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ABSTRACT: In this paper Wl!: preserrt th<a form¡¡! of ;m object­
oriented dat<ilbase model. the E/D Model. The E/D Modei is ;on extenskm of 
the E-R Model, whe!'e structural and beh<Jvkmill are treated explic­
itly in an integrated W@l'J. The E/D Model also pos~e3 featmes of object­
orientation: objects. object identity, type;;, das.~ and multipie inherit;;mce. 
Object model5 h¡¡ve ¡m import<mt part to in th;;; i'uture of d;;rtabas:e sys­
tems, but there is no agreement :obout ex;;;cdy what an object-orientecl database 
i5, in spite of severa! attempt-1; to provide <> definitiono in {lrder to <Jvoid :reman­
tic problems with terminology, we believe that forma! t;pecificatkm is a good 
way of present our modeL Besides that. t~ forma! sp&ification al!ow u~ to 
rapid prototyping the model. The le notation is u~ <md explained in 
order to 1.mderntancl this paper. 

1 Why Formal Specification? 

There are good reooons io give formal drecription of a dat.ab!!m' rnodel: 

e The probiems of producing I"eli<~.ble 8ofi.w¡¡u:e quic.kly and economicaily 
h12.ve been wideiy di¡,;,cussed in recent yeara, and initial experienee h<:,~ 
indicated thB.i. the uae oí ma'l;hematic81 methCI-'3& of epecify-ing and 
designing software can contribuí~ t.owa:rds a so!lltion. 

e H providre precise, implementation independeni, description of con­
cepts. 

1P!'esent add:ret!s: fl.e¡,-í5ierocia 1636/102, CP !HOO, Montevideo- Urug11~,y 
e-m&!: pudo@incony.edu.u 
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«~ A formal description may be regarded as a functional specificat.ion for 
t.he implementa.tion. 

® It. provides a basis for reaooning about the corredneaa of progrlll11S 
-eit.her dired.ly, or by means of deúved proof rules for correct.ness 
assert.ions. 

@ A formal descript.íon documenta the design oí ihe model. 

On these appmach of integrntion between Data bases and Software En­
gineering the POESlS project. [FS90] ís been developed at the U.F.PE. The 
goal of the POESIS projed is. the com•trudion of a multimedia environment 
íor database modelling, implement.ation and access. The purpose is io pro­
vide a desi~ner with an expressíve tool for represent.ing the information 
and to h<'lp a user to access thís. informatíon. H provides a &.tructured and 
cooperatíve menu-based interface [SFC90], an object-oriented management 
sysiem (GOLGO) [MF89,Mac90,Sal89], anda knowledge base adminisira­
t.or. lt is being developed a fin;t. data model, called E/D (an ac:ronym 
for t.he words st.atic/dynamic in Port.uguese) [Ban89,Mot90], which is also 
beíng formally s.pecified usíng the Zc. notatíou. A prototype of the E/D 
Model has been implemented mling SmallialkjV. This pwtot.ype currently 
provides two data operations: schema defi nítion aud database creation. 

2 An Overview of the E /D Database Model 

This Beetíon introduceg the basíc concepts which the E/D Data Model deals 
with. The E/D Model is 1m extension of the E-R. Model, where st.ructural 
and behavíoral properties are treated explicitly in au integrated way. The 
EfD Model also possesses features of object-oriented data models: object.s 
( everythíng Ín&.tance ÍB au objec.t) , objed ídentity { objects ha ve an uníque 
identifier), Í)'Jle>! (swne as abstract data type concept in progn.m. .. "lling lan­
guages). dMSeS lagruop.ing objects) and multiple inheritance. 

An objcd is a real-word element or concept. which can be distinctly 
ident.ified. The prímary cha.ra.cterillt.ic of an object is t.hat. it. h!lS an identit.y 
wbich penrists through time, however t.he properties o{ the objecl may 
change. This ident.iiy may be considered to be represenied by a sysiem 
generated objed. identifier (oid). Object.s may be explicít.ly creat.ed and 
destroyed. 

Every objed is an instance of one or more daooes and every cl!ISOO has 
an associat.ed t::rpe. There is the usual notíon of a t.ype latt.k.e, i.e. t.he 
possibiliiy of multiple inheriiance. The relation among the iypes iB the 
common database relaiion of 'hA' and the relat.ion among the dasses is 
t.he 'SubSet.Of' relation (Figure 1). 
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Figure 1: Relat.ions oí "lsA" and "SubsciOf". 

A iype can ha.ve multiple supe:rt.ypes as g:raphicaHy shown figure 2. 

L.sn•eu• 
Figure 2: Multiple inherit.ance among types and classes. 

The uaer must resoh~ confl.id2 bet.ween inherited sü:uctures or meihods 
by writíng a. new @trudure or method, or explicít.ly inherit one .inst.a.nce 
variable or method fmm a.mong severa! c:onflicting onea. 
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3 A Formal Description of the E /D Model 

3.1 The Specmcation Language Zc 

The Zc not.ation. a language for expressing mathematical specificat.ions of 
complex compnt.ing systerns, is been developed by t.h SoftW~Ye Engineeríng 
Group at UFPE [Sam88,Sou88]. H ÍOl ba.sed on the Z notatíou [Suf86], and 
as wellM Z, is based on first order predicate calcu.lus and t.yped set. t.hem:y. 

Zc incresses the no~ion of Bchem.a, existing in Z, wit.h the notions of ch.ap· 
ters, J.Qc!wrenls and libra1'¡¡, whích improve its modularity and reusability. 

A schema is a named piece of mathemaiical text t.ha.t. introduces oome 
w.riablE:S, and sorne predicaües which express a constraint. relat.ing the pos­
sible values of the variablffl. Schemat> are giveu in the form: 

> SCHE.MA Schema..S: 
> VAR 
> variables 
> PREDICATE 
> predica.tes; 
> END Schema..S: 

Schemas can describe op~rat.ions on daiB siates. Some schemas require 
input. and/or output. data. Conve.nt.ionally we deconJ,.te ínputs with a final 
query, and outputs wi.th a final sln::iek. 

AHhough t.he st.yle in which schemas are used in Zc is quite different. from 
t.hat. used in Z. bot.h languages han>. focilit.íes fo.r combining these ;;t.ructurnl 
uniis, and bot.h make some provision Íor parametrized specification units. 

In Z schemas are used fm: everything whereas in Zc t.heTe are specific 
;;ynt.atic units for defining fund.ions (DEF), types (TYPE) and algebrníc 
types (ALGTYPE). 

A chapier dusters types. definitions, schemas and theorems, whereas a. 
donment groups reference to chapt.em and represents ihe whole specifica­
tion of the 1!-yfltem. Documents are given in the form: 

> DOCUMENT DocName: 
> ClapkrsNames; 
> END DocN ame; 

A librol"'f! contains documenis a.nd chapte:rs. Specificatiml!! of large sys­
t.ems are buih. up by specifying smaller sub-systems using chapters, t.hen 
grouping theJ:>e chapters into a doc.umenL Zc allows the imporb.!Jion and 
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export.a;l.ion of object.B2 among the chapters and ihe deflnition of types and 
local definitions into a schema. 

The docnmeniaiion ueed is t.he one lmm,·n as literal progrrtmming: lines 
begl.nning 'trith the symbol > a~:e iines oí specmcation. The advantage o{ 
t.lüs t.ype of documentation ís t.hat it. aHows to coerist in a single document 
t.he commenis and ihe speáfl.cation. 

3o2 The Types of tbe E/D Model 

In the E/D Data Model t he type of an object may be s::•ai:em-defined or· user­
defined, and t.here ro no disctintion between them. The syst.em-defined types 
Me: t.he atomic types {Integer, Real, String, Bool and UmP). t.he types 
coru;truds (Set, List and Record); and t.he predenned types of íhe E/D 
Model (U~erT, TConst:r, Eutity, Rela, Aetio:u, Rule, Trans and MetaRule). 

> ALGTYPE 
> Type :: user UserT 

> 
> 
> 
> 
> 
> 
> 

1 ·restr TCoJ.~Btr 
1 ent Entity 
1 rel!> Rela 
1 &e Action 
1 ru Rule 
1 iran Tram: 
1 met!>ru MetaRule; 

/ /lT ser defined type 
/1 Constmi.ni 

11 
// Relationship 
// Act.ion 
//Rule 
/1 Tnmsl'..ction 
// MetaRule 

Types are organized in a t.ype s(.rudure that supporis generalization 
and &pecialization, t.his st.n1d1.1re is ~' !a.tt.ice. A type may be dedan;d to be 
the subtype of another type. 

Every type has a common informat.ion of it: a deocript.ion. it.s super­
t.ypes, t.he excludent.s t.ypes with it and a set. of ope:ratíons. 

> SCHEMA Typelní; 
> VAR 
> description 
> supe.rl.ypes 
> exdndent 
> operations 
> END Typelnf: 

: Message, 
: SET Type.N ame. 

SET TypeN ame, 
: Opg; 

:lfu this Soction, the te:rm objut is uaed to Fderenc-"' to type<~, de:flnhioM, scllem.as and 
thooreiilll. 

3 UND-The obj~'Í 11nde:iined. Thís type iij obtaíned e>·ery time ;;u, oper;;;1íon is rwt 
applicable. 
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The structure o{ a t)=pe is modelling as a. pa.rametrized record, it depends 
of the specific type. The representa.tion of t.he st.ructure as a. record allows 
us to eficiently ma.na.gement the multiple inheritance. 

> TYPE Struc.ture[X] = MAP Lahel TO X; 

3.2.1 Static Features 

In this subsection we present the specification of the static {ea.tures of t.he 
E/D Model: UserT, TConstr. Entit.y and R.ela. 

IUserTI 

The user-defined types permit the extensibility of the model. Because the 
diversity of t.ypes requíred by the new applica.tions. with mult.ímedía docu­
mente, it is insufficient to E'xteud the database system to inclnde a specific 
and limited set of data types. For these reason the object-oriented a.pproach 
allows t.he user to de.fine methods on types in an incremental way. Our ap­
proch is similar in the sense that it lets the user define the data types and 
methods which are specific t.o the a.pplica.tion area. 

> SCHEMA UserT; 
> INCUTDE Typelnf. 
> VAR 
> struct : Strueture[TypeConstr], 
> conshaints: SET NameTConstr; 
> END UsuarT; 

> ALGT"x'PE TypeConstr :: 
> 
> 
> 

ac AtomComp 
1 set-of TypeConstr 
1 seq-oí TypeConstr 
1 record Structure[TypeConstr]: 

> ALGTYPE AtomComp :: atomname Atom 1 typename TypeName; 

> Atom = Inte-ger 1 String 1 Real! Bool; 

lTConstrl 

The type TConstr specify the constraints of t.he model. Exist four pre­
defined c.onstraints, whic.h indicates that the values in the indic.ated labels 
of every objed o{ a type "oori.ih one oí ihese constraints must be: 
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€> not null fur the not-ull one 

® unique in the class for the uniq1te one 

., verify the condit.ion for the torHiition one 

> SCHEMA TConstr; 
> INCUTDE Typelnf. 
> VAR 
> t>truct: Strueture[Constr] 
> END TRestr: 

> ALGTYPE Constr :: exist (SET Label) 
> 1 not-null (SET Label} 
> 1 unique (SET Label) 
> 1 dinamic Conclition; 

IEntity \ 

An entity concep1 has a name, a descriJpt.ion, it.s parents, a !iiructure, a 
rJ.et of re§trictionr. and the r,;et of t.ot~:~J r"lationships in which the entity Í~; a 
rnember. Moreovei!:, each entity type in the databooe may po>BBes at. least 
one field in its siruct.ure then ii has the follm1.ing imrariant: the cardiMlity 
of tke dom.ain of its gtr-uduu·e mlllst ~e !fl't:!lterjeqttal tlwn one. 

> SCHEMA Ent.ity; 
> L'l"CLUDE Typdnf. 
> VAR 
> stmct 
> constraints: 
> TohJrela : 
> PREDICATE 

E~>tmtura{AtomComp], 
SET NameTConstr, 
SET R.elaJ."l" ame; 

> CARD DOM struct >= 1; 
> END Entíty; 

Relationships ha;;.-e seis of entities associated wiih them, indicating t.he 
particípa.tíng entitíffl, M depicied in t.he E-R díagrams. Role fundions 
allow io troce bw::k the parlicipating entities. Roles are connections between 
entities. E.g. the ChildOf relaiionship hw the !.wo roles child and parent 
t.hat. bot.h mU5t hold identi:fications t.o entities of the person type. Es.ch 
role poBS€Bl'les an II.SBOCiated cardinality, which indicates the mínimum and 
maxímum time~S t.hat an specific ent.ity can parlicipate in t.hat role. 



> TYPE Role¡;= MAP OpName TO Cardins; 

> TYPE CardiM = (cardmin: INTEGER, 
> canlr!!.aX: CardiD), 
> 1 (FORALL e: Cardin~ "' 
> e.cax:dmin < c.cax:dmax AND c.ca:rdmin >= O); 

> ALGT\'"PlE Cardin ='M' 1 int INTEGER; 

It. iis poooible t.o define consiraint.s oD the relat.ionship's strodme or on 
t.he part.icipating entities. then exist the follo,vinf t.ype NameConst.rRela in 
the spocificat.ion: 

> TYPE NameConstrRela :: on-rela NameTConst.r 
> 1 on-pa:rtic (NameTConstr, Label); 

A relationship concept hWJ a name, a dettcript.ion, :a set of entities par­
t.ips.tmg. a struct.ure and a. set. of conne.ct.ions having the same role. li. 
ha.s also the following invariant: each rdt>iionship in ihe Jatdaoe ma¡¡ be. 
a relatiors bctween at letui 011 e 1.nul then m·ut be at lea.rl tw'o 
role¡;. 

> SCHEMA Rela: 
> INCL UDE Typeinf. 
> VAR 
> pa:rt:ic SJET NamelEnt.ity, 
> roles Roles . 
> strncl Strncture[AtomComp], 
> total BOOL. 
> conmraints: SET NameG:nlll'ltrReia, 
> PREDICATE 

The relationship mnsi have at least one pa.rt.icipat.ing entiiies 
> CARD partic >= 1 AND 

At least two roles musi be defined 
> CARD DOfwi roleg >= 2 AND 

The struct.ure o{ the relationship indudett the parlicipa.ting entities 
> partic <;;;; RNG r>truct AND 

The roles are defined among parlicipat.ing entit.ies 
> FORALL opname:OpName 1 opname 1:.'\ DOM roles 0 

> Elems (operatio1w opname).op-type ~ partic AND 
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The constrnints musí be defined among existing labels in the 
relatiooohip's strudure or on the partidpating entities 

> FORALL e: NameConstrRel.a"' 

> 
> 
> 

EXIST nc.: NameTCoustr, lab: Labeli c. IN constmíuts AND 
e= on-partic (nc, lab) ® 

lab IN DOM struct AND (struct lab) IN partic.; 
> END Rela; 

3.2.2 Dynrunic Featu:res 

In this subooctiou we premmt the dynamk fe-atures of the E/D Moclel: Ac.­
t.ion, Rule, Transaction and 11-fet.arule. 
!Actionl 

The act.ion iype allows the user to define it.s own conceptual operations 
over ent.itíes and rel<~.tionships t.ype'S. These conceptual oper1.1.t.ions use a 
sei of primitives such as Inseri. Deleie, Modify. Let, and others pre-defined 
actions. 

> SCHEMA Action: 
> INCLUDE Typelnf, 
> VAR 
> strud: Structme[ActíonBociy], 
> END Action: 

> TYPE ActionBody = {on: SET NameEnHtela, 
> act: SET OpActT): 

The Rule iype represenis the behavioral propert.ies oí ihe entit.ies a.nd rela­
tÍolli!..ltip types. n is a ~rigge.r in the :model ~md c.an be seen 1\5 11, mndít.ional 
action. 

> SCHEMA Rule: 
> I.:.'iCUTDE Typelnf. 
> VAR 
> struct: Structure[RuleBody]; 
> END Rule; 

> TYPE RuleBody = ( action : NameAction, cond : Cond); 

> ALGTYPE Cond :: cond-op CondOper 1 veríf Condition; 
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> TYPE Condüper =(íf: NameCondihon, next-adion: NameAction); 

1 Transaction 1 

The Tra nsaction iype groups adions and tules that modifies t. he state of one 
or more objects, which must. be execut.ed ín a defined order a.nd completed. 

> SCHEMA Trans; 
> INCLUDE Typelnf, 
> VAR 
> strud: Structure[TransBody]; 
> END Tnms; 

> TYPE TnmsBody = (on : SET NameEntRela, 
> a.c:t : SEQ NameAcRule): 

lMetarulel 

The Meta-rule type allows the definition oí priorities among the execution 
of several rules and controls the execution of exdusíve ones. 

> SCHEMA Met.aRule: 
> VAR 
> struct: Structure[MetaRuleBody], 
> END MetaRule: 

> TYPE Meta.RuleBody = (on : SET NameEntRela, 
> exdu-priorit.y : SET (SEQ NameRule)): 

3.3 The E/D Instance and Scheme 

An lnstance of the E/D Model consiats of a partial {undíon ( ObjMem l which 
asoociates an object fm each object ideniifier. 

> TYPE ObjMem = MAP Oid TO Objeci; 

Each object hatt a state andan aoooci.ated type ( which ia the most specia!ized 
type of it). These components of an object .must veri{y an invariant which 
says t.hat 1he st.ructure of the state and t.he type must. be Ín con-espondence. 
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> TYPE Object = (sp-type: TypeConsh, 
> st.ate: ObjState); 
> 1 FORALL obj: Object @ 

> (EXISTa: Atom 1 obj.sp-t:y-pe == a.e. (atomname a) <l> 

> EXIST v: AtomicValue" obj.8tate = atomic v) 
> AND 
> (EXIST te: TypeC.bustr 1 obj.sp-type = Bet~of te® 
> E:XIST s: SET Oíd G obj.st.ate = Bet. s) 
> AND 
> {EXIST te: TypeC'onEtr 1 obj.sp-type = Bec¡-of te 0 

> EXIST s: SEQ Oíd @ obj.st.ate = sequence s) 
> AND 
> (EXIST n: TypeName 1 obj.sp-type =oc (typename n) e 
> EXIST m: MAP Label TO Oid e 
> obj.state = recürd m); 

The ¡;>tructure of the object state (ObjState) s.howr; thai all the iype 

instance.t. h!l.B an unifm:mity represeniation as "objocts". 

> ALGTYPE ObjState = atomic AtomicValue 1 

> l set (SET Oid) 
> 1 sequence (SEQ Oid) 
> :reoord (M:AP Label TO Oid); 

> ALGTYPE AtomicValue = int.eger INT 
> 1 real REAL 
> 1 string STRIN G 
> 1 bool BOOL 
> 1 undef UNDEF; 

lschemel 

A Scheme conienis the in.fonnat.ion about: Types and Claooes. 

> SCHEMA SchemeE/D; 
> VAR 
> tenv : T)'-peEnv, 
> clMSeS : Class..<>s: 
> END SchemeE/D; 

The t.ype environment asoociates a type for each type n.ame. Ii contains 
all t.he t.ypes defined in !IJl a.pplication. Each t.ype. in t.he envíronment. must. 
verify that. its supedypes or excludeni types also exista in the environment, 
and thai t.he exdudent consh:aín.t i.s not violaied. 



> TYPE TypeEnv = MAP TypeName TO Type 
> 1 (FORALL Tenv: TypeEnv, t: T~·pe 1 

> t IN RNG Tenv • 
> t.superlypes e; DOM Tenv AND 
> t.excludent e; DOM Tenv AND 
> NOT EXIST st:TypeNam.e lst IN t.supertypes • 
> (Tem· st).excludent. n t.supert.ypes <> {}); 

Each clase. has an llSSOc.iated type ( which indicates the type of its ob­
ject.s) and a.n extensíon (which groups it.s object.s). 

> TYPE Classes = MAP ClassName TO ClassBody; 
> Clas.s.Body = (type : NameEntRelal'ser, 
> ext : SET Oid): 

IDataBasel 

A OataBase comiste of an instance (ObjMem) and a scheme, such that 
every object of the ObjMem belongs to a unique class of t.he scheme. 

> SCHEM:A DataBaseE/D; 
> INCLUDE SchemeE/D 
>VAR 
> objects: ObjMem; · 
> PREDICATE 
> FORALL id: Oíd 1 id IN DOM objec.ts • 
> UNIQUE e: ClassNa.me 1 id IN (dasses c).ext 
> END DataBaseE/D; 

3.4 Primitive Operations 

The following are the primitive operations that are implemented in the 
current prot.ot.ype of the E/D Model. 

• Inicialization 

• Create Type 

• Generalization oí a Type 

• Insert operations in a Type 

• N a\·egation among the Types 

• Delete Type 

• Create Class 
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0 Delete Class 

® Creat.e Object 

r¡¡ Delete Object 

At following we show the spedfication oí the operation oí crea.te an 
user-defined t.ype. 

3.4.1 An Example: Create a!'l use~-defined type 

> SCHEMA NewUserT: 
> 
> 
> 

L~CLUDE NewlniType. 
VAR 

fields? 
> conEtr? 
> strud 
> st 
> t! 
> PREDICATE 

: SET Field[TypeConstr], 
SET NomeTConstr, 
Stmcture[TypeCmtstr], 
Simcture[TypeConstr]. 
UserT; 

The new t.ype musí be a valid type in t.he e:nvironment 
> PRED-ValidType AND 

The new t.ype is generat.ed 
> t.!.descrípt.ion = message? AND 
> t!.supertypes :;;:; tmpertype8? AND 
> tl.exdndents = exdudenis? AND 
> t.!.stn1ct. = struct AND 
> t.!.constraint.;¡ = constr? AND 
> t!.operations = Make-Ops operations? AND 

The t:rpe environment. is updat.ed 
> Te.nv' = Tenv $ {name? ~->t.!}: 
> END NewUserT; 

> SCHEMA Val.idType; 
> INCLUDE NewTypelnf, 
> \'AR 
> fidds? 
> constr? 
> stl, st2 
> PREDICATE 

: SET Fíeld(TypeConstr], 
: SET NameTConstr, 
: Structme[TypeConstr] 

The fields of the strnciure o{ the new type 
are vo.líd types in the environment .. 

> VerifiySet (ValidField Tenv) fields? AND 

The st.ructure OÍ the type Í8 buili. 
> st.l = P.-iake-Stnlct.me fields? AND 
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The consiraint.s musí exí.sts in the type environment. 
> c.onstr? ~ DOM Tenv AND 

The stmcture oí t.he type i.s a val.id refinemeni oí its supertypes. 
> VerifySet (Refine Tenv stl) supertypes? AND 

There is not clash among t.he mult.iples supertypes. 
> PRED-Multlnherit. AND 

The stmct.ure o{ the type .,..;t.h its superl:t']>es is built. 
> st2 = BuíldTypeStruc.t Tenv name? stl AND 

The consiraint.s are detined on existing labels o{ ihe type. 
> VerifySet. (Va.lídConst.r Te.nv st.2) restric? 
> END ValidType; 

> SCHEMA Multlnherit; 
> INCLUDE &-hmeE/D; 
> INCLUDE C-ommomlnherit; 
> VAR 
> supertype.s? : SET TypeName. 
> st.? : Structure[TypeC-onstr], 
> Yl : SET(SET Label) 
> PREDICATE 

Withaut multiples superlypes 
> 0ARD supertypes? =< 1 OR 

The set oí labels o{ the type and it~ supertypes stmcture is built. 
> ssl = mapset (Labels Tenv) supertypes? AND 

> (CARD supertypes? > 1 => 
Exists multiples supertypes without dash. 

> Clashes ssl = {} OR 

Exists clashes in multiples supertypes that. may be resolved ií the common label 
are redefined in t.be new st.ructure of t.he type or 
if they belong to a conunon supe.rtype. 

> Clashes &&l <> {} :::>Clashes ssl ~ (DOM st? u labs!)) 
> END Multlnherit; 

4 Conclusion 

In out work, first oí all we pto\-;ded a brieí review o{ the basic object­
oriE"nted concept.s extracted from existing object.-oriented syst.ems in order 
to forro the basis of our data model. We decided to emphasi2'-e on the 
notion oí iype. In daiabase appücations, the ability to add new data types 
allows one to model more easily and precisely a given application doma.in. 
User-defined domains may be desc.ríbed in the E/D Model, wlüc.h makes 

-366-



possible the inheritance of ;;tate variables and methods among domains, 
aHowing the easy extensibility of the model. 

We elaborated a fo:rmalization of our model using the specmcation lan­
guage Zc. Zc was an adequate iool Íor ihe ;;¡pecifkation, especially by t.he 
fad. that. it. provídes a module st.rudure. Chapter allows us to factor out. 
common pads of a specification as can be aeen in [Mot90]. This give UB 

t.he oppori.unity to subordínate c.omplexíty. .Formal specíficatíons as the 
one sho"'-n in t.his paper can be a basis for direct prototyping. In our case, 
we obtained an objed-oriented prototype in Smalhalk/V [Goi83] from the 
total specification of the E/D Model (shown in (Mot!iO]) using the method 
described in [MT1ví90). With the help of this method the development of 
the protot.ype has been fairly easy and allowoo in sorne sense the verificaiion 
of the formal specificat.ion. 

Last, lmt not least, we are exploring the integra.tion of different pro­
gramming languages wit.h user-oriented caraderist.ics in order to help usern 
t.o control t.heir queries. The next. síep in order to li.Chieve our object.ive is 
to develop a query language with object-oriented features in a formal way, 
i.e. give t.o it. a formal semantics which will use t.his fonnal specificaiion of 
t.he E/D 1\·íodel as its semantic donmins, 
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