∗

∗

Abstract

1 In tro duction

Giovanna Guerrini Elisa Bertino

R eń e Bal

A F ormal Definition of the Chimera Ob ject-Orien ted

Data Mo del

guerrini@disi.unige.it bertino@dsi.unimi.it

rene@cs.utwente.nl

The work of G. Guerrini and E. Bertino has b een partiall y supp orted by the EEC under ESPRIT pro ject 6333

IDEA. Pro ject Esprit IDEA EP6333 participants are: Bull (prime), ECRC, ICRF, INRIA, Politecnico di Milano,

TXT, University of Bonn.

Dipartimento di Informatica e

Scienze dell’Informazione

Universit` a di Genov a

Via Do decaneso, 35 16146 Genov a, Italy

Dipartimento di Scienze

dell’Informazione

Universit` a di Milano

Via Comelico, 39 20133 Milano, Italy

Computer Science Department

University of Twente

P .O. Box 217, 7500 AE Enschede

The Netherlands

In this pap er we formalize the ob ject-oriented data mo del of the Chimera language. This

language supp orts all the common features of ob ject-oriented data mo dels such as ob ject identity ,

complex ob jects and user-defined op erations, classes, inheritance. Constraints may b e defined

by means of deductive rules, used also to sp ecify derived attributes. In addition, class attributes,

op erations, and constraints that collectively apply to classes are supp orted.

The main contribution of our work is to define a complete formal mo del for an ob ject-oriented

data mo del, and to address on a formal basis several issues deriving from the intro duction of

rules into an ob ject-oriented data mo del.

The area of data mo dels has always b een a very active research area that has a considerable impact

on data management technologies. Indeed, the evolution of data mo dels has marked the v arious

generations of database management systems (DBMS). In particular, since the definition of the

relational mo del, research has progressed to develop “new-generation” data mo dels. A numb er

of research and development directions in the data mo del area can b e devised, among which the

most relev ant ones are ob ject-oriented data mo dels [13], deductive data mo dels [21], extended

relational mo dels [48]. Research in those data mo dels and related architectures have resulted in

the development of several pro ducts and prototyp es, such as the case of ob ject-oriented DBMS

(OODBMS) and extended relational DBMS. In general, although the v arious mo dels are based on

different concepts, there is now a large convergence towards mo dels includ ing the following features:

complex ob jects; user-defined op erations (e.g. metho ds, stored pro cedures); typ e hierarchies and

1

1

•

•

•

•

Chimera

Chimera

Ob jects:

2 Ov erview of the Chimera Data Mo del

attributes stor e d derive d

op er ations built-in user-define d

A is monster of Greek mythology with a lion’s head, a goat’s b o dy

, and a serp ent’s tail; each of them

represents one of the three comp onents of the language.

inheritance; deductive and active rules, triggers. This trend clearly emerges if we lo ok at recent

work, like extensions to incorp orate ob jects mo deling capabilitie s into deductive databases [12],

or to incorp orate triggers and constraints into OODBMS [31], or to enhance SQL with ob ject-

orientation capabilitie s [30].

A system, whose goal is sp ecificall y the integration of ob ject-oriented, deductive, and active

capabilities, has b een develop ed as part of the ESPRIT Pro ject Idea P6333. The data mo del of

Idea, called , is an ob ject-oriented, deductive, active data mo del in that:

it provides all concepts commonly ascrib ed to ob ject-oriented data mo dels, such as: ob ject

identity

, complex ob jects and user-defined op erations, classes, inheritance;

it provides capabiliti es for defining deductive rules; deductive rules can b e used to define

views and integrity constraints, to formulate queries, to sp ecify metho ds to compute derived

information;

it supp orts a p owerful language for defining triggers.

In this pap er, we present a formal definition of the Chimera data mo del. Such definition is

quite a challenging task due to the many capabiliti es provided by Chimera. It is imp ortant to note

that there has b een a substantial theory work in the area of deductive data mo dels. By contrast,

no comparable amount of theoretical work has b een rep orted in the area of ob ject-oriented data

mo dels. Therefore, the main contribution of our work is to define a complete formal mo del for

an ob ject-oriented data mo del, and to address on a formal basis several issues deriving from the

intro duction of deductive and active rules into an ob ject-oriented data mo del. A comparison of our

formal mo del with other mo dels is presented at the end of the pap er.

This pap er is fo cused on selected features of Chimera which sp ecificall y concern the typ e/class

systems and their integration with op erations. Its main contributions are the formal definition

of the notion of schema and class, a precise characterization of typ e refinement, giving a set of

typing rules for v alues, terms and formulas, together with a formal interpretation of the typ e

system. However, this work do es not cover the whole Chimera language; asp ects of the language

not mo deled in this work are for example triggers and views. In the following sections we explicitl y

state the considered limitations, with resp ect to the generality of the Chimera language.

The remainder of this pap er is organized as follows. The next section presents a brief overview

of Chimera and a comparison of Chimera with other relev ant systems. Section 3 deals with typ es

and v alues, Section 4 with classes and ob jects. Section 5 deals with inheritance and subtyping,

intro ducing also the notions of schema and database. The following step is the definition of Chimera

rules, that are used to express class implementation. Section 6 is thus devoted to Chimera rules

and their typing. Finally

, Section 7 concludes the work, p ointing out future work. The pro ofs of

the results presented in this pap er are omitted for brevity

, they can b e found in [35].

The main concepts of the Chimera data mo del are summarized as follows.

are describ ed by , which can b e or (e.g. defined by deductive

rules), and are manipulated by , which can b e or . Each ob ject

•

•

•

•

•

V alues:

Classes and inheritance:

V alue typ es:

Constraints and triggers:

Views:

Ob jects and V alues primitive c omplex

explicitly p opulate d implicitly p opulate d p opulation pr e dic ate

c onstr aine d

unc onstr aine d extende d

tar gete d

untar gete d

identity is equipp ed with an ob ject identifier (OID), which is unique within the entire the database,

is generated by the system up on the ob ject creation, and never changes.

b oth and v alues are supp orted. Complex v alues are built by using

constructors like set, list, record.

ob jects with similar structure and b ehavior are group ed in

classes. Classes are organized in inheritance hierarchies. Multiple inheritance is supp orted.

An ob ject can b elong to several classes, even classes not related by inheritance. Classes can

b e or . In the second case, a is

asso ciated with the class sp ecifying sufficient and necessary conditions for an ob ject to b elong

to the extent of the class. Up on creation of an ob ject, instance of a class, the system may

insert the ob ject in some sub classes of this class if the ob ject verifies the p opulation predi-

cates of these sub classes. Classes for which such a p opulation predicate is not sp ecified are

said to b e explici tly p opulated. Class-attributes and class-op erations are supp orted, called in

Chimera c-attributes and c-op erations resp ectively

. They are not inherited by ob jects of the

class, rather they are used to characterize classes as ob jects.

complex v alues are defined as instances of v alue typ es. Thus, v alue typ es

provide the same function as concrete typ es commonly found in programming languages. A

v alue typ e is , if predicates are asso ciated with the typ e definition sp ecifying the

legal v alues for the typ es, it is otherwise. A v alue typ e is if its extent

is explici tly defined (e.g. the user must sp ecify the v alues b elonging to the typ e), whereas

the extent of other v alue typ es is implici tly defined. Therefore, extended v alue typ es provide

the equiv alent of enumerated domains.

constraints are predicates that must always b e verified by the

ob jects in the database. T riggers are used to sp ecify actions to b e executed whenever certain

events and conditions arise. Both constraints and triggers are if they are asso ciated

with a sp ecific class, otherwise. Untargeted constraints and triggers usually involve

several classes and therefore they are used to mo del inter-class constraints and triggers.

are similar to views of the relational mo del. Basically

, a view is a query with which

a name is asso ciated and which is stored into the system catalogs.

W e now elab orate on some of the ab ove concepts and present examples to illustrate them. W e

refer the reader to [22] for additional details on Chimera.

Chimera supp orts b oth v alues and ob jects. The main differences b etween those two notions in

Chimera can b e characterized as follows. First, ob jects are abstract, non-symb olic elements of

the application domain; v alues are symb olic, printable elements. A second imp ortant difference

is related to the notion of . Ob jects are describ ed by attributes; however, their identity

do es not dep end on the attribute v alues. Changing the v alues of an ob ject’s attributes do es not

change the ob ject identity

. A primitive v alue is identified by the v alue itself, whereas a complex

v alue is identified by the v alues of all its comp onents. Therefore, changing a comp onent in a

complex v alue changes the “identity” of the v alue. Finally

, ob jects can b e manipulated by user-

defined op erations, whereas v alues can only b e manipulated via the pre-defined op erations, which

are provided by Chimera.

2

2

<

>

<

>

←

←

←

←

V alue typ es

c onstr aint in-

terfac e c onstr aint implementation

Chimera provides an insert op eration for adding v alues into extended typ es. Such op eration is not defined for

other v alue typ es.

define value type complex:

                                                                                                                      record-of (re-part: integer,

im-part: integer)

define value type dates:

                                                                                                                      set-of(record-of (day: integer, month: integer, year: integer))

define value type postalCode: integer

constraints improperCode (Code: postalCode)

define implementation for postalCode

constraints

improperCode(Code) Code ;

improperCode(Code) Code

define extended type postalCode: integer

constraints improperCode (Code: postalCode)

define implementation for postalCode

constraints

improperCode(Code) Code ;

improperCode(Code) Code

postal code

Chimera provides a numb er of constructors for buildi ng complex v alues, includi ng the construc-

tors set, list, and record. Constructors can b e applied to: atomic v alues, complex v alues, ob ject

references. Therefore, constructors can b e nested and a complex v alue may refer to an ob ject.

A v alue typ e definition consists of a structure sp ecification, which is mandatory

, and a constraint

sp ecification, which is optional. A constraint sp ecification, in turn, consists of the

, that is, the constraint name and the typ e of results, and of the .

Constraints in Chimera are implemented as deductive rules. Those deductive rules have heads

that may contain atoms with v ariables. Therefore, up on integrity checking a constraint may return

v alues. Those return v alues are the v alues that have violated the constraint. Therefore, return

v alues are used as the basis for explanation supp ort in Chimera.

The following examples illustrate v alue typ e definitions expressed in the Chimera language.

Example (3) illustrates the notion of extended v alue typ e.

1.

A v alue typ e, structured as a record of two comp onents, is defined.

2.

A v alue typ e, structured as a set whose elements are records consisting of three comp onents,

is defined. This definition exemplifie s nesting of constructors.

3. (a)

0

9999

(b)

0

9999

In the ab ove example, b oth definitions of ‘p ostalCo de’ have the same implementation for

the constraint with name ‘improp erCo de’. Note that when definition (3.a) is used, the v alid

v alues are all 4-digit integers in the range (0, 9999). By contrast, when definition (3.b) is

used, the v alid v alues are all 4-digit integers in the range (0, 9999) explici tly inserted into

the typ e extent. Therefore, only the v alues that are inserted by the users into the extended

typ e are v alid v alues for this typ e.

3

3

<

<

←

→

←

←

→

←

Classes i ii

iii

signatur e

implementation

extent

Idea provides the Peplom language for this purp ose [27].

define class person

                                                                                                                        attributes name: string(20)

vatCode: string(15)

birthday: date

income: integer

age: integer derived

                                                                                                                        operations changeIncome(Amount: integer)

                                                                                                                        constraints tooLowIncome(N: name)

key(V: vatCode)

                                                                                                                        c-attributes averageAge: integer derived

lifeExpectancy: integer

                                                                                                                        c-operations changeLifeExpectancy(Delta: integer)

                                                                                                                        c-constraints invalidLifeExpectancy(I: integer)

define implementation for person

                                                                                                                        attributes Self.age = X X = 1994 - Self.birthday.year

                                                                                                                        operations changeIncome(Amount): integer(New),

New = Self.income Amount modify(person.income,Self,New)

                                                                                                                        constraints tooLowIncome(N) Self.income 5000, N = Self.name

                                                                                                                        c-attributes Class.averageAge = Y integer(Y), Y = avg(X.age where person(X))

                                                                                                                        c-operations changeLifeExpectancy(Delta) integer(New), Delta 10,

New = Class.lifeExpectancy Delta

modify(person.lifeExpectancy, Class, New)

                                                                                                                        c-constraints invalidLifeExpectancy(I)

I Class.averageAge - Class.lifeExpectancy, abs(I) > 5

Therefore, the use of v alue typ es, extended v alue typ es and constrained v alue typ e in Chimera

supp orts: ( ) domain definition through range sp ecification; ( ) domain definition through ex-

plicit enumeration; ( ) definition of v alidi ty conditions for v alues. A large numb er of mo deling

capabilities for domains can thus b e supp orted.

A class definition in Chimera consists of two comp onents: the , sp ecifying all informa-

tion for the use of the instances of the class; the , providing an implementation for

the signature. F urthermore, each class is asso ciated with an collecting all instances of the

class. The signature consists of a numb er of clauses, includ ing the sp ecification of: attributes, op-

erations, constraints, class-attributes, class-op erations, class-constraints, triggers and sup erclasses.

The signature also sp ecifies whether the class is implicitl y p opulated or not, and for each attribute

whether the attribute is derived or not. The implementation of a class must sp ecify an implemen-

tation for all derived attributes, derived class-attributes, op erations, class-op erations, constraints,

class-constraints, and triggers that are sp ecified in the signature. Note that the implementation of

op erations may b e sp ecified by an up date rule, that is a rule with up date atoms, or may b e external,

implemented in some programming language . The following example shows a class signature and

implementation.

+

+

=

Classes are organized into inheritance hierarchies. The sub class compatibility conditions will b e

discussed in the following subsection. The current version of the language do es not allow redefinition

of constraints and triggers in sub classes.

4

4

•

•

⋄

Example 1

2.1 T yping in Chimera

Here, more or less realisti cal ly

, we supp ose that the sp ouse of a noble is always a noble.

person spouse person

noble person spouse noble

person set-spouse

person spouse noble

P N person N.set-spouse(P)

N P

person noble c ovariant

c ontr avariant c ovariant

Consider a class with an attribute with domain and a class

(sub class of ) which r efines the domain of the attribute in . Supp ose

that in class an op er ation is define d, which takes as input a value of typ e

and assigns that value to attribute . This op er ation is not r e define d in class .

Now c onsider two variables , b oth de clar e d of typ e . The expr ession is

static al ly typ e c orr e ct but if run-time is instantiate d to a noble and to a (not noble) p erson, it

r esults in trying to assign a value of typ e to an attribute whose domain is .

In Chimera, a sub class may redefine an inherited feature but the redefinition is sub jected to the

following constraints:

an attribute may b e redefined in a sub class by sp eciali zin g (or refining) its domain, that is,

replacing its domain by a prop er subtyp e ( redefinition);

an op eration may b e redefined in a sub class by sp eciali zi ng its signature; signature sp eciali za-

tion may b e obtained by replacing at least one of the domains of the input parameters with

a prop er sup ertyp e or at least one of the domains of the output parameters with a prop er

subtyp e ( redefinition for input parameters, redefinition for output

ones).

These choices clearly have an impact on Chimera p olicies with resp ect to typ e checking. While

the redefinition of op erations do es not hinder the typ e safety of the language, the redefinition

of attributes must b e considered carefully

. This cov ariant redefinition of attributes (the domain

of an attribute may b e sp eciali zed in sub classes) reflects what is usually needed when creating a

taxonomy of classes; indeed, when sp eciali zi ng a class the designer usually needs to to add new

attributes or to sp ecialize existing ones. The problems arising when attributes are redefined in a

cov ariant way along the inheritance hierarchy has b een firstly recognized by Cardelli [17] and are

shown by the following example.

The approach adopted in Chimera is to consider the domains of attributes as integrity con-

straints, thus checked run-time, rather than dealing with them as typ e constraints, to b e checked

statically

. Thus, whenever a v alue is assigned to an ob ject attribute we dynamically check that the

v alue is appropriate for the domain.

Of course, there are other p ossible alternatives for dealing with cov ariantly redefined attributes.

The approach taken by Cardelli in [17] and adopted by Galileo [3] is to syntactically distinguish

among mutable (assignable) and immutable (not assignable) entities and to disallow cov ariant

redefinition for mutable entities (immutable entities may receive their v alue at ob ject creation

only). Thus, all the attributes that must b e redefined cannot b e up dated; on the contrary

, if an

attribute should change its v alue during the lifetime of its enclosing ob ject, then it may only b e

inherited, but not redefined, by sub classes. This solution is obviously not the most adequate for

the database context, in which ob jects are long-living evolving entities.

Another p ossible solution to the problem is to limit the context in which subtyp e substitution

is allowed. A prop osal along this way was made by Connor and Morrison [26]; their approach

guarantees static typ e safety at the exp ense of limiting the expressiveness of the language and

intro ducing a lot more of typing information inside the program. Note moreover that in their typ e

system, typ e sp ecifications are exact.

5

⋄

•

•

2 2

5

O O

T

T

T T

T

Example 2

N P

employee rich-employee

X.salary > 5000 X rich-employee

                                                                                                         X.salary 4000 X rich-employee

This is not always true, e.g. if the p opulati on predicate makes use of aggregate op erators.

Consider a class with a derive d sub class with the p opulation

c onstr aint . Consider, mor e over, a variable define d with typ e .

If the value of is mo difie d to , c an no longer b e an instanc e of the class .

This le ads to an inc onsistency.

The Eiffel language [43] allows the cov ariant redefinition of attributes and catches every attempt

of incorrect assignment at program link time, using an approximate and p essimistic algorithm which

computes an approximation of the p ossible typ es of the ob jects that may b e referenced by each

entity at each p oint of the program where the entity is used. The TDF technique [25] implements a

similar concept, but differs in the algorithm used to compute the typ e sets: TDF adopts a data-flow

technique, while Eiffel’s global verification do es not take into account the p ossible flow of control

of the program. Both techniques, though, lo ose much of their precision when p ersistent data are

involved, since it is not p ossible to determine the typ es of the ob jects referenced by p ersistent

v ariables. In the example, the bindings for v ariables and may b e taken from the extents of

classes manipulated by programs different from the one examined.

The approach of is the closer to ours. , indeed, do es not restrict either the assignment

or the cov ariant redefinition of attributes and checks the v alidi ty of every assignment dynamically ,

p ossibly generating a run-time error. All these approaches to the cov ariant redefinition of attributes

are extensively reviewed in [19].

Another feature of the Chimera language that may cause some problem with resp ect to typ e

checking is related to derived classes, as shown by the following example.

T o avoid such problem, different solutions can b e adopted. Two of them, namely

disallowing a v ariable to b e declared with a typ e corresp onding to a derived class;

disallowing up dates on the attributes app earing in the p opulation predicate

are conserv ative solutions. If the p opulation predicate can only b e falsified by up dates on the ob ject

on which it is ev aluated the ab ove solutions can b e refined by allowing a v ariable to b e declared

with a typ e corresp onding to a derived class but disallowing up dates on the attributes app earing

in the p opulation predicate to b e applied to that v ariable. Such an approach prevents, by static

checks, a v ariable of typ e from referencing at run-time an ob ject which is not an instance of the

class corresp onding to . This approach emphasizes the typ e checking view.

The solution currently adopted in Chimera is to regard p opulation constraints as other con-

straints and thus to check them run-time. This approach do es not ensure that a v ariable of typ e

, with corresp onding to a derived class, always references a memb er of the class corresp onding

to . Rather a check is p erformed at run-time to detect whether the v ariable references an ob ject

that meets the p opulation constraint. If not, an error is raised.

This approach requires some typ e checking at run-time and thus it is p otentially less efficient.

Note however, that the two ab ove solutions are not mutually exclusive. They can b e combined to

obtain a go o d compromise b etween semantic richness and efficiency . F or example, a v ariable can

b e allowed to b e declared of a typ e corresp onding to a derived class, and up dates on the attributes

app earing in the p opulation predicate can also b e applied to that v ariable, but run-time checks for

that v ariable (and only for that one) must b e p erformed. More sophisticated solutions, based on

flow analysis of application co de [25], can also b e investigated.

6

6

3 T yp es and V alues

CASCADE SETNULL RESTRICT c omp onent obje ct

c omp osite obje ct

2.2 Comparison of Chimera with other Ob ject-Orien ted Data Mo dels

W e refer to the notion of concrete and abstract typ es as used in Galil eo [3].

T o conclude this section, let us mention that the “contrav ariant for input, cov ariant for output”

rule for the redefinition of op eration signatures ensures that the new signature may b e used every-

where the old one can b e used, and guarantees that no typ e errors o ccur due to the redefinition of

op erations. There has b een a long debate on whether this “contrav ariant for input” rule, b esides

b eing typ e safe, is also intuitive to use. The p ossibili ty of allowing a cov ariant redefinition of input

parameters of op erations is currently under investigation in Chimera [19].

T able 1 summarizes some of the differences of Chimera with the data mo dels of other OODBMS

and of the ODMG ob ject database standard. In particular, a difference among the v arious systems

is whether the class extents are managed by the system or must b e managed by the application. In

the latter case, applications must define “ob ject collections”, by using a constructor like the set con-

structor, to group the instances of the same class and must explicitl y manage the addition/remov al

of ob jects from these collections. Multiple collections over the same class can b e defined. The no-

tion of comp osite ob ject refers to the semantic notion of “part-of” [39]. This notion, only supp orted

by the Orion system, mo dels the fact that an ob ject (called ) is part of another

ob ject (called ). This semantic notion may influenc e the way certain op erations

are p erformed; for example, the deletion of a comp osite ob ject may imply the deletion of all its

comp onent ob jects. W e refer the reader to [39] for additional details on comp osite ob ject mo dels.

A comp osite ob ject mo del for Chimera is b eing develop ed [34].

In general integrity constraints are not supp orted. One reason is that they can b e implemented

into the metho d co des. In Chimera a more declarative approach is used by which a declarative

constraint language is provided. Apart from Chimera, the Iris system provides a limited form

of constraint through the use of the key/nonkey qualifiers. Those qualifiers are asso ciated with

attribute definitions. F or example, if an attribute is defined to b e a key

, all instances of the same

class must have different v alues for this attribute. Referential integrity is currently not directly

supp orted in Chimera. However, it can b e enforced through the use of triggers. T o rely the user

from the burden of explicitly defining triggers for enforcing referential integrity in [8] we have

shown how triggers can b e automatically derived from declarative sp ecifications of actions to b e

taken up on violation of referential integrity (the considered actions are those supp orted by SQL2

[15], i.e. , , ).

W e refer the reader to [13] for an extensive discussion ab out the several v ariations in ob ject-

oriented data mo dels.

In Chimera b oth the notion of typ e and the notion of class are provided. The notion of typ e in

Chimera is similar to that of concrete (structural) typ e. The notion of class is similar to that of

an abstract data typ e coupled with an extent . Note, however, that full encapsulation of ob ject

structures is not enforced in Chimera.

In Chimera each class is related to a typ e (which we call typ e of the class) which describ es

the structure of the ob jects b elonging to the class. In order to typ e v ariables that have to b e

instantiated with ob jects b elonging to a given class, we allow the use of a class name as a typ e.

A v alue typ e is a typ e in the previously intro duced meaning, whereas an ob ject typ e is the typ e n 1

7

3.1 T yp es

D , , D

i c T n a

O I

C I O I

C I

T N

AN MN

O I C I T N AN integer real bool character string

Comparison with other OO data mo dels

(1)

(2)

(2) (3)

(4) (1)

(1)

(2)

(3)

(4)

7

T able 1:

corresp onding to a class (the class name). W e provide a uniform notion of typ e (regarding class

names as typ es) to handle in uniform way typ e checking.

W e p ostulate the existence of a collection of basic domains . . . to which at least the typ es

, , , and b elong. F urthermore, let denote a set of ob ject

identifiers, and a set of class identifiers. The elements of are identifiers of ob jects, used as a

mean to refer to and distinguish ob jects in the system. By contrast, contains class identifiers,

that is, class names. In the following we make use of a set of typ e names , a set of attribute

names and a set of metho d names . W e assume all the intro duced sets to b e mutually

disjoint . F or easy of reference, T able 2 illustrates the symb ols more frequently used in this pap er.

F or each symb ol, the table rep orts a brief explanation of its meaning.

In the following, we let v ary over , over , over and over . The following

Chimera GemStone Iris O2 Orion TM Ode Co co on ODMG

Reference [22, 23 ] [14 ] [29] [28] [40] [5] [2] [47] [20]

User-defined

v alue typ es YES NO NO YES NO YES NO NO YES

Extended

v alue typ es YES NO NO NO NO NO NO NO NO

Class extent System User System User System System User System System

Class

features YES YES NO NO YES YES NO NO NO

Comp osite

ob jects NO NO NO NO YES NO NO NO NO

Referential

integrity NO YES NO YES NO YES YES YES YES

Multipl e

inheritan ce YES NO YES YES YES YES YES YES YES

Intensional ly

defined YES NO YES NO NO NO NO NO NO

attributes

Declarative

metho d YES NO YES NO NO YES NO NO NO

implementati on

Integrity

constraints YES NO L.F. NO NO YES YES L.F. NO

T riggers YES NO NO NO NO NO YES NO NO

Views YES NO YES NO NO NO NO YES NO

Legenda: L.F. limited form

Extended v alue typ es and views could b e simulated in TM by using the mo dule mechanism provided by this

language [5].

Actually

, Chimera is b eing extended with the supp ort for comp osite ob jects and referential integrity [34].

Referential integrity is enforced for relationshi ps, but it is not for attributes.

Views in Iris are supp orted as functions implemented in OSQL which are not asso ciated with a sp ecific typ e.

This assumption is only useful to simplify definition s and results, but it is used only at a theoretical level, while

in the language it do es not hold. One of the most remark able characteristics of ob ject-oriented data mo dels is indeed

the indep end ence of each class definitio n from the others.

∗

∗

′ ′

T able 2:

Symb ol Meaning

structur al typ e n

T

O

V

i i

π

d

V

V

T

S

M C

i

C e

C

Notations and terminology

O I C I

T N AN MN

T O T V T

B V T C T E T

V

⊔

≤

≤

≤

≤ ≤

1

1 2 1 2

1 2 1 2

1 2 1 2 1 2

2 1 2 1

2 1 2 1

2 1 2 1 2 1

D , , D

V ar V ar T

ty pe T T

str uct T T

constr T T

ext T T

T T T T

π c π c c

π T π T T

dom D D

sty pe c c

c

v al ue i i

v T v T

T T π

o o o o

o o o o o o

I S A c I S A c c

I S A T I S A T T

T T T T

s s s s

M C M C M C M C

C C C C C C

. . . basic domains

, a set of ob ject/class identifiers

, , a set of typ e/attribu te/metho d names

, , , the set of Chimera typ es, ob ject typ es, v alue typ es

, , the set of basic v alue typ es, constrained typ es, extended typ es

the set of Chimera legal v alues

, the set of v ariables and v ariabl es of typ e

( ) the typ e obtained from replacin g each named typ e app earin g

in it with the typ e it stands for

( ) the structural comp onent of the constrained or extended typ e

( ) the constraint comp onent of the constrained typ e

( ) the extent of the extended typ e

the most sp ecific common sup ertyp e of and

( ) ( ( )) the extent of class

( ) ( ( )) the extent of the extended typ e

( ) the (p ostulated) non-empty extension of the basic v alue typ e

( ) the typ e of the state of ob jects of class

(the of class )

( ) the state of the ob ject identified by the oid

: the v alue b elongs to typ e

[ [ ] ] the extension of typ e under the assignment

= ob jects and are equal by identity

== , == ob jects and are equal by shallow/deep v alue equality

( ), ( ) the set of the direct/of all the sup erclasses of class

( ), ( ) the set of the direct/of all the sup ertyp es of the v alue typ e

is a subtyp e of

signature is a refinement of signature

metaclass is a refinement of metaclass

, class intensio nal ly /exten sio nal ly refines class

8

□

□ n

n n

n n

1

2

1 1

8

1 1

B V T

{ }

O T

C I

O I

V T

• B V T ⊆ V T

•

• AN

Definition 1

Definition 2

Definition 3

D , , D

O

T

l ist of T

set of T

T , , T a , , a

r ecor d of a T , , a T

Note that the p ossibl e lab els in record typ es are attribute names.

(Pr e define d Basic V alue T yp es). The set of pr e define d b asic value typ es is

, that is, it is the c ol le ction of al l the b asic domains.

(Obje ct T yp es). The set of Chimer a obje ct typ es is define d as the set of class

identifiers .

identifier, value

(V alue T yp es). The set of Chimer a value typ es is inductively define d as fol lows

the pr e define d b asic value typ es ar e value typ es ( );

if is a value typ e or an obje ct typ e then

- and

-

ar e value typ es c al le d (pr e define d) structur e d value typ es, r esp e ctively indic ate d as list typ e and

set typ e;

if ar e value typ es or obje ct typ es and ar e distinct lab els in , then

-

is a value typ e c al le d (pr e define d) structur e d value typ e, indic ate d as r e c or d typ e;

definitions formalize the v arious notions of typ es of the Chimera language.

. . .

In Chimera, class names can b e used in definitions of typ es. This is due to the fact that attributes

of typ es, structured as records, are allowed to have classes as domains. The definition of collections,

structured as sets or lists, of instances of classes must b e supp orted in Chimera. Those collections

are used, for example, to store query results.

The following definition states that each class name is a (ob ject) typ e, thus intro ducing a

uniform notion of typ e.

The distinction b etween v alue and ob ject typ es is needed in order to distinguish typ es, whose

instances are ob ject identifiers in (namely v alues used to identify ob jects), from typ es, whose

instances are pure v alues. The distinction b etween ob jects and v alues is a rather subtle issue of

ob ject-oriented data mo dels. According to Beeri [7], the difference b etween these two notions can

b e characterized as follows: v alues are used to describ e other entities, whereas ob jects are the

entities b eing describ ed. That is, the information carried by a v alue is the v alue itself, whereas the

relev ant information ab out ob jects is carried in the relationships they have with other ob jects and

v alues. As a consequence, ob jects have an identifier and a state, which is a v alue, representing the

information carried by the ob ject. By contrast, the identifier of a v alue is the v alue itself. Therefore

we may say that v alue typ es are typ es whose instances do not have an explicit identifier, whereas

ob ject typ es are typ es whose instances have explicit identifiers.

In this resp ect Chimera is rather similar to the data mo del [28, 41] which supp orts b oth

ob jects and complex v alues, where ob jects are ( ) pairs and v alues are built using

atomic v alues, structured v alues and ob ject identifiers. The following definition intro duces Chimera

v alue typ es.

( )

( )

. . . . . .

( : . . . : )

OT VT T BVT Named

Types

Structured

Value Types

VT_{TN}

Unconstrained Named Types

Constrained Named Types

Constrained Extended Types

Unconstrained ExtendedTypes

person

employee student

graduate under-

graduate

integer

postalcode

real-

postalcode record-of(day:int,month:int,year:int)

date

summerdate

(name:’Bill Ford’, children: { })

(name:’computerscience’) department

chief

(name:’AlanFord’)

children

(name:’SusanFord’,children:–˝) children

person

graduate under-

graduate stud-

emp

c

c’

c 2

c1