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

Y UKINORI SATO,*! KEN-ICHI SUZUKIt and TADAG 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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Branch predictor
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Tournament branch predictor
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|0 load r2, 4(r5)
1: load r3,16(r6)
|2: sub rd, 52,15
i3: add 7,12, 1
i4: mul 8, 17, 7
i5: add r8, 3,17
i6: add r9, r9, r9
i7: store rd, 0{r4))
(op dist, src0, sret)
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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
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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 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%

g5 LYRF T 7T MOSA (SPEC2000cint )
Table 5 The distribution of register fanouts
(SPEC2000cint avg.).

Register fanout 0 1 2 3 4 54
Percentage[%) 58 | 66.3 | 1568 | 3.5 | 2.0 | 6.6
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Fig. 7 Instruction steering based on the register fanout.
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=6 77A2DFHRE PC
Table 6 The effects of clustering and the IPC obtained.

8*1AF 8*1 4%2 1*8
Number of registers per PE 32 32 48 128
Number ofports of reg 3R1W 3R1W 6R2W L6R8W
Number of results forwarded to FUs 2 1 2 8
Operating frequency of RegFiles [GHz] 4.51 4,51 3.71 2.08
Normalized freq. of RegFiles 2.17 2.17 1.78 1
Area of RegFiles [A] 6.26E+407 6.26E+407 1.47E+08 7.81E+08
Normalized Area of RegFiles 0.08 0.08 0.19 1
Energy for a register access [J/access] 2.87E-10 2.87E-10 7.09E-10 3.60E-09
Normalized energy for reg. 0.08 0.08 0.2 1
[PC (MediaBench avg.) 2.16 1.97 2.29 2.67
Normalized [PC 0.81 0.74 0.86 1
Peak IPC (rawdaudio) 2.98 2.67 2.97 3.59
Normalized peak IPC 0.83 0.74 0.83 1
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