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Design and Implementation of a Grid System META
for Executing CFD Analysis Programs on Distributed Environment

Kyung-Woo Kang' - Gyun Woo'"

ABSTRACT

This paper describes the design and implementation of a grid system META (Metacomputing Environment using Test-run of
Application) which facilitates the execution of a CFD (Computational Fluid Dynamics) analysis program on distributed environment. The
grid system META allows the CFD program developers can access the computing resources distributed over the network just like one
computer system. The research issues involved in the grid computing include fault-tolerance, computing resource selection, and
user-interface design. In this paper, we exploits an automatic resource selection scheme for executing the parallel SPMD (Single Program,
Multiple Data) application written in MPL (Message Passing Interface). The proposed resource selection scheme is informed from the
network latency time and the elapsed time of the kernel loop attained from test-run. The network latency time highly influences the
executional performance when a parallel program is distributed and executed over several systems. The elapsed time of the kernel loop
can be used as an estimator of the whole execution time of the CFD program due to a common characteristic of CFD programs. The
kernel loop consumes over 90% of the whole execution time of a CFD program.

Key Words : CFD, Grid Computing, Automatic Resource Selection, Metacomputing
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program NS2D
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enddo
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program NS2D

Reading Data

start time = second()

do n = 1, Nstep_Max

enddo

end_time = second()

elapsed_time = end_time - start_time

call cs_send{myparent, IREALX,
elapsed_time, 1, 1, 9998, ierr)
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. Kloop = ExtractKernelLoop(P)

. P, := GenerateTestProgram( P, KLoop);
. foreach w S Wdeo

TransferFiles(F,, DataFile, wy;
RemoteCompile( COmd, w);

w = TestRun(w);

W ol t,7F H4Q A& A9

. return W,

B

=S

TestProgram= P~ Al F

# pased 2 A0 2430

M o o 5 @ 2 &

=

ol

4o od oxl o
ot ok
px 02 LS

il

3
S

>
S

>0 E&
o

S

O

O

L

rr R
EO)

=

i

1389 ExtractKernelLoop< ©1FZ Fojd CFD T2
ANFLE Fto} whEeth 289 Generate-
KLOOP—% /\lxﬂ o]— E‘ =

DataFile st gl =
HaE Z2ad S8 A%RE SUA7 2
gom 18 dgow AHe AWAY w2

agFels HEY YA FARL HAe A9E

A3 Foll= of7]el 9 CFD Z2 ¥ pE 7195
3L [}

oY
ol
_?L
rir
ik
R
o
N
o,
it
fr
©.
%
o,
o
e
oSt
>
o
N

CFD &M Z2H g 2ot Jpj= AIA"E META 84 & 75 537

41 78

A FdEel e METAY Fx2& (19 4)9 2
META® Al 719 842 FA= Sled, o8 84w
2E T2 A7), Ad 9], Fariet. Ha
239 gA71= 9 CFD A Z2ad9 pERE HAE
2y pg AABTE AFY &

=
E

glo Ry &7 F=r11, 12] 9
AnE dow Gndz 12 B AYATE Qgu
H9E AT 62 43 ¥, A 4

META+= PVM(Parallel Virtual Machine}® PVM-make
2 o] g3te] TEHUT PVM2, HE & AE AFHE
FAE o]F U EY Aheterogeneous network) 2 3hihe] A
A Ao R AT F ARE i FE AZEH ] #@7|H
olty, PVM2, Z2 A~ A4, 2 A2 7 B4, of7]% v
Efa Abele] mzAx T8 T 75E AFdh
CFD =zds do|y #tdg 71 VAR A$slr] 93,
T a2 Z2ade Agder] Y PVM-makeE A§3}
Aot

o o f

///”‘VM\\\ { i
(OPZ2IM N Ll sgszan =
“ e L ) .
ey '
— Ag A=)
—_ | Y
, .
SRz Y Aa | Avdua P{ﬂ*
I (
T J .
— *%7
hY
L dw YR |

(T8 4) META Alagl £

META®S &35 A9 w7 Y&, Navier-Stokes 732
S dZsy] 3 29 CFD =ddd i) 43S Falste]
thoolE EEE WAA A9 9 o9 B sz 9E
ZdolthMPL, PVM). EE mde F23 1zm A4
F3 ZAEH (finite difference method)& ©] &8} A3t}
nrebx] FAEA RdEe 7|2 B2 fAlslth o oA
Ned Ad HAd 7de £88 9 P AERE BE
Fasth 28y o8 Navier-Stokes £HE ThE £H29)
FAES A2 H& AdAdE Aolgte Al FdAh
ZeaY 29 A duggd BF gEr

CFD AlE#ol4e] A A4A9 57

o
13] gbie] =& AZER ThE 27 JHele] A9 443



538 ZEXp/Stal=2X A M13-AT HI6Z(2006,12)

I

IS

Cpu time per cycle(sec)

R N J
T i) T o

computational time step

(T8 5) Bl Al0|Z AHlthol| AQE=|= CPU AlZE

1

S Ag s9ela old A% sigol
B7] 918l 18 WEe] Aele Ang (2
vk HPC3203 GS320¢14 €l AE A8

o
29%= T
2 Mol AHdolEtE e & F ol

43 MER} olEfmjo|A 3 S AT}
META® 9%
& Aol Ao

&

Hol2E F3 A

IAEE F1817] Y3t FHE RoFT) o] FHoA A}
EAE T2E P9 HAFYH o194 v, Aad 9

ol T 94% F g
(7% & CFD 42 Zeade Mdsls gue poz
o METAE HeE S2Ed A4E 2201908 ALgx 2
gta Itk METAE #g&

4 gagod ddd  grg
il

o mep d4E By olEL

[
jaich
X
rlo
,_.3
s
Ao,

[eratBosenrak]
v swe

Host name (ex: crayc80.seri.re.kr):

+ wep [ ~ Ws [EE

Arch Type (MPP, SMP, WS):

Compile commands (ex: cf77 ... or make):

Clear Name ‘ Clear Commands | Add | Close |

(T2 §) SAE %7} AR} SIETO|~

Select files for Siaves: Remote Hosts and File Name

Source Dir: [EllSers/metacon/meta | Hosts File Name A
EE___ 1= | (siave) (copy) |

| W craye90.seri.re.kr

File: [mamr i | W crayt3e.serirekr

Edit File Send to All Hosts: W All :

(32 7) CFD == 24 Med 5t

META - Version 1,0: nsspmd2d. pr
Meta-Computing Server:  linuxsvr ser.rekr

File Hosts Solvers

Host Address Architecture Compile Commands

Tk
P 1 ake

P P | < PR e TS |

Source Directory: homefusers/metacomibslee/CODE/NS2D-
File Name Slaves Copy Name
hosts m:bindhd.F
hosts nsspmd2d.inc
.serire.kr Makefile

c90.serire.kr Makefile
h.seri.re.kr Makefile

< | < FTRTERER: i~ < [ A [
Data Directory: homelusers/metacom/bslee/ CODE/NS2D/:

File Name Slaves Copy Name
Jlinitinp hosts init.inp
J grd hosts rid.grd
l i ! SR - —
= 1= TR | ~ T ——
Execution Command: [nsspmd2d—-o
Parallel Code ? @ _{ Perform  Run |  Display J Stop |

Welcome to META (1.0)

(2! 8) METAS| ool 54

(38 9) Gnuplotg O|E58t MA|ZF 7tA|8F Hot
Sa vehdarh shgels 2 AFE A% doly
[e]

Az META 2A3& w1 34

7% 5 Aok MEYa £

AAstar, ol FHel disiA g
g %

A497L A4 7

o
=
o)
fo
“
oxl
o

T
E)

By ol
» T
i

ko)
o

=

Ol
o
of
:OLL

L
I
[0
e
D)
&2
rir

hni
>
S~
=
op>
Ok
rir
pork
2
it
|
1,
[
>
[
jetsi
P}
e,
o
i)
ofo
ok

¥
3o,
K

(198 9= AA CFD =399 2 33 24
=tk METAY Gnuplotg o]&3le] CFD Z=Z 1
diks AAEeR Q1T F QRE sl A TMAE

715& AFsta ik



o SHE0AM CFD 24 Z20d +dE 218 Jej= AA" META &4 & +

5 U2 Je2jc ZEg AAdRe BiE
71&9] 1= AFY ANLde 44 149 TAE 2
st7] st ALHAT dxAQ 28=E HFE AIAER]
MOL, Legion, GlobusZ A#HHEH A2 MOLY Globust
71E8 MPIE o &3t ZEay9E 5}‘” AREAFE ) Al
E&S 770 s ApLE AeltH3 78] ¥l Legiond &
A F Zeads 95 Atd 401 H ]. o] wiiEe] &8
Z2 08 NEAEC] Legiong AHEsh| Aside M2
Z2aY% 71HFH APIES wjfjok gtk F HAZE Globus
= 24 Mg 22 s g % Ao B
S Agste FHojrh 187 wiEed] B, 447%d
T8, 7HASE A B3 S ATsA gwrh JH

= [e]

o)
Ae1x Aol Heolar glth o]
| S35 s EA7

1 1 “‘“’W A

(E 1) MOLZ METAS| H|wl

B DB MOL META
ALEA} - .
o1 o] 2= A2 KK

Mz g WAz A9

A A9 " MPL PVM #
1717 N olg s !
A5AAA7 GE ]
e ez ANBE | BFD A
AEE lzqoew Ane 99| auvoss 44
Aee &9
AAARY 2 . . L -
T ;LJJ;;% 5 AT % AT
59 A4 a4 FER P
A%9 A9 o] | F9AT 458 o
A4¢ 0% | Awes oF s oIE e

Gnuplot& ©]£3}4

AN A48 A 8F AAZE 7pA 8
6.8 B

FAARE 7 Folta MEga &5t el o
o HAFE 49 a9 As9e BaHE B Fu

ro
<
o8]
&

i TH2-5l = Alagle] S me :Lﬂ
3 #dd A7 Hoke Wl theksith META

CFD AHAE 4 #o2FHE AHSE 5 9
¥ =#dre CFD Zaady 7
stetetn 7P A@d A4 IAFE ATeE A
°R A7 I AR METAYIAE HEd=
EE litez sto] A A

Al

¥

o
mi..m

Aoy i S
ob i ob by [»
oo e @

X dB T

[s)

BN

o[«

>
o of
lo
JP%

$2= CFD Zgag#&

24 49 1 AAet o

A AAle 2= Aladd
i

o K
Mo
=2
2
1-\:1
i)
o
ol
o
™,

N
fint
o
{kl

e

T

I,

2l

S b
=

>
_O,L
xR
oo

o

T
ey

oo KM (R
fode fr
oo u‘jI% W 2o
:%’ o JPH 2 ;ﬂ‘i
- R £
o i i: IE 2
= il
ﬁ o 2
i Hct‘ I ol
rlo {ﬂl £ ol
fo sl
Off _—
> of,

o 4 of
e &
Moo ©
1§32 N
o o
)
JE o
ofi “m s _I}L

o 1@
de
bR
&
o ]—E
DS oo oo

O
N
2L
2,
M,
o
o
o o lH
o
o
o

T OH o 2 g L
)_]
>
rir
el
R
O
J
(&
ftd
I
i
o
t’,o‘i
o
A

ot Koo
o

4y

e

Mo

1

O
=
oo
oo
rr
©
=2
2
oo
ot
- to
o
b1
i
)ﬂ
o
il
o
o3l
ol

N
o

ob
nly
i
=5
il
oh
k1
%9,
i
rd
s
el
i
ful
jinss
lo
o o

=2
=
:é

oo o
(e Ho

of\

£ O

o ol o ([
(g Z_k;: I

oo i

o

b

L)
=4

o

X0 1y

ﬂr&

1o

ot

£ 0w

R
w1
i s

%,
o =
- 1
roE Y
g
SN
r rlo
)

‘;Irffl
_%Q\“‘_,
14
o
e ¢
AN
)

R
(o3

it
=

X,
E_L

fl
Y

bt
ok
ot
rO
=y

it
o

[1] K-W. Kang and G. Woo, “A Resource Selection
Scheme for Grid Computing System META,” Lecture
Notes in Computer Science, Vol.3251, pp.919-922,
2004.

[2] V. S. Sunderam, “PVM: A Framework for Parallel
Distributed Computing,” Concurrency: Practice and
Experience, Vol.2, pp.315-340, 1990.

[3] I. Foster and C. Kesselman, “Globus: A Metacomputing
Infrastructure Toolkit”, International Journal of Super-
computer Applications, Vol.11, pp.115-128, 1997.

[4] 1 Foster and C. Kesselman, The Grid: Blueprint for
a new Computing Infrastructure, Morgan Kaufmann
Publishers, Inc. 1998

[51 K. Czajkowski, S. Fitzgerald, I Foster, and C.
Kesselman, “Grid Information Services for Distributed

Resource Sharing,” In Proceedings of the Tenth



540 FENZ[=rel==R A M13-AZ FM6==2(2006.12)

IEEE International Symposium on High- Performance
Distributed Computing (HPDC-10), IEEE Press,
pp.181-184, 2001.
[6] K. A. Hoffmann, Computational Fluid Dynamics for
Engineers, Morgan Kaufmann Publishers, Inc. 1993.
[71 X. Yang and M. Hayes, “Application of Grid Tech-
niques in the CFD Field” Integrating CFD and
Experiments in Aerodynamics, Glasgow, UK, 2003.
[8] A. Reinefeld, V. Lindenstruth, “How to Build a
High-Performance Compute Cluster for the Grid,”
2001 International Conference on Parallel Processing
Workshops (ICPPW01), pp.221-233, September, 2001.
[9] A. Reinefeld, R. Baraglia, T. Decker, J. Gehring, D.
Laforenza, F. Ramme, T. Romke, J. Simon, “The
MOL Project: An Open, Extensible Metacomputer,”
6th Heterogeneous Computing Workshop (HCW '97),
pp.17-34, April, 1997,
[10] Legion: Worldwide Virtual Computer,
http://www.cs.virginia.edu/ ~legion/
] 2=4d, #4%, %83, =97 ‘2z AN
NWSE ol &g vESA AR AT 787, ARAT
53 stelEe=A, A9A A2E, ppldh-1499, =

AR A e es], 2002 11.

FE8, ABS, A5, 2HE, PPE ez W
239 28 HRAE A A2"E A7 A HA 5
SewEEE A9Y A2%, pp205-208, AR
2] 3}3], 2002. 11
232
e-mail : kwkang@cheonan.ac.kr
1990 AA e A ISR

19924
1998
& A

1991
1993+
200041
a A

ﬂmﬂok 2204994 3 2999

e i

e-mail :

Fo}eh71 49 A2bshalF kAN
t&%ﬂ@ﬂ%‘é Aareka(F et

EeEy, 2

1
—

Woogyun@pusan ac.kr

RAN & BATHEAD
233749 Mzwwn
SR Q A
e EEEEE
ESTES

A, #53 dol, 1=
ECl



