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Replacement Strategies of Cache Memory for an SMT Processor

Y OSHIYASU OGASAWARA, MIKIKO SATO,! KOICHI SASADA, ¢
KANAME UCHIKURA,"99 MITARO NAMIKI'* and HIRONORI NAKAJOt

An SMT processor aims to gain higher processor performance by executing parallel threads.
However, the increasing cache misses caused by sharing the cache memory brings performance
degradation. In this paper, we have proposed new cache replacement strategies focus attention
on SMT processor’s cache memory. As a result, new cache replacement strategy shows 1.42
times as high performance as conventional replacement strategy. And new cache replacement
strategies can be implemented with low hardware cost.
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Table 2 The processor configuration of simulation.

PC (AT#) 000 2000 8
Fetch Buffer Size 16 4
Dispatch Queue Size 32 8
Reorder Buffer Size 128 32
Normal Reservation Simple ALU: 8
Station Size Complex ALU: 4
LD/ST Reservation 8

Station Size
Branch History Table Size
Integer ALU

1024 (gshare)
Simple ALUO 3,
Complex ALUD 2
FPU Simple ALU: 2 (delay 4cycle)
Complex ALU: 1
(Mult 17 delayO Div, 30 delay)
Branch Unit 1
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0o 00| 0o oo
NN

Dispatch Instructions

Retire Instructions

Finish Instructions 16

Speculation Depth 4
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Table 3 The cache memory configuration of simulation.

Capacity L1-I-Cache 16KB
L1-D-Cache 8KBO32KBO 128 KB
L2-Cache 512 KB
Way L1-I-Cache 1
L1-D-Cache 4
L2-Cache 8
Line Size L1-I-Cache 32B
L1-D-Cache 32B
L2-Cache 64 B
Latency L1-I-Cache 1 cycle
L1-D-Cache 2 cycle
L2-Cache 20 cycle
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Table 4 The result of all experiments.
LU MATRIX RADIX
cycle SUR LID_H.R cycle SUR LI1D_H.R cycle SUR LI1ID_H.R
L1-D cache 2AT LRU 20011179 1.000 94.93% | 304959599 1.000 58.62% | 39206063 1.000  99.93%
size 8 KB 2AT LTN 19579758 1.022  94.94% | 319834358 0.953  55.61% | 36021814 1.088  99.97%
2AT LSP 20020463 1.000 94.92% | 283632569 1.075  62.86% | 39215516 1.000 99.89%
2AT LTNLSP | 20193543 0.991  93.65% | 324265675 0.940  54.56% | 37453340 1.047  99.95%
8AT LRU 17141217 1.000 95.06% | 376186360 1.000  45.38% | 44554932 1.000  96.44%
8AT LTN 17262666 0.993  94.69% | 378560690 0.994  45.03% | 39655811 1.124  97.01%
8AT LSP 17134884 1.000 94.93% | 376304669 1.000 45.36% | 39031542 1.142  96.60%
8AT LTNLSP | 18798343 0.912  91.04% | 390082870 0.964  43.33% | 37905786 1.175  97.50%
L1-D cache 2AT LRU 19248962 1.000 98.19% | 346332673 1.000 55.32% | 37256023 1.000 99.97%
size32 KB 2AT LTN 19000196 1.013  98.21% | 279284903 1.240 64.41% | 37127307 1.003  99.96%
2AT LSP 19206246 1.002  98.19% | 297785289 1.163  61.58% | 37229852 1.001  99.96%
2AT LTNLSP | 18938278 1.016  98.24% | 294237701 1.177  61.96% | 37053105 1.005  99.96%
8AT LRU 16718506 1.000  98.00% | 359259753 1.000 47.88% | 40795238 1.000  99.96%
8AT LTN 16713745 1.000 97.93% | 325100191 1.105 53.37% | 40641101 1.004  99.96%
8AT LSP 16307401 1.025 98.56% | 344344549 1.043 51.15% | 40701312 1.002 99.97%
8AT LTNLSP | 16663763 1.003  98.10% | 343984083 1.044 51.02% | 40774106 1.001  99.96%
L1-D cache 2AT LRU 18718283 1.000 99.68% | 344176602 1.000 58.79% | 37583351 1.000  99.97%
sizel28KB ~ 2AT LTN 18338424 1.021  99.74% | 242458443 1.420 75.65% | 37659372 0.998  99.97%
2AT LSP 18717661 1.000 99.68% | 294548861 1.168  64.82% | 37763202 0.995 99.97%
2AT LTNLSP | 18340853 1.021  99.79% | 274815395 1.252  66.36% | 37762733 0.995  99.97%
8AT LRU 16545703 1.000  99.68% | 314912657 1.000 55.04% | 40021006 1.000  99.97%
8AT LTN 16498829 1.003  99.69% | 264683661 1.190 63.14% | 40054154 0.999  99.97%
8AT LSP 16475736 1.004  99.68% | 306281689 1.028  56.10% | 40029149 1.000 99.97%
8AT LTNLSP | 16407969 1.008  99.42% | 277636682 1.134  60.70% | 40027090 1.000  99.97%

*SUR: Speed up ratio **L1D_H_R:L1 D-cache hit ratio
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Table 5 The hardware cost of replacement strategies.

ooooo 00 LRU[ LTN [ LSP [LTN+LSP
SMT Processor (P) 8366
Cache Memory (C) 2937 2853 3565 3489
Block RAM number 32 32 32 32
P+C 11303 11219 11931 11855
ooooooooo 0% —0.74% | 5.56% | 4.88%

06 O00D0DODODODODOOOOOO
Table 6 The frequency of replacement strategies.
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