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Performance Optimization Techniques for Vector Processors

with Cache Memory

YosHIEI SATO, ! RYUICHI NAGAOKA, ! AKIHIRO MUSsA, 2
RYUSUKE EGAWA, ! HIROYUKI TAKIZAWA, ! KOKI OKABE'!
and HIROAKI KOBAYASHI !

Since the ratio of memory bandwidth to computational performance(B/F) recently de-
creases, it is concerned that the sustained performance of future vector processors degrades.
To reduce the performance degradation due to the decrease in B/F, vector cache memory
with high memory bandwidth has been proposed and evaluated. The purpose of this paper
is to establish the optimization techniques to further exploit the vector cache memory per-
formance. To analyze the relationship between the vector cache memory and the sustained
performance, this paper first presents a performance model of vector processors with vec-
tor cache memory based on the roofline model. Then, several optimization techniques are
applied to real applications, and their effects are assessed with the performance model.
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Main Memory DDR-SDRAM
Vector Cache SRAM

Vector Cache Size IMB

Number of Sub-caches 32

Associativity 2-Way

Cache Policy LRUO Write-through
Cache Bank Cycle 5 0 of memory cycle
Cache Latency 15 0 of memory latency
Line Size 8B

MSHR Entries(Sub-cache) 8192(256)
Memory-Cache 2B/F

bandwidth per flop/s

Cache-Register 4B/F

bandwidth per flop/s
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