic = maintain: Dynamic on:-dcmand
multimedia service maintain is an efficient and flexible way
for multimedia service providers and mobile users to run 'thIr
applications in a dynamic cnvironment without additional

resource requests.

Scalability service: The deployment of mobile
multimedia applications can be adapted and sca'lcd to meet the
unpredictable user QoS requests due to .vanablc a_vaxlat;le
resources.  Multimedia “application prov1d¢r§ can casily
involve an unexpected service without or with little extra
rESOUrce usage. o i
Information sharing: Multimedia application proyuders can
share the resources and costs. in .lhc open architecture of
MCMS., 10 support numerous services and large number of

USCTS,
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Information integration: Service requests [rom a
variety ol uscrs and available services from difterent
multimedia application providers can be integrated easily in
the framework “off MCMS " by employing dynamic
maintenance.. scalability service. and information integration
19].

BLIND ONLINE MULTIMEDIA SCHEDULING

in this section, we first briefly describe the sys<stem model.
Next, we propuse a blind scheduling scheme by fully making
use of the blind system information and large-scale cloud in
heavy traffic. Additionally. we apply our blind scheduling
scheme to a cloud-based program recommendation system.

SYSTEM MODEL

Wec consider  a - classical mobile cloud cnvironment.
Specifically, U = {1. .... U] represents usér classes and S=
{1. ..., S} denotes server classes. Users request multimedia
services according to an independent Poisson processes P 1t
o U. Assume that service Lime ol each server satislics an
exponential function, and the server from the same classy
S has the same average service time. Morcover, et .be a
spe- cific scheduling scheme and 7> 0 be a time slot, und IV,
(; | ') denotes the waiting time of class u LI user that
has the longest waiting time [6]. P N
By jointly considering waiting-time and energy consumption.
an efficient scheduling should have bath low delay for users,
and an impartial task division among the servers. To that end. .
we introduce ) (£ ) to show the minimum free time
of server class 5. and definc an average factor

¥y (@)
j; s CEmem—
Z( )

Note that the average facior defined in this work is diflereni
from that of [6] in which an average free time of server -is
used. There are two main reasons that we replace the previous
one: e EY
« The average value is difficult to obtain in a dynamic’
environment '
+ The average value sometimes cannol guarantee: the server’s
laimess
Let 7> 0 be a given time period, which can be viewed as the
service time of a specific multimedia application, e, 7 =
90min for a foowball match. As we know, the average Tactor
can be set directly with perfectly predictable system
paramcters, however, for blind scheduling. the average factor
itself is an unknown variable depending on the realization of
the request rates. To circumvent this difficulty. we emplov a -
probability-constrained formulation in which the  specilic
constraint is set by some pre-specified fraction of the
parameters. Usually. the cunstrained probability is artificially
set by the sys-tem operator. who determines the system perfor-
mance on-the tradeoff between the system performance and,
complexity. ;

Essentially, the outline of the probability-con-strained
formulation is as follows: the system operator [irst
subjectively chooses a ventre level i, which represents the
maximum violated value of the average factor. As we know.
the advantage of the probability-constrained formulation lics
in elastically adapting 10 the venturc-level that the scheduler
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can- tolerate, In general: blind scheduling aims o solve the
following stochastic probability optimization problem, where
o (0.1) is the venture level. Py(7) shows the recorded
user fequest over time period 7, and Iy, represents the.
~ waiting time up to 7 by the kth class u that has requested the
service at the beginning ol'time.

~In fuct. the core problem of resolving the goal function is
how to control the match error given a tolerable: limit from a
long-time seale, which can yield the desired asymptotical
optimality. '
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Indeed. this mission is possible in the heavy traffic regime in
which the routing: and assignment are independent of cach
other [10]. To be more specific. the routing algorithm first
takes. charge of the service time, then controls the practical
waiting time lor a user requesting a specific multimedia
service. while the assignment algorithm is responsible for
distributing the servers into different classes according to
different multimedia service requests. '

Moreover, we are interested in asymptotical
optimality criteria in ‘which determines the queue length and
waiting time. rather than the system service state (e.g.. service
time). 1T the system service lime is set as the asymptotical
optimality ‘criteria, then. from the mathematical perspective,
any blind policy. e.g., first-come-first-served, etc., cannot
resalve the goal Tunction due to the definitions of P, and Wik
Mureover, the formulation” of the the - goal - function
concentrales on an important relationship between the service
time and average loactor. In particular, each server has its own
queue. and the decision on which user should be allocated to a
queue is made as soon as the user arrival. In this regard. this
strategy implies that a well-defined separated policy is a
possible solution because in this case the sys:<tem operation
arca helongs to-the heavy trafic regime. It is important to note
that the asymptotically optimal allocation should grow linearly
as the increase of the user request rate. This based on the
following two cousiderations: )
+* Lineat Tunction is easy to calculate in an online fashion
« Linnear function can well fit the user request rate in a heavy

waflic |4] S
Our prévious work |6] has demonstrated that the upper and
Jlower allocation bounds can be used to achieve an asymptotic
optimality. In this  work, we extend [6]. to, an online
jmplementation. To this end. one should calculatc the
allocation values in a very simple way.

BLIND SCHEDULING STRATEGY
Based on the above discussion. we can design a simple blind
online scheduling scheme by jointly considering routing and
assignment but separately developing them. Specifically, we
assign available multimedia ‘servers based on the last time-slot
information ~ of the users’ tequests, and  route - the
heterogencous multi-media flows according to the first-come-
first-served rule. We propose a blind online scheduling
algorithm (BOSA) outlined in Table 1. 1t is obvious that the
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proposed blind scheduling algorithm is suitable for practical
use in the sense that it does not require the knowledge of the
system paraineters such as the request rates, service rates, etc.
Instead, at cach time-slot, one only necds to calculate s* and

.u* with computational complexity (1) which can be

implemented online in a distributed way. The separated
approach is altractive because the compuiation of s* and u*
that are required for a reasonable gpproximation grows only
linearly with the dimension of users. Morcover, the results can
be used to derive estimates on'the system parameters with a
desired level of accuracy. and this point is consistent with our
probability-constrained formulation.

Next, we employ the above scheduling scheme in a
bi'actical mobile cloud environment, which is shown in Fig. 2.
In general, there are two distinct types: one is to add ‘the
algorithm in the = virtualization part which ~ attains. an
approximatc solution of the goal function within the cloud,
and the other one is to implement it in the task division and
mapping part which act as a middle-ware between the cloud
virtualization and multi-media integration. For the former. it
focuses on the cloud resource, providing QoS in the cloud
infrastructure to support heterogeneous multi-media services
with unknown user demand and available server. For the
latter, it-aims at improving cloud QoS in the upper layers, such
as QoS in the application layer and QoS mapping between the
cloud ‘infrastructure and the QoS request. “For ease of
implementation, we employ the first one in our simulation.
Note that, in fact, the results of the second one are able to
achieve the same performance as that of the first type.

NUMERICAL RESULTS

In this section, we evaluate the performance of the blind
online scheduling = algorithm by “con-ducting - simulation
experiments in a practical environment. which consist of three
kinds of users and servers: audio, file, and video (U = § = 3).
We compare our blind ‘online scheme with a full-information

«case and the blind scheduling algorithm (BSA) in-[6]. For the

full-information case, the scheduler knows the user request
rate and server service time. For comparison purposes, we set
N =90. N, =30. %= UStors  |1.5]. and 5 = 90 percent.
In order to capture the hcavy traffic regime, we set the
average request rate for each user t0'9000/second.

Cloud-bssed program

Figure 3. The mechanism of including the mep-reduce “p' O BOS7 ¢ -
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We first test the performance ol the BOSA, Figure 4
shows the performance of our proposed BOSA versus those of
full-information cuse and BSA. From the givon results, we cin
observe that when the waiting time  goes large,
performance gap between BOSA and (ull information s
negligible. That is to say, BOSA achicves asympiotically
optimal in the heavy traffic regime, which is consistent with
our theoretical analysis. Morcover, Fig. 4 also verifies that
when the system traffic belongs to a heavy traffic regime. the
processes of routing and assignment can be scparately
designed. [n addition, Irom the given results. it is ¢lear that the
performance of BOSA is better than that of BSA. That is

because the computational complexity of BOSA. is much
lower than that of BSA, and the scheduling scheme' costs

fewer handling time. As a result, the average waiting time of
the user is lower. , ' '
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Figure 4. The performance comparisoain lemms of user waiting tme.

Next, we examine the performance improve-ment
when émploying the content-based pro-gram recommendation
tecchnique.. We. denote the three scheduling schemes by
“Full+AHP™, “BSA+AHP", and “BOSA+AHP” respectively.
Figure 5 exhibits the performance-of each scheme when the

: BSAAHP
~a—Full-AHP
BOSA-AHF

-

ParDem BnCe ITROVAMSNE ('3)

3 B S e |
; - Oparating tirys of tha schedule (ms)

Figure 5. Performance improvement when empioying the content-
based pro-gram recommendation technique

operating time of thé scheduling varies from | 10 40 ms.
Obviously. “BOSA-+AHP™ achicves the best. performance.
That is because AHP utilizes the complete comparison
enabling the server 1o determine the trade-offs among criteria.
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the:

\

- flows

und this mechanism Is in accordance with the structure of the
BSA and BOSA. Thut is, AFIP can be embedded naturally and
scumlessly in BSA und BOSA. Morcover, since BOSA just
needs the information of ¥(/) and 141) at cach time slot, ALIP
ean be Implemented at cuch server as well, That is the reason
why BOSA also outperforms BSA in terms of the user waiting
time,

CONCLUSIONS

In this article. we consider a  practical mobile  cloud
environment where the user wailing time and server service

¢ time are unknown..Qur main contribution is 1o design a blind

oriline scheduling scheme by jointly considering delay and
‘energy among the servers. Specifically, we assign available
multimedia servers based on-the last time-slot information .off
the users’ requests, and route the heterogeneous multimedia
according 10 the  [irst-come-first-served  rule.
Furthermore, we apply the blind scheduling scheme 1o &

_content recommendation system, and pro-vide the deailed

implememnlionv steps. Extensive simulation results indicate
that the proposed scheme can efficienly - schedule
heterogeneous multimedia flows to -satisfy dynamic QoS
requirements in a practical mobile cloud. 2
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