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ABSTRACT

Conventional database systeare goodfor businesslatamanagementhut they are

not adequate forCAD data management, since theforce some undesirable
characteristics, such as fldes, smalland fixed-sizedecords, ananly one version of

data at @&ime. Object-oriented databases have emerged as techniques that can match
the needs oépplications such as CADnultimediaand expert systemsThis paper
discusseghe needs of CAD databasgystems using object-oriented netidg and
outlines management techniguies schema evolution, establishment of views and
relationships, concurrency control, and object version control.

INTRODUCTION

Management of CADdata has beendone by means ofdedicated mechanisms
embedded in CAD systems. This can be a good solution for a designer, but the current
trends on concurrent engineering impose the need for sharing data among diverse users
and applications for different purposes.

Conventional database systems marda@independently othe application,
butimpose limitations thatre inadrissible inCAD environments. Othe otherhand,
object orientation emerged as a programming language paradigm comgeisiradple
features for CAD, such as rich data modeling and a uniform framewaoekgineering
and system objects. To mdbe needs of CARIatamanagement, recemtork [1,2]
advocates the extension of the Object-Oriented paradigm to databases.

This paper discusses databasganagement systems and techniques for
computer-aided design. Database techniques used to managessdata are
outlined, and the reasoneghy they are inappropriate focomplex applicationdike
CAD areexplained. Object-oriented features desirable in a CAD environment and the
requirements of a database sysfemCAD in the scope of object-oriented databases
are addressed.

CONVENTIONAL DATABASE MANAGEMENT

Conventional databases (currently relational and formerly hierarchical and network) are
well-established systenfser businessdata management. A relational database is a
collection of relations (tables) consisting of rows and columns. Relational Database



Management Systems (DBMSs) haveed of tools tomanagedataindependently of
the application. Thes®ols include facilitiesfor concurrent access control, database
schema evolution, information uniqueness, and version control.

Concurrent access a&complished by lockinghe data afile or recordlevel,
since thigprocedure takes\eery short period otime that is imperceptible tine user.
Transactions are datehanges accomplished itnree well-defined steps: update
(implies data lock),and commit(accepts transaction and releases lockyatiback
(discontinues the transaction, ke@pgiinal data). Thesystem keepsack of thelast
updatings, so that database stability can be assured in the event of a crash.

Database schemapresents the structure of datéis structure isfiled in a
data dictionary Constraints expressed in the data odiary are enforced by the
database system armahy structural change requires a complsystemstop. $ce
businessdata are somewhawell and staticallystructured,this lack of dynamic
character is admissible.

Identity is based on primary key, which i$ield or concatenation dfields in a
record (row of arelation) whose content must baique inthe relation. In terms of
implementation, a relatioworresponds to dile. Integrity is guaranteed by the
database system. Changdsch could duplicate oput a nullvalue in a primary key
are not allowed.

Versioning istreated in avery plain fashion in relationalatabases.All data
have only one version: the current. CAD designers must try vareye®ns of design
objects until theyareable to decideipon the better version, so thelational strategy
for versioning is inadequate.

Businessdata fit in the relational model of flatfiles or tables, but CAD
applications requireata thatcan hardly fit in flatfiles. Furthermore, théenformation
storedcan be very largenakingthe conventional locking mechanism impractical. A
CAD transaction can last for hoursyen days--definitely longethan a computer
session. A crash in an uncommitted update waquiloke rollback, wasting the
expensive partiaupdate. There is aritical difference ofdata models and object
manipulation paradigm®r languages and conventional databasesgh isreferred to
asimpedance mismatdi].

Dataindependence is great advantage of databagestems. If we want to
manage CADdatathis way, howevercurrent databaseystemsare not adequate.
There is a need for a new database approachattage applications likeomputer-
aided design.



OBJECT-ORIENTED MODELING IN A CAD ENVIRONMENT

Object-orientation, likeall other softwareparadigms.aims to "modelthe world" as
closely as possibleJosephet alii and Heileret alii [1,2] agree that thengineering
design process of defining an initial version and then changing the design sawitry

to definingobjects and thesuccessively refininthem, specifyingrequired constraints
and building hierarchies obbjects. Thisprocess is quitausually concurrent and
multilevel, rather tharinear. In this sense, object-orientation is a common ntbdel
eases thenapping fromthe designer's mental model thfe objects to the userterface
(system design tools), and from this user interface to the underlying system facilities.

Abstraction is an object-orientedechanism thaseparateswo views of the
object (interface and implementation) ander to hide the internal implementation
details.

Programming languagesreat rich data nodeling capabilities, such as
abstraction and hierarchies,time transientnemory ofthe computer. There isreeed
to extend theseapabilities toobjects that must persist, agive them a database
treatment. Wh object-orientation, databases can be integrated eniineering
applications in a non-obstructive manner.

OBJECT-ORIENTED DATABASE SYSTEMS FOR CAD

Not only designs,but managementdata, metadata (data thaxplains data),
methodologies, programs and tools must persist. But most CAD systems jpoeide
database supporglying only onuserability to conceptualizefile and retrievedesign

data. Inthis section, some crucial issues on persistent object-oriented systems are
outlined.

Relationships
Relationships are associations among objects. Hailali [2] argue that mosibject-
oriented approaches suppoonly IS-A relationships, a kind of generalization-
specialization relationship, where the object belonging to a specialized class inherits the
properties of thgeneral object, and adds de/n specialfeatures. Otherelationships
have beerproposed,such as COMPONENT-OF, INSTANCE-OF, VERSION-OF,
CONFIGURATION.

Even these relationship®n't coverall applications. The applicatigemantics
vary, and there is a need for user-defined relationships. There is also a need for flexible
inheritance mechanisms, in a way which alldiws user tospecify what properties,
operations and constraints should be inherited,hevd mutiple inheritance conflicts
can be resolved.



Views

Instead of thetwo views of interface and implementation provided the object-
orientedmechanism ofbstraction, it should be possible gopportmany views to
satisfythe requirements dfifferent applications ofisers. Foinstance, tasks such as
layout, garbage disposal and budget planning should have their own adequate views.

Schema evolution

Schema evolution deals with changes in which class definiboasthe objects to
evolve, which means changintpe structure of the data rather than the data
themselves. In relational systems, database schewstatis. Any schemachange
requires a system shutdown. This is not a serious problem, trsduicg businesgata

are scarcely subject testructural modifications. Complex applications like CAD,
however, demandexibility in defining and changing class definitions and inheritance
in a class lattice.Furthermoreschema is affected atin time. For example, ifthere

are two variables withthe same name itwo superclasses, what is to b#erited?
Some rule must solve this conflict.

This difference betweerstatic relational anddynamic object schema is
addressed by Josepgt alii [1]: "Objects in a database are creatssihg ‘templates’;
these templates arelations in a relational system and classes in a object systetn.
is not possible toknow the correct structure afl templates whemthe application is
first launched".

Kim et alii [3] proposerules of schema evolution based mopertiescalled
invariants A class lattice in a still state must preserve all the invariants:

. Class lattice invariant: The class lattice is a rooted and connected
directedacyclic graph (DAG) withuniquely namechodes and edgdabeled uniquely
for a node.

. Distinct name invariant: All instance variables of a class mbstve
distinct names.
. Distinct identity (origin) invariant: Ibne attribute can bmherited in

several ways, it mustot beduplicated. This situation is illustrated in figure 1 where
the inheritance of the attribute Weight from Vehicle by Submarine can be
accomplished in two ways, either througfaterVehicleor NuclearPoweredVehicle

. Full inheritance invariant: inheriall variablesand methods of the
superclasses, except whdnll inheritance causes a violation dhe distinct
name/identity invariants. In Figure fhe databaseystem must provide a way to
decide whether Submarine inherits Size from NuclearPoweredVehicle or
WaterVehicleor from both, assigning different names.
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Figure 1 - A class lattice with inheritance conflicts Source: Kiralii [3]

. Domain capability invariant: Domains etiper andsubclasses must be
compatible.

Concurrency control, transactions and crash recovery

Concurrency control is the task sharing information amongoncurrent users, so
each user can run a database application as if he/shinevady user in thesystem.
For cooperative work purposes, they can still interact with one another.

It's necessary fothe sake of databasgability that every change has alh or
nothingeffect [1],which isreferred to astomicity In other words, transactionsust
either succeed dail completely. Recovery strategies can be useaéliaild the initial
state of an uncommitted transaction.

Usually, CAD teamsooperatdrom days to monthsver thesame design, so
the conventional strategy of lockingll the data in a transaction is inappropriate.
Furthermore, designers oftéake cuedrom the partial results obther designers to
guide their work.

Recently Josepét alii [1] pointedout the check-in/check-outchnique as one
of the possible solutions ta@ooperative work. Using this technique, designs are
checkedout from the global to a privatevorkspace, then used and changed with no
concurrency control, andinally checked in theglobal database, enforcingormal
concurrency control All the changes in theesignoperated in the private workspace
are treated as a single transaction.

Kim et alii [3] criticize the utility of the check-in/check-out technique as too
muchconstrained.Effectively, the effort spent ithanging idost if the portion of the
design checked out and changed meets a changed design when trying to check back in.
Therefore, the responsibility for data integrity is burdened on the designers.
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Figure 2: Transaction changing attributes/methodslassc locks classesl, e andf. Another
transaction attempting to update clasaust wait.

Concurrent access control was faced Kogn et alii [3] by means of the
concepts of sessionsand hypothetical transactionsand lockingexplicitly on all
subclasses of the object being updated.

Session is a series of transactions, so one transactidakeseffect only when
its previous transaction is terminated. The active transaction can exisiltiple
windows of a workstation, thus decreasing phablem of long wait until a transaction
is terminated. Foexample, in an evolving design otar, theactive transactiodeals
with changingthe chassis,but this object isbeing used, so the transaction cannot
obtain a lock on thehassis. The designer caork on anothewindow of thesame
session or transaction rather than wait for the chassis transaction to be resumed.

Hypothetical (rather thamormal) is a transaction that alwasisorts. It isvery
suitable towhat-if experiments. Whatever the result of the transaction, the database
remains unaffected.

Locking subclasses is as follows: If attributes or methodsctéssare created
or deleted, thesubclasses W face the same effect. Hence, iflanother transaction
attempts tanodify the definition ofthe class or any oits superclasses, itilind that
the subclasses are already locked, as shown in figure 2.

Current research on concurrency control for object-oriented databases let
several issues open. In brief, it is claimed that it needs to operatdeaelr® djects
in the user model, rather than at tixeel of files orrecords [2]. Software or hardware
failures should not simply abort a transaction and reject it completely, but $teitdd
notify the users and annotate tbata. There is aeed for user-definetbcking
strategiesspecifying vhat and when constraingse to be checked, and what actions
are to be taken on failure [2].

It's difficult to build genericconcurrency contrainechanisms. In general, the
more improved is the concurrency, the less effective is the control.



Versioning

Designers frequently need to try several versions otragineering design before
decide upon the best choic&his evolution isusually nonlinear, Wwat means that the
database system must manage alternative versions of the same object.

The system can sawtorage space if @ersion of an object is represented as a
deltafrom a slightly different previous version [1].

Kim et alii [3] adopted thelivision in transientandworking versions for the
ORION object-oriented database system.

A transient version can be updated/deletedhieyuser who created it. A new
transient version can be derived from an existing,which is'promoted' to a working
version.

A working version is considered stable andt updateable, but it can be
deleted by its owner. Furthermore, a transiension can be derived from a working
version and can be ‘promoted' to a working version by eitheéhdoyiser or by the
system. There is one working version of epohtion of the design.This isthe way
the system keeps track of the current view of the design.

CONCLUSION

CAD data management, usuallgerformed by dedicatechechanisms embedded in
CAD systems, was approached in tpaperfrom the point ofview of database
systems and object-oriented modeling.

Database treatment for CAEystems is desirable becatise current trends on
concurrent engineering lead to systems wineteonly desigrtasks accesdesigndata,
but any application with its adequate view of the design.

Well-establishediatabase tools fdyusinesglatamanagemenivere described,
and their lacks for CAD data manipulation were emphasized.

The mostcrucial issues on object-oriented database systesres outlined in a
very open fashion.

Object-oriented techniques for CAD databasesay help to meet the
requirements of concurrent engineeririgpr instance, generalization tfe abstraction
mechanism teupportarbitrary number of viewmay provide each application with an
adequate view.

Some of the opemssues on object-oriented databases seem to recall the
unfinishedbattle among those who advocate #éxtension of theelational paradigm
against those who claim for a completely reproach.Since relational databases are
well-establishedtools, it seems to be natural to extend thaigproach. Even so,
questions like how ttreat along CAD transaction withowtausing obstruction to any
of the users remain unsolved.
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