
A Comparison of Objects with Frames and OODBsXindong WuDepartment of Software DevelopmentMonash University900 Dandenong RoadMelbourne, VIC 3145, AustraliaEmail: xindong@insect.sd.monash.edu.auAbstractObjects and frames are two powerful technologies used in Software Engineer-ing and Arti�cial Intelligence respectively. Object-oriented databases are currentlyone of the most important research directions in the database community. Thispaper discusses and compares the three technologies by looking at their respectivecharacteristics.1 Object TechnologyObject technology in software engineering makes it easier to develop, maintain and reuse awide range of applications. These applications are mainly concerned with data processing.Object orientation attempts to model the behaviour patterns of collections of cooperatingphysical entities in the real world. Object-oriented programming (OOP) provides a betterway of de�ning data and procedures that are associated with these physical entities thanconventional imperative languages such as C, Pascal and Fortran.OOP was �rst discussed in the late 1960's when the so called \software crisis" beganin large systems development. Methods have evolved since then and have shifted theemphasis from a problem of coding to object-oriented design (OOD). The primary aim ofOOD is to improve productivity, increase quality and elevate the maintainability of largesoftware systems [3]. The well de�ned and widely accepted principles are the concepts ofthe class, encapsulation, inheritance and polymorphism. At the core of OOD is the classwhich represents a real world entity by grouping all of its data attributes and proceduraloperations together into a neatly encapsulated package.Software productivity is improved primarily by reducing the amount of time requiredfor detecting and removing defects from programming code. Reusing software, in the formof \class libraries" can produce startling increases in productivity and greatly reduce theamount of errors in a large program. However, the emphasis on productivity could haveobscured the need for improvements in software quality. Processes that produce high-quality products early in development, such as analysis and design, can greatly reduce1



errors discovered later in development such as coding and testing and can dramaticallyimprove software quality [3]. Maintainability, the �nal objective of OOD, is accomplishedby separating the dynamic parts of a system from those parts which are stable. A robustsystem must be designed with the expectation of change according to the ever changingrequirements of clients. Achieving all of these objectives together in a single systemis always di�cult to accomplish and more than often a trade-o� is necessary. Withappropriate use, however, the principles of OOD will assist in achieving these goals.1.1 Abstraction and EncapsulationAbstraction is the principle of capturing useful information by ignoring all the detailedfeatures of an entity that are not relevant to understanding what it does or what it is.Rather than trying to comprehend everything about the entity all at once, we select onlypart of it.Abstraction consists of \data abstraction" and \procedural abstraction". Proceduralabstraction can already be found in most imperative programming languages in the formof functions and procedures, which can be used to reduce the complexity of programmingcode. In OOD, data abstraction is carried out by the de�nitions of abstract data types(ADTs) { commonly called classes or types [1]. An ADT is de�ned in terms of data itemsand the operations, called methods in OOP, that can be applied to these data items. Thedata within the ADT can only be modi�ed and manipulated by these methods. The re-sulting notion of encapsulation leads to a separation of interface and implementation. Thedata of an ADT can only be accessed via the speci�ed interface, while the implementationdetails such as the operations are hidden and at the discretion of the class implementoror the dynamic decisions of the ADT.By encapsulation in OOD, each component of a program should hide a single designdecision. The interface to each module should be designed so as to reveal as little aspossible about its internal implementation details. A language which provides this featureenables the designer to keep related components of a program together in the form of apackage in the hope that later changes can be carried out within this package.1.2 ClassesWhen using an ADT in an imperative language with constructs such as records (used inPascal) or structs (used in C) the designer will normally create routines which manipu-late the structure. Operations or routines de�ned for the data structure in one constructcannot be used for another structure in these languages. In an object-oriented program-ming language (OOPL) such as C++, the data structure and the operations are boundtogether into one package, called a class. A class can have private and public data. Theprivate data cannot be seen or modi�ed by the user without using the public interface,known as member functions in C++. This prevents accidental modi�cation of the dataand improves code quality by reducing the amount of bugs evident in the code [4].Variables or instances of a class are called objects. There is a fundamental di�erencebetween an object and a class: the class is the de�nition for the data structure, and anobject is an instance of that data structure. More than one object can be created from aclass de�nition. This distinction has also led to distinguish object-based programming lan-guages from object-oriented (OO) ones. In OO languages, objects encapsulate a concrete2



data structure and a behavior, and they do not need a type. In OO languages, objectsare classi�ed and all objects of the same class share the same behavior. Therefore in anOO language the procedures and functions de�ned on a data structure are described aspart of a class and the class is considered as a generic device for instantiating objects.In this case, the user can use the member functions provided by the public interface of aclass to pass messages to objects of the class, and the objects control their own actionsand can remember their current state.Two special member functions, called constructors and destructors in C++, are pro-vided in many OO languages to allow the user to pass a message to a class and create ordestruct an object. A constructor is used to initialise an instance of a class by allocatingmemory for an array, for instance. Destructors on the other hand are used for clean-upoperations, such as freeing any memory the object may have been explicitly allocated.1.3 InheritanceIn an OOPL a user-de�ned class can inherit features of another, thus promoting a muchhigher level of code re-use. Inheritance allows a designer to specify common attributesand services in one class, and then specialise and extend those attributes and services intospeci�c cases. For example, a manager class can inherit the properties of a person class.One class may also inherit the properties of more than one other class, and this is calledmultiple inheritance.Single and multiple inheritance is supported by C++ by means of derived classes.A derived class is declared by following its name with the names of its base classes. Aderived class can inherit either the base classes' public parts or both their private andpublic parts. This is still an issue left open-ended, to be used at the discretion of thedesigners of individual OOPLs. To support multiple inheritance the derived class mayform a base class of another derived class permitting the construction of class hierarchies.An inheritance structure is one of the ways of o�ering reusability, extendibility, lowermaintenance cost and of achieving the software engineering goals that designers havebeen aiming at for 20-30 years [5].1.4 Polymorphism and Dynamic/Late BindingAlthough not everyone in the OO community has agreed on it, polymorphism is one ofthe most powerful concepts of OOD. It is the concept of sending a message from oneobject to other objects in an inheritance hierarchy and invoking the most appropriatebehaviour for the object. Consider a shape class which can accept the messages draw anderase. Any derived classes of the shape class can receive the same messages. However,with polymorphism, di�erent derived classes such as circle or triangle would performdi�erent appropriate drawing activities for the corresponding shape without the compileractually knowing what type of shape it is. Polymorphism presents the property of operatoroverloading. In C++ overloading allows the user to specify member functions with thesame name which perform di�erent functions according to how many, and the types ofparameters passed. As another example, the addition function `+' may be over-loaded fora variety of user-de�ned data types (such as matrices, vectors, complex numbers, integersand reals).To allow the functionality of polymorphism the compiler of an OOPL cannot bind the3



operation names to programs at compile time [1]. Therefore, operation names must beresolved at run-time. This delayed translation is known as late or dynamic binding. Usingthis feature allows the generic ADT shape to sometimes be a triangle and other times acircle. Similarly, overloading allows the same member function to be declared for all ofthe di�erent derived classes of shape. Polymorphism and dynamic-binding are providedin C++ through the use of virtual member functions. A virtual function is provided withde�nition in its base class, but may be rede�ned in derived classes. That is, a virtualfunction may have di�erent versions in di�erent derived classes and it is the responsibilityof the run-time system to �nd the appropriate version for each call of the virtual function.Functions that are not marked as virtual may be bound statically to the base class inwhich it is de�ned which allows for easier implementation.There are also other forms of polymorphism than the dynamic binding described above,most of which are available in OOP but also in other languages. Parametric polymorphismrefers to functions that work in the same way on many di�erent data structures, such asappend works on lists of small integers and also lists of arrays. Such polymorphism isdescribed by parameterised classes or { in C++ { templates. Ad hoc polymorphism is theconcept of syntactic or \sugar" overloading, where a programmer introduces some am-biguous notation that is statically resolved by a compiler, for instance by considering thenumber of parameters. When we wish to distinguish the message passing polymorphismin OO, we speak of subtype polymorphism. This terminology suggests that a derived classintroduces a subtype of its base class: The instances or objects of the derived class canalways be considered as instances of the base class, because all messages for the base classare understood and operated according to the abstraction of the base class.2 FramesThe frame structure was �rst developed in mid-1970's [7], and has found wide use inArti�cial Intelligence and other knowledge based application systems. A frame is a staticdata structure used to represent well-understood, stereotyped situations. It organises ourknowledge of the world based on past experiences. We can revise the details of these pastexperiences to represent the individual di�erences for new situations. A frame includesdeclarative and procedural information in prede�ned internal relations. The internalrelations re
ect the semantic knowledge of the speci�c entity corresponding to the frame.Clearly, any object can be viewed as a speci�c frame.A frame can be viewed as a common structure for a kind of entities. It can be usedto describe both �xed-pattern entities, e.g., a form feature of a mechanical part, and aconceptual schema of entities, in which some expectations rather than �xed values areincluded. With those expectations, new data can be interpreted in terms of conceptswhich are acquired through previous experience. The value of an expectation (oftencalled a slot) can be of any kind of symbol. A symbol may be a list, a string, a char, etc.,as well as a data of integer or real. It can also be de�ned by users as a complex structurewhich is a combination of symbols, e.g., a pointer to another frame. Two concrete framesfrom a same schema frame may be quite di�erent in details. Thus the frame structure ismore 
exible than objects.A slot in a frame may be a simple description of a macro attribute of the frame, e.g., avalue of an integer attribute. It may also be divided into several facets to further express4



the property (even dynamic property) of the slot. For example, the \process method"slot in a frame for an electronical or mechanical object may have three facets: (1) defaultfacet which gives a usually used process method, (2) context facet which shows the processmethod speci�ed during design, and (3) if needed facet which gives knowledge that infersa process method in special cases. The �rst facet uses the default knowledge about theobject. The third facet gives some dynamic knowledge for the value �nding of the slot.The dynamic knowledge is often attached in procedure or rule form. When the slot hasnot been given value during design, the default knowledge and the dynamic knowledgecan be used in time.A frame can be used to describe an object with corresponding default knowledge anddynamic knowledge being attached. Such a frame is called a primitive frame. But aframe with its possible son frames can also be used to describe a part or an assembly inhierarchy structure. Each frame may be a primitive frame or such a higher level framethat is a combination of primitive frames. The hierarchy structure is an intrinsic propertyof frames.In summary, frames make it easier to organise knowledge hierarchically. We candescribe in a frame an object with its various attributes and other relevant objects andthink of the frame as a single entity for some purposes and only consider details of itsinternal structure for other purposes. Procedural attachment is a particularly importantfeature. We use procedural attachment to create demons, which are procedures that areinvoked as a side e�ect of some other action in the overall system.3 Objects and Frames: A ComparisonFrames are in many ways similar to objects { both have identi�ers (or names) and hi-erarchies, and both have procedures associated with the data slots. Both permit singleand multiple data inheritance. However, there are also clear di�erences between the twotechnologies.3.1 Procedure ActivationThe procedures of frames, demons, are not directly activated by the programmer, ratherthey are activated by the situation, i.e., when a data slot is accessed, updated or deleted.Procedural attachments of frames might be de�ned that automatically perform certaintasks, such as �nding an attribute value when none exists, or making sure related at-tributes are updated when one or the other is changed. This passive structure is incontrast to the methods of OOP that are directly activated by the programmer by mes-sage passing. The procedural methods in an object actively respond to messages receivedfrom other objects. Also, polymorphism is not o�ered by frames although one can arguethat it could be implemented.3.2 Composite FramesA composite frame can contain pointers to other (primitive and/or composite) frames inits slots, and the other frames do not have to be in a speci�c hierarchy. For example, achair frame can consist of a back frame and 4 leg frames. This is not allowed in objects.An object can only inherit data and methods from the classes of its higher hierarchy.5



Frames and objects both permit single and multiple data inheritance.3.3 Encapsulation and Private Data in ObjectsFrames also di�er from objects in their openness. They are designed to work with aninference engine, and their attributes are always open for interaction with any and allpattern-matching rules. This is in contrast to pure objects in which the attributes andmethods are so tightly encapsulated, you cannot tell which is which from the outside.Furthermore, the private data in objects cannot be seen by the user.Objects are a full programming system, designed as much for encoding proceduresas data. Frames were never designed to be a full programming system by themselves.Information hiding is a key for objects, and the source of much of the maintainability ofobject-oriented applications. However, frames have to be open to the inference engine, sowhenever any data changes, it knows what rules to activate.3.4 Integration of Objects and RulesIt seems as if objects, as opposed to frames, and rules are made for each other. Objectsare the best way to simulate or model a problem domain. Rules are designed to captureand encode human expertise that is applied to a problem domain. It seems to be verynatural to use objects for modeling the domain and rules to represent decision-makingapplied to the domain.Further, rules and frames were designed for pure decision-making applications. Theyare not good for building straight-ahead procedural applications, just as objects andother procedural technologies are not good for building decision-making applications.Integrating rules and objects in a single environment means a developer can easily encodeboth the decision making and the procedural components of an application.4 Object-Oriented DatabasesAlthough the history of database systems research is one of exceptional productivityand startling economic impact, many advanced applications have revealed de�ciencies ofthe conventional database management systems (DBMSs) in representing and processingcomplex objects and knowledge [2]. Object-oriented approaches are currently very popularin processing structurally complex objects while deductive databases or logic databaseshave been proposed as a solution to those applications where both knowledge and datamodels are needed.In object-oriented database systems, complex data structures (e.g. multimedia data)can be de�ned in terms of objects. Data that might span many tuples in a relationalDBMS can be represented and manipulated as a data object. Procedures/operations aswell as data types can be stored with a set of structural built-in objects and those proce-dures can be used as methods to encapsulate object semantics. Containment relationshipsbetween objects may be used to de�ne composite or complex objects from atomic objects.An object can be assigned a unique identi�er which is equivalent to a primary key in arelation. Relationships between objects can also be represented more e�ciently in object-oriented data models by using a more convenient syntax than relational joins. Also, mostobject-oriented DBMSs have type inheritance and version management as well as most6



of the important features of conventional DBMSs. The mandatory features of an object-oriented database, as presented by [1], extend the basic set of OOD principles to includepersistence, versioning and integrity control.Objects in OOP and OODBs are similar in that they require abstraction, inheritanceand polymorphism, but there are several important di�erences. First, database objectsmust persist beyond the lifetime of the program creating them. Second, many databaseapplications require the capability to create and access multiple versions of an object.Third, highly active databases, such as those used for air tra�c control and power dis-tribution management, require the ability to associate conditions and actions where theactions are triggered when the constraints are satis�ed. Finally, database integrity controldemands the capability to associate constraints with objects.4.1 PersistenceIn O-O database systems memory can be separated into main (volatile) memory andsecondary (persistent) memory. With conventional OOPL, objects (particular instances ofa class) are stored in volatile memory and whose existence ends with the termination of anapplication program. In O-O databases, however, objects must be allocated in persistentmemory to allow the objects to exist beyond the lifetime of the program which createdthem. It is immediately obvious that this method of object manipulation will be slowcompared to the existence of objects in volatile memory. This problem is regarded as thelargest factor of performance degradation in O-O database systems. The implementationof persistence should be transparent to the user where the objects are stored.In ODE, an O-O database programming language and environment modelled fromC++ which o�ers signi�cant extensions to support database applications [6], persistentobjects are referenced by pointers which are local to an application program in which theyare declared. Persistent objects are constructed and destructed in a similar manner toconventional objects through the provision of two new operators called pnew and pdelete.These operators are persistent versions of the C++ heap allocating functions new anddelete. The only di�erence is that the new functions allocate memory from the secondarydevice rather than main memory.4.2 VersioningMany database applications require the capability to create and access multiple versionsof an object. Being able to use multiple versions of an object (NOT a class) is importantin business situations where the user may need to generate, manipulate and experimentwith multiple versions of an object before choosing one which suits their needs.In ODE versioning is implemented by simply allowing the user to de�ne any numberof version pointers to a particular persistent object. New objects of that type are createdin persistent memory.4.3 Integrity ControlSince many OOPLs deal with only volatile stored objects they generally ignore the prob-lem of objects due to faulty programs. However integrity, or protection of data- has alwaysbeen a major consideration with database technology. Most applications of databasesrequire complex, application speci�c integrity control, which is beyond the typing capa-7



bilities of the language. Thus many O-O database languages including ODE provide thecapability to associate explicit constraints with a class de�nition, as well as triggers whichspecify actions to be taken in the event that some condition becomes true.4.4 ConstraintsConstraints are typically Boolean expressions which are tested after the manipulation of aclass. If the operation performed violated the imposed constraint, the operation is undoneand an exception is raised. A constraint is analogous to an ASSERT statement in theSQL language of a relational database system.4.5 TriggersTriggers are a more generalised form of constraints, where instead of simply raising anexception 
ag, an action is applied. That is instead of simply rejecting the operation theuser may, for instance, be noti�ed that the operation couldn't take place and that theyshould try the operation again.ODE allows triggers to be once-only in which the action will only be �red once untilthe user resets the trigger. The other instance of triggers are perpetual triggers, wherethe action will be �red each and every time the condition is satis�ed. Again, one cannotice the similarity between triggers and the non-standard SQL command DEFINETRIGGER which has been recognised and supported by many conventional relationaldatabase management systems.4.6 Query Processing ConstructsData manipulation in an OODB system is accomplished by means of the operationsde�ned in the class interfaces and through the constructs provided by the programminglanguage surrounding the class de�nitions. However, ODE provides a high-level querylanguage interface based on SQL. ODE provides mechanisms for iterating over sets orclusters of objects. These typically consist of for (or forall) loops which can be multiplynested. Unfortunately the query processing extension of ODE leaves the e�ciency of thequery primarily in the user's hands. This contrasts C++'s primary aims: to provide anobject-oriented extension to the e�cient C language.5 ConclusionsThis paper has reviewed the features of object-oriented design in Software Engineering,the frame architecture in Arti�cial Intelligence, and object-oriented databases. Althoughframes and objects are similar to each other in terms of hierarchies and procedural attach-ments, they are di�erent in terms of procedure activation, frame composition, and encap-sulation and private data in objects. Object-oriented database systems build databasedesign and management on existing features of object technology, but more features suchas object persistence, versioning and integrity control need further attention.References[1] Atkinson, Bancilhon, De Witt, Dittrich, Maier, and Zdonok, The Object-OrientedDatabase System Manifesto, Building an Object-Oriented Database System: The8
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