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Abstract. We describe a system designed to provide database prognarsop-
port for Oberon programmers. The system is based on a gesigeict-oriented
data model which supports rich classification structuresaamalgebra over col-
lections of objects. We describe how support for the contgtrand operations
of this model is provided to the programmer without changeti¢ Oberon lan-
guage and with minimal changes to the run-time system. Iticodar, we con-
sider issues of support for object evolution, constrainintemance and query
optimisation.

1 Introduction

Database functionality is necessary for a large category of modern comppteaap
tions. This is the case for not only traditional commercial applicatsuth as payroll
systems or personnel record management systems, but also the complex nearagem
documents or computer aided engineering. In most of these applicatiens|dkional
data model is not appropriate because of the complex structure and jmgoafsthe
information that has to be managed.

The more recently developed object-oriented data models are much more appro
priate for these sorts of applications and the goal of our project isdeige Oberon
programmers with the constructs and functions needed to support suatieh tm or-
der to realize this goal, we adapted & generic object data model [7] and made it
available to the programmer through a set of Oberon modules. Singgimary goal
is to provide Oberon programmers with database programming sujtpwgs a ba-
sic requirement that no change be made to the Oberon-2 language [12] @intumi
changes to the run-time system. This we achieved and our experienceshstidinet
extensibility of the Oberon System [11] provides an elegant saiutidhe problem of
integrating the underlying database engine in the operating system.

Two important aspects of database systems are the classification of objetiie and
ability of objects to evolve over time. Classification is important beedtiselps orga-
nize the database as collections of similar objects. In our model, we gupptiiple
simultaneous classifications; that is, that the same object can be, at theisamia t
many collections. Further, in our model classification has another fundahreis,
namely the attribution of properties to objects. The second importaecas object
evolution. This is important because, usually, the objects will pefer a long time
and, as we cannot predict the future, we cannot know in advance all the ratékeh



object may play during its life time. Even if we could predict the futuve,still would
like to have the evolution mechanism because we may not want to alwagstiséo
whole history of all objects. This paper discusses the problems ghgnpg constructs
and operations to support classification and evolution in the Oberdroament, and
how these were solved.

Persistence in Oberon has already been dealt with in other research works. In [5]
Templ shows an implementation of persistence in Oberon using metaaprogng. In
Oberon System-3, the concept of objects and persistence is a central parsyp$tdm.
Knasmdller, in hisOberon-Dproject also added persistence to the Oberon System [8].
What makes our system different is that persistence itself was not the walnbgt
rather a secondary goal required to support our data model. Consequentigry to
Oberon-D, our persistent store does not need to be orthogonal td#rerttypes since,
in our model, we make an explicit distinction betwetkaiabase objecthat persist and
transient objectshat do not.

The next section of this paper motivates our approach and describes ourdatigect
model and the solutions found for the evolution problem. It algalans the idea of
“Typing by Classification”which is a central concept in our model. The third section
describes the operations on the model in terms of an algebra. Section Yesrayi
overview of the query mechanism. Section five describes briefly the imptetiemand
some key aspects of the persistent store. Concluding remarks and sidisafsurther
work are given in the last section. Throughout the paper, an examplelofument
management system shows how the constructs and operations needed to irhplemen
database application are made accessible to the Oberon programmer.

2 The Data Model

The role of a database is to store and manipulate information aboapgieation do-
main. To specify how this information is mapped in a database, we need tdyspeci
the constructs and the operations of the database system. These csmstdicpera-
tions are specified in terms ofdata modelnd this section describes the data model
underlying our system.

The model is a generic, object-oriented model, offering a rich classificatioame.
The advantage of such a generic model is that we can use it for both conceptltal m
eling of the application domain and for the implementation of the datatyatem. In
the following subsections, we describe in what ways the model is “cbjeented” and
what the concept aflassificatiormeans. We also describe our support for constraints.
Many existing object-oriented database management systems, for examplé],
lack any support for constraints.

2.1 An Object-Oriented Model

The term “object-oriented” is still used in several ways, so we startdayngt what it
means in the context of the model presented here. Let us begin with théidefaf
“Object”. An object, in our model, is an abstract representation of a thingc(eteor
abstract) or of a being. This representation is abstract because outsidensaxt,can



object has no visible attribute. It has no name, no colour, no size. Inli@adrtly global

attribute of an object is an internal unique identifier used by the systéinctthe object
and to differentiate it from the others. Such an object with no attribdibes not seem
very useful in a database but, in the next subsection, we show howde fkie object
in a context and how this context will be used to associate attributegha object.

Contrary to a relational database management system, an object-oriented database
management system should first be able to manage objects that are morexabiaple
simple records. Such complex objects are found, for example, in congidest engi-
neering databases. Second, the system must be able to deaiivgdthancebetween
classes. With inheritance, we mean a mechanism to allow a class to be defined as an
extension of a previously defined one. The system described in this pets these
two requirements.

2.2 The Classification

Classification is used to organize and to structure a database by plac&ugsahjdif-
ferent collections. A collection representsemanticgrouping of objects, i.e. a set of
objects with a common role in the application system. For example, ectioth“Pro-
fessors” could contain a set of persons giving a course in a university. In adefn
a collection is itself an object. Thus, it is possible to make collect@fnsollections
and to build a nested structure in the database system. The set of allicoldot a
database, together with the rules that control these collections, is cafletthbma
of the database. An interesting consequence of this notion of collectiosemantic
grouping is that the collection now givescantextor arole to the objects it contains
and, in such arole, the objects share some common attributes relatdebioeixample,
all members of théProfessors” collection could have an attribute such as the name of
their university or the number of courses they are giving. This @mgntation of roles
using semantic grouping is an interesting alternative to the othatica$ proposed for
example in [1] where they have implemented the concept in a new language)yn
Fibonacci, or in [2] where they implemented, in Smalltalk, a role hiesafehevolving
objects.

With this view, collections are somehow similar to Obetgpes The main differ-
ence is that, in Oberon, an object has only one type, and in our model, an céiject
be in many collections and in every collection it will exhibit attributekative to the
role represented by that collection. Our classification model is not ontg pawerful
than the one of the Oberon language, but also than most commercial oliggdedr
database systems, such@s [13]. Another difference is that the classification is not
a rigid structure: that is, an existing object can be inserted in or remfvged ex-
isting collections. An object can also be moved from one collection to ancilhnis
mechanism, calledbject evolutionallows the objects tevolveduring their life in the
database. For example, in a university database, an object representing acpeidon
first be considered as a student, then later as an assistant and then as arphofessio
of these three phases, the object would have attributes related to tesprording role.

Some basic attributes such as integers or strings are already implemenked i
basic system, but the user is not restricted to use only these typesmllfiche can
define any new attributes he wants, provided that he also implementsetheats for



loading and storing the attributes in the persistent store. This nhkemodel much
more flexible than the relational model in which the first normal fotr] [disallows
multivalued attributes, composite attributes and their combinations.

The general idea can be summarized as “Typing by Classification”, which is con-
trary to the usual idea of “Classification by Typing”. It is the moste&l@moncept in our
system, and represents an interesting solution to the object-evoputblem. Besides
this, the mechanism also offers a solution to 8ahema evolutioproblem because it
is always possible to add or to remove collections. We also are able toeaddye or
change the attributes associated with a collection, without changingeatiffects in
the collection. The details concerning this feature are beyond the sé€dipis paper.
Another interesting theme concerning collections is how to control objegttion in
the database. For example, how to forbid an object to evolve frortPtbéessors” to
the“Students” collection. This theme is covered in [9].

We can illustrate this concept of classification using the example of antkei
management system. Figure 1 is a graphical representation of the schema of th
database. In this figure, the collections are represented by rectangles antidble su
lection relation by arrows between rectangles.

Authors

1:0

1:0

Documents OberonTexts
Partition

Partition LatexDocs

Drafts SubPapers PubPapers

Fig. 1. Schema of the Document Management Database

In this schema, we see thi@tocuments” is a central collection. Actually, this collection
contains all documents managed by the system. Then we have a first classifaati
the status of the document. In this classification, a document can be gadsalimitted
paper or a published one. We represent this classification using the titneslsctions
“Drafts”, “SubPapers” and“PubPapers”. This classification is a partition in that a docu-
ment must belong to exactly one of these collections. The second classifiogér the



documents is based on their form, or their file format. In our systeenddicuments we
manage can be written in LaTeX or in Oberon Text Format. We represent thiffickas
tion using the two collection'd atexDocs” and“OberonTexts”. This classification is also

a partition. Besides these two classifications on documents, we als@ ltliection

to represent théAuthors” of these documents. The oval-shaped box labelled "Writes”
represents an association betweéguthors” and“Documents” and will be discussed in
detail later.

Now that we declared the collections, we can define the attributes that thetobj
will have in these collections. For example, all member&akuments” have a title.
This attribute is represented as a string of characters. They also havedsi&hprint
the document and to edit it. These methods are generic and may be overydtiesd
defined in‘LatexDocs” and in“OberonTexts”. The attributes of théDocuments” collec-
tion are summarized in Table 1 and those of thefts” collection in Table 2. As you
can see, the only attribute defined for theafts” collection is date giving the deadline
for the submission of the document.

Documents Drafts
Attribute Type Attribute Type
title String deadline Date
print Method
edit Method
Table 1. Documents Attributes Table 2. Drafts Attributes

In an Oberon application, collections are created by calling procedures of #izadat
management system. For example, to creatétbheuments” collection, the application
first calls theCollections.NewCollection procedure with a first parameter saying that this
collection is not a subcollection, and a second parameter saying that tieisticollhas
three attributes. The application then defines the name of each attributgamra
shows the creation of tH®ocuments” and“Drafts” collections.

The creation of an object is done in a similar way. For example, to create asr,auth
we first call the functiorDbjects.NewObject, then we add the object to the collections
using theAdd method of the collection, and finally, we define the value of the ate#ut
of the object in each collection using tisetObjectAttribute method of the collection.
Program 2 shows this process for an author and a draft document writtefiéx.

As we have described, classification supports the structuring of aadstdiut, until
now, we have not discussed how to prevent the structure beingedisksr example,

it would be possible for a person to be at the same time in the calfe@tien” and

in the collection*Women”. Of course, one could say that this problem is under the
responsibility of the application managing the database, but it is betietegrate a
mechanism into the system to detect these integrity inconsistencies indtiel itself.
This is the only way to globally guarantee the logical consistencyefititabase.



Program 1 Creating the collections
VAR docs, drafts, subPapers,..., authors: Collections.Collection;

PROCEDURE CreateCollections?*;

BEGIN
docs := Collections.NewCollection(NIL, 3);
docs.SetCollectionAttribute(0, "name”);
docs.SetCollectionAttribute(1, "print”);
docs.SetCollectionAttribute(2, "edit”);
drafts := Collections.NewCollection(docs, 1);
drafts.SetCollectionAttribute(0, "deadline”);

END CreateCollections;

In our system, the logical consistency is defined by a set of rules ozdiestraints
A constraint is an invariant that must be valid at the beginning and arttleof each
transaction A transaction is an atomic sequence of operations: that is, a sequence of
operations that are considered as a whole. We know that the constraintdicutzetore
the beginning of a transaction, so the only place where we check cotsisaat the
end of each transaction. The transactions here are used to éogiged consistency
of the information, but we will see later that our system also supgoaihsactions to
ensure th@hysicalconsistency of the data.

In our model, the consistency constraints are specified by algebraic sxm®s
The formal definition of a constraint is given by the following st

constraint = expr “=" expr.

expr = term{" U”" term}.

term = factor{"“ N” factor }.

factor = “("expr“)” | collection| §.

For example, to impose that the collectigen andwomen must be disjoint, we write
following constraintMen N Women = §. In our example of the document management
system, we have a partition constraint over the three collecCtiafts, SubPapers and
PubPapers. To specify this, we declare @artition constraintover these three collec-
tions. Program 3 shows how this may be coded in Oberon.

Drafts N SubPapers )

Drafts N PubPapers =)

SubPapers) PubPapers =)

Drafts U SubPapers) PubPapers = Documents

With this type of constraint, it is now possible to check logical cstesicy at the col-
lection level, but it would also be useful to check logical consistencyeadtject level
when an object is added to a collection. For example, one could wish to nesteai
age of the members of tlfEmployees” collection to be a number between sixteen and



Program 2 Creating the objects
VAR albert, josef, physicPaper, OberonPaper, CPaper: Objects.Object;
PROCEDURE CreateObjects*;

VAR strAttr: Objects.StringAttr; dateAttr: Objects.DateAttr;
prtAttr: PrintMthAttr; editAttr: EditMthAttr

BEGIN
albert := Objects.NewObject();
authors.Add(albert);

strAttr.value := "Albert”;
authors.SetObjectAttribute(albert, "Tname”, strAttr);
... (* similar for josef *)
physicPaper := Objects.NewObject();
documents.Add(physicPaper);
strAttr.value := "Physic Paper”;
documents.SetObjectAttribute(physicPaper, "docName”, strAttr);
prtAttr.method := NIL (* no generic method *);
documents.SetObjectAttribute(physicPaper, "print”, prtAttr);
... (* similar for the edit method *)
drafts.Add(physicPaper);
dateAttr.value := Today();
drafts.SetObjectAttribute(physicPaper, "deadline”, dateAttr);
latexDocs.Add(physicPaper);
prtAttr.method := LatexPrint;
latexDocs.SetObjectAttribute(physicPaper, "print”, prtAttr);
... (* similar for the other documents *)

END CreateObjects;

seventy-five. It is also possible to define such constraints in ouem®bese are spec-
ified by a Boolean function that takes an object as argument and returns a \ditue in
cating whether or not the object conforms to the constraint. In Oben@function is
defined by:

PROCEDURE (o: Objects.Object): BOOLEAN

In the preceding section, we specified how to define a constraint, but wetkkplain
what happens when a constraint is violated at the end of a transaction. [ltfors®are
possible: either the transaction is simply rejected and the database irésestate
before the transaction, or the system first tries to restore the aortdty updating the
database and, only in the case where the system is not able to restcaia iiiequiv-
ocal way, is the transaction rejected. In our system, we chose to investigatecond
approach dealing with constraiptopagation

When a constraint over collections is violated, the system tries to es¢her
database to a consistent state by propagating the changes made duniagghetion.
Suppose, for example, that the constrédién U Women = Persons” is defined in a
database and that, at the end of a transaction, the system detects that an objeehhas
added to théwomen” subcollection, but not to the collecti6Rersons”. The constraint



Program 3 Definition of Constraint

PROCEDURE DefineConstraint;
VAR c1, c2, c3, c4: Constraints.Constraint;
BEGIN
c1 := Constraints.NewConstraint(Constraints.Newlntersection(
Drafts, SubPapers), Collections.emptyCollection);
c2 := Constraints.NewConstraint(Constraints.NewIntersection(
Drafts, PubPapers), Collections.emptyCollection)
c3 := Constraints.NewConstraint(Constraints.NewlIntersection(
SubPapers, PubPapers), Collections.emptyCollection)
¢4 := Constraints.NewConstraint(Constraints.NewUnion(
Drafts, Constraints.NewUnion(SubPapers, PubPapers) , Documents)
END DefineConstraint;

is thus violated, but the system can restore it by propagating thdiorsef the object
to the collectiortPersons”.

In the case of constraints on objects, the solution of how to deal wathtion is
left to the procedure checking the constraint. The function can eitheslsgrerror by
simply returningFALSE or modify the object and returfiRUE to signal that the object
is valid.

Finally, we describe how relationships between objects are representedrmodel.
For example, we would want to represent the relation between the husbardsand
wife, or between an author and the documents he wrote. In our model, rekdtisn
are represented Bgssociations”. An association is a collection in which members are
special objects, callggairs, representing the two related objects. The associations also
have a direction. A link always goes from teeurceof the association to itdestina-
tion. For example, the collectiouthors” is the source of the associatitnrites” and
“Documents” its destination. Our model supports oftdinary associations, but since it
is always possible to represent associations with more than two mendiegsnany
binary associations, this restriction does not limit the expressssaf the model.

There is another type of constraint for associations, namelyandinality con-
straint. This constraint verifies that neither too many nor too few objax related
through a given association. Such a constraint is given by two pairsmbars:
(m:n — o:p). The first pair (m:n) specifies that every member of the collectioneat th
source of the association must participate in at least m and at most n instditices
relationship represented by the association. If n is replaced by ax3tahi§ means
that there is no maximum limit. The second pair is similar but for tHeection at the
destination side of the association.

In our document management example, the cardinality constraint dfnthies”
association is (k— 1:x). This means that an author has to write at least one document,
and that a document needs to have at least one author.

Now consider the following scenario in our document management systdrartA$
writing a paper on Physics using LaTeX and Josef is writing two papeespn Oberon



and the other on C++, using the Oberon Text Editor. Then Albert sghmstpaper,
which has to “evolve” from thé®rafts collection to theSubPapers one. Later on, the
paper of Albert is accepted and thus will evolve again fromingPapers collection to
the PubPapers one. Josef does the same, but his paper on C++ is rejected. He decides
then to rewrite part of it, convert it to LaTeX and send it to another conéerefio
his document moves from th@beronTexts to theLatexDocs one, moves back from the
SubPapers collection to theDrafts one and then from thBrafts one to theSubPapers
one again. Now the paper is submitted for the other conference, and teitnpaper
is accepted and it can then move from BubPapers collection to thePubPapers one.

The object evolution mechanism in our system can easily support such aiscenar
For example, if a paper has to evolve from teafts” to the“SubPapers” collection,
we first remove it from‘Drafts”, then add it into‘SubPapers”. We can then define the
new attributes that the object has in its new collection. Program 4 stindsvavolution
process.

Program 4 Submit a Paper

PROCEDURE SubmitPaper*(paper: Objects.Object);

VAR dateAttr: Objects.DateAttr;
BEGIN

drafts.Remove(paper); subPapers.Add(paper);

dateAttr.value := Today();

subPapers.SetObjectAttribute(paper, "submissionDate”, dateAttr);
END SubmitPaper;

3 The Algebra

In the past, one of the main criticisms made against object-oriented datsystems
was their lack of an associated algebra and query language. In this section, am pres
an algebra, based on [6], [7], in which the operations on collections ofnouatel are
defined. Algebra operations always generate collections of objects. Fopp#rations
such as aggregation, the user has to write specific Oberon code. For exiamelare
interested in the number of papers written by a given author, we can usdgtitara

to retrieve the corresponding papers, then use an Oberon procedure potecine
cardinality, that is the number of the members, of the result.

The three basic operations on collections are those from set theony.aféehe
intersectiontheunionand thedifference These operations are valid on all collections.
Two other operations are defined for all collections:ghkectoperation used to extract
objects that satisfy a given predicate from a collectionféattenthat takes a collection
of collections and flattens them to a single collection.

Theselectoperation comes in different flavours depending on how the predicate is
defined. For simple queries, the selection can be done by searching fenavgiue, or
a range of values, in an index, but the system allows also for more earaplections,



or for selections for which no index exists. In this case, the predisaspécified by
an Oberon function, similar to the one we used for constraints, thes tak object as
parameter and returns a boolean indicating if the object satisfies the seleittocond
or not. This form of selection is very powerful because the only limgifiactor for the
predicate expressiveness is the expressiveness of the Oberon langetige it

Some operations of the algebra are defined only for associations andtlusing
with unary collections is forbidden by the system. Tbemainfunction, which ex-
tracts the source of an association &wahge which extracts its destination, are typical
examples. Here is the formal definition for these operations:

— Domain:dom S = {z |3y : (z,y) € S}
— Rangerng S ={y |3z : (z,y) € S}

Range restriction is also such an operation. It takes an association A anectioall
C and forms an association comprising all those pairs of A with secon& vwalC.
Formally, we can write:

— Range Restrictiond rr C = {(=z,y) | (z,y) € ANy € C}

In addition to these, the algebra also has operations to compuite/éreeof an asso-
ciation, tocomposessociations and toestor unnestassociations.

Each operation is made available to the application programmer as an Obefon pr
cedure. Program 5 shows how, in our document management system, we can find
all published documents written in LaTeX. In this program, the resuthe Alge-
bra.Intersection function is a temporary collectio@. The Collections.Enumerate pro-
cedure is an evaluator that applies the functisplayDoc to every member of the
temporary collectiort.

Program 5 find Published Documents Written in LaTeX

PROCEDURE FindPubDoclInLatex*;
VAR C: Collections.TempCaollection;

BEGIN
C := Algebra.Intersection(pubDocuments, latexDocs);
Collections.Enumerate(C, DisplayDoc);

END FindPubDoclnLatex;

4  Query Processing

Having outlined the algebra, we can now describe how queries are evalubigegrd-

cess can be divided into three phasedront-endreads and analyses the query given
by the user and generates an intermediate structure representing the quesgtion.

An optimizertransforms this structure to make its evaluation more efficient. lyjreal
back-endevaluates the query represented by the intermediate structure and returns t



the user a collection of objects matching the query. The functioningeofront-end
is straightforward and will not be described further here. Howevehimgection, we
describe briefly the intermediate structure, the functioning of theniger and of the
evaluator.

To handle a query easily and efficiently, the system needs to represent it in an ap
propriate form. We use &yntax-tree” to represent the queries. In such a tree, each
operation previously defined in the algebra, and each reference to a collextioprg-
sented by a node.

For example, consider the following query: “Find all authors who havaished a
document written in LaTeX". An algebraic representation of this query wbald

dom(Writes rr (PubPapers A LatexDocs))

Then we have to build the syntax tree representing the query. Figilvav?s a graphical
representation of that tree. There are two ways of introducing querieamnapplica-
tion. We can either write a string representing the query in a query syggand give
the string to the front-end, or we can bypass the front-end and théldree directly
using procedures from the system. Program 6 shows a procedure #wttydbuilds

the syntax-tree. The advantage of this second method is that the validity query is

checked at compile-time and not only at run-time.

Domain
RR
Writes Intersection
PubPapers LatexDocs

Fig. 2. Example of the internal representation of a query

The optimization phase transforms the tree to make its evaluatidrelyaick-end more
efficient. The tree being modified will possibly contain special “optimizeddes that
could not have been produced by the front-end. For example, a closaratiop fol-
lowed by a selection will be replaced by a special “ClosureSelect” node. Thisabpeci
node will prevent the back-end from producing huge intermediate ciolfest

The last phase of the query processing is the evaluation of the siyetasepresent-
ing it. This last phase is similar to the evaluation of an arithmetaression, but with
collections instead of numbers.



Program 6 Procedure to Build a Syntax-Tree

PROCEDURE BuildQuery*;
VAR n: Queries.Node;
BEGIN
n := Query.Intersection(PubPapers, LatexDocs);
n := Query.RR(writes, n);
n := Query.Domain(n);
END BuildQuery;

5 Overview of the Implementation

The persistent store is implemented using‘tbg principle” [3]. Each time an object is
written to the store, a new space is allocated and the object is writteis ine¥v space.

In other words, an object is never changed “in place” but always completelytiesvri
With this mechanism, the system is very robust because every operatioa caddne
allowing the system to always recover by restoring a previous stahis.i§ used to
implement transactions and to recover in the case of physical failures suchvas po
failure or a disk crash.

The disadvantage of this mechanism is that a lot of “dead objects” stay stidhes
using a lot of space. Therefore, the mechanism also requires a good garbegeoeol
process to eliminate the garbage from the memory. However, if the gadudigctor
process tries to re-organize the whole store, the length of time ofalsalmavailability
would be too great. We solved this problem by implementingnarementalgarbage
collector. Using this method, only a small part of the storage is esorgd and the
system remains available for other transactions. Details of the transac&iohanism
is beyond the scope of this paper.

In the persistent store, the address of an object may change over time. It fact,
will change each time the object is written and each time the garbage colleaeor rel
cates the object. So, to find the object without having to scan the wiatddase, we
implemented aid table This table is indexed by the identifier of the object and gives
its physical location. When an object is moved, the corresponding enthgitable is
modified. The table itself must persist, so we divide the persistene into two do-
mains: the id-table, which starts at the beginning of the store aswdsggoward the end,
and the space for the objects which starts at the end of the store and tgwavsls
the beginning. Figure 3 shows this structure. When a program neédad an object
from the store, it can either access it through its identifier or using tatate, similar
to the one used in PS-algol[10]. This table is nothing more thanlaction of pairs
<name, id> which allows an object to be found using a name instead of its id.

Having described the structure of the persistent store, we now shewtie objects
themselves are represented. Figure 4 shows the implementation of an epjesent-
ing a draft document. ThigelongsTo structure is a dynamic array that indicates which
collections contain the object, and for each collection, it defines the a#siltat the
object has in the collection. In this figure, we see that the object (ID=8B)nigs to



Object 3

Objects Object 0

Object 1

Fig. 3. Structure of the Persistent Store

Documents (ID=7), Drafts (ID=12) andOberonDocs (ID=47). In Documents, it has the
attributes Relativity (Name), PrintMth (Print) and EditMth (Edit) Drafts, it has 1.9.97
(Deadline). InOberonDocs, it has OPrintMth (Print) and OEditMth (Edit).

Figure 5 shows the implementation of a collection. As we can see, a colléw®
not only the ID as a predefined attribute, but also the ID of the parergatiah in
the case of a subcollection. In addition, it has a list of attribute nataésed for this
collection and an extension containing the references of the members of léxtioal
In this example, the collectiorxafts (ID=12) is a subcollection dbocuments (ID=7),
it has only one attribute ("deadline”) and contains the objects 35, ...

We implemented this system using the original Oberon-2 Compilériagtchanges
to the Oberon run-time system. The system now runs under HP-OpHgrod.4, but
since we developed it with portability in mind, it should be easy ¢ot jit to other
Oberon systems, such as Oberon System 3 or Oberon/F.

6 Conclusion

We have presented an environment to provide database programmingtstgepo
Oberon programmers. This support is realised through a combindtamodule li-
brary for the management of collections of database objects and an extendedeun-
system for the implementation of a persistent store.

The underlying data model is an adaptation of an existing generic objecited
data model. The key features of this model are its support for conceptgllimg in
terms of classification and association constructs and for query processarmis of
its algebra over collections of objects. As a result, unlike most othgrctoriented
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programming systems, we provide not only data persistence, but aistr&iot main-
tenance, programming by querying and support for object evolution.

The current status of the system is that we have implemented a firsbiverki
the persistent store together with the basic modules for the managefstbase
collections and their associated constraints. Investigations on thermerioe of the
persistent store and refinements for performance are to be undertaken.

While all aspects of both algebraic and physical query optimisation asgetthe
scope of the current project, a general framework that enables query @tiimibas
been established and some simple optimisation strategies investigagdubped that
the topic of query optimisation will be investigated thoroughlfuture work. Other is-
sues for future research include distribution, concurrency contredrad transaction
management and additional support for schema and database evolution.
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