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Evaluation of a Low-latency
Point-to-Point Connected Multiported Interleaved Cache

HAJIME SHIMADA,t HIDEAKI ANDOt and TOSHIO SHIMADA'

Both high bandwidth and low latency are required to a data cache for high-performance pro-
cessors. In most current processors, the cache is multiported by interleaving to achieve high
bandwidth. However, it is difficult for the interleaved cache to achieve low latency because
an interconnection network is necessary between the cache and the load/store units. To solve
this problem, a cache organization that removes the complicated interconnection network by
connecting each bank with a load/store unit by point-to-point and restricts a cache access to
a small bank will be effective. We call the cache with this organization a PPC (point-to-point
connected) interleaved cache. This paper validates the effectiveness of the PPC cache with
both circuit-level and architectural-level evaluation. The PPC cache requires the bank num-
ber to be accessed before instruction issue. Penalties are imposed when the bank number is
not obtained. We first evaluate the access time of the PPC cache, taking the penalties into
account, and found a significant improvement over the conventional cache. Also, we evalu-
ate the 16-issue processor performance with the 32K-byte best pipelined cache, considering
trade-offs between the clock cycle time and the execution cycle count. We confirmed that
the processor with the PPC cache improves the performance by a maximum of 10-11% or an
average of 6-7% over that with the conventional cache depending on the assumption of the
lower bound of the clock cycle time.
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Fig.3 Baseline superscalar processor organization.
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01
Features of transistors and wires in the assumed 0.18um process technology.

Table 1

Nov. 2001
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Transistor

Mid-Level Metal

Top-Level Metal

Gate
Cap. Cap.
(fF/pm) | (fF/pm)

Junction

Transistor
Res.
(K-pm)

Supply
Voltage

V)

Width

(nm)

Res. Cap. Width Res.
(m/m) | (fF/m) (m/m)

Cap.

(nm) (fF /m)
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Fig. 10

Access time reduction with the PPC cache.
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Table 2 Benchmark programs.
program input instructions % loads % stores
compress95  bigtest.in 95M 20.8% 13.7%
gce genoutput.i 84M 26.2% 14.3%
go 2stone9.in 75M 21.3% 6.7%
ijpeg specmun.ppm 450M 19.1% 7.8%
li train.lsp 183M 25.7% 16.4%
m88ksim ctlin 420M 20.2% 9.8%
perl scrabbl.in 80M 27.5% 18.8%
vortex vortex.in 80M 30.0% 25.0%
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Table 3 Increase of the effective access time in PPC

cache with C mechanism(%).

program P2 P4 P8
compress95 9.1 0.5 -8.8
gee 20.6 15.4 7.8
go 31.0 21.3 11.8
ijpeg 16.8 11.7 10.0
i 25.2  20.2 12.5
m88ksim 20.0 134 4.4
perl 18.4 15.7 8.6
vortex 16.2 14.2 7.8

00000D033.2000000000000000
0000000000000 00000000000
000000000000 000000000000
000000000000000000000000
000000000000000000000000
0000000 /0000000LSQUOO00DNOn
000000000000000000000000
00oooo
L10000000000000000000000
000000000 32K0000320000000
0020000000000000000000000
000000000 200000PPCOO0ODOOO
0100000000L100000000000L2
0000000000000002M000000 064
0000000004000000060000000
0000000036 000000000000000
000D000000130000000000600
00000 gshare®®002K00000400000
0BTBOOOOO16000000000000000
0000000000000000000000 50
0000000000440 000000000000
00000000D0000000000000000
00000000000 CBROODDOOOOOOO
000000000000000000000000
00000000000



12 goooooooooooboobooooOobbOoOooooooDooboOoDn

04 BNUOOODODOODODOOOOOOOODO
Table 4 Availability rate of base registers at BNU(%).

program P2 P4 P8
compress95 64.8 62.9 63.5
gee 50.5 42.6 38.7
go 376 346 32.7
ijpeg 55.2  47.7 354
i 44.7  36.1 31.6
m88ksim 51.3 45.3  43.7
perl 53.2 422 374
vortex 55.9 44.3  38.7
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Fig. 13 Prediction rate.
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Table 5 Cost of stride address predictor and stride bank

predictors(bits).

scheme  tag  state last value stride total

ADR 18 2 32 32 84
BANK 18 2 4 4 28
OUR 0 0 4 4 8
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Table 6 Relationship between the number of pipeline

stages and clock cycle time (CA8) under the con-

servative assumption of the lower bound of the

clock cycle time.
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Fig. 14 Speedup with a single-cycle cache access in both cases of the

conventional and the PPC cache.
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Table 7 Average performance normalized by the perfor-

mance of the processor with non-pipelined con-
ventional cache.
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Speedup under the aggressive assumption of the lower bound of the clock

cycle time (pipeline stage of the cache access (conventional, PPC)=(3,2)).
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