ZE|OICI LWEE ALHEE 21T MEE OO0 i 2

101

Hejm|to] WA Al&RE A%t AXF diolg M4 AA

d4#e dHele Ml avse g AladdA wEde vBFe ofF Fasin, 53] AT HrAE HZHZ o857 3o &
£ EAS #4838k 23 (on—chip) Mg Tz HAY} Bed 2 =RdAe HEndo] 3£ A% WAY AxHeM AAZE A3
o e gFoz AAHJOY $4T %S Hol: HolH A4(data cache)’t Atelch A¢HE AHde AL £& gol TRAY &
A7 a2 AAYENS ol8std F S84 dole AHA(data locality) & FIHOR UFY 5 URE A& 5 & AYshe
4KB &%9] AP M (direct-mapped cache)t & E%& A 9ske 1KB £%9 @ WH(fully-associative buffen@ T4 2tk
A 5KBY) &L AMH EF0E A% A% AHE RAAs) s dEHte] 89 gnEFE 54& /HeR &8 HEHA dF EE A
9% (adaptive multi-block prefetching) 713 &3}d &2 dE = (effective block filtering) 718l AU ANEH o)A Ao wew At
% 5KB A4l 7129 16KB 4-way ATA# 7149} %%—f& g BoldAM A AY WM E 40% o9 #AE ol ok

Fl

o

FI91E : HIOIE H4f, LEE AIAE, HE[OICI0], HHY

An Area Efficient Low Power Data Cache for
Multimedia Embedded Systems

Cheong-Ghil Kim" - Shin-Dug Kim"

ABSTRACT

One of the most effective ways to improve cache performance is to exploit both temporal and spatial locality given by any program
executional characteristics. This paper proposes a data cache with small space for low power but high performance on multimedia
applications. The basic architecture is a split-cache consisting of a direct-mapped cache with small block size and a fully-associative
buffer with large block size. To overcome the disadvantage of small cache space, two mechanisms are enhanced by considering operational
behaviors of multimedia applications: an adaptive multi-block prefetching to initiate various fetch sizes and an efficient block filtering to
remove rarely reused data. The simulations on MediaBench show that the proposed 5KB-cache can provide equivalent performance and
reduce energy consumption up to 40% as compared with 16KB 4-way set associative cache.

Key Words : Data Cache, Embedded System, Multimedia, Low Power
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Hgog DMCE A A3E 59 AA H]E‘E He Fu
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Fetch signal distribution
Benchmarks
32-bytes 64-bytes 9%6-bytes
MediaBench 41.72% 24.09% 34.17%
MiBench 43.95% 22.32% 33.79%
SPEC2000 79.40% 10.44% 10.15%
(% 2) 8 Zejg H|&
Filtering ratio
Benchmarks
To DMC Trashed
MediaBench 55.29% 44.70%
MiBench 67.47% 32.53%
SPEC2000 93.23% 1.77%

S8 534 F 7HA AAYEFY
d, AMBP¢t EBF 7|¥o] €% 3§ Z=2Iad2 i
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o e
45e Hsd 5

fot 7l r{r 2
o 3o

42 M Aujg3t Ho o=z 2 Az

Yty oz Jl4fe] A% Ve AZEMN HZ A4
&(miss ratio)® BT wEZg P2 AIHAMAT : average
memory access time)2 AFE T B AYPgAE RAY A
2o A dutxd oz AEHE A4 TR Atd A%
o AT A9&S vusiA "ot 7]&9 AP Adde
DM=2 ®7]3l3len “16KB-32b"e 32-byted] £F Z71E
7k2 16KB 74 2718 vebdch 2-way AEA#E A
4~way AFAR A AF 2wek 4W=E BAEETH
Victim 714= VT2 EAEHY 4719 dEZE 2= vHE
7F3 84t} Parallel stream cache$} Serial stream caches
Zbzt PSC9 SSC2 EAISHAT ol & 419 EF Ato]z
FEHOZ 32-byte o|H &FE 16KBolth. 183 A¢d
AHE JetlE “4KB8b-1KB32b"E 8-byte BE3A71E 7}
7 4KB AFdA# A1(DOMO) 9 32-byte £F 2715 7HA
1IKB ¢Ad% MHFAB)E el glon, AA &2
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Multimedia applications: MediaBench

(3% 2) MediaBench : HZ Almjg
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Embedded applications: MiBench

(22! 3) MiBench : ®Z Alullg
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General applications: SPEC2000 benchmarks
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Average memory access time

= Hit time + Miss rate * Miss penalty (54 1
A71A kit timeE AN HFS AZlsied dee

AlZrol ™, miss penalty= A+ HZ Aul A ol& AHse

g FrbHE *I7P°l‘:} AlEe el e A8 s FAA

9 WE FEL K oz AT olF e WSy
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System parameters Values
CPU clock 200 MHz
L2 cache None

memory latency 15 /cpucycle

memory bandwidth 1.6 Gbytes / sec

DMC hit time 1 /cpucycle

FAB hit time 1 /cpucycle

Average memary access time {cycles)

Average memory access times (cycles)

Average memory access time (cycles)

@ DM-16KB-32h & vT-16KB-32b O o KB
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h B S50 -
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Embedded applcatons: Miench
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Generai applications: SPEC2000 benchmarks
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4-way FHAH AA% le}a} of 48%9) AL &%
AAEA F5E A5 A2 vk U A A
£ HusRE o AdA AAZE F 3 FRE A
dE EBFstn dAHoR oF 2w F4E HALE
T ALY 9% &5 H9E} £5 FHY Jlee 98
-%7}24% AEg=Aol 9237 WZelh

F7HH oz, ol (4 DE o] &3t AAY T2

haad

R do do [N wo rir o

B

energy_cache = (average_power * average_access_time)
* CaChe referenceCOUNL (2 2)

olul, auerage_access_time 3 average_powere (54

D (4 9% el Z47 R

average_access_time =

cache,, count cache  count

(4 3)

cache count

reference

cache . count

cache,, count s

;lpﬁwermess(k)“' Zﬁﬂwe’,msmmm(k) (A 4)

average_power =

cache, count

reference’

(2 D9 poweracess(k)e A4 AF Al AR E5 A
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e B2 poweraces(k) && 7HAA B AF Fof vie-
tim AHANA AHA HFol victim B oM THFE ¥
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overall_energy = number_of_hits * hit_energy

+ number_of misses * miss_handling _energy )]

44 Ay &8 mdd o AH AT s A d.
g2 A4 AF o 2ok 508l 2008 3

HHew ﬁ?ﬂ% Ao Aeso] gtk (27 8)& 7 ¥
B AAE] AARY 28 Ao P HuE "aFn
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) Average miss ratio (%) Rverage AMAT (cycles)
Caches Capacity -
CACTI-II MediaBench
DM 16KB-32b 16KB 0.010953 1.76 ' 1.26
VT 16KB-32b 16KB 0.012136 1.16 117
4W 8KB-3Zb 8KB 0.006590 151 1.23
4W 16KB-32b 16KB 0.011899 1.05 1.16
PSC-4KB-1KB-32b 5KB 0.006587 430 172
PSC-16KB-1KB-32b 17KB 0.013386 1.68 1.25
SSC-4KB-1KB-32b 5KB 0.006587 467 170
SSC-16KB-1KB-32b 17KB 0.013386 1.69 1.25
4KB8h-1KB32b 5KB 0.006179 0.88 113
(H 5 WA HS 22 WY
DM AW VT 16KB-32b PSC-16KB-1KB-32b 4KB8b-1KB32b
Caches
16KB-32b 16KB-32b DM Victim DM Stream DMC FAB
Power(n)) 0217117 0.605081 0.27717 0.13436 0.22266 0.14% 0.223009 0.1607
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Multimedia applications: MediaBench
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