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BIREEDHF DEF AT HEE

e e ERH
Reflexive (x,x) € R foreveryx € S
Non-reflexive (x,X) € R forevery x € S
Symmetric If (x,y) € R then (y,x) € Rforevery x,y € S
Non-symmetric If (x,y) € R then (y,x) ¢ R for every x,y € S
Transitive If (x,y) € Rand (y,z) € R, then (x,z) € R forevery x,y,z€ S
Non-transitive If (x,y) € Rand (y,z) € R, then (x,z) ¢ R for every x,y,z € S

IR ETME] B [ ZE (required)] BF(E, XRXD[TRUEJRDIERDXIEZIFTANSNAINETTH D

IR 81D BY [BRIMexcluded) ] BEIE, XRXD[TRUE]RDIEBDX(FIEENBINRETTH D

894l HY [#EE{R(irrelevant) ] BF(E, LN DHDXIEXRXICDULWT[TRUE]TH D, L\ DHDXIEIXRXICH
LW C[FALSE] THDERICITRETHD

Fx3#nE] B [ ZE (required) ] BF(E, (XRy EYRX)HD[TRUE] &R BERBDX, Y EITANSNBAINETHD
Fxd#nE] B [BRIM excluded) ] BFE, (XRy EYRX)D[TRUE] ERBIERE DX, yZIES UIRITNIERS IR0
Fxd#nE] A [#EER (irrelevant) | B, (XRy EyRX)D[TRUE]E R BV DHDXEYIFFIFTANSNBN
ETHB,FTZ(XRYyEYRX)ZFBIEZIRVN DO DX EYIFIEBESNBIRNETHD

FH#EFSMED HY [ E (required) ] BE(Z,(XRy &EYRzEXRZ)M[TRUE] ERBIERDX, yE LUzIE, ZIFANSN
DRETHD

F#EFBED OY (BRI excluded) ] BEE, (XRy EyRzEXRZ)D[TRUE] ERBEBDX, yHB KUzIFEiE=N DN
E=ThD

FHERSMED HY [#ERS{R (irrelevant) | BF(E, (XRy EyRzEXRZ)B[TRUE] E/R B LK DHDX, yB KUz(E, =0T
ANBNBANETHD,E1Z,(XRy EyRzEXRZ) ZiEHTZ IR DHDX, YBE KU z(SIERENDBIRNETTH D
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o DSZAOBUNE (SR SIRTNERSIRVEE
sEansepr e }s%j@f&%ﬁf%ﬁﬁ(:ngL,_r{cin(irgargm%#
(breconditiony | CHENTFULSIUZBRICHEZND) -
o BRI ZRHRIISEIEEIIREZTFOCR T IOSA 77> MIERD
SREMH o IRENMRETECHRIZ UIRRITNUIERSIRRWEH(GRIEOFRETHEZIND)
(post-condition) |« J|EZMAEKIISEIES(EITRIEAIE D
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B EDHFY
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TR = 0 Rk B8 <= 900 1
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A Lyt p el DRI

# W irtua iy etREE) - it
s s P i '
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(* )HSCI Modelling tool
PCT4FEFHFEE ./ PCT Patent Pending
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DS AARZESE % (class invariant)

DS ARZE M (class invariant)

o BHEOAREZMFOIE

o BHEBOARETEYF

o DS AREEZRHENEEINRVNES .
o COBFDFEMA(F{true}

B&hEs
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# Vel met =) - fof
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(* )HSCI Modelling tool
PCT4FEFHFEE ./ PCT Patent Pending
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Jhinl

=R+ (pre-condition) & FE#& & F(post-condition)®
Fa15&{4 (pre-condition) & H& &4 (post-condition)

o FIRE(CERISH (pre-condition) & EEEMH(post-condition) ZEE
- EEREISM
o BENERZEBEDEMZILETD
- RS MF
o SREBEM
o BREMMREE T DNIBZELEH T D
« BRI (pre-condition) & FE#&E A (post-condition) NEE S N/RWEE .
o COOFDOEHFII{TRUE}

EENE:
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- A= int = 0{0<= 41— <= 300}
- JESEEE int = 0{0 <= E&EE <= 6]
A il g el R - it
Fre—camdrtra: I
{TTUE] I

|
: Pa.ﬁ%:mfﬁﬁr'm: I

L'E
F;nrm:agém__gghﬂ_ ————
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(* )HSCI Modelling tool
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FaIsk* (pre-condition) & EEE M (post-condition) @

FHa15&{4 (pre-condition) & H& &4 (post-condition)

- BhESIESS CAEENFET D !
- HFEOER/R/HE
o mIREFDuREE
- ZEED[OINDDCET:
- EBSBAEN(partial function)ZEk9 3
- BRI ZEIEDOEZEERKRTD
-  FBRIFEMAFSIEEOFTESTZEIN (characteristic equation)
o ZOERIEOESE(domain)ZRET S

2471 calrl:
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OCL(USE)fHl®

class Employee

attributes T—FERE—F O G vt @ USE(OCL)

JI-FER% ‘
name : String

salary : Integer
init : 10000
operations
joinProject(p:Project, m:Integer) : OclVoid
pre: project->size < m and department->excludes(p) and department->exists(d|d.project->includes(p))
post: project=project@pre->including(self) and Project.allInstances->exists(p1|pl1=p and
pl.employee=p.employee@pre->including(self)) and self.salary=self.salary@pre+Const and name=name@pre and
department=department@pre
constraints
inv : Employee.alllnstances()->forAll(el,e2|el<>e2 implies el.name <> e2.name)
inv : salary>=200000
inv : Employee.allInstances->forAll(el,e2|(el.project->size>e2.project->size) implies (el.salary>e2.salary))
end

class Department
attributes
name : String
location : String
budget : Integer
operations
constraints
inv : Department.alllnstances()->forAll(d1,d2|d1<>d2 implies d1.name <> d2.name)
inv : budget>=300000000
inv : employee->size>=project->size
end
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OCL(USE)#l@

class Project
attributes
name : String
budget : Integer
operations
constraints
inv : Project.allinstances()->forAll(p1,p2|pl1<>p2 implies pl.name <> p2.name)
inv : budget>=1000000
inv : budget<=self.department.budget
inv : department.employee->includesAll(self.employee)
end
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Flight

= MO : Strine funiquel {Flight alllnstancesO->for I 1LF2[ 12 implies £1.M0 <> £2 MO0}

- DepatureTime : String {DepatureTime < ArrivalTime}
- frrivalTime : Strine {ArrivalTime » DepatureTime |
= <<f2x plane © i Iane*

- <<f>> paszenger[ ] : Personk

-flights

FAssign <<gssociation>>

plang

Airplane

+ & irtale avarts b.l'cS.-:ast

{Flight alllhstancesO->for A L21 1<:F2 implies £1MO < 12 N0
{DepatureTime < ArrivalTime

{&rrivalTime » DepatureTime }

{pazzenger- >3|255< plane numberfSeat]

0.*'" - flights

1.7%/ - passenger

W Reserve <<assaciation>>

0.x

Person

- hame : String Juniquel [Person alllhstances()->for 81p 1 p2p 1<p2 implies plname <> p2name)}

- <Ay rilightsl 1: Flight#

{Personalllnstances(->tor&llip 1p2)p 1<3p2 implies plname < p2namel}

1

- 1ID: Strine {funique} {Airplane allhstances{)->tor &lia1,a2[a1<a2 implies 2110 <> 22100}
- humberQfSeat : Integer fhumberOfSeat>=50 and numberOfSeat{=2300}
- <A flightd ] : Flight*

{&irplane alllhstanceszi)->for Allla 1.a2]a1<xa2 implies a11D <> 22100}
ThumberCfSeat>=50 and numberOfSeat<=300}
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class Flight

attributes

NO : String . . .
DepatureTime : String - FERE-F

i+

@ USE(DGCL)

ArrivalTime : String
operations
availableSeats(f:Flight) : Integer
pre: false
post: false
constraints
inv : Flight.allInstances()->forAll(f1,f2|f1<>f2 implies f1.NO <> f2.NO)
inv : DepatureTime < ArrivalTime
inv : ArrivalTime > DepatureTime
inv : passenger->size() <= plane.numberOfSeat
end

class Airplane
attributes
ID : String
numberOfSeat : Integer
operations
constraints
inv : Airplane.allInstances()->forAll(al,a2|al<>a2 implies al.ID <> a2.ID)
inv : numberOfSeat>=50 and numberOfSeat<=300
end

class Person
attributes
name : String
operations
constraints
inv : Person.alllnstances()->forAll(p1,p2|pl<>p2 implies pl.name <> p2.name)
end

‘ il
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P Married <<association=> |
BENEFTUIOY—IL
HOPE] [CXB7TE

0.1 - husband 0.1 -wife

Perzon

- name : String {uniquel {F‘Ersun;EnIIInstann:ES':I or&lp 1p2lp 1<:p2 implies plname < p2ramell
- age : Integer = 18'1335 »=1

- gender : GenderType = male {true}

= L0y wife o Persont

- <4A>r hugband : Perzon®

- LAy employer[ ] : Comparse*

}F‘ersnnallinstann:es{]l—ﬁnrﬁlll:p1,|:|2||:|H}|:|2 impliez plname <* p?name]}
age »= 18
[wife emplover—rintersection{zelf emplover)—»isEmpty() or husband emplover—>intersection{zelf employeri—»isEmpty(]

0.*"" -employees

[RiFHEIUERICEFHFTER\]
EWSHIZINRD

W worksFor <<associations>

0.*Y -employer

Company

- name : Strine {unique} {Zompany alllhetances(->for&llic 1,c2]c 1432 impliez clname < c2namel}
- addresz : String {true]
- <> emploveel 1 Person

{Company allhstances(=>for &llic1,c2[c 1502 implies c1name <> c2namel}
lemploves wife-rinterzectionizelf emplovee)->izEmpty (]
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class Person J-FEmRE-F G O+ @ USE{OCL)
attributes
name : String
age : Integer
init : 18
gender : GenderType
init : #male
operations
constraints
inv : Person.allInstances()->forAll(p1,p2|pl<>p2 implies pl.name <> p2.name)
inv : age >= 18
inv : self.wife.employer->intersection(self.employer)->isEmpty() or self.husband.employer->intersection(self.employer)->isEmpty()
end

T B4R ‘

class Company
attributes
name : String
address : String
operations
constraints
inv : Company.alllnstances()->forAll(c1,c2|cl<>c2 implies cl.name <> c2.name)
inv : self.employee.wife->intersection(self.employee)->isEmpty()
end
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