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Business Process Modeling with Geospatial Constraints
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Abstract: This paper introduces a methodology towards enabling business process modeling with geographic and geospatial information.
First, a comprehensive framework of geospatial constraints, formulated as a UML-based semantic model, is proposed. Next, a business
process modeling language (LAWF-net) is designed to combine traditional control-flow constructs with the aforementioned geospatial
constraints. To enable the execution of such models, a mapping to Coloured Petri Nets (CPN) is formulated. The proposed approach is
implemented in the form of a CPN tool extension, and a case study is presented to show that the new approach is feasible in practice and
can be combined and integrated with existing GIS systems.
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Fig.1 Geospatial information in the levels of context data
K1 5 (A A OG0 B Sl i

AN

o SEMI BN SCH R AN TAR G HC SRR R R SO BT R A% R 10 K Rk B B ) £ S
A SRR B A A OS2 U LT S £ R AR M O O A N SR M S B AE T AR
RN R AR SR XRAT L AT 5555 T A MR B 000 W, AN VR WU AR 1), Ll S 2R 2 SUHLAA 1 3
v ALSSRAT B RAE

o ALUIRETHR )R S AN A A T 7 DUIDE AR B T M B M B 2 R B OR R

o AMESIRIE A JE 0 B T B 4 (R FK) AR IR R A AR A B R e, B R T AR
SO HE B 5 L R A LG 3T () T ARSI AT b SO s g 3 A i L DDA O 00 A
R A G FA i K R A D P A A BT L AR 1 e AT I 2 TR A AR — FURE 2
I W, T L 5032 A f) A 33 AT R, A EL 3 1 (R A S

12 IR E SHE=EER

SR v: R VAT AT D PRy AR RE R ket L1 RS R A UPORA LY ANE DA S LR L e L Kl S e MNP S R A &
B sl H 5 H A F bR 2 R)AH B AR FH A 028 1RO SO JEL b 3 2 R A SR 0 A 2 R 3R R T DG R L I K R BA
O R I R A A B S R 2 T O 3R (A R B AR (2R) . R R 2 LB 5E).

T AR AE R) H ART 3, 3 SERAE K R LA A5 S AR sl R LA A5 SR A A A B e 1) LA K

© PERREERSMROT  httpy/ www. jos. org. cn



KBS ST Y R LSRRG R 587

JEE™ 00 TR UART A JE 0 A < FRAC™ o <RI B AN [ FRORE B2 5 1), i e THT AT AR A A 48t L - K LR A1) UG
N (HRLRE) R £ AE /N B R B0 1 CREDRE P2 ) vl L DL i 3R 5 T 4004 J82 I 6 T, BV 7 4101 2 DA HEURE B2 ) 2k, tha T
REHHI A 5.

TP AN DAL 2 1) A, ah T RA 220 80 8 AT T PR A T b G 3R, T AR IR R 2 1) PR A R A3 R A 0 G 3R
HARRHNROAFEA N 20 bR a2 T2 A48 Rk, &SRR GIWA T B AL, CAT D
FRY DAY 1 45 5 i DI R4 4 DG R R D7 VA DU AZ SUREAY L Ju A OB, AT Voronoi &1 VOI #5%, RCC LAY
2 AR R A At 21,

XF TS SR S ) H bR 2 1] FR) 5% 2R, WU 28 B 2 () ds S A B, A R A TG o B 5 M B A L. T
P 1 1] PR B R B A, 7 79 - TR PR DR P A S 2 A A0 5 o SR 7 2 TR ) e /D B B VR FE (I T g it
R d S5 ) S TR A L LA by — ol AR 8 25 5, 2 5 ) 30 2 ) £ 6L F £

T AP A T, b PR R SCRT B A i A A5 B B 245 R P S T

o A EIR AL M AR SN BE I R LR PR AR A T A SN W AN AR (U FE ML 0 AN A AT IR 2 4 )

P ik i) B 2 i 45 B
o BN B BEAE I )L R A AR AT AR AL ) A5 R, B I A0 2 A 3 iy ade i g AR R 100 (P 2
TF1) 0 S0 5 ) i ™ 22 38 £ i A A 5 AN [RDRL B 23 ) 1 1R 40 M5 R R B AL AE
1.3 SRz AR o Ay B AR b 38 == 8] X &

YA O 1k AT W R 3 B [ B A v ZH AR B0 T 00 2 vt LA Rt R T T O AR 6 3 I 4% ) 45 R AR HE TR 1
JECHh 3 7 (] 56 S (OG C) A E BrAr HE AL ZH 2R (1ISO)BE AR Z5 i1 25 211(TC211).0GC [ 1994 4F i ar LAk, i P14 8
I 400 ZARNE . BURFERT] S WFSCALZAAN RS 5 10 [ B PR IDCE Ak, B0 T3 b LA SAT NV B A R A ik
55 (bR HEAL LA AME LG ESRI,GOOGLE,Oracle 55 AV AF 4 i 54, 1fif H 5 W3C,(1ISO/TC211),IEEE &5 & 5 1 £k
PEIC AR, AT, L THE b v B AT BUBAE.

T OGC T8 8 Al 1ISO19107 H o6 b F 25 1] 5 A [ 3k, Jeh & 1 70 At S A6 o 2 i 0 4 i) 440 SR )05 s P 14 182
BORRE DR CRLER 2).0F H, 253 2 P i3 0 0 R AL DAL S Br b 1 S 1 BN 36 0 5k FR e %
MR S B 1) it SRk — P REAT I

Table 1 Measurement relationships used in process modeling
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getLength R[] 4 2R K B 2
getArea JB [ — A T8 X5k g i AR i)
getPerimeter 3B (1] — AN i ) A K i

Table 2 Topological relationships used in process modeling
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Fig.2 Extended geospatial-constraint meta-model of UML activity diagrams!®
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Fig.3 Anexample of a LAWF-net model
K3 LAWF-net #5584 i1 [T Ak 7 i
3.2 LAWF-netfR & B3 1718 X
FEX 6(HERFRIR LM). LM A7 5 b DR o 50, 30 (2] 1 B 245 8] 4 6% 11 A2 T 3 B ) b PR A8
LM:T —F, (8)
Hiti
VTeT:[Type (LM(1))=Type (1) vLM(t)=<] 9)
bR 2 )R SURZS 15 AR A 5 BROA R AR S B2 (W) — Rp S B0 I HL Ao Vb 25 245 [ 446t 1) 748 3 v s 2
AE 25
HIBEARZS TR B — A b J 25 (] 4068 1) A% 3T I AN Bt 3 A5 o] b BRAREAIE 124 VT e T [LM()=D]. K £ £ 3 4 [4]
2 RE % 1 4 H b 2 22 ) (67 " G AR 1K 5 X OR BT R A BEAT 3K MO0 T 5 i B A ) 200 ce CL AT 4%
19 52 S BT 22 BT 4 AN B2 () AR 1 AR T i ST — FREAE S 2, DL B AR AR AT b 1 b B AR AT 4
%193 AT Type  (LM(1))=Typey (t). 45 4n: L 3 5l Task_B S I ) b B AE 2 T 5 1) Locations, i s 34U ik 24 4
& 1525 (point). HL A& Ky - B t={Task_B}, Type,(Task_B)={Point},LM(B)={Location_1},1I:

© PERREERSMROT  httpy/ www. jos. org. cn



KB ST YR LSRRG R 591

Type,(Location_1)=Type_(Task_B).
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PHRFAE, U0 SRR BT AT, I BAR RO 2, B A T B B IS 52 1

TR R T A T R SR H A S I A ot A 6 0% 32 b B R E R PO TR A b B A IR) 40 TR % A B, O
SRAE i 26 (A M BEFR TR LM ORAF R KB

FPsPe —£f e F_:[Type(f)=Type(t) A VceC, :[c” =true]l} (13)
f ift' =t
WeT »|tMeoy=] " "t (14)
LM (t"), otherwise

2. B
LAWF-net fit,— AN A A HE t /bR, LMY F 0T LA 5K, — 7 T 7 5 A 7 4 WA B 53— T
3 AL OB 5 [ 2R 4 A SR ASET € 2K T
1) NSRBI p i EE SRR AN R p 7 A4 MK B IR 24 UK I, M
FRUUA— IR A5 BB 50 5 FioR A M, — Lo M,

M,(p)=My(p), ifpetut.
VpeP:|{My(p)=M,(p)-1, ifpet (15)
M,(p)=M,(p)+1 ifpet.
2) AL E KB AST A S LM B ZS () bR DR — R A AR B ) — Rl & LM, — 5 LM, .
A 1t s
selected e
Vt'ETL—)|:|_M2(tI):{f , ift _t- :l .
LM, (t'), otherwise

Hirn, f setected o possible. yti)e 5 A I PR B FEBR TR, POSPIE r gk 56 £l TR Z0E £501eCted S 2 i A BE AR TR
3.3 LAWF-netZ|CPNAY &

T IS AE A E S R Y LAWR-net @B 7 45, AT K LAWF-net @245 5 £ B Coloured Petri net(CPN)
Ry D7 TR X DR R 22 iR 1 B 2 ) S 1) T A S I R A T T ST A B e, (6 T T B S ) 2 B
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AR 50 TG 1 HEAT 07 ZL A AIE; 55— J7 T, LAWF-net F1 CPN & 5L T Petri 38408 P2 4% i B Ak s X, B AT B8
;T L 4 o CPN 0B B AT 1% %2 (A 34
LAWF-net £ CPN Fj LS4 LA R0
1. LAWF-net /1 - #RARRAE (10 4 4 65 BT CPN rp s8I 389 170 23 € 4, L i LG A0E 1) e v il 2 0 € B
>={U,F} a7
Forh U={Unit}2 CPN & IR B {0 48 45 25 Y A Sy b FHR F 110 45 25 1 WA Sk 2 H PR F 1) B vt 4 100 4.
2. LAWF-net H1 {45 —MAET te T M T peP-XF N T CPN H A8 T teT M T peP, M,

VpeP“:[peP] (18)
C(p)=U.1(p)= {g,”"}’ SL¥ (19)
VteT [teT] (20)
3. X F LAWF-net HH4E—AN 345 [ KR8 5T te T, 48 CPN RE Y b 3 i — AN 1 30 4% () 45 8 B L0 22 BT
C(p")=F" (21)
I(p") ={f eF"|Type(f)= ft} (22)
HF T LAWF-net H s — ANERHEE A A6 CPN AR o 8 fip— AN 3 2 [l 0 R S NP2 BT py
vteT, :[p} €P] (23)
C(p)=F" (24)
I(p)=9 (25)
4. 5T LAWF-net 5 il A 09I CPN 52 o (1) 1K
V(xy)eF [axy €Al (26)
N(awy)=(x,y) (27)
E(axy))=unit (28)

5. fE CPN FP R N4 A% bt il T 5545 B SR 4 s i B 24 ) £ 8 5 b B9 22 ()40 A AR, 9 0 U B 22 i 4 58 1)
AT v eV, H C(v)=F v,eV, Hi Cv,)=F".

6. Xt T A — AN M A MR T te Ty, 26 CPN FR RN 4 49, dr 4 o AR g™ | R [F15K ™ HigK a™
a2 e I N I @)™ i 4 i B A 1R A R N T AR ¢ A 3o b PR A 3R [ @ ® i AR AT g b B A )
SN JZE JIT A 8 3t PR UL R T @0 A A ST A b I ) A RV T e I b B S ) R o
T S54RI

vteTh:[a™", ™" g™, a?* "],
o,
N(@™) = (p, 1), N(@*™) = (t, p*). N (@) = (t, py ). N (&™) = (/" 1) (29)
E(@™")=E(a™") = E(@"™)=v, (30)

override) _ {Qr if M (plt_) =0

E 31
@ M (p; ), otherwise ()

7. W TR AP A RS IT te T KA T 2 B B s B 25 (R 29 IR AE CPN 148 D sk Bk ik
vteTh:G(t) = Asect ©) (32)

8. XfT LAWF-net H (B M 55, #5 CPN w1 g AN ARSE 3l 3 i SC— AN A2 IF T AH SCIER (1

i 4 PR o
VteT :[ceCl :[V(xy)e{(xy) eCF |xeT ay=c}k: [V eV,a®" al*" e A]].
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e,
) =F* (33)
N(a*) = (p{,t) (34)
N (@) = (t, p) (35)

HEH% LAWF-net 3 CPN [ I 55t U], 18] 3 BT 7 (1) LAWF-net B854k, > CPN RSB 1) — Fh 746 (4 1] 4 7 7%).

L IR 7 A A (0 1) b B 2 (45 S A N R T g b B 2 A R e R T vy A NI, IR [T, H R AR v, A

5 I A s S N IR IR [ IR 2 1 2 1 B 23 (A S N T 5 R 5 TR o 1 2 e 39 28 TR S %

JE BT ;G(B),G(C),G(D) /AR (% 1 s B A5 — 3002 18 3 Fion it LAWF-net B8 [y B & AN [R], B4k h 1
CPN HER B AR, ] 4 J37 7 R AR Y g S o 1) — Fofrf3 .

Fig.4. LAWF-Net of Fig.3 converted to a CPN model
B4 &3 LAWF-net B E64k ol CPN A

4 LAWF-net IS E RGEK

ARICER Y JE CPN Tools, PL4EMS iURE A 261 SEIL T LAWF-net @575 i JF HIB I 42 B GIS & &l CPN
Tools, 58 A 1 iy B 2% [1] 249 SRAR) b 55 YRR PR I P 6 0, O Pl SEE 7 0 = i) 249 SR Rl 55 U A 1 T A A
4.1 HmHER

edls A W 55/ RO B B R R 18135 SR (RCC), F i 75 T A BT i B 4 18475 SR (ACCC), 3 42 7 T AH
YA DX 38 11 2% Al P Lo B W W SR I 2 A P 8 P R S AS S BE A 12 ) AR (RAS), i — BUI ], 7%
MR rbr o EAT IR 25 1B U7 (FUA), BEAN JRRE 25 2. Qn SR WL U N AN BE AR o, TUHE 5 18 5K B0 b I A o 304 T 40 TR
WA (DISYT 55, I HEGZ M X 50 2 20 Baak ) 2 N\ LA G 25 20 i 78 F i B2 A% 2 (OSI). i SR Bl
RO B B ) A, T 25 29 R R 0 R AT AR 45 BT 7 (FUA), B8 AN AR 45 3R SR I3 16 28 T AR AT 75 ZL M sl e i T
T A A, ) 22 HE A8 BA(CRT), HAE SR A& B 2SR O2 2 I o0y 50 23 HL LAY 25 I (R 245 A2 TR 9 8 A
BT I3 16 BL(OSW), S 4 15 58 BU(RRT), W45 457 2% R o 0o 10647 IR 25 1B 77 (FUA), BEAS 2 45 3 i I3
B R INTEERBIR T 415 (SFR), M F-$ Falx (1) 4E A5 506 Z5 3% 18 4E 45, 75 50 2 2EAT I 3% 15 2. (0SW),
— B 415 58 BU(RRT), S 45 25 IR H 0 E AT IR 25 [E17 (FUAY), 284S TR 45 o3 1 B 1 IR 45 9197 (FUAY), 35 3R AN [+
T IR IR I 1) 7% P AL HEAT B

Y MTAR 50 BN GRE T A MO BT B O R UG 6 AN, [0 U e Ml B 2 R O A B AR SR L 28X 50km
PR ZE AT A 2T L iR 0 SOKM P4 1) 25 PR KT 46 A8 BAREAT I3 1B B AR IR | kA8 02 Bl R 415 1
AN TR (0 2 A5 DA IR AT 446 58 U DR AT AN [ 9 2 e P Do db AT [ 35

Bl 5 2 TARERASE R HEA WA AT 7 5, (0 AL 5 T A7 M 2 24 )AL, B AN B 3 2 (i) 4 R0 1% 4
BRI . & 6 2 4B AR 1) LAWF-net #81, HARREA T LU E4R 20076 30 5 18 30 2 7] 52 (1) 6 it 34 2% 1)
ZIR 8 7 B 4B IR Y LAWF-net A5 78 £ H ok vl AT 1K) CPN R,
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Fig.5 WHF-Net model of repair process
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epairteags
input 33 S

input

FEATURE ==

f/

Jl/l"
rPQn.mm.u:mWﬁr "CallCenter") I
andalso LA.&Shtains(LA.getattributa(vl, ragian™),vl) | J
. . ..
mjum,mu,\ A.V rD.B._ummo_:m_mﬁ.,.nm_,nmjﬁm_‘._v.

| RAS =
LA typeEquals(y, 'Customear” vl andalso LAY nt(v1,vl)
YReEd E‘ ! A J / andalso vl <>\ Y
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|
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OH|Y RCC O acc | > Fus —»()
e A vl vl / Y
DIS |V.O|Y 0sI | LA.attributeEquals(V, 'Status”,"onsite™)
Y andalsp v1 <> ™" /
,_”Ha .
( ~ crT asw Eﬂ\_ vi
LA typeEquals(vl,"RepairTeam") ~ | LA typefglals(vl, " RepairTeam”)
andalso LA, contains(LA buffer(LA.getattributd(v1,"region”),50),v andals, Aan w_mﬁ<_\<u.”_
andalso LA attributeEquals(vl,"status","available") ypaEquals) 1,"Repairstdyth™) andalfofvl <>
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nd Juds
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42 BEMOBREEBRAAE

Wi ¢E CPN Tools A SEHLASCHE Y (1 b B4 (1] 29 AUS AR, R SEIL LAWF-net @ BET7 VA ) SC B (HL2, I H
CPN Tools $& 1) 7 5 75 3k SE B 4 3 4% ) 29 A S ARAF AE — € 1K) i) 8L, 8 CPN Tools 17 H 5 £ 1) =) B 1
1)  CPN Tools H, ek i id Jr a4 B, 3L 8 S e 408 # {432 Boolean, Integer #1 String 2824, /S G 2
b 2 2 1) 24 SRRV DG T el B A TR A R 0 TR 52 2 M 0 22 P 110 5 S, LG gt DG e 1 AR e ) 1 45
2) CPN Tools SHFRIEEA B, AH LR AL R ME ML 5 5 3208 138 25 18] ¢ &R, AN TR 9 22 (1 I [R] Al
LEPARIIRER egiiof Rt RN Y @ N
xS EAE R 1) 8, AR SR T CPN Tools $2 £t 1) RPC G ALt A2 1 1) B BE XS CPN Tools ZE4T 4 Ji& XL FEX ATy
EA K FHARE ML 35 5 1R R E T
1) KM java fEAY RIES, ShaiE ML E SAHLLE S T BLR A &,
2) AR EREE LR IR AL TP RN 5 % 1) W i
3)  [ATHEMINAM GIS R CPN Tools Hai il LAWF-net A5 ik, sz i b 3 2 (1) £ o AR I
TR 11 240 SRORT 38 2 255 %, 52 Bt 0 22 () 24 SRR S A2 1 R s 3 B It 3 1] ok it GIS R Ge i Al
Wl S Bt B AE SRR AT oL e b B B I B AT IR
(K1, 24 T 45 CPN Tools H S 3 #3245 (0] 2 o AR, Se g vh 25 5 . H - GeoTools Java BT T JR B ¥ it
GeoTools s&— T Java [FFF IR GIS T AL, Ay F 7 xof 1 38 500 00 AT Ji AR 45 4 48 (1t e 3 22 [ 15 R 1V o B 5
J55 Rk, GeoTools T B AU SZ K7 2 Hh it T i 460K 22 H50h 38 225 13]G FR I 3R 05, I H#E A OGC 5 Hh B8 =% [R5 A
THEFR) i 5E
Kl 8 4 fE i 7L CPN Tools Wiz AT (1 FEA l H H AR AR I AR A 4% 3 N840
1) {E ArcGIS H &4 il e PR (b I, 3 L Shapefile SR H s SO 28 SO0 T SO I 2 58 CPN
Tools H FFE AT ) Bl mT AR A 1) 2 Al
2)  JExd Eclipse & SCFIRA @ H 74 B2 ook B, (045 6 @ & simulator.extensions.location, il & 3 97 &
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CPN {4 i SCfF e
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Fig.8 Screen capture showing the CPN model running in tandem with a GIS system
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A S A AT 5 1 — 20 56 35 1 R T 0 R PR i DT, A S0 38 7 % e 8 2 ) 249 RO A A 5 ) 55 T L A
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