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Associativity-Variable Cache Using Victim Cache with Access
Limitations

Abstract: This paper proposes an associativity-variable cache memory scheme introducing a bit for access
limitations in each cache entry, based on its frequency of use. This scheme can reduce the energy consumption
by restricting access for each L1 cache entry and each victim cache entry, keeping enough performances. By
performing experiments, the effectiveness of the proposed scheme is confirmed.
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Fig. 1 Proposed cache architecture
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Table 1 Processor configuration

Parameter Cnfigurations
Type L1 Instruction Cache
Size 16 KBytes
Associative 4
Block Size 32 Bytes
Flag Reset Interval 8192
Victim Cache Entry 16
L1 Cache Latency 1 Cycle
Re-access Latency 1 Cycle
Victim Cache Latency 1 Cycle
L2 Cache Size 256 KBytes
L2 Cache Latency 6 Cycles
Main Memory Latency 32 Cycles
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Table 2 Benchmarks used in simulations

Name Application
Dhrystone Integer benchmark program
FFT Fast fourier transform
Rijndael Private key encryption algorithm
SHA Secure hash algorithm
Camellia Common key cryptosystem

Dijkstra
String Search

Single-source shortest path search algorithm

Boyer-Moore string search algorithm
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Fig. 2 Nomalized number of misses in each architecture
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Table 3 Victim cache accesses

CVvC LVC  Savings
Dhrystone | 58,481,027 1,271,088  97.8%
FFT 68,767,584 34,021,298  50.5%
Rijndael 71,549,290 71,531,447 0.0%

SHA 33,676,727 7,040  99.9%

Camellia 4,590,341 1,815,985  60.4%
Dijkstra 55,136,809 663,662  98.8%
String Search | 12,167,340 4,201,693  65.5%
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Table 4 Dynamic energy consumption for each access

4way+VC  16KB 4way 12KB 3way 8KB 2way 4KB lway 256KB 4way (L2)
Energy [nJ] 0.0449 0.0386 0.0286 0.0185 0.0114 0.157
Savings -16.2% 0.0% 26.0% 52.1% 70.6% -306.0%
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Fig. 3 Nomalized number of cycles in each architecture

oobooooooooooboooooooooobooooo
ooo0o.0o0ooocoooooobMO,000000
coboooooooooooobooOobogo. ogo
cooooooboooboooooo,obcooboooooo
cooooooboooboooooooooo,booobooo
coooooooooooo. oo,co00b00obooo
coooooobooooooooooobooooooooon.
ocooOooooobMOOOOCOOOOOOOOOO0OO
oo0O0oo0O.o000 cvecoooo,0o000oooooo
coooooobooooboooo,0c0oobooboocoooo
oooo0oooo0oopboo.0o0,Lo0LvCcooon
o0bMOOOOOOOOOOOODOOO,LOO LVCO
ooooo,o0o0o0000000000000 LODOOO
o0ooo0oo,Lveo0oooooooooo. oo, O 4,
0500,L00 LVCO Rijndael 0000 16KB 4way O
oooooooooooooooooo0.ooo,Lono
Lvcoooooooooooooo,ccoooononon
cobooboooooocoobooooooboOooobooooo
OO. Rijndael OO0 LVCOOOOOOOOOOOOO, O
coooooobooooOooooooooo,bobocooboOoo
cobooooooooooOooobooobobooooo. o
coo,000000C0c0O000000CcO0bOb0cOobOOon
coooooooocooooooooo. Lveoooao,
cooooooboooboooooooOoobo,booboo
coooocooo.
Os000000000O0O00000OC0O0O0O0O00 LVC
cooooooooo.ooooo,cooogoooooo

2014 Information Processing Society of Japan

K K N
Dhrystone FFT Rijndael SHA

Camellia

Dijkstra ~ String search

LVC mmmm | O xXxXxXCVC &&xx®@ DM =<3 CC

04 0O0OO00OODOODOODOODOOOO
Fig. 4 Nomalized dynamic energy consumption in

each architecture
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Table 5 Average dynamic energy consumption

for each access (nJ)

CC CVC DM LO LvC
Dhrystone 0.0387 0.0449 0.0234 0.0194 0.0196
FFT 0.0416  0.0477 0.0276  0.0351  0.0380
Rijndael 0.0537 0.0598 0.0388 0.0537 0.0598
SHA 0.0387 0.0449 0.0123 0.0129 0.0129
Camellia 0.0455 0.0514 0.0347 0.0362 0.0385
Dijkstra 0.0387 0.0450 0.0124 0.0138 0.0139
String Search 0.0391 0.0449 0.0202 0.0307 0.0328
All benchmarks | 0.0423 0.0484 0.0242 0.0288 0.0308
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