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A Study on the Performance Analysis of Process Model
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Abstract

A major concern in Concurrent Engineering is the control and management of workload in a
period of process. As a general rule, leveling the peak of workload in certain period is difficult
because concurrent processing is comprised of various processes, including overlapping, paralleling
looping and so on. Therefore, the workload management with resource constraints is so beneficial
that effective methods to analyze design process are momentous.

This study presents the Timed Petri Nets approach of precedence logic networks, and provides an
alternative for users to analyze constraint processes to resolve conflicts of resources. Another
approach to Continuous Time Markov Chain using Stochastic Petri Nets is also proposed. These
approaches are expected to facilitate resolving resource constrained scheduling problems more
systematically in Concurrent Engineering environment.

Key Words: Concurrent Engineering, Process Modeling, IDEF, Petri Nets, Markov Chain,
Resource Constrained Scheduling
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AT AAA ZE2AL BNz s dutH o2 dioly EdE 7|&Eo £33
Hel HEY mdz Wisle #2435 2Wi(5], SIMAN 59 AEdold =78 ol&3t:
H6], 22 Petri Nets& ©]-&3t= Wiol Ak ol§L ZaA 29 FYolu A& 4
o Wt g2 HEHATL FETHY AL FALAY EAQ, =2 A 29 W3 (paralleling),
53789 HA¥(feedback) T2 AF EAQ7IT HF 53N workload)7t HF =l Adef &
B58% 2938 FANEE A% Ao,

Y WoldE T2 A 29 FYBF(activity)d) FEHE A Y(resource)o] FFEFE W
A o] FAXNEE & 2AYA|I§A E(resource constrained scheduling) A& A Z2AE
71+ F<gel A 7H8 E(resource availability)E Z33tx] GowdM JFRE H A3 wjE
st HHo dHAYE e Holth 2y, FAFTHH HANME Adoide) mIs dF
TFEE £AHOE HESE Ro] AFHoIH, gt MA @A NN FAFYFE Ay
o tig AEA LA A P

E AFANE gutAQ =283 YEYo|y IDEF3 Z2A4A 22S Petri Netse 2 X @%
S2ZH A2 ATEA WHEoRAY HEAHAE s, FAFYLZ S0 ¥
B3t AF=o 2y E AY BYXNEAE Markov Chain®] A Hol=g AHYsto, o) &
Stochastic Petri Nets 2942 £43l= HIHE AU} o] WHEL FAFH MAY =
ZAx 4 2 Y 4% F4 WHEcE F83A HEE & dg Holth

9
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2. Petri Nets 2 4¢

Hzo AuAe 84L& Fd9 £33 AHBRAE 498 & FALEAAY Al29o|t),
Azdo] ojA e FAAL F¥A(correctiveness)T FHE EA{o] oA o E JF
Al718 olo] ¥ A FFOZA Petri Nets 2do) 88531 vt E3), Stochastic Petri
Nets2 ZHFeol & 2F 2 Rdyd S A3t ofF FasA €453 ok d4, ot
ok A9 o] AFHRA N2y F2E e ZRAL ZUE o9 FALS FAAY E4
o] Jlon, wety T AL FHE BHE 95te Petri Nets 2o} #8317 848 4 Uk

2.1 71&A9)

Petri Nets& 7|23 22 “4-tuple”ZA (P, T,IN,OUT)2.2 FAHEH, P={p), 0, 5,
A (Places)®] A#, T={4, 8, 1,9 Ho|(Transition)e] F¥ez2A, PUT+0, PNT=0
olf, INS A4 AHojo] ¢j2+& 4375 (INput function), OUTS AoloA] $x|d] o=
= £871%(0UTput function)©]t}. Petri Nets®] HAEL duty o2 AlAd] o] Aot
ARE AT, Aole Al2d e 859 mddo|r,

E%, Petri Nets® ¥Al(marking) M2 EE9 & HAIAA Petri Netse] Jul¥sE g
e oot 7] EAlE ME 39 Petri Nets?] RAIAEIE 23 Al2d9 AeE miota}
ALY, T3, Aedsiel B LA (firing)} =275 E(reachability)e] Mol &5+
o, Petri Nets®] o] ¢7F th33 o FA MM 24 7Mesittn 23ls), dAHAZe]
v wAskA ok
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M(Pg)ZW(P, t,') V P,‘EP ......................................................................... (21)

EA MolA FHl® o] grf LAH NE2L BA ME g Aol dtd X< (reach)dt
Ad

M(p)=MP)+OUNP—i,t;)—IN(P;,t;) VEP ....eeeeveceeerernnn. (2.2)

A M'e MO2XE =usly gz ey, M—" M go] Fd@I

Petri Nets& -840 we} o] oz EFS & AW, 7[EHoz2E 479 28
goz FAE o) AUtk Petri Netse] HBuide] AAAJA 558 FAste Z2A29 35, 9
A Aol7t &AA 37|23 Bdo] Y& wol= A L Z(marked graph)oll &8t A
A AL & § Qe o]& TPN(Timed Petri Nets)olgtn B&t}, a2y, AZt#A 7 &
g3 o)gtd Markov Chainoll &g &4 0] o]Fojx&tl, ©|& SPN(Stochastic Petri Nets)o]zt
I o

2.2 Stochastic Petri Nets

A ukA ¢ Petri Nets® FA8A0A, A4 A7} Stochastic Petri Nets, SPN= (PN, )< $A
~-dol#AJA PN=(P, T,IN,OUT, M)l AH A=A, . 4)& HAEYL2ZHN YA 7]
A AE Aol 4] HolgE veld Aol ol Eo, Ho| 4] HAAZo] AFEEE ol F
7] W&ol TAAZE Yl FE¥F X E USH Zol vgd ¢ (8]

Fx(®)=1—e ** (2.3)
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(O& 2.1) Stochastic Petri Nets

2l Hol 4 My=(1,0,0,0,0)014 Z87Hs Felolh fol RS 7A A B AL
& "WAEs 49 AFEEE ¥ AR -HolxE LAFHA oo fo] TAHT
M;=(0,1,1,0,00& A2 MANE &, 67t A E87MS A7t 9ok &, ol F A
ol szt AE L AAZOl FAE F dE Ayt BASAEEE, e 47t AA LA
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3l SPNe M,=(0,0,1,1,0022 ¥t 283 f7F 9A EASAENE M;=(0,1,0,0,1)
ol €t} oA & HEAIE HoldeHe wizld FA9-3A€E

deiwigt gEo] AFANH/E FHse AL SPNol Markov Chaing YEldgE RS
g8t ok gEtA, SPNY A5 EA S Markov $A3& 2Ago24 £38€ . 219
2.19] SPN& T27}5 %S (reachability graph)E el Zo] 2@ 2.20]c}

714, Aol FBE Markov Chainoll U Aol i HAE A, UAs&iA =¥ 219 2.3%
Zol €
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{28 2.3) SPNQl Markov Process

o]9} o] SPN® Markov Chaing $x-Holxe E@r7I5E2RE d& F dsd,
Markov Chain®] 4] zH(state space)& R(PN)Y =97l % Agoln, Aul MM M=
Hate "ol& e g;=400 23t FoiAg. Mol Mol o2& T o2 W Holrt Yo
U gz ol Aol&e §oloth ulAst R Hol7t Qg g,=00]3, ¢,= 24,;—0—— oHE
N7I=5E 2389 A -Holke =erts g Uehlls AW d(square) HEH 2 Q= (g%
Markov Chain®] %34 ej# X (steady state distribution) T tH39 AP WAL Zojx F
g 4 ih

A7NA re GRBGE FEHEHCL, s=|RPN)E 1X-HovE =edr7ts =g Uedd
ad i, He I=(a),71,,,7) 2FH 4553& A8 84288 AT & Ut
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23 A% FAAS

EA9 & FEATA A& FT : SRV SPNIA BYUE w8 TAE THE
0 @ o, Markov Chain®] @ $#49 Felol 9& F& thest 2rh[9]

9@ E29 5 AN polNe E29 47 20 RENY PEIEE BPw 3,
B(P,w)={MR(PN) | M(p)=moletm &, 91 polHel B& E&9 4+ thgst goh

= 2 (nPLB(;, ) @

Hol 4o WA /E : Aol b AsAEY RENS RREAYLEWN) 3,
E(N)={M<R(PN) | M(t)>} o1&t &%, Netold #Ax7h 23 o] ¢ ;
sge oed 2o

A7, (—gdE M; 2¥EY RBol§ FolTh
Aol 4,9 A2} F(throughput) : YHAIZ Ae] HololNe] HFL AR 4
o FFsol st e gol Fojud,

G B A 29

A7IA die 49 AEF, F Aol FFLANET ENE MM dold £ e el
o Ajteln, A MolAMe] Aol HAEe] Ert

3. Petri Netsol] 93 T2~ H3

AA Z2A2E 853 olE709 =¥ A3AARZ BEdd. T2 A 29 7 gAdE M
33"'74101]"‘] Xﬂ““%l dolElv} ARE oj&3ted, ol HA €% E 79 deolyg F& A5 dA

g Yl F o5& ¥ 31AMARE AP F5 F5F S =73, ARH AsaA
4‘?} ZzA2E YA Aolth

AA dA Z2A22 33F =33 JEYLS gdsd ¥ 44 @557 EFE =97
AEBAZ o]FoAL. o]l¥ TS RE RREJE BFETY FA4 FAE 53 7
27l ded, olg AE ZT2AH2E AR 3 (decomposition)3tA Y Petri Nets & #4831y
ZgAA BAE 8, o] FoMes ZZAAE TPNLZ FHSE YEE 2%

TPNol = Aol 7} A7 B2 AARE 7|2 4,8 7FA A7 soll Ao| 7} HAst=
RE& TPNE yAst=d 27HA FAE KEAAY AL sollM EZE0] Ho] tof A3
(inputs) A X 2 8e A£FEI, s+AlZtel) EE50] Ho) o] F&(outputs) YA Fridc A
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A Z2A2E H83 e =24 UEHS o|g Zo] TPNLzZ BEY & T, d71A4 Hol
71708 dA 8% 713%e] Aok 2§ 3.19 =3 UEYe] TPN 248 19 329 Zrh

System Assembly
Modeling > Configuration
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Analysis Model
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(08 3.2) =cid UERQ TPN 2¢

olw A Z2AES FAFSY] FAHL A HAR HdALF g HLA
Zo] £YHTW ol ¥FE A wiAFE O MAARok gsle WL E3] ol A8
F2 A4 859 78 JAEd gy Z2AEQ A Fo watAdT AV dA zZz3
Ex g4 Had AYS griu 44 85 ANAIY FAFE S0 dA g5
T2 dAAY FA FHE PAR ded, BE TRl o]& 71F3 Aol AEE
A AA AAZok FH7lo FHE = fE Aol A Z2HEqAN TPsE AL
(events)& AA &Fol AA Alzsle AA FEF=k st RAol7] W&o o)Ak Al =
EA24E 2449 F Ah[9]

29 319 =83A YEHANA AT Jv dAYEL 2 32049 Zo] TPNLE
BRAE F itk PPy Pyst Py U A9S e AEV 48 UEd RAY), 44 &%
o 219 g FAE Yo AFT 7P“"s*£§ Yeldr, ojg} Zo] AYAHAA Eoid A
A Z2A2ze AE7E ol Aweln AA @5l & AR MulAE ¥7] s Yr)stn
e mAhez B 4 gl A= a9 339M9 TPNE U718 (queueing) A9
FIFO(First In First Out)8] Agoz AHelsH = HAEFE R} Aoz B & o,

Ry w I
R ity

(8 3.3) Al RB0l U= =cIA HIERQ TPN 2
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4. Stochastic Petri Netso] <93 24

AABEY P71 FAHH(deterministic)d = UAY, FELEE w2 & Aol ¢%
HaHolt} o] HoME, EZU ANEDE dF &, Stochastic Petri Nets Zd-&
A A A(firing delay)el 7 Hdole} #Hso] glon, AFEX FESYEYSFE 2= 8T
oty EFolMY AMFALOl & AFEX FEILE F5E e FEUFY o ol HEF
Petri Nets 293 d& A7t Markov Chain E9¢] "t AL AP 4 At

4.1 A9 AL

A Z2AET AT & 2ARAE A, 4 AELoH HAEEFES FATHEY
ARl o3t syt HAEY R dFUE T F e F97 ded, olv & 4A
BorzRE9| Mol 4 ol&rtssAE &7 WEeld F, AAJFE % 22 F
+ A8 44E 234 XY FE I

O d¥d g3

g s fAstol BRs YR} o1BIHssA Yt
@ 4 gse Y

k-1
sted 228 AAXT) 0|8 JHsEIX gt
e, Aadel gee thgd go] 2RE 4 AUt

@ MAEol A 852 Yl AU
@ dAgol E2% YEE 7|cialn ot
@ Mg o3 Aol glof, dFE g TYY + it

Ad9 Aol e F3¢ we

O 4H7gol EE Jicte|R US wols I HEI} 0|87ts SIXtOIX HA #8E AINSIIX &
Zo|ct,

@ 4A g0 FE YHol matM FHET YS SUL YAES st FEE Jid2D YA
R8st dAIRE ZIctz{ofet Bt

® gct, MAIXI7L 0|2 7hssAl |t MAIgSE s FEIL 0|8 7tsd motol SYEIC

A& A2} Markov Chain RE2& 7%317] #sto] g3t & 7Hgol dasin.

®

HA g30| oiFE YFUE Yz AUHH2 o A0 X$2EE Sioh

MA g5 TYol E2% FEE Jlclej=ain A" RHY AMUUALR oIt A,Q X

2EE #ic

@ MAIRte] BEo2 Wldte YRAFo| LTIl FHav(2te| go| oi7iHT 432 XITRE
g Bict,

@ MAXZE CHA 0j8 7153HAl sl=Hl "B Ajzho] oiids 4,8l X2 E Bich

®

o] & Markov Chain®] Ateldeol=z HH@§ Aol Y 4.1, Stochastic Petri Nets 22
2 gE3 7o) 19 4.2 ol
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(OJ& 4.1) Markov Chain AEI&EOIS (08 4.2) SPN D= LIEHH AENEOIE

4.2 595 X S48

ZSAAEDe] APBLE BAL ¢8to] aF 4.19 A£AZ Markov Chaing 2239
A (24), 25)0 o5l QAN FEEE T2 AYsAE, Aojg 38 Q= e o
EIE 4 A4.010]

'_(Al'*‘/l;;) A] A3

o2 ¥E, FAFS TEE e HYBANE FolH T¥ & Avh

- (A]+/13)7f1 +A27l'2 =

Al”l —Agﬂz+/]47(3 =

o O ©

Azmy— Ay =

mtmta =1

Ag71A e GAGE FEHE o) o BANLZRE o F3H AN AH5aAE
o] 7HestAl A
29 4.1¢] Markov Chain 29 19 4.29 7o} Stochastic Petri Nets 4= éH}O] 7}
T, Z2 A2 £ JUY Y, =T, PPE T uFE FEHe o2 39 A
o2 ¥¥E F Utk A7IME AA FAHol A e ¥zlel gty AL W Qo
e A 22T ot AATAHY AFe] HMolrt dojus Y= AL T AL
F5H02 Q3o vt MNEHA 9FE BAHEE AE Uelr] g dgias Fad ndy
]'52} ojch. @9 AIZtel Hol7t e RNE FE 2(29)9 Aol HAEY JlFx Foz A4
F At
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4.3 A4 ¢ AFEH

Petri Nets& o] §# 452Me AAZ2AL AnPolA o)|Fod & glovl, #An
2A22RH Bd £A8 £ & Uth ol ALY YA AY T2AL B3
2 59, Bopd WEVLY TF Fel7k WHHelW, RAAESY Ao Aste] FeHQ
AR R &% GRYFel Fasth

Nz gl Fdelsts ARIE T 88T & b ARE AESI 5UU ASFRE
o, 4A 8F F9 e FRE vke=dn AAY FFHA AL BAL S
49 AFREE, UA BF0) AFY YANE £9FE AVLFL RS 129 AFRE
g, 283 AARe $Ho2 WASE GFALe] WHSAAAAY Y12 Fol wpAs
2490 AFELEE o

olg Besta, thet Hol uehd 4 Utk

/11=1.2, /12=4, /13::2.4, A4=5
424809 AYP@FAHeZ A dE;

—3.67z'|+47r2 =

1.271'1 “47l'2+ 57[3 =

|
o o o

2.47(1 _57!'3 =

Mttt = 1

o
il
4
rg

I=(0.481, 0.288, 0.231)
ol 53, o0& WS W B FES AL + Ak
O MARS +YIztel o 8% XY LEEH glo] SYHCH
® HARE +UVIS o 29%E XA SHIHR wstol Cise Aev) W)

® MAES £Yrlztel o 23%= XNH FEEHZ Qs #¥E gk

AARES AARFOZ Aste] FVIEL YFAY & Aol 49 ANES ANFoE
A AEE F ded, 4 pol AXNAAR 5a] el e AN & & doh

dys = m X A3 = 1.154

oA AAFP A VN T ALFF EAZ HAGTF dA Ao TPde U=
E 087, F 11547049 14 =2 TA¥YGE R Uedn.
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5. 48

SAFEH dA 9 f2AF F s, TRAAL ZFHAZ Qi ERI|N] JRRE
7t Al2de FYH/AE A3t EAlolth old did FYPE B sl B AFgAE
Az B4 Uygos 453 Y Petri NetsS T2ZAA X3 WhgEos 883
deom, AsEAE H3tq 5F DAdA A9 BEH9EE Markov Chaind &4, 243
Joz HY3 = Stochastic Petri Nets P EL 383t £33 g}

o] 4T EY WYPEL, s TFAN2EY FAFHH A NF AREDAA G723}

FYsEE ALE A4 #HE F A= HAFHY @ EE, HANALAY 7
&, AAAY AN ARIHF, AAZAE] EME 3R AP F AAYNMAAZLS 59
AATES ] 7L BEE ZZAA BAYMIE 2 Y olfx BAuHEIZ S834
g8€ 4 Ae Aol

¥ 7]

g A7E drlerdA Fuite AYITAL 3G F AYAR2A &AL A
proz F9=h
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