CSE687 Object Oriented Design
MidTerm Exam A1                
Spring 2001


1. Given the class declaration:

class A { … };
class B { … private: A a; };

class D : public B { … private: A a; };

Implement a copy constructor for the class D.  Any parts that you cannot provide should be marked with an ellipsis “…”.

 
D(const D &d) : B(d), a(d.a) { } 
see attached page for more detail.


2. Describe how you would apply the dependency inversion principle to your design for project #3.  A statement for project #3 is attached to the back of this packet for reference.

The Dependency Inversion Principle states that you should program to abstract interfaces between major layers of your program.  In project #3 the layers are: tokenizer, semiexpression analyzer, function detector, and application specific client that takes care of handling files and starting everything going.  So, to use the DIP we should:


· create an abstract notification interface for semiexpression and app client to derive from, making sure that the application client created tokenizer.

· Create an abstract interface between the semiexpression analyzer and function detector and make sure that the application client created the semiexpression object.

3. Write a template-based function that accepts a value for some numeric type (int, double, …) and returns a standard C++ string representation of that number.

 
see attached solutions.


4. Write the code for a class where each object will reveal, on request, the total number of objects of that class created so far, and the number of objects created at the time that specific object was created.


see attached solution for A1, specifically class A implements this behavior.


5. Given the class declaration, where the ellipsis, “…”, represents undisclosed operations:

 
class X { 
 
  public: 
 
    X operator-( );
 
    int value() ( return x; }
 
    … 
 
  private:
 
    int x; 
 
};
 
class Y : public X { … };
 
X aFunction(X &x) {  return –x.value
(); }

Assume that Y adds no additional data members.  What constructors must you define to make the following code compile?  Describe all the operations that occur when the code is executed:

 
Y y1(5); X x2 = aFunction(y1);

class Y must provide Y::Y(int) and class X must provide X::(int)
Functions called by 1st statement: Y::Y(int) -> X::X(int)
Functions called by 2nd statement: Y::value() -> X::(int) -> X::X(const X&)

In order for aFunction(y1) to return 
an X object the class X must provide a constructor taking a single integer argument, since x.value() returns an integer.  The class X does not need to provide a copy constructor since the compiler will generate a memberwise copy which is correct for the class X.  Also notice that in the invocation aFunction(y1) y1 is passed in by reference and will use the non-virtual function value() inherited from X and simply return the base integer value.  The X::operator-() is not needed as “.” operator binds more tightly than “-“, so the minus applies to the returned int.
6. Suppose that you wish to model the relationships of this graduate course, its instructor and students with OMT or UML diagrams.  Please draw such a diagram, accounting for the facts that most faculty and students are people, and courses are owned by specific departments in a university.  You should assume that all nouns and the word specific in this paragraph are significant.
 




see attached page

7. Suppose you defined a class, X, in which a copy constructor was declared in the private area and no other constructors are declared.  What does that imply about the following line of code?  Can any objects of the class be created?  What changes would you need to make so that one specific function or class could create an object of X.

 
X x;

The compiler will always generate a copy constructor if one is needed and not declared by the class.  It will generate a void constructor only if no other constructor is declared.  It will generate no other constructors.  So, since a copy constructor is declared, a void constructor will not be created by the compiler, and this statement will fail to compile.  To allow one specific function or class to create an object of X you would need to declare a void constructor, or some other non-copy constructor, as private, implement it, and make the one class or function a friend of X.


8. Consider the following declarations:

 
class X { 
 
  public: virtual ~X(); virtual void mf1(); virtual void mf2(); 
 
};
 
class Y : public X { 
 
   public: virtual ~Y(); virtual void mf2(); virtual void mf3(); 
 
};

How would you access mf3() using pX, where:

 
Y y; X pX = &y;

Note that class X has only the public member functions shown.

The only safe way to access mf3() through a base class pointer is to use a dynamic cast like this:
 

Y pY = dynamic_cast<Y*>(pX);
 

if(pY)
 

   pY->mf3();

9. How do you define a module?  What are its important parts?  What is the purpose of each part?  How is the behavior of a module similar to a class?  How is it different?

A server module is defined in exactly two files, a header file and an implementation file.  An executive module may, optionally, have just one implementation file.   The parts of a module are:

· Header preprocessor guards to prevent being compiled more than once on a single compilation pass, when included several times.

· A manual page to describe the module’s operation and public interface.

· A maintenance page to describe the module’s dependency on other files, build process, bug fixes and modifications.

· Class and function declarations in the header.  This supports strict type checking during compilation.

· Inline function and template function bodies in the header.  These are needed in the header so that the compiler can create code when it sees the corresponding template instantiations and inline function invocations in client code.

· A prologue at the beginning of the implementation file, so a developer can be sure that the header and implementation files belong to the same version.

· Function definitions in the implementation file provide the services announced by declarations in the header.

·  A Test stub, surrounded by a preprocessor guard, allowing the module to be tested without an application to drive it.

Both modules and classes support creation of a public interface and hiding of implement-ation.  With properly encapsulated modules you only get one instance.  With classes you can have as many instances as an application needs.


10. Why is polymorphism an important part of an object oriented language?

Polymorphism allows objects to determine the appropriate functions to call on their data.  A client chooses the base class protocol invocation to use, and the object determines which function to match to that protocol invocation.  This allows clients to remain ignorant of any details of the design except for the base class protocol used.

PRIVATE 




� The -x.value() function invocation was shown, incorrectly as -value in the exam package.  However, I announced this correction during the exam.





