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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. This pa-
per proposes two dynamic switching strategies of accessing L1/L2 cache in order
to improve performance. One uses the number of cache miss as switching, and
the other switches accessing algorithm in each set. Dynamic switching strate-
gies adjust number of thread in L1 Cache memory in order to reduce thread
conflict miss. As a result, dynamic switching strategies show 1.022 times as
high performance in average and 1.106 times in max as a conventional cache
access. Furthermore, both dynamic switching strategies can be implemented
with small additional hardware cost in less than 3%0
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Table 1 The processor configuration of simulation.

PC (AT#) 2
Fetch Buffer Size 16 8
Dispatch Queue Size 32 16
Reorder Buffer Size 128 64
Normal Reservation Station Size | Simple ALUO8 O Complex ALUD 4
LD/ST Reservation Station Size 8
Branch History Table Size 1024 (gshare)
Integer ALU Simple ALUO 30 Complex ALUO 2
FPU Simple ALUO 2 (delay 4cycle) O

Complex ALUO 1
(Mult 17 delayO Div, 30 delay)
Branch Unit 1

02 00000000000000C00DOOO0O0O0DO

Table 2 The cache memory configuration of simulation.

Capacity L1-I-Cache 16 KB
L1-D-Cache | 8 KBO 16 KBO 32KB
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 10 cycle
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Table 3 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  2AT Normal | 24,723,542  1.000 95.57% 67,119,865  1.000 76.54% 24,107,053  1.000 99.11%
size 8 KB 2AT CHR 24,856,843  0.995 96.02% 63,089,180 1.064 84.69% 24,107,053  1.000 99.11%
2AT SAC 24,809,831  0.997 96.56% 63,598,664  1.055 83.77% 24,107,053  1.000 99.11%
4AT Normal | 17,485,162  1.000 94.22% 70,070,801  1.000 53.32% 22,540,158  1.000 95.52%
4AT CHR 17,368,486  1.007 95.26% 63,863,881  1.097 74.93% 22,468,111  1.003 96.09%
4AT SAC 17,268,942  1.013 95.51% 64,829,496  1.081 72.82% 22,368,998  1.008 96.26%
L1-D cache  2AT Normal | 23,582,499  1.000 98.14% 55,128,480  1.000 89.38% 24,057,835  1.000 99.16%
size 16 KB 2AT CHR 23,582,499  1.000 98.14% 53,828,952  1.024 93.65% 24,057,835  1.000 99.16%
2AT SAC 23,582,499  1.000 98.14% 53,489,248  1.031 94.09% 24,057,835  1.000 99.16%
4AT Normal | 16,530,310  1.000 96.81% 54,409,762  1.000 83.32% 21,229,509  1.000 98.84%
4AT CHR 16,530,310  1.000 96.81% 51,683,977  1.053 88.98% 21,229,509  1.000 98.84%
4AT SAC 16,530,310  1.000 96.81% 52,039,810  1.046 87.72% 21,229,509  1.000 98.84%
L1-D cache  2AT Normal | 22,462,504  1.000 99.21% 50,077,622  1.000 94.45% 24,008,386  1.000 99.24%
size 32 KB 2AT CHR 22,462,504  1.000 99.21% 49,276,434  1.016 95.65% 24,008,386  1.000 99.24%
2AT SAC 22,462,504  1.000 99.21% 49,136,898  1.019 95.78% 24,008,386 1.000 99.24%
4AT Normal | 15,838,703  1.000 98.85% 48,818,699  1.000 93.08% 21,201,864  1.000 99.23%
4AT CHR 15,838,703  1.000 98.85% 47,489,198  1.028 93.89% 21,201,864  1.000 99.23%
4AT SAC 15,838,703  1.000 98.85% 47,183,838  1.035 93.98% 21,201,864  1.000 99.23%

*SUR: Speed Up Ratio, **L1D_H_R: L1 D-cache Hit Ratio
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Fig.9 The speed up ratio by dynamic switch strategies of accessing L1/L2 cache.
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Table 4 The result of all experiments of programs.

LU & RADIX LU & MATRIX RADIX & MATRIX
cycle SUR L1D_H.R cycle SUR L1D_H_-R cycle SUR L1ID_H_-R
L1-D cache  2AT Normal | 37,416,129  1.000 94.65% 49,359,770  1.000 80.42% 34,782,973  1.000 73.54%
size 8 KB 2AT CHR 37,269,860  1.004 95.01% 47,336,786  1.043 85.68% 32,786,483  1.061 83.08%
2AT SAC 37,083,698  1.009 95.23% 47,469,863  1.040 84.33% 32,853,698  1.059 82.22%
4AT Normal | 26,457,060  1.000 93.94% 52,751,944  1.000 71.55% 37,288,137  1.000 51.48%
4AT CHR 26,218,036  1.009 94.25% 48,888,967  1.079 79.23% 33,699,863  1.106 71.98%
4AT SAC 26,136,909  1.012 94.57% 49,299,369  1.070 78.71% 33,998,648  1.097 70.72%
L1-D cache  2AT Normal | 35,922,369  1.000 96.45% 43,644,826  1.000 89.92% 28,735,531  1.000 88.38%
size 16 KB 2AT CHR 35,922,369  1.000 96.45% 42,969,869  1.016 92.09% 27,990,360  1.027 93.56%
2AT SAC 35,922,369  1.000 96.45% 42,769,893  1.020 93.30% 27,853,684  1.032 94.03%
4AT Normal | 25,066,694  1.000 95.21% 41,126,941  1.000 87.70% 28,230,709  1.000 83.96%
4AT CHR 25,013,698  1.002 95.50% 39,869,806  1.032 89.53% 26,936,986  1.048 87.93%
4AT SAC 24,987,860  1.003 95.76% 39,698,179  1.036 89.72% 26,869,863  1.051 88.01%
L1-D cache  2AT Normal | 35,209,239  1.000 97.85% 40,081,754  1.000 94.90% 25,850,939  1.000 94.45%
size 32 KB 2AT CHR 35,209,239  1.000 97.85% 39,776,183  1.008 95.79% 25,428,981  1.017 95.46%
2AT SAC 35,209,239  1.000 97.85% 39,563,689  1.013 95.93% 25,329,686  1.021 95.68%
4AT Normal | 24,211,676  1.000 97.13% 37,986,246  1.000 93.71% 25,294,047  1.000 92.88%
4AT CHR 24,211,676  1.000 97.13% 37,469,860 1.014 94.70% 24,636,983  1.027 93.98%
4AT SAC 24,211,676  1.000 97.13% 37,303,698  1.018 94.82% 24,518,618  1.032 94.08%

*SUR: Speed Up Ratio, **L1D_H_R: L1 D-cache Hit Ratio
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Fig. 10 The performance comparison by ND value (program of high thread conflict misses).
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Fig.11 The performance comparison by ND value (program of low thread conflict misses).
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Table 5 The hardware cost of dynamic switch strategies.

goooo Normal CHR SAC
SMT 8366
Cache 2987 3056 3326 O
Block RAM # 32 32 32
SMT + Cache 11353 11422 11692
000 (%) 0 0.61 2.98
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Table 6 The frequency of dynamic switch strategies.

Normal CHR SAC
0000 (ns) 19.769 | 19.987 | 20.003
ooooo (MHz) 67.956 67.621 67.298
ooo (%) 0 0.49 0.97
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