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Near Fine Grain Parallel Processing
on Single Chip Multiprocessors

KEnr KiMURA,t WATARU OGATA,t MASAMI OKAMOTOft
and HIRONORI KASAHARA'

With the increase of the number of transistors integrated on a chip, how to use transistors
efficiently and improve effective performance of a processor is getting an important problem.
However, it has been thought that superscalar and VLIW which have been popular architec-
tures would have difficulty to obtain scalable improvement of effective performance because
of limitation of instruction level parallelism. To cope with this problem, the authors have
been proposing a single chip multiprocessor(SCM) approach to use multi grain parallelism
inside a chip, which hierarchically exploits loop parallelism with large parallelism and coarse
grain parallelism among subroutines, loops and basic blocks in addition to instruction level
parallelism. This paper evaluates effectiveness of single chip multiprocessor architecture with
a shared cache, global registers, distributed shared memory and/or local memory for near
fine grain parallel processing as the first step of research on SCM architecture for supporting
multi grain parallel processing.
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<< LU Decomposition >>

1) U, = 3 1
Qu,, =4 I3
uy, = aa /33
4) 1 54 — TB2 *|'2'4
U = @5 da
6)lgs = @5 B4 43
<< Forward Substitution >>
Ny, =h /11
8y =k /3,
9) b5 = k‘5 —52 y2
10)y; =8k [/ 33
1My, =l [ 44
12)by =B -53  *zy
13)ys =k [/ 55
<< Backward Substitution >>
1) x4 =  — 45 gy
15)x3 =3 — 35 *xX
16)X2 = Yo -2 *K
1% =y -~ 1 *X
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Fig. 1 Near fine grain tasks.
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Fig. 2 Task graph for near fine grain tasks.
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Fig. 3 Elimination of redundant synchronization.
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Fig. 4 Shared data cache architecture.
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Fig. 5 OSCAR type architecture.
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Fig. 6 OSCAR type architecture with global register.
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Table 1 The number of transistors for memory of OSCAR

type architecture and shared cache type architec-
ture.
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Table 2 The ratio of memory access count to executed in-

struction count for random sparse matrix solution

with 4PEs.
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Fig. 7 Speed up ratio of random sparse matrix solution

with 1clock local memory access.
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Fig. 8 Speed up ratio of random sparse matrix solution

with 3clock local memory access.
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Fig. 9 Speed up ratio of NS3D/SUB4 with 1clock local

memory access.
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Fig. 10 Speed up ratio of NS3D/SUB4 with 3clock local
memory access.
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