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Latency Tolerance Techniques for Compiler-assisted Software
DSM System

JUMPEI N1wAt

Software Distributed Shared Memory (S-DSM) provides shared address space at run-time
and accepts a wide range of applications on parallel computer systems with commodity hard-
ware. S-DSM caches remote data in the local memory in order to reduce remote-memory-
access latency. This paper proposes the methods for further reducing the latency in S-DSM
by utilizing an optimizing compiler that directly analyzes explicitly parallel shared-memory
source programs. That is to say, this paper suggests the compiling techniques of issuing
prefetch for remote-memory access and introduces the interface that enables prefetch mech-
anism. I have implemented the techniques in optimizing compiler, Remote Communication
Optimizer :RCOP. I also have implemented the lightweight runtime systems on PC cluster
connected with the Gigabit Ethernet (1000 BASE-T). The experimental results using the
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SPLASH-2 benchmark suite show that the latency tolerance techniques are effective.
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Fig.1 Behavior of shared-read operations in HDSM.
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Input code Code output for HDSM
double *a=G_MALLOC(..) i | double *a = G_MALLOC(..) ;
.B.arrler(); :> Barrier():

RCOP Barrier();

if (MyNum == owner)
Ra(a,8*n) ;//Asynchronous

if (MyNum == owner)
for (i=0; i<n; i++)
a[i] += alpha*bl[i]; if (MyNum == owner) f{
for (i=0; i<n; i++)
al[i] += alpha*b[i];
W(a,8*n) ;

RCOP

ﬁRcop
Code output for UDSM

double *a = G_MALLOC (..) ;

Code output for ADSM__

double *a = G_MALLOC (..) ;

Barrier(); - -

Barrier();

if (MyNum == owner) { B
R(a, 8*n);//Synchronous if (MyNum == owner) {
for (i=0; i<n; i++) for (i=0; i<n; i++)

a[i] += alpha*b[i]; al[i] += alpha*b[i];

W(a,8%*n) ; W(a,8%*n);

} }

03 0OoOoooo
Fig.3 Example of generated codes.
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Fig.4 Redundancy elimination dataflow equations using
shared-access sets for prefetches.
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n0: BARRIER():

n1 :| Mynumber==owner l

\
loop®

n3: AyA
Node No. — n0 nl n2 n3
Property
!
PANTIN [] {S2} | {S1} 0
PANTOUT {Sa} | {Sa2} 0 0
PAVIN 0 0 0 {S2}
PAVOUT 0 0 {81} | {52}
INSERT 0 {5} 0 0

05 03000000000000
Fig.5 Solution of dataflow equations described in Fig. 3.
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A 3.795 | 3.108 | 0.311 | 0.304 | 0.027 | 0.045
H 3.602 | 3.109 | 0.381 | 0.060 | 0.025 | 0.028

H-H | 3.778 | 3.190 | 0.304 | 0.221 | 0.027 | 0.036
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05 80000000 Barnes-Spatial 00000000
Table 5 8-processor execution time (sec) for Bornes-
Spatial.
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06 80000000 Raytrace JOODOOODOO
Table 6 8-processor execution time (sec) for Raytrace.

Total | Task Msg Miss WC Sync

Total Task Msg Miss WC | Sync
A | 173.315 | 145.927 | 12.146 | 13.685 | 0.723 | 0.834
H |169.185 | 143.976 | 19.348 | 4.265 | 0.696 | 0.901

H-H | 184.385 | 160.971 | 13.178 | 8.580 | 0.694 | 0.962
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6.3.5 Raytrace

Raytrace 0000 000000DODOOOOOO0O

A 2.803 | 1.980 | 0.294 | 0.292 | 0.005 | 0.231
H 2.794 | 2.032 | 0.296 | 0.234 | 0.005 | 0.227
H-P | 3.285 | 2.633 | 0.302 | 0.168 | 0.006 | 0.176
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Fig.7 Speed-up ratios in HDSM.
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