CSE687 Object Oriented Design
Midterm #1                
Spring 2005

Midterm #1

Name:_____Instructor’s Solution_________
This is a closed book examination.  Please place all your books on the floor beside you.  You may keep one page of notes on your desktop in addition to this exam package.  All examinations will be collected promptly at the end of the class period.  Please be prepared to quickly hand in your examination at that time.

If you have any questions, please do not leave your seat.  Raise your hand and I will come to your desk to discuss your question.  I will answer all questions about the meaning of the wording of any question.  I may choose not to answer other questions.

You will find it helpful to review all questions before beginning.  All questions are given equal weight for grading, but not all questions have the same difficulty.  Therefore, it is very much to your advantage to answer first those questions you believe to be easiest.

1. What is overloading.  Be as specific and complete as you can.

Overloading is the definition of two or more functions in the same scope with the same identifier but different sequences of argument types.  This creates a compile time binding of function invocations to function definitions based on the types of the arguments presented.  Note that return types alone are not sufficient to define a function overload.


2. Provide a class declaration that represents your design of a vector class.  Make the design as general as you can, while supporting the mathematical operations a vector is expected to posses, e.g., scalar multiplication
 and vector addition
.

 

See Exam#1 – Q#2, attached

3. Write all the code for a class that makes a contract to support polymorphic cloning
.  Ensure that every class that derives from your class must be able to clone itself.  Show how, by writing code, you would use that class to make a clonable string.

 

See Exam#1 – Q#3, attached
4. State the Open/Closed Principle.  How does it apply to Project #2?

Classes should be closed for modification but open for extension.  Translation: 

When designing a module provide hooks for extension, e.g., base classes that application designers can derive from or template functions and classes that applications can instantiate for their own types or specific types they want to use for the application.

Try not to modify classes that you want to reuse.  Make new code as new classes and global functions, using, but not modifying existing classes or global functions.

No one suggests that ALL code should satisfy the Open/Closed Principle.  But most code you reuse should.

The op class serves as a base class for a heirarchy of derived classes that perform application specific processing.  Registering one of these derived classes with the graph allows application specific processing to be performed without making any changes to the graph code.

Also, by making the graph templated, it can be extended to graphs with many different types of values carried by its vertices and edges without modifying any of its code, but simply instantiating it with the needed parameter types.
5. Given the class declaration:

class X : public Y { … };

Provide as much information as you can about what happens when the second statement below is compiled, and, if successful, executes.  Note that the ellipsis in the body of the Y class represents code that exists, but is not disclosed to you.

X x1;
Y y[5] = { 1, X(), Y(), x1 }; 

The first statement will compile only if X and Y provide  constructors with no arguments or declare no constructors, in which case the compiler will generate default constructors.

If the first statement compiles successfully, then the second will compile only if Y possesses a constructor that accepts an integer or a primitive type that is implicitly converted to an integer.  In the following, every time an X constructor is called, it calls a base Y constructor as its first action.

After memory is allocated for the array, the first element of the y array will be constructed using the promotion constructor, described above.  The second element is generated by the default X constructor which we know to exist if the first statement compiled successfully.  This object is sliced to a base object, stored in the second array location.  The third element requires a copy construction from the temporary of Y.  The compiler will always generate a copy constructor if none is defined by the class.  The fourth element of the array is a base copy made by calling the base copy constructor which slices x1 to its base part.  Finally, the void constructor of Y is called to initialize y[4].  These statements assume that  copy constructors for X and Y are not declared private or protected.  When the second statement completes, the two temporary objects are destroyed.




6. Draw a UML class diagram that represents your design for Project #1
.  Be as complete and explicit as you can.  Describe all the types of class relationships illustrated by the diagram.

Using relationships are shown by dotted lines with arrow heads pointint to the used type.  Composition relationships are shown by solid lines with filled in diamonds attached to the composer, drawn to the composee.  Inheritance relationships are shown by triangles attached to the base class and lines drawn to the derived class.  Note that many of the composition relationships could be implemented, instead, with aggregations, shown by lines with hollow diamonds.


[image: image3.wmf]data

1

B

::

pVtbl

D

::

pVtbl

data

2

data

1

pMf

1

pMf

2

B

::

Mf

1

B

::

Mf

2

D

::

Mf

2

D

:

Mf

3

pMf

1

pMf

2

pMf

3

D vtbl

D object

B object

B 

*

bPtr

1

B 

*

bPtr

2

B vtbl

Class B 

{

  public

:

    virtual Mf

1

()

;

    virtual Mf

2

()

;

  private

:

    T data

1

;

};

Class D 

: 

public B 

{

  public

:

    virtual Mf

2

()

;

    virtual Mf

3

()

;

  private

:

    T data

2

;

};

Public Inheritance 

-

 

Overriding inherited virtual functions

code

can

'

t call this function through base class pointer bPtr

2

since it is not part of the base class interface



7. What does the keyword const mean?  Please be sure that you describe all meanings supported by the standard C++ language.  Be as precise and complete as you can.

The keyword const guarantees that:


a. Object will not change, i.e., const int i = 2;


b. function arguments won’t change, with syntax as shown below:

 

void fun(const X& x)

which states that the object x, passed to fun by reference, won’t change during the execution of fun


c. guarantees that the state of an object won’t change with syntax as shown below:

 

void X::memFunc(int i) const

which states that the invocation x.memFunc(3) won’t change the state of x.
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Draw a diagram that illustrates how base and derived classes use their virtual function pointer tables to support polymorphic binding.  Show how instances access their vtable and how virtual functions are dispatched.





9.  Given the class declarations:

class A 
{ 
   public:  …
   private:
      std::string s; 
};

class B : public A 
{
   public: …
   private:
      std::map< std::string, std::list<std::string> >* pM;
};

Write the C++ code for a copy constructor for the class B.  Write a declaration that invokes the copy constructor you have just provided.

 

See Exam#1 – Q#9, attached
10. Write a class declaration that makes instances behave like some other class with an added operation, void op().  Can you revise the declaration so that the function op can take a constant reference of any type?

 

See Exam#1 – Q#10, attached

� EMBED Visio.Drawing.11  ���








� Each element of the vector is multiplied by the same scalar number.


� Each element of the sum is the sum of the elements of the left and right operands.


� Cloning means that an instance makes a copy of itself.


� The statement for Project #1 is appended to this exam packet.
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