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Abstract The appearance of Science Clouds allows scientists to facilitate large-scale scientific
computational experiments over cloud environment. Cloud computing enables applications to employ
on-demand and scalable resources dynamically. It is necessary for many task computing (MTC) to
provide high performance resources in a long phase and certificate stable executions of applications
even dramatic changes of vital status of physical resources. Auto-scaling on virtual machines offers
efficient and integrated utilization of cloud resources. VM Auto-scaling schemes have been actively
studied as effective resource management in order to utilize large-scale data center in a good shape.
However, most of the auto-scaling methods just simply support performance metrics such as CPU
utilization and data transfer latency but are rarely aware of execution deadline or characteristics of an
application. We propose an auto-scaling method, guaranteeing the execution of an application within
deadline. It can handle two types of job patterns; Bag—of-Tasks jobs or workflow jobs. As a proof-
of—concept, two applications such as variable index computation and protein annotation workflow
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applications were simulated in hybrid cloud environment. The experimental results of the simulation

show the method arrange resources reasonably economically by deadline and adaptively on the change

of resource status.

Keywords: auto-scaling, hybrid cloud computing, SLA, multi-policies, Bag-of-Tasks
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Algorithm 1 — Run-time Scaling

Input— An application,
SLA={a policy P, a deadline D [, minimum performance
requirement minPM]}

3. 2E ﬁ;‘" OEI Ecl °E|'__I'_ EI E Qutput — Scaling decision S = { toStartUp, toShutDown }
Scheduling decision S = { jobs — VMs}
Akl YnelES BoT Relel A7 AZER§ 1 SCADNG—RUE
= = R 2: while (true)
el FdolM F3o] rhssitt. EadEe] M _ o
_ S N T 3. if SCALING is TRUE
®71e [11& Fagr 524 dagt 3715 % 1% 4 switch P
ELE]' 5: case Performance:
6: Sort waiting jobs in decreasing order of execution length;
— — 7: S «— PerformanceOrientedScheduling(sortedjobs, D,
%1 enaE 4 w1 S
minPM);
Table 1 Notation of the algorithm expression 8- case Cost:

Notation Explanation 9: Sort waiting jobs in decreasing order of execution length:
i€{1,2,3,,x} VM ¥E 10: S « CostOrientedScheduling(sortedjobs. D):
a€{1,23,,k g 8E 11: case Workflow:

i € G115 35 -, k) VM, A9 a¥iA B Sort waiting jobs in sequential order;
VM; € {(VMy,VMy,,VM,} | EE AL 39 shy 12: S «— WorkflowScheduling(sortedjobs, D):
EFT {,“w‘ Estimated Finish Time of j; 13: each v where status is running
EST ’;w Earliest Start Time of ji 14: if no running/waiting jobs on v then
ASTE, Actual Start Time of jg 15: destroy the v

delay’® = Aol G NTET =A ADD =9 A7 16: send scaling decisionsto DRMS
AST"“ _ Es;"f‘ 17: send scheduling decisions to JES

indetay & Agol A3 ARG 2o ARD B9 AT 18: waitForNextlnterval();

VM
EST J‘:':w —a 51-3‘:':" 19: SCALING «+ SLAMonitoring(runningJobs. D).
MIPS (VM;) VM3 MIPS X
Length (%) g LY del
deadine 259 A=aa <, ZE AU EFTE (DF o] Az, 2y
a Hzalld £712 g 3= & )
o= A =

2 parallel A% ol AL wE] AZE £ e VME 93t
outthreshold A4 2L 2R VE F i Length ( -i)
inthreshold A4e] ££2 2RSE NE B EFT’2 = EST? == ta) (8]
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vkl &g ool AlEE A 9lo] MAES
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B

X il it
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Algorithm 2 — Performance-oriented Scheduling
Input—Sorted jobs of the application, deadline D, minimum performance
requirement minPM
Output—Scheduling decision S = { jobs — VMs}, list t0StartUp.for the
VMs to be newly created

- All jobs are scheduled

If There is no running private VM, find a private v
(PM. >= minPM) on which job can start the most quickly within the D;

o

- If There is running private VM, schedule job to vin;

sow

: Continue with the nextjob,

w

. If There is no running public VM, find a public vin
(PM, >= minPM) on which job can start the most quickly within the D;

6: If There is running public VM, Choose Cheaper VM either
“running VM or VM of ITj type

7:

8: Continue with the nextjob;

Schedule job to chosen v,
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Algorithm 3— Workflow Scheduling
Input -Waiting jobs of the application,

Output —Scheduling decision S = { jobs — VMs}, VM list toStartUp.for
the VMSs to be newly created

: Alljobs are scheduled in sequential order

: Job in Critical path is allocated VM

- Find a v on which all jod in Critical path can run within the D;

S A

ESTyy isrelated previousjob’s EFT ya;
Calculate EFTpy by adding ESTry and ET
. Job which has allocated related previous jobs on vin

[

If There is no running private VM, find a private vm
(PM. >=minPM) on which job can start the most quickly within the D;
ESTyy isrelated previousjob’s EFT pa;
Calculate EFTyy by adding ESTry and ET
10: If There is running private VM, schedule job to v,
11:

12:

Continue with the next job,

If There is no running public VM, find a public vm

(PM. >=minPM) on which job can start the most quickly within the D;
ESTryy isrelated previousjob’s EFT v,
Calculate EFTyy by adding ESTry and ET g

. If There is running public VM, Choose Cheaper VM either

“running VM or VM of ITj type

Schedule job to chosen v,

17: Continue with the next job;
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Fig. 1 protein annotation workflow
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