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Formal Specifications of Diagrammatic Models using Meta Hierarchy

Kei Kogai Yoshikazu Ueda

Ibaraki University
4-12-1 Naka-Narusawa, Hitachi, Ibaraki, 316-8511 Japan

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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relatel

ENTITY RELATIONSHIP

. relate2
containl

contain2

OcontainB

1: AZ AT ET))

FIELD

3 ZICKBHHXETFIOE I

A TIEHRRETINOERMEEZ A SRR (LT
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3.1 BREILDIETIOMLE

R TIEN= L D1, AR TIERRRET IO
HRRIIEAEETTIINTERT. 20D INSDE
FNOEEERBTLONE, /—R-T—UEF
NWINELTWS, - T, ETEBEMSEL T/ —
Re7—2%F)IodkeERRtTs. IXETT)L
BRI 2ERIETEERNEET D20, 2
FINLE ) — RERTEODORNSLEERE, ZO
% NODE &9 %.

[NODE)

RIZ ) — RMT =212 ko> THEEMT SN TWBIR
HORRICOWTERS, 7—7idEIZ2D/—R
Mo ZEEMTTNSELT, ZOBEMTEM
B relate ZFHNTRDOLIIZERT.

(nodel, node?) = relate(arc)

T, RHD nodel, node2, arc 13%E NODE
DEHRTHD. ZHUTL->T, R/ — REH
BT TNWB T =2 THY, EEIBEETD /) —F
EREEED ) —ROMERLTWS. DEDT—7
arc V& /7 — K nodel 705 / — K node2 ~ & @ {+F
TTn5.

ZLTC, /= RT—UFT)NEAF— NAModel
ELTRDEDICEETD. ZOAF—TDRHERIC
1, 7T NEET AN T 2 D0/ — RERE
T TBNIEERL TNS.

__NAModel
Arc : PNODE

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

Are = dom relate
(Node x Node) = ran relate
Ya:Arco
3nl,n2: Node e (nl, n2) = relate(a)
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AF— NAModel \2&V0, ) —R - 7—0%EF
IWOREERTZENTESDN, IXETFTINOHFIC
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KL TETINEEDREOELERTETIVNSD
3. B2 REURY PETFVE =72 E0D
MREENEILLTEZZETEFINORENENLT
5. ZOEIRHAETINEEELT, TTILOE
WRERIIHT DEREGRERT AF - EETH
T5.

=R T7—ZEFINDOEHE, BREXELT
)= RET—INEHET DD, TD2DODEHIC
NI BEREHROMIEEREEAF T E L TESR
T5. /—ROAERTIE, £REND ./ — BHMBEC
BHETD /) — RO%ES Node DEFZRTIRNWI ENE
RIRMUTHO, ERHEIE Node DEFE LB &N
BRRHTHS.

__ CreateNode

ANAModel
node? : NODE

node? &€ Node
Node' = Node U {node?}

—7%, /— BOHIFRTIE, BRI 5 /— R9BEIC
HFETSE /) —ROES Node DEFETHDZENE
MGETHO, HIBREIL Node NSHIRENZZ &
MEREFHETHS.

DeleteNode

ANAModel
node? : NODE

node? € Node
Node' = Node \ {node?}

7—213) — REBEEMTB I ENERBOTHS
=%, ETHEEMTOMRLILD 2D/ — NEE
LTwiirhudia sz, /-7T, 7—2ERED
HARME, - ROBEOKEICTMAT, BEM
57— NBCEETEIETHS. FRERE
i3 /) — FOBBITMAT, TIN50 /) — Rz
HFTBHZETH5.

CreateArc
r—ANAModel
arc? : NODE
nodel? : NODE
node2? : NODE

arc? € Arc

nodel? € Node

node2? € Node

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

LT, 7= OHRRE, BifRENsT —U MBI
BHEIDT -7 DHES Arc DEETH D ZENE
HISRMETH D, HIFREIIBIENM 1T & KT BIE relate
MSHIRE N2 T — - OBGEM T ZIR D BRA T
LI EMERENTHS.

— DeleteArc

ANAModel
arc? : NODE

are? € Are
relate’ = {arc?} <4 relate

3.2 ASBBIEEINIETIINEOMRZ

MEETINOXR—ZAETFINDIBIEED A Y EF
NVOEHBIIHS TR ENB I &IT/sD. - TH
REFINOHFEELRT BHIZ, AYETIVICHET
LEREDRTELLENDS. £ZT, EFIVD
BHREREIBHBOXYEF)IEOHERMEEET
AF—TEEHTSH. AYEELINETIEO
B {%%& A+~ MetaHierarchy &L TRD L D12
EETDH, R—AETFNNSZDAYTETIIADE
BB meta TEL, AYETFINEFDODAYET
WINSERENTZR—=ZAETFIIOHEE - OEHRERE
B base THEL TS,
~ MetaHierarchy
meta : NODE -+ NODE
base : NODE -» P NODE

BaseModel : P NODE
MetaModel : P NODE

BaseModel = dom meta
MetaModel = ran meta
MetaModel = dom base
P BaseModel = ran base
V basemodel : NODE o
I metamodel : NODE o
metamodel = meta(basermnodel)
Y basemodel, metamodel : NODE o
metamodel = meta(basemodel) &
basemode! € base{metamodel)
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—— ERFModel
NAModel
MetaHierarchy

EntitySet : PNODE

RelationshipSet : P NODE

FieldSet : P NODE

Contain : P NODE

relateBtoE : 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 relateEtoF
Contain = dom contain
(FieldSet x (EntitySet U RelationshipSet))
= ran contain
V r : RelationshipSet; el, e2 : EntitySet o
relateEtoE(r) = (el, e2) &
(3a: Arce relate(a) = (el, r)) A
(Fa: Arc e relate(a) = (r, €2))
RelationshipSet o
Jel, e2: EntitySet e
(el,e2) = relateEtoE(r)
: Contain e
3nl,n2: (EntitySet U RelationshipSet) o
(nl,n2) = contain(c)

Vor:

RIZETEHELZERF EFNVEANTAI RS
EFIVEEFETD. AT AFTETIITBNC, Z2F
474 ELTHDNSDIIENTITY, RELATION-
SHIP, FIELD TH D, IN5EES EntitySet 1T
BTHEEELTEETS. £L T, ZTNH0DE
FEBAK relateEtoE 12 &> THETTTWSES
RelationshipSet [ZJ& Y %2870 relatel, relate2,
containl, contain2, containd £7/35%.

__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) = relateEtoE(relate2)
(FIELD, ENTITY) = relateEtoE(containl)
(FIELD, RELATIONSHIP) = relate EtoE(contain2)
(FIELD, FIELD) = relateEtoE(contain3)

BRI, AYAZTETFINEFE->TCIRRTHAYE
TIVIZHBITD, BHEREREDER/MRICET S 2
F-TEFEETD. INOGDRAF—T bR LA
WZHETET TR U A Y BT IS Iicx 3 B8R/
TWa, /= RYA TOBBRERERLDL T4
TAETA—IVRIZRHTBAF—TELLTFITRT
__ 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?}

T=0F4TELTCERINB Y L—Tariy T
DER/BIBRIZHT B AF—TIZUTOLD IS,

CreateRelationship
AERFModel
relationship? : NODE
entityl? : NODE
entity2? : NODE

—

relationship? ¢ RelationshipSet
entityl? € EntitySet
entity2? € EntitySet
relateBtoE' == relateEtoBU
{relationship? ~ (entityl?, entity2?)}

— DeleteRelationship
AERFModel
relationship? : NODE

relationship? € RelationshipSet
relateEtoE' = {relationship?} <4 relateEtoE
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3.5 HEXETILOLEREC RS

PUECRUEATET N 2R T B0 AF—
R EFo 7, EERORRT T OERBIEROF %
IF5, ARETIE, MELTRM) Ry NEFIV
WOWTERIET S, £, RhU XY MEFILD
AZEFINEESR - BRLL, TNEANVTRRY
oy FEFIN (R=ZXETIN) 2EH KT 5.

NhYUgRy FASETI

AFAYET )N EFE>TRLIEN DY Ry NET
IWDAFETINERKITNGRT. £ ZORDIRIES
R L U A3 —< PetriNetMetaModel % LA F D
LOIERT S,

dstl

b

Transition

>

Token

B 2: XEUFRy BAYETIV

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

NODE

{Place, Transition, PtoT, TtoP, Token} C EntitySet
{srcl, src2, src3, dstl, dst2, dst3} C RelationshipSet
(Place, PtoT) = relateEtoE(srcl)

(PtoT, Transition) = relateBtoE(dst1)

{ Transition, TtoP) = relateEtoE(src2)

(TtoP, Place) = relateEtoE(dst2)

(Place, Has) = relateEtoE(src3)

(Has, Token) = relateEtoE(dst3)

KIZR MY Ry BAFEFVIZE TR 2y b
N=RAETINELERT HBRICHERHIHNZ LR
5., INEAF—T PetriNetMetaModell &L T
EFETD., MU Ry FEFIITBNT, /—R¥
A TOREFENL Place, Transition, Token T®H

D, 7—05A 7TOMREFEIL PtoT, TtoP, Has
TH5.

— PetriNetMetaModell

PetriNetMetaModel

PlaceSet, TransitionSet, PtoT Set,
TtoPSet, TokenSet, HasSet : P NODE

relate PlacetoToken : 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 Transitionto Place
HasSet = dom relatePlaceto Token
(PlaceSet x TokenSet)
= ran relatePlaceto Token
V ptot : PtoTSet; p : PlaceSet; t : TransitionSet o
relatePlaceto Transition(ptot) = (p, t) &
(37 : RelationshipSet o relateEtoE(r)
= (meta(p), meta(ptot))) A
(37 : RelationshipSet e relateEtoE(r)
= (meta(ptot), meta(t)))
Y ttop : TtoPSet; p : PlaceSet; t : TransitionSet o
relate TransitiontoPlace(ttop) = {t,p) &
(37 : RelationshipSet o relateEtoB(r)
= (meta(t), meta(itop))) A
(3 7 : RelationshipSet o relateBtoE(r)
= (meta(ttop), meta(p)))
Y has : HasSet; p : PlaceSet; t: TokenSet o
relatePlaceto Token(has) = (p, t) &
(37 : RelationshipSet o relateEtoE(r)
= (meta(p), meta(has))) A
(37 : RelationshipSet o relateBtoE(r)
= (meta(has), meta(t)))

KIZR MY oy bEFILORHERESE D4R /H
FRICBET A AF—TERERTS. bRy NET
MBS TRLELDIIC ) — Ry TET7—0 %
A TOBRERDHEET DN, TOFOTL—AI
MTBAF—TEHRE /) — RYA TOHELTEHT
D, T OMORRERICH LU THHINELR DL
BRICTHS.
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__ CreatePlace
A PetriNetMetaModell
place? : NODE

place? & PlaceSet
PlaceSet' = PlaceSet U {place?}

__DeletePlace
A PetriNetMetaModell
place? : NODE

place? € PlaceSet
PlaceSet' = PlaceSet \ {place?}

=084 TOHELT, TL—AMB 2P
arAN\DF =TI/ T B AF - ELTIZRT.

__CreatePtoT
A PetriNetMetaModell
ptot? : NODE

place? : NODE
transition? : N ODE

ptot? g PtoTSet
place? € PlaceSet
transition? € TransitionSet
relatePlaceto Transition’ =
relatePlaceto Transition
U{ptot? —~ (place?, transition?)}

—_fire

A PetriNetMetaeModell
transition? : NODE
outtokenset : PNODE

transition? € TransitionSet
outtokenset N TokenSet = &
Y inplace : PlaceSet |
I ptot : PioTSet © (inplace, transition?)
= relatePlaceto Transition(ptot) e
dtoken : TokenSet e
Jhas : HasSet o (inplace, token)
= relatePlacetoToken(has) A
TokenSet' = TokenSet \ {token} A
relate Placeto Token' = {has}
<4relatePlaceto Token
V outplace : PlaceSet |
3 ttop : TioPSet o (transition?, outplace)
= relate TransitiontoPlace(ttop) e
3 outtoken : outtokenset o
Jhas : HasSet e (outplace, outtoken)
= relatePlaceto Token(has) A
TokenSet' = TokenSet U {outtoken} A
relatePlaceto Token' = relatePlacetoToken
U{has —> (outplace, outtoken)}

RbhJzxy hpAR—=XEFIV

MAEFNOBRLDBRBRITRN MY Ry FDOX—
AEFINERRILTS. XM Xy hOXR—ZE

TR 77 HBETFINEZUTOLIITHERL

—_DeletePtoT
A PetriNetMetaModell
ptot? : NODE

ptot? € PtoTSet
relate Placeto Transition' = {ptot?}

REUZRy PEFIVEBRATZZERL>TET
WOREZERILI DI ENTES, BAENDIH
BIITV—AFIEETD b~ DD -2
SRBEBTAIETRIIENTES. DED, £
FINHFD =2 NI BRERDOHIRR & £/RD
ERZFBALTRAOBEEZRER(LTHIENT
EL, TDZELEXZEZTRAKERTAF—X fire
EZLUFIORY. 22T, BAAIRER NS P ar
1 transition?, TOKRI 2TV a ITHTBHAN
7L — 213 inplace, H517 L — A& outplace TH
L, 2T inplace I LB L TWE ~h—r 2%
1DHIBRL, 2TD outplace IZXL b—22>%1D
LTV,

— apetrinet

L7z, XhUZy FEWISEEHORAETIVICHBWN
T, ORI Ry hEFINERRMETHHED,
ZONR=AETNOMYOHELRT B2 TES
WM 2y FEFIILOERERERET D ENT
<relatePlaceto Transition 5,

PetriNetMetaModell

placel, place?, place3 : NODE
transl : NODE

tokenl, token2 : NODE

arel, arc2,arc3 : NODE
h1,h2 : NODE

{placel, place2, place3} C PlaceSet

{transl} C TransitionSet

{token1, token2} C TokenSet

{arcl, arc2} C PtoTS5et

{arc3} C TtoPSet

{h1,h2} C HasSet

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

arcl

arc3

hlg placel

tokenl transl place3

h2 4 place2 [ arc2

token2

3 REU Ry hEFIV

4 EFTIO—-FIcLD
MELAEICDNT

BiE TR EFMICHT 2 EUMLO T TO—FIZ
DWTIRARZMN, ZNHE&FAL T, B2 7SBREED
ZBAZHNB.

121, BRILENZETNVORENASY ET))
DR Z L TONBNEINDRIETH D, 2D
Bl EREZ L TWa 5, ZhRFORKETET IV
KBNTIRELWEFNLNTH D I ENFRIEIND.

FLTHD 121, EFU T OEENELWF
JETHONTNDENEINDRIETH S, ZNIIHE
REBZEDEK/HIBROAF - E2MAEDED &
THRRBZENTES. FIZIE, FELRN/—F
NDT =7 X BEEDITR, TOHEFIIBITHH
DF v T ENFARLNS.

B#IC, BEOREZARAETIIVHOEEMHICHE
THRITHD. BEORRBIHRNETINTD, €
NTNMELTVHLEKRDEEL THDHHEND
%, ZOXIHRE, A7 SO0—FTlE, 50K
REFNVDAYEFINDAF—T EFIZ, ZN50
AGETINHTHZINDREESEICHET 5H%
ZEBR L2 AF—T EMA THRIUIE S ITREEN
FA5. HIZE, UMLIC& - TRtib S Nz ikic
BWTY AKX, REBBRK, > —F > AKOMO

BEMERITZOICENTHS.

5 HbHUIC

AWFETI, V7 by 7B AR ET
JICHESEEYT, ZnaBbT 5 FHEBRT 2
DI ETIVE AYBERB Ui L)V &E L
fo. THUCE T, (R EIEIA Y ETILOMIK
DETETFINERERILT H720, TOEENES &
5. Fim, AZYEFIVICEL TEERERITxt
LT 252/ 8T, HHEEFHERT S
ZEMTESD.

ST, TO7TO—-FICL o THRLRBEEOK
REFINOERAZ RSB &I, TOLDRRGE
BREEHAT Y —IVOREEEZ TS,

ZEE
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