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An Efficient Dynamic Workload Balancing Strategy for
High-Performance Computing System
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Abstract

In this paper, we propose an efficient dynamic workload balancing strategy which improves the
performance of high-performance computing system. The key idea of this dynamic workload
balancing strategy is to minimize execution time of each job and to maximize the system
throughput by effectively using system resource such as CPU, memory. Also, this strategy
dynamically allocates job by considering demanded memory size of executing job and workload
status of each node. If an overload node occurs due to allocated job, the proposed scheme migrates
job, executing in overload nodes, to another free nodes and reduces the waiting time and execution
time of job by balancing workload of each node. Through simulation, we show that the proposed
dynamic workload balancing strategy based on CPU, memory improves the performance of

high-performance computing system compared to previous strategies.
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while (Nmaster_Queue Z 0| > 0)
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Il i-th &eflol2 w=of =i(,) ZE
Allocation_Ngjave(Jm);
[ HE2 7F 24, MR: HlZ22] 7%
if (Free(M)i > MR
Execution( Jm);
Receive(Jm);
}else{
/lIn slave node, load balancing
Slave_LoadBalance(Jn);

}

[ -

m

} esle if ( Free(C)i <= 0 OR; > 0 ) {
Allocation_Ngjave(Jm);
Il Jn2 CPUZL 757 Ef2 & m{7tx| 7|
Waiting(Jm);
if (Free(M) > MR; }{/MR;: 0 22| 22F
Executing( Jm);
Receive(Jm1);
}else{
/lIn slave node, load balancing
Slave_LoadBalance(Jn) ;

} else {
I/Nimaster_ QueueZ Jn, =7
Return Nmaster_Queue(Jm);
}
}
}

Slave_LoadBalance(J.) //Slave == Zf¢d 52t
if ( MLi + MR; >= MT; )

Block_New_dJob(); /M 22 = 22 HX|
Update_FSI_table(); /FSI_table®| &= +7H
//Best-fit £20|2 == ME4
Best-fit_Nsave = Select_Best-fit_Node();
If ( Bestfit_Ngave = X
/227t 75 Aef2 2 mrrx] 7|
waiting();
}else{
/I migrate Jn to Best-fit_Ngjave
Job_Migration(Jm);

} else {

1 NmasteriQueueE 'Jm E:H
Return Nmaster_Queue(Jn) ;
}

}
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Fig. 2. Workload balancing algorithm.

V. AlZ80]M

w ErdlAE AlgEeld S Soto] Ak F4 2 w-st
TS5} g2 o] 712l CPU 719k A2 dl vle) A|2=dle] 4%
&3 Wl felehe A AlEdeld We Fusd

1D FLsit.

41 Alggo|Md =tH
B =RoAE & 137 2o 32709 o]dAQl e A
2 AFE Al28S giges AlEYeldS agdit)



=l

%
off
o
=il
ol

[~
@,
o
Ho
o
ol
o
)
ro,
offt
)
&
s
o
_QL
=]
ol
ol
ox,
By
SN
O

T 1. SeiAEE HEE AAH
Table 1. Cluster computing system.

CPU 2| &= (MIPS) o=22| 37| (MB)
Al2H

100/ 200 300/ 400 500| 32 | 64 | 128 256
1 2 20 2| 13| 18| 4| 4| 12| 12
2 2 20 2| 13| 18| 12| 12| 4| 4
3 13| 13| 2 2 2 4 4| 12| 12
4 13] 13] 2 2 2| 12| 12| 4| 4
5 6| 6| 8 6| 6 8| 8| 8| 8

& 194 Alz=dl 12 CPU A& %7t &3, vize] &
aoko] =2 kj%ol o }\]/\Eﬂo]q\ o+ CPU ﬂﬂi‘:
=403, Y1 Wl2e] 371=156). A28 2& CPU A2l &
=7t =3, viRe] fo] 2 wESo| H§E AlxElolth(H
7 CPU Agl&E=403, H1 vlxa] 271=84). A2 3
< CPU A&yt v, vxe Mbﬂ % rrgo] B
Alzeloltl(#HH CPU Ael4==196, HF #=g =7
=156). A"l 4= CPU Ag&=rt Yo, vne] &30
e xEEo] B2 AlzHolt (¥ CPU A2l&E=196,
Bt vime] 271=84). Al=¥l 5 CPU A2 %9 vx
2] &go] Bl Alzglo|th(H T CPU A2l4==300, %
o W=e] 27]=120).

3} o]|H3t Fe| A AFE AAHS At 7 e
o] Al EdolA 48 & 29 2}

N

2. ZH =98] AlE2folM &
Table 2. Simulation environment of each node.

y= 2
100 ~ 500 MIPS

CPU 2| £=

=2 =7 32 ~ 256 MB

Alrgl ol 57{(Usys) 16 MB

5 o=2| Z7I1(RAMI) o=z =7| - Usys

o=22| Zo[x| 7| 4 KB
HENT 5 100 Mbps

Ho[x| BE AR 10 ms

A4 CPU Azl ARt 10 ms
EUTEARE 0.1 ms

3 2914 ZF == 100-500MIPS ¥9le] CPU #2l4
w9} 32-256MB 19| ve] A7]E 7tk Bgk Fo)A]
ZE AgAIZH10ms), &4 FBAIH10ms), WEHZ &

% (100Mbps), "= #Ho|#| A7](4 KB), &HmEA|zt
(0.1ms) &9 =52 139 oz 43

A4S AT E(10) 0 whet D g AR AR A
el Z}O‘é“ﬂ:‘. # SRR, CPU FAIRE 59 4%

P AR Z]jo] whaE =0 AS] o &

Asl= /\]71}% -"/]U]ZZE} S0l B oA FdERl 25]9]
- Pareto #¥(6](10)E w2t} 2112 24

Hxel At mxy 7 wet Trace 1, Trace 2,
Trace 32 &3} Trace 12 1,365% &< 5037119] 2
S A7 = 2] S-S 7RIT) Trace 2% 2,503%
B9 420709 2]
Trace 3< 3,634%
WSS 7T, B
4§ E mEy a7
2elo] Y L& EE

t} Zje 718 FH AR

rlr

S A TE ] WSS 1A
SRF 359709 s WA= A
‘} Trace 13} Trace 2, Trace 39 2t
Z+zt IMB, 2MB, 4MB o]u},
v2e] 87 Al & 5 ¢l
glo]&e] FRE A}l

27
wEshe Y wme] WA 9 9 038 =8 P

42 Zut 2N
29 53t F A e HIHE A8l B =Rl AMgst
£ HA=E slowdown(5)elH, o} 2](3) o2 3},
Zido| ZSUARE
slowdown= i (3)
e |cPUSSINR H

21(3)ellA 2gie] & FHAIZES CPU T3} FollA
o] ti7|AZE, olFAIZE, FolA] EE ARk ot}
slowdown2 Z} Traceoll & 2E 2949 slowdown2] 3
Tarolth. slowdown® 241 ¢] CPU 3 AIREE: HHH|e|5}7]
Hzo] CPU FarlTte] F FaAIRke tiii-& AR gl
s Fdshe B Y ol F FAAY] ti7IARE, Hof
A ZE Ak gt} a2 B slowdowno] A
5 Al=gle] AgAg e 57 }5}‘3}

A A AlgEolde 327) e Y FH2H A
g ARl Bt Aelgmet Hit Re] $3E e
LE 5 I ez

sHA AR £ 19 A|l~"H 5E
Aoty =4 A= a8 39 2}



50 B 2 e SHocEi(2008. 9.)

DCPU?Ba sed
0
lcPu_MEM_Based

76.37

43.64

slowdown

450 435 447

Trace 1 Trace2 Traced

T3l 3. AIAE Bo| AlEefolM Zmt
Fig. 3. Simulation result of system b.

17 304 CPU Based 71%9] CPU 7943}
53} FHo|x, CPU MEM Basede & =&ol|A #|ekst &
2 A3t wst Aol a8 3& AHEY Trace 1,
Trace 2, Trace 34 CPU MEM. Based”} CPU_Based

of Hlaf =gk & &= 9tk CPU_MEM Based+ W22
718 zEEk] Holxl ZE EIAE Fo|7] wlEd
CPU Basedd] HJ3] 2 slowdowns A& SRR

CPU_Based® "l2e] 37|15 u28lA] 27] tq]T,‘z—oﬂ 2}l o]
vze] g7go] F7lSPAA Folx] FE Wo] Z7

ujgba Floj#] FE ARzl F7FMAA slowdown®E
A F7het,

F WA AlEo] e ARl 1~4F tdoE CPU MEM
_Based A& A-8310] slowdowns =33} AlEd|o|A

A= a3 49 2t

Dsyslem 1 [system3
.System 2 @Syst&m 4

542 535

5.08 5.01

slowdown

Trace3

O8] 4. AXE 1~42] AlE2{olM Zz}
Fig. 4. Simulation result of system 1~4.

a9 45 A Ed CPU Ag&er) B

O
el 49 Aol o e B #
CPU MEM Based F3£& CPU Hg|&er) B w=8R2
TR Fe2H AFY AzEHdME £ A S IS

3
Al HWH Aol Ae A 2El 1 ~42 Yo E CPU MEM
_Based Z3& 283} Wz shld 60%, 80%, 100%°l
e}, AlEHleld dale a7 59 2t

=2
=

A slowdown=

[CIsystem 1 Dsyslem 3,
lsystem 2 @Syst&m 4
2

552 8.6

7.28 T.31

slowdown

&0 0% 100%
HZE| el

T2 5. H2a| SR W slowdown
Fig. 5. Memory Threshold vs. Slowdown.

79 5% Auiud e PR e
o 24 938 ¥
2L A9l 1 wshe] Zo) Ak
S R ARE 60% oIz fAskE Aol 421
2% 9

slowdown2] ¥
g 9t W= ARl 80%, 100%
]/\EJL/] ol: ‘%}:}\1»—— H

o

B 3 AIAE 49| = 5
Table 3. Number of system 4 node.

e CPU 2| &= (MIPS) H=2| 57| (MB)

* 100, 200] 300, 400, 500 32| 64| 128 256
6 2 1 1 1 1 2 2 1 1
18 6 6| 2 20 2 7 7 2 2
24 9 9| 2 20 2 9 9 3 3
32 13] 13] 2 21 2| 12| 12| 4| 4




=l

%
off
o
=il
ol

[~
@,
o
Ho
o
ol
o
)
ro,
offt
)
o
s
o
_QL
=]
ol
ol
ox,
By
[z}
—

s Aol dske 2 65 e

a9 65 A Trace 1, 2, 39 A% 2% w= 47}
7145 slowdowne] adhs AL & 4 v}, 54

A& o] oA XEetd AlxaEle] dgo] ET=
AS & 4 Jk. Trace 19 % slowdowne] 7FF & A
& Trace 2, 390 I3} 21} 7} W, A< o] FA138% di7]

Alzte] iﬂ wjgolt,

—a—Trace 1
—&—Trace 2
—m@m—Trace 3

slowdown

5 12 24 a2
node &

J% 6. = 50| e slowdown
Fig. 6. The number of nodes vs. Slowdown.

V. 28

& mroe oldARl wER Y FesE A
Azl CPUSH Wwe] #318 1@ #eiws) w53t
BAE AL o] A E viaE wre} SEoln
M 27 Ainet BEse TART vRaE wmrdAe
Asie] Mme] e FMR)E 2] A5 & gl7] i
FSI tablecll] [tie] v e} 718 $3hs 71l wEg A8
&t Zl‘” & @Eent. FElolu wmudA e el Ajie
S7kste] slojx] EE7} sk e &
olFAI oM w R FHpste] mE
oA FE AL Fola, A-ie a7 ARk sPAte &

o}

Z3h}

£ =M e AlEEe1AE Bold Aleket ARl 4%
3} o] 7122] CPU 714t Ao vl&j Alxele] A% o
goll FEldhe ATttt SelaE 7AFY AlzEoM e 7}
=9 CPUHS ﬁ% oF AR W m2e 27|74 aesie
A& I v Rt i HolA] FE WS
Zolx, Alz"le] A ES FINE F UES L4 F A

i)
ek

AF?e

(1) Q. Zhang, A. riska, W. Sun, E. Smirni, and G.
Ciardo, "Workload-Aware lLoad Balancing for
Cluster Web Servers,” IEEE Trans. on Parallel
and Distributed Systems, Vol. 16, No. 3, pp.
219-232, March 2005.

(2] J. Guo and L. N. Bhuyan, "Load Balancing in a

Cluster-Based Web Server for Multimedia
Applications,” IEEE Trans. on Parallel and
Distributed Systems, Vol. 17, No. 11, pp.

1321-1334, Nov., 2006.
(3] E. Frachtenberg, D. G. Feitelson, F. Petrini, and
"Adaptive Parallel Job Scheduling
IEEE Trans. on
16, No.

J. Fernandez,
with Flexible Coscheduling,”
Parallel and Distributed Systems, Vol.
11, pp. 1066-1077, Nov., 2005.
(4] Karatza H. and Hilzer R.C. "Epoch Load Sharing
in a Network of Workstations,” Proceedings of
the 34th Annual Simulation Symposium, [EEE
Computer Society Press, SCS, Seattle,
Washington, pp. 36-42, Apr. 22-26, 2001.
Wentong Cai, Francis Lee Bu-Sung, and Alfred
Heng. "A Simulation Study of Dynamic Load

—_
&

Balancing for Network-based Parallel
Processing,” in  Proceedings  of 1997
International Symposium on Parallel
Architectures  Algorithms and  Networks
(I-SPAN'97), pp. 383-389, IEEE Computer

Society Press, Taipei, 14-16 Dec. 1997.

[(6) C. -C. Hui and S.T. Chanson, "Improved Strategies
for Dynamic Load Sharing,” IEEE Concurrency,
Vol. 7, No. 3, pp. 5867, 1999.

(7] M. Harchol-Balter and A. B. Downey, “Exploiting
Process Lifetime Distributions for Dynamic Load
Balancing,” ACM Trans. on Computer Systems,
Vol. 15, No. 3, pp. 253-285, March, 1997.

(8) o|AE, gtg], "olHY AR 2El oM 9] 52 F3A)
TAE AT f14 2y EAFEP RS =

A, Al 114, Al 1=, pp. 1-10, Mar. 2006.



52 B 2 e SHocEi(2008. 9.)

(9) A. Barak and A. Braverman, "Memory Ushering
in a Scalable Computing Cluster,” Journal of
Microprocessors and Microsystems, Vol. 22, No.
3-4, pp. 175-182, Aug. 1998.

(10) A. Acharya and S. Setia, “Availability and Utility
of Idle Memory in Workstation Clusters”, Proc.
ACM SIGMETRICS Conf. Measuring and Modeling
of Computer Systems, pp. 3546, May, 1999.

(11) L. Xiao, S. Chen, and X. Zhang, "Dynamic Cluster
Resource Allocations for Jobs with Known and
Unknown Memory Demands,” IEEE Trans. on
Parallel and Distributed Systems, Vol. 13, No. 3,
pp. 223-240, March, 2002.

x x} & 7

oo =

1989: @khgtu AzxAEl 7
L,

1991: sty AFEIRe &
SPAT,

2004: dekfieln AFE e F
shaA}

@ A detEgHriet AFEPR
o} R

Bk RN, AMEDLY
S, el B

B, a7= 358,

2001: AH&eiskm AFEI )

B}
2003: Beffelan At
B



