1Object-OrientedProgrammingIn Text: Chapter 11

2Categories of OOP SupportnOOP support is added to an existing languagenC++ (also supports procedural & data-oriented)nAda 95 (also procedural and data-oriented)nCLOS (also supports FP)nScheme (also supports FP)nSupport OOP, but same appearance & basic structure of earlierimperative languagesnEiffel (not based directly on any previous language)nJava (based on C++)nPure OOP languagesnSmalltalk

3Paradigm EvolutionnProcedural�1950s-1970s (proceduralabstraction)nData-Oriented�early 1980s (data-oriented)nOOP�late 1980s (Inheritance and dynamicbinding)

4Origins of InheritanceObservations of the mid-late 1980s:nProductivity increases can come from reusenUnfortunately:nADTs are difficult to reuse�never quiterightnAll ADTs are independent and at the samelevelnInheritance solves both�reuse ADTs afterminor changes and define classes in ahierarchy

5OOP DefinitionsnADTs are called classesnClass instances are called objectsnA class that inherits is a derived class or a subclassnThe class from which another class inherits is aparent class or superclassnSubprograms that define operations on objects arecalled methodsnThe entire collection of methods of an object iscalled its message protocol or message interfacenMessages have two parts�a method name and thedestination object

6InheritancenIn the simplest case, a class inherits all of theentities of its parentnInheritance can be complicated by access controlsto encapsulated entitiesnA class can hide entities from its subclassesnA class can hide entities from its clientsnBesides inheriting methods as is, a class can modifyan inherited methodnThe new one overrides the inherited onenThe method in the parent is overriddennSingle vs. multiple inheritancenOne disadvantage of inheritance for reuse: Createsinterdependencies among classes that complicatemaintenance

7Class vs. InstancenThere are two kinds of variables in a class:nClass variables - one/classnInstance variables - one/objectnThere are two kinds of methods in a class:nClass methods - messages to the classnInstance methods - messages to objects

8Polymorphism in OOPLsnA polymorphic variable can refer to (or point to) aninstance of a class or any of its descendantsnWhen a class hierarchy includes classes thatoverride methods and such methods are calledthrough a polymorphic variable, the binding to thecorrect method must be dynamicnPolymorphism simplifies the addition of newmethodsnPolymorphism allows client code to operate on avariety of classes in a uniform way

9Virtual MethodsnPolymorphism in OOPLs is typically implemented viadynamic bindingnSome OOPLs allow some methods to be staticallyboundnA method that can be dynamically bound is called avirtual methodnAn abstract (pure virtual) method is one that doesnot include definition (it only defines a protocol)nAn abstract class is one that includes at least oneabstract methodnAn abstract class cannot be instantiated

10Design Issues for OOPLsnExclusivity of objectsnAre subclasses subtypes?nImplementation and interface inheritancenType checking and polymorphismnSingle and multiple inheritancenAllocation and deallocation of objects

11Design Issue: Exclusivity of ObjectsnEverything is an objectnAdv.�elegance and puritynDisadv.�slow operations on simple objects (e.g., float)nAdd objects to a complete typing systemnAdv.�fast operations on simple objectsnDisadv.�results in a confusing type systemnInclude an imperative-style typing system forprimitives but make everything else objectsnAdv.�fast operations on simple objects and a relativelysmall typing systemnDisadv.�still some confusion because of the two typesystems

12Design Issue: Are SubclassesSubtypes?nDoes an is-a relationship hold between aparent class object and an object of thesubclass?nIf so, how is it enforced?nIf not, what does inheritance �mean�?

13Design Issue: Implementation andInterface InheritancenInterface inheritance: subclass can only seeparent�s interfacenAdv.�preserves encapsulationnDisadv.�can result in inefficienciesnImplementation inheritance: subclass cansee both the interface and theimplementation of parentnDisadv.�changes to the parent class requirerecompilation of subclasses, and sometimes evenmodification of subclassesnDisadv.�subclass can introduce errors in parent

14Design Issue: Type Checking andPolymorphismnPolymorphism may require dynamic typechecking of parameters and the returnvaluenDynamic type checking is costly and delayserror detectionnIf overriding methods are restricted tohaving the same parameter types andreturn type, the checking can be static

15Single and Multiple InheritancenDisadvantages of multiple inheritance:nLanguage and implementation complexitynPotential inefficiency�dynamic bindingcosts more with multiple inheritance (butnot much)nAdvantage:nSometimes it is extremely convenient andvaluable

16Allocation and Deallocation ofObjectsnFrom where are objects allocated?nStack-allocated objects are more efficient, butthen not all object references are uniformnIf they all live in the heap, references to then areuniform, but there is a (minor) performancepenaltynIs allocation implicit or explicit?nHow is aliasing handled?nWhat is the semantics of assignment?nIs deallocation explicit or implicit?

17Dynamic and Static BindingnShould all binding of messages to methodsbe dynamic?nIf none are, you lose the advantages ofdynamic bindingnIf all are, it is inefficient

18Overview of SmalltalknSmalltalk is a pure OOP languagenEverything is an objectnAll computation is through objects sendingmessages to objectsnIt adopts none of the appearance of imperativelanguagesnThe Smalltalk EnvironmentnThe first complete GUI systemnA complete system for software developmentnAll of the system source code is available to theuser, who can modify it if he/she wants

19Introduction to SmalltalkExpressions:nLiterals (numbers, strings, and keywords)nVariable names (all variables arereferences)nMessage expressionsnBlock expressions

20Smalltalk Message ExpressionsnTwo parts: the receiver object and themessage itselfnThe message part specifies the method andpossibly some parametersnReplies to messages are objectsnThree message forms: unary, binary, andkeyword

21Smalltalk Message FormsnUnary (no parameters)myAngle sin(receiver = myAngle, message = sin)nBinary (one parameter, an object)12 + 17(receiver=12, message=+, param=17)nKeyword (use keywords to organize params)myArray at: 1 put: 5(receiver=myArray, message=at:put:, params=1, 5)nMultiple messages to the same object can be strung together,separated by semicolons

22Smalltalk MethodsnGeneral form:message_pattern [| temps |] statementsnA message pattern is like the formalparameters of a subprogramnFor a unary message, it is just the namenFor others, it lists keywords and formalnamesntemps are just names�Smalltalk istypeless!

23Smalltalk AssignmentsnSimplest Form:nname1 <- name2nIt is simply a pointer assignmentnRHS can be a message expressionnindex <- index + 1

24Smalltalk BlocksnA sequence of statements, separated by periods,delimited by brackets[index <- index + 1. sum <- sum + index]nA block specifies something, but doesn�t do itnTo request the execution of a block, send it theunary message, valuene.g., [�] valuenIf a block is assigned to a variable, it is evaluated bysending value to that variablene.g., addIndex <- [sum <- sum + index] � addIndex value

25Blocks with ParametersnBlocks can have parameters[:x :y | statements]nIf a block contains a relational expression, itreturns a Boolean object, true or falsenThe objects true and false have methods forbuilding control constructs

26Smalltalk IterationnThe method whileTrue: from Block is usedfor pretest logical loops. It is defined for allblocks that return Boolean objects [count <= 20] whileTrue: [sum <- sum + count. count <- count + 1]ntimesRepeat: is defined for integers and canbe used to build counting loops xCube <- 1. 3 timesRepeat: [xCube <- xCube * x]

27Smalltalk SelectionnThe Boolean objects have the methodifTrue:ifFalse: , which can be used to buildselection total = 0 ifTrue: [�] ifFalse: [�]

28Smalltalk Design ChoicesnType Checking and PolymorphismnAll bindings of messages to methods is dynamicnThe process is to search the object to which the message issent for the method; if not found, search the superclass,etc.nBecause all variables are typeless, methods are allpolymorphicnInheritancenAll subclasses are subtypes (nothing can be hidden)nAll inheritance is implementation inheritancenNo multiple inheritancenMethods can be redefined, but the two are not related

29C++nGeneral Characteristics:nMixed typing systemnConstructors and destructorsnElaborate access controls to class entitiesnInheritancenA class need not be subclasses of any classnAccess controls for members are:nPrivate (visible only in the class and friends)nPublic (visible in subclasses and clients)nProtected (visible in the class and insubclasses, but not clients)

30C++ Inheritance (cont.)nIn addition, the subclassing process can be declaredwith access control (private or public), which limitsvisibility over inherited featuresnPrivate derivation: inherited public and protectedmembers are private in the subclassesnPublic derivation: public and protected membersare also public and protected in subclassesnMultiple inheritance is supportednBoth static and dynamic method binding aresupported

31JavanGeneral CharacteristicsnAll data are objects except the primitive typesnAll primitive types have wrapper classes that store onedata valuenAll objects are heap-dynamic, accessed through referencevariables, and most are allocated with newnInheritancenSingle inheritance only, but there is an abstract classcategory (interfaces) that provides some of the benefits ofmultiple inheritancenAn interface can include only method declarations andnamed constants (pure abstract class)nMethods can be final (cannot be overriden)

32Java (cont.)-Dynamic Binding-In Java, all messages are dynamically bound tomethods, unless the method is final-Encapsulation-Two constructs, classes and packages-Packages provide a container for classes that arerelated (can be named or unamed)-Entities defined without a scope (access) modifierare only visible within the package-Every class in a package is a friend to the packagescope entities elsewhere in the package-Package scope is an alternative to the friends ofC++

33Ada 95-General Characteristics-OOP was one of the most important extensions to Ada 83-Encapsulation container is a package that defines a taggedtype-A tagged type is one in which every object includes a tag toindicate its type (at run-time)-Tagged types can be either private types or records-Inheritance-Subclasses are derived from tagged types-New entities in a subclass are added in a record-All subclasses are subtypes-Single inheritance only, except through generics

34Ada 95 (cont.)-Dynamic Binding-Dynamic binding is done usingpolymorphic variables called classwidetypes-Other bindings are static-Any method may be dynamically bound

35EiffelnPure OOP with simple, clean designnDesign by contractnMethod pre- and postconditions captured asassertionsnClass invariants also recorded as assertionsnRun-time checking of preconditions,postconditions, and invariantsnBehavioral notion of �is-a� is (partially)enforced

36Eiffel Characteristics-Has primitive types and objects-All objects get three operations, copy,clone, and equal-Methods are called routines-Instance variables are called attributes-The routines and attributes of a class aretogether called its features-Object creation is done with an operator (!!)-Constructors are defined in a creationclause, and are explicitly called in thestatement in which an object is created

37Eiffel Inheritance-The parent of a class is specified with the inherit clause-Feature clauses specify access control to theentities defined in them-Without a modifier, the entities in a feature clause are visibleto both subclasses and clients-With the name of the class as a modifier, entities are hiddenfrom clients but are visible to subclasses-With the none modifier, entities are hidden from both clientsand subclasses-Inherited features can be hidden from subclasses withundefine-Abstract classes can be defined by including the deferredmodifier on the class definition

38Eiffel Dynamic Binding-Nearly all message binding is dynamic-An overriding method must haveparameters that are assignment compatiblewith those of the overridden method-All overriding features must be defined in aredefine clause-Access to overridden features is possible byputting their names in a rename clause

39Implementing OO Constructs-Class instance records (CIRs) store the stateof an object-If a class has a parent, the subclass instancevariables are added to the parent CIR-Virtual Method Tables (VMTs) are used fordynamic binding