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Implementation and Evaluation of a High Performance MPI
Library with the Memory-Based Communication Facilities

KEeENJI MORIMOTO,! TAKASHTI MATSUMOTO! and KET HIRAKTI

This paper describes an efficient implementation of the Message Passing Interface (MPI)
library based on the shared memory model. Our implementation, called MPI/MBCF, com-
bines two protocols to utilize shared memory communication facilities; the write protocol and
the read protocol. In the write protocol, the remote write is used for communication with no
buffering. In the eager protocol, the Memory-Based FIFO is used for buffering by the library.
These two protocols are switched autonomously according to the precedence of send and re-
ceive functions. The performance of our library was evaluated on a cluster of workstations.
We measured the round-trip time and the peak bandwidth, and executed the NAS Parallel
Benchmarks. The results show that it is efficient to construct a message passing library with
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the MBCF which is based on the shared memory model.
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Table 4 Peak bandwidth of MPI with 100BASE-TX (in Mbytes/s)

message size (bytes) 4 16 64 256 1024 4096 16384 65536 262144 1048576
SRH 0.14 0.53 1.82 4.72 8.08 9.72 10.15 9.78 9.96 10.00
NSRH 0.14 0.54 1.89 4.92 8.54 10.21 10.34 10.43 10.02 9.96
SRF 0.14 0.57 1.90 5.33 10.22 11.68 11.77 11.85 11.85 11.86
NSRF 0.15 0.59 1.98 5.51 10.58 11.70 11.78 11.81 11.82 11.82
MPICH 0.02 0.09 0.35 1.27 3.54 6.04 5.59 7.00 7.77 7.07
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Fig. 7 Peak bandwidth of MPI with 100BASE-TX
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05 NPBOOOODODODODODODDDOOODO
Table 5 Characteristics of NPB programs

ooooo EP MG CG IS LU SP BT
00000000 (Mbytes/s) 0.00 9.68 12.69 13.58 1.89 7.83 5.32
0ooooooooog (O /s) 4 4670 2138 466 1199 421 488
gooooooooooo (%) 51.10 0.01 53.33 99.22 13.37  49.01 47.24

06 NPBEPOODOODOOOOOOO
Table 6 Execution time of NPB EP (in seconds)

gooo 1 2 4 8

SR [speed-up] 121.14 [1.00]  60.51 [2.00]  30.30 [4.00] 15.15 [8.00]
NSR [speed-up] 121.15 [1.00]  60.59 [2.00]  30.30 [4.00]  15.15 [8.00]
MPICH [speed-up] | 125.56 [1.00]  60.61 [2.07] 32.13 [3.91]  16.25 [7.73]

07 NPBMGOOOODOOOODOOO
Table 7 Execution time of NPB MG (in seconds)

0000 1 2 4 8
SR [speed-up] 37.34 [1.00]  22.61 [1.65] 14.05 [2.66]  7.44 [5.02]
NSR [speed-up] 37.32 [1.00]  22.62 [1.65] 14.05 [2.66]  8.01 [4.66]
MPICH [speed-up] | 38.81 [1.00]  31.30 [1.24]  21.01 [1.85]  13.72 [2.83]

08 NPBCGUOOODOODOUOODOO
Table 8 Execution time of NPB CG (in seconds)

oooo 1 2 4 8
SR [speed-up] 69.16 [1.00]  37.69 [1.83] 20.94 [3.30] 11.24 [6.15]
NSR. [speed-up] 69.13 [1.00]  38.54 [1.79]  21.44 [3.22]  11.81 [5.85]
MPICH [speed-up] | 68.75 [1.00]  40.01 [1.72]  27.79 [2.47]  14.59 [4.71]
MPI/MBCFOOOUOOO NSROOOOOOO FIFO
6. O O0OOd

000 eager00000000000000MPIOO
000000 MPICHOOOOOOOOODOOOOO
00 NSROOODOOO MPICHOOOOOOOOO
00000 MPIOOOODOODO SunOS OO TCP O
000 SSS-CORE 0O0O0O0O0ODO0O0 FIFOOOOO
Dooooo0ooOo

0000 MPI/MBCF O0OOO0OOO SRO NSRO
00000000000000000000000
0CG, IS, LU, SPO0O0 SROODOOOODOOOO
Do0000000000000000000000O0
00000000000 SROOOOOOOO0O0O000
Do0000000000000000000000O0
0000D00O00000000000000000 SR
0 NSROOOOOOOOOOO0O0O000000000
0000000000000000000000 eager
000000 writeD1000000000000000
0000000000000000000000000
000000000 O0000O0NSROOOOOOOO
000000000000000000 SROODOODO
0o0000000000000000000000O0
0o000000000000000000000OO

MPIOOOODODUOOOODOODUOOOOOUOO
MPIOODODOOOOOOOO AP1000, AP1000+,
AP3000 00000000000 ODO put,get OO0
00 MPIAP!O'Y O Cray T3D O Shared Memory
Access library 0 0000 CRI/EPCC MPT® 00O
ooooooooooooooooooo MPpPOOO
ooooooooooo MPIOOOoOODOOOOOO
oooo MPICHOO get000000000O00O0
goooooooooooooboOooooo0ooDbbo
goooooooooooooboOooooo0ooDbbo
goooooooooooooo0ooooo0ooDbobo
goooooooooooooboOooooo0ooDbbo
goooooooooooooo0ooooo0ooDbobo
goooboooooobooooboooboooooo
0100000000000 00000D00DO

000000000000000 MPLI-EMX'? 00
EM-XOOO0OOOOOOOO0ODOO0OO0O00 write 00O
O0000000000OMPI_Irecv) DOOOOOO
0000000o0oooooooo EM-X O AP3000
0 T3DOO0O0OU00OUOOOOUOO MPPOOOOO



12

gooobooooo

09 NPBISOOOOOOOOOOO
Table 9 Execution time of NPB IS (in seconds)

May 1999

oooao 1 2 4 8
SR [speed-up] 10.16 [1.00]  6.35 [1.60] 4.51 [2.25]  2.90 [3.50]
NSR [speed-up] 10.16 [1.00]  6.35 [1.60]  4.69 [2.17]  3.72 [2.73]
MPICH [speed-up] | 10.25 [1.00] 7.09 [1.45]  5.61 [1.83] 4.81 [2.13]
010 NPBLUODOODOOOODODO
Table 10 Execution time of NPB LU (in seconds)
gooo 1 2 4 8
SR [speed-up] 1034.09 [L.00]  537.23 [1.92] 289.65 [3.57]  164.55 [6.28]
NSR [speed-up] 1034.56 [1.00]  541.21 [1.91]  294.00 [3.52]  169.63 [6.10]
MPICH [speed-up] | 1081.51 [1.00] 611.92 [1.77]  320.70 [3.37]  185.04 [5.84]
011 NPBSpPOOOOOOOOOOO
Table 11 Execution time of NPB SP (in seconds)
oooao 1 4 9
SR [speed-up] 1277.42 [L.00]  352.34 [3.63]  153.96 [8.30]
NSR [speed-up] 1276.39 [1.00]  352.77 [3.62]  165.01 [7.74]
MPICH [speed-up] | 1391.16 [1.00]  475.27 [2.93]  231.66 [6.01]
012 NPBBT OOOOOOODOOOD
Table 12 Execution time of NPB BT (in seconds)
oooo 1 4 9
SR [speed-up] 617.67 [1.00] 155.10 [3.08]  67.13 [9.20]
NSR [speed-up] 617.44 [1.00]  155.21 [3.98]  67.65 [9.13]
MPICH [speed-up] | 627.29 [1.00] 214.14 [2.93]  96.02 [6.53]
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