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In this paper, we present a technique that executes MPI parallel programs, that are developed on processor-centric
computer architecture, more efficiently on memory-centric computer architecture without program modification. The
technique we present here improves performance by replacing low-speed data communication over the network

of MPI library functions with high-speed data communication using the property called fast large shared memory

of memory-centric computer architecture. The technique we present in the paper is implemented in two programs.
The first program is a modified MPI library called MC-MPI-LIB that runs MPI parallel programs more efficiently
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[Abstract]
on memory-centric computer architecture preserving the semantics of MPI library functions. The second program
is a simulation program called MC-MPI-SIM that simulates the performance of memory-centric computer architecture
on processor-centric computer architecture. We developed and tested the programs on distributed systems environment
deployed on Docker based virtualization. We analyzed the performance of several MPI parallel programs and showed
that we achieved better performance on memory-centric computer architecture. Especially we could see very high
performance on the MPI parallel programs with high communication overhead.
» Key words: Computer Architecture, Memory-centric Computer Architecture, Parallel Programming,
MPI, Simulation
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I. Introduction
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II. Preliminary research

1. Processor-Centric Computer Architecture
nz2A A HA AZEH  LXR(Processor-Centric
Computer Architecture, PC)+= Fig. 13} Zo] T ZAM|AQ}
ZeAM AAITE B 7Hseh 272 fl2e 2 o]foffl =B
0| SA UEH I BE 2 AZ2Y IFH fLx0|d}. Al
o] At Al2H, S2AH Y HEHARE 52 o] A= &
o] ATHS]. A 40\ F IT AFY2 Z2AM0) £55
571 AA ZAREY At 52 Pl 22AN 54
AHE AR5 ARGSHSITH12]. SHRIRE A9 £& 5



A Study on Efficient Executions of MPI Parallel Programs in Memory-Centric Computer Architecture 3

Net

M61 St1 Mez Stz

Pri = Processor, Me; = Memory, St; = Storage, Net = Network

Net
ORONCING
Me
Pr; = Processor, Me = Shared memroy, Net = Network

Fig. 1. Processor—centric computer architecture
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2. Memory-Centric Computer Architecture
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3. Major MPI Functions and Communication
Overhead

2 "ol 22 MPL 349 7157 541 ould|cs
At} 29 MPI 314 Open MPI 3.1.25 7|%08

Fig. 2. Memory—centric computer architecture
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3.4 MPI_Scatter
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3.5 MPI_Gather
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4. Distributed Parallel System Development
Using Docker
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III. MC-MPI-LIB Design and
Implementation
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1. MC_MESSAGE Type

2 =2olAe size7t 191 17 3719 UNAlE B
317] 915t MC_MESSAGE & 7jatsict. 14 3719] o
NX2 B3lsH= 3ol MC_MESSAGE: Table 13} Zto]
AR OINIRS] A £AS A4S addret oiAR] 2]
byte 2715 sk size® /%= 12A| Folot. o]
F2 Hol Hex tra] $A ARE 125 st 244
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Table 1. MC_MESSAGE type

typedef struct {
void *addr;
int size;

} MC_MESSAGE

2. Helper Functions

71E Z2AM SA ARE R0A ZidE MPL EE
12733 e $4 ZRH PR o agxoR &
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Table 2. Helper functions

Table 3. MPI_Send

Function Description
Convert the current process's
MC_Address(addr) virtual address "addr" to the

absolute address.

Copy the "size" bytes from the
absolute address "from" to the
current process's virtual
address "to".

Send a signal to a process that
has a given "rank”.

MC_Memcpy(to, from, size)

MC_Post(rank)

Existing | MPI_Send(buffer, count, datatype,
function dest, tag, comm);
{
MC_MESSAGE mc_buffer:
mc_buffer.addr = MC_Address(buffer);
Modified mc_buffer.size = count * sizeof(datatype):
function MPI_Send(&mc_message, 1,
MPI_MC_MESSAGE, dest, tag, comm):
MC_Pend(dest):
}

Wait for the signal from the
process with the given "rank".
Send a signal to all ranks

MC_Pend(rank)

Table 4. MPI_Recv

MC_Post_all(comm) (except the current rank) that Existing | MPI_Recv(buffer, count, datatype,
make up the given "comm”. function source, tag, comm, status);
Wait for the signal from all {
MC_Pend_all(comm) ranks (except the current rank) MC_MESSAGE mc_buffer:
that make up the given "comm” MPI_Recv(&mc_message, 1,
Operator for MC_MESSAGE MPI_MC_MESSAGE, source, tag,
corresponding to each reduce - comm, status):
MC_Op(op) op"(e.s. MPgI MAX, MPI_MIN MOdlf.led MC_Memcpy(buffer, mc_buffer.addr,
! - ! - ! function .
MPI_SUM, etc.) mc_buffer.size):
status->count = mc_buffer.size /
sizeof(datatype);
3. Modified MPI Functions for Memory-Centric MC_Post(source):
}

Computer Architecture
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MC_MESSAGE @at =%0] gd452 ol&sith
MC-MPI-LIBof|= MPI_Send, MPI_Recv, MPI_Bcast,
MPI_Reduce, MPI_Scatter & MPI_Gather £ 67]19] H|22]
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MPI &4 = MPI_Send®?} MPI_RecvE HOo{&T}

4. Communication Overhead Comparison of
Existing MPI Functions and Modified MPI
Functions for Memory-Centric Computer
Architecture
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4.1 MPI_Send & MPI_Recv

712 MPI_Send ¥ MPI_Recve] EAl QoHFE=
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4.2 MPI_Bcast & MPI_Reduce

71%& MPI_Bcast?t MPI_Reduce?] £41 QH3t:
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4.3 MPI_Scatter & MPI_Gather
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IV. MC-MPI-SIM Design and
Implementation
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1. How to Measure Performance

MC-MPI-SIM2 45 £4-2 9lofl, MPI & &g 74
9] wall timeS &A5H= % o] MPI_WtimeE 0|43t
MPI wall clock time 27) I =& Arlstct MPI wall
clock time 27} F&
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1.1 Measurement of overall execution time of
MPI parallel programs for PC and MC

RA 438 A|7F 2AE 9 MPI 53 =2 J=00] A&
o] 3ka~ MPI_Init & AlSet MPI & m g 72h0]
AR o] 2kt MPI wall
clock time 27] FE& M—ola}q MPI ¥& 1&g —raﬂg]

-
&£ B.50] st MPI_Finalize 3%
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1.2 Measurement of execution time of MPI
parallel program communication part for PC
PCE& MPI ¥ m2 7=k EA] HHO] 4 4
2 Q5 PCE MPI & mZ I=ho] n & MPI Sk
AR}t A 5of 2+2+ MPI wall clock time 27 3 &5 A
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1.3 Measurement of execution time of MPI
parallel program communication part for MC
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