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

JUN KANAI ,t TAKURO MORI ,t TAKESHI ARAKI ,t
NOBORU TANABE ,it HIRONORI NAKAJOt and MITARO NAMIKI t

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);
/ /8% O ERERIA &R C s
for (i = 0; i < SIZE; i++)
for (j = 0; j < SIZE; j++)
for (k = 0; k < SIZE; k++)
(xmat_c) [i]1 [j] += (*mat_a) [i] [k]
* (xmat_b) [k][j];

2 17FIEREH (AT-dRAM & AEY~ 7 k7 7 A LFI)
Fig.2 Example for DIMMnet-2 Programming(AT-dRAM)

for (i = 0; i < SIZE; i++){
//i5E 7 — N CHIRE AR AT
VL(mat_a, i * step, step);
for (j = 0; j < SIZE; j++){
[/ A ST A RS TIFaE AT
VLS(mat_b, MATSIZE + j * szdbl, 3, SIZE, step);
for (k = 0; k < SIZE; k++)
mat_c[k] += mat_al[k] * mat_b[k];
}
VS(mat_c, MATSIZE * 2 + i * step, step);
}

3 1THIEEH] (MT-ANET & 74 77 V2 L DWRFEAT)
Fig.3 Example for DIMMnet-2 Programming(MT-dNET)
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720, OSMHLIZE DA — "~y F&ER L, W@E0E
LA I 25 Z ENARETH S, FEEIC DIMMnet-2
T 7 BATDHEOILE, £20L2%T7A477 1 %F]
AL, WRMICT 7B A%ITOLERHD.
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DT 72 ANEARRIZIN 2 S, MEREm LR TE 5.
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Table 1 Functions of DSM Library
Bt FHE
DSM B DR « i iEAT 5
EE LT — ¥ 2 HEZAL
Fe e R S
NY TR E L S

dn_malloc/dn_free
dn_flush
dn_update

dn_barrier

% 2 DIMMnet-2 72 & ABJ% ()
Table 2 Functions of DIMMnet-2 Access Library

B%4 HéRE

VL/VS 17 —#)® SO-DIMM (Z#ifET 7 & A %175

VSS/VLS 2 —7 0 SO-DIMM IZA 7 A K (%)
TR AELTD

RVL/RVS | U%E— ko SO-DIMM IZH#fET 7 E A %1TH

0390

dn_init(argc, argv);
size = MATRIX_SIZ * MATRIX_SIZ * sizeof (double);
if (dn_getrank() == 0){ //#l/ — FOHE ATHIERMK
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();
//EEAT
dn_flush(mat_a); dn_flush(mat_b); dn_flush(mat_c);
dn_barrier();
Yelse{
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 += (xmat_a) [i] [k] * C(xmat_b) [k][j];
(kmat_c) [11[3] = s;
}
dn_flush(mat_c); dn_barrier();

B4 {THIRSG] (410
Fig.4 Example for DIMMnet-2 Distributed Programming
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HALTTZ77ANVT 78R EITS5ED OS IZX B4 —
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Table 3 Environment for evaluation

CPU Intel Pentium4 2.4GHz

Memory 512MB(DDR-SDRAM PC1600)

oS WindowsXP

BRI BR B WindowsXP DDK+VisualStudio.NET
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R=TDT—ENT 4 AT INDHHRAEND.

Trmmap = (Tat — TrrNsize)/Npage (3)

T A AT DD DFRHIAIT 0D EERIT (1) R bR
HATRETH Y, “hEFAL, 3)AMHAEY~v 7k
77 ANVEFR LSS D~N—HEALD OS DA — "~y
REFHI L7z, Trg XHEALHT0 OT 4 27 055 OFH~
AR O FERNEE, Noize DFEREITZHAATEF A X
DEEE, Npage IX—VEOFRME N ENEKT.

AT N7 7 ANFIHEEO DT — 2 HEAHIT
FARMIZ OS I LV HEIZA TN D Y, HRAgICE X
AHERRTHZEHTE, ATR-DSM T2 bo 43X
WHIHT 2. Z0BE0A— 1~y F%& (2) Riz LV 3
Bl ZROORFEIHER L Tu OFEAEEZ 412,
T =Ny REEEDTELOERK S ITRT.

ARV~ T N 77 A NVEFMHLEZESETIE, Read-
FileAPI % L7258 1T, A=~y RBKE L
RoTVBER, AEV =y N7 7 A N TIIRPIO—ED
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HIIZHEERR] ReadFile Z M5 L 5 e Alctb~5 &, e
HICHFITH D.

£4 OS A=~y KF—4% (120MB O 7 7 A LT 7 & AK#) [ms]
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

RE5 TrANLTIZEAD OS F— A~y R
Table 5 OS Overhead for File Access

time[u s]
Read(ReadFile) 4.27
Write(WriteFile) 3.75

Read(MemoryMappedFile) 9.87
Write(MemoryMappedFile) | 4.39

0400
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Fig.6 Transfer Rate between DIMMnet-2 SO-DIMM and
Host Memory
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Fig. 7 Transfer Rate of DIMMnet-2 RAM Disk
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Fig.8 A Result of Matrix Multiplication
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Tott = Tos + Tovarrier + Ttr + Teaic (6)

Tos = T’mmapra,ge + Tflusthlush (7)
N N

Tir = TriNri+ Y TwNuw; 8)
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Fig.9 A Result of Distributed Matrix Multiplication
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Table 6 Parameters for Matrix Multiplication

1-node 2-node 4-node(THl)
Toarrier 1[ms] 1[ms] l[ms]
Npage 6144[page] 4096[page]| | 2730[page]
Nttush 1[i=1) 11=1] 1[=1]
Nrg 49152(Jal] 32768 21845[[7]]
Nuwo 16384[H)] 8192[[H]] 4096([1]
Toale 136695[ms] | 68348[ms] | 34174[ms]
Taul 136865[ms] | 68564[ms] | 34309[ms]
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(Q1) select * from tenkl where (unique2 > 301) and (unique2 < 402)
(Q2) select * from tenkl where (uniquel > 647) and (uniquel < 65648)
(Q3) select * from tenkl where unique2 = 2001
(Q4) select * from tenkl t1,tenkl t2 where

(t1.unique2 = t2.unique2) and (t2.unique2 < 1000)
(Q6) select tl.*,0.* from onek o,tenkl tl,tenkl t2 where

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

and (tl.unique2 != 1000) and (t2.unique2 != 1000)
(Q7) select MIN(unique2) from tenkl

10 Wisconsin Benchmark 7 =V U X |

Fig. 10 Queries for Wisconsin Benchmark
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Fig.11 A Result of Wisconsin Benchmark
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Table 7 Parameters for Wisconsin Benchmark

1-node 2-node
Toarrier 1[ms] 1 [ms]
Npage 18944 [page] | 9472[page]
Nro 152384[[]] 762241
Teale 210[ms] 105[ms]
Taul 695[ms] 405[ms]
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Table 8 Parameters for Himeno Benchmark

1-node 2-node
Toarrier | 1[ms] 1[ms]
Npage 4096[page] | 2048[page]
Nyiush 1[=l] (/=]
Nrg 33142[[=]] 16576[/5]]
Nwy 32649[[E] | 16073[fl]
Trate 703[ms] 352[ms]
s 860[ms] 509[ms]|
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Fig.12 A Result of Himeno Benchmark
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