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Performance Improvement by Distributed
Data Management Layer on Grid RPC System

YOSHIAKI AIDA,#® YOSHIHIRO NAKAJIMA,"tt MITSUHISA SATO,t
OsAMU TATEBEt and TETSUYA SAKURAIY

Grid RPC applications often need large size of shared data to initialize worker programs.
Conventional grid RPC model only transfers data by RPC’s parameters from a master to a
worker for both shared data and RPC’s parameters. Since the RPC model supports point-
to-point communication between a master and workers, it is difficult to achieve efficient data
transfer. Furthermore in the conventional RPC model each worker does not communicate
directly with other workers. To address this kind of the issues, we have designed and im-
plemented a data management layer OmniStorage that augments functionality of the grid
RPC model. It decouples the data transmission from RPC mechanism aiming to achieve the
efficient data transfer fand choose a suitable data transfer method of OmniStorage. We have
implemented OmniStorage on three data transfer methods; tree-topology-aware data broad-
casting middleware, BitTorrent protocol for P2P file sharing and Gfarm as a distributed par-
allel file system. We evaluated the basic performance of three implementation using synthetic
benchmark programs. The proposed system achieved better performance than the original
OmniRPC system in terms of both scalability and efficiency of data transfer. We found that
selecting a data transfer method gave an impact on both the performance and scalability of
applications with OmniStorage.
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/* master program */
int main(){
double sd[LEN];

for(i = 0; i < nj; i++)

req[i] = OmniRpcCallAsync("foo", LEN, sd, i);
OmniRpcWaitAll(n, req);
}

/* worker’s IDL */
Define foo(IN int size, IN double datal[size],
IN int iter){

/* main calculation */

03 OmniRPCOO0O0O0O0O0ODDDOODODO
Fig.3 An example code of OmniRPC program.
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/* master program */
int main(){
double sd[LEN];

req = OmstPutData("MyData", sd, OMST_DOUBLE * LEN,
OMST_BROADCAST) ;

OmstWait (req);

for(i = 0; i < nj; i++)

req[i] = OmniRpcCallAsync("foo", i);
OmniRpcWaitAll(n, req);
}

/* worker’s IDL */
Define foo(int IN iter){
double sd[LEN];

req = OmstGetData("MyData", sd, OMST_DOUBLE * LEN);
OmstWait(req) ;

¥
0 4 OmniRPC O OmniStorage 000000000000
Fig.4 An example code of OmniRPC program with

OmniStorage system.
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01 00000oooooooooooo
Table 1 Machine configuration on grid testbed.

Site Cluster Name Machine Memory Network Storage Node O
omni.hpcc.jp | ClusterA Dual Xeon 2.4 GHz 1GB 1 Gb Ethernet | 80 GB 7200 rpm IDE HDD 16
AIST ClusterB Dual Xeon 3.2 GHz 1GB 1 Gb Ethernet | 3ware RAID controller 750 GB 8
oooo ClusterC Dual Xeon 3.2 GHz 2GB 1 Gb Ethernet | 147 GB 10025 rpm SCSI HDD 64
cTsukua Dual Xeon 2.4 GHz 1GB 1 Gb Ethernet | 40 GB 7200 rpm IDE HDD 1

Tsukuba WAN
516.0 Mbps

ClusterC

Tsukuba University

cTsukuba Campus Network

07 O0000OO0OCOOOOODOOOOO
Fig.7 Overview of grid testbed network.
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Table 2 Network bandwidth between two nodes.

oooo Network Bandwidth (Mbps)
cTsukuba — ClusterA 42.7
cTsukuba — ClusterB 55.4
ClusterA  — ClusterA 898
ClusterA - ClusterB 516
ClusterB — ClusterB 752
cTsukuba — ClusterC 632
ClusterC =~ — ClusterC 892
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/* master program */
int main(){

t_start = getTime();

OmniRpcCallByHandle(nodeA, "file_get", path);
OmniRpcCallByHandle(nodeB, "file_put", path);
t_end = getTime(); calcExecTime(t_start,t_end);

}

/* worker’s IDL */
Define file_get(OUT filename fp){
fp = "bdata.dat";
}
Define file_put(IN filename fp){
/* nothing to do */
}
08 OmniRPCOOOOOO 200000000000000O
oo
Fig.8 OmniRPC program code that transfers a file from
a worker to another worker.
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/* master program */
int main(){

t_start = getTime();

OmniRpcCallByHandle(nodeA, "p2pt_wput", omst_id);
OmniRpcCallByHandle(nodeB, "p2pt_wget", omst_id);
t_end = getTime(); calcExecTime(t_start,t_end);

}

/* worker’s IDL x/

Define p2pt_wput (OUT string omst_id){

asprintf (&omst_id, "bcastfile");

r = OmstPutFile(omst_id, "bdata.dat", OMST_POINT2POINT);
OmstWait(r);

}

Define p2pt_wget(IN string omst_id){

r = OmstGetFile(omst_id, path);

OmstWait(r);

}

09 OmniStorage 0000 200000000000000
oo
Fig.9 OmniRPC program code using OmniStorage system
that transfer a file from a worker to another worker.

000000000000000000000mst/Tree
0O Omst/GFOO0OOOOOOOO0OOOOOOODO
goobobooobooboobooobooobooo
OU0UOoO0D0Omst/BTOOOOOOOOODOO
O OmniStorage 0000000000 300000
gooooo
(1) torrent 00D ODOOO
(2) DOOUDDOUDOOODO torrent 0O00O0O0ODO
gooo
(3) D00OOOO0ODODOO0ODOOOODODOOODO
oo
Omst/BTOO0O000000O0OOOOOOOOO
gooooOod100000Otorrent DOOOOOOOO
goooooo0o0o0ooooobooooooooo
J00000OBittorrent 00O O00O0ODOOOODOO
torrent 0000 0000O0O0OOOOOOOOOOO
Jo0o0oD0000O0bOOo0ooOobOoobooobooo
go0o0oDo00o0O0o0bO0obOOoboobooobooo
doodoboooooooooooooooooono
doodoooooooooobooooooooono
64MBOOODODOOOODOOOOOO26MBOOO
gooboooobooo
goooboboooooboboo 200000
O ClusterA-node0 O ClusterA-node8O0 000000
godoboo0ooobooo0oooogooboogooo
00000000 200000 ClusterA-node0 O
ClusterB-node0U 000 O000O0OO0DOOOOODOO
0oo0Db0o0o0oboo0o0o11nooi1200000000
0o0oo0oooOmniRPCOOOOCDOOOODODOO
0o0oooooooooooooooooooooo

Aug. 2007

50
45 |—| Olnitialize BT client
M Register .torrent
O Create .torrent

10 —
T LT b P
1MB

4MB 16MB 64MB 256MB  1024MB
Datasize

010 Omst/BTOO0O0OO0OO0OCOOOOOOODOODOOO
oooood
Fig.10 Execution details of pre-processing of Omst/BT

according to the data size.
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Fig.11 Elapsed time of one file transfer between two

workers by higher performance network.
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Fig.12 Elapsed time of one file transfer between two work-
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Table 3 Details of elapsed time of one file transfer between ClusterA-node0 and ClusterA-node8.
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/* master program */
int main(){

t_start = getTime();
for(i = 0; i < noNodes; i++)
r[i] = OmniRpcCallAsyncByHandle(h[i], "bcast_omrpc",
"bdata.dat");
OmniRpcWaitAll (noNodes, r);
t_end = getTime(); calcExecTime(t_start,t_end);

}

/* worker’s IDL *x/
Define bcast_omrpc(IN filename name){
/* nothing to do */
}
013 OmniRPCOOOOOOOOOOOOOOOOOOOOO
ooo

Fig. 13 OmniRPC program code that broadcasts a file to

all workers.
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/* master program */
int main(){

t_start = getTime();
r = OmstPutFile("bcast_file", "bdata.dat",
OMST_BROADCAST) ;
OmstWait (r);
for(i = 0; i < noNodes; i++)
r[i] = OmniRpcCallAsyncByHandle(h[i], "bcast_omst",
"bcast_file");
OmniRpcWaitAll(noNodes, r);
t_end = getTime(); calcExecTime(t_start,t_end);

}

/* worker’s IDL */

Define bcast_omst(IN string omst_id){

r = OmstGetFile(omst_id, path);

OmstWait (r);

}

0 14 OmniStorage 000000000000 DOOOOOOO
gog

Fig.14 OmniRPC program code with OmniStorage

system that broadcasts a file to all workers.
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Fig.15 Elapsed time of one file broadcast from a master
to 16 workers in ClusterA.
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/* master program */
int main(){

t_start = getTime();
for(i = 0; i < noNodes; i++)
r[i] = OmniRpcCallAsyncByHandle(h[i], "a2at_file_get"
filepath[i]);
OmniRpcWaitAll (noNodes, r);

for(i = 0; i < noNodes; i++)
for(j = 0, k = 0; j < noNodes; j++){
if(i 1= j)
r[k++] = OmniRpcCallAsyncByHandle(h[j], "a2at_file_put",
filepath[il]);
OmniRpcWaitAll (noNodes-1,r);
}

t_end = getTime(); calcExecTime(t_start,t_end);
s
/* worker’s IDL */
Define a2at_file_get (OUT filename fp){
fp = "owndata.dat";
¥
Define a2at_file_put(IN filename name){

/* nothing to do */
}
017 OmniRPCOODO0O0O0OOO0OOOOOOOODOOOOO
gooooooooOOo0oOoOooooooooooooooo
Fig.17 OmniRPC program code that makes each worker
exchange their own file each other.
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/* master program */
int main(){

t_start = getTime();
for(i = 0; i < noNodes; i++)
r[i] = OmniRpcCallAsyncByHandle(h[i], "a2at_wput",
i, omst_id[il);
OmniRpcWaitAll(n, r);

for(i = 0; i < noNodes; i++)

r[i] = OmniRpcCallAsyncByHandle(h[i], "a2at_wget",
noNodes, omst_id);

OmniRpcWaitAll(n, r);

t_end = getTime(); calcExecTime(t_start,t_end);

¥

/* worker’s IDL */
Define a2at_wput(IN int id, OUT string omst_id){
my_id = id; asprintf(&omst_id, "file-%d", id);
r = OmstPutFile(omst_id, "bdata.dat", OMST_BROADCAST);
OmstWait(r);
s
Define a2at_wget(IN int n, IN string omst_id[n]){
for(i =0, j =0; i <n ; i++)
if (my_id !'= i)
r[j++] = OmstGetFile(omst_id[il, path[il);
OmstWaitAll(n-1, r);
s

0 18 OmniStorage 0000000000000 DOOOODO
gooooooooOoooooooooooooooooo

Fig.18 OmniRPC program code with OmniStorage that
makes each worker exchange their own file each
other.
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Fig.19 Elapsed time of program execution that makes
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each worker exchange their own file each other in
ClusterA and ClusterB.
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Fig.21 Execution time of parallel eigen solver program

and its scalability.
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