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Abstract

This paper proposes on-chip instruction and data cache memories on RISC reduced instruction
set computer) architecture which supports fast instruction fetch and data read/write, and enables
RISC processor under research to obtain high performance. In the execution of HLL (high level
language) programs, heavily used local scalar variables are stored in large register file, but arrays,
structures, and global scalar variables are difficult for compiler to allocate registers. These problems
can be solved by on-chip Instruction/Data cache. And each cycle of instruction fetch, pad delay
causes the lowering of the processors’s performance.

Cache memories are designed in CMOS technology and SRAM (static-RAM), that saves layout
area and power dissipation, is used for instruction and data storage. To speed up and support RISC
processor’s piplined architecture efficiently, hardwired logic technology is used overall circuits i
cache blocks.

The schematic capture and timing simulation of proposed cache memorises are performed on
Apollo DN4000 workstation using Mentor Graphics CAD tools.
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Design target miss ratio

1. A4 =l=zele) dAAG A4S A48 DTMR
Table 1,

DTMR for decision of cache memory design spec.

Design Target Miss Ration for Unified Caches
Cache Block Size 16 Bytes Block Size 32 Bytes Block Size 64 Bytes
Size |8-way |4-way |2-way | l-way |8-way |4-way |2-waz | 1-way |8-way |4-way |2-way | l-way
1K 0.210 |0.219 10.239 |0.288 |0.162 |0.170 [0.188 |[0.244 [0.137 {0.144 {0.162 |0.229
2K 0.170 10.179 |0.197 |0.240 |0.124 {0.130 10.146 |0.188 |0.098 |0.104 ]0.118 |0.163
4K 0.120 |0.126 {0.140 |[0.172 |0.082 |0.087 [0.097 {0.126 [0.059 ;0.063 |0.072 ;0.099
8K 0.080 10.084 |0.093 [0.116 |[0.052 |[0.053 [0.059 10.077 {0.033 [0.035 |0.040 |0.055
16K 0.060 [0.063 [0.069 [0.088 [0.036 [0.038 |0.042 [0.055 |0.023 |0.025 {0.028 _0. 038
32K 0.040 [0.042 10.046 [0.059 [0.024 |0.025 |0.028 ]0.037 }0.014 [0.015 |0.017 |0.023
Design Target Miss Ratios for Instruction Cache
Cache Block Size 16 Bytes Block Size 32 Bytes Block Size 64 Bytes
Size 8-way | 4-way | 2-way ( I-way | 8-way | 4-way | 2-way | 1-way | 8-way | 4-way | 2-way | 1-way
1K 0.200 | 0.211 10.234 | 0.271 1 0.134 |0.140 [0.155 1 0.179 | 0.098 | 0.104 | 0. 115 | 0.133
2K 0.150 [10.159 |0.179 | 0.210 | 0.098 | 0.103 | 0.117 | 0.139 | 0.068 | 0.072 | 0.082 | 0.097
4K 0.100 | 0.106 | 0.120 | 0.143 | 0.063 | 0.067 | 0.076 | 0.091 | 0.043 | 0.046 | 0.053 | 0.063
8K 0.060 {0.064 |0.072 |0.089 |0.037 |0.039 |0.046 | 0.056 | 0.023 | 0.025 | 0.028 | 0.035
16K 0.050 [ 0.053 |[0.060 |0.078 |0.029 {0.031 }0.034 |0.045 | 0.018 | 0.019 | 0.022 | 0.029
32K 0.030 {0.033 |0.038 |0.046 | 0.017 | 0.018 | 0.021 |0.027 | 0.010 | 0.011 | 0.011 | 0.016
Design Target Miss Ratios for Data Cache
Cache Block Size 16 Bytes Block Size 32 Bytes Block Size 64 Bytes
Size 8-way | 4-way | 2-way | l-way | 8-way |4-way |2-way | 1-way |8-way |4-way |2-way | l-way
1K 0.160 |0.170 [0.192 |0.244 [0.138 {0.146 |0.166 [0.216 |0.147 |0.150 |0.170 |0.227
2K 0.120 |0.127 [ 0.143 |0.183 |0.094 [0.106 |0.114 ;0.149 |0.084 |0.089 |0.102 |0.138
4K 0.100 |0.106 [0.117 |0.148 [0.070 |0.075 |0.084 |0.109 |[0.054 |0.058 |0.067 |0.090
8K 0.080 |0.084¢ |0.092 {0.118 |0.053 |0.056 |0.061 |0.081 |0.039 |0.042 | 0.047 |0.064
16K 0.060 {0.062 {0.068 {0.084 |0.039 |0.041 |0.045 |0.058 |0.026 |0.028 |0.031 |0.042
LBZK 0.040 |0.041 [0.045 [0.055 [0.025 |0.026 0,028 [0.037 |0.017 [0.018 |0.020 {0.027
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Table2. System cycle time of various processors.
Machine Pipeline Cycle Time
RISC[I 3 330ns (12MHz)
AM23000 4 40ns (25MHz)
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MIPS LR2000/16 5 60ns (17MHz)
MIPS-X 5 50ns (20MHz)
SPUR 6 100ns (10MHz)
MC 88000 4 50ns (20MHz)
1860 4 25ns {40MHz)
HyRISC 4 60ns (17MHz)
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