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MPI Performance Evaluation on the Earth Simulator

HitosHl UEHARA,* MASANORI TAMURA, KEN'ICHI ITAKURA®
and MITSUO YOKOKAWA®tt.0

The Earth Simulator is an ultra high-speed supercomputer which was developed for global
environment change simulations. For achieving high performance computing on large scale dis-
tributed memory parallel computers such as the Earth Simulator, an optimization of commu-
nication processings in user applications is required, and the optimization needs an evaluation
for performance of communication methods. On the Earth Simulator, Message Passing Inter-
face (MPI) is supported as the communication method. We have evaluated performance of
the MPI-1/MPI-2 functions on the Earth Simulator in detail using MBL which was developed
for the measurements of MPI performance on various parallel computers. The results show
that the maximum throughputs of ping-pong communication using MPI_Send are 14.8 GB/s
within a node and 11.8 GB/s between two nodes. Latencies of MPI_Send and MPI_Put are
5.58 microseconds and 6.36 microseconds, respectively. On the condition that run one MPI-
process on one node and use 512 nodes, latencies of MPI_Barrier and MPI_Win_fence are 3.25
microseconds and 223.75 microseconds, respectively. We found out that the MPI on the Earth
Simulator has excellent performance.
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Fig.1 Overview of the Earth Simulator.
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Fig.2 Overview of processor node.
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Fig.4 Use of global memory on the Earth Simulator.
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Table 1 The number of data movements.
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if (rank == 0) then
call MPI_Irecv(...)
call MPI_Barrier(...)
t1=MPI_Wtime ()
call MPI_Send(...,1,...)
call MPI_Wait(...)
time = (MPI_Wtime()-t1)/2
else if (rank == 1) then
call MPI_Irecv(...)
call MPI_Barrier(...)
call MPI_Wait(...)
call MPI_Send(...,0,...)
endif
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Fig.5 Ping-pong code.
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Fig.6 Throughput of ping-pong using MPI_Send.
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02 MPISendOOOOOODODOOOOODOOODOO
Table 2 Latencies of MPI_Send with 1 KB and 200 KB.
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Fig.8 Scalability of MPI_Barrier.

if (rank == 0) then
call MPI_Barrier(...)
t1=MPI_Wtime ()
call MPI_Put(...,1,...)
call MPI_Win_fence(...)
time = MPI_Wtime()-t1
else if (rank == 1) then
call MPI_Barrier(...)
call MPI_Win_fence(...)
endif

09 RMAOODOOD ping000OO
Fig.9 Ping code using RMA functions.
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Fig.10 Throughput of ping using RMA functions.
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t1 = MPI_Wtime()
do i =1, 200
call MPI_Send(...)
enddo
latency=(MPI_Wtime()-t1)/200

012 000000000000 MPISend OO0
Fig.12 Latency measurement code using MPI_Send.
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03 Ooooo
Table 3 Latencies.
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MPI_Send 5.58 1.38
MPI_Isend 5.90 1.75
MPI_Put 6.36 1.35
MPI_Get 6.68 1.27
MPI_Accumulate 7.65 3.87
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(a) common coding

do i=0,proc_size
if (1 .eq. myrank) cycle
call MPI_Send(...i...)
enddo

rank.2

MPI_Send ()

rank.0

MPI_Send ()

(b)avoidance of message conflict

do i=1,proc_size-1
dest=mod (myrank+i, proc_size)
call MPI_Send(...dest...)
enddo

rank.2

MPI_Send ()

rank.1

MPI_Send ()

rank. 0

MPI_Send ()

014 0OO0OO0O0OODOOODOOOD
Fig. 14 Message conflict and its avoidance.

! Already posted receive requests
do i = 1,size-1

dest=mod (rank+i,size)

call MPI_Isend(...,dest,...)
enddo
call MPI_Waitall(...)

0 15 MPIIsend JOOO0OOO
Fig. 15 Implementation using MPI_Isend.

! Already posted receive requests
do i = 1,size-1

dest=mod (rank+i,size)

call MPI_Send(...,dest,...)
enddo
call MPI_Waitall(...)

016 MPISend DODOO0OODO
Fig.16 Implementation using MPI_Send.

do i = 1,size-1

dest=mod (rank+i,size)

call MPI_Put(...,dest,...)
enddo
call MPI_Win_fence(...)

017 MPI.PuwtOOO0ODOO
Fig.17 Implementation using MPI_Put.
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Fig. 18 Performance of implementation using MPI_Isend.
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Fig. 19 Performance of implementation using MPI_Send.
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Fig.20 Performance of implementation using MPI_Put.
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Fig.21 Comparison of results.
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do i=1,size-1
dest=mod (rank+i, size)
call MPI_Send(...dest...)
call MPI_Barrier(...)
enddo
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Fig. 22 Avoidance using MPI_Send and MPI_Barrier.
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Fig.23 Influence of MPI_Barrier.
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05 MBLOOODOOOOOO
Table 5 Major measurement items of MBL.
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