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Low Power Cache Memories Prioritizing Data

AKIHIRO CHIYONOBU,t SEIICHIRO FuJitt and TOSHINORI SATOt

Considering the priorities of data could improve power efficiency of cache memories. The
cache memories investigated in this paper have different ways regarding access latencies and
power consumption. Two priorities based on criticality and locality are utilized to determine
data location. Several cache access policies are evaluated to reduce power consumption with
maintaining processor performance. The detailed simulations show that the priority based
on locality is better in power efficient than that based on criticality and that 14% of the
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improvement in ED?P is achieved with only 10% of performance loss.
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Fig.1 Critical path.
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Fig.2 The cache memory prioritizing data.
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Fig.3 An example of data allocation.
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Table 2 Benchmark programs.

Benchmark Input Set
gzip input.source
vpr net.in arch.in
gece 166.i

parser ref.in

vortex lendianl.raw
bzip input.source
mecf inp.in

01 0000000

Table 1 Processor configuration.

6 GHz
8 instructions

Clock Frequency
Fetch Bandwidth
Branch Predictor

Insn. Windows
Issue Width
Commit Width
Functional Units

8 instructions

8 instructions

6 Int, 3 FP, 4 Ld, St
Latency
(total/issue)
Register Files
Insn. Cache
Data Cache

L2 Cache
40-cycle swap penalty

Main memory 80-cycle latency

1 K-set 4-way set-associative BTB, 4 K-entry 12-history-length gshare predictor,
64-entry return address stack, 6-cycle miss penalty, updated at commit stage

128-entry instruction queue, 64-entry load/store queue

iALU 1/1, iMUL 8/1, iDIV 32/1, fADD 4/1, f{CMP 4/1, fCVT 4/1, fMUL 4/1,

fDIV 32/1, fSQRT 32/1, Ld/St 2/1

32 32-bit Int registers, 32 32-bit FP regsters

32 KB, 4-way, 32 B blocks, 1-cycle hit latency, 18-cycle miss penalty

32 KB, 4-way, 32 B blocks, 4-port, write-back, non-blocking load,

hit under miss, 3-cycle fast hit latency, 5-cycle slow hit latency, 8-cycle swap penalty
unified, 1 MB, 8-way, 64 B blocks, 18-cycle fast hit latency, 22-cycle slow hit latency,
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Table 3 Energy per access (pJ).

Tag Data
L1 Fast 0.65 11.83
Slow 0.53 9.78

Swap 2.36 43.21
L2 Fast 0.42 43.36
Slow 0.21 21.64
Swap | 1.27 | 130.00

04 D0ODO0O000mMWO
Table 4 Leakage current (mW).

Tag Data
L1 | Fast | 0.36 6.60
Slow | 0.24 4.44

L2 Fast 0.99 101.11
Slow | 0.76 7T
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Fig.7 Access breakdown when using critical path
information.
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Fig.8 Access comparison.
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information for cache access.
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Fig.10 Energy results.

g00OoOOoO000oDOoOO00oDOoObOOOOn sitowd
J0000D0ODO0O0OODO0O00OO0O00 CPI-remain
LIRUOOOOncafast hit O OOOOOOODOOO
go0ooOoOoo0oOoOoOoooooocoOooooboooo
J000oo0o00oooooooOooooooooo
0000oo0o000oooooooooooooog
gobooobOooOooooooobooOoooDbooo
0000000000 OOncafast hitO0OOOOO
goooooOooooooooobooOoooDbooo
O000O0O00D0DOCO0O0O000 cafast_hitO OO
gobooOOoo0oOoOoooooooocoOoooDbooo
jgo0oOo0o0ooooooOooooooooood
000000000000 00O00Onncafast hit 00
gooooooooooogoooog
goobooooooobobooo0boooog
J000oo0ooOoo00ooooooooooooo
gobooooooooooooboooooboooo
goboooooooooboooobooooooDbooo
gobooOooOo0oOooOoDoocoOoOooobooobooo
gobooCoOoOoOoOoOoOoOoopbooOooooobooo
000000 Access JODOODOODOOODODDOO
000000000000 0ODODOOswap OOOO0O
0000000000000 DDOOO0Leak 0OO0O
Jo00o0b0o0obO0o0obOo0obbOOooboOoooOosiow
Joo0oo0oooopoOooooooooooooog
Jo000o0O0o00o0o0ooDOooooooooooo
0000000000 CPI-remainOLRUOODODOO
goooooobooobooooooboboobobooo
000000 CPI-remain0LRUOOOOOOOCOO
CPI-normal OO CPI-remainJLRUOOODOODOO
goooooOooooobooooocoOoooobooboo
gobOood0ooOoOo0oOoOoboooOoOooooboooo
go0oOooO0oOoogooooooooooooooo
nca_fast_ hit 0000000000000 0O00O0OO0O
joo0oO0oooOooooooooooooooog



Vol. 48 No. SIG 8(ACS 18)

@ CPl-normal B CPl-remain OLRU O Slow

1.8
1.6

14 N

1.2 |

ED’P

0.8
0.6
0.4
0.2

gzip vpr gce parser  vortex bzip mcf AVE.

011 0000000000 ED?P
Fig.11 ED?P results.
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Fig.17 The ED?P result of L2 cache.
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