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Efficient Implementation of MPI Using Remote Memory Write
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MPI point-to-point communication is a basic operation, however it requires runtime-

matching of send and receive that causes to reduce performance.

This paper proposes a

new approach to send messages by remote memory write without inquiring of the receiver
under a communication pattern such that the corresponding nonblocking receive is issued in
advance. Basically, this approach makes it possible to gain low latency and high bandwidth
as the hardware specification. MPI-EMX, our implementation of the MPI on the EM-X multi-
processor, achieves a zero-byte latency of 15.3 usec and a maximum bandwidth of 31.4 MB/s,
which can compete with commercial MPPs. This approach to reduce communication latency
is widely applicable to other systems and is quite a promising technique for achieving low

latency and high bandwidth.
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Fig.2 Sync protocol and get protocol in the case that the
corresponding nonblocking receive has been issued.
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Fig.3 Sync protocol in the case that the corresponding
nonblocking receive has not been issued.
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Fig.5 Get protocol in the case that the corresponding
nonblocking receive has not been issued.
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Fig.8 Naive code for pingpong.
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MPI_Comm_rank (MPI_COMM_WORLD, &rank);
MPI_Barrier(MPI_COMM_WORLD) ;
if (rank == 1) {
timel = MPI_Wtime();
for (i = 0; i < NUM_ITER; ++i) {
MPI_Irecv(rbuf, 1, MPI_INT, 2, 100,
MPI_COMM_WORLD, &req[il);
}
timel = MPI_Wtime() - timel;
MPI_Barrier (MPI_COMM_WORLD);
time2 = MPI_Wtime();
for (i = 0; i < NUM_ITER; ++i) {
MPI_Isend(sbuf, 1, MPI_INT, 2, 100,
MPI_COMM_WORLD, &r);
MPI_Wait(&r, &s);
MPI_Wait(&reqli], &st[il);
}
time2 = MPI_Wtime() - time2;
}
else if (rank == 2) {
timel = MPI_Wtime();
for (i = 0; i < NUM_ITER; ++i) {
MPI_Irecv(rbuf, 1, MPI_INT, i, 100,
MPI_COMM_WORLD, &reqlil);
}
timel = MPI_Wtime() - timel;
MPI_Barrier (MPI_COMM_WORLD);
time2 = MPI_Wtime();
for (i = 0; i < NUM_ITER; ++i) {
MPI_Wait(&req[il, &st([il);
MPI_Isend(sbuf, 1, MPI_INT, 1, 100,
MPI_COMM_WORLD, &r);
MPI_Wait(&r, &s);

}

time2 = MPI_Wtime() - time2;
}
else {

MPI_Barrier(MPI_COMM_WORLD);
}

B9 /r7uydryRELHITRITT S pingpong NI~ F
Fig.9 Pingpong code issuing nonblocking receives in
advance.
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Table 1 One-way 4-byte latency of the MPI-EMX.

both sides only receiver side
buf. get sync | buf. get sync
HEE 36.1 25.4 27.9 42.7 21.3 22.1
e 15.4 42.9 20.5 21.2
754 122
ATRAT (21.6) 1z.1)

(pusec)
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Table 2 One-way 4-byte latency.
AP AP+ Cenju-3 SR2201 Wiz
B 72.8 26.1 48.9 32.6 199
FATRAT | 803 27.0 50.2 79.9 197
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Table 3 Performance of back substitution using the MPI-EMX (MFlops/#PE).

both sides only receiver side

buf. get sync | buf. get sync

w/o yield() i??%? _ 255 | 2.33 | 2.17 | 2.55 | 0.71 { 0.71
FATRAT 3.10 2.55 | 0.71 | 0.71

w. yield() % | 273 [ 278 | 2.84 [ 2.73 | 2.78 | 2.84
FATRAT 2.84 2.74 | 2.85 | 2.85

(#PE = 5, N = 2000, n of block = 25)
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Fig.10 Throughput on the EM-X.
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