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Retargetable Instruction-Set Simulator for
Energy Consumption Monitoring
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ABSTRACT

Retargetability is typically achieved by providing target machine information, ADL, as input. The ADL
are used to specify processor and memory architectures and generate software toolkit including compiler,
simulator, etc. Simulator are critical components of the exploration and software design toolkit for the
system designer. They can be used to perform diverse tasks such as verifying the functionality and/or
timing behavior of the system, and generating quantitative measurements(e.g., power * energy consumption)
which can be used to aid the design process. In this paper, we generate the energy consumption estimation
simulator through ADL. For this goal, firstly, we describes the energy consumption estimation and
monitoring informations on the ADL based on EXPRESSION. Secondly, we generate the energy
estimation and monitoring simulation library and then constructs the simulator, RenergySim. Lastly, we
represent the energy estimations results for MIPS R4000 ADL description. From this subjects, we
contribute to the efficient architecture developments and prompt SDK generation through programmable
experiments in the field of mobile software development.

Key words: Retargetability(#4] =3 4)), Energy—consumption Estimation(eflt] #]-4¥] Z73), Simulator
(A E# ol€), Instruction-set Architecture(Q]2EEHA-A o} 7] &l x])

¥ WA A2 Corresponding Author) © I3 4 74 ghg ¢l 20119 3¢ 18Y

3N $UF 60RA AN D AFEARFEE A b kg

(220-702), A3} : 033)730-0486, FAX : 033)730-0480, E-mail ¥ o] =E-2 20009 % AAUIstn mu) d78] A o
: kkman@sangji.ac kr 3k 7;1%‘

Haed 20109 12€ 15%, =484 : 2011d 2€ 219



x
rHY

At
ol

o
2]
u
#Ho
i
rﬂ’/

U

-}

R

=

i

=2
oY
o ore 2

N

i)
>
R
{>

==

Lo o
o in

=
o
i
il
o
ot
_‘Oir__‘
[

X

< =
b

je:3

o
1

T

N >

oo g -
oo
o

s

[

oft

o 2

0,

i
Mo o ®
flo & 2 Ho

ol
B
2

DKE AAste ZH%

x o
R
ﬁo[o

O}E °ﬂ°1i "Eﬂ

lo 3 ju b
fo Lo
o
o2
o oo
wo o
ir _IS?L

o
ofN
i)
A ox
2

2% Hedo] 3

=
A,
1l
4
f
2
[
L
N
Y
>
(o

=

S

2
L
2
4L>,

£ 2 2 n o
B
I
o
o

o odd

o

2

by

o
X ok o

[0

pul

Fd

u

Heore 2 o=

R N S R R - N S 1< | = N - 2 St A A=/ -
>
>
ng
=2

o X

ol

- e

39 My ol
e o oxt

o
-
9

ZA Al THE

$]01$é} AEEY

© o
oF
n ro

i
ok

A

k)
)
o

i

;N

'S
o
2
e —
o
i
Ol
fr

Ej

0

2

O
o
o
T
=
=

o
=2
Ard
2
1o
B
k)
o
[0
=5
rJ
JE
rir

2,
2
e

b

oY

h-)
e
o T
4
A
ol

[}
2
)

oo
X

to
e
X
frtd
-
4
"
Ly
o & 3o
b
&
o
Y
&

g 0}7] Eﬂz
Ao A el

N
o

M1 ol
oE
L

B i

. o
ol
ok
iy

rﬂ .
T o 2

r

ke
r

ol
L
ir

"o e M
fo o r

Mooy S
o =

o2 rH i
jh |

_Qir;\ijﬂ_z'rﬂ
o g
Rt oy Br

i
o
2
£

A zEle

o mr 2 4 My oF I
1

o
o fob >
2
ro,
o
(14
R
o2

of

- 1)
\Niﬂ
£:
z
iﬂﬂr
E
A

0] 7% A%, A%

7_'11]r =0 01'5"]‘%
=

&l
o

=

@

o,
o

9

[

>

[

=

B

o

o

S

oX.

ofr

S .
L oo

I
1m
29
2
i
ro,
-
& e

: Jx o) A

7@ Ao4,5] st=H)

QAR

o oo
oo
He

o
2
il
fo
o
=
i
¢
no
_VL

[

&
fru
_—’E
._La

-
— oo
ob
R
i
X
ek
m

g MAE 3l 2ZE ]
b=}

R

o

@,
e,
kl fo F
o
S
>
2
12
o
il
2
)
M
k]

A% g

o] B8 A4
el = SoC Hokell M 43

ot
1
Lo

BT
=
>

W 2

e

1o
e
L R R > T e\

AHl SUEIRE 28 W8 oAE2AM-M NS0E! 463

ADLEREH A=A 7&S 838 ALt o) &
s8] AA, NHUA Ln S & BUH
ADLY £#3th 54, ADL X8 FARE 7ile=
AU £4 2 ZUEH] 7hsd Al EEHCIEHE A
ettt vhAlEE o 2 MIPS R40004 it ADL ¢
& AAgsted AR hdA FH 2 RUEHo| vhE

gk Al OBl & A F WAk daE AT
ok olejgh dgte mukdd hulv= AR G
AA st=de] A azEolH] H¥L F
3] A8 AR op7 | A el &8E F 9o,
W2 &u] & SDK /o] &85}

o] =& FAE AN ABHIH A W
el B A7 FFI ol FAelA Y - oY
A vl F4 Ve BEE A8 A5 WES A
stk A3l M= AEH 7)eg 8ate duA
aHl BUE I A0 7hsd AlEdOIHE A
ADLZ ¥ AAdehe 343 fixvi Adg A4
gk mpA o 7 A4 e AR &5 A7 W

2.1 AlEefolE Tie wy

Ageloles] A gEe 248 429 Bet 0

& 2URE 22049 71549 N2l
AED

2 FHE 7}X]ﬂ p=3 Xﬂ—r% 743 1/‘3% noh
A elol® ARE WA= Cycle-accurate A
Edold Y S 53 FPH A|BHCIHY 4
S ANEFolAe] o) FEFF F8
Fo e Z e B A7), oY i
1, &8 AEHIE9R HEETh

E|H AJE# o] AL o7 A <

s defza e el el Eé 3
o W R TR A A A E Ads}

oo
bom
T
o 5 ¥
Léﬁ

o
e
R

2oy dnedA dsEYA JA, gas,
e wAHoR APk o BUe] FHE 7+
A0 $EA0] HolUa 7haHel A
0 ANE RS Qrke Aol ST A2k
Iﬁ % =) ©E

ol
o #, dadg, tadAd we 2nls
e Asle] do] AriHEct HA J?&%}?
B35 A AR5 B SIMPRESS[10]0] M & Qe

[0
==
[si)
O

b

A p0 Hoox ook RS B



464 ZEIOILIOES ==X K142 M3=(2011.3)

Z

o
R
X2

shel A g o)A
1A e g o

o Aol

o

-
(o
:>I=I

>
o
>,
&
£

o

o T
oZ

ot

[
fr

L

i o o @
>

o e
[Ra
rol,

P P
Z (m |

o
BN oo

8 e &
|-«O
>
X
fr

o
z Mo
S
B
ki
¥0
hul

)8

ied
SO LA L1
A
20
fo,
o Fi?l‘
rlo
o
>
A

2
i
ox
o> 0
. 9,
s
B

2l
o3
i
)

to

ol

2

A AT [
it
TN
o
X
e
>
o2,
>

(o rg:_,
o2
o
il
e
ox
i

x 3

1> 30

do rr A

1<)
L
e
4
£ e
rlt
op
>
i
=
S

X (n
o
|z
>
i
=
o
-
4
%

£
>~
Rl

>0 to & O O oo 4t > M

o o =z
w M-
1=
1o
L o
fabet
i)

o
o

o o |d
o
2
o
ok

o
19] A& A3
2 JIT-CCS[12], IS-CS[1317} &9l
JIT-CCS #olMe= A2EHAMo] 2
Just-In-Time®] ALY FEH AR =
2O F=of vhE A AAE-S Hs) A
g Aol AFET) Aol AFEH e =
2o HAE 148 HYE oA Aadsies
o} IS-CS WA= AI3F &nl7t 28 bz
Aod Aol a5t A At A &
T ATh A A7l AAEHM] MAE: 3
A8 AHd A Hapdgioh

Algdo]de] &=t Way AEHAHS vy
Az olHel [8lalA = AlE#olE 7} §AE= Al
28] AS AFH o7 ALREle] AEH ) AR
A Algdo)ld 7Y A MAsIE T A
H Ao ARgS AEAQ A2 ) 22 44

AElF o] 22 C AoE AH-3t7] Hoh

[ oo oo Y
o o
Bt
1=
|o

rlok
tZ oo riol

ol
= K

i)

=
OE, r_>,~l_‘ ;2/
e 2

el

nid

K
3
o

fr ot mo rob g

X
il
o 2 of

%

Edolele] side] @3 AFE LISA[14], EX-
PRESSION[15]1 4] #-& 183 FE& Wit} &
3], LISA ADLS a8, oA 82, g7, A&
olH], TEAUHE TAY LATEI
25 AAAE ADsha g2 A

7Ie& T8 oM1EA A td FN S ALk

i

2.2 MY - oll4x| £F AlE o]

Nz 24 Fde AY Y AFL JlFer
A4 A 71=(GEPMF 53 @8 7)EOPME T
5, 18 A ¢ g A& e JXE
A FEAX CPUY AY 208 S43e ALE
WA dA A" BE FA 84 gE) A8

o2l
ﬂ

Ir
>
[
i)
3
HN
o
R
B

ojo R oA
h
=]
H
e
4y
" o
@]
B
o,
®
EN
N
=
o,
x

e I

o2
AN 4

Morr o
K ojo 1

TEH EAHL ATH16]. RTL-
of| A1 A8]E BEAgte A EF|HE X
2 Simplescalar[17], Simplepower[18], Wattch
[19] 5ol AFHom FES WA glon, dA|7A
T Zo] 1.5 3 9t} SimplePowere transition-
sensitive U X Edd) 7|¥kE T3 AdEHPoH
A== g B Cycle-accurate RT 5¢] ol =] A]
Ed o8 24 Simplescalar J2EZHA Ale] MB A
S AlEHolES T A EH A FHAM C ZEE
Simplepowerd Al A8 7} A2 W@} 9
3 Simplescalar®] H}d& g o] &3tct. Wattche
oM el A A mlo]ZR-Z2 A A 4]
o digh ¥4z A8 9 Ty YA=ZEA CPU
o] Ay &uE 3= Al olEolth 53, A
o g8dol B o7 YA A WA FT
Aol tlg] MY An 4 Rdy Az A o)y
S85t31 2984 F851 vl Sim-Panalyzer
[20]& Simplescalar®] “sim-outorder”o] 7]¥+& A
g Algdold ETEA o= ARM ISA] W&
e HRR sk glom 558}

A

BB b
lo My & = 0 =T

=

s

2

3. MH=H olHX| 28 ZLIEE AlE0|E

3.1 RenergySim A4 =gz

o] E=%o|x & EXPRESSION d7= 7dloeg
qiA 4Hl A RUEH| 7t5d A5H AE
& ©)E1 ¢l RenergySime 18 13 22 3L =3
AAE) o] s A, EXPRESSION ADLe] ©l
HA 2¥ BUEHHE 918 FRE B8] A3
ADLS g33lti21]. EA, 338 ADLERE A
532 #Huldz AA7]<l EXPRESSE o|-&3t4] A
5A4 AudyE 4% $ oA ol gk vt
oliEE WA =3 F4E ADLEZH-E ulo]
HZ g Al B olHe A C++ Z=2 HEste
JdxedA P E AF AASIATH AR, Al E
o]8] A417]¢) SIMPRESS[101Z &33le] Al &Y
olf] Tl g ofF|HlA T2 AR ghe|H g,



OiLAX

i /’\\
! Compller Genem(or i
(EXPRESS) ’/ Compiler )'* Target Binary
L] o !
\ o
e ~
7 Instrction )
Extended- . Dondor y
EXPRESSION \y"/
ADL — ]
i S
l NG|
i g S
7 - A sumatation | \\
Simulator Generator | e — E Litraties !
(SIMPRESS) |~ f\ J
i i
’ Decoded {
\1\ Instrictions. /
| Enorgy Momitoring ]
1 Libraries e —
[\ Retargetable Simufator |
\\ (RenergySim) i

e i

T2 1. ADLE &8t olix| & AlE2o/E{(RenergySim)

Al ol AR FAdell o elel B, o
aH RUEEE 98 gholnd e g Co+ FHE A
detch iAo g AAH QAEdR Yag A

E Y748 F GCC 7Ur°‘ Ei = 01 ‘6}04 Renergyf
Sim2 A3 Th AlEEelA A 1S-CS WA
[131& 7I9to 2 QIHZ g r Al%ﬁlCJ]EH KRR

FE9E BASHA @ A B A
A7) A3 A2EYA Hage A
ot WAER AxEE
Fg5te 5L /MR vk

AEHO|H FA Fad AHAHE A=
SIMPRESS+ SimulatorGenerator Z#§249] gen-

eratorSimulator() WAZ=ZE %3] Base Library,

it

W
r
9,
=
:cg
>
rﬂ
i
031;4‘
>
L
2

4H| RUIEES 28t H

=X OIAESM-A AISHOIE! 465

Target Component Library, Connectivity Library,
Simulator Functionality Library$} 23% ADLe
7led AEE &83d ofx An BUHYES ¢
3l Energy Monitoring 2ol B &8 E 18 29} 2
BA-& Ea) ;A s} Unit, Latch, Storage, PortZ
713}3}= buildSystem() WA=} Cache » Sram
- Dram< %7|3} &} initialize() WA=, Cache -
Sram - Dram®l &l read(), write() &2to] B3l
S o A A 2HFE S WA= FgH)
AiEe M2 2EY AR A4 E o]
A= memconfig 4Y& F2E F3) vEe] B8
stgtu) e AR (MEM_MODULES), R & 42 &
R(CONNECTIVITY), 4 93 FE(MEMORY
MAP)7F Al gt} ve] 2E3} st g uo

initialize()
1

=25 VI 2E EY, 2E BEEE FAEHY,
EEI 4 AR E vi2y 25 HEE F 4
FEAT) pA g o F4 W ARE WRE] BE

©

2

ATt

AEBE A R g B P gow T4

3.2 oX| 2B 2HEHY FE 3 2lo[E3e]| 4y

x| v BUEHE 93 golnda= ADL

SimulatorGenerator

generateSimulator()

4 DerivedUnit

controiUnit(}

MIPSbulidSystem

________ >imsmrm;we

H
{INSTANTIATE_UNITS()

LATCHS()

INSTANTIATE_STORAGE(}
iIN STANTIATE_PORTS(}

MemorySubSystem

memorySubSystemi}

buildSystem()
MemoryModule i
7 {mem.config) initialize{)
AsgociativeCache energyMonitoring()

initPowerComponents{)

- Sram

initPowerComponents{) ;

Fy

print_mem_stati |
stics |

‘i Dram f

— e,

|- Memoryiierarchy. |

init_mem_hier{}

connectivity(}

AsszociativeCache

Sram.

Dram

| read(}y —t

i read(} 1

r read()

write{)

[ writaf)

[print_statistics) i

}
[ write() [
7
|

| print_statistics()

H
3
!
j
[printfstatistics() }

2 2. Energy Monitoring 2l0|EE{2|E M5t a4l

e 2|



466 SEIDICIOES =2X M43 HM3=(2011.3)

A olgld A FA AR} SAF 0T g
“Componenet” A Ao = dolzzel Ful 3k
FH, XE, 71984, Ha 53 22 RT-489 F
XdES £4 AHHE  SUBCOMPONENTS,
LATCHES, PORTS, CONNECTIONS, OPCODES,
TIMING, CAPACITYE o| 838} 19 334 o] &
#gh}

(FetchUnit FETCH
(CAPACITY 1)
(INSTR_IN 4)
(INSTR_OUT 4)
(TIMING (all 1))
(OPCODES all)
(LATCHES (OUT FetDecLatch)
(OTHER pcLatch))
)

(DecodeUnit DECODE
(CAPACITY 12)
(INSTR_IN 4)
(INSTR_OUT 2)
(TIMING (all 1))
(OPCODES all)
(LATCHES (OUT DecAlulReadLatch)
(OUT DecAluZReadlatch)
(LATCHES (IN FetDecLatch))

(STORAGE_SECTION

(RFA
(TYPE VirtualRegFile) & Ptz
(WIDTH 32) (SIZE 32) (MNEMONIC "R")

)

(RFB
(TYPE VirtualRegFile)
(WIDTH 64) (SIZE 32) (MNEMONIC ")

)

(L1_Assoc_Dcache
(TYPE DCACHE)
(SIZE 64) (LINESIZE 2) (ASSOCIATIVITY 4)
(ACCESS_TIMES 1) (ADDRESS_RANGE (0 9995904))
)

(L2_Assoc_Dcache
(TYPE DCACHE)
(SIZE 64) (LINESIZE 2) ASSOCIATIVITY 8)
(NUM_LINES 64} (ACCESS_TIMES 5)
(ADDRESS_RANGE (0 9995904))

)

(L1_Sram
(TYPE SRAM) (ACCESS_TIMES 1)
(ADDRESS_RANGE (9995905 9999999))

)

(MainMem_Dram
(TYPE DRAM) {ACCESS_TIMES 50)
(ADDRESS_RANGE (0 9995904))

)

a2 3. Component 4iMolA o7 |8IX 74 HE FS

SRAM, DRAM, CHCHE 3 & thosl o =g
T4 s4e A5¥H £48 TEITH HARE 9
Aol A 1) 49} ol AAR) viny A 72

a2 5. 22| AlS F= AA(TE 4)of it ADL EE

sk ADLS B¥e 19 58 2

ZZAAME 5 7he HALE(RFAG2), RFB(64)
& 7142 9.2 MainMern Dram- 512 H|E =]
Z A F /M9 Associative Cacheol o5} HH},

ADLS) 239 op7ex 2 vRe] FRENE o
Z Ao} A LuHE S5 7] Y8l 41
Ao 2 Cache, Ramel st ARE %788 F
Cache, Ramoll ti3] ¢ 7)(read())et 2~7)(write()) &
ol 4% ] 2l 19 63 22 A F

Zroll chel A e)stAt

L1_Sram(512)

CPU

L1_Assoc_Dcache

MainMem_Dram
{64) {512}

RFA(32) RFB(64)

L2_Assoc_Dcache

{84)

g 4. tl=e AlE Fx A



OILAX

@ Cachedl A Read¥tth= %12 Cachedll H.

@ Cachedl A Read”7} AF3 s AL Cacheol A
817 AF

@ Cachedl| A Read’} d#sldth= A2 Memory ¥
o] Ea.

@ Cachell X Writegtthe A2 Cacheel 3T A%

® Cacheoll A Write7} A3 the A2 Cachedll A
=z}

® Cacheel A Write7} AsfislHictes A& & 3
of wloly o]Fe] Q.

@ Ramol| A ReadR®the 22 RamelA §7] A%

® Ramol A Writedlthe A& Ramol A3 4%

7

gal

-~

ol

a3l 6. Cache, Ramoil thst 871X S& &2

ol#] gt AEE A4317] 98] MemoryModule<:
A&k AgsociativeCache, SRAM, DRAM Zf 2~
£ 2713 A)AF MemoryModuleol] = Cachett
Ramo} read/write® & o] A5E A& F=
read_hits, read_misses, write_hits, write_misses2}
Cache® T 3J4E AFS 5+ cache
accessesE A3t Ak 2 2o read/write & W)
A skE AAXE 287 93] latencyE A
oati Jow, duyA ZH Fag 242EQ

_decoder_power, _wordline_power, _bitline_power,

//AssocaitiveCache & 2~9) print_statistics H A=
AR Avlzk &4
void print_statistics(FILE =statPtr) {
float rhit_ratio, whit_ratio, hit_ratio,
if (cache_accesses == Q) {
rhit_ratio=0.0; whit_ratio=0.0;
}
else {
hit_ratio=float(read_hits +
write_hits)/float(cache_accesses);
if ({read_hits + read_misses) == 0)
rhit_ratio = 0.0;
else rhit_ratio = float{read_hits)/float(read_
hits + read_misses);
if ((write_hits + write_misses) == 0) whit_
ratio = 0.0;
else whit_ratio =
float(write_hits)/float(write_hits + write_misses);

}

hit_ratio=0.0;

)

a2l 7. Associative_Dcacheol Tt of|4x| AH|ZF &F

AHl QUIEIRIE 28t MSE AEHM-AM AIZ20IE 467

_senseamp_power, _tagarray_power’F g2 F o] 3l
, THA O 2 read/writed] e A7) HE T
o] AY=le] glr}. o]# g MemoryModule &2
Ap&=nko. AgsociativeCache, SRAM, DRAM £
2 AE AAFC AIA 4L Y& init-
PowerComponents() ¥ A2 E=2E ©}-83}4] Memory-
Module Ed =0 Ad WS 2V8sta 5
S Ao itk AAAA AYA Av FAL
SimMain 28} 20X singleStep() M AE7} Alo] &
g2 AgsHA 243t MemorySubsystem
2 ~9) doStep() MWl Aol A Cachedl] 3t read/
write 523 Ramol| ™ &} read/write 52-& 27 %k
t}. Cache®t Ramoll i+ ©& read/write 20| £
A 4 A AbEE duA v print
statistics) WAEE FsA A B 85k
AA A 2HlFE A E 23| T print
statistics() Ml&x=9] 78 1% 83 o] Cache
Aol ek o R &AM 2 cache_accesses 34
7} 2R 840l SramS read_hits®} write_
hits B7b oAl AavlEs ZA ST, Dram
accessPower #-& T8 W read hist®} write_hits
2 AL5le oA anEgs SATTH

RO ruln }1!

8

3.3 4" ¥ 21

o] =AM Hxd YR EXPRESSION
ADLY) o] A8 ARE THF F- |2 HE 7
F A% A g8 duA 4v 2UEH R 34
o] 7}%3}t RenergySim Al E#ZHolHE AT
EXPRESSIONe| A Zi}de)et Al &#Ho]HE 7
of g5y ofFeAolA(LLLc~LL24.c)ol
3k x| AvlES SASAT. 24 $7H2 Window

olN b

L1_Assoc_Dcache(1)

25 i
P2 i
i1 l l
& ; |
05 . &

o el n NS EEERERRRNE

L1 L2 L3 L4 LLS U6 LL7 LIS LL9 L10LLIELLI2 LLA3LLI4LEISLLI6LLI7LLISLLILL20U21LL22L123L124

1% 8. L1_Assoc_Dcache(1) X220l chgt of|L4X] 2djzt
(ud)



468 HEIDICIOEE =8X M4 HM3:(2011.8)

7, VC++ 2010, Intel Core ZZ A 4(3.60 GHz, 400G
RAM) &AdA 434t ADL X8-& MIPS
R4000 o7&l X o sl 1g 4ol A AAE v
TZ2 B89 19 § 99 #o] Cache HT9) Ol
S ouR AvES ST
Main_Mem_Dram Ao gl o= Lwujgke
a3 103 2o}

AZ A O] A(LLLec~LL24.c)ol HE A= A&
HlEkS &8 7)E A7 W pEH g ADL
AquA] AnlgsE AT ¢ e ARE Vst

8 448 AEHoIE 7} oA LulFg =
olg B3, 2% o}
P dlel @A ADL £¥9] ¥
2 4o 7teg A B olHE
o o)A % AT AnE Enkd dWOs A
kol A8 ol7 e A A9 AZEGAE )
Wsted €48 4 9.

JN

a&o’éoﬁ,@oé
o
o,

12_Assoc_Dcache(2)

50

0

30

» " |
o lm ] --lll l ll l’l-

L1 12 U3 La U5 LG L7 U8 L9 LLIOLIILUI2LLI3HL1aKISLLA6LLI7 LLIBLLISLEZO L2122 L2302 |

I8 9. L1_Assoc_Deache(2) &0l cht olfidX| Au|gt
(ud)

Main_Mem_Dram

I | Il
1._|.Illll-- lll[ llll .X

L1 12 U3 U4 WS U6 L7 U8 LS LLICLLITIIZLLIBLISLUIS LLIGLITLLISLLIBAZO 212244231124 |

=121 10. Main_Mem_Dram Z22of| st ot x| 2v|2k
(ud)

4.2 B

AEYolHE AU TR HAS

golz FE3 7] Ao oF|dA ] thkdt A &<
# NAe fH AT EYOFHRE HFE F e
=28 sl=9o] B AZE 0] Jfut =FEA, o}
gx9 7)s A%, A% &4, 149 -y a6 &
A A3} 5% =] 8A AAAA FastA &
st 9ok AdlE duvls Aladda dgsEle
ol ZalA o) Aol tisf A AWFEHE FASL &
UHHT & I &4 759 "aHo] A&Hor
A71Hz o, st A A g AlEE ol
HE pgstr] s A5 v1ee H8e AL HlE
F AHE 2Y 5 e AR AAEHT gl
Aol oA 4H &4
=381 AJE# o] B¢l RenergySim&
ADLERE AE7 7|&g H43td B43a o
AT B3 AA, AUA AW 4 R RUHY &
&g Y3 oNdEx px Fre WEY FRE
ADLe) 83899t £5), ADL 38 JEZ5H of
Hx 23 @ ZyEYd e golngls A4
& 5 4A AlEY ol e g3ttt npA e
& RenergySimel $2ty} oz &¥ £X& HE
6}71 230 MiPS R40009) rﬂﬁ& ADLS £33 %

O

ey
o

-‘z F’BP%I O‘ﬁlﬁ]‘: *l*‘%‘l A A
Mo AzEg oA dHE T3 AL o}
71ax] Apdel S8 F glen AL A
&M £&4Q SDK 7o) 288 + vk dA)
wo) B ouA L¥H 54 JEE ADL
RS oprE A ThFE FRAA AA 2w
#F 540 Festes E%‘r AFFolH Algd ol
el Al a¥ 248 S8 5 e TsA
g e Aol

&

T

F=

3l

[ 1] Prabhat Mishra and Nikil Dutt, Processor
Description Languages, Morgan Kaufmann,
2008.

[ 2] Rainer Leupers, “Code Generation for Embedded
Processor,” ISSS;00: 13th International System
Synthesis Symposium, pp. 173178, 2000.

{31 A. Hoffrnan and H. Meyr, R. Leupers, Archi-
tecture Exploration for Embedded Processors



[4]

[5]

[61]

[7]

[8

f—

(9]

[10]

[11]

[12]

OILARl AHI DUEHEE 2I8t Y IAE2M-Al AIZ20IE

with LISA, Kluwer Academic Publishers
(ISBN: 1-4020-7338-0), Dec. 2002.

Uli Kremer, “Compilers for Power and Energy
Management,” PLDI'03: ACM SIGPLAN 2003
conference on Programming Language Design
and Implementation Tutorial, 2003.

Uli Kremer, “Low Power/Power Compiler
Optimizations,” in Low-Power Electronics
Design(Editor: Christian Piguet), CRC Press,
2005.

A. Parikh, Soontae Kim, M. Kandemir, N.
Vijaykrishnan, and M. J. Irwin, “Instruction
Scheduling for Low Power,” Journal of VLSI
Signal Processing, Vol.37, pp. 129-149, 2004.
Eric C. Schnarr, Mark D. Hill, and James R.
Larus, “Facile: A Language and Compiler for
High~Performance Processor Simulators,”
PLDI'99: Proceedings of the ACM SIGPLAN
1999 conference on Programming Language
Design and Implementation, pp. 1-11, 1999.
Mehrdad Reshadi, Nikhil Bansal, Prabhat
Mishra, and Nikill Dutt, “An Efficient
Retargetable Framework for Instruction-Set
Simulation,” CODES+ISSS’03: Proceedings of
the International Symposium on Hardware/
Software Codesign and System Synthesis, pp.
13-18, 2003.

R. Leupers, ]. Elste, and B. Landwehr,
“Generation of Interpretive and Compiled
Instruction Set Simulators,” ASP-DAC’99:
Proceeding of the Asia South Pacific Design
Automation Conference 1999, 1999.

Alex Nicolau, et al, “V-SAT: A Visual
Specification and Analysis Tool for System—
on-Chip Exploration,” Journal of System
Architecture, Vol47, pp. 263~275, 2001.
Jianwen Zhu and Daniel D. Gasski, “A
Ultra-fast Instruction Set
Simulator,” DATE’99: Proceedings of the
Design Automation and Test conference in
Europe, p. 1999.

A. Nohl, et al, “A Universal Technique for

Retargetable,

[13]

[14]

[16]

[17]

(18]

(191

[20]

[21]

469

Fast and Flexible Instruction—set Architecture
Simulation,” In Proc. of DAC, 2002.

M. Reshadi, et al., “Instruction Set Compiled
Simulation: A Technique for Fast and Flexible
Instruction—set  Simulation,” In Proc. of DAC,
2003.

Anupam Chattopadhyay, Heinrich Meyr, and
“LISA: A Uniform for

Embedded Processor Modeling, Implementa-

Rainer Leupers,

tion, and Software Toolsuite Generation,”
Processor Description Languages: Chap. 5,
Morgan Kauffman, 2008.

Prabhat Mishra, and
NiKill Dutt, “Architecture Description Lan-

guage-driven Software Toolkit Generation

Aviral Shrivastava,

for Architectural Exploration of Program-
mable SOCs,” ACM Transactions on Design
Automation of Electronics Systems, Vol.ll,
No.2, pp. 626-658, 2006.

Wissam Chedid and Chansu Yu, “Survey on
Power Management Techniques for Energy
Efficient Computer Systems,” Technical
Report: CSU-ECE-TR-02-01, Cleveland State
University, 2002.

SimpleScalar: MASE. http.//www.simples—
calar.com

W. Ye, N. Viaykrishnan, M. Kandemir, and
M. J. Irwin, “The Design and Use of Simple-
Power: A Cycle Accurate Energy Estimation
Tool,” DAC'00: Proceedings of the 37th Design
Automation Conference, pp. 340-345, 2000.
D. Brooks, V. Tiwari, and M. Martonosi,
“Wattch: A Framework for Architectural—
Level Power Analysis and Optimizations,” In
Proc. of International Symposium on Computer
Architecture, pp. 83-94, 2000.
Sim-Panalyzer(ver 2.0.3) reference Manual.
http://www.eecs.umich.edu/ panalyzer/.
Kwangman Ko, “Design and Verification of
the
Language,”

Class-based Architecture Description
Journal of Korea Multimedia
Society, Vol.13, No.7, July 2010.



470 REIDICIOEE =2X K142 M3S(2011. 8)

1998 29 =08t n AREHT
hah(F 8}

1998 3€~2001\ 8¢ FFolx e e gt
A A}

HEAT T QUT003, %), UQAM(2008, /Ivith, UC
Irvine(2010, ©])=-)

20019 0¥ ~EA AT AFHAYR TR up

B4Ry z2agdelE 2 Axdy



