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Use of Dynamic Optimization System for Energy Reduction.

TOMOAKI UKEZONOt and KIYOFUMI TANAKA'

Recently, leakage power in cache memories is growing. In past studies, techniques that
reduce leakage energy in cache memories by partial inactivation, or techniques that find cache
areas to be inactivated were proposed. In this paper, the dynamic optimization system,
HDOS is used to detect cache areas to be inactivated. The HDOS can analyze memory
access patterns by tracing effective addresses and find instructions that reference data with
low-temporal locality. We propose a technique that controls energy according to the analysis.
The evaluation results for 19 programs in SPEC CPU 2000 show that the proposed technique

1959

can reduce leakage energy in L2 cache memory by up to 81%, or by 18% on average.

1. 0000

O000000o00ooOO0oo0oooOooooooo
0o0ooo0ooOoooOo0oooooOoooOoooo
00o0ooo0oooOoooooooOoOooooooOoo
Oo0o0ooooooooo0ooooooooooo
O0o0o0oo0oo0OoooooOooooooooodg
ooooo0ooo0oO0oooOooo0ooooooooo
oo00o0oo0ooo0ooooooooooooo
ooo0ooo0ooo0oooooooooooo
o00oo0oo0oo0oooooooooooo
oo0oo0oooooo0oo0ooo0ooooooo
Oo0o0ooOo0ooooooUoooUooooOoo
ooooooooooooo

0000000000 ooO0oooooOooooOoO
O0oo0ooooOoooooOooooOooooooooo
00000000000000 gated-VddY O cache
decay2)DDDDDDDgated-VddDDDDDDDD
O00000 SRAMOOO GNDOOODOOOOO
oo0o0o0oooooooooooooooooo
O000000O00o00O00000000 SRAMO

tooooooooooooo
Japan Advanced Institute of Science and Technology

000000000000000000000000
0000000000000000000000000
0000000D00000000 200000000
0 gated-VddOODOODOODODOOODOODO
0000000000000 00000000000
000000000000 200000000000
0000D0Ocache decay O gated-VddO OO OO0
0000000000000 0000cache decay 00
00000000000 dead time00000000
00 dead time 0000000000000O0O0O0
0000000 deadtime 000000000000
0000000000000 D00000000000
oDoooooo

cachedecay OO0 0O00OO0DODOOODODOOO
00000000000 00D00D000000000
000000000000000000000000
00000000000 Software Self-Invalidation®
000000 dSoftware Self-Invalidation 0 0 O 00O
O Self-Invalidation®® 0 0000000000000
0000000000000000dOSelf-Invalidation
0000000000000 00000000000
00000000000 Self-Invalidation D 0000
000000000000000000000000



2 ooooooooo 1959

0o0oo0obooooOoooooooobooooono
Ogo0oo00ooooooooooboooooooooono
Jgoo0odbOoobooDboobooboooooon
goo0odooobooooobooooooooooon
goooooooboboboboboboboboo
Software Self-Invalidation O 00000000000
gooooooobbbbbooooouoooooo
0000000000000 DO0 last touch OO
gobooooobooobobobobuooboboboon
00000 invalidation OO OO OFFOOOOOOO
O0000OOcachedecay 000000000000
godoboooOoobobooooboboooo

Software Self-Invalidation O last touch 00 0O 0O
goo0ooooooobooboboooboooon
gobobooboobooboboboobobboon
gobooobooboboobuoobooobnbooo
goboobobooboboboboobobboon
gobooboobobobobooboobboboboon
gobooobooboboobboboobobboon
Joddodooboo0oo0oooooooooooo
goo0ooooooobooboboooboooon
gooooooobooooboobobooo

Jo0ooo0o0o0oboooboboooboooooon
0 HDOSOUOOOOOOOOO (Dooooouo
00000000)000000000000Software
Self-Invalidation 0000 O000O0O0HDOSOOOO
00000000000000000%70HDOSO
goboobooooboboboobooboboboon
goboobooboboobuooboobbooboon
0000000 HDOSOOOOOOOOooDoOOooOo
goooOooobooooooooooooooon
goo0oobOoooobooboooobooooon
0ooD00000D0D0000O0D0oooooo®on
goooooobooboooooooboooooo
goooocpUO00O000OOOODOOOOOOOOO
gooboobboboboboobboooboon
HDOSOOOOOOOD 100000000 0OHDOS
ggooobooboboda

2. HDOS

goooobboboboooobbboooooobo
00 Hybrid and Dynamic Optimization System
(HDOS)OUoOoooooooo

HDOSOOOOOOOOOOoOoooooooooo
00000000000 User Definable Trap (UDT)
ooSOooonooooooooooooooooog

Reorder Buffer

Trap Definition Table
| BEQ ALWAYS

— BNE TAKEN

BACKWARD-
TAKEN

ALWAYS

| BGT

=1 LDBU

— LDL ALWAYS

— LDQ ALWAYS

Insert by Software Interface

Commit to Register

refer to TDT

Trap Event
Driver

Store Retired RBE|

RRBE Buffer

On TDT Hit, the Trap occur
0 1 User Definable Trap (UDT) OOD0OO0O.

Read by Software Interface

000 20000000000000000HDOSO
000 uUDTOO 2000000001000000
00o0O0oO0o0ooooOOOooOoOoooooooooo
000000000 000Ooooooooooo CPU
0oooooocpubOOoOooooOOoOOOOOOg
O000ooOoooooooooooocpPUOOOO
000000000oooooooooooooooo
00000ooooooooooooubTooog
oooooOo0oooooOopoOoOodooooDoooo
ooooO0O00o0Ooooooooooooooooo
ooooQooopoooo200p00D00000000
oooopoOoOoooooOopoOoOoOoooooDoooo
000000o0o0oooooooooooooooo
000000oo0ooooooOooooooooooo
O000o0ooooOooooooooooooooon
UDTOOOO0O0O0OOOOOOOOOOOOOOOO
000000ooooooooooooooooon

UDTOOOOOOODOOOOOOCO 10000

0 10 Trap Definition Table 000000000
oooooOoOo0oooooooDOoOoOoooooooo
goooopooUoooooooOoUooooooooo
0000o0oo0oooOo 2000000000000
00010000000000 100000000d
00o0oooOoOooooo3soooooooooooo
BGTOOOOOOODO TakenOOOOOOOOODO
OO0 pCOOOOOOOOOOODOOOOOOOO
OO00D000O0O0UDTO Reorder Buffer 1 0 OO0
000000000 Trap Definition Table 00 0O O
oooooOooooDOoOoUoOoOooooooDoooo



Vol. 0 No. 0

int arrf[CACHE_SIZE*2];

For (inti=0; i < L2_CACHE_SIZE*2-1; i++)
arr[i] = arr[i] + arr[i+1];
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