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HES J|HCE = SoC €N B

= 3

=
T Sy J"I-

o=

s

SoC (System on Chip)2] a2 &Aj
2ol= 71Ee] A WHEo 2= 3
= oe] 7] EAES Ak ok AlEe
A= F479] —7}0}1‘ i AE
AHom skl glow, 7IE 4 7=
nko 2= ddsh] 44 &> VDSM (Very Deep
Sub-Micron) &4 3k A 2o] E&F 1L Q=
Aot o]ggl FAIES A7l Al AlE
% 3= dloll B ofelsS 7IXA =7] W
114 uhg%g 40% U= *Hio )\474] H]—
-‘Hﬁi “1%% Oﬂ:rL*O] ehire] Zlawar 9l
5940 8 Woloz “x)

=T 828

platform-based
dE SoC A
—’F A= ‘ﬂ“ﬂii 7o A
< HL—’ O]E} {"r: o]#{3t platform-based
design®] FH % 2 A AN FH
3}al )& platform-based d651gr1°ﬂ el 7]
=

l

I.M E
AT AR A EAL ARy ~83) B
sta}, FAMslz gokE = Qltl. 4¥3E B3
Fog AEe] EA7) 7hssla, B3skE Bt
o 3hte] AEo] Yokt 7)es Agsez, th

(934)

AAA System-LSIAFEH

==

=&
T =

fiss

o]

OHok sh= MAERO]

g AFES
&9 AW ﬂ%hﬂ FAR RERIINTEE SRS
ulA AFel. PDA, A3}, GPS 7l 5% Al
ol Ff7} ZFRS 2nlE Z (smart phone)
o] 71 F& ogfar & 5 o, olg AFE
o] FHL shte] Alzglo] shute] ol
= SoC(System- on-chip) AA|e] HH3}z
Q13 7Fsstct.

TEAoR SoC AAE A 74 71&9]
wAT o w Qg 7Ee] B ot
To] 7hseh AFS S| Al el 74
o] 7kssHl HIlow, olgk HA L= S
o=t 7K53t E ot} o] 90nm &
g 7] o83k AlFo] FAIFAL 9lom, ITRS
(International Technology Roadmap for
Semiconductors) ] W=, 20103 Zell= 50
nm 34 71%8 wgeR, 1V olstel 54 A
9ol A 10GHzel 54 S22 5%+ 409

ot do R

3
&

E

WAE7E JH8 B=e] AV 7 e AR
5L glet.

SoC Aol T=2 Eit= 7 7|3 2 HlE
o] Il Ads 2 715 Aok =4 (constraints)
7 Ak vE-S g8¥o% H3F (trade-off) ot
Aoz Heojd 4 Quptl At njgo] A7HAd
Z Ve FE 8 ol v~ (mask) AR
HE-S 5 4 Atk 130nm FAAA 3 AE
(set) 2] wk==L A2} H|Eo] 60FHE o)/do] &8
H= Blo] & ol ofm, XAt 3] A=}
NS 1007HE o] 22 ZoR ojEHm
Acpt gk 130nm EE 100nm FHES Ab

mlo r\r

e
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3 (wafer) & Ailsh=
airE= oF 3591E-9] oak
3L QUEHBL g el Ak

o &l

=L
= ©H

*Dﬂoﬂd I o

ﬂﬂ] o 5
ﬁg}_ =1 Esl—g}__ 'T:TL -
(mfrastructure)Q‘ Xﬂ—LO]-X]“}
o= J)TE Fdde= AARA
market—% ‘?} o] A= Zylslu
ot}
o|#3k
71HE0]

L
L

time-to-
AE FA
dslz] f1gk of2] 7HA] A

o, o= plat-
7ol ol2fgk Al
ULt o] 7]
e A7t
A @ AR (reuse), 914 (flexibility)
2 F8A (efficiency) oM o] = AYapgol
Folzl &

=
S

A A
o:]:[L B.E]
form-based design 24
£ 91gk Z&AQ WRke R AA|= L
HE EAx o w3t 7P & o]

e
I AE opFEAE x%,]o}oq
U oF|EHE tA] AREERS ofv]gitt (7]
0] ASIC AAAS] AR i =2 819
o] TP2] AAE-S oufslsi o}, platform-based
design SWE X313t architecture®] A&
Fgich) o]yt opF|dlxe] AE-S
Heg GQol A8shr] flsiMe /i
(flexibility) o] Z==o]7] wiizel, o]& 8] =
2w E] (programmability) 7} &2 o}
7)¥1% 27} platform-based designol] 2%+
sitbal @ 47 Qo). =, wpto] Weld op|E)
e A Z2agmEsiA vtee UHES
fakEl= AHo| platform-based designe &
olatA gt & 4 Qvh. Ax, ZRIHHE
(programmable) ¥ o}7]Elx o] AR FF

Fol(application domain) ol
@ = ZMR_Q

o)&
E

=

S}
=

o] §&74¢1 AAto] 7selar, wEbA vlAa= A
A Hge 2 B B0 Qe 5 gtk

ooz olyjElNZ :rL/Ho]—* 840+ ARk

4 (computation unit), 54 3 (commu-

(935)

nication unit), 2 A% 4 (storage unit) &
2 Aod F ok ARXE {2 ol

= SWE 7|¥to =g 3t ZgAAe] Algog
S = 9lew, FPGA (Field Progra-

mmable Gate Array) 59 A+4o] 713

3F=9lo] (reconfigurable HW resource) = F
< Zbg wha Qi FAl f9Y A 71 ¢

olo] (physical wire) ¢ ‘ﬂi %43‘9] 27
Mol ohd ) AR UEL = (micro network)
MAz Ade] 7ide] A Sl /9 72
7 =L ATt o]eldt FAl of7|El - o] AQk
< oy 7H 01%7} DA, 1 F st
e Fol7] §1g Aol
o]zt Oqé% HA ke A Al (sub-
optimal design) & &= DS 7L Q)
A|qk ol#f3t @S platform-based design
WHEe] A8°] time-to-markets W
$Hs 1HE o o= A 3ed
ASHnt. agldx: Eveta §A4
o olgslr] 9k, Folxl A =
(constraints) & WSAIZ]= HAe] X2 T8
ZAolH | platform-based design 7|9
o]83} thekshA 2 aay o7 el uish
717} g7EA] wtelt,
[Fgolre a4l ¥ e platform-
based design 7]'He] AT &g dis] AR
[IgelAE Azt A Fxleka Qe
platform- based design 7%l oia] 243}
7|12 gtk VA e A3EAE YlelA] A-8-5
platform-based design 7]‘?.154 Ag AR 2
IS AElol tia] dolrar, wpx|uto 2 Vgl A
=< Pz} it}

0F O
jEon . E

—Z 1 [e)
F= ZAHLe

i

=

[o

ol A

o, mlo flo

al,

II. Platform-based design®| 9T7S&

[Pl alle] A A7) 2 7]gedlA]
A3 Q= A5 2 Ag Aldo] el olr
712 T} [PolA] 2EE U 5 Be 28
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o] AuEQNA WAY Ao o PAT NE
2 A% B9 A wael Fes D,

1. Philips Video Top™
9 FEAdA= 244 (Philips, Siemens,
Cadence) ¢} ™ 8} (University of Paris Marie-
Curie, Politecnico di Torino, University of
Tubingen)©] #5222 Al2d] A 4 ASS
X072 g COSYehs Z2AEY} Z18s| ),
o] ZrAES 3o R platform-based de-
sign AA 7]"He] AMGA) Xﬂz AE AL T
gEom 1 i AE2 Philipse] tiXdE
HY e HIZTs|AE (broadcastmg) S T
o2 3= Video Top°l3itt. Video Tope
MPEG2video stream= decoding?dt & &l
o2 Z(zoom) T+ A (composition) <
Tyt
Video Top< Kahn process modelol|4] H]
3% YAPIE o]&slo] 62 Z2A~2 G449
2,5000C/C++ &l e mds Hvh
MIPS PR39K, 1M SRAM=- 7|Wto = PSOS
RTOSE ARESh= o7 |dIx 25 e Fdalo]
= BMS Eal olyjEly BAS ZaEielo
BE SW= ?Lf?i% 7A¢-Hr HWe SW=
H olzlElx ] A9 1608]2] A TS 1
opfiitt. o]F 7 T 83 HW &5
2] Al (access)E G&Hoz2 F35}7]
zyd Wyl w22 #E]*}F (frame buffer
memory manager) 3t} /5 412 Cadence
Aol VCCE o]&sk3le™, Philipsel cycle-
accurate Al EE|OJEIS] TSSel| vl 5% A%
o] o= ¥ vIF AEs] 2Ay =AY, Philips
= #H<5H platform-based design 7|HS A
Al T8 AlFel #|&2 08 283 Algolt},

_ELO?LIU

o)
=

v

ro o mlo oi y

i/

2. Magneti-Marell AF=t Al H|ofH!

AER A Ao] Mgl A ekl
W F2A HER @R A 2710] el
ofok B}, o] Bl )] T C 2 (oF
135,000 =) & 271¢] AN, v, =Y

(936)

A BA|2HElo] I 221} 29| (crossbar switch)
of AZAH Mz op|ElAol stao] A A
o AEAY SWe i F3 [1]e] Alekd
Hie} 2o AlFE A E o] 412 (layered soft-
ware structure)®] 7dS o]83sl¥ornz W
R ol7|E 3o {7 W8 (mapping) ¥=5 A
AR s TS Fe oF|EA B 11
ol M= Fle] ZRAN TF T HE o ZEAA
% alsh= Agjo] EFE oM Z; ZREAA

7ol thel 27He) ke AEge] % (parti-
I e
o el AAE ATEGIZ TEY BF, A
FRgAmel shusolz THE A%, BE F
WA} Heslols TaY A9l o s

H7P7F ol 7%

Cadencerle] VCCE ©]&3F A5 4]
2ZEER] X (prototype board)ollA1<]
Avfe} vlawste] oF 11%°] oA& HArt o]
shke] opF|dxE FoIxl 75E Foixl Al
oF 27 el ek oF 40%¢] ARFs
computing power)°l 17} A+ VCCE
Eek Ao ® o 5 QS olelg Ayl v

ZRAMTO RS FEe At 58S AlE

L
o [k

12 ofy

—

3L Al that ol AISAR, 1) 3 @
o] tiFS ZAl R (flash memory) 7}
i}ﬂ% A, T oiA ZRAM F7R Q1%

=)
2
lN

d Z7Rs WA 4~6%° EXsiths Aol A
2 EZ2AMAME o] 83t opF|Ex7} A3lsitiar
61- /* hq_

3l 71x] F5& A& Philips Video Top¥}
o] HA|E AHFHOoZ o] Cadencerl?] VCC

0] ¥ o A=A @il ARtk Aot

M. 8M&xte| platform-based design
7Y 7= gig

1. A|AE 28l MA Z22
(a¥ 1)< platform-based designell i3k
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(TR 1> EYE Fgsh R A E2pl

(i)

:\gr;'i

29 W ES LR
o] Z1¥of| A, platform-based designs
Z A (platform specification) ©A 2}

PEZ op71dlx A (platform architecture

3z
=
=
=

exploration) ©AE FA3E o] o} WA, Al
g AARRE FHE A GAlA ZFhle] A

A A FAE Fde.
(system platform)S 9Zo] FAksle =9
o] Z#Z (hardware platform)S  9Jn|3i}.
o]o] 2= T Wy gA0l X oyl &
/\u 1’4—7;”0]]}\1 }\]/\Eﬂ EQE‘_ Eeﬂ-,] N;q] 0}7]
g% FollA 7P HA sk o7 |ExE s
L=

o]

/\Eﬂ ) )
R EU b

WA 7 8% 84 AlE
Fo FAske] A, aeal st | E9
25E AA 01'7]E“7<4i 8 (mapping) 2171
dolrf. F3t BErt oW E=EFE A~
AARRe] A2 HAAY, o]E AA| oPEAHE
-3 (mapping) k= -2 B} B2 o7 A
of thgh dele] oJx|7} Al HEE 1wk oy
HAA Ak, oA, o]2fgt 98 (mapping) 2}
A& 2FE3le Tt (software synthesis, RTOS
synthesis, device-driver synthesis)®| =&

3,

o
fr lo

]

=

)

=

(937)

L ORI AR

G T F B
Femdinm s e ol iom HW A clutechiie

Felim |y %4 Kirhiectipe
I P Firrmeres
ik

arldrmmy
A et C1i @ gy

R 2> AzARe] Al Gpal A E2%
o] FFAelt}, 1efi} o]y
9] platform-based designe ©}2]
ojm, &3t Tl ol &2 ¢l
a9 22 RS FEHoRE ol9f
WRES 78 dA-olAN ©r)A kel
" D} 22 AAAR1 S 738l =Sl
CI® 2+ AEAlA Faeta e Al
g gl A7) 229 (design flow) o]t} AHAdA
bl M= 2002435 platform-based design
7ol High A AlFeRieH, aRI7PEA
7HdE AEw FolE AETS o= V=
LTSN B

<1'“J 2014 °ZT dete] oppleA wdly o
= a9 1o 7 ZYPE Q128’2 (platform
mstance) Ardshs Fdol. ols} o] &
HlE 7 ZYE o AElXo w8 Foixl WA
£ W33 A S8
Aslksk oA E AeE A Fch
22 op7|dA ‘%‘—H

ZZ Al FAEH, stEgol2 S
legacy IP7} vl& ARE AL g9id)d
(high-level synthesis)2 &3l] AAH
@A BAFe] opEld HlE] dAdAE F
= legacy IPE 18]3te] ol7|¥lxE AA g o

& ikl

R
i

TER

E‘-O

(specification) 2
o] 7P %
S EAZ TFH

s
°]

h',

o rﬂ
rﬂ > ‘101' o

=

5
==
T

4

ZA, B2 S T A 7R IS F
gt
49| oA 29
agl 2o A ER99 opyjdlx i

(mapping) ¥ A5 ¥4 FES 98] GARIA
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JHEo 2 3l SoC A7

H}

I

SystemCE ©]-&3+ &9 T RS o8&

ATt ololl tiel & ©f AS] 7]=skAbd,
A} platform-based designe ¢35 AR&-3laL
AE B Fst WAl EdAA dA
(transaction-level) 2% o]= A|EHo)AS &
sk e A A} 2de] HeeE
gk mdly) 7golrt. o]
st s @ =g
(Transaction-Level Model)

<2y 3ol FAke TL
sto] LER| AT

1’ 3ol VR v} o] 4] TLME

g ob rr
=

o

PHES

=0 0
== =

[IR=%
AT

M

37Me] B EE (sub-block) &2 FAE . 7]
54 BES 7|&38k= behavior £5, AW

(communication network)¥}2] SlE|Ho]|~%
B2

71%3F= communication =%, 1g8]al W
=9 AlolF THAl9] AL E FA[8H7] 918 bus
timing control FSM 5522 44J¥t}. Behavior
E22 untimed 5 timed YHAlOIA 7]EE =2
2 ZASE Elold Are] g glo] duEs
| B I = BRI = e =1 50 A i P Ea = |
Aol Eto]rge] AEdo] a7tE= RTL Edlo|
H] &l st AlEEol Heo] S 7K
=

QFele] ol E41 communication £
=of deojy WHef 7]5¥™, communication
22 Azl Bl TREF| ulg}l vHl] A

[ R=

=0

FE FA requests: 9 AWl L3Sl
Hc}. olu], request® &A3R= Elo|"WE bus
timing control FSM £%¢| Aojs}A ==,
Belumvior
Bus bmmg | o
i('-:un'nl FSM Coaampimacation

(a2l 3) SystemCZ ©]&3F TLM 7%

(938)

> =
Bees

o] 5] Ayt AA e 49
F9oh= 8% 847 Art. Communication
E=231 Sk ClEHlo]~E RTL 2o
2] AFEE]= pin-accuratedt 215 T (signal-
level) ¢ IE{#|o]~7} opd | -3 21559 1%
032 o]Folzl transfer == transfer? 1%
07 o]FojZl transaction GAPNA] o]Fo|7]

t}. o)Al transaction % transfere= E21%
oA AHeoje 5o, olES vRE EE &
do]H Bdlox] GEsle] FAalo] o]Fo] A=

walolc), weba] 2 Alge] oWES dYo] A
glsljof k= RTL WAlel sl dA3st AlEd o]
A S5 s et

H|E TLM2 24 Uife] o] RTL =&
3} =20k 9] R4 Hol= timing behavior
+ bus timing control FSMel| ]| Aloj==
% RTL 223 v fARE (32 Y3 timing
behaviorg 7IXA |t} o] 52 RTL level
o] legacy IPE=FE FEaH =W, A=
AQdol] o] FA= L vk ey, AR AFEs)
7} g0l E4S zh= 1P s AFs3kE
et HES Y, 78 Foll k. A= 1P
o] Z-foll= AA Rzl Wt untimed model,
timed model, TLM®| =02 Fdg o=
Fo7he WAE FHslar

TLMS RTL 223 FAE s 71X
WAL 3o A5 Ao Zhssitke & 4
= 7, o)== A= okt opElx| o] Ealo]
7FsshA g}, w3k, 7]E9] RTL legacy 1P}
ol AAREo] 7F53hH, communication 5
o] MER FEEo] Qlo] AN Sl ¥
sle]l tiaf] EgA QIEjF|o]2~e] 7o) 7Fssitt

= A= 7P A

o)
AT

A=

3. ZZMM 2

LT ES0]9] H|Fo] ool wE} 78 1P
o] A9l mdy} pEo] Fa3dl Zlo] LA
Al Bdo|n Z2AA Rulo] FHo|E B
HE 7180la gtk ARM 2o A-g3td
244 EDA A F3sh= 497

-

[ H

[e)
wEe
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AN, AR ZEAA ] ol ofol] tigt Hhe A oA oF
zdo] 3yl Aol 53|, GAe] 49 I U2 Vipel 35S vkeA] Az ol ¢k
o= dhte] Aol thefl IA (instruction- JE7] ool Al='l Aol AlEEo] A Rk
accurate) 223} CA (cycle-accurate) =2 AFe 7 k= Aotk o] AlEHeld RdlS

S B THlEled, Eloo] FaskR 2 A
T B0 TA 22S (4 cache hit/miss

A= CA 2aS
2 oldstd W 3t ok 1A 24
2 CA X9 5% TLM QEFo] A~z 7)<y o]

agate] Qe so) <) Hlg- Bol,

g

4. Virtual Platform

TLM2 3.24e4 g% vleb
Q= w2 AlEE ol SEE vEoR
s Wee =+ AE AT

2R
o

S 7 i o
RTL AA7} ¢¥59 & FPGA prototyping2
Eote] iy HEAdeA] XdE]= Blo] AEH
Q1 oLy, TLM= o]83lo] AlEeold el
< eSO} /Rl A v AlEE 749 RTL
A7 ool = spdo] 7Fssic) 3 FPGA
BEA e o7t BAE 49, 2TZES o
ofgh of|ejQlx], st=sglofol oJgt dleJAE
gah= Blo] IhAdEA7E ek ey Aok

AoX= HW/SW co-debugging®] 7Fs3led,

o

ulld
=
o
@
=
o
@
o,
4.
<
)
=
rl

dlele] 91912 ol Yol FUsE WAk
AAE oleldt ABdol BRI MY BUE

(ViP : Virtual Platform)e°]g} WHslon,
oleldt AL A 7= AmE oY st
2 HW/SW co-simulation® &3+ A5 &
A& 7FsslA g ViPe] AlEdlela 73S
CoWarerl9] ConvergenSCF AxysAke] Max-
SimE o]-&3ste] FEE o] gt

ViP&= 3 RTL IP9}e] co-simulation®™
7Vestag, dE IPE Alzd gldox] A
3 T v HE AlFsta ok TLM Al
3} RTL IP9] 12L& transactions ATz
(T2 1 9H) W3kskE ©JY¥E] (adaptor) 5
Aete] 7hseltt. sl Al ZREF
shte] o HERES FHlshE HERE ) o

KN
=

(939)

ol-gsto] A=l Al Heol FHHT] o]Hd

Al AAE S = Qv

=

MMEZXIL] Platform-based design
HEZ Al

7180l Qe BES TLM 2 ZaAx 2
el o= oA ARl tE &
ArFgel 7hsstr] wiiEoltt. 7188 AlFE &
ol 4 Fulg AlFE S8 #oke] ViPe 20034
ol kdE Ao, YES A Fote] ViPE
20033 99l e Ao}, IIIgelA AEH
A9 2y 7PHE A8 BIARE,
RTC (Register Transfer-level C)2 =43
3 PDA ViPE 200243%0] $H4d3F vl 9ot o}
=9 4,24 AE o] A& AHE FAKR V]
=3},

2. Pele: PDAZ ViP 7t Z2HE
Pele ZZAE°] gl PDA SY3E-2 vl i
2AA (ARMI26E]S) & 7IRke2 3, 7hw|e}
7155 WAL, 188 AelE 4lE5s] 3t
7] J58le] 2D 18j® 714:7] (graphics accelera-
tor) & sttt 2 ZRAE A= th5e] 4
7HA] oZ1El- o]t s wAls B oY)

A e St

=
=

2 #lo]oje} SW 2D 129 717
2 glojoje} SW 2D g 7157)

.9
==

1 H
2. 05 H
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AEZS 7|l o 2 3t SoC AA 4

3. T W glojoje HW 2D 18j¥] 71457]
4. tg W2 gloloje HW 2D 183 71457

Uz HZ glojolE AR 790l bus matrix
S AREsle] WEE] M~ FES (memory
access conflict) 3123 om, A A8 4
714 o}F1elx o] tha]l WinCE. netg ©As}e]
RTOS #3744 a18gt Ads #4o] o]FolAl
o} olggk A A ATE I el e
Wit

o SF 0] the W2 dlolejel HW 2D 1
e 7HE7E ARRE B9 el MY
< Aow PG A7 FEE HE B
Mol Aes Aoz Frivkes Holw,
o= 71=¢] RTL AA 7 oEA+ time-to-
marketS ﬂﬁa uj ALl &7 Hlalolt),
2 glolo] 32 2D 1Y k7] F A
T AgE Afole dehe el & Rt

Exeation Tome

= =
":.": FiL) -
Sanga b Segei b i 0 LB

|5..-.,.1 e TmE nIras TEr:
Corteguralion

N

(TR 4> A ol EAel g A 24 s

WaitForNotBusy
Bt -

Cursor I
G2D

BefDDI [

AFDDI

Dther

TN T R W G N O [T
time [us]

(3gl 5) CPU 2= &4 (v)=F #l°lo], HW 2D)

= THE TFssielen, (1" 5ol Hel=
g3tol, HW 2D 18y 7}
Bl st e
WaitForNotBusy <7} CPUE A3,
2 tacke] F8o] X AL = XS WA 4
A}, o] AFzHE 2D 28 7ol T2t
A== A HE (interrupt) o2 o=
H**C’*& 2 5 itk olelele SW A4S
E3lo] ARtEFS wo] gFele FES Fold
ANom, 7F Wmo] AR (utilization) ]
4 b

S —]}o

v.g B

2 =dAE SoC AAE &840 et

9)\% platform—based design 71"¢] 7l
]_4 A8 33k a1 AR A
9= 3ol i) AR}, A
Ale] 2o %szq_i oAl ZTroE =
= 9w RaE A
ARES] TS 4% st AdA WHES
olm] PDA% Aol &g A
4= E3Fo] platform-based design 7|%<]
g840] AF5HeH, 20033 Toll= 714
o2 B AlFEC A& Ay & dAHolrh
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