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ABSTRACT

This paper proposes an architecture exploration methodology for the design of embedded cores exploiting
design hierarchy. The proposed method performs systematic architecture exploration by taking different
approaches for verifying designs and estimating performances depending on the hierarchy level in design
process. Performance estimation tools generate profile having performance data related with design modules of
an embedded core. Profile analyzer performs data-mining to acquire association rules between the design
modules and performance parameters. Inference engine in the profile analyzer updates the association rules

which will be used to improve the design performance at next exploration steps.

To show the efficiency of the proposed architecture explorations methodology, experiments had been
performed for JPEG encoder, Chen-DCT, and FFT application functions. The embedded cores designed by
taking the proposed method show performance improvement by 60.8% in terms of clock cycles on the average

when compared with the initial embedded core in MIPS R3000.

I.M & oA tlefal ofZe]A| o) del Wl #-2 time-to-market
7 Fd9e= Aol el i 875 A7
A gl wielel L Bashs Qi Azl 7)ol Hel, AAY1SS Bl Ao Aokt A
# e wEHEY|Ee] AeR A= TAle] K9S ol sE Sl (#2010-0008043).
* A7ksl Axg8ket CAD & ES <174 (hwang @sogang.ac.kr)
= HEHE  KICS2010-06-284, A5zl 120109 69 299,  FHFE=wdoadz}: 20109 124 7

1758



=i/ Ygetls 3] AAE

slal A7 AZE o143 H2Ha olrleA B

o 22 2Hshe Alag wkeAle] A, o]
sabl HodeI A2y o] A4 A 9
o 54 A e, 54 A3k 24, AN 2= A
Ak Zsiale] 59| whge] Alkgick 4 4
Helt Azd FHLATL HReT A 20 A
astal7] 913 Alzmel Eak B wek 4 A

2 5Tl el T, B4 Agh 2de maa

Ale] FF Astat ol Eﬂ*— X FE 2
w4 Feg sk Avlde)s
&19] recoding¥} A EHS
Zxto] 7153k HElo]E XH:[LMsh;]ﬁ"ﬂ.

54 ojZeAledel W s wxbst AAl =
o] wge] sEder A 5 Sl ASIP
(Application Specific Instruction-set Processor)2] A}
o7 HHshd wHo] AP} TeAM P25 4
= dllvl= 3oie] A} g A3 Well 7FssAl
Fglon} AAY ASIP A= A stE wejo] A
S A e e AN 2=g AR
= Aupde] Al B2 vl A7ke] sl of
2fet 2AlHS ek 29 A BAL 1% o]
2 ol 83 ASIP A Mo 7148 A
Al A Asjalelsl g 44
o] le] Gt QRS AZE 5 ALET o
ofo}, e} tlepsh e g4 B ol7]e
ghalo] 7pgahe}l

A 5hel ASIPS AAIBE| 913F ob7EA] '

xda_ﬂ' 2~ /xlaﬂ /\]7‘}’ 7d tr:];d o iﬂs} u]%.

Frol #AAska A mES ol ot
HA3E A mEs Aol A Aule
ErlolE & A= A, e A A
H538lar FA sk e 8= Azle] HAestn
aeafol & A wEe] BEE A Ak
18] Z7lsHAl wel’l ol7leA whale] w8
s

[e]

K

==

rr

\1 ol =
ki

12

N

—
3

>
d J

s::J.mJ
% *r

off

FAFA1717] 98l A& trade-off TAlel Q)= AAA|
25 913 AReole] S S0} A 23]
S A wRT Beal ALl Aol
_g_ﬁ]—l:}-[g’u]_

Astale] 7we] obldl WAL vl 22 Al
goble] 1S S 9 1 71 0o
WALE o), olEelAold w2 1ae] 41 B4
Ashel AEAol 42 Fol QL BH 4 A of
alo] oleliel el A4alel eop zalrls]

N o

ae o M o

1

Agtdz]e] HA3s 7S sl 7S ASIP—%
A& T o) olFIEA ' A elA Hahede] o

A3} 7} Aede] gle AlgEelds) Leakdd
T 5 TSR HF ASIPS e Aol w
Azte] o=t o) & F83}7] Sl8] A&l
B 24e) 4SS EA e

ollEA S whe ol ZelAlold meodle] 7
basic-block®] 8] Wlme} =3 Alo]Z &= ol 53 A
SHE uiRe R 7] ASIPS whEA| AA sk, AlEE
OlE]E o] 83le] L ZREAUS #Ag AHE 7}
AaL 7] ASIPE ZHAdshs el Alksglon,
A A hierarchyel] W& 54
A S k] oAl siek

& dellAE it = Fo] AAE S8l wAl 7]
< olo] 7]uk Ho]—/ﬂ_,] o].y]\zﬂ;ﬂ —1’% Qg vplEs
AAg Ak ol71ElA ' vhy
of A3kl lv|= o] wh=A|
glx] g s el x] A wAol wet *é% AT A
A ZES Asllwa EEed zeaklye] IS
FHA33c) oA ' IpellA] d2 Zealale
e A DAlA] 9] ol71EA] 'he] e wA ol
A AlEEOEE aisto] B2 TRl 23tEe
Z AZHCR Zasels ZRall dlo|efme] 2
A7el opp|giA gAe] e wAE EfHoR
AR S8 Ak Z2sl Bre ZaEskd
dlo]ejuo] el &) o}7|elx] ghe] 3 thA o]
sgEs A ZRaldS qj¥ow B4 A3 5
A AL F3l hlt= Fole] AeE A 5
o vie= ”OH ”74] Bl tigk HHE 2o}
Wict ¢ doe Bl A 5 sle
/gﬂ] oEs T/J__i o],;r] Eﬂ;(-] Elxﬂ_,] 1:]»% rd—ﬂ]e
913 deit= Zole] 725 ARt

B =] A vt Ak Al 24 ellx = Al”
3= Hle] H8== AA framework?] RISGen
(Retargetable Instruction-set Simulator Generator) 4|
2x)e] ANeke AR, Al 3AeAE Ak oY
A W) 55w} et dolelo] s, 127
=31l 343716 elal ek Al 4delA e Ak
o].y]rﬂ];‘q Elxﬂ HLI:HO 0]3_3}0:] 0401144 ]Z omﬂq
= Fole] Axa} ol Elx €A upHe] T840 o
T AFAIE Holw, Ao s Al 5delx A2
2 FFIAE AXgk

B

.
_l

il

II. RISGen AJAH! Jjzt

RISGen A|2~#l-& SMDL ¢1o]!*Blg 7)) e}l
Z2AA mde] x4 ARl 9] AHHE 7l IR

1759



24133 =] °10-12 Vol.35 No.12

(Intermediate Representation) €] A|E#|o]Ad 7'd
I A A 2dS AF3le] event-driven WAL
AlEHoE19} retargetable ¥}z, 2] It =
FoIE A5 A9t 27 1 RISGen A|2~we] 7f
& Hmelch

)= Fo] mele RS ¢l o7 3 ¢t
57_01 AA 7oA AAE dwt]= Fo]e] Flo]xZe}

ol Au, dleJe]dll 72 AR, 7lefil 7] 94
AR 5% PGP RISGen zlolHEele
event-driven WFA]e] Al Edo]|4d A, A A &

s AlEl 28 AlEHel ] S8 Alnd" 2
2l trade-off FA] o= Al Eo]Ade] 3 &
o} A S AP digt A A 2l 52
7 AlEEolE] A= deit= 3o mdlv)
RISGen Zlo|Heie]E Frxsle] A5 57 =l 3

== event-driven MM AlEHo|ElE A}
1s]

A whlel ok Al 24e] Seeh Heheg Al
A% 24 mdo] Faspl 73] 2= RISGen 4]
ol ) 4o} Aake S el
C\)l/\E@ﬂl/\L i}ﬂ%ﬁ_ ]3_3}__ H]—H-LQ_ E]ﬁ-]'c’] 1 ol
~EHA 2AEEL o EAlo | R aaE AA
o7 FX3F AF] basic-block 2] LR23}U-S-

w2 A defef Aol £ AlETelEF o) ¢
She W el ZeAA ] dlelzetel FxE F
AH oz H&°éf‘f& AlEHeldE sl Al A
7 & 5 gloat AlEeld Sert et
Hol 5 AlETOTEE o8shke W2 4 ¥
7b B ZeAK e sjolzeiele FatEE AlelE
U olgste] A EHeE el slolzeial
Zo] AR ARE wEA] gdorma Ao|F

—» ASIP e BT A
——- Application &

SMDL Description
(+.smal)

SMDL Parser

Intermediate Representation

Behavioral Structural
Information Infarmation

Application ngram
(* )

RISGen Library
Event-driven
Simulation Kernel
System Call
Model

Performance.
Estimation Model

Compiler Embedded Core
Generator Generator

|
Rslargetable Emlsedded Core Simulator
Comp\\er Modsl Generator
Generaled
Binary Code  }-———————-—————————— Event-driven
Simulator

32 1. RISGen A|2=Hle] 73

1760

Low-accuracy Using Instrugtion Schedule
. Coarse-grained
High-speed Source Instruction » Profile
Code * Scheduler Information
Using Instruction-level Simulator
Fine-grained
Binary Instruction-level * Profile
Code » Simulation Information
Using Cycle-level Simulator
Bi e Seamless
I inary ycle-level * Profile
High a;curacy Code * Simulation Information
Low-speed T

T2 2. RISGen A|2Hlof|x] 8l &0l AHw A

F ApHolEE o83k Whnr) A% 349 Y3t
=7} dor} whE AEeol g s

. FQHE OIEIX MY AlAg

lbr}m

Aol Ak Qe)= Fele) AA AZ
SRUEEIE SRR DRI
b,

~
01’0

°]
|

o

3.1 HIE|= Fojo| M| AIEE ol2st o7 [

Aol B2 23 A% 4 52 Hasshs Ao &
Safep O e fola] AlRFE ol7lElA R Al
22 Mt Fojo] AA gAlolA A2 ofE AA

Aol xe] EAS o]&3lo] AAHL R B A 7HS
Zd = EE g} a7 32 Aok oA oA

WAl 7% ‘ﬂ‘ﬂ 2] Il o3 AE ZRAAM B
9o gud= Fe] A7), SRCC (Sogang
Retargetable Compiler Compiler) A|2~813} A]E#]o]
B AA7]ellA] delt]E= o] el retargetable %3}
odzje} A[Edele] Al Hagh el Z2AA 2
TFEA Auel §9) ARE 7Pt grec A
2~®llof| A AJAIE retargetable 3t dE]= 7] Uwit]
E o5 & w7 ofEAleld Zrads A
o7 HX37F A4l basic-block 459 Z23}U-S
AR, 27] sit= Zol7) EA=H ule|ue
T HIgh 2 =e] ol7|EA] /A AJ2agle
o] 8=+ Ayl F= wAle] A EYolE= AlEY
olAl HEZ AV flal Ak A&
o] AA7]= )= Fo] e} RISGen 2lo]H.



EEutlE 7o] AAES

2] 3 /\471] ﬁ]zg o]%.%]— E%z ol 0}7] Bl %] E]-AH

Application
Program

Generated
) T— »|| Retargetable —

Compiler
| R Instruction |
Scheduler

RISGen Library o
Compiled-code Fromgnd [
Simulation Kernel
T T T T T Binary Code

_____ Smulat Generated
1 S
—_———— enerator Simulator
i
dded Core | Core Profle
Gonorator Model Information

[o Profile
| Profile Analyzer }4—‘ DetaBase

38 3. Ak oplEA B sEE

oo, we)w vlelfe] Tog B
HHo] tze AA S HHoRE At /‘}C’]% -
Eoh o] 4 AoE 3= bl Aelole]
& AT A 2oz 45a 2o Au
chg A SAAE] ol le A RAle] e Aol
A dojdll Zguldo]| I EE AZFA] P25 2
1= 23} dloleulo] ol ALk sfel 4
Pz A o71e shale) 53 Al afsel =
2919 dolelelo] 8] U EzAlE o] ale] 4
W)= 1] e PPAA S o A RES
ok, ol A TS ot el 2o
of T2 ATk oA Tael 9 WA
e el HolE 28 b 9] S
=3k
Ak of7]en ghate sl 4
W5 34 £} R A 390 S S
=5 aEsle] ojFe]AlelAdel A5k ¢l
ot skl ol 35 P19 B
SR, obrldA) S 1R 2] o)
o] FxE w27 AASE7| $]el basic-bloc
o] =gyl AHE dojufji= Auledz]o] o]/\E
_7{]5 ATpE o] g}, o] BHL He A
& o] AN elar, mRAN xS
AA mEg JEte] 7] feit]= Foje 2
3 HAsE utde] o] wEle] ARr]E et
AR st = F0ie] 7 A mE2 :1 Hltj = o]
2] A5 719 % Fho] AARPT AslsS 715 3hEct
zom JWAEE A wEe] SRl Alelehe, a3t

b
il
12
2
ol £

=,
OE E‘
5

N Koo oo ff

= 0
H”

r—|—/ l"_u.4

O}il.. [‘:‘—lz O}ﬂ _Lu
i)

U
-

AA mEe] gl& A 27| Pet|E FZole) Fx
ko Auhedei o] wWEe] A9pr|E gt oblE
2] e ouHAlE 1R} 4 A kel
e = Foje] 2F AA| mgol] sl A& e}
ol AR ou)y] 93 Welo] 43 Anjele I=
whale] Algde] S adiet o] JJr?%ﬂH 2| 2~E

I, 71 i, el AdE oIEA =, Z A
A Blazte] @7 72, delelsls 72 52
25S wsle] ke wts FolE AAsw
HA3e ZAode]e] e ~AFHE PAT
o} op7|ElA] ghAe] 3dAl= wloly] E£9d St 32
< HA3HE et = sf=dle] 7S o8]k vl
tl= 3o] AAE S5 25HAlRE} TS gkt v
= Foj9] 7t AA| 2Bl tjdh Z2alele gt
L xlo)lF 5 Aalds 3= vRAlo) X&)l
aghey. o] IpAellx it = Foje] Al-Hsl 3}
olzell FEE FALE wF=E e, 7E FH,
o] A3 oblEA 72, dlolelslz 7 S| A
A 2EE sk b= 31019 AsE st
AR oke A AR

3.2 ZZIQl 2A7|

;q]o].ﬂ 0}7]151];‘(1 El—xﬂ& ‘%;{—LC_)E 2~3) ‘]_ ] _?,]5“
Al fulit] = 3Zofe] A gl A sle A
o[BS EntEA Ak eI A77F Bes
ok 28] 4+= Aok Z2slel dlofejue]~E Ml

Alkel Zwsjel wlolelule]elxli ol7lelA o
Ae] 3 Aol WE A% Z4e] 47 Q]
= mole] A wES ejdt Zesjel $42 919
Al oF1eA Gae] Gl whAelA] Qe mesfe)
o] thg A7 ] ol W] el el
Qe musold YRS AZHo L masjele
A, o}7ela] Gale] 19 o] o]

—r‘

Architecture
Exploration Level

LQVQI 1

Level 2 Function Units | eee

Processcr Structure

Data-Path
Structure

lstruction-Set e Pipeline
Architecture Structure

N l

Aritrnetic Instruction Architecture-dependent
Logic Unit Behavior Optimizations
v 0

Register Files

Register Size

Level 3

Branch
Processing Unit

Addressing
Mode

Register Usage

a2 4. AQrE Z2slel dlo|e]we]

1761



ol

g2 A18}43]=F4] *10-12 Vol.35 No.12

=2 w2 AAs] g PBIdee] e A
AET AFE olgste] ZaAllA 2lir, ZRAA
T2 o] dig) Zagld AHWE Gdc) oly|dx] &
o] 2EHAI= 7] Qut]= Fojo] A%-S dkakA] 7]

7] g13) Wee] 4% AstdE 3= wpaje] AE]
g olg3le] 715 ful, Xz s, el 4
@ o9 St dlolelsls T, slo|zetal T2
Soll tigk Zaslal Ang vk ofylElx gale)
3l et = Foie] Aes SHEAI77] S8l
Alo]E = gl e Fe HRR]o] A EH0EE o]
Bate] Ak =] R, 7] A= 9, dReE 2

7, AAZE AeRn, we] B, o=dd me
Soll vl xeslel Aug ler) o]l Bl
So) WAL % Og AL L2l 4
BE Qlojo} R A% 249 e HHwE /M
e 24 =7 AR

28 st 2s}e) Holeluel oA dAY ob]d)
A ge] e WAl Sl gl TEslele ¥
Msle] AR QulE)= sole] AA Aug X

Z gyl BX7)E ®alrt
Agkd Zzabel $A7)= Zeall 24
ATFHE o dlolerleld e A4
U dlolelmlo]d BE-e qlule]= mole] A7
o ¥ ol A Hlolels 7K Z2alde B4 3t
el 23l A g3} A vl Wk s 4t
%‘—% —??‘f}@] At A2 AApAel AR} Zealel

als

Jo.
=

ft
S

0('0

T

)

o

=

td

b
0% delellely L5el <1 5 s
2 gzslel AR g i S
& delelrlelyd B2e] Az 717
Aol ofelo] EqE), F2 QAo Qe)= o]

Profile Database

[ Profiles for Architecture Exploration Level 3

A 4

[ Profiles for Architecture Exploration Level 2 ]

[ Profiles for Architecture Exploration Level 1

——— Data Mining 417
Generated — -

Profile Association Rule Analysis
Information Repository Process

r 'y

Reference Update

v
— Inference | Resolution | Novel Association Rules
4 for Improved
Engine Embedded Core

a2l 5. Ak Zalel 247

1762

o] s A 5 sle AEE At 9
olbE T 4 gloml IS shasta oy
A4 elut]= Fejo] A58 A7
AA mEo ARE Jhx e AF 7L
ol AFk 28 nlEeke & SMDL 1ol
Pl Z2AA S AAlglel.

n
o

d

2 oft
e o= 9

T‘Qi

N
il
p

V. A&

o
mx

ot

ArE o}7|elx vhY AlxEle] 584 AA5E
3] JPEG <1FT], Chen-DCT, FFTel #=3}=l Iy
t= Fo|E AAEIGTE MIPS R3000 Z2AAE
SMDL <102 7|&dled 27] Z2AX R A3k
MIPS R3000 Z=ZAA+E IF, ID/OF ALU, MEM,

WB 2H[o|A| & 55 Fo]zejel 25 7FA|H ALU,
load, store, jump branch, condition branch "¢ &
F2 74 93] e 7RI

JPEG QlZriel HAshd] %7] hilt]= 205 &
7] $130 o719 A B 19AIE aakoink ol 7|EA
A 1A= Ak =] Y, 2] AR e 5ol

TZol| W Fde|e] e AV E 2bE A
37] fla wEe] FRel wE £ HEE 7}1]
basic-block 52| _E-’Jr‘g_*‘)‘ dolfict. AAE =
2ije Aulade] QlAEA AAEEE o] 8-35)o]
JPEG ql gr_ﬂ _ij_au_o_ 24;<J o7 _,_/st} 7§ _,Jro] 71—
basic-block 4*3} RI%E, basic-block®] w3e] £/
Mg} 2AZF AAAZE =2 5719 takend
non-taken 31<7, Z} basic-block®] 43} Hlxe} ~Al=F
AAA7 Foto] FAE Al S Aol gk B
£ 7Rtk 23 62 MIPS R30002] %7] ¢wt]=
Folol|A] HEo] el e 3 Hl=E Halrh

Basic-block 52| Z23}elS- ¢lzdog 3§ =27
le] A7) = ALUQ]— load HEo] T2 73 vle
7} AA 75.4% olx 27 Br] W] FHeM F

jz

350

301.2

300 -~
250 -

202.4
200 -

:T: 150 -

:F 100 - 3 578
oo
o ==

ALU

Load Store Jump Branch Conditional
Branch

= (th

el

2| 6. MIPS R30002] 7] Ht]= Fojolla wEle] &
ol wE o)



i

BT 2e] AAE S8 A AZE o187 wLHQ ofrgA) B

454,264 not-taken} % 50,307 taken®] 314 5
o] ARE Ak IPEG {13r] ZR2agle] ojxla=
=715} 413 ) Aol 2] g% 245 9131 ALU
9} load o] FFellA Bol Falshe HEe] F4
o2 FAE R Ajks sl Ak Yl &
= JhAskeic pe B28 zEgt 8] He 4
< non-taken 37} HA 90%E A A|FEE
not-taken Al ® 27| e FAE vl A=
TE25 7RIk olzlgh HAE wihsle] ZRlel #
A71elA o ol A skt H87) gloke 24 A7)
7} vherl o7|dlx] & vkl R S3f3siict. 2%
o] ARgE= HEe] £ ATRlE I W AlE
Hlolel= o] Zelrl AHo]|R|e] FAF < T34 A
Hel 9] AHE wefdhA] o whE AlEde]Add]
& L5 yPRER HF2E dolee] oA F
F|4s)sled SRR U 2~E] T, dleleld -
o WEA AAG 5 Qe G 2E 3 72
A= 7P wol == WEe] RS T4
Avide] A AlxdlelA AMEEE HAAEH -
Lol wp Hx2E Z27]15 ARSI JPEG <l
Fr] Z2aAS v dAx2E gl FER= A
8 Alo]F9] ks oA nEE AT wrlx] MIPS
R3000 ZZAx2] #|x]~8] 3} FFol|A] temporary
HAX| 2] 7709} argument HR]2E 2702 A 3le] B
gt YR~ N5E 24318kl Temporary
A 2El= AA 2 Ale]Ze] @ A7 9
3} common sub-expression elimination 52| Z.& %]
A3E efste] it #AL 9lA] dlelelE A3}
7] 913k dA 2~ & AR Argument %] ~E]
= 3 320 viiHg AR $3 glR]E o],
JPEG <l3H] =Zzagle] epgo] 37 o]
argument HA|2E]E F83A] ok FAE o]
A AR 2~E gd F2E vl dolH A~
TEE ATAsta HAskE Aekde]e e
2AE S As Ak e R ol lElA B/
A 3= AA| 8 AlolZ2] & AR 4 )
E5 slo|zeiql Ao F2E5 /g A
go]zzjel 2= ID/OF 2elo|#]ellx 7] 22|
Y-S vl x]3}e] non-taken #7115 4~3§3}3L ALU 2~H|
o|R|ef| A A elal WEe] RS aEgh Ak
FrAdt A E dlelelsi s 5o 725 miA|Eksick
w3k dlele] 299 53 22 2A-3E o] = 3}
9o 7S o83t o]zl AlFTEE A
star #F vivl= ZolE Al 25 it
= Fole B ofEFuFlelAdel HA3kel sl=9e]

fu to Bl o>
N

N

2R3} 3 Alo]F 55 7HAH AljHE olFEA &
A wigella Y Aokl E o] g8k tE 8%
zgae] ArFes #F vE Fole] e
gt Al IR HIslEE B} w2 o] FeA
o]A #H-go] 753l

* 12 JPEG 3174, Chen-DCT, FFT o]Z&]7¢]
el w2 MIPS 30009 QJHlt]= Foie} Akd of
714 & W& asle] A2 HE deivl= =
o]e] A% nlaE Heltk A% dut|= F0ie]
3 Alo]F2 AlolF o AT E = WA AE
Holel 2 A EHo|AAS allgh Aol AljHE ¢}
g2 gh wl S pefsle] 42 FF delv]= F1o
£ MIPS R30009] %7] gHt]= Fojo] £ Q3
st=dlo] AS F sty flsl 54 ol E=iAlelA
of FAsbgl Ak QA4F Fldt 7] Al e
z, dAI2~E gkl -z, dloJegx &, glo]zelq]
T 55 /d=em, MIPS R30002] Z7] 1t
= Folell il T 60.8% o AlelFe] FH4E A
I Hlvh w3k Hude] 7] ofy|ElA] vhA u)
e Salsle] Q1o JPEG Q1T o) Ze)Ao]Alel
FHAshe slle]= Foje} vlaslH 4 11.7%
Aol 2] Fho] ZA=gith A AlEE o]83t o]
g g wle A REEE A3 AHuelee
A3} 7 Hg3te] Rl 5 Al|Es 7l
dHtE FolE AT 5 gl

a5 72 Al 7] ol Z=| Aol el sl Al]kEl of
7194 g whg o R FHF uiv]E ol E A&
7VA| 7} o}7 el o] e whAlef| 4] - bR 3]
v wE walr)

ol7|elx & 15Ale] F vk 35E 1R 3
ol7elx] A 2vhA| 9} 35kA|S] Al F HbE 3
T T3k olF1d A A 3uAlE 15 Al B3]
H1 11.30] F b 35 7|0 35l 25l
vl St 3.90] F WS SleE JizIch olF|ElA '
o] 3] TAP} Z1E it 3o, ek
2o} Aulle 7= wRAe AlEdolee] YA} =

tlo

=1

Oz

)

tr

et

tIi-ll'Eq

E 1. ol eil= 30]9] s ulal

MIPS R30002] 7hA1=l
Slzelold| 2] Al | El= 3] | vl
Fo] (# cycles) (# cycles)
JPEG ¢l7H 6,635,496 2,592,952 -60.9%
Chen-DCT 191,742 81,345 -57.6%
FFT 53,178 22,439 -57.8%
Average 2,293,472 898,912 -60.8%

1763



g5A1 8] =EA] *10-12 Vol.35 No.12

16 15.2

113 W Architecture
Exploration Level 1

10 a1 9.6

@ Architecture

8 Exploration Level 2
6 1z W Architecture
A 3.3 3.6 3.9 Exploration Level 3
2
0

JIPEG encoder  Chen-DCT FFT Average

T8 7. oblEA ] 43 e me & w34
B3l

4 sbge] F uE 31571 bk of
Fal AHR ob1eA A e vt g
tlme—to—market—‘ A3 ol7|dl A A 2tiA 9} 35|
o) Wk 3158 Fololsht whE ARdeld SEE
71 Ashele 5= ] A EdolE 2 AAH e
AA FZFS E0A7)HA Autde]e] H-skE WY
o] Ael7)e} e AAEEE AAFT S 9t

£ QoA slelzt siek

ﬂlm&
M

B =t AA Aol A2 hierarchyel w=} o}
E 5 S 2R slo] S8 o v ks
F2A7]a BE 83 A SAHAES FHas)shke of
71e A gl WS Aokslsick ol el gAY 1%HA|
= Aede] o] JIAEHA 2AFE o] g3le] whaA|
s 545 Z2dS nleko g Flaleie] wlEo]
Ae7)E AAsta 7] dut= ZolE Agick of
716 g 2etAl= Auiedee] QlaERA 2AlE
85 AAs] 98 1474151_4 == A A A
shAS- 71l WEle] 5 Avlle F= Hvu A&
goel S skl 3%741% Ht]= Fole] Tlo]
Zejgl FRE FAOE AlolF £F AYE F=

e ATARIENE sl 22y 34
s qhiel= zels ekt 2] =

=
o5 whEA AAF F glom, dH]= Feie] *4741
gl = 9l AT HlolElE EAMshe ZEakl
1718 Aeksleic) Rl By aslel o
oejo] 2ol 4] BlA o}7|Elx whAle] F3Y wiAo|
e e Z2aiels B wpga) 34
o

O-

QW)= Zole] A5e AR 4 = A
31 ARE A A A3 7S Zopdic, 4]

ol7ElA w4 e olgsle] JPEG 21z,
Chen-DCT, FFT ¢]Z2|7Alo] el 2A3}5 <]

rfﬂﬁoohrln%

P

2,
=)
r

1764

FoE AAEII e, 71 A= MIPS R30009] %7|
dut]= FZolol vls HT 60.8% =3} Alo|Fo]
2= ek

FF FAl= AGE olFEA B whios 12
delt]= Feje} BA ojFHAlolAdddl HA3E 1P
(Intellectual Property) 5= &3] W T2 55

Ak shE opleA B o av) Wasieh

o

12 3

(1] J. Rabaey and M. Pedram, Eds., Low Power
Design Methodologies, Kluwer Academic Pub.,
1996.

(2] T. Makimoto and Y. Sakai, “Evolution of Low
Power Electronics and Its Future Applications”,
in Proc. ISLPED, pp.2-5, Aug. 2003.

(3] T. Burd, T. Pering, A. Stratakos, and R.
Brodersen, “A Dynamic Voltage Scaled Micro-
processor System”, IEEE J. Solid-State
Circuits, Vol.35, No.11, pp.1571-1580, Nov.
2000.

(4] L. Benini, A. Bogliolo, and G. De Micheli, “A
Survey of Design Techniques for System-Level
Dynamic Power Management”, IEEE Trans.
VLSI Systems, Vol.8, No.3, pp.299-316, June
2000.

(5) M. Jain, M. Balakrishnan, and A. Kumar,
“ASIP Design Methodologies : Survey and
Issues”, in Proc. IEEE/ACM Int. Conf. VLSI
Design. (VLSI 2001), pp.76-81, Jan. 2001.

(6] S. Lee, S. Lee, and S. Hwang, “A Concurrent
Instruction Scheduling and Recoding Algorithm
for Power Minimization in Embedded
Systems”, IEICE Transactions on Information
and Systems, Vol.93-D, No.8, Aug 2010.

(7] M. Gries and K. Keutzer, Eds., Building ASIPs:
The Mescal Methodology, Springer, 2005.

(8] o]Ad=l, 3H4led, “Applicationol] Z42] ASIP A
AE $18+ Z-823] Architecture Exploration H
W, F=REAlERE =], 321, 93, pp.913-921,
2007 94,

(9] K. Karuri, Al Faruque, S. Kraemer, R. Leupers,
G. Ascheid, and H. Meyr, “Fine-grained
Application Source Code Profiling for ASIP

Design®“, in  Proc. Design Automation



i QITIE 3o) AAE 918 A7 AES o8 TEAA olrHA P

(10]

(11)

(12]

(13)

(14]

(15)

(16)

(17)

(18)

Conference, pp.329-334, June 2005.
L. Cai, and D. Gajski,
“Retargetable  Profiling for

A. Gerstlauer,
Rapid, Early
System-level Design Space Exploration”, in
Proc. Design Automation Conference, pp.281-
286, July 2004.

T. Kempf, K. Karuri, S. Wallentowitz, G.
Ascheid, R. Leupers and H. Meyr, “A SW
Performance Estimation Framework for Early
System-level

-design using  Fine-grained

Instrumentation”, in Proc. Conf. Design
Automation and Test in Europe, pp.468-473,
March 2006.

A. Shrivastava, S. Park, E. Earlie, N. Dutt, A.
Nicolau and Y. Paek, “Automatic Design Space
Exploration of Register Bypasses in Embedded
Processors”, IEEE Trans. Computer-Aided
Design, Vol.26, No.12, pp.2102-2115, Dec.
2007.

A, 8%, A, «uiit]= ZRAAM 2
o] ZFsAY Algle] 75, FEEAlsEl=
A], 308 6AZ, pp.526-534, 2005 6.
oldell, 4led, “ridl SY<)7]EEHE] Retar-
getable FATtde] AGA2E 757, Sh-FAls)
3|=7], 329 53, pp.286-294, 2007 5.
3490, e, 3H4ed, “DSP ZRAIAE- Qs
4 Al AlElele] 2HsR3Ad7 9] Al gk
A, A=FAEE =], A32d. 93, pp.
931-939, 2007 9.

M. Reshiadi, N. Bansal, P. Mishra, and N. Dutt,
“An Efficient Retargetable Framework for
Instruction-Set Simulation”, in Proc.
IEEE/ACMY/IFIP Int. Conf. Hardware/Software
Codesign & System Synthesis, pp.13-18, Oct.
2003.

T. Conte and C. Gimarc, Fast Simulation Of
Computer Architectures, Kluwer Academic
Pub., 1995.

J. Han, M. Kamber and J. Pei, Data Mining:
Concepts and Techniques, Morgan Kaufmann,
2005.

Z At 2 (Sang-Woo Kim) 314
2009 2% A7Fostw ARl
sk}

2009 3€~3A A
AR} AL

<ol ASIP
Retargetable Compiler for
Embedded System

Design,

& M 2 (Sun-Young Hwang) 23]
197613 29 Aedsta Azl
stz
197611 24 =3kl #17]
9 Zxgel) FEal H5
1986 109 vl Stanfordtl
skl ARlgEl ualskg] H5
197613 ~1981d AR HlxA|
& 97, 93
Stanford T™3&  Center for
AT AY A7t 9
Palo Alto Research

19861 ~1989d
Integrated  Systems

Fairchild Semiconductor,
Center 7]&AHE-
198911 ~19921 AHAFANT) WH=A| 7| ExE
200211 449~2004 3¢ A7dofEta A w SIS}
A
198913 39~ A7fstar AAlgsat a
<] Fok> SoC A ¥ framework 74, CAD
A|2~#l, Embedded A]2~%l, DSP A|~d] A 5

1765




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


