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Formal Specifications of Diagrammatic Models using Meta Hierarchy
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A software specification is formalized so that it is guaranteed to be described without a contradiction
and a ambiguity. In large scale software, however, it is difficult to formalize specifications. This work
focuses on diagrammatic models using software specifications, and defines the meta models that have
a semantic description of a diagrammatic model. So, it is enable that a model is described using its
meta model, consequently the specifications is formalized simply. For meta models, this work proposes
a guideline for formalizing meta models to describe formal specifications easily.
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NAModel
Arc : PNODE

Node : P NODE
relate : NODE -+ (NODE x NODE)

Arc = dom relate
(Node x Node) = ran relate
Va':Arce
3nl,n2: Node o (nl, n2) = relate(a)
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__ CreateNode

ANAModel
node? : NODE

node? ¢ Node
Node' = Node U {node?}

—%, /— ROHIRRTIE, AlIREINS ./ — RNEEIZ
HHETS/)—ROESR Node DEZETHDZ ENE
BIRHETHY, HIFREIL Node NS HIBRENDZ &
NEREHTHS.

— DeleteNode

ANAModel
node? : NODE

node? € Node
Node' = Node \ {node?}
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. CreateArc

ANAModel

arc? : NODE

nodel? : NODE
node2? : NODE

arc? ¢ Arc

nodel? € Node

node2? € Node

relate’ = relate U {arc? — (nodel?, node2?)}
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— DeleteArc

ANAModel
arc? : NODE

arc? € Arc
relate’ = {arc?} < relate
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— MetaHierarchy
meta : NODE +» NODE
base : NODE + PNODE

BaseModel : P NODE
MetaModel : P NODE

BaseModel = dom meta
MetaModel = ran meta
MetaModel = dom base
P BaseModel = ran base
V basernodel : NODE o
dmetamodel : NODE o
metamodel = meta(basemodel)
Y basemodel, metamodel : NODE o
metamodel = meta(basemodel) <
basemodel € base(metamodel)
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ERFModel
[ NAModel
MetaHierarchy
EntitySet : PNODE
RelationshipSet : PNODE
FieldSet : PNODE
Contain : P NODE
relateEtoE : NODE -+ (NODE x NODE)
contain : NODE + (NODE x NODE)

EntitySet N RelationshipSet = &
FieldSet C EntitySet
Contain C Arc
RelationshipSet = dom relate EtoE
EntitySet x EntitySet = ran relateEtoE
Contain = dom contain
(FieldSet x (EntitySet U RelationshipSet))
= ran contain
V7 : RelationshipSet; el, e2 : EntitySet o
relateEtoE(r) = (el, e2) &
" (3a: Arce relate(a) = (el,)) A
(3a: Arc o relate(a) = (r, €2))
: RelationshipSet
Jel, e2: EntitySet o
(€1, €2) = relateEtoE(r)
: Contain e
3 nl, n2: (EntitySet U RelationshipSet) o
(n1,n2) = contain(c)
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RelationshipSet 1ZJ&T 2 XM relatel, relate2,

containl, contain2, contain3 L7515,

— MetaMetaModel
ERFModel
ENTITY,RELATIONSHIP, FIELD : NODE
relatel, relate2, containl, contain2, contain3 : NODE

EntitySet = base(ENTITY)
RelationshipSet = base(RELATIONSHIP)
FieldSet = base( FIELD)
{ENTITY ,RELATIONSHIP, FIELD}

C EntitySet
{relatel, relate2, containl, contain2}

C RelationshipSet
(RELATIONSHIP, ENTITY) = relateEtoE(relatel)
(RELATIONSHIP, FIELD) = relate EtoE(relate2)
(FIELD,ENTITY) = relateEtoE(containl)
(FIELD, RELATIONSHIP) = relateEtoE(contain2)
(FIELD, FIELD) = relateEtoE(contain3)
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TAET A=V RITHTDAF—TELTFITRT.
CreateEntity

[ AERFModel
entity? : NODE

entity? ¢ EntitySet
EntitySet' = EntitySet U {entity?}

— DeleteEntity
AERFModel
entity? : NODE

entity? € EntitySet
EntitySet’ = EntitySet \ {entity?}

— CreateField
AERFModel
field? : NODE

field? ¢ FieldSet
FieldSet' = FieldSet U {field?}

— DeleteField
AERFModel
field? : NODE

field? € FieldSet
FieldSet' = FieldSet \ {field?}
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— CreateRelationship
AERFModel
relationship? : NODE
entityl? : NODE
entity2? : NODE

relationship? ¢ RelationshipSet
entityl? € EntitySet
entity2? € EntitySet
relateEtoE' = relate EtoEU
{relationship? — (entityl?, entity2?)}

— DeleteRelationship
AERFModel
relationship? : NODE

relationship? € RelationshipSet
relateEtoE' = {relationship?} < relateEtoE




3.5 RXEFILOMLERRG

PLEICRUEAYET N ELERTHDDAF—
T Efo, EBMORRNETINOHRMEROF %
BT, ARETI, HIELTRMNI Ry FEFIL
ZOWTHERILTS. £7, XhU Ry METILO
AYEFIINEES - BRLL, ENZANTRLY
2y FEFI R—=ZEFI)) 2EHE - BRLT 5.

RpYRy bASETN

AZAFEFNBFS>TELER N R MET
NDAZEFINERINRT. £TZORDORER
WAL L2 AF—< PetriNetMetaModel LA T D
EOKREETD.

=

Place Transition
srcl src2 )
dst3

Token

2: XY Ry FAFETFN

__ PetriNetMetaModel
MetaMetaModel
Place, Transition, PtoT, TtoP, Token, Has : NODE
srcl, src2, src3, dstl, dst2, dst3 : NODE

{srcl, src2, src3, dst1, dst2, dst3} C RelationshipSet
(Place, PtoT) = relateEtoE(srcl)

(PtoT, Transition) = relateEtoE(dst1)
(Transition, TtoP) = relateEtoE(src2)

(TtoP, Place) = relateEtoE(dst2)

(Place, Has) = relateEtoE(src3)

(Has, Token) = relateEtoE(dst3)
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{Place, Transition, PtoT, TtoP, Token} C EntitySet

D, 7T—081TOHREHEII PtoT, TtoP, Has
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__PetriNetMetaModell

PetriNetMetaModel

PlaceSet, TransitionSet, PtoTSet,
TtoPSet, TokenSet, HasSet : P NODE

relatePlacetoToken : NODE + (NODE x NODE)

PlaceSet = base(Place)
TransitionSet = base( Transition)
PtoTSet = base(PtoT)
TtoPSet = base( TtoP)
TokenSet = base(Token)
HasSet = base(Has)
PtoTSet = dom relatePlaceto Transition
(PlaceSet x TransitionSet)
= ran relatePlaceto Transition
TtoPSet = dom relate TransitiontoPlace;
(TransitionSet x PlaceSet)
= ran relate TransitiontoPlace
HasSet = dom relatePlacetoToken
(PlaceSet x TokenSet)
= ran relatePlacetoToken
V ptot : PtoTSet; p : PlaceSet; t : TransitionSet o
relate Placeto Transition(ptot) = (p,t) &
(37 : RelationshipSet o relateEtoE(r)
= (meta(p), meta(ptot))) A
(3 r : RelationshipSet o relateEtoE(r)
= (meta(ptot), meta(t)))
Y ttop : TtoPSet; p : PlaceSet; t : TransitionSet o
relate Transitionto Place(ttop) = (t,p) <
(37 : RelationshipSet o relateEtoE(r)
= (meta(t), meta(ttop))) A
(37 : RelationshipSet o relateEtoE(r)
= (meta(ttop), meta(p)))
Y has : HasSet; p : PlaceSet; t : TokenSet o
relatePlaceto Token(has) = (p, t) &
(3 : RelationshipSet o relateEtoE(r)
= (meta(p), meta(has))) A
(37 : RelationshipSet o relateEtoE(r)
= (meta(has), meta(t)))
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relate Placeto Transition : NODE -+ (NODE x NODE)
relate TransitiontoPlace : NODE -+» (NODE x NODE)



— CreatePlace
APetriNetMetaModell
place? : NODE

place? ¢ PlaceSet
PlaceSet’ = PlaceSet U {place?}

— DeletePlace
APetriNetMetaModell
place? : NODE

place? € PlaceSet
PlaceSet' = PlaceSet \ {place?}
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__ CreatePtoT
APetriNetMetaModell
ptot? : NODE

place? : NODE
transition? : NODE

ptot? & PtoTSet
place? € PlaceSet

relate Placeto Transition' =
relate Placeto Transition

__fire

A PetriNetMetaModell
transition? : NODE
outtokenset : P NODE

transition? € TransitionSet

outtokenset N TokenSet = &
Y inplace : PlaceSet |
I ptot : PtoTSet o (inplace, transition?)
= relatePlaceto Transition(ptot) e
Jtoken : TokenSet o
Jhas : HasSet o (inplace, token)
= relatePlacetoToken(has) A
TokenSet' = TokenSet \ {token} A
relate Placeto Token' = {has}
<relatePlaceto Token
VY outplace : PlaceSet |
Jttop : TtoPSet o (transition?, outplace)
= relate Transitionto Place(ttop) ¢
3 outtoken : outtokenset o
Jhas : HasSet o (outplace, outtoken)
= relatePlacetoToken(has) A
TokenSet' = TokenSet U {outtoken} A
relatePlaceto Token' = relatePlaceto Token
U{has — (outplace, outtoken)}

e - ) _
transition? € TransitionSet REYZRy FR=REFI

—DeletePtoT

U{ptot? — (place?, transition?)}

APetriNetMetaModell
ptot? : NODE

ptot? € PtoTSet
relatePlaceto Transition' = {ptot?}
<relatePlaceto Transition
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PetriNetMetaModell

placel, place2, place3 : NODE
transl : NODE

tokenl, token2 : NODE

arcl, arc2,arc3 : NODE
h1,h2 : NODE

{placel, place2, place3} C PlaceSet

{transl} C TransitionSet

{tokenl, token2} C TokenSet

{arcl, arc2} C PtoTSet

{arc3} C TtoPSet

{h1,h2} C HasSet

(placel, trans1) = relate Placeto Transition(arcl)
(place2, trans1) = relatePlaceto Transition(arc2)
(transl, place3) = relate TransitiontoPlace(arc3)
(placel, tokenl) = relatePlaceto Token(h1)
(placel, token2) = relatePlaceto Token(h2)
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