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Abstract As recent business environments are changed and become complex, a more efficient and
effective business process management are needed. This paper proposes a new approach to the
automatic execution of business processes using Event-Condition-Action (ECA) rules that can be
automatically triggered by an active database. First of all, we propose the concept of blocks that can
classify process flows into several patterns. A block is a minimal unit that can specify the behaviors
represented in a process model. An algorithm is developed to detect blocks from a process definition
network and transform it into a hierarchical tree model. The behaviors in each block type are modeled
using ACTA formalism. This provides a theoretical basis from which ECA rules are identified. The
proposed ECA rule-based approach shows that it is possible to execute the workflow using the active
capability of database without users’ intervention.
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PROCEDURE Iterative-block-detection (in G, out (the

start node, the end node))
QUEUE = {s};
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while (QUEUE = ¢) do
fet v be the first element of QUEUE;
remove v from QUEUE;
mark v;
for (all v/ € succ(v)) do
if (v/is marked) then return (v, v’);
if (all pred(v’) are marked) them append v’ to
QUEUE;
end
end
retum nuli;
end Iterative-block-detection
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PROCEDURE Branch-water (in G, out w-list)
for all v, do w(v) = 0.0;
w(s) = 1.0; w-list == {1.0};
while (QUEUE = ¢) do

let v be the first element of QUEUE;
remove v from QUEUE;

mark v;

for (all v/ € succ(v)) do

w(v)
wy) = wv) + |succ(v)!;
if (w(v) ¢ wiist) then add w(v) to wiist;
if (all pred(v) are marked) them append v’ to

QUEUE := {s};

QUEUE,
end
end
end Branch-water
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PROCEDURE Serial-block-detection (in G, out (SB, w-
list))
b = min(w-list); LOOP = T; QUEUE = {s};
while (LOOP = T) do
if (QUEUE = ¢) then retum null;
let v be the first element of QUEUE;
remove v from QUEUE;
if (w(v) = b && |succ(v)] = 1 && |pred(succ(v))|

= 1) then
LOOP = F;
SB = SerialFrom(v);
w(SB) = w(v);
else append succ(v) to QUEUE;
end
end Serial-block-detection
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PROCEDURE Parallel-block-detection (in G, out (PB, w-
list))
b = min(w-list); LOOP := T; QUEUE = {s};
while (LOOP = T) do
let v be the first element of QUEUE;
remove v from QUEUE;
if (w(v) = b) then
LOOP = F;
PB = succ(pred(v));
w(PB) = w(b) * |succ(pred(v))[;
update w-list;
else append succ(v) to QUEUE;
end
end Parallel-block-detection
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Dependency . .
Relation Name Definition Description
¢ CD : Commit (Commit #; € H) = ((Commit # & H) |If both # and # commit, then the commitment
' " | Dependency = (Commit # < Commit #)) of # precedes the commitment of #.
Strong-Commit
4 SCD ity € i i its, j its.
t Dependency (Commit ¢, H) = (Commit 4 € H) |If 4 commits, then # commits
y AD 4 | Abor Abort 1, € Abort 1 € If #; aborts, then 4 aborts
ly i Dependency (Abort ¢ H) = (Abort ¢ H) ; aborts, f; aborts.
Weak-Ab Abort 1, € C it 4; < Abort # ’ .
t; WAD ¢, ca ot (Abo H) = (ACommit 4 ort ) If ¢ aborts and # has not yet committed, then # aborts.
Dependency = (Abort ; = H))
t; BD ¢, Begin Begi = Begi < Begi Task ¢ cannot begin executing until # has begun.
! ' | Dependency (Begin 4 & H) = (Begin #; < Begin ) | Task 4 g g : gun.
Begin-on-Commit R . ) . . . .
4 BCD 1 Dependency (Begin ; € H) = (Commit # < Begin #) | Task 4 cannot begin executing until  commits.
Begin-on-Abort . N . . .
5 BAD Dependency (Begin t, € H) = (Abort #; < Begin #) | Task # cannot begin executing until # aborts.
Commit-on-Abort
¢ CAD ¢ , = i ) , t its.
t Dependency (Abort ¢, H) = (Commit 4 € H) If ; aborts, then ¢ commits.
Weak-Begin- Begin §; © C ity € i . \ .
& WCD 4 gax-begin-on (Begin 4 i 0= ((‘ ommit ) If #; commits, f; can begin executing after # commits.
-Commit Dependency | = (Commit # < Begin )
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BCD BCD BCD BCD BCD BCD BCD‘ BCD BCD

1) Before processing 2) T,in processing 3) T,inprocessing 4) Only T, in processing

BD CAD, BAD.

BCD BCD BCD.___BCD

QRO OO

CD BCD BCD_ BCD

T

BCD BCD__ BCD

.- -0

=) |BCD -
WCD  WCD WCD WCD  WCP WCDh WCD WCD WCD
1) Before processing 2) T, is processing 3) After ) commits

“8CD BCD___BCD

ST
/

WwWCD WCP  WCD WCD
6) Only T, in processing 5) After T, commits 4) T, is processing
() JEEE

5) Only T,in processing 4) After T, commit
(c) AND-HEEE
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1) Before processing 2} T, Ty, .. T, inprocessing

3) After T abort 4) Only T, in processing

and the others aborted

(d) OR-BHHEE

f BAD

1) Before processing

f BAD

2) T,in processing

WAD

3) Afier T aborted and 7,

4) Only 7,,in processing
and the others aborted

in processing

(e) POR-HHEZE
¥ 7 £ §849 ACTA g4&

(CAD) #AIE A3t welr B=o] FdsiA I3
29 B2aaw G WA g ol go| i)
A2 AEB/A FHEY

A5 EE H237F dEHYE 52 19 7 (09
5 289 e AP 2] strong-commit depen—
dency (SCD)ol &3l =4 gt wer BEo)
o] BN FoEW, AxH Bz dF BY F
A& AFAZIY, BdR9e £Me ¢EE gaze)
£Agk WE ojRe] Atk o]RAL 4), 5) W 7o
e} gl50] begin-on-commit dependency (WCD)o)
s FHEA,

A71Me BE H23vE B4 sbssida Ao
gt Y A AE o)A

o FAtE BOHOE WASRAL YHE wE

Aol dee Uz HEAE e Brhseh o
& B0 BAG 53¢ WAG 23S FAAY R
e o GUE U8 4 gtk 29 93F2S A

2¢0] §& A2HE REE F9dE 2Y AYS 3
717v 33l fETh 1A 2 l&%oﬂﬁ i

< -?Jﬂ%i-"r E] olglHo] & &
= Aol
1 Atede °4i—i-r *l”é]° H%Qcﬂﬁ E}*
WEE 88 Al2dd O YA A Qe

‘r r_?lJ
O_u
%
q 32
NS
° U
i)
T !
FI
o
o
e
_}‘_,
off o
o
o 5

oF @,

B2E A7 FAR8A {al, a2, B, a3}& 71xzm B2 B
= serial blocko. 24 FA4R84 {bl, b2}& 712z
34 @A) al, B/t COMMITTED Aeloln a2e
EXECUTING®|3 a3¥ READY AHI¢lH, A7} 5@
vy Hrxt 289 7TAL4 ald Be B
a7} AEEolA ald} BE $9AAX al® B e
= ABORTEDZE ulit}y FAlo)] COMMITTED “4&
9 BY TAHLA bl b29 EdEizrt st
bl# b2¢] 4ElS ABORTEDZ ulF#A dAth

5.3 ECA 3|9l R

ACTA gHgo= yehjozl ASHANN & &
£ f¥¥E ECA & wHEAXtk ECA &2 At
Z(event), ZZ(condition), & (action)2& 4= o]
ok FEHL ARshe AL o9 ZE AR 24E
= A 29 ECA 73S DBMS®] U4 ZE2AH
2 FEHEY, 28 8L Oracle 812 789 ECA T
Folc) dAF9 T2 T ZEAAHE ECA 7
Ha goj A, 24, Ay AR FARLAR ofF
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Event

Condition

Action

%i?f&
¥ 8 ECA 739 74 oA (R159] 4%)

oA Aok AHAL “AFAFE HFHE"UH, WP ==
ANA7s Aeoz ZAT 4 ook ok ol F AR
o2& Hol8 WHOIZA, insert, delete, update A4+
2e Ao] gtk 20L& “AlF Zﬁ"°§’~1 AHERES
AlZE7) $la] wkEEolel e wmElae n3tt R
gt ‘229 YHE 22N QSEQC’M: g SQL #HY
Folvk T=aPL oul g},

a8 89 ECA 7& 4AE R15(commit_block_by
_all_tasks)E& T8F AoE AND-#HEE=9 CD}
SCD dE#AE THF Aotk AND-HIESA
shtel B2zl 45EHE deojeiHola € ol E(WFE
TASKINST)ol 2 BRI} 71253 FAlo) o] update
ddto]l R15 F&E AlFAZIT o] 739 A1A B
2 WF_TASKINST®] ComponentStatusd] ¥t up-
dategtil Hol=o] Utk FFF Holeho]lae o] A}
AL AABFIL 2P RES AAE 24 2R B
£ f3ol AND-#HHESo]olot 3t 7848 Compo-
netStatus’} ‘Committed’e]ojo} Ftle= Ro|th A=
Ag] BEoN BEQ T4 €923 F ‘Committed A
) A A7t EFY T84 A gow E=
9} ’3el(BlockStatus)E ‘Committed & u¥}ETh T2
THHAEER B3 FEE & Y3 § 24 2959
ATk

6. AlaE] T8 ¥ SSAH

B =FdAe WEMS Z2EERe 7EYh 2
¥ 9% I Al=Fle ad FERE YEdTt 553
Holeto]2e Fefo] YaZF2F AR IS 53
3t Yok W ZEAAE AR e HolEel B
T8 dolglolzd AR §lojA, olHd Hlol&
of WA= M-S FAEA EF 3T Haz A
g B #A 7EAE FopA AFAzZIY B =2
28 APANZ d, Hojgo)ae R Ald FAA
£ B39 AHeA ¥ $4 T2y 5% o
AHESHE 9 AL o)) Zrh
* START(Process Instance): E#}o|EV} T A&

Q2EAE AZAIE o d4s= A
* DELIVER(Task): @] sj&=2Z2 A2} =239

I 7L 45 FYANA g7 A
*» SUCCESS(Task): Ze}0|UdEV} BHl2=aE AHAFFo

2 g% AL Yehis AHd )
+FAIL(Task): AH8A 86 =20l f2aE ¢

B3R £ A& vehlie AR

£ AzgdA w3 Aot #Ed HolEe WF_
EVENT, WF_BLOCKINST, WF_TASKINST®] Al
JRoltk. WE_EVENT ZElo|dEY AN 9%
AR ARE AR3E HolEola, WF_BLOCKINST

—_>f~. il
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%2 3% FR(AE)E ECA 77
Block type Dependency Event Condition Action D
EXTERNAL | START(PI) Begin B | RI
EXTERNAL SUCCESS(t;) | Begin te H Commit # |R2
EXTERNAL FAIL(%) Begin tie H, Commit t; ¢ H Abort £ R3
Common INTERNAL Begin # t =B Begin B R4
INTERNAL Commit B B =1 Commit # [ RS
t; WAD B Abort B Abort B € H, Commit t; ¢ H Abort R11
ct: BAD B port B Abort B € H, Commit #; € H Begin ¢t | RI3
ct; BCD ’
ti BD B Begin B Begin B € H Begin £ R6
B AD & Abort ¢; Abort t; € H Abort B RO
Serial ts1 BCD # Commit ¢ Commit ¢, ¢ H Begin t:+ R12
ct WED ctiy Commit cti1 | Commit ¢t € H, Commit t, € H, Abort B € H |Begin c; |RI4
ct; BCD ¢, ’ ! ’
B SCD ¢, Commit ¢, Commit ¢, €« H Commit B |R16
t: BD B Begin B Begin B € H Begin ¢ R7
BCD & Commit | Vi (i=1,2,....;n), Commit t € H Commit B |RI5
AND- B SCD ¢, [t !
parallel B AD 5 Abort 4 Abort t; € H Abort B |R9
ct; WCD ctin . ) 5 :
¢t BCD 1, Commit cti1 | Commit ¢ty € H, Commit t; € H, Abort B € H |Begin c# R14
tt BD B Begin B Begin B € H Begin # R7
Parallel zRég“I:a“e‘ B AD 1, Abort 7 VG =L .., Aborty e H Abort B |RI0
parallel ) B SCD ¢ Commit # Commit t; € H Commit B [ R16
4t BD(c) B Begin B Begin B € H, ¢~True Begin # RS
t BD B Begin B Begin B € H Begin # R6
POR-parallel tw1 BAD Abort # Abort e H Begin tu R18
B SCD « Commit ¥ Commit # & H Commit B |R16
B AD t, Abort 1, Wi (=1,...,n), Abort t; € H Abort B |RI10
1 BD B Begin B Begin B € H Begin # R6
tw1 BCD # Commit # Commit #; € H Begin 4  |RI2
[terative B AD ¢ Abort 7 Abort t; € H Abort B R9
B SCD(c) t Commit #, Commit t, € H, c= True Commit B [R17
ti BCD(—c) t, | Commit ¢, Commit ¢, € H, ¢= False Begin # R19
Active database
QOO ® @@ ri2
[ @ &rs | AR
e e R MO SR E 7
LsskD %gr%k“ Q”o)nenllD (OB Tﬁ:ﬁz
orker ComponentStatus 9) RS EndTime
BlockType
BlockStatus i2) RI6
Stafﬂ_’ime

o START(Process instance)
@ successe,r)
@ successs,)
@ successis,
@ successis,s)

© DELIVERE,.1)
@ DELIVER(B.4).

DELIVER(B, 4)
@ DELIVER@®,7)

User
interfaces

Application
programs

I¥ 9 WFMS Z2Ee¢] Al2" 3tz ECATE H8 &4
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= AWFA EZo AH ARE AFIH, WF
TASKINST® 2z B39 AR 2 A& AZsa
Aok w3AE Hdds T olHE Hol2e Mz 4
R G BES ECA 7H dAdA Agre
< WF_BLOCKINSTE ®HAAZIG )AL thA] o
glolEo] Ao thE FE AR olst ol
Atz A gx|oh A4l 73 Asjo] TRAAE 4
PAjzick 2+ dlolg vk WAl ECA w3 19 9
9] A ol stddl AR itk

EF 28 95 I¥ 10@ e dAld FHe F
e €XME BAE. o] dAE B EEAA AA
d Fd2 ol A9A AE3eXE HAFEY B2
2 duEs FEsd sty HaEER e
ZAFEES S Fold gL vENaE 18 10b)s} 2
E7 FYE @@dct o3 T M 2o Holg
Hlolzd AFHT U, 1 Heold dgshs zaAx
U2EE AY5aA e A% e ARG A%
& 5 Stk

ZFAE JI2E2E AFstn UE, 1A Ede) F
48 ==B2)E 493t o] == PP Eomg
ADES sk T30 HEHY o JPyE=SL
(c)e} Ze) B2tl, B2.12, B2.t3 (&2t T1, Bl, T49] o
SR FAHS Utk o] BEL APsEA () 2
o] & & BI1g Y4 B2tl, B2.2(ZZ T2, T3
o th2)E AAsl7] 93 AND-BPE2) g 75
o] Ay At

() AND-ZiZE=
3 10 7 AE dA ZaAX

€ =8 E 588 vojEholag o838y Hz
Ue L2428 4YAZ F I=F ECA 73 b

2S F WFMSE Atk WFMSOlA ECA 3
L ARgshe JE9 HIHe dig AYE 9% A
o B4 ¢¥ & £Re T3] dusgddt oA
71E9 ATYEC) Z2A2 SAS A% gdtEd W
Hog ALgHA ggithe gujojtt. B E=RA A4
Zubge T daZ2$ dAS AFez A
4 Stk o)¥E 7 7ty YL QYL F3}
o N8 fuE aHEs dAE T 43S
BysA s, 7iEe sz kel maA|X] 3
£317] 4E 79 7uke] EdAL #e] 7HE ACTA
BAEE o83t AR3e WS AdsAT

E =29 5339 gL vegd 2o AR, ==
A& 2588 2 9 Aoz Yo = BE9 7
Z3 gL Agsigd BEEe Z2h2 2dS e
W 712F< g9l ECATES e =70tk &
A, T2A2 Y YEINA BES Fohie dx
AES At AA, EEL olgstd I
VEAZE ASFQ EY g W@k oA
ZZN2E BAY oo REFE T 5 Y=E =9
Fhck vixTez 7 £ §3¥dE ACTA FEe
ol &3l BA| =& AASIYE. o]A& ECA 739
o240 ZA7F Hlh AAHog B E=RA A4
g e 77 WFMSS 7127 2 4 ok F
29 DBMSE2 5%% 3 (active rule)& ETA F
S W Z2AA] Por AAsBR o] YPEL |
A kel DBMSH dX=e H F271 ¢loh

F5F d7gAEs g 2 Aol sich A, &
A ATHAA AT FHL Z2A2 2o FRF
d SHne fRa A FF 9F J9Es 553
TS et 838 4 ok &4, BE #¥&
oS duts A § gtk GE B0l WEWEY g
shte] B3l e HEdHEHe dF3sE S 9
3 JESZ EAE 3 F Uk AA, AAE ¥
Hel F84E 3% FASA B4 B Ay 9=
E2971 AYHEA AR F JEANE Yyl 4
77} ggsich
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