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 OCL concepts

- Basis: (graphical) UML concepts, in particular UML CD

— Descriptive Language for expressions (logical values,
objects, object collections)

- Objects

- Navigation

- (Finite!) Collections: Set, Bag, Sequence, [OrderedSet]
- Collection operations: forAll, exists, select, ...

- Formal semantics: naive set-theoretic (PhD thesis Mark
Richters [HB], also part of the OMG standard)

 OCL applications

- UML metamodel (syntax of the UML)
- Other (meta-)models (CWM, MOF, ODM, ER/RE), ...



 UML tools with OCL support

- Poseidon, ArgoUML, ...
- MagicDraw, MaxUML, Together, XMF-Mosaic, ...

 OCL tools [QVT tools with OCL emerging]

— Dresden OCL Compiler (OCL 2 Java)

- Octopus (Warmer/Kleppe; syntax check & code
generator)

- KeY (Karlsruhe; OCL prover embedded in
Together); OCL & verification also done in
Zurich (Isabelle) and Kiel (PVS?)

- OCLE (Romania; validation tool)

- USE: UML Specification Environment (validation
and 'certification’ tool)



« USE allows to

- Get confidence in models (formal descriptions) by
'testing’ it with scenarios

- Check consistency of models (invariants);
by constructing an Object Diagram

- Show independency of invs (no invariant follows
from the others); by constructing a state violating
an invariant INV but satisfying all other invariants
(a state satisfying 'negated INV' and ...)

— Check whether property PROP follows from
iInvariants; by showing it is not possible to
construct a state where all invariants hold and the
negation of PROP holds; drawback of the
technique: search space for state construction
has to be restricted by (expressed as) an ASSL
program (A Snapshot Sequence Language)



 USE supports class diagrams
* invariants, pre/posts of operations, op definitions

- Construct object diagram (system state) explicitly (create
& destroy objects & links, set attributes)

- Check invariants; inspect details with the 'Evaluation
Browser', 'Object diagram', 'OCL Evaluation’, ...

— Construct operation call sequence
— Check pre/postconditions & invariants

— Generate object diagram descriptively (give desired
properties of the object diagram)

- Describe the search space (a set of object diagrams) by
enumerating it with an 'ASSL' program



i USE: c:/mg/civstat/scp-sub/civstat.use

File Edit State “iew Help
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) CivilStatusiyiorld
B 1 Clazzes
# Perzon
B 4 Aszociations
# Marriage
B A Invariarts
# Perzon;attributesDefined
# Perzon:nameCapitalThenSmallLetters
# Perzon:harnelznigue
# Perzon: femaleHashowife
# Perzon:maleHazMNoHusband
B "1 Pre-Postconditions
pre bitth:: frezshUnlinkedPerson
post bithe: natmeAssigned
post birth:: civatatAssigned
past hitth::gender &ssigned
post hithcisAliveAssigned
pre marry: aspousebefined
pre marryisilive
pre marry: aspouseslive
pre marry:isdnmarried
pre marry: aspouselnmarried
pre marry: differentGenders
post marey:isharried
post marry:: femaleHazMarriedHuzband
past marry::maleHasMarriecMvife
pre divorce:isMarried
pre divorcesizilive
pre divorce:hushandlive
pre divorce:wifellive
post divorce:isDivorced
post divorce: hushandDivarced
post divorce:wifeDivorced
pre death::izAlive
post death:: notAlive
post death: hushbandWidowed
post death: witeWidowed

LA R R B E R EEE S EREEEREREXSESEXREZSSES.

context PersonsmarmnyiaSpouse - Person) -
pre differentGenders: (zelf.gender ==
aspouse.gender)

]

Sequence diagram

ada:Person

birth("Ada' #female) o

dan:Person

Clas= diagram

Marriage

huzband (0.1

==enumeration==
Civilstatuz

zingle

matried

divorced

Enter QCL expression:

& Evaluate DCL EXPression

— Fersnn.alllnstances-bseled(plp.alivej-bc:n:nlled(plSequence{p.name,p.civstat}j

Fes=ult:

g

widovved

i
I
I
|
|
M- - - === = |
L:irth('EIull‘n',#male) : ==enumeration==
i i zender
| |
- === e i female
: male
: Perzan
T | _ : name ; String
| hirth{"Cyd' #male) i civstat ;. Civilstatus
| u gender | Gender
e ————————=--- i Bt glive : Boolean
) I I
divorce() - | hithlafame | String, aGender | Gender)
: marrylaSpouse . Persan)
- === i |l | divoree)
: marryi@ada) : dleathl)
| spouze] : Person
|
e - — —mmm——— - - R
I
I
|
|
e - — —mmm——— - - R
I
I
! u B Class extert -
- - ———mm—— - - R e

Persu:un|name| civztat |gender| alive

acda ‘Acda' [Rwvidowed [#female true

X

[alu]4]

‘Biok’

#divorced #male  frue

cyd "Cywd' [#married  [@male  (falze

Evaluate

dan ‘D’ Emale  ftrue

#E=zingle

Clear Rezult

F}ag{Sequence{'Ada',#Widuwed},Sequence{'Bnb',#divu:uru:ed},Sequence{'Dan',#single}}: BaglSequence[OclAny )

[ o= |




T CivilStatusiorld
B 4 Clazzes
# Perzon
B 4 Az=ocistions
# Marriage
E 4 Invariants
# Perzon::sttributesDefined
# Person:nameCapitalThenSmallletters
# Perzon:namelzUnicue
# Perzon:: fernaleHasrMoite
# Perzon:maleHazMoHushand
E 4 Pre-Postconditions
pre hirth:: freshUnlinkedPerson
post bith:: namelssigned
post hirth:: civstatAzsigned
post bith:: gender &zzigned
post hirthizalivelzssigned
pre marry: aspouseDefined
pre marry:izdlive
pre marry: aspouseblive
pre marry:isUnmarried
pre marry: aspouselnmarried
pre marry: differentGenders
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context Person:marmnyiasSpouse : Fersan)
pre differentGenders: (self gender == =
aSpouse.gender) -




Clazs diagram

==enumeration:==

I=Ender

fermale
friale

Per=zon

name ;. String
civstat | Civilstatus
gender | Gender
alive : Boolean

Marriage

hiusband

bith(aMame : String, aGender | Gender)
marry(aspouse . Person)

divarcel)

deathi)

spousel] : Perzon

0.1

s=enurmeration==
CivilStatus

zingle
married
divarced
widovwed




nodel G vil StatusWrl d

enum G vil Status {single, nmarried, divorced, w dowed}
enum Gender {fenmale, mal e}

cl ass Person

attri butes
nane: Stri ng
civstat: G vil Status
gender : Gender
al 1 ve: Bool ean

end

associ ation Marri age bet ween
Person [0..1] role wfe
Person [0..1] role husband
end



birth(aNanme: String, aCGender: Gender)
marry( aSpouse: Per son)

di vorce()
deat h()

spouse() : Person=
| f gender=#femal e then husband el se wfe endif



mar ry( aSpouse: Per son)
pre aSpouseDefi ned: aSpouse.i sDefi ned
pre I1sAlive: alive
pre aSpouseAlive: aSpouse. alive
pre isUnmarried: civstat<>#married
pre aSpouseUnnarried: aSpouse.civstat<>#narri ed
pre differentGenders: gender<>aSpouse. gender
post IsMarried: civstat=#narri ed
post femal eHasMarri edHusband: gender=#fenale i nplies
husband=aSpouse and husband. ci vst at =#nmarri ed
post nal eHasMarri edWfe: gender=#male 1 nplies
w f e=aSpouse and w fe.civstat=#narri ed



constral nts

| NV

| NV

| NV

| NV

attri butesDefi ned: nane.i1sDefi ned and
civstat.isDefi ned and
gender. i1 sDefined and alive.isDefined

naneCapi t al ThenSnmal | Lett ers:
let snmall:Set(String)=

Set{'a","'b','c'", ... ,'Xx','y","z2'} In
|l et capital:Set(String)=
Set{"A,'B,'C, ... ,'X,'Y,"Z} in

capi tal - > ncl udes(nane. substring(1,1)) and
Set{2..nane.size}->forAl (i1 |
smal | - >I ncl udes(nane. substring(i,i)))

nanmel sUni que: Person. all | nstances->forAll (self?2]
self<>self2 inplies self.nane<>sel f 2. nane)

f enmal eHasNoW f e:

gender=#fenmale inplies wfe.isUndefi ned

| NV

mal eHasNoHusband:

gender =#mal e 1 npl 1 es husband. i sUndef i ned



model NameWor | d

cl ass Person0O1
attri butes
name: Stri ng
constraints
i nv nanmel sUni que0l1: PersonOl. al |l nstances->forAll (self2]
self<>self2 inplies self.nane<>sel f2. nane)
end

cl ass Person02
attributes
name: String
constraints
I nv nanel sUni que02: Person02. al |l |l nstances->forAll (self2: Person02|
self<>self2 inplies self.nane<>sel f2. nane)
end

cl ass Person03
attributes
nanme: Stri ng
constraints
i nv nanel sUni que03: Person03. al | I nstances->forAll (sel f 2|
not (sel f. name<>sel f 2. nane) inplies not(self<>self2))
end

cl ass Person04
attributes
name: String
constraints
i nv nanel sUni que04: Person04. al | I nstances->forAll (sel f 2|
sel f. nanme=sel f2. nane inplies self=self?2)
end



cl ass Person
attri butes

name: Stri ng
end

constraints

cont ext Person inv nanel sUni que05:
Person. al | I nst ances->for Al |l (sel f 2|
self<>self2 inplies self.nane<>sel f2. nane)

context self:Person inv nanmel sUni que06:
Person. al | I nst ances->for Al |l (sel f 2|
self<>self2 inplies self.nanme<>sel f2. nane)

-- Person. all I nstances->forAll (self]
- - Person. al | I nst ances->for Al |l (sel f 2|
- - self<>self2 inplies self.name<>sel f2. nane)

)

cont ext Person inv nanel sUni que07:
Person. al | | nstances->forAll (pl, p2|
pl<>p2 inplies pl. nane<>p2. nane)

-- Person. all I nstances->forAll (sel f|
- - Person. al | I nst ances->for Al |l (pl, p2|
- - pl<>p2 inplies pl. name<>p2. nane)

- )



cont ext Person inv naneAda:
Person. al | | nst ances->exi sts(p| p. nane="' Ada')

-- Person. all I nstances->forAll (sel f|
- - Person. al | | nst ances- >exi st s(p| p. nane=" Ada')

)

-- not (not ( nanel sUni que06) )
context self:Person inv nanmel sUni que08:
not (not (Person. al | I nstances->for Al l (sel f 2|
self<>self2 inplies self.nanme<>sel f2. nane)))

context self:Person inv nanmel sUni que09:
not (Person. al | I nstances- >exi sts(sel f 2|
not (sel f<>self2 inplies self.nane<>sel f2. nane)))

context self:Person inv nanmel sUni quelO:
not (Person. al | I nst ances- >exi sts(sel f 2|
sel f<>sel f2 and sel f. nane=sel f 2. nane))

context self:Person inv nanel sUni quell:
Person. al | I nst ances->i sUni que( p| p. nane)

-- Person. alllnstances->forAll (self]
- - Person. al | I nst ances->i sUni que( p| p. nane)

- )

context Person inv nanelsUni quel2:
Person. al | I nst ances->i sUni que( nanme)

-- there are further possibilities



i USE: c:/mg/civstat/scp-sub/civstat.use

File Edit State “iew Help
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) CivilStatusiyiorld
B 1 Clazzes
# Perzon
B 4 Aszociations
# Marriage
B A Invariarts
# Perzon;attributesDefined
# Perzon:nameCapitalThenSmallLetters
# Perzon:harnelznigue
# Perzon: femaleHashowife
# Perzon:maleHazMNoHusband
B "1 Pre-Postconditions
pre bitth:: frezshUnlinkedPerson
post bithe: natmeAssigned
post birth:: civatatAssigned
past hitth::gender &ssigned
post hithcisAliveAssigned
pre marry: aspousebefined
pre marryisilive
pre marry: aspouseslive
pre marry:isdnmarried
pre marry: aspouselnmarried
pre marry: differentGenders
post marey:isharried
post marry:: femaleHazMarriedHuzband
past marry::maleHasMarriecMvife
pre divorce:isMarried
pre divorcesizilive
pre divorce:hushandlive
pre divorce:wifellive
post divorce:isDivorced
post divorce: hushandDivarced
post divorce:wifeDivorced
pre death::izAlive
post death:: notAlive
post death: hushbandWidowed
post death: witeWidowed

LA R R B E R EEE S EREEEREREXSESEXREZSSES.

context PersonsmarmnyiaSpouse - Person) -
pre differentGenders: (zelf.gender ==
aspouse.gender)

]

Sequence diagram

ada:Person

birth("Ada' #female) o

dan:Person

Clas= diagram

Marriage

huzband (0.1

==enumeration==
Civilstatuz

zingle

matried

divorced

Enter QCL expression:

& Evaluate DCL EXPression

— Fersnn.alllnstances-bseled(plp.alivej-bc:n:nlled(plSequence{p.name,p.civstat}j

Fes=ult:

g

widovved

i
I
I
|
|
M- - - === = |
L:irth('EIull‘n',#male) : ==enumeration==
i i zender
| |
- === e i female
: male
: Perzan
T | _ : name ; String
| hirth{"Cyd' #male) i civstat ;. Civilstatus
| u gender | Gender
e ————————=--- i Bt glive : Boolean
) I I
divorce() - | hithlafame | String, aGender | Gender)
: marrylaSpouse . Persan)
- === i |l | divoree)
: marryi@ada) : dleathl)
| spouze] : Person
|
e - — —mmm——— - - R
I
I
|
|
e - — —mmm——— - - R
I
I
! u B Class extert -
- - ———mm—— - - R e

Persu:un|name| civztat |gender| alive

acda ‘Acda' [Rwvidowed [#female true

X

[alu]4]

‘Biok’

#divorced #male  frue

cyd "Cywd' [#married  [@male  (falze

Evaluate

dan ‘D’ Emale  ftrue

#E=zingle

Clear Rezult

F}ag{Sequence{'Ada',#Widuwed},Sequence{'Bnb',#divu:uru:ed},Sequence{'Dan',#single}}: BaglSequence[OclAny )

[ o= |
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Sequence diagrarm S

ada:Person

ol Person

cyd:Person dan:Perzon

birth('Ada' #female)
- - - - - - - - — - - —>|:|

Class diagram o

=<erLmer ation==
Zender

fermale

male 0. 1 [wite

Per=zon

hame . String
civatat | Civilstatus
gender . Gender
alive ;. Boalean

hirthlaMame . String, aGender | Genider)
marryaspouse | Person)

divorce(]

death)

zpouze] : Perzon

g Evaluate OCL expression

Enter OCL expressian:

— Fersnn.alllnstann:es-:-select(plp.alix-'ej-:-n:u:nllect(plSequenc:e{p.name,p.n::i%.fstat}]

F'ers::un|narne| civetat |_gender| alive
ada ‘Adda’ [#widowed #female true
bob ‘Bok' [#divarced #male true
cyd "Cyd' Emarried  ¥male  [false
dan ‘Dan' |[#=zingle #male  true




H Sequence diagram

X

Creale
ada:Person
hirth{'Ada',#fernal

_
hirth{'Bok' #male) —T

PR gl

marry{@hok) -

inselt(@ada,@bob)

Inserted as wife

:_,,.inserted as hushand
I"‘-.

[

[

- — — — - — - —— - — = — = T

1

di:alete(@ada,@hnh)
[

-

: marry{@ada)

i
create
' cyd:Person
Hr‘th{'C'y‘d',ﬂm&lE]l _
| 1

inserted as wife

inserted as hushand

hirth{'Dan' #male)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|_

= T = |




Seguence diagram

[}
% |hnh:F‘ersnn || :Marria@ |::~,rd:F'ersnn |
2 ¢

E E set civstat (= #divorced % i I
L " | |

delete(@ada,@b:?b) >‘<

|
miarry(@ada),

| set civstat = #married
I
I

set civstat (£ #married
T

i — — — —

inzerti@@ada, @cyd)

inserted as wife

inserted as huskand

hirth{'Dan' #male) =

st name = aMame

=t civetat (= Fzingle

et gender (= aGender

=&t alive :=true

set alive = false

delete(@ada @oyd) X




H Sequence diagram oo

@ = OB Object diagram o3

ada:Person
|

ada:Person
name=LIndefined
civetat=Lncdefined

gender=Lndefined
alive=lndefined

B Class extent

o [

Per=zan

name

civstat

gender

alive

ada

Undefined

Undefined

Undefined

Undefined




H Sequence diagram o

@ = Ok Object diagram 53

creste -

ada:Person

birth{' Ada' #female)

ada:Person

name="Ada’
civstat=#single
gender=&female
alive=true

BR Class extert =

Person | name

civstat

gender

ada ‘Ada’ #zingle

#female




H Sequence diagram oo

@ = Ok Object diagram 53

od [

creste -

ada:Person

birth{' Ada' #female)

hob:Person

ada:Person

name="Ada’
civstat=#single
gender=&female
alive=true

BR Class extert =

hak:Person

name="Bok’
civstat=#single
gender=gmale
alive=true

Person | name

civstat

gender

ada ‘Ada’ #zingle

#female

bob 'Bob' #zingle

Emale




H Sequence diagram oo

gh Ohject diagram 2

dd E

creste -

ada:Person

birth{' Ada' #female)

hob:Person

wife

hak:Person

name="Bok’
civstat=#marriecd
gender=gmale
alive=true

hushand

Marriage

ada:Person
name="Acda'

alive=true

civstat=#marriecd
gender=gfemale

% Class extent

Person | name

civstat

gender

acda "Ada’

Emarried

#female

taok 'Bob'

Emarried

Emale




T4 Sequence diagram o i oo Object diagram = gt [E

hak:Person

name="Bok’
civstat=#marriecd
gender=gmale
alive=true

creste

| GclaPerson
hith('Ada' #female)

hushand

bob:Perzon _ Marriage
wife

ada:Person

name="Ada’'
civstat=#marriecd
gender=gfemale
alive=true

cyd:Person

cyd:Person
name='Cycl’
civstat=#single
gender=gmale
alive=true

% Class extent
Person | name civstat
acda "Ada’ Emarried #female
'Baok' Emarried Emale
cyd "Cyd' #zingle #male




H Sequence diagram o I:IE B" E gh Ohject diagram 2 I:II‘ B" E

hak:Person

name='Bok’
civstat=#divorced
gender=gmale
alive=true

creste

| Gcla:Person
hirth{'Ada' #female)

hob:Person

ada:Person
name="Acda'
civstat=#divorced

gender=&female
alive=true

cyd:Person

cyd:Person
name='Cycl’
civstat=%single
gender=gmale
alive=true

% Class extent

Person | name civstat gender
ada ‘Ada’ #divorced  |[#female

'Bob' #divaorced  |#male
cyd "Cyd' #zingle #male




H Sequence diagram o I:IE B" E gh Ohject diagram 2 I:II‘ B" E

hak:Person

name='Bok’
civstat=gdivorced
gender=gmale
alive=true

creste

| Gicla:Person
hirth{'Ada' #female)

hob:Person

ada:Person

name="Ada’'
civstat=#marriec
gender=gfemale
alive=true

cyd:Person Wite

Marriage

huskband
cyd:Person

name='Cycl’
civstat=#married
gender=gmale
alive=true

% Class extent

Person | name civstat gender
ada ‘Ada’ #married #female

'Bob' #divaorced  |#male
cyd "Cyd' #married #male




@ ||| S object diagram

H Sequence diagram oo

hak:Person

name='Baok'
_ civstat=#divorced

create | ada:Person gender=g¢male
hirth('Ada' #female) T alive=true
P 1]
create : p=| bob:Person
birth({'Bok' #male)! I
: j;l ada.Person dan:Person
T T T T T T T T T T r--- - name="Ada' name="0ran'
marry{E@hob) I civstat=#married civstat=#single
e — — — — — — —— —— — — j] gender=gfemale gencler=#male
create | alive=true alive=true
, p-{ Cycl:PErSON iTe _
hirth{'Cyd' Bmale) T W'rlage
|
et :‘————————————bl:-l husband
cyd:-Person
name="Cyd'
civstat=#married

| clan:Person

tl;l ER Class extent - ol 1
______ 4-=-=== Person | name civstat gender | alive

- ada ‘Ada’ #married #female  frue
bok 'Bok' #divorced  [#male true
cyd "Cyd' #married #male true
dan 'Dan'’ #zingle #male true

[

[

[

[

! gender=gmale
L _bl:_l alive=true

[

I

[

I

[

|

|

|

|

I o

| =
o

I =
0

| [47]
=

I o

|

|

|

| {




@ ||| S object diagram

H Sequence diagram oo

bob:Person
name='Bok'
_ civstat=#divorced
create p-| aclaPerson g;.?ndim#male
birth{ Ada' #female) : Fivestrue
PR 1]
create : - bob:Person
bith('Bok' #male)! I
: j] acda:Person dan:Person
et - name='Ada’ name='Dan’
marry(@bokb) | : civetat=#widowec civstat=#=ingle
e o __ j] l gender=#female gender=¢male
create | : alive=true alive=true
, , p-{ Cycl:PErSON
bith({'Cyd' ¥male) I T
I I
[ [
il rT T - - —bl:'l )
divoree() | | | cyd:Person
j] : : name='Cycl’
el | | civstat=#married
marry{ﬂadaj : | gender=&male
[ [ bl:_l alive=false
- — — — — - — - — - — - — = r————-—-- -———-—--
c!‘eate : : - clan:Person . =
bitH('Dan' #male) ! [ T
||: ) T T tl;l B Class extert = FE [E
| | | i g
T T rTT T T T T mT T~ T T T Person | name civstat gender | alive
d""ﬂth!:' : ! : ada ‘Ada’ #widowed |[#female frue
e o ______ :_ ______ :_ o _bl_—'_l : bok 'Bak'’ gdivorced  #male true
| | | i cyd "Cyd' #married #male false

dan 'Dan'’ #zingle #male true




H' Seqguence diagram

coE E

O

Evaluate OCL expression

X

ada:Person

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j

Browser
Result:
Flag{}: Bag(Sequence(Person)) Clear

% Class extent

2 oll .l £

Persaon

alive

civetat

gender

name

ada

Undefined

Undefined

Undefined

Undefined




T4 Sequence diagram - g X
? x|

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j
create p-| acla:Person Browser

Result:
birth('Ada' #femal '
ith('Ada' #female) Fag{gequenge{@ada:Undeﬂned}}: Bag(Seguence{Person)) Clear

% Class extent

Person alive civstat gender
ada true #zingle #female




H' Seqguence diagram

coE E

O

LA Evaluate OCL expression

creste

-

ada:Person

birth{"Ada' #female)

X

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j

Browser
Result:
Pag{Sequence{@ada:L.Indeﬂned}}: Bag(Seguence(Person)) Clear

hok:Person

% Class extent

Persaon

alive

civetat

gender

ada

true

#zingle

gfemale

] 4]

trues

#single

Emale




H' Seqguence diagram

coE E

O

LA Evaluate OCL expression

creste

-

ada:Person

birth{"Ada' #female)

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j

Browser
Result:
Pag{Sequence{@ada:@bnh}}: Bag(Sequence(Person)) Clear

hok:Person

% Class extent

Persaon

alive

civetat

gender

ada

true

Emarried

gfemale

] 4]

trues

Ernarried

Emale




T Sequence diagram e ol . il £

Q s Evaluate OCL expression

creste

| acla:Person

X

hirth{'Ada' #female)

Erter QCL expression: Evaluate
Fersnn.aIIIr|stances-:=-seIectl{gender=#fernaIej-bcnllect(plSequence{p:p.husband}j

Browser
Result:
Pag{Sequence{@ada:@bnh}}: Bag(Sequence(Person)) Clear

hok:Person

cyd:Person

% Class extent

Persaon

alive

civetat

gender

ada

true

Emarried

gfemale

true

Ermarried

Emale

true

#zingle

Emale
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LA Evaluate OCL expression

creste

-

ada:Person

birth{"Ada' #female)

X

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j

Browser
Result:
Pag{Sequence{@ada:@cyd}}: Bag(Sequence(Person)) Clear

hok:Person

% Class extent

Person alive civstat gender name
ada true Emarried gfemale ‘Ada'
] 4] trues Edivorced |[#male 'Bak'

true

Ernarried

Emale




H' Seqguence diagram

coE E

O

LA Evaluate OCL expression

creste

-

ada:Person

birth{"Ada' #female)

X

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j

Browser
Result:
Pag{Sequence{@ada:@cyd}}: Bag(Sequence(Person)) Clear

hok:Person

clan:Person

% Class extent

Person alive civstat gender name

ada true Emarried |(#female ‘Ada’

bob true #divorced |(#male 'Bobk'

cyd true #married  [#Fmale "Cyd'
true #single g#male




T4 Sequence diagram - g X
? x|

Enter OCL expression: Evaluate
Fersnn.aIIInstances-:—selectl{gender=#fernaIej-:—cnllect(plSequence{p:p.husband}j
create p-| acla:Person Browser

Result:
birth('Ada' #femal '
ith('Ada' #female) Fag{gequenge{@ada:I_,Indeﬂned}}: Bag(Seguence{Person)) Clear

hob:Person % Class extent
Person alive civstat gender name
ada true Ewidowed (#female ‘Ada’
bob true #divorced |(#male 'Bobk'
cyd false #married  [#Fmale "Cyd'
true #single g#male

clan:Person




H SEQUE”EE diagrﬂm e T T T T T L L T

@) I
?Person.allInstances->collect(p|
Tuple{oid:p, name:p.name, civstat:p.civstat,
gender:p.gender, alive:p.alive,
D create | acla:Person wife: P- wife ’ husband: P- hUSband} )
I
Bag{Tuple{oid=Q@ada, name=Undef, civstat=Undef,

gender=Undef, alive=Undef,
wife=Undef, husband=Undef}}

Bag (Tuple (oid:Person, name:String, civstat:CivilStatus,
gender:Gender, alive:Boolean,
wife:Person, husband:Person))




H' Seguence diagram

o I

Bag{Tuple{oid=@ada, name='Ada', civstat=#single,
gender=#female, alive=true,
o wife=Undef, husband=Undef}}

creste

| acla:Person
hirth('Ada' #female) I

P 1]




H SEQUEHEE diagrﬂm e T T T T T L L T

O

Bag{Tuple{oid=@ada, name='Ada', civstat=#single,
gender=#female, alive=true,

wife=Undef, husband=Undef},
create p| aca:Person Tuple{oid=@bob, name='Bob', civstat=#single,
hirth('Ada' #female) gender=#male, alive=true,

wife=Undef, husband=Undef}}

hok:Person




H SEQUEHEE diagrﬂm e T T T T T L L T

O

Bag{Tuple{oid=@ada, name='Ada', civstat=#married,
gender=#female, alive=true,

wife=Undef, husband=@bob},
create p| aca:Person Tuple{oid=@bob, name='Bob', civstat=#married,
hirth('Ada' #female) gender=f#male, alive=true,

wife=Qada, husband=Undef}}

hok:Person




Wl Sequence diagram i o o E-n

O |
Bag{Tuple{oid=@ada, name='Ada', civstat=#married,
gender=#female, alive=true,
] wife=Undef, husband=@bob},
create p| acla:Person Tuple{oid=@bob, name='Bob', civstat=#married,
birth{"Ada' #female) n gender=f#male, alive=true,
’D wife=Qada, husband=Undef},
T Tuple{oid=QRcyd, name='Cyd',6 civstat=#single,
create : p-| bok:Person gender=#male, alive=true,
hirth{'Bok' #male) : ! wife=Undef, husband=Undef}}
e 1]
marry(&bok) | :
I 1] |
create : : p-| CyclPerson
hirth('Cyd' #rhale) I T
I I
[ [
- ——=- T T-—— j;I
|| [ [ [




H SEQUE”EE diagrﬂm e T T T T T L L T

o EW
|

Bag{Tuple{oid=@ada,

gender=#female,
wife=Undef,

Tuple{oid=@bob,

gender=#male,
wife=Undef,

Tuple{oid=QRcyd,

gender=#male,
wife=Undef,

p-| cyclPerson

C
create = adaPerson
hirth{'Ada' #female) l
P 1]
create : - [oh:Person
birth{'Bob' #male) ! J
I
[
P H—
marry(@bok) l :
i
- — — - ———— - — - — = TI;I |
create | I
I I
birth{'Cyd' #rhale) |
I I
[ i
t: ______________ -|' ______ T I j]
divarce() l :
I
- — — ——————— - — = TI;I |
I

name='Ada', civstat=#divorced,
alive=true,

husband=Undef},

name='Bob', civstat=#divorced,
alive=true,

husband=Undef},

name='Cyd', civstat=#single,
alive=true,

husband=Undef}}



O

creste

| acla:Person

birth{"Ada' #female) .

e e EW
|

Bag{Tuple{oid=@ada,

gender=#female,

wife=Undef,
Tuple{oid=@bob,

gender=#male,

wife=Undef,
Tuple{oid=QRcyd,

| biob:Person

gender=#male,

PE] wife=Qada,

name='Ada', civstat=#married,
alive=true,

husband=Qcyd},

name='Bob', civstat=#divorced,
alive=true,

husband=Undef},

name='Cyd', civstat=#married,
alive=true,

husband=Undef}}



H' Seguence diagram

O

creste

| acla:Person

birth{"Ada' #female) .

o E1
|

Bag{Tuple{oid=QRada,
gender=#female,

wife=Undef,
Tuple{oid=@bob,

gender=#male,

wife=Undef,
Tuple{oid=Qcyd,

| biob:Person

gender=#male,

wife=@Qada,
Tuple{oid=@dan,

gender={f#male,

wife=Undef,

cyd:Person

| clan:Person

name='Ada', civstat=#married,
alive=true,

husband=Qcyd},

name='Bob', civstat=#divorced,
alive=true,

husband=Undef},

name='Cyd', civstat=#married,
alive=true,

husband=Undef},

name='Dan', civstat=#single,
alive=true,

husband=Undef}}



r'ﬁ:ﬁ' Seguence diagram

O

Bag{Tuple{oid=@ada,

creste -

ada:Person

birth(*Ada' #female) :

hak:Person

gender=#female,
wife=Undef,
Tuple{oid=@bob,
gender=#male,
wife=Undef,
Tuple{oid=Qcyd,
gender=#male,
wife=Undef,
Tuple{oid=@dan,
gender={f#male,
wife=Undef,

cyd:Person

t: ______________ B T - =
divorce() I : :
FE] [ [
< - T T | |
marry(fhada) | |
I I
[ [
t: ______________ B T - = ;Ij
':'IEEFE : : - clan:Person
birth{'Dan' #male) ! l I
! ! !
[ [ [ t[]
- T-———--- T————- -
death()’ | [ :
I I
[ [ 'IJ [
et T~ T~~~ [
[

name='Ada', civstat=#widowed,
alive=true,

husband=Undef},

name='Bob', civstat=#divorced,
alive=true,

husband=Undef},

name='Cyd', civstat=#married,
alive=false,

husband=Undef},

name='Dan', civstat=#single,
alive=true,

husband=Undef}}



use> open civstat. use
use> !l create ada: Person

use> !openter ada birth(' Ada', #f emal e)
precondition " freshUnlinkedPerson' is true
use> read Person _birth.cnd
Person_birth.cnd> -- Person::birth(aNane: String, aGender: Gender)
Person_birth.cnd> !'set sel f.nane: =aNane
Person_birth.cnmd> !'set self.civstat:=#single
Person_birth.cmd> !'set sel f.gender: =aGender
Person _birth.cnd> !'set self.alive:=true

use> ! opexit
postcondi ti on ~nanmeAssigned is true
postcondition "civstatAssigned is true
postcondi ti on " gender Assigned' is true
postcondition "isAliveAssigned is true

use> !l create bobh: Person

use> !openter bob birth(' Bob', #nal e)
precondition " freshUnlinkedPerson' is true
use> read Person _birth.cnd
Person_birth.cnd> -- Person::birth(aNane: Stri ng, aGender: Gender)
Person_birth.cnd> !'set self.nane: =aNane
Person_birth.cnmd> !'set self.civstat:=#single
Person_birth.cnd> !set self.gender: =aGender
Person_birth.cnd> !'set self.alive:=true

use> ! opexit
postcondi ti on "~nameAssigned is true
postcondition "civstatAssigned is true
post condi ti on "~ gender Assi gned' is true
postcondition "isAliveAssigned is true



use> ! openter ada marry(bob)
precondi tion ~aSpouseDefined is true
precondition "isAlive' is true
precondition " aSpouseAive' is true
precondition "isUnnarried is true
precondition "~ aSpouseUnmarried is true
precondition "differentGenders' is true
use> read Person_marry.cnd
Person _marry.cnd> -- Person:: marry(aSpouse: Person)
Person marry.cnd> !set self.civstat:=#narried
Person_marry.cnd> ! set aSpouse. civstat:=#nmarried
Person marry.cnd> !insert
(if self.gender=#femal e then self el se aSpouse endif,
I f self.gender=#femal e then aSpouse else self endif) into Marri age

use> ! opexit
postcondition "isMarried is true
postcondition " femal eHasMarri edHusband' is true
postcondition nal eHasMarri edWfe' is true

use> !create cyd: Person
use> !openter cyd birth(' Cyd', #nal e)
precondition " freshUnlinkedPerson' is true
use> read Person _birth.cnd
Person_birth.cnd> -- Person::birth(aNane: Stri ng, aGender: Gender)
Person_birth.cnd> !'set self.nane: =aNane
Person_birth.cnmd> !'set self.civstat:=#single
Person_birth.cnd> !set self.gender: =aGender
Person_birth.cnd> !'set self.alive:=true

use> ! opexit
postcondi ti on "~nameAssigned is true
postcondition "civstatAssigned is true
post condi ti on "~ gender Assi gned' is true
postcondition "isAliveAssigned is true



use>

use>

use>

use>

use>

use>

' opent er ada divorce()

precondition "isMarried is true precondition "isAlive' is true
precondi tion "~ husbandAlive' is true precondition wfeAlive is true
read Person_di vorce. cnd

Per son_di vorce.cnmd> -- Person::divorce()

Person_di vorce.cnd> !set self.civstat: =#di vorced
Person_di vorce.cnd> !set self.spouse().civstat: =#divorced
Per son_di vorce.cnd> !del ete
(if self.gender=#female then self else self.wife endif,
I f self.gender=#female then self.husband else self endif) from Marri age

I opexi t

postcondition "isDivorced is true
postcondi ti on ~husbandDi vorced' is true
postcondition w feD vorced is true

lopenter cyd marry(ada)

precondi tion ~aSpouseDefined is true

precondition "isAlive' is true

precondition "~ aSpouseAlive' is true

precondition "isUnnarried is true

precondition "~ aSpouseUnmarried is true

precondition differentGenders' is true

read Person _narry.cnd

Person _marry.cnd> -- Person:: marry(aSpouse: Person)
Person marry.cnd> !set self.civstat:=#narried
Person_marry.cnd> !set aSpouse. civstat:=#married
Person marry.cnd> !insert

(if self.gender=#female then self el se aSpouse endif,
I f self.gender=#femal e then aSpouse else self endif) into Marri age

 opexi t

postcondition "isMarried is true

postconditi on "femal eHasMarri edHusband' is true
postcondition "~mal eHasMarri edWfe' is true



use>

use>

use>

use>

use>

use>

use>

I creat e dan: Per son

lopenter dan birth(' Dan', #nal e)

precondition " freshUnlinkedPerson' is true

read Person_birth.cnd

Person_birth.cmd> -- Person::birth(aNane: Stri ng, aGender: Gender)
Person_birth.cnmd> !set self. nanme: =aNane

Person_birth.cnd> !'set self.civstat:=#single

Person_birth.cnd> !'set self.gender: =aGender

Person _birth.cnd> !'set self.alive:=true

 opexit

post condi ti on "~ naneAssigned' is true
postcondition "civstatAssigned is true
postcondi ti on " gender Assigned' is true
postcondition "isAliveAssigned is true

l'openter cyd death()
precondition "isAlive is true
read Person _death narried. cnd
Person _death married.cnd> -- Person::death() -- for married Person objects
Person _death married.cnd> !set self.alive:=fal se
Person_death married. cnd> !set self.spouse().civstat:=#w dowed
Person _death narried.cnd> !delete
(if self.gender=#female then self else self.wife endif,
I f self.gender=#female then self.husband el se self endif) from Marri age

I opexi t

postcondition notAlive' is true

post condi ti on ~husbandW dowed' is true
postcondition "w feWdowed' is true



procedure Person marry(self: Person, aSpouse: Person)
begi n
[self].civstat:=[#marri ed];
[ aSpouse] . civstat: =[#nmarri ed];
| f [sel f.gender=#fenal e] then
begin Insert(Marriage, [self],[aSpouse]); end
el se -- [sel f.gender =#nal €]
begin I nsert(Marriage, [ aSpouse],[self]); end;
end;

procedure Person_birth

(sel f: Person, aNane: Stri ng, aGender : Gender)
begi n

[ sel f]. nanme: =[ aNane] ;

[ sel f].civstat: =[#single];

[ sel f].gender: =[ aGender];
(self].alive:=[true];

end;




procedure Person_di vorce(sel f: Person)
begi n
[ sel f].civstat: =[#divorced];
| f [sel f.gender=#fenal e] then
begi n [sel f. husband]. civstat: =[#di vorced];
Del ete(Marri age, [sel f],[sel f. husband]); end
el se -- [sel f.gender=#nal e]
begin [self.w fe].civstat: =] #di vorced];
Del ete(Marriage, [sel f.wife],[self]); end;
end;

procedure Person_deat h(sel f: Person)

begi n

[self].alive:=[fal se];

| f [sel f.husband.isDefined] then -- [self.gender=#fenal €]
begi n [sel f. husband]. civstat:=[#w dowed] ;
Del ete(Marriage, [sel f],[sel f.husband]); end;

I1f [self.wfe.isDefined] then -- [self.gender=#nal e]
begin [self.w fe].civstat: =] #w dowed] ;
Del ete(Marriage,[self.wfe],[self]); end;

end;




use> !openter ada marry(bob)
precondi ti on aSpouseDefined is true
precondition isAlive' is true
preconditi on aSpouseAlive' is true
precondition isUnmarried is true
preconditi on aSpouseUnnarried is true
precondition differentGenders' is true
use> gen start civstat.assl Person _narry(ada, bob)
use> gen result
Random nunber generator was initialized wth 8047.
Checked 1 snapshots.
Result: Valid state found.
Conmands to produce the valid state:
lset @da.civstat .= #narri ed
| set @ob.civstat .= #narri ed
linsert (ada, bob) into Marriage
use> gen result accept
(enerated result (systemstate) accepted.
use> ! opexit
postcondition isMarried is true
postcondition fenal eHasMarri edHusband' is true
postcondition mal eHasMarriedWfe' is true



civstat

Ao ed

Rfemale

Rolivorced

RS

Rrmarried

RS

¥zingle

RS




ada s

Z Evaluate OCL expression

Mwvidoweed #female true

bhob  ['Bak’

fdivorced

Rmale

true

X

Erter QOCL expression:

Hrnarried

Hmale

falze

: Ferann.alllnstanu:ea-:—aelect[plp.ali%.-'ej-:—cnllect(plSequenn:e{p.name,p.n::i'wstat}j

Rezult:

zingle

Hmale

true

Evaluate

Clear Result

Pag{Sequence{'.ﬂ.da',#Widnwed},Sequence{'ﬁnh',#diw:urc:ed},Sequence{'Dan',#single}}: BaglSequenceOclAny 1

Clozse




i USE: c:/mg/civstat/scp-sub/civstat.use

File Edit State “iew Help

=101 %

&S| | w|m| Bl F|=

A M| E| 5| fH

E]

) CivilStatusiyiorld
B 1 Clazzes
# Perzon
B 4 Aszociations
# Marriage
B A Invariarts
# Perzon;attributesDefined
# Perzon:nameCapitalThenSmallLetters
# Perzon:harnelznigue
# Perzon: femaleHashowife
# Perzon:maleHazMNoHusband
B "1 Pre-Postconditions
pre bitth:: frezshUnlinkedPerson
post bithe: natmeAssigned
post birth:: civatatAssigned
past hitth::gender &ssigned
post hithcisAliveAssigned
pre marry: aspousebefined
pre marryisilive
pre marry: aspouseslive
pre marry:isdnmarried
pre marry: aspouselnmarried
pre marry: differentGenders
post marey:isharried
post marry:: femaleHazMarriedHuzband
past marry::maleHasMarriecMvife
pre divorce:isMarried
pre divorcesizilive
pre divorce:hushandlive
pre divorce:wifellive
post divorce:isDivorced
post divorce: hushandDivarced
post divorce:wifeDivorced
pre death::izAlive
post death:: notAlive
post death: hushbandWidowed
post death: witeWidowed

LA R R B E R EEE S EREEEREREXSESEXREZSSES.

context PersonsmarmnyiaSpouse - Person) -
pre differentGenders: (zelf.gender ==
aspouse.gender)

]

Sequence diagram

ada:Person

birth("Ada' #female) o

dan:Person

Clas= diagram

Marriage

huzband (0.1

==enumeration==
Civilstatuz

zingle

matried

divorced

Enter QCL expression:

& Evaluate DCL EXPression

— Fersnn.alllnstances-bseled(plp.alivej-bc:n:nlled(plSequence{p.name,p.civstat}j

Fes=ult:

g

widovved

i
I
I
|
|
M- - - === = |
L:irth('EIull‘n',#male) : ==enumeration==
i i zender
| |
- === e i female
: male
: Perzan
T | _ : name ; String
| hirth{"Cyd' #male) i civstat ;. Civilstatus
| u gender | Gender
e ————————=--- i Bt glive : Boolean
) I I
divorce() - | hithlafame | String, aGender | Gender)
: marrylaSpouse . Persan)
- === i |l | divoree)
: marryi@ada) : dleathl)
| spouze] : Person
|
e - — —mmm——— - - R
I
I
|
|
e - — —mmm——— - - R
I
I
! u B Class extert -
- - ———mm—— - - R e

Persu:un|name| civztat |gender| alive

acda ‘Acda' [Rwvidowed [#female true

X

[alu]4]

‘Biok’

#divorced #male  frue

cyd "Cywd' [#married  [@male  (falze

Evaluate

dan ‘D’ Emale  ftrue

#E=zingle

Clear Rezult

F}ag{Sequence{'Ada',#Widuwed},Sequence{'Bnb',#divu:uru:ed},Sequence{'Dan',#single}}: BaglSequence[OclAny )

[ o= |




2 USE: c:/mg/civstat,/scp-sub/civstat.use

File Edit State “iew Help

& || Bl F

L
L
h
H
|
25

i | 16

=10 %]

4 CivilStatusiiorld

if if
# Perzon:namelsUnigue e !

# Perzon: femaleHasiowife
# Perzon: maleHasMNoHushand
B 4 Pre-iPostconditions

hdarrizce Mlarrize

huzban huzhand

B 4 Classes o Ohject diagram
) # Perzon Perzond:Person PetzonZ: Person Perzond: Persorn
g .ﬂ-.ssnn:nat_n:ns name="Day" name="Jen' name="ha’" -
_# Martiage Civatat=twidowed | | civstat=twidowed | | civstat=#married M i |_Resut
B A nvariants . . . . sl Perzon::attributesDefined true
» Persnn::aﬁrlbutespeflned . T o Perzon:: femaleHsasMNalife falze
# Perzon:nameCapitalThenSmallletters Perzon:: maleHasMNoHushand nia

shamelsnigue

Perzon:nameCapitalThenSmalletters rue

falze

¢ constraints failed.

=10l x|

# pre hirth:: freshUnlinkedPer zon
# post hirth:: namesssigned Persond:Person Persons:Person Pergong:Person | | Persond:Person
# post birth::civatatAzsigned narme="Jan' rarme="Hal' rarme="Hal' name="Bok'
# post birth: gender &ssigned civatat=#divorced | | civatat=Adivorced | | civatat=#married | | civatat=Rzingle
# post birth:izAlivelzsigned gender=#female gender=#female gender=4female | [ gender=gmale
® pre marry::aSpouzeDefined alive=falze alive=true alive=true alive=true
# pre marryisilive R ——— e ittt i i kMGG ikhik}hftitiiin itk kihiitiithik tiik
# pre marry:asSpouzeslive g Evaluation browser
# pre marry:isUnmarried . J Perzon.alinstances-=forallzelf : Perzon | ((zelf gender = #female] implies self wife isUndefined ) = falze
* pre marry::alﬂpuuseUnmarned # Pergon.alinstances = Set{@Persont @Person2 @Perzon3 @Perzond i@Perzons @Perzont @PersonT
* pre marry::d.lffererltGenders _| [[=elf gender = #Ffemale] implies self wife isUndefined) = true
® post marry:tisMarried _| [(=elf gender = #female] implies zelf witeisUndefined) = true
® post marry: femaleHasMarriedHusband _| [(=elf gender = #female] implies zelf witeisUndefined) = true
* post r.'narr':.-'::r!’laIeHs!sMarried'lee A= J [[=elf gender = #female] implies zelf wife izUndefined) = falze
# pre divorce:tisMarried = J (zelf.gender = #female) = true
# pre divorce:izslive a J self gender = #emale
# pre divorce:hushandblive ® self = @Persond
* pre di\_furce::ﬁifg.&live n # #iemale = #female
# post divarce:isDivorced wf B A =elf wife isUndefined = false
------------------------------------------------------------------------------------------------------------------------------- = J =elf wife = @Person?
context Person iy maleHashoHushand: |2 ¢ # self = @Persond

((zelf gender=#male) implies
selfhushand.isUndefined)

Log

checking structure. .,

hultiplicity constraint violation in associstion *Marriage’;

Ohject "Person2' of clazs "Person' iz connected to 2 objects of class "Person’
but the muttiplicity iz specified as "0..1".

checking structure, found errors.

Ready.




Eb Ohject diagram

Perzond:Person FersonZ: Person Fersond:Person .
& Classin
name="Day’ name="Jen’ name='lha'
civstat=awidowed | | civstat=#widowed | | civstat=#married ——
gender=gmale gender=¢male gender=gmale Perzan: attri
alive=falze alive=true alive=true Perzon:;Tems
it it Ferzon:: malel
Ferson:: name
harriage barriace Ferson:: name
2 constraints
hiLshan hiushand
Persond.Person PerzonS:.Person | | PersonB:Person | [ Person”Person
name="Jan' natme="Hal' name="Hal' hame="Bok’
civatat=Rdivorced | | civetat=Rdivorced | | civatat=Rmarried | | civatat=Rs=ingle
gender=gfemale gender=gfemale gender=#female | | gender=gmale
alive=falze alive=true alive=true alive=true




procedure crowd(numFem:Integer, numMale:Integer, numMarr:Integer)
var theFemales: Sequence(Person), theMales: Sequence(Person),
f: Person, m: Person;
begin crowd( 3, 4, 2)
theFemales :=CreateN(Person, [numFem] ) ;
theMales:=CreateN (Person, [numMale]) ;
for i:Integer in [Sequenceq{l..numFem}] begin
[theFemales->at (i) ] .name:=Any([Sequence{’Ada’,’Bel’,’Cam’,
’Day’,’Eva’,’Flo’,’Gen’,’Hao’,’Ina’,’Jen’ }]);
[theFemales->at (i) ] .civstat:=
Any ([Sequence{#single,#married, #divorced, #widowed}]) ;
[theFemales->at (i) ] .gender:=Any([Sequence{#female,#male}]) ;
[theFemales->at (i) ] .alive:=Any([Sequence{false,true}]);
end ;
for i:Integer in [Sequence{l..numMale}] begin
. end;
for i:Integer in [Sequence{l..numMarr}] begin
f:=Any ([theFemales]); m:=Any([theMales]) ;
Insert (Marriage, [f], [m]);
end ;
end ;



procedure crowd(numFemale:Integer, numMale:Integer, numMarriage:Integer)

var theFemales: Sequence (Person), theMales: Sequence (Person),
f: Person, m: Person;

begin

theFemales:=CreateN (Person, [numFemale]) ;
theMales:=CreateN (Person, [numMale]) ;

for i:Integer in [Sequence{l..numFemale}]
begin [theFemales->at(i) ] .name:=Any([Sequence{'Ada','Bel','Cam', 'Day’,
'Eva','Flo','Gen','Hao','Ina','Jden'}])
[theFemales->at(i)] .civstat:=
Any ([Sequence{#single, #married, ##divorced, #widowed}]) ;
[theFemales->at (i) ] .gender:=Any ([Sequence{#female, #male}]) ;
[theFemales->at (i) ] .alive:=Any([Sequence{false,true}]); end;

for i:Integer in [Sequence{l..numMale}]
begin [theMales->at(i) ] .name:=Any ([Sequence{'Ali','Bob','Cyd', 'Dan’,
'Eli','Fox','Gil','Hal',6 'Ike','Jan'}]);
[theMales->at (i) ] .civstat:=
Any ([Sequence{#single, #married, #divorced, #widowed}]) ;
[theMales->at (i) ] .gender:=Any ([Sequence{#female, #male}]);
[theMales->at (i) ] .alive:=Any([Sequence{false,true}]); end;

for i:Integer in [Sequence{l..numMarriage}]
begin f:=Any([theFemales]); m:=Any([theMales]) ;
Insert (Marriage, [f], [m]); end;

end;



use>

use>
use>
use>
use>
use>

use>
use>

use>

use>

open civstat.use

gen flags Person::attributesDefined +d

gen flags Person::femaleHasNoWife +d

gen flags Person::maleHasNoHusband +d

gen flags Person::nameCapitalThenSmallletters +d
gen flags Person::namelIsUnique +d

gen start -s -r 2115 civstat.assl crowd(3,4,2)

gen result

Random number generator was initialized with 2115.

Checked 1 snapshots.

Result: Valid state found.

Commands to produce the wvalid state:

Icreate

Iset

linsert

gen result accept

Generated result (system state) accepted.

check

checking structure...

Multiplicity constraint violation in association "Marriage': Object
"Person2' of class Person' is connected to 2 objects of class
"Person' but the multiplicity is specified as '0..1'.

checking invariants. ..

checking invariant (1) "Person::attributesDefined': OK.

checking invariant (2) "Person::femaleHasNoWife': FAILED.

checking invariant (3) "Person::maleHasNoHusband': N/A

checking invariant (4) "Person::nameCapitalThenSmallletters': OK.

checking invariant (5) "Person::namelIsUnique': FAILED.

checked 5 invariants in 0.047s, 2 failures.



Invariant
CattributezDefined

femaleHasMNowWite

s maleHasMNoHushand n's
Chameapital Thensmallletters krue
- namelzlUnigue

2 constraints failed.




i Fyaluation browser ;IEIE

J Perzon.allnstances-=for&lllzelf | Perzon | ((zelf .gender = #female) implies self wife izUndefined)) = falze

# Person.alinstances = Set{@Perzont @Person? @Person3 @Persond @Persons i@Personk @Person? }
;l ((zelf gender = #female) implies self wife isUndefined) = true

;l ([zelf gender = #female) implies self wife izslUndefined) = true
;I ([zelf.gender = #female] implies zelf wife.islndefined] = true
= J ([=elf.gender = #female) implies self wife izUndefined) = falze
= J (zelf .gender = ¥female) = true
E 4 zelf.gender = #female
# zelf = @Perzond
# #female = #female
B 4 zelf wife islndefined = falze
B 4 zelf wife = @Perzon2
# zelf = @Persond

| Close |




Lo

hecking structure...

ultiplicty constraint violation in azsociation "Marriage”

Object "Persond' of clazs "Perzon' iz connected to 2 objects of class "Perzon’
bt the multiplicty iz specified asz "0..1".

hiecking structure, found errars.

Feady.



2 USE: c:/mg/civstat,/scp-sub/civstat.use

File Edit State “iew Help
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4 CivilStatusiiorld

if if
# Perzon:namelsUnigue e !

# Perzon: femaleHasiowife
# Perzon: maleHasMNoHushand
B 4 Pre-iPostconditions

hdarrizce Mlarrize

huzban huzhand

B 4 Classes o Ohject diagram
) # Perzon Perzond:Person PetzonZ: Person Perzond: Persorn
g .ﬂ-.ssnn:nat_n:ns name="Day" name="Jen' name="ha’" -
_# Martiage Civatat=twidowed | | civstat=twidowed | | civstat=#married M i |_Resut
B A nvariants . . . . sl Perzon::attributesDefined true
» Persnn::aﬁrlbutespeflned . T o Perzon:: femaleHsasMNalife falze
# Perzon:nameCapitalThenSmallletters Perzon:: maleHasMNoHushand nia

shamelsnigue

Perzon:nameCapitalThenSmalletters rue

falze

¢ constraints failed.

=10l x|

# pre hirth:: freshUnlinkedPer zon
# post hirth:: namesssigned Persond:Person Persons:Person Pergong:Person | | Persond:Person
# post birth::civatatAzsigned narme="Jan' rarme="Hal' rarme="Hal' name="Bok'
# post birth: gender &ssigned civatat=#divorced | | civatat=Adivorced | | civatat=#married | | civatat=Rzingle
# post birth:izAlivelzsigned gender=#female gender=#female gender=4female | [ gender=gmale
® pre marry::aSpouzeDefined alive=falze alive=true alive=true alive=true
# pre marryisilive R ——— e ittt i i kMGG ikhik}hftitiiin itk kihiitiithik tiik
# pre marry:asSpouzeslive g Evaluation browser
# pre marry:isUnmarried . J Perzon.alinstances-=forallzelf : Perzon | ((zelf gender = #female] implies self wife isUndefined ) = falze
* pre marry::alﬂpuuseUnmarned # Pergon.alinstances = Set{@Persont @Person2 @Perzon3 @Perzond i@Perzons @Perzont @PersonT
* pre marry::d.lffererltGenders _| [[=elf gender = #Ffemale] implies self wife isUndefined) = true
® post marry:tisMarried _| [(=elf gender = #female] implies zelf witeisUndefined) = true
® post marry: femaleHasMarriedHusband _| [(=elf gender = #female] implies zelf witeisUndefined) = true
* post r.'narr':.-'::r!’laIeHs!sMarried'lee A= J [[=elf gender = #female] implies zelf wife izUndefined) = falze
# pre divorce:tisMarried = J (zelf.gender = #female) = true
# pre divorce:izslive a J self gender = #emale
# pre divorce:hushandblive ® self = @Persond
* pre di\_furce::ﬁifg.&live n # #iemale = #female
# post divarce:isDivorced wf B A =elf wife isUndefined = false
------------------------------------------------------------------------------------------------------------------------------- = J =elf wife = @Person?
context Person iy maleHashoHushand: |2 ¢ # self = @Persond

((zelf gender=#male) implies
selfhushand.isUndefined)

Log

checking structure. .,

hultiplicity constraint violation in associstion *Marriage’;

Ohject "Person2' of clazs "Person' iz connected to 2 objects of class "Person’
but the muttiplicity iz specified as "0..1".

checking structure, found errors.

Ready.




E:f;l Ohiject diagram

Persond: Person

name="Hao'
civstat=¥zingle
gender=gfemale
alive=true

Person:Person

Persond: Person

Persond: Persan

Persons: Persan

Perzonb:Perzon

Persony:Perzan

name="Fla’
civetat=#married
gender=¢female

alive=trues

name="Cam’
civstat=#married
gender=¢female
alive=true

name="yan'

alive=true

civstat=married
gender=gfemale

name="Gen’'
civstat=fmarried
gender=gfemale

alive=true

rame="Tip"
civstat=married
gender=¥female

alive=true

name="Pam'
civstat=#married
gender=¥female
alive=true

weife

T

weife

E[= Fiage

huzhanid

husha

wife

hand

wife

huzkan

wife

harrise

wite

hlakriace

L=bhand

zhand

Persond: Person

Persond: Person

Perzon] 0:Persan

PersonlZ:Persan

Perzon] 3:Person

name="Pat’
civatat=#married
gender=g#male
alive=true

name="0le"
civatat=#married
gender=g¢male
alive=true

name="Jan'
civstat=#married
gencder=g¢male
alive=true

name="14ej'
civstat=#married
gender=#male
alive=true

name="Dan'

gender=g#male
alive=true

civstat=#married

rname="Eli'

alive=true

Perzonl1:Perzon

Perzonl4:Perzon

name="Hal'

name="ywic'

FPerzonlS:Person

civstat=smarried
gender=s¥male

Perzonl6:Perzon

name="tlax’'
civstat=f=ingle
gender=#male
alive=true

civstat=%=ingle
gender=#male
alive=true

civstat=R=ingle
gender=gmale
alive=true




procedure world(numFemale:Integer, numMale:Integer, numMarriage:Integer)
-- numMarriage<=numFemale<=26, numMarriage<=numMale<=26
var theFemales: Sequence (Person), theMales: Sequence (Person),

f: Person, m: Person;
begin
theFemales:=CreateN (Person, [numFemale]) ;
theMales:=CreateN (Person, [numMale]) ;

for i:Integer in [Sequence{l..numFemale}]

begin [theFemales->at(i) ] .name:=Any ([Sequence{'Ada','Bel', 'Cam', 'Day’',
'Eva','Flo','Gen','Hao','Ina','Jen','Kia',6 'Lan', '"Mae','Nan', '0Oki',
'"Pam', 'Quao','Rae','Sen','Tip','Una','Vea','Wan','Xia','Yan', 'Zoe'}
->reject(n|Person.allInstances->exists(p|p.name=n))]);

[theFemales->at (i) ] .civstat:=[#single];

[theFemales->at (i) ] .gender:=[#female];

[theFemales->at (i) ] .alive:=[true]; end;

for i:Integer in [Sequence{l..numMale}]

begin [theMales->at(i) ] .name:=Any([Sequence{'Ali','Bob','Cyd', 'Dan’,
'Eli','Fox','Gil','Hal',6 'Ike','Jan','Kim',6 'Leo', 'Max','Nam', 'Ole'’,
'Pat','Quin','Rex','Sam', 'Tom','Ulf', 'Vic','Wei','Xan', 'Yul',6 'Zan'}
->reject(n|Person.allInstances->exists (p|p.name=n))]);

[theMales->at (i) ] .civstat:=[#single];

[theMales->at (i) ] .gender:=[#male];

[theMales->at(i)] .alive:=[true]; end;

for i:Integer in [Sequence{l..numMarriage}]
begin f:=Any([theFemales->reject(p|p.husband.isDefined)]) ;
m:=Any ([theMales->reject (p|p.wife.isDefined)]) ;
[f] .civstat:=[#married]; [m].civstat:=[#married];
Insert (Marriage, [£], [m]); end;
end;



use> open civstat.use

use> gen start -r 2960 civstat.assl world(7,9,6)

use> gen result
Random number generator was initialized with 2960.
Checked 1 snapshots.
Result: Valid state found.
Commands to produce the valid state:

use>

use>

lcreate
Iset
!insert

gen result accept

Generated result (system state)

check

checking
checking
checking
checking
checking
checking
checking

structure.
invariants...

invariant
invariant
invariant
invariant
invariant

(1)
(2)
(3)
(4)
(3)

"Person:
"Person:
"Person:
"Person:
"Person:
checked 5 invariants in 0.01le6s,

accepted.

:attributesDefined': OK.
:femaleHasNoWife': OK.

:maleHasNoHusband': OK.
:nameCapitalThenSmallletters':
:nameIsUnique': OK.

0 failures.

OK.



Evaluate OCL expression

X

Evaluate OCL expression

X

Enter OCL expression: Evaluate Enter OCL expression: Evaluate
Persnm husband wife=Personi | Persnn.aIIIr|stances-:—seIect(ci'n.rstat::»#married]-:select(gender=#male)-:~cnllect(name}|

Browser Browser
Result: Result:
brue : Boolean | Claar Bag(Hal' Max'Vic'}: Bag(String) Clear

Evaluate OCL expression

X

Erter QOCL expression: Evaluate
Fersnn.alllnstances-:-size(j |

Browser
Result:
|16 - Integer | Clear

Evaluate OCL expression

X

Enter OCL expression: Evaluate
Persun.aIIInstances-:~any[name='F‘am'}|.husband.name

Browser
Result:
|Wei' . String Clear

Evaluate OCL expression

Enter OCL expression:

X

Evaluate OCL expression

X

Evaluate Erter OCL expression: Evaluate
Fersunﬁ.name.mncat(': ".concat{Personi .name)| Fersnn.aIIInstances-bselect(gendem#female and civstat==#married)-=collectinams)
Browser Browser
Result: Result:
rD'E= Fla' : String | Clear Flag{'Han'}: Bag(=tring) Clear

Evaluate OCL expression

X

Evaluate OCL expression

X

Enter QCL expression: Evaluate Enter OCL expression: Evaluate
|1E.l'F'ersnn.alllnstances-:-size()*1 00 | Fersnn.aIIInstances-:-select(civstat=#married and wife.iglindefined and husband.isUndeﬁnedJ|

Browser Browser
Result: Result:
PS'D: Real | Clear |5'31{}: =et(Ferson) Clear

Evaluate OCL expression

Enter OCL expression:

X

Fersun Alinstances-=zelectihushand.isDefined)-=collect{Sequence{name hushand name})

Evaluate

Result:

Browser

Flag{Sequence{'Cam':'Pat'}:Sequence{'Fln':'.Jan'}:Sequence{'Gen':'Dle'}:Sequence{'Pam':Wei' Leeguence{ Tip' 'Bli'} Sequence!™an','Dan'}} . Bag{Seqguence{String)) |

Clear




Independence of invariants

Bl Class extent -

Ferson|name| civstat alive atttibutesDefined | femaleHasHoWife | maleHasMNoHusband | nameCapitalThensSmallLetters|(namelsUnigue
ada Bola't [#Esingle #female (Undefined s v ¥ v v

Ot Object diagram ° == [ [ | Y8 Command list

ada Person 1. lcreate ada : Person

natne="Ada" 2. Iset ada.name ;= "Ada’
civatat=#=zingle 3. !set ada.civstat ;= #single
gender=sfemale 4. lset ada.gender := #female
alive=lndefined f. Iset ada.alive = oclUndefined{Boolean)

B Class extent

hatne | civstat | gender | alive | attributesDefined | fermaleHasMoWife | maleHasMNoHusband \hameCapitalThenSmallLetters namelsUnigue
Arla' #rmarried [#female |true v v v v

‘Bel' #Fmarried [#emale [true - v v v

S5 Object diagram © 2 'E Commandlist ' " & [

. Ilcreate ada : Person

. lzet ada.name = "Ada’

. Izet ada.civstat ;== #married
1set ada.gender ;= #female
. Iset ada.alive :=true
.Icreate bel : Person

. lzet bel.name = "Bel'

. Izet bel.civstat ;= #married
. Iset hel.gender = #female
10. Iset hel.alive = true

11. linsert {ada,bhel) into Marriage

ada: Person bel:Person

) ) Marriage
civstat=#married e hushand | Civetat=smarried
gender=gfemale gender=gfemale

alive=true alive=true

1

2

3

= q
name="a&da" name="Eel' 5
G

7

L]

a




hame | civstat | gender| alive fermaleHasMoWife| maleHasMNoHusband namelslnigue
Al #married [#Fmale |true v = v v

‘Bob' [#married [#male [true v v v "y

Cb Object diagram © 2 g Commandlist ' 0" = P4
. Icreate ali : Person
. Iset ali.name == "4l
. !set ali.civstat ;= #married

. Iset ali.gender ;= #male
name="Bok’

tratme="A i Martiage _ _ . Iset ali.alive = true
civstat=¥married

civetat=#married [
wyife hushand ! :
gender=gmale HEEn gender=#male -‘create bob : Person

alive=true alive=true - set hob.name := "Bob’
8. !set bob.civstat ;= #married
9. Iset boh.gender = #male
10. !Iset hob.alive = true
11. linsert {al,bob) into Marriage

ali.Per=on hob: Person

B Class extent -

hame | civstat attributesDefined | fernaleHaskoWife | maleHasMNoHushand [ namea narmelslinigue
BOAY [REsingle #female v v o » v

% Object diagram & = |24 [ | YE Commandlist o° =" [d

ada:Person 1. Icreate ada : Person
hatme="&0a" 2. 1set ada.name = "ADA’
civetat=t=zingle 3. Iset ada.civstat = #single
gender=gfemsle 4, Iset ada.gender := #female
alivestrue h. Iset ada.alive == true




B Class extent

Ferson| name | civstat | gender attributesDefined [ femaleHaskovife maleHasMoHushand| nameCapitalThenSmallLetters | namelsUnigue
adal  |Ada'  [Esinogle [#female ¥ v v -
adaz  |Ada'  [@Esinogle [#female ¥ v v -

O Object diagram : g Commandlist o° = [
. lcreate ada1 : Person

. Iset ada1.name :="Ada’

. 1set adal.civstat ;= #single
.Iset adal.gender ;= #female
.I1set adal.alve = true

. lcreate ada? : Person

Iset adaZ.name = "Ada’

. 1set adaZ.civstat ;= #single
Iset adaZ.gender = #female
10. !set ada2.alive := true

adal:Perzon ada2:Perszon
harme="&da" harme="&ds"
civstat=#zingle civstat=#zingle
gender=¢female gender=¢female
alive=true alive=true

1
2
J
4
i
G
¥
a8
g




use> gen load bigamy.invs
Added invariants: Person: :bigamy

use> gen start civstat.assl attemptBigamy ()

use> gen result
Random number generator was initialized with 5649.
Checked 663552 snapshots. Result: No valid state found.

context Person inv bigamy: Person.allInstances->exists (p|
p.wife.isDefined and p.husband.isDefined)



procedure attemptBigamy ()
var p: Person, w: Person, h:Person, thePersons: Sequence(Person);
begin
thePersons:=CreateN(Person, [3]);
for i:Integer in [Sequence{l..3}] begin
[thePersons->at(i) ] .name:=Try([Sequence{’A’,’B’,’C’}]);
[thePersons->at(i)].civstay:=
Try([Sequence{#single,#married,#divorced,#widowed}]) ;
[thePersons->at(i)].gender|:=Ty§([Sequence{#female,#male}]);
[thePersons->at(i)].adive:xPry([Segdence{false,true}]);
end;
p:=Try([thePersons]); w:=Try(|[théPersons->excluding(p)]);
h:=Try([thePersong->ex¢gluding(p) ->excluding(w)]) ;
Insert(Marriages[w], Ip]); Znse arriage, [p]l, [h]);
end;

*

663552 = (3 * 4 * 2 x 2) A 3 * 3 *

2 1
P w h



Try VERSUS Any

- threeWnenTryPl ai n()
- threeVWnenTryRej ect ()
- threeWonenAny()

RandontStart StateNunber In-/Valid O der

1. Call threeWonmenTryPl ai n() 937 6 Val i d ABC
2. Call threewnenTryPlain() 2543 6 Valid ABC
3. Call threewnenTryReject() 593 1 Valid ABC
4. Call threewnenTryReject() 8254 1 Valid ABC
5. Call threeWwnenAny() 3177 1 | nval i d BCC
6. Call threeWonenAny() 2932 1 Val i d CBA

- threeVWnenTryPlain() always yields a valid state with 6 states checked
- threeVWnenTryRej ect() always yields a valid state with 1 state checked
- threeWonenAny()
valid state probalility : 3*2*1/3*3*3 = 6/ 27
invalid state probalility : 1-(6/27)

~= 0. 22
. 78

—_~



procedure threeWonmenTryPl ai n()
var theFemal es: Sequence(Person);

begi n
t heFemal es: =Cr eat eN( Person, [ 3] ) ;
for i:Integer in [ Sequence{l..3}]

begin [theFemal es->at (i)].nanme: =Try([ Sequence{' Ada',"'Bel"',' Cani }]);
[theFemal es->at (i)].civstat: =[#single];
[ theFemal es->at (i)].gender: =[ #f emal e] ;
[t heFemal es->at(i)].alive:=[true]; end;
end;

procedure threeWonmenTryRej ect ()
var theFemal es: Sequence(Person);

begi n
t heFemal es: =Cr eat eN( Person, [ 3] ) ;
for i:Integer in [ Sequence{l..3}]

begin [theFemal es->at (i)].nane: =Try([ Sequence{' Ada', "' Bel"',' Canl }
->rej ect (n| Person. al |l | nst ances->exi sts(p| p. nane=n))]);
end,;
end;

procedure threeWnenAny()
var theFemal es: Sequence(Person);
begi n
t heFemal es: =Cr eat eN( Per son, [ 3] ) ;
for i:Integer in [Sequence{l..3}]
begin [theFemal es->at (i)].nane: =Any([ Sequence{' Ada','Bel"',' Canl }]);
end;
end;



use> open civstat. use

use> gen start civstat.assl threeWwnenTryPl ain()
use> gen result
Random nunber generator was initialized with 937.
Checked 6 snapshots.
Result: Valid state found.
Commands to produce the valid state:
I'create Personl, Person2, Person3 : Person

Il set @ersonl. nane : = 'Ada'
lset @ersonl.civstat := #single
lset @Personl. gender := #female
lset @&ersonl.alive := true
Il set @erson2. nane : = 'Bel'
lset @erson2.civstat := #single
I set @Person2.gender := #female
Il set @Person2.alive := true
Il set @Person3. nane : = 'Cani
lset @erson3.civstat := #single
I set @erson3. gender := #fenmale
lset @erson3.alive := true

use> gen result accept
Generated result (system state) accepted.

-- 1. 'Ada' 'Ada' 'Ada'
-- 2. '"Ada' 'Ada' 'Bel"
-- 3. '"Ada' 'Ada' ' Cani
-- 4. 'Ada' 'Bel' 'Ada'
-- 5. "Ada' 'Bel' 'Bel"
-- 6. '"Ada' 'Bel' 'Cani



use> reset

use> gen start civstat.assl threeWwnenTryPl ain()
use> gen result
Random nunber generator was initialized with 2543.
Checked 6 snapshots.
Result: Valid state found.
Commands to produce the valid state:
lcreate Personl, Person2, Person3 : Person

Il set @ersonl. nane : = 'Ada'
lset @Personl.civstat := #single
Il set @Personl. gender := #female
lset @Personl.alive := true
Il set @Person2.nane : = 'Bel'
lset @Person2.civstat := #single
set @Person2.gender := #female
lset @Person2.alive := true
Il set @Person3. nane : = 'Cani
lset @erson3.civstat := #single
Iset @Person3. gender := #female
lset @erson3.alive := true

use> gen result accept
Generated result (system state) accepted.



use> reset

use> gen start civstat.assl threeWwnenTryRej ect ()
use> gen result
Random nunber generator was initialized with 593.
Checked 1 snapshots.
Result: Valid state found.
Commands to produce the valid state:
I'create Personl, Person2, Person3 : Person

Il set @ersonl. nane : = 'Ada'

lset @ersonl.civstat := #single
lset @ersonl. gender := #fenmale
Il set @Personl.alive := true

Il set @erson2.nane : = 'Bel'

lset @erson2.civstat := #single
I set @Person2.gender := #female
lset @erson2.alive := true

Il set @Person3. nane : = 'Cani

lset @erson3.civstat := #single
I set @erson3. gender := #fenmale
Il set @erson3.alive := true

use> gen result accept
Cenerated result (system state) accepted.

-- 1. '"Ada' 'Bel' ' Cani
-- 2. '"Bel' 'Can
-- 3. ' Can



use> reset

use> gen start civstat.assl threeWwnenTryReject()
use> gen result
Random nunber generator was initialized with 8254.
Checked 1 snapshots.
Result: Valid state found.
Commands to produce the valid state:
lcreate Personl, Person2, Person3 : Person

Il set @ersonl. nane : = 'Ada'
lset @Personl.civstat := #single
Il set @Personl. gender := #female
lset @Personl.alive := true
Il set @Person2.nane : = 'Bel'
lset @Person2.civstat := #single
set @Person2.gender := #female
lset @Person2.alive := true
Il set @Person3. nane : = 'Cani
lset @erson3.civstat := #single
Iset @Person3. gender := #female
lset @erson3.alive := true

use> gen result accept
Generated result (system state) accepted.



use>

use>

use>

use>

reset
gen start civstat.assl threeWnenAny()

gen result

Random nunber generator was initialized with 3177.
Checked 1 snapshots.

Result: No valid state found.

gen result accept

No conmands avail abl e.



use> reset
use> gen start civstat.assl threeWwnenAny()

use> gen result
Random nunber generator was initialized with 2932.
Checked 1 snapshots.
Result: Valid state found.
Commands to produce the valid state:
I create Personl, Person2, Person3 : Person

Il set @ersonl. nane : = 'Camnl

lset @ersonl.civstat := #single
Iset @Personl. gender := #female
Il set @Personl.alive := true

Il set @erson2.nane := 'Bel'

lset @erson2.civstat := #single
lset @Person2.gender := #female
lset @erson2.alive := true

Il set @Person3. nane : = 'Ada'

lset @erson3.civstat := #single
I set @erson3. gender := #fenmale
Il set @erson3.alive := true

use> gen result accept
Cenerated result (system state) accepted.



use> reset

-- -r <nunber> start for random nunber generator
-- -b print brief information about state changes

use> gen start -r 3177 -b civstat.assl threeWwnenAny()
'create Personl, Person2, Person3 : Person

Il set @ersonl. nane := 'Bel'

lset @ersonl.civstat := #single
lset @ersonl. gender := #female
lset @Personl.alive := true

Il set @erson2. nane : = 'Can

lset @erson2.civstat := #single
I set @Person2.gender := #female
lset @erson2.alive := true

Il set @Person3. nane : = 'Cani

lset @°erson3.civstat := #single
lset @Person3. gender := #female
lset @Person3.alive := true

check state (1): Person::nanelsUnique invalid.
undo: !set @Person3.alive := true

undo: !create Personl, Person2, Person3 . Person
use> gen result
Random nunber generator was initialized with 3177,
Checked 1 snapshots.
Result: No valid state found.
use> gen result accept
No commands avai l abl e.



Thanks for your attention!



