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o ABSTRACT

With the increasing importance of the use of embedded systems , scientific research
has turned to these systems significantly, so that designers of this type of system
continuously to improve performance and reduce energy.

And since memory is one of the most important parts that consume energy in modern
processors, and we also care about it in terms of system speed, so that the memory
hierarchy has given us a great abbreviation of time, the optimal use of memory in the
embedded systems has become an important area for research and study.

In this paper we address the problem of on-chip memory selection for
computationally intensive applications, by proposing scratch pad memory as an
alternative to cache.

Area and energy for different scratch pad and cache sizes are computed using the
CACTI tool while performance was evaluated using the trace results of the simulator. The
target processor chosen for evaluation was AT91M40400. The results clearly establish
scratchpad memory as a low power alternative in most situations with on average energy
reduction of 40%. Further the average area-time reduction for the scratchpad memory was
46% of the cache memory.

Keywords: Embedded systems, SPM memory , CACTI ,AT91M40400.
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Y ossall Jiags culdly aaall s X sl LCACTI alasiuly Wle Jpand) & Sy Jguay JSI ASlginal
Nd Jea gLl a8

¢ (L) 5000 alall sl dalue e s ) Olsiad) Gaje aaad DA (e adl LDl ¢ Yl
b ¥ @iy il e geaall gl e a3 sl 3,SIA0 A8l @Dlgial 3 Lale e @l
e sy (Tag bits) Ladlall Jiay Aalall cbidl sxe O s el .(4 way set associative cache)
SPM 38131 43Uall &Blgind 35S ¢ Ll . ulodlall dsiime 4ali e syl adais e s Lea ¢ olgiall Giage
Taa Tails Tuls s . 782 Y 760 Jlaadl (an 3 0alia) (5 sSys liadl) 5,003 43l oDt oy
i Glginll G ()5S Laie « SPM 3813 Jgmy JSI 4aUall oDl 3

8
4 way set associative Cache (Address width 32) f
Scratch Pad Memory (32) X
Cache (24) +--*--
T Scratch Pad Memory (24) O
_...--f--""'Cache 20) o=
_____,Sefatf:'h Pad Memory-(20) - -
6 B ) o — - PR
- - B e
°T /-/'/‘Pr - -
) e
/*_/-/i,.’- e
4+ T ox T
Sy
x N
*W
|
il g
R
2r B e
e
1+ e
EH_,J
0 I I : L ‘ I I I
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Size in bytes (Cache/Scratch pad memory)
SPM 3,513s 5Laall 5,913 ¢ JSI 50840 43Ual) (8) Jsall
daaiyll 3,803 2-2-6
S oyl Julaall 8 5)SI5 STy Uad a0l Bl 5)SIA0 i dabide byl aladia) oS
ADanl) yignalll 33gal (S . 550 el 8 Ayl 3SR sl (DRAM) ASsalisall 3,131 aladiad s
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058 L) Jpasll 30y Y llsy SRAM A aladinly Wadan Ly (Al Lt 3815 o (g0a5 3aleDSP daail
Jsas JSUDRAM (pe ST 4ills SRAM 5803 éllgind ¢ ale JS . sull 4046 jily jaual
dagl 8 sasmsall A0GN lgdall Joasl 3803 mihs e (5) syl b (il 50l cljoall 2ae adiad
Adlaal) 33gaY) Adalgy Jamg JSI Ayslladl) A8l (4) Jsandl Cpy As 2l ATMEL
O oSy Lyl 58I 3 Algua) A8l — Lgasys A Apdl) Ay — il (4) Jsaadl (e Jaads
S M) )l Jalall 58 138 L Jgms JS die @lldg SPM <15 3 dS1ghall 43kl (e Cinn 50 ) Jos
SPM 3,813 aladinly (Raal) 8l yidg e
Glighil) o milill) 3-2-6
(10) 5 (9) JSEY) Hekii + yulea 5aed AUl &Dginl (i 3-5 andll 8 muagall z3gall aladinly
rsliie gl Lol Lynlae alaae of (11) 5
S (e aaly g VAN a8 G5 Y (b 600 (o ) Tax syl S duillye
Al ¥l g ¢ Jif dala SPM 5813 e Al Al ellgis ¢ olal¥l (a8 Gia 5 KIA)
Alad) 3,903 e dalal Al ;)&
¢ leleSl ulu) D) olgaY 55 L3S 0585 o oy SPMs s el 3 )y
Ll lilally JSU e i elal a8 5 ) s e slaall SIS Gl e e
.(quicksort & alal) & L) sladl 3,13 3 dagall
omiaid) Oy bl o Ji dila ) SPM 5815 dgy zliad 5l S dualle

Jpay S A8l gapa,

300000

250000 -
-
¢ 200000
£ A\
u>.o 150000 \
— \ —eo— quick_sort SPM
c \
I.E 100000 \ quick sort cache

50000
O T T T T T T T T T T

Size in byte

quick_sort jLaall d<lginal) 4dlall (9) Jsil)
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120000
100000 -~
‘e 80000
SN
b>o 60000
a i - —a—a —o— Matrixmult SPM
u:.l 40000 fA—O—O—O—O—O—O—O—O—O— —— Matrixmult cache
20000
O T T T T T T T T T T
N Yoo o T Ave Yoo oYY e e Y S e e YT e e YA e Yo
Size in byte
Dbl ASlgi) 4dal) (10) JsadiMatrixmult
60000
50000 -
‘e 40000 -
IE
5 30000 -
CILJ —o— biquad SPM
LE 20000 ——biquad cache
10000
0 T T T T T T T T T T 1

. Yoo Sov Ter Ave Yer oYY e YEe o Yo v YA Yo

Size in byte

Jlbrall Algional) 43Ual) (11) Jsidibiquad

(b 1S 2) sbaali s S | 4,57 Nj
(<l 5LS 2) SPM 3813 1.53 Nj
A )l 5 SN (e by 2 8618 | 24.00 Nj
A )l 3 K13 (e iy 4 3613 | 49.30 Nj
a1 3 SIAN 8 il 4 LUK | 41,10 N;j
Aaliaal) 53¢l Lauls Jgmay JSI Agsthaall 48Ul (4) Jgand)
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Al Jlas ¥ g clua gil) -7

5,035 5Ll 3,13 (e dabide alaal o1aY)y Aalally Aaliall Ll ALals dpmgio Liedd and) l3a 8
a5 BlSlaall aladinly adl) Jidas e eloY) adiey Wiy ¢ CACTI e 38Uall; dalusall z3lai adiai .SPM
e il eha) 2 . SPM 3,813 8 e cangy (Al Gllul) B8 paail Gae) i ity Jania JS 4l
.l Jiasl ARMulator se ARM7TDMI Gl alasiin) g aadisd) Cargl) . yuleall (o de sana

i g sllaal) gl Gl ciagall SN Giany o )ginY LSS5 Ley 58 SPM ol Ll 4l bl
el aaal Y] Al e Cpae Gadat 2w Jal e @l 3LA 3 RIAN e S

Lussiall 3 746 dus AT ol daluall jiahl Jili oS 4 ddaadle Wiy ¢ gl dibhiall za
SPM .l aic

sladl 58I e 3el€ ST Gilenl 3 Jln 8 SPM (8 ¢ Jsuas IS il A8l Gl
e sl e seacal) <l dday 51)

Lass .SPM L Lalall ¢l e LT sl 5,030 1) Jodall du 05 a0 Lo Jalall 130 Dlaiad oSy
SPM _le Zalall 5,<Ia0 dalady dalal) eDlgin) Jea) 06 €I ciliy &y clipdatl) (o apaall dpilly
B e adied ) dgll 5sil L oIS L aals Alla s sLall 030 ) satid) Al e 8
o el Aulu) Sl o 5aY S Ley 530S (35S of Gamg SPMs (oY el sladl)

Al gyl el Jaad) (3l ansss ) el Jenll Caagy

IS bl Jpead sale zliad 28 ¢ yuleall ods Jialy (gAY uled) & o8 <IA00 las) caay .1
SPM 1 Suelins

saag s e aladiuly oY) Alie 5 (Ula sLaall 581015 SPM 1 Jsea gl daail dudyy cany 2
cllia (5)al 500 SPMs piaiins ALl claag iyt b Sl Lead sy ¢ Qi) 8 L4580 dadladl)
clalall A3jlae 50 Y Cas

il gl el adias A slaal S ) Al ol Al Qs Lad sy 3
. (direct mapped)

iyl DRAM 5,803 S ST 4y cany .4

SPMs _SIoal Juall ol aed ¢ JUall i e . allail) (s5ine 8 SPM 5,813 dudyy (any .5
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