0704.315 – Programming Languages

Exam #2

Wednesday, November 14, 2001

Name:

Section:

Select a codeword so that I can forward your exam scores via class email.

Codeword:

On my honor I affirm that I will not discuss the contents of this exam with anyone (nor in front of anyone) who has not yet taken the exam until after Thursday November 15 at 5pm. Further, I affirm that I have no prior knowledge of the contents of this exam.

Signature:

You have seventy (70) minutes to complete this exam.  Read it all through before you begin.  I will email the results to the class, using the code-word supplied above to identify you. In parts where more questions are answered than requested, the first answers will be graded.

Part I – Multiple Choice
[2 points each; 10 points total]

1. For each of the method names, select the most general Smalltalk class, from the list below, for which the method is defined.  Answers can be repeated.

i. Object

ii. Class

iii. Magnitude

iv. Number

v. Boolean

vi. Integer

a) +

iv.  (partial credit for iii., vi.)
b) >

iii. (partial credit for vi.)
c) new

i. (partial credit for ii.)
d) ifTrue

v.
e) =

i. (partial credit for iii.)
Part II – Short Answer (<25 words)
[10 points each; 40 points total]

2. On the next page, answer four (4) of following five (5) questions:
a) In Smalltalk, what is the difference between a class variable and an instance variable?

Both class variables and instance variables are defined on a class.  But every instance of a class has a distinct value for the instance variables, while each class variable contains a single value common to all instances.

b) In Smalltalk, what is the difference between a class method and an instance method?

Class method is invoked against the class, no instance required.  Inside a class method, one can only access class variables (cannot access instance variables because you have no instance!). Instance methods are accepted by objects, instances of a class, and can reference the object's instance variables and the class's class variables.

c) In Object-Oriented (OO) languages in general, what is the difference between method overriding and method overloading?

Overriding: Supplying a method definition on a class to shadow one inherited. Overloading: Defining a method for a method name that is already known, but not inherited.



d) In OO languages in general, what is meant by dynamic binding (sometimes called late binding)?

Method lookup happens at runtime, once the dynamic type (specific subclass) of the object is known.
e) Smalltalk does not have conditional (if) statements like those in the ALGOL-type languages.  Explain what it has instead.

Smalltalk supports ifTrue/ifFalse methods on Boolean objects, which take a block to invoke if the Boolean value is true/false (respectively).
Part III – Medium-length Answer  (50-100 words) 
[15 points each; 30 points total]

3. What is the difference between implementation inheritance and interface inheritance?  In an object-oriented language with both kinds of inheritance, what are their relative advantages and disadvantages?


Implementation inheritance: subclass inherits the representation (instance variables) and method definitions from its immediate superclass.  Interface inheritance: subclass only inherits the interface (public method signatures), but no method implementation inheritance and no representation.   All methods and representation must be (re)implemented.  This allows the programmer to provide a new representation for the new class instances.
4. Contrast the way type-checking is done in C++ and Smalltalk

C++ is a strongly-typed language; Smalltalk uses latent (or dynamic) typing.  The C++ compiler will issue an error (and refuse to continue) if your program attempts to call a method on a variable whose type does not have the method defined.  Smalltalk does not attempt to look up the method (message) until runtime, and will issue an error then if the object (its class and superclasses) does not support the message.


Part IV – Thinking question [20 points]

Answer just one (1) of the following two questions.  Use the back of the page if necessary.

5. C++ supports a second kind of polymorphism, the ability to define class templates, abstracted over a class (or classes).  Templates are used to define common implementations for generic objects such as stacks, queues, and association (or hash) tables.  The parameter to the template is a class (or classes), and methods on those class arguments can be invoked in the methods defined within the template class.  Demonstrate (using an example) and explain why Smalltalk doesn't require class templates as a language feature to support these sorts of generic classes.

6. C++ allows you to declare a class as inheriting from more than one class.  This feature, called multiple inheritance, can be useful when you want your new type of object to function as an instance of multiple superclasses.  Multiple inheritance is not supported in Smalltalk (all classes have a single superclass), but the design of the language makes it unnecessary.  Demonstrate (with example) how and explain why a programming task that requires multiple inheritance in C++ can still be implemented in Smalltalk.
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