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ABSTRACT

Generally, queueing networks, markov chains and simulation techniques are among the most
widely used evaluation tools to study computer systems, manufacturing systems etc. But, these
tools have some assumptions and difficulties.

So, this thesis presents a method for manufacturing system using Petri nets. Petri nets are a
graphical and mathmatical modeling tool and are promising tool for describing and studying systems
that are characterized as being concurrent, asychronous, dynamic, distributed and parrallel.

It designs Petri net model for processing time of manufacturing system. And it applied to a job
shop system composed of 8 machines and 4 different job types.
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o oEe MEBRMS Y, RM WETE FRA2E5Y KXW FE2AH RBEN, LERK,
BB, $%H FE HEEe] MIEE M BAsY BESM £FHY] At 42 AR
AQY v g0z NE&EA BLHA o dn
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HED Y Ex Carl Adam Petri7} 19624 ] #*F ¥ H/ X Communication with automatas4 A& #8
e BRoZAM, B Biol M2 Muwol RS FHikkel BES T FERNIN RRRE Al
2 ¥ (asynchronous concurrent system)®] ¥ B < fl#Hsq, iR BHRE Aadoz2 Zdlse,
MM M2 ¥y Hkez RRHUT

Petrit] #AL ¥B:, WHME% BER(nformation system theory)d] #3# a2 Applied data
research Inc. FTMES] HREESNA HAHNLH, o] 2] A2€dy 0F HEMY BHFE KR
R A2 BR(systemic theory)d& BMRd=d HEY ##& ETIHIAT. MIT, 53
computation structures group2 ©] FEFe] UE HRI MM HEY dE TF FHUAT RS
BEIG LY, o]z Q¥ HEY Y= FAFEMES A FAHAT

HEZ YE+ HRED Sod BREHNS YPIo=E 3d EFHMN AR B4 M98 BRI
HEY FROZ WS OA How, AR BE N2 #Es 8 MRAY XX fad A8 W
7} #AEC], Net theory2 #3l& Al2d BREL ¢4 3t (1]

B HED HE B 5T HREI PAAXAN b8 —Rivoln AR HROE EUHI
Aoy, BAxde F= EE ZTZEZN] BITE FM N3P ABLSE RHK4EEAN2E, BER
EWRN, 78 YENIF o2 ¥y g0 KA=E2 A

oA HEF YE(Petri Net)d] HAZEF7I d3d AL HAEH YES 7t —B#(generality)
K& (permissiveness)fFolt. o]RAL BFxs} o] WALz Vel & oy Wit T H
RRAEN BB REE HEZ e A2do 48 44 #AY 4 Ao [11{2]3]

HEsD HESY F7x dEHQ HAHSFC BITHE FM(performance evaluation)s} g TZEF
(communication protocol)oltd. F8% MALF= o8t 2T E oA 29 (distributed-software system),
S% 9 olglu o] 2 A ~ ¢ (distributed-database  systems), FikEEA~Y(flexible manufacturing
systems), MEHHI4AEH o)A (discrete-event simulation), #HREE AlAd(multiprocessor system),
st H A 2~ (data flow computting systems), /% X 2195} VLSI A %)(programable logic and
VLSI array)Eolul, #¥ 8 Al29 (office-information systems), AM T#(human factors), 578 4
E §)3(neural networks), ERBHREMA (decision models) SNE 32 EAAD. [1](4]

B2 BEEC) A UE EASFIAM HE] YEZE F£ANAEY ol ASRY, Ramamoorthy
s} Hot MEs# dES RENY BME WHRSlY FERREML FRAMNY N2de BITEFM
B HRF}A2[5]), Dubois 8} Steckei= FMS9] B¢l @173 MEsM el HEY vE] FHL
A H A, transiion®] AL FH K402, RES ZTHol2d #EIe Hg #FHAL6]
Molly= HEs® WEd WRIE KMol MEMQ WA MMl MENW BXm HED YE
(discrete-time stochastic Petri Net)& #®E$}.[7][8] Narahari$} Viswanadame 3373+ (deadlock)
s} vime BREBR(overflow)7t UE ZA$e FMSS THH #EE BEME 712 g+ MEDF dE
(Untimed Petri Net)& A3 943819 }.[9] Ravichandran 3} Chakravarty: 2 transition®l &
B BABEM-E FojM Timed NEZ Y =(Timed Petri Net)& FIA2td] FMSoA ¢ BRHRE AN2d
& #®REHA [10] Al-Jaar9} Desrocherc 4EAN AP RITE FTMI AT LA B9 MK
£ ¥1% GSPN(Generalized Stochastic Petri Net)®9-& #p7R¥8vH.[11]

3. BRUo] BAEE
31 BE

3de MEHS BMEMIM2M3)S 371x e MRAPLPLPIE £ESHE —%9 i 298 =K
84 Z e AEFES SEMT Bl KEST T fFRe mMIRME RENLE FolA Ut
I BETY. £ 7 BRY £EL WEHoz oFoIdn BESHA.

Z ®&e Fig. 190 Yebd A3t go] M1-M2-M39 71E$ A4 713
W71 EY 3 (Quening Network) ZH A= AAY o9 HRT A7 A8 KBSH Aul2 AT
FIFOE:RIFel ERH+E ¥Wde] HED HE ZYMeE Z KA mTste HWwH WMIEF
(Machine Sequencing)& AMELZA e 2L AGE 4 Ut
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PART1 - l

PART 2 — MACi{INE _ MACIZFIINE _ MACISmIE ~
PART 3 — - - -

Fig. 1. Machining sequence of each part

Z+ Waael 4 EM(product mix)E F37] Y8 TE FAMRE(part type)d HEIH= BINBRES
(minimal part set)e] #E4& BATTL 9 ZYPNA 2 BRAo) A—8 LR 4£EIY5 BTSHY B
MERMREE €3 S={ P, P2, P3 )2 @R

—Hpoz ERHAE ATz w B8 Fio) ALREARRAN AW JYee 4 g
d&&°] 4 H(production ratio)?} { 1/2, 1/4, 1/4 }& 31 EEsd HNmsle AAREJYH S={ PL, P,
P2, P3 }olt}. o) AL o] MMEAS] WER £&o] AFT2PE P4 WESA Brh £X AT 2R
7] 918 FoiF WiKE BB o) MHKIAN MERHoT AEHE ALREYUNY BE KR EY
F WES ). dF B, # MIM2M3E 918 o8¢ EFe REY & Ao}

S1={P], P2, P3} S2={P1, P2, FP3} S3={P1, P2, P3}

°l MF&Ee @A 3hte REVE XRHFH UL PolT O st RRE AT o] BEEE 8
W mIEFs 2o BT, FH A2de 4% $4F FASE BIESM(Oprative part)d 7] A7bE2
A} (machine sequence)@ %8 BEBI(control part)s] ¥ #$FfIeE YE 4 gk

3.2. Lkl BRE BREAY
32.1. BfF#FI(operative part)

BFEBrIAM s o1 8E 2= (event graph)ol M Fo)d Fol wa TEMER (processing circuit)
o KEo2 EY3 . o471 I BEREL Fig 104 Foja 4£EFY0) B} 2} B2 BRAHY
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Fig. 2. Processing circuits
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Fig. 2914 2 transition® 2+ #K 23 #THT e ES JETH o FE W transition t1& ¥
& Ple] WETEZS RAA EREMIY 98 £9)& Yedn. & transitiono] FolF BARMLS BB
e MM IEMe 2 FolAYg.

o] AN 2z WM pallet 3 L RRYEHT 2 14 7HAgz EEstd TEERNY EE9
AL Zoj7 KBWR AWM (cyclic)®iT& BB placet 2 f£ % (operation)3te] MFRYQ H
& YA 971M places MW EZ ®AYE & Aod placeyl %-¢] tokeno] HF& R
#pa Jvednt
32.2. MMEE(control part)

z AN EfTEE fEEe BFE T3] 98 Bl LRI o] PR MEMA(control
circuit)e) 3 3, Folx WK BiTsdol & fFRe BEE Ve od MRS transition®] M
FE BN BIFRE fFRY EF g8 rEADT. o ZIFIME Sl = {Pl, P2, P3},
s2={P1, P2, P3}, S3={P1 P2 P3 }olt}.

Fig. 3¢ MEEMAE Jeh)x Fig. 45 ITEERG AEERE 37 ved Aol ITHEERY
placest MEEMWR] placed EFI7) A% WEERY placed control placed} #3 c2 I &A. fF
2£3%Me] KEF Jehle WM placedt PHAZIAER control placeE mKe RmF R
processing circuit S1E A7 ES¢) HFAEY + 1214 control circuitthol e 27 #vte B0
FEY 5 Ut oL # uisl WS o= ¥ ¢£3de 23 ¥ A T EBITE & 947 WE
olth. control circuit) A e} EZ (it Mk REF NS VEG 5, E o] transitionol
E Y 2 transitiono} ko)™, I transitiond] HEE WM FHPIE Yehfz, E&o} place
o A EHE RBE WEST BRREGdA BT

Fig. 3. Control Circuits
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Fig. 4. Processing and Control Circuits

control places] #AvIRL AWAA fEfe] o3 ®EATh AFEW, H Fig3dh Figdold M1
control circuits|l A AWAZ RE10] 8178 HAoln2 He] place c7o] E&e] ¥

o] Yol A|A¥YE processing circuitd} control circuiteZ K] RN A, processing
circuit NAH = ZE5He] VHEPAE JeEMN I, control circuit A& kol o] frke] HEAFE YEldT.

33. Atol 2 BY 9 FHE

Aol el g HEFHI] HHAE 49 netH el ZE KR M(elementary circuit)& EFHoo}
8. & WiolA olv] TEERY WEERS THIHAL, oAdE d52 9N placest ¥ placed
2% gasts Bmed ERel FEST. o BRL EAEM(mixed circuit)el e} @k el FAEY
€ a3 e 97hA) EREMC) Ak EE ERE I ¥ AojF BHYE TE F A%

processing circuits - control circuits
1 - p3 tl pl t2 p2 t3 (& D Y4icTtlcltdcd t7 (% 1)
Y2 :pb t4 p4 t5 p5 t6 (B&& 2) Y5 1 c8 12 c2 t5 c5 18 (i 2)
Y3 :p9 t7 p7 8 p8 9 (W& 3) Ye 1 c9 t3 c3 tb c6 19 (B 3)

v7:p3tlcltdpdtSc5t8 p8 t9cH i3
vs i pb td c4 t7 p7 t8 cB 12 p2 t3 c3 tb
v : c7 tl pl t2 c2 t5 p5 t6 c6 t9 p9 t7

Property 1 : #4& AW EE9 £+ o9 transition?] BAZE A M(invariable) o]},
Property 2 : 25 #k E# A4LE 87 ol EE] HASY o] o|YIE AHYIX & liveol}. o]
E =@ ERSRA @i oS Molp1)=1, Mo(p2)=0, Mo(p3)=1, Mo(ps)=1°11}.

propertyl & o]® B A wlPM] tate R M1 vl EEY F57F M(n1)=M(p1)+M(pa)
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St M(v2)=M(p1)+M(p2)+M(p3) 2 F¥(invariant)o) 2 1 w}gd . F, M(v1)=Mo(r1)=2,
M(xy2)=Mo(v2)=2& Bk¥T. F 70¢ 78R 24z 1A Lo E&¢) #%3 22 Property 2& Y
E7}l BfEplive)d & RF¥Y. 292 o RS MA#) deadlocke] A71W o]RE deadol
o, %ef, o|fiE X7} 4ol k=N UE 222 JE EHEMY #E7 A5 Y boundo] )
property 19 i3 Z4Z}¢] places HAE VMo EAER G4 H oL 32 1 placeris] EEY 4
€ AN EQY 58 B3 S8Y & Q. ML Hoss o) E 1 Z(Timed Event Graph):
transition to] ()2 WMEHET REH WARME Y43} X4 BRE v=(pr,0,....., Dn th) 2
WA 22" R v4 transition®] REARMIS &8 ()2 BI@T

1(7)=§1(ti) - (1
BR e EE FEMME Y,

M(7)=§;Mo(pi) 2
BB 1o] AolZ Hd(cycle time)e THE T To] THAT.
__x(y) __
Cn=—22s (3)

Property 3. Al2=€& —&E B¢M #a% 55 AEiE 13,
Property 4. RERMB(steady state)of 42} Alo]E ElY L ZE ERBEAIA RAZ & Aloj2 gHleoz

Folay. &, C-= M;“(C(y» - ——- - (@

4. BEH

41. EX HA BE L BE
EERAC FAY BB 8y Pvolol T 8he WKyt RMY —M&Ee Y A=Y oln,

9&3 22 BHES ¥

O 9489 AL BENA ¥t Aoz ¥ & QARE k9 AR BRI A

@ T #H&9 mIMFE Table-13 @t}

@ Z WA WES AT T TE ML Table-28} gr}

@ WS HWEMI Aolols BREN koY SRE I Aoz g}

Q@ WY B 7] REY FRHMY w2 R RGO Pulolole) oH BEHS D, ok RS
ol A1 YUYW KR A MIHZR, 29X Fod Hs)

Table - 1. Operation sequence of parts

Operation sequence
L -IB -S -G -1
L -8 -D-G -1
PM - M - D -G -1
L -IB - M-D-G -1

</l -2

Table — 2. Operation Time of each process

machine | 2 3 4 5 6 7 8
parts (L) (LB) (S) (PM) ™M) (D) (G) [04)
I 3 3 3 0 0 0 6 4
I 4 0 1 0 0 6 5 2
o 0 0 0 3 4 4 3 2
v 2 4 0 0 4 2 6 4
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Table - 3. Token distribution of buffer places

machine | 2 3 4 5 6 7 8
parts (L) (LB) (S) (PM) (M) (D) Q) [¢4)
I 0 0 0 0 0 0 0 1
i 0 0 0 0 0 0 0 1
m 0 0 0 0 0 0 0 1
)\ 0 0 0 0 0 0 0 1
Table - 4. Token distribution of control places
machine| 2 3 4 5 6 7 8

w (LB) S) (PM) (M) (D) (G) [44]
I 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0
m 0 0 0 1 0 0 0 0
v 1 1 0 0 1 1 1 1
FolA £ dd dF HMEJYEE =AY Fighs} 2ot
ay
N
plB
EQaEQR e
g) COM R w3 Lv ",
A1 <23<m . <.>47<27 C'm e
e oA o
o |
BN —or J > b f-‘
Q1R HQEQ
21 2 2% o )
n D( .
C’c)u C%l Cc42 22 m CQ@EQ& 52? _‘ggg
N }
i
NN < N |
FQAQEQ O
‘m; : ‘ B B b P @ ¥ .z.e;
| OJOORNSHEcES
€3 q‘“ h oo ~—/)4 \':r
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Fig5. Pert net of the example system
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Table-5. The result of computer simulation of PN(A)

4 pallet in the system 5 pallet in the system
() M(y) Cly) z(y) M(y) C(v)
19 1 19 19 1 19
PROCESSING |4 1 18 18 1 18
16 1 16 16 1 16
CIRCUITS 22 1 22 22 2 11
9 1 9 9 1 9
7 1 7 7 1 7
4 1 4 4 1 4
CONTROL 3 1 3 3 1 3
8 1 8 8 1 8
CIRCUITS 12 1 12 12 1 12
20 1 20 20 1 20
12 1 12 12 1 12
MIXED 47 3 15.7 47 3 157
3 1 3 3 1 3
CIRCUITS 48 4 12 48 4 12

A WITERANA 2 R Aol g§d A3 dHAM <(r)/MNZE FE § don, ERER
(critical circuit)2 2J(4)ell 2] Atol& ede] 713 & Aol vt & WEMANMNE £EHHS 4
7t 47}A) o122 4/l9] TEERE A& 4+ AT Table-59lA A Aol 479 mREr} Faests
HBoAe 2F A R Alolg ggdel 224 7% ag. £ 8 MRSl Joe=z ABER
£ 8747} #F4E3t} Table-5914 A2l 59 BAET} HFAEIE KB 2 F IFAA AER
o] Aol E Eol 20224 74 =,

Z RS ES9 S M vhloA RESAZEZ RITEI FHRAEYG ERA M BABM &
et 22zz il v EL9 +F BEAYE A2 BRERT Aol gl g8
Table-5&= #1f v} 9] E&9 8 WAL 9o ERAERS AlolE Yol WiLsle 2N& Jehd
. 494714 Az ¢ EE9 BHme FHEY BEmE BEY & U ERAEAN M=z ESL Bmy
S2M Alo]E BHYE WAL + UG

5. & &

A =RdMxe JEY MES AN WETHEY mIKME &ML & & JAe #RL Bitsa
BEAE T3 o Sl UKL WHRAT. X HRIN MY BEAE HEAUE 2y
AHE BR, BRUHIAE 7HFALL MK fFE BF o 24 Ao o7 vEHa 23
€ FIFORRS kF3tE e HRTE AE & o AEJUE YN HAEY H4% L #
BmIRAF kFstd SHE ¢ & & do. A7 BHEY EAme ESY Bz ¥EE $
dod, RHESY BMT YT v &2} Ao BYY WP2 A FIRL S8 FBo) A&7
He BHES 8 REY & A% £, I MK 7R HFS WEAAN HAHK &L fEE W
FE 2& 5 A
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