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High-performance/Low-power Cache Architectures
for Merged DRAM /Logic LSIs

KoJ1 INOUE, 12 TOHRU ISHIHARA,™ KoJ1 KAT1t2
and KAZUAKI MURAKAMIt4

Integrating main memory and microprocessors into the same chip is one of the most im-
portant technologies for future SOC (System-On-a-Chip). The integration makes it possi-
ble to realize novel memory architectures because of eliminating the chip boundary between
the main memory and microprocessors. This paper discusses cache architectures for high-
performance/low-power memory systems on merged DRAM /logic LSIs. The caches make
good use of the attainable high on-chip memory bandwidth, and try to bring out potential
advantages of the merged DRAM /logic LSIs.
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Fig.2 Cache-miss rate versus cache-line size.
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Table 1 Cache-access time and energy of the

conventional cache and the phased cache.
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Table 2 Cache-access time and energy of the way-

predicting cache.
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Table 3 Characteristics of cache models.

ooo ooo oooooo oooooooo
goooo ooooo goooo gooooao
DM 2SA 4SA DM32K P WP DVLS
goooooooo 16 KB 16 KB 16 KB 32KB 16 KB 16 KB 16 KB
oooo 1 2 4 1 4 4 1
oooooo 128 B 00O 128BODO 128BO0O 128BO0O 128B0O0O 128BODO 32B, 64B, 128B0O0O

04 0OOD0OOODOOOOOOOOOOOOOOOOOOOO
Table 4 Simulation results for benchmark programs.

Benchmarks DM 2SA 4SA DM32K P WP DVLS
CMR CMR CMR CMR CMR WPHR CMR CMR Ave.LS [B]

026.compress | 0.1871 0.1755 | 0.1732 0.1634 0.1732 0.7619 0.1732 | 0.1724 34.69
052.alvinn 0.0224 | 0.0087 | 0.0080 0.0175 0.0080 0.9311 0.0080 | 0.0166 90.22
072.sc 0.0371 0.0285 | 0.0263 0.0276 0.0263 0.8623 0.0263 | 0.0465 58.32
099.go 0.1024 | 0.0695 | 0.0302 0.0541 0.0302 0.6986 0.0302 | 0.0638 42.82
124.m88ksim | 0.0202 | 0.0045 | 0.0028 0.0068 0.0028 0.9250 0.0028 | 0.0153 50.83
126.gcc 0.0611 0.0344 | 0.0254 0.0349 0.0254 0.8442 0.0254 | 0.0526 48.76
130.1i 0.0341 | 0.0203 | 0.0182 0.0226 0.0182 0.9181 0.0182 | 0.0358 49.63
132.ijpeg 0.0244 | 0.0048 | 0.0036 0.0068 0.0036 0.8793 0.0036 | 0.0175 58.43
134.perl 0.0542 | 0.0230 | 0.0105 0.0295 0.0105 0.8809 0.0105 | 0.0286 63.46
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Table 5 Cache-access time and energy.
Parameters DM 2SA 4SA DM32K P WP DVLS
CH | CM [ WPH [ WPM or CM

Tcache[Tunit] | 1.000 | 1.470 | 1.883 | 1.195 | 3.766 | 1.883 [ 1.883 3.766 1.000
Tasain[Tunit] 10.000
Ecache[Bunit] | 1.00 [ 1.160 | 1.480 | 1.838 | 0.392 | 0.029 [ 0.370 | 1.480 1.090

EMain [Eunlt]

10.000 x (AverageLineSize/128 bytes)

CH: Cache Hit, CM: Cache Miss, WPH: Way-Prediction Hit, WPM: Way-Prediction Miss
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