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Implementation and Evaluation of
DIMMnet-2 Device Drivers for Microsoft Windows

Jun Kanai ,† Takuro Mori ,† Takeshi Araki ,†
Noboru Tanabe ,†† Hironori Nakajo† and Mitaro Namiki †

In this paper, we have designed, implemented and evaluated a Distributed File System(DFS)
device driver and a Distributed Shared Memory(DSM) library by plural high-speed network
interface cards named DIMMnet-2 with mass buffer for Microsoft Windows. This method
realizes implementation of PC Cluster System with DFS and DSM for a non-open source
commodity OS. We have evaluated this cluster system by matrix multiplication evaluation,
Wisconsin Benchmark, Himeno Benchmark and so on. As a result of matrix multiplication
evaluation, up to 1.99 times higher performance has been gained by 2-nodes distributed par-
allel execution.
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mat_a = (CAST)dn_malloc(MATSIZE);

mat_b = (CAST)dn_malloc(MATSIZE);

mat_c = (CAST)dn_malloc(MATSIZE);

//

for (i = 0; i < SIZE; i++)

for (j = 0; j < SIZE; j++)

for (k = 0; k < SIZE; k++)

(*mat_c)[i][j] += (*mat_a)[i][k]

* (*mat_b)[k][j];

2 (AT-dRAM )

Fig. 2 Example for DIMMnet-2 Programming(AT-dRAM)

for (i = 0; i < SIZE; i++){

//

VL(mat_a, i * step, step);

for (j = 0; j < SIZE; j++){

//

VLS(mat_b, MATSIZE + j * szdbl, 3, SIZE, step);

for (k = 0; k < SIZE; k++)

mat_c[k] += mat_a[k] * mat_b[k];

}

VS(mat_c, MATSIZE * 2 + i * step, step);

}

3 (MT-dNET )

Fig. 3 Example for DIMMnet-2 Programming(MT-dNET)
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Table 1 Functions of DSM Library

dn malloc/dn free DSM

dn flush

dn update

dn barrier

2 DIMMnet-2 ( )

Table 2 Functions of DIMMnet-2 Access Library

VL/VS SO-DIMM

VSS/VLS SO-DIMM ( )

RVL/RVS SO-DIMM

dn_init(argc, argv);

size = MATRIX_SIZ * MATRIX_SIZ * sizeof(double);

if(dn_getrank() == 0){ // :

mat_a = (CAST)dn_malloc("mat_a", size);

mat_b = (CAST)dn_malloc("mat_b", size);

mat_c = (CAST)dn_malloc("mat_c", size);

make_matrix();

//

dn_flush(mat_a); dn_flush(mat_b); dn_flush(mat_c);

dn_barrier();

}else{

dn_barrier();

mat_a = (CAST)dn_malloc("mat_a", size);

mat_b = (CAST)dn_malloc("mat_b", size);

mat_c = (CAST)dn_malloc("mat_c", size);

}

step = MATRIX_SIZ / dn_getnodesum();

start = step * dn_getrank();

for(i = start; i < start + step; i++)

for(j = 0; j < MATRIX_SIZ; j++){

for(k = 0, s = 0.0; k < MATRIX_SIZ; k++){

s += (*mat_a)[i][k] * (*mat_b)[k][j];

(*mat_c)[i][j] = s;

}

dn_flush(mat_c); dn_barrier();

4

Fig. 4 Example for DIMMnet-2 Distributed Programming
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API

OS
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Ncall API OS Nsize
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Table 3 Environment for evaluation

CPU Intel Pentium4 2.4GHz

Memory 512MB(DDR-SDRAM PC1600)

OS WindowsXP

WindowsXP DDK+VisualStudio.NET
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Fig. 5 Disk Access Time

TTR

API

ΔTall ΔNcall 1 OS

Tall = TosNcall + NsizeTTR (1)

Tos = ΔTall/ΔNcall (2)
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FileAPI
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Table 4 OS Overhead Parameters for File Access

1KB 4KB 16KB

Read(ReadFile) 1033 377 205

Write(WriteFile) 1269 681 538

Read(MemoryMappedFile) — 829 —

Write(MemoryMappedFile) — 905 737

5 OS

Table 5 OS Overhead for File Access

time[ s]

Read(ReadFile) 4.27

Write(WriteFile) 3.75

Read(MemoryMappedFile) 9.87

Write(MemoryMappedFile) 4.39

� ��� ��� ��� ��� ���

�	
�
�
�

����
��
�����

���	��
�����
������

��������	
��
���
���

��������	
��
�
����

	
����������
���
���

	
����������
�
����

6 DIMMnet-2 ( )

Fig. 6 Transfer Rate between DIMMnet-2 SO-DIMM and

Host Memory
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7 (DriverDefault )

Fig. 7 Transfer Rate of DIMMnet-2 RAM Disk
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8

Fig. 8 A Result of Matrix Multiplication
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Fig. 9 A Result of Distributed Matrix Multiplication
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Npage size dbl

double

Npage = (N2 + N2/P ) ∗ size dbl/4096 (10)
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Ntuple

Npage =

n∑

i=0

(Ntuplei ∗ tuple size)/4096 (11)

6

Table 6 Parameters for Matrix Multiplication

1-node 2-node 4-node( )

Tbarrier 1[ms] 1[ms] 1[ms]

Npage 6144[page] 4096[page] 2730[page]

Nflush 1[ ] 1[ ] 1[ ]

Nr0 49152[ ] 32768[ ] 21845[ ]

Nw0 16384[ ] 8192[ ] 4096[ ]

Tcalc 136695[ms] 68348[ms] 34174[ms]

Tall 136865[ms] 68564[ms] 34309[ms]
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(Q1) select * from tenk1 where (unique2 > 301) and (unique2 < 402)

(Q2) select * from tenk1 where (unique1 > 647) and (unique1 < 65648)

(Q3) select * from tenk1 where unique2 = 2001

(Q4) select * from tenk1 t1,tenk1 t2 where

(t1.unique2 = t2.unique2) and (t2.unique2 < 1000)

(Q6) select t1.*,o.* from onek o,tenk1 t1,tenk1 t2 where

(o.unique2 = t1.unique2) and (t1.unique2 = t2.unique2)

and (t1.unique2 != 1000) and (t2.unique2 != 1000)

(Q7) select MIN(unique2) from tenk1

10 Wisconsin Benchmark

Fig. 10 Queries for Wisconsin Benchmark

11 Wisconsin Benchmark

Fig. 11 A Result of Wisconsin Benchmark
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7 Wisconsin Benchmark

Table 7 Parameters for Wisconsin Benchmark

1-node 2-node

Tbarrier 1[ms] 1[ms]

Npage 18944[page] 9472[page]

Nr0 152384[ ] 76224[ ]

Tcalc 210[ms] 105[ms]

Tall 695[ms] 405[ms]

8

Table 8 Parameters for Himeno Benchmark

1-node 2-node

Tbarrier 1[ms] 1[ms]

Npage 4096[page] 2048[page]

Nflush 1[ ] 1[ ]

Nr0 33142[ ] 16576[ ]

Nw0 32649[ ] 16073[ ]

Tcalc 703[ms] 352[ms]

Tall 860[ms] 509[ms]

12

Fig. 12 A Result of Himeno Benchmark
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