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IT Service Management : Context-aware Knowledge Support for

Incident Management

Student: Po-Tsun Chou Advisor: Dr. Duen-Ren Liu

Institute of Information Management
National Chiao Tung University

Abstract

Information Technology Service Management (ITSM) regards IT as a service to manage
IT from service-oriented perspective, whereas enterprises can raise their competence through
high quality IT Services. ITIL has defined several processes of managing IT services to
provide the guidelines for the best practices of ITSM. The Incident Management process
handles incidents arisen from regular IT operations to reduce their negative effects on
enterprise operations by providingsfirst-aid resolutions or workaround solutions.
ITIL-defined Incident Management process. focuses on process activities, procedures, and
guiding principles to provide ~practical - instructions for handling incidents. Effective
knowledge support for Incident Management has not been investigated. Furthermore,
identifying the contextual information sof-incidents can provide more effective incident
management by resolving the incidents according to'their contextual information. This work
proposes a framework of context-aware” knowledge support for Incident Management.
Association rule mining is employed to discover contextual knowledge of incidents from
historical incident logs. Moreover, rule inferences are employed to infer possible contextual
knowledge and resolutions. Consequently, effective knowledge supports for incident
management can be achieved by providing needed contextual knowledge and possible
resolutions through the rule mining and inferences.

Keyword: ITSM, ITIL, Data Mining, Context-aware, Incident Management
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A=B where AcJ,BcJ,AnB=¢
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Asr R AR AP(AVUB) o B ADME £ ¢ 0 5 AC%HL S L BA
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%7 LP(B|A) o & AT

Support (A=B)=p (AUB) (2.1)

Confidence (A= B) =P (B|A) (2.2)
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e F AT R P F TR U] EE 2 3 4n 7 (Guidance) v (7 FARLER 0 dept - Ko
R E DR R AR ORP] o UFEE R T A BAEA

® w3l i (Knowledge Type) 3y @ e 7 & 73+ N omfd a3 chsogss > bl e bl 55

%] (association) -
® R R R N IRE G AR DT BT TRER
® aj(Dimension)s ¥ s (Level)' L] 1 e & & % N R DT &K A g

FER P 7RI & oL o
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® Pl (Rule) T4 @ R A FLHRA )58 o A UF T F § &7
meta-rules > » ,T*njw s (rule templates) > )44 3t 3% (predicate) >+ 2L Y e
v 3% (antecedent) ¢ 72 5% (Consequent) ! Jh e = = fo ' S| T e 0 & F U F
FBAE s TALUB IR M %o F R R & (aggregate) %
AT P o g P G A H O BRI > TERBRPAG e 2 s g
RARPm I E L E Y EF DT AR R EFHERRFED > A PR s

TR ERR o
2.4 * %% (Ontology)

~ ¥ % (Ontology) ik p »* 478 » * k4F4 T 35 fA(existence) | =i 4 EF A
bk Bt 2 BB AR AT LY DL TR B ARA o Al AR
WA LFEAL) AR > * AR S A e o d @M R 0 2
B Z 2 bl 2o Truber[10 A RA R T 2ravia % + » T 5 A% T4 -
#2575 en4 LR P (a specification ofi.a conceptualization) | - Uschold[14] 7] B_#-* %84 f2

A DA B a(formal) B B m LRGP 0 g BGRP X RGN R B AR

PLA | c RHFWICHhE & » AR KR8 &7 & A4 anivds > ARHT A4 -
FTHRES G Ha* kA3 L LB PT N AP A PR AMG K EFRTA A

P BHRPAA REREY BHAERTR -
2.5 OWL

OWL(Web Ontology Language)[20] 2 W3C4H& & ch A #4537 - F DAML v
OIL[24]& & @ % cOWL 25 13 B* N7 A &9 9ié Femuba kst 19
AN RIS AHE 20 OWLE § =465 5% » OWL Lite - OWL DL ~ OWL Full =
OWL Lite

OWL Lite if ¢ 7 % & ff B cruirg & 2 2 f H e Q3lenig » % o ol k3w v

* 32 A #c(Cardinality)*24] » = i ficid 2 08 1o
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OWL DL

OWLDL #* * Z &b~ URF i 4 chid ¥ 4 > LHEFFER P ¥ > gy
¥ ez > M (Computational completeness) 2 % 3+ & 7% j4- 7+ (Decidability) -
OWL Full

OWL Full # & g~ LR chfgific 4 > & ¥ F kg * RDF kMW +4eiFi2chp d
Moo B E i I AT 0% > 4 3 OWL Full chdihy » F)pt £ 3 3 538 B ik

Flpt = B E S 2 B enbf BT Sfop 0 K 2R 2 o

®
D

% - i &% e OWL Lite 4841~ i £ 2 H OWL DL 4 -
® - g OWLDL A8 E - &2 HOWLFull *# -

® & - #7j »xe7 OWL Lite ..‘sg?;ﬁ;rs{— B3 »xen OWLDL %% -

s

3

® & {7 »ce OWL DL % 58— igg »2s OWL Full %3 o
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= HRRTE R

Tr R - BERRTT LB IREE L ITRBEEORET SEE S
# 4 PFB 7 3 ( Context Information ) e & ~ &2 ~ 38 % 22 403> &2 o3 7 (Knowledge
Discovery)$t isj € 3 3245 (Incident Log) 2 454n b chE 2 ¥ LSSk ol » Ry ¥ 24
AFOEE TR R RAFEKEFING Y DhEBHRF KBRS FHER

(Context-aware) s3 2 g {504 > Boif ¥ 5 sofeB|ATE B E T & hfEid> & o

ORI R 0 A PR OEE b B 31T o HREEATE A R
ARLREEE L oo HiE B LA (Context Modeling) » 2 g4 1+ e
FEREEREETI . TS e A F s BT D M T Bt
BBRL BT SR T RS ST R LW N i e i
SRR RRCER S R SRR 5’1‘*?#&%@1&@;#&%@&% o I
wﬁiP»#ﬁ@ﬁ‘»#iP&ﬂwﬂmé# FRHE 2 lFR kiR & B e

S A S HB At & ke AR At e 2k dous 4 38 0 R e eh

e

AT o & B R R N T

i Context-aware Knowledge Support
rQ“ Context-aware Context-aware Context-aware
£ B <d—p= |Incident Identification | | Incident Resolution Incident Dependency Incident
Knowledge Support Knowledge Support Knowledge Support Records

User Service Desk b 4‘ + ‘ - =
2 | 1 :
l [ | 4 elevant |
l Fact Inference Engine Ciiiae et - . “-
& Constraint

Association Rule

Mining
‘ Knowledge
Context Module - — & Patiern
! Incident - [ LE ‘
C g —
Environment §— apture Context Pool
Context Base

A :
b Context Mndelmg

=

Inference Module

-

/

\Data Mining Module/

W31 %2
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Context Module § F {## 73t L3R » & * OWL(Web Ontology Language)[20]3% + 4 iff
HERFRTIOAFHETAE I EGR Y ATVHBEp e T G R F A
Frpr et g i o Fi R T Al s fiter ¥ o

Data Mining Module § # /83 & %47 > i@ % FTRFE ¢ BN R e o 35 AU
BeE Ry~ BB RS ST 2B ok 47 (Knowledge Pattern) -
Inference Module f § @ * LR dasm > 2 met A EHEY Eodacha (T ¢ TR BN
BiG AT 2F PRI FEDERTN A ERRR BT 27 e
HBARM AL 2% kg seanF 2l o

Context-aware Knowledge Support Module § # %% © ¥ 3@ikfzehii s ¢ g g =
B8 B e A BB OE ERaR il g s R 2
2 i

WA BRI TOE Bkl 3 o
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s FRRTEETBLIERENY
T m oo 4\],335_——1— _J—)'Za}—izgf‘;k; ;mm/‘ nz :
4.1 8 - %2 (Context Module)

hipRied ARG AR F- AFRTASHE hesd § R (Context

Modeling ) » # # iEdx * A48 (Ontology) & OWL 3F 3 kfg s T o % - £34F

B g A BB T RS 0t E 2 s (Incident Context Pool) » -3 2 4 pF e
RATPE AT R R e

8 e 4rB 4.1 #77= > Context Modeling § # @ * OWL # 3 &t F8 573 > &
(TR o R Y BT B R B Y 2 TR

Tenlis o BlfaGEedn > B SRR T RERENF ERRS

Inference Module

“Context
Incident —— L Fea
Environment Context - -
Pool Context
|| Dependency
Context Module Cn:nh:xt Mndelmg
B 4.1 5 e % 4
4.1.1% 8 #-5% i« (Context Modeling)
EPE gy ik - BRI rs;f]u_,?rg Mo TR BT LA AR

BRet AR Y H R PRARFE G B g 2o T A SRIRR Y PRI A P g A e
BIRFFNAEE o d WFBEFT DI HRE ERFoRcEFRTREA TR L7
FEe e Flpt o AP EE T PRAFE AR 0 THEF Z RN i 2 2 kAP
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Mo PRI FRME R 2 > A R AT R HERS ERAELFw - £ Y 5
+ R G5 4 & (Context Entity Layer) » 2% 4295 IT PRI: g o4 > 3727 5 B
oe 7 BASIRIFME LI % K 5B 440k (Context Feature Layer) » 2 & % 5

YRR R blAe A s R R AR BRI - BERBRT L 2
- B BEBREA GACFR B TR TR FHREATB A R
IR LA PRARNSBE o A T K B S 84 ik & (Context Dependency Layer) - * k4 iff

“‘P"}

T 0 MR B TR o R A P AR B T I BleR

St

HE B2 Fadp I i 4o A B Kbl i P 2B A B 4l ﬂ—&
BARFEREBR (8% APFIRZED GRPERTANEIZFEL ZFDFRT

oo %‘%‘E’ TRz AR S 2 o R ITIRBFERRE T DER TR -
4111 HF8#FHck (Context Feature Layer)

15 1T JRGr g e 4! > ad S AT FRGRHA & ~ 2 > 4 s JRGE ~ f 3 PR G
LE - REAPLIEREDTRBE ERCE TR BH > AP & T A SE R

B 4o B 4.2 9

Organization

TN A (—
~af—Hrench
~f=Departmen te—

Service

Person

s S Y N 11T -
S e rVice Profilce——f-
DT PN [ — -

S ervice PATAM Ot ¢ F——

e 11 € e
,‘_Adrln-ss
i R )] e

i A C LV

Physical

Legend : © owl : Class e owl: Property —b rdfs : subClassOf

B 4.2 5 FHc~ % (Context Feature Ontologies)
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5 B B B £4ce 7 Person ~ Organization - Service ~ System
r1 % Location £ Time> - BHBEBH TN & 7 - B& 5 BHEBEHM bldok i B
“Mary” > r‘]*ua z 7 “Person” ~ “Organization” 22 “Location” % 3 4 fice T o A PR 2 B
B8 ARG m gl
> @ g4 (Physical)

HEFRBEWATHRERTA > ¢ 7 FF (Time) » # g (Location ) -

» A R (Person)

SN

BB B BAhTR & 7 kiR A @u(ldentity) s -

4
_é g
Dy
&
N
Qe
T=

LI E I
»  JFR3x(Service)

s

7 PRAE L AL~ PRARpER(Profile) & JRAx S8 % o

21

Fo S B PRIEDT I
> & ¥ (System)

- s
o

3

BEFR B FROT I T FORA ARk gy i Sk

AL e (o]

Location
<Person rdf:ID="Mary">
<Located_In>
<Floor2 rdf:ID="MB208"/>
</Located In>
</Person>
Interpretation : 4 B “Mary” > B @0 %7 & 3= 8L 5 “MB208” -
Person
<Person rdf:ID="Mary">
<Sex> Female </Sex>
<Age> 25 </Age>
<PhoneNumber>57424 </PhoneNumber>
<Role> Employee </Role>
</Person>

Interpretation : 4 B “Mary” > {£ %] 2 “~ M7 > #db 5 “257 %k » T A5 5 “574247 0 5 BGr A LR 17 o
Service

<Service rdf:ID="Printing">
<Description> all about printing </Description>

</Service>
Interpretation : PRA: & AL 5“7 EPPRAE” > JREM it 2 973 A £ 3 B hE 427 o
System

<PC rdf:ID="PC071">
<CPU> P4-2.0G </CPU>
<Status> normal </Status>
</PC>

Interpretation : % %t & 4L % “PCO71" > ¢ 7 chfh > CPU % “P4-20G” > =4 = “DDR512M > 11 % jk i

"ll =l 9y
@ Jl?‘t °
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4.1.1.2 8 4p ik % (Context Dependency Layer)

BAR R p Fh S B BB o AP KT IS A i

—r

BAp &b %o 4o
TRAIT o FBHRSAE T RGP OBt BERSA R R B
4p % B 7% (Dependency) - ;fﬁ Fr-Eazgd REINOFERTI o Ta o AP

N

S8 AP 5 B 4 (TS ez o

-qServiceParameter——
-=ServiceProfile=—
-4—ServiceName—

Service

-4—Name—
g—Gender=—
-a—Address—
-4—Role

© owl : Class = owl : Property —> rdfs : subClassOf

B 4.3 3 4p & B % Context Dependency

» Organization Dependency
Wit e R BEHE AR 2 F oM % b4 AR “Mary" T s "RDIF e
»  System Dependency
foit KRB LR kA2 el koo 4o o Assemble(System A1, PCO1) % -+ %
Fu “PCOL"& 5= K ¥t “System_Al”d— 384 o
»  Service Dependency
fo 7 Fe PRI B AR 2 B chB 0% o Bilde > “E-Mail”PRixE ¥ 2 “Internet”PRi: 5 BE % o

» Person — Service Dependency

18



o i SR B AR PRI B AR 2 ehB Tho bldey TE3EFRPT R ¥ “Accounting”PRi%
Person — System Dependency
ﬁﬁ&%?ﬁ&%ﬁi@ﬁﬂﬁo%%’“g%%#”%%ﬁﬁ“wmmﬁfo
Service — System Dependency

IR BRI K BRI ek koo 4 )]} LR g i IT PRIRIE B l’i_#fi EPRIRPE

20 OXEIRIFAATR Y kAR o B4 s “E-Mail”PRixE_d % % “System Al”#7
B

Service — Information Dependency

Fo IRAF A BT B ol oo blde o “Email”pPRF:22 H JRx & K (Contract) v 2
2. R R o

System — Information Dependency

Fo itk SLE AR E T2 B enBR o b 4o fSystem_AL1”E H O “HE 7 2 B eofd

[e]

19



# 4.2 BB 6]

Organization Dependency

<owl:Class rdf:ID="DepartmentAccounting">
<rdfs:subClassOf>
<owl:Class rdf:about="#BranchTaipei"/>
</rdfs:subClassOf>
</owl:Class>

Interpretation : € 23R E3 S e 2 o

System Dependency

<System rdf:ID="System_A1">
<Assemble>
< Sys_Com rdf:ID="Router_A1"/>
< Sys_Com rdf:ID="Switch_A1"/>
< Sys_Com rdf:ID="Server_A1"/>
</Assemble>
</System>

Interpretation : % 3.”System_A1”&_d x %~ £ "Router_A1” » "Switch_A1’r2 2 "Server_Al1”#1 /e = e -

Service Dependency

<Service rdf:ID="AccountingService">
<LinkTo>
< Service rdf:1D="ProcurementService"/>
</LinkTo>
</Service>

Interpretation :* € 2+"PRFxE2 “FR PR 52 B “LinkTo” ek % -

Organization — Service Dependency

<Organiztion rdf:ID="RD Dept.">
<Use>
< Service rdf:ID="CAD Service />
</Use>
</Organization>

Interpretation : i %% ¢ “RD Dept.” > “#& ®"“CAD”}ii% . °

Service — System Dependency

<Service rdf:ID="AccountingService">
<Use>
< System rdf:ID="Server_A2"[>
</User>
</Service>

Interpretation : “ & X pRF2"“i¢ * 7k ti“Server A2” o

Location Dependency

<Person rdf:ID="Mary">
<LocatedIn>
< System rdf:ID="MB205"/>
</LocatedIn>
</Person>

Interpretation : % & “Mary”#7 {3 2 % “MB205” -

20




4.1.2% 5 F## (Incident Context Pool)

FELEFAF > APHEREFRT A RBEEFTEEE . F L AMPATE R A

o BT AR BRI B sl ALy R ~ & (Input) > 3% iE AR

RIGEPEFT MR T EFEEES RELBHERY o T g * - BH|FHP 40k 43

7 0 % FUPTC i 8 “E-mail” PRk & i @ 7 SR AL SR TR § 4 | “PTCY

%,

4p B3T3~ PRAFVE-mail” erdp BE T30~k SLSystemA”ihp B 33 0 2 “PTCY e BLFE
ﬂ’ﬁﬁiﬁw%ﬁ?ao

%43 T EEBM RS

<Person rdf:ID="PTC">
<Gender> Male </Gender>
<Age> 25 </Age>
<Role> Employee </Role>
<Belong_To>
<Organization rdf:ID="PTC_Company"'>
<Department> DepartmentRD </Department>
</Organization>
</Belong_To>
<Uses>
<Service rdf:ID="EMailService">
<Has_SLA>
<GoldSLA> GoldServiceLevel </GoldSLA>
</HasSLA>
<Has_System>
<System rdf:ID="SystemA">
<System_Status> ServerProblem </System_Status>
<Aggregate_Of>
<Server rdf:ID="ServerA"/>
<Status> Abnormal </ Status>
<Router rdf:ID="RouterA"/>
<Status> Normal </ Status>
<Switch rdf:ID="SwitchAl"/>
<Status> Normal </ Status>
<PC rdf:ID="PC005"/>
<Status> Normal </ Status>
</Aggregate_Of>
</System>
</Has_System>
</Service>
</Uses>
<Located>
<HsinChu rdf:ID="S505"/>
</Located>
</Person>
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4.2 7t 4F ¥ % (Data Mining Module)

FTORFR AR Rl 44 97 0 BT F R RS o R UGN MR R IR
P 35 A R R RS T P Rl B etk 4 (Knowledge Pattern) > £ #-i%
B B SRHE e BERARERY o T o o APREEEY hl BN

7 iF ~ it o

Context-aware
Knowledee Support
Module S

Incident
Records

Constraint
Association Rule
Mining

¥

; Knowledge
| Inference Module J:—-Il Pattern

%
e,

i

!
N, A

Data Mining Module |

Bl 4.4 FHHE W % ﬁ(Data Mining Module)
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421 ¥ #4p4£ p % (Overall of Incident Report)

FEHFL BT FEOREFTN 4 AAPES
g =e 7 %

4 Z (Creator Name ) ~ # *

2 ire g ey
(Time) ~ ¥

(C_Activity) ~ & * 4 1" (C_Department) ~ PR7% - fi-(Service Name) ~ PR7% % & (Service

Level) ~

& T & #% & (Urgency) ~

Description) ~

SR ded 44 S T

J& Bu L A (System Name) -

/’ "L‘ LB Ff_)u‘

i 4 4 3 = (Location) ~ i *

# R d2 A 42 & (Priority) ~ i@ % o $0F 2 chdy o (User

. (System Error Message) ~

$5 i (Incident Description) ~ f#;+-f 1

% Bk ik (System Status) ~ ¥ i 2

(Resolution Description) 2 % % ;4-p% /& (Resolving_time) -

% 44 F EFREPF

2 %% (Incident_ID) ~ %

FTRFS TR KR - £ F 2

2, 242 & (Impact) ~ ¥

i % = (Incident Category) ~ %

% (Supporter) ~ f#;4- B 1 38 (S_dept.) ~ f24-= %

1D INCogl Time 4/20 AM11:00
Creator PTC C_Activity meeting
C_dept RD Location R505, HS
Service E-Mail SLA Gold
User Description Virus detected: System Error Msg. | virus
Impact Levell Urgency High
Inc_Category Platform Failure Priority 3
Inc_Desc. PC virus infected.

Resolution_Type Expert |

Resolution_Desc. Run antivirus program to remove virus.

Supporter Clay S dept | MIS02
Resolving_time 2005/4/21

5 FRER DG &

g o A

7K % 4~ 3 (Staff Incident Classification)z7

3
)
~

(User_Desc.) ~

-

,lﬁ}g E ’Jﬁ'ﬁ‘iﬁ , 2

J “L‘ 2z \zﬁ‘)%

AP TR A A ded A5 R > APRE S A

B 5 8 (Context)zg &) ~ & *

i, (System_Error_Msg.) ~ ¥ i 2

v
fl
‘hi‘i’y%’ﬁ i &% o N G KL AR o % —*‘TQ: S R s el

7

i i# 35 21 (User Incident Information) #g %]
w2 242 %k (Resolution)#g |
Z T:{ 4+ Z (Creator_Name) ~ & * Jﬂ" & P E (Activity) ~
C_Dept.)rs 2 & * 4 3+ Bh(Location) 5 PRAX 15§ PRAF &AM 2 JRARF B ik 3
o F ot d i

5842 & (Impact) ~ & 2 &

i =8 i
S ICISRTE &




E (Urgency) ~ ¥ i 4 42 & (Priority) o ¢ 3L ¥ # & g W ch 3u 5 F # £ %] (Incident
Category) /2 2 % i 45 it (Incident_Desc.) o &&= g ulen TR § f2- 4 A4 &
(Staff_Name) ~ f#;+- 4 R #% F® (Staff_dept.) ~ f#/;+- > % #g | (Resolution_Type) /1 % ji# 4> %

#zit (Resolution_Desc.) 13z th enfr{ Tkl » 817 wahiz 4 o

%45 TEFLFRAN

Type Context User Incident Staff Incident Resolution
Information Classification

Time User_Desc. Inc_Category, Resolution type,
User Context System_Error_Msg |Inc_ Desc. Resolution Desc.
Creator_Name, Impact, Supporter_Name,
C_Activity Urgency, S_Dept.
User_Dept. Priority
Location

Service Context
Service_Name,
Service Level

System Context
System_Name, Status

4.2.2% "L enhk B 38 2R P $7 8+ (Constraint Association Rule Discovery)

A g rU] R s 2R P 4F #4 (Constraint Association Rule Discovery) > &k 47 4 ) 2t
FarE & cndrai gk (Knowledge Pattern) o3V ipe 45 4 cndeiiii o = = A3 %] > 4o §l
45 7 > §- AL FRAAMOE A FHMEL > KR ARBEET o F ¥ 2R
IE R BleE DR SR S R F I8 5 °RD Dept”pE o ¥ 2 0 g gy it
= “mailbox quota exceed” P i+ o % = fa G HHRAPM enfEA S RiFR > FRT EF 4
Sl B RS k2 B AR o Blde i Pl endeai s SR G % F 30 5 "RD Dept.”
e 4 e 2 4y ik 2 “mailbox quota exceed”sE 2 o HrERBefE A2 & fy it 5 “remove
mail from mailbox "erfZid-= % o 5% = R A FRAPM T S Ap M AiFH  FH T 28
AP UG R LR HRA R DT R AR RO o T R B PR P
o & AR AR T PTG s 1F o BlAe @ Dl i R S ¥ 2
i “PC performance Low” 2 & 2 4 i “PC Crash” £ 5 ¥ © 4p ik B 05> § PRI 5 73N ¥ 2

% “PC Performance Low” % i & » {3dpistheanp ik » (82 2“PC Crash” 5 4p iz
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fo gt PR O F R e adp ket R ANE T E o PG A RIE RS ko

4 A HUPC Crash”sh® & 45 it - P H B ehfRil S %o @ LA RE 2 B B a5 5 PC

f

Crash”eh® i o & £ 18 3l chimit iR 47 5 F 2 4 i 5 “can’t send email” & & # f it

“MailServer crash” & 5 4p i {4 cnff % - § PRF: 5 335 F 2 5 “can’t send email” e0% i pF »

&

Py ie ko k4 0 17 02 E 2 “MailServer crash”$ 4p ik o P PE 0 PRAR S F IR

Teodp ik > HIIP 0L FF 2t 5 “MailServer crash” e i+ > JRI: 537 114

ABE P AAIL o T G 0 A PRD doe 2 7 T AR -

Incident History Log

’ e i N

Context Relevant Context Relevant Context Relevant
Incident Description Incident Resolution Incident Dependency
Discovery Discovery Discovery

Constraint Associatinon Rule .\"linin;,

y Y y

Knowledge Knowledge Knowledge
FPattern Pattern Pattern

B ASTITHIS R n] ) 5t
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4.2.2.1 Context Relevant Incident Classification Knowledge Pattern

THFEBERETAEEEAGET R T L F R o AP TR R
7 0 37 7_Meta-Rule & ;8 40T #1577 @
[Context(C, X)]* A [User_Inc(N, Y)]* > Staff _Inc (I, P)

[Support = s%, Confidence = c%)] (4.1)

Ryp® o cnF A4 8 0 & Meta-Rule #2589 > RAlenz L 5 R agang iz @
AR FREOTA S LGRS PR R AR hF AR B¢ CNI R Ay
B¢ TR LA A XY PRIER AT BEOE 0 5 A7 %4 AND
ALty BEET TR F- BAFBFRBE FA- ERRY TR E

NI B SR

—

RN TR A R % HFEF AN OT AL et - ko B A
L LR - g A Ik de T

Context(C_Dept., “RD”) A Context(System, “System Al1”) A
User_Inc(User_Desc, “Host not Found™)

-> Staff_Inc (Inc_Desc, “ DNS Server Not Work™) _ [Support = 2%, Confidence = 18%)]

BEGHFR L T P LB E I S System AL 3 i 7 K g i

“ABTIFIRE” RIF T H A DNS RIRERE VST @ T AL 18% 0 LR

ETIS

2% -

Wi

4.2.2.1 Context Relevant Incident Resolution Knowledge Pattern

THEBEB TS TR R R B o A PR e 3

Z_Meta-Rule # ;% 4o #7157

[Context(C, X)]* A[Staff Inc (I, P)] > Resolution(R, Q)

[Support = s%, Confidence = c%] (4.2)
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Wi & nF A4 4 > & Meta-Rule #2557 > RRlenz 2B 5 FRfganglz 4

LA F RSN TR 2R LR R Y CL R R AEH Y
FHBE A 7 XPQRIAS LT BISE - H5 “A7 #4 ANDHZ L -

o RETRA AT 4o BRS BT T Ao R

E\":"zl}%‘ J;im?_}l; g%_&iu,x\»ﬂ‘ﬁ-gq.]mﬁ-}io&r %,’;’igve*ﬁ[?\]# o

IEE - € R IR L

Context(C_Dept, “RD™) A Staff_Inc (Inc_Desc, “ mailbox quota exceed )
—>Resolution(Resolution_Desc, “ remove mail from mailbox )

[Support = 2%, Confidence = 16%]

RAFGHELSRY FIMMSURD 387> 2 F By SR @RFT 0 F Y iRk

% ;f;\“%%“,!rtf% BHR BTV BRG 16% ARG 2% -
4.2.2.2 Context Relevant Incident'Dependency Knowledge Pattern Discovery

BOFEBEEF M BN REEE T o R0 AP TR e 5% 37 2 Meta-Rule

R L )
[Context(C, X)]* A [Staff_Inc (I, P)] -> [Staff_Inc (1}, P})]

[Support = s%, Confidence = c%] (4.3)

145 & TS T AMeta-Rulete 8 ¢ o SRRl E £ 5 AT F
R R R LUEE E E-E AE e U S L ol PR FEAE

S TR A A XPUPRIL R R BN o g AR T

PR BFARM FI A ERRY T IR B S BB DT

g r FF SRR 0T e Aot - ko B AR IRIUHIRRIR- G AL R doT
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Context(C_Dept, “Acconting”) A Staff_Inc (Inc_Desc,

-> Staff_Inc (Inc_Desc, “PC Crash”) [Support = 1%, Co

“ PC Performance Low ")

nfidence = 30%)]

AAEFRIE VP E A AT B g 5 PCOT W F F FT Bt 3 PC
FWOREE g ApRE S VERS30% AEFRE 1% T & 46 5w AR
3 o
446 R B
Context Relevant Incident Classification Knowledge Pattern
Example Interpretation

Context(User_Dept.,” DepartmentSale”)
—> Incident(Inc_Desc.,”Virus Affected”)
[support = 2 %, confidence = 30 %]

THB BB E AR B LR BT

LT

Context(Service,” ProcurementService”)
- Incident(Inc_Desc.,”Program No Response™)

=

R L BEEIRE ¥ E A
A i ANE

HiER

[support = 2 %, confidence = 30 %]
Context(User_Department,” DepartmentRD”) B WA S AR IR E-mail PRIEPS #
A Context(Service,” E-mail Service”) #d N RIRBagay & g E-mail PRIEE 2 o
- Incident(Inc_Desc.,”Server Performance Low})
[support = 2 %, confidence = 30 %]
Context(System,” (System_A") A Context(Status,” BB AR T FINEPRIE T Ok AL A K
Server Problem”) A Context(Service,” E-mail Service”) fi = PIRE G AR ¥ 2 DNS #R
- Incident(Inc_Desc.,”DNS Server:Not Work™) B AF (Ten® 2 o
[support = 2 %, confidence = 30 %]
Context(Location,” Taipei”) A Context(Service,” BB e 0 R 3 PRIE P ELA DA
AccountingService”) HWENE O R E B A RZEE N LT
- Incident(Inc_Desc.,”Unable to Login”) (3
[support = 2 %, confidence = 30 %]

Context Relevant Incident Resolution Knowledge Pattern
Example Interpretation
Incident(Inc_Desc., “Server Performance Low™) }jz,# 2 PIR B X M enE 25§ B R
A Context (Location, “Taipei™) AR B EBA SR PENSE S RBfRA S 2
- Resolution(Resolution_desc.,”Restart the Server”) I3 PREE TR o
[support = 2 %, confidence = 30 %]
Incident(Inc_Desc., “Unable to send EMail”) A Context | bk 5 &2 F % > & F#kw i RD IR
(C_Dept., “RD”) R gPeanfd i iz A i % ahiy
> Resolutlon(Resqutlon desc.,”add User s Mailbox | 44 + -
Space”)
[support = 2 %, confidence = 18 %]

Context Relevant Incident Depend

ency Knowledge Pattern

[support = 2 %, confidence = 28 %]

Example Interpretation

Incident(Inc_Desc., “PC Performance Low”) A Context | ¥ 5 ,a % SETPC 04" > B4 & r*#{,’%ii
(System, “PC 04”) é" P mb W’ FFetert i
- Incident (Inc Desc., “PC Crash”) ﬂb‘é”mi E i R

[support = 2 %, confidence = 28 %]

Incident(Inc_Desc., “Mailbox Quota exceed”) A Context | & I’ih-ﬁt 5 1 % Emalil Servnce ) ’fi i i
(Service, “EMa|ISerV|ce”) oS J% °F Fherehesinizd
-~ Incident (Inc_Desc., “Unable to send email™) [P gx ACN Y N
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4.3 F#% Hfe(Inference Module)

HmBE f FRer A HHB DTS > doT B 46 1T 0 Bt R Y RIS
o0& 70 RRIRE - JEHEIE - £ &2 % 4p M e0is 38 (Relevant Consequent) - # ¢ £ F
ok TIRAE S W REOR B R R W IR TR R B S R
R FE e o RRIE R TR e T i e 0 2 R
b AR R T A RS F R F R (T R 0 R A A
PR R SRR RS £ RR] 1S 9F 1R LTS i (Certainty
Factor Value)# i< kA » (B 3|Ap M cnfs 3 » Mg it (ST L AR M ehi8 38 » Rt %

BB 3 A e e 4 S -

(3 3! /" Context-aware Knowledge \l
&) \ Support Module J
Servieg Desk t
P ™\
Fact I—}Qﬂﬁ*rence Engina—p Relevant Consequent
A
e
|
Inference Module
F -.'\. ."'- -H\.
f ! f
\ Context Moduole ) L Data Mining Maodule ‘J

; :

B 4.6 38 i e 7% H(Inference Module)

4.3.14.p] % 32 % (Rule-based Reasoning)

\

BRI/ 2P oG BAR DA SR AT AT 0 2 FARME B IEF -

EFEUE M PETE o TR A HE RS FEmNN L o
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Chosen
Knowledge
Patter

Incident
Information
e

. f"
Fact Inference Engine Belevant Consequent

i Context
Oniex

Dependen

E== -

Knowledge

Pattern

B 4.7 H P35 Fa34 #-73) (Rule-based Reasoning)

4.3.2% ¢ & (Fact Value)

Y
k

R e Ny

% 5] k3 Mary & 1 f{ﬁ—*iﬁﬁxi PRI B R AT AT o ) @F TR @
dok 4.9 47 0 ¢ FRBF A PFOFRTI R Y F L "Mary” Bir & 4 5 “Employee” -
P B “MB205” > 14 2 PRx 5 “E-Mail Service” £ 8 Fi o ¥t AR EFTA G G 0 K
R H —'}5‘ “Mary” % #enig # Jﬁﬁiﬁp\ % % 7 Unable to send email” ~ & %t ) 35 e45 3530
&M% 57 Hostnotfound” » 1 2 JL3f % PR A o g~ 5 HIgh” AR B
~ s Level 270 2 AR > B ETL e dets o FAITERPE R T X TEBD

SR K 0 BRLE B E 2 4y if SeEhR 4K L 7 Mail Server Shutdown” shE 2 3y ik 0 i Beif

f#A-= %45 it 57 Restart the MailServer” - 4 BEFEFEPN T 0 BiaE T o
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433 ARB|E(Rule Base)

HP| R G esr g P > RAEDKRRGT A B o 4ot B AT 27 0 B - £
FHEFEOFRpRTR > % - LT HER e E D] ha@iox o F 8 &R o
oo 41 &9rT o R il B 2 B enkd koo B 5 k3 > System Al d ServerA #ie s s iU

FPlen> 8 F RS “System_Al > ServerA (Assmble)” o {7 0 2R P “Mary>

EmailService (Use)” > RIE % 7 & * 4 Mary & * E-Mail JRi% o dogidf i) > d 3
AL I 2 8 > & 7 Z i AvERAR o dow 4.2 & 475 0 HR]“Mary >Unable to send email,

mailbox quota exceed[S=2%, C=15%]" > ©* % & * F“Mary” ¥ ¥ # 2“2 # 6% > T 7%
TEAE > a R PleT B R G 15% 0 L3RG 2% T R 48 F R DR E G F o

%47 £F B XA

Context Information Incident Information Chosen Knowledge Pattern
Person Mary User_desc Unable to.send |Inc_desc. Mail Server
email Shutdown
Role Employee System_Error' |Host.not:found |Resolution_desc |Restart the
| Msg MailServer
Dept. Accounting Impact High Supporter_Name |Clay
Location |MB205 Urgency Level 2
Service  |E-Mail Service Priority 1 S_dept. MIS2
System System_Al

% 4.8 PR &

Context Dependency Knowledge Pattern

System_A1 > ServerA (Assmble) C.R. Incident Classification Rule

System_A2 > SwitchB (Assemble) Mary - Unable to send email, mailbox quota exceed
System_A1 - PCO005 (Assemble) [S=2%, C=15%]

Mary -> EmailService (Use) RD, EMailService > mailbox quota exceed

Mary - System_A2 (Use) [S=1%, C=25%)]

PTC - GoldServiceLevel (HasSLA) MB205, EmailService > MailServerCrash[S=2%, C=18%]
ServerB 2 R301 HC (LocatedIn) C.R. Resolution Rule

Unable to send email, mailbox quota exceed - Extract Mail
[S=2%, C=15%)]

mailbox quota exceed, Taipei—=> remove mail from mailbox
[S=1%, C=25%)]

C.R. Incident Dependency Rule

Unable to send email >MailServerCrash [S=2%, C=15%]
PC Crash, System_D ->CPU Hot [S=2%, C=18%)]
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4.3.4483% 5] &F 22 4p B <13 38 (Inference Engine and Relevant Consequent)

kS F L TR EHARR R P o 5] 8 & 4R (Matched Rule) - &

B-ir &R enis 38 o ik dpFE 2 F) S @ (Certainty Factor) & M B (FE L F] S AL G
CF” ) FRApM Nt LR LApM AR RS E B ile o

FAOAPAAR LfBERY » FRPHCFEMAFNZ 6P i 52 ik o dok
49575 » APt B 72 gr T gy (Uncertainty evidence ) ~ 2R 1 2 423 17 3 e0id 3E on
CFig » @ & e 57 2 A 5] 2 “CF(X)” ~ “CF(X =Y)"&Z“CF(X|R)” - # ¢ > CFit j#
LO[11] #EIT R A AR BT AR R AL AR RESE S G o d
FBL TR AR B Y AT RN e Bt SR B T CRE 3R 5 17 Blde
B #* F“Mary”sCFE - CF("Mary”) =1 -

49 MEERR] ¢ CF& 57 &

CF (X) CE of a-uncertain evidence
CF(X =Y) CF of a rule
CF(X|R) CFE of X given the rulesiin‘the set R, X is a non-initial fact

2 e gk * Shortliffe2z Buchanan[14]#% N enCFE - & = 38 > 22 E 1R enCFRE - 3-8 o
FAeT Ao o S(Y) & Yendt 35 & (Support) » Conf(X= YY)t £ ] (X=Y) v T &

(Confidence) -

CR(X = Y )= {COMX=Y))-SOY) it confix=Y) > S(Y)
1-5(Y)
CF(X =Y) = CF(X:Y):(Conf(sz)))_S(Y) . if Conf(X=Y) < S(Y)
0 , Otherwise.

Bk o 5 R p] “Mary 2 Unable to send email, mailbox quota exceed” snCF & »
FOAB N N TR TR FRRIST R S U15%” > 002 3 FE R P “Unable to
send email, mailbox quota exceed” s #F & % “10%”> % » 2 3% 17 3| Hp]“Mary - Unable

to send email, mailbox quota exceed” = CFi& % “0.05” » 3+ & i 24T o
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Mary = Unable to send e-mail  [S=2%, C=15%]

S(Unable to send e-mail) = 10%

) (Conf(X=>Y))-S(Y)

CF(Mary = Unable to send e - mail
S(Y)

%-1009
_ 15% lOA):O.056
1-10%

LithiEAEY o APZREELEBAFNCE @ A i F R o Ta o AP
RiHhERY 0 LFECFEAEE 32 o deT L 41347 0 FZERVES B EPI A
THEHFEX) (V) CFE > AP Pd B CFEhd | Bodok ZTEIE S BEE DA L
#HX) ~ () CF apF > A ped CF Eend* o 4ok F B35 (835 e CF @pF > 7Y
A #msE CFEfMRPCFEFre 573 FBFEPRME G AR DS > NP
H¥ CFdox Ey (T3 38 1 CF fge

% 410 faimuEAe. - CEie & /2

CF(X A'Y) = min(CF(X),CE(Y)) (4.6)

CF(X Vv Y) = max(CF(X),CF(Y)) 4.7)
CF(B| {IFATHEN B}) = CF(A=>B) x max (0, CF(A)) (4.8)
CF(B) = max(CF(B| {IF ATHEN B}), CF(B| {IF C THEN B})) 4.9

Bolki > - BIHER > IoTB 4877 > APRIELBAENCFE B

*F G N P B kAR T 0 B AR T

10 038

0.2
075 @ 07'
1.0 0.5 @

B 4.8 35 CF &b+

33



CF(C) = CF(A) * CF(IFATHEN C)=1.0*0.8 = 0.8
CF(D) = CF(B) * CF(IFBTHEN D) =1.0*0.5=0.5
CF(C AD) = min( CF(C) , CF(D) ) = 0.5
CF(E) = max(CF(C A D) * CF(IF CAD THEN E), CF(F) * CF(IF F THEN E))
= max(0.5* 0.4, 1.0 *0.1) = 0.2

ekt s > LBt CF B35 22 @0 aphl (838 > 48 CF 8
EE O ERAHDEE o o7 £ 41457 > REBRAPERM Y > d 2 E BHFBEOCFE
",5'3 5 1.0 F]pt @ &SR Y 238 CF B jF’fS = 1.0 4pRf ets 78 & 7 ”ServerA” ~ "PC005”
1% "System Al” e I tArEsRiE ¢ oo 4p M {38 & 3 7 MailServer Crash” 12 %2 “Unable to

send email, mailbox quota exceed” % > &4 CF &% M A - £ 7 H AP HLhF i€ o

% 411 & PHpI1ETE > UCFE A

Context Dependency Knowledge Pattern
Consequent ~ CF Value C'R. Incident Classification Rule
ServerA 1.0 Consequent CF Value
PCO005 1.0 Incorrect Username or PWD 0.25
System_Al 1.0 Mail Server Crash 0.17

C.R. Resolution Rule

Consequent CF Value
Restart Mail Server 0.16
Remove Mail From Mailbox 0.12

C.R. Incident Dependency Rule
Consequent CF Value

Can’t Start Mail Server 0.18
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4.4 FrHRe® @& g =H0E (Context-aware Incident Management Module)

T TS S L R SR L A s
4T B 4.9 fTom o ’F’"ibifi e ’g | AT = ﬁ?i e ? W e ® ek L 4 o 8
SmAeE PR A R AT @ R A 4 1R FRIRE & p ik ok
X o

FRRTE UL g RBP4 R AHITOE 2R EFBR R TaE 25t
BEE LBl  FRIRTFEMRA I ZOBAE S BB LA RAEITE
Pt R R R A BB R G o BT
A REFERTOE B RERHDTBAIE RIS A R T U LT
e P R dT i‘{"ﬁ’*“ FTE R BIE  JL e 1T o

L 3 |

St

Servicp Desk
( Y Y Y
text- ident . G .
tacneuton Kaomteage | | ., ComexvamareIncgene | | Contersavare tneden
Resolution Knowledge Suppaort £pet ':_M} e
Support Support
5 Context-aware Knowledee Stppnrt Module l o
| ¢
.'/f ‘II.
Inference Module
\Z

B 4.9 f8suararas 2 3w 7 45 (Context-aware Knowledge Support Module)
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AALFBRRTEELA Pl g

Franerd @ysul o 5 | F R0 S BEHTE 2 BT 28 4 Bl g
IR '*“ﬁsa] EE L Sd mE R HHAPIEY FRAPM OE Bt

BEBRG VR Bt BRI S Y o TG B R —‘ﬁ Mary % # E-Mail ¥ i

TS

blo4eT B 410977 RIS A R EETFREFIFOFR TR R R EDT R
T BEAHE I I gyt o RS iRy CF BB X #ﬁ.}gﬁ»”ﬁ Vi eE 2y

oo FP o % - 7 i F 24 i 5 "Mail Server Shutdown” » CF i 5 0.35 0 % =

it ¥ & i 5 "Wrong User Name or Password” » B4 02 #Hap R EIRE S
AR SFT e
. i
User Context
Person : Mary

Role : Employee

Dept. : Accounting
Location : MB205
Activity : Meeting

Service &

Service : E-Mail

Service Level : Gold

Service Parameter ;
smip.nctu.edu.tw

/

System Context
System : SystemA | . T il t
System Status : Normal Rfe chnic 1. Mail Server Shutdown (0.35)
2. Wrong User Name or Password (0.2)

4

Time Context
Time ; AMI11:00, Tue,

Context Infnrmatlon/l

Matched Incident Description /

User Dese. :

Unable to send email
Urgency : High
Priority : 1

Incident Infarmaﬁun_/l

B 4.10 FFHwE oot i
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AA2F B[R EfEL 3 Zapi g

BB uAeE B a2 Zaoa 48 0 BJRIE S EPHATE B IR A b chpen| 8 A g |

S

5]

BEFRRTORAD RRE o FiRay RIEE E DR T~ 'ﬁﬁz—’f—mi =
MR OPRFE ST E RN (S 0 A 4 rr:-g I“’ﬁ’i il ARSEd BHEc i A
WM o BB TR ko BIRBES AR Y o uw G TE Mary # 4

E-Mail 3 2 % &) 4™ B 4.11 777 » d PRF* 2 3E & c0E 2§ it > "MailServer Shutdown” »

Wi

MEFEOFRTAZEEFR G B EIOT iR ko £k CF EaF 4
BPdiEog P anfEial ko F s B 3any - Foa A2 ki 5 "Restart the

MailServer”» CF i& 2 70.26” > % = ¥ & 247 % $5 it 37 delete useless mail from mail box

e

in mail server” » CF & % 70.27 » #i3i f24 2 S f i BIRF 5 %23 o

Fd

| Context Information ; |
\ /

=
' ™ Top 3 Incident Resolution:

| Inference T

| IneltentInformiation »| 1. Restart the Mail Server (0.26)
\ y 2. delete useless mail from mail box in - mail server (0.2)
.r"'.

Incident Description:

1. Mail Server Shutdown (0.35) Matched Incident Resolution .~

Incident Description _

B 4.1l FHRwEEEL TRt EHs
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AA43FHRTE 2 jpM Gaomt g

FrEaE BB i Ep DT REFRRTNE BRT N FIRZS AR
LHATE BT R A TR B LS o BB oo RN Bk

V JRIF ST )

g

EEE TSR F SR SR ISP TS RF SRy

%«
3?‘\

i
ABEP A B TR HAIE Y - BRA ko RASBER
B A RILfRA S ko SHET R ART WARY O ARG Y R o

g A8 Mary # 4 E-Maill 2 5 6] 4o T B 412 577 o d RIS ERDE 2R
it > ”"MailServer Shutdown” > ™ 2 F E g F 2 £ 2 F 0 5d 3G F D07 g 4p
ZEE > FRCFERM > NEG P adfpRE i Fpt o @HHE - FaiprE 2
$a it % "can’tsend email” » CF & % 70.7” » % = ¥ &v 4p = ¥ 45 it 57 mail server crash” >

RUNY

CF & 703" Mgl ip % 516 pRTh 0 54+ HOG 4 enfaitn 5 -

‘ Context Information - =
\ 4

B o Top 3 Incident Dependeney:

| Incident Information p Lcan’ tsend email (0.7)

\ / 2. mail server crash (0.3)

f \ \ Matched Incident Dependency |

Incident Deseription:
1. Mail Server Shutdown (0.35)

Incident Description

B 412 FHaE 2 pkam i oS
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Rypw w7 I%E ‘f#_ s AR - BT K A RGP BB 2 Jf#ms\m‘% oo A

PRk ARG IES N BB I ER T S inHa il TP @Y Web/ g B

R

GECREE 219 ¥ RORCE RS

N LA

oA NBEER
Ontology class) - %

FINM AR > 35 N HE R F LG

T2 Webh s

@WI\:’"J&“ :"= o

51 Bg1 8z X

A R AL g 1 B

Ll RS R gl o

R T > P 4o e i % ProtégéiE ¥ B

FRA P AT B e e (T

I~ qsuEipmygir

chthEs o

BAPB Ao o B w00

FIMAPRGE S > WP R H R EF T N U2 FERFR AT 2

N T AN L

% 51: fMBEHF1IEHT S

Operating System Microsoft Windows Server 2000

Application Server Tomcat 4.0

Database Server Microsoft SQL Server 2000

JSP 2.0
Java JDK 1.3

Ontology Web Language(OWL)

FoRFESI L

Weka 3-4

FHEmEia L

Protege 3.1

39
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2T BEIMGo F- BIMABEP PP IFI A NIEFIELT L o
B ~ §8 3¢ »] (Context
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SRR - B




Bt P 4o fe ¢ Protégéi: B 3 & 18 4F W) (Context Ontology Class) ! 2 -3 4p i&
B %> & ¥ kdpipetsgw] o A 4 AP Ar g gk b(Instance) 0 2R 16 MOWLFE T B R i 5
% % (Reuse) 2 2 1% F + i (Machine Readable) & .2k - & {& WRDIR " chMary i€ * 4 f i
*E-mailpRa g B RGBSR R DR T 0 2 NOWLE Ry % o
A0 ¢+ Protégé i B N8 e A f g W] o Protégé[21] 2 _d ¢ 2 @ (Stanford) x & #r
o B - Brijavai A# 0 B %k 4545 (Open Source) A 48 % & % (Ontology Editor) » #
¢ OWL “F # 4% 5% (Plugin)[22] » 7 r2 2B 20 % 1 * Protégé % 3 B~ ~ &% 5 27 % EOWL 4 18
KEw) o OWLTE * »t % f258 2 B e 4 BvE > v 2 @ 3= v 1> 4oXML ~ RDF% » OWL
FEL SIS anE AR 0 Ry B R g o
T oo AP A 0 Protégést {7 s i Al (context modeling) 0 ik dp w m 418 73k 3t el
B AEERTE AR G A2 B AR
(1). R7H HE AREEE Y
BipAR A R Yp A W AL LS A AR 0 R AR 0 e RIS
3K 3H 7 T oo & B g w] > Location ~ Organization ~ Person ~ Service ~ SysComponent -
Systemrz 2 Time#g %] o
(2). FPERF A DT
RIFZEBE PO IAM2Z (8 B4 ~ & BHRFAHT A H I (data
properties) » 14 A R (Person) A #8845 %] 5 &) » T HEe 4 & (Name) ~ |29
(Gender) ~ # &t (Address) v+ % B j+ & ¢ (UserRole) = 4o B 5.2 #f7n » 24 {0

Person shugw) ¥ » 4o » bt e M (Properities) e
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B Context? Protégs 3.1 beta  (file?\CAProgram®20Files\Protege_3.1_betatContext2 pprj, OWL Files (owl or rdf)) ElEx]
Fle Edt Project OWL Code Vindow Tools  Halp

DeE tBE wma ¢ BEE 55 B BE <» ﬁpmt@gé

| OMLClacses | W Properties | = Foms | 4 dividunls | @ Metadsta |

SUBCLASS RELATIONSHIP : 'mly CLASS EDITOR R = I

For Project: 48 Comtext2 For Class: owl:Thing  (nstance of owt Class)

% f [ .! por) |’Nm13 Sameds | DiffererFrom I ] Annotations ' ' * =2
awlThing @ Property WValue [ Lag
rdfs:comment ’

f"m”‘“ r'""’ = | W Properties o | O @ {3

Asserted Conditions ‘ ‘ q ®

WECESSARY & SUFFICIENT

NECESSARY
@ P visjoints ‘ ‘ q A%
|-| B & B @ Logic View ) Properies View

PR
2 g )

B Context? Protégs 3.1 beta  (fileVCAProgram®20Files\Protege_3.1_betatContext2 pprj, OWL Files (owl or rdf}) =T

File Edit Project WL Code Window Tools Halp
NeH 20 wma ¢ BEE 5 B BE 9> @pmﬁgé

| OALClsczez | WM Properties | = Fome | 4 icividunls |

For Project: 4 Context2 For Class: @ Persan  (instance of owl:Class)

Asserted Hierarchy w l? ] R B |l Mame | Sameds | Differsntfrom I [_J Annotations I_a? |§ ﬁ o]
owl Thing [Person | G Property Value | Lang
W Information

» @ Location rdfs:comment o

> @ Orgenizetion
@ Person
) Service

» 1 sysCompanent
D System
® Tine [[Assertea [[inferred | Propertics, Wk mom @ @

Asserted Conditions .@ ﬁ e & W Addrese Wsingle wsd sliing)
NECESSARY & SUFFICIENT L y
R —— M Gender  (sfgle owtaneOt Mal" Femals™})
ol Thing B Hame
B UserRole  Frutyple wocd 2iing)
@ P visjoints (C] L ‘3 28
|.| - @ Logic View ) Properies View
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(3). &+

PRS2 B B 5 F AN ehB k> gt 2 SysComponent & B

SysComponent#f %] # 7 NetworkDevice ~ Platform% & g %] » 4o B]5.3#75 » 2 i i
* Protégézk 2+ SysComponent3 &g %) o

(4). 384D 2 B i

FERVRE BRSSP R AR A R o B R 8

2t

4

w|Persong Servicez. B » & i {53 4p & B 727Uses” > F]yt 2 3t Propertitiesi 7 4+ i+
% 14 (Object Properties) » # ¢ % "UseService”» ¥ % ¥ Domain¥? Range4 4| = "Person”
227Service” » % 51 8 4p & B % > “Person - Service (Use)” ek % o 4o B]5.447T o

Context? Protées 2.1 beta  {faleNCAPro pram® 0 FilesiProtege_ 3.1 beta\Contexd2 ppay, OWL Files {.owl or .cdf)}

EoX

Fle Edt Project OWL Code Window Tools Halp

OGH +BE tma d Mol 268 B BE < ﬁpml‘égé

| OMClasses | W Properties | = Foms | @ lndviiunls | @ Motadots |

For Project: 4 Contexd2 For Class: @ SysComponent  (nstance of owt Class)

Asserted Hierarchy w lf? L }2 }E | Meie | Sames | DifterstFrom ) Annotations I_ﬁ Iﬁ Q,-‘ e
ot Thing [svsComponsrt [+ Property Value [ L
O Infeemation

» @ Location rdfecamment &

> W organization
@ Ferson
D service

¥ Syonpanent

D NetwarlDevice i
0 Peripreral | =zatad | Inferred | W Properties ol - (c'g ()
& Plattonn Asserted Conditions cﬁ @ L9 B Comporet_Profis
i NECESSARY & SUFFICIENT MRSt (shgle xsceting)
B Systen NECESSARY
W Tine owlThing lII
@ P bisjoints @ q:, ‘a 3 &
|" B & & ‘® Logic View ) Properties View

B 5.3 © & 8 g w] SysComponent 75 5§ &)
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Ef Contexct2 Protégs 3.1 beta  (fils=vC \Pro gram%20Files\Protege_3_1_betaVContext? ppri, OWL Files (.owl or .tdf}} =1
File Edit Project OWL Code Véndow Toos Help

OEE «+ B0 med O HE@ D B B@E < C@pml‘égé

(0 oAiClazses | MM Properties || = Forms | @ hdividuals | 4 Betadata |

PROPERTY BROWSER A PROFERTY EDITOR = F o |

For Project: # Context For Property (B UseService  (instance of owlObectProperty)

o mf BE oF o my | [ neme | Equvelnts | Sameas | Difersnterom | [ Annotations LF =5 *

El Propertics

|UzeService | Praperty. alue Lang
- Activity -
. iome rars:comment -
LBt
- Euildng

. Component_Profie
= Description

- Gender

. Address

B UserRole

- b T & | Raoge & . &

- Fole LT — 18P Service ] Functienal
BN Service_Parsmeter
. Service_Profia

- Status

I Syetem_Description [7] Transtive
. System_Stalus
- Tkl

- vear

[ InverssFunctional

[ Symmetric

Inveras o o

[~] @ =

Super properties -

‘ & B

B 5.4 : %8 4p kb % UseService

B o~ & 3 #F %] cn i3 48 (Individual)

R Y Emﬁ'ﬁ’_}iiﬁwﬁg MRS BARHL & BATN Y PR

R > 12 4g s Person A b 0 2
B B e Ap o B -

1001, HC, Taiwan” » Gende % F"e ar"“:; fal.‘% Ap & B 2Use_ServiceRd 55 e i3 48 %

-
"-'»

i e
Li ‘_‘Jn ||..

“Email” £ “Internet” -

Context? Exotoge 3.1 beta  (file NG APro gram%20Files\Frotege_2.1_beta\Contexts. pprj, OWL Files (.owlor cdf}}
File  Edit Project OWL Code Véndow Tools  Help
D@ <88 ma ¢ HED 5 B @@ <k «@pmufgé

| 0 OMClasses | mm Properties || = Forms | @ beiviuals | 4 Metadats |

F e A o

For Project: 48 Comtext2 For Class: @} Person For Individual 4 Mary  (instance of Person)
Class Hierarchy 5i | asserted |[intenrad| |sdiress — A
owt Thing mame v ® @ XU | irno1001, e, Talwen | Mery
¥ A Iafeemation & 1y
=LA nder
¥ @ Location (1 [Female |
@ Room
v @ Crganization UserRole Aow
¥ ) BrenchiTaipsi Errployes
¥ W Depatnent (1)
@ Empoyes
O Employer
@ Pergon (1) .
& Service (2 Isesystem -
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