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Abstract As many scientific workflows require high computing power to fulfill their goals in a
reasonable time period, diverse resources such as Grids have been considered for several years.
However, the existing computing resources are difficult to meet dynamic resource demands caused by
variable workload of recent scientific applications. As Cloud offers on-demand resources for
computation—intensive applications which require large-scale computing power in certain time period,
hybrid cloud capable of scaling out multi-infrastructure more easily satisfies the need. In a hybrid cloud,
task scheduling is one of difficult problems to provide good matching between diverse resources and
the requirement of application characteristics. Particularly, a scheduling policy, which satisfies user’s
SLA (Service Level Agreement) such as performance or cost, can be the first priority to achieve the
goal of application execution. In this paper, we propose a task scheduling service that provides
on-demand multiple infrastructures by applying policies to execute an application in a given deadline.
The goal of the task scheduling service is maximizing the utility of multiple infrastructures and
providing an adaptive scheduling which can change the initial scheduling plan during execution to get
better results. We have evaluated the performance of our scheduling service. The result shows that
with deadline constraints the service can enhance the utilization of various infrastructures under policies.

Keywords: Adaptive scheduling, hybrid cloud, policy-based scheduling, scientific application
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Fig. 1 Execution Procedure of Scientific Application
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Table 1 Scheduling algorithm notation

Notation Explanation

Rq; is an application, jt is kth job

. Qo "
R 3 Uiz - vin} of the application

D; D; is a deadline of application
Cost; is a total cost for the
Cost; .
execution.

P3{P,P,, .., P} A set of job profiles

A new job profile, which will be
Prew saved in Job history database
(JobHistory)

r is a set of all types of resources,
R is a set of the deadline —safe
resources.

fris a set of all available free
charge resources(Grid, Private
cloud), FR is a set of the free
charge resources which are
deadline-safe.

r 3{r, 1. 1}
R3 {7y i}

fra{frufry..fr}
FR 3 {fr, fra, 0, fTim}

243 6 { public cloud
Pbtype, Pbiypey | | P18 set O&Du e Out i
Pbeype, relzsources, Phiype, is aset o
virtual machines which have an
Pbtype, 3 instance type, typey
{vmy, vm,, ..., vmy}
EFT,, Estimated Finish time in r,

Estimated Start time and Actual
Start time of ji

In resource 1, estimated
execution time of ji

EST].}‘,AST}.’ic

ET,, (ji)
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Table 3 Performance-oriented policy Scheduling Algorithm

A% A 22

Algorithm1. Overall Resource Scheduling

1: User choose a scheduling policy
2: User choose deadline D; for Rg; based upon P from Jo
bHistory

: switch (scheduling policy of Rg,;)

case Performance:
Performance-oriented Scheduling(Rg;, D;);
break;

case Cost:
Cost-oriented_Scheduling(Rg;, D;); break;

: end switch

. Accumulate P,,,,(Rg,;, D;, Cost;) in JobHistory
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EFT,, = EarliestStartTimeTx(1',11')+ ET,, (jki)
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Algorithm2. Performance-oriented Scheduling

1: Performance-oriented_Scheduling(Rg;, D;){

2: while( ANY JOBS_TO _RUN ){

3. if ( POSSIBILITY OF DEADLINE VIOLATION ){

4:  Sort Rg; in decreasing order of execution time of
j's, which are not running

S: for each jki € Rg; AND jki is not running do

6: for each resource 7, do

7 EFT, = EarliestStartTimerx(jki)Jr ETrx(jki)

8: if (EFT,, < D; ) then

9: R=RU{n}

10: end if

11: end for

12: if (R ? ¢ ) then

13 Schedule jki in7, € R such that EFT,., is
minimum

14: end if

15: end for

16: endif

17 waitForNextMonitoring(N)

18:  POSSIBILITY OF DEADLINE VIOLATION =
Monitoring(D;)

19: end while

20: }

¥4 58y 9nes
Table 4 Monitoring Algorithm

Algorithm3. Monitoring

1: Momtormg(D )i
2: for each j,' € Rg; AND ]k is running do
3 if( AST]k; is latter than ESTJ,c ) then
4 delay = ASTjki - ESTjki
5 if (EFT, + delay > D; ) then
6: return TRUE
7 end if

8: endif

9: end for

0: return FALSE
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Price per an hour
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Cost-oriented policy Scheduling Algorithm

Algorithm4. Cost-oriented Scheduling

3:
4:

AN W

1: Cost-oriented_Scheduling(Rg;, D;){
2: while (ANY JOBS TO RUN ){

10:

12:
13:

14:
15:

16:
17:

waitForNextMonitoring(N)
POSSIBILITY OF DEADLINE VIOLATION =
Monitoring(D;)
: end while
}

if (POSSIBILITY_OF DEADLINE VIOLATION ){
Sort Rg; in decreasing order of execution time of
j's, which are not running
for each jki € Rg; AND jki is not running do
for each free charge resource fr do
EFT},, =
EarliestStartirTime,, (ji') + ETpr, (")
if (EFT},, < D; ) then
FR =FRU{fr}
end if
end for
if (FR ? ¢ )then
Schedule ji ! in fr, € FRsuch that EF Tfr,, is
minimum
else
Sort type of public instance type type, by
order of its

Efficiency =

(MIPS x Number of Cores)
Price per an hour
for each public cloud p& do
EFTys,,, = A
EarliestStartTime,,, . (jk")

+ ETI’Mypex(jkl)
if(EFTy,,,, < D;)then
schedule j,. in P ype,
else
Check next type, which has next-highest
Efficient
end if
end for
end if
end for
end if
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Table 6 Resource Specification for Performance Evaluation

Resource Characteristics
Type of Reources - N -
# of Core per resource | DMIPS | Memory | Price per hour | # of vm/host
Grid 16 cores 634.1 15 GB - 5
Private Cloud 2 cores 1028.4 1 GB - 20
Large 2 cores 49707 7 GB $0.368 40
. Extra Large 4 cores 608.5 15 GB $0.736 20
Public Cloud - - n
High-CPU Medium 2 cores 656 1.7 GB $0.190 20
High-CPU Extra Large 8 cores 657.6 7 GB $0.760 10
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Fig. 3 Cost Policy-based Scheduling in CFD
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