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Incremental Analysis of Resource Constraints

for Workflow Specifications

Student: Daly Yang Adpvisor: Dr. Feng-Jian Wang
Institute of Computer Science and Information Engineering
National Chiao Tung University

1001 Ta Hsueh Road, Hsinchu, Taiwan, ROC

Abstract

In general, a workflow management system. (WfMS) consists of two main
functional components: modeling component and enactment component. A workflow
designer defines workflow specifications-by-modeling component in the build-time,
and these specifications have to be verified before they can be executed correctly.
There are three aspects of workflow verification, which are structural, temporal, and
resource verifications. In this thesis, we discuss several approaches for analysis of
resource constraints, and an incremental approach of resource consistency with
improved performance and detailed information about each resource conflict is

represented.
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Requirements l/ / (Simulation) / & Monitoring

Figure 1 Life Cycle of Workflow Specification [19]

AR R (AR S T 1 RS - RS e sl et
B BB E T 2 F R T (TR A o S RLTR R Y
S VAR FRT - AR (AR AR o A S FF'[[‘FJ.'J
7\1 o T (BRI A T L;;F)?E ek %,@F%ﬁ[ ﬁflgw (activity) ~ ¥
[+ (artifact) ~ €¥JFi (resource) # IB\Lﬁ’U(constralnt) == lﬂfr‘:“ RS B
PR RACEPSERE 2 0 T F”%'ﬁﬁ I D R e 37 g
FI{,%ﬁﬁlﬁﬁiﬁjﬁt [ F[J%ﬁn{ » DI EE 4 g’ﬁyﬁﬁ L R
l*°4ﬁM“F@m€1ﬂfﬁﬂ?ﬁwﬁwﬁ%lﬁﬁﬁﬁﬁw—%ﬁyﬁﬁéﬂ%ﬁﬁnﬁJ

2



T [Tl » I GEREIRGITE » S SR 58 (S OPR
[ ERRRL R LT OB 1 G I PR
TR AR % -

O (RS EA T AT 2 R T o= E R S R
[3ILOII7IT0](13][14] =V RAARLels » (EVE R W) TR IRERGD - & RREpy
= Prif(totally)fikd » g Ffivhake ﬁl{iﬁ?ﬂﬁf‘ﬁEHl processes L2y >~ EibE
BRI > b PR B ZISRRIIRRR o (RS R A
H o T ERTRERT AR = % RO R A S5 A A YA
W1 P PR process & 2 PILAHRRRVEARIEL  FPIES process iff 1 PRE
ﬁlrﬁ TR - YPIfr BRSNS e R o
N ~ S PORRER PR PR AR o T SRR (R R A O
FOTFHELS T G P IR A AR A R R AR ER
Figure 2 ZEUEt ™ ERTOIVTD PRl iebat - 5 A popibaep-n e
VAT A PRSI AT T T R R AR
5 o

[I ” Workflow Specification Each edit operation Incremental verification
4 |
| |
: feedback |

Figure 2 Incremental life cycle of editing a workflow specification
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Process Definition Tools

Interface 1

h 4

Work Flow API & Interchange Formats Work Flow
N ] Enactment
Work Flow Enactment Service Services
Administration
& Monitoring |« » < >
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Interface 5 Engines Interface 4 Workflow
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~——
A A
Interface 2 Interface 3
A 4 A 4
Work Flow Invoked
Client Applications
Application

Figure 3 Workflow Reference Model Components and Interfaces
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BRSO ] S BEIPORRRS (A -

i processes & F ~{n,n,,..,n} Fd FIAYE) it process ik 53 ELRFEIAH]] -
— 7EihL activity processes » [fijf}~ #EfL control processes © activity processes g1 ?‘J
BT LA SR A Y - ERLT R A (agent)
F5URY o control processes Bt R =L FRLEEHE! o [ IFVRL= ‘*ﬂ[“@%{ G (e ,H{fﬁ? o
Y 'fﬂ‘%ﬂ “FERHE]AY control.processes niah L : (1) and-join, (2) and-split, (3)

xor-join, (4) xor-split, ; P’*Tﬁ#‘ﬁ =MEES EJ%’%F“ AT Figure 4 yf' s

B

A () (2D 0
C
B

A (o) (o) 0
C

A, B, C, D: Activity processes that perform tasks

A-S: And-Split that forks into each successor activity with related data
A-J: And-Join that synchronizes each parent activity with related data
XO-S: Exclusive Or-Split that chooses one successor activity to perform

XO-J: Exclusive Or-Join that merges one parent activity to one activity

Figure 4 Control processes
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?}’?’F?%F’—‘ R }‘”[ LR FR{Ry, Ry, ..., Ry }ﬁt'%&j [ER AR l“’< activity process
El’%%ﬁ%lfl'vgﬁ’ﬁ » &)~ 6 Ryset 57 H[[EPEE] activity process N, - set F{ Hl I%&?FE'FTJ

AP THR 1

-

Definition 1 (Workflow Specification)

ws = <N, F, R> is a workflow specification where

(1) N: a set of processes
YneN, n.TYPE € {ACTIVITY, AND-SPLIT, XOR-SPLIT,
AND-JOIN, XOR-JOIN}

(2) F: a set of flows
vfeF, f=<n,n;>, there exists a transition from n; to n;
f is an out-flow of n;, and f is an in-flow of n; respectively
ni is a source process of f, and n; is a sink process of f
respectively

(3) R: a set of resource sets
VRi R, Rj= {r;|r; Is a resource accessed by n;, njeN }

e Figure 5 EIEI - ) [T [ EERPYRPAHDAG) » it A~
ﬁt'ﬁT%%W”ﬁw“luiﬂ ﬂﬂiﬂﬁﬁ*bﬁlRlﬁH$hfi%1W4ﬁﬁ
0@ W%ﬁﬁmMWWmmﬁﬂTﬁ%%$$W@ﬂgﬁ

l>

2L [El HIEpeR &

-

e fl e
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Re= {r} @ N _’®

N Rs = {rl}

Ns

Rs = {rl}

Nn; : An activity process of N that perform task(s)
S: Start node

E: End node

R; : a set of resource accessed by process n;

I - a resource

Figure 5 A basi¢ workflow specification diagraph

¥ LS @ (path) ~ Ti' 3 1% (Reachability) ~ 2% =% (distance) ~ I'] M 3T
ﬁﬁ%imwmmmmMMMMM$ﬂP’ﬁ:ﬂﬁﬁﬁ&éﬁﬁﬁﬁﬁW@

15 - 2]

Definition 2 (Path and acyclic path)

Let p=<n;,n,,..n, >, where n, eN,i=0,..t, be a sequence. IFf

<n;,n;,, >F, where n;,n;,; eN,i=0,..,t—1, then p is called a path on ws.
The length of p is t, denoted as | p|=t.

IT nj=n; for i=j, where ij=0,.,t, then p is regarded as an acyclic

path on ws.

10



Definition 3 (Reachability)
Process n; is reachable from process n; if there is an acyclic path

p=<nj,..N; >0N ws.
Let Reachable(n;j,n;) be a Boolean function to denote the reachability
from process n; to n; such that

TRUEJfCﬂp:<npu”nj>L

Reachable(n;,n;) =
FALSE, otherwise.

Definition 4 (Distance)

The distance between two processes n; and n; in a workflow
specification can be computed as follows:
MIN{| pg || ps =< iy N > s=1..,m},if (Reahable(ni,nj):TRUE)
Distance(n;, nj) = {MIN{| ps [| ps =<nj,...,N; >, s =1,....,m},if (Reachable(n;, n;) = TRUE)
+ o0, otherwise.

Definition 5 (Nearest common ancestor)

Given two processes n; and n; in a workflow specification, their

nearest common ancestor is the process, which is a common ancestor

and has the shortest distances to them, denoted as n,., -

11
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2.4.1 ¥
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SRS (e Jﬁ‘ ALK ﬁj?ﬂ TR - HIFHS ~ 2 [FerR - FEvRL
FHREPRI Py~ SRS

SRS BB TR E N B R A R
PSRBT T PR A P HP IR e
IR 72 AL s VRIS MR R SV 257
Gl o MERLIE YR R BT [ SRR - (2]

lm

2.42 Yo PURARER

TR ERLIFRY [ Ry ) FY activity processes » 7 i Sl fe] 2 %
EJHFIfOER « Tl - (‘Eﬁﬁgtﬁfrﬁf[l » i activity processes T;’TE% Es fg’?& Y
JRfE2 ( potential resource conflict ) » % f—‘fﬁ IR R

(1) activity processes n;,n; e N =" i#j ¥ n,n, F{"T%TEITQ'?VEUE‘}‘?FFEJ

L&Y RNAR ¢ HIH n,n. T TEWEA{# | B - (resource
i i io!j J F
dependency )

(@) n,ny Pl G b 2 E R T B (nearest common

ancestor) "EJ AND-SPLIT %iZ {[& Jﬂﬁ:”% SRS S NN | ﬁ&ﬁ"ﬁi
Ejjﬁfﬁhjﬂj ;El_éc[ @,J_ .
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"} FRL Hongchen Li [2] f77 GV AT » SRR PAEAORIH] © dgdpi
W= = ﬂ&%ﬂﬁ%@tﬂﬁﬁ%ﬂiﬂ' i o YRS AR AR F S RL AT
& [t process [=114% - J S TR HAS 1 1E 1 process » 2 IJ%*EE‘["EJ H
EMIFIEARES - 5 PR LR G T AL T E (reachable) » | £
AVRURL BERLE P [[l— [RER & (path) - [NER[FI- %% & _FAY activity processes -
R R AL R B R ﬁ’ﬁfﬁJEﬁﬂ BT MRS - kL
B i H{FV I processes 5y A - [ 2TE Y FI’FE‘[*‘EJTJII » Hf
T 2P R T HE) Rl (nearest common ancestor) » v Fig 12 Hif
control process [ {% » ¥ kL XOR-SPLIT JI[J - 4 flif processes U7 2 ¥ ~
iﬂmﬁéjﬂFj £ [Fi f, Eéjaftmp U fEEE 7 o (I kL AND-SPLIT iﬁ:p" ﬂéﬁ‘yﬁ?‘ﬁu
TRIEZ o

2.4.3 P BN BB ORHRIEE

gpb AR TRRAR IO processes B T 7 5 H T H SR
% AND-SPLIT OIFp™® » ) i fj- i o Frertpilike - i AR Rl
R PR NIV processes » *y ok S IR ERRIER > FURELAF

o (R P ek

Marjanovic [4] %‘Jr‘ééﬂﬁ [ 55 M3 activity process fiUfs /] [‘Pﬁﬂj =L
(duration) == 7 IEﬁﬁiﬁ' VS ] ['IHF‘ SRIRES o ZH MR T IQT‘EIFTJ
process [IVf fil [l F",j ["EE\JT‘ fi] (earliest start time) EST == {55k nb IEE\JT IS
(latest end time) LET fffi - Figure 6 /7 a"ﬁiﬁﬂfﬁ'%%ﬁlfJ%ﬂ HF e E [ d(A) =

D(A) 53 Hl[# process A fiufed [ [HEFELHESEL T (HEFEL -
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EST(B) = EST(A) + d(A)
A —> B
LET(B) = LET(A) + D(B)
B EST(B) = EST(A) + d(A)
LET(B) = LET(A) + D(B)
A
EST(C) = EST(A) + d(A
A-S or XO-S © (A +d®
c LET(C) = LET(A) + D(C)
B
EST(D) = MIN{EST(B)+d(B),EST(C)+d(C)}
D
LET(D) = MAX{LET(B),LET(C D(D
O ® {LET(B),LET(C)} + D(D)
c
B
A D
c

If s = AND-SPLIT and j = AND-JOIN then

EST(B||C) = EST(A) + d(A)

LET(B || C) = LET(A) + MAX{D(B), D(C)}

If s = XOR-SPLIT and j = XOR-JOIN then
EST(B|C) = EST(A) + d(A)
LET(B]C) = LET(A) + MAX{D(B), D(C)}

Figure 6 Estimated active interval

PIFE R I'Eﬁh%ﬁt‘f'ﬁ‘ﬁ[@?g% ) thiﬁﬁi%sﬁ activity processes [IUfst /| == fg
AT [Eﬁfﬂﬂ SR J‘}%HE'HF;;E—#?'%L v A %ﬂﬁ activity process ¥ EST = LET
[l B2 =5 (e R B e o Eﬁ felpy B E » iy - 'Jﬁ{‘ﬁﬁ—f—‘ﬂﬁgﬁﬁi FYERR

ke IR
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iSre —ﬂ:j ["Eﬁﬁ B F (EAI Estimated active interval) o

2.5 5L TP B T PR R BRI

?ﬁ:@_ 2.3 &y EI}‘HI Definition 3 (Reachability) Z* Definition 5 (Nearest

common ancestor) » [[[fi" B LTV ™ [/l (AR A TR :

"2 Py Reachable(n, n s diht Sk - 256 S 711 process n Z[E
process n’, ' kLi¥ it [[[[fi! & TRUE F\I Pl FALSE - F'I[F"Ejﬁ"’ TRUE [ Hift
F n £ n’ V ancestor process s k% ﬁ%ﬁﬁn‘ﬁl@ifémﬁﬁﬁ > ®] n EEE o
B e R P AR o R S B 1

(reflexive) » iRl Reachable(n, n) #3[f!{#t TRUE -
Ff

NCA(n, n*) (i ! process n == process n* [INfe T H [ﬁjfgigﬁ (nearest
common ancestor)  [f JLF'*’%FW%%*? - riﬁjfﬁ_?ﬂﬂfﬂﬁiﬁ[ﬁ%ﬁﬁ 1% [E’[‘F{?J’“E |FEe (21031 [l
IR TR f@ﬁ*@tﬁ’rﬁf[' » (= ¥t processes [1UfabT H spj A
R H ?ﬁ'ﬁﬂﬁ%ﬁ’ﬁ? [fil = 78 control process » # J[| kL AND-SPLIT 5L

XOR-SPLIT -
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Boolean Reachable(process n, process n”)

14

2 if n = n” then return TRUE;

3 insert all out-flows of n Into an empty Queue Q;
4 while Q # ¢

5 {

6 remove the first flow ¥ from Q;
7 n; = sink process of f

8 if n; = n” then return TRUE;

9 insert out-flows of n; Into Q;
10 }

11 return FALSE;

12}

Algorithm 1 Reachable Algorithm

process NCA(process n, process n?)
14

2 1f Reachable(n, n?) then return n;

3 i1f Reachable(n”, n) then return n’;

4 insert all in-flows of n Into an empty Queue Q;
5 while Q # ¢

6 {

7 remove the first flow ¥ from Q;

8 n; = source process of F

9 if Reachable(n;, n’) then return n;;

10 insert all in-flows of n; into Q;

11 }

12}

Algorithm 2 Algorithm for nearest common ancestor
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Boolean Batch_Verification(workflow specification ws)

14

2 process set S = { all activity processes in ws };

3 calculate EST(n) and LET(n) for each process n in S;

4  Boolean b =TRUE; //return FALSE if there exists resource conflicts

5 While S # ¢

6 {

7 remove a process n from S;

8 for each n; Iin S

9 {

10 if R(n;)NR(N) =¢ then // R(n) returns resource set of n

11 skip to the next iteration;

12 else if Reachable(n;,n) or Reachable(n;,n) then

13 skip to the next iteration;

14 else if NCA(n;,n).TYPE=AND-SPLIT then

15 if [EST(n;),LET(n;)]NLEST(N),LET(N)] # ¢ then

16 {

17 printf (““‘Potential resource conflict between”, n;,
“and” = n);

18 b = FALSE;

19 }

20 }

21 }

22 return b;

23 }

Algorithm 3 Batch verification of resource conflicts

Algorithm 3 7 [2] [ SRR 2 RELT Y 2 7 2 AR R
P TR g Ej]: ISR PUHED o PRl SRFE |1V activity processes fﬁf
- W& F’\[ S F| A=V~ ([ process &35[1F= process == El {95] ™ HY processes
(EESE o AR R P SRRL A E e &~ PR ST o R B
SRS BRI PR TR LR (NCA) R - 5
AND-SPLIT =" i et it o LEEJJ: [ii]l6h F& (estimated active interval) [El

i (overlap) R > HIFSHi T3 ¢ W DAREE « 7 B i
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RS TGRS (EAD) AL 8 o2 FIIvD T ISk foyr v ey
RO -

PR IR [EERE R A IS EY processes Bt n » 1 IS5 ER 1Y
ko S FORYEEIBIERS (1) +2)%...41 = (12 ] O » Bddh = (it if 11
19 el if L4 1 0 BV PR B A~ 2V e
Reachable » £ (< il processes [0S RHES » i i HSHRLIE-NCA EUB’[?QH‘
[ PHEEE LT > process n I'f [l =¥ (= [pl€ 2 ancestor process n; » | 157 k¢
Reachable(ni, n') =51« HEC™ [ worst case FUffip) » NCA fu2{[# T f7 5%
& o AR O] P Reachable G O(n) » PRIPSRAEIFY I FETHIES 577
O(n’) -

v
Np-1
v

Nn

©®

Figure 7 a worst case example of Batch verification
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Chapter 3. X555 PR3

B FET (R R PR AR AT SR ST
P et - (D)F LA 2 B AR - QIR EGEA R ()
T B oA 15 o R [ B 2 e O A - iy 5=
SFIRIPEEST ORI EA ST » T [P D A A T (PR
0 1SRRI HRA I ORI - gL RO I ] 0 A 5T
éﬁgl[ﬂlif I ﬁl%ﬁﬁﬂﬁ“ » dHy Algorithm 3 Batch verification » it +% 2 *J;Wgrjgﬁ

BRI E  E k

3.1 TR R R I ol

#=x Algorithm 3 E'}'Hl ) PRV R B L 91 et WHILE slfg! > [
5B T BN AT [l activity process =7 El 1 processes [H] €YV @?%Elfl‘lﬁﬁd o I'J7h
Algorithm 4 fﬁ,iﬁiﬁf[ﬁﬁ&ﬂ%@ﬁfj%—%gﬁ@@@ﬁﬁﬁi?ﬁ»ﬂﬁ » (i F[fﬁ%@ﬁ'}ﬂlig

_’JU_J ‘ process n- ?“_'1 II %““T process n ﬁﬁﬁi_l\%ﬂ‘ﬁl ['Uj E[fj process f=s _";f‘ E’}»}‘(JF{ @?’Zt o

Boolean Modified Batch(workflow specification ws, process n)
14
2 process set S = { all activity processes in ws };

Boolean b = TRUE; //return FALSE if there exists resource conflicts

remove n from S;
for each n; In S

{
if R(ni)NR(nN) =¢ then // R(n) returns resource set of n

© 0o N o 0o b~ W

skip to the next iteration;
10 else if Reachable(n;,n) or Reachable(n;,n) then

19



11 skip to the next iteration;
12 else if NCA(n;,n).TYPE=AND-SPLIT then

13 {

14 printf (“Potential resource conflict between”, n;,
“and”, n);

15 b = FALSE;

16 }

17 }

18 return b;

19 }

Algorithm 4 Modified from batch verification

DRI PR IR ASEU Bateh {7 LR on’) [#45 Om?) » (R
?Viﬁﬁﬁ%%ﬁéﬁﬁ CoPTIfTRe S O e - oy 1 AT T
— A M Hl% frgE F S e R T AT R
B -

3.2 activity process ?Fjﬁ_ﬁﬁé lﬁ HYBYZT

VRAHRERTAT o e R - ST SAAEEIRSH - il process AT{HIVE F-i
E| PP S g 2.2 pl1F > process IUREE] ol 5T ELYFE < (1) activity
processes (2) control processes « ffi # = I fRHAL I H EAFHE > RH Rl
(EEBARA IOl - 117 control processes [IfSH i fi= ¢ By (S
et ORIt p A R IRl A lﬂﬂ*w%&jqiiﬂ/ﬁﬁﬁ‘ﬁ@“
ST AR (EARAA P A A DRI o NS DR

FlLﬂEE TR EE W &S] activity processes E\Jn?li.}% (B T o
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SRR o FIORLEHERA AR 5 [ S A
VAT SRR TR R A S TR e B
W e RER TR < [2] FPHOS o e RbRRR Y = AESTR e (1= Prrlepdiy v

E RIS R *’“”* ISR AT o RERLE iﬁu@ﬁlfiﬁ%ﬁﬂﬁﬁiﬁif?ﬁ%
SR *»ava,awgaffaw PRI - BRI 9 B R R R
iﬁiﬁ#u%ﬁ'fhﬁﬁ”‘c’?ﬁ ISR TPRE » FHMTRIERESS E*HQTE!*F“??JFE%
Wk » i S0 T AR B IEBIE (4 process [ » )R
EPFSRIEEE o A ﬁmﬁ‘ﬁipr ek (R

activity process [~ %’ JEE ol i )53 ERPY7E > STHIIRL © (1) Frig— [ activity
process » (2) I~ ([ activity process > (3) Y[~ i activity process =¥y
= JER o (4) MR- [ activity process E'}’FIIL[F&%%EU— TEEYYRI FL i
73 I g T I o === YR R R R

@"Jf[’“[@‘]‘ﬁiﬁﬂéﬁ » SIS SRS HN activity: process n [T JF' » Rz %E‘]f
1hf processes i 1 ﬁ:ﬁiﬂ 58 2 e MBI TR ]I - [N JRIET 0 55 ARy
Flpry @ﬁ?ﬁ'%%mf:%Tj [ SR 12 EERfY processes EIWFTEJ F(1) AR
Z[3 process n iU 7 (ancestor) processes * (2) H7F| n AL paths Z{[3EE Y A
(descendant) processes * (3) = n it T fi |A97 5 path = o (EH R P ? T,

XOR-Split »

?ﬁr (1Y activity process T‘Héjﬁ L I"Ef[?ﬁiﬁﬁf[’ﬁ IEﬁ » YN = process E| %
SRR - B RS (5 SRR R - Fi 2
process [l i (in-flow) FIJTJWEF IR LI &ﬁu\/ process » 2% fQ_

£~ (& AND-SPLIT E[[EfY control process » £ T kLI [IIF‘LFIWH‘%EIJ*&:L (A3 HS
JEIT\WIEF El %|| Start node £% [+ e FJ iT9Z] AND-SPLIT ancestor process Ef » AR

PR | T (il i f' Eﬁﬂ“jﬁ”_‘ g 713.%:[@&?353 i HE Fﬁlirl process * fl
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F‘Tf':' IP=BTETEY activity process ¢ | R & I & g7 E, 2 F’—‘ E[[Ji‘fF i
GRS FORHFEPE (K AL 7y ApS %A | [Erppon
TRE T o

F{fﬁ f[it activity process @PJ'JB%HTE\JJ‘ I E S B RUR & Fﬁ%ﬁi*ﬁﬁﬁl%@
PR > PRI PR 5 B & R TR e LR 278 R o e TR e
A PIFRfER e =2 ﬁ ) process TEH BRI > Agrdy o=l B e ad
HIFHHH

jE'[iF@?’Jp activity process 7\ FI EHFJF Sk 7 F;gz%,; Jghﬂ J process » PliTEs
R B R IR O 7 (parallel) 25 H % processes o MR bkl
ST Y processes [ 4 PR FURL B ) 0 I SEEREIORAR % ¢

E{JF PITF fje 98 2 [Pt — A e AR e R

(S TR st R Rl U T =g il et o 5 B i i
T A processes [V~ ZEe Y YRIf TR ZE o BT 1155~ il process [1V55 47>
EFETAEF AR ‘“\?FJ%"?WE%JFWF@&% » PIFPTIR I ] €AY process

RabiliaT Emﬁif PRk i

33 T EATHREA SR

VI 135 [ activity processes AfEH =l U7 0 B AGRRT R
LSS5 ﬁgilgﬂgﬁﬁ»%ﬁqsgfjagéfﬂfjp’ [ U Algorithm 4 HI%J%Z’F%j [
PR (R R T " Algorithm 5 "5 2{[#iTis * — i process [
R 2 ORI PR (R RRE - PR o [ e
HEPIEDF =R R kL [[ﬁ‘liﬁ%”%’n R AL AR
process i7 |2 HRERE i TURER S F e TRUE %o T‘ﬁﬁ%%
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= ff if?ﬁ} TREZ o 3 T LS IFFTET process ¥TTE | ancestor ﬁ& descendant
processes FURYE {/[lﬁfjﬁﬁﬂ’?ﬂf}[Flliﬁ'ﬁ(back—tracking)ij:—*CEH/—?SH'[ AND-SPLIT
[ ancestor processes > JRix i~ E‘ﬁ)ﬁ][ﬁ{ AND-SPLIT pfl 4553 BE[E =g

7 process AT RE (Y AND-JOIN ﬁ;f F’ﬁﬁfjﬁ'l@ f‘, EHF e LF}E"?LF*%ETEIU process

Boolean OBD(workflow specification ws, process n)
14
2 // R(n) returns resource set that accessed by n

if (n.TYPE#ACTIVITY) or (R(n)=¢)then return TRUE;
process set AND-JOIN_SET=¢; // descendant AND-JOINs of n

3

4

5

6 Tflow queue P=¢; // flows of parallel paths of n

7 flow queue Q=¢; // in=flows of n For back tracking
8 insert all in-flows of n in ws:inte Q;

9

10 //PART-1: Finding n’s descendants-which are AND-JOIN
11 insert all out-flows of n into P;

12 while P# ¢

13 {

14 remove the First flow f from P

15 n” = sink of f;

16 if (n”.TYPE=AND-JOIN) then

17 add n” into AND-JOIN_SET;

18 insert all out-flows of n” into P;
19 }

20 set P = empty;

21

22 //PART-2: Finding all AND-Split parallel processes of n
23 while Q# ¢

24 {
25 remove the first flow ¥ from Q;
26 n’ = source of T;

27 if (n”.TYPE=AND-SPLIT) then
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28 for each out-flow f’# ¥ of n”

29 {

30 n” = sink process of f7;

31 if Reachable(n”,n)=FALSE then
32 insert f” into P;

33 }

34 insert all in-flow of n” into Q;

35 }

36

37 //PART-3: Detecting resource dependency
38 while P# ¢

39 {
40 remove the first flow ¥ from P;
41 n” = sink process of f;

42 if (n”_TYPE=ACTIVITY) and (R(n”) NR(n) 7&¢) then
43 return FALSE;

44 it (n”&AND-JOIN_SET) then'insert all out-flows of n” into P;
45 %}

46 return TRUE;

47}

Algorithm 5 Operation-based detection

fiﬁ?ﬁi?ﬁ? E"{H' PART-1 pgﬁg ;}Elgfﬁi;gg@;%l%g% * BEAY descendant
processes FJ[HI’?EPE" AND-JOIN Hi2[¥ > lﬂﬂi processes ¥ [=HGT 77 0% M 1|
Gt e T R S ey e R AR e S P e I e S U R

£~ fi#f COLLECT_AND-JOIN(ws, m)ff9 [z - [ 5%~ fif process set - PART-2
HITHAHTIPY 3 JAR 5 7 process [I9 ancestor processes Er}‘{[l’%ﬁﬂﬁ?‘ AND-SPLIT
o ﬂﬁfé’zﬁﬁ’ﬂﬂﬂf AND-SPLIT [u55 ¥ FJIHI , @Jﬁ process FTELRE @ S5 AY
flows » sFE /%" I {IFyj7* COLLECT Parallel-Path(ws, )3 > [l ffi— fi

flow set ©
RN ETEE R IR - [PTHES C Y process ’?I"Tiﬁ’?‘}ﬁlfﬂfl’?fj?tﬁ?f ’

24




~ [ORFRL GUERL - ST ELBSEEH E processes 1o % BRIV
FIET = APEERT Algorithm 5 - 1Y) FOfi s e R Vel L - 5

B LR A

void CPV(workflow specification ws, process n)

14

2 // R(n) returns resource set that accessed by n

© 00 N o 0o b~ W

if (n.TYPE#ACTIVITY) or (R(n)=¢) then exit(0);
process set AND-JOIN_SET=¢; // descendant AND-JOINs of n
flow queue P=¢; // flows of parallel paths of n

AND-JOIN_SET = COLLECT AND-JOIN(wS,n):
P =

COLLECT_ Parallel-Path(ws,n);

10 while P# ¢

11 {
12
13
14
15
16
17
18

19
20
21 }
223}

remove the first flow £ from P;

n” = sink process of f;
if (n”.TYPE=ACTIVITY) and (R(n”) FAR(N) # ¢) then
{

for each resource r both in R(n”) and R(n)
// List detailed information to user
printf(“potential resource conflict between”, n”,
“and 7, n, “ with resource “, r);

}
it (n”&AND-JOIN_SET) then insert all out-flows of n” into P;

Algorithm 6 Conflict process verification

F{f,’f@"{l%“‘l SRR~ ([ activity process J—E\ﬂj » [ FH %] Algorithm 5 %

Algorithm 6 3% 5 Ay - 2 Bl LRl 38 e R MR i 5 ey - e

Xils

LRI F A (RO ORM) # ¢) FUAEEEEL (reR(™)
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HiPIIF# it activity process FSFYIIA— f activity process il 1fiu— FE¥/f
R o P S i s N bR Tk » 4 i 7 ot TR PR A (5
(PRI OB - R D 7 | PR IR R YR - SR
I (e RIS Ryl D @A MR F ST process i FIEY
VR0 (T SPLIT process b [IIF|™ g7 bl 4TRBH] 7§ 20 ol frospiesd
B S 53 I EEREETEIOT [ e - B R R g A
R IRr e R R AR 49 -

E= j\ﬁ:ﬂ‘ﬁﬁ%%fﬁ Algorithm 6 EI/UEﬁ [E7E = EI’?EJ [ process = %%FJ~
ko [HIFTE worst case IV Elﬂﬁﬁz?ﬁj l”Ei?TﬂE#EJTﬁHIFFE i process » ]

FEFEE £L O(n) -

3.4 F[B|53 3 RE TAYS ﬂf”xfll,/ulﬁ&ﬁ*ﬁ,‘

—l—.—‘EI[HIJ SR E‘I*J?h F[fjj} PFrE El'g?ﬁfﬁﬂg{@ﬁ%ﬁ?% JE}EUECT@[ > ij;f\
fi- E PR BRSBTS IR T B PR TR R 2O
Y AR R B Y 5T AT

FIAest T (A1 Control Block ~ 73 B i/ (SPLIT_PATH) » %]

s EEOTHR Yl resource list) i) ™ o E
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Definition 6 (Control Block)

B = <ng, n,> is a Control Block

B.start = n;, ngeN, B.end = n,, n,eN

ng -TYPE = AND_SPLIT if and only if n, .TYPE = AND-JOIN
or ng .TYPE = XOR_SPLIT if and only if n, .TYPE = XOR-JOIN

Vpath ps = <ng,n ,Nn,,.., N,N>, n ne, njeN, i=12..k

s s
for each ps, we call such path a SPLIT_PATH

v ni, n;.TYPE=AND_SPLIT there exists an corresponding process n;such
that i<j<k n;.TYPE=AND_JOIN

v ni, n;.TYPE=XOR_SPLIT there exists an corresponding process n;such

that i<j<k n;.TYPE=XOR_JOIN

Definition 7 (Resource List on the SPLIT PATH)

RLsp; IS a resource list on the SPLIT_PATH SP; , where
\vJ nj eSP;, RLgp; = U RJ

Vr, r is a resource, RlLg-ProcessRef(r) ={n |n eSP;i, r eR }

Fhl) Hposiss g “‘H?KFEIT ?'[ process N _-fy— ZEE TR T (= - ﬁﬁfﬁﬁ%
RV E R SRR [ F R S Algorithm 6 CPV HIE] n = [ioiE
SN EH’&?U— fi AND-SPLIT > —FVI HUR1#rP= AND-SPLIT $f4° n Ay 3 18 %
(SPLIT_PATH) F{us¥fifl} /IJ SelE s SR E PRy L s E R [ & FA EIHI’:&?‘:
Fﬂ%i YrrER
I T (AR Jﬂﬂﬁua\ﬁ— ’5[ (&S traverse I%}F%ﬁﬁiﬁéﬁt b process n [[ 14
SRR T PR UL A e I AR S H\HF' SIRITOE R © FH15Y

- |ﬁE&:ffaLFl[HI(l)ﬂJ‘{ J7 ERBE ST n Bt AND-SPLIT 2 /7RE % A5 3 Mg

i Pl P25 F[Hlﬁuf,[[afﬁ—:lﬁ'é‘,lﬂ(SPLIT PATH)r]L’:EEILJE‘¥1’7'EI =i

(SPLIT_PATH) » M Fi ;fFJt'ng’?*y eRIESR AT X1 - %El%’?&w’ﬁpﬁ “f‘
S QAP D A 5T B ARl A R A o g ey e e
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HEOS- I 1 RS £ -

(1) Collect p, a set of all

the SPLIT PATHs parallel with process n
by backtracking from n to start node of
ws, and update the resource list on the

SPLIT PATH SP where n € SP

A 4
(2) Check Resource Dependency and

collect the resource conflicts set by
referencing RLgp;.ProcessRef(r) records,

vV SPiep

}{%]’ A [f;qﬁll (1) Elflﬁﬁ 77 ot E@[FHET[?C CSP (Collect SPLIT PATHSs) > -
[pilfd— fid SPLIT_PATH fiu& f, 1 2) Elfﬂfﬁﬂﬁ liRn %FMEH?“ CRD (Check
Resource Dependency) - [fil il [He YR 2 & Fﬁ (CONFLICT SET) » £l [[ 1)
(7 S AP e RSB R flef process [iy— ZFIe v R 2 - H Fg—ﬁﬁ?E‘PJF"fﬁ’E [l

LN

SPLIT_PATH SET CSP(workflow specification ws, process n, resource r)

{
SPLIT_PATH SET P=¢; // to store parallel AND-SPLIT paths of n

flow queue Q=¢; // in-flows of n for back tracking

insert all in-flows of n In ws into Q;

// Finding all parallel SPLIT _PATHs with n
while Q# ¢

{

© 00 N oo 0o b~ WN P

remove the first flow ¥ from Q;

10 n’ = source process of T;
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11 it (n”.TYPE=AND-SPLIT) then

12 {

13 3 SPy such that n”, n e SPy;

14 RLspk-ProcessRef(r )=RLgpx-ProcessRef(r) + n;//update records
15 for each out-flow f”# f of n”

16 {

17 n” = sink process of f7;

18 if Reachable(n”,n)=FALSE then

19 {

20 3 SP, such that n”, n” e SP,;
21 insert SP, into P;

22 }

23 }

24 }

25 insert all in-flow of n” into Q;

26 }

27 return P;

28}

CONLICT SET CRD(SPLIT_PATH SET IR, process n, resource r)
1{

2 CONFLICT SET RC=¢; // record resource conflicts set
3 // Checking resource dependency

4 for each SPLIT_PATH SP; € P

5 for each nj e RLgspi.ProcessRef(r)

6

7

8

insert (r, n, n;) into RC;

return RC;

9}

ﬁ’t(ﬁj‘;fﬁxj I’[:E{Firjm;h‘ , EJHF{‘ }{ﬁj’ Pt =L Flfijﬁ’ET 1% TAC (Incremental Analysis

ﬁﬁ(bnﬂmw)}ﬁiﬂmrki
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void IAC(workflow specification ws, process n, resource r)

14

2 SPLIT_PATH SET P=¢; // to store parallel AND-SPLIT paths of n
CONFLICT SET RC=¢ ; // resource conflicts set

3

4

5 // Finding all parallel SPLIT _PATHs with n
6 P = CSP(ws, n, r);

7 // Detecting resource dependency

8 RC = CRD(P, n, r);

9

10 // showing information to users

11 for each resource conflict (r, n, n;) in RC

12 printf(*“There is a resource conflict 7, (r, n, n;));
13}

Algorithm 7 Incremental analysis for conflicts

"] R T o SR PR SRR R 5 R VIR S
S £ FE= R P R PR IR OQ ] - Foe e [ LR
I} Figure 7 [ 4 it 0 worst case i Fy > A RIHIE £ O(n) » BEAR
TR D AR RS - A [HER FERER AN o P Om)F
[ processes By 2 AHCTHRIG P processes By el RV &
SN2 2 i AND-SPLIT it~ e FOR§ S HIFE S ST H 237 Jh el -

T
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Chapter 4. ki[RI T OBV T PRIl 3 A7

IV S TATT R TR T ISR PO R o B o RLT (A
fr"“ﬁ‘j EI > SEFETIH AITTE] activity process iV ([ EhFQEJFH Hip
I RPN TR AT o pURER P Y Fip s AT RS 28 [ activity process
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= flows 7 j%? eIt JEH]:F FYFHES ™ - 35 activity process ﬂﬁg{ SipTp EJJE L P

EXR

4.1 YR HIPIk 0 activity process AREEIE gy 28

ST activity processes FI‘EF‘E’HE S == i iﬁﬁ@ %I #,@'[‘ﬁﬁ;dz (1) ¥
i@ﬁﬁ * activity process > (2) PI[* activityprocess> (3) E Y[l activity process &
SR HEVERR > (4) fIFR T activity process TR 0 (5) {S9¥ activity process

- ["EE?J‘ 5 (durations) °

i F'EFJWiF'@Tﬁﬂ?“  ff B (D@ R - (ISR (DY
PS5 activity process Y [EIIEY fy Bl o ZHCHTEO AL =15
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P o AFEREATIL] > [ERL2Yp T EST 22 LET AR fT > AN82.4.3 Ay ey ifi

EHRAUBTE @ E[F - EAI overlapping > ﬁ*ﬁ[',ﬁl*%yﬁ%ﬁfﬁfgﬁi ErRIfE o

BRI PRI E - T8 3 (RN e - e A
Z[IE descendent processeso]%il?“s:L ([ Bl f=I EIFY activity process a RUASfVEE [ T [
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LET fh{“fiVE @ 71 JOIN i T hLis il o

2)D’<D
a [ [HEEGE ST D  dfRa LET(a) &) - ANEEESS - Mg e
i | a [V descendant progesses [P’ Fj:{fé% {5 LET fifi » EAI N[Figot » 55
PE PR T EU?@“D& e TRl @;ZEE'@‘[??WP"L%F{]% ° ﬁ@?é%gf ‘F’Tﬁl % End
node ﬁ‘/ﬁ?ﬁ@l? S~ [f"descendent process [V LET =* LET" |- f] ¥ A (™ £}
e

3y d>d
a iz |‘EE%|N£§L | g AEGER - A RTE ATE] a Y descendant
processes [P F i <IN EST [fi » EAT PP %:7J7F’T | P [T 7
F{fjifgﬁ}gﬁjﬁl @?&QWLWEJ\BQ o iﬁ*ﬁjﬁﬁgﬁfﬁ@ [ End node » A5 I £
~ [l descendent process [iV EST % EST | ¢ |~ £ (- -

@) d'<d
a vz I"EEﬁ EU | iy D AECES » AR e a iV descendant
processes [P ‘H‘:[ﬂ% (&7 EST fifi » EAI WL%@F'T’ A“~2E1ﬁ5§ﬁ"ﬁjpﬂ[igf
ﬁlgif’g’ﬁliﬁ“?’ﬁ@?%’[ﬁwdéﬁéﬁ ° ﬁ@?ﬁgﬁﬁ@l #]l End node - fy H £
—~ [l descendent process [IV EST = EST" - F| ¥ | [~ 1§ (- -
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Figure 8 Changing.durations of a process

PRI A i) e d — & 22D — D v~ ’iw/mwl
G fhRke o Figure 8 [RGB - = [HRfIEUE Fr3sf activity process 'f

%[ descendant processes 7% % IR o

?r i activity process a BLBTET - - flt AR ‘Lﬁﬁ? FJ[H‘ ’ @%JE
parent process £ ag > child process £ a; o [lFRLEIEY process » H ]’Eii'\jjE [5L
UL (d(@)>0,D()>0) > b faEs an o (SR THIB o 2R > 251
FIEST (a) = LET (a)) 7 BIE0i an [ods BT PRI (S5
[T ANEEES

Flt EST(ar) = EST(ao) + d(a0)
P LET(a;) = LET(ag) + D(a));

Jﬁ ' process a i ag == aj [H] % ¢
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EST’(a;) = EST(a) + d(a) = EST(ag) + d(ap) + d(a) = EST (a;) + d(a) > EST(a;)
LET’(a;) = LET(a) + D(a;) = LET(ag) + D(a) + D(a;) = LET(a;) + D(a) >

LET(a))

(27" a & S)E - R ETOR S e REOE > AT SR g pY
EST iy d(a) » i 5l LET {38 D(a) - J[IF5048 - %477 descendant
processes [19° ['HH ]l P& i % & 7Sy > 5T~ *E'?L/&%Efféxﬁﬂf descendant
processes [ EST ’F‘Tp?’%i d(a) > FfENIFER S T R RE > BT

FERYR B R SRR > SR LY D (a) - D(a) PR
FIHE === 3 activity process & % 3'3’?’5} ERRIEZ F.ll’%??ir@'.f ~ [ activity
process a [ o %7 a & SpfugER It o PCRY S A =Y descendant

processes * Agk#E " [E T [T

TohLiET Iﬁfﬁﬁtﬁﬁ ILJ??#%F[,HIFH ffit. activity process a » [I[[fi' i) EL 1=
process @Ry £~ WAy (null) process—diFRLFE! > d — d’=0 = D — D’=0 >

f@[%iﬂ parent process £ ao > B <=E child process a; iV EST” =% LET” [Vad{™

L% EST(a)) = EST(a) + d(a) = EST(ay) + d(ap) + d(a)
L LET(a;) = LET(a) + D(a) = LET(ao) + D(a) + D(a))
P& process a 7 ag %= a; ] 4

EST’(a) = EST(ap) + d(ap) < EST(a)

LET’(a;) = LET(ao) + D(a;) < LET(a;)

EST’ (a)) PyUfih! > lﬁ’?‘/ descendant processes [V I"EE\JJE fel] g & 1 FJ:E*'?iH [
processes 3§ & ?ﬁ?’?&?}’ﬁ FIEZE > LET (a;) pYFEfHI-Y fl“ SR - =t Epy ERIE
g o ) a ifVRTE £| descendant processes ﬂhﬁ:g Tﬂlﬂﬁﬁéﬁlﬁ?&’%ﬂ VYRS > R

% activity process >~ fol 5[El i @IIVITE | processes 1 w VR B IERRAY ] 77 o
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42 BRI HIPSSRIV = o= SRR R

*“Fuaf 1lRE? pJ[?ﬁi]}ﬂ » 3.3 éﬁ%}‘ﬁkﬁuﬁx (il = fel i gz hyﬁgﬁi F‘P

it EST =2 LET pub=gf IRIxE- Hige ]]E:ZTEI?C: eYVRIE > TN iy

i T

Tﬁilﬁ? digh o [lFCHE T FTHT activity process ”l’?ﬁ* Y B2 T 18 [ fér%}

process’ -’ ﬁ?@%ﬁ?ﬂiﬂ FE | <7 processes M%J:'J‘ J R S S processes

Eﬁﬂ[‘ﬁﬁ% 0

Boolean T_OBD(workflow specification ws, process n)
14

2 flow queue P=¢; // flows of parallel paths of n
3 if (n.TYPE=ACTIVITY) and (R(n)# @) then

4 {

5 = COLLECT_ Parallel-Rath(ws;n);

6 while P# ¢

7 {

8 remove the First flow F from P;

9 n” = sink process of F;

10 if (LET(n) <= EST(n2))_then

11 skip to next iteration;

12 else if (LET(n”) <= EST(n)) then

13 insert all out-flow of n” into P;
14 else if (n”_TYPE=ACTIVITY) and (R(n”) NR(n) # ¢) then
15 return FALSE;

16 else

17 insert all out-flow of n” into P;
18 }

19 3}

20 for each child process n” of n

21 if (T_OBD(ws,n”)=FALSE) then return FALSE;
22 return TRUE;

23}

Algorithm 8 Operation based detection with temporal consideration
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void T_CPV(workflow specification ws, process n)
14
2 flow queue P=¢; // flows of parallel paths of n

3 if (n.TYPE=ACTIVITY) and (R(n)# ¢) then

4 {

5 = COLLECT Parallel-Path(ws,n);

6 while P# ¢

7 {

8 remove the First flow ¥ from P;

9 n” = sink process of T;

10 if (LET(n) <= EST(n)) then

11 skip to next iteration;

12 else if (LET(n”) <= EST(n)) then

13 insert all out-flow of n” into P;

14 if (n”.TYPE=ACTIVITY) and (R(n) NR(n)# @) then

15 {

16 for each resoureeir both in R(n””) and R(n)

17 // List'detailed. information to user

18 printf (“Potential resource conflict between”, n”
“and”; n, “with resource”, r);

19 }

20 else

21 insert all out-flow of n” into P;

22 }

23 }

24 for each child process n” of n
25 T CPV(ws,n”)
26}

Algorithm 9 Conflict process verification with temporal consideration

Hiter 1,/ HIi#~ [ activity process n I-fus~ SFEHR ¢ [ AT
T _OBD & T _CPV i lxE = = e WA & &5 & PR gy ui@%g\
B R G RAR (AR @%‘Eﬂﬁ?‘ﬁfﬁgﬂ’ﬁ r AR Al ARy TR E'}‘Hl%
(R NR(N) # ¢) FUHERIFEL (reR(n™)) © Hh*]p Jﬂﬁ%?’*ﬂ%ﬁl_ §:$ér

1 % fY descendant processes » [K £Leligh—- {fi process AU 5 & 7 g [E
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=58 process FTJJB"‘ EYYRIEZ T LA = o

FRLIEE JF" U ]Eﬁﬂjﬁi (duration) FYfst—ffi ~ | Iy fSEs lﬂﬂﬁlsr
FIRYETE]~ [ activity process [lUfst e (Bl FE - A24ECFigure 8 [[1fiV5]
process EIfJFl"FJ‘“ (B B lﬁﬂicffgﬁpjfﬁ RLE ]E.&EQEJHH ; B“jafr'ﬁ‘:i:’?if &

processes | [k A % Epi o

IR T_DM (Temporal analysis for duration modification) Ak Tér
it activity process n i I"Eﬁﬁ BﬂE'ﬁ@Eﬁ ’ U—‘*iﬁjﬁ ENT 1}%&%{@’?‘7 n W& descendent

I

processes ﬁlE}EJgfjgﬁlﬁ B o

void T_DM(workflow specification ws, process n, d’, D’)

14

2 1f D’(n)>D(n) then // checking n & n’s descendants
3 T_CPV(ws,n);

4 else if d’(n)<d(n) then Z/ cheecking n’s descendants
5 {

6 for each child process n?iofin

7 T_CPV(ws,n”);

8 }

9}

Algorithm 10 Temporal analysis for duration modification
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4.3 EAI Eﬂj B

B (RS BRI SO TS - B2 F=RR ) 3.4 AT 17 Agps )
B AR IR IHE{‘“N%“ (FY EAL [ RIRISA - i1 RIAATE
processes [IJ EST = LET ¥¥f - [%RELJ?'ﬁ%}LFJ' IR ES I‘Eﬁrﬂfé%ﬁ
EJFT ~ = process > Hy¥d process {17 [HE[L (durations) » FI[RIF-TERY,
PO R U o PR G RSRATE T E BRI T B A !
(- Start node £i¥7&f fI7E| processes [V EST = LET [fii fHiF =[xl birkee R ks
o Al Y pVE A B U E L) EAL Table 3k it -

_-EH

4.4 HIEFHREIP O 53

P 4.2 A % Algorithmi10 F%fﬁ? durations a;-r@ggﬁsqﬁrﬁ R
ORI AT L E e B R R T A
FIPRE T « 759 7 activityrprogess no [URREELIIT) * ~ fifl -
TR 1 [ SR N R« T RC (AR

FUEVED

Operation on ny Ny n,i, descendant of n,
d’(ny)>d(ny EST’(ny) T —RC
(A0 | Er ) RC 1 () 1 |
D’(ny)>D(ny) LET’(ny) } —RC 1}

d(n,)>d(ny) EST’(ng) 1 —RC |

LET’(ny)  =RC |

D’(n)<D(ny) LET’(ny) | —RC |

d’(n,)<d(n, EST’(ny) | =R
(<A™ | Er) 1 RC ST°(ng) v —>RC 1

D’(n,)>D(ny) LET’(nyg)  —RC?

38



"(ny X EST’ xi —RC
d'(nI<dnd || oo (1) ) =RC | (i) t
D’(n)<D(ny) LET (ng) | —RC |

Table 1 Temporal operations on process nx

@%fﬂ%?w[[ Ny Flfj LET> "+ ﬁ%ﬁ ) l&[&ﬁ% «—E‘ﬂﬁfa?zkg((g TN lﬁﬂ%ﬁ& g%
ey yRI R [i LB 55 E‘/E'é‘,l’ﬁﬁugﬂglf [4%5& H\j‘iﬁ[ &S] process ny = T

FORHRER S £ > SHERIHTE 7 k(e s ni)iz"j_k%}“ﬁjli%:?c :
[EST(ny), LET(n,)]N[EST(n;), LET(n)]<[LET’(ny), LET(n,)]

g‘*' U i A Eﬁ Hl (r, ng, ny) £5— “”rﬁk&{ﬁ HUENRIEE o 24T
nyi [V LET R ERATAlahas a2 5 o= > £ End node F5 73 i
descendant process nyj [V LET’(ny) = LET(ny) " LF*E% HiE T n FTRYETEPY path
S LET(ng) O o 0 B e 4 1 PSS TR B g
I %™ descendant processes o 2= “[5 FHUEST/LET ];Ejfﬁp & i EAT EﬂjF
P hE S i) [E'QZQWET LET (ny) » PRI SFg (2 = o Pl
Emﬁ%@ o

i 19 EST 38 B 1T Rkl » A i
g 1) %15 i PR R R

[EST(nxi), LET(ni)]N[EST(ni), LET(ni)] < [EST(Nxi), EST’ (nxi)]

[FilERAY ’5[ (A 2= [ 28 ny 1Y descendant processes > [1%] End
node ﬁ‘/a\ fl' descendant process ny HY EST(nyj) = EST’(ny) ° LFEE?'T AR F ng TR
R path 3R EST(ng) o (- (B0 A e 2= 0 > (NES T

FIRYZ 2] ny 7 % fY descendant processes ©
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#4¢ LET' (0% LET (n)ffgiit 57 PHgfiovifiis - s ™
B ASE AR o H g ERAESSS ne (A SRRERRCER 8T YT IR

[LET(ny), LET’(n,)]N[EST(n;), LET(n))] # ¢

[P 2] (- 2% 0, 19 descendant processes Ny » A nyi 1* 7 ny i ]
End node F5-3 i descendant process nyj [i¥ LET(ny) = LET’(ny;) * Lpgﬁ HifHFH ny
S path 2 LEHLH LET(nyg) fOfs ) 9BR 3 BF SI4511 PR T

RYZ L] ny IV =Y descendant processes ©

J54 51 7 EST ()] » 555 PRAROTARIE > PR ) Al e
R o R g SRAESE n [ AVHRERE ERIET- FHT R

[EST’(ni), EST(nxi)] N [EST(n;), LET(n;)] # ¢

PR - 2=t (T 2 n, Y descendant processes EI Z[% 5" descendant
process ny; [I¥ EST(ny) = EST (ny) * L@?jﬁl%% ny FTEYZEEY path SE HELH
EST(ng) [0 (1 + s b7 [ H0S00 1 + PR ] F IS ng 2 s

descendant processes °

AP hRRREE o BTSRRI TR DO A 4
FrE RS PR R BRI 2. o [ 2Hf R T_CPV @S ot i I i
APVET= [ ES B e YR 3.4 AHTH Hpat - P PR gl 5 R

HIRSR T YR ST AT
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(1) Collect p, a set of all

the SPLIT PATHSs parallel with process n
by backtracking from n to start point of
ws, and update the resource list on the

split path SP where n

A 4
(2) Check Resource Dependency and

collect the resource conflicts set by

RLgp;.ProcessRef(r) records, ¥ SPi € p

A 4

(3) Check overlaps of working time of

each pair of conflicting processes

(1)(2)pfj1‘Fﬁ’§,ﬁ§k§? 34 gim[lgfjﬁqﬁﬁﬁl[ﬁj e L#fgi}'fﬁﬁ(g,)gaj%ﬁ % CTO
@mwMﬂMROWmeQ?WKJﬂ@@“@ﬁﬁ@%%ﬁ’ﬁtﬁﬁgﬁi

o R R A AR R SRt RS2 IR ek -

void CTO(conflict set RC, EXP TIME_EXP)
14
2 // Checking working time overlapping with expression EXP

3 for each resource conflict (r, n, n;) in RC

4 if not (TIME_EXP) then
5 remove (r, n, n;) from RC;
6 }

LFETEE_EKJ}“%';?Q?TI‘J EXP %= > [l 1] 2.4 &jfiy EAI f:[fglﬁ'lsj:@_»%—.\w%
B Eh Ji_[%‘)plﬁfﬁ#”gr:k f @%ﬂlﬂ:[ ?— ié{ﬁ’?ﬁﬂlﬂmﬂj EST = LET § J}ﬂﬂj
B A SR O - EXP [ORTE] BT 4 Bl n RS S

Bl 1Y process - [N n; EL e FI(Q)fVE F/}H =2 n BY BfIVEZE process !
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(a) [EST(n), LET(n)]N[EST(ny), LET(n)] # ¢

(b) [EST(n), LET(n)]N[EST(ni), LET(n)] < [LET"(n), LET(n)]
(c) [EST(n), LET(n]N[EST(m), LET()] < [EST(n), EST’(n)]
(d) [LET(n), LET’(N)IN[EST(n;), LET(n)] # ¢

(e) [EST’(n), EST(N)]N[EST(n;), LET(n)] # ¢

PALE

4% EST % LET ({07 {Is 4.3 A Foffiattfs EALRRITISA - it

%LJhwﬂﬁgﬁuﬁmnmk' [@{P@T

RSO TR 1 TAC S5H301 f9 T IAC ifors e
SATEATPIIE process n 9~ ZEEHR ¢ [ Eljj':}{—j EXP E = “[EST(n),

LET(n)JN[EST(n), LET(n)] # ¢ » %7 E

void T_IAC(workflow specification ws,. process n, resource r, EXP E)

14

2 SPLIT_PATH SET P=¢; “// to store parallel AND-SPLIT paths of n
CONFLICT SET RC=¢; // resource conflicts set

3

4

5 // Finding all parallel SPLIT_PATHs with n
6 P = CSP(ws, n, r);

7 // Checking resource dependency

8 RC = CRD(P, n, r);

9 // Checking working time overlapping

10 CTO(RC, E);

12 // showing information to users

13 for each resource conflict (r, n, n;) in RC

14 printf(“There is a resource conflict ”, (r, n, n;));
153}

AL Table 1 [ 173575 ﬁ FErd%Agh duration i {F Bl YRTET= iFﬁET * T CDM

(Checking Duration Modification) % :
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void T_CDM(workflow specification ws, process n, EST”, LET?)

14
2 CONFLICT SET RC=¢ ; // resource conflicts set

3

4 if LET”(n)<LET(n) then // it may reduce resource conflicts

5 {

6 for each r € R(n)

7 RC=RC+T_1AC(ws, n, “[EST(n),LET(n)1N[EST(n:),LET(N:)Ic[LET>(n),LET(N)]1");
8  for each resource conflict (ri, n, n;) in RC

9 printf(*resource conflict 7, (r;, n, n;), “ Is removed.”);

10 }

11 else if LET”(n)>LET(n) then // it may increase resource conflicts
12 {

13 for each r € R(n)

14 T_IAC(ws, n, r, “[LET(n),LET>(n)1N[EST(n;),LET(N;)]1 # @4 7);

17 if EST’(n)<EST(n) then 77 it may increase resource conflicts

18 {

19 for each r € R(n)

20 T_IAC(ws, n, r, “[ESTZ(n),EST(n)]1N[EST(N;),LET(N:)] # ¢4 7);
21 }

22 else if EST?(n)>EST(n) then // it may reduce resource conflicts
23 {

24 for each r € R(n)

25 RC=RC+T_1AC(ws, n, “[EST(n),LET(n)1N[EST(N:),LET(N:)I1c[EST(N),EST”(nN)17);
26 for each resource conflict (ri, n, n;j) in RC

27 printf(*resource conflict 7, (r;, n, n;), “ Is removed.”);

28 }

29 1f (EST?(n)#EST(n)) or (LET*(n)#LET(n)) then

30 for each child process n” of n

31 T_CDM(ws,n”);

32}
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ﬁﬂﬁf%*ﬁﬁ/‘ﬁﬂ%?acﬁvﬁy process11Ef$%}$?VEU}}$ﬁkﬂf? T i oy
EARESH Jﬂ“\”ﬁfﬁ R J/F‘JFI?E“F’F% YR PR — TR
futgk@ - [ %E descendent processes [[|I'] T_CDM 2&[plfv = W[ﬁ%g‘ B EST =2

LET ~rd@pudafil o 2 n\E' F"ﬁx_i/[“ :

CONFLICT SET T_IAC_ACTIVITY(ws, n)
14
2 CONFLICT SET RC=¢; // resource conflicts set
3
4 for each rj € R(n)
T_IAC(ws, n, rj,“[EST(n),LET(nN)]JNLEST(n:i),LET(N:)] #¢” )

5
6
7 for each child process n” of n
8 T _CDM(ws,n”);

9

3o PR B R TIPSO O = e ENR il lbiad T_OBIAC
(Operation based incremental analysis for conflict with temporal consideration > £X5<

i TR < R O AR T ) O

void T_OBIAC(workflow specification ws, process n, operation OP)

14
2 CONFLICT SET RC=¢; // resource conflicts set

3
4 if (OP="ADD OR REMOVE A RESOURCE’) then

5 T IAC(ws, n, r);

6 else if (OP="CHANGING DURATIONS’) then

7 T CDM(ws, n, EST’(n), LET”(n));

8 else if (OP=" ADD OR REMOVE AN ACTIVITY”) then
9 T _IAC_ACTIVITY(ws, n);

10}

Algorithm 11 Operation based incremental analysis with temporal
consideration
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Chapter 5. F]‘FF == B ]

5.1 Eﬁf&ﬂ?ﬁ%@ ﬁﬂ‘%ﬁ%

Batch Mod. Batch | Interactive | Incremental

worst case o(n’) O(n%) O(n) O(n)

Table 2 Time complexity comparison

PRIl - AR worst case fURRAIHEEE Gl LE « HiH
ST T SR wracking 19 processes B o iz BT HIRLIELYE O(n) - (H13
YU pTEE 7 CONTROL BLOCK [155 % [ AND-SPLIT Eﬁ? CPETEl AR
2 [ﬁ:}”fﬂﬁiﬁﬁ‘ﬂlﬁu AND-SPLIT §¢&l b ‘“I’ET’U‘J’fAllﬁh-ﬂ‘ L) o Bl tracking

[V processes {[alkly™ T <577 %ﬁlﬁﬁﬂd processes {57 o

@%TEI?‘{‘ETEU@J s e ﬂi?ﬁgﬂip VERETED 7= AND-SPLIT (i
By - B Figure 9 {&— [ AND-SPLIT pv'[‘ﬁﬂﬂ , [@%ﬁ\rﬁ;@ process n; Eﬁ FRH]
PERIETOE R fg'a‘]ﬁo(l)ﬁ"fj?;[fmﬁfﬁ ° T FRBI EEEERE ngfﬁ?ﬁ’f’ﬁj
[91Y processes® ™ ¥ 2 Va‘l‘{EﬁT;\HﬂL processes EEUEE ifﬁf FA[ ’E\ﬂj‘ [ &Y O(n)-

Figure 9 an example with only one AND-SPLIT

45



E%ﬂﬁgq AND-SPLIT [ iy 1 fjtijd - myp%{,}gﬁ O(n) [
AND-SPLITs » JI[[fi" *[™ qgllgfjj (AR [ (]~ s S o @l% processes JEEIT,
n {0 IR el 2 AR Y Wﬁ#%ﬁ? » Ti*IJ3EZLE T Start node S %] End
node E fIVR% %551 2log(n/2) » F kL process ny b AR B - SR
PR FE R llzﬂﬁfﬂjﬂﬁ’ &ﬁlﬁ'i‘. % _pE) [ ancestorAND-SPLIT’P&lLF‘*Eﬁ il
P, 4\@’?& O(log(n/2) )=O(logn) = [l =r Fs= i gm mzag CE R

4 n {fi processes — 7% > Eﬂj TR S £ O(n) ©

(RTETRIOBIR R - 1) LT T D A 1B

=
3
=)
3
=)
3
(z/u)bolz

Figure 10 an example with lots of AND-SPLITs
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5.2 1% 4]

T,

A (WA ﬁl’?J*%EF'EJﬁfJ”’?ET{TE'}’FIWFG’E,TH? FVIED [ [P A ﬁl”ﬂﬁﬂﬁﬁﬁ
SiRSENER 7S AR q%[lf[ [ Ll;ﬁ%ﬁlﬁff[ﬁi]}d » Table 3= Table 4 5 l[lRlL77 $ 1%

LRI SRR | EAL RIS - Table 3 1 RLspy ™ RLsp i3 5

A-S) b TN A8 AT A-J) 197 SPLIT_PATH SP * SP fHEf 0

ffl E'J‘[ﬁ?]ﬁ[ o RLsps = RLsps H[JEG fFE 4" A-Sy - ?‘%&@ﬁ? A-SREHT A-T) PR [

SPLIT_PATH SP; * SP4 fFSH i Rl M [ -

R. = ¢ Rs = {I’l, I’3}

\ 4

Nz

Ny

Rs = {I"z} Rs= {I"1}

N3

h A

Ns

A 4

ng Ng

Ri= {I’l, I’3} Re = {I’z}

Figure 11 Scenario example

I @) !

RLs n3, n n n
A-S, P1 3, N5 4 3
R LSp2 n; Ng n

RLs n - n
AS, P3 3 3
R LSp4 ns ny -

Table 3 Resource lists on the split paths
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d D EST LET
ny 2 4 0 4
ny 3 5 0 5
N3 1 4 3
Ny 4 6 0
Ns 3 7 4 13
Ng 5 10 2 14

Table 4 EAI time table

BN RS PIELET (AARGE S 4.1 Al s 2 e
T AT A R PR

(1) #H74E * — (i process ng 4 np=E.ne [ - = d(n7)=5, D(n7)=8, R(n7)=
r ¢ FIELBIT Table 4 17 ny JVERET - BST()=2 > LET(ny)=12 ¢ [l RIfr " H
% i process ng [Y EST <2 LETI{fi> EST’(ne)=7>EST(ng)=2 > LET’
(ne)=22>EST(ne)=14 » {EHrT’ ﬁ:ﬁﬁ 73 PURERPUE 2 A2 5 R & — R R e
o flOSERL ST EIRBR o AR o TR PORTRER > AR
T_CPV JifIEA IR 7 A-Sy PURIfl B IR F1 R 15
PP RLspy VRt i PR P50 BRI IR - (T g {070 g pl
TFF 0 FERLspy P ilin LA BEEEE fE-Table 5 QU AY EAIL F[H]
o F2E n n4E[|)fJ‘/‘Eﬁ f‘#;:ﬂ P ng IR - }%%En%ﬁ! o
TEI=BH IR o & FEH A% descendant processes ng © n [I#= A-S; il =1 i
E2K (r2, n4, ng) > 3 FAUE Table 5 7' FFETH [EST(ng), LET(ng)] N[EST(n),
LET(n4)]=[2,6] < [2,7]=[EST(ng), EST (ne)] » [41(ra, na, me)if fIe R 7 ng
A o B ECYERL X LET (o gk & Frvvnifiidk - (- Table 5 5%
T

T B S [LET(ng), LET (ng)]=[14, 22]% % 5 19 process » [N 7 % $rive
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VRIEZE o pIAT ng % =153 activity process Tﬁ@ e ?/[Jﬁ [ﬁl%ﬁ lﬁ“hﬁ”ﬁj

B IO B -

R. = ¢ Rs = {r:, r:}

\ 4

n,

Ny

Rs= {I’z} Rs = {|’1}

N3

A 4

Ns

v
\ 4

ng Ny Ng

Ri= {r:, rs} Rr= {r} Re= {r:}

Figure 12 Inserting nz between n; and ne

d D EST LET
ng 2 4 0 4
n, 3 5 0 5
N3 1 4 3
N4 4 6 0
Ns 3 7 4 13
Ng 5 10 2—7 14—22
n; 5 8 2 12
Table 5 EAI time table
r r r3
AS, RLSpl ns, N5 ng n3
RLsp; n; ng, N7 n;
RLs -
AS, Ps n; n;
RLSp4 N5 ng -
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Table 6 Resource lists on the split paths

() gl 2l process ng R+~ AIV[NFE] A-S, pl i RPRL R E &rﬁg[ﬂl*
TARR e RPVELEIR P B & RLspo iRl ') W Ii% EAL Eﬁf&ﬂr—%
%%%fﬁ'l%ﬁ@ﬁﬁ VIR BRIV IR g i S R S
processes [V EST = LET [fi:&~ Ri#r» ﬁ@* *l descendent processes fLT PR =
BT SR o P (e B N S TR Table 5 5BUFUEY Table 3 > Table 6 3Rl

£% Table 4

3) }L_{% process ny e EIE HIEF ETII- 7 o [T T_CPV = A-S;
PARESSAURARE D (2, m na) R ITRFGEA0 T TR Table 4 (1

RLsp2 q—j"_‘% I F[ N r‘f‘ [‘FII 3 E'}Q—LE[ ;9?)@ by N, Ng °©

(4) BB ARfRE G m 9% SR EL g ST T T_CPV Tk
3&‘%@ F=%} RLsp; - rp Uiy I?E?WP fHHIERREZE (12, 01, ny) /LHYF{ B3 /EH Table

4 H[ RLsp; 51 1) F[ Uhb fF'l Fg?—tﬁ[gé?t

(5) =%7@ process ny [IV durations : 11 d(ng)=4—d’(ns)=1> D(n4)=6—>D’(ny)=2 °
F=fg | ‘{Fi’?‘f 7 LET’(ng)=2<LET(n4)=6 > E & i} process ns “J <7 Z[ d5igh
EST’(ns)=1<EST(ns)=4 > LET’(ns)=9<LET(ns)=13 ,ﬁﬁiﬁﬁfﬁl%‘ﬂ;‘aﬁﬂﬁwdﬁiﬁﬁu
Table 8¢ I*ﬁﬂjfi%llﬁﬂw A-Sy F=55F RLsps 732 ng B8 €Y 1y BEET 9 processes
B NIFRERE S]] A-Sy Pk > 5] RLspy HY ng == ng [ 7 71 e ¥ TR ZE (12,
ny, ne) o FF O ALEC 44 arpy A8 > [EST(ng), LET(ns)]N[EST(no),
LET(ne)]=[2,6]<[2,6]=[LET’(n4), LET(n4)] ° H M)A ERIEZE (12, 04, ne) fFA
PR o I ohs EST =2 LET pudigr o 53 (k> Wﬁﬁﬁfrﬁi@ﬁfﬁ%ﬁ n4 fiY descendent
process ns * fﬂ ﬁiﬁu[ﬁlﬁ‘ﬁ A-S, =2 A-S, PEJEW’WPEH/ Eﬁ 55 EATL Eﬂ | SelEhk
* o ﬁ[ HRLES ns B el EZL AV EL ny o [fI[EST(ns), LET(ns)]M[EST(n3),

LET(n3)]=[4,9] ¢ [9,13]=[LET’(ns), LET(ns)] » 57" =1 % 7 ORI (r1, ns, ns)
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SEAER o I AIEI[EST  (ns), EST(ns)] M [EST(n1), LET(n)]=[1.4]# ¢ >
HTI R & PTERRE (0, i, ns) o A O B ST Table 8 %

Table 9 53§ EAL FIHIFISRGT5) % 5 (S ISR A -

D D EST LET
ny 2 4 0 4
Ny 3 5 0 5
N3 1 4 3
N4 4—1 6—2 0 6—2
Ns 3 7 4—1 13—9
Ne 5 10 2 14
Table 7 Updated abstract time table
N I I3
A-S, RLSpl N3, N5 nyg nz
RLsp2 N ng n;
RLs -
AS, P3 n; n3
RLSp4 ns ny -

Table 8 Updated resource lists on the split paths
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Chapter 6. ﬁl%@ﬂfd‘a

= T (R AL AR G F T (AR
TR T P S 25 MIRLE ARV EA D T (B fO 3P A (workflow
specification) - 357 (S AHHISOSTRRLHIRT) &' 4 BLEFSHRL - AL
B| (large-scale) [V o f V(R (SRR ATV RS BESE] - (D) (S
B [21] () [ERAMEER- [22] () (EfAEIsH i (23]« B[ (A harkee
IR T (R S o [T (PRSI R (5
PR F A EREIRr > SRR T R A I E R - (2]

6.1~ f‘@ﬁ%@’fﬁﬁgﬁ?ﬁ

VAR ERRRTE T2 foll” favid o L S8 ng = e i Ao i s LA
SRR W IR B T PR A A (R E B el HE‘UE iR
ﬁiﬁﬁ?ﬂ 3 B F' Elﬁrjblqlpgﬂﬁﬂﬁﬁ?@upﬁ Petri-nets » E”fl Qﬁ R
-

Petricnets ¢ 7 [T 7 O 03552 A1 [ FEEEHT) places
arcs » S H[MIFUEIRY Petri-nets AT FE S AT (R ARSI p TR
[ = Sadiq <" [3] * Onoda <" * [13] F[™JE|[fflo A7 ltpfﬁfétfj*& ﬁjf‘ﬁf’[
e %FJ?F%F#I}’HIH IFU?‘/] =5 (deadlock) F‘/#{J [F[JH“ [ (lack of synchronization)
FROPSIp AT E PP R el o 1] PR LRt B T (R A s o,

» R T (ERAENAY activity Fe BTSR[] activities [E]fYif [ RLEET
BRI TS N AL (17 (SO el Singh [14]
AT R (event algebra) e EF T [ERAPURE] I ATE RN o
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B A R AT RO FRIDSR OB RT3 S R o 1957
F JE. Kelly % M.R. Walker - [fi][#]3Z - ﬁﬁjﬁfﬂ%%%i% @43k (CPM, critical
path method) [15] » = Ph 5l & e 2o RETI P PO AIFT A= P> (Rl s it
P B E - AR o ARSI R T
(AT BRI RGP 15 w9 [ Fd L]
PR« Eder 357" [16] ¥ 1999 & 1)1 BRI e L3l sk i ph =
S R > Marjanovie [4] IS 2000 5 [5" 5 2 activity #p3s ] (o
L (minimum duration) % 4& 7 ] (maximum duration) » 555 5 ffd
activity process 7% ¥~ WP 4 I G Tt h 1 - A S S0P PR
PRI - Zhunge 2001 [17) I T FIFgE ~ WEFURRISTGEL - F2
EL (AR IR — A PER oA o oz F 2 T [l B UEﬁf ’
7 (R T 5 - F=AAdam [10] <37 4 I
[t Petri-nets (TCPN) . &7t FIFERI FEMARINRT - pof fi 1L -

. (SRl » 2 PRS- - T (SR 1Y processes
BRI o TRV SRR I o (R R
ﬂﬁiﬁkﬂ’?‘/ B AT CRERIERRE - Hongehen Li 257~ 4% 2004 £
(2] PiFIFIGeypiaE 2 T PR R SR PR
P AR PRI - B RS S RIS R - S
L 2 PIpARER ST AT SRR o I R R D -
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6.2 EET?“%‘%%‘%‘T?

PRI T PTR R RLECEIRERRSS (microeconomics) Y- AT AT HE > 2 R
SHEfR B Npuig | O ﬁ?iﬁﬁ‘}ﬁ'%%@ﬁﬁﬁ RSN 7 ARt e

7 (BB P (marginal analysis)

mar PRI A A A FIRL R R e |
R SR B B4 (“Big Bang”) B - IR - —Eﬁfa
GEEREN e RN AR SR o2 S R e e N 7 IR i e
EEE N A e e R Bt o [l et P E e
R SR SR TP I - I MERLETHETI fOTPj= b UF | Tl OR P b
U - [18]

W@ fuﬂ

SRR F - R SR 7 B
SR OSSR » ARERI PSR < B | IR T
PUBEREL SRR - IR IERRRR DA > 0 pLASTRE ) ¢ 2 RS
B PR A R S R R e
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Chapter 7. ,ﬁF—F E o A N A ]
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