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oAt Alzde] AFE AAE e 5848 AFste Ao EFolth. AF7A o]t A4Ad A
AR 2499 safety, liveness5S ZHASHE model check®¥HE# 2d9] spect HAY 2de A3
bisimulation®} 27} %o =2 wAs]$trh model check®¥'d &2 temporal logic, process algebras? o}l
A dA3so] gon wdoe] 77 A4 state explosionFA7E st AALE 4 9= stated] N7t A3
21t} bisimulation & CCSEolA dxso]> W2 o2 Bl speco] AEsith= 714ole] MdAE mdd
bisimulation? #AIE F&Fozn 2d] AL 34 Foh AlAY morphism< bisimulationd] tH& X H 024
B3 Al2"9 top-down AA Al Al&”e] 24 A Wt REE Ale]9] homomorphicd @AI7F ASE &
.

ir e

o}

2 Ao M o] il AlA" g4 22l DEVSE ©l834 top-downd Al structure leveldld & 34
Ao 23 v @ 4 AlFe] BYEE Atole] A2® morphism®] A dde A& 2P A AFE
F olE WHES AAE
1. A& + state explosionw#l7} 243t AAE + 3l
state®] A7 Ao} gl d olA £3 BDDE2
A Al2de] AZe AAE de 228 A technique< %S Wl best case?l 74-$-°1tH2,6].
Aol BHolth AF7AA oAb Azy gz o bisimulation £ CCSTAM ATHAE 3
AAY 299 safety, livenesssg HANIE o2x 599 speco] AEsirtE 7Hotd AAH
model checkWE7H Zhe specdt AAY mgg L bisimulation®d HAE HAZo2H Rl AT
=3}= bisimulation® 27b4 wWekoz wrA sty 34 €t Al2® morphisme bisimulation® ©@

check®¥ 22 temporal logic, process

algebra$ el ¥ofol 4 A7sol gon] mho] Ha 7 o T¥ AT HE 2LE Aelel homomorphic
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A} Us
bisimulation® weak bisimulation®] =6 strong
bisimulation< state7tx] Zo] nejsle RdE AF
e Aol weakd AST ©Ed IO level

equivalence¥Hs AAMsHE AojtH1].

=3t} bisimulationolE strong

2 AFE o]t A28 HAEQ DEVSE
o]-&3}le] top-down@Al Al structure levelolA E&
F4 AZe 2dx Bt we 4 AlFY REE A
o]} A]~" morphism?| 3474] Z, /O level
equivalence’} ithe ZA& HYJo=2 A A
= HES AAEtn de REA PLC EE

= 29EAEAH AJ2® morphism? & ]%

23t 42 0
A8 + 3

L.

2. o)A A AF A2 AL

21 AZ= A2d A7 2 "HeA

Controller Plant

Abstract layer

t 1/0O levet system morphism

VPLC

PLC Ladder Plant
Program

a3 1 A2 ¥ Morphism-& ©]&3%

Implementaion layer

29 19 2ol FA5EAA 9% 2e A=
o AEEAE AA%ES W 44 =¥ TH
A AHgEs] daANE 245479 mde A
g e FRFEOR RFolobuTh oFA
ze mdel 4479 WHE F o 2dUe
Aze % =adel Ut F HA PLC (

=

Programmable Logic Controller)oll A}-& =&
2aWo] AAY 2dy IX3vE A& Holr

Qeolth X ERAME FPFE

—

1

<3 =83 2000.11.11 o}Fchstw

2.2 Al2=¥ Morphism

I/O State
Reachability
Tree

Controller

1/O Morphism
Relation

VPLC System
PLC Ladder Morphism
Program Checker

13 2 System morphism checker

A2 Morphisme 2 &tjide] w2t oS3
Zo] vtk JOWE Yoz st A, RUS
e FRELE EGS= A, 2d Y H 9 state®
rgate A 5oz FEIL Adde ZdY
AL 1/OF#9 A% Morphism& W22 3t
AA8D HEEZH ELE /O State
reachability treeZ W& H o] HF 3ok ladder
logic® ZAZstAA

o

)

3. DEVS 7lut 5 A &Hd

DEVS&“\]
EJ = atomic Zdolgtn 23_“4. atomic =9

o #3% gel ggn 2.

AM = <X, S, Y, 61'”1, 5%[,/1,1“61)
X: 48RS
S g
Y: &3A83%
Oime © S—SUREAEH A S
8o ¢ QX X—S : 4B A TS
A S-Y: 8%
ta: S—Real: ANZANEF

Q = {(s,e)lseS,0<e<ta(s))
: total state of AM(e:elapsed time)
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DEVSY coupled®d & A &3
71&8n}, AL ANRe 2de FTAEY) ¢

A AZXHE 249E couplingdtdd o &L =24

rg
1
e
-+
)
il

M T A3 BIAE RUS TS F UEE @

o Coupled= @9 +859 ot v 2ok

CM = <(X,Y,{M}}, EIC, EOC, IC,SELECT>

X: QEAARE
Y. 234248
(M) : DEVSZEIZUEAnY

EIC ¢ XxUX,: dxd=u
EoC € Uy xY : gr&du
Ic ¢ UyxUX, : wxdz=aai

SELECT : 2™ —o-{M)

DEVS #2129 did AAE =ol¢ 2y

[45]14 Fg5 Ath

3.2 YO Level 2% Morphism¥¥ &

IOM = <X, Y, P
X = 43
Y = £3A3%%
[ XpaX—=XENY

SEEE

PLC AEEYE d&d5TY =d= XFH

ok, 9o #e Rdz DEVSEY  Alo] ¢
morphism@ A= th&3 2o
IoOM = h- AM
oM. X = AM X
oMY = AM.Y
IOM.f = AM.A- AM.S
AM'a . XNX—_)(S(SO’xl),-n,6(5n—l’xn))

AM.A - X NS“"(/{(S()), ,A(s ,,__1))

wde U2 gy Hol §

2 e Aol HE FHUE BAE ol
7 Yehjold Az DEVS Rd¥ /O 5%
2809 morphism = Y& sequencedl
a8 RAZ AsEe 2H7 ok oY@
morphism @47+ ZAs= AE 27 AHM o
ev  ze A4 wde =9t 9o

= [e]
morphism&4% hi atomic modelo] tisiAgt o}

i3

9} 1A g A coupled model atomic model
T ol B £ . 2L oty FHAAM T
5+d morphism¥4 g& coupled model®]

atomic model7l Zthe RS HoFr}

AM = g-CM
AM.X = CM. X
AM.Y = CM.Y
AM.S = X ,CM.{M3}.S
AM.8 e = M;.00:, (M;. Y, M. X)eIC
= Mi-aint
AM. 8oy = M. 80 (X, M. X)eEIC
AM.ta = MIN(M,. ta)

DEVS =492 State reachability tree® T4
&t} State reachability tree® ©) 839 Y&
Atz el sequenced A3 EH 05T Edol
BEE 4™ A9 sequenced UEFdE A&

AAL R

4. AA: 2F TR Aol Z2AX

parts
in0
out0 Buffer
Controller | outs -
int . out
Machine1 Pallet
(_out2
_in2 P
vy
Assembled parts

od 337 e 2YHFA Fde) de | F
o] bufferel €° #v7F machine 19}
palletell %8 413X machine 122 #&%&
} 3 machinel & HFo] AAiA TFHA
S vg Z2aW § Hol ofsf 7tFste] F
< pallete® ¥7lxm, TA FYE FES
palletg 8 g TALE 7t ZRAAG, A}
A AL ol AN gE &
2EsHA 87l fEAM A =2 duE A

z
off rE o

ol

o o ol
i
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lout?

1Y 4 AEE DEVS 24

a3 39 AEEZHE 1Y 49 o] HAE I
Aty & o A 2dS A ALy AT
PLC ladder program®. 2 t&3} o] TAE
sl

LD X0020

PLS MO0000

LD MO000

SET MO0010 /* set Buffer State */

LD X0021 /* from Machine 1 Done Signal */
PLS MO00O1

LD MO00O1

SET MO0021 /* set Machine 1 State */

LD X0022

PLS MO0002

LD M0002

SET MO0011 /* set Pallet 1 State */

SET MO0031 /* set Pallet 1 mreg */

LD MO0O10 /* If Buffer is full */

ANI M0O11 /+ If Pallet is Empty */°

OUT Y0030

RST MO0O10

LD M0031 /+ If Pallet 1 is mreq operation */
OUT Y0031

RST MO0031

LD MO0021 /* Machine 1 is done operation */
OUT Y0032

RST MO0011 /# clear Pallet 1 state */

RST M0021 /# clear Machine 1 state */
END

99l ladder program< GoldSec M2NE 2§

Zigte g ZFAdE RAelt3]. oA wWES
ladder program®} DEVS Zd =&
4 AJA HFs}e Ao /O FF
morphismy 7} £A43t= AE
du g 7R A "o 1A ogF 2ol I/OF

g =
=

Z 9] morphism® &A %2

)
>
Q—L
)
An,
kY

wait0
l ?in0
send0
l!outo
waitl

send1

wait3
wait2 send3 send3
7int 2in0 | 1outt
waitd
send2 waitd
M"O | 7mt
Wait0 send4 send4
l!outz
sendQ

19 5 AEE? state reachability tree

waitQ
l lin®
send0
l?outo
waitt
d1
sed . wait3
?outN‘ l lin2
wait2 send3 send3
lin1 1ind | 7outt
waitd
send2 wait4 -
Mﬂo | tim.
wait0 send4 send4
l?out2
send0

1% 6 inverse reachability tree

2] 2doA state reachability
treeS —’}‘-%5‘]’?‘1 a3 59 o] #AAY. T
A" 24982 AA morphism Al AFE3}H
A 19 63 o] MEHY 19 62 AE
£ inverse® BHFEE Ho gl& © PLC
o 214 Y£9 sequenceE A=A U=

Z o] inverseddoF 3t} inverse treeZ F-E

J
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A&8  sequences°l FEHI FEFH
sequenceE uwel AAT. R F =]
do] HEE EE stateold O E state2 9
reachability7} 171 ®Wi&o] waitQell A F&
FMHYE ZE stateZ HolddEA d&H
AlziE& PLCOl 9¥3tx £8¢ & vlwstd €
o}.

o
t
<
w
I
s
®
=
S
4

9 =dAtold

doz & A& A=Y morphismE Fo H3}
g 2dd AHgse ALY o)RL @& /O
o Edd A  gre] ol FAF
DEVS 2dd #HA ST morphism#BAE o] &3}
o B 4 9lu. $8¥ok: interface synthesis,
controller design, protocol conversiong-©] ¢t}
agln F7t2 nsold R NS XFsle
Zdd Alzte] g & A% morphismE °]§
3 A=A complexity7t ZE7HgT. Al "
morphism& AE2 2 ZHALE F 0+ toolE 7H

watoi ok 9},

U&
R
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