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{ The Designof a Latency-aware MPI Communication Library

Yut aka Ishika wa,» Motohik o Matsud a,» Tomohir o Kudoh ,»
Hir oshi Tezuka » and Satoshi Sekiguchi »

This paper preserts the design of an MPI library implementation, called GridMPI , which re-
alizes a latency-aware interop erable communication in the Grid environment. After presenting
the issuesto realize such an MPI library implementation, the GridMPI software architecture
is proposed. Unlik e other existing MPI ipmlementations, the GridMPI introduces a layer,
called the latency-aware communication toplogy , which realizes both the transparency of
network topology in respect to communication latency and the transparency of lower-level

communicarion libraries.

1.
3

1990

4 WAN 10

Gbps
4 msec
y /
yy

1),2) 0
20 msec

NAS
4 msec 1
2
1.2 2
20 msec

CG LU

0.5
0.2 MPI
MPICH-G2, MPICH-SCore, MPICH-P4
MPI

MPI
MPI TCP/IP
MPI

MPI

GridMPI 4 msec



1,024
MPI
3
GridMPI
2.
2.1
Unix Linux oS
TCP/IP
211 TCP
TCP
ACK
TCP
ACK
ACK RTT(Round
Trip Time)
Linux 2.4 170KBytes
1 Gbps RTT
1.3 msec
2.1.2
1 (cwnd
) 12 ACK
1/2*cwnd

Scalable TCP
1

0.875*cwnd

HighSpeed TCP
7)
2.1.3
GridFTP ¥ TCP/IP
2.1.4 Read/W rite
RDMA 10)

RDMAP (Remote Direct Memory Access

Protocol) TCP read/write
read/write
read/write
2)
2.2
2.11 TCP
1Gbps 4 msec
524 KBytes  TCP
1,024
TCP
524*2 KBytes
1GByte
TCP/IP
V4 IP
P
NAT
2.3 API
2.3.1
1



| Node 0 | | Node 1 | | Node 2 | | Node 3 ‘
1 3 1

1 MPI Bandwidth: 10 Gbps
(ANY)
(ANY)
(ANY) (ANY) Bandwidth: 1 Gbps Bandwidth: 1 Gbps
Latency:  0.5ms Latency:  0.5ms
MPI Library
Message Queue
Bandwidth: 100 Mbps
Latency:  2ms
4 2
Kernel Spcket Queugs
2
/2 TCP/IP
Node OD Node lO Node 2O Node 30
2 MPI vs TCP/IP
TCP/IP MPI
MPI
1
2 TCP/IP
MPI
socket
MPICH- APl select
G2 110 read
select
select read
Linux 2.4 n
O(n)
2.3.2 select & read 24
TCP/IP MPI MPI
MPI
3 2
A B MPI
1 4 1 Gbps



Bisection 16 Gbps
1 Gbps
Bisection 2 Ghps
MPICH-G2
4
Cluster A Cluster B
1msec 10 Gbps
Cluster A Cluster C
0.5msec 1Gbps
Cluster B Cluster D
0.5msec 1Gbps
Cluster C  Cluster D
2msec 100Mbps
Cluster
C Cluster D Cluster A Cluster
B
MPICH-G2
4
2.5
2.2
NAT
2.6
2.7
3

IPMI ®

G2 SSL
2.8
MPI MPI
LAM/MPI
MPI
Grid
IPMI
MPI
3.
3.1
GridMPI
5 GridMPI
YAMPI 112

Globus 0GSI?

sandbox

MPICH-

MPICH

6) MPI

IPMI

MPICH-G2
IPMI

MPI



MPI Core

RIM Grid ADI
Latency-aware Communication Topology | Other
Vendor . Comm.
SSH | RSH [DUROC MPI P-to-P Communication | Vendor | Library
TCP/IP | PMv2 | Others | MPI
5 GridMPI
3' 1 1 M PI Core Bandwidth: 10 Gbps
MPI1 Core YAMPI | Latency: - 1ms
MPI Core
RIM(Remote Invocation Mechanism) Grid Lanes 0me Bandvids | Gys
ADI
MPI Core
3.1.2 RIM(Remote Invocation Mec ha-
nlsm) Bandwidth: 100 Mbps -2
MPI Core Latency:  2ms

Latency-aware Communication Topology
API
RIM rsh  ssh Globus
DUROC

3.1.3 Grid ADI

Grid ADI (Abstract Device Interface) MPI
Core API
Grid ADI

Grid ADI
Grid ADI
Grid ADI

Grid ADI
Communication Topology

Latency-aware

3.1.4 Latency-a ware
Comm unication Top ology
Latency-aware Communication Topology
GridMPI
Grid ADI

2.4

MPI
Latency-aware

6 MPI _Bcast

Communication Topology

MPI

(1)

MPI _Alltoall MPI _Allgather

MPI

(2)

MPI _Bcast MPI _Scatter

MPI _Scatter

1 1
MPI _Bcast
MPI _Bcast
4
Cluster C
6 Cluster
A Cluster A Cluster A
Cluster B
Cluster B Clus-

ter B

Cluster D
(3)

MPI _Gather



(4)
MPI _Reduction

(5)
MPI _Barrier

3.2 MPI

MPI
MPI

MPI
TCP/IP
MPI
MPI

MPI

MPI

3.3 TCPI/IP MPI

214
3)

23.2

GridMPI

APl MPI
3)

MPI

GridMPI

GridMPI

MPI _Reduction

MPI
TCP/IP

API
MPI

GridMPI

socket
YAMPI 112
2003

NAREGI National Researt Grid Initiativ e

1) WAN
MPI
HOKKE'03, 2003.

2) M. Matsuda, Y. Ishikawa, and T. Kudoh,
\Ev aluation of MPI Implementations on
Grid-connected Clusters using an Emulated
WAN Environment," CCGRID'03, 2003.

3) MPI

API
SWOPP'93, 2003.

4) Atsuko Takefusa, Satoshi Matsuoka, Hi-
rotaka Ogawa, Hidemoto Nakada, Hi-
romitsu Takagi, Mitsuhisa Sato, Satoshi
Sekigudi, and Umpei Nagashima, \Multi-
client LAN/W AN Performance Analysis of
Ninf: a High-Performance Global Comput-
ing," SC'97, IEEE, 1997.

5) \GridFTP: Universal Data Transfer for the
Grid," The Globus Project,
http://www.globus.org/datagrid/gridftp.h  tml

6) GridMPI
http://www.gridmpi.org

7) Sally Floyd, \HighSp eed TCP for Large
Congestion Windows," IETF, INTERNET-
DRAFT, draft- o yd-tcp-highsp eed-03.txt, 29
June 2003.

8) IPMI, http://impi.nist.go V/IIMPI/

9) OGSI, http://www.gridforum.org/ogsi-wg/

10) RDMA Consortium
http://www.rdmaconsortium.org/

11) Scalable TCP,
http://www-Ice.eng.cam.ac.uk/ctk21/scalable /

12) YAMPI I, Yet Another MPI Implementa-
tion,
http://www.ilab.is.s.u-toky o.ac.jp/y ampii/



