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Design of Software Distributed Shared Memory System
Using MPI Communication Layer

YOSHINORI OJIMA,t MITSUHISA SATO,* TAISUKE BOKUt
and DAISUKE TAKAHASHI

We have designed and implemented a software distributed shared memory (DSM) system,
SCASH-MPI, using MPI as its communication layer of SCASH DSM. By using MPI as a
communication layer, we can exploit high performance network of several clusters and high
portability. While the implementation which uses PM requires a large amount of pin-down
memory for shared memory area in a large-scale parallel program, SCASH-MPI removes this
limitation. In SCASH-MPI, a thread is created to support remote memory communication.
The experiment on 4 nodes shows the laplace benchmark with SCASH-MPI achieves compa-
rable performance to the original SCASH. And the performance degradation is about 6.3%
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Fig.1 The overview of communication in SCASH-MPI
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Fig.2 The overview of communication in SCASH-MPI
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Table 1 The configuration of Itanium cluster.
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Table 2 The cost of remote memory read (RMR) and the
overhead of barrier synchronization [msec].

RMR Barrier
nodes 2 4 2 4
lam(1) | 0.81 | 1.13 | 30.3 | 34.4
lam(2) | 0.65 | 0.70 | 20.5 | 16.4
mpichpm(1) | 0.65 | 0.79 | 25.7 | 24.0
mpichpm(2) | 0.43 | 0.49 | 21.8 | 16.5
pm | 0.25 | 0.28 | 20.2 | 16.8
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Table 3 The difference of execution time of laplace due to the difference of the

communication protocol and the implementation of the communication

layer.
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Fig.4 The performance of BT (Class A).
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Fig.5 The performance of BT (Class B).
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Table 5 The basic performance in BT Class A on
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Table 6 The basic performance in BT Class B on

execution with 4 nodes.

lam

mpichpm

SCASH-PM

Barrier[msec]
RMR|[msec|

2232
0.85

1741
0.52

422
0.27

lam

mpichpm

SCASH-PM

Barrier[msec]
RMR [msec]

305
0.67

210
0.50

164
0.28

53 BT OOOODO

goooo1l1o0boobooboobooboboooo
0400 50 BT O Class ADBOOOOOOOOOO
00000 MPIO NPBBTOOOODOODOODOOO

Class A 0004 000 0OOSCASH-MPIO lamO
00 2.800SCASH-MPIO mpichpmO OO 3.000
SCASH-PM OO 3400000000000000
gobobooobooboobo subob1oon
gbobooooboobobobobooobooooo
goo30200000b00boooboooboooon
gooboooobooboooboobooboboooo
00 000SCASH-MPIO mpichpmO O O SCASH-
PM OO 90%0SCASH-MPIO lamO 0O 00O 82%0 0O
goooooo

Class BOO0O400000OSCASH-MPIO lamO O
3.200SCASH-MPIO mpichpmO0O 3.3 0 OSCASH-

PMO 3500000000000040000000
Oo0000dobeOOiUiOOOODOOOOODOOO
goooooooooopooooDoOoOOOOOO 1
0o0oooooooooooooooo 11,0900
O000O0o0oooooooooooooooooog
00000000 O0OORMROOOOOOOOOOOO
0000000000000 ClassAODOODOOOO
000000000000000000000 O®®)
00000000000000 O(»*) 000000
O00OClassA0D BOOOOODOOO 4000000
0000000000000 000ooooooog
000000 Class AOO 7,8920B 00 24,981 00
0 3200000000000O0O0O0O0ODOO Class B
OO00O0O0OD00ODDOO0O0O0O000OC0ClassAOOO
O00000oooooooooopmdOdooooOO
lam 000 94%0mpichpm 000 96%000000
ooo

5.4 HyperThreading 000

00o00o0oooooolooooooogoooo
000 200000000000000000000
0000000000000 000ooooooooog
ooo0oOoooooDOo0oo 1ogooooood
ooo0o0oOoodoooopooo1oooooood
o0o0O00oUooooooboooooooooooog
O00D00O000OHyperThreadingD OO HTOO OO
000000 0oU0oooooooooooooooo

0000 Pentium Xeon OO0OOOD0OOOOOO
0000 HyperThreading 0 000 0O Xeon 2.4 GHz
0L200000512KBO0 2000000000 1GB
000000000 1000base-T Ethernet 00 OO
OOOOOHT ONOOFFODOOOOOOO laplace
000000000000 4096 x4096000000
ooooo

000000 eUlUdlOOOUDOO MPIO laplace
0000000 0ODO00oooooooooo Hy-
perThreading 0 000 O0OOOCCOCOOOOOO
000000000oooooooooooooag
lproc/node 00 1000000 10000000
0000000000000 00Doooooo 20
0000oooOoooooooo 100 ceuononO



70 gooooooooooooooooboooooo

(

HT off(1proc/node

HT off(2proc/node,

MPI HT off(2proc/node) -

.. MPIHT off(1proc/node) -
i

L ‘ ‘ " HT on 2proc/node) —e— |
14 o
X

Elapsed Time [sec]

Number of Processes
0 6 HyperThreading 000000 laplace DO0OO0OO0OOO
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Table 7 The basic performance in laplace on execution
with 8 processes [msec].

HT OFF | HT ON
RMR 8.54 0.725
Barrier 590 51.2

000000 2proc/node 00 1000000 200
gooobooooooobooooocoooooooo
O0040000000000HTOFFODO 4000
OO0 20000 CeUOOOOO0OOHTONOOO
oooooobooo4CPUDOOOOOOOOOOO
ogooobo1oo000cCcpUOO0O0O0O0O0O08O0O0O
goobooooooooobooooobooobobo voOoDbOo
ooboooooooboooobooo
e HT OFF 1proc/node 0 HT ON 2 proc/node O

000000000000 00000OHTONDO

oo00000000000000000D0 400

OO000O0O0HT OFF 1proc/node0 0 40000

HT ON 2proc/node 00 200000000HT
Oorr0O00000000C0DOO0000D0ODOO
oo0o0oooooOHTONDODDOOOOODOOOO
goobob0oooooboboooboboooo
HTO ONOOOOOOOOODOOoOoooood
gbobobooboooooo

e HT ON 2proc/node O OFF 2proc/node OO
gobooHTOOODOOOOODOOOODO
O0000oooOoHPCOOOOOOODOOO
HTO ONOOOOOODOOO cpUOOOOO
gbooboooboobobooooobooooo
gbooobooooboooobooobboobooo
0000000000000 000O00Y000
gooob0ooooobooobooboooboobooo
gooob0ooooobooooboooooo

May 2005

oooooobooooooooooooboooooo
ooooOOoOoOOoOHTODOOOOOOOOO0O00O0
ooo

e HTO ONODOOOOOORMROODODODODODO
ooooooooooboooooo1boobooo
g00ooopoo8oOoooooooO HT OFFO
0000000 79%0000000000000
O0O0HTONOOOOOOOOOOOOOooOo
HTOFFOOOOOO 300 10000000

e HTOFFOOODOOO 145000000000
OOHTONDOODO 1.56000000000000O

6. U g

6.1 PrefetchO0OOO0OOOOO
O000000O00O0Ethernet 0O00OOOOOO
O00000000ooooooooooooog
00000000000000000oo0oDoDOoo0oog
gooo0oO0o0o0oOoOoOoooooooooooood
gobsMOOOOOOOOCOODOOObOooood
goo0oOoOoOodoooopooOoooooooood
O Ethernet 00 0OCOOOCOOOOOO
OOOOprefetch 0000000000 OOODOO
00000o0oooooo 2000000000
e J000DDOODUDUIODODODODOOODOODOO
0000000 prefetch 00000000000
000ooooooooooooo
e 10000000000 OOOLUOOIOOODODO
000 prefetch0 0000000 Olaplace 000
gooooOooooooooOooogooooo
00oooooooooooo
00000000000000000000001
O0o00O0o0o0o0ooooooooooooooog
O0000o0ooooooooooooo
1 prefetch000000000000O0O0O prefetch
ooooooOo
2 00000000prefetch0000000O0 check
00000000 feechO0O0OO0O0OOOOODODOO
00 lock OO prefetcch 000000000
3 0000000 prefetch000000O0OOOO
00000000 DbSMOOODOOO Read Only
00000000 unlockOOO
4 J000O0O0O0O0OO0OOO0O0OO0O0OOCOOOODoO
oooooooood
— 000000 leckOOOOOODODOODOOO
0000000 prefetch 000000000
— lock O00O0D0OO00OODOOODOONO check OO



Vol. 46 No. SIG 7(ACS 10)

o0oooooooOooooooOo bSMOO
goopoooooo
— 0000000 prefetchO0000DODODOOO
go0oooooOoooOooooooogoo
goooooooog
00000 prefetch00000D0DOODODOOOOO
000o0doo0o0bDOo0ooooOooooooooo
goooboboooooooooooboooooooo
000000Dwarkadas 0'Y 0000000000
gooooobooooooooooobooooooooo
Oo00oooooo bSMUOOOOOOOoDoOoOooO
000000000000 DSMOOOOOOOO
00000 prefetch O0OD0OODOOO0ODOODOOOO
0000 prefetch0 1000000000 0O0OOOO
oo0ooooooOoOoooOoooooooogo
6.2 0000
J000000ooooooO prefetch000D00O0O
gobooooooobOoboobboOooboobooooo
Oprefetch 0000000 O0OOOOOODOOOO
0 scash_prefetch(caddr_t addr[ int pages) O
O000O0Oaddr O prefetch OO0 O0OO0DOOOO
O0pages 000000000 @dr O0OODOOOO
O pages 00000 prefetch 00 0O 0O OO prefetch
JoobooOoO0oO0oooooooooooooooo
000 wOO0OO00O0O0O000D0O0O prefetch 000
oooooooo
pages = XSxsizeof (double)/SCASH_PAGE_SIZE;

scash_prefetch(&ul[(y_from-1)*XS], pages);
scash_prefetch(&ul[(y_to)*XS], pages);

for(y = y_from; y < y_to; y++){
for (x = 1 ; x <= XSIZE ; x++)
uuly*XS + x] = ul(y-1)*XS + x] + ...

go0o0o00DbDs000000 taniumO OO OO
0000000000D00DO000 laplaced 000
O000o0o0Oo0O 4096*%40960 00000 100000
00 MPICH-PM 1.2500000000000 10
joooooo40000000000b0001000
00000000 oOooOobOOoobOOooOoOobooo
00o00Do00b00o0bOoobOooboboooooo
OO00OOprefetch0000000000000OODOO
gbobobooobobbobooboobobooo
O000OOprefetch000000000O00O0O prefetch
goobooooobooobobooono

08000000000 “prefetchO00” 0000
gobooooboboboboobooboboooo

MPIOOOOOOOOOOOOOOOOOOOOOO0O0O0OO0OO0 71

0 8 prefetch 000000 laplace 00000000
Table 8 The exection time of laplace with/without
prefetching.

prefetch 00O prefetch 00O
0000000 [sec] 4.604 4.584
0000000 [msec| 22.87 0

prefetch 0000000000 0O0OOprefetch 000
goooooOoOooooooooooooooooo
goooooooopOooooooopooooooo
gooooooooooooooooooooooo
00000 prefetch 00 O0O00OO0OOOOOOO
jooooooooooooooooooooooo
oooooooo

6.3 D000O0O0ODODOOODOOODOO

gooooo bSsMOOOOOoOoOooOoOooooDo
Jo00000o0o0oooooooooooooooa
00000000000 0D000 Gigabit Ethernet O
gooooooooooooooooooooooo
gdooooooooooooooo

0000 Myrinet O Infiniband 00000000
goooooooUoooooUooouooooooo
ooo0 Myrinet 00 MPIOOOODOOOOOO
PM/Myrinet 0000000 SCASH-PMOOOO
000oooooooooooo

7. 0000

Nieplocha 000000000000 D0OODODOO
000000000000 D0O00 Global Arrays*®
ODODODARMCIODODODODODODOD
000000000000 000000000000
0 TCP/IPOOOO PUTOGETOOOOOOOOO

SilvaOO MPIOO DSMOOOOO DSMPI® O
00D0000000000000000000000
00D0000000000000000000000
000000000000 000000 DSMOOD
00000000000 0000000000000
0000000000000 00000000000n
000000000000 000000000000
0D000000000D0000000000000
0000000000000 000 DSMPIOOD
00D00000000000000000 DSMOD
0000000000000 00000000000
00D0000000000000000000000
000000000000000000000000
OpenMPODDODOODOOOOODDO

HuOOOOOODOOOOOOOOODOOODO



72 gooooooooooooooooboooooo

0JIAJJADDOOOD'YODOODOOOOOUDP O
000000000 TCPOOOODOOOOOOO
000000000000000000000000
000000000000 0000000000

8. 0O 0O0OO0

0000D000000000000000000
SCASHOOOO MPIOOODOOOOO SCASH-
MPIOOODOO0O0D0O0O00O00O0O00O000
000000000000000000000000
0ooo
e 00000O0DOOONDOODOOODOOOO
0000000010000000000000
0000000000020000000000
00010002000000000000000
000000000000000
e 000DDDDDOODOOOOOOLAMOOOO
000000 SCASHO 2.5000O0MPICH-PM
0000000 1.70000000PMOOOO0
000000000000000000 SCASH
0000000000000
e 000OODDODIaplace 10000 SCASH O
00000000000000000 NPB BT
Class BOODOOO SCASHOOOOOOOOO
000000 6%00000000000
e 00D0OD 10000000000000O0
0 00 HyperThreading 0 0 000000000
00000000000000000000
e prefetch 000000000000000000
0000000000000000000
00000000000000000000000
0000001000000000000 thread-safe
0MPIOOOOOOOOOOOOOO MPIOOO
000000000000000000000000
00000000000 prefetch 000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000 100000
00 00000000000000000000
O00000AMIMO000 142080260 0000

g 0 0 0O

1) O00000O0 0ODOoOoooooooo OO0
Cluster-enabled OpenMPO O 0OOO0OOOO0O
O0oooooo SCASHOO OpenMP OO0

May 2005

goboboobooboooobooboobo
0000000000 0DOO0OVol.42, No.SIG9
(HPS3), pp.158-169 (2001).

2) Ojima, Y., Sato, M., Harada, H. and
Ishikawa, Y.: Performance of Cluster-enabled
OpenMP for the SCASH Software Distributed
Shared Memory System, Proc. 3rd IEEE/ACM
International Symposium on Cluster Comput-
ing and the Grid (CCGrid 2008), pp.450-456
(2003).

3) 0000000000 DOoULOoUOoO
Omni/SCASH 00 0O First Touch page allo-
cationJ 0000000 OODODOOO 2003-ARC-
154 (SWoPP 2003), pp.145-150 (2003).

4) Silva, L.M., Chapple, S. and Silva, J.G.: Im-
plementing Distributed Shared Memory on top
of MPI: the DSMPI Library, Proc. 4th Euromi-
cro Workshop on Parallel and Distributed Pro-
cessing (PDP ’96), pp.50-57 (1996).

5 PCOOODO0ODOODOOOOO
http://www.pccluster.org

6) Tezuka, H., Hori, A., Ishikawa, Y. and Sato,
M.: PM: An Operating System Coordinated
High Performance Communication Library,
Proc. 5th International Conference on High
Performance Computing and Networking Fu-
rope (HPCN FEurope 1997), Lecture Notes
in Computer Science, Vol.1225, pp.708-719,
Springer-Verlag (1997).

7) Omni OpenMP Project.
http://www.hpcc.jp/Omni.

8) J0D0DODUDODDUDODDO OUDOOO OO
0o0O0o00OooDooooooon0 OpenMP
Omni/SCASH OO0OOO NpPBOOOOOO
0o0o0ooo0oooooooo 2001-HPC-850
pp.181-186 (2001).

9) Leng, T., Ali, R., Hsieh, J., Mashayekhi, V.
and Rooholamini, R.: An Empirical Study of
Hyper-Threading in High Performance Com-
puting Clusters, 3rd LCI International Confer-
ence on Linuz Clusters: The HPC Revolution
2002 (2002).

10) 0000000 0ooUoooooOopPCcOOOOO
000 TDLOOOO OpenMPOODODOOODOO
0000o0ooo 2001-HPC-87 (SWoPP 2001),
pp.123-128 (2001).

11) Dwarkadas, S., Lu, H., Cox, A.L., Rajamony,
R. and Zwaenepoel, W.: Combining Compile-
Time and Run-Time Support for Efficient Soft-
ware Distributed Shared Memory, Proc. IEEF,
Special Issue on Distributed Shared Memory,
Vol.87, No.3, pp.476-486 (1999).

12) 000000000000000000000O
DSMOOODOOOOO0DOOOOOOODO



Vol. 46 No. SIG 7(ACS 10)

0000 2004-ARC-156, pp.7-12 (2004).

13) Nieplocha, J., Harrison, R.J. and Littlefield,
R.J.: Global Arrays: A Non-Uniform-Memory-
Access Programming Model For High-Perfor-
mance Computers, The Journal of Supercom-
puting, Vol.10, pp.197-220 (1996).

14) Hu, W., Shi, G. and Zhang, F.: Communica-
tion with Threads in Software DSMs, Proc. In-
ternational Conference on Cluster Computing
2001 (CLUSTER’01), pp.149-154 (2001).

(00160100 4 000)
(00170 2 024000)

o0 oboodooood

005400000 14000000
A gooobooooooooo 1e0
,-;~ gooooooocoooooooo
W oooooooooooooooon
4 goooooocooooooooon

goboooobooooboooooooooo

o0 OooOooooo

003400000 s7oo0oon
ooooooooooboOoern
gooooobooooooooooo
oooooooooooooooo
gooooooooooooon 3
goooobooooooooooooosuonooon
gooooboooooooooooobooooooooo
oobob0 oobooboooboobooooboooo
oooooooooooobbobooOoOoObOoooaa
gobooooooooooobooboooooooooon
gooobooooooooooboooooonoooo
OO0O000OO0IEEED00DODOOO0ODO0OO00ODOO

MPIOOOOOOOOOOOOOOOOOOOOOO0O0O0OO0OO0 73

0 ooooooon

oo s90000o0o0ooooan
ooooooooo 2000000
gooooooooooooooon
N goooboooooobog e30n
! l goooobooooooooooooo
gb4000000000000O0CO0OC0O 7OO
gbooooolebOOoOobOoOoOooOoobooboonoon
gooooooowwobooooooooboooooo
gooooooooobooobooooooDboobo
goboboooboooooooooooooobobobbo
gobooooooooobobooooboooooooa
bbb 140000000 150000000000
O0000DO0OO0OO0OOUOOOO0OIEEECSOOOO

o0 ooooooo
o0d4500000 300000
goboboooobooooobooooo s
gooooooocoooooooo
‘ ooooOoboovrooooOoOOo0oo
goooooooooooooooo
gbooooooooobooooooooooboooo
gobooooooooooooooooobobooooo
01oooooboooo0o0o0ooooobo 12000
goooooooobooooooDbD 1BooOoooo
gooooooooboddo 1le00o0ooooooooo
gboobooooooboobomooooooa
gboooooooboooooobOoobcoobooo
gooooooooodooboooodobo 000
oo00oooooo0ooooooooooACMO
IEEEOSIAM O0OO0O




