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Abstract

The object relational data model presents both the advantage of Codd's relational calculus power
and the characteristics of the object orientation. Two major approaches have been adopted to
satisfy the requirements of new databases applications. A first approach integrates the object
characteristics into the new data models with the specification of data constraints and the
definition of interrogation language. The second one, called evolutionary approach, keeps Codd's
data model enriching with adequate concepts for the coverage of current database applications. In
this approach and comparatively with studies presented by Melton, Date and Darwen have
proposed the foundations of the object relational model. So, A-algebra consisting of first order
logic operators has been defined to express various classes of queriesin object relational database
To contribute to the improvement of relational/object models and agebra this paper presents an
extension of object relational model to new types generated by operators and the related A*-
algebra. These operators, called Op, offer a means to specify domains as functions and permit
conseguently to increase the data model expressiveness. To support this extension, we propose a
new data query language, or more precisely alogical data calculation A* as an adapatation of the
A-algebra. Our A*-algebra contains algebraic operators which are able to support this new
extension.
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1. Introduction

The object relational data model [1,2,3] presents both the advantage of Codd's relational calculus
power [5] and the characteristics of the object orientation [6,10]. Two major approaches have
been adopted to satisfy the requirements of new databases applications. A first approach widely
illustrated in [3,6,13] integrates the object characteristics into the new data models with the
specification of data constraints and the definition of interrogation language. This approach is till
considered asimportant research area. The second one [2,16], called evolutionary approach, keeps
Codd's data model enriching with adequate concepts for the coverage of current database
applications. In this approach and comparatively with studies presented by Melton [14], Date and
Darwen have proposal in [1,2] the foundations of the object relational model. So, A-algebra
consisting of first order logic operators has been defined to express various classes of queriesin
object relational database

Database management systems [7] had to deal with complex, heterogeneous, temporal and
available data on many sites. Two major tendencies have born to meet the new requirements of
database applications: the object oriented database approach [8,9,10,11] and the object /relational
database approach [1,2,34]. The object/relational database approach has to preserve inherent
advantages of the relational model, which offers two language categories: an algebraic language



based on relational algebra and a relational calculation language based on the logic of first order.
The logical aspect of the relational calculation allows the user to specify a query in a declarative
way. In particular, the user does not need to know how data are physically stored in the database.
Besides, relational algebra shows more easily some equivalencies between the algebraic language
expressions. The power of language expression is an important question. The limits of relational
algebra expressiveness are well known. One of examples is the operator of transitive closure of a
relation that cannot be expressed with relational algebra operators. Relational algebra is also
known by its limitation to express some simple and useful queries, which are easily expressed in
the language SQL.: for example, the queries like those asking for the calculation of annual salary
fromthe monthly salary of employees. Indeed, it is admitted [15,16] that any query requiring an
arithmetical calculation or functions of SQL aggregates is not possible with the relational algebra.
Motivated by the need of a large coverage, researches have been undertaken in order either to
increase existing algebras or to define other families of algebras such as the agebras for nested
relation models [17,18,19,20,21,22,23], the algebras for structured value models [24,25,26,27]
and the algebras for object models [12,28,29]. One the interests of these researches is the
formalization of the object/relational model and the proposition of a object/relational algebra[1,
2] called A. for the formal object/relational model the A-algebra has dlowed the identification of
adequate operation types. However, the query language design related to these data models
consists of defining algebraic operators. These operators are based on the A-algebrato which the
extension operators must be integrated. They facilitate both the description and interrogation of
complex data rich in symbolic representation, but requiring a prohibitive combinatorial
calculation during their manipulations. The constructors, used in query languages based on the A-
algebra, such as D language [1], adopt the set theory for the data specification and the first order
logic calculation to manipulate such data.

In this paper, we propose to enhance object/relational model through the notion of domain
generated by function or operator and to develop an algebra noted A* as an extension of A-
algebra. The query language based on A* should be still considered with regard to the power of
expression and calculation which is offered by a standard query language like SQL3. A*-algebra,
is composed of logical operators (i.e. not *, or*, and *, compose *) and extension algebraic
operators (i.e. : ext.. add ..by). Both are specific to the requirements of the new object/relational
model. The main idea in this paper consists of integrating within a object/relational scheme, types
defined by operators. These types built likewise, are not generated by constructors but defined by
operator Op as being couples <Op, TOp> and where TOp is the type returned by the function or
constructed by the operator Op. Then A* alows the manipulation of complex entities requiring
symbolic representations in their definitions such as in the geometrical and spatial databases.
These latter, processing the shape and position of objects in space and time constitute an
application domain, which evokes new query classes as, topological queries and geographical
queries, aggregate queries where a value is associated to a point set. The treatment of such query
classes leads to different problems, such as the choice of data representation model, the data
interrogation and transformation language as well as algorithm complexity of such
transformations. In [7], extension operators have been developed to take into account
sophisticated queries which deal with geometrical figures in relational or extended relational
context. In [30], geometrical queries are resolved in polynomial time in a constraint database
context. In A*, geometrical queries are tackled in an extended object/relational database context
to the concept of domain generated by operator or function. Thus, A* containing extension
operators is carried out by the query language ERA* for the querying of object / relational
databases.

This paper is oraganized as follows. In section 2 a typical example on a road network
connecting geographic zones of polyedrical form is presented. This example will illustrate our
concepts. Section 3 concerns Date and Darwen’s approach related to the formalization of the
object/relational model as well as A-algebra for the manipulation of data in such models. In
sections 4 and 5 which are the core of the paper, we detail the extension of the object/relational
model and the specification of A*. In addition elements about ERA* (Extended Relational A*
language) are given. Section 6 is a discussion which compares A* with the relational algebra on
the one hand and with specification and querying languages of object database schemas (i.e.,
ODL, OQL) on the other hand. This paper ends with section 7, which concludes our work.
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2. lllustrative example

Let us consider a network of roads in a geographical space and let us interest to topological
queries. The matter is to treat the nature of the road network in the neighbourhood of one or
several cities. We evaluate, through the metrical query, the characteristics of road or geographical
networks such as the different road accesses of a given city. Such query classes comprise
particular constraints like the intersection point of different road segments, evolutions of the road
network in aregion or a given zone, the management and transformation of a such road network
and the exploitation of new geographical zones expressed under the form of geometrical figures
(Figure 1). However, major difficulty for the resolution and management of such queries implies
the necessity to have a database language rich in data modelling and querying. Also, this language
has to be effective in the query resolution regarding to both the quantity of available numerical
data and the nature of the calculation carried out. We consider, in the rest of this paper, a case of
road network where the convex regions A, B, C are simple geometrical figures such as rectangles,
square, triangles and polygons (Figure 1). So the road network is represented and carried out, in
language D of Date and Darwen [1, 2], through the object/relational database named
ROAD_BASE:

ROAD_BASE
Points = RELATION{Id_Point char(10),Abscissareal ,Ordinate real } KEY { 1d_Point } ;
Road_ Segments= RELATION{ Id_seg int, first_seg char(10), last_seg char(10)} KEY { Id_seg};
Roads = RELATION{ Id_path int, Road SET(int) } KEY { Id_path};
Polygons =RELATION({ Id_poly int, Polygon SET(int)} KEY { Id_poly } ; where SET is a predefined type within the
DBMS

essms Finished roads

== == Roadsunder
construction

Figure 1: Road network

Notes:

= Theroad network is defined partially, but sufficiently regarding to our proposition.

= Relations are expressed according to the Date and Darwen’s formalism [1, 2].

= The position of acity in the road network is represented with a point belonging to the relation
Points.

= |d _path identifies the road, the set {Idl, 1d2, Idn} defines the respective identifiers of
segments of thisroad.

= |d_poly identifies the polygon, the set {Id1,1d2,...,Idm} defines the respective identifiers of
segments constituting a given polygon.

= Relation Road_ Segments represents the segments that board the cities defined in the relation
Points. Attributes first_seg and last_seg are the respective identifiers of departure and arrival
pointsin asegment identified by id_seg.

= Therelation Roads specifies all the possible roads between the different cities in the relation
Points; the road being a set of road segments.

= Therelation Polygonsdefines the set of the convex figuresin the road network.

Let us consider now a given state of the database ROAD_BASE containing the five different

citiesA, B, C, D, Ein aspace S(Figure 2). A relation r, in the Date and Darwen’s formalism is
defined by two sets representing respectively the heading and the body of r. The heading Hr
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specifies the scheme of the relation whereas the body Br contains the tuples corresponding to Hr.
So, the relations Points, Road_Segments, Roads and Polygonsare defined as follows:

H_Points = {<ld_Point, char(10)>, <Abs, real>, <Ord, real>};

B_Points = {{<Id_Point, char(10), A>, <Abs, real, 6>, <Ord, rea, 12>},
{<ld_Poaint,char(10),B>,<Abs, real,12>,<Ord, real, 10>},
{<Id_Poaint, char(10), C>, <Abs, real, 3>, <Ord, real, 6>},
{<lId_Poaint,char(10),D>,<Abs, real,20>,<Ord, real,15>},
{<Id_Paint, char(10), E>, <Abs, real, 18>, <Ord, real, 3>}};

H_ Road _Segments= {<Id_seg, int>, <first_seg, char(10)>, <last_seg, char(10)>};
B_ Road_Segments= {{<Id_seg, int, 1>, <first_seg, char(10), A>, <last_seg, char(10), B>},
{<Id_seg, int, 2>, <first_seg, char(10), A><last_seg, char(10), D>},
{<ld_seg, int,3>, <first_seg, char(10), E><last_seg, char(10), A>},
{<Id_seg, int, 4> <first_seg, char(10), B> <last_seg, char(10), D>},
{<Id_seg, int, 5>,<first_seg, char(10), C><last_seg,char(10), E>},
{<ld_seg, int, 6>,<first_seg, char(10), E><last_seg, char(10), D>},
{<Id_seg, int, 7>,<first_seg, char(10), D> <last_seg, char(10), A>},...}; /* The segment
AD is different from the segment DA Because the departure and arrival segments are

different*/

H_Roads= {<Id_path,int>,<Road,SET (int)>} ;

B_Roads= {{<!Id path,int,10>,<Road,SET(int),{ 1,4} >},
{<ld_pathint,20>,<Road,SET(int),{ 3,2} >},
{<ld_pathint,30>,<Road,SET(int),{ 5,3} >},
{<ld_pathiint,40>,<Road,SET (int),{ 5,3,1,4} >},

H_Polygons= {<Id_paly ,int>,<Polygon,SET(int)>} ;
B_Polygons={{<Id_paly,int,100>,<Polygon,SET(int),{ 1,4} >} ,

/* Road {A,B,D} */
/* Road {E,A,D} */
/* Road {C,EA} */
/*Road {C,E,A,B,D} */ ...}

[* Triangle ABD */

{<ld paly ,int,200>,<Polygon,SET (int),{5,6,7} >} } /*Polygon CEDA*/ }
.= " N\
Y e N D
Road “ .\
A
12 \ 2_2\. ~ _le.Zi ‘.\
Zone =="8
L MLl

Figure2 Road network

Let us note in this example (Figure 2) that we have considered data types related to the
management and processing of geometrical data in a network of roads. Indeed, and in order to
take completely into account the quantity of available data in the database ROAD_BASE; it is
necessary to express relative queries to many situationsin the road network such as:

(1) What are the respective coordinates of the cities Aand C?

(2) What isthe distance between the cities A and E?

(3) What are the cities belonging to zone z?

(4) What are the cities not belonging to zone z?

(5) What is the transitive closure of the road set in zone z do not cross points of the line
Y=3? Deduce the nature of the possible polygons?

(6) What are the separate roads connecting the cities A and B?

(7) What are all the roadsthat cross thecitiesA, Band C?

(8) What isthe shortest road connecting zoneszand z1?

(9) What are all the roads connecting zone z and z1 and not passing via zone z2?
(10)What isthe shortest circuit accrossall the cities? Etc...
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Theresolution of such queriesrequires:

= on the one hand the choice of a data model capable to represent complex data types (e.g.
roads, convex regions, circuits) and several situations in aroad network (e.g.: separate roads,
the shortest road, roads in a region, intersection of regions, the circuit accross al the cities, the
cities not belonging to aroad etc.) and

= on the other hand the definition of a query database language which can deal with the quantity
of available numerical datain such applications.

3. Date and Darwen’s Appr oach

Before starting the resolution with A*, we present in this section Date and Darwen’s formalism as
well as A-algebra proposed in [1, 2]. Date and Darwen consider that SQL 3 does not correspond to
an object/relational language in terms where the notions of objects and nested tables consist of a
logical confusion between the class type, defined in Object Oriented languages, and the relation
concept in relational databases (i.e. relation = class, the equation is confused). Indeed, Date and
Darwen note that the class is semantically equivalent to the domain or type and criticize research
studies on the evolution of the Codd's relational model approaching a relation to a class. So,
unlike the data model developed by the group ODMG in [6] and where the class concept is
inherited from object-oriented languages, Date and Darwen propose a convivial object/relational
extension of the Codd's relational model via domain or type generators (i.e. extensions to object
characteristics are realized on the basis of the type theory and where equation Class =Domain is
adopted).

Date and Darwen propose arelationa algebra named, A, slightly different from Codd's studies
[5] in terms where it is based on the first order logic calculation. Some operations of the Codd's
relational algebra have been revisited for the coverage of the new orientation of A-algebra
Indeed, a relation r is defined with its heading Hr and body Br. The heading represents the
schema of the relation r and is defined as a set of couples <a,T> (with a an attribute and T the
attribute type), while the body Br is the set of tuples. A tuple t being defined as a set of triplets
<a,Ti,v> with<a,Ti> isthe Hr element and v the value of the attribute a.

3.1. Formal definitions

Let bearelationr, an attribute a, atype T of the attribute a and v avalue of thetype T,

(a) Heading: A heading Hr is a set of ordered pairs <a, T> for each attribute a of r. So, two pairs
<al,T1> and<a2,T2> of r aresuch asal? a2 (i.e.: the names of attributes are different).
Example: The heading of the relation Points quoted aboveis:
H_Points= {<Id_Point, char(10)>, <Abscissa, real>, <Ordinate, real>};

(b) Tuple: Lettr be atuple and Hr a heading; Thetuple tr is a set of ordered triplets<a,T,v>
where each attribute ai of Hr isassociated with atriplet <ai,Ti,v> .

Example: t1={<Id_Point,char(10),C>,< Abscissa, real,3>,<Ordinate, real,17>} ;

tlisatuple of therelation Pointsrealizing the city C which is located at coordinates (x=3,y=17).

(c) Body: A body Br of arelation r is a set of tuples t. However, there may be tuples tj
corresponding to the heading Hr without tjl Br.
Example: Lettj= {<Id_Point, char (10), X>, <Abscissa, real, 40>, <Ordinate, red, 28>},

We notice that the tuple tj corresponds to the heading H_Points in the relation Points defined
in the example ROAD_BASE above; but tj does not belong to the body B_Points of the relation.

Remarks:

(1) Each heading Hr and body Br isviewed as a set.
(2) A subset of heading Hr (respectively of body Br) isheading Hr’ (respectively of body Br’).
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The object/relational A-algebra, defined in [1,2], allowsalogic calculation of first order on the
heading Hr independently from the one carried out on the body Br. Indeed, each agebraic
operator in A, applied to a relation r, considers semantic actions on Hr different from those
applied to Br.

3.2. Operators of the A-algebra

A-Algebra is essentially based on the set theory and consists of five basic operators AND, OR,
NOT, RENAME, REMOVE and of two derived operators COMPOSE and TCLOSE. The macro
operator COMPOSE considers the composition of relations as a generalization of the composition
of functions. The operator TCLOSE, based on the Codd’s algebra defines explicitly the operator
of transitive closure. Let us consider two relations r and ssuch as ro (Hr,Br) and s° (Hs,Bs) With

Hr, Hs and, Br, Bs respectively headings and bodies of relation’s r and s.

AND Operator . The AND operator, is a conjunction of two relations rl and r2. The heading Hs
of the resulting relation sis the union of the respective headings Hrl and Hr2 of the relations rl
and r2 while the body Bs of sis a set built by conjunction of some tuples in the respective bodies
Brl and Br2 of therelationsrl and r2. We note that this operator corresponds, in Codd's algebra,
to anatural join of therelations' r1 and r2.

s- r1ANDr2; Hs = Hri1E Hr2; Bs{ts/$tr1$tr2((trll Bri)Uitr2l Br2)Uts=triEtr2))}

OR Operator. The OR operator, is a relational disjunction, generalization of the operation Union
in the Codd's relational algebra. So, Hs, the heading of the relation result s, is the union of the
headings Hrl and Hr2 of the input relations rl and r2. The body Bs of sis a set corresponding to
the disjunction of tuples in the respective bodies Brl and Br2 of the relation’s rl and r2.
<= r10Rr2; Hs= Hr1E Hr2 ; Bs={ts/ $tr1$tr2(((trd Br1)U(trd Br2))Uts=tr 1Etr2))}.

The operator OR, in Date and Darwen’'s A-algebra, allows to treat the headings and bodies
separately and has not an equivalent operator in the Codd's relational algebra.

NOT Operator . The operator NOT, expresses the complement of a relation r noted (Hr, Br). The
heading Hs of s is equal to the heading Hr of r; while the body Bs of s, contains al the tuples ts,
which do not belong to Br, body of r.

S- NOT(r); Hs=Hr ; Bs={ts/" tr((tr7 Br)U(ts =tr))}tr being atuple belonging to Br.

Operator RENAME. The operator RENAME allows the renaming of attribute named a inr by
another attribute called b in the resulting relation s without changing its type T. So, the heading
Hs of s isidentical to the heading Hr of r except the pair <a,T> that is replaced by <b,T>. The
body Bs is formed by the set of tuples tr in Br where <b,T,v> replace al the triplets <a,T,v>.

s— r RENAME ab) ;Hs={Hr-{<aT>}}E{<bT>},
Bs={ ts/$tr, $v((trl Br)UM T)U(<a,Tv>1 tr)Uts={tr-{<a,Tv>}}E{<b Tv>}))} i

We notice that the operator RENAME is not necessary in Codd's algebra because it does not
act on the semantics of the concrete database.

REMOVE Operator. The operator REMOVE generates a relation by eliminating a given
attribute a, of arelationr. This operation is equivalent, in Codd’s algebra, to the projection of r on
all the attributes of r except for a given attribute a. So, the heading Hs is equal to Hr, the heading
of r, minus the pair < a, T >. In this case, the body Bsof s, is a subset of tuples tr of r
corresponding to the heading Hs. The first order logical calculation, well adapted to A-algebra, the
operator REMOVE acts separately on heading Hr and the body Br of the relation r. This
possibility of calculation allows enhancement of the possibilities of transformation of database
scheme and supplies a better exploitation of concrete relations out of the headings, which they
support.

s- r REMOVEa; where<aT>1 Hr, Hs=Hr-{<aT>} :

Bs={ts/$tr $v((trT B)UM T)U(<aT,v>1tr)Uts=tr- {<aTv>}))} ;

S. Nait Bahloul, Y. Amghar, & M. Sayah 81



COMPOSE Operator. The COMPOSE operator, is defined by the combination of the operators
AND and REMOVE such as:

S$- r1COMPOSETr2 ; s° (r1 ANDr2) REMOVE an..REMOVE a2 REMOVE al;
Hs={ (Hr1IE Hr2)-{<al t1><a2t2>,..,<antn>}} ;
Bs={ts/$tr1,$tr2," W ti(((trd Br1)U(trA Br2))U(ts=(tr 1E tr2)-{ <ai ti,v>/ail {al,...,an}}))} -

Notes:

= al, a2, ...anarethecommon attributesto therelationsrl and r2 (n > =0).

= The COMPOSE operator does not exist in Codd's algebra.

= The order of the Remove in the definition of COMPOSE operator is not important because it
is concerned with the same structure of the set type.

= |f n=0 then (r1 COMPOSE r2) ° (r1 AND r2) and the relation (r1Cr2)isincluded in the (rl1
AND r2) body; where (t1C r2) is the cartesian product of rl by r2 in the Codd's relational
algebra.

The body Bs of the result relation s in the case of the operators AND and OR cannot contain
tuples tr already existing in one of the operand relationsrl or r2. The heading Hr is defined by Hr
=Hr1E Hr2.

TCLOSE Operator . Compared to the Codd's relational algebra, A-algebra includes an explicit
operator for the transitive closure named TCLOSE. Indeed, given that arelation r containing two
attributes X and Y of type T, the transitive closure TCLOSE (r), following attributes X and Y, isa
relation r+ whose the heading Hr+ is the same of the heading Hr. On the other hand the body Br+
issuch as:

r+ = TCLOSE r ; Hr+=Hr ;

Br+=BrE{tuplet/" sequenceS,

(SH<XT, x> <YT,z15} {<XT,z> <Y, 1,225} . { <X T, > <YT,y>}) Br

b ((t={<X,T,x><YT,y>}U Br+)); withthree propositions(1), (2) and (3) as being equivalent.

(1) The tuples <X, T,x>,<Y,T,y>l Br+

(2) Thereisasequence of values z1,22,...,zn having the sametype T such as:
{<XT x> <Y, T, 25} { <XT,Z21>,<Y, T, 25} ;.{ <X, T,n>,<Y,T,y>} Br

(3) Thereis away betweentuples <X, T,x> and <Y,T,y> in the body Br .

Notes:

= fortheoperations (r1 ORr2) and (r1 AND r2), ((<a,T1> Hr1)U(<a,T2>1 Hr2))b (T1=T2) ;
= theoperation (r RENAME(AB)), ((<a,T>i Hr)U(<b,T> Hr))b (r=r RENAME (ab)) -

* inthe caseof TCLOSE, (Br+=BrEE)b (Bri Br+ )Wwith E: set of the added tuples.

4. A*: New algebrafor Object/Relational M odel

In this paper, we consider that a domain or type is specified by an operator Op which would be
equivalent, in our case, to a function that returns a value belonging to a domain or type. Inthe set
of the triplets {<OpTOp,Op(pLtl,p2:t2,...,pnitn)>} Op represents a function, TOp the type returned
by Op and Op(pl,...) the function signature. More generally, Hr={<al,t1> ,<a2,t2>, ..., <an,tn>,
<Opl,Topl>, ...,.<Opn,TOpn>} is a header whereal,a2,...,an are attributes associated with the
relation r; t1, t2, ..., tn types assigned respectively to attributes ai; Opl,0p2,...,0pm are the
operators domains definitions. TOpl, TOp2,..., TOpmare the respective types returned by the
operatorsOpi, i =1,...m

4.1. Definitions
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Comparing with notions presented in Section 3, the concepts of heading, of tuple and of body are
redefined according to our approach.

Definition 1. A heading Hr is a set of ordered pairs <X, Tx> where X is an attribute a or an
operator Op. The type Tx is either a predefined type or atype of operator result.

Definition 2. Let Hr be a heading and t a tuple; The tuple t is a set of ordered triplets <X, Tx,
v> corresponds to each attribute or operator X in Hr. In this case where X is an operator Op, the
valuev isdefined by v = Op([ p1].....[ pn]).

Definition 3. A body Br of a relation r is a set of tuples t containing tuples tj such as
tj =<Op,TOp,Op( pL,...,pn) > where p1,...pn are parameters assigned by value or by variable.

Example of some types:
a. < /[*operator Op:*/ Define_Road, /* type TOp :*/Set (int), /* Signature of Op:*/
Define_Road (1d-departure: char (10), Id-arrival: char (10)) >

b. < Define_Road, set (int), Define_Road(A,C)> [* A, Carecities, seeFigure 2.*/
C. <inversereal,inverse(x:real)> ° <inversereal,(1/x)> [* Parameters by variable*/
d. <inversereal,inverse(4)>°<inversereal,0.25> [* Parameters by value */

We note that the operator Op can return an abstract data type (a), an instance of type (b), a
function (c) or avalue (d) according to the input parameters.

Definition 4. An operator Op( p1: t1,..., pn:tn) isascalar function or domain constructor.

Definition 5. An abstract data type, ADT, isaheading of arelationr named Hr, which contains at

least a couple <Op, TOp> and where the operator Op is a generator of the domain TOp. The
tuplestr corresponding to heading Hr are called instances.

4.2 Corollaries

Following the definitions defined above we deduce the notions of instances for an abstract data
type and equivalence between twotuples T1 and T2.

Corollary 1. an instance of an abstract data type defined by the heading
Haa={ <a1, Tz><Op,TOp>,...,<an,Tn>} isatuple t defined by:
t={<al,T1,v1><0p,TOp,Op(pltl,p2t2,...pt)tn:>,...,<an,Tn,vn>} -

Example: T ={<id_ch,int,10>,< Define_Road, sef(int), Define_Road(A,D)>}. The road identified
by id_path=#10 between the city A and thecity D is {A,B,D} ; /* SeeFigure 2. */

Corollary 2. Let H be aheading defined by H={<Xi Ti>} where Xii { AttributeOp} - Two tuples
Tlet T2 corresponding to the heading H are equivalent if and only if:

"<atv>l Ti$<btu>l T2 ((a=b)U(v=u)) Where " <Op1TOp10pl(pLtl,p2:t2...., pit)>l Ta,
$<0p2,TOp20p2(qL:tlo2:t2,..qmtm>1 T2,

P ((Op1l=0Op2)U TOp1l=TOp2)UWOpl(pLtl,p2t2,..., pit)° Op2(ql:tl g2:it2,...qmtm)))

4.3 Example of an extended data model

Let us consider theillustrative example of the section 2, the database ROAD_BASE* in the new
object/relational model is as follows:
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ROAD_BASE*
Points= RELATION({ Id_Point char(10), Abscissareal, Ordinatereal } KEY{ Id_Point} ;
Road_Segments = RELATION{Id_seg int, first_seg char(10), last_seg char(10)}

KEY{ Id_seg };
Roads= RELATION{Id_path int, OP* Road(Id-departure char(10),!d-arrival char(10)):
SET(int) KEY { Id_path};
Polygons = RELATION{ Id_poly int, OP Polygon(ld_seg-departure int,ld_seg-arrival int):
SET(int) KEY { Id_poly } ;

Notes:

= The operator Road allows finding all the possible roads between the cities identified
respectively by |d_departure and id_arrival. This operator generates the set of segments,
which form the parts of the road in question: SET (nt)¢ Road (Id_departure: char (10),
Id_arrival: char (10)).

= The operator Polygon allows building the domain of all the possible convex figures between
segments, identified respectively by 1d_seg-departure and id_seg-arrival. This operator
returns a set of segments that form the convex space or the polygon in question: SET (int)<
Polygons (1d_seg-departure: int, |d_seg-arrival: int).

= The name of the operator Op represents the domain and TOp is the representation of the
domain in the object/relational database Indeed, in the case of the domain Polygons defined
by the operator Polygon, Type TOp is equivalent to the type SET (nt) and the values v are
such as v = Polygon (Id_seg-departure: int, 1d_seg-arrival: int). For example, the polygon
CEDA in the figure 2 is defined by the tuple t as follows: t={<Id_poly, int, 200>, <Polygon,

SET(int), {5,6,7}>} /* seeFigure2.*/
4.4. Basic operators of extended model

The extended object/relational model requires new agebra for the support of the domains
generated by operator Op. Indeed, in our approach, we have exploited the Date and Darwen’'s
studies on the A-algebra and previous work [7] on the operator bound by the procedures " EXT” to
specify and define A*. Thislatter is based on same operators asA-algebra.

Operator NOT*. The operator NOT* allows the elaboration of complement to the relation s
relatively to another relationr.

SNOT * r ;Hs=Hr ; Bs={ts/$tr((trT Br)U(ts? tr))}

Operator REMOVE*. The operator REMOVE* allows to remove, from the body Br, al the
semantic entities derived from an operator Op. In case where the element to be removed is an
attribute, REMOVE* isequivalent to the operator REM OVE in A-algebra.

S = r REMOVE* X; Where (<x,T >l Hr)U(X ={ A Op}))
Hs=Hr-{<aT>} ;
If X=a then begin
Hs=Hr-{<XT>} ;
Bs={ts/$tr,$v((trT Br)UM T)U<XTv>1 tr)Ults=tr-{<X,T,v>}))}
Endif Else( X=0p) begin
Hs=Hr ; Bs={ts/$tr((trl Br)U(<XT,X(pLt1,p2:t2,..,p:t):tn>T tr)
Uts=tr-{<XTX(pLtl,p2:1t2,..,p:t):t1)>}))}
endelse

Operator TCLOSE This operator alows the semantic improvement existing in the
object/relational database. Indeed, the body Br of a relation r is increased by new tuples
expressing all information deduced by transitive closure.

r+ - TCLOSE* r ; Hr+=Hr ;

Br+=BrE{tuplet/" séquenceS,((Sl Br)p (t={<XT x><Y.T,y>}U Br))} With
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SH{<XT x> YT Z15H{<XT,Z1>LY T, 22>} {<XT,2n> <Y T y>}
Or S={<OplTyv><YTvI>}H{<Op2 TvI> <Y, T 22>}, { <XT,z2n> <Y T,y>}

In this case the heading Hr of r contains the operatorsOps TCLOSE* expresses atransitive
closure between the operators or functions.

Operator RENAME* . In addition to lenaming an atomic attribute this operator is used to
change of the name of an operator Op. The heading Hs of s is identical to the heading Hr of r
except the pair <O1p,TO1p> that is replaced by <O2p,TO2p>. The body Bsis formed by the set
of tuples tr in Br where <O2p,TO2p,v2> replace al the triplets <O1p,TO1p,v1>. This operator
can be written:

s- r RENAME(Op1,0p2); Hs={Hr-{<OplLT1>}} E{<Op2,T2>}-

Notes:
= (AND*° AND),(OR*° OR) and (COMPOSE*° COMPOSE).

= Each operator of A* is followed by the character star (*) to mean that the operator belongs to
the extended algebra.

4.5 Extension operators

The definition of an object/relational database contains relations having headings of
typeH ={<ayt1><azt2>,.,<antn><O0p1,TOp1>,.,< Op,,,TOp,, >}. So, the interrogation
and exploitation of such database require appropriate algebraic operators besides those used for an

object/relational model. Several variants of the extension operator that we have proposed in [7]
have been adapted and integrated into the specifications of A*-algebra.

45.1. New type extension

The operator of new type extension alows the modification of the heading of the relation r by
inserting a new attribute an+1 and its type tn+1 in the heading Hr of r. The body Bs of s issuch
that Bs contains for each tuple tr of r, the triplet < an+1, tn+1, null > where the constant ' null '
belongs to any system or user type. The operator in this case is equivalent to the operator ALTER
inSQL3. .

s- EXTrADD(a,,, :t,); HS=HrE{<an+1:th+1>};

Bs={ts/" tr1 Br(ts=trE <an+1tn+1null >)}

Hr  being Hr ={<ati><aztz>..,<anth>}" i1 {1,.. cardinality(r) },

" (tr1 Br) (tr € tr E <an+1tn+1,null>).

Example of new type extension

Points < EXT Points ADD Color :int ; Relation Points becomes:

Points = RELATION Id_Point char(10), Abscissareal, Ordinate real, Rediusreal,Color int} KEY
{ Id_Point }; with init(Points) is defined by : init(Points) {for i=1 to card (Points) do
Points.Color=null;}

4.5.2. Extension of computed type

The extension of computed type operator allows on the one hand to modify the heading of the
relation Hr by inserting the new attribute an+1 to Hr, and on the other hand to define the tuples
results of Op application in r; the type of the attribute an+1 being defined by the type of
Op(p1:ti,p2:t2,..,pn:tn). The value v in the triplet <an+1TOpP,v> is expressed by
v=0p([ pt],...,[ pn])where [pi]: is the value of pi. The expression of type extension is as
follows:

s- EXT r ADD ap4+1 BY Op(pl:tl, p2:t2,. pn:tn) Where:
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Hr ={<altl><a2t2>..<antn>} and <an+1TOp>I Hr
Hs=Hr E{<an+1tn+1>}
Bs={ts/"tr,$\(tr1 Br)U(ts=tr E{<an+1tn+1v>})U(v=0p([p1] [p2]....[pn])} .

Example of extension of computed type
Points € EXT Points ADD Redius BY calcul_redius(Abscissareal, Ordinate:real): real;
Rel ation Points becomes
Points = RELATION{ Id_Point char(10), Abscissareal, Ordinate real,Rediusreal, KEY {
Id_Point } ; with the operator calcul_redius defined by: calcul _redius(Abscissareal,
Ordinate:real): real
begin

Redius=sgrt (Sqgr(Abscissa)+Sqr(Ordinate));

Return (Redius) ;
end

4.5.3. Global operator extension

A global operator extension acts on the heading Hr or the body Br of the relation r and allows
defining new domains, new constraints of integrity defined by the operator Op or reorganizations
of the relation r and generates as a result, a relation defined Dby
Hs={<altl>< a22 >,.< antn>< OpLTOpl>,..,< OpL,TOpL >}. The operator Ext°® can be
i) internal if Op is specified when it is called; ii) external if Op is DBM S predefined operator.

s- EXT® rBY Op(pl:tl,p2:t2,...,pn:tn):tn+1

[begin /* Body of Op which can be writtenin a high-level language or in SQL */ end.]
Hs={<bltl><b2t2>..., <bmtm>} with biT {ai,Op},

Bs={ts/$TI {t1,t2,...tn} X1 {b1,b2,...bm})}

((< X, T>1 He)U(ts ={< X,T,v>}U(v=0p( p1:t1,..,p:1)))}

Case (a): for this type of extension, the operator Op allows to define a domain by the operator Op
which is integrated into the scheme of a given relation (i.e.. Hr=HrE{<Op,TOp>} , TOp isthe Op
result type ). Besides, the application of several operators to a scheme of a relation r alows to
consider various complex typesfrom r without changing its dimension.

Example of domain of pointsin SquareC

Points' € EXT Points BY InSquare(ld_Point :int,C :Polygon) :Boolean ;

Relation Pointsis:

Points= RELATION{Id_Point char(10), Abscissareal, Ordinate real, Redius real, Color int, OP
InSquare(ld_Point :int,C :Polygon) :Boolean} KEY { Id_Point} ;

with InSgquare (Id_Point,C) defined by :

InSquare(ld_Point :int,C :Polygon)

begin if id_PointT (square C) then return 1 elsereturn0; end

Case (b): thistype of extension uses aggregation, which allows restructuring therelationr. Let us;
consider the case of agrouping of attributes al, a2. an in anew attribute b. Indeed, in the example
below, the domain «AngleTeta» replaces the attributes «Abscissa» and «Ordinate» in the Relation
Points. The dimension of theresult relation sisinferior to the rank of the operand relationr:

Hr ={ <au,ti> <ap,t2>,..,<antn>} ;
Hs={ <b,t><bz,t>,...,<bm,tm>,<0p,TOp>} ; Withm<n, bj=al...ap andj=m,and p=nbj
being an aggregation of several attributes ai

init (Points) is a procedure of initialization existing in the dbms
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Example of restructuration of the relation Points
Points ¢ EXTC PointsBY AngleTeta(X:real,Y:real):red ;
Points= RELATION{Id_Point char(10), Redius real, Color int, OP
AngleTeta(Abscissareal,Ordinateireal): real} KEY { 1d_Point} ;
AngleTeta(Abscissa:real, Ordinate:real)
Begin for i=1to card(operande relation) do {
compute the angle Teta fromAbscissa and Ordinate,
remove the coordinates Abscissa and Ordinate ,
insert tuple of the operand relation into Points; }
end

Case(c): m>nand ail {bl...bm}; that case uses aredefinition of a user datatype inits basic types
[21,23].

Example: Redefinition of adomain D

= Let the relation Points defined by: Points(ld_Point char(10), Redius real,Color int, OP
AngleTeta(Abscissareal, Ordinaterreal)); we have: TYPE Segment {begin: char(10) , end:
char(10) }

= Points € EXT® Points BY S:Segment; Relation Points becomes: Points =
RELATION{ Redius real,Color int, Id_Point char(10), S:Segment, oP
AngleTeta(Abscissareal, Ordinateireal)} KEY { 1d_Point} ;

» Points € EXT® Points BY Display(s:Segment); Relation Points becomes : Points =
RELATION{ Id_Point char(10), Redius real,Color int, S-Begin :char(10), SEnd : char(10),
OP AngleTeta(Abscissareal, Ordinate:real), OP Display(s: Segment)} KEY { Id_Point }.

4.5.4. Local operator extension

Unlike the global operator extension, this type of extension acts exclusively on the body Br of a
relation r and allows consequently expressing queries on tuples t or entities e having the
characteristics Ci defined by an operator Op.

s - EXT- ALLrBY Op(pl:tl,p2:t2,...pn:tn):tn+1

[begin /* Body of Op which can be writtenin a high-level language or in SQL */ end]
Hs=Hr E {<Op,TOp >}:Bs={ts/" tr1 Brts=tr E{<Op,TOp,Exp(Op)>}; where Exp (Op):
the value, which defines the operator Op for a given query. TOp: specified by the expression Exp
(Op). Figure 3 depicts extension operators.

Exampleof local extension operator

Neighbourhoods ¢ EXT- ALL Points BY Near_of(P :char(10), d :real) :Set (int);
Let us consider the relation Points of the database ROAD_BASE*:
Points= RELATION{ Id_Point char(10), Abscissareal, Ordinate real} KEY { Id_Point} ;

So, neighbourhoods = RELATION{ Id_Point char(10), Abscissareal, Ordinate real, OP
Near_of(P: char(10), d : real) : Set (int) } KEY{ Id_Point }

are declared by:

VAR pp tuple(ld_Point char(10), Abscissareal, Ordinate real)

/* Definition of the point A(6,12) */ pp.ld_Point ="A’; pp. Abscissa=6; pp. Ordinate=12;
Neighbourhoods € EXT" ALL Points BY Near of(‘A’, 2)

/* Pointsin a circle of centreA(6,12) and of Radius 2; see Figure 2. */

* Exp(Op) is defined in that case by Exp(Op) ={(x,y)/ (x-6)>+(y-12)? =4} */

with Near _of(P :char (10), d:real) defined by:

Near_of(P :char(10), d :real) /* d: distance*/

Begin

Var E :set(int) ; E¢ F;

for i=1 to count(Points) do Begin
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read tuple(i) ;
if (P-tuple(i).id_point)<= d then t < tuple(i).ld_Point ;E< EE {t};
insert tuple(i) of the relation Neighbourhoods ; endif

endfor

return (E) ;

end

Hrl
Hrl al:itl a2:t2 Opi :Topi an :tn
‘\~~. HOpi
al:itl a2:t2 .... Opi:Topi an:in an+l:tn+l m
plitl p2:t2 ... pi:ti p:t

. Global extension operator (case a ) ;
Extension Operator to the new type or calculated type P ( )

Hrl Hr
az:t2 ad:t4 ... Opi :Topi an :tn alitl a2:t2 aiti an :tn
HOp Hr
A
A
B ,v-l‘(,- ’r
. ’,’ .
alitl  a3it3 .. pm:tm pit e’ o o o

bl:tl b2:t2 bm :tm a2:t2 ai:ti Opi:Topi an:tn

Global extension operator (case b) Global extension operator ( case c)

Figure 3. Various types of extension to the operators Op .
4.6. Advanced operators
4.6.1 The operator of relation extraction

The operator of relation extraction builds a relation from one or several operand relation r1, rp.
Indeed, the operator Op applied to headings Hr(i) alows to define the result heading:
Hs={<ayt1>, <at>, ...,<anth>, <Opi,Top:>, <Op,,Top.>};the operators Opy, ..., Op, in the
relation esult s, provide the possibility of the expression of new situations in the database.
Moreover, the operator EXTRACT allows also the extraction of tuples tr by the operator Op
(p1,p2...p) according to functional dependences linking the operand relations ri,..., rp: s-

EXTRACT r FROM rl1r2,.., rp BY Op(pl:tl, p2:t2, ..p : t) :tn+l;
Hs={" <X Ti>$<aT > Hri,$<Op,TOp >}With<Xi,Ti>=<a,T> U <Xi,Ti>=<Op,Top>.

Bs={ts/$trT [ JHri ((ts] tr)U(tscompliant with Hs)}with Hr (i), the heading of the
i=1

relation r(i) and (i=1..n). The operator Op allows to extract entities of type tn+1, according to the
heading Hr of the operand relation r, from the relations r(1), r(2),..., r(n). The attributes <Xi, Ti>
of theresult relation sare either attributes already existing in the valuesrelations’ r(i) or attributes
<Op,TOp> generated by the operator Op.

Extraction of arelation by operator OP
Let us consider Points and Neighbourhoods two relations (4.5.3 (a)) and (4.5.4):
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Points= RELATION{Id_Point char(10), Abscissareal, Ordinatereal, Rediusreal, Color int, OP
InSquare(ld_Point :int,C :Polygon) :Boolean} KEY { Id_Poaint} ;
Neighbourhoods = RELATION{ Id_Point char(10), Abscissareal, Ordinate real, OP Near_of(P:
char(10), d :real) :Set (int) } KEY { Id_Point} ;

Now, let the following query: EXTRACT s FROM Points, Neighbourhoods By P_and_N(void)
with: P_and_N(void) Begin Points AND Neighbourhoods End
S=RELATION{ld_Point char(10), Abscissareal, Ordinate real, Redius real,Color int,
OP InSquare(ld_Point :int,C :Polygon) :Boolean OP Near_of (P :char(10), v :red) :Set (int)}
KEY { Id _Point} ; which are pointsin the square C defined by the inequalities
Cs{0<x<a,0<y<a}
EXTRACT Q FROM S BY Squaree(Cs) :Set (int) ; with Square (Cs) defined by:
Square(Cs :set(int))
for i=1 to card(relation Points) do begin
Read tuple(i) ; T< tuple(i).ld_Point ; If (InSquare(T,Cs) then Bs < tuple(i); end

4.6.2. Abstract data type generation

In an object/relational model the definition of the relation notion as a heading Hr and abody Br in
the Date and Darwen’s formalism [1, 2] has allowed to approach the relation notion like the
domain set Hr={<al, T1>, <a2, T2>, <an, Tn>} where the management of the body Br of the
relation does not influence the heading calculation. The integration of Operators Op in the
definition of an extended object/relational model expresses each heading Hr of arelation r with
an abstract data type Hadt={<A1, T1>, <Om, TOm>, <An, Tn>}. The generation operator of
types SHOW (@) expresses all the abstract datatypesin the heading Hr = {< al, T1 >, < Op, TOp
>, < 0Om, Tom>, < an, Tn >} following the nature of operator Op and its input parameters. Once
the abstract data type or ADT has been generated, it is possible to extract SHOW (b), al the
instances respecting the signature of such type or domain.

(@): ): s SHOW[ALL] ADT [<ADT_name> ] ON r WHERE <conditions> with <conditions>
an expression on the heading Hs and can be a definition by value or by variable parameters of the
operator Op (pl:t1, p: t)

Hs={<X;,T >/$<0p,TOp >l Hr (< X,,T, > Hr)p ((<Op,TOp > Hs)U(< Conditions>° True))}

Bs={ts/$trT Hr ((tsl tr)U(tscompliantwithHs))}

(b): s SHOW[ALL] [<instance_name>] INSTANCE ON <ADT_name> WHERE < conditions>
Hs=H < ADT_name>° {< X, T>/$<X,T> H<ADT _name>}((X=0p)U(T=TOp))}
Bs={ts/((ts compliantwith Hs) U(<Conditions>° True)} With <Conditions> an
expression on the body Bs.

Let be the relation Neighbourhoodsin the section (4.4.4) :
Neighbourhoods = RELATION{ Id_Point char(10), Abscissareal, Ordinate real,
OP Near_of(P :char(10), v :real) :Set (int) } KEY { Id_Point} ;
SHOW ADT N_Proches ON Neighbourhoods/* Query SHOW without conditions. The following
query expresses all the abstract data types defining, possible Neighborhood. */

5. Extended relational algebralanguage (ERAY*)

ERA* is an algebraic language based on the operators of A*-algebra. Indeed, realization of the
algebraic extension operators offers new functionalities in a database language. The definition of
relation r and data logical calculation proposed in the Dates and Darwen’s formalism on the
object/relational models[1,2] |eads:

- toenrich the object/relational model seen by Melton on the one hand,;
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- the reinforcement of data interrogation language by sophisticated operators for the resolution
of some query classes on the other hand.

Consequently, the integration of possibilities offered by the language ERA* in SQL3 should
improve this standard. To illustrate partially ERA*, let us consider the database ROAD_BA SE*
defined in section 4.3 and the set of queries of the illustrative example of the section 2. Our
objective in the following is summarized in the presentation of the solutions of some types of
queries by using both SQL 3 and ERA*.

5.1 Geometrical queries

(1) What arethe respective coordinates of the cities A and C?
(2) What isthe distance between the cities A and E?
(3) What arethecities belonging to the zone z defined with the rectangle { 1<x<20;2<y<7} ?

(4) Andthecities not belonging to the zone z?

Query

SOL3

ERA*

@

Select Abscissa,Ordinate From Points
Where (Points.ld_Point="A") OR
(Points.ld_Point="C")

Ext ALL Points BY
InTown(ld_Point:int,{A,C}):Boolean;
Points REMOVE* Id_Point;

SHOW ALL INSTANCE ON Points;

@

Select Distance(P1,P2)
From Paints P1, Points P2
Where P1.1d_Point='A’
P2.1d_Point="F’

AND

Ext Points BY Eval_dist(Departure:char(10),
Avrrival:char(10)):real,

SHOW ADT ON Points

Where Eval_dist(x,y) AND x="A’ AND y="F’;

©)

Select P1.ld_Point
From Points P1
Where (1<P1.Abscissa<20) AND

(3.1) : Res = Extract Point_in_zone
From Paints By
inzone(p:char(10),S):boolean ;

(2<P1.0Ordinate<7) (3.2) : Res = Res Remove* Abscissa, Ordinate ;

ShowAll ADT On Res Where true;

Select P1.Id_Point

(4) From Points P1

Where Not inzone(P1.Abscissa,
P1.Ordinate);

(ShowAll ADT On Res(*)
Where Not inzone(p:char(10), S):boolean;

Notes.

= Inthe case of simple questions, answers in ERA* are less condensed and more complex to be
expressed with regard to the language SQL 3.

= The operator InTown(ld_Point:int ,s:set):Boolean allows to identify whether the city Id_Point
belongsto the set of citiess

= Eval_dist(Departure:char (10), Arrival:char(10)) expresses the distance between an arrival
city and adeparture one.

= Distance (P1, P2) isastored procedure or PSM [14] in the language SQL 3.

= |n addition tgo query resolution, the solution to the query (1) in language ERA*, dlows to
enrich the relation Points by the operator InTown below.
PointssREL ATION{ Id_Point:iint,Abscissaint,Ordinate:int,

OP InTown(ld_Pointint,{A,C}):Boolean } KEY{ Id_Point }

= Theoperator InTown is necessary in other queries which make reference to any subset { A, C}
like : What are the roads containing the citiesA and C ?

= The Ssystem represents the zone Z of the figure 2 where S={ 1< x <20 and 2<y<7}.

= Thesignature of operator inzone(p :char(10),S :char(10)) :boolean, S :char(10) :boolean ;
express the following two propositions (pi S) and (p 1 S) depending on returned value.

Treatment of the query ( 3)

(3.1) :Res=RELATION{ld_Point:int,Abscissa:int,
char(10)): boolean } KEY{ Id_Point }

Ordinate:int,OP inzone (C:char(10) ,S

S. Nait Bahloul, Y. Amghar, & M. Sayah 0]



(3.2) : Res=sRELATION{ Id_Point:int, OP inzone(C:char(10),S.char(10)):boolean } KEY{
Id_Point }. The body B_Res of the relation Res above is: B_Res = {{<1d_Point, char(10),C>,
<inzone,1>}, {<ld_Point, char(10),E>, <inzone,2>}};

Theresult B_Resextensionis{(“C",1),(" E”,2)}

5.2. Topological Queries

What is the transitive closure of the road set in zone Z does not intersect with points ofine Y=3?
What is the nature of the possible polygons? The steps of resolution of query ( 5), in the example
depicted in Figure 4, are:

a  Searching for roadsin zone Z vooA o
b. Determination of roads not :
passing viathe point E
c. Determination of the
transitive closure
d. Deduction of polygons 3

12

Line Y=3

v

Figure 4. Topological situations.

Indeed, roadsin the zone Z (figure below) are defined by the set S such that :
S={{P1,C} {PL1,P2} {P1,CE} {P1,P2E}{CE}{CEP2}{PLCEP2}{EP2}} ;(a
So roads do not pass via points of the line Y=3 represent the set SS such that:

SS={{P1,C} {P1,P2}} (seefigureabove); (b)
so the transitive closure SS* is: SS*=SSE {P2,C}={{P1,C} {P1,P2} {P2,C}} ; (c)
We have deduced that thereis only one polygon (P, P,C) of typetriangle (d)

However, in the general case the resolution of query ( 5) has some particularities:

(1) The possibility of defining and extracting new domains from the concrete database already
defined;

(2) The definition of infinite objects but logically finite

(3) The definition of non-specified property a priori in the scheme of the object/relational
database (eg road length, the nearest road to a zone).

This highlights the choice of a database definition and interrogation language which can:
generate types of complex data such as the set collections or the sets and their managements;
express complex algorithms for the detection of the intersection points of roads or zones

do the data logical computation to deal with the road network evolution in its topological
aspect

define agreat number of possible situations for the road network management. etc...

Consequently and following the limits of stored procedures which are provided in the module
SQL / PSM [14], it is important on the one hand to reinforce the object/relational model defined
in [1,2] by the operators Op (pl:t1, p2:t2, pn tn) which can express complex situations under the
form of general algorithms and on the other hand to allow arelational computation in data domain
in the case of complex queries.

6. Discussion

The DBMS based on relational model is widely used today. This is essentially due o the
integration of a query language based on the relational algebra [5] which has undergone several
extensions to improve the relational model. Thus, new algebras are defined to meet the
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requirements of advanced databases for designers and users. In addition to the basic operations
(i.,e: Union, Difference, Cartesian product, Projection, Restriction, Join), these algebras,
qualified as extended algebra, group other derived operations (i.e.: Intersection, Division,
Complement, Unflat, External Join, Transitive closure, extension or others). Consequently, our
object/relational A*-algebra consists of relational operators based on the logic of first order and
algebraic extension operators. A* is composed of both operators called relational expressed in first
order logic and algebraic extension operators. In fact, a study of A* completeness and
consequently the elaboration of any language based on A* (i.e: ERA* Language) depends on the
object/relational queries space to be expressed. From a purely relational point of view, A* is
complete in the sense where it offers the possibility of expressing any relational query (see
comparison in the Tablel.). For an object or object/relational context, even A* completeness was
one of our main preoccupations the query language based on A* (ERA*) should be more
investigated. In fact, the expression of any object/relational query requires an object/relational
guery language being able to contain and implement program. The first elements of this language
presented in this paper can be considered as a plat-form for the kernel of a strong and powerful
query language to manipulate logically (or) symbolically complex objects. In an object/relational
database scheme, a relation r of the heading H and body B is defined by:
H ={<a1T1>,<0p,TOp >,...<anTn >} With Op(x1,x2,....xn):y and B={t/t is compliant with H; with
t={al,T1,v1l>,<Op,Top,Op (pl:tl, p2:t2, ..., pg:tq): tn+1>,....<an,Tn,vn>}; the relation r, in that
case, can be considered as a functional structure implying a part of the heading H with the rest of
the heading H. The subset of attributes in H that determines the rest of the heading is called a key
of the relation r. In the case of a functional dependence a;,&,...an1 ® a, of the relationr
expresses a function f(ay,ap,....an1) = an. To show the interest of A* we compare basic operators
of A* with relational algebra while the extension operators of A* are compared on the one hand to
the specification language of object scheme, ODL [6] and to the object/relational language SQL 3
on the other hand.

Basic operatorsin A*. Compared to the Codd's relational algebra, A*-algebra containsfive basic
operators and two derived operators. We give in Table 1 the algorithmic structure to translate A*
into relational algebra. The set of basic operators of A* contains operators based on the first order
logic (e.g. : And *, Or*, Not*) besides an operator of deletion remove* and other one to rename
the attributes rename*. This last operator requires a boring calculation in the case of an extended
object relational model. Indeed, the change of the name of an operator Op implies the calculation
of al the tuples of which the operator Op makes reference. The derived operators Tclose* and
Compose* are based on the composition and transitive closure operations, defined by Codd. We
notice that the A* operators are a more simply way to express queries that necessitate many Codd
relational operators (see Tablel).

Extensions operators in A*. The extension operators of the object/relational scheme are
classified into three categories: i) extensions to new type, ii) extensions to operators (global or
local) and iii) extension to extraction operators and/or data type generation. The extension
operators defined in the section 4.5 are compared in Table 2 (a & b) with those of the language
ODL (e.g., standard object scheme specification) and those of SQL3 (e.g., standard language for
object/relational database).
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A* operators [

Expression basing on relational algebra

a) Basic operators

REMOVE* If (" il {p+1,..,n}, ai is a basic type or an user type different from the type OP)
Then P a1,.. ap (r) Else ($il {p+1,..,n}, aiis of type Operator);
1." jT {p+1,..,n}/ aj is an operator Op do (remove* OP);
2P a1, ap(r);:
endElse
AND* If (" i1 {p+1,..,n}, ai is a basic type or an user type different from the type OP )

Then If (HrCHs) t /) Then (r And* s)=(r Xs)

Else ((r And*s) remove* (al,...,ap)=(rnatural join s)

Else($il {p+1,..,n}, ai is of type Operator);

" j1 {p+1,...n}/ajis an operatordo E Op; (r And*s)=(r Xs) givingres;
res=res union ( The operators Op) ; res=resremove*al,...,ap;

endElse

OR* If (" i1 {p+1,..,n}, ai is a basic type or an user type different from the type OP)
Then If (Hr=Hs) Then (r Or* s)=(runion s)

Else ((r Or*s)°((r union s)remove* (al,...,ap)

Else($il {p+1,..,n}, aiis of type Operator);

“j1 {p+1,...n}/ ajis an operator Op do E Op; (r Or* s)=(r union s)=res;
res=resunion ( The operators Op) ; res=resremove* (al,...,ap);

endElse
NOT* If (Hr=Hs) Then (r- s)=(r And *(Not¥s))) ;
RENAME* Null
(b) Derived Operators
r Compose* s If (" i1 {p+1,..,n}, ai is a basic type or an user type different from the type OP)

Then If (HrCHs)t A Then (rCompose* s)=(r xs) ;

Else (r Compose* s)=((r And*s) remove* al,...,ap);

Else@il {p+1,.,n}, aiis of operator type); begin

" jT {p+1,...n}/ ajis of operator Op do E Op; (r compose*s)=(r x s)=res;
res=res union ( The operators Op) ; res=resremove* (al,...,ap);

endElse

Tclose* (r) If ($ail Hr$ajl Hr/(ti=tj)) Then r+=TcloseXr) ; r+=r+ union { Operators } ;

Table 1. A* versusrelational Algebra

A* Extension Operators

Object / Relational DBMS ( SQL3)

(1) EXT r ADD(an : tn+1) BY
Op(P1,:t1,p2:t2, ... ) : tn+1

= Add attribute an+1 of type tn+1 in the mapping of r

= Add values [ An+1] such as: [An+1]=Op([p1],...,[pn]). Query SQL3:
Alter Table Bradd an+1;

Update Br set Br.an+1= Op([p1],...,[pn]);

(2) EXT r ADD(an : tn+1)

= Add attribute an+by assigning values determined as Null to [an+1].

Alter Table Bradd an+1;

Update Br set Br.an+1=null;

= The above query acts on the relation body Br and not on the heading Hr of
the relation r. Then, any necessary treatment for the logical manipulation of
the relation r is not possible.

(3) EXTrBY
Op(P1,:t1,p2:t2, ...):tn+1l
[begin  <Op_body> end]

Not possible with SQL. The only possibility is to create trigger associated to a
new column, acting during updating of column.

1. Alter Table Braddan+1;

2. Create Trigger Trig_opon Brfor an+1 /*implements statement Extr */

(4) EXT ALL rBY
Op(P1,:t1,p2:t2, ... ) : tn+1
[begin <Op_body> end.]

1. Alter Table Br ADD (Op tn+1);

2. Create Function Op(pltl,p2t2,...,pt) Returntn+lis
begin <Op_body>end,;

3. Update Brset Br.Op=Op(plINtl,...,pINt)

(BYEXTRACT r
FROM (r1,r2, ..., rp)
BY Op(pl:tl,p2:t2,...)

operator not exist in SQL3. So, it should be interesting to integrate this
possibility into SQL3 : Create a relation r, from relations r1,r2,...,rp, by using
the operator Op. A such statement could be:

create relation r by Op(pl INt1,p2 INt2,..., pINt)is (a1l:T1,a2:T2,...,an:Tn);

(6.a) SHOW [ALL] ADT
[ADT_name>ONr
WHERE <conditions>

This generation operator of the data abstract types is not available on SQL3
because it concerns the relation headings in the object/relational model.

(6.b) SHOWIALL]
INSTANCE ON
<ADT_name>
WHERE <conditions>

= This object generation operator is not available on SQL3 because it
concerns relations generated from abstract data types or ADTs.

Table2a. A* versus query language SQL 3.
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A* Extension Operators Object DBMS (ODMG ODL )

(1) EXT r ADD(an : tn+1) BY | interface Hext:Hr
Op(P1,:t1,p2:t2, ...):tn+1l (extent Bext)

{attribute tn+1 an+1; void init (tn+1 an+1);} ;

void init (tn+1 an+1)

{ Select e.an+1 Frome inBext set_value(Op(pl:t1,p2:t2,..,p:t): an+l) };
/* Keywords in bold correspond to ODL and OQL languages of the ODMG
system.. The inheritance exploitation (ie: Hext Hr) allows to carry out this
algebraic extension. It is important to note that the computed type extension
operator is integrated into the ODBMS according to the programming
language chosen for object interface specification. Consequently, the
realization of such an operator is limited by the weaknesses of object models
concerning the data interrogation language */

(2) EXT r ADD(an : tn+1) Variant of the operator (1), this operator allows to extend a type defined by a
heading H. Indeed, Hext extension of the heading Hr is defined by :
interface Hext :Hr

(extent Bext) {attribute tn+1 an+1; void init (th+1 an+1);} ;

void init (tn+1 an+1)

{ Select e.an+1 From e in Bext set_value(nil:an+1)};

(3) EXTrBY =interface Hext :Hr
Op(P1,t1,p2:t2, ... ) : tn+1 (extent Bext) { attribute tn+1 Op; tn+1 Op(pl:tl,p2:t2,...,p:t) ; [begin
[begin <Op_body> end] <Op_body> end]}

The nature of Op determines the nature of the extension EXT.Op applied to
the Hext domain allows either to specialize the latter (section 4.5.3 a) or to
redefine it by grouping types included in Hext (section 4.5.3 b) or unflat the
type Hextinto its elements or basic domains (section 4.5.3 ( ¢) ). We note in
that case that the scheme manipulations are not possible in the object model
OMG. Still, the effective manipulation of objects as domains or types requires
a conception of objects on the basis of the set theory. Propositions (1, 2 and 3
), quoted above, allow to preserve the relational concepts by integrating the
operator notion.

(4) EXT ALL rBY = Unlike the operator Op in the extension (3) above, the operator Op in that
Op(P1,:t1,p2:t2, ... ) : tn+1 case acts exclusively on the body Bext of the relation r such as :
[begin <Op_body> end.] inter face Hext:Hr (extent Bext) {

attribute tn+1 Op; th+1 Op(pl:tl,p2:t2,...,p:t) ;
[begin <Op_body> end.]}

(5) EXTRACT r = interface Hr :Hrl,Hr2,...,Hrp

FROM (r1,r2, ..., rp) (extent Br) {[begin <Op_body> end]}

BY Op(pl:tl,p2:t2,...) The operator Op extracts the object Hr from many objects Hr1,Hr2,...Hrp.
(6.a) SHOW [ALL] ADT = This operator does not exist in the ODL, because it allows a computation
[ADT_name>ON on the database scheme and its evolution (see section 4.4.6 (a)).

WHERE <conditions>

(6.b) SHOWI[ALL] = For allX in Bename apt>X.<Conditions>=True

INSTANCE ON The variable x represents instances corresponding to a given heading H <
<ADT_name> ADT_name >. Structure For all.. In ;is adopted according to the language
WHERE <conditions> ODL of the ODM (see section 4.4.6 (b)).

Table2b. A* versus object description language (SQL 3).

7. Conclusion

The object/relational model extension proposed in this paper, with the operators Op (pl:t1, p2:t2,
pn tn) isinspired by Darwen and Date's formalism. The definition of any relation r according to
the form <Hr,Br> where Hr is a heading and Br is the body of r, has alowed operating
independently on the scheme of object/relational data base from concrete relations. We have
shown the interest of such an extension of algebraic operators, comparing to stored procedures or
PSM [14], for application domains in which data representation necessitates complex types. The
definition of a fragment of language ERA* to exploit geometrical and topological datain aroad
network, has shown its importance. This language can be considered as a new possibility of
SQL3, a functionality dealing with the complex agorithms of computation, modeling and
querying for new applications. Indeed, on the one hand, the operator OP in the definition
Hs={<al,tl>,<an tn>,<OP1,TOP>} is useful in the enhancement of object/relational database
scheme and on the other hand, the extended algebraic operators permits to further improve the
data querying language. Consequently, the undertaking of a prototype ORDBMS and its
integration within RDBM Sswill allow developersto deal with new queriesin database.
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