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Low-Complexity Operand Bypass Using Small RAM

SHINOBU MIwA,* HIRONORI ICHIBAYASHI,tt HIDETSUGU IRIE,tt
MASAHIRO GOSHIMAtt and SHINJI TOMITA'

For the wire delay problem, the units with the long wires become critical such as register
files and a bypass network. To prevent the units to be critical, the pipelining is an effective
technique. However, the pipelining of register files complicates a bypass network. It is unac-
ceptable that a bypass network is complicated because it is already critical. A register cache
is proposed to resolve this problem. The register cache is a small buffer to cache register files.
It is accessible in 1 cycle. If the instruction hits the register cache, the processor with the
register cache behaves same as the processor with the non-pipelined register files. Therefore,
the bypass network of the former processor is same as that of the latter processor. However,
the processor with the register cache doesn’t outperform because of the much register cache
miss penalty. Then, we propose a bypass buffer. There is no miss penalty on the processor
with it because it is not a cache. In this paper, we show that the processor with the bypass
buffer achieves high performance rather than the processor with the ideal register cache.
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Fig.1 Instruction pipeline of with pipelined register file.
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Fig.2 Full bypass network for pipelined register file (1-bit slice).
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Fig.3 Register cache or bypass buffer.
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Fig.4 Instruction pipeline with register cache.

ot 1l 42 43 44 t45 46 t+7 48 t+9  t+10,
|pQ |s) RR) BR) Ex) BWhRW) ! ‘ time

le ---Q ls) RR‘- BR) EX‘) Bw) RW)

05 OOO0OO0OOCOOOOODOODOOOODODOOOO
Fig.5 Instruction pipeline with bypass buffer.
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Fig. 7 Instruction pipeline with a register cache hit/miss

prediction.
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Table 1 Parameters of the processor.

remarks
fetch width 4 inst.
issue width 4 inst.

64 ent.
int : 64, fp : 64

parameter

instruction window

main register file

branch prediction 2KB g-share
misspenalty : 15 cycle

BTB 4K entry, 4-way

RAS 16 entry

L1C 32KB, 8-way, 64B/line, 3 cycle

L2C 1MB, 8-way, 64B/line, 10 cycle

main memory first chunk : 32 cycle
remain : 3 cycle

6 (int : 2, fp : 2, LD/ST : 2)

execution unit
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