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A Study on Control and Simulation for Discrete Production Systems

by Mark Flow Graph

Kouji TAKAHASHI
(Supervised by Prof. K.HASEGAWA}

The paper deals with a systematic method of control and siwmulation for
discrete production systemws.

Discrete production systems, for example, production lines in mechanical
vindustries, havekthe properties of asynchronism, ordering, concurrency and
conflict, so that unsafeness and deadlock will be apt to occur in the systens.
Petri net is one of the effective means to represent such systews.

For applying it to the design, analysis, and control of the systems, the
guarantee of safeness and the notation of input/output of signals fromftc
machines should be required. The authors proposed Mark Flow Graph (MFG) as a
new kind of graph deduced from the Petri net so as to satisfy the above
requirments.

From the fact that the control of a system represented by MFG can be
realized directly by executing the corresponding MFG as the control algorithnm,
a MFG-based programmable controller was developed with a microprocessor. Also
a equipment was developed based on a personal computer to support synthesis
and debugging of MFG, and to load the program into the controllerf Using
them, a control system was implemented for a miniature production systemn
model, and their effectiveness was confirmed by executing tasks specified.

To assure the good running condition of the system and to improve the

efficiency are key issues of system design. For their estimation, a
quantitative simulator was developed based on modified MFG, in which the
concept of time and macro description were introduced. The simulator

developed was wused to simulate a real production system and to modify it by
the obtained result.

In order to control and simulate a discrete production system with MFG,
it 1is necessary to represent the éystem in MFG. When its specification is
complicated, it will become a tremendous hard work. The authors proposed an
algorithm +to synthesize a well-behaved Petri net which is able to generate a
given firiﬁg sequence, and implemented it in the computer. As the Petri net
generated can be translated into a MFG, the algorithm is the basis of the

~automatic synthesis of MFG.
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(d) mark and box () permissive arc and
transition

\_extemiai™, l

{ machine (f) inhibitor arc and
EN ot transition

(g) output signal
© .arc and box

Fig.3-1 9 - IR NBEROBKLES



P8 B 4 (internal signal arc) OESEBEIRYIATH D, Ky I2ALCP -7
He&dBER "1V, Y-20FB0BAE "0"TH B,

% 818 5 & (external signal arc) @, ESRIF TS T700BCHELED. THD
BHBOBEEI VISV 2EESANERTENITH D,

(f) W AHIESHK (output signal arc) G, Ky IAPDTS700BOHBC2MHE

(v
[ay

ESEHEHNITBENOTHN, Fig.3-1@OL3CKRKYy I AEHBYEZEETHES

RLDENDENE, B3R, HHhENDIRNYIARCY

2B EE "1 B &

& "0"TH B,

Ry 2AEMS39Ya2@, 2FXELFABTREEND ., TE. Ky IR E
PRSIV IaVEHAVTIRIBCEAHMBI AW, EFL. TRHOKNS VI
37 -AKAvI)AMBDBVBTHEAONS YT Y3 Y - AHBESEBMOBRELE D 1K

THDH. Fig.3-20HERT,

k séxternal ™,
\machine,

Fig.3-2 Y -7RnKER O H
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3.2.2 V-%YTtr0BB

(v-%>7]

WGF@\&Ribwﬁﬁw?—ﬂaﬁﬁc&ﬂﬁﬁénéoCﬂ%?—#)T(
marking), FEWBREBOV-F T EDHI - %7 (initial marking) & (v 5,

DBI - FYTREOT. Ky IARCREAEN—DOT-ILABNTRED
BWoe B8, Y=-I0 =268 0 0BT - %2780 -0BMI-FYTE05, U2
FLO¥BE. FRORECLIRBOBBTORENE., CNE . MCTENTEH
. FRORECHBTIBRS VIV a0 ABOBUEIEDEARCENT 0 2.
[ 5 & )

5H5NS VIV aLL.

(1) 9-00A->ELHBARYIAEEESH O
(2) F-JD0A>TWHEVANBRY IRAEE & G
(3 FIRBCEVABTAREEE A |
(4) MERECS5ABMEREEE L
CERIRHBEINRNTBELTIVNBEE, TORMNS YTV Y3y BTEAWT S B (enabled
) EWS, BF. TAMTEWCSE £HETAMT H 5 (disabled) & (1 5,

{53 )

TABTHEBRSI VI Vavy, BTRBCEOVABTTRSLUMERREC & 5
ABWERECEBOWEE, 2ORS T Y YR BNEHBECEAREES AN
g3 (fire),

(X) Be0523B4CO20TH 3.5 THEND., $E. BEMNENES A3
2L EFB.
ﬁma6¢~%mhayvya>®awzwxnwmv52mcaév—9@%ﬂ

Ly 228XRTOENARYIAACY-OFRETE, Fig.3-3CH&ERT,



BH., AMEERIMEHANCTANDNZIEN LTS, 42T, ABECERBEOLS
DV avFalILsECLBBLOT, MGROANMBEBIBOCTER TS O &M
ZHHD. CORPERMARP (firing sequence) ¢ Y, CNRLIDIEXPSNEH

MOBMBE HEI LY -4 A (Line sequence) & & 3,

3223 V-IORNBABoEFNNE

B

UEOLD2BHBAUC LY, MFG IOE0HEFNNKEE & D,
!?%]

MBY-F 20728 0TR. RYy2AR0CREPEN—DOOI -2 DBLCEN
FENTLWEVW, ., ARSIV AACRIDEHELD, ITRY-2%EEDRK
wI2ALEDRY-JTERETDICEBTV. 2T, FEOHIATINTDR YT
ARARBEEDIED— DO -~ J2LPEELE LV, 'Di“l; MFG E A H B2 K £ (safe)

3-2T D MG TRNENBIVYRATLEBRFFCBSEREB B,

2o ..
I 5T

(@) before firing (b) after firing

Fig.3-3 &K



3.3 Y-IFRNBRBORRAC LB

ouk

Bt

LTHBNE WG BLUY-270%¥H0BACI3EREUTRRET,
3.3.1

V- IO2RANBERoBARR
V- JO@mhHER MFGC . 6-9 7 )
MFG=(B, T, A, G, Gg, S)

TRNENB 2HBHFM@MT S T (bipartite directed

graph) T & 3%, &
B={Bi, -, Bi} (i>1)

2T,
BRYyIROES
T={Ty, -, T} (j=1) Br3YIVaro ks
A=A4,U40 EFBEROESE
EEL.,

Ar={An, -, A} (k>0) T NS5

YV aYADANFEROKE
do={Ao, -, A0} (I20) GRS YV av s dbOENHARD K4
G:={Gn, -, Gim}(m=0) TARABESHOLS
Ge=[Gg, -, Gea} (n20) BHBESKHE) RS
S={S1, -, S} (£=0)

BEHESHORS

THhd. . MBC(D &/)-Ry 85 /-Rz a3 &x o A B hoE&EMER
x,vy) 533880 &0 .,

ERE V=luwlj=1~ 1} 7o)
ER”R Uuxy #
MEH (4,0

NEURRESE
FIABENLET B &,

(e )= l~m, j=1~n}

A= {CAn)lq=1~E cBx T



Ao= {C(Aos)|r=1~l} cTx B

Gi={C(Gn)|u=1~m} cBxT

Gr={C(Geo)|v=1~n} DX T

§'={C(S)|w=1~p} cBxXM

EEL.

D BHBESEOES

[=]

M gHABEEH0ORS

A1, 40,G, G, 8§ NEFTBETOWESCEHEREERL TOWENL

U, A, Ay, GG SO BERBRHO AR NO BEMBERTEENTS 3. SO & %,

X={a, b} CHL T XI= (5} £TBE. 3.2 1THENERCHIZHRL O

AIN45'=4inG;=A5'nG,=p
THCTERES G,
7 - ¥ ‘/ Tui.

g: B—1{0, 1
BH5RMBTHD. 38

OB -FOTEuel T B,

332 b3 UVVIVOAMEY-FUTORBORRARA

Ky DR BiOvV-00ERERTREERAEN Y 0 AKM bie &%,
b-,=i'0: V-oFragwe &
1: 9-2065¢ %

T2, FTE. MDT

IV 3L T FEABRTHINPENERTREERENS

VaVER t; & HE.

ty = {0: IAMTHENE #

1: QW TH3 & &



CH-MESE GIRIZESERIRAERRE 9218 T 3,

FEONDI Y3y T; . Fig3-dCRFLHCAHBCMBIRNY 2R, WH

HECNBORYy IZANFTEARKCLIEREN, OFXORBPHFIAHK. RFXOAFMIL

¥, UXkod BTk, VEXOASHIEREEE D, 3333 T D20 T,

bln(m=1~M)

EADBMONY D AER

b8, (n=1~N) FHhAMoOoR Yy 2 AFR
Oqu(q=1~Q)

ERBHTROESER
gi (r=1~R) ERNBMEKOESER
0 (u=1~U) EABWHFTROIESER
0 (o=1~V) EHBAELROESER

ko 594 LY -T2 AES

k<
>}
-0
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r
-

V EREBEZROREN
A EREZRORER
i{’jla,‘=ax/\az/\--~/\a..,
i;L'J'la:=a1Van°~Van

ETBE. AAWMEHRASLIUNBRERUL .

M N Q R
t{k)= N LA N BLEIA N gif (k) A NGB
m=] n=1 q=1 r=1 (3—1)

EHS. BE. T ODRWMCLBIV-2HBRSLUT-2RERG.

bin(k+1)=bl (ACEAGT) (m=1~M)
(3-3)

bo(k+ D=0 RV (tARNG) (n=1~N)
TRNEND,

ETCCCT, B3PI VI VIVDNABREENDANA - HHUKYIR0FS

EXEZTHBE. (B-1UR4&9
. M N
Gk)=n bl(MA n FoE)
. m=0 n=0 (3-4)
EMBDa ECB3T.RMURYERHEWTITU-RAPiRNON—-T YO EEESEDNT
REENRE pi CHE, $5h53 Y3V a0 aAlKElEr G-NREFERTED

g &

L
(kY= n pl(k)
=0



EHB. ECT, bl ERNDT, TADS M _BOL-I22EEDTL -2 % P

LEERNT T LU -AEPR, EL, CASERS Y

12

\
g

-~

ay T 0OABRTL-RELE
N+URYNEEZ B &,

¥

M N
t(R)= N plt.(R)A N p2 (k)
m=0 n=0 (3-86)
e, B-KR&gL <y B,

(.-. p5!m=b1,'ux P§2.= b—?—n)

WERYIRBHF RS VIIVYaY T, 08NS EY Titr OANBCEHE SN T

MB3CTBE. CNBOTL-AB b, b EXBWIBZE0TSY. 28 (3-8)R & &

EINT Fig3-5045CHHMENB., CNED. Ky P2ABRAABRS YUY 3>

OHMBEENBINS I Va3 VOoOMBOZEREE T WBISENFNT B .

o
@—@ﬁ_

Tj Tj K]

Fig.3-5 R 2R ¢ EBRNNY R w ~
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3.4 V-2RNBROTGHRCLERD

MFG ., AFMERVWT TS 72KRCHALT-—BLTXRRIBCLETED .,

3.41. TRDOESE
W EMFG A, mBEORKYIAEn@BOINS I s pOBBEEN, o B0 EIE
EESLUV rBOABFTEREE > TWDIET D, CNO>ORERMBERDITHE

DEOLAICEET S, AH. 3.2.1 CANERCHATBIRERLID., TOEFQLO L

(Ah@gegiTs C-)
ERSYVUSISYOADBACEHEENEZRAYIRERNT n x m OFHNT,

C-Lj,il = (1 : h3Y3VaYy T; OAABECERYy 2R B FEHEE AN

\/I

TWwd
0 :T; o AHLBME B GRERHFSNAT LTV
ol B
(B hEBeEiTs C+]
ERSYIVIVOENBCRBESNZIRYIRERNDT n x m OFTHT,

C+0j,1]

1 T; o H@AR B FrgEESNTUHSD
iO T o Hh@AR By GEEEATHE O
93,

(RESFETHiTH D+)

ERS YUY aYAOABEIROESEEABK Y IRERDT 0 x n 0T
D+, i] ={i ST, ADABETKY B ASDEESNTHD
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{0 T NORBHFTRY B pOBEBEEATHAE L
T Do
(&ML &iTH D-]

ERIYIVIVAOABWERKOESHEELEBIRYIRERNT n x n DT

T
D-[i,il = (1 : Ts NONBMEKY B: 2HBHEENT LD
{0:TJN®W%%tﬁﬁBiﬁ5§ﬁéntm@m
[ B I |

(S 83T & T He
ERSYTUIVAONBEARNESEERNT 0 x a OFAT,
Heli il = (1 © T, AOABHARSABESE LIS BHEESNT LS
{0:TJNwﬂ%ﬂﬂ&ﬁMi35§ﬁéntmam
E 9D
[ 5 801 & 7 51 H-)
ERSYYVIVAOABBEROESHERNT n x 0 OFAT,
Heliil = (1 :Ts AORBWMERY M #SBESAT LD
{0:Tijﬂﬁmm&ﬁHaﬁ5§ﬁéntm@m
ET 3.
(BHhES&FM Q)
ERXvIANSOESHAKERNT r x n OFNT,
QLj,i] = (1 :Bi POMHNESEINBEES U CEESNTH
{O:B}nsmng%ﬁﬁujcﬁﬁéntu@u

T D

2 4



332 J-0RNBROSHNRSE
341 CEBLEANAEEELODOXOFTNEEAT S .

(#EiTy C)

CEBTBCERLD, RS YUY VaVERVYIROBEMEIREENE., B 8.
CERO2EDELS>CHERT B,
~1 2T OAHBEEC B FEHESNT LS
Cli,il =¢ 0 1 7; & Bi ¢ BHEINTLH K
1 Ty o hAR B /’&gFE&ENTLS
(RSB - N&KEFH D
D = D+ — D-
PIVVIVANOABESKROESHEERAN Y T ALY

CEBIBSERLEN. E N

Ut

il

BBEN2, 8H. DBDOEDLSCHRT B,
ST T NORBIMEKY Bl AABHEEINTL S
DLiil =¢ 0 : T NBGABESHY B #SBHINT LA L
1 =T NORWBHITREY B: poEHEENTWSD
(S By -~ NETH H)
H = H+ - H-

EBRIDCLRLD. BRZ DI Va NN BEEROESEyEdEeND, &

r

. HEO2EDLS5CHRT 3,
ST NOABEMERY M POSBEENTLA
HOj i1 =% 0 T NGABESHEY M p3BHESNTUE L

P o T NOABHATRY M POBEHESNTVWS,
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BEDITME, SERCEBLERNESKTINCLY MFG FRBENB.,

343 ~I3UVLIVOAREI-FUTOEBBOITHNERR
T, REBELTRORRESDOMOBRATELT, "&", "X"ED&EOLDCES
g3,

AB,CZE m x n ORBEHTH. DE n x p ORBEHRTNCT B E &

(1) C=4 &8 BREWL
Cli,jl = ATLli,31 A B I[i,j]]
(2) E=A x D REGWL
m
ELi,J1 = U (ALi,kl A DI[k,jil)

k=1

CHRHAOKBUMEED B,
CNELD. TFARBBESI IV aVERDITAEAMNIRIL e1 LT H WY -

PRETFBEILZILTVWBINI VI Va2 eaRNITIABT -RXIT NI e2 &

er = (C- % pt) & (C+ x pt) & ( D+ x PE) & ( D- % pt)

ez (H+*F)&(H—*ut)
Ed B
TE. ARTBNTIYYVYsVERNTABNINL T U,

f = ey & e>
EqN., V- FOTO0EBROE0RTEADND .,

t

p'=pu + (f xC)

EEL. B4 [ 35.228BI VP ELTLWaBELCR. TRCEVWTHEHATENS VYU

AVDIB . ENBI O BERENACTREDR L.
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3.5 VY-I2RnNBRESTIBELFNCHEIUE
3.1 v-2Z&3 070

MG O RS D33 a32 T OANDBRY I RAOEASSLVENBRY I ZA0ES &,
ENEN OT,T; TENT., TE.RAY 2R B OAHBRNSI VIV av0oEe s &
CHDBRS IV 08EE, TNREN BB TENT., 20 & &,

~

Ti=¢ 835 T BRSOV Y ay V-2

(e

‘Bi=g¢ B3 Bi Ry IRV -2

W, CNSEBHEL TY — A (sourcel & W,

Ti=¢ 3 T; BENS YT YYD
Bi=¢ 53 Bi ERYIA-Y V7

EVW, CNSEBHELTIYYD2(sinklE WD, cnNd 0Bl & Fig.3-60 5 T .

(v

-— -

(@) transition source (c) transition sink
(b) box source (d) box sink

Fig.3-6 Vv -22&3 072
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3.6.2 RERMBRISLUVBERY IR

'Tjn'T.n"'n'T‘#¢ 73 % I\ 5 \J’ ;j :J 3 / Th TM"': T‘
TEY.
TnTn--nT,% B5h5Y¥3vay TuTe - Ta

. ENEREILVCHAMBELHD & WS,

TE.RESOEROBHRE card(S) TENT S ELRT B &

card(B})>1 & 3 0\ @ card("Bi)>1

BBRYIREFAKR Y2 Alconflict box) & U . BAKRY ITADAHBTH AR
RCHBBLEEEADBERY IR, HHBOBESELNBEARNYIRAEWD, Fig.3
TRHERT .

REMBLCSEBILSI DIV VOIEHBBEIYBBCABLLIIETEEZ,. 2N

<

5NDFF 233 @FBAL (conflict), D& O LA XD T,

N
~

() output conflict box (b) input conflict box

Fig.3-7 MA K v 2 R
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(ER 3-1%) BETE
@5%%“‘79‘7\l2¥§ﬁ‘8ﬂtb\61\5‘/5/"93L‘/f)"ﬁﬁ’é‘aéc‘:§\ HETBdBNT
DI V03B FENO-—D0INQWUTE, TO—DFAWIDEBROGHFT LM
Ed b,
()
AUGERNFHAACTANNEABCERBONSI VI Y3 alddeed s

a0 RFEBED D0 AWITDB, CHOR/MER KD,

&

WoT, FTREATBNSY

TOBARYIARY-IFRE(ANDBARYIZAOBE) 53 W HEH (LAHEH

ERYD2AOBE) L. OS2V Ya 0 aMlfHFEEEEINELRZ. B
COEIC. BARKY I AU T - 70 RNOSEDARAETESIBEEE > T WB,

Fig.3-8 EfR&ExRT,

T1

T2

(@) before firing

Ti ° T1
T2 T2 °
(b) T1 fired or (c) T2 fired
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3.56.3 N"NA-V-2@FnaE
Fig.3-9 0 L 2L, AON-TEEERLGUMFG £/ - 7 - 77 N X (Path-Mark

Flow Graph LA F P-MFG) & (v 5,
P-MFG PR RY-ATSVYDIEFTHOEBINANGY, COERPOINYITRAS B L

@RIV PBY-AREVEELR., Y20 E0AETHRE £,

¢

(E® 3-2% REBTE
BOEIR Y ITARERENTLVB2FTAKIFTALEINTIRELTE,. 20K Y 2 2A
OYI-DHBELVEOR Yy IRIODENENTLWBESHK (F-hESHK. B HiE

SH)OHFT - HELOBEEREINGE ., CORvIRAFERENTOBRNS VT Y

%

a0 AWERBEREMEENS B O,

(SE9)
REIBRYIROR Y IRERE & TBE, CORYIREFARTEES &
RTWBASIYIVIVOTANMKRAERPO b G, FAROKRELC LY 6, CHD
20 . V-0 EBERBIBIEREY Go=b CHB. TE. ESHCMLTE
- IO EEEREISCLLE LN 5, ERAY. EESRORBARET DO E @ &

D =t 8B, $27. REITZHNETAUXAEIEALT 2. W

I NS

source

sink

Fig.3-9 R - Y-J2@nK@oH
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COFBEBVBE ., HWORROERFAAERCREC S, SEARDE T -
FOTTCV-—T0ZEBERYIAFNS 7T 6. CHERETZIC LR LV0-9H 7 —
FYTETHEENTES, Fia.3-100 B ERT .

(E® 3-3)

BAKY I AEGER WMFGRE . P-MFGR R T B T % 3 .

()

MERYIRAEEERBWMFG . R3S 2YVaryE /) -ReEL, RyTd2REZFNE
DKFEREZEN TP - DT HEAT S IEbUED. COTSTOERD AR
FR,ZOE/-RROVWTEARBMLOTRANOES ¥ A 2<UBL5CES 539
LT32ENTEB. EBR. COKDBAOROITOY VI %, REABACUER
BEEEBOT /- RESONEOWENIBAEVEDEBIPACTINTRAT 3
CENTERD, COEEDAFAMBUEINTCHAMBTEVCERAS AT H 3., 2
RE. WOAANEDDONG CEEA, TANBHATOERS YUY a0
WEHEFEL ., LEV 2 THCEEOMG 8L WAMRTERET 3P-MFG %@

Ecetl@rassn,

4 T I:> —-

Fig.3-10 RE&Ex @
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3.6 V-IRMBBECHTBZITYyROYD

3.61 FwROv2e&eEH”
MFG CHWT, 337 -F 2T H5BOTERNS I3 OEAMETE > T W

TREE. BBRNITTIVVaVIENAURIAARERSBHRIC LN BB, COR

8%5FyROv 2 (deadlock) HE & & U, ZOMG RF v RO I THEBEWS. B
B, FYROY IRBOHROLWCEEZHRET S B (Live) & (1 3,
MG COFwROvIG., ZOBEBEABIOCHAES NG .
(£#Fy ROy 2]
THEDEVMY - F VTV ERTELCEFYROYIT, 62 BDENEY - F

TESINEBENREBEL E0EFET vy ROy 7 (conditional deadlock) &

W

([#@&F vy ROw 2]

S NETS JORBAKCREREL . COLI3BNBY-FUTES A TEEHH®
BMCASAWTy ROy 2@ &F v KOw 2 (structual deadlock) & (W 5,
RRURYRCBWTHRTBOSBE,. CRERM—M@E (EELTL-REKY D
AETD) EEOMG UMBEFYyROYIERD. BEBDE, HRTHEVARY X
YyRTUT S IL2KTOLR-DYVORBEARTRAEVY . Ky I ALBRES 1 LR
EENETU-ACBLUIZ20T,. A—BEOMGC TOT-D0BRBBRY 2 A KU
FTTBCTUALT, LEN 2T CNELABEIBRMEPCTCENTER G

5785,
36.2 FyROwICMITEEHR
CCTR. BEARAYIDAEHARBRESRKEICETLOMFG CRELTF Yy ROY 2R

DWTEETD,
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LE® 3-4)

BERY IR Ky I2A- V-, KXY IR YV I8L0ABELHEEE L ()
w@%v—$>7owwem%ﬁm%caéo(%ﬁcmaé+ﬂ§#)

(388 )

FyROv T - BUHMBCHMLIGE., ABY - N ESRSIVBHESREMEH
BLATCINDERIR2TZERB. 8. 3320 HRELARKYTRENS
VVaL0BGMRE. Fig3S5CRINMNURYNTEBESNEOT. 2 0HG £
REY-2JbT737M83-2)TkNDEN2, MG T 2T E.

V- F T ERRBCOI2EDOZE+TRRHAG. MGOBO SO O BB M
Db -0 VDBRFPABCEEI THBICETH B, | 3-2)
EHET B,

WE. PMGET S 275 T NTOF ARG ERIS THLCEAWNT WS, £L T. O-
BRI -F2TTH205, COMFG CHBTAMRL SV TR ERASTHRCAWE
P-IREBEENEINTOTU-ARM-IVNE<. TORBEO P - 7086
ENEINTOTU-ARRN -0 62. DAL, COMBOFOOFEMB > &
9H<¢tlD@b—?)ﬁﬁﬁaéwﬁ%ﬂﬁ£?@0‘%twweg%&ﬁﬁc
55. M
(E® 3-5)

RERYIA. KV IR- V=2, KYyI2R- YV IH4UNAEY - FESHE &
EBUWMFG RH VT, COMG ¥y RO I T HAENORE+HNRER., 7 -2
FA2TWBRYIAINTCRETEABABL ., YWY - 2T 0 LEEERE
ARR I EETICETH B .

(EH)

(T o %RMH) AMEOTMHEREFEC, COMGC CHRBTBMETZE2 2, WE, & &
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OMFG TO-PIH VY- F708FARABrgsELEe>E, Fig.3-MMEZRFT LI 1D
ERN-JVESERBVWEARBIELS. 42T, COMBO Y- FUTEENREC
B, $COMG RBFYROYITH D

(LEBERH) THE3-4 oxBEELDE., R

ChRED, EROPPBOMGE TH, REFBLCLIP-MFG CEHRLECER., 0-7)

HY-FT7¢BB3L5CDHMI-FUOTESANEBIRRBLIBIELNTES,

s
- e -

gt
C

Fig.3-11 Y -2% LB VEBORA

34



3.7 T-727RNEBOBFM

MG BR2BT57T60. Y- rESHPLNESRECED MG GHERA I
CHBLERMUR YN, 830G Fig.350RLERYIRAEIDON -T2 & 1
MOTU-RATBEPAERRNURYNCHET B, cO2EpB., MGEA MY =
YR E ORI DET L CENREERTBOUTVBE WA, B, MFGR
DEOHEHEEEHI» TS, |
1) FEFEEEVATLONBCHEL (BEFSCSBWEWITS TRENE
BEHRTORE) FFURTHHY, RL20FHEBCERLT RN - BEF° =3
(2) KYIARCREPEN I DOI-ILAEELEL. TENE0H1TH 3B
DT2HBABECLIMOBA S .

(3) FWREEFVATLOMNBE., HABEHEGBBEOMTESEBRBELLY S
ﬁﬁb(@<oOﬁO{ﬂmﬁuﬁéﬁiéiﬁéﬁéé%ﬁ$bb\ﬁ%b%@ﬁ
RORTHEESEFIRIOEOBRBLES, MFGT Q. AEERY I ACH O %

T

(s

CHOREESELNL, AROPNBEFS VYV aYRAMOIBT, 5D
Va YR - EEHTEE I SOESEANTBE WSS RC LD, HABE M@
HEOBAEE N CHBRERE VAT LONARABY CRBC 25,

4) BHCHBE > TKY I ACHAREMNONTEE, TV IOREKTRAL O

ECEOHFEEEFBCRRBTE, TUNEIIORKEEEZNDTIRNYIAOARE

I

JDBHERTEAL EMFG TRBIBZE WO RBORVBROTTET S 5.
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s 4 = MF G2 KD

FE GEE 8% £ =E O R T 4 o IR

METRELEMFGERWTT, ifikﬂ’\](l%‘ip%t36#5@%3&%9}7—'1’\?&&1&3
BCERED. EOVATLOEHERFAL . iE%’IfﬂDR?Lx@i&?ﬁﬁﬂ%(ﬁﬁé«
%C"C‘.‘ MFGw{fﬁﬁ"]?&ﬁiﬁﬁ?\%?@%l\i)ﬁis‘/c‘:ﬁ“xﬂlfé\ SRR o
S/R?"ZAWO)iﬂ’F’?ﬂ&ﬁE(Z%méﬂéZJ‘(ZD(A'C%%%L/\‘@](2&')(%@2’%@?5@%

b e B
4».1 MFO&EEBEEEVIRITLEDHSE

411 KEIBeMF O
MFOREBKEEY AT LE, TERCRROBEHFI L TCHAIEOHMASE
SHTEFNRIZCOTHL. NEREEVATLOEFMED, TRD RO M
FHMEELTESABELN TS, TOMBR (MBORM, & TTED AR &0
METH, SLUIRPAROETREORATLLTESRB2ENTED .
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T NO. Box NO.
T 1 1 5
T 2 -1 2
T3 -1 3
7% -2 2
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T 6 -5 6 7
T7 -4 -6 7
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T NO. B NO. or E NO.
T1 E1 <E 2
T 5 -B 6 v
T 7 B 5 E3 -E 4
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1 2 3
2 4 5
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( INPUT = FIRING SEQUENCE )

TI-TZ—T3-[(TJ-TS-TA)(T6~T7)]-TZ-TS‘T3-T9

{STEP 1) ‘ (STEP 2)
3 x L ] ® x
P1 P2 P3IP4PS PEPTPYPIPI P1 P2P3 P4 PSPG6 PT P8 PY PIO PIT PI2 PI3 P14 PIS PIB
LR B R Tt -t
T2 et ;T2 -1t
T3 -t | 13 -t -
#T10 -1 1 1 | a0 -1 1 1 -1
T4 -1 ! T4 - 1
TS 1 -t TS 1~ a4 1
T4 S T4 -1
T6 -t 1 T6 -1 9
T1? ) -1 1 17 -1 1
1T 1 -1 -1 it 1 -1 - 1A
T2 -1 1 T2 -1
T$ -1 1 T8 -1 1 -
*T12 1 -1 aTi2 1 -1
T3 -1 T3 -1t -1
T . -t ) T9 1 -1 [
13 t -1
Conflicting transitions and their firing sequense
’ Conflicting transitions and their firing sequense
T3, T8 T3,
0, 79, T8, N3,
TS5, T,
(STEP 3) { COMNECTION )
x * * * * PLACE NO.
P1 P2 P2 P4 PS PG PT7 PB PQ PIO PII PI2 PI3 P14 PIS P16 PIT P18 T1 -2
T -t 1 72 -2 3
T2 -1t T3 -3 4 -1 12
T3 -1 -1 T4 5 8
gT10 -1 1 1 -1 1 15 5 -6 -5 16
T4 S T8 -7 8
TS 1 -t ' -t 17 4 9
T4 41 T3 -3 10 11 -12 -7 18
s 401 s | -4 13 -4
T7 -t 710 -4 5 1 -3 U
181 1 -1 -1 1 - T 2 -6 -9 15 -6
T2 -t 1 *T12 3--10
Ts -1 to1 - -1 713 n =12 17 -18
#712 1 -t
T3 -t -1
T - 1 -l
*T13 ) - 1 -t

Fig.7-7 B H
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Marking

......

P31

P 5(1)
P15{1)

Py
PI7{N

......

P 5(1)
P16 (1)

......

P17(1)

......

P 2(1)

rees

.-

P A

I SITHULATION )
Firing
0
1 P11
i P1t {1}
(0 T4,
lL’H(H
t 2 12,
PU(N)
( 3 713,
( 4) #7110,
(5 T4,78,
( 6 715717,
(7 T4,
{8 umi,
(9 T2
(100 T8,
PN
( 1) =T12,
PII(T)
(12 13,
{ 13) T 9,xTi3,
| P (1)
P11 (1)
Fig.7-9
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