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Tab. 1 Emergency task set
1% EAS LI FEUfR I 1) S5 TR ) 2R RIEN R
Tl 110 $5%% YA 2016-10-09 13:50:00 2016-10-09 13:52:00
T2 4k Lk N 2016-10-09 13:53:00 2016-10-09 13:55:00 {M:}
T3 fawias:/N 7] N 2016-10-09 13:55:00 2016-10-09 14:05:00
T4 PNUAT i N 2016-10-09 14:05:00 2016-10-09 14:20:00
TS5 BB A 2016-10-09 14:20:00 2016-10-09 14:30:00
T6 W AR IIE N 2016-10-09 14:35:00 2016-10-09 16:15:00 {M7}
T7 EHITHEA ARy 2016-10-09 17:15:00 2016-10-09 20:15:00
T8 EIBUEEN ARy 2016-10-10 08:30:00 2016-10-10 09:30:00
T9 JAL N N NESTI) 2016-10-09 14:00:00 2016-10-09 14:05:00 {M:}
T10 il g AL BT % DAST) 2016-10-09 14:05:00 2016-10-09 14:15:00 {M>}
Ti1 JEEINA=WIES NE=YAN 2016-10-09 14:15:00 2016-10-09 16:15:00
TI2 TRV E A B NAST) 2016-10-09 16:15:00 2016-10-09 20:30:00 {Ms, Mg, M7}
Ti13 L SLSUESA NE=YAN 2016-10-10 08:30:00 2016-10-10 09:30:00
T14 119 % 7 R 2016-10-09 13:51:00 2016-10-09 13:52:00
Ti15 JEEER I 7 R 2016-10-09 13:55:00 2016-10-09 14:05:00
T16 Eibe2CRE PN HBi )R 2016-10-09 14:05:00 2016-10-09 14:55:00 { M3}
T17 R Ak E TH B )= 2016-10-09 15:05:00 2016-10-09 16:15:00
T18 L SUSUESA 7R 2016-10-10 08:30:00 2016-10-10 09:30:00
T19 EE LT AR 2016-10-09 14:15:00 2016-10-09 14:25:00 {M-}
T20 il Boif 7 % T 2016-10-09 15:00:00 2016-10-09 15:20:00 {Ms3}
T21 N REIGYY T 2016-10-09 15:20:00 2016-10-09 16:00:00 {M4}
T22 AT PA SR 2016-10-09 16:05:00 2016-10-09 16:15:00 {Ms}
T23 L SLSUESA BAR 2016-10-10 08:30:00 2016-10-10 09:30:00
T24 LI B2 NCI! 2016-10-09 14:20:00 2016-10-09 14:30:00 {M>}
T25 AR IREE SRV R 2016-10-09 14:30:00 2016-10-09 15:00:00
T26 N BRI MR 2016-10-09 15:05:00 2016-10-09 15:10:00 {My}
T27 CROIEE AN NI 2016-10-09 15:30:00 2016-10-09 16:10:00 { Mg}
T28 E LBk SN R 2016-10-10 08:30:00 2016-10-10 09:30:00
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& (RunningLogs) J&— R UMM LS, JlIziT H &
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EX 13 W RLogs /& A5 4 U0 2ol 55 i
e T H &, X T V Case; € RLogs, M Fx
4E & TaskSet(Case;) = {T)|3Task € Case;, L H
{1:4 Task = (T}, 0, TS, TE, MessReq, MessSent),
1 < k < |Case|} N REOIAEFZES, WKES

TaskSet(RLogs)= . TaskSet(Case;) NIEAT
ase; € 0gs
HEAESES .

EX 14 % RLogs & — M AN 20k 55 1T
TP A AT HAE, X 71217 H & RLogs "R
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55, WA T, < Tj; MR T, < T;, BAFAEATSS Ty,
/T < T 5T, < T; AL, WFR T, 52 T; 1) —
MNEERTS R T; 2 T; — D EERTIKAESS),
Wl T, < Tjo
EX 15 45 T, - PostSet = {T}|T; < T;} &
MAES T, K EAR G TSRS .
3.1 ALRAERFIIEEZE
5 FHP JE T8 B PE BT ) Petri Y 52284 35 7R 20 21
IR 25 T FRARAY, BA I R A Uy ik 1014 R
LB T2 P9 3 1Rl 55 3ok R A AR 45 4, 75 AR
Ji& MWF Net #8455 Bk — 454, 45 OB
PRI TT I RAZ IR LA FB (ML 55 R o A2 4
HEIAN B MWF Net B8 1, ASCE 645 5
Z B (Case) HIIMESS T W E G AT S5 R G T
e
B35 1 USR] (Case) HHITES T WEBG
PATS4EA T - PostSeto
N (T, T, - TS, T; - TE)(1 < i < |Casel)
it T; - PostSet
Step1 Fori = 1 to |Case| do
T; - PostSet «— &
For j = 1 to |Case| do
IfT;,-TE<T,;-TSdo
T; - PostSet «— T; - PostSet U {T} }
End if
End for
End for
Step 2 For each T); € T; - PostSet do
For each T}, € T} - PostSet do
T; - PostSet « T; - PostSet — {T}}
End for
End for
Step 3 Return 7T; - PostSet
b, PIR 1 ST S (Case) THIREAMES T,
(15 4kAT-55, 15964 T, - PostSet 2%, Ak i [J1 ZE 451
(Case) M IIBREMESS T;, MR T, - TE < T - TS,
WK AR 25 T, N 2 T, - PostSet; 42 8§ 2, %F T
VT; € T, - PostSet, ¥ T; K Ja 44T 55 82 5 1 B9 P
HAES5 M T; - PostSet kR, S prgde& R0 T,
(LG AT 5546 G IR 3, IR [H] T; - PostSet .
AL T I TR B R EAE TR R 1, b
KD 1 2% 0 O(|Case|?), IUILEE 1 I

(A5 80 O(|Casel?).
DA 1 v 22 JRy AT 55 5 8, A 3005 1
LM BNEE 2 st B R 4RME 545 .

K2 NRHESIHEF SRS

Tab.2 Direct successor task set of public security bureau

Task MessReq MessSent PostSet
Ty {T»}
17 {Mi} {75}
15 {Tu}
T {T5}
Ts {T6}
Ts {M7} {T7}
T {Ts}
Ts &

W EE 1132847 H S IR R OS5
BB G AR AT S5 5, AT DU IS0 2 424 41 21
PR IK MWF_Net $0, B AR e T
Bk 2 124120 R MWE Net 2,
f\: (T;, T; - PostSet, T; - MessReq, T; - Sent)
i t: MWF Net= (P, T; F, M)
Step1 P, «— @, Py «— @T «— T U{T;},
(1 <1< |Casel), F«— &, My — &,
Step 2 ForeachT; € T do
If T; - MessSent # @ do
Py «— Py UT; - MessSent
F — FU{(T;, P)|P € T; - MessSent }
End if
If T; - MessReq # @ do
Py — Py UT; - MessReq
F — FU{(P,T;)|P € T; - MessReq}
End if
End for
Step 3  For any two tasks T;,7; € T'do
If T; € T; - PostSet do
Py, — PLU{P;}
F — FU{(T;, P;), (P, Ty)}
End if
End for
Step 4 For each place p € P do
If p=psdo
My(p) — 1
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Else WoN: 2 MR pEAEE S 32417 H & RLog,
My(p) <0 1 RLog,
End if i 2 AN R B MWEF Net, o
End for Stepl P, — O.Py «— 3, T «— O, F «— &,

Step 5 Return MWF Net= (P, T; F, M)

Horp, BB 1 SRS WA A4 23 MWF Net
T, JP IR 2, #5 MessSent # @ B MessReq # @, N
¥ Py ION T, W0 BAES, JF8n T, 50 B
PR ok & B8] 3, X+ V1, T; € T, ik
T; € T; - PostSet, WKt Py A Py, IFH 10
MKFR (T;, Pyy), (Py, T;); 4, 0T Vp e P, tnk
p REIHIRPEDT, WHE Mo(p) 29 1, 5 W'HE Mo(p) H 0;
IR 5, R [E] AN 2L B ) MWE _Net £

Ok 2 W ) S 2% B R B TD 0K 3, &0 M
HUPER 3 B R 2N O(|T)?), BRI EE 2 B
AR O(T)?).

¥ 2 th A RIS ML HE R M5 4R
VRSB 2 i, BVe 13 20 1 Fros i a2 R W
)R Bl 55 ok R ABE AR, HC e A I [ 7 ¥ B

BT e Jm B gl 55 g A

Fig. 1 Emergency business process model of public security

bureau
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N T A3 B0 A 2 R] P[RR, 5 T g A B A
MAZIe T Hi& . % RLog; Fl RLog; 73 il & 4148
O, F10, W17 H ik, AFR4 5 2 M4 T, € RLog,
M T; € RLog;, MR L AL —:

(1) T; - MessReq N'T}; - MessSent # &;

(2) T} - MessSent N1} - MessReq # @;

(3) T} - MessReq N T} - MessReq # @;

DT, - TS=T, TSNT, TE=T; - TE,

WPRAE S5 T, A1 T, AR B AR B iz AT HAE P,
PR EATTNIZAT H & IR o

BiE3 AL\ R

My +— &
Step 2 For i =1 to |Case;| do
For j = 1 to |Casez| do
IfT, TS =T, TS and
T,-TE =T, -TE do
T < 1T;
T—TUT;
End if
If T; - MessReq N T - MessSent # @ do
Py — Py U (T, - MessRegN
T; - MessSent)T «— T UT; UT;
F— FU{(Tj,p), (p,T;)|
p € T; - MessReq N T - MessSent }
End if
If T; - MessSent N T); - MessReq # @ do
Py Py U (T - MessSent N T
MessReq)
T—TUT;UT;
F e FU{(Tup), (T
p € T; - MessSent N T - MessReq}
End if
If T; - MessReq N T} - MessReq # @& do
Py — Py U (T - MessRegN
T; - MessReq)
T —TUT;UT;
F e FU{(pT), (T
p € T; - MessReq N T - MessReq}
End if
End for
End for
Step 3 For each place p € P do
If p=p,do
My(p) <1
Else
My(p) < 0
End if
End for
Step 5 Return MWF _Net;,
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Horp, BB ST IR AAS [F] 241 23 18] 1) P 7]
RS, S0 BR 2 f ki )7 RLogy W IWAE 45 T;, VT €
RLog,, Wk T;- 7S =T;-TS H.T,-TE = T;-TE, N
T, FT; RIREAESS, &5 T, T, % T, MAEES T
o S T - MessReq N T - MessSent # @, LK EAT]
AR MALES P b, JREINGER (T, p), (0, Th);
WH T, - MessSent N T} - MessReq # @, WK AT
A IMALES P, 8RR R (Th,p), (p, T));
Wk T, - MessReq N T; - MessReq # @, WA & 1]
MAZEIMANES P, IEINR R R (0, 1), (p, T));
IR 3N T Vp € P, R p &FFEREET, WIE Mo (p)
1, NE Mo(p) R 0; A58 4 3z [l 20 28 1) P ) 46
7 MWF _Net;.

S 3 I S8 B A TR 2, &0
FIPIR 2 R 4% N O(|Case, | - |Cases]), RIS
3 IR 2% O(]Casey| - |Cases]) o

A 2R 5 N B IR AT H&, RN EE 3
(R4, 1S 2 s 6 i R R A

2 NS NI R
Fig. 2 Cooperative model of public security bureau and
emergency office

3.3 BHAN 2 E I RREIZE

HEZIR) A ML 55 i R R IR T 22N AT 55
(RIBAT 175190, 20 23 8] FR) By [R] i AR AL ik T AN [R) 4
L A B VRS O, AF 2 20 2N I 25 o AR A 2
N 23 (0] Bp [R] i FEASE B HAN B UL I Jse e 2H 2R
G5 R R A JRPAT 1 0, DRI G 7 K A 2R A b 45 ik
PRI A 2R ) Py [ Jk R ASE 20 AT 4R A, LAAS 314
JRE A LN ok 25 T PR AR

x4 Sl ppiaE,

VN O < R QN S I A A U i
MWPF _Net; (1 < i < n), PIPIZLZR[] ¥ ) A 5L 1Y

Hr: SR N S0k &5 i P MWE _Net

Stepl P+— o, T— O, F«— @, My — O,
Step2 Fori:=1tondo
For j =1tondo
Ifi # j do
P, — P, UP;UP;
T, —T;UT; UT
F, — F,UF; UF;
Mo; «— Mo; U Mo; U Mo
End if
End for
P—PUP,
T—TUT;
F— FUF,
My — My U My,
End for
Step3 Fori:=1tondo
Moi(psi) < 1
End for

Step4 Return MWF _Net

Horp, IR 1 ST M AR AL S A 2NN Tk 55
FERRL; SD 3R 2 %) T V MWF Net;, MWF Net;, ©5J
MWF _Net;, MWF_Net; 5 MWF_Net;;, B 7] 43 ] 2
AU i A N Blb 55 1 BB, AR o) I
2 MR LN Bk 55 1 BB A5 T, BRI 45
B4 Jry s N @b 45 il BRSSP B 3 0 TR
HELNIFFHIG T Py MZ5 K EEPT Py, ¥ A4
W6 E BT AR IR N 15 AP 3R 4 3R [l 5 41 21
JRI Bk 25 1 FE AR MWE Net.

VL 4 IR R 2% T E A T DR 2, &0 K
KL UR 2 IR N O(n?), NILEVE 4 (A &
BPEH O(n?), Hoh n FoRdH LU

LEE AR NAAT TR NG 15 G A N SRR 1 5
ANZH LR A D 55 3ok RS TR R A AT 2 ] Py 0 [ o R A
A, RIRT A3 30 B 3 Jr o 1) 5 21 234 Ry N @l 45 i
FEfs sy,

4 IRBUIF B UE

X HURE 4 s L O S0l 55 3 R F) A
SE S, LR Petri 19 24 25 (100 56 UE T 425 4 1) %5 20
ZUN Sl 55 1 BRI AL A M T o £ESCHR [16]
., Aalst 245 YT AR R R E A S | B



224 i T TR ER

2017 4 3 34 %

3 EEAZUN Bk S R

Fig. 3 Cross-organizational emergency business process model
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Fig. 4 The finished cross - organizational emergency business process model

5 45 iE

R TR B VR A A T 5 R

ATl s B ot i D T A TRV VS B €7 ou S
BN S IREEATAE I AN AL, Wi cheidh I SRR R,
L G A Bl R A, S N SRR AT R . A



3

W2, RV B RN 2055 F 59 225

SO s AU SOl 55 R SN HEAT o3 B, B T —
Toft it 2 SN Gl 5 L RS U . T e SO 4141
155 B OG-, 1 5 15 2 2 1R) B [ 3 A AT U 356
W 4 RV L PITIK Petri [ A5 SR A AR 5 4 £ 221
b 55 R RRAR A, EAT 55 IR0 AN R A e i Sk Ak L, 42
3 85 2L 2P [ b 55 e RE AR AR, ASSC (R BT D ik e st
T ZU P M 55 e R AR Y 425 4im A0 20 233 18] by ) i R 23
FEPR SR, R A3 2142 R i AL 20 S0l 55
SUR L S

N I ARG 5 L EUT 55 RN R B DG R ik
P9 R, WORHEIAT 55 1) I 47 LR A BTG 5255
i SCREAT AT ST, LA B o UE 425 48 RO A 20 5 757 04 e DAL A
i,

S :

[1] AALST W M P V D, SCHONENBERG M H, SONG M.
Time prediction based on process mining [J]. Information
Systems, 2011, 36(2): 450-475.

[21 AALST W M P V D. Process mining: Discovery, confor-
mance and enhancement of business processes [M]. Berlin,
Heidelberg: Springer-Verlag, 2011.

[3] AALST W V D, ADRIANSYAH A, MEDEIROS A, et
al. Process mining manifesto [C]// International Confer-
ence on Business Process Management. Berlin, Heidel-
berg: Springer-Verlag, 2011: 169-194.

[4] CLAESJ, POELS G. Merging event logs for process min-
ing: A rule based merging method and rule suggestion
algorithm [J]. Expert Systems with Applications, 2014,
41(16): 7291-7306.

[S1 ZENG Q, SUN S X, DUAN H, et al. Cross-organizational
collaborative workflow mining from a multi-source log [J].
Decision Support Systems, 2013, 54(3): 1280-1301.

(6]  XUHE. 5 L0L SRR 2 4 M B AL DRI TTVENT 9T (D).
2R INARBHCR A, 2015.

[717 BUISJC A M, DONGEN B F V, AALSTWMPV

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

D. Towards cross-organizational process mining in collec-
tions of process models and their executions [J]. Business
Process Management Workshops-bpm International Work-
shops, 2015, 100: 2-13.

BUIDSJC AM, DONGEN B F V, AALSTWM P V
D. Mining configurable process models from collections
of event logs [M] . Berlin, Heidelberg: Springer-Verlag,
2013.

RYTHE. Petri 318 [M]. Jbat: HUBL LV HRAL, 2006.
WENL J, AALSTW M P V D, WANG J M, et al. Mining
process models with non-free-choice constructs [J]. Data
Mining and Knowledge Discovery, 2007, 15(2): 145-180.
WENTER AJM M, AALST W M P V D. Process mining
with the heuristics miner-algorithm [R]. Eindhoven: Eind-
hoven University of Technology, 2006.

BRATOSIN C, SIDOROVA N, AALST W V D. Discov-
ering process models with genetic algorithms using sam-
pling [C]//BERLIN S-V. KES’10 Proceedings of the 14th
International Conference on Knowledge-based and Intelli-
gent Information and Engineering Systems. Cardiff, UK:
Cardiff, 2010: 41-50.

BERGENTHUM R, DESEL J, LORENZ R, et al. Pro-
cess mining based on regions of languages [C]// ALONSO
G,ZURICH E. BPM’07 Proceedings of the 5th Inter-
national Conference on Business Process Management.
Berlin, Heidelberg: Springer-Verlag, 2007: 375-383.
SONG M, GUNTHER C W, AALST WM P V D. Trace
clustering in process mining [M]. Berlin, Heidelberg: Po-
litecnico di Milano, 2008.

DINGLE N J, KNOTTENBELT W J, SUTO T. Pipe2: A
tool for the performance evaluation of generalised stochas-
tic Petri Nets [J]. Acm Sigmetrics Performance Evaluation
Review, 2009, 36(4): 34-39.

AALST W M P V D. The application of Petri nets to
workflow management [J]. Journal of Circuits Systems and
Computers, 1998, 8(1): 21-66.

Cross-organizational Emergency Business Process Mining
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(1. School of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics,

Nanjing 210016, China; 2. School of Computer and Information Engineering,
Shanghai Polytechnic University, Shanghai 201209, China)

Abstract: The case of cross-organizational emergency business process was firstly analyzed, and the formal definition of cross-organizational

task was given. At the same time, the cooperative relationship between cross-organizational tasks was defined. The cooperative model
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between different organizations based on the cooperative relationship among inter-organizational tasks was defined. Then, the cross-
organizational emergency business process model was described by using the extended Petri net model. The mining algorithms of the
intra-business process model and the inter-organizational collaborative process model were given. Finally, the internal business process
model and the inter-organizational collaborative process model of different organizations are merged through the model integration al-
gorithm to obtain the global cross-organizational emergency business process model. The platform independent petri net editor (PIPE)
was applied to support the soundness of the cross-organizational emergency business process model.

Keywords: cross-organization; emergency; collaborative model; petri net; business process
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