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Abstract

An TaaS service of a cloud computing environment makes itself attractive for running large scale parallel application
thanks to its innate characteristics that a user can utilize a desired number of high performance virtual machines without
maintenance cost. The total execution time of a parallel application on a high performance computing environment depends
on a task scheduling algorithm. Most studies on task scheduling algorithms on cloud computing environment try to reduce
a user cost, and studies on task scheduling algorithms that try to reduce total execution time are rarely carried out. In
this paper, we propose a task scheduling algorithm called an HAGD and a performance enhancement method called a
group task duplication method of which the HAGD utilizes. The group task duplication method simplifies previous task
duplication method, and the HAGD uses the group task duplication method or a task insertion method according to the
characteristics of a computing environment and an application. We found that the proposed algorithm provides superior
performance regardless of the characteristics in terms of normalized total execution time through performance evaluations.

Keywords: DAG, 334 Z& 3% JaaS, 245 AFYE, 2459
I.AM B AT sol AR ARt 1T HFE Al2dHs T
Soto] ARgshs FEATh SHAINE HiolEl o] R} 7]
T A, 719 WEE A 5 diarE HolHE w st rAo® sojudA T 7)ol HAgh 1A%
A Aestazt ske ot 7MiM s S AFE A=doRE @A Yol HolEE A% &
g Alzdlo] $AY. 2719 14T FHFE AsEHS gl Tl ol2a vdet dHe] AFE A=

TR, A, etk

© Corresponding Author(E-mail :
¥ o] =EL 20109 %= AR (LSH)9
December 23, 2016 Revised ;

sangbang @inha.ac.kr)
Ahoz s tAge] (Ps wof

Received ; February 6, 2017 Accepted ; April 6, 2017

Copyright © The Institute of Electronics and Information Engineers.

A A}-& 8k} (Department of Electronic Engineering, Inha University)

T 71 2AFAHA 9 (2010-0020163)

(748)

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License (http://creativecommons.org/licenses/by—nc/3.0)
which permits unrestricted non—commercial use, distribution and reproduction in any medium, provided the original work is properly cited.



20174 58 HASS3| ==X K54H M52

49

Journal of The Institute of Electronics and Information Engineers Vol.54, NO.5, May 2017

A= A

Holl= k9= HF"(cloud computing) Al 2~¥)
o) TheFst Muls 5 A zekrE A MR 2(Infrastructure
as a Service, [aaS)7} W2 WAsIHA 7)E 1A T
AFE A2ge gAstn Yo TaaSE 7 HAl
Q12~H ~(virtual machine instance) 3 E|=Z
e AFEAA A thejditl, 1 o, Amazon EC29

¢

cd8xlarge 18 71 M 2Bl AE 36709 T =
2A4, 60GBe] 7H¢ viRElE 2= 7 HaE Ad
S AFETE AR glofd 7wl QIsEAE
ol-§sto] 15 W AlEE FEst e H
d 22O Agst) [aaSE o] &3] P53 1A
T AFE Alzde] o= Bee A 7)) sy 5o
Hofell A FolE & 9l

Alz=glo A At d& HE 2
H|<=3k 18] Z(Directed Acyclic Graph,
g agm e WE Zea)

Aol whet st
& 3" Ado &3ehe
AR Hjam ATE
NP-complete ®&A|°|E2 ElAx3 AAEY

= wAle] A8 g 2

rN
of
2~
o
> o ook

>

[}

dag]Fo]l AFH A AR
A77F FE o] UA, JaaSE 7|yt
3

o

Zz A way
(Hybrid Allocation
AlQtettt, HAGD

Duplication)
2!

with Group

Oel——ﬂﬂ%% (SRR S Kol

= v v

(749)

23 2AEY daelEd 2ol Baa
dAet 2 g GAR AT A9 A
1A A= NdE o83kl DAG el

AL 73 9

T

Baag AR Aa Ak 2 dFE 7K

2
2
of
i
rir

i
£l
o
(o3
"
o

S
SN
=
[
[

[&l
(RO i)\
dlo
2,

I o
ox Mt L

e

o

=2
=
oN R o2
ro
tlo ot
EL
e

. 19

o

N

=

ol

o
2

ful
gt

ox

)
2
it
G%‘ O]
>
=~
tlo

ofj

&
E:
oy, ot

5|
i
4
k!
ooy
[N
2
=
:?L_',
w
2
5
N

=L

87% ¢+ Hs=

i)
e

N 28lo] [9aSE o] &35}
& §y zaade wy

=l Medhs AT

>

=)
)

o
&
w

e,
i
N %0
> rr
o N
FUOR e e o

o n2

it
of
ol
Ol
=l
d
=
)
=2

'
Mo

A At &

l[aaSE ©]&3to] 4 £

o2 gt} [aaS+ AFHEH AYS 7H

FEE dodsh, AeAl= A

H]-8-& A&t} [aaS7F A58t
1

k1
o
[N
rlo
|
L
o
[
o
=

[» o

>

o
lo
et
[l

e
olf
)
4
o,

>

(=
0=

u}

TR

i om

>
d o0 o d4 oo =
us)

ro of
oo |» o [
~

o

[>

lo
o, o >

=

s

flo

>
=

o

R
e
[>
N,

off

o
o,



50 a8 S50 5 & 7IHE ABShE BjAT AAEY Lug| 50y ¢
2z dAs b Al amae gaae 49 A V=tuy, vy, o v WA WG 27z
of Byt Aol 1 AnE A5 5 Yow, BAdl  RE BAAF T, A BaaE uR e,
el dole A% Aol etk mR, b3 WAl AR E-lean e . efE B vEs aoze
Ol AE A= u]/ﬂ;@ Hkxlo g7 A3 T wx] gko PE A= ﬁfs]—f;].cq A= = A Uji A 43}
o, Blaze] A dojele] A4S FA AT & AAE e, et olAE dde 2u
S ek wiAwe s mA Qages ol ol 23 Adeh, old uek ui AF Aok B el
Aol oG AgA B wjge gl o] A% vz vel Aol Bk F uERE doleE A
8% 98 Z2o9e mde & PP v o Dlelolnt AT £ glom, v ye] PR H2A, y
Iz G={V, B}2 F8F 5 vk of7]dA Vi = = vl A ARt B2 cparent(v)E vl Y
2a9e FASE B3 Ao, B AF At A RE dzzolth QA R grak v o 3
& YenfE olAe] Ao 2SI F VY e Al v delHE A
£ gaaolt, R Haa} EAsA g Haag
A2 B2 D, A s A S sa
£ 29 923 v 90 19 1& B v
# adze) ofF wolEth agdN e Bras
ST AAE U, oA Qe A BT 5
A0 4L <ju] g,
W AFY AzdelA B ved adEs
A o] AL ISV 2719 E2 Fol R
olul, wv;, sy HAZ vE 7HE HA AdAEA g0
AN AT wol AulE F ve) A Aol &
1& 2 19 ¥ ved 2dzs 24 AFE
Nzgll A AR o) Adulgor, 7t gaag 2
b oA AR we] A& weETh v
a2 1. dheRM dlsE JefEol o Hit ALE w)e 2 (D3 2ol Axke: & itk
Fig. 1. An example directed acyclic graph.
_ Zw(v-,s )X Ji
E 1. Aawg o of R Y L =

Table1l. An example computation cost table.

U; S11 S21 S31
Ustart 18 20 9
U1 24 21 15
U2 23 18 14
U3 21 17 13
U4 16 15 13
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Us 20 16 7
U7 17 14 6
Ug 21 24 9
Uexit 14 19 10
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Fig. 2. A pseudocode for the group task duplication method.
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Fig. 3. A graph and a computation cost table to show a

task allocation process.
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Algorithm 2. HAGD algorithm

10:
11:
12:
13:
14:

15:
16:

17:
18
19:

// Task prioritizing phase
Calculate w(v;) for all tasks
Calculate BL(v;) for all tasks
Sort the tasks in decreasing order of BL(v;)
Create L and insert sorted tasks
// VM instance allocation phase
Calculate CCR of G
Calculate hf(v;) for all tasks
Allocate vgqre On Sji that provides minimum
EFTsr, Six)
Remove vgqr from L
for the first task v; in L do
Find cparent(v;)
if CCR > 1 + hficparent(v;)) / 2 then
Allocate v; with group task
duplication method on Algorithm 1
else
Allocate v; with
task insertion method
endif
Remove v; from L

endfor

%l 5. HAGD 212|&2| olAtRE
Fig. 5. A pseudocode for the HAGD algorithm.
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Table2. A task prioritizing process with the HAGD algorithm.
Ui wlvy) BL(v;) Priority

vy 3 18 1

v 3 17 2

V3 5 5 4

g 3 10 3

s 3 3 5

3# 2% HAGD ¢uglse] Bz w9 274 dA
£ uweb ALk Bja=e] Het AR, BL(v), ¢4
THE B gaa A A4 99 2ae

L=A{vy, vg, vg, v3, V5}°]

HAGD ¢ag&e s
= 5 DAGS CCrR< A4
(10+8+4+4)/(3+3+5+3+3)=1529%
° 2 DAGe == Aflu)E ARt
Bl 10,9 Bug) e wlvs, s11) = 2, wlvs, s21) =4, w(vg)
=35 o] &3l At Afvy) = 0.667¢] T

HAAE 7 wAl Q122 dgdts A Al
2 B2 v EHOIATE oAl ZHEZ= 7MY vgan
2 7R ER Lo A HA g2zl a2 piE Py
AL QIE 2o
(U1)Cd Usmrzoﬂ L—EF"S] ;,

o Al ge

s |

s Bl

o
ot
Ol

rO

2R 2o A Qo] BR

. 12 B4 g3l 7]50]
Zolm, HAGD ¢1ug&e &8 grza Ha 7|HS
ol g3l & 7 WAl AxE e St EFT

(v1, s11) =4, EFT(vy, $21) = 2019, gl AlLHH] &0
)22 EFTgue, S11) =4, EFT g1, So1) = 22 2
b HAGD €852 v 7 #Al d2Hx s,
of &gslal v & LolA AHA g

UE d& g2 ves d9at7] el cparent(v)d] vl
Agst} Afo) 2 wlvy, siy) =4, wly,
so1) =2, wvy) =3& o83 Atsta Af(v) = 0.667°] .
welA 1520 > 133305 54 39l 7] Fo] Zou,
HAGD 4a12]52 Fs Baa 54 o83t v3
S 7P Al AxE o) st s e A &
A 7IHE ARESEe] THE HAl QIAE o) dddshe 3
e 427 JAol | o} 2t

o

s

54 gl 722
e
o

0] 1=
A

Y 7|HE MEdte AT AAEY

e
=
il

¥ 3. HAGD ¢1z2|&= 0|83l EfA3E Ko
stetstE kY
Table3. A resource allocation process with the HAGD
algorithm.
i Ky cparent(v;)  Criterion Method
U1 0.667 Ustart True Gr.Dup.
U2 0.667 Ustart True Gr.Dup.
U3 0.8 v True Gr.Dup.
U4 0.667 Uy True Gr.Dup.
Us 0.667 U4 True Gr.Dup.
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Fig. 6. A scheduling result of a graph in the Fig. 5 with
the HAGD algorithm.
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Table4. Parameters used in experiments.
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Fig. 7. Results of evaluating the HAGD algorithm with standard task graphs.
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Fig 8. Results of evaluating the HAGD algorithm with real application model task graphs.
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