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A Termination Analyzer Including Execution Semantics of Active Rules
Ye Ho Shin'- Jeong Hee Hwang''- Keun Ho Ryu'"'

ABSTRACT

Active databases execute an action of active rule defined in advance which is triggered automatically, whenever an event with the matching
event specifications oceurs, its condition is evaluated. Because these rules may in turn trigger other rules, the set of rules may be triggered
each other indefinitely. Therefore, we propose a termination analysis method to guarantee termination. This proposed method considers composite
event as well as rule execution time. Above all, the method not only uses deactivation graph combined to trigger graph for exact analysis, but
also improves the complexity of analysis. Also the proposed method enhances accuracy of analysis result.

IS : =5 HOIE|OJA (Active Database), EET2(Active Rule), T3 &8 M4 (Rule Termination Analysis), & A% 2ol
(Rule Execution Semantics)
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rl-a7t B4 Ag8w 19 2 A%dd 2-b7t 49
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dulstnz o2y F4 WAS TEEn e Aojze
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AR A8 ENAFHR HFYL v o] i
A AAse EdA adxe w@ds adzE oj&d
8 B4 Zae 459 2q.

aA 1: 14 £4
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EE Holgd dis HoA & £ EA uAE 2
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gt 5 oJRE AT F, 13 24 1HY 24
FPoz NS X8F doo #AE EF Aste
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A AFgH AlolF9 AAxXH o AAHE Aol
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3l BAE ol & 2a BHE Bl 4H Y F8
RE 474 )

i

£ ooy M

oA 2:2x4 ¥4

Hl 88t e 2e o] 2802 AN AL o
o] o 27 e A ARz WAL o YA
e 13 #Ae S gz £FAFA FHP.
134 249 EgA ad oA Alo)E& Y THE
FolA vgAs Ao & AAL F U AlF F,
AZ(False) Ato|29] FAEL AA€ o, g4zt &
A FEL Al §A4SEA = BAlolojok d.

14 B4e #4729 243 AE BAE B4%
£ ol 24 EAL 1A ¥4 A%E MAn 2484
ZAEE AASA BAstE otk

|, 248 BAREE i) AN FAEY wlE E
A TR Ao o] EANA ReThd FHAUTE F
2% RARTD 4% & Aok (1Y D 74 F8 2
4 838 vehd Rold

A 277 BN before, after FHE DFE ER
$AE 98, 7129 2aA g dYse TH 49
#8 Edas =9/ s Mgys 29rs 4%
sto] 2= BHSE P 4Btk o B4 PHelA
A HEAQ BY ARe wBAS TYIE o8 2%
2o o] FojAiet.

Qele] 74 dyez AN HBYHE FHL EAL

drjs 27¢ BEaA o ZAANY FH T3
dge gAAseY. adme 739 2 J1E2e SE
NgAs BAE Ade 12E Fi= EfA #Aug d
HAG FH ARE AW @, vBYs @ 7o A
d57] Aol oA BASYA Feds 74 gug £9
Aot Bk med A wolzol FH BAE AFE o
4oe FRENS 98 B BAGRE A9,

‘ i EEe)

TG-graph 844 -
[ 36 2u o

A MY 58 2E

SN B caluete

¥ 25 %‘—‘1:
. DEvgmph 84
False cycld A -
Yes No
Cycle B8 01
TEH MEA T dY B8 2%
(22 4) 78 B2 24 3%
5 HE Azl

o] FoME ALAHE B8l YA AAD TR EA
Yol ofgk B4 #AE dydr

(1% 5 8 BHAAACA A48T 2709 et 1
A1 <E 1> 7FHe Fr EAd Hgsr g 73
Aol F39 £4 &= otelle} Zo] 7HATLL

A9 L P(rl) > PG2) > P(3) > P(rd) > P(r5) > P(r6)

Account(no, bal, rate) ; RANEF B9 ol&
Client(num, count, level) ; N3, 14 BHHF AF4(1-10),
A (-7

Loan(no, zan, flag) ; AN E, fEFA, check(Y,N)

(agl 5) 73& og) A7i0f
CE 1) 73 e 73 Hef

3 rl : create trigger after-rl
after update of bal on Account
when bal > 1000
then update rate = rate + (.1

F# 2 create trigger after-12
after update of rate on Account
when rate > 7
then update level = level + 1




T3 r3 : create trigger before-r3
before update of rate on Account and level on Client
when zan > 0
then update bal = bal - zan
set update flag = “Y”

T3 r4 : create trigger after-r4
after update of level on Client
when level > 3 and flag = “N”
then update zan = zan - bal

T3 r5: create trigger after-r5
after update of zan on Account
when zan = 0
then update count = count - 1

TF3 16 : create trigger before-r6
before update of count on Client
when count > 5

l then update level = level + 1

(18 6)2 <E 1> Ad #HEY #AE TG DG
A A=z Jed Heg FHEFG AL el, 22 o]F
o EALE #AE ZAFHAT

(38 6) <E 1D 71| UAE HEHH TG DC | 2=

<E 2>t 74 Felol ¥AE 24 F429) TR, DR,
ARe} #AoIth AR BAE FH7kl YAHE ugAE
#8 249 9 %1 487 €k

(E 2) 7zl 4siE TR, DR, AR 22|

rule ID TR DR AR
rl-a r2 r3
r2-a r3 rd
r3-b rl r4
r4-a 5]
r5-a b rf
r6-b r3 r4

TR, i) - 73 rid A3 737 9 AdFEd 22
it £48 AlgstE EEA #4

DR(ri, rj) - 3 ri®) ZAd9 AFZAH7 #4 rjg =
Ao & false’t HEE st |84 s BA

AR(ri, rj) - 73 rid 249 AIFHA7t F4 e z2d
Ao & true’t HEE ste @48 @4

de 74 BA UolHE 72z 48T P Her 7
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A gAE 2¥3E 4 749 EgA AAE
el YAHE AlolE e BT 5 Ao

AN T

(D Out(rl) = TR[r2, r3],
@ Out(r3) = TRI[rl] + DRIr4],
® Out(r5) = TRIt6] + DR8],

@ Out(r2) = TRIr3, r4]
@ Out(r4) = TRIS]
® Out(r6) = TR[r3, 4]

o Out(r)e rid] 7¥o] 9o A& EA, A3
a3 v g A7l FH Y aAE BE e

o Apolgo] wHY FAH(CRF T8 +YPste #A
& d ol F2E AAsA Feh

@D Out(rl) = TRIr2, r3]
= {(r], 12), (r1, r3)}
{(r], 12, 13), (11, 12, )} + (1L, 13, D™
(rl, 12, 13, rD®®, (11, 12, r4, 15)
(rl, r2, r4, 15, r6)
{(rl, r2, r4, r5, r6, 13),
(rl, r2, rd, r5, r6, r4)%}

= (rl, r2, 4, 15, 16, 13, r1)°®

4

b ¢ 4

@ Out(r2) = TRI[r3, r4dl

= {(r2, r3), (r2, rd)}

= (r2, r3, r1) + (r2, r4, r5)

= {(£2, 13, 1L, 2™ (2, 13, 11, 13)}
+(r2, r4, rb, r6)

> {2, 14, 15, 16, 13), (12, 4, 15, 6, rd)%}
= (12, r4, r5, 16, r3, rl)

= {(r2, r4. 15, 16, 13, rl, r2)°%,
(r2, 4, 15, 16, r3, rl, r%

@ Out(r4) = TRI[15]

(r5, r6)

{(r5, 6, 13), (15, 16, rd)}

(15, 16, 13, 1) + (5, r6, r4. r5)"™
{5, 16, 13, 11, 12), (r5, 6, 3, rl, r3)%
{(r5, 16, 13, 11, r2, r3°

{15, 16, 13, 1, r2, 14)}

((r2, 14, 15, 16. 13, 11, 12)°,

(r2, rd, r5, r6, 3, rl, r3°%

A

4

T3 Jge 7 FH dis o9 & wHoz Ed
A AEE A3 EAstE RE AlojE g gAY £
A,

(2% 6 AANG FAAGA EAsH Abo]EL CRI
<rl, r3>,CR2<rl, 12, 13>, CR3<rl, r2, r4, 15, 16, 13>, CR4
<rd, 15, 16> 47E F& F Ao olF Ae]E& CRIC
CR2 C CR3, CR4C CR3 #AE Zerh Aol Eibs
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& FHL IFIE Alo]Fo] AAHK] HHo] BrsE
Aol EE EgdE AlolEE AA"Y. B AlelE
CR1#% CR47F AIAHHE CR29} CR3: AAE 4 Aot

12 A4 oA Ato]lgg AAT + UE 82 Bgdat
o] A8 ofFojr} aejnz BHAZA 78 139 A8 o
& WA ZAIGY. and GAHAER] Aol 9 B3AAg
T3 r3-beforet= WA AAHE rlo] A% FAHA A e2
o 129 eld] o8 A ojor vt F3 2% 73 19
A3 g8 Fo EA Hol AYHBZ rig] X o]
AP = 39 before, and 13- EAAHEE 3+ 73
29 AL el& AFTA R Hd¥o] BrlesiAe 5).
aHeg oy S IFstu U AlelE CRI<, r3>,
CR2<rl, 12, 13> AAE F i ol & Ao]&F g XF
8t CR3<rl, 12,14, 15,16, r3>% AA " dAAHog
Ago] Brlss 73 13& tA] FAHY HoHojok
Ay 7HEd T3] € 4 ok

olZM 1x 24 AFA EAE BE AlojFo] A
AT Fdolde Ao F2 CR4A<r4, 5, 16>803, o] A
o] E& H A BAE ol 23 A& Fd Al
2o AP R E A HFY FE FY AFE o
=t}

Ate]E CR4olE= DR(r5, r)@AI7 &A%, o]AL 16
7t 5ol 93 v BA 3 HE 73] #AE guisinz Ao
6ol 93 AlelE CR4E AAY & Utk wid43t iAol
g& & o zAAE s 48 73 Bl 6 A
ZAHE deder Fgsd oL g

rule r5 : Res = Meount( ¢ zan-0(Loan) X pe-pum (Client))
Ras = Upd [count = count-1] ¢ res

rule 6 : Ros = Thumlevel 0 count > 5 (Client)))
Ras = Upd [level = level+1 1 0 res

oA71M, EfA BAY rule r59) ZA A, Ras- Upd
[count = count-1] o a5 169 ZH A Res = Mrumevel( 0 count > 5
(Client))2 4" B9 #(1-100& ZE 44 countdl
s 44 359 Adguiel shed wgAds #AgE
AE g+ ek

agez Fe 6o s @43 BAZ EAsA Y,
|83 @4 DR(5, o) A48 Alo]E CR3& AA
g & Qrh meld <X 1>9 FHAPY EAde RE
Ato]|Zo] MAHEE FRE HAT 4 AdE A An
2 ded

6. 7I&€ A7 vjm A HII

o) wE) Fx BA PHe SR F3} before
after 29} AAIrlg BJ@h aHE2 e Aol

M BgAde 133 before, after 7S 8 24 0
oAl st Fstrl WEel FF Qo] ARgo] AFA
olil, ¥4 Add HEAHE 7% + AUt

7IE AT [11JdA B8 A7) F2Rg $4 ¢4
b 8 2 A o8 ERA He 399 73 A8y
7 AR niFefof = ¢4 £H9 dFH sl
2, EYAE A7 FHEY ¢ WA 2899E before
TAY BEAE drdol AE £8 A9E A& F U
aHEE, o] E=RdME 7HY H4¥ Aldo] HAFHoR
E@HE before, after 739 d3ojuE utggick= Ao
71& d7ebe] Aol Ho| Ut}

[Bloixe BEEAAE ashs $3 B4 W9ge Aget
33Utk o] AR M= Ale]EE o]RE FAATY YR
T & ERAHE #HL AEHez 49 s
= 24E s, vFEE BAS] s FH 9s)
P&z Abzle] ol 9% ALA(Ouiside Event)g B3Ha}
of RFAA FAE Fdel dkx slgdtn vk 2
it ol A A9 A AP wFAFEE 7 2
A BAE 283 293kx ¥ dEeT, F, 9
FAAE TEIA ¥ Ealdo] AlojF Wiy H 4
os EAHE H3 Brbed Alo|Ze] © £ U
T Ag asA g9y £ gz FHAME B
Atol ojmet Aoz YR ERAHEAE UehlA ¢
of FH o HYARE FF3A Hslr] oYk

a8 o] =FAA AAE Bialde adT 3o
FH 4 hesAdE wED FoeA HEg 5 9dr &
Hol AUt

(15l M= #AE 352 APgEs Aojde 238
T 7 dvkn ARSI o3t Ale]F o 17|
3tof AjelEo] HAHA GrF o ey 2
#Aeo] B34 A zte] @A 238 H9U o FdFHe
2o 1 #AE AHEr] oYy a8ER o] =&
M oleidh adE Zde EFAYE AN st o
B FHUbE AlolE S wEAE AA EHAA B
FozM Aojo] AE dF9 AY F FIdgE
Ag 47 458 § AEE ok

i

oA o

£ M
izl
rE

.94 B

TE dolHHol: ALY TF FH AR do
o] Yejste 5oz d&dtE KE4E AT
. oy TF e ALE 2FE dE 73S EYA
& ¢ AoE SAHLE & HHe] FasA X 7
Al g ddHo] AlxEle] Hedt vloE o]z e
atEgatx] @& daE 24 teyo] Atk aER
HoAA ey sF THY AFE vg 5 7



g A urE dAag AAFr] ¢ dTEC] AAHL
et

o] oM AMgAL &8 Z2ad o8 EAH
= Abdo] HARE W HAHoR FHE I ¥ A
45 BAE guste e dYorE HIF T8
B8 gyg AN & A8 Fayy d34g oA
FE atHe AR E WA sbed B FS
Aol AYAHE UehlE before, after THol 2= 54
& B4 #AoA nelsted dgpder AEHL JE T
T e A Fr B4 HAE FAeH

ada EFA agEg vjuter = 71E9Y 8 B
A ol @AY 73T before, after THE 19
87 il ExA adts By, =¢ Aj@ds @
Ao nHzs AFAP RN FH HEH AojF 4P
oRE ZHdsHA AAY F v AFE d& 7 AU
3 24 Py AFE A A&AEHEA 7 e
g o] g3l fFHe] g BAHE #YE HdYsin
{“—?‘; ste] L g %3 o =¥ F& B4 4Yd o

’\}°]*§1‘% A sh= ﬁ‘—]°] exdog Hg=7] god
dhE Aol Brbgdich wEbA e A4
B Ado) ngE AASE 2UE FopdozN 3
%2 A4S £ o 43 ¢ & doy, ol F4Y 248
Aulg nstn w@A4s BAE ol&shr] diEd 4A
Ngo) 7pgstn AP S S
g o] FEAA AL ENNE TEH dolE wrlo]
Y 75 A9 doly #E AlAgdAM FTEIrAY HAd
S Fste 72 Hudee 98EA 7 Fd Uk F
3 dputgio g o] w=RelA nEsix ¥ rHe 4
sgojnjel 73 A8 w9 (rule execution granularity)® ¥
Fabe 24 ] dig a7k gesiy okgE EEA)
& E3ste 73 8 £ Pl MR dA ol
B Azrg 448 ¢ JeF st oy olF F A
o|4e] Atzlo] AR tiF BE Ardel didA = AHET
T UEE s A7t Basiet
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