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Abstract

In view of the necessity, complexity, and high proportion of human interaction in order-driven
production collaboration of the garment supply chain, our article firstly proposed a conceptual
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framework for the garment supply chain collaborative production process based on PDCA man-
agement thought, and then gave the interaction protocol mechanisms about information collabo-
ration between different supply chain collaborative entities. Based on the above collaborative
processes, an automated Petri net model including planning collaboration, execution collabora-
tion, and exceptional event collaboration was constructed by CPN Tools, a colored Petri net mod-
eling tool platform. Finally, the state space validation of the constructed Petri net model was car-
ried out. The state space analysis report shows that the constructed Petri net model has reachabil-
ity properties, boundedness properties, and liveness properties, verifying the reliability of the
collaborative Petri net and the feasibility of an automated collaborative system for production.
The research results provide theoretical reference for the current in-depth digital transformation
practices of core enterprises in the garment supply chain production.
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Figure 1. Collaborative process framework for garment supply chain
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Figure 2. A top-level Petri net model for garment supply chain
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Figure 3. Petri net sub-model for the decision-making body in garment supply chain
3. MR MR HER A Petri PF1EEY

Control

DOI: 10.12677/m0s.2024.131021 219 e RSE TR


https://doi.org/10.12677/mos.2024.131021

AN, ETE

1) MREEATH R S AR L R %

WmE 3 fiw, oWk N R ERT DemandArrival (IR3E1T 845 B) 5, 4437 B 40 i
(FormingPlan), J¥ 71T BAE ) Al it 55 I ZEFT Plan RIES PR A G, RO IF G 5 8N IR S i kAT
TR -

2) FFREIHRIM R

PAZB 2 R THRI B e, P 4 HRARKE SendPlan (K37 Hit IOk JE A HBUE IR EOE BB R S 8L
res = false, 11 #.itRI & %5 535 7] %2 T MaterialsSupplier (20286t i) K I£ 2028 K IEHKIl; 75 res = true
RITHRIAE BT, PEAT Reply H 3 I 20 28 A1 W 5 o 1T BAT 25 (1 B AL, W25 N 28 1) 22 SR W T AR IE Merge
(B IR EMIEE /15 E) RePost (IR[EITHRIAEI B IMERE 5 5 820k . &N 18IE Merge KA,
Py [R] Ok & R 25 7 45 B R AT 2 BT CapacityInfo.

1'("MI","free"y++

© Materials
I"("M2","free"y -+ Supplier

1°("M3""busy"
( Y Server Confirmed o]
> u
[(sil,s1),(si2,52),(si3,83)] ’ if res=true andalso k<>0 andalso k<>2 andalso k<>4 Plan
then 1'(id,p,re,ds,R,cl) Order

((id,p,re,ce,ds,R cl),k)
SendPlan clse cmply

if res=false (=11 if res=true

tHen 1'((id,p,re,ce,ds,R,cl),k) then exp(id,p,re,sil,si2,k,o0t3)

else empty else empty (id,sn™[(p,su)]) 7‘
@@— RePost | Capacity In/Out

Info e
equest [length su<1] o f(id,p,re,su,k) ¥ Servinfo
. elnfo
RePost (id,p,re,su.k) [length su>=1]  (id,sn)

((id,p,re,["RCEP"],["30S","cotton","strengrh","grey"],[""],1),k+4)

Figure 4. Petri net sub-model for plan negotiation in garment supply chain
[E 4. BRI SEVH XIS Petri XFIEE

3) IS AR IE

JEEFT CapacityInfo i N & k%5 w5 B 5, 8 3 78T Confirml (HRIAfAIA) b Tk o ik BI{E A
true i, ARITHAT, ORI BT B A PAT I 1) 4 238 Al A )% BT Windowtime 3
SR E ALy, RIS D EERT plan RIEVIGHES . PhEHPOIREES B, FHRPUTE 4 RrARE
SendPlan, i1 54T 5@k ut 1 ZEFT ConfirmedPlan 85045 %N AR %5 7

3.2.3. HUTHE Petri PIHERE

PATEIF) Petri IS AL 2 7 1 2 R AT 0 R G 20 2 B 85 1| AR IR I A, AN [F)3A 5 2 [8) BE A 03 RO B
Z, XHAGBERMEER, RTRMELLAALLE 5 B iAmZlisE Petri WAHIREEAT U, 7 4 451 T Petri
WA B FR) S 53 BT S AR A

M FEFT Materials. T ConfirmedPlan DA K & Bt Order IR AFF & 26 ERIFEE f5, Z8iE TrailWeaving
8L HE ou MIMEN “Ready” , DLEAREALTAHREIRES . ARIEWOK G, W AT WorkingFeed IAFE
H, FRXBGANA T2 M a T e 2Lt 2 4G 12

FRGTEAFEER, HEARERMDE: FRGTEHEER, K 6 PA5E Schedulingl (Jit
wmAE PRI R R AR, S BT Order A2 R4 T 2@ i 2., tbit ] 5 F 483 BatchWeaving _E 1) 48

DOI: 10.12677/m0s.2024.131021 220 e RSE TR


https://doi.org/10.12677/mos.2024.131021

TRAME, EVE

& fel 40 toN “pass” , ARIE WOk, BOR JG A RUEFT ClothToTransport, [AIH 7] fif WorkingFeed
I R Bt SUE S R IPIRES . REEE BRI A4, TIIES (qu = “hign”, gg< = b3),
I 1] 6 1738 5E Scheduling2 (fit &A= 7 #irR]) & AE , it Order A= B AE 7 #E R (ou = “finishedontime™) {5 &,
JEFIT TransportOrder WA= iz fiig 25 5, MRS E2IAE 5 i f5E, A2IE TransportCloth &4 ; 44t
BHEM R EAN S TR R, W R Y Fs.

AT e )G, &l 6 HARIT Scheduling3 (iz bk [F]) ik, A i I 22 BT Order 38 11BN G4 7 il 4ef

BN
(id;p,0,R fel) ) (id,p,0.R,fel)
Adjust
fol=" "
- [fel="unpass"] WTech
Product
(idgs) | » gid,p,an)‘ (id,p,n3,R)
o [p=3 andalso ou="Ready"] [fel="pass"]
. ; n
J Weaving | 45 n3R) (idpn3,R)| Weaving

ransPort
Informatio ProcessState Order
(id,p,(n3,wt),ds,R,cl) trans

1 (id,p,[(1,1)],("satisfied",0),R) Qldn) -
n %)
O(id,p,R) Fout Working o Teaving(id,p.03.}) [p=3 andalso #1 qq™allhign"]
Plan
d
rer reedsacchy, Feed %065 g ) Trgmﬁ? &
o
(id.p.[(m,10)].("hign".n3+m),R)
In id,p,m,(n3,wt),ds,R,cl) (id,qs)
ReWork (id,("allhign",n+n3)) ’
Pl ReWeaving
an Rew (id,(qu,m) Produc o
(id,p,n3,R,0u) f [p=3 andalso ou="return" ] Product
(id,p,n3,R,0u)

Figure 5. Petri net sub-model for grey fabric weaving in garment supply chain
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Table 4. Place and transition of grey fabric weaving Petri net in garment supply chain
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Table 5. Types and descriptions of order production exception in garment supply chain
F 5 REMEHITRE=RELXBR R EHA

FEARA FE A o 15 B A s AiE
F 1 JREAH, TR qu = *hign”, gq > b3
B2 FEAEK, THIEH qu = “low”, gg< = b3
HH 3 JREAEHE, TR qu = “low”, gq > b3

EFXtRA 1, A%E Scheduling2 &4 )5, JERT ConfirmedPlan o 2R FF 464 2= (11T Sy dh iRl ol 78
¥, FEFT Order FIE T TransportOrder A= i Ia) 24 1 238 AR 45 i RO I AE P~ % & it (ou = “finisheddelay”)
PAR B TR A5 B, P Exception A2 BRIAIAZ Cotialb s SR LMY A 3% I HE R S A . USRI P RE 1R 15 B
3 E 3 HARE Optimize (PHRIMEAL) & 42, FEAT Control (321250 M0\ 75 B3 1) 5 ST R4 H
IR AR JS BT AR = TR I e T Plan A& 25 Wb R 0, BB A O T T — S I RIS

EFX5 2, ARiE Scheduling2 &4 J5, [ AT Order AllZE BT ReworkPlan 43 5l AF i i) 24 B 44 IR 25 i &
KA IR T4 4 (ou = “return”) DA K UG AT 55 IR &6, R E] 5 FRARIT ReWeaving #UK -
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Figure 6. Petri net sub-model for grey fabric weaving collaboration in garment supply chain

6. ARt HEA A LUE AT HE] Petri F12EY

4. IRBNEREST IR
B SRR B A LUR SRR I E R IE . A R AT IRAE, IR B R 40T T L 3

DOI: 10.12677/m0s.2024.131021 222 e RSE TR


https://doi.org/10.12677/mos.2024.131021

TRAME, EVE

FRZIG IR, HEA AR T € Petri BRI BT A ATRIRAS (bR iR ) FUR SR (R A I8 E 7T EK)
HAEA M E PR R IXLS, oAy fO0 N Tl IA bR AR, IO BT R A RIgRE i3 . CPN Tools “F&HH
H[f) State Space Calculate®8/: 47 T B 0T LA 21154 Petri PR RS 25 (0 I3 BI04, ARIER 5 i %
TRHCHR 2 111 3 M S 30 IE 5 BRAT N SRR B B

OiFEE M G 7 s, RSk it () PR B A 13138 ASTTIAIRAS T 1M 74688 o
B, RPTERFELREN PG 24 EEE . RS2 5 Hrik i (b) o R B B A FEAR IR
(Dead Marking), tAS{ELESEAZ T 5245 (Dead Transition Instances), 15 B /9 5 45 o BT b IR BT A 48 3T 0
T, AEETGIE 5 RAT AT R A AR UUIRES, R, MY B TR, PRI RS

Statistics Liveness Properties

State Space

Nodes: 13138 Dead Markings

Arcs: 74688 None

Secs: 20

Status: Full Dead Transition Instances
None

Scc Graph

Nodes: 13137 Live Transition Instances

Arcs: 47306 All

Secs: 1

(FEALiHE & (b)Y i A 75

Figure 7. Space state analysis report
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Figure 8. Model boundedness report
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