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A Fast and Portable Virtual Memory System
Utilizing Memory Resource of a Cluster

HIROKO MIDORIKAWA, ! KAZUHIRO SAITO,?
MiTsuHIsSA SATO! and TAISUKE Boku'?

Today, a 64bitOS provides ample memory address space that is beneficial

for the applications using a large amount of data. This paper proposes a new
idea of using a cluster as a memory resource for such applications requiring
large amount of memory. We already proposed the Distributed Large Memory
System: DLM, which enables the users to make use of large virtual memory by
using remote memory distributed over nodes in a cluster. It achieves better per-
formance than other remote paging schemes using a block swap device to access
remote memory. It is designed for sequential programs accessing larger amount
of data beyond local physical memory. In this paper, we propose the newly de-
signed MPI-based DLM, which uses only MPI for inter-node communication, to
exploit higher performance and portability than the former socket-based DLM.
It achieves 613 MB/sec of remote memory bandwidth in STREAM benchmark
on Myri-10G /bonding=4 and high performance of applications in NPB and Hi-
meno benchmarks. It has opened the door to use a cluster for the people who
are not familiar to the parallel programming. All experiments here were done
on the public open cluster with MPI batch queuing system.
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#1/bin/bash

#@$-q queueA queue name
#@$-N 4 4 nodes

#@$-J T1 Iprocess / node
#$-1T 8:00:00 time expected

cd programs/
mpirun -np 4 prog args -- —f memfile

, _--
, -

S AT
s memfile : DLM Memory file

» 24000 24GB for rank0
4 nodes 20000 | 20GB for rank1

10000 10GB for rank2
16000 16GB for rank3 rankl node

Memserv Process

rank( node

Cal Process

rank2 node
Memsery Process

»
>

rank3 node
Memserv Process

MPI send/recv

01 DLM-MPIODOOO0OODOOO0OODOOO0OOOO0OOO0OOO0OO0O0ODOOD
Fig.1 The DLM runtime system, a memfile and a batch shell example.
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//DLM Program example : Matrix Vector Multiply
#include <stdio.h>

#define N 16384 // example: mem 2048MB + 32KB
dlm double a[N][N]. x[N]. y[N]; // DLM data declare

main(int arge, char *argv[])
{ intiy;
double temp;
for(i=0; i <N; it++) // Initialize array a
for(j = 0; j <N; j++) ali][j] = i;

for(i=0; i <N;i++) x[i] =1; //Initialize array x

for(i=0; i <Nj; i++){ // a[N][N]*x[N]=y[N]
temp = 0;
for(j = 0;j <N; j++) temp +=a[i][j1*x[j];
y[i] = temp;

}

return 0;

¥

02 DLM-MPIOOO0OO0OO0O0O0OO00 DLMOOOO0OOO
Fig.2 The sample of DLM program for DLM-MPI compiler.
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//DLM Program example : Matrix Vector Multiply
#include <stdio.h>

#define N 16384 // example: mem 2048MB + 32KB
double (*a)[N]; // a pointer for 2-D array

double *x, *y; // pointers for 1-D arrays

main(int arge, char *argv([])

{ inti,j;
double temp;
dlm_startup(&arge, &argv);

a = (double (*)[N]) dim_alloc( N * N * sizeof(double) );
x = (double *) dlm_alloc( N * sizeof(double) );
y = (double *) dlm_alloc( N * sizeof(double) );

for(i=0; 1 <N;it+) // Initialize array a
for(j = 0; j <N; j++) a[i][j] = i;

for(i=0; i <N;it++)x[i] =1i; //Initialize array x
for(i=0; 1 <N;i++){ // a[N][NJ*x[N]=y[N]
temp = 0;
for(j = 0; j <N; j++) temp += a[i][j]1*x[j];
yli] = temp:

dlm_shutdown( );
return 0;
1

03 dmO000000000D00 DLMOODOOOD
Fig.3 The sample of DLM program for hand-translating.

Compile command for hand-translating programs
mpicc prog.c -o prog -ldlmmpi

04 000000 DLMOOOOOOOOO DLM-MPIOOODOOOOODO
Fig.4 The compile command for hand-translating programs.
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Fig.7 Aggressive serial protocol for MPI_.THREAD_SERIALIZED, AS1.
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Fig.9 conservative serial protocol for MPI.THREAD_SINGLE, CS.
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Table 1 Open cluster with batch queuing system.
T2K Open Supercomputer, HA8000
Machine HITACHI HA8000-tc/ RS425
AMD QuadCore Opteron 8356(2.3GHz )

cru 4 CPU/ node
Memory 32 GB/ node (936 nodes),
128 GB/ node 16nodes)
Cache L2 :2 MB/ CPU (512 KB/ Core),
L3 :2 MB/CPU
Network Myrinet-10G x 4, (5 GB/s full-duplex )

Myrinet-10G x 2, (2.5 GB/s full-duplex )
oS Linux kernel 2.6.18-53.1.19.¢l5 x86 64
gec version 4.1.2 20070626

Compiler cc: Hitachi Optimizing C
mpicc for 1.2.7
MPI Lib MPICH-MX (MPI 1.2)
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02 STREAMOOOOOO
Table 2 STREAM benchmark.

Kernel Code
COPY a(i) = b(i)
SCALE | a(i) = g*b(i)
ADD a(i) = b(i) + c(i)
TRIAD | a(i) = b(i) + g*c(i)
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Fig.10 Local and remote memory bandwidth (STREAM 100 M elements array size (2.4 GB)).
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Table 3 Local and remote memory bandwidth on STREAM benchmark.

Memory | Array | Network | Localmem | COPY | SCALE | ADD TRIAD Memory Memory
Size Size | Bonding Ratio % MB/sec | MB/sec | MB/sec | MB/sec Configuration Bandwidth Type

2.4GB | 100M - 100.00 2657.95 | 2655.63 | 2746.98 | 2695.07 normal malloc Local mem bandwidth
2.4GB 100M 4 100.00 2829.35 | 2692.67 | 2893.66 | 2820.04 | 2.4GB-0.1GB 2nodes DLM Local mem bandwidth
2.4GB 100M 4 4.20 613.81 607.38 | 596.70 | 593.98 | 0.1GB-2.4GB 2nodes DLM Remote mem bandwidth
2.4GB_| 100M 2 4.20 493.70 | 49242 | 483.29 | 481.99 | 0.1GB-2.4GB 2nodes DLM Remote mem bandwidth
24GB 1G - 100.00 2660.21 | 2660.27 | 2750.64 | 2696.38 normal malloc Local mem bandwidth
24GB 1G 4 4.35 593.79 578.25 579.82 579.42 1GB-24GB 2nodes DLM Remote mem bandwidth
24GB 1G 2 4.35 479.03 | 466.90 | 470.25 | 469.86 1GB-24GB 2nodes DLM Remote mem bandwidth
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Fig.11 Himeno benchmark relative exec time for different DLM pagesizes.
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04 6000000

Table 4 6 Communication environments.

Name Machine Network Protocol
sock-10G T2K
sock-HP HP
MPI-bon2 T2K
MPI-bon4 T2K
mpich-HP HP
openmpi-HP | HP

Myri-10G, IP on Myrinet | socket
1GbitEthernet socket
Myri-10G bonding=2 MPICH-MX
Myri-10G bonding=4 MPICH-MX
1GbitEthernet MPICH
1GbitEthernet Open MPI
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05 HPOOOO 1GbpsO Ethernet 0000
Table 5 HP cluster with 1GbpsEthernet.

HP
machine HP ML150 G2
CPU Xeon 2.8GHz x 2CPU  HyperThread
memory 1GB
Cache L2 : 1IMB/CPU
0S Linux kernel2.6.20-1.2320.fc5 x86_64
NIC Broadcom 5721 PCI-Express Gigabit NIC
Network 1GbitEthernet
MPI MPICH-1.2.7, Open MPI 1.3.2
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Fig.14 HimenoM time compornents of AS protocol in calthread.
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Fig.15 HimenoM time compornents of AS protocol in comthread.
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Fig.18 HimenoM time compornents of CS protocol.
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06 0OONPBOOOOOODOOOO
Table 6 NAS Parallel Benchmark used in the experiment.

CG-C | IS-C MG-C BT-C SP-C FT-C IS-D
Size Parameter 15000 | 2%%27 | 512%*3 | 162**%3 | 162%*3 | 512%*3 | 2%*3]
DLM Data Size (GB) 1.156 | 1.610 3.581 5.080 1.317 7.014 51.538
Data Type in original static | static | malloc static static static static
Num of Data and malloc 14 4 974,107 16 20 8 4
Iteration Shrink Ratio 10/75 - - 10/200 | 10/400 - -
Normal Exec Time (static) (sec) | 88.01 | 43.58 - 225.51 - 496.98 -
Normal Exec Time (malloc) (sec) | 87.82 | 42.27 | 190.90 | 226.66 | 85.55 | 497.19 | 1809.03
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