[ UCI ] 1 804: 24011- 200000234659



AT 7V SoC A7 B3+
28549 BAS 9 AT

A Study on Efficient Design Space Exploration for
a Configurable System on a Chip(CSoC)

20054 8¢ 4



SoC AA 79

-
)

A4 7

o

64

20054

;o_l

kK

ol

T

N



A

6

2004



T
Hr
Tk

‘.__HO

B. ?j:rL LH%

C. 5\5%94 :rL/\é

M. CSOCE A A TZFEF A oo

A AT 7L

L A4 7}

10

-
[}

2. A 7t

12

% SOCQ er}_

3. A 7t

13

18

18

19

20

sl

22

M. CSoC AAFT7HFAME 23t A B H O] E v

22

22

2] 7| o] A

1. o=



2
25
7

lao

=]
=

3. AHdA o (Mapping) &

32

%

34

34
36
39
43
43
A7

56
56
59
59

B =

E 9o

3L

==
R

o]/
A2 Wsle] wWE A& o]
Qs HW/SW

3

=

]_

S

=

=

=

=1

[
=

-

L AR 71 A BT O] E] Q] T3 crrreereessnenenssssssisssnssissssessissnee
&

3.7

3.

B. AT 7 AJBA O] E] Q] JrE] e
2.

IV. CSoC
B. CSoC

0

i



76

5
el ]

e

il



(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1

i)

(1¥

21) TS 0] BIEZ O] EA] e 10
22) AuF# 9 island-style FPGA ZHEE T2 crmmmmmmmmmmmersssssssssssssseseen 11
2.3) Triscend A7SE] BB IS crrvrrerisssnressssssssresssssssssssssssssssssssesoos 13
24) A8 F ATFAHL 28 ST 0] A BBE s 14
25) AT TFs FTE R e 15
26) ZAFE THAO] W A3 A T TF eoerenssemeessseeessssnssssnssissssssssnssiseneinns 18
27) A 2Elo] it MARZC] AFTFTEA| v 19
28) Y-chart HC]—‘:@] ........................................................................................ 20
29) CSOCE &8t A A FETF B B corerrrerrsseenesssssssssssssssnss e 21
3.1) oJZgAelAd Ed(Kahn Process Network) Q] off -eeeereenss 23
3.2) B S]O] TLEL corrervserensssssnnssssssens s 25
3.3) AFAFA O] T ELE] covvrrrreesssnneesssssinnessssss s 2%
3.4) FPGAQ] AFZFE] FUED ceeommeeesienenissesisseneesssessesssssssss s )
35) 1ID&2D A7 E€:(a)1D area model; (h)2D area model -+ 29
36) A8 F BRA APAG QB BEIE cererrnninresssnnisiee 31
37) AEEAIG ©BF J-Z e 33
3.8) AT 7158 A B O E Q] TEFE e 34
3.9) © A G0] BLGJO] ] crererersserresisssressssssenssssss s 37
3.10) H263 Encoder®] Kahn Process Network @ -eeeeeerreenns 43
311) A8 o] ALE FE 0] FE i A4

_iV_



3.12) FZ e A&7A WE FFEg o] FET A8
3.13) e ABZFA ] WE HE A 49
3.14) M 2AIZEe] W& CPU &85 (FCES, 52 9]) o 50
3.15) M z=A 7] mE FPGA 28 5 (FCES, -F-A05m9]) oeeeeermeeeseenes 50
3.16) A7k & BUS &8 5 (FCES, $-Ad5m9]) e 51
3.17) WA 7] w2 HHX(FCES, 92 G29]) e, 51
3.18) | 2=A| 7] WE A A ZHECES, $A152S]) eeeeresseeeens 52
3.19) CPU% 9} FPGA 459 Walo] whE FRA|ZE o 53
310) CPU% =9 FPGA £x9] ®3le] w& CPUY &85k e 53
321) CPU% =9 FPGA £x9] ®3le] w& FPGA &85 e 54
3.22) CPUZ %9} FPGA £59] WMalo] uhE WA e 54
323) AP BEA 274 ALA] ABY O BEATZE e 55
41) =g o] AZTEY O] BT A TFA e 56
42) H263a) 479 2aleke] WA mp 2Fe] 8o] FhA] oo 63
4.3) Picture in Picture F2]7] FE Gl o 66
A4) H263 AT 7] FLEL ot 66
4.5) H.263 Decoder®] HARMS ) Ao ARG vl e 71
4.6) PiP2] HARMS 3 230l AFAFF TFO] U] I ceeeeeerememeresereieinans 71
47) H.263 Encoder?] E& AREe] A5l Hizh FRAMAEY T

TP ToAD TR weveererrereiseiseie i 72

4.8) H.263 Encoder®] HARMS Fdo]5 Mdeld ALt A-9-5o o
B ZREAZHAS F A TA] B G) e 72



3.1>

3.2>

3.3>

3.3>

41>

42>

4.3>

44>

45>

S EFCA A B 22) B O] E 0] ] srerrreeeeesssenenssisssenesssss s 49
7150405 FEAX 7} FPGARFY QF-3F vt 45
DY ZAT cocvemirmieieie e 46
A AFEE A HGE e A7
% Q 220 A 7FTF FPGA AL Q T-(PIP) worevereresssressnneons 67
758 aEY FPATH FPGA A8 7-(H.263 Decoder) - 67
758 aEe FPATH FPGA AL 8 7-(H.263 Encoder) -+ 68
AR O] ZLo] T B Fd TG e 69
%.Zﬂl?_] 73%0]] 1;]]—;5} j'i_i TG e 70

_Vi_



ABSTRACT

A Study on Efficient Design Space Exploration for

a Configurable System on a Chip(CSoC)

Ahn, Seong-Yong
Advisor : Prof. Lee, Jeong—A Ph.D.
Department of Computer Science,

Graduate School of Chosun University

Reconfigurable architecture is a hardware system which can adapt its
hardware structure to process given application programs more efficiently
while conventional architecture implies a fixed hardware structure. In this
thesis, we select a CSoC(Configurable System on a Chip) composed of a
conventional CPU and a FPGA among many alternatives as a
reconfigurable platform for embedded systems. It is a hard task to find
an efficient hardware configuration which satisfies design constraints for
an application and becomes harder when a set of applications will be
executed since we need to deal with the huge design space to explore

trade-offs caused by adjustments of architecture and mapping strategy.
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We adopted a design space exploration approach known as Y-chart
approach for this challenging task as it allows to measure quantatively the
performance for different mapping strategy from algorithms to
homogeneous hardware configurations.

In this thesis, we extended the Y-chart approach for a CSoC by
developing a DSE(design space exploration) tool for CSoC(Configurable
System on a Chip) and obtained experimental data assuming H.263
application. The DSE tool, a retargetable simulator consists of three parts
which are an application simulator, a hardware simulator and a mapping
controller. We assume that the input description for the application
simulator 1s based on the Kahn-Process—Network which is wildly adopted
for a DSP modeling so that the semantic gap between the application
model and architecture model is minimized.

The simulator was developed using the Trace-Driven simulation method
which takes traces produced by the application simulator and allocates
them to available hardware resources such as a CPU or a reconfigurable
FPGA. Using this tool, a designer can vary design parameters and
estimate performance numbers for each potential mapping as a software to
be run in a CPU or a hardware configuration to be implemented, without
building a prototype. The tool can provide useful design information
including scheduling of tasks to a system designer who wants to know
which partitioning cases, i.e., a hardware configuration satisfies the time

and resource constraints in a timely and cost-effective way. We also
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propose a heuristic algorithm improving the simulation time by reducing
the mapping set on the basis of the relationship between workload and
parallelism. Simulation results show that we can reduce the size of
mapping set which poses difficulties on hardware-software partitioning.
We expect the developed DSE tool based on the retargetable simulator

will play an important role in an embedded system design.
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Pavallelism= ( CPU g, + ZZ:O FE)/ Ty
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ADT=1/n( ﬁo(si—Ai)
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11.

12.

13.

14.

Initialize_Parameter_Table(Parameter_Table);
Build_Application_Model();
while(!End_of_Parameter_Table){
Set_Next_Parameter(Parameter_Table);
while(!End_of_Paremeter){
Increase_Parameter();
Build_Architecture_Model();
while(!End_of_Partitioning_Case){
Set_Next_Partitioning_Case(Partitioning_Table);
Run_Simulator();

Store_Performance_Number();
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CPU Rate {100 ... 300} 50
FPGA Rate {100 ... 300} 50
FPGA Size {3000 ... 20000} 1000
Bus Time {1 ... 100} 1
# of Bus {1 .. 10} 1
Sﬁﬁi‘éﬂzg {FCFS, Priority} 1
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Aol Fhare] kol FPGACNX # sk Ao g FA otk It} oE
Eol XilinxAhe] XC5202+ 256709 =2 Aogic celDe 7FAIL Sl o] 7]
T8 7beek =8 3= AV 3000709 Aol E(Gate)oldtol ot XC52109]
Aol 1206709 = e JHAa a Hu 1600074 e Al lEZAE T
A 4 9dom HF 10000704 1600071 AlolE Atole] AZ|E 7HA&

g TAY F AUtk ol st=dlol o] Acke] weh stEdlo]-Ax
Edol ARG Alof7lel A AFHE A RAghel dF e A

_C,L
H 2 9le 2 glth o]AL z Apabe AL slmgo] Qo] oW A%

o

of 7Y =A ¢ 1w £28¥+= FPGAY A /& Al4tste] st=so] o
27 dAR artge] A JieE Ads & 5 deAE Hader ofFo

7t

e el A whel 2ol 7Y o

18

[e)
o
g aT@viy Qe 54 2o 49 FPGAR AAHE Row

i
o

f /%5 8AES AZ999) FPGAY mBAAN JAR Bl AsaAE
AAgh Ee 5arE FAMN A48Tl BE &MU First Fit
Py Agstel QWS T A% FPGAR AgEE BE /Fanst
FPGAS] wigo] 54 grow AgAgels A $4 A9 A
@ vhs} 2ol FPGA A4l MART o 2 FPGA W4 872 744 Zsas

7} FPGAR &d 451k wjA gk},



A 7He sk AlagS A 2" Aed woly] A BE ZRAAY s
=l k5718 FPGASE #ol A4 7Fedh A +A8H 22 7e&
TR Ze 29 £ o7l ol & welx HE ZmAM R A
T4 7hest AA A 8 W] O 2 des BAu. =3 FPGAA
FAEE Ve HE ZEAAMG WER FdE 5 3 FPGAUY] 44
o] 7l'g QA A= Fhel] FAdol glo] ME R FqE 5 Y] Wi #E
dol EolA A Hr}. ol we} FPGAE Alg3dhe Al Afoie o
A RS MUY ALY A$E midt meeta & o) Zhzbe] Apde] 4
o8& ZrIde] syl A Zhztel ¥ =
(workload) W1, W2¢t 319 219 7550 AR A4 82 5+ I
¢l WEA(parallelism) PI, P29 BA+= 229 A& TI, T2 Wl

AHer thas FEETT

If WI>W2 and PI<KP2— TIKT?2
If WiKW2and P1>P2—> T1>T?2

(4 2)

%, FPGAE AHg3oms 492 ZolvA Wade ¥ 4%e A7
g 294 2 Aeug WANeR o B (29 4204 1263 814
Zl(decodenE ShLke] ¥g ZRAASE Al S FPGASIA #a g AE
dol i ABmre WAe)l hE AAYT AR ws] F FHAe #
£ 7 19zE nolw gon 9 AL WSHFL B 5 gk olAP @

At

Aol SAs] Ad AF Fh ooy dndEs wE

&



Throughput (byte/ms)

At WAl ol §F Fa FUsHe Bew g2 BPL

o X tH42].

M1 = Find_Max_Parallism(Find_Min_Workload(Mapping Set))
M2 = Find_Min_Workload(Find Max_Parallism(Mapping Set))
For All m in Mapping Set
if P(m) < P(M1) and W(m) > W(MZ2)
Exclude m from Mapping Set

-

(2DEIE 1) A D B2 FolAg

e el 7

[e)
o
= ool agd AFasse] FANREY FI pxEg o]



Find_Max_Parallism(Mapping Set)< o137 AR AgE <loll A Hof HE
Ae THAE AR ArEe B4tk MR AV JAdE e A o
oA AA Aol st=so] EFEH Vel AaEY Fol 15 Ut
T AL, T4 AFole FPGA &9E + e 7Isaxrsd FHu whel
1& gsiA szl o7]el A 1& ©ste 32 FPGA7E &&= &<t

CPUSIA % shibel 715848 £88 5 9o ot

e w0 A

g
4 AGE v F2T F dEsk e %S UE 2" 742 A

a. AlgdolA 87
sedel T wdeA dndor AT bsd Y Azl Fz

Agate shtel Mg ZEAAS FPGASH e ATH b 4AE

N

121

CSoC EH & ARgeilvh. 8 ZeId RdRAMe= ojvxAr|E WAse]

Mo olu|AE slvte] TVEH R oJFE Picture in Picture €ars] (1

o

4.3), H.263 32 7(decoder) (1€ 4.4) Zrwjar 37gelA AH&¥E H.263

M

Encoder 22 (19 3.10)& =#asith H.263 3479 AL £3o] = F



M
g

o] E1 7}

< e Sk Y orE oA
A ¢ksl a1 Picture in Picturei= o# 3¢ 2P Eo]
A7) wite] o A &8 ZEIOYES

AbEEE] w ol o] w BASEA He A" &7 FE SAUE A" o

2 selth H2632 12 2ol WO A% g wdwA bolHel
er.

LrEb 7] el
T =A e

i)

o]
Transpose

o
o

o
[e

Horizontal Lines
3

——

Sink

2
SRC_H

ﬁd
30
ks

ofs

1
FIR_H
-1
Transpose

SRC_V

Source

FIR_V

Vertical Lines

(22! 4.3) Picture in Picture X2l7|] =&

[ o |
wC
Buffer o . Q1
Eror
Correction 1oCT
< t
Ig! data
+ Oecoded
data
Frame
MC M
(3% 44) H263 alilA7| =&



7y =z gde] wdo

o &

ol n

Z A A ol A

YA 4 FPGA W4

<E 41> 7|s2aE9 THAIZIL FPGAXEY 2FPIP)
PED_I FED—I ifiiﬂz? j:gﬂj Az A= }I;P‘S}A
(ns) (ns) (cell)
0 0 600 150 25 20 500
1 1 500 100 25 30 750
2 2 300 160 30 25 750
3 3 600 120 10 40 400
4 4 500 100 30 25 750
5 5 300 160 30 30 900
<E 42>7|52489° FEAZI FPGAXIY 27(H.263 Decoder)
LEZEY S| =9l FPGA
PE_ID|FE_ID| 312t | F3A7 | 7t=2 | A= | A8
(ns) (ns) (cell)
0 0 1200 210 40 20 300
1 1 2500 420 30 30 900
2 2 1600 350 25 30 750
3 3 5800 1250 30 25 750
4 4 3000 1790 35 10 350
5 5 3400 750 40 30 1200




27H.263 Encoder)

2]

FPGA

1877

41

(cell)

450
1200
750
1000
390
900
750

675
450
750
1400

A=

15
30
25
20

10
45
25

15
30
25
40

7} =

30
40
30
20
35
20
30
45

15
30
35

=9

e

T YA

(ns)

150
360

1250
2990

1790

1670
450

1100
840
450
350

£ E g o]
Lk

(ns)

600
1100
2800

10300
8000
7600

1400
2600
2440

1400
1500

1

2
3
4
5)
6
7
8
6
9

PE_ID|FE_ID

10

_ﬂ'

o
ey

N

ofy

e

=4

%9

}el FPGA #-¢ o]

S

al

HARMS ¢

Els

of o

Aol del o

i 44>+

<
.

=
=

A AAA o

of el A Holxl whet

A

J

] Al o]

=
=

2ol PiP o]

ofy

o}
N

o
iod

4
N

& UEd e AR
171 wWiolt). H.263 Encodere] A% #H

[e)
e 4

!

%
A<

AA A oz 8%l 4 A}

Ak

A
)

!

T



H9es & 5 Qv o ofEaAolde] B4 FaANz en WA
Rl we} tpE7] wie] A ow e g e FAelvh
<E 44> HHol HPol e =4 B8
Application Full Phasel Phase? | Efficiency
Space | (Resource) | (HARMS) (%)
Sm(%%*igfﬁ 64 20 3 85
Pip Medégg;;g GAl gy 37 3 91.9
Laﬂ%(e)*gg% 64 45 23 489
Sm(%%*igfﬁ 64 16 8 50
[ S oy | s
Laﬂg?(e)*l;;GA 64 44 6 86.4
Sm(f(l)*l;gf}f* 1024 | 374 49 86.9
[ A | ||
Laﬂgg(e)*ggGA 1024 | 941 304 67.7
<E 45> F 549 Ao U =4 882 HoFE Aol 1dst &
B E 7}z PiPY H.263 Decoder ol &8 AlclA Y H 4w 4 S8 44
AE-wt vA yeldoh sx9 H.263 Encodersd 22 E-33E ofZu Aol A
of giME 4 g&o Auder A vEldo ol HARMS ¢igls

A

of Eatat o % Aol A o ELAole: AL & & vk



<E 45> SX9l A0l f8 24 58
Application Full Phasel Phase? | Efficiency
Space |(Resource)| (HARMS) (%)
Sm(a;(l)*ggf}A 64 64 30 50
Pip Medé‘;;;f GAl 64 64 17 734
Laﬂ%%*gg% 64 64 19 703
Sm(a;(l)*ggf}A 64 64 37 422
Devoder) |+ 60wy | b 20 6.8
Laﬂ%g*g;% 64 64 21 67.2
Sm(a%*l;gf% 1024 | 1024 63 93.3
Enooder) |+ (oegy | 1024 | 1024 10 i
Lar(ggg*ggGA 1024 | 1024 30 97.1
c A AR F4 FAAT) 58

(29 45) 3 (0¥ 46) = H.263 Decoder ¢ PiP(Picture in Picture) o1 Z

glAl el Alel thste] A AR

e W AeEE ALY

of ofsir A A

&

H

o

(3

el

4

2

FN

(o]
2=

)
=

, -
3t 5

of W3 A

e}

M)

Aow

o
N
e

-
o

o

A

-
R

3 HARMS ¢1u8]&S 423
Y EANA HolA upel o]l HARMS

R

© o}
= =



Throughput (byte/ms)

600

e Performance of generated mapping cases
o Performance of mapping cases HARMS chooses

(2@ 4.5) H.263 Decoder2l HARMS 3 XM ZF2o| A}

Throughput(byte/ms)

0.10

0.06

0.04

450 7

e Performance of generated mapping cases
o Performance of mapping cases HARMS chooses

(23 46PiP2l HARMS & MZFo| Atatdete




Parallelism
Atatel A <o Cf

gt

=

[—

i

!

HARMS

H.263 Encodere| =

o = = 8 S
S Q = 8 &
S Q S 8 S
o = S 8 <
s § § 8 8 -
< Il o © @ — = e S 3 g = i
Wi pug g g 2 g 8 :
=) < 3 S @ 3
=} =2 % ™~ @ 5
=

©
£
[
T
=]
w

H.263 Encoder?|

)

a8 48

(



Fol 4

Aol Ao e

H.263 Encoder ©] &

-
R

(2" 47 3 (2§ 48

o
R
3

&

o

A=y

e
o

[e]

HARMS

2] 7] o] 4

o %

Fo g2

B
=

ofy

A

95 =

ol

S

79 E0] HARMS ¢ arg] ol o & A

nol A

—r

0

¢



A 2

rl

B ROl E CSoCE 18 47 ¥ 94 =7E s H263E
Wol A gakel Agesich. AA B YALS Siskel WA Azw HA 3
B AUAeE R8F & Yt AAUFES 4§

Sskel Y-chart 874 WHE 83l A F B4 w7 lRsy.
EE AY sd AAMFES F85e] dEd fudol T4 Pt

AlgdlelAl g3l Thsd AT s d AlEdolHE NEst

FHA ATA Fe@ ARdelHE Foldl o EYA AL AlFa ol sl
LR Grdol® ARdl et Yi e oA AT o=l
g WPAA F= BAE PRI UG ol FeAClE Fde UAY

oA Rdy] whyo g d] AR E= Kahn ZEA 2 HESAE AHE
stk AAdez FHE AEdolHE ofEgAod AlEd o EHyF A
71 EdolaE wsg Aor]7) dldy s stEdloj Al @l Trace-
Driven Al&dold W& Abgste] Fd¥ AT

TAE A T @AETE dRbEQl CPUS FPGASH £ A7-4d 7t
e st e el AbgetE WEE Al2EE 9 AEEJ o
5 o]&ste] Al MARE AAlstaAtelE AlagloA AE Jheet

SFedol/azEdo] L@ Bl UF H5FAE 2



Al AlE o]

T

R

5

©

A

17} o=

X

stolw FHa HELoRE A

S

Fol Alzd"l HARE

©

A

oW

Ho

9] FCFS &7

o]

rze]

AA AAAANA = 7]

7O
of

~

[e;

T

ZH A

A
=

t=gllol/

tols AA

[€]

©

s

[¢}
Sl oz A

Al AAA R

[EdolHE °

R4

3 A

6]

-

# o]

ZE

Tad AT 7t

£



7}4 ©. 2 Kahn Process

==
T

o]t}

Ok

o] A FA]

J =

©

FF AT F

)
=

Network o] <] T}<

B.
o]

ol

iz
Jo

0

o
i
¢

oF

o}

‘.__HO
)

Ho

29

3L

e}

st of /4

S

e}

o1 7zl &
P A o] A stet

— T

S

5= ¢
=

©

Sl

ur
=

of AR Aol el Ane} 1009% 9w}
k4 7kA lek.

T

R

R

)=

stA ek A )

st7] o

A AR
A A-sst el S s ook

3

F e,

T

BN
T
o
o
pS|
=

"o
o
o

B

%
4
A

Ho

—_
1o



- u -
2353

[1] E. Sanchez. M. Sipper, J. O. Haenni, J. L. Beuchat, A. Stauffer, and A.

[2]

[3]

Perez-Uribe, “Static and Dynamic Configurable Systems,” IEEE
Transactions on Computers vol48, no.6, June 1999.

P. Athanas, A. Abbott, "Real-Time Image Processing on a Custom
Computing Platform,” IEEE Computer, February 1995.

S. Choi and V. K. Prasanna, "Fast Parallel Implementation of DFT
using Configurable Devices,” in International Conference on Parallel and

Distributed Systems, December 1997.

[4] A. Danadalis and V.K. Prasanna, "Fast Parallel Implementation of DFT

[5]

[6]

[7]

using Configurable Devices,” in 7th International Workshop on
Field-Programmable Logic and Applications, September 1997.

R.J. Pertersen and B. Hutchings, "An Asessment of the Suitability of
FPGA-Based Systems for use in Digital Signal Processing,” in 5th
International Workshop on Field-Programmable Logic and Applications,
1995.

A. Rashid, J. leonard, and W. H. Mangione-Smith, “"Dynamic Circuit
Generation for Solving Specific Problem Instances of Boolean
Satisfiability,” IEEE Symposium on FPGAs for Custom Computing
Machines, April 1998.

J. Hauser and J. Wawrzynek, "Garp: A MIPS Processor with a

Reconfigurable Coprocessor,” in IEEE Symposium on FPGAs for



Custom Computing Machines, April 1997.

[8] Chameleon Systems, "http://www.chameleonsystems,com/,”.

[9] Triscend Corporation, "http://www.triscend,com/,”.

[10] Xilinx Inc.”http//www.xilinx.com/,” Xilinx Platform FPGAs.

[11] Altera Inc. "http//www.altera.com/,”.

[12] K. Bondalapati, P. Diniz, P. Duncan, J. Granacki, M. Hall, R. Jain, and
H. Ziegler, "DEFACTO: A Design Environment for Adaptive
Computing Technology,” in Reconfigurable Architecture Workshop
RAW’99 | April 1999.

[13] J. Rose, A. El Gamal, and A. Sangiovanni—Vincentelli, ”Architecture of
Field Programmable Gate Arrays,” Proceedings of the IEEE, July 1993.

[14] K. Bondalapati, "Modeling and Mapping for Dynamically
Reconfigurable Hybrid Architectures,” Ph.D. thesis, University of
Southern California, May 2001.

[15] K. Bondalapati and V. K. Prasanna, "Reconfigurable Computing:
Architectures, Models and Algorithms,” Current Science, vol.78, no. 7
April 2000.

[16] S. Hauck, "The Roles of FPGAs in Programmable Systems,”
Proceedings of the IEEE, vol. 86, April 1998.

[17] P. Schaumont, I. Verbauwhede, K. Kuetzer, and M. Sarrafzadeh, “A
Quick Safari through the Reconfiguration Jungle,” 38th Design
Automation Conference, June 2001.

[18] P. Master and K. Lane, "Powering up 3G Handsets for MPEG-4



Video,” Communication Systems Design, January 2001.

[19] Katherine Compton, Scott Hauck, "Reconfigurable Computing: A
Survey of Systems and Software,” ACM Computing Surveys, 2002.

[20] The Programmable Logic Data Book, San Jose, CA: Xilinx, Inc., 1994.

[21] Data Book, San Jose, CA: Altera Corporation, 1998.

[22] PGA Data Book, Allentown, PA: Lucent Technnologies, Inc., 1998.

[23] S. Trimberger, D. Carberry, A. Johnson, ] Wong, "A Time-Multiplexed
FPGA, IEEE Symposium on Field-Programmable Custom Computing
Machines, 1997.

[24] S. Hauck, T. W. Fry, M. M. Hosler, J. P. Kao, "The Chimaera
Reconfigurable Functional Unit,” IEEE Symposium on
Field-Programmable Custom Computing Machines, 1997.

[25] S. Cadambi, J. Weener, S. C. Goldstein, H. Schmit, D. E. Thomas,
"Managing Pipeline-ReConfigurable FPGAS,” ACM/SIGDA International
Symposium on FPGAs, 1998.

[26] C. R. Rupp, M. Landguth, E. Gomersall, H. Holt, J. M. Arnold, M.
Gokhale, "The NAPA Adaptive Processing Architecture,” IEEE
Symposium on Field-Programmable Custom Computing Machines, 1998.

[27] Virtex 25V TField Programmable Gate Arrays: Advance Product
Specification, San Jose, CA: Xilinx, Inc., 1999.

[28] S. Hauck, "Configuration Prefetch for Single Context Reconfigurable
Coprocessors,” ACM/SIGDA International Symposium on FPGAs, 1998.

[29] Sung Hyun Lee, Sung Joo Yoo, Kiyoung Choi, "Reconfigurable SoC



Design with Hierarchical FSM and Synchronous Dataflow Model,”
International Workshop on Hardware/Sotfware Codesign, May 2002.

[30] A. Dandalis, V. Prasanna, "Configuration Compression for FPGA-based
Embedded Systems,” ACM/SIGDA International Symposium on
Field-Programmable Gate Arrays, 2001.

[31] K. Comptom, Z. Li, ]J. Cooley, S. knol, S. Hauck, "Configuration
Relocation and  Defragmentation for Run-time  Reconfigurable
Computing,” IEEE Transactions on VLSI Systems, vol. 10, no. 3, pp.
209-220, June 2002.

[32] K. Comptom, Z. Li, ]J. Cooley, S. knol, S. Hauck, "Configuration
Relocation and Defragmentation for FPGAs,” Northwestern University
Technical Report, 2000.

[33] B. Kienhuis, E. Deprettere, K. A. Vissers, and P. Wolf. “An approach
for quantitative analysis of application—specific dataflow architectures,”
In Proceedings of 11th Intl. Conference of Applications—specific
Systems, Architectures and Processors (ASAP’97), Zurich, Switzerland,
1997.

[34] A.C.J. Kienhuis, "Design Space Exploration of Stream-based Dataflow
Architectures,” PhD  thesis, Delft University of Technology,
Netherlands, 1998.

[35] G. Kahn, ”"The semantics of a simple language for parallel
programming,” Info. Proc. of the IFIP Congress 74, August 1974.

[36] Matthias Dyer, Chistian Plessl, and Marco Platzner, "Partially



Reconfigurable Cores for Xilinx Virtex,” FPL 2002, LNCS 2438,
Springer—Verlag Berlin Heidelberg, 2002.

[37] S. Lee, B. Jeong, S. Yoo, K. Choi, S. Hong, S. Moon, "A New Design
Framework for Multiple-Application Embedded Java Systems wih
Reconfigurable Target Architectures,” ACM SIGPLAN 1999 Workshop
on Languages, Compilers, and Tools for Embedded Systems, 1999.

[38] S. Bakshi, D. D. Gajaski, "Hardware/ Software Partitioning and
Pipelining,” In Proceedings of the 34th annual conference on Design
Automation Conference, 1997.

[39] A. Kalavade, P. A. Subrahmanyam, "Hardware/Software Partitioning
for Multifunction Systems,” In Proceedings of International Conference
on Computer Aided Design, 1997.

[40] E. Caspi, M. Chu, RHuang, J. Yeh, Y. Markovskiy, J. Wawrzynek,
and A. DeHon, "Stream Computations Organized for Reconfigurable
Execution(SCORE): Introduction and Tutorial, UC Berkeley BRASS
research group technical report,” August 2000.

[41] Christoph Steiger, Herbert Walder, Marco Platzner, "Operating
Systems for Reconfigurable Embedded Platforms: Online Scheduling of
Real-Time Tasks,” IEEE Transactions on Computers, vol. 53, no. 11,
November 2004.

[42] Hyunok Oh, Soonhoi Ha, "Hardware-Software Cosynthesis of
Multi-Mode  Multi-Task  Embedded Systems  with  Real-Time

Constraints,” 2002 International Workshop on Hardware/Software



Codesign, May 2002.

[43] Jun-Yong Kim, Seong-Yong Ahn, Jenog-A Lee, "Hardware/Software
Partitioning Methodology for Reconfigurable System,” The Transactions
of the KIPS, vol 11-A, no 5, October 2004.

[44] Paul Lieverse, Pieter Van Der Wolf, Kees Vissers, Ed Deprettere, "A
Methodology for Architecture Exploration of Heterogeneous Signal
Processing Systems,” Journal of VLSI Signal Processing Systems vol
29, issue 3, November 2001.

[45] Kaiyu Chen, Sharad Malik, David I. August, "Retargetable Static
Timing Analysis for Embedded Software,” Proceedings of the

International Symposium on System Synthesis (ISSS), October, 2001.



SoC AA F7H9

[e)

) .

ATA 7}

B

B

o
ojiy
-

=t

—

0
GO

_FOL

R
S

)

A
L

i

e}

|l of ok e,

o] A ¢}(Ph.D)
=9

S

2L

AR :
a1

b oob7| A &, 7] &

<)
gl

6]

-

AT 71

s

Oo]:

ofe o

A4 7Hs SoCE

=R
T

ol A o

A

o}
=

<)
gl

St

2}

al

a

=

S

=

DEEEESE
ul

7N

2.
=

ASIC

i

<)
gl

t FPGAE /4 ¥ o]
H71 4

R4

] 3]

3]

9

PN
T

6]

75

o=

A4 o

e}

F= 9o

©

=

o

w

Aol

—_
1o

;on_

il

T
)

o]
K

71 %

o =
= X

ol 74

e}
F

t=dol T2

©

= O
==

R},

9

Fodof

of PEE AANE SEEZEIY

©

a4

3

=

=

A

s



B
il
A
o
ofr
ofr
o

31 481, o8 st ARG E 2G4 AAH YHE
2 NirE Y-chart AR 4835150
B =R e 7]¥9 Y-Chart AA-&7F GARHL 274 7153 SoCE

FE Aol A8 AxE, A7 Thed AlEE

i
ol 7e& Heste] JNEear o] & H263 K FHgste A

At

TdE ATE Thed AEHIEHE Folxl ofEFgAAE Al EH A
F23 stedlofs Algdeldstes Fit agal o EelAloldat st o
PA AT wBA 72 FAAEHd T o EeAlelAdI} st=se] ko] ¢
vEH zpolE HUF Folv] flste] ofEElAolde A HAE A

Jg] A5 e Kahn Z2A A YEY AZ AA S

rir

Ol

il

ik
do,
td
i)
o,
o
L
o
i

«

ANA oz FAL ABdolgE, o FANA ABdolEs} WY T)E
EdolaB wlgAel7)7} ARAE CPU mi 2E=g sle] shrdoia
o] #9shE Trace-Driven AEeIA WHE ALgste] F@HUL. 784
HAZE GARTE ol §atel, Aagl AAAE AAFLARE Az

48 A5 Sudlol AZEM] RRL AANFE Wb AN



K

ol

et

ol
ol

[e3]
S

s

Tz
=8

Nzsgle) 7ol A

Ho

o= 7ltE



	Ⅰ. 서론  
	A. 연구 배경 및 목적  
	B. 연구 내용
	C. 논문의 구성 

	Ⅱ. CSoC와 설계공간탐색 
	A. 재구성 가능 SoC(CSoC)
	B. 설계공간탐색 

	Ⅲ. CSoC 설계공간탐색을 위한 시뮬레이터 
	A. 시스템 모델링 
	B. 재구성 가능 시뮬레이터의 구현
	C. 하드웨어 구성 변경에 따른 시뮬레이션 예제 

	Ⅳ. CSoC를 위한 HW/SW 분할 
	A. HW/SW 통합설계 및 분할
	B. CSoC를 위한 HW/SW분할 휴리스틱 

	Ⅴ. 결론 및 향후 연구방향
	A. 결론
	B. 향후 연구 과제 

	참고문헌 


<startpage>1
null
</body>

