IJCTA, 9(27),2016, pp. 85-91 ISSN: 0974-5572
© International SciencePress
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Meta-task Scheduling in Cloud
Computing

D.l. GeorgeAmalarethinam* and S. K avitha**

ABSTRACT

With the emergence of Cloud technologies, the problem of scheduling meta-task in heterogeneous systems has
been gtirring attention. Task scheduling isa NP-complete problemandit is moreintricate under the Cloud environment.
To better usetremendous capabilitiesof cloud system, effective and efficient scheduling algorithmsare needed. In
this paper,Enhanced Min-Min algorithm based on Min-Min algorithm is proposed. The strategy also considersthe
overall performance of resources to decide the scheduling of meta-task. The experimental results show that the
proposed al gorithm, Enhanced Min-Min, schedulestasks with |ower makespan and better resource utilization.
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1. INTRODUCTION

Today isthe epoch of smart computing. Everybody wantsto useresourcesingtantaneoudy. So researchersstarted
to think about atechnology, which can serve up anywhere anytime. Mark Weiser solved this problem by an
intelligent design of computing, known asubiquitouscomputing. InMordenera, thisis called as Cloud Computing.
Cloud computing isanew form of ubiquitous computing which deliversnearly all the I T servicesthrough the
internet invirtualized manner [1]. Some of the issues of the cloud computing are datacentre network structure
expansbility, energy conservation, replica policies, security and scheduling mechanism [2][3][4]. The primary
objective of this paper isoptimizing the scheduling polices.

Task scheduling dgorithmisto map thetasksto appropriate resourcesavailablein cloud environmentinsuch a
way that thetotal response timeis minimized [4]. In cloud environment, it isdifficult to scheduleaset of submitted
tasks called meta-task, from different userson aset of computing resourcesto minimizethe overall completion
time. Scheduling isthe set of policiesto control theorder of work to be performed by acomputersysem. There have
been different typesof scheduling agorithmexisting in cloud computing system;the main advantage of scheduling
algorithmisto attain ahigh performance computing and the best system throughput [5]. Scheduling manages
availahility of resourcesand scheduling policy inorder to give minimum makespan and maximumuitilization of resources.

2. RELATEDWORK

I ntensive research has been conducted in cloudmeta-taskscheduling, to solve the problem of mapping a set of
tasksto a set of resources. It hasbeen originate that the scheduling problemisaNP complete problem. Many
heurigticalgorithms are proposed because of lack of precisesolution. The mapping heuristics can be classified into
twomodes: online modeand batch mode. In onlinemodethe task is mapped to aresource assoon asit arrivesto
thescheduler. Task isconddered only once for mapping and the mapping never changed onceit isdone. Thismode
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of mappingisuseful whenarrival rate of tasksislow. Inbatchmode, tasksare collected into aset and called meta-
task. Mapping of meta-task is performed at prescheduled times cdled mapping events. Mapping of each task is
performed at every mapping event until it beginsitsexecution. Thismode can makebetter decisons becausenumber
of tasks, number of resources and execution time of each task in each resource areknown in advance.

Braunet d [6] have sudied the relative performance of MET and MCT heuristic algorithmsfor task scheduling
ingrid computing. The Minimum Execution Time (MET) agorithmwhich assignstasksto theresourcesbased on
their minimumexpected execution time without considering the availahility of theresourceand itscurrent load. This
algorithm improves the makespan to some extent but it causes asevereload imbaance.

Minimum Completion Time (MCT) assgnstasksto the resources based on their minimum completion time.
The completion time is calculated by adding the expected execution time of atask on that resource with the
resource'sready time. The machine with the minimum completiontimefor that particular task isselected. But this
agorithm consdersthetask only oneat atime.

T. Kokilavaniet a [ 7] have studied about the performance of Min-Min agorithmwhich startswith aset of all
unmapped tasks. Themachinethat hasthe minimum completion timefor al tasksissdected. Thenthetask withthe
overall minimum completion timeis selected and mapped to that resource. Compared to MCT thisalgorithm
consdersall tasksat atime. So it produces abetter makespan.

Pardeep Kumar et d [ 8] have observed the performance of Max-Min dgorithmwhichissimilar to Min-Min
agorithm. Themeachinethat hasthe minimum completiontimefor all tasksis selected. Thenthetask withtheoveral
maximum completiontimeis selected and mapped to thet resource. Theready timeof theresourceisupdated. This
processisrepeated until al theunmapped tasksare assigned. Theideaof thisalgorithmisto reducethewait time
of thelarge jobs.

Marjan Kuchaki Rafsanjani et d [9] proposed the New Heuristic Approach beginssameasMin-Min heurigtic.
The aimbehind thisheuristic isthat to select pair machines and tasks fromthefirst step, then the machine can
executeits corresponding task effectively with alower execution time comparing to other machines.

Arash Ghorbannia Delavar et al [10] proposed the SHIS algorithm usesthe parameters such asresource
accessrate, qudlity of service and load balancing. Thisproposed method triesto obtain an optimal tasks mapping
on resources by minimizing completion time of tasks or, completion time of the last task (makespan).

Jinquan Z et a [11] proposed the Weighted Mean Time algorithmwhich employsweighted mean execution
time asheuristic and then assi gnsthe taskwhich has maximum weighted mean execution time to the machine with
minimum earliest completiontime.

Sameer Singh Chauhan et a [12] proposed the WM TS Scheduling strategy which considersthe performance
of resourcesand decides the sequence of assignment of tasksbased on the overall performance of resources.

Among al thealgorithms stated the Min-Min agorithmissmple.But it consdersthe shortest tasksfirst so it
falsto utilizethe resources efficiently which leads to aload imbalance. The amof thiswork isto overcome the
drawback of the Min-Mindgorithm. So anew enhanced Min-Minagorithmisproposed. Thisproposed agorithm
reducesthe makes pan and givesbetter resource utilization.

3. ENHANCED MIN-MIN SCHEDULING STRATEGY
Inthisstudy, the proposed algorithm has been developedunder aset of assumptions:
» Theapplicationsto be executed are acollection of indivisbletasks, usualy referred to asmeta-task.
* Estimatesof expected task execution timeson eachResource are known in advance
* Resourcesare considered to be consstent.
» Thescheduling processisto beperformed Satically.
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 Deadlinesand Prioritiesare not to be associated with thetasks.
» Thenumber of the meta-tasksand the number ofresourcesin the cloud computingenvironment isknown.
» Eachresource executesasngletask a atimeintheorder inwhichthetasksare assgned.

The proposedscheduling strategy, Enhanced Min-Min, consdersthe speed of al resources and decidesthe
sequence of assgnment of taskshased on thepeed of resources. Initidly the resourcesare sorted in ascending order
based ontheir speed. Thetask t. havingminimumexecutiontimeisselected andassigned to thefastest resourcewhich
givesthe minimum completiontime,and thetask t isremoved fromthe set. Again thetask havingminimum execution
timeissdected and isassigned to the second fastest resourceand so on. While assigning, thetotal completion time of
that particular resourceiscomparing with the makespan of Min-Minagorithm each time by using following equation.

makespan(Rj) < MSMM (@)
where, MSMM ismakespan of Min-Minalgorithm

If it islesser the task t. is removed from the problem set. Otherwisethe task t isreassigned to the fastest

resource which givesminimum completion time. Thisprocesswill be continued until al the tasksin meta-task set
areto beassgned.

The completiontime of all taskson each resource iscomputed by using the following equation:
CT,=ET +r, )

where ET, isexecutiontime of task T inresource R and r iswaitingtime of thetask T,
Makespan of the proposed algorithmiscomputed by using thefollowing equation:
Makespan=max(CT) 3
where, CT iscompletiontimeof task T and T.0 MT,where M T ismeta-task set

The proposed agorithm gives minimum makespan comparing to Min-Min agorithm for each problem set. And
the proposed agorithmgivesbetter resource utilization. The pseudo codefor proposed algorithmisshownin Table 1.

Tablel
Pseudo codefor Enhanced Min-Min Algorithm

for all task tinMT
for all resources m,
CT,«ET, +r,
sort the resources in ascending order according to the speed
for eachtask tin MT
if r==0for all j
CTij<—fi ndmin() //find minimum CTij and the resource mj that obtained it
assign t. to mj
else
CTji<—fi ndnextmin() /find next minimum CTij and theresourcethat obtained it
assign t to m,
if (makeﬂoan(mj)<MSM M)
deletet fromMT
update r
update CT, forall,
else
assign t toml
deletet fromMT
update r
update CT, for alli
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4. EXAMPLEWITH ILLUSTRATION

A cloud environment with three resourcesR1, R2 and R3 and ameta-task group M TwithfivetasksT1,T2, T3, T4
and T5iscongdered. The cloud scheduler issupposed to scheduleall thetaskswithin M Tonthe available resources
R1, R2 and R3. Since Min-Min algorithmissimple and produces abetter makespan than the other algorithms
discussed intheliterature, the proposed algorithm executeswith unique variation of Min-Min dgorithmwhich gives
the better makespan and also better resource utilization. I1n this problemthe execution time of all tasksin each
resource are known prior. They arerepresented (in secs) in Expected Timeto Compute (ETC) table. Table-2
representsthe execution time of the taskson each resource.

Static scheduling of all tasks to machinesaccording to Min-Minalgorithmis showninFigurel.ln Min-Min
agorithmall tasksare scheduled to resource R1 and R2. So theresource R3 remainsidle. The makespan produced
by Min-Minagorithmis21 seconds.

Table2
ETC matrix of 5tasksand 3 r esour ces
Tasks Resources
R1 R2 R3
T1 2 4 6
T2 6 12 18
T3 3 6 9
T4 10 20 0
T5 4 8 12
25
E 10 +— nT2
a
g 5 - EmT3
0 - T WT1
R1 R2 R3
Resources

Figure 1: Makespan of Min-Min algorithm
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Figure 2. Makespan of Enhanced Min-Min algorithm
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According to proposed agorithm, Enhanced Min-Min, thetasks T1, T2, T4 areassgned to theresource R1,
T3isassgnedto R2 and T5isassigned to R3. Makespan of proposed algorithmis 18 and all 3 resourcesare
utilized. Scheduling of tasksbased on proposed agorithmisshownin Figure 2.

5. RESULTS

To evauate theefficiency of the proposed agorithm, problemshaving machine and task heterogeneity arecollected
fromvariousresearch papers, [ 7][8][12][ 13][ 14][15], and executed for both Min-Minand proposed Enhanced
Min-Minagorithms.Theresultsare evauated on the basis of following performance metrics.

1. Makespan: Makespanisthe measure of the throughput of the Cloud. It can becalculated using the equation
(3). Thereaultsfor thealgorithmsare tabulated in Table 3.

The proposed agorithm Enhanced Min-Min algorithm outperformsthe existing Min-Minagorithmand the
results are plotted inagraphshownin Figure 3, demonstratesthat Enhanced Min-Min agorithm producesless
makespan thanthe Min-Min agorithmfor al problemsets.

2. Averageresource utilization rate: Averageresource utilizationrateru[ 11] of dlresourceiscaculated through
following equation:

_ ern:lruj

ru=
m

(4)

Here, ru, isthe average resource utilization rate of resource r. ltcan be calculated by the following
equation:

Table3
Comparison of Min-Min and Enhanced Min-Min
Problem set Min-Min Enhanced Min-Min
P1 10 8
P2 n 9
P3 2 18
P4 39 9]
P &0 50
P6 A &0
P7 107.67 34.31
P8 A 285
400 1
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Figure 3: Comparative Study of Min-Min and Enhanced Min-Min
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ru, - 28 -18) ©
where, te istheend time of executingtask t onresource m, ts isthe start time of executing task t. onresource m
and T isthetotal applicationtime so far, it can be calculated using following equation:
T=max(te) —min(ts) (6)
Theresultsof resource utilizationrate are showninfigure 4.
Thisfigure showsthat Enhanced Min-Minincreasesresource utilization than the Min-Minalgorithmfor all
problemset.
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Figure 4: Resource Utilization rate

6. CONCLUSONAND FUTUREWORK

Min-Minagorithmisapplicablein smdl scaledigributed sygems. I the number of the small tasksisincreased comparing
tothelargetasksinameta-task, the Min-Minagorithm cannot scheduletasksefficiently, and themakespan of thesystem
getsrdativelylarge. To overcomethdimitationsof Min-Minalgorithm, anew task schedulingalgorithm, isproposed. It
incdludestheadvantagesof Min-Minagorithmand overcomesthe disadvantages Theexperimenta resultsof the proposed
agorithmEnhanced Min-Mindgorithmfor variousproblemsprovethat it outperformstheexigingMin-Minagorithmin
terms of makespan and resource utilization. Thisstudy isonly concerned with the number of the resources andtask
executiontime. Thestudy can befurther extended byconsdering the priority of tasksand cog factor in cloud environmert.
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