


22

OBJECTTYPE CatSpec_InstinstType SUBTYPEOF Metaclass_InstinstType;
INTERFACE
METHODS initCategoryOf(generalinst: OID) ;
categorySpecializationOf(): OID ;
IMPLEMENTATION
EXTERN prints(s:STRING); endline();
PROPERTIES categoryOfObj: OID;
METHODS
initCategoryOf(generallnst: OID) ;
{ categoryOfObj := generalinst; };
categorySpecializationOf(): OID ;
{ RETURN categoryOfObj; };
NOMETHOD
{ RETURN categoryOfObjt>currentMeth(arguments); }
END;
END_SCHEMA;

Figure12: Definition of the instance-instance-type of the metacasSpecClass
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INTERFACE
METHODS

METHODS

END;

END;

new() : OID;

END;

OBJECTTYPE CatSpec_InstType SUBTYPEOF Metaclass_InstType;

defCategoryOf(genClass: OID, asp: Aspectld) ;
createCategoryOf(generalinst : OID) : OID ;
checklsCategoryOf(generalClass: OID): BOOL ;
categoryOf() : OID ;

new() : OID;

IMPLEMENTATION
EXTERN prints(s:STRING); printo(o:0ID); endline();
PROPERTIES categoryOfCls: OID;

aspect: Aspectld;

defCategoryOf(genClass: OID, asp: Aspectid) ;

{ categoryOfCls := genClass;

aspect ;= asp; genClasst>defHasCategory(SELF, asp); };
createCategoryOf(generalinst : OID) : OID ;

{ VAR categoryObj : OID;

IF NOT SELF+>checklsCategoryOf(generalinst>(OID)class())

THEN { prints('Such a category object cannot be created for this object.");
endline(); RETURN NULL; }

IF generallnst+>(BOOL)checkHasCategory(aspect)
THEN { prints('Creation failed: category for this object already exists."); endline();
RETURN NULL; }

categoryObj := SELF+>new();

categoryObjx>initCategoryOf(generalinst);

generallnstx>initHasCategory(categoryObj, aspect);

RETURN categoryObj; };
checklsCategoryOf(generalClass: OID): BOOL ;

{ RETURN categoryOfCls == generalClass; };
categoryOf() : OID ;

{RETURN categoryOfCls; };

{ VAR generalinst : OID;
generallnst := SELF£>(OID)categoryOf()+>(OID) new();
RETURN SELF+>(OID)createCategoryOf(generalinst); };

Figure11: Definition of the instance-type of the metacl@seSpecClass
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OBJECTTYPE GenCatSpec_InstType SUBTYPEOF Metaclass_InstType;
INTERFACE
METHODS defHasCategory(catClass: OID, aspect: Aspectid) ;
hasCategories(aspect: Aspectld) : {OID} ;
IMPLEMENTATION
EXTERN prints(s: STRING); printo(i: OID); printi(i: INT); endline();
PROPERTIES hasCategoryCls: ARRAY [SUBRANGE ASPECTMIN .. ASPECTMAX]
OF {OID};
METHODS
defHasCategory(catClass: OID, aspect: Aspectid) ;
{ INSERT catClass INTO hasCategoryCls[aspect] END; };
hasCategories(aspect: Aspectid) : { OID } ;
{ VAR emptySet : { OID} ;
emptySet = {};
IF (aspect < ASPECTMIN) | (aspect > ASPECTMAX)
THEN {prints(ERROR in <hasCategories>, invalid aspect id."); endline();
RETURN emptySet; }
ELSE RETURN hasCategoryCls[aspect];
END; };
END;
OBJECTTYPE GenCatSpec_InstinstType SUBTYPEOF Metaclass_InstinstType;
INTERFACE
METHODS checkHasCategory(aspect: Aspectid) : BOOL ;
initHasCategory(catObj: OID, aspect:Aspectid) ;
hasCategory(aspect:Aspectld) : OID ;
as(catCls:0ID) : OID ;
IMPLEMENTATION
EXTERN prints(s: STRING); printo(i: OID); printi(i: INT); endline();
PROPERTIES hasCategoryObj: ARRAY [SUBRANGE ASPECTMIN ..
ASPECTMAX] OF OID;
METHODS
checkHasCategory(aspect: Aspectld) : BOOL ;
{ RETURN hasCategoryObij[aspect] != NULL,; };
initHasCategory(catObj: OID, aspect:Aspectld) ;
{ hasCategoryObj[aspect] := catObj; };
hasCategory(aspect:Aspectld) : OID ;
{ RETURN hasCategoryObij[aspect]; };
as(catCls:0ID) : OID ;
{ VAR cls : OID; result : OID;
result := NULL;
FOR | := ASPECTMIN BY 1 TO ASPECTMAX DO {
IF hasCategoryObj[l] '= NULL THEN { cls := hasCategoryObij[l]+>(OID)class();
IF cls == catCls
THEN { result := hasCategoryObij[l]; }
END; }
END; } END;
RETURN result; };
END;

Figurel0: Definition of instance-type and instance-instance-type of the metéea€atClass
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[9] WolfgangKlas, Erich J. Neuhold, Michael Schrefl: Metaclasses in VODAK andAlpgili-
cation in Database Integratiorechnical Report Nal62, Arbeitspapiere der GMD, Birling-
hoven,1990.

[10] WolfgangKlas, Erich J. Neuhold, Michael Schrefl: Using an Object-Oriented Approach to
Model Multimedia Data, Computer Communications, Special Issu®ultimedia Sys-
tems,Vol. 13, No. 4, pp. 204+£216, May 1990.

8 Appendix: Definition of Metaclasses

Figures9, 10, 1, and 12 show the definitions thfe classes, object types, and data types for the
metaclassewhich implement the category-specialization modeling primitive as used in the ex-
ampleof this paper The implementation has been realized using the VODAK prototype version
1.0at ICSI.

SCHEMA ObjectSpecializationMetaclasses
DEFINE ASPECTMIN 1
DEFINE ASPECTMAX 5
DATATYPE Aspectid = INT;

CLASS GenCatClass METACLASS Metaclass
INSTTYPE GenCatSpec_InstType
INSTINSTTYPE GenCatSpec_InstinstType
END;

CLASS CatSpecClass METACLASS Metaclass
INSTTYPE CatSpec_InstType

INSTINSTTYPE CatSpec_InstinstType

END;

Figure9: Definition of the metaclass€enCatClassandCatSpecClasproviding the category-
specializatiormodelling primitive.
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definingthe sharing of objects as wellthe persistence of objects. All instances are referenced by
oid's, values of datatypes are referenced independenthedict whether they are attached to
persistenbbjects (and are therefore persistent themself) or whether they are °stand alone®. This
way VML supportsclass completenesghich is therelevant requirement in an object-oriented
framework:the instances of all classes are persistent regardless of the corresponding object type.

VML provides operators manipulating the extension of a class (i.e. tiesmsting instances ata
certaintime).For example iterators can be defined for every set, including the extension of a class,
thisway the expressiveness of a full query language is achieved. Furthermore, VML provides two
methoddor deleting instances of classes, which are in the interface of every instance. These are
deleteanddeleteall The first one does not guarantee referential integrity while the second does.
Onthe basis of these two methotliss possible to define methods with a special delete semantics.

Theimplementation of task 3 is very simple, because the methodsaf&s and cost are already
includedin the schema. In general one can say that application programs will be much shorter and
easietto write. This can also be seen from the implementation of task 4. Here, the orettieid

usedto record a new composipart. The implementation of tleeeatemethod is based on the
methodhew which creates simultaneously a base part and a part. This way the constraint that each
basepart is also a part is satisfied and the application program is freed from the burden to check
semanticconstraints.
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OBJECTTYPE BasePart_OwnType
IMPLEMENTATION
METHODS// creates a hew base part
create(id: STRING, name: STRING, supplier: Supplier,
purchaseCost : REAL, mass : REAL) : BasePart;
{ VAR newPartObj : Part; newBasePartObj : BasePart;

/I first create both a base part object and a part object
newBasePartObj := selft>new(); // see CatSpec_InstType, appendix
newBasePartObjt>setSupplier(supplier);
newBasePartObjt>setCost(purchaseCost);
newBasePartObjt>setMass(mass);
/I get the representation as Part; see CatSpec_InstinstType, appendix
newPartObj := newBasePartObjx>categorySpecializationOf();
newPartObjt>setName(name);
newPartObjt+>setld(id);
return newBasePartObj; }

END

OBJECTTYPE CompPart_ OwnType
IMPLEMENTATION
METHODS// creates a new composite part
create(id: STRING, name: STRING, initialSubparts : { Subpart },
assCost: REAL, totalMass: REAL) : CompositePart;
{ VAR newPartObj : Part; newCompPartObj : CompositePart;
/I first create both a composite part object and a part object
newCompPartObj := selft>new(); // see CatSpec_InstType, appendix
newCompPartObjt>setAssemblyCost(assCost);
newCompPartObjt>setSubparts(initialSubparts);
newCompPartObjt>setMass(totalMass);
/I get the representation as Part; see CatSpec_InstinstType, appendix
newPartObj := newCompPartObj+>categorySpecializationOf();
newPartObjt>setName(name);
newPartObjx>setld(id);
return newCompPartObj; }
END

Figure 8: Implementation of the object creation methods needed for a manufacturing step of a
compositeobject.

6 Conclusions.

This paper has presented the principles of handling persistent objects in the object-oriented data-
basgorogramming language VML. Thiest design criteria was that programming code should be
free from statements to initiate organize the transfer of objects from/to the persistent store.
Thus,the code is written in a form, which can work with persistent or transient dat@€ersist-
enceindependent programming is achieved by taking the distinction of types and classes as the
basisfor definingpersistence in VML. Instances of classes are always persistent and those of data
typesare alwaysransient. Thus, the distinction between types and classes serves as a platform for
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stance®f that class, i.e. Partx>allinstances() is the set of all instances of the class Part. The data-
type of the returrvalue is {Part}. This value can then be processed with the operations available
for sets (e.g. intersection, iterators, etc.). Another category of bulk operations is given by the query
languaggsee [6]).

Example Task 4

Theimplementation of task defined in section 1, is given in Figure 7. First, three base parts are
createdabutton, a case, and a cable. The varighdetl, part2, andpart3represent the quantity

of the usage of these base parts in a composite part °Mouse®, which is manufactured from the three
baseparts. The implementation tfie methodsreate defined for the classeé3asePartand
CompPartare given in Figure 8. These methods create both a general representation of the base
partsand the composite part as instances of gagsnd the bageart or composite part represen-

tation through instances @dasePartand CompositeParemploying the methodew provided

with the metaclasSatSpecClassThecreatemethods return theewly created instance of either
BaseParbrCompositePartThecategorySpecialization@fiethod returnthe corresponding in-
stanceof classPart the receiver object is a categorization of.

/I DATATYPE Subpart = [ comp: Part; quantity : 1 .. MAXQUANTITY ]
VAR partl, part2, part3 : Subpart;
/I Create a few base parts

partl.comp := BasePart+>create(°BTN 90+020/C°, °Button®, /1 $20, 10 g
°SunMiircoSystems?®, 20, 10)t+>categorySpecializationOf();

partl.quantity := 3;

part2.comp := BasePart+>create(°CC 90+020/D°, °Case®, /1 $80, 200 g
°SunMiircoSystems®, 80, 200)+>categorySpecializationOf();

part2.quantity := 1;

part3.comp := BasePart+>create(°CC 90+020/D°, °Cable®, 11$2,15¢9
°SunMiircoSystems?®, 2, 15)+>categorySpecializationOf();

part3.quantity := 1;

CompPartt>create( °MSC 90+001/A°, °Mouse®, {partl, part2, part3}, 30, 250); // $30, 2509

Figure7: VML implementation of task 4, i.e., record in the database a new manufacturing step,
i.e.,how a new composite part is manufactured from subparts.
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5 Manipulation of the Extension of a Class.

As already stated above the extension of a class (i.e. all instances of @&sqg@ssistent. This
extensionwill change during the lifetimef a database. The main operations to manipulate the
extensiorof a class are creating new instances, deleting existing instances and updating properties
of existing instances. The first operation is accomplished by the new opé@tagoperator
createsa new object as an instance of a class.Consider the following program segment:

VAR obj : Part;
obj := Partx>new();

Thevariable obj gets assigned an instance of the class Part. This instance is newly created with the
newoperatorAfter the execution of the program segment the extension of the class Part contains
oneadditional element. All the properties of this new instance have the value NIL.

Thedeletion of existing objects has far more consequences than creation of an object. The main
issuesare referential integrity and complex objects. Is it possible to delete an instance which is
referencedby other instances and if so, what happens teefleeences? Furthermore, is it possible

to delete a complex object as whole (i.e. an instance with all the objects it references)?

Oneapproach is to define persistence with the bé§preachability relation®. Each object which
isreachable from the database root is persistent. If an object is referenced by another object, then it
is possible to remove the former object from the extension of its class. But the object is still in the
databasehecause it is still referenced by an object reachable from the database root. Hence, the
instancas still present but not as a member of the extension of its ctaasoid thisanomalous
situationa different approach is used in VML.

VML provides twanethods for deleting instances of classes, which are in the interface of every
instanceThe first one is calledelete If this method is sent to an instance of a class, the instance is
deletedfrom the extension of its class if this object is not reference directly by another object.
Otherwisenothing is done. In the former case, the instance is removed from all sets it is contained
in. Hence, this method guarantees referential integritg second method to delete objects is
calleddeleteall If this method isent to an instance of a class, the instance is removed from the
extensiorof its class and all references to it are set to Rilrthermore, the instance is removed
fromall sets it is contained in. So this method also guarantees referential inTéggityplemen-

tation of deleteallis based on a technique called °lazy deletion®.

Onthe basis of thedevo methods, it is possible to define methods with a special delete semantic
(for example to delete an object and all the objects it references, etc.)

In VML we have adopted the followirgirategy which is called lazy deletion. Tdedeteallmeth-

od marks the object identifier such thagwccessive attempt to access this object realizes that the
objectis deleted. The object itself is not immediately deleted. The marked objects are deleted at
theend of a transaction. Any attentptaccess a deleted object through a reference from an exist-
ing object will be recognized, because every object access method checks the object whether it is
markedor not.

As already mentioned bulk operations are needed in database applications. TherefopeoVML
videsa method allinstances in the interface of every class. The method returns the set of all in-
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OBJECTTYPE CompPart_InstType
IMPLEMENTATION
PROPERTIES subparts : { Subpart };
deltaMass: REAL;
assemblyCost: REAL;
MEtHODS
compositeMass() : REAL; /I returns the mass of a composite part
{ VAR aSubpart : Subpart;
totalMass: REAL;
totalMass = 0;
FORALL aSubpart IN subparts DO
totalMass = totalMass + aSubpart.comp+>mass() * aSubPart.quantity;

END
return totalMass }
mass() : REAL; { return selft>compositeMass() + deltaMass; }
cost() : REAL; /I returns the total cost of a composite part

{ VAR aSubpart : Subpart;
totalCost: REAL;
totalCost := assemblyCost;
FORALL aSubPart IN subparts DO
totalCost = totalCost + aSubPart.compz>cost() * aSubPart.quantity;
END
return totalCost }
END

OBJECTTYPE Part_InstType
IMPLEMENTATION
PROPERTIES name: STRING;

id: STRING;
METHODS
cost() : REAL; { return self+>hasCategory()x>cost(); }
mass() : REAL; { return self+>hasCategory()+>mass(); }

END

OBJECTTYPE BasePart_InstType
IMPLEMENTATION
PROPERTIES supplier: Supplier;
purchaseCost: REAL,;
mass: REAL;
METHODS
mass() : REAL; { return mass;}
cost() : REAL; { return purchaseCost; }

END

Figure6: VML implementation of thenethodgost() andmass() used in task 3. Only the relevant
fragmentsof the implementation of the object types are shown.



13

VAR compPart : CompositePart;
compPart := CompositePartt>findPart(°Ship®);
IF (compPart '= NULL) THEN
PRINT << © Cost: °© << compPartt>cost() << NEWLINE;
PRINT << °Mass: °© << compPartt>mass() << NEWLINE;
END

Figure5: VML implementation of task 3, i.e., print the total cost and total mass of a comg
part.

costand mass of the composite part and, subsequangsint the results. The implementation of
the methodsost() andmass() are given with the object tygi@ompPart_Instf¥peassociated with
classCompPart(see Figure 6).

Themethodcost() computes the total cost by adding up the assembly cost and the cost of the sub-
parts times the number of subparts. The cost of@atiponent is computed by the metlaosk()

whichis sent to every subpart referred to byphapertysubpartswhich is defined for composite
partswith typeCompPart_Instype Every subpart is an instance of clBsst (compare the data

type definition SubParj. Hence, at this point, the methoabt() implemented for parts, i.@he
methodimplemented withypePart_Instlypeis executed. This method in turn calls the method
cost() which is either theost method implemented for base parts, i.e., implemented with type
BasePart_Instyipe or the cost method implemented for composite parts.

Thetotal mass of a composite part is computed in a similar mannertaidheost by the method
mass() defined for composite parts and it is not further explained.
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VAR impPart, aPart: BasePart;

FORALL impPart IN {aPart IN BasePartt>allinstances() | aPartx>cost() > 100 } DO
PRINT << °Name: ° << impPartt>name() << NEWLINE;
PRINT << ©°Cost: © << impPartt>cost() << NEWLINE;
PRINT << °Mass: °© << impPartt>mass() << NEWLINE;
impPartt>setCost(impPart+>cost() * 1.1);

END

Figure4: VML implementation of task 2, i.e., print the name, cost, and madisroported parts
thatcost more than $100.

Thevariable declaratio AR compPart : CompositePart® denotes a location for an instance of
the classCompositePar{which must be defined previously) with the nacoenPart(see fig-

ure 5).Initially the location contains the value NIL. For another example consider the following
record typeDATATYPE Subpart = comp:Part; quantity : 1 .. MAXQUANTITY ] (see figure
1).Avariable declaration of the foifit AR aSubpart : Subpart® sets aside space for a handle to an
instanceof the class Part and for a value of the domain of the intedmange type 1 .. MAX-
QUANTITY (see figure 6).

Theassignment operator isprovided to change the value of a location in the store. An assign-
mentto a variable changes the value of the corresponding location but héeschomrethe object
beingassigned or on the previous value of that location. For example an assignmeimh the
compPart= CompositePartt>findPart(°Ship°); retrieves an instance of the class CompositePart
with name °ship® and assigns this object to the location named compPart (see figure 5).

Thestatement compPart := CompositePartt>new() generates a new persistent object. The assign-
mentof an instance to a location has nigef on the instance itself (i.e. the value of its attributes
areunchanged etc.). Thus, if the variable compPart gets a new value assigned, the former object is
notchanged (sefer example the variablmpPartin the implementation of task 2; figure 4). If the
datatype of a variable is a class identifitre declaration hake efect of supplying space for the
persistenhandle foran instance of the class Part. In contrast to this the operator new generates a
newinstanceof a class, makes this instance persistent and returns this new object. Hence, the new
operatorand the declaration of a variable have totalljedént semantics.

Theequality operator which is defined for variableshef same data type compares the contents

of the corresponding locations. As a consequence in case the datatype of a variable is a class identi-
fier the object identifiers are compared. This is called identity in the literature @ltyeat-ori-
entedorogramming languages [2Jo &chieve the semantics of shallovdeep equalitya user has

to write appropriate methods using the system provided equality operators in the implementation.

Example Task 3

Theimplementation of task 3 defined in section 1, is givenin Figure 5. First, a part called °Ship®is
selectednd its representation as a composite part is then assigned to the vamgBlart. Then
the methodsost() andmass() aresent to the object referred to by the variable to compute the total



11

4 Variables and Assignments.

In VML a variable is introduced with a variable definition clause of the form:
VAR identifier : datatype;

whereVAR is a keyword. This clause introduces a variable with ndergifier. The variable is
constrainedo assume values from the domaithespecified type. There are basically three pos-
sibilitiesfor datatypes: primitive types, structured types and class identifiers. The structured types
arebuild with the following type constructors: record, variant, set and.arhage type construc-
torscan be nested to any depth and their basic ingredients are the primitive types (Boolean, Inte-
ger, etc.) and the class identifiers. Tdh@mains of these types are the usual for primitive types and
for class identifiers they consist of the sepos$sible instances of the corresponding classes. The
domaingof the structured types are defined on the basis of the above defined domainsuathe
manneifor each constructor individuallll the domains contain an element NHar example in
theimplementation of the methawst()for the clas€ompositeParthe two variableaSubpart
andtotalCostare declared (see figure 6). The first one is ofytheSubpartvhich is a record type
(notethe type of the firdield is a class, see figure 1) and the type of the second is the primitive type
REAL

In VML variables can be regarded as locations for values of the corresponding datatype. These
locationsreside in a time varying store and introduce modifiability in the language. For example,
thevariable declaration\’AR totalCost : REAL® denotes a location for a value of the domain of
REAL. If the datatype of the variable is a classidentifier then the location for a variable can hold a
handleto an instancef the corresponding class. Since the handles to instances of classes are the
objectidentifiers, this location will eventually contain an oid. But from a users' point of view it
will be the instance itself, because the set of methods applicable to that variable are exactly those
definedfor theinstances of the corresponding class. Furthermore, any update of a property of that
instances also an update of the persistent object. This conceptis illustrated in the implementation
of task 2, which is given in figure 4. This concept implies that the sizes of the locations for vari-
ableswith datatype a class identifier are always the same and are known at compile-time.

Theimplementation of task 2 defined in section Biien in figure 4. The names, cost, and mass

of allimported parts that cost more than $100 are printed within a loop over the set of the appropri-
ateobjects. Vithin this loop the costs of the parts are increasddBf. This incrementis achieved

with the methodetCost(). In case a method is sent to an object and this metithes the state

of the object, this is automatically propagated to the persistent store s€hds)g the method
setCost( ) to avariable of type BasePart updates automatically the properiyaseCost of the
instancehold by that variable in the databg#iee implementation of the methaetCost( ) is
omittedin figure 6). Hence, the user is freed from the burden of taking care that the updates of
propertiesare correctly accomplished in the database.
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PROGRAM CreateManufactureDatabase;
CREATE DATABASE °ManufacturingDatabase® SCHEMA Manufacturer;
END;

PROGRAM BuildUpManufactureDatabase;
DATABASE PartbB SCHEMA Manufacture;

OPEN PartbB DATABASE °ManufacturingDatabase®
/I Statements which create base parts and composite parts. An example is given
/I later in chapter 5.
FORALL p in { PartDB.Part+>allinstances() } DO
PRINT << pzx>name(); << NEWLINE;
END
CLOSE PartDB;
END;

Figure3: The creation, opening and closing of a database in VML.

In addition tathis user level naming scheme, the system is based on a uniform method for naming
persistentbjects. Thigelies on the use of unique object identifiers @ithat are guaranteed to
beunique throughout the system. An oid is never used twice in the lifetime of a database. Further-
more,oid's are immutable i.e. they cannot be changed once they have been created and bound to
anobject, neither by the user nor by the system. They are the handles to persistent objects and are
invisiblein an applicatioprogram. Therefore, oiglallow persistence independent programming

in VML. This is because all references to instances of classes in the code of a method are made
implicitly through them. This aspect of VML is discussed in detail in the next section. Object iden-
tifiers allow the VODAK object manager to locate the objects in the persistent store.

Sofar we have described persistent objects, but there are situationstrahsient values are
needed (for example in the body of a method). In VML values of datatypes are not persistent.
Hence,in a body of a method it is possiltitedefine structured datatypes and to use them freely
Thescope of their existence is then the enclosing method Bddpurse, when a value of such a
datatypes assigned to a property of a persistent object, these values will be persistent.
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definedvia reachability (e.g. CODL), that is the collection of objects form a directed gisgrie
theedges are established through references and the root is the database. All objects which are
reachabldrom the root object are automatically persistent.

Our approach dfers in certain aspects from this graph based approach. mauel there are

several directed graphs whose entry points are the databases. From the roots the classes can be
reachedand from there the instances and from those via the properties other instances of classes,
whichare also referenced by their classes. Hence, everything which is redicdralaleoot is also
persistentBut this is a consequence of our definition and not the definition itself. Ardiffesr

enceis that in our model there is no need for garbage collection, this is because an object disap-
pearsonly if it was deleted explicitlyThedeletion of an object will never have the consequence
thatother object are no longer reachable, astitescase in these graph based models where gar-
bagecollection is necessary

A consequence of this decision is that VML does not need an explicit operator for making objects
persistentln case a language doegmrovide a mechanisfor automatically making objects per-
sistent,there must exist procedures for doing this (e.g. PSzAlgol [5]). If the languagaeatoes
provideoverloading this will be cumbersome, because there must be such a procedure for every
type used in the schema. In VML the creation of a new instance of aatassaticallyimplies

thatthis instance will be inserted into the database. This is achievetwlapaerator (seeable 1
andTable 2).This is similar to the approach taken in Adaplex [4].

In any system that supports some form of persistence, a mechanism is needed to enable a user of
thatsystem to name, and subsequently access persistent objects. Hence there mhstdRrigt a
betweersymbols in the program and objeittshe persistent store. In a language without persist-
encethe long term store has traditionally been implemented by files. The persistent name space
consistf the file names maintained by the operating systemctess persistent objects in this
casea run time call to a system routine establishes the binding between the program and the file
andread/write calls perform the actual access. In VML the persistent resources are the iostances
theclasses. Hence, mechanisms are needed to allow the user of a persisteta sjgetly the

objectin such a way that the system can lot¢h&sobject and load it. The persistent name space
consistof names of databases and of names of classes. As shown in figure 1 the names of classes
aredeclared within a schema definition.

Databas@ames are defined when a database is created for a specific schema by the OREA
TABASE statement (see figure 3). Existing databasede used in a VML program by associat-

ing it to a database variable. The declaration of a database variable specifies the schema name of a
databaseavhich can be bound to the database variable by a subsequent OPEN statement. This
mechanismallows to open several databases within one program.

A databaseariable provides the root to access the objects of a database. The only objects which
canbe accessed directly from a database variabtbase objects which represent a class. Access

is performed by using the class name qualified with the name of the database variable, e.g., in our
exampleprogramPartDB.Part or PartDB.BasePartThe qualification of a clagsame can be
omitted,if the class name is unambigous, i.e. if there is at most one database variablsdfeach
maand if the class names offeifent schemata are disjoint. All other objects, i.e. instances in a
databaswhich are not classes, can be accessed only starting from a class object using the methods
definedin the interface.
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creates a new instance of the re-
ceiver class as a category-specigf-
instances of | ized object of a general instance CatSpecClass
new() metaclass |which is automatically created tog.,. P
CatSpecClas$Returns the object identifier of the (instance-type
newly created category specialized
instance.
defines the receiver class to be a
category-specialization class of the
defCategoryOf(inst) +04 general clasg, identified by the firdt +04
parameter with respect to the as-
pect identified by the second pa-
rameter
instances of 4 returns th(aT identifier of that in-
class with stance which represents the rece vEatSpecClass
hasCategory() metaclass | €" ol_JJect in the appropriate categ :?-(lnstance-ms-
CatSpecCIas*;r.y with respect to the aspect identi- tance-type)
1fied by the parameter
returns the identifier of that in- CatSpecClasq
categorySpecializationOf() +0+ stance of which the receiver obje¢t(instance-ins-
is a category specialization. tance-type)

Table 2:Specific methods definddr the semantic relationship category specialization as far as
theyare needed in the examples. There are additional medhadable with that semantic rela-
tionshipbut they are not discussed here.

3 Persistencan VML.

Theterm persistence is used to describe that property of data that determines how long it should be
kept.Itis an orthogonal property of data, that any data iteay exist for an arbitrarily long time
(e.g.longer than the duration of one program execution). Some form of orthogonal persistence
existsfor some timen other systems [3]. It consists of a mechanism to save and restore the current
workspacgso-called alltorxnothing persistence). Procedures can be saved in files and read in
againin some subsequent session. Problems of scale, lack of a transaction mechanism, and lack of
adequatanechanism for the independent developmemroffram and data are the chief prob-

lems.

Thestarting point for defining persistence in VMLt distinction of types and classes. Roughly
speakingnstances of classes are always persistentras® of data types are always transient.
Thus,the distinction between types and classes serves as a platform for defining sharing of objects
aswell as persistencaf objects. This decision was motivated by the general modelling philoso-
phythat every interesting entity of the domain of interest should become a class. As a consequence
all interesting entities are persistent and can be sharedvayigML does not fully support data
typecompleteness but it suppoctasscompletenesshich is the relevant requirement in an ob-
ject-orientedramework: the instances of all classes are persistent regardless of the corresponding
objecttype. This approactowards persistence tbfs from other systems where persistence is
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objects, returns the object identifier of the re-

class 3
0 classes ceivers class

system mdefined

creates a hew object as an instance pf
new() classes |[the class and returns the object idenfiffystem prdefined
er of the newly created object

returns the set of object identifiers of

allinstances() classes all instances of the class system mdefined
removes and destroys that instance ¢f
delete(instance) classes | the class which is identified by the pg-system pdefined
rameter
tests whether the object identified by
isInstance(instance) classes |the parameter is an instance of the c|agstem pdefined

or not.

Table 1:Methods defined for all objects, i.e., classes and their instances unless elsewhere rede-
fined.

Specific Metaclasses for Category Specialization

VML constitutes a kernel model which can be tailored to specific application needs. It provides a
few predefined metaclasses for specsgenantic modelling primitives such as object specializa-
tion, object generalization and aggregation. As previously mentioned, the metaGanssks-
ClassandCatSpecClasprovide the necessary behavior for clagsestheir instances which are
categorizednto several disjoint sets by appropriate method definitions. A detailed description of
thesetwo metaclasses including their definition in VML is given in [6]. In this paper we only de-
scribethe relevant padf the interface provided by the metaclasses in order to explain the various
tasksdefined in section 1.able 2 shows the specific methods provided for classes and instances
which are categorized into several disjoint sets as far as needed for our examples.

With the INIT-clause of a class definition one can specify some methods to initialize the class. In
ourexample (Figure 1) the clasg&mseParandCompositeParare initialized by the methatef-
CategoryOfto be a category specialization of the clBsst. The methodlefCategryOfis pro-

vided by the metaclasSatSepcClasand is defined for classes

1. Inthe actual implementation of the metaclaatSpecClas&@s shown in the appendix) the metheéiCategory-
Of takes a secondgument which is used to distinguish between several categorization criteria, e.g., parts can
becategorized into base and composite parts with respect to their composition, but they also can be categorized
intolicensed and non-licensed parts with respect to the licence status of a part. But as weetbthat feature
in this paper we do not describe it in more detail and ignore it in the description herein.
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portedfrom theVML schemaDbjectSpecializationMetaclassd$e clasfarthas associated the
metaclas§&enCatSpecClasghichprovides the semantics and behavior needed to categorize the
classinto other classes. The clas8ssePariandCompositeParhaveassociated the metaclass
CatSpecClaswhich provides the semantics and behavior needed to tefihelasses as a cate-
gorizationof the clasg?art. Details about the specific methods provideddasses and their
instancedy the metaclass€&zenCatSpecClasandCatSpecClasare given later

GenCatClass CatSpecClass
A 7

Instance-of, ! instance-of

PART cat.spec.of Basep:rm

A A\ . . )

v category specialization of ’4 '
el \ CompositePart

Lo A

. e — . instance-of

! o

‘—

Figure 2 Categoryspecialized class@&asePartandCompositeParare disjoinpartitions
of classPart with respect of the composition of a part. Tisaan instance of claBARTis
categorizedas an instance of either clddasePartor clasCompositePart

Message Passing and Method Execution

Theproperties of an objectan be accessed (read or manipulated) only through the execution of
methodsdefined for it. The execution of a methad is invoked by sending a message
rcvr:>m(argument} to the objectcvr.

The semantics of sending a messanyet>m(argument¥to an object are as follows:
w If the methodnis defined for the objectvr, the code specified fan is executed.

w If the methodnis not defined for thebjectrcvr, the messagevr.inheritanceBehavidm,
argument}is executed, where the methodind itsargumentsare passed asgaments to
theuser specifiable methacheritanceBehaviorThe implementation of this method deter-
minesthe future execution of the methirdvithin the scope of other objects existing in the
databas¢hat may even be members of other object classes.

The delegation oimessages to other objects via the methbdritanceBehaviorllows, as we
shall see in the next chapiehe specification of a particular inheritance behavios@nantic
relationshipssuch as category specialization between objects. The matierdtanceBehavior

is implemented by a metaclass for the instances of a class. In particisiability has proven
useful,when adding specialized modelling primitives for hypermeaiid agumentative net-
works[8] and for database integration [9] to VMLalle 1 shows all the predefined methods de-
fined for classes and their instances.



SCHEMA Manufacturer
IMPORT GenCatClass, CatSpecClass FROM ObjectSpecializationMetaclasses
DEFINE MAXQUANTITY 200 /l maximum number a part can be used as a subpart
DATATYPE Subpart = [ comp: Part; quantity : 1 .. MAXQUANTITY ];

CLASS Part METACLASS GenCatClass
OWNTYPE Part_OwnType
METHODS  findPart(name: STRING) : Part; // returns the part with that name
INSTTYPE Part_InstType

METHODS name() : STRING; [ returns the name of the part
setName(aValue: STRING); /[ assigns a name to the part
id(): STRING; /I returns the identifier of the part
setld(aValue: STRING); /I assigns an identifier to the part
cost(): REAL; I returns the total cost of the part
mass() : REAL; I returns the mass of the part

END

CLASS BasePart METACLASS CatSpecClass
OWNTYPE BasePart_OwnType
METHODS create(id: STRING, name: STRING, supplier: Supplier,
purchaseCost : REAL, mass : REAL) : BasePart;
findPart(hname: STRING) : Part; // returns the part with that name
INSTTYPE BasePart_InstType

METHODS mass() : REAL; I returns the mass of the part
setMass(aValue: REAL); [/l assigns the mass
supplier() : Supplier; I returns the supplier of a base part
setSupplier(aValue: Supplier);  // assigns the supplier to a b. part
cost() : REAL; I returns the cost of the base part
setCost(aValue: REAL); /I assigns the cost of a base part
INIT  defCategoryOf(Part)

END

CLASS CompositePart METACLASS CatSpecClass
OWNTYPE CompPart_OwnType
METHODS  // creates a hew composite part
create(id: STRING, name: STRING, initialSubparts : { Subpart },
assCost: REAL, totalMass: REAL) : CompositePart;
findPart(hname: STRING) : Part; // returns the part with that name
INSTTYPE CompPart_InstType

METHODS mass() : REAL; /I returns the mass of a composite part
setMass(aValue: REAL);  // assign the total mass of a comp. part
deltaMass() : REAL; /I returns the (de-) or increment of mass
setDeltaMass(aValue : REAL); // assigns the de/increment of mass
cost() : REAL /l returns the total cost of a composite part

INIT  defCategoryOf(Part)

END

CLASS Supplier
INSTTYPE Supplier_InstType .... /I not further specified here

END

Figurel: VML schema for the example database.



4

databasschemaManufactuer contains the definitions fdour classesf?art, Basd?art Compo-
sitePart andSupplieramongst the definition of a constant and a data type. The description of this
databasewhich provides a solution for task 1, is shown in Figure 1.

Objects, Classes, andypes

Classegollect objects of the same type. Every classalsasciated an object type as its instance-
typewhich specifies the structure of the class'stances and the methods defined to operate on
thesanstances. For example, the clBsst hasassociated the instance-typart_Instypewhich
specifiesa few general methods defined for parts, egme(retrieving the name of a paid)
retrievingthe unique part identifieandcost()retrieving the totatost of a part. Optionallg class
mayhave associated an object type as its own-type which specifies properties and methods of the
classitself. Usually own-types specify specific methods to create and initialize new instances.

In general, object types associated with classes specify methods and properties. In Figure 1 only
theinterface specification is shown. The properties and the implementations of the methods are
givenlater The interface specifications consist of the signaturéseahethods, i.e., the method
name a (possibly empty) list of formal parameters and tii@mains, and, optionallthe domain

of the result returned by the method.

Everyclass is a first class object and is an instance of another class, called its metactsg. T
classesas regular objects allows to apply tbeeme mechanisms defined for instances also to
classesln our sample database schema the clasgsasstances of either the metaclass specified
with the METACLASS-clause or predefined default metaclass if no such clause is specified as in
the definition of the clasSupplier Further details on metaclasses are given in the following.

Semantic Modeling Primitives and Metaclasses

VML provides aspecific mechanism which allows to tailor the data model to meet specific re-
quirementsSpecific modelling primitives can be introduced into the data model by defining ap-
propriatemetaclasses. Every class has associated such a metaclass. A metaclass defines specific
methoddor the class and its instances it is associated to. The set of mé¢fioes for a clasS

consists of the methods provided with the associated metaclass and the owrGtyfigec$et of
methodsdefined for the instances of the cl&s determined by the methods provided by the
metaclassand the instance-type 6f Hence, the class and its instances are able to behave accord-
ing to the semantics provided by the metaclass.

In our example we have to model parts which can be simple base parts bought from a supplier or
compositeparts manufactured from other parte.ré&flect this situation we define a cld3art

whichis categorized into two disjoint sets with respect to the composition of parts. These sets are
representedby the classeBasePartandCompositePartMore preciselywe define the classes
BasePartandCompositeParto becategory specializatiorsf the clas®art. That is, every partis

eithera base part (i.e., instance of clBesePar} or a composite part (i.e., instance of claem-
positePar}. As an instance of claBarta partis represented just as a general part abstracting from

its categorization into base pamt composite part. The semantics, i.e., the behaassociated

with the semantic modelling primitiveategory specializatiors provided by the metaclasses
GenCatSpecClasandCatSpecClasdn our samplalatabase schema these two classes are im-
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tional power of the database programming languages Adaplex, PS-algol, and Ghigeives a
goodframework for comparing VML with existing work.

Theexample database represents the inventory of a manufacturing compenticular it repre-

sents the way certain parts are manufactured out of other parts: the subparts that are involved in the
manufactureof a part, the cost of manufacturing a part from its subparts, the mass increment or
decrementhat occurs whethe subparts are assembled. Manufactured parts may themselves be
subpartsn a further manufacturing process. Hence, the subpart relation forms an acyclic graph. In
addition,certain information must be held on the parts themselvesnidugie, identifying num-

berand, if they are imported, (i.e. manufactured externally) the supplier and purchase cost. As in
[1] we present a solution for the following four tasks which we have slightly extended:

1. Describe the database.

2. Printthe names, cost and mass of all imported parts that cost more than $100. Furthermore,
incrementthe costs of each of these parts by 10%.

Print the total mass and total cost of a composite part.

4. Recordn the database a new manufacturing step, i.e. how a new composite part is manufac-
turedfrom subparts.

Thisexample covers certainly only very few aspects of what would actually be involved in a man-
ufacturingdatabase, but it covers all those aspects needed to illustrate the features of VML with
respecto the above listed requirements.

The paper is gyanized as follows: Section 2 briefly describes those features of VML which are
relevantto understand the example and to illustrate the concept of persisentipn 3 focuses
onthe concept of persistent objects, and sedtdiscusses transient values and their relationships
to persistent objects. Section 5 discusses the notion of persigteéheycontext of a class exten-
sion, and section 6 concludes the pagdre appendix shows the complete implementation of
someclasses used in the sample schema.

2 The VODAK Model Language (VML).

TheVODAK Model Language (VML) [6] is an open object-oriented data model. It provides con-
ceptsfor the definition of database schemas, object classes, properties, and methods. The concept
of metaclasses [7] allows to define specific semantic modelling constructs, such as specialization,
aggregationcomponent-of, which can be pluggado the kernel model. This openness of VML
allowsto tailor the model to specific application needs ([8], [9], [10]). In this section we only de-
scribethe relevant concepts of VML with respect to persistence. In the following the concepts are
illustratedby the database schema of our sample database.

Database Schemas

A VML database schenwontains the definition of classes, object and data types, constants, and
the implementations of the methods defined for the instances of classes. Furthermore, a database
schemacan specify some definitions to be imported from another database schema. Our sample



1 Intr oduction.

Thereare two main roots for object-orientddtabase systems: the development of semantic data
modelsand the developmeaf abstraction-based programming languages. This is reflected in the
two different approaches to build an object-oriented database. The bottom-up approach tries to
extentconventional database technology to become object-oriented by introducing richer data
modelsincluding facilities for describing the operational semantics of the entities. The top-down
approacthries to enrich object-oriented programming languages by database features such as per-
sistenceand object sharing.

Theaim of the VODAK project at GMD+IPSI is to develop an object-oriented database system.
The database programming language of VODAK is called \Madak Modelling Language).

VML is an object-oriented language based on a system of meta classes. In a programming lan-
guageoffering ormanipulating persistent objects, there are many design issues which must be
resolved Over the time several requirements with regards to persistent programming languages
evolved.

Thefirst one is °persistence independent programming®. A language dtedé&fined that a pro-
cedureor a method may be written without knowing whether it will be supplied with persistent
transientata as the actual values of its parameters (i.e. code used to manipulate a value should not
dependbn its persistence). This implies that the programmer is freed from the burden to include
explicit statements to initiate organize transfer of data objects in the cddee required trans-
fersbetween stores should be inferred from the operations on the data.

Thesecond one is °data type completeness®. All data types must enjoy equal status wahin the
guageand the rules for using the data types must be complete. In existing persistent programming
languagesome data types have been alloweltktee only persistent instances, others have been
allowedonly transient instances. Data type completeness implies that type checking rules can be
appliedand programs carry with them enough information that they can be understood without
recoursdo other texts. Data type completeness is best explained with the help obmgbeic-
tors,i.e. types that are parameterized by other types (e.g. sef,.grrdyhe language allowns

se(t) construct, then it should allow any type for t (sgfse(array-ofintegel) ). Whether the set

of type constructors should be fixed in the language or whether the user should be allowed to de-
fine new constructors is still open. Maybe the °right° set of type constructorsitentffor data-
basework.

Thethird requirement concerns operationbrects. Programming languages are predominant-

ly restricted to operations only on their basic data types (integers, reals, ..) and tend to rely on pro-
ceduralabstraction to provide operations on the composite data items. In database systems, bulk
operationsare considered very useful (e.g. select, join, ..). Thus, operations manipulating the ex-
tensionof a class (i.e. the set of existing instances at a cénta) as a whole are needed. For
exampleiterators over the extension of a class are indispensable.

Thepurpose of this paper is to describe the design of VML with regards to the above requirements.
In order taillustrate these issues we have chosen an example. The example is taken from [1] and
coversthe relevant aspects. This example is used in [1] to companeoidhelling and computa-
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In this paper the principles of handling persistent objects in the object-oriented database program-
ming language VML is presented. The main design criteria of VML with respect to persistence
were:persistence independent programming, data type completeness and operations manipulat-
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ways transient. All instances are referenced by object identifiers, values of datatypes
referencedndependently of the fact whether they are attached to persistent objects (and are there-
fore persistent itself) or whether they are °stand alone®.
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