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Effects of Static Management of
Software-Implemented Cache Memory System on
Distributed Shared Memory System

TAKESHI NANRI,t HIROYUKI SATOt and MASAAKI SHIMASAKIf*

We propose a pre-processor approach in which a pre-processor system inserts codes for
managing software-implemented cache memory on distributed shared memory system into
application programs. In our work, we used a software-implemented cache memory system
implemented on a part of local memory on each processor, by using runtime library of parallel
C language Split-C. In order to manage the software-implemented cache memory system, our
pre-processor inserts codes which explicitly handle the cache system by using the informa-
tion from the dependence analysis of the application program. Therefore the pre-processor
decides optimal behabior of the software-implemented cache memory system. Furthermore,
we examine the effectiveness of the array-blocking technique as a typical example of RISC-
oriented optimizing programming techniques for cache memory. This technique is performed
to increase the reuse of data which is copied to the software-implemented cache memory. In
this paper we used the software-implemented cache memory system on a distributed mem-
ory parallel computer CM-5 for experiments. In the experiments, we evaluated the effect
of software-implemented cache memory system, that of pre-processor and that of the array-
blocking technique. As a result, with 16 processors and software-implemented cache memory
system, the speed up ratio of array-blocked parallel matrix multiplication to serial is about
13.7 by using the pre-processor.
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double A[PROCS]:: [N/PROCS] [N];
for (i=0; i<N; i++)
for (j=(i+1)+(i+1-MYPROC+PROCS)%PROCS;
j<N; j+=PROCS)
A[MYPROC] [j/PROCS] [i] /=
A[i%PROCS] [i/PROCS] [il;
for (k=i+1l; k<N; k++)
A[MYPROC] [j/PROCS] [k] -=
A[MYPROC] [j/PROCS] [1] *
A[i%PROCS] [i/PROCS] [k];
M2 HHLUSH (V7boz27i0kdFryvalkl)
Fig.2 Parallel LU decomposition (without software-
implemented cache).

double StaticCache[N];

bulk_read(StaticCache,
A[i%PROCS] {i/PROCS] [i],
(N-i)*sizeof (double));
A[MYPROC] [j/PROCS] [i] /= StaticCache[0];
for (k=i+1; k<N; k++)
A[MYPROC] [j/PROCS] [k] -=
A[MYPROC] [j/PROCS] [i] *
StaticCache[k-i];

3 EHLUSE (FVTotyy)
Fig.3 Parallel LU decomposition (with pre-processor).
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bulk_read(StaticCache,
A[i%PROCS] [i/PROCS] [i],
CacheSize);
A[MYPROC] [j/PROCS] [1] /= StaticCache[0];
for (k=i+1; k<i+CacheSize; k++)
A[MYPROC] [j/PROCS] [k] -=
A[MYPROC] [j/PROCS] [i] *
StaticCache[k-i];
for (out_k=i+CacheSize+l; out_k<N;
out_k+=CacheSize){
bulk_read(StaticCache,
A[i%PROCS] [i/PROCS] [out _kJ,
CacheSize);
for (k=out_k; k<min(N, out_k+CacheSize);
k++)
A[MYPROC] [j/PROCS] [k] -=
A[MYPROC] [j/PROCS] [i] =*
StaticCache[k-out_k];
K4 CacheSize TV —7 k %4
Fig.4 Distribute loop £ with CacheSize.
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Table 2 Performance of memory access.
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Fig.5 Blocked Cholesky Decomposition.
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Fig.6 Blocked Gaussian Elimination.
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#F3 1THIROLEITHEM (16 processors)
Table 3 Execution time of matrix multiplication
(16 processors).

BHEREATI VAT LALEDOV 78 271285 F vy ¥ a OBHEE
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x5
Table 5

2L AF =3O FEITHR (16 processors)
Execution time of Cholesky Decomposition
(16 processors).

Size Seri | Para | Dyna | Stat | Bloc + Stat Size Seri | Para | Dyna | Stat | Bloc + Stat
256 15.1 36.0 2.44 1.51 1.19 256 2.4 11.9 3.42 1.59 1.30
512 127.5 290.4 55.4 11.3 9.34 512 20.5 98.2 22.1 9.66 6.90
768 408.8 | 1012.5 | 236.8 39.1 34.4 768 65.1 | 322.1 66.2 30.3 11.5
1024 | 1091.4 | 2339.5 | 739.7 146.2 92.1 1024 | 179.1 | 756.5 | 190.3 7.7 33.8
(sec.) (sec.)
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Fig.7 Speedup of matrix multiplication (1024 x 1024).

R4 IFHIROMIEERE (16 processors)
Table 4 Execution time of matrix multiplication
(16 processors).

Size Seri | Para | Dyna | Stat | Bloc + Stat
256 2.22 0.93 13.8 22.4 28.2
512 2.10 0.92 4.85 23.8 28.7
768 2.22 0.89 3.82 23.2 26.3

1024 1.96 0.92 2.90 14.7 23.3

(MFlops)
BEMRERT.

THIROETERIZ 2N TRUTE L. 22T, 1751
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BHVABEAOMERE T A XK EL b E
BTFITEI 3005, 2L, 17509 4 X05% vy
at AL TRELED, vy 2 I AP
BRI B7:0TH 5.

6.2.2 Cholesky 9 f%
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Fig.8 Speedup of Cholesky Decomposition
(1024 x 1024).
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£6 HYABEEOEITE (16 processors)
Table 6 Execution time of Gaussian elimination
(16 processors).

Size Seri Para | Dyna Bloc + Dyna
256 5.0 51.2 6.0 2.01
512 42.3 399.2 43.5 11.3
768 | 136.4 | 1335.4 148.7 29.1
1024 | 370.2 | 3186.9 332.2 56.9
(sec.)
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Fig.9 Speedup of Gaussian elimination (1024 x 1024).
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Table 7 Effect of pre-processor.

Code | Size | £5z} | Zara | Bunz
MM 512 11.3 25.7 4.91
MM 1024 7.46 16.0 5.06
CH 512 2.12 10.2 2.29
CH 1024 2.50 10.6 2.65

®8 Ty rfLickrRR
Table 8 Effect of array-blocking.

Code | Size g;;; Blaif}iétat Bt{ia—n;mt Bln‘if{ha.;‘tat
MM 5121 2.30 13.7 5.93 1.21
MM {1024} 1.48 11.9 8.03 1.58
CH 5121 0.92 2.97 3.20 1.4
CH 1024| 0.94 5.30 5.63 2.12
Code | Size | 5254 | srocfByns | Bloctbyns
GE 512 0.97 3.74 3.85
GE 1024 1.11 6.51 5.84
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