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Dynamic Switch Strategies of Cache Replacement for an SMT Processor

YOSHIYASU OCGASAWARA, 1t MIKIKO SATO,! MITARO NAMIKIt
and HIRONORI NAKAJOf

An SMT processor aims to gain higher performance by sharing resources such as ALUs and
cache memory among several threads. However, sharing cache memory causes thread conflict
miss which degrades its performance. In order to inhibit thread conflict, a cache replacement
strategy that restricts replaceable blocks for each thread is proposed. However, to compare
with conventional pseudo-LRU replacement, the replacement algorithm which is suitable for
an SMT processor causes performance degradation depending on programs or cache config-
uration such as cache size. This paper proposes two dynamic switching strategies of cache
replacement in order to improve performance. One uses the number of thread conflict miss
as invocator of switching, and the other switches replacement algorithm in each set. As a re-
sult, dynamic strategy shows 1.427 times as high performance as a conventional replacement
strategy. Furthermore, both dynamic switching strategies can be implemented with small
additional hardware cost in less than 3%.
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Fig.1 The performance comparison between pseudo-LRU
and LTN strategy.
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Fig.2 The realization method of pseudo-LRU.
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Fig.3 The realization method of LTN strategy.
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Fig.4 The realization method of both replacement

strategies.
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000000000000000000000000
000000000000000000000000
00SDIDOOO0D00O0D000 LRUOO LTN O
000100000000

00000 (2)0 n000000000 SDIOO
0SDI-n00000000000n=600000
000SDI6 0000000 (1)000 MO 640
000000000000 1/6401.56125%000 0
0000000 LRUOOLTNDOOOOOOOOO
0ooooooo

4.1.2 SDIOOOOO

SDID0NODO0O0O000D00D00D00D00000 50
ooo

0000000000000000000 LTNO
0000000000000 50 (F)MO00000
000000000000000000000000
0000000000000000 LINOOOO0OO
000000000000 LTNOOODOODO 50
(O)MDODO00000O0LINOOOOOODOOOOO
000000000000000000000000
00000000000000000 50 (H)000
0000000000000(H) 000000000
000000000000000000000000
000000000000000 (1)0000000
000000000000 500 1.56125%0000
0000000000000000000 10000
0000000000000050 (D)

000 50000000040000000SDI
0000000000000000000000 (F)O
(G)OH)D()ODDO0D(G)IH)D()D0D00000
0000000000100000000000000
0000000000000000(F)0 LTNOO
000000000000000000080000
000000000000000 3bitx 000 x O
000000000000000000000000
00000000000000000000SDIO0



Vol. 48 No. SIG 13(ACS 19)

Cache Memory Replacement Strategy Cache Memory Replacement Strategy

Index 0 pseudo LRU Index 0 pseudo LRU

Index 1 pseudo LRU Index 1 LTN strategy

Index 2 pseudo LRU o, Index2 LTN strategy

Index 3 pseudo LRU Index 3 pseudo LRU

Index 4

pseudo LRU Index 4 pseudo LRU

06 SONOOODOO
Fig.6 The overview of SON strategy.
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Fig. 7 The realization method of SON strategy.
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Table 3 The processor configuration of simulation.

PC (AT#) 2
Fetch Buffer Size 16
Dispatch Queue Size 32
Reorder Buffer Size 128

Normal Reservation Station Size Simple ALUO 8
Complex ALUO4
LD/ST Reservation Station Size 8
Branch History Table Size 1024 (gshare)
Integer ALU Simple ALUO 3
Complex ALUO 2
FPU Simple ALUO 2
(delay 4 cycle)
Complex ALUO 1
(Mult 17 cyclel Div 30 cycle)
Branch Unit 1
Speculation Depth 4
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Table 4 The cache memory configuration of simulation.

Capacity L1-I-Cache 16 KB
L1-D-Cache 8 KBO 32 KBO 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 1cycle
L1-D-Cache 2cycle
L2-Cache 20 cycle
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Fig.8 The speed up ratio by replacement strategies.
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Table 5 The result of all experiments of a program.
LU MATRIX RADIX
cycle SUR L1D_H_R cycle SUR L1D_H_R cycle SUR L1ID_H_R
L1-D cache 00 LRU 20,011,179 1.000 94.93% 304,959,599 1.000 58.62% 39,206,063 1.000 99.93%
size 8 KB LTN 19,579,758 1.022 94.94% 319,834,358 0.953 55.61% 37,328,615 1.050 99.97%
SDI 20,011,179 1.000 94.93% 310,845,067 0.981 56.66% 39,206,063 1.000 99.93%
SON 19,693,420 1.016 94.94% 306,392,265 0.995 57.75% 37,128,389 1.056 99.99%
L1-D cache 00 LRU 19,248,962 1.000 98.19% 346,332,673 1.000 55.32% 37,256,023 1.000 99.97%
size32 KB LTN 19,000,196 1.013 98.21% 279,284,903 1.240 64.41% 37,127,307 1.003 99.96%
SDI 19,248,962 1.000 98.19% 279,878,305 1.237 64.01% 37,256,023 1.000 99.97%
SON 18,741,264 1.027 99.13% 268,698,431 1.289 66.55% 37,109,821 1.004 99.97%
L1-D cache 00 LRU 18,718,283 1.000 99.68% 344,176,602 1.000 58.79% 37,583,351 1.000 99.97%
sizel28 KB LTN 18,338,424  1.021 99.74% 242,458,443 1.420 75.65% 37,659,372  0.998 99.97%
SDI 18,718,283 1.000 99.68% 262,831,843 1.309 70.33% 37,583,351 1.000 99.97%
SON 18,300,801 1.023 99.75% 241,187,438 1.427 75.96% 37,573,482 1.000 99.97%
*SUR: Speed up ratio **L1D_H_R: L1 D-cache Hit Ratio
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Table 6 The result of all experiments of programs.
LU & RADIX LU & MATRIX RADIX & MATRIX
cycle SUR L1D_H_R cycle SUR L1ID_H_R cycle SUR L1D_H_R
L1-D cache 00 LRU 39,761,514 1.000 95.13% 60,533,836 1.000 72.69% 49,407,371 1.000 50.58%
size 8 KB LTN 43,043,571 0.924 89.88% 58,744,706 1.030 73.87% 50,442,593 0.979 49.93%
SDI 40,497,092 0.982 93.31% 62,090,271 0.975 70.83% 49,407,371 1.000 50.58%
SON 39,888,445 0.997 95.03% 57,440,914 1.054 75.47% 48,381,425 1.021 51.76%
L1-D cache 00 LRU 38,943,112 1.000 97.29% 59,801,400 1.000 74.19% 49,346,307 1.000 50.65%
size32 KB LTN 39,544,058 0.985 95.55% 53,663,857 1.114 78.24% 45,596,141 1.082 56.64%
SDI 41,134,110 0.947 93.17% 53,109,429 1.126 78.82% 45,071,018 1.095 56.87%
SON 39,324,343 0.990 96.50% 52,984,856 1.129 78.57% 42,359,242 1.165 59.08%
L1-D cache 00 LRU 38,016,458 1.000 99.38% 43,369,476 1.000 99.70% 33,614,955 1.000 99.79%
sizel28 KB LTN 38,120,781 0.997 99.30% 43,404,974 0.999 99.69% 33,626,252 1.000 99.50%
SDI 38,106,518 0.998 99.29% 43,410,083 0.999 99.55% 33,638,202 0.999 99.48%
SON 38,140,877 0.997 99.32% 43,415,688 0.999 99.65% 33,633,506 0.999 99.79%

*SUR: Speed up ratio, **L1D_H_R: L1 D-cache Hit Ratio
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Table 7 The replacement strategy condition of execution process of SON strategy (program of much DI).

Execution Time (cycle)
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Table 8 The replacement strategy condition of execution process of SON strategy (program of low DI).

Execution Time (cycle)
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Table 9 The hardware cost of dynamic switch strategies.
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Table 10 The frequency of dynamic switch strategies.
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