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The Analysis of an Extended Mark Flow Graph’s Operation
for Design of the Discrete-event Control System

Jeong Mo Yeo'!

ABSTRACT

The EMFGExtended Mark Flow Graph) can he easily translated to a physical circuit through a conversion formula
and then has been used as the powerful tool for modeling, design and implementation of descrete-event control systems.
In this paper, we preseat an analysis method of an EMF( using boolean functions and vectors that describe the firing
process of the transitions and caleulate the number of marks in each box. We alse present an EMFG running algorithm
that a designer can recognize the state variation of the system easily. The proposed algorithm works well on two
analvsis examples: an EME(G representing a 3-bit up counter and an EMFG including time transitions. Due to the
analysis possibility of an EMFG with boolean functions, the operations of the system can be understood and analyzed
casily, then the antomatic analysis and design of the system is possible with the computer simulation.

1.4 E W(6) 2 AR, 8)of HEFTE Petri Net

T npRsbA R =g &7 (logic controller) (9, 11]ut

vpz1E A (Mark Flow Graph)7t Hasegawa©l delo] ghrh(ladder)(10)o] A&HRen, S35

ojsted A5)HAT TARES (4} A71A3F A (12-16)9 ol &=t F¥AEst welAN e 4
&9 47 Tl gtk

— aga EAFjAlAge REdEs A 2 T

AL S SRS v 498 sy



ANTEAMEG C Extended Mark Flow Graph) b oL
oAl AtE A EMFGI: eb¥(sale)d 1efo|u
& BAS e Hzs) ol24s) 0ol olold] &
Mol ade] Aag dEE) o Bk R S R R
1)\-] “f:‘]tﬁqg;x] oka. ,ibkhlkg,} o]EH]A ;;j_h;}]_a
U ot o kol AlaEle] Aojs Kola Mup

T
= E =1 x e
ollzl mulald EMPGE Adides H8T 4 e

T8l gt EMFG AF&alZ (1leAy: 4% Ags)
ofe] Alojal27t AR 24 FAHUTE EMFGE
Petri Net®] A4 dii®g g 7o ¢glone
EMFGEA Al~elg zdladsid Petri Neti} op=A
S AAES AAskE A spRsbgR A xR
FAMCN WEAS # 588 ¢ Jul E£3 EMFG
w7 EE HET] eAHelgRdn 1 H2(2]0]
#90 AAE EMFG 825 ¢heFa(3)E 5 9o},

I

E3 (1719 EMFGolA3= whaBe] g3o] shi}el
dheaf AR BEolad AlREl4 ¥olodm Feel
ol A i’o] Edgozs EMFG7E AlFAHdcH
olZ Qle EMFGE 7|Eate] Haaly sglon
of Zo] %JEEDI AASEAE, T [17)9 M

Hehd egdsos gelsie] 43

ﬁf*fe’lr-_ 349.5;* HEFoRA FRIF T ON2R)
of A& 14AL
& ofg-go

TheF EMFGE %L%?i?:; sl Al awle] A
W A B8 5 ok olibAle ) aRle] mel
dojt dA 7} HTJ E5 ofugl HAlY EMFGE
2 5 Azgle] FAdAes 4 18" ¢ 9n
Aol dtgeti: QAx &oldhA Al xgle] Algaky

l{f
1,
=
oo

~T1 -
=
=2
R
L
gt
{3
fo
O
a
uz,
2,
=2
r:
o

_%

o $4 7 mlaEel a5
WS TeRrdoR kAsT YHE WE2A ©
5

TFeR e ddsknh e EMFG?F

Gel Ay m A e gelshi, 7t El
e dun(dsirt SEE Azl g v
te] HDEA olgetnd, HHRH|, HAPgEn] &
gelahn ojze ghav] WEHES KYldly EdAdE
o] BAL HAsgon 4 wane qEnaNs
Bodtrxog mg#Hste] wrako nladfs AMER
i, Ee ulage] Agula s 4 Gdd £ g

‘} v J..;:\il'(_l Evi 5 [1' ;ﬁ J-;'l'i LJ o ){” ’|6{" jLi

2. EMFG2| E#

ol fgke s Fakshi- o] AhA] A el o] ,({]oi_ﬁ;;;_;:;. Tl
ek AASHSU HHE Pelri Netd] @ V39l 8

Pl “F-ii A (KMEG  Extended Mark Flow
'7

Graph}(17} G/ vhes} o] el
G=(B.T.1. O M
oq7|A Bir ¥a(box)e Holnm Ty EdxH

(transition) ¢ HFejv} [v= EdxHd o ¢leish
Fola O EdAAe] gt g pend Me 7h vt
A U}}'—.’.-’;}EH-;; LFERJ = vl s elE] o))

AT wel 1w 19 B ME 2biaols
EMFGE H#8S 2o hubbeis AlF7]e] 9 & L}
Bl whaoly yi= Aelg UEhgls vhaolu)

1" 19 EMFGelM B, T, 1, O M& F#38 u}
it Zut

B = {y. bs, by, ba)

I' = fto. £ to, t3, L, ta, te, to}

Hto) = {bz". bi", ba'} Oty) = {bol
[t = {h", b1, b} Oty = {bs}

’[ ¥ ! he E

bg : l/)o E:)\c l:Tg bs b\e k}x T/Du be b e

f
sedy,  bady
¥ i g 3
a b b be

b\? b1 by bg b b be b be ba

Vi wg U, m

fv\

bz b bz} bz be bi be y

(2% 1) S71 3-H|IE S71AI$7|2] EMFG
{Flg 1) An EMFG representing a synchronous 3-bit u uo
counter



[t = {bs", by, ba't Oft2) = b1 bat
[(t:} = fbe'. by bol Ofts) = {bsl

[(ty) = {bz. by'. bo'} O(t4) = ib2. bol
I[(ts) = {bz b:i'. ba! Olts) = {ba, by
[(ts) = {bz, bi. bo') O{ty) = {b2. by, bul
I[(t:} = bz by, bol Olty) = fyt

EdA ol alvtela(ahdie FAE of)R H
g wcofi- olAvh glejol, ofeba (it ¢lem A
)2 JEE dhadds viav) glolol EdA

3“; T3

M9
%27 ¢ gtk #WEEAe] EE e

eh|

25

24t 'ﬁrﬁjr‘/}mWFM APl ko] ARt £ Adgist

chowl Y- 29T, EaAEs At @

oo e
sl Adlolzms 9y uwhxg npzls AW
o

. Yolag E9 : x|
nkekdl] elnb/Ae}mig ZEE vbao) vhazh l/gled

\m :lo
o
PO )
)
o,
o

ff':)*] 741#3#25; vk (B
EMFG7} & &gt

a8 o] g oM oW "ol & wpET}F GloR
2 ERQAA o B3Egle] wEEe Fad Aoln
to7} Habghsabd WA by oﬂ ohzzh A4 Ele] vpH]
= (0. 0, 0. ol Atk & 00014 0012 A7}
ek, v B4 ko] stz e st
DB beol whiisl AWEHT bo] wkAst 445
npawl e (0. 0, 1. 0] FezM Axrt frh #
o who e Agviis BEE Aol

283 EMFGE szggddoez R 9=
dan wad + du.(17) dE Bo ¥ 19
EMFGe| gz2#igde n 19 Jehdigleh £ 194
9] s =L EMFGOM Edz Mg H3e 2o

H#ﬁf: E-EF(17TI08 Wl

g THEE 9 M a3 GD E¥EEe A
g ¥ 24 LML]“L} ® 2644 Q(t)ir 6D £H
g0 el Fdold Q(t+1)& GD HHEFS

rP

il

e ol

CE 1) 28 19 si2HENE
{Table 1) Circuit translation formuias of Fig. 1

32wk 7HasE 4
te b2 'b1'bo’ b2'b1"bo”
t1 b2"b1"bo b2'b1'bo
to ba'bibg’ b2 bibo’
ts b2"bibo b2"b1by
ts bzb1 Do’ babi bo”
ts babi be bebi'by |
ts bzbibg’ babibo’
te bzbibe babibe
Go | to+ ta+ ts+ te bo’

Do tr + ts + ts 1y ba

G tr +tz + 8+ ts bi @ by
Ds ts + t3 + tg + b7 b1

Ge t3 + ts + ts + te bz @ (bibo)
Ds tg + ts + tg + v b2

y L bzbibo

(E 2 0D BRE8e TaE
{Table 2> A truth table for a GD Flip Flop

G D Q(t+1) Q (t+1)
0 0 Qt) QL)
0 1 0 1
1 0 1 0
11 1 0

£ 19 slzygde
dc}. a8 244 CPpe &

G

cp

e 2
" S
QDGe bl L) G ol
D= b: D bl
(O 2) 18 19 Wz

(Fig. 2) A circuit representing Fig.



3. EMFGe| &

EMFGS 44 785 498 5 qlvhy 44
" EMFGE 47 &4 4 alg @y OME‘} H¥H
AlgdoldE oj&FTtE EHsu 2 EMFGYE #H2

= i

H‘j?ﬂ Ean 030

2ol 2t A9
£ ﬂé° g3l AT, 1A A8
@ A= % 19 EMRGlt

Aol 1) ol EdAM t9 dskxz(the fire
condition) & &8 oE HH3 i‘i% g, o] %j—‘%
FFAE tol digt dskzA4(the
equation)elg} Ao},

de] 1) EMFGe} ofyl A ol gt Halx
A4 CE AND @52 Rdahd og 2

Ci = AND(b,, by')

7|4 bi/bes YW/ HotA R

= ﬁ %}. B T -
of phaEAelvol . jsb kiz ) Hrolr
£9) EUAM o] AAY XE Julng) vhay

H7E gAol ghsolof 48] HEpedol wEdAYg. &
ojE ol |ddE Z} Rt el idE)sl ANDE o]
RHEEejop itk Koln2 A= Ayt

EMFGeA #stzd~e Edx e A5E =4
st Ed M AsiA 7t Rdsht gl
gke] 0ol Hglxtzio] WHHH Al R3hy 1ol HitE:
o] wEg Alefolvt,

49 2) EMFGAA] distzd WE Fg ves 2
of elah}.

F = (fl. f‘), P fi ..... fn)

ORPMUIAI LS S 20 el UiEs N T 2 5861 1899

of /i [ malaAM el dajazial el gleh
ne ERA M Fol},

EMFGE) Astzzl deod 7t 9450 dd =
Ao gebrd N LHML+ oﬂ»a.— Fof 19

18] EMFGAIA 7t e i) fgza]s) dalzn
M= gt ok wpekd EdRA tevte] HE e
of WExfe] Qo Y4 EdJMELE "zl
s o] oA @t

Co = ba' b b Cr = b" b1 by
Cz = by b1 bo Cs = bz byby
Cy = babi" by Cs = babi'bo
Cs = babibo Cz = bzbr b

F =(1 0 0 0 0 0.9 0}

32 otzigrtel oizAlz

EMFGIA dstzde] sH5d EdAA(5)S X*ﬂ
& HAstel dart ghasa 4 vhee] vlage:
oot ojspre o] whEso] EMFGe] 7t t&-z:
o vhdHe ASHeR HMatsh) "k ol EMFG
= Ragd AlaEle] waul: e nelFe A

& st

4] 3) EMFGefiM ofwl dhxro] dzsd Ed@%
=9 HAARE A nlasE dAys T AL
atoxo) ob# 7 the marking cvaluation)gl 4 olsh
A EMFGUe] B& vheagd] digte] wiagslshs
W4 & EMFGS vh5oke} Aol sic

o

EMFGAl #7]wba7} Beody EMEGE $2-& A
Algct sek EMFGOl: dulEdida Azred
% A enz Zt EAXAES FA
12‘101 R stoldby dE) duse Azke B
s l

ekt vhg Aolct, of 49 daAgle] Fh 4
> EdA e} 71 A Hﬁm'so} A" Aol sl

Aol mhet eRpA 0R B A S 5l

vl "2 H3gs Y 'ﬂ%ﬂ?ifa dgan

sl Bie® el ofWl =dxde dgs 274

g3 9% Ug Aotk wad EMFGOA

A8 H3-5ag oy o oef Al Hert o)

=



gel 4y EMFGE vh4vbshi- /] shsiAldbs
EMFGo] w17 A7Hthe marking time)elel 7o
23

_._

i
=

At

Ai] )) h]\IF"‘O‘ U]’ﬁ "i {}.‘ Lfn‘\c”f C]ﬂ%ﬂ\l»
= G.CM g 82 0080 sn)

o7 sir EEAA pel HalA el nd B
A q] ,‘I:olf}

) EMFGe shddrbe opgAlzkeih dojubal,
bMFGOﬂ Uiz BT EdMge] gy 4 A
HolAl EMFGE wHdE b doluer @ Helt
Mgmbﬁ NAAsd AL e 2 ERAASY

Aaha) 7k} Aol geryel g ¢fe
l Ak stz 84 a0 dia7h Hol b tedl WiV
Ji- Aol A pol A whage] vz 5
Zt BdA e e B R R PG B Ft=

W0 W7t B
WAdAsE ABe BYstel Felt Aa8H

ole] E=i

A4 el 3

e

At a7 ’ﬁ?-l HEAI7F 1.7 AT et e
wis 4,0 6, HAld npR gristelel gk mheR
aAzbe  atelabd] 9k JurEdAMRt EAST
EMEFGOT A9ofi= t, 2 t,S Adeke p glrh ojui
vEAITHE T Lk 8ol EMFGf spA s zbek, 4]
FEdA o] it AjaE F ez T el
B st g Aagol N vhgAZhE 1% s

v g %01 “l‘f} MW. ﬂ}~ ”‘l??

33 Eix|Mel 2A4Fniet BlE]

EMPGH= dgtedx]ds) A7bE@RR|AHo
Atz o] whro]y 27 "Eheta W= Al
v wpEla Alzkel o Eabol EdR A9 et

"arzt vt

cif
>
2

=
o

=)

Al
1

it ta

FJ;H

=]
ar

42 5) EMFGlA ol EdA4 ti7h dat7iAls]
Azt o8 ) dateksabA deblis ATHE b
Aaler Al ¢Hthe fire complete time)elet 4e
o] AEeEAze] gk oAk B E e
@] (the complete ratio)ed Hegh

2

10,

e, QL‘

53 ne) gebalaeld wARE ke e 6l

279t @8] {the initial complete ratio}eh ¥

’# M Faesagtoss 7 BEdxHL
ol 4= Aot AgHAEA &+ Y, F &
VS%"J gEHzEA 7z ERAHEY HIEEgs
gk g glrk ol Aladle FAUPHLE #

3= Eﬂ R o848 & gle Aot

r’+ -YE-'J r§=

49 6) EdxAe dstzgdel UEEc 7MY
Fge wWe S2nE  Gudsd(the expected
complete ratio)e} shit, AzpzHo|l H49 Fo ¢
)2 dgtzul(the present complete ratio)eh 8
w o dstadEyd 1 A2 d8uE AFE3(the
lapsed complete ratio)@} T

el el 342H Edxde) Hshzriol
A AT wsane NS uepin

L
L

etunls 4 0 ode UdFEAM, Oold sFe
= BN gazde] DA ot H3E A
32 egte-e viehin, del Fpojd e B
719 dazzio) BEHo] A%E AE AR
AL HEFos yagaurzAe AR Ui

ek & Aol geugzael w5y e
wztz7lo] A& wEHol Aeasts AAYAY old
°ﬂ %Eﬂ%i}ﬁ’:ﬁol AEEo] AHHsE dedn A

ol delsts fed f7ba Lass AT H
2=
7349& 1 dgsuE 78 ARAAM rHAEel
E o) dgzvloln PHAufLE £
122 733}%51@1?} -lo]d stze] e go} 4
857 Gee vehiL, 007 HHSEAASE
o, ko) Agold A4 HIHTow HIARHY
Ao Azrdrg vehdth Aedsupgh 7 A
Aol etz B zh AsiFor Ak wRsh A
kil @}f.:;—ﬂ “‘f’l”r“ e golms dgEdae q
AlagielA ofE gelEe] 4
& el t%l 3

pid - O
2 AolEz oAl Adusensel PAseld
A

AT EUF ASNRE s BdAdl



A dBh0] SN aak el b dekinly
93, AR A7te] Wwstd deEit 3
gavlz sjo] dalagorns via e oy
B2 Wty shaek sl A7kl 2 "EA 7S 7)bF]
= BEdARY Beels d3txnzie] kS ddedn
W7k Agaue S, e A7 Alzte] Zntahd

gun7h ArgEn 2 gAjst dairh fasEA @9
oy ARdgrlE oAGuniE FHol ] H3EA
o dArdth WEYA gow AshFEAY AHeln A%
Halz Aol MEEY dAlelgnir Hagulg yo] A
ol Ao Aotk olsize AA S 3sgad wr
A gbEgr} 5 o Aeigie) ﬁgh?iﬂ!b “@W B

Aol 7) ojAgtmH] WE (the expected complete
ratio vector) V, §hid] WEi{the present complete
ratio vector! W 3 Zaekin] #El(the lapsed comp
-lete ratio vector) X& th-&a} o] Aejgicy,

Vo= (v, va. ..., Y.L, Vi)
w (wi, ws, ... Wi, ..., W)
X = (x1. x» Koo %)

del 3) EdAd vo) dhdguilg vt st s
204 figt shd, ERAA o] d%av wis OF
e

2ok slE gai Agsh,

nzAY 1) EMFGAA daragy] #Hes vl &
o Helzn dgE Feb sbd. dka] Wy wiz
& Nog gy}

W=VxF

o7[A ki T HECA FATE eAel dFstE di

) el 30l et

2xgel 2) EMPCel A agmy] W68 Wt 48
W Avkebsin) Me] Xis 0he o gdaL

X=(W-1)
Zl) Ao gell A 2pg st
dE Eo] 8 1o Z7|&EH WEE (1, 1. 1.
1. 1)oluz z7je] odagtEn WE V=

|gran) Wy feh, aelm g oA da) g
vte] Hsbxzzlo] whEso] lonz AHstazzl W Ry
( 0.

7F (1.0, 0,0 0. 0.0, 0o Ak upebx] dghsn]
HE Woiz (Vo * Foi7b slof (1, 0. 0. 0. 0. 0. 0.
0)el ©rk Aol 19 b Alzkel A abEl Wy

v ogagiay dE] Xpol ®oh & X2 (0, -1, -1,
-1, -1, -1, -1, -1)°o] & et} o]i= EdAA 7}
Wt alste] HEkA|The] AatEo]l HalduaAldd =
SEirhis o] gy}

34 gtAo| ot HI}

EdAe] Haxgo] whtzlol Aeals e sl
Alzte] Azso] Hztglasd Edxde Axd 7
gh2e] vpA = ot Jeo ok whebA zh whae) ng
AAHE oo RUY 5 Jomi Hidgd
ghag] vlags HElR A vl nhadeel AskzA
Hog #d F g}

49l 8) EMFGolA 8k~ heoll oiAd® Eadxd(S)
o] Hggh F vka boo] nfaRE gH@E AL wlx b,
o] mAA(a mark equation) OIEJf . A po
digdoe dadd BdAd uwt dssiee we 4
48 =l po hE wa be) §/EuEniaa
{an input/output mark equation)o]dd sk b,(i)/
B. ()2 #7138}

) w—

el 4) ERA 7} vha bl ddANe] 98 o,
tio] dskmziMo] Ciofar 9] Mg A b9 vl
& b2l . otdg ofze] Fitel el wbA po]

4



W SRS ST MEH MR

GEAvhag e g B
1) elwela dAE 39

be(i) = G + by mn

B\(l) Ci, bx (2)

2) Hopaz Add AS
bi(i) = G by (3)
B\({l) - bx (4)

T (HAel F 0 wb dsthadon 4 W
2 by} opAse] FFE T 2aF G% blelth
of a4¢ 2RLE 4 A ATt s 5 e, A
ZAgol g bdDE H 30 YEIZT ® 3904
bo(1)F FEH G4 byo] "

(E 3 G2 boll THE byi) ol
{Table 3> The b(i) state according to Ci and by

Ci by b, (i)
0 0 0
0 1 1
1 0 1
Lol 1

@4 2 A9 29 ()N FPH e

°c
3
3
o
e
"
)
it
o

Al o oouke o) ekas b el dEEd
ot AErs F1 Hgro R ojud dEw ¥
2 eher), weba] Astetad o vlandshs oA

gpous whide b= ool

he(2) = Co + ba
bof6) = Cg + bo

Bo(8} = by Bof{1) = C:" bo
B2} = b Be(3) = Cs' b
Bold} = bo Bolh) = Ce' by

Ba(6) = by Bo(7) = C: be
bi{l) = (4 + by bhi(2) = C + by
bi(h) = Cs + by bi(6) = Cs + by
Bi(0) = b Bi(1}) = by
Bi(2) = C2' by Bil3d) = C3'" b
Bi(4) = b Bi(5) = by
Bi6) = Cs'-by Bi7) = G b
b2(3) = Gz + b2 bo(4} = Ca + bz
ba(6) = Cs + by b2(6) = Ce + b2
B2(0} = b2 Ba(1) = b
Bo(2} = be Bo{3) = b:

B:(4) = C4 by
Ba(6) = C¢' be

Ba(B) = Cs' by
BaAT) = Ci'by

sifel uhzo] QeEis EdARE T

=

1.

F 9 E495T ERAAR o E4% o
o]

]

sdEa o]l Ae therg hte] uhao] ol
A En RHsle e mugg oo gl

o) gapAzio] AN 2 EdAASe] Ha
So e Al HotgRe shie dskoz S
g 4 gl

Al 5) ofM ukx pol Yo R dAE EWRAAE
Z ZAxgaEN 7 09 EHNPAES] i, b, ...t
ol FE0E d49 ERAAMEST Ansgy|
7F 03] ERALE] to, ter, ..., o5, oo fom@ WH
Ul hE o grbEbe vlade gEdos Zdgn

b = OR(b(i1}, b(i2), ..., bGi), ... bGin)
+ AND(B(ol), B(o2), ..., Bloj), .... Blom)}

X,
2
s
oo
|4
B Moo
kl
1z
3
o
o
e
JE
(m
=
R
2ot
Al
ol
L7
5=
<k

gogade 449 9HnANEd =9
OR®o] 4%& FA4 €t 1eu ¥ by FHEY
AREF o= & EdAdoltkE Haleta s o] ¥l



ol i selajyivhy meie ez o) dElekgol o &k
e vhals EAjskd @9 Aolth = FHuaA A
o] daietishs 999 FEnadsE g AND
so] kS 50 Ak wdk ubs b “1»7-’?**"" H3}
e ¢ af’—:ﬂ Azl o vlazh Ydsteln w2
bellt= vh=i7h EAstA sja, Hsidug EAA
2ol sl vp=iob EAatA woi HA] b pojl v}
A7k FASHA Hok meba vhe o] Wit Hash
B3 dHEAALY] d3n dotdund FHEANH
o] %] =¥ ORHE A4s|n el ehdsjr}

b

“
A
P
ny
~

Haptset Chrel ERANE0] U EMFG

of of
An EMFG example with multipie iransitions
being able to fired

d8 o 19 39 EMFGeIA b
S g v ol ddE EdXE
o EAAHEL )t ty, by BolL,
24 3 op o] AaEw of vl =

sH|7h Oo] & Zlolth wEAM bqol sjasg

P
jon
=

ool mp
BN

rx
]

2L ol
ks
~
olr

i
£

E
r
m

ko]

AAsE vhaa e AL 5ol elshe] thgap Zo| Ha
Ak
b = URIbslI}, bat2)r + ANDHB4(3), B44))
= OR(C)+bs. Cotby) + AND(Cs by, Ci ba)
= OR{by by +b4. bz by+bas)
+ AND((bsbs') " ba, (ba) -ba)
= OR(0"1+1, 1.1+1) + AND((1.00" 1. 1".1)
= OR{1, 1} + AND(0, 0) =1 + 0 = 1

wibx WA poo] opRi= EdAA ) el Haleh

ey A

R

SAE s

o

Il
o
1z

2y
=

L
[

vl o] Bled fpooH [l s
tyok 1.9 FEhetE el st F Rl AR o] Shubrt 4
Hujz o] fol w¥] ORE

ool vl EA3
et

dadgol gl SgEly B I

HZHp
__L-__l_o

ojsle]
HE] Vo o

) Aagsidzl 49 EdRAL AE
T 1—}' [ AU e R R E #H-g 5l
SEvThe d dogesulelA Hatd Alssiojof st
Z71¢EN R A AAME Eh skA A
BA7E Qo] 7k -19] ERAA S Pl gRHAA
1 Holmw YapzHo] HgEo
> HERE Hart A Eojok
tixi oot girt, webd Ae)=

2| 3) EMEGA

9 xunk 2

iy

] 3}

tEa] wE XA 0
A A 7H of AR B

%)

2ol

4
+
g}

Ol

S 5o} g 1984 Fupelzu W X0 (0, -1
e e DAl B S S B R o e B

qu Ve (1,101,101, 1.1, e
EdaMEe] dalrgio] AR AL

2.2 r}A] 7335}?} Sk
4. EMFGe X «neE

EMFG7E s##thz A2 oo gj¢

SARTR: Selrh % A7l wel 7 vkt
v dE el g dujstn A e st

HEkehs ojuldith olef g nfael guMgE 7)1Ed
T s PeE EAAAEE datetn HEgR

e

dARZE 7AAeted vhadHE WaAzeng via
A HElE A oR Tad £ 9= = HhHe] elojt},

algjylolElel 7+ R = A ael[119)

U
A5 AAE BEMFGY Aldis Fa8hzx f@Akshzd
£ A7l

W AR aded o dAlef wedsh-aln o
ol AR

upebA P Aol My nka dEsE AAes
JET = gl e dndgges AP o=
Alzgle] Gt & EMEFGE v Jejsts 44
B 7 e Aolmw sl Hejsty HA g
Sl sl AAR] AN Ry oy 4



064 Sn IR SR

- 10,90, = g2 -
wode] Be ngg F Ao

A LR MT=@En

A 6) 4e EMFGe] Z7viart Fojfl ¥
EMFG7F 48z ailsovl,

(1) x=28 44 42 25 AHE-shod P AREE I
FEkm, 7t EdAAEe] 27|4RMES fale] oY
eEnp Wy Vo2 F4%ch mein He 13 g 4
2 AbgEted 7 EdHdEe %}iﬂ“ﬂ} EA I e

:fl' f’-l'—ll ',3

=4 W FE

gt

~7jobAH e Mo&

EH7} 0ol EMFGE F4-& 9T

(3) dgtmn] A 3 wx2gy 1&
gk WE Wig
(4) AotersH
B A

Sl

Hel 28

EEE
Agate] Aaskan)

Aol WA

E

AR5}

7hahE

1

HE] X;E

o?.:

Astx s HirAns
ol H3p=d

% =

mim oY,

(5) H}z\

0ol #DslE ENAANNE
Abgslo] ulggrtsich

ol w4R7}: Aagan WHe 925%
so] A7E HAEE 4ol 52
ool g FS Wi

up Wbkl g

(6) vl=¥E
A9 ME

F%: (5)014] v BAE gz v
Fact

(7) odghsn) Hg T Rxye 38 RS
o grgn g Vg ot

(8) (2)elM (MY B

- Y

HL R ShTh

+%) A9 178 A9 7% Bxie 14 =

z7e 376l
92
ol ;XM

A f4A &
Yol ol

qE
gy

2ol A
CEMFG 52278
o] Fsk=d

A
S

ofa) 2 sict.

6l

FuE
B 49 vERSIth

Ao] wHE

9\}‘_0_[:1‘ HL{:E

i
E 40A 59
i A3geEs

of uhad WSE B
4 T w8 E 40 AHEH FuE F

PFECE b AF71E BAG 19 12 EMFG?E vl2A 54
(E 4y 12! 12| EMFCO| X2l 62 LI5S BEAZ Z3E
{Tahle 4> A table applying an EMFG of Fig. 1 with an algorithm in theorem 6
3l | bim7lo) AL | | | |
W X A M Vi F W
0 - - 0.0.0.00] (1.1.1,1,1,1,1,1) | (1,0.0.0.0,0,0,0) | (1,0.0.0.0.0,0.0)
4o a=bo{0) +Bal0). :
L0110 -1l D e e B(o) 000D (1.1,1.1.1.1,1,1)y | (6,1,0,0,0,0,0,0) | (0,1,0,0,0.0,0,0}
bo=Boll),
2 1(1.0,1.-1,-1-1,-1,-1} =p, (1) +B:(1), [(0.0.1,00](1,1,1.1.1.1,1,1) | 0,0,1.0.0.0,0,0) | {0,0.1.0,0,0.0.0)
bs=B2(0)
by=be{2) +Bal(2),
3 |t-1-1,0-1~1-1-1.-1) b2 +B(2). 101 1D](1,1,1,1,1,1,1,1) ] (0.0.0.1.0,000 | (0.0.0.10.0.0.0
2=Bs{2)
vt 1 1 —1yi bo=Ba(3). bi=Bi(3),
R IR K B e e e (0.1,0,00] (1.1,1,1.1.1.1.1) | (0.0.6.0,1.0.0.0 | (0.0.0,0.1.0.0.0)
bo=he(4) +Bo(4),
5 [-1-1-1-1,0.-1.-1,-1) 1=Bi(4), (0.1.0,1)1(1,1,1,1,1,1.1.1) | (0.0.0.0.0.1,0,0) | {0,0,0,0.0.1,0,0)
ba=Dz(4) + By (4)
bo=Bal5),
6 1(-1-1-1-1-1.0-1.-1} 1=b1(5) +B1 (5}, (0,1,1,0)] €1,1.1.1.1.1.1,1) | (0.0.0,0.0,0,1,0) | (6,0.0,0,0,0,1,0}
be=h2{5) +B2{5)
bs=De(6) +Bo(6).
7 1¢-1-1-1-1-1-1.0-1)| b.=b{B)+By(6), |(0,1.1.13](1.1,1.1.1.1,1.1) | {0,0,0.0,0,0,0.1) | (0,0,0.0,0.0.0.1)
ho=be{B) +B2(6)
8 |CrtoL1o Lo PR DRI 0 0000 (L111LLLLD | 1100.0.000.0) | (10000000




el AL geldt > oalr
4] 69 LuelEL AEAASo] T
EMFGolle iz 48y o= vl el rzteEd

2 o] ¥FH 7pAFe] EMFGE 19

4ol vhehel ol

#® *EJ 6°4 Fatglwel wek siHshe vk
A 29 4ol e AR . R7ISEEN] HE] S oo

sk gmaﬂa Vo, 7 ERAAS] Astzda 7} u
89 viaa @ oladE Mg et

(O 4) AIZtEdX|M0| ZatE Jtae| EMFG

(Fig. 4) An assumed EMFG inciuding time transitions

e = G.CMAT 2.3} =1

Vo = (1/1. 2/1. 3/1) = (1, 2, 3}

C1 = bL’-bg Cg = by by = bg’.bg
Bi(l) = b

Bx{1) = " he Bs{3) = b

hs{1) = ¢y + by Bsf2) = Cu" bs
bs(1) = C1 + by ba(2) = C2 + by

Ba(2y = Co by B4(3) = 3 by

(E 5 3% 32| EMFGO| He| 62 ¥ag|

Aot ME 9|5 AR GramESME Y BAGE 19k

hadoy o (0 bbb { h-

Mo = (0.1, 0 1.1

Ael gel dmaly -fﬂoﬂ)«‘. (7MNE 29 39
EMFGe] 8421 b F 5o JepiSich & 5ol
Ry o] ol EdvHEe] daiso] HlYH

23] A7kl whel BEE & gow 7 vkae) niz
P wad G e g gens
EMFGY &7 ’“M e T v

e} A] }\!f:ﬁé}% 2daztk EMFGE Agtel U]
Sol Wb el Hu 1 B4 A B4E 5 9
of Alz=gle] FaEiH B Ao 43 Egeol 2 A
ojt}.

5 2 &

EMFGE Petri Net] 43 ddES 982 713
nglems Axdel EAYeM BN ¥ EH

Foglon g7 9 dlEr] AlAgely 1 8o 4ot

b obujet AlAgE EMFCE AHgstel A

Azl 4 wEE e gdosw ol*HMM”“

SgAg el Aoisl

d:la} T I‘E )\}_%El 2
ToeltellA] e
(1) EMFCoIA 2t 2

Al

=

]

n.-«u

A
s

shsdar, s alE o

Anu s K5l

(2) EMFGelA - Zo] nlaiE Aateis 2
Regyaoe gHstezsy o EdXxHEC]

B8 MEAZ duw

Q

=L

b=

=

{Table 5 A table applying an EMFG of Fig. 3 with an algorithm in theorem 6

A ZHD X oA 7ol AR b E Mi Vi I Wi
0 TS ST B G Lo oo
’ b = Bi(l), by = Bl ‘ ,ﬁ o -

T L TR 001 LD s Lo | 23

2 |12 - 0. 0. L1 1 (L2 | (011 | (012
bs = Bal2).

311 00D | by = ba(2 + Ba(2), (0. 0.0 1.0 | Lon | 0o | ©o b
bg = ba(Z)
7 = €7 4 = Dala).

1| na] PIPIRERE g g 00 | Az | 000




WG meE T EiEg] =BT OHEM HEO8N

Aol Hattu e)glE w 7) wAame] nha gty
s by % EMFCG7E Fabsle e 4 g
/r: <l ;ﬂ —5},0-1;_'1,

(3) 7] & 5ot Pl EMFGY 7t vrage]
depstE A4 $ET F JEE EMFGY F4Yn
=2 georstgn, 3-HE Z7 ApsE AAF
z3d 7hde EMPGo
dye| g 445t duEHo]l &R FAEeE A

mepA Alagle 1
EMFGE #letd a‘ﬂ?%fa— of geb AstA Hd AlA
go] A& A ¥4 5 glenzm “74101 HHWOF
7%!% *]M“OJ *é = 5&*‘*@1} a7 =&

¥} ¢

E lo
=
S
T3
[}
il
ﬂ-l.x.

Asge o, 9

EMF‘GO‘I 283

L
& zles 2 %‘%‘3_ ohije} 7

=

il

ﬂOWifﬂ_&
dol 4% feAR Aot

~é‘> «-i} I 32

(1] 4R, viaagdee] &3 $adsta ekl

2] AR, F3d "ggy nAsEARS AFEAEA
ojrlglof o] 8" atdn FRE AT
1, A253, pp.209-219, 1983. 6.

3] A "EMFG 3l29] 7ieFslel] @3 A" FAbg
Bjsh A7, H297, pp.741-760, 1987, 12,
[4] K. Hasegawa, "Mark Flow Graph and Its
Application to FA.” Journal of the SICE.

Vol.22, No.11, pp.946-951, Nov. 1983.

[5] K. Hasegawa. K. Takahashi, R. Masuda
and H. Ohno. “Proposal of Mark Flow
Graph for Discrete System Control,” Trans.
of SICE. Vol.20, No.2, pp.122-129, Feb.
1984.

(6] J. Ayache, M. Diaz and R. Valette. "A
Methodology for Specifying Control in
Electronic Switching System,” Proceedings
of the International Switching Symposium,
Paris. pp.1049-1056, May 1879.

[71 K. Hasegawa, K. Takahashi and P E.
Mivagi. “Application of the Mark Flow Graph
to Represent Discrete Event Preduction
Systems and System Control.” Trans. of
SICE, Vol.24, No.1, pp.69-75, Jan. 1988.

[8] P. E. Mivagi, K. Hasegawa and K. Taka-
hashi, "A  Programming Language for
Discrete Event Production Systems Based
on Production Flow Schema and Mark Flow
Graph,” Trans. of SICE. Vol24, No.2,
pp.183-190, Feb. 1988.

[9] Ferrarini, L.. "An incremental approach to
logic controller design with Petri Nets,”
IEEE Transaction on System, Man, and
Cybernetics. Vol.22, No.3, pp.461-473.
1992,

{10 A. Falcione and B. Krogh, “Design
Recovery for Relay Ladder Logic.” IEEE
Contro] Systems Magazine, pp.90-98, April
1993.

[11] R. Willson and B. Krogh, "Petri net tools for
the specification and anaysis of discrete
controllers,” IEEE transaction on Software
Engineering, Vol.16, No.1l, pp.39-80, Jan.
1990.

121 M. Jeng and F. DiCesare. "A review of
syn— thesis techniques for Petri Nets with
applications to automated manufacturing
systems,” IEEE transaction on Systems,
Man and Cybernetics, Vol.23. No.1.
pp.301-312, Jan. 1893

(13] A. Merabet. "Synchronization of operations
in a flexible manufacturing cell: the Petri
Net approach,” Journal of Manufacturing
Systems, Vol.5, No.3. pp.161-169, 1986,

(141 D. Y. Lee and F. DiCesare. “Integrated
models for scheduling flexible manufacturing

Proceeding of the 1993 IEEE
International Conference on Robotics and
Automation, Atlanta, GA, pp.827-832, May
1993,

[15] T. Murata, N. Komoda, K. Matsumoto and

systems,”



K. Haruna, "A Petri Net based Controlier [
Flexible and Maintainable Seauience Contral
and its Applications in Factory Automation.”
IEEE Transaction on Industrial Electronics,
Vol.33. No.1. pp. 1-8. Jan. 1986

M. Zhou. DiCesare and F. Desrochers, "A
Hybrid Methodology for Synthesis of Petr
Net Models for Manufacturing Systems,’

—
[T
_.:
i e

3

IEEE Trans. on Rebotics and Automation,
Vol.8, No.3, pp.350- 361, 1992,
17] 4=, st "Hadd vlasgire] 447
edd” sadEo|c]ofsty] 1998WE #A4)%
s E =4, pp.423-431. 1998, 6.

1535

OIMPMIAAI B HHIE 10 SPANE MBS EME Y SAG 1807

o 83 2
19800 Foti¥rw  HAbg e
A (F8H}
198281 gt gjshe 3t
FE(FEHAD
1993 -S4 gk FA
kg e F R
19861 - &4 T st dApAS Fusg
Al ol vfe|aR I Z M4 CAD




