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Development of a Dedicated PC-cluster for Molecular Dynamics
Simulations and Its Application in Computational Grids

TAKASHI AMISAKI' and SHIN-ICHI FUJIWARAT

This paper concerns the development of a special-purpose PC-cluster for large-scale molecu-
lar dynamics simulations of protein molecular systems. This paper also reports two approaches
for grid-enabled use of the cluster. In such simulations, the most problematic part is that
for the evaluation of Coulombic pair interactions. The dedicated cluster consists of ordinary
PCs, each of which mounts special computation boards that calculate pair interactions at high
speed. On the cluster, a parallel fast multipole method is executed in cooperation with the
special boards to compress the time for the evaluation of the Coulombic interaction without
compromising on accuracy. The cluster (with four PCs) was about 46.8 times faster as com-
pared with fast-multipole-calculation on a PC. Using the cluster, we examined two approaches
for grid-enabling molecular dynamics simulations. One approach is an Grid RPC method us-
ing Ninf-G, while the other is “simulation monitoring” approach implemented using Globus
Toolkit. It is shown that the computation power of the specialized cluster can be effectively
delivered to remote client sites, although considerable but tolerable level of power loss was
observed during the delivery in one of the two classes of grid-enabled approaches.
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Fig.1 (a) An example of hierarchical cell structure of
the fast multipole method (FMM) in two dimen-
sions. (b) Organization of the specialized computa-
tion board (MD Engine-II; MDE-II).
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Fig.2 A cluster computing system for MD simulations.

The cluster is composed of FMM/MDE-II joint ac-
celeration units.
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MASTER() {
repeat /*MDOOO0OOoooo */
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t — t + 6t
until t < T
}
Fumm() {
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end for
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oooo ;
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for all 0 00O b do in parallel
gooooooOoDoOOO0oOooDooOoOoboOon;
end for
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}
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Fig.3 Pseudo-code for master and slave processes. The
two slave processes (FMM and MDE) are responsi-
ble for the computations regarding far and nearby
regions, respectively.
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Fig.4 (a) A protein molecule (immunoglobulin Fab frag-
ment, PDB ID 2mcp) immersed in a sphere of water
molecules. (b) Spatial decomposition of computa-
tion sphere (an example for free boundary condi-
tion).
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Fig.5 Two schemes for spatial decomposition used for

the FMM (left) and MDE-II (right) computations.
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Table 1 Classification of services which may be provided
by dedicated computation sites for MD simula-
tions.
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approach using Ninf-G.
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Fig.7 An implementation of single-MD-providing
approach using Globus Toolkit APIs.

oooa
4.2 0O MDOOOOOOOOOOOOO
ooooooooobooiob MDOOOODOO
gooooooo MbOOOOOOOoOoOOO

gobooooooooboooooooboooooon

oboooooooooooo MDOOOOOOOO
00o0oooooooOooooOoToOo0OO0O0O0O00O
00 GridRPCOOODOOOOOOOOOOOOOOO
00000 OGlobus Toolkit ™% 0 APD GRAMO
GASS CopyO Globus IOOD0 DO OOOOOOOO
o0o000o00oooooooooo0ooob00oon
goooooooOoooooOoooocOo MboO
ooooooOoooooooooooOoooood
U0 00000globus_gass_copy_register_url_
to_url() OOOD0OOOOOOOOOOOOODODOO
OO0 gatekeeper 000 O0O0O0OCOODOODODOO
globus_client_job_request() D OO GRAMUOO
0000 Ogatekeeper OO MDOOODOODOO
oooooooOoOoooOoooOOOOoOooobooOoODO
goooooooO0OoO0ooOooooDooO0O00o0ono
ooooooOoooOOoooOoooooooogoooo
gooooOooOoOooooooooOoooooooo
ooooooMDOOODOOOODOOOOOOOO
goboooopooooooooboOoboOooooooo
oooooooooooooobooboooooboobooo
ooo00o0oo0ooooooooOooooooooooon
oooooooooooOoooooroooOooooo
o0ooooooO0o00oO0OooooOooboOoOO00OobDbo
OooO0ooO0oo0ooOO0O0O00000000000000

Y 000D MDOOOOODOOOODOOOOO0000O0000
gooboo0ooooooboooooooobo.apsd 1000
oooboooboO0ooooooOooboOoooboOoOooOooog



250 gooooooooooooboOoOooooooooo

o00oooUoooooooooooooooooog
O00ooooooooooooo TCcpoOooO
OO0 Oglobus_io_register_write() 00000
O0000O0O000oooOooooooooooooon
O00D0D0O0oOoDoooooooooooooood
000000ooooooooooooooooooa
J0do0o0o0o0ooooooooooooooooo
oo0oo00oooooooooooooooooood
gooooooooooodooooooooooo
godoooopoooooooooood
00o000oOoooooooOooooOoooooooo
O000000O00oo0o0ooooooooooooMD
0000000o00o0o0oo0o0ooooooooooon
00000o0o0o0o0o0ooooooooooooog
00000000000 OoOO0oOoOOOoOoDooooon
0000000000000 0000000000gon
0000000oooooooooooooooooo

5. 0 000

00000000000 000000000000
00000 PDBID 2mepdd 4 (a) 000000000
NDO50,76400MDOOODOD0DO Amber 5.0
000000000000 gee-3.2100000

5.1 0000000000000

0000000 4000000000000000
0000000 000 Pentium 4 PCO 2 GHzO Red
Hat 7.100 MDE-IID OO0 DO 2000000000
0000000000000 Gigabit Ether 0 000 O
00000000 MPICH-1.24'9 00000

10000000200600000000000000
000D 20000010000000000000
00000DMO000000000000000000
0000000000000000000000000

0000000000 200000000000
O000000OFMMODOODOODOODOODOODOOO
0190040000 12000000000000
0000000 3.1000000000000000
000000000000000000000000
00000000000000000000000%0
FMM/MDE-II0 0000000000000 O000O
000060.9%067.1%071.2%071.5%0 0 0000
000000000 0000000000000000
000000000000000000000000
OOMDE-IIDOD00O00000O00 89.8%00000
000000000000000000000000
000000000000000000O0MDE-IIO

May 2004

02 N=50,7640000 MD1OOOOOOOOOOoOoOoQ
goooooo
Table 2 Average time spent in performing single MD step
for the system of N = 50, 764.
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Table 3 Benchmark results for the remote distributed

computing.
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