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2 Y 7 JUEF A" HHo] AoRA, I WEolE ol gete] WHolo X #t ¢ W9 T &S AR
7 4 de FHE A oPIEARA Fefo] CISCe RISCO s &3 FulE FHskar AUrt.

EISCE 7|4 o= RISC7F 2t gle hdsk 7x9] sf=dolE HelWAE CISCY AHE F7iste] & A5

& ZHA sholal, F= AErh gof Fajo] RISC ZEAA e HlaLste] oF 60%, CISC ZZAA 9} vaLsle] <F 80%
Ehd z;:ﬂg A77F Avhs FAEE AU vk wEA, 35 ARrh SASE WAEE S8 Eokel 3ol

i

AAE AYa .
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%38 B oage 9 44 oo me guits mojold WE 2es 4de As HPE T Bewol
o.

Beo] WA F-(310) WE] A= AGH AEE Po] WmZrE AZ AT

HRER320)E 9FE AEES gasstn, JdFY AsEe] 4y wAE 23e

Bapo] MYR(31, 38DE UAERG20)NM HAH HY @A mek 27 sdcsd U =og
A,

2o AASEG2DE HIER32008 9% FHel AnE AZAY. T A o, 2 o232
DE B2 748 5 ek

48 Agsta, Aoy o YoMt o) s

3
Ao A Hago] AePF(331, 332)7F HE HA=EHE 27) o]

- ]

ol BaE A9 AT oy, ey =

Fog Had oz s st uldRrt W AA2E (329 Aol 5 vk,

o4 B oubye] v A4 oo wE Jults mojelA WE] s AAe 9d FE LA Bex
olt}.

WHEo] WA F(410)= HE 2AHER ALEH Z=F WHo vRRYE A&t

HaER(420)= Q1Ed A=5s Hasshal, dsd 2=s9 43 wMs 44wt

2UE A F(425) 27) ol 9] 2HEclA AER ZRSE BV BHot EAGh: A9 47 24
t9 £A% 44sE & RT 5 gk o), Umsr20)E Bd 29 A%, ¥d Ay T8, W5
g oA T 2 srt AbgalA el g, W] 28 efal, 27) olde] 2¥srt tE AES ERed
W 5718, AU ololt)E AlTL EFeHs WHo] A Ageta, WHo] AL ojgde] AEH FEES
e 4 ek,

Bge] APR(431, 432)% TIERU200A AAE AW eHdl wet zzte] 2dsd gd m=E
Ay, ou, Bge] APR(431, 432)& = 63 2 T2 vlolE A AeFo|~E Ee 5 gt}
294 A AE@2DE ORERA200E A7 ol FuE Agdrt. P I A=, Add U242
DE B2 74" 5

2B (429)= MY 2= A E A d9e Agsta, HYd m= JelME Az 2dss
& AR old), dHd 3= 9 1 Haee] AF-(431, 432)7F M8 AA=HE 27) o
Ao A sz uldFTE W8 A AE

o %
o 2 o
HE

oy
il
ML msi'
i)
i)

~

420)5 Ao 4= 3t

5 i el EuE AA] ol mE dWiyE Fojel HE 2 AS 9 HdE TRAMY =

duiti= FojolA HEl 2Ad= AL 7] Yl sE Pt 2 dEl Z2AAN7E Dot o2 A
AE32000C =& Fgste] HE] A= 4SS Fdth. AE32000C ZolE YHtE HoZ2 dHt= t]e,
Htl 2 5 thFsh ool Alg-F),

AE32000C Z2AMA = 7]|EH o2 dhite] Fojvks zheth, gl o Z2aS Wy 2AgE ZEZ2 e
A5, 209 2AEs SR W 2o 2L} gRre] 49 ge AEE FYH.

AESZOOOC Ho]= fetch, decode, execution, mem “L2]al WB(write back) ¢ 57 ©@ARE UFojzl o] kel

AAHA, W#Ho] A=(Instruction Fetch, IF stage) ©Aloltt, wWaHo] wEo] HIste] WHOE 7MXL

21}, backend ¥polzEple] T2y F#ASIAl WEHo] F(X 59 ZEjx] )7t & wi7kA] A1E (prefetch) S

ettt ek, LERIWH o2 Qlsle] e = = AT AsLE HAslslr] st ¥ EHS 33},
e

FHA, WEo] tJZ=(Instruction Decode/Operand Fetch, ID/OF) wAlo|t}. <¢l&a] = oo thal afX&
G, gEo] e wel do]zelle] 7} dleolH i Q4] QA3 Ao AE AAdsta, a3 oF
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1D , 2l

g waler dish= Ao, w718 s §o vl 3. 29 dE & (operand fetch)o] 7ol
© HlolERe ofEd B ostEdle] o= é% HHste] v 4 gl &4 A5 wE ZEH oA (bubble
stage) & BAAZIM, T F e Aeole £ (forvarding) 224 & EAE dste 4 wI
ek, w3, ID2Eo] Ao B ZRAM ] Ao)7} S8 F ).

AA, dd(Exection, BX) @Alolth. A& @Al M= ZRAMNAM Fasks tie] dike Adsty, d
ol A& A% F2Es sk AYdE AT ANbH Aol AREE = MACAAS EeR BE ddt

FIO e

o 1 Alo]Z(cycle) Weoll dAAlko] 7Fs3ku, DSP Extension® SIMD Extension® AFEje] MACHAHS pipelined
SIMD MACL.Z A Fd¥ o] oz & A~FE(throughput)S YA T HoJ®A](latency)ol] 2Fo]7}F AT},

WA, wleel HZ(Memory Access, MEM) ©Ale]th. ©lolg] wlRelo] HZale] dlo]E]lE READ/WRITES = H%
= TIN5 dolEl/AMA e wel|A P A Aol ZRAME in-order o] ZERQlE A&skal glon
2 gpo]zejqlo] x| wojof g,

GARA, 2to]E W(Write-Back, WB) @Alolth. <dite] A3} F& mime Fg Fdte] A5 =L ol
g dA=H sl vkt gl

T 504, A HEY 2dErl AdEe G giiEe 2 ZE o] APH7] wEe] HHEo] sAE
(510, Fetch Unit) ¥ YZE=%-(Decode) = stUE AMg3slar, AdH-(531, 532, Execution), WEE] (Memory) 2
gZholE Wl (Write back) R ZF W 2H=gE 9t vy o F7hd.

% 59 ol 16709 W& dA~E (528, 529)F ZtErh UnbAQ HE] A= ﬁizeﬂoﬂ M 27)e) Y=
2 A93t7] & D AA2EHe £ oule #AAEB2)E Zter. sy, & 5olME AY 2ne g4
25 Fo]7] fste] HALH TS FUFshA] ¥ 16709 dX=HE 8714 (528, 529) T8 LFolA ARE-g
th. oluf, A F-(527)7F 16709 HA=HE A 2 vheth. gUlgF(527)+ = 58 o], F7tE 29
o] ool fAIEle] WHo X ~H ¥ WA= (instruction register operands)E r0-r7ol4 r8-r15= A3

I
4&

r“

e

%, A# 49 (Serial) ZE FHoME 16719 HA=HE EF ARt #l@H(Parallel) ZE= JGoAM= 72+
2 E7t 8719 HA2HE AFE-ST.

2|4 YA 2=E (521, Special Purpose Register, SPR)S 7Sl ZF 2dtd f3] dARA2EH ddS
Sdi=

U EH(520, Decode stage)ollA= #ed Z= JFoA 2719 2HEE Alostr] f1s8] 2d= Ao F-(525,
TdemelmhﬁiéﬂﬂHiﬁﬂ%%%@]ﬁkiﬁﬁﬂlﬁZﬁﬁ%%i%ﬂ%ﬂ%ﬁ%%&ﬂQQq.
T 62 &= 5o AEHE dEH deoly 4 Qe o~ EYroly,

e 2g =S Adsr] faM s oIy A7 v TER Aol hssior dvh. 2y, & dolA =

of M4 B dY ARE Fo7] f8 wd RES ARESHA ¥l sofs} dloly A4 Abelel IEH oA F

Zh. dd 25 d9s AFE o, A dolHE Y & W, 4 2T sAHeR A

EE Aolgtt. o] A¢ wE XE AAE AT wiro HRy H2 Fert AAAN QIE o] AE o] &
A | w2l dE x4 AVle 24 ¢ vk Aol .

msi'
S Ay do W

] wlEo load/sotre’} ®o] A& 9o A5o] Fo] A3
siAstr] aiA = 63 &2 t]E (Doubling) vlolE 74 e o]
}%JE} HE] 2y ZzadoA] oo AP st EA load/storeD 3 A9 T Ay so]a M
Q& 7hsAol Atk o A5 7 23e o Wl A4 HEoeR Ashs o] of
LR%@?P]MMt@EgilwWwU%zTﬂﬁﬁqu.

, HE% el A4 dEs ] ol 2709 2HIE 4 2Eo] HIEE /NS 64ME 7H¢4 2Eo How &
= Auelv(548) R AF XE AMAZEE RS 64HIE A 2= s ST F 279 20 E A =
Aol ug =93s *JWOFC o] HE]E A (541, 542)5 XS

Hey Ao A, AEZE(549)= ZF 2#=9 H F4(ADR0O, ADRDE H|&te] 7o HIsls WS 4A

[ 20 N

_8_



<66>

<67>

<68>

<69>

<70>

<71>

<72>

<73>

<74>

<75>

<76>

<77>

<78>

ZIHSd 10-2008-0076392

dct. dastee delelEel B9 A4 2elel EAsd, MEel AESes @ due P2elA AR
FE meg QA 2= HolE (L0, LIDE o]&dle] 2zt st HolHE EulaAY, Mg wo|
EI(ST0, ST FAA 7wl 2719 vlole& AAsldl Agde}. Aslele dolgEe] sU% AH gelel &
AR erom  FTWel W=y Hito]l B = " (interleaved manner) o Mo @ AMESHETE, W=
dlole) Qe (data interleaving)e 93] AHSET. A Halo] A ASB(G49)E WA BE A AE
2 NE B 2o FA g}

WE| e Eeawg TAss] Astel msleld Frles A oo AR B 7zt meme
Zt41e] ID(identification number)E Fzste] AdslA 2t 2= !

=
2
27
fo,
S
[
(o]
o,
(o3
)
[
)
ot
O
(o]
Ll
do
ol
ok,
92

2>¥ = IDE HAA2=HY A4S stal fork & o] &3to] ID#LE =7

e 7 2YEE 93 2" gdS ddsta, 49 mirf REES g AR BAL B Fof A=
#1S A3tl. join & fork tell EFHEO] Qlar, WE A3 Joo] Ed T 2T #1& 2E(stall)S A7)
I 2HE #H0E ASHoR HPAIT),

gy BE 25 el if-else/switch ¢ 22 &2 7171 & Aol F/9 2des 22 3= g5 A
g3t F& 7 Ak B DA AREE (WP FRolA = g Hell A skl WEoRt ¢lo] Fola A E
T 7] wZel FUle vt e ZE 498 AP FS s AT ¢ A "t o)d EAEE 2
2 270 E7] AR AlFE T, g R Fole] A Ert AR tE HEE E25E Adstl A 22 2=
F9S AYstA Hed oyl FES ¢V HdiA HadHdA MEZE HWEE Aostal APIE FUteith. 1
g HelA] Al vpe} go] AHEE AAsHr] g FrES dolrdgd AT HE 2H=E 9
A AEA FrEE BEdE % 19 2o
X1
A= HEo 71
fork HEy Aes A%
join Hy dds T8
acquire o] Z(lock)S HojA thE A=yt ALEsHH] 5
release W] F(lock) S 3A
barrier 21T AUyt e AEE F29d v 22 PCIAA 57I8H
thread_id 2| =] (dEAF

%, BHel AnE Ageht sv

EX e
o el AUEAH AES EFRSE RIAVE Folst EA
3}

+, AEd 25 9= M dx2EH A d9s dRetal, ded 2= JYels e dALE
S 270 oo EF 995 Ao 2dUEs Al (730 ).

+, AEd 25 Fd9eA= M dx2EHe A d9s dRetal, ded 2= JYds e dALE
S 270 oo £EF 995 Ao 2dEs sl 830 ).
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olw, zpzte] 2o i m=E Adstal, 27) o] AUt FAld e xE Al HTehe B,
ArlA] (850 7).

£
oful, ol%d ol=elzol g Holw, wwlel Ao Aesn(ssl #4), ol%d olmelzol g ol
oW, zzte] HEe wAH o A Hrhese ).

gt TR ao] FREERA JHEea(860 #HA), TRHA Fow, v
B35111(810-852 #A4). o, J?’gﬂ Ao wet TR aMWo] EEEH

Y5 dolEE Ax o8 Fehe T2 Yt mws) A1shA, ERBC W
VRS AR TSl Qa o] A 109 mEE MHRT 5 A
o w@, 749 9 e, ealol ADChips ARe] EISC AE32000C & SHgetel AHEE & alth

L 9% g FololA HE 2y ZrIafs APsy] fEiA X et T2a9E HAadds o AA A
qr= F WH@olo F7F driy SUksEAlE BHoEr. AA WY 2 JAoA = 16719 AAEHE T
IF0 2 oA g ARESly] wiel A AAFE gy £ SUtetE e B 4 vk gy, 9
of e YA xE FFo mpE FAl(register spill)¥= 16719 HALEE BT AME3te] 2 & e &
Alolt}, WHs} ¥3f(parallelization overhead)™ WHE IEE WE W forkE AMESlY] 72 2H=gE 98 =
w8 wHEA ) WSE BARE Hid ol dde] dER A AV)E Aow, E 94 Hi A3 Lol

convens AlQJgk thE WX nlA o Ao YA} F3b= wjg A},

T 2e AR FRAA Avht el FPREHE welEth 19 5 oA makRel AAl AYuE Weold
d5 9 E:

= =
(e} o I~
1S 9 5 Al

T7F AR 17.507F S/l Eetal 4= E£E A4l 20.1%2] 4 d AJaL 7
E NS AE B F 36.5%, A 82.3%°] AedFde & o U

e 729 speedupd = EEQ - Aol A2 w) T 2T FAl HolHE gAY &
of ol ol "WoAA Hr}. ARt F 2g=rE IRE vRe(HRe o] zpo]7t 4)91 o =g
AAolA 274 2eUl=s 4% volHE & Wl AelstA al(Doubling) ©1E §8 de& F

Unoptimized (ptimized
Benchmark | Single Doubling Dual | Single Doubling Dual
port | outer | imner | port | pert | outer | immer | port
aifftr 14 | L0 | 110 118 | 113 114 ) 114 118
aifft S TV 1 O 4 /2 B O S R N S W
basefp Lo | 116 | 116 | 13 | L6 | 16 | L6 | 13l
idetrn 115 S 1 T O Y O . S B O (A A Vs B 0
autcor 15 | 124 ) 124 ) 143 1| 14 ) 14 148
conven 078 | 08 | 08 | 08 | 100 | 100 | 100 | 100
fft M 113 ) 16 1% ) 1 | 113 | L6 | 1
viterb 0o | 0% 0% | 0 ) L0 | 100 | 100 | 107
bezierfloat | 134 | 134 | 13 | 189 | 13 | 1M | 15T 18
bezierfixed | 167 | 157 | 157 | 18 | 157 | 157 | 157 | 1&
rghhpg 157 | L% | 1% ) 1el | 1% | 13 | 1% | 16
average Lo 119 | 12 0 1% ) 10 ) 12| 1h |1y

e 2Ys 2248 Fdst] feiA Fde] EISC Zojoll MEE =4S F7Fetitt.
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<5>

ZIHSd 10-2008-0076392

B odldgo] w2 AES =A3817] YelA Synopsys AFY] Design Compiler} PrimePowerE AF8-3t)h. Design
CompilerZ o]€3ato] AE32000C] Verilog Z=E 345l PrimePowerE o]&3sto] HAeS =AFtt. A= A%
243517 93 3 AAL FF At 3.3Ve)] 0.35um CMOS processo]i 28 FulE 66MHzE 714 89T},

i

S AR ZAS FUoRM AV FatE veRd Aok AAl AR (Execution unit)E F7F7] )
of Ao A7) 92.507F Tkt A ARE 81.29%7HE FUhsklth. = E=R-(Decode unit)o] A5
gEol S s|asta 7t Helojo] = ¢ W= (operand, HZS Ay 9T AAE)7 FA 2
AeYw 7] wiel 35.10%7HF A717F Fbskal WY ARE 31.05%7F SRSt HlEE (Memory) fH 9
Sol= FAe] 2U=gE Aol sl wiEel 15.09 %UF SV AAHoz st=gee] e
J98% F71ellal MY AW 24.23%9%F SUFSFATE. o= A ARM2] MPCore(Multi Core Processor)<$}
we o wjg- 2 grolvk. ARM MPCore®] 7% 2 79 Z2AAE AMEE W] 12607HF A717F F7keka Y
H = 117%57Fe o,

B =05 oo 2 2 Mt

¥ 3
. 3 =g)o) 2AE(Gates) 28] Ad(mW)
BT 712 Core| &4 Core| 5748|712 Core| &4 Core| F7HE
Fetch 8226 8104 -1.48% 213 2726 -0,33
Decode and
operand 14840 20049 3.10% 3501 4388 31.06%
fetch
C Execution | 20308 38001 02.00% 2334 4253 81.29%
ore
Memory
and wirte | 1034 11928 15.09% 4871 5145 5.30%
hack
Others 208 237 395% 0 0 0%
Total 53966 76319 46.98% 13453 16712 | 24.23%
Doubling cache interface| 7660 13289 73.31% 30314 £0.23 T7.4%

oL
do
o = &

oy

gEd vk o], F el olskd, (POl Ad5S FASkE FElelM HH ARFS Folal, A WF

=t s o ZeiAoldaA B ;s AGEE As AES TRl g
A% Aelt,

% 2b B ouwel AgsE Qulus o FeAel MM Aeadst Weld G AA A guels
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<6> %5 B owde] Erhe A4 dd me uivs mojda WE U= A9e dd $gE ZeAxe] B
o]
<7> &= 62 = 5ol AEHe= Hed velH A4 AeFo] s EEizoltt.
<8> =72 dge] muE A o] mE Ets sojollA dE 2 A3 We sEkott
<9> 8 ¥ owge] ErhE A4 oo wE dWtis Fojol M WE 2= A wye] sFEol
<10> w9 B g me o] Rolg wAF Aol
=9
EH]
ZZHM
|
oY T2 A g2 ZZHA
| |
MIMD SIMD
(multiple instruction (Single Instruction
multiple data) multiple data)
|
| | |
Shared-Memory Distributed-‘Memory
| Vector
‘ | ‘ ‘ processor 22d
Master/ e i
Slave (Symetric (Chip Cluster
Multiprocesser) |  |Multiprocessor)
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EH3
310 v 331
e Z Z
ATH& > Ao
012401 axrg [ 3
% =
4 HE dXNAE Al
320
)
332
k=47
420 425 451
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410 e = >
s 421 X012 das
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| Ams
A
o121 0f HAZH, |y
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=95
SE X8 CIZE% (520) algi= Heel
&10) o2y
& BZEE
4
i SPBUS_T SPBUS ABUS ABUS_T 531
ADDR CBUS T CBUS BBUS BBUS_T
common I 1<
> i 1] {
r I_I_. ._, \) P LR > SEL#0
=|[F - EX#0
l L LB
J' WL = ==L
o | | |7 [ o R 2R @20 DIVEM
Heel IFU
l RO~R7
$E YXAH l
I i | (528) I
i
* I = R8~R15I .JI,Lll
i M8 UK A |
OelaNxl 7 l (529) l |!
)
bl gl wh e Sl Ui e e e
| BH——— e |
clO|E &
=06
; 541
Dcache SRAM OIS M4 EHOIA HA 2z AESY //
[ wao )12 ’—}Lﬁ | 2
»> . > MUX 6:
MUX >
} 12\?:12?mt { e | LDO
ay ;
> st MK = "Lj’ 64 o MUX » LD1
4 A\
Way 2 | X 548 i [,
™ 128¢128bit WX N 542
j 2
. Way3 >l «———ST0
128x128bit
" DeMUX e <« sT1

r ADRO
4 2AEE }%k i J:J: ADR
\ \ [
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