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1. Suppose that a university’s research is supported by corporations, by the Federal Government, and by its state government.  Suppose, also, that the rules for how that money is distributed and used differ between these sponsoring agencies.  Model the relationships between these sponsors, the university, and its specific departments, using OMT or UML diagrams.  Further assume that each department  has its own set of rules about how research funds are handled, but the sponsors do not need to know those details.  You should assume that all nouns and the word specific in this paragraph are significant.

 

see attached pages


2. Suppose you defined a class, X, in which a promotion constructor, taking an integer argument, is declared in the private area.  What does that imply about the following two statements?

 
X x1[2]; X x2[2] = { 1, 2 };

It says that, unless a void constructor is defined, accessible to the caller, X x1[2]; must fail to compile since the compiler will not generate a void constructor if any other has been declared, and a X::X() is required to initialize the array elements.  
It says that the second statement: X x2[2] = { 1, 2 }; will compile only if this statement occurs in the code of a friend of the X class.


3. Consider the following declarations:

 
class X { 
 
  public:
 
      explicit X(int);
 
      X& operator=(const X &x);
 
};

Assume that there is no assignment operator taking an int as an argument.  Can you assign an int to an object of the X class?  If so, how would you do that?

 
Yes you can, as follows:

 

X x;   x = X(i);    // explicit invocation of the promotion constructor


4. How would you design a class so that objects of the class behave like native types in the language?

You must provide the following:
    -
void constructor to create uninitialized arrays
    -
constructors taking single arguments for all the types you want to coerce to objects 
 
of this class
    -
a copy constructor if the class has members without correct copy semantics
    -
an assignment operator if the class has members without correct assignment
 
semantics
    - a destructor if the class has members without correct destruction semantics
    -
arithmetic operators if the class models a numeric type
    -
insertion and extraction operators for istreams and ostreams, respectively.
    - cast operators to the numeric types if that makes sense for the semantics of the class

5. Why is it important not to redefine a non-virtual function?

If you redefine a non-virtual base class function and call that function through a base class pointer attached to a derived class object, you will call the base function on the derived object, possibly leaving the derived object’s data in an incoherent state.  Certainly the results will not be as expected.


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

 
class W { … };
 
class X { 
 
  public: 
 
    operator W ( );
 
    X operator-( );
 
    … 
 
  private:
 
    W w; 
 
};
 
class Y : public X { … };
 
W aFunction(X &x) {  return -x; }

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; X x2 = aFunction(y1);

Class Y needs a void constructor so X and W must also have void constructors.  Compiler generated void constructors may suffice, depending on the data members of Y and W.  
Class X needs a copy constructor to return value from operator-() and promotion constructor taking a W argument so that construction in the second statement will compile.  

Y y1; requires: Y::Y() -> X::X() -> W::W()
X x2 = aFunction(y1) passes y1 by reference and requires:
X::operator-() -> X::X(const X&), since result is returned by value. 
Other than this fact, we don’t know what goes on inside.
When returned from aFunction, result is copied using X::X(const X&), then cast using X::operator W ().  Finally, x2 is created using X::X(const W &w), and the temporary X and W objects are destroyed.



7. Write the code for a class that provides a creational function that returns a pointer to one specific instance of another class.  That is, every call to the creational function gets back a pointer to the same object..

 
see attached code.


8. Write a template-based function that accepts a C++ string and attempts to convert it to a numeric value represented by the characters in the string for the given template type.  When will compilation of this function succeed?

 
see attached code.

The function will compile as long as T provides a void constructor, an extraction operator usable by the istringstream, and finally a copy constructor to return the converted numeric by value.  Note that if the numeric is a primitive C++ type it will compile.


9. Describe how you would apply the Liskov Substitution Principle to your design for project #3.  A statement for project #3 is attached to the back of this packet for reference.

The Liskov substitution principle says that everywhere we have a base pointer or reference we can correctly substitute a derived class pointer or reference.  This means that all the base classes used in the design must have virtual destructors.  The tokenizer must have virtual functions for all notifications that the application overrides.  If we use a base protocol to describe the rules for the tokenizer, then all its functions will need to be virtual as well.


10. Given the class declaration:

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

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

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

 
see attached code.
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