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Abstract

In the autormnated manufacturing systems, the problem regarding how to make
production activities flexible is even more important and critical than that
regarding how to product large quantities, and the more flexible, if possible, the
manufacturing system is, the more competitiveness and profitable factors it gets.

This research, therefore, concentrated on establishing the flexibility and
evaluating performance on the manufacturing system, operational flexibility is
considered because of enabling the manufacturing system to get both the
improvement of production rate and the adaptive ability of environment changes.

For it, we used the analytical tool, GSPNs, which is a kind of timed Petri-Nets.
GSPNs is competent enough to consider practical situations just like operation
priorities, machine failure, randomness, concurrency and so on.

Through the GSPNs analysis, it is confirmed that in the manufacturing system
with operational flexibility is compatible with the traditional performances such as
production rate or mean waiting time.
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FH3] Wate AAGAE £olA 71 (Price), &2 (Quality), £ =(Speed)st ] Eof
# A4 (Flexibility)2 ddl BiA2de ZAAYE AAs= 2] Hu Qo dAjg
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3, ARA#A s, F7tek Ase qEd A 28 JAHA J1e fLER
Ao B 7i&sR Jdoh =2F HIZ AAstE FA=Z A AAEe A 2
U3 AARAMZ FEH AUk ol AR EAF] W2 A, ALHY AAEA
d3 g R EF AF R Mul2E digez Adse Ao ALY A
ool HAH

AAN 2N FAAES AGEFY - F g Ao b gsE Y L=
g vt gHA FALE ZE AVA2HLE GG nA9 Asd A3 3
s gAY & dov oY FAL AFHE JA 2 4, X2 $UE =%
o B§ el P2 27144 R A AAGANA A2d el A 2
A BA 2 FGrish AAG WAFALFE T o]Fo T 5 U

AN 2o U@ FAA S Ad R FpEY dEAE B A7FEIN AN
ga ok sy el e nFT 54T ALAA Adstn A ZFs717 o
F71 dgEel d7AEnY 7] FHoz FAMNE Hd}a AFH A v
A Aed /a9 o] dTAENT Bl "EE FEHIE 4, )@
Hol el e Bk A AT E YA sz Ao

E dFAE Sethi, Brown, Gerwin, Stecke, Dubios ¢ #3d4 E/f¥4L& o
% AaAxde fFdAel vlAe dFS At AWMLY FAGY Ao
310l A4 Behrbohn(1985), Zelenovic(1982), Garrett(1986) $& AAAAge d W%
8909 soto] BAE FAow Sethiv olE9 VFE F&3o A=A {4
& 7123 #<944(Basic Flexibilities), A|2¥3 # A4 (System Flexibilities), F A
Hd A4 (Aggregate Flexibilities)22 ¥H#31 7123 44 7149 #4444, =
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o] 4, 7159 FAH2E, Nady Fa4e Y /K94, 7H3Eay
, AEY 94, AUdFY FAA, §Fe FANeE, FAFY fFAdde=Ze A

®44, B T34, AT fFEHLE GAl AR
S BEFUEAAA 712A KA dis] Averd JAY fFd4e 71A ¢
V—‘l?l B89 Fqlo] glol dgd AL £ 5 Ue TEE vl
ko] FAH L AW Alxzdo] Iy REL 7|A B duld adHo
! Loading/Unloading & & U+ $¥&€ 9ujdd. 7139 FddL F&F9
He iAoz BEo di A28 T8 /13E + Ag A 39 /9
gt & 5 gk
319— 7149 FrAAda Aty FAMHLe A
AEo F2 2499 hardwared ¢l S0 & AAH7] dE o]F FAHL A&
o] F&HH /A BHEHE fFddclzEln & & gtk wtdel £F <] MdAGH
oA :EHT Bt 49 A FHo ulf FoF dEE s T FIAPL
kgt AN Bl YYL v Aoz HgHm g, 2HBR sHFY §4d
g Aol ZHAn Qe nHFT EAToR Hopdie AL MUY FAH
o] e 2/E HE 4 AHLim, 1987).

toksiAl Hole AN ‘FAAN'E HATHILAZA FHetdHE AF 94
o] dFAsd o9& JPHo $tck(Son, YK & Park, C.S). 22} - Ee 43
AR 02X AYE 713 B AF o2 ALEIoE 2L AE AR U
ol AN A" ‘FAAG'E HAToE F4Ey] A JIEF dde] FF¥EA Ak
7] 48 Ro2 oldf|E & Ut

B dFodNe nddAHd FA89 A% A4S AGsn 7349 FHeo] g
e84 F Aad AU ojRE, ¥EY HAUZIAL, FFo dF Alxdde Qi
g9 mAe 4% Adsdon oHIF EML 943te Petri-Netse] & whigl
‘Generalized Stochastic Petri Nets’(©]3} GSPNs)& A}43l%t). Petri-Netst® 43
718 dF oA HFAH Alde] WA A2de] 2dy 2 gFAPEH F=2
ALEEIQlen Al Ao dis] AZFE 2ld & Timed Petri-Nets®] Al§o 2 <23
NEAolMdz v/ Z AAH FFY Aad BN 9 Hrlo AHEER Yk
GSPNs¥ Petri-Nets oA 53] ®o] Al&HE 71go2 AMAA A" A3 E=
AR S AZHe AFEEE wEdn shA Pk GSPNsol digh 82 d3ud ogg
i} g,
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2.2 GSPNs o] &

Petri-Nets& 4 El(State, Condition)®t AtZi(Event)g FT4HL2 OYd Al2dg
NetworksZ Zds= E4H 71¥F duojrd. Petri-Netste 7|EH o2 {(Place,
Transition, Token}2.& T4 5 o] Sil‘:l-. Placex Al&¥& FAs2 Ae MAEY 4
el € el Transitione Ab7 S XA 283 Token Abzio] ubat AlAd e
GE7t ojg A HEsestE ‘-+E’rLH FE 98 o
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Petri-Nets® 9 847t & 7|5 € #dis 719A 499 d3gen dAe
GSPNs® Colored Petri-Nets(©]3t CPNs)7} F2 A}£5 1 ot GSPNsE Z node
(Place, Transition)& QA3 E arc®] 715 L st Transitions] HFH(fire)w ol
AzZHe 18 F UEFE 39, Petri-Nets& T3 A2de] 2dyda Y5 E4E B
o Aol ZHA H2A1Z 7ot o] s Bk A dsEd g3 g

774 1) GSPNsE ( P, T, IN, OUT, M, INH, F, S}2 7450 lth.
- P={P,,P,, Py, ,P,} '
s T={t,ty, t3, ", tm)
. IN(P;, ) =N (94 P2 975E aro)
. OUT(P;, t;)=N (P;AA 2 445+ arc)
e M:P - N
. INH: (PXT) — (0, 1)
- F:(RIMy1x T5) = R (Re t(eTp)el dsiet Bda HEUEF)

« S={(s;, 1) | s; = random switches, lgs;=l, te T;}

A7l P(\T=¢, PUT+¢, n, m N& 3%

A4 2) GSPNsel Al Rel( T)& Ake meste Tp% AUE 188 2 T,
2 UN® Tee ASEEE ned

T= {TE’ TI}

7}43 3) M:P — N€ Placed] 44 N9 tokeng #%3dte AE 9ujsin, M2
token @39 ‘27| 4'E e

MO = (MQ (P,'), i:1,2,, n)

27138 Mye tol 98 Nz AU M E Hojsn ojg Z& HolE A%
st 27148 MyE SISt H¥ =215 4A (Reachability)& Zedi 3.
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Myold =2 7ts8 R M'E Jge= FAsE gLz g
R[Mo] = {Mo, Ml: Mg, "'-Mt}

7+ 4) GSPNsol A #htel ol thsl 5 70 49} Place’t $Alol Bz v
S 9%, INHESE A3l 54 Aol dsl $4 €98 ¥ 4 3
o INH #4% (Px T)—{0, D2 Jehis, NHE$7 248 3¢ &
thgd § &g BEY Aol B} A5 Ao

I

(i) M(P;)=2IN(P;, t;),VP;IP(t),

(ii) M(P;)=0 VP;, 94714 INH(P;, t;)=1

aem 2l B4 24 47 BF T, AlE FEHF (S(4) = s Z:lsk

=1)& 83212 F U ol A& &EH M (random switches)etn o},

7} 5) GSPNso|A] oj® Apdo] F AR A (Concurrency)dtAl 8 wel+ g2 Ag
o e It & FIA o

(i) A 2AsE 47 % T A9 029 Aol o} 49 Hig
g4 9%

F(M;; t)
Pr(tl) i 3 p
t.;T;F(Mi' )

(ii) TA EAste 47 2% Ty A% ddste ;8 25 Al d3)

(i) A 2 ;7 Tet T, B¢

t(eTPE 4 A FgdA71x, & €38 Fsgsd wa H3 49
Hatel s R[M;]7t ARE™E, ARE  adte 2958 M=
(M, My, , M}l ARGHEE (1), mp -, 1} B ALY F Aok o] AANE
BEL T3 BHUY N2 dee O 22 AAE T PG
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¢ E¥zd Co ¥5: P(O) = 2;”,-
7 1

Sy=1{7el1,2,,s}), CeRI[M;]

¢ Place Pi°“ A83] kA9 tokeno] Y& FHE: Pr(Pi,k)'—‘- /é; n;

S;={(/e{1,2,,s}}, M;(P;)=F

¢ Place P;9 71t token ¥ : ET(P;) = g“k- P,(P;, k)
K+ P;9 A4 token¥
o t(eTp)Y AHeE& : TR(Y) = ,g;n'i‘ F(M;, t)- q;

S3= {J'E{I,Z,--',s}}, tj“;\:’ M,'c’“ CH‘-‘H @5}7}%@‘ ﬁol.
g;c B3E3 Hygs

¢ Place PollA 9] HFY 7 A17 :

w(pP) = ,,.egim TR(t) :,eg}m) TR(t)

IT(P,) = {tie T: OUT(P,, t,):#O} VP,EP
OT(P,) = {t,e T’W(P,, t])#'-O} VP,EP

Ajmone Marsan, Balbo, Conteg°l| 938 A <td GSPNs7|¥ & PetriNetse] £
AE Qiled 22 7198 Yo GTPNs(Generalized Timed PetriNets)® DSPNs
(Deterministic & Stochastic PetriNets)5 9 71922 o]jojA 1 Ut} GSPNsE &
g A 2" RdYPLe HE AN YPoz YL Yo HYRE dL F deoy
NAZLZAZIY BE goAR 5 AFREE w2: duAd AN 24
KanbanA 2917 22 ABAA| 2" o] 2 go] ALEHT 9t Petri-NetsWy
oltt. 713 #HAAE FZE AHAE WAl dis GSPNsE o] &8 HT5E4
H4e 4vud 988 go
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Arrival ______ Ex1t Workstation
Process : the system !
_______________________ ;. > Server 1
y \ 4 y .

Central > MHS
Store (Bobot)

y

Server 2

Return Blocking
Process

<28 1> HISHERZE U= YA AH 9 Block diagram
(Server10] priorityE 2= AS)

9 <ady 1> AAEHAAgoz ALE5E 3 the Robotd 2ui9 ztg3ld 7|
AE olFo]d AMAAA® 7 Block diagramolth. o] A"l B E L Robotol
Loading2tl ol <}8] Workstationt}9} Serverlol &M 7}FHx 713E vy BE
2 Robitg £8 ServerlZHE Server2®2 Addd. 122 3 Server2d ZAYPE nhzl
HE& oA Robotel 93] 9 AAGAZ AYPsta 2L HFo] ¥ system2
2 B2qldoh. A4HA A9 FdeA = Input — Robot — Serverl — Server 2
— Robot — Outpute] ©t}.

o] A 2dld] 7tFe FAAe] F5HW Roboto] workstationd] Mz #
T A Serverlel g HES FAYPFolatd HEL diA JFARE
Server2® Loading®@ 7} Aot watA o] Ao 71EY AJeEME g2
7 @7 Robot — Server2 — Serverl — Robot? ZHYP&ME g2 B
workstationtioll &Alol &x43tA €}

ol9} o] MAAIAH 7}Fe fFAAo] FEHHYU A4 w FAeME H
AaA HAE & U o8 AdMME FELAAGANN 2E SAo ©E coding
A BHIAPol A ojor 3l Serverl®d Server2 Alolole F7lH oz wAg
© Ang 3E&8 & UESF Buffer& Folof g}

o fr £ oo
O o o



258 . 37394387 27 A2% 1999 64

< E 1 >GSPNs 29l =A

+ Robotel MYMUEE S-MUAE X2 T (¢4 = 5 paristheur) , = —t
* Serverl, 22| ZAAIZ B : X|FRE
¢ RE2 JIZHER
- F 7}8HZ : Robot — Server! (u= 2 partsthour) — Server2 (# = 1.5 partsthour) — Robot
- HJIB AR : Robot — Server! (1= 1 partsthour) — Server2 (z = 1 partsthour) — Robot

< ® 2 > GSPNs Modellingel 2t 40 & 49

Places Transition(t.)

P2 : Robot ta, i1, lio : Robotoll eIt =ted
Ps : Server 1 ta , to : Serverioll o}
P« : Server 2 tis , tia - Server2oll i =t
P4 : Blocking

I
rir
4
o

Ps, Piz, Px : Robotoll 2|3}
Pe, P, Pig & Ztoio| S ¢l

T ition(t)
t1, tio, lis : Robotoll 28t =H A x}
t7, ty © Serveriof 2|8t ZtIA|x}

Random Switch tia, tis © Server20ll 2|8t ZteiA| X}
s1 = (P2, t1), s2= (P2, tid), S3 = (P tie

3
W

Initial Marki
Mo = (Py, P2, Py, P17)

<2y 1>9 HAA2=E GSPNsE ol&3td 2dgy 3y <2y 2>9 zon ¥
d3ge A 4 240 I} AP <HE 1>, <E 2> 2 <E 1>ojAs} o)
AdeAe ARz AYPAITe] WEH, F AYAZE T AJANEY dAF¥Y
Az ZAYPATIo] B A8HE Aoz JHAFAUL.

24 AF{EH

7HEe] fddE e AUAEH dF AsEH LS WUAE, BT Leadtime, BT
712 R Ahde o] &8 Wi AAFHen A ot <E 3>} Ao
otefo] oM 52 Robote] Zhe] FAjel LAHE w, ¥F Loadinge V9 &
€< Ju@. BAEL 5,=06¢ 9 7Y E A2 YEE
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< E 3> Hds"rgs ¥ EHUE

| Production | Mean Lead | Mean Waiting Utilization(%)
St | Ratelpartsh) | Time ) | Tme( | Sever 1 | Sever2 | Rbod
10 .7671 2.607 1701 .2366 . 4981 .1088
20 1.3347 1.5213 .1881 2079 5092 1548
.30 1.7137 1.1670 - .1978 1981 5220 1813
40 1.9939 1.0030 2028 1813 5378 1949
50 2.1649 9238 .2042 .1659 5583 .1986
60 22217 9002 2019 1505 5856 .1830
.70 2.1426 9335 1947 1341 623t 1774
.80 1.8786 1.0646 .1807 1151 6765 .1486
90 1.3253 1.5091 .1544 .0911 .7568 0992

<ayg 3> dA Z1FEAE ZA & 7€ AIAN2EFHY vag YEgd A
olt}. 18€ THAME ¢ F AXx0] 71T FEHS FuF A2 LE 7|EY
Ao uls] g o] LE, AAE, FUI/ALAA B 4% H5E JdEU
At AEFHoR 7139 /AN E TEY AUAN2ZHE JE Aladd v &)
Server29] o] £ &2 70.8%, AAEL 295%7F F4d Aoz velWt) Robote o] &
E2 71&9 Az H# 36%FTol Aov o2 U FFS] FEA7IARLS 7t
F9 F94L ZE N2do] H4 @& FHoZ HwoHAT.

3. 48

B d7E /13 /40l 75 A2 YT R 7€ A=A
HEg §% YhE FHOZ d3on deyoes PAE, FRUIIARL, AL o
SEAA Fradol 75E AWML B +5F A& GSPNs AWA=d 2
29 2 45E4E B3 Ak /a4 BILD 712 dTolME FaAdl
i@ HEAHY AFSAA e WS 7y W £ d¥e FI4E A
Azgle] WAd 842 wetsn o] 247t 08 ARA A% uxe J%E 49
Bakote A 9497t Al

a3y GSPNsE F3 Zddd Al2de AYuiidol @, FMSss 2o 4
A Ogd FES U FRE JhFaE, B B3 AWz dIMY FAA
9 23E FAeA] RAde Mol & A7 WAz € F Y. gEHA of F
ATTAlE 1k Y AAHBE RE WAL /B4 aRE FAe F
ol & Aol
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