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el Zglo| = A ARl A &3AHQ Av|& RUEHHE T
B3 olulE mulo] AA

* Ail
2570 g8

2 o

el AR viays #3487t 71deg sted APAS FANE fE Ha, olF dske] 7|QdA AFaE Mu|2d g A
Al BUE RS ol B8 27 oA A o) 7Iqde) 84 Aol Hsi, EH, dEZile]A AARHN wsE F glo] B& thad o
HESS Edden Asty] fsid 2v) = dele)F WHy 8 £ gle 7l&0] a3¥n ok sAE o9 R yF A=
BPELaizlol ) wEslole] APl 928 RuE{g oz Auls At W s gAY we dAg] olWlE(low-level event)ol 7|uksh tha:
olflE AMzlel 2X: glol, 7l FEF HZYA FRE ATl FA7 Ack B =¥oAE O 48 HE(situation detection)S
B3l uch 7hx An fFE# v2UA PRe AFE Ml s B ¥E olWE 2d(complex event model) & AP PFAH o,
A deZelol2 Aagolxe] ojHE Az olNYAE AgEtm, Aty o}FH A HE ojwE sl e Ao sk oy vy
& 7122 dgan ANy oME Auxe}l B olWE e, 2@)m Alkey) § olHE M| ool FAE aiel B oulF Aoyt
o ¢ Hoh ARG oHlE EMS A% oME AHNAE uALES AP ooz FEANGS SEo B AP AL FeAS u
ofFX, U o|HlE Rduo] v|iE F& & o|flE ndlo BHE AA|g].

FINE I 0ME FZ OP7IHA, St O/HIE, O|HE Ha|, MulA X% OIFIEIX, Mb|lA BUER

The Design of a Complex Event Model for Effective Service Monitoring
in Enterprise Systems

Deuk Kyu Kum' - Nam Yong Lee™

ABSTRACT

In recent competitive business environment each enterprise has to be agile and flexible. For these purposes run-time monitoring of
services provided by an enterprise and early decision making through this becomes core competition of the enterprise. In addition, in order
to process various innumerable events which are generated on enterprise systems techniques which make filtering of meaningful data are
needed. However, the existing study related with this is nothing but discovering of service faults by monitoring depending upon APl of
BPEL engine or middleware, or is nothing but processing of simple events based on low-level events. Accordingly, there would be
limitations to provide useful business information. In this paper, through situation detection an extended complex event model is presented,
which is possible to provide more valuable and useful business information. Concretely, first of all an event processing architecture in an
enterprise system is proposed, and event meta-model which is suitable to the proposed architecture is going to be defined. Based on the
defined meta-model, It is presented that syntax and semantics of constructs in our event processing language including various and
progressive event operators, complex event pattem, key, etc. In addition, an event context mechanism is proposed to analyze more delicate
events, Finally, through application studies application possibility of this study would be shown and merits of this event model would be
present through comparison with other event model.

Keywords : Event Driven Architecture, Complex Event, Event Processing. Service-oriented Architecture, Service Monitoring
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25y 58& $3AA Sl g doprh AAR 94k
Aol F84ol FUELEA 9] gt HRE AFsz 9
H EE 713 A 59 sl A&58A HEIHER e
7ol 7199 4 AAHe] HA ol FFolA Ay
2 A# o} €A (Service Oriented Architecture, SOA)9}
o|WlE F= o}7) el X (Event Driven Architecture, EDA)7}
ol dEZgto|z A £FHES Addte LZEY
of of7|dl A2 FEE ¥u gr}2].

SOAE dZEAeld S-dF Mu|Lg9 A AHEE F
atgozA IT H$AD Z&84E F7HA71AT AEH
A 234/%%H(request/reply), 5712 synchronous) A
uhal oz oAtAR st we] WA, Aa Az
o] od Azl MulXo|X dojt ojulEY A WA F
wEg g s RUHHA= HFskA FoH2]314]
ojo utsl EDAE %8 ¥ TS (publish-and-subscribe), ¥l
%7]3asynchronous) gAI4%F Aoz o3 Fale) &
AYo] @ 4 9o} B3, WA oA S Py, dF
Zalol= AAgldA BAGE g oHEES BEHO
2 #Astn aHyoz FAsy] 44 SOAE Bed: o
&2 & & Ao23] A, 33U e~ ZUHIYE
¢4 EDAE HE&AY S8A7] dFe %ol AR
orch olgl B v)&9 A7 BPELAA Y wES 9
o] APIY 9 &% BEUHZP oz Aulx AF LA X1
AAY e &Ae ojHlEe] 7| ©e oWE Ao
X3 gle] H2YA £Fo F4 HHE AFsed ¥
Z3 o] g},

Bl oWl E(complex event) [6l& o|HEEZ] A #
Ag ol &AM A=, 54 FFoA AFHoE AP
HHES Hejof &l A APEA o ME-Z1-3 F(event-
condition-action, ECA) 3£ o &3 AAHA +8 I
& AFg

2 =RdAMEe 538 uE2Us §3dA 2Ase Y
g oWMESLE aNHoR Heldly] Y3l B cHE 7
€& nstd 839 5% oWE 2dg Az, A<t
¥ olE mdo] ofFA dEZele]z A2l A
BEUE P 88 & U&A 2k FAYLR S
E dFoM dA dEZte]z AlAgoMe] o|HE A
ol7|dHE Agtatn, 4 BA 1HE AHEEA ol
e AP F o]F 7|22 oJWE delndg o
gioh A¢ksk o|WlE ulelRde QASIS Web Services
Distributed Management Event Format (WEF) [6] E&&
7lute 2 Aeolslo] WEFS 53¢ oWE Az Al2g 3
Aol BUEY Z=3eld 33 2 Algo] rMedich A
g e RYE 7|22 oME AZ Fd AL 2L Az
A F& AfEe ggsin ARE o|WE Auzie} £§}
o|WlE HY 3 2l 7] 5 oWE A A& 74
e g0 FYI YnE Agtich E3, 8ok A of
JE BHE 71584 aFe oWE AY2E oAYEFS
Aot vlAte 2 SEAIHE Fotd B A9 EHAY
3 HE b E BT

Im e >

¥ =EE gE4 go] #AH Qi 23 M Bd
TE Aedy, 330 E oHE A2 7S HEE
Zepolz A 2gol A9 o|HIE A7 ol7|dAE Az, 4
BAME B§ oE R dA 7|EH ol TTdle
ojflE Rdg AAS 7 24 WE AAY AP 5
FelMe &4 AHHlE 71esta, 632 71& ATET ¥
g Fe Agd oWE R $4E B F AT
THE =% 298y ¥F dTE ANEH.

2, #@ oy

71E9 &F SOA 7]&¢E ol&3 AMulxs ZUEHFY
g A4 BPEL dAdeoly nlEdo & o] &% W A
438 &, 71E9 qY FA Zde] FEHLR o7t A
= AL M4, A4, Boty Fe F4 vlEYE AlE
71 98t JMX(Java Extension Management) APIE Al§
dte] dlo|EHE FH&Y ol IMXF9 A% #4& F
3 do] & F e dojEutez 4 715 delHe ¥
& A% AFHAE Ling AT+ Enterprise Service
Bus(ESB)Z &#Al17l Llamagls vIEHAE Aldstds
(7]. o] vESE AMul2 TUEHE HF FEIE AH|
29 AFE 47] T AXEE, My~ AFe FAdse
AXVEZ FAUY) LlamadlA] AMv|x9] APA7HE 2y
B 57 ¢18 wyoz ESBAA AlFsle RYUEY AP
U Z718 HEVESQ Profiling Interceptors® AHE3td =
Uely do]HE dojet W& AA gl Baresi?l A7
dxe 71&d AAF 2YEY 71" Dynamost Astro?|
T4 2UEHY ZgdYag A8 Dynamovw
A5 =232 (Aspect-Oriented Programming, AOP)
& Agste] BPEL Z2 4271 F#8E $< BEPL 47
o] £ F 9t ZUHY HolHE do| 2 Wolt}.
Astror SY® A2Edo] REE AHSEe RTML(Run-
Time Monitor specification Language)2 Aog £4& &
Qlale wWhyoltt

el F @M BPEL Aoy vEdold] ¢&Esd
of 21 W AAAE Y53 SHTE AAWU7) A&
Aul2 A2 W] 23 gk £, SOAY 24 9 &
@, 5713 9AAT W4, 4 e 45 2dE 9
AaE BEE7E ol WAs, &8 Aol 2 Hel A
ol 2o dojyt ojHlELY M LY F WME HIE 8
e TUEYole AatA ¥on(3]4], 9 M2 AR
7t A3, AA A4 FRE 238k de A & &
2loH2).

EDAE AMulx 7|9te 2 B8E ARALY F244 ¢
S o|WE S wpFoz ojIE W o|MIE ER|A,
AN dge FAs] AFI Mulx a2l FRE Ha
gol Adg nAE WYPez Axse A ot9]. EDA
gy 2 75 ] 573 ALE B, F4 B 2
AL BdE FE 284707 g Mg d8a e



HEJZ2H0IZ A2 Z0A2 M|~ 2LEE

AAE T8 F Aula RUEH glo] Fag 488
& ZFA 3 UCH34][9). =¥, Hag ARE %5/ 5§
FazA FEA dY ARE A4 AFFo2N #A)
A 7139 AR =7 S-S sHEEtA FaH213] ol
EE OF7] 4% 712 odlE A whyd de 2A o
=3 2ol Y& + AdHIl
<G OME A N4 oHEEL BF 9n] glE 9

HER HFetn 4zte] ojflE W&o g} ti&se o

Ag i g/75 Lol FA W] o of

HE A& Aggch
« 2EY oMlE Az 9u] Qle oflES Fejn|g ojul
E7} o] sl diFe oHlE 2EQ]S tdeg 3
o, 968 F& Y8t ou] e oWIE HRg Fol
A ol HAG Z2 Mujxel AFFc}
B oMIE Az o o|WE A2ZHE A ol
EE didoz olg g9 9ulE #dln e £4
o] A4 W Hste Ag ofujsds] @& oJHE A
27} el o HEE didoa 3 uhd EE o|WE A
2= o o|METe g AAS B4
McGregor®] @FelM e HAUYA Z2Ax M5 2HE
g £5F4 oA Myl (Solution Manager Service,
SMS) oF71g A& At H10l. ety ob7|d A= A
H2 238 A8y oWE =ZZ A4 #ee|d (Event
Processing Container)& B38te] AA|Zhe] B& 2] T4
2 oMEEE A &£ AEF gk ST RUEsE
o] 2 Al oWl E(low-level event)ol] 7]uHg i
ojflE RUEHA X glo], 7l FEF H=YA
BRE Agstrlde ¢A7t Aok

2oh FAHFo)m ofulzt 9l 23 oWEZ A7)
g 7] &% dloJE v o] ~(active database)[11] < o]¥l
E g 71ukst EY A e Alag RopolM wA o
52 Snoopll2]& olWE HAE ZEY Y3 Ao
ZA ECA 3 & A&t Al2gloA HoARE 4H3d o)
g AFHoE WMEIEE HAY FF dolHuola A&
e A8 AtEdL 5402 oflE Fiojst 2§
oMIE FHE ¢ o|WE dixE AMAsn glen o
HE He 53 oWES Aoz FHHI =Y Hels
H7H4Q1 23 EE 719 Liu(13ls oHES] Elgleyt
&3t B oMIE Ao W2 Bz RFAHE 7}
A glow, 2o e BEF 4l olflE 4y B &
(event consumption mode)® 43l Z&cin (4 &9
o HAQ B olWE Ao wloz HAZ AAge]
Hae]l & Al25%E Real-Time Logic(RTL)[14]9] oW E
EdE #3ste] olHIE Qlaw Ao 7|uiet B3 ojWE A
o Wizl B ojHE AMAE Aoah

A8l F AFdAE oWE HEE st Untzel
ECA 73 & A&3lgley, 5% dolguo|~9 HES=
#e] Axdolg: 54 oo 2HE o] AAL A
2glog odlE ¥ F3o| A=Y, o2 U B
4 &AW AFFgo s 2AU B o|HES A9

ot 58 QIHE U9 8 263

o

stel AAlg A% mehs B3 99 #4& R 44 &
F AEE sirlole AL o

Luckham®] AteldEs H3 ojMlE x2l9 1AL 94
RAPIDE o1& 7i#stsdon olwlEs 44 (causality)
ARE AL43led o|flE poset(partially ordered set of
events)& A THI5) o1& vig o oHE Y &,
HA¥Hevent pattern, filtering, aggregation) $9 71£%& A}
43 ojdE Bdg A¢tad AW FHHE oMEY]
detRdolut FAAH Fee AT Fsted, oHE
AdadA Geo WAE nHA gt

3. Mths= HE|Z2}0|= OIME Xa| olF I X
T4E

2 oA dezeelz Axele oWE Az of
AAR HE 71ee Ak, ALE olrgH Ay
54¢ dolinh

31 Hetel= oldlE Xe| olF|exel A

ollE A= MZE 7|Eo] ot T FE Elo|E H|o]
29 YEHa #F Aady 22 5 g FEHY
AREEO] ALY dE Zeol= A"l AAFHA 2 ¢
of EdHo 2 AlgEo] g3l AT, ojWE Hie A
Hl2 ZUEHE 93t 7159 U/ RN Lasts o
HEES ERHoR #Ase Ho 714 9z, #£§ H
24U~ FHe AF 2 $ol(response), ZX(action)E &
=d Ao #4 9FS & 5 Qi

Atste dE Lol 2 ojHlE Az ofZaAlA o}7| g
A (28 DI go] HEF & ok

TuAe #8414, a2 1A Fol dald FsE o
FE AT T &FL Auls, dEE, dol¥ dlolx, 1
2|1 dEjZelo]z Al2d 52 T3 B oWlEES WA
4 7 Utk o] JMESE dntygog wzyA JdEn|E

EPA ; Event Processing Agent
Enterprise
Information
System
CRM ‘ ~ Workflow
ERP 1
MES situat
Rule, Pattern
EPA
Database
EventProcessing
EPA Engine
Activity EPA. - Stale-based Fxecutive
Event  Sitvation ™ Information
Bus System
> £ BPMS
Service

(238 1) dEej=Z2jo|= O|HE H2| ofF|H
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(business activity)e]l tig dlojg]s} wlAlAE st ¢
ou E3 ERP, CRM, MES 122 SCMa & °‘ﬂ‘:—1£3}
o|Z QIEro] A A2e HE|HE L] 7|5 P B
& HEF FANZIY1] 4, 4, A9 2& doH
R#oz Q& doleulo]22RE oWEZ Y +&
flev], SOAS EE AMulx A o|HlEE U4 AY F
olck. ®lz2Y2 Z2 A2 #e] AA¥(Business Process
Management System, BPMS)& ¥]|Z24 A Z2 A~ st
A8 (execution)d] EHo| FHAHY EFE el wols
Az 9oy [16], HzYA Z2AA U9 =84 dAS
YAse AF @9l AelvlEl AP T3 LA ol
Eg ugoz 5 AFss FIsdi6)

(29 DA oWE Az dlo]HE(Event processing
agent, EPA):= A% o|WESS £33d FHY oHE
¢ "EYstn, oME ¥AE vi(match)A71E F9

HAY B4e fdee Qe duh EPAY dAY B3
2 AW oMEESE 54 #43 AH F§H7) st

ojWlE w2z olFH9 oWE A A (Event
Processing Engine)8] #e] AL Ax 713 2 AAE 8
Bz Faxjdd BuXc oWE Ha HAHAM HEE
B3t ol EY 432 oi} Aol ad FUE APy,
TH3 g ALAd Hold ok

32 Hotel olHE Hz| ol7[9 Ao AHYH =S4

2 "M 314 zeE dE|Zeto]= oHIE e
ol7|elx o] A 54L& golrl oJWE Az o} €
o] Y4 715 FRE oWMESE AR FPsln,
FAF oMEE £AsH, FH3 dgde IR A9
# & oH9) Agtel dEjZalo]= o|HIE Az o}7|€lH
£ gutEgl owlE 2| o}7|HH 7% & dEj Loz A
Adol el Hqula ZUEHF 88 F A=EE AASA
on] 440 AetElE B oHE 2d 53], o[{IE ]
grde] 4A& 4% 728 AFdch

AlgtEl of7lE 9] AHH EAHS o[WIE Az o}7|dH
9 3744 7% Wee 842 AAEY g gl

ollE 3 dEZelo]|Z FHHA BAstE thFE o
WEES EPAE 538d £4dx AZdgozy ZF oHE
axste] AAH 45288 FPAT 7H53lEE oz
ojflE Axst oMIE HWAzke REAS F4 AIIY,
EPA® MAe #AE& Fate] ov] A doleE e Y
o2H AIHOZ oWMEE A 4 vk =, 779
oJfIE AAE WYdE T EPA7L oHIEE F33HA
slo] A7t E&4E Fd A1Z 5 9t

OMIE §4: o|WlE W2Z olFH oWIESE & =¥
dA AA e bF 43 AE(situation detection) & 713t
A e 5 oME 5%;!1% ko2 ollE g <7<
A BRL AXNUA 53 729 HdE HEae] BAH
ojx1 A o|HE -“r@.% 7bsstAl @t ol did A4l
g 8L 473 A Zedt

Y A7E

S % 22 & =RelM AXGE BE oWE R
A =Y 870 Hgo] 7hestn oE FF f89
B zUs Fre Ay R o)d BFe HEE AEde,
Hgtel] TEHeR dE¥ & o EF, HEE FEE @
g %ol @ ez deZidelx Axge] 57 7|
& AFANIAY BPMSS 54 u|=2ys Z2AAE A
T Az SdE HEE =2AE A% T+ WA
Lide

4. Hotste REt O|NE IS dA

B M E 344 ALY Ay Zejo]= AAgioA g
olWlE Hg| ol7|HAE muEsto] Auls LUHYE 1%
N3 oWE RdE MAlstae AAE Ay A, AF
AA7IEE AAste 7|& ATeke] AEAQS Adste, B
v g 53 ojiE Zdg Aoy A% g v
gk EA, oHEE F¥HoR Aosm, oF 7|RE o
HE vetzdg Aolgoazn olWE Hs AT FUH
NZE ATPch AA, 5§ oIE Y, A i 7
F Xgse oME A dojE FAHEE 849 2
oul & Arsch dA, F3E JHESS] YFoRFEH o
Be 4% FEE HEdy] A8 5 oWE wde #y
T &4 F Ul oHIE HEXES HA|F.

E

olfle 20| MH 7|E
A Agahs B4 oWE BUe BARQ B
% ol 449 49 e A LAA9 4
g A%t AL Aedl @7 Astel o
%s}%u}.

w54 gl oliE WAF A8 o
rauﬂ WS Abgstel Hojste oHE
1= AuE A% $AW 1xE A¥s
2 olg oME AElA WHRE
# 4 JES daHa A ANAE A
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Ad 9at PE3 TS FUA IS RaE G
3 o|HlE 2252 RE BAGE o|WEE WS o g
g olulES] A& Aozt [6], AHHQI oJWE Az
2 EAE A8 7128 ATt

colllE AF AY: oMEE AZHOR T2 AJE

Ae BAHE AEESy] A Al 7)Eelrh. 7R
(primitive) o|HIES] Z$olli= AlAg] oWIERA g
Aog Asel dv 47 oy [14], BF oWES
A% Aod #d A7 SshA gt B T4
= B olME ASol dig AU A AL el WA
Z el F e dAAE AFdch
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1]

-

o B¢ WA ZFsalol BT & AFAE ol
dada 7o) ARH wAE AVl FAY £ 3
ANAE ABHL. S8, AF AxHpoint time)sjol 3t
AzMinterval time)& AAY 5 YES AUANE SRR
o £, o[WE 7] UA-AT BAS Uehhe A/z
Y Anud QUAE AFH

JME AUAE Hn AP By oME S AP o
¥ AWt 74, 715 L AFHE R oo B AR
@ U% 4% 452 98 opiE dolHes SYFoz
JME AHAE HBE AZE 4 A= WANEE 29
ok,

!

he gl

1

42 ol E Ho|
HWEE 54 Alfd dAss
AN 8% oo /1 F Qe A2HAR HoE 5 gl
tH3). oHEE "ad FH o F 5o oHEV} HAFH A
4 A 59 ARE TR oMlE <drErz FFE g
T o oflE ElYL oWE A2HAFEY FFHE £
AES &8 43 oA 71&8 Aol
=M E oHE BYL E F= ¢ E7ER
iz, ot go] Yoz Ao,

0| Al oz 34 =gl

A9 1: ojHE ElY Ex &3 Zo] Hed 9o
E=1(d a c

7t oME EYE YT dZ AEHA, at oHEY
54¢ AR4e AEIREY JTo2 a=fattn, attr, -,
attry}, n209 2ol gt c& LAY T oHES ¢
el He F, AdATAZ} de oW e 9%

= EES
#A W E{(causality vector) [17]2 2 c={e|, e, -, e}, n=0

o} o] Aeojich Anf@A HEE A#TAA A4AE o]
&3t o[WlE ko] HI-FAH HAE EEF Y o|HEZ]
9 E4(behavior analysis)& &°]3tA Fct o|WE &g
T AY YA 78S Agste] Fosd (ay 299 2
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The set of event types ZE is a finite set 2E = {E;, Es -,
Es, n = 0. An event type E is a tuple E = (id, a ¢} where
id is a unique identifier (event name) such that VE, E €
SE, = Eid # Eiid. and a = lattr, attrs, -+, attra), n =
0, is a finite set of attributes. and ¢ = {e;, ey, =, en }, n =
0, is a finite set of causality vector. An attribute attr is a
tuple attr (id, type) where id is a unique identifier
(attribute name) such that VE € ZE, Vattr, attr; €
Eattrs, 1#j | attri.id = attriid and type is an attribute type,
type € {number, boolean, string, dateTime).

Sh

o

(3 2) olHE ElQlel HA

43 O|HI E oj|el2Y

o|E dEtEEE FHE oHE dolHE T £4s9
HzUs 29 §48 ARE AT AMux,
BPEL, EH|E], dlo]g Hlo]x Fe] oWIE £2v} Hi
Zo2HE oMIEE ¥S u B F o|lES g Ao
3 2dojthf]. oMEE AE E@H o] ofyzt BA
Hoz U 2487 A= UHE FAE A2 Yoy,
ol& #¥sle vielrdz gdsd (29 33 g

B oA gk oHE der’ae OASIS WEF [6]
EES 7]te g AHoxo], WEFE F4¢ o|WE Hg A
2¢ 9 Muja RYEF EFoA Alge] shFsly, A
Al ojE A @ BAS A% 7xE AT

oME: AYIHoZ 7|2 o|WES B ojfER EF
g4 4 9eH, F 5 o|WE 44 (event property) 2
AAAA AL, o|HMEE Alojoli= luAIZE EAF A
Az E§ oWlE & ASS PAHAT| 7] 98 ollEE
& W A= 4S8 =g, Alzh AzEA Q4
Az ERdth oME HUAEE FHE B @ilow
leveD] o|HlENA {4 v2U2 FRE A Fer] %
%2 WAl(high level)?] o|HEZ W= = oA H}

3L

m

0 e J

Event Operator

Service Database Activity Transition
Cﬂ\r‘ // Event Context Process
Event % }
Semantic Space| | Abstraction Hierarchy

NP

Composite Event

Primitive Event

Event Property

T ]

Logical Operator| | Time Operator

Causality Operator

Key

(28 3) o|YE HEI=Y
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Aag oF 4% H&5& d: Hesd, on Iz
(semantic space), #7443} 7% (abstraction hierarchy)& X
e 7l AYE oME A2HAES BF 9 B2¥3
T 71€0l ¥ o|HE HEAEQ o] g AAF WE
& 4440 A 7=t

44 28 OlHE X2l 73

HA] o|WlE(raw event)= O|HIE AAZRE o|HlEd
dgate A3 dEHAoY ol oWlE A Alxgle]
T HYsHA 7|2 o|WES] BEE x| R A
< 2@ oleld YA oWMELE &3] F7Ist HA ¥
ElAgiz Zo FEE dojHe & o2yt EgHo9
A& F gk g 7|8 oWle Y Al(specification) S S
g Ey 9 A F dF HojFEul Azelele Mul
o Argho)x WAEE oWMES MES Al2¥e Fid F
A% we dZ 7|2 o|WE LightEvent: LightSensor2 %
g 2AEY A e 48 zterh O F SerialNumbers
AM ol Y9k AHS Witele] whsx Uvja £42 3
He 94 oWEY £4& M2t ko2 HHEAH
LightFilterl ©]#%<ll LightFilter22 #4351 9l

A9 2. 7|8 oWELE ta3 Zo| YAE & U}
Primitive 7] oJHIE o|F

From ¢4] o] lE &2

Attributes £4 o]& 3o ¥ 4] oJHEZFEIY tf§
[ NoiseFiltering xo]Z¥E |

Primitive LightEvent

From LightSensor

Attributes { SerialNumber = Location + Time;
LightIntensity = SignalStrength;
Energy = RemainBattery }

NoiseFiltering { LightFilter]; LightFilter2 }

A 3 B =RdM HF oHEEL thga o] HAE
F
Complex 5§} o] E o]F [subof o/HE o] FE]
Pattern o]¥lE HEd = (EACH} FA (3 G}
{(CON)j, -)
[ Where 284 = { [AF A=), wA¥+ 24}
{CONTEXT He~E HH
{KEY 7|} } {(WITHIN, INTERVAL, AT}]
[ Action o]HE H2ld |
}

Complex 7191 $lole A9sna s 23 oHE9]
ol&& AAH}. Patten 719= Hole HEsnA s
olflE HE1S AAPCE Where 7191= 5o =4 Hole
Hrldor of B oMIES HtriggenNT Z1E A

At Action 719E Hele oHE HAE A vr=
9 ol&& AR 2UH3 oWE HHdE AF Je
ot

e Moy FE3 (1" 4 ¥5& ¥AS3, EACH
7IHEE 5§ ojWES ZE AW A7 HuEoof dhi=
A& 9r|ttt, EACHE HAI8HA ¥& A% A A 53
oHE ¢lA®2gt HyHEALD CON 7|9 Es 53 oWE
A2H2E HMFHEE ALgHArt. & £ (reader=
"05AEM S o] 2t7)E Tk YHE gelu, 54 ol
Eo] ofojt]E AT & vk =AM FAA Aae
olES 7| FAUT FA(attributes)dl i g(value)o]
FAMAY ARE dalstn, viEe 2AL o
¥ datzigre] Aok =& PAIFeh CONTEXT 719=
Hole B Fud odF %S A&7 A8 d€2E
RARE 7)1&38l7, Key 71955 o|WE Q2628 ¥57F3
=4 AHgEn. WITHIN, INTERVAL, AT 719l=x Zz}
B3 olES] WA AIZF WY, 74 A, 54 AR A
& EAF

S& B oWEEZ WAF FAHA I oF BAFE

ot WA n A gele] Az FAH F HAE o|MEES
MES, ERP A|2¥1& 34 $A3d %Y <HEE HE
e 42 53 A9 W/ dRdA eAHoz DAF o
HE x(Zt7] 98 &="06AE"), yol th3lo refrigerator-id
o 54 A5 E A&y, vAHsd FFe] A7) 2AdH
Q] ndgte oMIE HH2E FBE 2zl 10E
Agto] FaEE Y oWEE HEHt

Complex WeightCheck {
Pattem ( EACH SEQ (IN_FOAM_ROOM (reader=
"05AE") x, OUT_FOAM_ROOM y)
[refrigerator-idl and x.weight>y.weight
CONTEXT work shift
WITHIN 10 min )

Where (

}

olHlE R Ao 1o o|HE AR AL asE AMEE
o el W FHY 4 ok o/FA EHE HFE
Y oE QAHAZ YESH, T oJHE AAagrg
£4 5& #Fasy] 93 AT oS dEZgel=
N2doA AFahe EWNA Mujx F BAste 53 ol
WMEES 7%37] 93 dl& AbortTransaction o|WE7} W
A RS £AM9 critical?] #E AHAsk  Ho|w
Loglogmessage WA =0 A2 Adste] &3t

Complex TransactionCancel {
Pattern ( AbortTransaction as x )
Where ( x.critical = true )

Action Call{ Log.logmessage(x) )

)
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(1) 2tz 39

B3 ojflEE o[HIE EHldA A FHE oWE Atz
o wa} 2 E ¥ (expressiveness)o] ZEtAch B At
A Agrste oWlE Asbale Li[13]9F AAIZE BUEF A
2€[15][18] & 7I1&9] AFdAE MAA 2 g3t
Zelol 2 Alagle] MulA BUEF AT o|HE dit
AHE AR

A% A diak: 53 o|MES
F e oWEY AFH Fxseott B =&

£ oWE A% Y diE ggi k. o
Al 4 AFe oHIE HAE & subof AR
B3 o|WlES] HA Ale] o]WES] o]FL 2FH
oMIES Egg Y AFe ZE oWEES
7l 39l °]‘ﬂl§‘é-—°r AQsta Achd oWE o] § Heof !
Axag 29 g 4 & Eof HB§ o|WlE CChildEvent7}
CParentEventEI 314 AZL=E Aleld AHE,
CChild-Event subof CParentEvent), CParentEvent ©|HIE
£ CChildEvent& X349 CParentEvent! ©|HEL:
CChildEvent& E¥3dlx %A "k 9& 59 EventA-
EventC! or EventB &3t o|HlE+ EventAZ X33t &9
o|MEE Z& EventBE X #3 3y o[WlEd] disf g
&A%k EventColl tisjM= w$3# ¥ttt 53] EventC
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oHlE A& F AMEAIZL U3 dNUHE oHE AF o
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EventA

o
7

EventB Event C
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/
/

Event X EventY Event Z

(3% 4) olHIE HZ X3

e =

; E Elglo=znl o 1l°ﬂ ®AIBE, B3

ojWlES] & Alo] Fx7} H ojWES AAw A vy

Z4E o ol= AxHAF AL %A oY Hy
(history buffer)ell 4 AFa|gt =] djg djHe] Hasj}

2 =M 38 oME ¥ REE 2YUsH, §

A o WME AAHAE I & & A2d2 AFH A4t

-li

ol MU~ ZUEHEZE A8t 28 O|ME 2ol A 267

dA AEdezA 7]& AT g g AFH
il 4 length®} uses AH&dte] Hx HASEH B U oY
= A" AA ALgsa o]FE H7|E QA A AAY
3t} ol & 5o length(50), uselfirst)® A A&H A A
HAS AAHARE SOHMTA ALEER o] ol A
e AHAEL H78E gt 53 o[WE Q2
25 AF Adde 4 A e oWE Qi LA:E
thisZ 7+eld § AT previk)E o] &3te] kA o]zl2] <
225 74 & gk Farg §le] (F prevE) ARE
g A3E previlel 2k o)A oHE o]Fd QIHAE
Argsle] oA ArHAE AMEY 5 glch Y QY
g A 7t 329 AEE d2daE AP o
WE QAHA Yo @ AARE ALEs] 1 oJWE ¢
2¥x9] EQIAREE EHEE & Utk 4E B9
@prev(1)S 539 S§olHE F FHd Yot Ax®A
o gt~ xE Lebdth R(Relative) G4k A& 5 A
g 71Eo2 auzR] B4 oWEE F T Adx¥A
WS oA # orld @ AAAE B4 9l
A% ’“°I EIYAEEE dojd 5 9,

2 4r Imor

)
ol
o

L
[}
3 —+—

time

(1% 5 ojd A2glolM F FF oMEZ A%
A8 (event occurrence history)Z B9 Ft}h & 5o} ol
E & A&g AT, 2 3,5 69 AEHA, Zzhe A
o W&l oflE AAEA7 YA} St AAE BIPHE
o] &3t @(E‘l, 1) = 1, @lg, 2) = 2, @g, 3) = 3, @, 4
= 5, @le, 5) = 6°th. Rle, @e), 3)2 &9 713 HZ A~

Hxo E}%!*E"ie 7)o g 3UA o]d9 e EIYY A
H2g st gich wtebd @Rley, @ e, 3) = 200}

Azt AR 4abab 712 QM e oEZ HAT
A AF Azk] dg At mEEd B = M e
A Aol 7HE 1 e AR £ UEE ddzE %
gt (219 B)ol A o[WE ¢ WAlo]l REE A7 7} g
o] XA Alzko]ar, [tl ol a9 7 A|tolth F A3t
W otgd #d Tl olWE eo ATE e o,
Tole)= A2 Al ZHbegin time)g, Te)e= &8 A 7ZHending
tlme)a Zbgjzich. QbR oz 7|8 oWEE AF AIHE
ALREEAL BE o|MEE HE Al ARE§

B =RdAe AR gE oWEEY 714 A5 AR
SHAY o g A7 BAE FHEG L 3 MR & o
HESS 7+F Altse|l A Aloverlapped) o 2 Al
BAE 7HA Aok stx, by go] FYHom Ao
g,

> dm
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Tt“l)

(38 6) XIF AlZh 2 Alb A2 AR

B 4 A e oWE Aols] ohB AT B Oy
2 o] Ho¥ + gt}
Tle)) > Tlen) & Tde) > Tles)

A 5 A ThE o[WE Alole] 2 A7 BAE o
3 o] Bl & Atk
Te) > Tle)) & Tuler) > Tilezx) N Tde)) < Tdes)

AopA dazk: o|ME AAAAL WA oHES A}
olgl EAEL ou|dt. F WA 2 F oWET} o F
A olEY Y] HE AR, ¥ = oME AH
AadAg A AAAAZ EREASG AH AFAAR 4
Qo] § olwlES}t A o|WlE Afojd FTho LAFE oyl
E7t 8l A58 9uidtz, 34 A 9 °I“'E
o} Az} o|HIE Alole] F3k o|WEE] T}
ouigict, o] & AP oz Aoy oS3} 2k

E

i I

oX
-{c-

Ad 6 HH A — d4AESE AHRslY g
o] Ao + gich

e = e = e € exc

Ao 7. 714 AuAE —— AMNAZ ALgsd g
i o] Rel¥ 4 Aok,

e —ry eo=>3 el =12 e —e Ne—e

71 A7 [13[15] - o HEES AzZHY MEdAT

o] Q i’Jr A& HEY 84 &-‘:’r A egsket,

(2) f4kzt B4

23 Aul A (Composite Service)Ql Hl&U A ERAAE
s o) 4ke] M ERAAsE FAHY MB Zigx o
Al g g gl Mu ZghA52 FAE 4 Ag19]
o] 4% dejZejo)z Alxglo| My shute] MB ZRAA
Aol 257 oA e tE MR Z2Aay oE g
MB Z2hne AYPeln dFgE Fof chge] B oHE
7b @Aas | Fu3). ol Hfel oWE AR tz9
7t% o|flE Astxlr} fEAR St F “o|WE 574 w
A g A8 Ao Wed o|WETS JEY &
e %S AT 48 S0 uge HF oME

CascadingFailure 7H3 319 Al%9 ME Z3AX F
7t B3EH0 2uAl B 194 JE T2 s oatgel 7
Alg Ao g

Complex CascadingFailure {
Pattern ( SEQ( SPFailureLevel3,
SPFailureLevel2, SPFailureLevell, 5min))
}

&& ofd Yad o]ge] A71YW AFHog 1 g3
et 87 ko] YA Aoy AL, A4F BT A=
glo] g UL 434S AANAM oHEE RA3E o]
th & @3 olite] g oHE F SystemAllShutDown©]
HIE &= A9 g}

Complex AutoRepairNotOccurWarning {

Pattern (SEQ( (LinkDown - SystemAllShutDown ) as
%, (LinkDown - SystemAllShutDown)} as y ) )

Where ( [id] and @R{RepairTry, @y, 1) < @x)

)

ZHor ohed pE odEE AHYHA He
AutoRepairNotOccurWarning7F dojubd Hu) 108 &9
4 ga)ztel| Al HEESE PHE 318 5+ o

Complex InfrequentAutoRepairNotOccurWarning {
Pattern ( AutoRepairNotOccurWarning as X )
Where ( @this - @prev >= 10min )

Action Calll Message.SendAdminWarning(x) )

}

2 odpe 42 deZelolz Alagle Mulx fed
ok AFEA @ qulx vige] e AagEe] U
A%d HEE F 9 oE Eo 49 daye ded
7lvke] At A Y AlagelA AnRt BAE Fop b
U &7 deANES s i FAE 18 el uhA
= OHEE #HEHUTL U oled Hge] FUF Ezdd
tha) wHEEChE FrequentSamePurchase o|HIEE A
th. o]l g H§t ojHlETE £ AT o] AF Yojutrid
ol Alxdle FR <F Fujzt wAYHoR EFH
Aoz o4l B 4 ot

Complex FrequentSamePurchase {
Pattem ( SEQ(Find as x, MoveToCart as y, Pay, 1min) )
Where ( [product_id] and @this - @prev <= lmin )

}

Complex FrequentSamePurchaseMore Than5WithinlOmin {
Pattern ( QOUNT(FrequentSamePurchase , “>=", 5, 10min) )

}
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A4 Y8
w4, 719 $A A8l
ge @ old ojg AA m%t 4% 2o TlE e
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NaH 2P AHAE AW E Z9 (2 7oA B
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oHE)Z HHEE F 7HA] oWEE WAAA Az F
g9 AAE HAY¥h F, initiator?] LA ou] FHe
%7133t 9 3k, terminatore 2L 9n] FHE
TEAZE 98 ok (28 N9 oul FH FdA
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58 A ou] F7ko] 44 A4 4 FsHT)

43 AL 9u| %"{""ﬂ*‘] Qolgl &40 diste] 2
EAE W3 HYE A T2E AHoddd Aoy £4
2 B¢ oHlESY A 'Il-er A3, 23, AF T3 o
ME & 73L& HEse dydsd ¢ Ao A 89
a8 7oA vl Fzhe) locationd] A9l “Shop Floor(Al
A @heke shue] &L A didte] & @AM
e gAR AFdeld FHEY £ ) F, ojMEE £3
&= “reader”7} H3ES @Alo)x shop floor"7} 714 &
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9 #4387} 7Hs3til olF B oWIEES BRI} &
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T R0 g olulES) &Y o|WEY FHsle AZ9 o

3 F48 S of

NE 22714 AE WemM And oAE A Ay
sl gt

(4) o|WE QAEl~ BFEE 913 7](key) Ao
ARE oWE ALEASE F)9 g mhah ¥5 %
J

HE

dtgich 71 22 ol Z Ao 0431 olHlE
2RAEE ”HA](match A1 7| AMgEL F MEZ o
oM E QaEie &3 '1'?"6’%4 e Fahe °]"“‘= 9l
HAE Abo]] ouiA FUA S fdsied AL
7l oWE HAAEQ g 2ol AT ARSQ 4| 3
743 A AgEe] MZ O GA 2 oME QA AL
8 & = 2tk H9Y )(global key)e o|HIE QAHAY
TE SHoEA olF 7|FLE ov] FHE FE i,
19 Zl(local key)e 283 HAd 2 2§ oA 2H2te)
OoHIE RIAYUAE B¥dtes 7|Fc] Huh oF e

@3 (29 8)t 2t

2

KJ.O Of,,

I'E

_\3

b

..A-‘....ﬁ. A.A. A o|mE

7| o|HE @ e

A9 8 dY 7= b 2ol A + gk
global key={attr lattr € situaton.operanda and
attr € situationsermanticspace.initiator.a
and
a € situation sermanticspace.terminator.af
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A9 9 AY 7= geT 2o A 4 2l
local key={attr | attr € situation.operand.a/

| AldE % oME R9e 4 @ o
= ol dsdagl BAE AYse ngsn FRE 2

E

AAsh 4, 7% A 7€ BES ECA 71
oOME PAS A7t ohd BAW MzUx B9 H§H
£de) gol4 & nelate AAHUT E, oWE v

A2t olE AWAE, 7] 5o dAUZL
Qg oME R4S sbsa Bl

Agdte] wet

5. 2 1Y SZ Al

¥ goldE ARk B oHE 2o HEY R 38
AE BoF7) AdA Az ¥F 43 @919 vz
Uz Zada 2ds Hgdoh WA HEd AdeLd
dste 71Esta, AveledA 248 & e FEE
 38E A oIE RUE ojgste] WA ¥ &
A Aol Atz FRE rlEdr

51 Alulzle

Agd AvE e ¢ 7bagale Wgn a4 A
% Y45& RFID 2ld7|7t 2 At gle] F2 2|Ad 4
iIEIOl AR olE %ale] ojWiEE P MG
ALt 29 #A L <E 1> )

(13 9 <H 1> A2l s Hgste] 53 AMux
ol wjzUA ZgAA g2 AT Aotk WAL X
242~ 2dale BPEL 20 ¥5£& #98: L& 4£29
Apache ODE [20]& AF&3l%c) (1) ~ 6)2 <X 1>9 Al
Uel oo £471 vzyA T2 oA ofl: R(Y
ujrell v E]=xE 9 Aol

(B 1) 482 4t 3 AUz

() Wz A9 v dgsy 28 dFEL A &
Hgn, & 25 Fu7t Hd a2zt AFdd Q) Fda

= ‘@%3—9] P 9% 5 ZAE 2981, 3) 71EE A4
o] R 2] o] BAAA AEE Az wEAY 2
dE AH, @) 24 4 3 27 (compressor)# F 8
Wanst gt 2P G) HEAY TN A48 7]
XollA Mol 27, del, EE T M 25 Adsln Falol
qAzx & A¢ A% Ygne QY Fges Solzich 6)
vpxjato 2 Fujg TFE hiHE Agdte] EAhd

52 5 o|HES| MM

St Aog Auzieel dsld £437 #el F A &
Holld & AFdA Aoy B oE mYE &t

Ax, A4 Y FARNAN 2E WP FRYE =
5 Pe FESVN S8 £ At dE 5o ¢
&8 “g}x7] 2% B%(Condensation Assembly Activity)”
oA WA ¢t&7] 1HE ¥ A RFID 2d7] 5 4AA
of o WAL R 4EH7iY FHI AEEHD e FRY
%77 A¢HD Y oME TF AZte] 108 E¥
Ao 22d &7 F57F 2HED Avke A
dejFr7] A3 B oWES HAEYh =dAl
CONTEXT 7192 Hol 9A$ “2¢] weh(work shift)"e}
£ olylE AH2E ARE ou] Fitol EiE A, 9,
el Auel 243 A2 A2 FxE AR 94A AR
& BdA AF oWES AL A Az A F
A A F g 3o|n, od 3!’%151191 old 7| &
$a 2T & Utk & 2E 4] e #
25 A¥sA AHE &+ A & ’\l‘fl'EI.S"’ﬂ gt ojHE

bﬂ!"‘:»l TAHE ¢=9 dolg g 4489 (28 D
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Complex TypeCheck {
Pattern ( A=AND (REFRIGERATOR,
OR (COMPRESSOR01, COMPRESSOR02)) )
Where ([compressor_type] and A == NULL CONTEXT
work shift
INTERVAL 10 min )
}

A4, 29 A2 FF a9, wiE M #8 53 2
< HFAAM S8 5 Utk dEL AAADH FE
2 A#sA Hrskz) g8 )2 o)A ES WORKTIMEH
QUALITYY 712 wzt & Agjadde RE 23]
A QA FAE BHE 7 e 59 olWE

Complex QualityCheck {
Pattern ( EACH SEQ (WORKTIME, QUALITY) )
Where ([person_id, station] INTERVAL AUGUST )
)

a2 AEY wF Mu2 F ould FoE
£ 92, TRUCK o[HIEL: uj4& £ Eo
& YAdx, EXIT-READING ©J#HlE: contexttyped W
£& B3 &utE AFH FaAUAE FUs FE HIY
& A% HEHE B oldE0|T

Complex ShipmentCheck {
Pattern ( EACH SEQ (TRUCK,
EXIT-READING (type '= context. type )) )
}

2 A7 §8& e Zto]z A~gle Mu]A gl
gt AFEA] Fu g 4 482 5 Aok dF &
o] hg& AT AFEH UENT 7)ute] Axglo AF w
A8 9l DOS(Denial of Service) 329 ZAZ de|c}
TCP/IP Z2EEe Sync ¢ Ack WAAe hi&s:
SynEvent$} AckEventZ ©]-83l9 SyncEvent”} AckEvent
ol #E A2 A48 E 79 FrequentHalfOpeno]
EE HAA7 2, ©]H§ Frequent-HalfOpen o|WE7} #e
AlZE Qtell wkEEE A2 DOS A E FRE dAA
7o},

Complex FrequentHalfOpen {

Pattern ( SEQ(SynEvent as x, ~AckEvent, SynEvent
as v, 5sec) )

Where ( @this - @prev <= 10sec and x[“source"] =
y[“source”] )

)

Complex DosSymptom {

Pattern { COUNT(FrequentHalfOpen , “>=", 10, 2min) )

of

! OIHE ZEI9 &4 2N

]

Action Calll Message.SendDOSWarmning() )
}

b Holgk Alte] Qo] ity #gtE o|WE RdE §
£d 2 Az A8 oWEESY 29 9nE LAsn
olE #M3te 7|del Hrt 7HA i FEF HERU2
2o AFo] 7hedite A& & F UM olF &3
#y 2H0g Uyo] tAHoE AR oSy P
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&l
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