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Reducing Register Port and Size Requirements by Bit-partitioning
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MAasaAKI KoONDO! and HIROSHI NAKAMURA'

A large multi-ported register file is indispensable for exploiting instruction level parallelism
in recent dynamically scheduled superscalar processors. However, such a large register file
causes problems of long access delay and huge power consumption. To tackle these problems,
in this paper, we propose a Bit-Partitioned Register File to reduce required register file size
and the number of ports. We show the basic idea and mechanism of proposed register file and
evaluation results on performance and power consumption. Evaluation results reveal that the
proposed register file achieves higher IPC even in small register file with less number of ports.
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Fig.1 An overview of BPRF.
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Fig.3 Pipeline of a conventional processor.
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Fig.2 Block diagram of a conventional processor.
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Fig.4 Block diagram with BPRF extension.
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Fig.7 Pipeline with BPRF extension.
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Fig.9 State transition diagram with ERD extension.
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Table 1 Processor configuration.

Data path width 64 bit
Fetch & Decode
& Commit width

4

Combined bimodal (4K-entry)
Branch prediction gshare (4K-entry)
selector (4K-entry)
BTB 1,024 sets, 4way
Mis-Prediction penalty | 8 or 9 cycles

integer: 32, load/store: 32
floating-point 32

Instruction queue size

Issue width integer: 4, load/store: 2
floating-point: 2

32 KB, 32 B line, 2way

1 cycle latency

32KB, 32B line, 2way

2 cycle latency

1,024 KB, 64 B line, 8way
10 cycle latency

L1 I-Cache

L1 D-Cache

L2 unified Cache

Memory latency 80 cycle
Bus width 16 B

Bus clock

1/4 of processor core
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Table 2 Access time and energy consumption per register access.

Normal (80-entry) BPRF (60-entry)
# of read/write ports | Time [ns] | Energy [nJ] | Time [ns] | Energy [nJ]
2/1 0.500 0.0899 0.417 0.0842
4/2 0.571 0.0996 0.460 0.0915
6/3 0.643 0.1092 0.503 0.0988
8/4 0.718 0.1189 0.547 0.1061
10/5 0.795 0.1285 0.590 0.1135
12 /6 0.876 0.1382 0.635 0.1208
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