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A view on type information

* Types constrain structure and behaviour of instances

Inflexible when context changes
— | have a book but | need a hammer
— How do | derive that the book | have is “hammerisable”?

Typical solutions

— Merging information on domains

— Creating bridges

Rigidity connected with the notion of typing morphism
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Types as annotations

Annotations give information about properties
Type morphisms substituted by annotation patterns
Constraints associated with types

Not instances of types but elements of a domain

— Elements annotated with some type must conform to
some pattern

— Elements conforming to some pattern must be annotated
with some type
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Graphs with boxes (B-graphs)

G=(V,E, B,s,t, cnt)
 V, E as In usual graphs
« s,t: E— V U B source and target functions
« cnt: B - AV U B)
Transitive containment, anti-symmetry not
required, antireflexive
« xecnt(b,) A b,ecnt(b,) = xecnt(b,)
* becnt(b)
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Morphisms

A (B-)morphism f: G, - G, between B-graphs
G=(V;, E, B;,s;, t;, cnt;) Is a triple

(f,:V, > V,, fc:E; > E,,fg: By —> B,) that

* preserves s; and t;, and

* If xecnt(b,) then f,, , g(x) ecnt(fz(b,))

(composition of morphisms Is constructed componentwise)
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Annotations on graphs

* Annotations relate elements of two different
domains via an annotation node.

 Constraints for well-formedness

C
P
: Element :é;mnotates 1: AnnotationNode
1: AnnotationNode v:With
: Element
Forbidden graphs
: Element ;‘annotates : AnnotationNode :Element [« with : AnnotationNode

y :annotates v:with
: Element : Element
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The metamodel M for type annotation

1.* \/ - Morphism 0
Policy [~ = -isTypi.ngMorphism : boolean Domain typedPolicy
-mapping : Map - - -
-isCorrespondenceMorphism : boolean
annotates source target
_ vV WV VEE e Q
AnnotationNode Element Graph < T
—| > |
-isTypeAnnotation -name : string [0..1] C -isTypeGraph C |
YN A i |domType.isTypeGraph==true
with | Q
R 5 i src ¥ *
I Edge > Node Box BoxContent
hasName -isEdgeType >|-isNodeType -isBoxType -cnt : Map
tgt ZE -isTypeBundle
|J
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OCL constraints on M

context Domain inv

let
allMor : Set = Morphism.allinstances(),
type : Graph = self.graph

in

self.policy.morphism -> forall (m| allMor -> exists(m2,m3 |

m2.isTypingMorphism = true and m2.source = m.source and m2.target =
self.domType and

m3.isTypingMorphism = true and m3.source = m.target and m3.target =
self.domType

)
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Graph constraints for type annotation

3:annotates > 2:Node
isNodeType=false

3:annotatg 2:Node
isNodeType=false
1:AnnotationNode l.AnnotationNods

isTypeAnnotation=true
isTypeAnnotation=true L

Vv

Node
with —» isNodeType=true

annotateg" Node
isNodeType=false
1:AnnotationNode - |[1:AnnotationNode
isTypeAnnotation=true ~ |lisTypeAnnotation=true
: L 2:Node 3:with 2:Node
s P
2 isNodeType=true isNodeType=true
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Forbidden graph

annotates »Element < annotates
AnnotationNode AnnotationNode
isTypeAnnotation=true isTypeAnnotation=true
with > Node < with
isNodeType=true

For an element e,
annType(e) Is the set of types with which it is annotated
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From typing to type annotations

— tpY T
G — GOTG ~— TG

In, In,
f,®f, f
fg
H(G,tp®)
H(G,tp®), is the minimal graph with type annotation s.t.:

* both G and TG have isomorphic (disjoint) Immersions
In G, G"and TG’, defined by morphisms f; and f,

« each element in G’ Is annotated with exactly one type
elementin TG’

- for each element x in G annType(f,(x))= f(tp®(x))
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The induced functor typeAnn. TG—>ATI1

* typeAnn,, maps each object G of TG into the
object H(G,tp®) of AT1

* typeAnn, . maps each morphism m:G—>G’of TG
iInto a morphism m ":H(G,tp®)—=>H(G’,tp¢") such that
for each element x of G 1, (m(x))= m (f,(x))
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Properties of typeAnn

 Lemma 1. If a graph GeODb(TG) is correct under
typing morphisms, then its image under typeAnn,,

IS correct under type annotation.
 Lemma 2. If a morphism meHom(TG) is type-
oreserving then typeAnn,__(m) IS type-annotation-
preserving.

Hom
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Correspondence patterns (in M) |

TG corrTypel T C
) ypeLorr corrType2
tp? H(G,tp®)
corrinstancel
p InstCorr -~ corrinstance2
:Morphism
isTypingMorphism=true
source Ima)pl)pling:Ml | ’ target
A\ 4 \ 4
:Graph :Graph
tpg isTypeGraph=false isTypeGraph=true
ogmP ogmP
nl:Node | _____ t}’??____\ n2:Node
isNodeType=false g isNodeType=true
(n1,n2)eM1
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Correspondence patterns (in M) Il

TG TypeCorr
‘Node ‘Node
T 1 corrType2
name=X <-S2TOPE . ‘Node F=--- P8 > name=x H
isNodeType=true isNodeType=true with
)
: :AnnotationNode
type isTypeAnnotation=true
1
:Node _corrinstance] torrinstance2-| :Node annotates
. - st el :Node F==-=%== > -
isNodeType=false isNodeType=false
G InstCorr
TypeCorr
e iaiatuiaiaid Balltetetedatatetetuiutail tlaialy ‘Node F---q--------------~c~-5 :
' corrTypel ) - corrType2v
I ‘Node < I ‘Ed
\;/ corrinstancell 1--->1 :Node .eage
/I\ Sre ~ | Node _c_oFrl_r; stance?2 name=x
:Edge typd ‘Edge src isEdgeType=true
hame=X <10 isEdgeType=false | | '
isEdgeType=true e ypem ' corrlnstancel . . ndtance2 ‘Edge
tgt “--7 ‘Node |---1- isEdgeType=false
corrinstancel torrinstance?) tgt
‘Node <----F---7 :Node ---7 -->{ :Node
TG G InstCorr H
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Inheritance

T AT AT AT

: Type Annotation
Typing
T ol Element annotates| : AnnotationNode With | b1:Box
—— : iIsTypeAnnotation=true iIsTypeBundle=true
cnt(b1)={T,....T;,...T}
ell:T i
annotates| : ApnotationNode With | h2:Box
J el:Element : —— > —
! isTypeAnnotation=true isTypeBundle=true
el2T cnt(b2)={T,,...T}

Instance Level Type Change
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Patterns and types

P C
annotates with
: AnnotationNode .| :Node
1: ModelElement 1: ModelElement isTypeAnnotation=true i isNodeType=true

P C

typea typed ] _ :AnnotationNode - :Node

pattern pbatterp ‘ModelElement isTypeAnnotation=true " isNodeType=true
P C
. P 2:AnnotationNode _ 3:Node typed ] _ | 2:AnnotationNode | 3:Node
1:ModelElement isTypeAnnotation=true " isNodeType=true batterp 1:ModelElement isTypeAnnotation=true " isNodeType=true
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Type change and repair actions

L R
1: Node | : Annotatlon.Node 1: Node |le : :Annotatlor'.nNode
isTypeAnnotation=true isTypeAnnotation=true
:annotates :annotates |
:with
\ 4 * :with

3: Node 2: Node 3: Node 2: Node

isNodeType=true isNodeType=true isNodeType=true isNodeType=true

L+—K—R
A
G+ D—H
C—P—C
L& P<— Ko, F—>Ra,P [~ K—R p-
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Case study: gender change

G
P C
:canDrive . true
1: Person 1: Person[* : TypeAnnotation | .
: e
3: canDrive 3 %nDriveannotates "with bruce:Person namez“rli/lale"
v : annptates ’f‘with
2: true 2: true . Type Type )
name = “Male name="Female” : TypeAnnotation
L R
1 : Person 3:Type 1 : Person 3: Type
_ name="Male” name=“Male”
-annotates :annotates
‘with
:with
4 : Type 4 : Type Al i
name="Female” :TypeAnnotation name="Female” : TypeAnnotation
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Case study: classification

6:clearNeighbourhood

A 4

7: true

d
<

4 :hydroEquilibrium  2: ortitsAround

1 : AstroObject

3 : AstroObject
name="Sun”

7: false

6:clearNeighbourhood

S: true
4 :hydroéauilibrium

A

1 : AstroObiject

2: orbitsAround
Y

3 . AstroObject

name="Sun”

C
6:clearNeighbourhood
v :annotates
7: true [ 1 : AstroObject*— :TypeAnnotation
4 :hydroEquilibrium 2: or&itsAround ¥ ‘with
3 : AstroObject Type
name="Sun” name=“Planet’
C
S: true
A

6:clearNeighbourhood

7: false

4 :hydroEquilibrium

:annotates

<
<

1 : AstroObiject

2: orbitsAround
Y

A

3 : AstroObjec

name="Sun”

:TypeAnnotation

v :with

‘Type

name="DwarfPlanet”
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Case study: reclassification

G G’
5: true 5: true
A
4 :hydroéauilibrium 4 :hydroEquilibrium
-annotates :annotates
< : i . N < 1 - AstroObjec, .

7: false[* ﬁa nf\eS:tﬂr;ag!eN: ‘TypeAnnotation | ——|7: false[* Nemoc'Plutgr |+ L.1YPeANnotation
6:clearNeighbourhood *2: orbitsAround ¢ ‘with 6:clearNeighbournood {2: orbitSAroUN il ‘with

3 : AstroObject .Type 3 : AstroObject Type

name="Sun” name="Planet” name="Sun” hame="DwarfPlanet’
L R

5: true S: true
A A
4 :hydroEguilibrium 4 :hydroEquilibrium
6:clearNeighbourhood -annotates 6:clearNeighbourhood -annotates

7: false[* 1 : AstroObject[*— :TypeAnnotation 7: false[* 1 : AstroObject[*—| :TypeAnnotation

2: orbitgAround + wwith 2: orbitsAround Lwith

A 4 A 4
3 : AstroObject Type 3 : AstroObject Type
name="Sun” name="Planet’ name=“Sun” name="DwarfPlanet”
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Conclusions

» Type annotations as a flexible way to associate
type information to instances

* Types integrated in the domain graphs

* Consequences:
— Dynamic typing possible at the instance level
— Multiple typing inherently supported

— Additional information can be associated with elements,
even If not required by their types
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