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Abstract Cloud computing facilitates on—demand resource usage. Scientists can perform large—scale
scientific computational experiments over cloud environment. Executing experiments in a timely
manner with the proper number of resources is important for the scientists. Scientists can save the
cost by using resources actually needed. However, providing resources for processing dynamic
workload of modern applications have difficulty. Rule-based and schedule-based mechanisms have
been tried to allocate resources dynamically, but most of the auto-scaling methods just simply support
performance metric such as CPU utilization but rarely are aware of Service Level Agreements (SLA)
including execution deadline or cost. In this paper, we propose an auto-scaling method that automa-
tically allocates resources depending on variable resource requirements in hybrid clouds satisfying a
user’s requirements on SLA. We have evaluated the performance of our auto-scaling method. The
result shows that the method can perform a scientific application with the proper number of resources
in deadline constraints.

Keywords: auto-scaling, hybrid cloud computing, SLA, multi-policies
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Table 1 Notation of the proposed auto-—scaling

Notation Explanation
Application = L . .
. pp rcation An application is consist of many jobs
(iljsi=1,2,+-n}
SLA =
. SLA of an application. It has a policy,
{a policy P

[, a deadline D,
minimum_perform

ance_requirement_

a deadline and minimum performance
requirement in case of
performance-oriented policy. (*[] means
optional)
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minPM]1}
Cost The total cost for resource usage. Algorithm 1 —Run-time Scaling
. - Input— An application,
IT Instance type of public cloud which SLA={a policy P, a deadline D [, minimum performance requirement
’ matches the job j. minPM1}
- Output — Scaling decision S = { toStartUp, toShutDown }
vm Running VMs. Scheduling decision S= { jobs — VAs}
EFTum Estimated finish time of a VM 1: SCALING < TRUE;
EST Earliest start time of a job on a VM. 2: while (true)
AST Actual start time of a job on a VM. 3 if SCALING =TRUE
ET Execution time of a job on a VM. 451: So: :a;tmg jobs in decreasing order of execution length;
—— switcl
PMum Performance specification of a VM. 6 case Performance:
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Algorithm 2 — SLA Monitoring
Input— Running jobs of the application, the deadline D
Output— Whether scaling is required or not, SCALING

1: for eachjobjdo

p - delay <— AST - EST,

3: if (EFT,pomet delay)> D or -delay>1 then
4 return TRUE;

s end if

6: end for

7: return FALSE;

422 A7 2AEH Fads
Atehs ALY 7S 71EHeR HE A A
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[e)

Algorithm 3 — Performance-oriented Scheduling
Input -Waiting jobs of the application,
SLA={a policy P, a deadline D [, minimum performance requirement
minPM}
Output—Scheduling decision S = { jobs — VMs}, VM list toStartUp.for the
VMs to be newly created
1: VM < null;
2: toStartUp < null;
3: for eachjobjdo
4: for each private vin where PM,,, >=minPM do
5 VM < find a vm on which j can start the most quickly
within the D;

6 end for
7: if ¥Mis not null then
8 schedule j to vnr;

9: continue with the next job;
10: else
11: for each public vin where PM,,, >=minPM do
12: VM < find a vm on which j can start the most quickly
within the D;
13: end for
14: if ¥Afis not null then
15: VM < ChooseCheaperVM( VM, IT} );
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16: schedule j to vz,
17: if VM is IT; then
18: add IT] to toStartUp; //to create anew VM of I7] type
19: end if
20: continue with the next job;
21: else
22: add I7} to toStartUp; /1o create a new VM of I7} type
23: end if
24: end if
25: end for
26: return S;
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Table 2 Resource Specification for Experiment
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