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.4 bstract As the fist step of database integration, a participating 
local database schema should be tra@ormrd into an abstract one 
to remove duta model conflicts. For our project, the object-oriented 
schema is clwsen to represent the integraled information and a 
semi-automatic method is developed to transform relational sche- 
mas into 00 schemas. The main idea behind this method is to dejine 
two kinds of logics: a relational database logic Lltb and an object- 
orietied logic L, to formalize the corresponding data models. L‘& is 
used to model a database structure as well as its state, while L, is 
utilized for an object-oricnfed datubase. Then, based on these for- 
malisms. a set c>f Horn-clause-like rules is constructed to do a meta- 
level reasoning for translating a formalisnl inlo anotlu,r. 

1. Outline 
By the definition of L,&. the following issues concerning 3 re- 
lational database are considered: 

- relation classification, 
- null values, 
- view definitions and 
- integrity constraints. 

That is, using our Ldb. the above elements can be represented 
uniformly. 
On the other hand, using our L,. the following data can be 
formalized: 

- object structure, 
- derivation rules defined on object structures. and 
- (inter and intra) semantic constraints. 

Then, b‘ased on these two logics, a set of rules can be estab- 
lished to define the relatiou~l-to-00 transformation. 
In our system, the relations ‘are classified into four classes: 
strong entity relations, weak entity relations, strong relation- 
ship relations and weak relationship relations. Accordingly, 
we construct four subsets of rules to transform each of them 
into the corresponding object structures with different se- 
mnntic constraints. In addition, in terms of our epistemolog- 
ical principles. two other subsets of rules are defined, 
respectively, to build is-a and part-of relationships. and to 
denl with more complicated inheritances in an 00 schema 
generated by transforming a relational one. The detailed de- 
scription about such rules can be found in [ 11. In the follow- 
ing, we descuss the problems concerning the transformation 
of null values, view definitions ‘and integrity constmints. 
2. About null values, views and integrity constraints 
In our system, rhe null value is treated as an applicable null 
value. This denotes that this value is presently unknown, but 
cnn be entered to the database once known. Then, an appli- 
caticable null value can be represented using the fuzzy set 
concept. That is, a null value can be represented (explicitly or 
implicitly) as a multi-value of the form: ((v,. 1 ), . . . . (vn, i )). 
where ( vl, . . . . “1 v,,) is the attribute domnin and It IS the pro- 
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bability of some vi becoming the corresponding attribute va- 
lue. As a consequence, if any null value appears, the corre- 
sponding attribute will be transformed into a set-valued at- 
tribute by the schema transformation to accommodate the 
relevant values. 
In order to transform a view definition, we have to extend the 
object-oriented model with deductive abilities. Exactly 
speaking, the derivation rules should be allowed in an object- 
oriented schema. In our system, for the complex object struc- 
tures in L,, we define derivation relations in a standard way, 
as implicitly universally quantified statements of the form: 

where both yi’s and zk’s are complex object structures or nor- 
mal predicates of.the first-order logic. For example, the rule 
(ol. Empl)[e_name: x, work-in: 02 Dept] t= (02 : Dept)[d-name: y, 
mrmager: o1 Empfl states that department managers work in the 
department they manage. Here Empl and Dept are classes, o1 
and o2 are object variables (over object identifiers) and 
work in and manager are two aggregation functions. Univer- 
sal qiianttiers over o1 and o2 are omitted. As another exam- 
ple. consider the so-called ‘interesting pair’ problem. The 
problem is to find the pairs employee-manager such that the 
employee’s department’s manager’s name coincides with the 
employee’s name, which can be represented (using our meth- 
od) as follows: 

puirlo,. wwger(02)) t= (0,. Emp~[e-nume: x. work-in: o2 Depr], 

At la.%, in terms of L,‘s syntax, the integrity constrain w.r.t. an 
object-oriented schema can be defined to be a formula of the 
form: (Q1xl) . . . (Q,sc,)e(xl, . . . . x3, where each Qi is either V 
or 3, n > 0, e is a set of complex object structures or normal 
predicates of the first-order logic, connected with A, v, 7, or 
3, and x1, . . . . x, are all variables occurring in e. For example, 
formula (Vol)(Vo${ (oI,person)[name: -, age: -, sibling: 021 
* (02, person)[name: _, age: _, sibling: ol]] is a legal integ- 
rity constraint, representing that if o1 is the sibling of 02, then 
9 must be the sibling of 01, too. Then, we can define some 
rules to do the integrity constraint transformation automati- 
cally. For examle, a rule of the form: 

Q(.x,~)(T~(~)~T (l)),xs S,yc t,gencrate-class(v), 
generale-clo.W), Ld(x. -1. L.u~cY~ J + 

Q(x. Y)((oI> v)[w: -4 2 (027 u)[z: ~1) 

may enable us to translate any relational integrity constraint 
of the form: Q(x, y)(~,( 3 ) + T,,( 2 )I into an object-oriented 
one. where Q(x, y) stands for a sequnce of quantifications 
containing variables x and y. It may be of the form: VxVy, 
VxZly, 3x3~ or 3xVy. (See [l] for the definition of predicates 
appearing in the above rule.) 
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