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Application of Stochastic Petri-net in Dynamic Evaluation of Ecological
Environmental Vulnerability in Mining Area

Abstract

Abstract: In order to establish the simulation model of vulnerable process of ecological environment in
mining and evaluate ecological environment vulnerability dynamically, stochastic Petri-net (SPN) was
adopted. The place set was divided into destruction state set, repair state set and virtual place set. Ways
of representation and calculation method of these three types of places were given respectively. The
state value of a place was to record actual change quantity of this place. The calculation of vulnerability
was integrated into network system running naturally. Vulnerability algorithm based on SPN was given. In
case study, a simplified SPN model was established. Its isomorphic Markov chain was drawn. We also
calculated the average vulnerability using a large number of vulnerability-time sample data and steady
state probability of each reachable marking. A further performance analysis then was conducted and so
verified the effectiveness of the proposed method in this paper. The method can provide scientific
reference for analysis of ecological environment vulnerability.
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mining and evaluate ecological environment vulnerability dynamically, stochastic Petri-net (SPN) was
adopted. The place set was divided into destruction state set, repair state set and virtual place set. Ways of
representation and calculation method of these three types of places were given respectively. The state
value of a place was to record actual change quantity of this place. The calculation of vulnerability was
integrated into network system running naturally. Vulnerability algorithm based on SPN was given. In
case study, a simplified SPN model was established. Its isomorphic Markov chain was drawn. We also
calculated the average vulnerability using a large number of vulnerability-time sample data and steady
state probability of each reachable marking. A further performance analysis then was conducted and so
verified the effectiveness of the proposed method in this paper. The method can provide scientific
reference for analysis of ecological environment vulnerability.

Keywords: ecological environment; mining area; vulnerability evaluation; stochastic Petri-net

515 LR, BT R R L, v AL

7 B [ R T i e Ak 2 R R K o

Wk H . 2016-07-07 BRI HH: 2016-08-24;
FEETH  FE N SO 2 R AR R S 4
(15YJA910002) , Bk 7 44 H 4% Bl 2% L i 0F 7% 11 &
(2015JZ010), BEPH2 tE A2 5642(2014P07), BEVE
BEE T RS M5 L I RI(16JF015);

EH i BOEER1964-), 5, WIFgdkds, 4,
Bz, WS, WA R IR

gy Gtk mR BN, AEr, BT R O R
T ARIE BEUS Y P B 70% LA, AFRAT BT K
P FEA IR )t k)™ B, 4
B T DI B 2 A AT H A = AR
RARBERS KA T REHE AT A, AT REH X L
N EPURE S8R B/ ORa WP S PR N P L (D EOVIN

http: // www.china-simulation.com

<1787+

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 21

$30 B 5 M
2018 4F'5 H

TE G ST X AR AR 95 40 1 07 ELABE AL, B A
FUSHE S WCRA 1% 203 B ) AR AR I 99 4 i FE
MBI A VP DX A AT MG 59 B, A 20 R
KV, SR MBS A5, AR TR IX L4
AHEE, PO TR 1 A AR o

WAk, AN R A R PEN 720 228
R RGNS AT T Jorge 25PUEF IR
o TEMT(ETA) 7%, 3 H T — MR i B i

IRBE 5 M B 25 BT, AN [R) PR It H 3
RIFRES R BEAT T V- . Okey 25F) F) 4% 1A)435 L,
I\ 8 BB R 3 S ) 7 TR A A S RS
SAFEAAL B IS EHEAT T VAN o Tran 25PEF i
S9LECH VM NS, 5SS sEng, TR T
F ORGSR B I 85 1% . Nandy 2511 FIT 32 i
FORRS) M AE B AR GE(GIS), &6 25 i) T s
SIATIE(SPCA), VY T Il H A 25 R 48 1) A 555 i 55
FE o AHJE, EAMFEE R X AR AR 95 B2 vPAR
HIBFFUATIARAR /D, A5 IQIX 7 T I S0 SCHR = 04
KHFEPA. Liao %PIET GIS M AHP ik,
A NG99 FEFRAR(EVI) TR IR X ) A2 A 1 55
JEREAT T VAo S A SR T 2 T 520K R i
B XA SIS VN . ARSI AHP Al
CRETREUIT X A S B ME 55 AT TP . X1
-2 OV B R A T P T TV T R R
AERGEMINETSRE . shAh, BN W AR
RGNS B AT T RO,

Zr B N AMITFUSCERR R , A 09 5 AR A
HIAS A AT

(1) AR AR R b 2575 30 K AR (R BEATL L I
EIELEN .

(2) ANEEXT N TS F 3R E S RS FEREA T8
L Hb A

(3) ANREATHE L IR GEVERE AT

BERE FIRAE , ASCHEH 71 X A SR 559
FESNAVENIBENL Petri W J7v0, &7V 32 240
PAFE

(1) FJE T R4 I R b SR AL B BEA LI 8] o

(2) et N TR AR BRI REETH

ARG HAR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

PO L S L A

(3) I LAREAT 3K I AR G RE BT o

AT (95 15 4T REWS SRANBLAT B ST R AN
o [N, HEOYEIRMIXN SR Petri AL, AT
F e gs KL TSR S R S is AT iR, A
ARSI AT KRB A A B 58 A I R
AR T X R A R E A B a1k .

1 BEWL Petri P I AME A

eSS B Petri H, —ANARIE AT S
Jith 38 St 5 ZEAE I, BN — AT t AR B AT St
B 220 3] 10 S e B 280 2 R4 ot — S L B AL
A xe (BUESEEUE), R T —AN A sk 5

F(X)=P{x<x}

FEANR R (PSRN Petri B, XN A0
BRI 2 SRR —FE . 7E Molloy 2 H i 82
4] SPN o, ARG TREANARIT 1) 4341 ok Bhl e Sk
—MRHU AT R AL

VteT:R(x)=1-e**

AP LWBHAS0 LARIT t P seitid R, 2R
X=0, IXF SPN )] ik B[Rl 44 T — A5k B R R
FBE(TRIFR MC)o SPN [EREAARIHILES B MC [ —
ASRAS, SPN (] IE IR T—A4 MC [PRE&SS
[PPSR VICE SNETIRUR RS

A TAE SPN HiE FH FAES RGN AR, Bl
XF SPN € AR T — @ At A4 5 e X
A SCE SPN S, HILHE & & T3R8 SE bR
MAES RGNMEII IR

EX: —/~SPN 2 A Jucd

% =(S,T;F,W,M,,G,y,h, A, 11) »

o,

(1) (S,T;F,W, M) &4 P/T R4, I
IS|=m, [T|=n.

(2) FEFTEE S RIAr M BRIRAS AR Sov B RES
%S, MUEJE BT % S, : S=S,US, US, »
S¢NS, NS, =D, EAITE Petri W53 51l FIANIH] 1)
KB IR.

(3) B4 Gy :S — R J& 4% BT 0] 1R 78 o

http: // www.china-simulation.com
+ 1788 «

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/21
DOI: 10.16182/j.issn1004731x.joss.201805021



Huang et al.: Application of Stochastic Petri-net in Dynamic Evaluation of Ecol

5530 55 5
2018 4F 5 H

., RERLHIE. vseS, Gy (s)=a Rt
S LEES h N ZIPIRAS RN a.

(4) h h RGE B, 25 2411 P AL 1R 521, h=0
B RGBS o A= (A, dyyeoesdy | AT
(1)1 35 S it T R AR A, SRR S OB A I ],
{5150 7 =1/ 4 FRONARIT 4 (1)1 22 S it 2 538 57 1)
MRS s = { gy, gy ) A 5 XAEARIT AR I
P REES, HE T NS08 u=
{atsttyseees i (K =) BT Xt 8 K A
NI A R, o B AR R AR T 8K
it 25 PR IR A E R G &, 2 — AN .

2 ET SPN HIfEss s AW Tk

W XA RGE M N RIIR RS, S0
BHE R R A A IS A AL AL AEXTHTIX
A E 5 LA T AR SR R v, BRATTRs
PEPTEE S RPN T HIIRESE Son BRAIREE S
AREIEITEE Sys 73 T AN PR EL IR 7 it
Bo FLrb, BRSSP 2 Fi AR LR 1™ X A AR 5
55 B AT TR IR B B A TR, 1B AR
e S A A L0 e 55 15 L AT S S AT (RELASE) A1 1 11 122
FIts T KR P2 T i S L A 3o o A P AR P2 T o

2.1 BHREEBEEREHRRLTE

2.1.1 NEBHRTE

Q1 JEHEAS ZE BT 0 B A R AR AR T T RO 19 Bl
HEMIRSR, maa O g, Wiplt
HTEE AR (P A S B U R RR S T, SRR 1
Petri W EEAIE 1 Fiw.

X
© “ Dﬁ, O
p, t, Py

1 BEAE R Petri MR

Fig. 1 Representation of destruction process in Petri-net

FCARPERT pa M1 pp B BEIAARGS EFT, 2R3 t;
LA TR, A 0 b TSR, {40)
m%m&w%ﬁ%a,kﬁimuﬂgﬁnm%m

FOLRK, 55§D BB VN (KIBEHL Petri 19757

Vol. 30 No. 5
May, 2018

FEIRISFE], u 2[0,1] EHRA T3 5) 530 A (R BEALEL .
B, pa AT LAR R K HERCR, o AT AR /RIS
JePR B, 4 RORBKARBUn IR, Hoh G e sE
JIEIR 1/ 25 o

W P, €, Py ety 5 pa il po BN BEIIRGS EET,
i N GHPFESERGE S, () b G PR R
Betr, x N 4 IBENUIEIRI ], 4 G, (p) KRFEHT
p {E h IS ZIRPRASAE,  hh 43 RS PERT p (5T
RS E—ARSE R R 2. W 1
PRI EARIE & KA, FEFT po I N —MIRES
1 Gy (p) HHAERIE A N

G (Py) + 4G (PIM (Py),

G...(p)= IF AG,_y(p,)=0 1
o PIZIG () + AGy (P (Py),

IF AGy ;(p,)<0
A AGy (Pa)=Gp(Pa)—Gr(Pa) -

Nt T S 3 SE it 5 ) R A T R R PR N
1E pa FIVERIR, FEPT po MAIRZSE G (o) H6 5 2R
BH Ghax (DT LI I BEHLIN E] 2 X
212 BAEBALE, WHEBELRE

i RIS P I IR T SR AR BT R s B B A
B, AR, B AT AT A A
JEFIT R TR IS0 35 T8 SRS e B AN AR JZE
LR B R A N IR R IS 1 [R] — S B[R] AT,
I Petri W ETEANIE] 2 s

B2 SRS FERME SRR Petri 947R
Fig.2 Representation of destruction process and repair
process in Petri-net

R pa Al po B R BARZS T  pe ol
W7, AT & TR A S B RN
AT, LT R MU AL 4 & T
ISR, {1} 0 6 IO P PRI RIS X
4 BOBEUER I . 101, py T LL2E 07 e U5

http: // www.china-simulation.com

* 1789«

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 21

530 55 5 RGN A Vol. 30 No. 5
2018 45 1 Journal of System Simulation May, 2018
FRE, pa W ARIRIEIKHEBE, pe W ARSI K () BIT ty KA, A

HHCAE BN 4, & Ron AR RK R, 3L Ghox(Py) = 14,6, (P)IM (P,) )
Wt PRSI EREIR K 1/ A T ENEREME, X () BiT t k%G, A:

FhRATTER, BB ARSI T A7, HILIRES Gpiy (Pe) = G (Pe) + 4Gy (P,)M (P,) (6)
TERENESS AR AL, BRI, pe B & TRINAZIE R PR B TP AT — IR 2 PR TR ok 18 IR
A, Hp RPARSE S X ARG 59 AT K SEFE, HHEREAA.

BE Pas Pe € 't Pyy Pe €85 Py ARG L 17
FH(EAE G SR A4, 4 Gu(p)#R RERT p 78 h It}
ZNEPRAAE, x 0 G PIRENLAEIR I R], h 7R E T p
1 B BRSBTS D R B Z1 o Tt P 2 e () s )
AT G RAESE, ET pp A pe R —NIRESME Ghix
(Po)F! Ghax (Po) T AL 5N -

Ghix (Py) =G (Py) + 14,6 (P.)M () —

4G (P )M (P, ) (2)

Ghix(Pe) = T (Gy(py))M(pe) (3)

AP BRI T (G (py)) AR AR AT X 10 52 B
TOURIE . FEQ)F, Gy, (py) ATREH BLFE
PIfEDL, X S5SEFEARF, Bk, X Gy, (p,) 5%
B R T 2 R 4

Gh+x ( pb )’ if Gh+x( pb )>O

Gh+x(pb):{0, if Gh+x(pb)<0 “4)

2.2 BEFTHIRRRHE

JE JZE T 2 FR IS 8 AT S B i S A 34wl
PEAE RIS BCA W LS AR IR ZE BT o K2 2
JIT R R 2 T AS RSB AR AR, BT A 18
JEJIT 2 TR A A RS P P s SRS T
REFEPTAE Petri M s nEl 3 Fros. b2

Pas Pe BIABIRIRZS IR, py, A REERT, JRAR
SRR TR,
tb Py tc

X Y
H, 2 ~—~ w2

Kl 3 REEEFTLE Petri PR

Fig. 3 Representation of virtual place in Petri-net
NI S AT KA 5 S A PR IR A E

ARG DL . 2 G, (p) EonFEPT p 5 h I ZI RS
{H, h ZoRERT p BEGERREELIT R RIZ], x

2.3 MESs EHIRRKIHE

X A S IR ET M 55 ] — S BERIR 2 A P ok
R, EAE Petri MR EEWIE 4 PR, fEXHE,
AT t SERr Lo B AT RN AT AT, B,
FCS A AN AZ T SR R 2 b, BRIt
(KIBEHLIEIR IR ] x K2R/, I T 0.

W XA SIS

p (@) p(@) - )

K 4 We59BEAE Petri P KR

Fig. 4 Representation of vulnerability in Petri-net

A Gy (p)(i =1,2,+,k) F/REEFT pifE h B %)
RS, D 22735 T pi Y5 0K A (B ) I PR I 21,
Vo () R pi E 5 h IS 2R E559 FEAE, T4, v ()
(O R ST F
Gu(R)

Vi (Py) = =12,k (7)

e e PERT pi I PEN R AE A P (e IARSE
t KA, pe R —MIREE Gy, () ITHHARIE
EWAR

Gh+x(pc)=[

e
[ =<
_ —_

=
SN—
N——
—_
=
N—

=i (®)

e PSRRI R, eSS R T —
W 25 0 3 — N AR AT R P AR B (W] 5

My 73534 to AT tc FIBEHLAEIR I TR] . 0. FIT7R), AR HEAS W R GER AR IR o BRI IX P

http: // www.china-simulation.com
* 1790 «

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/21
DOI: 10.16182/j.issn1004731x.joss.201805021



Huang et al.: Application of Stochastic Petri-net in Dynamic Evaluation of Ecol

5530 55 5
2018 4F 5 H

JPE BT 1) A AR AR 2R PR B, 8 I AT 2 B X (D Rt
FLERT po [FPARAE G () » T B ANRE 552 Bt
11755 B R R 6 7 i 28 3 F) N W) R e 5 o TRT I
RPN BT po AR 7 U %5
(D&

WRE&%(Zy__+D__*C>WFﬁﬁ
K 55 uld x FRE

pa t, pb

Bl S i 12 T 5 R 8 e Pt 1o AR AR
Fig. 5 Vulnerability place is connected with mining quantity
place via a transition

B pa WATIEIRIEMERT, po W FRTER AL
MIRERT, & A B L AT, il
b T LA GRAEIAT R, () ot (PR
FHOEA, X ot HBEHUER . 4 G, (p) WK
F7 p 75 h ISZIRA I, h b 4> B2 T p 5k
BRA . L ASRES I IR 2. W 5
FURMAST & RAJR, BEFT po AR
Gy (Py) (L FIL

Grox(Py) = (h )M (py) ©)

2.4 RAMRKTE

EARAH 20(1)~(9) T BATH 5 HA i 95 B 119 18 A
FEPRE I RIS 220 AH& JF AN e A3 2 BN AT A FR IR
FaE iR, W AGEXS SPN B THE— LI RE o>
Hre T K43 SPN AN Al kAR AR RS E ME%
ARAZR AR 3 b kAT :

5t RG> SPN 4,

Fits % SPN BT #4 Y MC;

FIH B R BRI FRAHCHLE ki MC Ea e
REME

M CkA 5 SPN M) MC, FHora]
BRI Mo[> gy n AN JeE, B MC 247 n A
R B MC ' n ARSI EREMR L —MT
A3 = (py, Pysrees Po) > JARHE B /R BRI FEAT T
G TT R -

n=nP(At)(At — 0")

i (10)
p =1
;

FOLRK, 55§D BB VN (KIBEHL Petri 19757

Vol. 30 No. 5
May, 2018

s FERE P(AY) s SRR} 1) B A M 2 e 4L
FERE, (HERRE P(At) 7ESEZBR TR IR A2 5 5k
5, ARAOBATR AL, H: n(P(A)-1)=0,
%mﬁw%ui,wg

_(Pan-1)

At
%Mawﬁ,gzﬁ;uﬁ%ﬁ%%ﬂ%ﬁﬁ
MO Q. Dtk J7AL(10) T AE Gk s o F
SR

Q=0
Zpi =1 (i
i=1

A AR Q FIIILE g;(, j=1,2,---,n) X
PRSI i j i, HHIREM, 2HREM, A
—ARIARE, W gy AR T AR i AR A R
FRIEL, 7 DCIRAS My BIPRZS My BT IR , T 03=0;
2 i=j I o RS T MRS M i 1) %% 2 9 EAR
VERE A MG SRIETTREZL(1), RInrf3 3
FEAS IS FR IR E M P[M, ] = p(I<i<n) .

2.5 ET SPN FIffe 58 1

A DA EAIE, JET SPN H X AL SRR BRI
55RO IR T

(1) PG PEFT RS E R & S8l & UF
FE T (BT s LA o ack 180 2 B ) BRI 4D G RS Ak i
MNE, HRPEFTIAIRIRASE R 0, A B KTT R
[ N, YRR E Y ho

(2) 24 h<N W}, #2038 3); HZIEIEER,
SR, R R PR A nTE AR AR R A
M, S5 ATa SR ITITE SR R A LR AT

) 12T A TR AT IS Taler AT
T Tapie THIFTA BEHLIEIR x=0 (IR A1 AST, 7= A —
ANBEALE A

(4) ¥ Tapie T I AR I 3 BB ATL A (R 1) K
ANBEATHER 45 AT S ANBEHLIS TE] X FRIARIE
t" (b I AT A, 1 22 AN A A [ e /N BE AL BN (] A%
T, XLt IMABRZITES Tuigger

http: // www.china-simulation.com

* 1791 »

Published by Journal of System Simulation, 2018



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 21

$30 B 5 M
2018 4F'5 H

(5) WK Tiigger THIFTAH I EAZIT, 152]M R
G AR, TR Tame e AR I (B
Tabte Turigger) ARSI DS Xinins  FRGEIS 1H] h=h+Xpnin
2D~ AN TR S Tirigger H T A2
TR R ERQ2).

3 HREIFIR

B X AL T PYAEHDC, S ST TR
R DCo B AR, RS, R AR
HERES 173 Al AU . SURIRSE, geid A
UM, H AT L0 1050 J7 i,
R iy 2 BATHRAEREIE . WO HURS AR iR
B FRIRAE . AT DR 2t b, AT
TR, RIERR, ARG S . 0
EAREERIRBETT R, A7 X L A A B R
o JLAATLY S R AR AR 1) BUIE o S Y o i H.
AR, BRI R KRR -
AR GBI FE LA X O 15 55, W R I R i B i 2
ASPRBERBIR ] L FE T RE (18 5205 S REAT T B 03
s JF TGS BEHSE K] SPN B

s
JepR

3 o,' L] t5
T E R By 2
HALER AT &

JRIK A

ARG HAR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

3.1 M 55¥

FIHT SPN 04 X A A5 A5 fe 99 Al RE AT 2
12, £3 2L RG9S FE 5 SPN AL ANIE] 6 P
A BT SR SO S 73l B 3 1 MR 2
FioR, BERHUS T H . &2 % 0 j RS
SN NI SE SIS S R WL TP IVA AN N E i
FIEBUE. S IRSEPTRPRSE R L 3 Pr
7Ro 3 W G(p) &R RPERT pi £ h I 2 PR
h s BT p M EOFPIRASE R M I Z1, x4 p;
X RTARAR T Fred (I BEALIN TR), 7 5 — eSS
FEBIE, BEANRILIE SO 2l ss e —
SEBIEAEARZESI T 10))5, AR A TBR
BN, HIESs R, NTBERHRABL .
HI T SEbr i AARME R RE RS, AT LA A2 BE AL
ITE x N, BRBEEPIRSERIFAL . Yiabrd
AN O 1R P2 BT G E B AT U IR A A 7 EE S 5
N BVEFT ARSI AE IR 4 Pros. &%
Pt CEAEK 6 ARl B, py &t 5k
FFRK &, P2 Par Pa AEERT, WA KRR, ps
RN POKACE, 4545,

SRR

V|:|4
L

TR G AR

WA (T ( (7Y BAne

\
%4 % P P’

Py
Wﬁﬁﬁﬁ%%;‘;

Ko — AR DX AP ESS B vH 5 SPN A Y

Fig. 6 A simplified SPN model to calculate ecological environment vulnerability in mining area

http: // www.china-simulation.com
© 1792«

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/21
DOI: 10.16182/j.issn1004731x.joss.201805021



Huang et al.: Application of Stochastic Petri-net in Dynamic Evaluation of Ecol

Published by Journal of System Simulation, 2018

5530 &5 5 3 Vol. 30 No. 5
2018 4F 5 BOGER, & §T ARG B ST BEHL Petri 9 7772 May, 2018
x 1 HEFHIRAL K3 BBERREETIIRES (£
Tab. 1 Units of places Tab. 3  State value function of repair state places
JE L2 VBT RS E R
P t Gh(pu) ~
P2 0" Gu(m)= GR) ’IFG"(HI)/T,i=1214,15,r:10
Ps 0 IFG(p,)<z
P4 13 - Gh+x(p13):Gh(p13)
Ps t
2
Po m R4 FBETT IR
P7 11<(m Tab. 4 Initial state values of initial places
E*‘ o i fii i fii
9
Pro km> P Go (p1)=200 P1a Go (p13)=5
P [0,00) P12 Go (p1)=3 Pis Gy (P14)=10
P12 Fit P13 Gy (p11)=0.2
P13 km
P14 Jiot 3.2 %%ﬁﬁ
= 2 WP 6 19 SPN BARL, WT bLAHE] 5 B g
x2 KSEINE MC, Wl 7 P, Hpdbag 29 ASnlistril, gkss
Tab. 2 Measured values of parameters IS0 6 N AT S35 52 i 1 % . & kR T4
S X 1K —
@ AN Ay 3
12, t, 0T S FEIR I i) 0.001 [ FAEFERT EPE?” it @% 5 PR B ‘
1/ 2 t, (PS4SR N 5] 20 [ M AR, ARG X ARSNGB T
Vi GHTERE 60 I1 4 SPN B IRGE ISR 00 : P(M,)=0,
VA b PGSR R B R il P(M,)=00556, P(M,)=0.0119, P(M,)=00121,
1/2s ts 1191 S AE IR I T3] 30 H
Ve te P T ] 100 [ P(M,)=0.0419, P( ) 0.0020, P(M6) 0.0057,
/2 ty [RS4SR I ] 90 H P( ;)=0.0213, P( §)=0.0018, P(Mg) 0.0219,
/23 ts (1P SR I ) 0.001 I P(MIO) 0.0414, P(M,;)=0.0016, P(M,,)=0.0068,
1(/:19 b Eﬁf{iﬁ%&ﬂg'ﬂ 0'200011( H P(M;;)=0.0014, P(M,;)=00185, P(M,5)=0.0501,
8 TFUTIRAIE m
Co PPN B UE(E 4000 m? P(Mlé) 0.0062, P(Mn) 0.0529, P( ) 0.0006,
Cuo PR FRIE(E 80 km? P(M,y)=0.0093, P(M,,)=0.0467, P(M,,)=0.0082,
H P 00(1)3t/t P(M,,)=0.1105, P(M23)=O.0440, P(M,,)=0.0065 ,
yZ2%)3 7, N . _ _ _
a1 KB R EL 0.4t/ 70 P(M 25)_0'2312 " P(M%):O'DOO ’ P(M”)_O;
15 R WAL R B 0.001 m/t P(My)=0. WLLEZR], FRIAM,M,, My IIEEE
2k % 2 5 - - i NI, -
g WEEIELSA s 5 %w:%ﬁmﬁ WAL UL i
Mss MR ERAE . t .
Heg IRBATIAR AR A R 5L 0.01 m* m? :/\*TUQEPT{/H:‘% M ARGEIEIX 3 iR e
He 14 IRFAHE PR R 2L 500 m*/ Ji 7t iR TE) BT 0,
s He ¥ 2 2
”7 ;ﬁ%{iii 08 k' ke - S G AR TR Mg, TR
Hs8 MR
Lo WAL 2K 5 MC FaSER A TR HASSM SRR 0, X2&H
3,10 B R A TM RS ilZ*/ﬁinE‘JLJBWIﬂ%J&T 0 &
o R RB#S 20000 HIF] MC PRIALIEYE, (ESTRRP AT fE A

http: // www.china-simulation.com

* 1793 »



Journal of System Simulation, Vol. 30 [2018], Iss. 5, Art. 21

$30 B 5 M
2018 4F'5 H

i RIS 0 bR, e — MR
SR, N AT RINZARRR_E M RR
PSR Wy 2 MRRBA R, I AR
SHERAE NN ZMARR SR R, 42 XA
B, T AR Mas IR BRI P (M)
P'(My) =P'(My;) = P(Myy) + P(My5) + P(My) =0.427 7
CLH BT AT, THE 500 0 H P9 X AE S FREE MfE
59 A ARG DL o BEIEAT — RBUSE S, 7T LAAS

RGN AR

Journal of System Simulation

Vol. 30 No. 5
May, 2018

B Me g9 FEE- I REA R e, AR Herh— s
AT 45 R I 55 B AL e el ] 8 B o it
BEAT 1 000 JAEAUSES:, W LAAFE] 1000 SAEA
2o XHi(i=1,2,--,1000) FFEA ML 5 000
H oA ME 95 B 1 2 M avg; » MR 48 & 5K
vul = >"avg; /1000 AT LURAFFEA I (B vul=8.549 3,
DU AE DA 20 XA S TSR a2k 3 e AR A I M 59
FEAEMTIIE, HZ (s IR 0.427 7.

7 4 SPN [I#4f) MC
Fig. 7 MC isomorphic to SPN

K5 BARPUNFL AL P K 7304

Tab. 5 Distribution of tokens under different markings
bR FEEPHEEDT | iR FEH e
Mo P P12 P13 Pis Pis Mis PsP; Ps Pi2 Pis Py Bis
M, PoPsPs PPy PP Mis  PuPsPyPiPisPiaPss
M, P, P B 12 Prs Py i M, Py Ps Ps Pi2 P13 Pua Bis
M; P, P4 Ps P2 Pis Prs Bis Mis P, Py Pio Prz Pis Pra Pis
M, P P4 Ps P2 Pz P Pis Mig Ps Ps Pio Pz P Pua Pis
Ms P, P:Pio Pz P Pia Pis Mz Ps B Pio P2 Pis Pus Pis
Mg P, Ps P; P2 Pis Py Bis My, PsP; Py Pia Pi3 P Pis
My PsPsPPuPisPuPis | M2 PsP7 Py P2 Py P Pis
Mg P, PPy Py, P13 Py Pis Mo; P4 Ps Py P2 Pr3 Pus Pis
My P4 PsPs P2 Pis Pia Pis Moy Ps Py Pio iz Pis Pia Bis
Mo PsPs P, P2 Pis P Pis Ms Ps P Pro P2 P P Pis
M P, Ps Pio P2 Py Pra Pis Mg Py Py Py P2 Pis Pa Pis
M, PsPsPio P2 Pis Pra Pis My, PP Pio P2 Pis Pra Pis
Mis PP RPaPsPuPs | Mag PiiPia Py Pis Pis
M4 Ps P P; Pip Pis Py Pis

95 AR

0
0 1000 2000 3000 4000 5000
I/ H

K8 HUCAT I 55 FEAZ A i £ &
Fig. 8 Vulnerability curve graph obtained from one certain
operation

4 SR

ARSI T BEHL Petri PIAER"IX A= IR 55
PSSV R EIN o o T4 SPN BEIEH] HAES R
GEMIEERE, X SPN A A T A2 tk, (HIF

http: // www.china-simulation.com

« 1794 -

https://dc-china-simulation.researchcommons.org/journal/vol30/iss5/21

DOI: 10.16182/j.issn1004731x.joss.201805021



Huang et al.: Application of Stochastic Petri-net in Dynamic Evaluation of Ecol

5530 55 5
2018 4F 5 H

FOLRK, 55§D BB VN (KIBEHL Petri 19757

Vol. 30 No. 5
May, 2018

B BAZ SPN (1585 # R ITAke il 7 1 IR
s BERARSEMREERE, Jrath TIX=RE
R Rt S5k R Nfass IR TSR 2 R 48
fsfrid i, g5t T SPN fEss B k. A
HY SPN 5 Ly JRBFRBEI R OC R, W] L2575
HATEFRRIAR S . RBIBT R T — Mtk
(IR DX RS IABEE 98 B VH5E SPN B, JF224fl T 5
FCFRIR ) By /R BEREE, VLT 2 SRR I ZR e 59
JEAR L2 4% PTIEAR ARG AR, 7981 1 e 55 X7
DA P2 BRSNS IE 7 A S ik
MR SPN B BERE LS R G0 M BEHLAE IR i
ABIRAR, FRRER AR B IR H 1B R
FEEDOHARDL K, T U TG X A A BT 5
& BATH XS RGNERE I I IR S 5%

SRR :

(11 #ikE. EY P 2IEPUR S N M), RS A5
T4, 2010, 46(12): 70.
Yang Shen-sheng. Current Situation and Countermeasures
of Mineral in  China[J].
Technology Innovation Herald, 2010, 46(12): 70.

[2] Liao Xueqin, Li Wei, Hou Jinxiang. Application of GIS
Based

Environmental Impact Assessment of Master Plan of

Resources Science and

Ecological ~ Vulnerability = Evaluation in
Coal Mining Area[J]. Procedia Environmental Sciences
(S1878-0296), 2013, 18(7): 271-276.

[3] Jorge

Environmental analysis of mining operations: Dynamic

Castilla-Gomez, Juan Herrera-Herbert.
tools for impact assessment[J]. Minerals Engineering
(S0892-6875), 2015, 76(6): 87-96.

[4] Thomas A Okey, Selina Agbayani, Hussein M Alidina.
Mapping ecological vulnerability to recent climate
change in Canada's Pacific marine ecosystems[J]. Ocean
& Coastal Management (S0964-5691), 2015, 106(7):
35-48.

[5] Liem T Tran, Robert V O'Neill, Elizabeth R Smith. A
watershed-based method for environmental vulnerability
assessment with a case study of the Mid-Atlantic
region[J]. Environmental Impact Assessment Review
(S0195-9255), 2012, 34(8): 58-64.

[6] S Nandy, C Singh, K K Das, et al. Environmental
vulnerability assessment of eco-development zone of
Great Himalayan National Park, Himachal Pradesh,
India[J]. Ecological Indicators (S1470-160X), 2015,

[10]

[11]

[12]

[13]

[14]

57(6): 182-195.
AR, RN, 2. FET RS R I AR
58 VPP — LA MR 1L T D I [0]. BRI,
2012, 31(12): 3213-3220.

WU lJian-sheng, ZONG Min-li, PENG Jian. Assessment
of Mining Area’s Ecological Vulnerability Based on
Landscape Pattern: A Case Study of Liaoyuan in Jilin
Province of Northeast China[J]. Chinese Journal of
Ecology, 2012, 31(12): 3213-3220.

bR, BUH=E, R, 55 4 X ASIREEESY PP
Wr— LA g 44 8 2 B E AR A B[], 2 Rk R
222006, 34(24): 6565-6567.

FU Biao, ZHU Guilan, KANG Yuanyang, et al.
Investigation  of  the

Ecological  Environment

Vulnerability Assessment in Environment Impact
Assessment of Mine[J]. Journal of Anhui Agri. Sci.
2006, 34(24): 6565- 6567.

RS, )T 4, WM. R ORI AR A RGN 5 T VR
JHEmE ] o E N B S A B, 2003, 13(4):
35-39.

LIU Ping, TANG Wan-jin, HU Dan. Study on Estimate
Measure of Vulnerable Ecosystem in Opencast Cocal
Mine[J]. China Population, Resources and Environment,
2003, 13(4): 35-39.

Huaiyong Shao, Xiaofei Sun, Haoxue Wang, et al. A
method to the impact assessment of the returning grazing
land to grassland project on regional eco-environmental
vulnerability[J].
Review (S0195-9255), 2016, 56(8): 155-167.

Jing Shen, Hongwei Lu, Yang Zhang, et al. Vulnerability

Environmental Impact Assessment

assessment of urban ecosystems driven by water
resources, human health and atmospheric environment[J].
Journal of Hydrology (S0022-1694), 2016, 536(5):
457-470.

Guoba Song, Yu Chen, Meirong Tian, et al. The
Ecological Vulnerability Evaluation in Southwestern
Mountain Region of China Based on GIS and AHP
Method[J].
(S1878-0296), 2010, 2(3): 465-475.

BHLES, (T, WK, 5. RS RG99 T
Mok, HEEFARE, 2007, 26(5): 754-758.

ZHAO Yan-xia, HE Lei, LIU Shou-dong, et al
Evaluation Method of Agro-ecosystem Vulnerability[J].
Chinese Journal of Ecology, 2007, 26(5): 754 -758.
R BENL Petri PIFIRGMEREPEANM]: Jb5T: T4
K2 B, 2005.

Lin Chuang. Stochastic Petri-net and Evaluation of

Procedia Environmental Sciences

System Behaviors[M]. Beijing: Tsinghua University
Press, 2005.

http: // www.china-simulation.com

* 1795«

Published by Journal of System Simulation, 2018



	Application of Stochastic Petri-net in Dynamic Evaluation of Ecological Environmental Vulnerability in Mining Area
	Application of Stochastic Petri-net in Dynamic Evaluation of Ecological Environmental Vulnerability in Mining Area
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/uQxl_FyJVq/tmp.1688107323.pdf.O3llt

