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The Research on Leakage Power Controlling Policies for On Chip L2 Cache

ZHOU Hongwei, OU Guo dong, Q1 Shur bo, ZHANG Mirrxuan
(School f Computer Science, National University f D¢ense Technolgy, Changsha, Hunan 410073, China)

Abstract:  As featwe size shrinks and the frequency increases, orr chip L2 cache with large capability is the main source of
leakage power in micro processors. Supporting not only the State Preserving but also the State Destroying low leakage power mode,
two leakage power controlling policies for L2 cache are poposed. One isthe Conserved State Preserving and State Destroying ( G-
SP&SD) policy; the other is the Speculative State Preserving and State Dedwying (S SP&D) policy. Only one copy of a data
block in cache hierarchies is in the active mode, the others are turned into the low power mode. The State Destroying mode with
least leakage power should be tumed into at most as possible if no obvious performance cost occurs. Compared with the traditional
leakage power conirolling policies for L2 cache, G SP&D policy can save the leakage power of L2 cache more efficiently without

obvious performance cost; S SP&SD policy can save the most leakage power of 1.2 cache and reach the bes energy efficiency of
whole processor.

Key words:  level 2; cache; leakage; power

131 o4
1 (3] cache
) SRAM ,
, . Ler, (GaedVdd) L8] ,
, s cache(Drowsy cache) (6.7
. , ( «
140 U, 70nm , ) cache
121, ) ( StatePreserving, SP) , SP
L2 cache , . cache( Sleep cache) (591
cache , , ( State Destroying, SD)
» SD cache ,
, , . cache ade
: 2007 09 03; : 2008 01- 11

(:No. 60703074)



8 cache 1533
cache : SpP SO,
SP SP SD
Decay- SP s SD s
Decay-SD
cache ) , L1 cache )
L2 cache , L1 cache , , SP
L2 cache s s . SD SP
JLinLi ' 12 Set Reset
cache ( Spear ] ¥4 ﬁé? gﬁ
lative State-Preserving, S-SP) ( Spear
lative State-Destroying, S-SD) [2 cache 7%
LI cache , L2 cache wa
sp SD .
( Conservative StateDestroying, C-SD) , = Py
LI cache “«o7, Bl 1 L2 cache f7fif 517G I i il FL B
L.2 cache SD
L2 cache 3
: SP D . 12 cache , G
Sp 16% el SP&SD S SP&SD L2 cache
SD 0. 12 cache SP SD
, , 12 cache ,
cache SD .Y.Meng M cache ,12
cache SP SD cache ,L1 cache Decay- SP
) cache
) 3.1 CSP&SD
Lin Li 12 cache cache , L1 cache
, SP <D s L2 cache s L1 cadhe
L2 cache : s )
(Conserved StaiePreserving & State-Destroying, C-SP&SD) L1 cache , L2 cache
(Speculative Stae Preserving & State- Destroy . L1 cache
ing, S-SP&SD) cache , L1 cache , L2 cache
, , , . G-SP&SD
s L2 cache
SD . sb 12
SP SD , cache ! L2 cache
“ ( Double-Decay) ” “L1 cache 7 , cache
5 C-SP&SD Decay SP C-SD
s (D)
L2 cache L2 cache , Decay SP ,
s 3 :1V 0.3V 0V, , SP:(2) L1 12
Sp SD .12 cache s cadhe , cadhe
L1 cache cache , L1 cace , L1 cache ,
L2 cache L2 cache L2 cache SP;(3)
] I;1 cache L.2.cache



1534 2008
12 cache Ll cache, LI cche cache s
,L2 cache SP 5 (4) s L1 cache L2 cache
LI cache , cache L1 cache L2 cache s
, 12 cache SD ;(5) . SD
L1 cache L2 cache , SD , 12 cache
L2 cache SD , SD , SD 12 cade
: (0 L1 cache s L1 cache L2 cache ,
, L2 cache S SP&SD 12 cache R
3.2 SSP&SD 12 cache
G SP&SD ) 12 cache
N DI SD L2 cache
SD L2 cache 4 cache
) . C-SP&SD S-SRSD s
, L1 cache 12 cache L2 cache
cache SD 2 . L2 cache L1 cache 2
, Decay- SP S-SD , 12 cache
, S SD 12 cache R
, . SSP&SD s . 1.2 cache
Decay SP S-SD , ,
[2 cache 12 cache ,
3.21
L2 cache Sh L2 cache ,
: SP SD Sh
P L2 cache , 12 12 cache 1.2
cache s
L2 cache ( S-SP&SD
) SP 5 SD « 2
(PreSD) SD 12 cache Sp ’
D, s SO S
SD sb
( ) D , )
SD L2 cache Sh . - LB A
Jaiv ——
SD 2 cache SP % [ W]
( ) Wom | BN
( SP 12 Cache ) , At LY
sp ¢ tD— ] 5 - .
R || EOER || # i
A& Tema (| ]| || W51l
00 Y 0 N
3.2.2 L1 cache T H :
L1 T H
’ W& [=L0& € B Ko
cache LI cache , o1 T‘gﬂ"d PF:'J B 51
1
, 12 cache. ) 1T | 1 =
L2 cache 00—§§‘%é
47 |) 01-4R7 (SP)
D S {n.mmm(msm
; D, : 10-R&EZ % (SD)

. L1 cache

2 L2 cache AR &M



8 cache 1535
i L1 Cache
v-aE | E
{D-m - 5
w-mEMR |6 mom |...
Hotl.eakage (12
ik:?n‘rrtu/ﬂdtl [ S\ 51 . Hotleakage
(SQM) (l SQ) .
SimScalai3. 0 ,
= '-1.L2Cnchc‘f"J T L1 %5 L2Cache [i] d] Al'
R /A ool B T came .
pha21264 , L1
0B L2 Cache cache 64KB, 4 ) 32 ,
) ) N “L1 cache ? , 1 .12
€ BTN R
A B A o cache 1IMB, 2 R &4 )
|| TEEm || e
L& e o O 32 s , 11 .
“If oo ... || VO 100 , 2
= 70nm, 70nm
[ R »| R
3 b€ F 3 s ’ 8 ’ SPEC
& FEE 5 s 7 BE%| CPU2000 9
=0 01 B N1
o1 N1 10 s 300 .
GSP&SD  SSP&SD D SP
B3 cache 772 DB LB “sp Decn e
3 Ll cache 12 cache Hobeid 1) $SD e D p (Stnple
C-SP&SD . Ll cache , yhrid 1) o
(Simple-Hybrid 2) 'Y Meng (OPT
[2 cache Hybrid (1] DK
SO ;  SSRSD . Ll ade Yo ' . "
s S Kaxiras'”! Y Meng '"!
L2 cach ’ - M
cache , 4
’ Ll cach ' ; ( Normalized Instrudions Per Cycle, NIPC) ,
, L1 cache PC IPC ,
(Load/ Store Queue, 1.5Q) L2 cache . DecaySP
. ; fo (Sate e JIPC 0. 8%
Query/ Modify, SQM) . Ll cache 12 cache . Simple-Hybrict 1 ,
LSQ 12 cache > L2 cache L1 cache 12 cache
SQM 1.2 cache SP 12 cache
L1 cache 12 Sp | LIPC
cache ; LI cache 1. 2% . Simple Hybrid-2 ,1IPC
, cache 12 cache 31%), 12 cache
, SQM L2 cache Ll cache L2 cache
L2 cache s L2 cache s, L1 cadhe
L2 cache s
L1 cache L2 cache L2 cache , Smple Hybrid2
, L2 cache . C-SP&SD IPC
1.2 cache L1 0. 9%, Simple-Hybrid-1 s LI
cache 12 cache cache 12 cache s,
SQM 12 cache L1lcache
L1 cache L2 cache , . S SP&SD C-SP&SD
LSQ L2 cache s R 1.4%, L2 cache SD
L2 cache S L1 cache . . 12 cache



1536 2008

. OPT-Hybrid [2 cache
, 1p0|22:5,1639 306.8,224.0 ) )
SO, Simple-Hybrid2 | Decay-sP
o 100 # Simple-
E Hybrid-1
- g% C-SP&SD
@ Decay-SF _5 60 pp—
.  Simple- | E 4
3 Hybrid-1 | 2 ® Simple-
= I | 1 C-SP&sD | 20 } | Hybrid-2
g | | 1 o | | | ® OPT-Hybrid
| i ‘} ‘ ‘ § §-SPASD 0 gec  gzip mef twolf bzip2 art equakeammp mesa average o
E Il | |w Simple- B 6 FrAEfLALEERE EDP
z \ ‘ ‘ | Hybrid-2 |
‘ ‘ i (H[® ()l"l'—llyhnd‘ 6
gzip mcf twolf bzip2 art cquakc;;mmp mesa avc‘mgf .
B4 FrAEfL IPC ,
5 12 cache 12 cache
) 12 cache
Decay SP 12 cache 1.2 cache L GSPESD
74.2%, Smple Hybrid 1 SP&SD
80.3%. C-SPRSD  S-SR&SD 19 cache ,
83.6% 86.3% L2 cache ) . , 3. 6%
Decay-SP Simple-H ybrid 1 . SimpleHybrid 2 86.3% 1.2 cache i 0.9% 1.4%
91.8% 12 cache : . 413%  48.2% EDP.
12 cache SD N , & SP&SD
OPT-Hybrid 97.1% 12 cache 12 cache
,  SSP&SD 12 cache
X100
? @ Decay-SP
3 % 2 Simple- “ 7 S SP&SD
‘%3 Hybrid-1 , S
& 80 0 C-SP&SD
P SP&SD
g 70 0 S-SP&SD
: Simple-
2 60 g Hyh‘:id-z
E ® OPT-Hybrid
2 50 Bl il
gee  gzip mef twolf bzip2 art equakeammp mesa average
B 5 FRMEAL L2 cache I IHEE S 4 % [1] M K Gowan, L. L. Biro, et al. Power considerations i the design
, of the alpha 21264 Microprocessor[ A]. SIGDA Proceedings of
(EDP) . the 35th annual conference on Design awomation [ C]. New
6 EDP York: ACM, 1998. 726- 731.
FDP ] [2] ITRS organization, International Technology Roadmap for
Simple Hybrick2 EDP Semiconductors 2002 Update [ DB/ OL]. http:/ /public. itrs.
' EDPy 11490 | net/, 2002 03 18.
art 0 EDP 306 8;7 [3] Intel corporation, Intel s Breakthrough in Higl K Gate Dielec
) ) - O70- tric Drives Moore’ s Law Well into the Futue| DB/ OL].
Simple Hybric 2 12 cache ’ hitp: / / www. physorg. com/news80. html, 2004 05 12.
’ [4] S Narendra,J Tschanz, et a. Comparative pefformance, leakage
- OPF-Hybrid power and switching power of circuits in 150nm PD- SOI and
’ ’ bulk technolo gies including impact of SOI history effect| A].
EDP Simple-Hybrid-2 SIGDA. Proceeding of VLSI Circuits| C]. Washington: IEEE
C-SP&SD S SP&SD Computer Society, 2001. 217- 218.

© @?&’1-2() 10 China Aczuﬂﬁ%tc%‘louf}r%lﬁﬁéctmnic PublisﬁisrlgRl]F(%yc.skﬁnl’iglﬁlSTr?g&%%ﬁl.n nﬂf?ﬁ]:?/%'\sge%?g}ﬁlﬁll]egtel



1537

cache

caches considering total leakage[ A ]. SIGDA Proceedings of the
conference on Design, Automation and Test in Euope Volume
1] C]. Washington: IEEE Computer Society, 2005. 650 651.

K Flautmer, N S Kim, et al. Drow sy caches: simple techniques
for reducing leakage power[ A]. SIGARCH. P ceedings of the

[6

=

29th annual international symposium on Computer architecture
[C]. Washington: IEEE Computer Society, 2002. 148— 157.
[ 7] , , . LRU- A ssist: Cache
[J]. , 20006, 34(9) : 1626— 1630.
Zhang Chenyi, Zhang Minxuan, et al. LRU- Assig: An Efficient
Algorithm for Cache Leakage Power Controlling| J] . Acta Elec
tronica Sinica, 2006, 34(9) : 1626— 1630. ( in Chinese)

[8] M Powell, SH Yang, et al. Gated Vdd: a circuit technique to
reduce leakage in deep submicron cache memories[ A] . David
B Proceedings of the 2000 International Symposium on Low
Power Electronics and Design[ C]. New Y ork: ACM, 2000. 90
- 95.

[ 9] S Kaxiras,Z Hu, et al. Cache decay: exploiting generational be
havior to reduce cache leakage power[ A]. SIGDA Proceedings
of the 28th Annual Intemational Symposium on Computer Ar
chitecture[ C|. New York: ACM, 2001. 240- 251.

[ 10] L Li et al. Managing Leakage energy in cache hierarchies| J] .

Joumal of Instructiorr Level Parallelism, 2003, 5( 2): 1- 24.

[11] Y Meng, T Sherwood, et al. Exploring the limits of leakage
power reduction in caches| J] . ACM Transactions on Architec
ture and Code Optimization, 2005, 2(3):221- 246.

[12] Y Zhang, D Parikh, et al. Hotleakage: An Architectural, Tenr
perature aware M odel of Subthreshold and Gate Leakage| R].
Virginia: Department of Computer Sciences, University of Vi
ginia, 2003.

, 1980 s

E mail: hongw. zhou@ gmail. com

, 1971 s

, 1982

, 1954



