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Designing a Low-power Superscalar Processor
Based on Its Clustered Datapath

YUKINORI SATO,?t KEN-ICHI SUZUKI' and TADAO NAKAMURA'

Recently, clustering the complex and centralized datapaths of superscalar processors into lo-
calized PEs (clusters) becomes a popular approach to realize low-power and highly-parallelized
processors. However, clustering tends to decrease the performance of a processor because of
inter-PE communication and workload imbalance among PEs. In this paper, we focus on
sequentiality of instructions in programs and apply it to the localized processing on clustered
processors. From the analysis of sequentiality using operand status and register fanout, we
present that cooperation of neighboring PEs is an effective approach to perform localized pro-
cessing in a clustered processor. From the results of execution-driven simulations, a clustered
processor with the cooperation of neighboring PE achieves better IPC with faster, smaller and
lower energy register files than other schemes so far considered. This means that the clustering
with the cooperation of neighboring PEs boosts the advantages of clustered processors.
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Fig.1 A clustered superscalar processor with X*Y
configuration.
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Fig.3 The pipeline timing at inter-PE register read.
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Table 1 Dominant architectural parameters.

Fetch and decode 8 instructions
Branch predictor Tournament branch predictor
1Q, FQ, LQ, SQ size 64
ROB size 256
Issue width 8 issue in total
L1Icache 128 KB, 2way
L1Dcache 128 KB, 2way
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i0: load r2, 4(r5)
i1: load r3,16(r6)
i2: subr4, r2,r5
i3: addr7,r2, 1
i4: mulr9, r7,r7
i5: add r8, r3, r7
i6: add r9, r9, r9
i7: store r9, 0(r4))
(op dist, src0, src1)
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Fig.4 Parallel and serial property in an instruction

sequence.
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Table 2 The distribution of distance between dependent
instructions based on their operand statuses
(SPEC2000cint avg.).

distance 1 2 3 4 5
ready 0.0% 0.0% 0.1% | 0.1% 0.2%
unready | 15.2% | 11.6% | 7.9% | 6.1% 3.6%
distance 6 7 8 9 10
ready 0.3% 0.5% 0.3% | 0.2% 0.1%
unready 3.2% 3.1% 2.3% | 2.2% 1.7%
distance 11 12 13 14 15+
ready 0.5% 0.3% 0.5% 0.2% 27.9%
unready 1.5% 1.1% 1.2% | 0.9% 7.2%
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Table 3 Instruction steering based on operand statuses
and the normalized IPC.
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Table 4 The distribution of operand statuses
(SPEC2000cint avg.).

null ready Iready

null 2.1% | 12.2% | 24.7%
ready 5.3% 5.8% 6.8%
lready | 17.9% | 10.2% 14.9%
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Table 5 The distribution of register fanouts
(SPEC2000cint avg.).

Register fanout 0 1 2 3 4 54+
Percentage[%] 58 | 66.3 | 15.8 | 3.5 | 2.0 | 6.6
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Fig.7 Instruction steering based on the register fanout.
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Table 6 The effects of clustering and the IPC obtained.
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Area of RegFiles [A]
Normalized Area of RegFiles
Energy for a register access [J/access]
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