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Ontologies Theory (Section 5)



Ontology description language Event-B Theory

THEORY
TYPE PARAMETERS C,P, 1
DATA TYPES
Ontology (C,P, 1)
CONSTRUCTORS

consOntology (classes :P(C),properties :P(P) ,instances :P(1),
classProperties :P(C x P),classInstances:P(C x 1),
classAssociations :P(C x P x C),instanceAssociations:P(I x P
x 1))

OPERATORS
getClasses <expression> (o: Ontology(C, P, 1))
direct definition
classes (0)
getProperties <expression> (o: Ontology(C, P, 1))
direct definition
properties (0)
getInstances <expression> (o: Ontology(C, P, 1))
direct definition
instances (0)
isWDClassProperites <predicate> (o: Ontology(C, P, 1))
direct definition
classProperties (0) € getClasses(o) < getProperties (o)
getClassProperties <expression> (o: Ontology(C, P, 1))
well—definedness isWDClassProperites (o)
direct definition
classProperties (0)
isWDClassInstances <predicate> (o: Ontology(C, P, 1))
direct definition
classInstances (o) € getClasses(o) «< getlnstances (0)
getClassInstances <expression> (o: Ontology(C, P, 1))
well—definedness isWDClassInstances (0)
direct definition
classInstances (0)
isWDClassAssociations <predicate > (o: Ontology(C, P, 1))
well—definedness isWDClassProperites (o)
direct definition
classAssociations (o) € getClassProperties(o) — classes (o)
getClassAssociations <expression> (o: Ontology(C, P, 1))
well—definedness isWDClassAssociations (0)
direct definition
classAssociations (0)
isWDInstancesAssociations <predicate> (o: Ontology(C, P, 1))

well—definedness isWDClassProperites (o) ,isWDClassInstances (o),
isWDClassAssociations (0)

direct definition

instanceAssociations (o) C instances (o) X properties(o) X



instances (0) A
instanceAssociations(o) C { il » p i2 | il € T A p € P A
i2 € I Ail » p —» 12 € instances(o) X properties(o) X
instances (0) A
( 3cl, c2 - cl e CAc2 € CA {cl, c2} C
getClasses (0) =
(cl » pr- c2 € getClassAssociations(o) A p
€ getClassProperties (o) [{cl}] A il €
getClassInstances (o) [{cl}] A 12 €
getClassInstances(o)[{c2}]))
}
getInstanceAssociations <expression> (o: Ontology(C, P, 1))
well—definedness isWDInstancesAssociations (0)
direct definition
instanceAssociations (0)
isWDOntology <predicate> (o: Ontology(C, P, 1))
direct definition
isWDClassProperites (o) A isWDClassInstances(o) A
isWDClassAssociations (o) A isWDInstancesAssociations (0)
isitWDOntology <predicate> (o: Ontology(C, P, 1))
well—definedness isWDOntology (o)
direct definition
T
ontologyContainsClasses <predicate > (o: Ontology(C, P, I),cc: P(C))
well—definedness isWDOntology(o),cc # @
direct definition
cc C getClasses (o)
ontologyContainsProperties <predicate> (o: Ontology(C, P, 1),pp: P(P))
well—definedness isWDOntology (o) ,pp # @
direct definition
pp € getProperties (o)
ontologyContainsInstances <predicate> (o: Ontology(C, P, I),ii: P(I))
well—definedness isWDOntology (o) ,ii # @
direct definition
ii C getlnstances (0)
getPropertiesOfaClass <expression> (o: Ontology(C, P, I),c: C)
well—definedness isWDOntology (o) ,ontologyContainsClasses (o, {c
P
direct definition
getClassProperties (o) [{c}]
getInstancesOfaClass <expression> (o: Ontology(C, P, I),c: C)
well—definedness isWDOntology (o) ,ontologyContainsClasses (o, {c
P
direct definition
getClassInstances (o) [{c}]
isPropertyOfTheClass <predicate> (o: Ontology(C, P, I),c: C,p: P)
well—definedness isWDOntology(o) ,ontologyContainsClasses (o, {c
}),ontologyContainsProperties (o, {p})
direct definition



p € getPropertiesOfaClass (o, c)
getPropertyRangeClasses <expression> (o: Ontology(C, P, I),p: P)
well—definedness isWDOntology(o),ontologyContainsProperties (o,
{pH)
direct definition
{c2 | Vcl - cl € getClasses(o) = cl » p —» ¢c2 €
getClassAssociations (o)}
getPropertyRangelnstances <expression> (o: Ontology(C, P, I),p: P)
well—definedness isWDOntology(o),ontologyContainsProperties (o,
{rH)
direct definition
{j | Vi - 1 € getlnstances(o0) => i » p — j €
getInstanceAssociations (0)}
getValueOfAInstanceProperty <expression> (o: Ontology(C, P, I).,i: I,p:
P)
well—definedness isWDOntology(o),ontologyContainsProperties (o,
{p}).,ontologyContainsInstances (o, {i})
direct definition
getInstanceAssociations (o) [{i — p}]
getClassesOfInstance <expression> (o: Ontology(C, P, I),i: I)
well—definedness isWDOntology(o),ontologyContainsInstances (o, {
i})
direct definition
getClassInstances (o) ![{i}]
classContainsProperties <predicate> (o: Ontology(C, P, I),c: C,pp: P(P)
)
well—definedness isWDOntology (o) ,ontologyContainsClasses (o, {c
}),ontologyContainsProperties (o, pp)
direct definition
pp € getPropertiesOfaClass (o, c¢)
classContainsInstances <predicate> (o: Ontology(C, P, I),c: C,ii: P(I))
well—definedness isWDOntology (o) ,ontologyContainsClasses (o, {c
}),ontologyContainsInstances (o, 1ii)
direct definition
ii C getlnstancesOfaClass (o, c)
instanceHasPropertyValue <predicate> (o: Ontology(C, P, 1),i: I,p: P,v
1)
well—definedness isWDOntology(o),ontologyContainsInstances (o, {
i, v}),ontologyContainsProperties (o, {p})
direct definition
v € getValueOfAlInstanceProperty(o, i, p)
isA <predicate> (o: Ontology(C, P, I),cl: C,c2: C)
well-definedness isWDOntology(o),ontologyContainsClasses (o, {cl
, ¢€2})
direct definition
getInstancesOfaClass (o, cl) C getlnstancesOfaClass (o, c2)
addInstancesToOntology <expression> (o: Ontology(C, P, I),ii: P(I))
well—definedness isWDOntology(o),~ ontologyContainsInstances (o,
ii)



direct definition
consOntology (getClasses (o), getProperties(o), getlnstances (o)
U ii, getClassProperties (o), getClassInstances (o),
getClassAssociations (o), getlnstanceAssociations(0))
addInstancesToAClass <expression> (o: Ontology(C, P, I),c: C,ii: P(I)
)
well—definedness isWDOntology(o),ontologyContainsClasses (o, {c
}),ontologyContainsInstances (o, ii),= classContainsInstances
(o, c, 1ii1)
direct definition
consOntology (getClasses (o), getProperties(o), getlnstances (o)
, getClassProperties (o), getClassInstances(o) U ({c} X ii)
, getClassAssociations (o), getlnstanceAssociations(0))
ontologyContainslpv <predicate > (o: Ontology(C, P, I),ipvs: P(I X P X
1))
well—definedness isWDOntology (o)
direct definition
ipvs C getlnstanceAssociations (0)
isWDAddValueOfAlInstanceProperty <predicate> (o: Ontology(C, P, 1),ipvs
P(I xPxT1I),i: T ,p: P,v: 1)
direct definition
T
addValueOfAlInstanceProperty <expression> (o: Ontology(C, P, I),ipvs: P
(I xPxT1I),i: I,p: P,v: 1)
well—definedness isWDAddValueOfAlnstanceProperty (o, ipvs, i
V)
direct definition
ipvs U {i » p — v}
isWDRemoveValueOfAInstanceProperty <predicate> (o: Ontology(C, P, 1),
ipvs: P(I x P x I),i: I,p: P,v: I)
direct definition
T
remove ValueOfAlInstanceProperty <expression> (o: Ontology(C, P, I),ipvs:
P(I xPx1I),i: I,p: P,v: I)
well—definedness isWDRemoveValueOfAlnstanceProperty (o, ipvs, i
P, V)
direct definition
ipvs \ {i » p — v}
isVariableOfOntology <predicate> (o: Ontology(C, P, I),ipvs: P(I x P
x 1))
well—definedness isWDOntology (o)
direct definition
ipvs C instances (o) X properties(o) X instances (o) A
ipvs C{ il » pmH»i2 |il el ApePAi2 el Ail » ppe
i2 € instances (o) X properties(o) X instances (o) A
(3cl, c2 - cl € CAc2 € CA {cl, c2} C
getClasses (o) =
(cl » p - c2 € getClassAssociations(o) A p
€ getClassProperties (o) [{cl}] A il €

> P
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getClassInstances (o) [{cl}] A i2 €
getClassInstances(o)[{c2}]))
}
isWDInstanceHasPropertyValuei <predicate> (o: Ontology(C, P, I),ipvs:
P(I xPx1I),i: I,p: P,v: I)
direct definition
isWDOntology (o) A isVariableOfOntology (o, ipvs) A
ontologyContainsInstances (o, {i, v}) A
ontologyContainsProperties (o, {p})
instanceHasPropertyValuei <predicate > (o: Ontology(C, P, I),ipvs: P(I X
Px1I),i: I,p: P,v: I)

well—definedness isWDInstanceHasPropertyValuei(o, ipvs, i, p, Vv
)

direct definition

v € ipvs[{i ~ p}]
THEOREMS
thml :

Yo, cl, c2, ¢3- o € Ontology(C, P, I) A isWDOntology(o) A cl €
CAc2 €eCAc3 €C A ontologyContainsClasses(o, {cl, c2,
c3})

= (isA(o, cl, ¢c2) A isA(o, ¢c2, ¢c3) = isA(o, cl, c3))
thm2 :

Yo, csl, cs2 - o € Ontology(C, P, I) A isWDOntology(o) A csl C
CAcs2 CCAcsl #@ A cs2 # @ A ontologyContainsClasses (o,

csl) A ontologyContainsClasses (o, c¢s2)
= ( ontologyContainsClasses(o, csl U cs2) )

Listing 1: Event-B machine modelling the WXR user interface
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Ontological theory of a chunk of ARINC 661 specification

THEORY
IMPORT THEORY PROJECTS
/OntologiesTheoryFMICS THEORIES /OntologiesTheoryFMICS/
OntologiesTheory . dtf lorg.eventb.theory.core.deployedTheoryRoot
#0OntologiesTheory
AXIOMATIC DEFINITIONS ARINC661Axiomatisation:
TYPES ARINC661Classes, ARINC66Properties, ARINC661Instances
OPERATORS
ARINC661_BOOL <expression> () : ARINC661Classes
ARINC661_BOOL_EXTENDED <expression> () : ARINC661Classes
A661_TRUE <expression> () : ARINC661Instances
A661_FALSE <expression> () : ARINC661Instances
A661_TRUE_WITH_VALIDATION <expression> () : ARINC661Instances
ARINC661_STRING_CLASS <expression> () : ARINC661Classes
ARINC661_STRING_INSTANCES <expression> () : P(ARINC661Instances
)
A661_EDIT_BOX_NUMERIC_VALUES_CLASS <expression> ()
ARINC661Classes
A661_EDIT_BOX_NUMERIC_VALUES <expression> () : P(
ARINC661Instances)
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES <expression> () : [P(
ARINC661Instances)
WidgetTypeClass <expression> () : ARINC661Classes
WidgetldentClass <expression> () : ARINC661Classes
WidgetTypelnstances <expression> () : P(ARINC661Instances)
WidgetldentInstances <expression> () : P(ARINC661Instances)
Noneldent <expression> () : ARINC661Instances
Label <expression> () : ARINC661Classes
RadioBox <expression> () : ARINC661Classes
CheckButton <expression> () : ARINC661Classes
PushButton <expression> () : ARINC661Classes
ToggleButton <expression> () : ARINC661Classes
ToggleState <expression> () : ARINC661Classes
EditBoxNumeric <expression> () : ARINC661Classes
hasWidgetType <expression> () : ARINC66Properties
hasWidgetldent <expression> () : ARINC66Properties
hasParentldent <expression> () : ARINC66Properties
hasVisible <expression> () : ARINCG66Properties
hasEnable <expression> () : ARINCG66Properties
hasLabelStringForLabel <expression> () : ARINC66Properties
hasAnonymous <expression> () : ARINC66Properties
hasChildrenForRadioBox <expression> () : ARINC66Properties
hasCheckButtonState <expression> () : ARINCG66Properties
hasLabelStringForCheckButton <expression> () : ARINC66Properties
hasLabelStringForPushButton <expression> () : ARINC66Properties
hasToggleButtonState <expression> () : ARINC66Properties



hasLabelStringForToggleButton <expression> () : ARINC66Properties
hasValue <expression> () : ARINC66Properties
Labellnstances <expression> () : P(ARINC661Instances)
RadioBoxInstances <expression> () : P(ARINC66I1Instances)
CheckButtonInstances <expression> () : P(ARINC661Instances)
PushButtonInstances <expression> () : P(ARINC661Instances)
ToggleButtonInstances <expression> () : P(ARINC66I1Instances)
EditBoxNumericInstances <expression> () : P(ARINC661Instances)
CheckButtonStateClass <expression> () : ARINC661Classes
ToggleButtonStateClass <expression> () : ARINC661Classes
SELECTED <expression> () : ARINC66I1Instances
UNSELECTED <expression> () : ARINC661Instances
WidgetsInstances <expression> () : P(ARINC66I1Instances)
wellBuiltClassProperties <expression> () : P(ARINC661Classes X
ARINC66Properties)
wellBuiltClassAssociations <expression> () : P(ARINC661Classes X
ARINC66Properties x ARINC661Classes)
wellbuiltTypesElements <expression> () : P(ARINC661Classes X
ARINC661Instances)
isWDRadioBox <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) )
well—definedness isWDOntology (o)
isWDEditBoxNumeric <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC66I1Instances) )
well—-definedness isWDOntology (o)
isSWDARINC6610ntology <predicate > (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) )
consARINC6610ntology <expression> (ii: P(ARINC661Instances) ,cii:
P(ARINC661Classes X ARINC661Instances) ,ipvs: P(
ARINC661Instances X ARINC66Properties X ARINC661Instances))
Ontology (ARINC661Classes, ARINC66Properties ,
ARINC6611Instances)
well—definedness isWDARINC6610ntology (consOntology (
ARINC661Classes, ARINC66Properties, ii,
wellBuiltClassProperties , wellbuiltTypesElements U cii,
wellBuiltClassAssociations , ipvs))
isVariableOfARINC6610ntology <predicate> (o: Ontology(
ARINC661Classes, ARINC66Properties, ARINC661Instances) ,ui:
P(ARINC661Instances X ARINC66Properties X ARINC661Instances)
)
well—definedness isWDARINC6610ntology (o)
AXIOMS
axml :
partition (ARINC661Classes, {ARINC661_BOOL}, {
ARINC661_STRING_CLASS}, {WidgetTypeClass}, {
WidgetldentClass }, {A661_EDIT_BOX_NUMERIC_VALUES_CLASS},
{Label}, {RadioBox}, {CheckButton}, {PushButton
}, {ToggleButton}, {EditBoxNumeric}, {
CheckButtonStateClass }, {
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ToggleButtonStateClass })
axm2:

partition (ARINC66Properties, {hasWidgetType}, {hasWidgetldent
}, {hasParentldent}, {hasVisible}, {hasEnable},

{hasLabelStringForLabel}, {hasAnonymous}, ({
hasChildrenForRadioBox }, {hasCheckButtonState}, {
hasToggleButtonState },

{hasLabelStringForCheckButton}, {
hasLabelStringForPushButton}, ({
hasLabelStringForToggleButton}, {hasParentldent}, ({
hasValue })

axm3:

A661_EDIT_BOX_NUMERIC_VALUES # # A ARINC661_STRING_INSTANCES
# 0 A WidgetldentInstances # @ A WidgetTypelnstances # @ A

Labellnstances # @A RadioBoxInstances # @ A
CheckButtonInstances = # A PushButtonInstances # @ A
ToggleButtonInstances # @# A EditBoxNumericInstances # 0

axmé :

Noneldent € WidgetldentInstances

axm) :

partition (ARINC661Instances, {A661_TRUE}, {A661_FALSE}, {
A661_TRUE_WITH_VALIDATION}, ARINC661_STRING_INSTANCES,
WidgetTypelnstances , WidgetldentInstances ,
A661_EDIT_BOX_NUMERIC_VALUES,

Labellnstances , RadioBoxInstances, CheckButtonInstances
, PushButtonInstances , EditBoxNumericInstances , {
SELECTED}, {UNSELECTED })
axmb :

WidgetsInstances = Labellnstances U RadioBoxInstances U
CheckButtonInstances U PushButtonlnstances U
ToggleButtonInstances U EditBoxNumericInstances

axm?7 :

A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES C
A661_EDIT_BOX_NUMERIC_VALUES A
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES # ¢

wellBuiltClassProperties

wellBuiltClassProperties = ({Label} x {hasWidgetType,
hasWidgetldent , hasParentldent, hasVisible ,
hasLabelStringForLabel , hasAnonymous}) U

({RadioBox} X {hasWidgetType, hasWidgetldent,
hasParentldent , hasVisible , hasEnable ,
hasChildrenForRadioBox }) U

({ CheckButton} x {hasWidgetType, hasWidgetldent
, hasParentldent , hasVisible , hasEnable ,
hasCheckButtonState ,
hasLabelStringForCheckButton}) U

({ ToggleButton} X {hasWidgetType,
hasWidgetldent , hasParentldent , hasVisible ,
hasEnable, hasToggleButtonState ,

11



hasLabelStringForToggleButton}) U
({ PushButton} x {hasWidgetType, hasWidgetldent,
hasParentldent , hasVisible , hasEnable ,
hasLabelStringForPushButton}) U
({ EditBoxNumeric} X {hasWidgetType,
hasWidgetldent , hasParentldent , hasVisible ,
hasEnable , hasValue})
wellBuiltClassAssociations :
wellBuiltClassAssociations = ({Label — hasWidgetType —
WidgetTypeClass , Label —» hasWidgetldent —
WidgetldentClass , Label — hasParentldent ~—
WidgetldentClass ,
Label —» hasVisible — ARINC661 _BOOL, Label ~
hasLabelStringForLabel —
ARINC661_STRING_CLASS, Label —~
hasAnonymous — ARINC661_BOOL })
U
({ RadioBox +— hasWidgetType — WidgetTypeClass,
RadioBox — hasWidgetldent ~
WidgetldentClass , RadioBox
hasParentldent — WidgetldentClass ,
RadioBox — hasVisible — ARINC661_BOOL,
RadioBox — hasEnable ~
ARINC661_BOOL_EXTENDED, RadioBox ~
hasChildrenForRadioBox — WidgetldentClass
P
U
({ CheckButton ~ hasWidgetType +—
WidgetTypeClass , CheckButton ~—
hasWidgetldent — WidgetldentClass ,
CheckButton — hasParentldent —
WidgetldentClass ,
CheckButton —» hasVisible —~ ARINC661_BOOL,
CheckButton — hasEnable~
ARINC661_BOOL_EXTENDED, CheckButton
hasCheckButtonState ~
CheckButtonStateClass ,
CheckButton — hasLabelStringForCheckButton
— ARINC661_STRING_CLASS })
U
({ ToggleButton — hasWidgetType +—
WidgetTypeClass, ToggleButton ~
hasWidgetldent —» WidgetldentClass ,
ToggleButton — hasParentldent —
WidgetldentClass ,
ToggleButton — hasVisible — ARINC661_BOOL,
ToggleButton — hasEnable ~
ARINC661_BOOL_EXTENDED, ToggleButton ~
hasToggleButtonState ~

12



ToggleButtonStateClass ,

ToggleButton — hasLabelStringForToggleButton
— ARINC661_STRING_CLASS })

V]

({ PushButton — hasWidgetType ~
WidgetTypeClass, PushButton ~
hasWidgetldent — WidgetldentClass ,
PushButton — hasParentldent -
WidgetldentClass ,

PushButton ~ hasVisible —» ARINC661 BOOL,
PushButton ~ hasEnable —
ARINC661_BOOL_EXTENDED,

PushButton — hasLabelStringForPushButton ~—
ARINC661_STRING_CLASS })

V]

({ EditBoxNumeric — hasWidgetType +—
WidgetTypeClass, EditBoxNumeric ~
hasWidgetldent — WidgetldentClass ,
EditBoxNumeric ~ hasParentldent —
WidgetldentClass ,

EditBoxNumeric —~ hasVisible —
ARINC661_BOOL, EditBoxNumeric ~
hasEnable — ARINC661_BOOL_EXTENDED,
EditBoxNumeric ~ hasValue ~
A661_EDIT_BOX_NUMERIC_VALUES_CLASS })

wellbuiltTypesElements :

wellbuiltTypesElements = ({ARINC661_BOOL} x {A661_TRUE,
A661_FALSE}) U

({ ARINC661_BOOL_EXTENDED} x {A661_TRUE,

A661_FALSE, A661_TRUE_WITH_VALIDATION}) U

({ ARINC661_STRING_CLASS} X
ARINC661_STRING_INSTANCES) U

({ WidgetTypeClass} X WidgetTypelnstances) U

({ WidgetldentClass} x WidgetldentInstances) U

({ A661_EDIT_BOX_NUMERIC_VALUES_CLASS} X
A661_EDIT_BOX_NUMERIC_VALUES) U

({ CheckButtonStateClass} x {SELECTED,
UNSELECTED } )

consARINC6610ntology :

Vii, cii, ipvs - ii € P(ARINC661Instances) A cii € P(
ARINC661Classes X ARINC661Instances) A ipvs € [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A

wellbuiltTypesElements n cii = @ A ii C
WidgetsInstances

=

consARINC6610ntology (ii , cii, ipvs) = consOntology (
ARINC661Classes, ARINC66Properties , ii,
wellBuiltClassProperties , wellbuiltTypesElements

13



U cii, wellBuiltClassAssociations , ipvs)

isWDRadioBox :
Vo- o € Ontology (ARINC661Classes, ARINC66Properties ,

ARINC661Instances) =
( isWDRadioBox(0) <

(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonInstances A

rb —» hasChildrenForRadioBox ~ bl €
getlnstanceAssociations (o) A rb
hasChildrenForRadioBox ~ b2 €
getInstanceAssociations (0)

= (bl » hasCheckButtonState — SELECTED e

getInstanceAssociations (o) A b2 — hasCheckButtonState —
SELECTED € getlnstanceAssociations(o) = bl = b2)

) A

(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonInstances A

rb — hasChildrenForRadioBox ~ bl €
getlnstanceAssociations (o) A rb
hasChildrenForRadioBox +— b2 €
getInstanceAssociations (0)

= (bl —» hasToggleButtonState — SELECTED €&
getlnstanceAssociations (o) A b2 — hasToggleButtonState

— SELECTED € getlnstanceAssociations(o) = bl = b2)
)
isWDEditBoxNumeric :
Vo- o € Ontology (ARINC661Classes, ARINC66Properties,
ARINC661Instances) =
( isWDRadioBox(0) & (Ved,v - ed —» hasValue » v €
getInstanceAssociations (o) = v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES) )
isWDARINC6610ntology :
ARINCG66Properties ,

Vo- o € Ontology (ARINC661Classes ,

ARINC6611Instances) =
(isWDOntology (o) A isWDRadioBox(o) A isWDEditBoxNumeric

(o) = isWDARINC6610ntology(o) )

isVariableOfARINC6610Ontology :

Yo, ipvs: o € Ontology (ARINC661Classes, ARINC66Properties,
ARINC661Instances) A ipvs € P(ARINC661Instances X
ARINC66Properties X ARINC661Instances) =

(isWDARINC6610ntology (consOntology (getClasses (o),

getProperties (o), getlnstances (o),

getClassProperties (o), getClassInstances (o),
getClassAssociations (o), getlnstanceAssociations (0))

)
ipvs))

= isVariableOfARINC6610ntology (o,

14



THEOREMS
thml :

Vii, cii, ipvs - ii € P(ARINC661Instances) A cii € P(
ARINC661Classes X ARINC66I1Instances) A ipvs € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances) A

wellbuiltTypesElements N cii = @ A ii C

WidgetsInstances

=>

isWDClassProperites (consARINC6610ntology (ii , cii,
ipvs))

thm2:

Vii, cii, ipvs - ii € P(ARINC661Instances) A cii € P(
ARINC661Classes X ARINC66I1Instances) A ipvs € P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances) A

wellbuiltTypesElements n cii = @ A ii C
WidgetsInstances
=

isWDClassAssociations (consARINC6610ntology (ii , cii,
ipvs))
thm3
Vii, cii, ipvs - ii € P(ARINC661Instances) A cii € P(
ARINC661Classes X ARINC661Instances) A ipvs € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances) A
wellbuiltTypesElements n cii = @ A ii C
WidgetsInstances
=
(isWDClassProperites (consARINC6610ntology (ii , cii,
ipvs)) A isWDClassAssociations (
consARINC6610ntology (ii , cii, ipvs)) )

Listing 2: Event-B machine modelling the WXR user interface
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WXR Theory (Subsection 7.2)
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Event-B theory of contextual information used in WXR model

THEORY
IMPORT THEORY PROJECTS
/WidgetTheory THEORIES /WidgetTheory/ARINC661Theory. dtflorg.
eventb . theory.core.deployedTheoryRoot#ARINC661Theory
AXIOMATIC DEFINITIONS WXRUIDescriptoinAxiomatisaiton:
OPERATORS
A661WXROntology <expression> () : Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances)
Instances <expression> () : P(ARINC661Instances)
ClassInstances <expression> () : P(ARINC661Classes X
ARINC661Instances)
InstanceAssociation <expression> () : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)
MODESELECTIONLabel <expression> () : ARINC661Instances
OFF1Label <expression> () : ARINC661Instances
STDBYLabel <expression> () : ARINC66I1Instances
TSTLabel <expression> () : ARINC661Instances
WXONLabel <expression> () : ARINC661Instances
WXALabel <expression> () : ARINC661Instances
TITLSELECTIONLabel <expression> () : ARINC66I1Instances
CRTL1Label <expression> () : ARINC66I1Instances
AUTOLabel <expression> () : ARINC661Instances
STABILIZATIONLabel <expression> () : ARINC661Instances
CRTL2Label <expression> () : ARINC66I1Instances
OFF2Label <expression> () : ARINC661Instances
TITLANGLELabel <expression> () : ARINC661Instances
MODESELECTIONString <expression> () : ARINC661Instances
STDBYString <expression> () : ARINC661Instances
TSTString <expression> () : ARINC661Instances
WXONString <expression> () : ARINC661Instances
WXAString <expression> () : ARINC661Instances
OFF1String <expression> () : ARINC661Instances
TITLSELECTIONString <expression> () : ARINC661Instances
CRTL1String <expression> () : ARINCG661Instances
AUTOString <expression> () : ARINC66I1Instances
STABILIZATIONString <expression> () : ARINC661Instances
CRTL2String <expression> () : ARINC661Instances
OFF2String <expression> () : ARINC661Instances
TITLANGLEString <expression> () : ARINC661Instances
OFF1CheckButton <expression> () : ARINC66I1Instances
STDBYCheckButton <expression> () : ARINC66I1Instances
TSTCheckButton <expression> () : ARINC66I1Instances
TiltSectionCTRLToogleButton <expression> () : ARINC661Instances
TiltSectionAUTOToogleButton <expression> () : ARINC661Instances
StabilizationCRTLToogleButton <expression> () : ARINC661Instances
StabilizationOFFToogleButton <expression> () : ARINC661Instances
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WXONCheckButton <expression> () : ARINC661Instances
WXACheckButton <expression> () : ARINC661Instances
TITLANGLEEditNumericBox <expression> () : ARINC661Instances
WXRLabels <expression> () : P(ARINC661Instances)
WXRcheckButtons <expression> () : P(ARINC661Instances)
WXRToggleButtons <expression> () : P(ARINC661Instances)
WXRradioBoxes <expression> () : P(ARINC66I1Instances)
WXRradioBoxModeSelection <expression> () : ARINC661Instances
WXRradioBoxTiltSelection <expression> () : ARINC661Instances
WXRradioBoxStabilization <expression> () : ARINC661Instances
MODESELECTIONLabelWidgetldent <expression > ()
ARINC6611Instances
OFF1LabelWidgetldent <expression> () : ARINC661Instances
STDBYLabelWidgetldent <expression> () : ARINC66I1Instances
TSTLabelWidgetldent <expression> () : ARINC661Instances
WXONLabelWidgetldent <expression> () : ARINC661Instances
WXALabelWidgetldent <expression> () : ARINC661Instances
TITLLabelWidgetldent <expression> () : ARINC661Instances
CRTL1LabelWidgetldent <expression> () : ARINC661Instances
AUTOSLabelWidgetldent <expression> () : ARINC661Instances
STABILIZATIONLabelWidgetldent <expression> () : ARINC661Instances
CRTL2LabelWidgetldent <expression> () : ARINC66I1Instances
OFF2LabelWidgetldent <expression> () : ARINC66I1Instances
TITLANGLELabelWidgetldent <expression> () : ARINC661Instances
OFF1CheckButtonWidgetldent <expression> () : ARINC661Instances
STDBYCheckButtonWidgetldent <expression> () : ARINC661Instances
TSTCheckButtonWidgetldent <expression> () : ARINC661Instances
TITLSELECTIONLabelWidgetldent <expression> () : ARINC661Instances
TiltSectionCTRLToggleButtonWidgetldent <expression> ()
ARINC661Instances
TiltSectionAUTOToggleButtonWidgetldent <expression> ()
ARINC661Instances
StabilizationCRTLToggleButtonWidgetldent <expression > ()
ARINC6611Instances
StabilizationOFFToggleButtonWidgetldent <expression> ()
ARINC661Instances
WXONCheckButtonWidgetldent <expression> () : ARINC661Instances
WXACheckButtonWidgetldent <expression> () : ARINC66I1Instances
MODESELECTIONRadioBoxWidgetldent <expression> ()
ARINC6611Instances
TITLANGLEEditNumericBoxWidgetldent <expression> ()
ARINC661Instances
WXRradioBoxModeSelectionWidgetldent <expression> ()
ARINC6611Instances
WXRradioBoxTiltSelectionWidgetldent <expression > ()
ARINC661Instances
WXRradioBoxStabilizationWidgetldent <expression > ()
ARINC6611Instances
WXRStrings <expression> () : P(ARINC661Instances)
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WXRWidgetldents <expression> () : P(ARINC661Instances)

WXREditNumericBoxes <expression> () : P(ARINC66I1Instances)

ialabels <expression> () : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)

iaCheckBttons <expression> () : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)

iaToggleButtons <expression> () : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)

ioRadioBoxes <expression> () : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)

initiator <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ) : P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
well—definedness isWDARINC6610ntology (o)

AXIOMS

WXRLabels :

partition (WXRLabels, {MODESELECTIONLabel}, {OFF1Label}, {
STDBYLabel}, {TSTLabel}, {WXONLabel},

{WXALabel}, {TITLSELECTIONLabel}, {CRTLI1Label}, {AUTOLabel},

{STABILIZATIONLabel },
{CRTL2Label}, {OFF2Label}, {TITLANGLELabel}
)
WXRStrings :

partition (WXRStrings, {MODESELECTIONString}, {OFFI1String}, {
STDBYString }, {TSTString}, {WXONString},
{WXAString } , {TITLSELECTIONString}, {CRTLI1String}, {
AUTOString }, {STABILIZATIONString },
{CRTL2String}, {OFF2String}, {TITLANGLEString}
)
WXRcheckButtons :
partition (WXRcheckButtons, {OFF1CheckButton}, {
STDBYCheckButton}, {TSTCheckButton}, {WXONCheckButton}, {
WXACheckButton })

WXRToggleButtons :
partition (WXRToggleButtons, {TiltSectionCTRLToogleButton}, ({
TiltSectionAUTOToogleButton}, {
StabilizationCRTLToogleButton}, {
StabilizationOFFToogleButton })

WXRradioBoxes :
partition (WXRradioBoxes, {WXRradioBoxModeSelection}, {
WXRradioBoxTiltSelection}, { WXRradioBoxStabilization })

WXREditNumericBoxes :
WXREditNumericBoxes = {TITLANGLEEditNumericBox}
WXRWidgetldents :
partition (WXRWidgetldents, { MODESELECTIONLabelWidgetldent},
{OFF1LabelWidgetldent}, {STDBYLabelWidgetldent}, {
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TSTLabelWidgetldent}, {WXONLabelWidgetldent}, {
WXALabelWidgetldent },

{TITLLabelWidgetldent}, {CRTLI1LabelWidgetldent}, {

AUTOSLabelWidgetldent}, {STABILIZATIONLabelWidgetldent},
{CRTL2LabelWidgetldent},

{OFF2LabelWidgetldent}, {TITLANGLELabelWidgetldent}, {
OFF1CheckButtonWidgetldent }, {
STDBYCheckButtonWidgetldent },

{TSTCheckButtonWidgetldent}, {
TiltSectionCTRLToggleButtonWidgetldent }, {
TiltSectionAUTOToggleButtonWidgetldent }, {
TITLSELECTIONLabelWidgetldent },

{StabilizationCRTLToggleButtonWidgetldent },

{StabilizationOFFToggleButtonWidgetldent}, {
WXONCheckButtonWidgetldent}, { WXACheckButtonWidgetldent
}, {MODESELECTIONRadioBoxWidgetldent},

{TITLANGLEEditNumericBoxWidgetldent }, {
WXRradioBoxStabilizationWidgetldent}, {
WXRradioBoxModeSelectionWidgetldent }, {
WXRradioBoxTiltSelectionWidgetldent}

)

instancesAsSubsets :
WXRLabels C Labellnstances A
WXRcheckButtons € CheckButtonInstances A
WXRStrings C ARINC661_STRING_INSTANCES A
WXRToggleButtons € ToggleButtonInstances A
WXREditNumericBoxes C EditBoxNumericInstances A
WXRradioBoxes C RadioBoxInstances A
WXRWidgetldents € WidgetldentInstances
Instances :
partition (Instances , WXRLabels, WXRcheckButtons, WXRStrings,
WXRToggleButtons, WXREditNumericBoxes, WXRradioBoxes,
WXRWidgetldents )
ClassInstances :
ClassInstances = ({Label} x WXRLabels) U
({ ARINC661_STRING_CLASS} x WXRStrings) U
({ CheckButton} x WXRcheckButtons) U
({ ToggleButton} X WXRToggleButtons) U
({ RadioBox} x WXRradioBoxes) U
({ WidgetldentClass} x WXRWidgetldents)

iaLabels :
iaLabels = { MODESELECTIONLabel — hasLabelStringForLabel ~
MODESELECTIONString, OFFl1Label —~ hasLabelStringForLabel ~
OFF1String ,
STDBYLabel — hasLabelStringForLabel — STDBYString,
TSTLabel —» hasLabelStringForLabel — TSTString,
STDBYLabel — hasLabelStringForLabel — STDBYString,
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TSTLabel — hasLabelStringForLabel — TSTString,

WXONLabel — hasLabelStringForLabel — WXONString,
WXALabel — hasLabelStringForLabel —» WXAString,

TITLSELECTIONLabel — hasLabelStringForLabel —
TITLSELECTIONString, CRTLI1Label
hasLabelStringForLabel — CRTLI1String,

AUTOLabel — hasLabelStringForLabel —» AUTOString,
STABILIZATIONLabel — hasLabelStringForLabel —
STABILIZATIONString ,

CRTL2Label — hasLabelStringForLabel —» CRTL2String,
OFF2Label — hasLabelStringForLabel — OFF2String,

TITLANGLELabel — hasLabelStringForLabel —
TITLANGLEString

} U

(WXRLabels x {hasVisible} x {A661_TRUE}) u (WXRLabels
X {hasAnonymous} X {A661_FALSE}) U

{MODESELECTIONLabel — hasWidgetldent +—
MODESELECTIONLabelWidgetldent, OFF1Label ~—
hasWidgetldent —» OFF1LabelWidgetldent,

STDBYLabel — hasWidgetldent — STDBYLabelWidgetldent,
TSTLabel —» hasWidgetldent —» TSTLabelWidgetldent,

STDBYLabel — hasWidgetldent — STDBYLabelWidgetldent,
TSTLabel —» hasWidgetldent —» TSTLabelWidgetldent,

WXONLabel —» hasWidgetldent —» WXONLabelWidgetldent,
WXALabel » hasWidgetldent » WXALabelWidgetldent,

TITLSELECTIONLabel — hasWidgetldent +
TITLSELECTIONLabelWidgetldent, CRTLI1Label +~
hasWidgetldent —» CRTLILabelWidgetldent,

AUTOLabel —» hasWidgetldent —» AUTOString,
STABILIZATIONLabel — hasWidgetldent ~
STABILIZATIONString ,

CRTL2Label — hasWidgetldent — CRTL2LabelWidgetldent,
OFF2Label — hasWidgetldent —» OFF2LabelWidgetldent,

TITLANGLELabel —» hasWidgetldent —
TITLANGLELabelWidgetldent} U

({ MODESELECTIONLabel, OFF1Label, STDBYLabel,
TSTLabel, STDBYLabel, TSTLabel, WXONLabel,
WXALabel, TITLSELECTIONLabel, CRTLI1Label,
AUTOLabel, STABILIZATIONLabel, CRTL2Label , OFF2Label
, TITLANGLELabel} X {hasParentldent} X {Noneldent})
iaCheckBttons
iaCheckBttons = ({ OFF1CheckButton, STDBYCheckButton,
TSTCheckButton, WXONCheckButton, WXACheckButton} X {
hasVisible , hasEnable} x {A661_TRUE}) U
({ OFF1CheckButton, STDBYCheckButton, TSTCheckButton,
WXONCheckButton, WXACheckButton} X {
hasCheckButtonState} x {UNSELECTED}) u
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({ OFF1CheckButton} X {hasCheckButtonState} X {
SELECTED }) U

({ OFF1CheckButton — hasWidgetldent ~
OFF1CheckButtonWidgetldent ,
STDBYCheckButtonWidgetldent — hasWidgetldent —
STDBYCheckButtonWidgetldent ,

TSTCheckButton — hasWidgetldent +—

TSTCheckButtonWidgetldent, WXONCheckButton ~

hasWidgetldent » WXONCheckButtonWidgetldent,
WXACheckButton — hasWidgetldent —

WXACheckButtonWidgetldent}) U
({ OFF1CheckButton, STDBYCheckButton, TSTCheckButton,
WXONCheckButton, WXACheckButton} X {hasParentldent}
X { WXRradioBoxModeSelectionWidgetldent })

iaToggleButtons :

iaToggleButtons = ({TiltSectionCTRLToogleButton ,

TiltSectionAUTOToogleButton, StabilizationCRTLToogleButton
, StabilizationOFFToogleButton} X {hasVisible ,

hasEnable }
x {A661_TRUE}) U
({ TiltSectionCTRLToogleButton ,
StabilizationOFFToogleButton} X {
hasToggleButtonState} x {SELECTED}) U
({ TiltSectionCTRLToogleButton — hasWidgetldent —
TiltSectionCTRLToggleButtonWidgetldent ,
TiltSectionAUTOToogleButton — hasWidgetldent —
TiltSectionAUTOToggleButtonWidgetldent ,
StabilizationCRTLToogleButton — hasWidgetldent —
StabilizationCRTLToggleButtonWidgetldent ,
StabilizationOFFToogleButton — hasWidgetldent —
StabilizationOFFToggleButtonWidgetldent}) U
({ TiltSectionCTRLToogleButton ,
TiltSectionAUTOToogleButton} X {hasParentldent}
X {WXRradioBoxTiltSelection}) U
({ StabilizationCRTLToogleButton ,
StabilizationOFFToogleButton} X {hasParentldent}

X {WXRradioBoxStabilizationWidgetldent })
ioRadioBoxes :

ioRadioBoxes = ({ WXRradioBoxModeSelection,

WXRradioBoxTiltSelection, WXRradioBoxStabilization} X {
hasVisible , hasEnable} X {A661_TRUE}) U
({ WXRradioBoxModeSelection — hasWidgetldent —
WXRradioBoxModeSelectionWidgetldent ,
WXRradioBoxTiltSelection — hasWidgetldent —
WXRradioBoxTiltSelectionWidgetldent ,
WXRradioBoxStabilization —» hasWidgetldent —

WXRradioBoxStabilizationWidgetldent }) U

({ WXRradioBoxModeSelection, WXRradioBoxTiltSelection

WXRradioBoxStabilization} X {hasParentldent} X

b}
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{Noneldent })U

({ WXRradioBoxModeSelection} X {
hasChildrenForRadioBox} X {OFF1CheckButton,
STDBYCheckButton, TSTCheckButton, WXONCheckButton
, WXACheckButton })uU

({ WXRradioBoxTiltSelection} X {
hasChildrenForRadioBox} X {
TiltSectionCTRLToogleButton ,
TiltSectionAUTOToogleButton })uU

({ WXRradioBoxStabilization} X {
hasChildrenForRadioBox} X {
StabilizationCRTLToogleButton ,
StabilizationOFFToogleButton })

InstanceAssociation :
InstanceAssociation = ialLabels U iaCheckBttons U
iaToggleButtons U ioRadioBoxes
A661WXROntology :

A661WXROntology = consARINC6610ntology (Instances ,
ClassInstances , InstanceAssociation)
initiator :
Vo - o € Ontology (ARINC661Classes, ARINC66Properties ,
ARINC661Instances) A iSWDARINC6610ntology(o) = initiator (

0) = InstanceAssociation
EventsAffectingWidgetsAxiomatisation:
OPERATORS

isWDChangeModeSelection <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances) ,
mode: ARINC661Instances)

changeModeSelection <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances) ,
mode: ARINC661Instances) : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)
well—definedness isWDChangeModeSelection(o, ui, mode)

isWDSetTiltSelectionCTRL <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances))

setTiltSelectionCTRL <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances))

P(ARINC661Instances X ARINCG66Properties X

ARINC661Instances)
well—definedness isWDSetTiltSelectionCTRL (o, ui)

isWDSetTiltSelectionAUTO <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances))
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setTiltSelectionAUTO <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances))

P(ARINC661Instances X ARINC66Properties X

ARINC6611Instances)
well—definedness isWDSetTiltSelectionAUTO (o, ui)

isWDSetStabilizationCTRL <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances))

setStabilizationCTRL <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances))

P(ARINC661Instances X ARINC66Properties X

ARINC661Instances)
well—definedness isWDSetStabilizationCTRL (o, ui)

isWDSetStabilizationOFF <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances))

setStabilizationOFF <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances))

P(ARINC661Instances X ARINC66Properties X

ARINC661Instances)
well—definedness isWDSetStabilizationOFF (o, ui)

isWDChangeTitlAngle <predicate> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINC661Instances X ARINC66Properties X ARINC661Instances) ,
newAngle: ARINC661Instances)

changeTitlAngle <expression> (o: Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) ,ui: [P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances) ,
newAngle: ARINC661Instances) : P(ARINC661Instances X
ARINC66Properties X ARINC661Instances)
well—-definedness isWDChangeTitlAngle (o, ui, newAngle)

AXIOMS

isWDChangeTitlAngle :

Yo, ui, newAngle - o € Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) A ui € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(isWDChangeTitlAngle (o, ui, newAngle) &
isVariableOfARINC6610ntology (o, ui) A newAngle €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES A
TiltSectionCTRLToogleButton — hasToggleButtonState ~
SELECTED € ui A
StabilizationCRTLToogleButton — hasToggleButtonState —

SELECTED € ui )
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changeTitlAngle :

VYo, ui, newAngle - o € Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) A ui € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(changeTitlAngle (o, ui, newAngle) = (ui \ {
TITLANGLEEditNumericBox — hasValue — i |
TITLANGLEEditNumericBox +— hasValue » i € ui }) U {
TITLANGLEEditNumericBox ~ hasValue ~ newAngle} )

isWDChangeModeSelection :

Vo, ui, mode - o € Ontology (ARINC661Classes, ARINC66Properties
, ARINC661Instances) A ui € P(ARINC661Instances X
ARINC66Properties x ARINC661Instances) A mode €
ARINCG661Instances =

(isWDChangeModeSelection(o, ui, mode) <
isVariableOfFARINC6610ntology (o, ui) A mode €
WXRcheckButtons)

changeModeSelection :

Yo, ui, mode - o € Ontology (ARINC661Classes, ARINC66Properties
, ARINC661Instances) A ui € P(ARINC661Instances X
ARINC66Properties X ARINC661Instances) A mode €
ARINC661Instances =

(changeModeSelection (o, ui, mode) = (ui \ {i ~
hasCheckButtonState —~ UNSELECTED | i +—
hasCheckButtonState — SELECTED € ui A i € (
WXRcheckButtons \ {mode}) }) U {mode +—
hasCheckButtonState —~ SELECTED} )

isWDSetTiltSelectionCTRL :

Vo, ui, newAngle - o € Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) A ui € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(isWDSetTiltSelectionCTRL (o, ui) <
isVariableOfARINC6610ntology (o, ui))

setTiltSelectionAUTO :

Yo, ui, newAngle - o € Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) A ui € P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(setTiltSelectionAUTO (o, ui) = (ui \ {
TiltSectionCTRLToogleButton — hasToggleButtonState ~
SELECTED, TiltSectionAUTOToogleButton +—
hasToggleButtonState — UNSELECTED}) U

{TiltSectionAUTOToogleButton ~
hasToggleButtonState — SELECTED,
TiltSectionCTRLToogleButton ~
hasToggleButtonState +— UNSELECTED} )

isWDSetStabilizationCTRL :

Vo, ui, newAngle - o € Ontology (ARINC661Classes ,
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ARINC66Properties, ARINC66I1Instances) A ui € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(isWDSetStabilizationCTRL (o, ui) <
isVariableOfARINC6610ntology (o, ui))

setStabilizationCTRL :

Vo, ui, newAngle - o € Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) A ui € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(setStabilizationCTRL (o, ui) = (ui \ {
StabilizationOFFToogleButton — hasToggleButtonState ~
SELECTED, StabilizationCRTLToogleButton ~
hasToggleButtonState — UNSELECTED}) U

{StabilizationCRTLToogleButton +
hasToggleButtonState — SELECTED,
StabilizationOFFToogleButton ~
hasToggleButtonState — UNSELECTED} )

isWDSetStabilizationOFF :

Yo, ui, newAngle - o € Ontology (ARINC661Classes,
ARINC66Properties, ARINC661Instances) A ui € P(
ARINCG661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(isWDSetStabilizationOFF (o, ui) <
isVariableOfARINC6610ntology (o, ui))

setStabilizationOFF :

Vo, ui, newAngle - o € Ontology (ARINC661Classes ,
ARINC66Properties, ARINC6611Instances) A ui € P(
ARINC661Instances X ARINC66Properties X ARINC661Instances)
A newAngle € ARINC661Instances =

(setStabilizationOFF (o, ui) = (ui \ {
StabilizationCRTLToogleButton — hasToggleButtonState +—
SELECTED, StabilizationOFFToogleButton ~
hasToggleButtonState — UNSELECTED}) U

{StabilizationOFFToogleButton ~
hasToggleButtonState +— SELECTED,
StabilizationCRTLToogleButton +~
hasToggleButtonState — UNSELECTED} )

THEOREMS
isWDARINC6610ntology :
isSWDARINC6610ntology (A661WXROntology )
initiatorSafety :
Vo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A (ipvs =
initiator (0) )
=
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonlnstances A
rb — hasChildrenForRadioBox — bl € ipvs A rb
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hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasCheckButtonState —~ SELECTED € ipvs A b2
hasCheckButtonState — SELECTED € ipvs = bl = b2)
) A
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonInstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A rb -
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2 ~
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue » v € ipvs => v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
initiatorisVariableOfARINC6610ntology :

Vo, ipvs - isWDARINC6610ntology(o) A ipvs € P(ARINC661Instances
X ARINC66Properties X ARINC661Instances) A (ipvs =
initiator (0))

= isVariableOfARINC6610ntology (o, ipvs)

changeModeSelectionSafety :
Vo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg -
(3 m - isWDChangeModeSelection (A661WXROntology, uiArg, m)
A ipvs = changeModeSelection (A661WXROntology, uiArg, m
)) )

Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonInstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A b
hasChildrenForRadioBox ~ b2 € ipvs
= (bl —» hasCheckButtonState — SELECTED € ipvs A b2 —
hasCheckButtonState — SELECTED € ipvs = bl = b2)
) A
(
Vrb, bl, b2- rb € RadioBoxInstances A bl &€
ToggleButtonInstances A b2 € ToggleButtonlnstances A
rb — hasChildrenForRadioBox — bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue » v € ipvs = v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
changeModeSelectionisVariable OfARINC6610ntology :
Yo, ipvs - isWDARINC6610ntology(o) A
(3 uiArg - (3 m - isWDChangeModeSelection (A661WXROntology ,
uiArg, m) A ipvs = changeModeSelection (A661 WXROntology,
uiArg, m)) )
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= isVariableOfARINC6610ntology (o, ipvs)
changeTitlAngleSafety
Yo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg - (3 v - isWDChangeTitlAngle (A661WXROntology, uiArg,
v) A ipvs = changeTitlAngle (A661WXROntology, uiArg, v)))
=

Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonlnstances A b2 € CheckButtonlnstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasCheckButtonState — SELECTED € ipvs A b2 —
hasCheckButtonState —~ SELECTED € ipvs = bl = b2)
) A
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonlnstances A
rb — hasChildrenForRadioBox —~ bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2 —
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue » v € ipvs = v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
changeTitlAngleisVariableOfARINC661Ontology :
Vo, ipvs - isWDARINC6610ntology (o) A
(3 uiArg - (3 v - isWDChangeTitlAngle (A661WXROntology, uiArg,
v) A ipvs = changeTitlAngle (A661WXROntology, uiArg, v)))
= isVariableOfARINC6610ntology (o, ipvs)
SetTiltSelectionCTRSafety :
Vo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg - ( isWDSetTiltSelectionCTRL (o, ipvs) A uiArg =
setTiltSelectionCTRL (o, uiArg)) )

Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonInstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl » hasCheckButtonState —~ SELECTED € ipvs A b2 —
hasCheckButtonState — SELECTED € ipvs = bl = b2)
) A
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonInstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A 1b
hasChildrenForRadioBox +— b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2 —
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hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue —» v € ipvs => v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
SetTiltSelectionCTRisVariableOfARINC6610ntology :
Vo, ipvs - isWDARINC6610ntology (o) A
(3 uiArg - ( isWDSetTiltSelectionCTRL (o, uiArg) A ipvs =
setTiltSelectionCTRL (o, uiArg)) )
= isVariableOfARINC6610ntology (o, ipvs)
TiltSelectionAUTOSafety :
Vo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg - ( isWDSetTiltSelectionAUTO (A661 WXROntology, uiArg)
A ipvs = setTiltSelectionAUTO (A661WXROntology, uiArg)) )

=
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonInstances A
rb — hasChildrenForRadioBox — bl € ipvs A rb
hasChildrenForRadioBox ~ b2 € ipvs
= (bl —» hasCheckButtonState — SELECTED € ipvs A b2 —
hasCheckButtonState — SELECTED € ipvs = bl = b2)
) A
(

Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonInstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A rb
hasChildrenForRadioBox +— b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2 —
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue —» v € ipvs => v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
TiltSelectionAUTOisVariableOfARINC66 1 Ontology -
Yo, ipvs - isSWDARINC6610ntology(o) A
(3 uiArg - ( isWDSetTiltSelectionAUTO (A661 WXROntology, ipvs) A
ipvs = setTiltSelectionAUTO (A661WXROntology, uiArg)) )
= isVariableOfARINC6610ntology (o, ipvs)
SetStabilizationCTRLSafety
Yo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg - (( isWDSetStabilizationCTRL (A661WXROntology, ipvs)
A ipvs = setStabilizationCTRL (A661WXROntology, uiArg)) ))
=>

Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonInstances A
rb — hasChildrenForRadioBox — bl € ipvs A rb
hasChildrenForRadioBox ~ b2 € ipvs
= (bl —» hasCheckButtonState — SELECTED € ipvs A b2 —
hasCheckButtonState — SELECTED € ipvs = bl = b2)
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) A
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonInstances A
rb +— hasChildrenForRadioBox ~ bl € ipvs A rb
hasChildrenForRadioBox +— b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue » v € ipvs = v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
SetStabilizationCTRLisVariable OfARINC66 1 Ontology :
Yo, ipvs - isWDARINC6610ntology(o) A
(3 uiArg - (( isWDSetStabilizationCTRL (A661WXROntology, ipvs) A
ipvs = setStabilizationCTRL (A661WXROntology, uiArg)) ))
= isVariableOfARINC6610ntology (o, ipvs)
SetStabilizationOFFSafety :
Yo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg - ( isWDSetStabilizationOFF (A661WXROntology, ipvs) A
ipvs = setStabilizationOFF (A661WXROntology, uiArg)) )
=>

Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonInstances A b2 € CheckButtonInstances A
rb — hasChildrenForRadioBox ~ bl € ipvs A b
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasCheckButtonState — SELECTED € ipvs A b2 —
hasCheckButtonState — SELECTED € ipvs = bl = b2)
) A
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonlnstances A
rb — hasChildrenForRadioBox — bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue » v € ipvs = v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )
SetStabilizationOF FisVariableOfARINC66 1 Ontology :
VYo, ipvs - isWDARINC6610ntology (o) A
(3 uiArg - ( isWDSetStabilizationOFF (A661WXROntology, ipvs) A
ipvs = setStabilizationOFF (A661WXROntology, uiArg)) )
= isVariableOfARINC6610ntology (o, ipvs)
AllOperatorsSafety :
Yo, ipvs - isVariableOfARINC6610ntology (o, ipvs) A
(3 uiArg - ( (ipvs = initiator (o)) V
I m - isWDChangeModeSelection(o, uiArg, m) A ipvs =
changeModeSelection (o, uiArg, m)) V
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(3 v - isWDChangeTitlAngle (o, uiArg, v) A ipvs =
changeTitlAngle (o, uiArg, v)) V

( isWDSetTiltSelectionCTRL (o, uiArg) A ipvs
setTiltSelectionCTRL (o, uiArg)) Vv

( isWDSetTiltSelectionAUTO (o, uiArg) A ipvs
setTiltSelectionAUTO (o, uiArg)) V

( isWDSetStabilizationCTRL (o, uiArg) A ipvs
setStabilizationCTRL (o, uiArg)) Vv

( isWDSetStabilizationOFF (o, uiArg) A ipvs =
setStabilizationOFF (o, uiArg) ))

=
(
Vrb, bl, b2- rb € RadioBoxInstances A bl €
CheckButtonlnstances A b2 € CheckButtonlnstances A
rb —~ hasChildrenForRadioBox — bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasCheckButtonState — SELECTED € ipvs A b2 —
hasCheckButtonState —~ SELECTED € ipvs = bl = b2)
) A
(

Vrb, bl, b2- rb € RadioBoxInstances A bl €
ToggleButtonInstances A b2 € ToggleButtonlnstances A
rb — hasChildrenForRadioBox —~ bl € ipvs A rb
hasChildrenForRadioBox — b2 € ipvs
= (bl —» hasToggleButtonState — SELECTED € ipvs A b2 —
hasToggleButtonState — SELECTED € ipvs = bl = b2)
) A
( Ved,v - ed » hasValue » v € ipvs = v €
A661_EDIT_BOX_NUMERIC_ADMISSIBLE_VALUES )

AllOperatorslsVariableOfARINC6610ntology :
Vo, ipvs - isWDARINC6610ntology (o) A
(3 uiArg - ( (ipvs = initiator (o)) V
I m - isWDChangeModeSelection(o, uiArg, m) A ipvs =
changeModeSelection (o, uiArg, m)) V
(3 v - isWDChangeTitlAngle (o, uiArg, v) A ipvs =
changeTitlAngle (o, uiArg, v)) V
( isWDSetTiltSelectionCTRL (o, uiArg) A ipvs
setTiltSelectionCTRL (o, uiArg)) Vv
( isWDSetTiltSelectionAUTO (o, uiArg) A ipvs
setTiltSelectionAUTO (o, uiArg)) V
( isWDSetStabilizationCTRL (o, uiArg) A ipvs
setStabilizationCTRL (o, uiArg)) Vv
( isWDSetStabilizationOFF (o, uiArg) A ipvs =
setStabilizationOFF (o, uiArg) ))
= isVariableOfARINC6610ntology (o, ipvs)
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Listing 3: Event-B machine modelling the WXR user interface
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WXR Model (Subsection 7.3)

33



WXR Model Definition

MACHINE
WXRModel
VARIABLES  ui
INVARIANTS
invl:
JuiArg - (ui = initiator(A661W X ROntology))V
dm - isW DChangeM odeSelection(A661W X ROntology,uiArg, m) A ui = changeM odeSelection(A661W .
(Fv - isW DChangeTitl Angle(A661W X ROntology,uiArg, v) A ui = changeTitl Angle(A661W X ROntolog)
(isW DSetTiltSelectionCT RL(A661W X ROntology,uiArg) A ui = setTiltSelectionCT RL(A661W X ROn
(isW DSetTiltSelectionAUT O(A661W X ROntology, uiArg) A ui = setTiltSelection AUT O(A661W X ROv
(isW DSetStabilizationCT RL(A661W X ROntology,uiArg) A ui = setStabilizationCT RL(A661W X ROni

(isW DSetStabilizationOF F(A661W X ROntology, uiArg) A ui = setStabilizationOF F(A661W X ROntolc

thm1: isVariableOf ARINC6610ntology(A661W X ROntology, ui)

thm?2 :
(Vrb,bl,b2 - rb € RadioBoxInstances A bl € CheckButtonInstances A b2 € Check ButtonInstancesA
rb — hasChildrenForRadioBox + bl € ui A rb — hasChildrenForRadioBox — b2 € ui
= (bl » hasCheckButtonState - SELECTED € ui A b2 — hasCheckButtonState - SELECTED
A
(
Vrb,bl,b2 - rb € RadioBoxInstances A bl € ToggleButtonInstances A b2 € ToggleButtonInstancesA
rb — hasChildrenForRadioBox — bl € ui A rb +— hasChildrenForRadioBox — b2 € ui
= (bl — hasToggleButtonState » SELECTED € ui A b2 — hasToggleButtonState » SELECTEL
)
A(
Ved,v-ed — hasValue » v € ui = v e A661_EDIT_BOX_NUMERIC_ADMISSIBLE VAL
)
EVENTS
INITIALISATION
THEN

actl : wui :=initiator(A661W X ROntology)
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END

changeModeSelection
ANY mode
WHERE

grdl: mode € W X Rcheck Buttons

grd2: isW DChangeModeSelection(A661W X ROntology, ui, mode)
THEN

actl : ui :=changeModeSelection(A661W X ROntology, ui, mode)
END

setTiltSelectionCTRL
WHERE

grdl: isW DSetTiltSelectionCT RL(A661W X ROntology, ui)
THEN

actl : ui := setTiltSelectionCT RL(A661W X ROntology, ui)
END
setTiltSelectionAUTO
WHERE

grdl: isW DSetTiltSelectionAUT O(A661W X ROntology, ui)
THEN

actl : ui := setTiltSelectionAUTO(A661W X ROntology, ui)
END
setStabilizationCTRL
WHERE

grdl: isW DSetStabilizationCT RL(A661W X ROntology, ui)
THEN

actl : ui := setStabilizationCT RL(A661W X ROntology, ui)
END
setStabilizationOFF
WHERE

grdl: isW DSetStabilizationOF F(A661W X ROntology, ui)
THEN

actl : ui := setStabilizationOF F(A661W X ROntology, ui)
END
changeTitlAngle
ANY newAngle
WHERE

grdl: newAngle € A661_EDIT_BOX_NUMERIC_VALUES
grd2: newAngle € A661_EDIT_BOX_NUMERIC_ADMISSIBLE VALUES
grd3: isW DChangeTitl Angle(A661W X ROntology, ui, newAngle)
THEN
actl: ui :=changeTitlAngle(A661W X ROntology, ui, newAngle)
END
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Listing 4: Event-B machine modelling the WXR user interface
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