FZAFESHEENE 2005 =24 Vol. 32, No. 1(A)

a= HFE @A ZY mojag o]l

2474 R 73

AV 2390 $99° 2830 W4P 2z
D 23R BRI
2) NI RITY FHAFEAE #AEFY S84
3) AMguistal 7jAEFeE
yegkim@cespel.kumoh.ac .kr

Design and Implementation of Job Migration on a Grid
Computing Environment

Young-Gyun Kim® ? Kum Won Cho? Young—Duk SongZ) Soon-Heum Go® Jeong-su Na?
Gil-Ho Oh"
1) School of Computer Engineering, Kumoh National Institute of Technology
2) Supercomput ing Application Technology Department, Supercomputing Center,
Korea Institute of Science and Technology Information
3) School of Mechanical and Aerospace Engineering, Seoul National University

& ¢

2 =BoME Cactusth Globus® AHEERe T2l= AFR 8704 2 ool alo|dJob
Migration)o) the} A7 shich. )= AFRE née) YENAZ AW U5 Alo|=o] B4
o] gl AN AUEE Ve Zo2A, AN AUE] B8 olge] FadT WAL
o &EH 082 @ WPoRA A nojaolde o) olo|dE, 3 7E3, 2Y HE
5¢ 98 AT 4 otk B 2ol # AoEd)N 48T A4 2%00) Fud B¢, 45
e Al ARl olE F AITUY BAL olgak FUE AR Brsk @
A AS FHAES S ATE ST, KeGrid DA BANNE ERHOE BHYS
Yo FBG. B} 54 TS PRGN 28, daridel TEHQ ol W0

2 AHE 4 gl

LAE

#Z Grid Computingdl] T3} B FFE0] AgP=m g},
o= HAFELE FAES ) 98 2459 viESa=
AAE FAAYL(Computational resources)S-g F83l= Aol
o g AFE AKEY e dFsks UEYS Jee
D& AMe R FA EE 2y AL S o AR 715
3lt}. o] dZFY AHES &I A ©YY AFEEE
E7Fs e ditRe] AlEEoldg sbedlAl dta Aoz
kel F520(Collaborat ions) 9} GRS X 93] A4S0
AR AL FestA FoH1). g5 AlolEd] EXEHo] gl
B @ ARUES A 22ls AREAME 94 AYE
£ agHoz ANl AL Fasith a3 S
24 3] HAFEZRE O HFEHZ YL vlo|zo)d
3= AL o f fgslrl. ClF SoA, FP9 wlolaaelH
2 olF ofo]HdE(Mobile agent), F& FFEHLoad
balancing), F71802 wvlo|azold AAYEE HAQA 7|4
Nz 718 Fozr A HE&(Fault-tolerance)s TFE3E}7)
A8l AREEe] A 4= qld2].

2. BEGT
2.1 28= AFY

ayk=Gride BE 9Ad JRrel ZAVirtual
Organiation)®] 87& Av)438l7) Y8l FAHE HFEY 7]

A AMESY T FIFeluh3]. 2= AFEHEAANA
A vlo]aefo]e FAbE 2QIES AfHow Agslm,
a3 3182 3 F8dt. GF SolA, Aol AFE )
73 Mg 2ho] AR Folm B Azt B¢ AR £ gt}
B ojke 2 ML ol ARt & o U x1e] A" F 9l
£ uf 71A] wlojaelold & 4= U}, HHY A7tel] LejR|R)
92 Fa3 A Y2 FHoz A £ . o g2
Wz} ol fdZx)o] Holn FFE|Y] ot ulole]
el A2 58 2 A3 A7) 2 =i £ 4],

APFQ AdE wlolaElo)AEy] d AP FA AuE
AFEA  G9FRAGEE gz3)B 7B AaXY
(Checkpointing) 71H& &3] ARRRIch A3 XA 7L
A N2® 3] AlA EQ" (System-level checkpoint ing)
2 ARER}F Ao M)A ¥ (User—defined checkpointing) &2
Wrolnh, Al2"l 0] A3 UYL AT HHe2 A)
3 EAYE AR, AR Ae) AT EUYL T2 )
7b ROt = Hl el $ET2 o) AHE AAe
ok wEbA ARERA o5 e RS AFTE o)2%
ol = AR 222 M3 ¥U9-e FAe(Post-processing)
9 A ZgsH(Visualization) 9t 22 T2 £55& 93 A8
T A6l 53U a#l= 755" (Dynamic Grid Comput ing)$+
ZAolA Cactus®] G4t AYE olF Al B AFEC] 4y
HATh HEHQ ATEAM Garbrielle Allen Cactus®] A

577



AT FEEEUE 2005 =EF Vol. 32, No. 1(A)

e ¢4 Z2a¥ F£F AF ¥UY /ES sl 2
2H2 B3 7o a2t #AoA] Cactuss§ Z2a39
alo]1go] S AlESHSICHS]. Cartsten Ernemanne AMF 1
2= (Computational Grid)golA @ Ae] 24 22§ ot
Z AlE 2AIEY AMSSle 388 UF APIE 2AEY
(Adaptive Multi-site Scheduling)7198-& At s 7.

B 1 KGrid 5 %00 A% Venus, newcluster A|AE]

Organization KISTI KonKuk Univ.
Model Venus Newcluster
Architecture Linux Cluster Linux Cluster
oS Redhat Linux 7.3 Redhat Linux
7.3
CPU Intel Pentium® IV Intel Pentium®
v
CPU Clock 2.0GHz 2.0GHz
#CPU/Node 1 2
#Node 63 7
Total ~ 63 14
RAM | #RAM/Node 512MB 1GB
Total 31.5GB 7GB
#Hard 40GB 16GB
Hard Disk/Node
Disk Total 40GB+ 500GB(nfs) 16GB
Login node venus newcluster
Host name ve001~ve063 node2~node8
Network Domain gridcenter.orkr konkuk.ac.kr
name
Interface Fast Ethernet Gigabit Ethernet
(100Mbps) (1Gbps)

2.2 Globus9} MPICH-G2

ZEAE BAE ARIET] B4, A9 A4, Ade]
2A1%9, AZFH "elg HZ o oA 7B 33
AeiHo| A5 AFshs del HAFH 719 £ (metacomput ing
infrastructure toolkits)e|cH8].
MPICH-G2+¥ MPI(Message Passing Interface)®] 2#]= #
Feo) 71535 3 FHoRA AR WE HAFE
A AHEEE 5YS BHAE AMSl FUSAL ThE Ao
Ed] X% tiE Z3FE(Multiple Computers)E 7t MPI
Z2aReS HYPY 4 Yu = ok MPICH-G2= 2EHS
£90 MulAE ARgEIM QA F7L Z2Alxe] A, BUE
F, Alol, B4, BF d¥ AR, 94 Y He § F
g Y3 S22 §7) MuAE ARgoay oA &
20t} Ao AR thE Alo|Ee] gl U] HFE
£4 53 HY AT ARREE 593 BHAES A}
S84 MPIZ2IRES A8 & g9l

2.3 Cactus®] B4 2 7=

EX A s 9 WaF TE AL HalE AFs=
AFH A2ee FA Fo] FH(PE : Problem Solving
Enviromment)ol&t X3P, Nimrod/G[11], Triana[12] %
‘Cactus[9,10] 5] @A) /L=o] glck. o] F Cactuse 71#
How A BT AFAEY FF ATE 9% 7o EA
A HRon}, WA B8 AFEN o} HARAFGE £
OHCI)ANME &8 7P}, Cactuss S8 Faalgo] it
Mo Bgshs eIy o Fortran 77/Fortran 90, C,
CH5e Tzadgd dojE RY3lER S NS 93] A=
& =2y dolE wig Part PokE A, HFElTR
9} $gAlARlol g3 WAl ¢w A3 JbE vk A,
Cactus ZEYNo] A% HHIE HFFe R AT A2
o} HYEsE 93 =H& 712y "eUt ke A, AH) A

A2 24 Bo] $4¢ AFHDL vhel ATAE] FFO
2 FA8 258 A 2 488 & grke B8 Rtk
w3 22 E9], RS [/0, PEISc 8 gtelreie], 7HA
3 E7 5¢ g 288 4 A,

3. 3] vlo|zEeld
3.1 A 2H=le] F+A4

Aol ARRE AAEIS H13} 2 AES z2tE SEAH
ANxdo g KxGrid F thAe] $1x1% KISTI2) Venus Cluster

-9} Aol AE AIZHO newcluster AlAHOoZA A

KISTIol $1213F K«Grid Gateway$} Venus Clusteri= 0. 1Kmo}uh
9] Aglol xetn HZhe] newclusterAlA#xhR= 2F140Km
Aglel fx%ct.

KIST1 Venus Cluster .
«
KISTY K*Grid (7::!marxf:

(& 3
~ ,/&I Msin Cactus Eufar3D

™ Simuation starts hete

<
KIS 2 e

I3 1 A8l AR KGride] X|2jA 93]

3.2 Cactus7|¥te} CFD3|A 2} 3304 Euler®734]

Aol AMEE A AAL 32MY AFA BuleryA2o] Mg
Atk F aAEPe e AUSMPHH(modified Advection
Upstream Splitting Method Pressure-based Weight function)

29 2 Ayl A3 33 Onera¥6 271 d4] AzA(0-type)

AlZFRES  LU-SGS(Lower-Upper  Symmetric  Gauss
Seide)71'8o] AREEHU. AR 2HAL Zh AofA X¥3 3
do] TR gte) CFLYHY 2AL USAIIE 4 AR 743
(local time stepping)o.2 I71& AAsIATL 3] ALEE
AAAE body-fitted HEAE Al @ E802 T4
© 329 Onera-M6 97l B4S @&3to] AW AXAE AL
2381 2z A2goAl9] CactusE B-&3ld ks 3 &
it

a9 3 YRR AR P 9 9 B9 4E)

578



FFAFEETEERI 2005 =84 Vol. 32, No.1(A)

4. 78 2 Ay A0

19404 Migration Server9} Migration Manager: Perl
v5.6.1% AH431 Redhat Linux 7.3 £4aA0 78 3%
ok AEe 3] &) AH83 33H Euler$ @ 41€ Fortran77
24 Cactus 4.0 beta 1229 QoA FE =2} Migration
Server$} K+Grid Gateways & A4 2els 98 SSHY)
RSA71E St AZHAe A3t E3F KxGridel] eda}
T BEE MAYELR GSISSHE| RSAYIE ARl Q&%)
a% 4olxel o] AMgAl=  Migration Server® £3)
K+Grid$t73ellA] A" AM8A1e] Cactus2& 2188 4)
< B8 A&, 28t KxGrid Gateway®ll $11% Migration
Managerg &34 iAo = HAg Alo|E= 21¢] u}
olzglo]d-E 43314 Frk Migration Managers Migration
Server & T} Alo]E 9] Migration Manager25¢ A4g
e Ay, FG A2 rlelageld Al|E AMA
(Resource selector), ©lo]a#lo)d oXEE FWHMigration
Logic)dted] the Ale|E=R 24]8 nlo]ago)dstAyt 2igd
et AAIZF BUE® BRE Migration Serverol Al A)&sh=
q98& 49 ok

Usedlob Submissivuis)

I8 5. 98 59 3R] rlo)aolde) M BUE

a9y 55 YozRE AEY Cactus A APo] KaGrid
GatewayE A3, Venus, newcluster2 2¢] wlo]zejo|d =1y
< AAZeZ 92 B9 BUHYE 23S Hd F3 Qo)
Aol AMEE 32 Euler WRAS olgd ailzigle
143%33%x65709] A& ze Ao &2A 3x Onera-M6
7} e GHEXE ARt dadIE a93n oo,
g Ydel A7)E 15.965Mbytess] F71E ztevh 2o

A48l g= 10,0003 24 Venus® newcluster 24z} 8742
CPUE ARS8 gt A& 3819 Venus2 2] njo)
a#oldE 33 AF} 7158 48%9) I AIZke Zon
newcluster2 2 vlolago}de 488 Ax} 6038 382
o] @ AIZME Feth wEld, Venus FelAE AlzEe] ¢
2Ado] AE 54, daArdeY AASE, 2a 53 59
o2 th2 Alo]EZ(newcluster) 2 rlolazo)d dtog
A HYh 5839 a2 ARYS F9F 5+ gl

5. A8 ¥ &3 A7

2 AP E Cactus®t GlobusE ARESh= 2l= #EE
FAelA ks 7)vke] Ay HAFEHE 7] A nlo]a
golde] dis] ATEct 14y YEYIZ A0 Bt
A s g4o] FAo= Hzlele a= 1AFY 3
7oA AiAle-g B B&Hoz Aatn, F3 e 1
H oA Y AZE ©Ed 5 e PHoEA Y 1}
olglojdo] A ¥ NS BT 2F, B} o
2o At LSS 883 5 2= AR o3 A

3 A -
A

[1] Luis Fabricio Wanderley Gées, Carlos Augusto Paiva da Silva Martins,
“Reconfigurable Gang Scheduling Algorithm”, 10% workshop on Job
Scheduling Strategies for parallel processing in conjunction with
SIGMETRICS 2004, Columbia university, NewYork, NY Jme 13,
2004.

[2] P. Roe, C. Szyperski, “Transplanting in Gardens: Efficient
Heterogeneous Task Migration for Fully Inverted Software Architectures”,
Proceedings of the Fowrth Australasian Computer Architecture
Conference, Aukland, New Zealand, January 18-21,1999.

[3] L Foster and C. Kesselman. Editors. The Grid: Blueprint for a New
Computing Infrastructure, Morgan Kaufmann Publishers, 1999.

[4] Gabrielle Allen, Tom Goodale, Michae] Russell, Edward Seide! and
John Shalf, “Classifying and enabling grid applications”,
CONCURRENCY-PRACTICE AND EXPERIENCE, Concurrency:
Pract. Exper. 2000; 00:1-7

(5] Garbrielle Allen, David Angulo, Ian Foster, Gerd Lanfermann,
Chuang Liu, Thomas Radke, Ed Seidel, John Shalf, “The Cactus Worm:
Experiments with Dynamic Resource Discovery and Allocation in a Grid
Environment”, The International Joumal of High-Performance
Computing Applications and Supercomputing 15(4), Winter, 2001.

{6] Sriram Krishnan, Dennis Gannon, “Checkpoint and Restart for
Distributed Components in XCAT3", In Proceedings of the fifth
TEEE/ACM International Workshop on Grid Computing, pages 281~288,
Pittsburgh, Pennsylvania, 8 November, 2004.

[7] Carsten Ememann, Volker Hamscher, Archim Streit, Ramin
Yahyapour, “Enhanced Algorithms for Multi-Site Scheduling”, In 3% Int’l
Workshop on Grid Computing, pages 219-231, 2002.

[8] L Foster and Carl Kesselman, “Globus: A Metacomputing
Infrastructure  Toolkit”, International Joural of Supercomputing
Applications, 11(2),1997.

[9] Nicholas T. Karonis, Brian Toonen, Ian Foster, “MPICH-G2: A Grid-
Enabled Implementation of the Message Passing Interface”, In
Proceeding of ASCM/IEEE SC"98 Conference, ACM press, 1998.

[10] Cactus, An open source problem solving environment,
http:/wwwicactuscode.org

[11] D. Abramson, K. power, LKolter, “High performance parametric
modeling with Nimrod/G: A killer application for the global Grid”, In
Proceedings of the International Parallel and Distributed Processing
Symposium, pp. 520-528, Cancun, Mexico, 2000.

[12] Triana, An open source problem solving environment,
http://wwwitriana.co.kr

579



