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Modeling and optimization of inbound and outbound processes of
dangerous goods based on Petri net

CAI Tingting, LIU Xiangwei
( School of Economics and Management , Anhui University of
Science and Technology, Huainan 232001, China )

Abstract: Aiming at the hidden dangers in the process of dangerous goods entering and leaving the warehouse,
this paper proposes an optimization analysis method based on Petri net for dangerous goods inbound and out-
bound process model. Firstly, the basic concept of Petri net is introduced. Then, under the premise of ensu-
ring the safe inbound and outbound process, the inbound and outbound processes are modeled and optimized
through methods such as adding. deleting. and merging transitions. Finally, the PIPE software is used to
simulate the optimized model. The results show that the proposed method can effectively improve the safety
and efficiency of dangerous goods entering and leaving the warehouse.

Keywords: Petri net; dangerous goods; inbound and outbound processes; PIPE software; modeling optimization

0 35

il

bt 5 Il A Tl o AN BB A i 3 ) R L 20 180 B it A 7 B I FH K ) AELGS T S 6 i F) 4 B8 D5 T
AETEVE 2 [0, iAok T Z A B ARS8 « 127 RF KA U HE = WO L B T B R A Bt
D5 TR 7= 458 % i o Jo 10 PR 0 B 1 {5 % o T 7 A A B D DR W LA A S R R
SRERE G K ARG L R L ISR B 14 € BN (R TIE A 2 2 A B TR R S SRR AR
PRS2 A B € i A LA OC B B YT 22— A K — BT R R e M R A L N AR W A i AP A Ak
AR HL 2 5 | 4 TR PR AR 6 B ity A28 O R A R B R S R, W Sl 55 A AR 4 D

KB 2019 -10-24 HEMB: HE AR AELHHTH (61402011
EE B . BEEE1995—) , 0, E S+ 0F 55 4k BF 58 07 181 W 2R 4 MR s 31



86 T 31 RS 4R CHARBL 2 O 5 46 &

KRR B AL A AT 0 S VIDEF 35 (Petri B3k ARIS 755, Hop Petri N R H B A 51 K (19 KB
IR RE T AN A B A MR D Bz . B0 . SCERT 2038 ) Petri RS T 1192 Wi AR O AL 20, -
i 3 17792 SR UE T O AR AR (0 A 5 5 SCHR T3 1EE ot ol 3 A Ml A 7 it A Ak 7 oR L B T — i
T6 1) B A B SR A Petri 45 G 2 ok (14 77 35 o 138 3k S0 U8 B 1 3% 0 0k 5 SOk 4 ] 61 X B o ek s i 5
Fol 00 Ak 56 F 1) B, B T — P BE T Petri I BT i FR A AL 9 05 A6 43 AT 5 1% L 12 0 AR AR R R AT A e 3 R
J7 AR s SCHR (5 132 T Petri 0044 2 1 SR W U PR AR AL, 38 28 5 B {2 X6 A58 Y 38 47 6F BE A0 BT 4% 1 1 AR
R SR s SCBRL6 J42 T —Fh 56T Petri W4Ty 46 B 14 DX I I 40 U B2 425 48 Oy kL O gk S 46 43 A
SOUE T 7 M AT AT, AT Petri 9% & I 56 figh 45 B8y T ) BF 5 40, AT ME S G2 F Petri Y
BT —FOB SR AR RG KRG B TR AR G 2 KR 28 TR AR IS Petri WX fE K &
A AR EAT T A, O 1 ExSpect B4 BT T A PR SR A0 B JE L B2 M T — ST 4 I JR] A
Tt ™) AFL A A 2 0 6 AP A AR 1 T 3R R A M AT A AT T AR SR A e R
W Sy FE il L 2545 Petri IS5 & By it 0388 Ml 13 A P8 30 R AT AR, O R T PIPE B X0 Ak i ) 452 7
HEAT HIE.

1 EERES

EX 17 (RFEBA Petri ) & MWtdl PN = (P, T,F,M), H.
D P AFRRIERARAES, T HAERZTHRES
DP#D, T#D. PNT=D, PUT # J;
3 F S (PXT) U (T X P) ki th sR B A RS
$)dom(F) U cod(F)=P UT, Hr dom(F) & F & AR EIE 1 M ZHRES , cod(F)
EHE 2N TCEHAMMES B dom(F)={x €PUT| Iy€PUT: (x,y) €F}, cod(F)={x€P U
T|3y€ePUT: (y,x) EF};
5) M = {and, xor,or} J& i FE M iY &5 A 2L 7,
AU, B PN = (P, T,F,M) HIREARITTRE P M T, —H O M [ Fx.
T2 (IR R AR —ANPUITA] PN = (S, T\ F, M) 8RR Petri [, 24 H AL Y35 2 T 51 444 -
DM RERI, M, RHIE R,
DTt € THAEEER, <. Vp €t: Mp) =1, i04E M+ >.
3) TEFRR M RS e RAR B — DA M, 0 /E M > M X Vs €S, WA
MGs) —1, Hs€1—1t";
M () ={M(s) +1, & s €t — 13
M(s), FAh.
EN 3 (Al iAPE) B4 Petri W PN = (P, T, F,M), % 3¢ € T, f#i15 Mt > M, WH M K
MM B R IE R WERAEAE AR TR TP 9 {41 oto s oee sty ) FIAR T HNIM, M, - JM, ) M [2, > M, [¢, >
oM, [ > M, WIFR M, g A M ATk . A M Al 3B T A R IRSE S I8 R (M), 295 M € R(M).

2 ET Petri MWEKRMmEHNEREZRMLML

B X S 6 6 ot 0 B A M T ARG it 1 A PR a R A 22 A B R TR R, AR SCEE T — AN JE T Petri 9
P18 165 65 it HHY AP D PR AR AR T SCRTAR A L) L P 1 s AR 7 O A 2 2 0 S A it R R S T
A5 TR B A SO IR 1R 45 R I AR DGR T



51 Ftete 45 L BT Petrd B9 FE IS AR R AR AL 87

AR AR - O R A BEAR 1142 32 A AR 2R i T 3 O 3 00 e N B B e A e 4. O B
EAE G RO ANIEAT S H IR AR S B AR W 2 A 5 45 {5 B0 0 UG P 248 4 7 O ) 2 4
WA TE. @GR BIE A PESERF X LUS 38 3 18 BE O A8 75 BTV XA AR B0 o S0 B2 A Ml DX e, U4
UCHEBA A5 » EL 3 25 IR SR VR R A AL, @O B2 ity 4 0S4 2 52 1 » S O B A B W 1 R G 3 52 )
o R AL S AR A W B AR AN S AR W 52 s AN S R AT IXAF . © 8% i
V5 UG A AR 1] SR AAE A AR BT BT R 6015 2. © 4 171 Bz fin T = A7 . A AR 58 K

H R B R DA - O P B 1) AC 3 4 R A5 B S AR AR L A R IR 4 R B s o £
e KR 35 52 B2 B B AT WU K B2 B, — R AL R 4R N B — I A Al B AT OB A PO R e v 6
VR A A P A HEAT AR SRR TR i 4 IR e B B A BT . A BOE I L O A BT B T
AU A AT AL AT BT AR B 55 Jo e R 5 N AT DL B4 A, 3 B 5 1T SRR, (D S e B
Ji BN X BTy AT A A O ST SE R S A BRI SR AT AR S L PR AR SE A

wEEe BRIAES FBAE EEES HERL HEAE  RAGHES

RiE
NEE

=)

FEEMTIR Sk
I =2

b BlERR BT &R
BEX
. BEL BHEHFRER
C [to HskEwE) e & 1% e B
HAHMER

TERKE  REARRK
BRREE

B1 EXehatdANERENERERKER

MR AT DU Y A Bt 7R A R R T AR DL [ e DG 3845 6 19 G G it R 22 53 28l L4 A
VAT A7 AT BEAEAH . 22 0] B 77 A Al 2 S L ) G G it 5 T A — B2, BT 51 e 2 4 =l O G 36 AS 5 6 19
FE 63 ity AR SR AT AR 977 977 45 6 ol L 38 A TR A 8 BT A7 DX AT AR R 9 22 4 R A 7 IR i R 4. ©
LR AT BN S B B AR A AT AR S AT AR T T SR W DGk A N e B @O R X 5E R
Al IR S B B BT ) AT T RE T BCEL A B M R e A R . BT R RO A A B a2
BRRTATE HE ZA RZ AHE . © A8 A% I R AZ 2 32 52 A A 5C B8 0 S UE B TG ok fR UE A B it ) O
li] 2 2,

T R R AR SCEE G SCRRLL T JRT 42 1 i FE B it 22 448 BRIk s AL 6 A J7 T X J A 28 4 47 4
- OB A PGS BLGT IX A 6 B it 3 P AT 43 X 43288 L 43 A I s @ R LS 45 S s 2 i B ) A
AR IF S O BRI 22 B A AP G L [ I 7R AR B b T WY A ) R O FT B K B BT
BF AR B AT AN LI Bt 5T s ORI i 2 45 5% DX P2 i A N B 2R £ 6% B 2 10 S 47
o 24 022 s R £ 3 i AR AR T AT A [ M S RLRE & B bz i i P B R R A A A T A s © B A 4R R
N BE BRI B30 52 52 N B R A0 0ORE AT SR & I i 1 3 1] DAL B0 RS RN ] 2 F .



88 JE R 2 2R CH AR B A D 9% 46 B

RENEES BMCEARMERE HIAZ

| "
! wiEn T gy st | wmar  wwEx | | 9
|
= O—lu—O—{u—O Old—O—1—0O
. T it I
REALERR | mERERTIE | R I REEHETHABR ~————— .
| I
O =0 O | OO0 |
I
i i Eﬁgﬁ i REHERREX i
O O—f i | :
! | I g !
—_ R ST
RBEEESHT LB =1 BEREARR |-~ BRAE RANER.

! |
Ot OO i Ol O3
EHERES | S SEOE || '
| |
| i

O O ®
BT LR

2 EERaHANEREHAHLER

3 fiRERRE

T K g LA R Y Al AT F ] PIPE 8RR X A B kA7 B 402 17, as AT 45 R a8l 3 firs. X4k
BRI AT RS 2 () o A O S5 SR AN &L 4 B, i B 4 al L 2 F)?/%EI’J Petri [ L AL A5 R ZAT FL Y L % 4
i TCIE B Y. X R B 2 7R B9 Petri WAL AR B REGZ Dok 20 16 6 b 1A P R v A9 22 2 B B R G
AT PN IR &

W State Space Analysis X
Source net

[MUse current net Filename: || Browse
‘Results

Petri net state space analysis results

g; IBoundod -
33. Safe true
| peadiock i@
B3 {LiLiBE PIPE REFHIETER B4 RLEEE PIPE REFETEHRETE

4 HFRIF

A SCHE T Petri W, 38 18 557 1 ﬂﬂﬂl‘%\n A T 18 T O B A Ml B4 A B it AP AR R AT T AR A
F PIPE &0 xF Jir i 468 0 R A7 B 40132 A7 1 45 SR 32 T, 2488 80 T LAY A0 08 2 8 I8 iy 13 A O 7 P ) 2 4
Be A, B e St AR B 0 TR e ﬁ#%ﬂ@@ﬁ%mfﬁ.ﬂa?ﬁiﬁﬁﬁﬁlﬁl CH AR R 2 AT B AN T
PR AR SCHRE R B A — 7 19 Jy B 4 J5 FRATDRE 45 5 5 22 A9 S 6 i B9 10 AR i o o 3 S TN A%F - 592 s



51 Ftete 45 L BT Petrd B9 FE IS AR R AR AL 89

FHAGAEIY D4R v A58 R ) P Y

Sk

(1]
(2]
(3]

(4]
(5]
(6]
7]

(8]
(9]

(10]
[11]

R .V PR SIR A R 8 - 127 I 1 A ) s I £ 2 R ) R KRR ST I R A B, 2016(3) 1 42-43.
XUAL FVEE  EAE . 2T Petri MY TI2 W AR BB O AL 047 [T, el B %41, 2019,39(9) : 148-150.
JAVIER MARTINEZ SILVA, RAUL JAVALES, JOSEREINALDO SILVA. A new requirements engineering ap-
proach for manufacturing based on Petri nets[ ] ]. IFAC-Papers OnLine, 2019,52(10):97-102.
Tl SR k3. = T Petri WY BT IR RO AL L) ). 2E 320 K222 4R (SRR D , 2018, 44 (4) :332-335.
BT, HE T Petri MRS A AV R R AR C AT S LT ] WRPL S BL A 2019(19) : 175-176.
FAGAE  E . AT Petri PIAT A 46 85 09 00 L 06 9 i BR324 07 1: [, JE 30 2“2 4 CH AR 2# MO 2 2019,45(1) : 75~
79.
BEMENS . BT R G0 @A 0 B Y & I il B i 22 4 U Bk SR MR F SR LC/ /56 = (2008) i [ 45 B2 AF 25 5 BT L
S SCHE. b at T B E AR AR5 45,2008 :1291-1298.
FER K. HET Peri WAL fE R I A ERBEWER S0 ELT] WA ,2012,31(15) :262-264.
SMIRNOV S, WEIDLICH M, MENDLING J. Business process model abstraction based on behavioral profiles
[C]//International Conference on Service-Oriented Computing. Berlin, Heidelbeg: Springer, 2010:1-16.

RYE. Petri M FIELM . JEATHUBC T H AL, 2006 :1-28.

FAE SER AL % A ISR SCOML b st A 2f Tl i, 2002:1-35.

S22 0 02 G2 €2 (2 () ) 02 () €2 (2 () € 2 () € 2 () €2 €2 () € 2 () () €2 G2 G €2 () () €2 (2 G €2 () € €2 () G € () € ) ()

(E#EF 39 ])

S 3k :
[1] ANDERSON M H, ENSHER J R, MATTHEWS M R. Observation of Bose -Einstein condensation in a dilute

[2]

[3]
[4]

[5]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

atomic vapor[]J]. Science, 1995,269:198-201.
HALL D S, MATTHEW M R, ENSHER ] R, et al. Dynamics of component separation in a binary mixture of
Bose-Einstein condensates[ J]. Phys Rev Lett, 1998,81(8):1539-1542.
KLAUS M. Bose condensate and Fermi gases at zero temperature[ J]. Phys Rev Lett, 1998,80(9):1804-1807.
SCOTT GRAEME. Efficient generation of nearly diffraction free-beams using an axicon[J]. Opt Eng, 1992,31
(12):2640-2643.
ARIT J, DHOLAKIA K. Generation of high-order Bessel beams by use of an axicon[J]. Opt Commun, 2000,177
(1/6):297-301.
MATTHEWS M R, ANDERSON B P, HALJAN P C, et al. Vortices in a Bose-Einstein condensate[J]. Phys Rev
Lett, 1999,83(3):2498-2501.
MODUGNO M, DALFOVO F, FORT C, et al. Dynamics of two colliding Bose-Einstein condensate in a elongated
magnetostatic trap[J]. Phys Rev A, 2000,62(6):063607(1-7).
PU H, BIGELOW N P. Collectations excitation and nonlinear response of a trapped two-species Bose-Einstein con-
densate[J]. Phys Rev Lett, 1998,80(6):1134-1137.
HALL DS, MATTHEWS M R, ENSHER ] R, et al. Dynamics of component separation in a binary mixture of
Bose-Einstein condensateJ]. Phys Rev Lett, 1998,81(20):4531-4534.
KRAMER M, PITAEVSKII L., STRINGARI S. Macroscopic dynamics of a trapped Bose-Einstein condensate in
the presence of 1D and 2D optical lattices[J]. Phys Rev Lett, 2002,88(18):180404(1-4).
ZHOU X Y, MU A X, XUE J K. The stability of Bose-Einstein condensate in the shallow trap[J]. Chin Phys,
2007,16(11):3197-3200.
SABARI S, RAJA R V J, PROSEZIAN K., et al. Stability of trapless Bose-Einstein condensates with two-and-
three-body interactions[J]. J Phys B: At Mol Opt Phys, 2010,43(12):125302.
ZHOU J W, LI X X, GAO R. Modulational instability of trapped two-component Bose-Einstein condensates| ] ].
Chin Phys Lett, 2019,36(9):090302.
AU 7 2R L i LA AR AP R 5T — 4k Bose-Fermi KA MR MELT ] W HL2EH . 2011,60(4) :41-45,



