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Data Cache System based on the Selective Bank Algorithm
for Embedded System

Bo-Sung Jung' - Jung-Hoon Lee™

ABSTRACT

One of the most effective way to improve cache performance is to exploit both temporal and spatial locality given by anv program
executive characteristics. In this paper we present a high performance and low power cache structure with a bank selection mechanism that
enhances exploitation of spatial and temporal locality. The proposed cache system consists of two parts, ie., a main direct-mapped cache
with a small block size and a fully associative buffer with a large block size as a multiple of the small block size. Especially, the main
direct-mapped cache is constructed as two banks for low power consumption and stores a small block which is selected from fully
associative buffer by the proposed bank selection algorithm. By using the bank selection algorithm and three state hits, We selectively
extend the lifetime of those small blocks with high temporal locality by storing them in the main direct-mapped caches. This approach
effectively reduces conflict misses and cache pollution at the same time. According to the simulation results, the average miss ratio,
compared with the Victim and STAS caches with the same size, is improved by about 23% and 32% for Mibench applications respectively.
The average memory access time is reduced by about 14% and 18% compared with the he victim and STAS caches respectively, It is also
shown that energy consumption of the proposed cache is around 10% lower than other cache systems that we examine.

Keywords : Temporal-spatial Locality, Data Cache, Dual Cache, Low Power. High Performance
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Average memory access time (AMAT)
= Hit time + Miss rate * Miss penalty......... (4 1)
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System parameters Values
CPU clock 200MHz
L2 Cache None
Memory latency 15/ cpuevele
Memory bandwidth L6Ghytes / sec
Banked cache hit time 1/ cpueyele
FAB hit time 1/ cpucyele




76 ZEHEISBI=EXA HIEAR H2=(20094)

25 . IDMIGKERZD B VTBKBI2B IKBSZB [ STASEKBE._1KBI2 [ proposed

AMAT(cycle)

0

gsort
susan
dipeg
cipeg
lame
mad
tif2bw
tilffmedia
riindaside |
tindaelen =
avarage ]

Bulomatve consumer network office secunty

(& 7) Mibench : ¥ of=a| HZ AlZk

mmam -vmsma_:mm D STASHKBAL 1kB3% O moposed

n.m? o goc crafty  eon mel parser

Spec2000(CINT)

(32 8) Spec2000(CINT) - BF of=a| 2 Alzt

Aunrlwclnl

3 =M mmswmﬂ.mmoﬂm; WEENO: oroposed

25 |
2
1 | i T
05 I 8
|
o 2!

sopu  equoke  facersc  Imadd paigel hcas mesa

Spec2000(CFP)

AMAT(cyele)
o

(Ja‘ 9) SDeCEGOU(CFP) T IJ1IEEI 2 Al

o g wza] H2 Al v AAE vl & BT
g3 Bolx ot

42 28] oluix|

Agkg AN Fxe) vue #z ddes P e
A2 e E
£3}E

52 AAste] F& 5 CACTI 32 (1818 AHE-3td 7419

o2 dE= A% ol9d duA A ZAa
=437 8te] W Fxo| dig oA kA AF

AMuA &HE H7ke7] st AEHE A5 e H53
Atk & =FA AHEEE CACTIY 34 #& 013umel
o, AL 13VE 7Hgsigich v 7t Ade vz 3
o ARbE Gz g A% Ha A Fdsie, W
g A2ge A% &84 Z2aWQ Mibench& AMg-3o] ]
P A AA evA 2HE €7] AF 4L g
2t

Overall_energy_consumption
= number_of_hits * hit_energy_consumption + number_
of_misses * miss_handling_energy_consumption
(4 2)

o} 714 number_of_hits, hit_energy_consumption 2] il
number_of_misses= ZtZ} thAl F 749} ehddd viwrt
Al HE # de} HAAH BiHT Y2 AE ol
2t}

(13 10) Mibencholl Al vl 749} Aetgl 7H42] 4
H) oz & vebd g Zc)h Alehel A9 o] 4w
€ ool A4S H& o F& 4 YA E Holx gt}
Aoz AHPAHE 4, Victim 74, 223 STAS )
el vla AAHoz o 10%9 #He 4H] UAE Kol
o gl dme FE A& vl ouA] Aue] Hlgo
& 91 Victim i+l A5 wHolA Fx AFo] T
Astd AFGARE AlFeke] dole] A¢eR <lste] BE
Aol vre HE oAUA S Lu|EA T AgtE A TF=et
STAS 7141 79 wselA Vietim 7l vls) @& H2
Agoz % oy vzt E7] wiolth afdE £
Tata Aete Y FEE Vietim Aol vls] FL& 4]
AUz & Holi gk mebA AtE el TR dRe
A2 A A% ofvet oyA AH#HPAME v
AHE vuste] FL AJF5E Bole e & F Atk

I“'"““' T nmnu|
TReeres

e
Al
1y

(12! 10) Mibench : Energy Consumption (nJ)

- \

N _

Mibench

5d &

B =R U3y AagddA dolg A de &



LHEE A"

A A F2E Agsides, 7EHor Z2ay 53
E4¢ Agd F AL o437 fEly elF 4] +
Z2 dAsd olF AdE e 24 dyxsg A
A94E HHoZ o437 Y8l A BEE /e F
MAE 2-83 P22 FAHUeY, 44 AG4& 4
2 E5% e 4493 vuE 745y, 2 52 3
Mol F 7lHe 4§ 279 ESER FAHEY 53] F
MY 2-¥a 7= APV AL B vre F=x
dEES Best7] fsted Aty gnelFol ofs A€x
o F 7419 #art & warg oA Fx 5Hod g
go] £, dolH7t & Wad AF 7p5d U F
Mo dedxojzl WAzt obd ohg wWAd dolHE A%
steich olgid Wye F AN FE vzd o F=
AHE Y & ople} oA H: 5o 2 HolHE &
g 7= A4 298 Y £ dE FAHL B
HEo) AlHE AdgAE nad F e F=x B8 ¥
< dlolee] 9 A AAsE FE N n 2o

840 Atd AR AAPLe T2aY 8 B4 HF
g N94E ol &dy] Hd 2% MH FEE AAsA
AIE A94E 98 F A AdYE 98 Wa 7=
olW, A¢tel LuE]Fol o3 4 AN F A F
WAE old & WA g diojH AP & F AEE
A 234 294 9 st wHE dolg
A FEE F MY YT 2719 e E2ER FA
o, FEA e § BEg 2 sEz gL duyx
Aol golstrE AAE )

AEHHd A2 WAY $8 Z2ayds AA HF o
35% olF WA PIo| Yot AL iYL} oo vE
2l 2 A9&e 16Kb FHAM A4e Y 222 7}
A= Victim 70419} STAS 7410l vl zHz 17%, 23% %
32%e] w2 ve] 2 Afe&s ngon, HFE g
d2 AIRE 94 16Kb AFAMY A4, Vietim 7441, 283
STAS 741l vl&} ztzk 10%, 14%, 22l 18%9] A% &
4 s BAch E£9 oy An@EdA g A4 F
Zol dl3] oF 10%9] W& A oUxE Holm gt} HF
vme] HZ A2k vike] 42 dEE aelm 4] duAs
AAAA Hrhol A ety A4 FE2E 71ES] HEHA A
F FEOAM HE RE RPN F2 A% Holx Qi)

1 EH

[1] W. Shiue, S. Udayanarayanan, and C. Chakrabati, “Data
memory design and exploration for low-power embedded
systems,” ACM Trams. Design Automation of Electronic
Systems, Vol.6 Nod, pp.553-568, Oct., 2001.

[2] S. Santhanam, “Strong ARM SA110-A 160Mhz 32b 0.5W
CMOS ARM Processor,” Hot Chips 8 A Symposium on
High-Performance Chips, Aug., 1996.

[3] A. j. Smith, “Cache Memories,” ACM Computing Surveys,

ot

MEIN w3 @12

i}

& 0188 HIOIE W A" 77

14U

:al
Lo

Mo

Vol.14, No.3, pp.473-530, Sep., 1982

[4] Kessler, R. E, Jooss, R, Lebeck, A.and Hil, M. D,
“Inexpensive Implementations of Set-Associativity,” Proc.
of the 16th International Symposium on Computer Architectures,
pp.131-139, 1989.

[5] Norman P. Jouppi, “Improving Direct-Mapped Cache Perfor
mance by the Addition of a Small Fully Associative Cache
and Prefetch Buffer,” 17" ISCA, pp.364-347, May, 1990.

[6] C. Zhang and F. Vahid, “Using a Victim Buffer in an
Application-Specific Memory Hierarchy,” Design Automation
and Test in Europe Conference (DATE), pp.220-225, February,
2004. X

[7] P. ]. de Langen et al, "Reducing traffic generated by conflict
misses in caches,” The 1st ACM International Conference
on Computing Frontiers, pp.235-239, Apr., 2004.

[8] A. Gonzalez, C. Aliagas and M. Mateo, Data Cache with
Multiple Caching Strategies Tuned to Differnt Tyoes of
Locality, Suppercomputing '95, pp.338-347, July, 199,

[9] B. Juurlink, “Unified Dual Data Cache,” Proceedings.
Euromicro Symposium on Digital System Design, pp.33-40,
Sept., 2003

[10] Jude A. Rivers, and Edward S. Davidson, Reducing Conflicts
in Direct-Mapped Caches with a Temporality-Based
Design, Proceedings of the 1996 International Conference on
Parallel Processing, Voll, pp.151-162, Aug., 1996.

[11] J. H. Lee, J. S. Lee, and S. D. Kim, “A New Cache
Architecture Based on Temporal and Spatial Locality, " ].
Systems Architecture, vol.46, pp.1451-1467, Sept., 2000.

[12] A. Naz, M. Rezaei, K. Kavi and P. Sweany, Improving data.
cache performance with integrated use of split caches,
victim. cache and stream buffers, in Proceedings of the
Workshop. on Memory performance dealing with appli
cations, systems and architecture, Conference (DATA)
Sept., 2004.

[13] Guthaus, M.R.: Ringenberg, ].S. Emst, D. Austin, T.M.
Mudge, T.: Brown, RB., “MiBench: A free, commercially
representative  embedded benchmark suite,” IEEE A4th
Annual Workshop on Workload Characterization, Austin,
TX, December, 2001.

[14] Mibench Version 1.0 http://www.eecs.umich.edu/mibench/

[15] Henning, John L., “SPEC CPU2000: Measuring CPU Perfor
mance in the New Millennium,” IEEE Computer, Vol.33,
No.7, pp.28-35, July, 2000.

(16] SPEC Benchmark Suite. Information available at http://
WWW.Spec.org

[17] D. Burger and T. M. Austin, “The SimpleScalar tool set,
version 2.0, Technical Report TR-97-1342," University of
Wisconsin-Madison, 1997.

[18] G. Reinman. and N. P. Jouppi, “CACTI 3.0: An integrated
cache timing and power, and area model,” Compaq WRL
Report, Aug., 2001.



78 EEMZISE=ZX A H16-A2 H2%=(2009.4)

o 8 =

e-mail : leejh@gsnu.ac.kr

1909 RN Ao A2 FeKeHA)
20014 @ADL e sk
2004 Aok 7 ek oA
2008~ A FYFYA e 104

Hol: 2| % P 2] Y F FRdTY zuy
ROELATE e ALY AR NSRS  aywor gy dud Az, A2 delaznzan
W AZE 2 SOC A2 5

38 .24
e-mail : blueking80@gnu.ac kr
2006 4= oigta Ao AS-Fetal(3h
20089 7= ot Ao ASg8aHAAh
20089 ~& A A= AAASE
&} ghapaty




